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English Abstract
Man-made terraces are often-overlooked feature in the landscapes of southern
Jordan, especially around Petra. These features are artificial constructions dry walls that
create flat surfaces on slopes (Spencer, J. and Hale, G. 1961: 3; Treacy, J. and Denevan, W.
1994: 93; Kvapil, L. 2013: 6612). These terraces are usually attributed to have agricultural
functions, which is only partially true. This study shows that terraces constructed in arid
areas have been designed and used for a wide set of functions that go beyond their agrarian
aspects.
Petra, located in the south of Jordan, falls within an arid climatic zone, is of rough
terrain, and has a landscape dotted with terraces. A multidisciplinary study was conducted
by the author which included survey, sounding excavations, geophysical prospecting, soil
texture and chemical analysis, Optical Stimulating Luminescence (OSL), radiocarbon
dating (14C), phytolith analysis and spatial analysis for studying the terraces located within
an approximate area of (391 Km2), spanning from Muderej in the N to Rajif in the S, and
Bir Abu-Dannah in the E to Wadi Namaleh in the W.
Based on the thorough examination of the terrace’s method of construction, location
within the landscape and form, this research proposes a new classification for the terraces
typology based on:
1.
2.
3.

Number of layers of the terrace riser and their core
Form of facing wall stone courses layering technique
Form of the extended wall

According to this, two major functions were assigned to the constructed terraces:
hydrological (water) and pedogenic (soil). Applied to prevent, retain, collect and distribute
soil and water. The dry climate, rugged terrain and flash floods that characterize the area
necessitate these interventions. In addition to these two major functions, Nabataeans
managed to apply terraces to a wide range of fields. In addition to the use of terraces for
agriculture, Nabataeans used terraces to protect infrastructure such as roads and
hydrological installations, an aspect never discussed before. Indicating that Nabataeans had
a good understanding of their terrain, and the objective of their intervention when
constructing a specific type of a terrace.
The study concluded, based on OSL, pottery sherds and 14C dates, terrace
construction in Petra started around 350-320 B.C.E. at the upper catchment areas, probably
for flood water mitigation. Three peaks in the construction expansion can be grouped:
around the 1st century A.D, around 6th -7th century and around 12th century, which
correspond to more humid climatic conditions and stability in the political situation.
Based on stylistic similarities and the scarce records from inscriptions and the papyri
archives (Petra papyri of the 6th century, Babatha archive, Yaddin’s achieve from the cave
of the letters) it seems clear that skilled builders existed to construct these terraces. However,
three possible entities were responsible for instigating their construction and supervising
their maintenance. Authorities probably initiated the construction of terraces associated with
XV

infrastructure, such as main and secondary roads and hydrological installations and
maintained them. Agricultural terraces were the responsibility of the farmer who worked in
the land as evident from the land leases, while hydrological and pedological structures might
have had a combined symbiosis of the two.

Keywords: Petra (Jordan), ancient terraces, Landscape archaeology, Ancient resource
management, ancient natural hazard mitigation.
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Deutsche Zusammenfassung

Von Menschen angelegte Terrassen sind ein oft übersehenes Landschaftsmerkmal
im südlichen Jordanien, insbesondere in der Umgebung von Petra. Dabei handelt es sich um
künstlich errichtete Trockenmauern, die Abhänge in Ebenen unterteilen (Spencer, J. und
Hale, G. 1961: 3; Treacy, J. und Denevan, W. 1994: 93; Kvapil, L. 2013: 6612). Die so
entstandenen Terrassen werden in der Regel als landwirtschaftlich genutzte Flächen
interpretiert, was aber nur zum Teil zutrifft. Die vorliegende Untersuchung zeigt, dass die
künstlich angelegten Terrassen in Trockengebieten für ein breites Spektrum an Funktionen
entworfen und verwendet wurden, die über ihre landwirtschaftliche Nutzung hinausgehen.
Petra, im Süden Jordaniens gelegen, gehört zu einer ariden Klimazone, die sich
durch unwegsames Gelände und eine von Terrassen durchzogene Landschaft auszeichnet.
Die vorliegenden Ergebnisse wurden von der Verfasserin im Rahmen einer
multidisziplinären Studie erhoben, bestehend aus Vermessungen, Sondierungs-grabungen,
geophysikalische Prospektion, Untersuchung der Bodentextur sowie chemische Analysen,
Optisch-Stimulierende-Lumineszenz (OSL)-Datierung, Radiokohlenstoffdatierung (14C),
Phytolith-Analysen und geografische Analysen zur Untersuchung der Terrassen in einem
Gebiet von etwa 391 km2. Dieses Gebiet erstreckt sich von Muderej im Norden bis Rajif im
Süden, Bir Abu-Dannah im Osten und Wadi Namaleh im Westen.
Basierend auf der gründlichen Untersuchung der verschiedenen Terrassen, konnte die
Verfasserin aufgrund ihrer Bauweise, ihrer Lage in der Landschaft und ihrer
unterschiedlichen Formen eine neue Klassifizierung für die Terrassentypologie
herausarbeiten:
1. Anzahl der Terrassensetzstufen und deren Aufbau
2. Ausarbeitung der Steinsetzung der Verblendmauern
3. Verlauf der Mauern
Auf der Grundlage dieser Klassifizierung wurde den künstlich angelegten Terrassen von
der Autorin zwei Hauptfunktionen zugewiesen: hydrologische (wässernde) und pedogene
(bodenbildende) Funktionen.
Die Terrassen dienten somit der Rückhaltung, der Sammlung und Verteilung von Boden
und Wasser und verhinderten, dass Wasser unkontrolliert abfloss und Boden weg
geschwemmt wurde. Das trockene Klima, das zerklüftete Gelände und die
Überschwemmungen, die für dieses Gebiet charakteristisch sind, machten diese Eingriffe in
die Natur erforderlich. Zusätzlich zu diesen beiden Hauptaufgaben konnten die Terrassen
der Nabatäer noch weitere Funktionen übernehmen. Neben der landwirtschaftlichen
Nutzung der Terrassen verwendeten die Nabatäer diese auch um ihre Infrastruktur, wie
Straßen und hydrologische Anlagen zu schützen. Ein Aspekt, der in der Forschung bislang
noch nicht diskutiert wurde.
All das lässt vermuten, dass die Nabatäer hervorragende Kenntnis des Gebietes besaßen
und den Bau eines bestimmten Terrassentyps zielgerichtet einsetzten.
XVII

Auf Grundlage der OSL-Datierungen, der Keramikscherben und der 14C-Daten kann der
Baubeginn der Terrassen in den oberen Einzugsgebieten von Petra um ca. 350-320 v. Chr.
datiert werden, wahrscheinlich um das Hochwassers abzuhalten. Dabei lassen sich drei
zeitliche Höhepunkte in der Bauausweitung unterscheiden, die mit feuchteren klimatischen
Bedingungen und einer stabileren politischen Situation einhergehen: um das 1. Jahrhundert
n. Chr., um das 6. bis 7. Jahrhundert n. Chr. und um das 12. Jahrhundert n. Chr.

Aufgrund stilistischer Ähnlichkeiten und der spärlichen Aufzeichnungen im Rahmen
von Inschriften und den Papyri-Archiven (Petra-Papyri des 6. Jahrhunderts, BabathaArchiv, Yaddins Errungenschaft aus der Höhle der Briefe) scheint es wahrscheinlich, dass
es kenntnisreiche Baumeister gab, die diese Terrassen errichteten. Wahrscheinlich wurden
der Bau und die Instandhaltung von drei verschiedenen Verantwortungsbereichen
überwacht. Es ist davon auszugehen, dass die Regierung für den Bau der Terrassen, die im
Zusammenhang mit der Infrastruktur errichtet wurden, wie Haupt- und Nebenstraßen und
hydrologische Anlagen, verantwortlich war und diese auch unterhielt. Wie aus den
vorhandenen Pachtverträgen hervor geht, lag die Verantwortung für landwirtschaftlich
genutzte Terrassen dagegen beim jeweiligen Pächter, der das zugehörige Land
bewirtschaftete. Hydrologische und pedogene Terrassen fielen möglicherweise unter einen
kombinierten Verantwortungsbereich beider Einheiten.

Schlagwörter:
Petra (Jordanien), antike Terassierungen, Landschaftsarchäologie, antikes
Reßourcenmanagement, antike Eindämmung von Naturgefahren
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Preface
In 2017, while I was presenting my paper at the “Ancient Terrace Practices in
Jordan” workshop co-organized between the German Protestant Institute and the German
Jordanian University- Center for the Study Natural and Cultural Heritage. It became clear
that there is a lack of knowledge about terraces, nor the best approach for their identification
in the field nor the best approach to study them. To be honest, my impression before working
on the project of my research was similar, that these structures are recent and simple, yet I
had much to learn not only to rehabilitate my impression about terrace but to respect those
who tolled to build them.
My first encounter with terraces was made through a project in 2016 lead by Prof.
Dr. Nizar Abu Jaber from the German Jordanian University “The ancient terrace project”,
funded by “Support for research, Technological development and Innovation in Jordan”
fund from the European Union through Ministry of higher Education”, from there my path
for understanding the architectural landscape evolved.
Going through the literature available, I developed two impressions, the first that
there is a lot of research done on the terrace, the second the research done so far did not
cover several aspects about terraces such as their variation and methods of construction.
Furthermore, there was no unified approach to study them, confusion in the terms used. In
addition, terraces were not viewed beyond agriculture. I felt that there is still much to be
done where I could have an input.
I did not choose the site of my research, but rather the site chose me. The arid
landscape of Petra was dotted with terraces. Climbing up mountains, or walking along
wadies, near springs or in open desert, terraces were everywhere luring me to investigate,
reflect, doubt and inquire, the results of which you are about to read.
The manuscript you hold now in your hands is divided into three main parts. The
first part, as can be deduced from the title, is a general introduction to the setting. I start with
examining the previous research done and the aspects the previous research did not cover
before.
In the second chapter I present the geographic location of the study area: the greater
Petra area, its physical characteristics, which influenced the construction of the terraces on
the one hand, and it enables to understand the effect terraced have on the surrounding
landscape.
I then devote the third part to the multidisciplinary approach I applied in studying
the terraces. The approach was designed specifically to be able to answer the research
question put forward in the first chapter of this work. The uniqueness of the approach lies
in combining multi-disciplines: archaeological survey and excavating probes, geological
survey, geophysics, pedogenic study of soil, palaeobotany, dating and archaeometry. The
chapter also discusses the field methodology and the laboratory work done to analyse the
various samples collected in the field.
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With the second part, the main core of the research is presented. Chapter four
presents a deep analysis on terrace. In this chapter I propose the first detailed classification
of terraces based on their component: facing wall, retaining wall and fill. In addition, I
analyze the method of construction of the terraces starting from a single wall to the terrace
system arguing that terrace form reflects their function, a concept never proposed before.
Furthermore, the analysis done clearly show the strong relationship between the terrace form
and function with their location in the landscape.
The following two chapters in the second part discuss the two main function the
terraces are renown for: erosion and water control. Going beyond the usual discussions, I
explore in each chapter in details how the various terraces forms function to achieve the
aims they were constructed for.
The third and last section of this work is a new attempt to show that the people who
build these terraces thought outside of the box, widening their application to combine their
two main function as sediment traps and hydrological installation. In addition to the obvious
function agriculture, which is elaborately discussed in chapter seven, new applications that
had never been proposed before are discussed in chapter eight and are related to the
infrastructure: roads, and protection of water installations.
Chapter nine discusses the most difficult aspect of chronology. Discussing various
methods of dating, it becomes clear that a combination of approaches is required to assign
dates for these multi-purpose, multi-period structures. The chapter presents some
approaches on dating them.
The overview of this work was synthesised in chapter ten, entitled “looking to the
past moving to the future”. In it, I tried to concentrate on the mail milestones of the work,
presenting my contribution to the research on ancient terraces in general and Petra in
particular. Despite this research contribution, there are some aspects that this research could
not cover. In chapter ten I present some ideas for future thoughts and research. As terraces
are complex architectural features in the landscape of not only Petra but other parts of the
world, their preservation as urbanization, neglect and development is gradually robbing us
of these features. I hope that this research will encourage other researchers to continue and
enhance those aspects that my work did not cover.
I hope that I have managed through this research to shed light on these complex systems
and to add to the scientific library a new scientific work it could benefit from.
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Part I: General
Chapter One: History of Research
1.1 Introduction
The anthropogenic landscape of the world is dotted with artificial structures known
as terraces, which were built by humans and gave mountains a stepped face (Treacy, J. and
Denevan, M. 1994: 91; Krahtopoulou, A. and Frederick, C. 2008; Wei, W. et al. 2016: 389).
Terraces were viewed by some as megalithic (Perry, W. 1916: 1) or Cyclopean structures
of Greek mythology (Petit, C. et al. 2012: 16), evoking pride and interest. For others, these
structures were thought to reveal our agrarian legacy and heritage, although some regarded
them merely as mundane structures that humans have been dealing with on a daily basis.
As views varied, so did the attitude toward terrace investigation, not only in the
approach but even as to the disciplines of the researchers who studied these terraces. The
earliest interest in terracing research was instigated by World War I, when these structures
caught the attention of the early explorers and surveyors, as for example in S Palestine
(Wooley, C. and Lawrence, T. E. 1915: 18). Archaeologically, little attention was given to
terraces, as they could not compete with monumental structures. Terraces were often
mistaken as modern structures that were ignored, dismantled, and discarded from the
archaeological record, such as at the excavations at Neolithic Beidha (Kirkbride, D. 1966:
9). It was not until landscape archaeology put forward the importance of an integrated
approach to interpreting the surroundings, to be able to tell the full story of any site and the
associated human interactions, that attention returned to them. The real boost for studying
terraces came from the 1974 Convention Concerning the Protection of the World Cultural
and Natural Heritage. Ten years later, the Protocol Concerning Mediterranean Specially
Protected Areas was issued in 1983, followed in 1992 by the Rio Declaration on
Environment and Development, and the subsequent Globally Important Agricultural
Heritage Systems (GIAHS), launched by the Food and Agriculture Organization (FAO) and
UNESCO, declaring “World Heritage agricultural landscapes” as part of the heritage of the
world. Since 1995,2 twenty-two sites with terraces have been recognized. It was soon
followed by EU standards that refocused attention, reflecting a large amount of research
done on various aspects of terraces. An international convention for combating
desertification was ratified by the United Nations in 2003, and this lent its support to
promoting and reviving indigenous methods of traditional agriculture and landscape
preservation. Terrace landscaping received widespread support, with large-scale survey and
documentation projects conducted, especially in rural areas, and several legislations were
passed to protect these landscape features, particularly in Europe.
While the research on terraces was expanding worldwide, little was being done in
Jordan. Scant details were reported by archaeological surveys, whereas archaeological
excavations were more focused on monumental archaeology. It was only in the 1990’s that
2

In 1983 Machu Picchu terraces in Peru were described; although it does have cultivated terraces as site
elements, that was not the main reason for site recognition, unlike the rice terrace of the Philippines which
was the main reason for inscribing the site.
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comprehensive landscape reconnaissance evolved to explain human habitation, and
attention was drawn towards terraces. Despite this, little has still been done for their study
thus far, as this research will demonstrate.
1.2 Previous Studies
Terraces captured the fascination of geographers quite early; the earliest
comprehensive work done on the worldwide distribution of terraces was by Perry (1916),
who poetically stated the following:
The method of cultivating the soil by means of terraces constitutes one of the most
remarkable examples of the gigantic amount of labor which can be expended by
communities of human beings in order to procure food. By means of retaining
walls, generally of stone, and with the earth often laboriously transported from
elsewhere, huge staircases of fields are made upon the sides of mountains, and a
teeming population is supported in places where otherwise life would be difficult.
(Perry, W. 1961: 3)
His long-forgotten work, now seldom mentioned, nevertheless subconsciously
influenced successive researchers, who repeated like a mantra some of Perry’s postulated
ideas on the agricultural use of terraces through manual filling behind walls of soil.3
Perry attributed the spread of terracing to the transmission of knowledge through the
migration of qualified builders across space and time (Perry, W. 1916: 1), proposing their
origin in Southern Arabia (Yemen), modified by Egyptians and Sumerians before it spread
around the world (Perry, W. 1916: 24-25).
Bradford was the first to pave the way for studying ancient landscapes by aerial
photography. In 1957 he proposed taking soil samples for analysis to establish the existence
of ancient agricultural fields in England. He also remarked that in the Mediterranean
landscape, little attention was given to hill slope terraces in favor of valley banks. He also
advocated excavating these terraces (Bradford, J. 1957: 28-30), which is advice that’s
seldom taken.
Research on terrace origins was resumed only in 1961, when Hale, supervised by
Spencer, established the foundation for modern terrace research. In their synthesis paper of
the surveys and excavations done at the time, the authors considered the act of terracing as
a manifestation of human power over the landscape to increase productivity, especially in
areas with difficult terrain. They were the first to create a typology for the various terraces
then found in the world, and to explain their method of construction, proposing conditions
that stimulated their construction. In contrast to the widely held opinion, they did not view
the origin of terraces as being associated with any agricultural revolution. Hale and
Spencer’s (1961) observation of the geographic distribution of terraces made them propose
a complex mechanism for their spreading. Rather than their being diffused from one center,
the authors suggested a multiplicity of spreading centers, the Near East being the oldest,
with the estimate for the earliest terrace being around 2000 BC (1-38).

3

See for example J. Treacy and M. Denevan (1994: 103); C. Frederick and A. Krahtopoulou (2000: 85); S.
Gibson (2015: 300) to name a few.
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Needless to say, the publication of that paper started a huge debate on the origin of
terraces. P. Wheatley, whose work focused on the Far East, argued that terrace farming was
exclusively an act of sedentarism (Wheatley, P. 1965: 125). He disagreed with Spencer and
Hale’s idea of dissemination centers,4 arguing that each culture reached this stage as a
reaction to ecological adaptation, evolving gradually to suit their needs and in response to
environmental change (Wheatley, P. 1965: 142). One of the most important ideas that
Wheatley put forth in his paper was the importance of a multidisciplinary approach in
studying terraces, rather than creating worldwide catalogs of their typology and spread
(Wheatley, P. 1965: 143), thus paving the way for a new branch of science known as
“Cultural Geography”.
1.2.1

Brief account of terrace research in the world

The pioneering publications on terraces garnered wide interest. Around the 1980’s,
research on terraces intensified, covering a wide range of branches: pedology, archaeology,
hydrology, agroecology, environment, to name a few.
In 1994, a semi-guideline on approaches for studying gardens and fields was
published, in which J. Treacy and M. Denevan synthesized, based on their own experience
in Latin America, a short synopsis on terrace typology, use, and methodology of
investigation (Treacy, J. and Denevan, M. 1994: 91-110). In addition to offering a synthesis
of terrace typologies as encountered in Latin America and their social implications, their
work was one of the earliest to emphasize a multidisciplinary approach, by combining soil
analysis and spatial analysis for better understanding terrace dates and functions.
While the previously mentioned publications implied the fill behind terraces to be
artificially deposited, C. Frederick and A. Krahtopoulou (2000: 79-94) proposed a soil
stratigraphic approach, which included eight models for terrace construction, based on
which a new approach for the dating of terraces was established.
In 2001, A. Grove and O. Rackham proclaimed that despite the extensive research
on the cultivated terraces in the Mediterranean, they remain enigmatic (Grove, A. and
Rackham, O. 2001: 107). Furthermore, they emphasized that terraces were the key to
understanding landscape evolution (Grove, A. and Rackham, O. 2001: 112). Their chapter,
‘A synthesis of the typology, history, and the use of N Mediterranean terraces, links the
terraces’ construction and spread with the socioeconomic conditions that prevailed at each
period (Grove, A. and Rackham, O. 2001: 107-118).
Some of the most important work was done in Latin America. Research in that
region covered aspects of terraces’ form, construction development, and their application as

4

Recent archaeological work seems to support this idea; in China early terraces were dated to the Han
dynasty (2500–2240 B.C), while the first textual evidence comes from the “Song Book” dated to 776 BC
(Asins-Velis, S. 2006: 23), while for example the Sumerian irrigated terraces date back to around 3000 years
(Oleson, J. 2000: 185); in Yemen they were dated at least 3000 years ago (Vogel, H. 1985; Vogel, H. 1988:
33).
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measures for erosion prevention and crop production. These include the works of J. Treacy
(1987) in Colca valley; C. Field (1966) and C. Erickson (1994) in the Andean region; N.
Dunning and T. Beach (1994), M. Smith and T. Price (1994) in Mexico on ancient Aztec
terraces and M. Smith and T. Price (1995) in Guatemala; and the works of T. Beachy et al.
(2006), M. Munro-Stasiuk and T. Manaham (2010), S. Macrae and G. Iannone (2016) on
Mayan terraces; and A. Londoño et al. (2017) in Peru. General articles that cover Latin
America, such as L. Williams (1990) and G. Bocco and B. Napoletano (2017), to name a
few), were concerned with issues of soil stability, terrace abandonment, and family
agriculture, whereas only a few focused-on issues of the terraces’ excavation, construction,
and typology.
Agricultural terraces have a long history in the Far East, but research has mainly
strived to promote the revival of traditional methods of agriculture, such as the works of
Van Dijk et al. (2005) in Java and Tokuoka and Hashigoe in Japan (2015). In China, studies
covered various aspects, from terraces’ role in increasing yield to their role in soil
conservation, particularly in the hilly areas, in such works as X. H. Liu et al. (2011) and
(2014); J. Huang et al. (2013); Y. Jiang (2014); W. Mu et al. (2015); and M. Li et al. (2020).
Extensive work has been done on the Ifugao rice terraces in the Philippines, such as the
detailed landscape and archaeological and anthropological investigation done by S.
Acabado (2009; 2010a; 2010b); Acabado, S. et al. (2017) on Ifugao terraces, and recently
the focus on conservation because of extensive tourism, such as the work of M. Martin
(2017), to name a couple. In South Korea, rice terraces have been investigated since 1974
(Spencer, J. 1974: 59-65), mainly focusing on their water irrigation system. The government
of South Korea recently issued a report on “Gudeuljang” traditional irrigated rice terraces
and their history, promoting their role in the economy and the importance of protecting them
as parts of the country’s heritage (Wando County 2013).
Limited work was conducted in Africa. These were mainly the works of R. Lal in
Nigeria on the role of terraces in soil protection (Lal, R. 1982: 23-31). In Bokoni, South
Africa, research began on the 500-year-old abandoned terraces with the aim of creating a
unified terminology and understanding their method of construction and reviving this
economically viable agrarian tradition, with the aim of encouraging locals to return to its
practice (Widgren, M. et al. 2016: 33-53). Terracing is widely introduced in Uganda as a
soil protection measure in the eastern hilly areas (Mcdonagh, J. et al. 2014). In Rwanda,
farmers are encouraged to apply terrace farming by publicizing its cost benefits and role in
improving farmers’ socioeconomic conditions (Bizoza, A. R. and de Graaff, J. 2012: 110114). Recently, profiting from the Global Heritage Preservation Program, full
documentation of drystone monuments was conducted at Ziwa, Zimbabwe, which included
a full investigation of terrace free-standing field walls and bench terraces. The study
explored their methods of construction and state of preservation, proposing a monitoring
program for observation and protection (Mupira, P. 2011: 1-39). Ethiopia is an example of
the paradox of choice, where the expansion of land for agriculture at the expense of forest
has led to severe erosion, which required combating by extensive terracing, which helped
reduce soil loss 1.5 fold (Nyssen, J. et al. 2009: 1216-1233). Further, Shimeles et al. (2012)
4

have demonstrated by plot experiments that terraces help maintain soil nutrients and their
balance in the erosion and deposition zones (1251-1261). Barren rock and low soil
infiltration have led to an increase in flash floods and the formation of intensive gullies; to
mitigate these occurrences, intensive check dam construction has taken place in the
highlands, unfortunately unsuccessfully, as most of these dams have collapsed (Nyssen, J.
et al. 2004: 55-64).
Interest in terraces in Northern America started as a measure for soil preservation to
increase the area suitable for agriculture.5 It wasn’t until 1998 that the sites of the
Mesoamerican civilization of the Hohokam were excavated. Specifically, their check dam
systems in the Salt River basin from around 1250 BC (Mithen, S. and Mithen, S. 2012: 206209, and the references therein).
Interest in Western Europe in studying terraces differed in the approach. While the
earliest work was done in Greece, the rest of Europe took time to catch up. Research aspects
also varied. Where the earliest work-related more to geographic distribution and
archaeological investigations, the unification of Europe and the introduction of landscape
codes6 encouraged the documentation of terrace landscapes in other areas, particularly in
Malta, Italy, Spain, Portugal, Cyprus, and France (see Table 1.1 for details). Despite this,
terminology variations create obstacles to terrace research across Europe. Earlier works used
the term “drywall terraces” for a very wide range of forms, and it is only lately that
standardized terminology is being applied. Research interest has also been refocused. In the
1990s, more focus was placed on soil texture and dating, while the more recent focus is on
issues of protection of cultural heritage from abandonment and collapse (Table 1.1).
Greece, the pioneer in research studies on terraces, 7 witnessed some of the most
extensive research and heated debates. The central question was that if these terraces are
indeed Cycloptic structures, why does no prober Greek term exist for it?8. The 1990s
witnessed a comprehensive survey of the Greek Islands, resulting in the publication of
several important works on terrace landscapes. The most notable are the works of T. van
Andel et al. (1990) on the impact of terracing on soil cover and erosion. The authors brought
to attention the importance of studying the relationship between soil erosion and alluviation
rate to land use practice and rural economy” (van Andel, T. et al. 1990: 392). Starting from
examining small catchments where the natural erosion and human interventions can be
better assessed (ibid). Moody and Grove (1990) based their classification of terrace typology
on a comprehensive survey of Crete (183-191), while S. Dimakopoulos gave an overview
5

See for example Circular 513 to the American farmers of 1941 (Lehmann, E. W. and Hay, R. C. 1941).
Most of the research on terraces in the US is related to grass ridge terraces and discusses modern agriculture
and increase of productivity (see for example Bragg, T. and Stephans, L. 1979: 437-441).
6
In 1991 the European commission held a workshop on “Indigenous Techniques for soil and water
Conservation and Water Harvesting in Mediterranean area” (Comunidad Europea 1991), which issued a set
of recommendations and a framework for work on terraced landscapes of the European Mediterranean. On
this see S. Asins-Velis (2006: 21-23).
7
I agree that this is an argumenta exclamation, as the pioneers in landscape studies are the English, with the
earliest work done on landscape by O.G.S. Crawford in the 1930s culminating in his publication of
“Archaeology in the Field” in 1953, and the works of Alexander von Humboldt; however, their work was
not specialized in terrace landscape in particular.
8
See the discussion on this matter in S. Price and L. Nixon (2005: 109) and Foxhall (1996: 45-64).
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on agricultural practices in classical and Hellenistic Greece, participating in the ongoing
debate on the initial age of terrace agricultural practice, stating that “the terraces of the
ancient deme of Atene in Attica cannot be dated at a period other than Classical”
(Dimakopoulos, S. 2016: 1-10). S. Alcock et al. 9 (1993) postulated in their intensive survey
of ancient agricultural fields of Greece the importance of integrating the landscape into the
archaeological investigation of human settlement patterns, proposing the collection and
plotting the distribution of surface sherd scatter in order to understand the extent of human
land use (Alcock, S. et al. 1993: 137-170). It was demonstrated earlier by T. M. Whitelaw
(1991), through his survey of the N Keos landscape that shifts of human settlement and land
use allowed sustainable agricultural activity, mainly through terracing (Whitelaw, T. M.
1991: 405-411).
Although terraces are more associated with the Mediterranean landscape, they were
also propagated in Western Europe by the Romans around the 3rd–4th centuries (Cüppers,
H. 1987: 11). The Roman poet Decimus Magnus Ausonius described the terraced vineyard
landscape along the banks of the Mosel (Petiti, C. et al. 2012: 7). Around the 7th–8th
centuries, terrace cultivation spread to the area between Mainz and Bingen, but it took
another two centuries to reach the central parts of Germany (Weiter-Matysiak, B. 1985: 13,
Volk, O. 1993: 59-61). Terrace cultivation disappears from German historical records
between the 13th and 15th centuries, after which it comes to be mentioned within the titles
and properties of the local duchies. In the 17th century, in Württemberg, terraces were
constructed to manage erosion and landslides (Petiti, C. et al. 2012: 8). In the Odenwald
Mountains in the Meerbach catchment, viticulture continues, in areas known as
“Ackerterrassen,” or plough land terraces that extend for around 200m along linear terrace
walls, equipped with pathways and water channels (Lóczy, D. 1998: 55-58). Bench terraces
constructed on the steep slopes utilized stones from the nearby quarries, and sometimes the
needed stones were quarried from the vineyard itself (Petiti, C. et al. 2012: 17). To ensure
access for tending and harvesting paths, trails, ramps, and stairs were constructed connecting
these terraces together, with the latter used for water channeling along with sluices (Petiti,
C. et al. 2012: 18-19). Viticulture terracing is still practiced today in Germany, but in fewer
areas than in the past; more terraces are being abandoned due to their higher maintenance
costs and following the automation of the agrarian sector (Petiti, C. et al. 2012: 23).
Eastern Europe soon followed suit, with research on application and revival of
terrace use, particularly for soil preservation being conducted in Poland (Baryła, A. and
Żmuda, R. 2017: 57-68). The most intensive studies on terrace history, development, and
effect on soil preservation are being conducted at Kislovodsk (Russia) (Borisov, A. et al.
2012; Koborov, D. and Borisov, A. 201 3; Borisov, A. et al. 2016). Spurred by the European
Union unifying landscape codes, a full survey, and classification of terrace typology was
done in Croatia, which included historical background and anthropogenic characteristics
9

S. Alcock’s work has influenced the works of P. Kouki in her study of human settlement in the ash-Sharah
mountain (Kouki, P. 2012: 16). Later, Alcock implemented the same approach in the Brown University Petra
Archaeological project in studying human settlement patterns within the area N of Petra from Jabal al-Qarn
to Ras Sliesleh (Knodell, A. et al. 2017: 621-683).
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(Andlar, G. et al. 2017: 111-129). In Hungary, limited studies on change in land use and the
abandonment of the ancient 18th-century viticulture terraces in the Nagymaros area, Kapu
Hill (Kiss, A. et al. 2005: 111-124). Only a few works have examined the historic aspects
of ancient terrace agriculture, the agronomical indicators of their presence, or the
development of soil in the Dagestan mountains (Borisov, A. et al. 2018; Ryabogina, N. et
al. 2019).
Very limited studies on terraces have been conducted in the Arab world.10 Yemen,
where ancient terraces date to around 4000 BC (Wilkinson, T. 2003: 190), has an extensive
irrigation and cultivation system comprising of dams and check dams that supplied valley
floor cultivated terrace fields, and sophisticated channel systems that irrigated the
surrounding fields (Vogel, H. 1988: 33; Wilkinson, T. 2003: 191). The pressure of
population growth during the Bronze age and the need to protect the valley floor fields from
siltation and floods seem to have driven terracing of the mountain slopes around 3000–2000
BC, thus creating more flat areas for intensive cultivation (Wilkinson, T. 2003: 190-191).
H. Vogel had already noted in 1988 that following largescale emigration and the lack of
maintenance, these terraces were falling apart, leading to soil depletion and loss of arable
land (Vogel, H. 1988b: 325-329).
In the Sultanate of Oman, terrace agriculture started 2000 years ago and continues
to this day in the N mountains, bestowing upon them the name “al-Jabal al-Akhdar,”
meaning “the green mountain.” The research on family terrace plots was concerned with the
effect of terracing on agricultural yield) Buerkert, A. and Schlecht, E. 2010; Luedeling, E.
et al., 2005) and terrace soil quality (Moraetis, D. et al. 2020). Unfortunately, this practice
in Oman is gradually being abandoned due to water deficiencies, change in rain pattern, and
change of cultivation practices from fruit trees to other commodity crops (roses), leading to
the sthe accelerating deterioration and collapse of the terraces and the ecosystem as a whole
(Luedeling, E. 2007: 124-125; Luedeling, E. and Burkhart, A. 2008: 1181-1195). This,
despite the government’s efforts to maintain it by supporting farmers and encouraging ecotourism. In Sudan, a Czech mission recorded the presence of “wall features” and water
harvesting features related to the (Christian or Islamic) villages at Jebel Sabaloka near
Khartoum, without giving any details (Suková, L. and Cílek, V. 2012: 196, 199).
Run-off farming has been widely practiced in Libya since the Phoenician period,
peaking during Roman times, and it continued on a smaller scale through the Byzantine and
Islamic periods. Evidence of run-off systems including valley terraces and grooves was
found near Djebel Nefouse, Ghirza, and Beni Ulid (Le Houérou, H. N. and Lundhole, B.
1976: 217-229). The Libyan government, in an effort to revive and extend run-off irrigation
into the desert margins, initiated in 1979 a 10-year survey and documentation project in
collaboration with UNESCO in the northwestern parts of Libya, mainly the Sofeggin and
ZemZem areas.
In Saudi Arabia,11 most of the terraces are in the southwestern part of the country,
particularly in the Aseer and Sarawat mountain areas, where terraces cover the slopes and
10

Palestine, Lebanon, Syria, and Jordan will be treated separately under Levant section 1.2.2
The Saudi-Italian-French mission excavations at Dŭmat al-Jandan reported the presence of possible
terraces located on the plateau parallel to the slopes of wadi as-Serhan SE of area C; although the upper hill
11
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small wadis (Al-Turbak, A. 1999: 2). During the 1980’s the area was gradually abandoned,
leading to an increase in erosion, soil loss, and accelerated surface run-off. Few studies
covered aspects of terrace spatial distribution and typology (El-Shamrani, S. 1980: passim),
the condition of traditional terrace farming, the area of current cultivation (Al-Turbak, A.
1999: 2-3). Others explored the characteristics of terraces’ soil and their function for
rainwater harvesting by experimenting with replanting juniprus procera to increase
infiltration (El-Atta, H. and Aref, I. 2010: 59-66). N. Ennabli (1993) and later S. Nasri et al.
(2004) studied the hydrological and ecological functions of traditional terraces in Tunisia.
Of late, more studies are being conducted to evaluate the role of bench terraces in increasing
infiltration, minimizing soil salinization increasing the collection and storage of run-off,
such as through the pilot project at Sbaihia catchment in Zaghouan Government NE of
Tunisia (Ben Khelifa, W. et al. 2017: 1568-1578).
In Iraq, the early civilizations that settled in Mesopotamia cultivated the flood plains
of the Tigris and the Euphrates, building dams and digging channels in the soft soil to
irrigate their crops (Oleson, J. 2000: 187-188). Thus, there was little need to rely on or to
harvest rainwater. In recent years, the N mountainous regions of Iraq are suffering from
severe erosion that is instigated by heavy rain and abuse of the vegetation cover
(overgrazing, tree cutting, land mismanagement). A decision was made to construct terraces
to prevent further soil loss, a project designed by the Universities of Babel and Arbil to
design the terraces for implementation in the targeted area (Hussein, M. et al. 2016: 39-44).
Archaeological research in Iran has paid a lot of attention to water and agrarian
systems. The need to cultivate in remote areas far from rivers and water sources during the
Sassanid–early Islamic era in Iran made people resort to dry farming, where small
farmsteads became scattered in the landscape. Check dams were constructed in the narrow
wadis and drywall terraces of irregular cobbles and boulders were constructed within the
Deh Luran plains (Neely, J. 1974: 28-30). In a nearby village of Nayban in E Iran, farming
relied on springs, constructing small channels to irrigate small terraced plots and fields
(Spooner, B. 1974: 53-54). Modern research continues in Iran, with the focus on pedological
aspects and increased yields of terraces, such as the work done in Guilan (Sharif, A. et al.
2014: 139-145), and the influence of terrace irrigation on crop yield and water recharge in
Gareh Bygone Plain (Raes, D. et al. 2008: 243-254).
The publication of Grove and Rackham’s work stimulated others to conduct their
research on terraces, particularly after widespread abandonment of the terrace cultivation.
The multiplicity of works covered the origin of terraces,12 their typologies, function, and
effects on soil erosion, settlement dynamics, geographic distribution, dating, climate
influence, land patterns of use or abandonment, and effect on productivity, among others.

of Rujm al-Burj had evidence of Nabataean triclinium and a Roman period tower, the possible terraces were
not linked with the aforementioned structures, nor were these terraces further investigated (Charloux, G.
2011: 183).
12
For example, the works of A. Puy and A. Balbo (2013), in which they argue that Arab-Berbers introduced
the terracing system to the Iberian Peninsula in 711 AD, particularly to al-Andalus, from where it spread
(45-56).
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Synthesis of research done on terraces in Europe.

Table 1.1*13

The main aim of this table is to present a sample overview of the type of research conducted in Europe on
terraces, the questions that the research tackles and the approaches used. This table shows some examples,
and it does not aim to be an inventory or a corpus of all the research done on terraces in Europe, as that is
outside the scope of this research in both theme and research area. For an overview on terrace practices in
Southern Europe, see the synthesis paper by Stanchi, S. et al. (2012: 90-100) and the references within, and
Wei, W. et al. (2016: 388-403) and the references therein. For articles on the influence of terraces on the soil
hydrological and geomorphological qualities, see the review paper of J. Arnáez et al. (2015: 122-134).
13

9

10

11

1.2.2

Brief account of terraces research in the Levant

Reverend C. Wilson, visiting Lebanon in 1906, expressed his astonishment at the
density of consecutive terraces, claiming to have counted more than eighty terraces in a row.
In Lebanon, terraces are literally carved into the mountains, with the quarried stones used
to construct the risers (Wilson, C. 1906: 200). N. Lewis prepared the first comprehensive
synthesis on Lebanese terraces, including their distribution, methods of construction and
their role in the local economy. His work documented the development and change of
terrace cultivation from the 1940’s until the 1960’s as an eyewitness of the time (Lewis, N.
1953: 1-14).
Water ollection for agriculture was practiced since the Middle Bronze Age on the
Basaltic Harra of southern Syria (Braemer, F. 1988, 1990). Irrigation channels, dams, and
reservoirs were constructed to support agricultural activity for the small human settlements
of Khirbat el-Umbashi and Heberiyeh around 3000 BC (Harfouche, R. 2007: 174).
Sophisticated water management and protection systems were constructed for flood
mitigation S of Tall al-Rawda, which functioned both as a protective barrier against the
flooding of the Wadi al-Amur, diverting the water to sets of terraces and water channels,
and for agriculture (Braemer, F. et al. 2010: 97-98). Several terraces were found on the
eastern slopes of El-Bab, where a late Roman fortress was discovered (Mouterde and
Poidebard 1945: 71-73) and S of Jabal al-Arab, where the basaltic hills were cleared from
the rock outcrops and used for building low terraces and delineating land plots since the
Roman times (Hatoum, C. 2012: 241-242).
At the Golan Heights (Jawlan), numerous terraces and enclosure walls were
recorded around the site of Er-Ramthaniyye, constructed by those who settled in the area
during the Bronze Age, and enlarged during the later Hellenistic, Roman and Byzantine
periods (Dauphin, C. and Gibson, S. 1992/ 1993: 9-10, figure 1). Irrigation channels running
from the main aqueduct to supply the divided plots with water were found in Na’aran
(Gibson, S. 1995: 88).
Numerous stone wall bench terraces were constructed from local limestone in the
northern hill ranges of Syria, around Idleb and Aleppo, mostly dated to the Roman and
Byzantine periods. They were built on the hill slopes around settlements and were probably
used for orchards; some of which were still used for fruit tree cultivation until recently
(Masri, Z. 2007: 249-252). To the S, at al-Leja and Jabal al-Arab, only the hillsides are being
terraced and used for cultivation (Braemer, F. et al. 2009: 40).
The stepped, terraced landscape of the Holy Land captured the attention of pilgrims
and travelers as early as the 15th century.14 Reverend Wilson, writing about peasant life in
Palestine in 1906, describes the terraces (Habail) as ancient agrarian features. He noted that
even where agriculture no longer existed, figs, olives, and vines still grow in the terraces,
14

For full accounts of ancient travellers in the Holy Land and their description of the terraced landscape see
Gibson (1995: 97-101).
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giving a beautiful lush green look to the mountains surrounding Bethlehem and other cities.
wherein the areas where cereals were cultivated, the view was of a staircase with uneven
steps (Wilson, C. 1906: 199-200). By the time G. Dalman visited the Holy land, many of
the terraces were already abandoned and even covered by forest; however, he was very
cautious in considering them ancient (Dalman, G. 1928: 5). He even described how the force
of floodwater overturns their stones, causing them to fall into rubble beyond repair (Dalman,
G. 1928: 216).
Intensive surveys conducted during the 1960’s and 1970’s using aerial photography,
followed by on-ground verification, paved the way for intensive documentation and
analyses of the terraced landscape, such as the works of Z. Ron (1966).
The Biblical mention of cultivated terraced land (especially the terraced lands
around Jerusalem) guided earlier researchers in speculating on their chronology, (see for
example Edelstine, G. and Kislev, M. 1981: 53-56; Borowski, O. 1987: 15-16; Sayej, G.
1999: 201-209). However, it wasn’t until the late 1980s that intensive archaeological
research was conducted, placing their earliest date to the early third millennium BC (Gibson,
S. and Edelstein, G. 1985: 139-155; Gibson, S. 1995: 154-158; Gibson, S. 2015: 297).
Recent works applying optically stimulated luminescence combined with geomorphological
and archaeological analysis, such as the work done at Mount Eitan (edh-Dhahr) (Gadot, Y.
et al. 2016: 397-417) and the Upper Soreq catchment, have proved that terracing only started
around 2400–2200 years ago, with the intensification of building within the last 800 years
(Gadot, Y. et al. 2018: 580-582).
Research in the Judea desert started in the 1960s with the geographer Z. Ron.His
comprehensive survey based on aerial photographs and (1:5000) maps produced a
comprehensive corpus, which included factors influencing terrace construction and
distribution, including climate, geological setting, and hydrology in addition to relationship
to settlements (Ron, Z. 1966: 33-49; Ron, Z. 1966: 111-122). Subsequently, L. Stager
studied the ancient water harvesting system in the same area (Stager, L. 1976: 145-158;
Stager, L. 1985: 5-9). Lately, reinterpretations of the results from a socioeconomic and
historic context, and with new excavations, seem to suggest that small scale terracing could
have been localized in the Bronze and Iron ages, while expanding during later periods,
starting from the Persian-Hellenistic and later periods (Gadot, Y. et al. 2016: 415).
The earliest interest in terraces began in the Negev, and was driven by political
reasons15 (Evenari, M. and Koller, D. 1956: 42). In preparation for British forces’ presence
in the Middle East prior to World War I, C. L. Wooley and T. E. Lawrence conducted an
archaeological survey. Their main aim was to map the routes, particularly between Sinai
and Palestine (objective one as stated clearly by C. L. Wooley and T. E. Lawrence (1936:
18)), and water reservoirs. The survey, known by the name Wilderness of Zin, reported the
presence of sand hedges and walls to catch floodwater to irrigate terraced fields and preserve
soil (Wooley, C. and Lawrence, T. E. 1936: 50), noting how their use improves the yield of
15

For more details on this see S. Anderson (2014: 55-63).
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corn which was still sown by the Bedouin who inhabit the desert (Wooley, C. and Lawrence,
T. E. 1936: 54). They noted the presence of dams in every valley, including the large dam
at Kurnub, acknowledging that reviving the Byzantine terraces could make “the Negev
fertile again” (Wooley, C. and Lawrence, T. E. 1915: 36).
These words became the major incentive that shaped research for the next eighty
years. Motivated by two major challenges, the vast arid desert, and the growing population,
there was an increased need to reclaim the desert (Evenari, M. and Koller, D. 1956: 42),
especially after archaeological surveys revealed evidence of several towns that thrived
during Nabataean16 and Byzantine periods, such as Shivta (Sobota-Esbeita), ʿAvdat (AbdaOboda), Elusa, Nessana, Rehovot (Ruheibeh), and Mamshit (Mampsis-Kurnub)17 (Evenari,
M. and Koller, D. 1956: 42). M. Evenari led a research team that pursued two main goals,
the first devoted to aerial photography and field survey (Evenari, M. et al. 1958: 231-268),
while the second was devoted to experimental archaeology, where prototypes of the terraces
and stone mounds were constructed for better understanding of their function. The results
of their 30 years of research were published in a comprehensive work “The Negev: The
Challenge of a Desert” (Evenari, M. et al. 1971). Three comprehensive works soon
followed, large corpora on ancient agriculture: the works of P. Mayerson on arid zone
farming which concentrated at the N of the Negev (Mayerson, P. 1955), the survey of
ancient field systems conducted by D. Zohary in 1945–46 (Zohary, D. 1954) and the work
of Kedar on field systems (1957, 1967). These publications had an avalanche effect, as
numerous works soon followed covering all aspects of research, including many surveys
and excavations (Ackermann, O. 2007: 87-106; Ashkenazi, E. et al. 2012: 55-64), dating
(Avni, Y. et al. 2012: 12-27; Haiman, M. 2012: 43-49), creating of hydrological models (for
example, Shanan, L. and Schick, A. P. 1980: 269-282; Gallart, F. et al. 1994: 291-303;
Shanan, L. 2000: 75-106), paleobotany (Fuks, D. et al. 2016: 1-5), paleoenvironment (Avni,
Y. et al. 2012: 12-27), gully development (Avni, Y. 2005: 185-220), pedogenic studies
(Bruins, H. 1986; Lucke, B. et al. 2019), typology and construction method of agricultural
terraces (Ore, G. and Bruins, H. 2012: 409-418), to name a few over the last decades.
Later works were concerned with aspects of preservation of ancient structures in the
face of expanding urbanism and the importance of reviving of dry farming (Haiman, M. and
Fabian, P. 2009: 1-15; Shahack-Gross, R. 2015: 253-264; Avriel-Avni, N. et al. 2019: 8698; Stavi, I. et al. 2018: 1-14).

16

There is ongoing debate on the beginnings of agriculture in the Negev, with the majority of researchers
arguing that the earliest start is associated with Nabataeans, putting forward various reasons and arguments,
from the collapse of Nabataean commerce (Negev, A. 1961: 133-136; 1963: 112-124; 1977: 635), to
microarchaeological facts (Shahack-Gross, R. and Finkelstein, I. 2015: 253-264). Others argue in favour of a
Byzantine- Early Islamic start, based on archaeological evidence and OSL dating (Avni, G. et al. 2013: 332346), while some insist that the beginning was in the Iron age, based on radiocarbon dating (Bruins, H. and
van der Plicht, J. 2017: 1-16). T. Erickson-Gini favours a date between 2nd–4th century A.D. (Erickson-Gini,
T. 2012: 53).
17
For more details on the sites see (for Shivta: Baly, C. 1935: 171-181; for Elusa: Avni, G. 2014: 259-260;
for Nessana: Colt, H. D. 1962 and Urman, D. 2004; for Nessana archive: Krämer, C. J. 1958; for ancient
agriculture: Mayerson, P. 1960; for Mamshit: Negev, A. 1988 and Erikson-Gini, T. 2010: 83-87; for
Rehovot: Tsafrir, Y. and Holum, K. 1988; for Avdat 1988: Erikson-Gini, T. 2010: 250-255).
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Limited although rather comprehensive work is being done in the Palestinian
territories, such as that by Ahmad Abu Hammad within the framework of the Lower Jordan
River Basin Project, which is jointly executed by Birzeit University and Agricultural
University of Norway and is focused on the Palestinian Central Mountains (Abu Hammad,
A. 2006: 3). The two-year experimental project aimed to contrast a terraced plot of land
with unterraced plots in order to understand the influence of terraces on soil erosion and soil
qualities (infiltration, texture, moisture content, among others). Revised Universal Soil Loss
Equation (RUSLE) and Geographic Information System (GIS) were applied to monitor the
results within the project implementation area. Furthermore, the research covered
socioeconomic aspects such as the influence of terracing on crop yield (particularly wheat)
(Abu Hammad, A. 2006). In 2013, as part of the efforts toward nominating the irrigated
terrace gardens and valley bottom terraces of Battir (10 km W of Bethlehem) for the World
Heritage List, huge efforts were carried out for their documentation by the Ministry of
Antiquities and Cultural Heritage of Palestine (Ministry of Tourism 2013; Abu Hammad,
A. 2016: 1-16). However, no archaeological excavation was conducted, nor was any detailed
description of the terrace system recorded.
1.2.3

Terrace research in Jordan

Figure (1.1). Check dam at the site of Dhraʾ S. of the Dead Sea.

The earliest human intervention on the landscape by constructing drywall barriers
was done by Neolithic man for hydrological and soil conservation purposes. At the Pottery
Neolithic settlement18 of Dhraʾ, S of the Dead Sea (Finlayson, B. et al. 2003: 34-36) (figure
1.1), nine check dams, at 100–200m from the settlement, were constructed to intersect the
18

Dated based on the architectural remains, tools discovered and the 14C dating of the wood and charcoal
found within the site. For details see B. Finlayson et al. (2003: 35. Table 16).

15

flow within two confluences of a small wadi. To ensure their stability, the builder made use
of the cemented conglomerate rock outcrop to anchor the walls, some of which reached up
to 20m in length. The walls were built from natural boulders, filled with small cobblestones,
in one row. Four courses have survived in situ, varying in height from 0.60–0.75m (Kuijt,
I. et al. 2007: 109-114). Extensive terracing and a barrage system were reported at the
Neolithic rock-shelter settlement of Jabal Juhayra at al-Jafr basin. Twelve terraces, also built
of local material, one layer, and four courses ranging in height between 0.5–1.00m seem to
have functioned as soil protection creating an artificial leveled surface in front of the rockshelter (Fujii, S. 2017: 7). At the SE side of the settlement, a slightly concave barrage dated
to LPPNB was discovered (Fujii, S. 2017: 8). The thick wall constructed over the bedrock
at a higher elevation seems to have functioned as a water management system diverting runoff to possible cultivation areas, at the same time protecting the cistern located just 100m to
the W of the barrage from being filled with the silt (Fujii, S. 2017: 12-13). At the PPNB site
of Wadi Abu Tulayha, an extensive barrage system was uncovered. A set of three barrages
were constructed at a small tributary of the wadi; the first was constructed upstream, while
the other two were built about 200–250m away (Fujii, S. 2007: 403-427). The system was
utilized to collect the surface run-off, either to attract animals for hunting or for irrigating
possible rain-fed agriculture (Fujii, S. 2007: 425). Other uses for terraces were proposed at
the site of Ghuwayr I, where massive parallel walls running E-W along the hill slope were
uncovered S of the central site (Simmons, A.H. and Najjar, M. 2003: 410-411), which could
have been part of a water management system aimed at protecting the site from possible
flash floods and, thus, preventing its destruction or massive site erosion (Simmons, A. H.
and Najjar, M. 2003: 416).
Further S, a comprehensive water management system from the Late Chalcolithic
Period was discovered at Tall Hujayrāt al-Ghuzlān (Siegel, U. 2009: 273), utilizing the runoff of Wadi al-Yutum to sustain terraced field plots that once19 covered an area of 350m x
300m (Siegel, U. 2009: 274). Terrace walls were constructed with semi-flat boulders of
local quartz porphyry, granite, granodiorite, and volcanic rocks. The walls were constructed
either in one layer, ranging in width from one boulder (0.20–0.60m), to a double-faced
wall,20 reaching in thickness (1.10–1.50m); the vertical distance ranged between (8–17m)
(Siegel, U. 2009: 281). The plots were furnished with a water channel constructed from
large local boulders (0.40–0.70m wide), with a small outlet from each plot (Siegel, U. 2009:
277). The narrow rectangular plots were arranged perpendicular to the seven water channels
that fed them water (Klimscha, F. et al. 2012: 128).
A large dam was constructed around 100 m to the S of the site. The dam extended
around 70m. The dam was built of alternating courses of large, unhewn rounded stones of
around 0.70m diameter and smaller cobbles, reaching a height of 1.50 m, and its estimated
length was around 70 m (Siegel, U. 2009: 281).
19

The site was totally bulldozed in 2008 due to the development and construction in the area.
As the site had been bulldozed, I could not verify if this is a double-faced terrace or a riser and a filler or a
riser and a filter or a check dam, therefore I recount the description of the excavator. However, this comes to
demonstrate the issue of terminology, which is discussed further in this chapter.
20
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Figure (1.2). The Bronze Age Dam at Jawa.

N. Glueck was the first to propose that agricultural terracing in Jordan had started in
the Bronze Age (Glueck, N. 1942: 17-18), leading to much speculation among his
contemporaries. The discovery of an ancient hydrological system in Jordan in the NW Badia
desert (al-Harra) outside the walled Bronze Age city of Jawa21 soon proved Glueck right.
The system is comprised of a set of check-dams constructed at the confluence of Wadi Rajil
and three storage pools, which irrigated three terraced wadi fields through a set of sluices
and channels (Helms, S. 1981: 135-198; Müller-Neuhof, B. 2014: 189-190) (figure 1.2).
The check-dams seem to have been constructed around 2520–3350 BC (Müller-Neuhof, B.
and Betts, A. 2015: 129), prior to land exploitation and construction of terraces, which seem
to have happened roughly around 3640–3040 BC (Meister, J. 2017: 40).
The bench terraces were set purposely at three consecutive elevations to facilitate
water flow from the upper parcel to the lower, controlled through a spillway located within
the terrace wall. The walls were constructed from locally collected basalt boulders (MüllerNeuhof, B. 2014: 189-190, Meister, J. et al. 2018: 362).
In addition, B. Müller-Neuhof discovered to the S of the fortified settlement an
alleged agrarian system of terraced gardens. The 330 m2 area is comprised of terraced plots
of land, irrigated by surface water channels constructed from one or more rows of stones
(Müller-Neuhof, B. 2014: 193), which irrigates the consecutive terraced plots. The terrace
walls were constructed from local basalt boulders in a stepped form that collected the surface
run-off and protecting the silty soil to enable the cultivation that was so badly needed in this
arid area (Müller-Neuhof, B. 2014: 191-194). Another example comes from Wādi Mirwān
east of Umm Saysabāna, north of Petra, where a barrage was built across the Wādi, with

21

For information on the archaeological sites see Helms, S. (1981) and Betts, A. (1991).
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parallel terrace systems dating to the Early Bronze age, up to Nabataean- Roman periods,
based on pottery scattered (Lindner, M. et al. 2001: 305).
After the collapse of the Bronze Age, a gradual cultural revival occurs in the Iron
Age I and improves tremendously with Iron Age II, as evident from the multitude of sites
reported by surveys. Agriculture becomes the main source of sustenance of these societies,
as agricultural installations (terraces, cisterns, storage facilities, food processing
instruments, harvesting equipment) become more evident within the recovered artifacts
from archaeological excavations at sites such as Tall Hesban (LaBianca, S. 1990: 151, Wall
C. 2.49), Tall al-’Umayri (Geraty, L. et al. 1990: passim), Khirbat al-Mudayna (Farahani,
A. et al. 2016: 46-54) among others. In fact, MEGA-Jordan (Middle Eastern Geodatabase
for Archaeological sites of Jordan) reports around 30% of the agricultural terraces as dating
to the Iron Age.
Agriculture became one of the cornerstones of the basic economy from Iron Age II
onwards, as settlements started to reclaim more land and construct various water
management facilities. However, archaeological research conducted in Jordan seldom
focused on the terraces as a major research topic, but rather reported these features within
the landscape during the reconnaissance projects. For example, the Umm el-Jimal survey
and excavation work which started on the site at the beginning of the 20th century and is
ongoing since the 1970’s has revealed the presence of a water management system
comprising of a dam, reservoirs and an extensive channel system and aqueducts that
collected run-off to open cisterns. Furthermore, mention is made of intense agricultural
activity involving terrace cultivation (de Vries, B. 1993: 437), although no description of
the terrace fields or walls or their distribution is given, nor is the dating of these terrace
structures reported. The Middle Eastern Geodatabase of Antiquities of Jordan (MEGA-J)
has 72922 sites with agricultural terraces, walls, and dam/barrage systems, covering periods
from the Chalcolithic until Modern, but they mostly do not have periods assigned to them
(figures 1.3 and 1.4). Most data come from surveys, particularly the Madaba Plains Projects
(Umayri, Hesban, and Jalul), the Wadi Araba Survey, Udhruh, and the Finnish Jabal Haroun
Survey. However, some elements could have three dates assigned to them, such as the Jilat
dam which has three entities (Roman, Byzantine, and Umayyad).
Our understanding of human settlement in arid zones has been enhanced by the
extensive archaeological work conducted in Wadi Faynan, S of Jordan. The research
emphasized the importance of environmental studies in interpreting human interaction with
the landscape, the long settlement of which would allow understanding this relationship
pattern (Barker, G. W. et al. 1997: 19-21). The outstanding result of this approach was the
discovery of an extensive field system spanning over an approximate area of 250 hectares
with “walls”. This was the first study focused on land use in general, and specifically
archaeological field systems in Jordan, and the first to classify wall features (Barker, G. W.
et al. 1997: 30).23 These field systems showed great similarity to the terraced field system
22
23

Site last visited on 31/03/2020.
This is discussed in detail in Chapter Four of this study.
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at Wadi Abiad (Nahal Lavan), both in their form and irrigation system (Shanan, L. 2000:
79-83), which allows interpretation of similar adaptation of humans to climatic and
topographical conditions. This was later followed by the publication of typological and
morphological classification of the fields, wall features, and hydrological features among
others, intended to be a glossary for use by archaeologists in their surveys (Creighton, O. et
al. 2017: 97-140).

32%

Dam / barrage
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60%
8%
Agricultural
terrace

Figure (1.3). The percentage distribution of elements (walls, dams, terraces) as recorded in MEGAJ
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Figure (1.4). The distribution of elements (walls, dams, agricultural terraces) according to periods
as registered in MEGA-J.

1.2.4

Research on Nabataean terraces in Petra

The earliest research on terraces in Jordan was done during the British mandate,
motivated by studying soil preservation for cultivation purposes. The report noted that the
tragic decline of agriculture in Trans-Jordan was due to the neglect of ancient terraces and
rainfall and irrigation systems (Lowdermilk, W. 1944: 144). In 1955, A. Reifenberg
conducted a comprehensive investigation of the state of land in the Levant (Syria,
Transjordan, and Palestine), which included the topography, climate, current vegetation,
19

soil erosion, and irrigation, and involved examining evidence of ancient land use.
Reifenberg remarked “The countries of the Levant were not always as bare of vegetation as
they are today” (Reifenberg, A. 1955: 25). He was the first to link the building of terraces
to combat soil erosion, mentioning this approach at the sites of Khirbat Umm Sedeirah, elMudawwarah, Wadi Dafyaneh, and Jawa near Amman (not to be confused with the
previously mentioned Jawa in Mafraq), Wadi el-Hesa, and particularly at Petra (Reifenberg,
A. 1955: 41).
One of the earliest scholars to draw attention to Nabataean terracing was Nelson
Glueck in his surveys in Transjordan (Glueck, N. 1935). He mentioned the presence of
agricultural terraces at the hillsides near settlements irrigated by spring water, such as at
Basta (Glueck, N. 1935: 74), Khirbat Debdebeh (Glueck, N. 1935: 84) and later Qasr Telah
(Glueck, N. 1959). P. Hammond in his 1967 article “Desert Waterworks of the ancient
Nabataeans” considered two main functions of terracing: minimizing surface flow velocity
and their use in agriculture, comparing at that time abandoned terraces of the Nabataeans
with the cultivated terraces of Elgi village. Furthermore, he noted the various dams
constructed at narrow gorges and ravines to collect and store rainwater (Hammond, P. 1967:
39). Nabataean water management systems continued to fascinate researchers such as M.
Lindner through the 1980’s and 1990’s, U. Bellwald (2008), and Z. al-Muheisen (2009), to
name a few. However, little research was done on their agrarian systems in general and
terraces in particular.
The archaeological database of Jordan (Mega Jordan) records around 729 sites with
terraces,24 of which 210 are dated to the Nabataean period, of which only 14 are recorded
within Petra. Although surveys were conducted in Petra and its vicinity, terraces were
seldom recorded. It wasn’t until the 1990’s of the last century that attention was drawn
towards recording terraces. F. Zayadine, in his work on the caravan routes inside Petra,
mentioned the hydrological installations and agricultural terraces at Wadi Slaysil that were
fundamental for the caravans (Zayadine, F. 1992: 217-218). The “Wadi Musa Water Supply
and Wastewater Project area” survey, which was conducted in two phases, 1996 and 1998–
2000, covering an area from Beidha in the N until Ayl in the S, recorded several terraces
and dams within the survey area (’Amr, K. et al. 1998: 503-548; ’Amr, K. and al-Momani,
A. 2001: 253-285). There was much interest towards terracing after the sensational
discovery of what became known as the Roman Gardens at Umm Ratam (Lindner, M. et al.
2000: 553-554), in addition to those described at Wadi an-Naqab, which drew attention to
extensive cultivation in these arid areas (Lindner, M. et al. 2000: 541). P. Gentelle (2009)
studied the development of agriculture in the city of Petra, mentioning “small dry-stone
walls” used to slow run-off to support a small garden (Gentelle, P. 2009: 138). Our
understanding of the extent of terraces and their distribution started to accumulate with the
intensification of surveys, the most prominent being the Udhruh region survey (Abudanh,
24

One of the problems of this large number is the disproportionate nature of the registered elements—thus a
set of terraces (> 3) within a site is registered as one entry, while in surveys a single terrace wall is registered
as an element, making the real number of terraces hard to estimate based on this inventory alone. As this
research demonstrates, the number of terraces is far higher than this number, eluding clarity.
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F. 2006), which gave much attention to agricultural features, the Finnish Jabal Haroun
Archaeological Project in Jordan (Huotari, M 2002: 229-233; Lavento, M. et al. 2004: 163172; Lavento, M. et al. 2007: 145-156; Silvonen, S. et al. 2013: 347-409; Kouki, P. 2012;
Kouki, P. 2013: 323-333). B. MacDonald’s survey from Shammakh to Ayl (2010–2012)
increased our understanding of the agrarian landscape, even though the survey did not record
terrace features but rather reported the presence of agrarian villages and hamlets and
installations (MacDonald, B. et al. 2016). The Brown University Petra Archaeological
Project (BUPAP) (Knodell, A. et al. 2017: 621-683; Berenfeld, M. et al. 2016: 79-107),
started in and later developed into a focus project on ancient terrace research.
The most comprehensive work done on Nabataean terraces was by J. Oleson on
Humayma during the seasons of 1986 (Oleson, J. 1986: 253-260), 1987 (Oleson, J. 1988:
157-169) and 1989 (Oleson, J. 1990: 285-311). His corpus recorded run-off fields, barrier
walls, dams, wadi barriers, terraces, and stone piles, considering them all part of water
management systems (Oleson, J. 2010: 155-171). The Siq project, conducted between
1996–2000, although it did not discuss any terrace systems,included a study of ancient
Nabataean hydrological installations within the Siq and the Al-Madras and Jilf catchment
areas (Ruben, I. 2003). The first specialized research on terraces in Petra was done by B.
Beckers, whoclassifyied and dated ancient terraces and water management systems
(Beckers, B. and Schütt, B. 2013: 313-322; Beckers, B. et al. 2013a: 145-164). In 2013 a
briefing by Brown University reported intensive work done on dating dam structures and
agricultural terraces N of Petra by Christian Clock and Cecelia Feldman Weiss (Reilly, M.:
1-3; De Lazaro, E. 2013: 1-3). However, nothing further was ever published. Two projects
devoted to studying ancient terraces’ hydrological characteristics in Petra were initiated by
the German Jordanian University Center for the Study of Natural and Cultural Heritage. The
first project was conducted in 2015/2016 applied rainfall simulation modeling within two
areas, Beidha and E. Beqa’a, to understand the use of terraces to minimize surface run-off
and increase infiltration (Al-Qudah, K., et al. 2016: 913-922). The second and much larger
project on the Wadi Al-Quntara-Hremiyyeh catchment, which was initiated in 2017 and was
completed in 2021, focused on the function of ancient Nabataean systems for flash flood
mitigation and the conservation of the terraces and check dams within the system25.
1.3 Justification for this study
As demonstrated in the aforementioned overview, the last two centuries have
witnessed tremendous work on human interactions with surroundings by creating an
architectural landscape based on terraces worldwide, including Jordan. The focus of these
studies has evolved with time, shifting from one aspect to another. Seldom, however, can
we find a comprehensive corpus compiled on terraces that covers all aspects, probably due
to the challenge that the terraces pose, being multi-functional architectural structures that
have been implemented by man in various environmental conditions over a long time
(Neolithic to recent times) in the same traditional manner for a wide of range of applications.
http://www.gju.edu.jo/content/restoration-ancient-nabatean-flood-control-system-wadi-madras-petra7803.
25
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Despite the extensive ongoing research worldwide, research on terraces in Jordan is
only in its infancy. In Petra, terraces were documented by the various surveys; however,
throughout the years these structures were labeled based on preconceived ideas, from being
termed viticulture terraces to 19th-century structures. Although interest in terrace research
has only recently flowered in Petra, each research project has had its own particular focus
(archaeological, conservation, hydrology).
The aim of the present work is to study terraces from a single unit to a complex
system, starting from the stones used to their distribution within the landscape (catchment
area/drainage basin), to better understand their function and use.
Terraces can be viewed as landscape archives due to their longevity and ability to
collect and trap silt. Therefore, one of the aims of this work is to decode these structures by
examining their locations within the landscape, examine the fill for clues of past
environment, periods of use, and the reason for their position within the landscape. By
examining the sediments trapped behind the terrace risers, noting the development of the
soil and the presence of inclusions (cultural material, organic material, sand particles, among
others), I aim to understand the prevailing conditions, functions, and uses of these terraces
and their development.
Although terraces are considered to be agrarian installations, my aim is to delve
deeper to understand whether the several constructed terraces in and around Petra have had
an agricultural use or if there are other applications and, if so, to highlight these applications
and discuss them at length.
As the foregoing overview has demonstrated, there is a multitude of approaches that
have been used, based on the research questions. However, there is no systematic approach
to studying terraces. The aim of this work is to prepare a road map for systematic
documentation and terrace research. The designed approach is useful for use on a single
terrace to a set of terraces and from one small farmstead to a whole catchment or a drainage
basin. It is hoped that this approach will be adopted for future terrace research and serve as
a base map for landscape studies.
The field finds will be examined in view of other archaeological and textual data to
shed more light on these structures that people labored to construct, use, and maintain. The
aim of conducting this research is to propose an approach and methodology for studying
terraces within not only the study area but also various other environments in the landscape
and produce clear typology and terminology for future use and application.
It may be presumptuous to state that this study will answer all questions related to
terraces; however, this research does aim to address some of the questions, and it may also
pave the way for others to continue the works started and to fill in the gaps that remain.
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1.3.1

Assigning terminology

One of the biggest challenges in studying terraces within the landscape is the
multitude of terms applied, as each researcher tends to apply their own terminology without
always clarifying it. Thus, each researcher could assign different labels to the same feature,
confounding any possible comparison or analysis of the features.
J. Lawlor (1974) was the first to assign names to these installations, mentioning two
types: “terraces” and “wadi-farming” (Lawlor, J. 1974: 82-83). Z. Fiema (2002) added the
term “barrages” for structures which cross wadis and tributaries and specified their functions
to be slowing runoff and preventing soil erosion (Fiema, Z. 2002: 203). P. Kouki (2013)
distinguished between terrace “walls”, which she described as being built on hillsides and
functioning as rainwater collecting systems, thus diverting into cultivated plots,
reconfirming the term “barrages” (Kouki, P. 2013: 53-54) as earlier defined by Fiema.
Terraces had low priority within the research interest, and thus only a few of the
surveys conducted paid attention to recording terraces. However, each survey applied their
own terminology without examining previous efforts or adopting their terms. Thus, terms
such as terraces, stone-built walls, wadi barriers, cross walls (Lindner, M. et al. 2000: 541),
cross wadi (Tholbecq, L. 2013: 299), terrace walls (Tholbecq, L. 2013: 299), field walls,
wall lines (Whiting, C. M. 2009: 281), wadi barrier, dam (’Amr, K. et al. 1998: 508) were
applied without giving any definition, or a sketch as to the physical interpretation of the
term. This is in itself a manifestation of the need for such a study. This chaos made a
comparison or any statistical analysis impossible and eventually rendered the conclusions
incorrect.
Although various researchers proposed classifications for wall systems encountered
in their surveys or research areas, such as the Wadi Faynan field survey classification of
field systems, walls, and irrigation facilities (Newson, P. 2017: 141-174), the limitations of
any survey lie in the fact that its primary goal is to record features rather than investigating
in-depth their specific function, dating or method of construction. Furthermore, these
catalogs cover too many aspects of architectural features to go into details of each feature,
such as stone layering techniques and soil typologies, among others, which is the case in
terrace studies.
A new term, riser, was proposed to describe walls made up of small stones built on
ephemeral channels or along floodplains (Beckers, B. and Brigitta, S. 2013), which are
elements in a “terrace wadi system” (Beckers, B. et al. 2013a), while Kouki (2012) classified
them among “runoff cultivation systems”.
It is, therefore, one of the aims of this work is to create a clear categorization of the
terrace features, with a clear definition and classification for future researchers to understand
and use.
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1.3.2

Assigning function

Terraces were always victims of stereotypes, viewed as either agricultural features
or hydrological installations. Moreover, the earliest researchers gave confusing assessments.
Hammond, for example, regarded a terrace as a hydrological installation built to slow the
surface run-off (Hammond, P. 1967: 39), yet he immediately proclaims, “…vineyards and
groves (were) planted on terraces”, thus assigning to them an agricultural function.
R. Rubin (1996) considers terraces to be desert agricultural features, arguing that
terracing was created to achieve two main purposes: soil and water management and
cultivation of certain types of crops (Rubin, R. 1996: 53). Strabo describes Nabataean
settlements around the first century as enjoying luxurious houses with spring water, which
they used to irrigate orchards and for daily domestic use (Strabo 16.4.21: 26). Although this
historic evidence does not refer to them as being terrace gardens, archaeological evidence
on the ground shows the diversion of spring water to terraced slopes.
Terrace farming is considered to be family farming,26 where the products are aimed
at meeting the needs of the family and might extend to agricultural product exchange. This
is echoed in the Petra Papyri, where large farms are mentioned belonging to families of
farmers, such as demonstrated by inheritance divisions of land in and around Petra (Koenen,
L. et al. 2013: 60-64). For example, the Byzantine Petra Papyri Number 17 (Inv. 10)
mentions a dispute of inheritance amongst three brothers, which included a dry garden,
which refers to a plantation of trees naturally irrigated by rainwater, suggested by scholars
as referring to palm trees (Al-Jallad, A. M. et al. 2013: 36), cereal lands and other property.
Although it is not clear if the owners themselves worked the fields or they had tenants, the
papyri hold evidence leasing of cereal land and vineyards’, such as Petra Papyri Number 59
(Inv. 84a) (Kaimio, M. and Lehtinen, M. 2018: 164-175). The papyrus clearly indicated the
leaser’s obligations before the owner (fencing, fixing, pruning, etc.), yet it does not specify
if the former is to perform these tasks through paid workmen or through family collaborative
work.
Looking at the works of Nabatean sculptures and painters, we see in the painted
Biclinium of Beidah (Little Petra) a glimpse of Petra’s Hellenic normal landscape. The
houses had vines and flowers, and therefore we might assume that the landscape was not
that of a desert but rather of green orchards, forest and green fields. The assumption was
that these terraces were used by the inhabitants of Petra to grow various crops: cereals,
grapes, grains, legumes and for creating orchards (Nasarat, M. et al. 2012: 109). Indeed,
ample textual and archaeological evidence exists to prove that Petra was much greener than
what we see today, details of which are discussed in this research. Moreover, the Babatha
archive indicates that the Nabataeans owned large palm properties near Zaora (current Gour
el Safi) (Cotton, H. and Greenfield, J. 1994: 211). Why could such a landscape not have
26

According to FAO’s working definition, family farming is a means of organizing agricultural, forestry,
fisheries, pastoral and aquaculture production that is managed and operated by a family and predominantly
reliant on family labour, including both by women and men. The family and the farm are linked, co-evolve
and combine economic, environmental, social and cultural functions.
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existed around Petra? The Nessana documents mention the cultivation of wheat, barley,
sorghum, olives, dates, grapes, and figs (Mayerson, P. 1962: 227), evidence of which was
found in the botanic remains of the Petra pool complex. Not only that, but pits of palms
were also detected (Bouchaud, C. 2015: 111-118; Ramsay, J. and Bedal, A. 2015: 629-630).
Studies have always focused on examining the reasons that prompted nomadic
Nabataean tribes to choose a sedentary agricultural life at a certain place and at a certain
time. Yet, little has been done to build the connection between environmental changes and
the technological development of land use in Petra. A better understanding of their function
and chronology using palaeobotanic studies seem to correlate archaeological evidence to
botanic finds in the field, and not the other way around. In P. Fall’s (1990) study, the pollen
evidence showed huge deforestation by the second century AD, while the gradual drop of
Olea (olive trees) concentration in the layers of the Roman and Byzantine periods indicates
the degradation of agricultural activity in Petra (Fall, P. 1990: 277-279). This may have
resulted in the return to nomadic life (Naveh, Z. and Carmel, Y. 2003: 383).
Thus, the main objectives of the terrace construction relate to the events that
occurred between the second until approximately the seventh century AD. Researchers in
the Negev27 have proposed an avalanche type of events that influenced terrace technologies.
The rising population led to an increase in cultivated land at the expense of forests. This
deforestation caused land erosion, for which terracing was a direct solution (Gibson, S.
2001: 118-119). J. Bintliff (1992) gives a more global explanation for a local event, where
in addition to human deforestation, it was associated with rainfall events that caused land
erosion, which caused gullying and alluvial redepositing (Bintliff, J. 1992: 125). These
events were interrelated with events of human occupation and abandonment. Kouki (2006)
concluded that at Jabal Haroun erosional processes were more influenced by climatic
conditions (Kouki, P. 2006: 154-155), although the tectonic movements along the alQuwayra faults could have contributed to the process during the Pliocene-Pleistocene
(Barjous, M. and Mikbel, Sh. 1990: 57). N. Abu-Jaber et al. have demonstrated that
sometime between the Natufian and the Neolithic periods, major tectonic events took place
which led to a total change in the drainage basin and caused major erosional and redepositional events within the Petra basin (Abu-Jaber, N. et al., 2020: 12).
On the other hand, S. Mithen and S. Mithen (2012) suggest that the Nabataeans
created these terraces to enhance water infiltration into silty soils and to keep them moist,
thus enhancing cultivation (Mithen, S. and Mithen, S. 2012: 111-112). K. Al-Qudah et al.’s
(2016) investigation proved the significant role terraces play in enhancing infiltration and
preserving soil moisture capacity (Al Qudah, K., et al., 2016: 920-921).

For a detailed account of the research in the Negev refer to section 1.2.2 Brief account of terraces in the
Levant.
27
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Others have described terrace walls as being parts of sophisticated flood control
systems, working together with other associated water installations (Evenari, M. et al. 1971;
Shanan, L. 2000; Beckers, B. et al. 2013a; to name a few).
While the debate on the function of terraces continues, few studies have been carried
out on the mechanism of each of these functions. Further, is there any distinct feature that
would allow distinguishing the agrarian installations from the hydrological ones?
Moreover, apart from those stereotypes, are there other functions that these terraces
perform which earlier researchers overlooked while dealing with the obvious?
It is the aim of this in-depth research to tackle these questions, first to understand
the relation between design and function and then explore all the functional capabilities of
terraces within the landscape.
1.3.3

Determining construction methodology

Little work has been done on the methods of construction of terrace elements. Apart
from the work of G. Ore and H. Bruins (2012), no investigation has discussed the stone
layering techniques, terrace composition, and building material, among other aspects.
Further, are there any design features that are applied to these terraces that enhance certain
functions or allow them to perform differently?
Although researchers describe their spatial distribution within the landscape,
questions about this distribution were never raised. For example, was their construction
haphazard, was it a response to certain requirements or needs, or it was based on specific
requirements?
Field observations indeed show variation in terrace construction materials, form,
orientation, and height. These variations could not have been haphazardly made, but rather
they were well-considered decisions made on an experimental and observational basis.
Currently, experimental agricultural attempts are being made to correlate the types of
possible crops , in view of ancient irrigation techniques (see for example Mithen, S. et al.
2008), an approach worth thinking of. At the very least, investigations of sediment
characteristics (grain size, clay mineral content, soil moisture variations, and nutrient
contents) may help guide us to what may have been grown in them successfully.
This research is aimed at fully investigating the various terrace typologies, their
building techniques, and distribution in relation to factors such as terrain, function, time,
etc. This would be specifically important for their conservation, future preservation, and
presentation—another important contribution of the Nabataeans that was previously
overlooked.
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1.3.4

Dating and evolution of terrace construction

Although Petra and its hinterlands saw continuous occupation from around the
Middle Paleolithic (300,000–50,000 BP) to the 8th century AD and later from the 11th
century onwards28, researchers seem to insist on dating the terrace systems to the Nabataean
period.
Researchers have used various methods to date these terraces, starting from surface
sherd fragment dating (Lavento, M. et al. 2007: 149) to historic records such as the Petra
papyri (Nasarat, M. et al. 2012: 109), to comparing with cultivation systems at other sites
(’Amr, K. et al. 1998; Tholbecq, L. 2001).
Although there is evidence that terrace systems were present in the Mediterranean
area since the Bronze age or earlier (see the relevant section above), Rubin (1996) proposed
that terracing is a Mediterranean Agro-System which was introduced into the region by the
Roman–Byzantine Empire, rather than it being developed by the local inhabitants. Debate
on the origin and propagation of terrace construction has started from the start of research
on terraces in the 1960’s, on whether there have been one center or culture from where
terrace construction spread, or it was a gradual development. Spencer and Hale (1961)
clearly demonstrated in their research that terraces were constructed at various cultural
centers at the same time with multi-development centers.
Although terrace farming is known in the Mediterranean basin, yet unlike the
terraces created in arid environments to capture water, keep the plants moist and prevent
soil erosion, the Northern Mediterranean terracing aimed to dispose of extra moisture to
prevent crop stagnation (ibid).
28

For information on the Lower Paleolithic in the premises of Petra Rollefson, G. 1981: 5-6; Rollefson, G.
1985: 104; al-Nahar, M. and Clark, G. 2009: 191-192; Kafafi, Z. 2019: 111). For Middle Palaeolithic sites in
S of Petra (Adh-Dhaman 3, Ra’s en-Nyazi near Wadi Sabra) (Schyle, D. and Uerpmann, H. 1988: 39). For
The Upper Palaeolithic (Schyle, D. and Uerpmann, H. 1988: 46-47). For Madamagh (Byrd, B. 2014: 50-51;
Olszewski, D. and al-Nahar, M. 2012: 5-10), to for Sabra 3and 1 and Adh-Dhaman 2, the later sites see (Schyle,
D. and Uerpmann, H. 1988: 55-63). For Natufian sites, for Beidha (Kirkbride, D. 1966: 47-53, Byrd, B. 1988:
175-197, Byrd, B. 1989: 14), Sabra 1 (Gebel, H. 1988:73-74 ;Schyle, D. and Uerpmann, H. 1988:55-63),
Sunakh 1 (Gebel, H. 1988: 74; Pedersen, C. 1995: 19), Thughra 1 (Gebel, H. and Starck, J. 1985:97-98;Gebel,
H. 1988: 76), Wadi Sleisel 1 (Gebel, H. and Starck, J. 1985: 98, Gebel, H. 1988: 76), Wadi Mataha 2
(Baadsgaard, A et al. 2010: 9), Tayyiba 128 (‘Amr, K. et al. 1998: 532). For the Neolithic period Beidha, Ba‘ja
(Gebel, H. et al. 1997), al-Basīṭ (‘Amr, K. et al. 1998: 519, Fino, N.1998: 103-111), Basta (Gebel, H. et al.
1988: 101-134), Beqa’a 1(Gebel, H. 1988: 85-86). In addition, smaller sites with Neolithic implements seem
to scatter on a large area in and around Petra such as Umm al-Ala, Madameg, Shkarat M’Said (Kirkebride, D.
1966: 54, Gebel, H. 1988: 81-83), ‘Ayn aṭ-Ṭīnah (Wadi Musa 5) (‘Amr, K. et al. 1998: 518), Al-‘Udmal
(‘Amr, K. et al. 1998: 518-519), Khirbat an-Nawāfla (‘Amr, K. et al. 1998: 519), Tayyibe 8 and 9 (‘Amr, K.
et al. 1998: 534), and Beidha (Kirkbride, D, 1966: 8-72, ), Bayda 15, Bayda 16 (‘Amr, K. et al. 1998: 510511). For Bronze Age Petra few scattered sited concentrating N of Petra were identified, for details see
Lindner, M. 1990: 77-79; Lindner, M. et al. 2001: 287-310; Linder; Lindner, M. and Genz, H. 2000: 47-48;
Urban, T. et al. 2014: 260-261). Bronze age pottery fragments were also identified at Umm Babayn, Hariq and
Shudayfa (Linder, M. 1990: 48-51).
For a general review see Kafafi, Z. 2019, settlement patterns see Knodell, A. R. et al. 2017; Abu-Jaber, N. et
al. 2020a. For details on human settlement from the Iron Age II onwards in Petra, see section 2.9 this work.
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It is justly that L. Tholbecq remarks, “There have no studies specifically aimed at
dating the rock piles and terrace walls on the Jabal (ash-Sharah)” (2013: 299).
There is not enough evidence so far to attest that these terraces are purely Nabataean.
On the contrary, archaeological evidence and the optically stimulated luminescence add
more fuel to the fire by opening the debate that these installations could have been in use
much earlier than the Nabataean period.
It is agreed, though, that the time and conditions might have prompted the
Nabataeans to modify and expand these systems, making them more effective. Glueck
(1937) even suggested that Nabataean mobility played a role in their interaction with various
sedentary groups, prompting them to adopt the latter’s farming technologies upon settling
(Glueck, N. 1937: 362).
Terrace technology, although spread all across the Mediterranean, had certain local
characteristics, making dating on the basis of building methodology, form, or shape
irrelevant (Gibson, S. 2001: 115). Some researchers have described terraces as a new
technology introduced by new ethnic groups who settled in the early Iron Age (Gibson, S.
2001). Others proposed that terrace agriculture was first practiced in the valleys during the
Early Bronze Age, and as conditions changed people were forced onto the highlands where
they continued farming with the same methodologies (Callaway, J. A. 1985: 33, 44).
Glueck’s observations during his survey seem to follow this theory, when he reports seeing
terraces all along Wadi Hasa up to Khirbat et-Tannur (Glueck, N. 1937: 363).
Recently, attempts have been made in order to date these terraces using new
methodologies such as optically stimulated luminescence (OSL), although the results came
out rather broad (from the 1st century AD up to the 8th century) (Beckers, B. and Schütt, B.
2013, Beckers, B. et al. 2013b). These results and the underlying methodology are both
debatable. For example, sediments that are plowed will date to the most recent exposure to
sunlight, and not to the time of sedimentation. Thus, in terraces with low sedimentation
rates, the results may be anomalously young.
Dating of terraces poses one of the most difficult challenges this research will try to
attempt, due to the many drawbacks of the process. The longevity of the use of these
structures and their existence in a highly dynamic landscape that imposes or eliminates
various features makes dating them by applying archaeological or scientific methods rather
challenging. Further, the arid environment depletes the soil of organic material that could
be used for radiocarbon dating.
Only a comprehensive approach involving the application of several methods may
guarantee more accurate results. However, obtaining funding to achieve that for all of the
terrace typologies and locations is beyond the means of any project.
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1.3.5

Factors instigating terrace building

The story of humans and the surrounding environment is the story of complex
mutual adaptation and modification, and terraces are just one of the striking examples
demonstrating these dynamics.
Thus, it is clear that manmade terraces, whether for agriculture or hydraulic or
landscape control, worked together in a complex system aiming to best use the terrain and
resources to achieve the best results these systems were set to achieve. But the following
questions arise: How did it all start, and how did it develop?
Scientific research was devoted to exploring the external and internal factors that
prompted the construction of these installations, such as environmental changes.
Agriculture growth depends on five main factors: environment, population,
economy, patterns of settlement, and social organization (Moore, A. 1983: 91). Expansion
in agriculture was generally done at the expense of forest (Gibson, S. 2001: 133; Grove, A.
and Rackham; O 2001: 289-290; Naveh, Z. and Carmel, Y. 2003: 377). Indeed, trees
provided building material and fuel among other things, which led to large-scale
deforestation as early as the Neolithic period, as evident from the large assemblage of hand
axes and wood poles discovered at Pre-Pottery Neolithic B Beidha (Wright, K. 2008: 131),
leading to severe erosion and the loss of the soil cover, although Grove and Rackham
consider the erosion occurring during the Neolithic period negligible in comparison with
the increase in erosion from the Bronze age onwards, mainly instigated by an increase in
rainfall (Grove, A. T. and Rackham, O. 2001: 303-305). However, J. Donahue proposed
that the severe surface erosional events associated with the incision of streams after the
Early Bronze age were instigated by tectonism as evident at the sites of Bab edh-Dhra and
Numeira (Donahue, J. 1985: 131139). This is similar to what N. Abu-Jaber et al. proposed
to explain the Natufian to Neolithic erosional event at Beidha (Abu-Jaber, N., et al., 2020).
Furthermore, tectonic activity can lead to cut-fill activity, leading to dislocation and mass
movement of sediments (Cordova, C. 2008: 443). A more complex picture is being painted
by researchers in the Negev. Human activity had a much deeper impact on the landscape,
as the grazing activity required more pastoral fields, which resulted in deforestation, which
by itself increased the soil erosion, wherein terracing was part of the solution (Gibson, S.
2001: 118). Was the construction of terraces a response to soil erosion?
Wood was fundamental for operating various industrial furnaces, such as pottery, glass and
metal production. Copper extraction at the s-w of Wadi Araba (Kind, H. 1965; Hauptmannn,
A. 1986; Hauptman, A. 2007) as early as E Bronze until the Islamic period (Engel, K. and
Frey, W. 1996: 29-30; Engl, T. 1993; Jones, I. et al. 2017). This long history of extraction
was responsible for partial depletion of the shrubs and bushes of the area. In their study of
1996, Engel and Frey demonstrated, based on analysis of charcoal remains with the smelting
copper slags, that the large variety of wood of the Early Bronze drops to mere wadi shrubs
in the Iron, Persian, and Roman periods (38-39). Furthermore, Jones et al. (2017)
demonstrated the locality of wood collected for fuel to the smelting site completely
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excluding the possibility of wood transporting over a long distance (308). Nabataean
metallurgic activity seems to be limited to a few sites such as Wadi Al-Mataha, Wadi
Numair (Khrisat, K. et al. 2018), Wadi Sabra (Glueck, N. 1935) W. Abu Khusheiba, W.
Abu Qurdiya (Hauptmann, A. 1986), The cave of Umm al ‘Amad (Kind, H. 1965). Although
Khirbat An-Nuhas at Faynan is known for its mines, there is little evidence of Nabataean
direct exploitation. Even within these sights, the amount of slag found seems to indicate a
local smithing activity rather than a huge metallurgic industry that could lead to total
depletion of plant cover and serious deforestation. This is further proven by the small
number of metal slags found within the dump behind the N city wall dated to the 2nd century
AD (Parker, T. S. 2016: 593).
Hydrological installations, terraces, dams, and check-dams can be viewed as a
response to both ample or meager amounts of rain and considered to be a natural response
to climatic changes. Paleoenvironmental reconstructions show cyclic shifts from dry to wet
to severely dry conditions, which influenced human living and activity patterns (see for
example Rambeau, C. 2010: 5225-5248).
Glueck (1937) proposed that the Nabataeans practiced agriculture along with their
trading activity, as evident from the terraced hills (Glueck, N. 1937: 363). D. Comer, based
on analysis of satellite imagery, proposed an economic factor that led the Nabataeans to
move to a more sedentary lifestyle, engaging in agricultural activity due to the weakening
of trade, thus cultivating the hills by building terraces (Comer, D. 2013: 75). S. Twaissi
(2007) proposed that the Nabataeans were herders and caravan traders, whose large flocks
required fodder; as grazing areas were not enough to feed the increasing numbers of
livestock, demand for cultivation increased, a factor forcing the Nabataeans to engage more
in farming (Twaissi, S. 2007: 157-158).
J. Naveh (1967) proposed a shift occurred to more extensive agricultural activity in
the second half of the first century AD, after the gradual decline in trade (Naveh, J. 1967:
187-189). Epigraphic evidence from the Negev attributes the birth of agriculture to the reign
of King Rabbel around 85/84 BC, stemming from the industry of creating aromatic oils by
planting olive trees (Negev, A. 1963: 116-117). This idea contradicts an earlier theory
proposed by Lawlor, which states that agriculture existed among the Nabataeans as their
source of food and their animals, which the caravans relied upon (Lawlor, J. 1974: 81-82).
The Petra and Nessana papyri attest to enormous agronomical growth during the Byzantine
period, and some researchers attribute that to the Byzantine Empire’s policy of settling
nomadic tribes (Rubin, R. 1996: 51-53), an idea opposed by Avni, G. et al. (2013), who
claimed that development of agriculture was a gradual process of human adaptation to the
prevailing climatic conditions (Avni, G. et al. 2013: 343).
This question may be impossible to resolve; it might only be possible to demonstrate
the ingenuity of humans in responding quickly to an ever-changing landscape and the
environmental factors that have led us to where we are today.
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Chapter Two: The Physical Characteristics of Petra
2.1 Introduction
Petra owes its history of human settlements and many of the achievements of its
population to its location29. The unique geology and outcrops, create a refuge, provide raw
materials, and are both easy to carve and durable to build. Silty soils, formed from the
aeolian deposition and the weathering of rocks, are suitable for planting. Water from springs
that gush from the Ash-Sharah escarpment is necessary for social advancement and
agriculture. The landscape offers natural passes for people to move, and rain provides
pastors for animals to roam and breed.
Two clear patterns can be distinguished in the strategy of human settlement in and
around Petra; the early pattern of the prehistoric man, who was totally dependent on the
prevailing circumstances, to the extent that drought or shaking ground forced him to
relocate. The second pattern is manifested in human’s ability to overcome these conditions
and go beyond, reshaping and forcing their will on the landscape, which began in the late
Iron II and culminated in the Nabataean periods and through to recent times.
This chapter will discuss the history of human settlement and the capabilities people
acquired to manage the available resources, recounting the conditions that made it possible.
2.2 Geographic location
Petra is located in southern Jordan, around 230km S of the capital Amman. It is situated
within the southern highlands at the eastern edge of the Wadi Araba- Jordan Valley Graben,
which is dissected by several wadies (Al-Bilbisi, H. 2013: 44). Petra is defined between two
main physiographic segments; in the E are the Ash-Sharah high mountain ridges, which run
N-SW and rise to an elevation of 1500m a.s.l, while the W is characterized by the Wadi
Araba depression, dropping to 600m a.s.l. It is characterized by a gentle slope gradient at
the E edge, becoming steeper towards Wadi Araba at the W edge.
The study area is located between Shammakh in the N and Rajif in the S, and
Namaleh in the W and is defined in the E by the road that connects Rawdat al-Amer Rashid
with Bir Abu Danneh, covering an approximate area of (391 km2) (figure 2.1).

29

See for example Abu Jaber, N. et al. 2020.
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Figure (2.1). The boundary of the study area.
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2.3 Climate
2.3.1

Current climatic conditions

Petra’s landscape reflects the aridity of the prevailing climate. According to
Kӧppen’s classification, Petra’s climate can be considered to be a Cool Desert Climate,
characterized as a semiarid environment (Shehadeh, N. 1985:35; Cordova, C: 2007: 47).
Nowadays, it receives an annual rainfall average of around 160 mm30, and is of orographic
origin (table 2.1), with a general rainy period ranging between October until April (AlWeshah, R. and El-Khoury, F., 1999: 170). These rainfalls can be confined to very short
events, characterized by very high intensity over a very short period of time, with only 6-20
rainy days recorded per year. For example, in 2017 the total annual rainfall was around 23.9
mm y -1, yet due to its intensity and the fact that it fell mostly in the Spring (March- May)
three flash flood events were recorded in Petra in that year.
The highest rainfall occurs around the Jebal Ash-Sharah Mountain range, and
decreases moving away from it, with the highest record being around 250mm (Kouki, P.
and Tenhunen, T. 2013: 55) (table 2.1).
The mean annual relative humidity averages between 30% in July and as low as 12%
in January.
Petra’s mean annual temperature averages around 22˚C, July being the hottest month
with temperatures rising to 45 ˚C, dropping in the winter to around 6 ˚C in January.
Table 2.1.
Annual rainfall in Petra
(source: Jordanian Meteorological Service)
Year
Total annual rainfall mm y-1
2011
61
2012
71.49
2013
60.85
2014
93.66
2015
105.03
2016
62.84
2017
23.9

2.3.2

Paleoclimate

Human settlements and activities were dependent on the presence of resources and
on prevailing climatic conditions. While the human relationship with the climate during the
Pleistocene was that of total submission, it witnessed an evolution during the Holocene from

Figures varies as to the amount of annual rainfall, this is due to source difference: Wadi Musa weather
station, Shawbak, Maan or estimation made on weather maps, thus the amount vary from 100mm of annual
rain fall to 225mm. According to Abed, A. et al. (2012) annual rain fall could reach to 354mm (Abed, A. et
al. 2012: 228).
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the earlier adaptation of agriculture during the Neolithic until the Bronze age, to establishing
total independence from the prevailing conditions starting from the late Iron age onwards.
Quaternary scientists use proxies obtained from isotopes, speleothems31, saprolites,
and lake level fluctuations32 (Cordova, C. 2007: 157) and materials such as pollen, plant
macrofossils, and mollusks (Hunt, C. 2004: 921). Horowitz established a direct relation
between pollen intensity and rainfall frequency (Horowitz, A. 1974: 414). However,
establishing these conditions for a specific geographic location is possible only for more
recent periods, where locally obtained data from pollen and spores, tree rings (Touchan, R.
et al. 1999: 49-59), phytoliths, and carbonates might give additional and more accurate
insight.
Studies have shown the presence of dry-humid climatic cycles in Petra (figure 2.2).
Early human settlement in the Natufian period found a greener landscape and more humid
conditions (Field, J. 1989: 90, Rambeau, C. et al. 2011: 265). However, the site was
abandoned for some time due to harsher and dryer conditions around 13,000 BP (Goldberg,
P. and Bar-Yosef, O. 1982: 403). Around 8,350 BC the return of a wet climate was enough
for the steppe land to form at Beidha (Fish, S. 1989: 95), encouraging human resettlement
and exploitation of the land during the Neolithic period, benefiting from perennial wadi
flows. Wetter conditions prevailed for around 1800 years, but the area gradually turned arid,
aided by human overexploitation (Hunt, C. O. et al. 2007: 1331), leading to possible spring
drying affecting both vegetation and animals alike, and ultimately to the abandonment of
the area (Shehadeh, N.1985: 27, Rambeau, C. et al. 2011: 265).
Other parts of Jordan seem to have enjoyed wetter conditions during the
Chalcolithic-Bronze age (Rambeau, C. and Black, S. 2011: 95-96), with average rainfalls
estimated around 520-620mm with an average temperature of 18°C (Bar-Matthews, M. et
al. 1998: 210),. However, settlements were situated on floodplains near streams, with their
agriculture dependant on irrigation rather than rainfall (Cordova, C. 2007: 179). The
stratigraphy of the wadi beds near the sites show aggradation, alleviation, colluvium
deposition and incisions created by the fluctuation of water flow due to change in climate
(Cordova, C. 2008: 452), which might explain the rare number and smaller settlement sizes
around Petra during that time (Abu Jaber, N. et al. 2020: 16-17).
The anthropogenic era of human impact on the surrounding environment is marked
by the Bronze age, with urban construction, extensive cultivation and animal husbandry that
might have led to plant cover deterioration (Hunt, C. O. et al. 2004: 928-929), soil erosion
due to woodland depletion and the first collapse and site abandonment (Bar-Matthews, M.
et al. 1997: 211, Goldberg, P. and Bar-Yosef, O. 1982: 404, Cordova, C. 2007: 192-194)

These are continuous laminated carbonate cave deposits accumulated through time. These carbonates
contain chemical isotopes of δ18 O Isotope indicating past climate. In our region best results come from the
Soreq Cave near Jerusalem, further on this see Orland, I. et al. 2008: 1-9.
32
The most prominent is the use the Dead Sea level and salt deposition as a climatic proxy. For details on
the method see Enzel, Y. et al. 2003: 263-273.
31
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The climate revitalizes after around 4000 BC, becoming humid with abundant
rainfall until around 2650 BC (Shehadeh, N. 1985: 27). This, however, soon declined, with
severe arid conditions which lasted for around 1500 years starting from the Bronze Age
until Iron I, leading to wide abandonment, as life could be sustained only where water
sources could sustain life (Shehadeh, N. 1985: 27, Rambeau, C. and Black, S. 2011:99).
Thick fluvial silt deposits reaching around 4.00m thick accumulated, indicating erosional
events and possible aeolian sediments indicating arid climatic conditions (Goldberg, P. and
Bar-Yosef, O. 1982: 404).
The climatic conditions in the Iron II become wetter, and within the next ten
centuries rainfall increased, with evidence of an increase in the pollen record indicating
cultivation (Rambeau, C. and Black, S. 2011:99). This created more favorable conditions
for re-inhabiting the wild dry hinterlands, such as Wadi Faynan (Hunt, C. O. 2004: 829) and
Petra.

Figure (2.2). A diagram of the climatic fluctuation from the E. Bronze until the Byzantine period
(combined from: Lucke, et al. (2005), Cordova, C. 2007, Rambeau, C. (2010);
Rambeau C. and Black, S. 2011; Langgut, D. et al. 2015).

Our knowledge about the exact prevailing conditions is richer starting with the
Nabataean period, as more textual and physical evidence is available. The levels of N shore
of the Dead Sea, Lake Kinneret levels and mudflows at Ayn Jidi and alluvial sediments
indicate a very rainy period between 1st century BC to 1st century AD, and a cooler climate
(Rambeau, C and Black, S. 2011:99-100). Historic records recall the revival of perineal
springs (Shehadeh, N. 1985:27). The prevailing pollen and wild seeds found within datable
contexts from Az-Zantūr (Bouchaud, C. et al 2017: 231-233) and the Obodas chapel
(Bouchaud, C. 2008: 251), indicate a mixture of woodland and steppe plant cover. Presence
of reeds at Lejjūn (Crawford, P. 1987: 699) and at the Obodas Chapel (Bouchaud, C. 2008:
251), either in the wild form or manufactured, indicate standing water due to prevalent
wetter conditions.
The weather turned to aridity in the Late Roman period (around 4th century AD), as
indicated by the drop in the Dead Sea level (Shehadeh, N. 1985: 27) and a decrease in the
pollen record (Rambeau, C. and Black, S. 2011:100). Analyses show a decrease of wild
plant remains in the dung at Lejjūn (Crawford, P. 1987:699) and Jabal Haroun (Tenhunen,
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T. 2016: 465), indicating a decline in wild plants. The Late Roman period strata at AzZantūr mark an increase in wild weeds of Silene sp., Asperula/ Galium, Melilotus/ Trifolium,
Fumaria sp. and Medicago sp., indicative of abandoned fields (Bouchaud, C. et al. 2017:
232-233), which leads to the assumption of a change towards aridity that eventually led to
the abandonment of fields. Crawford, P. hypothesized that Roman military activity in
constructing numerous garrisons led to the depletion of the forests and gradual
desertification (1987:699), although this might have played a minor role, yet certainly, it
was not the only reason for this change.
Alluvial deposition in various sites during the Byzantine period is a direct indication
of wetter conditions that encouraged the revival of agriculture. At Jabal Haroun, remains of
Cyperaceae family, which is a wild plant that grows only in very wet climates, have been
found in abundance (Tenhunen, T. 2016: 465). Historical records of the Bar-Sauma’s visit
to Petra mention a severe flood that occurred in 419- 422 A.D (Fiema, Z. 2002: 193, Perez,
C. 2014: 40). Vita-Fenzi noted that what he called “Roman remains” in Wadi Musa and
Petra, which were totally buried under alluvial deposits caused by severe depositional events
(Vita-Fenzi, C. 1969: 86).
The drop in the Dead Sea levels, the increase in aeolian deposits, and the formation
of dunes mark the start of a new aridity cycle at the transition between the Byzantine and
Early Islamic periods (Rambeau, C. and Black, S. 2011:100). A sharp drop in the orchard
pollen record is recorded, while an increase in forest pollen is seen at sites such as Jabal
Haroun (Tenhunen, T. 2016: 465) and Lejjūn (Crawford, L. 1987: 699), indicating a drop
in cultivation, which corresponds to the general trend in the region (Rambeau, C. and Black,
S. 2011: 101). Historical records mention the abandonment of settlements due to plague33
and drought (Hirschfeld, Y. 2006: 23-29). However, climatic conditions seem to have
fluctuated according to the area, as indications of localized flood events have been recorded
in the north and central Jordan (Cordova, C. 2008:452-456). The Umayyad period was
marked by more humid conditions and plentiful rain (Shehadeh, N. 1985: 28). During the
Abbasid period, the annual rain fall dropped to an estimated amount of 450mm, which was
deemed arid34 (Lucke, B. et al. 2005: 78).
Arid conditions prevailed until the Middle ages (Ayyubid-Crusader), during which
the “moist medieval optimum” prevailed, with warmer moist weather leading to expanded
agriculture and woodlands (Easterbrook, D. 2016: 400), while a period of climatic
fluctuation with predominant aridity seems to continue until the Ottoman period (Lucke, B.
2005: 78), where drought events had a frequency of 4-5 year return, with some events lasting
two years (Touchan, R. et al. 1999: 49). The only exception was the Mamluk period, which
seems to have enjoyed the most humid conditions with plentiful rains (Shehadeh, N. 1985:
For more details on the 6th century plague see Conrad, L. 1986: 143-163.
Establishing criteria for aridity depends on the threshold of rain fall amount beyond which the climate will
be considered arid. Bar-Matthews, M. et al. established the base at 500mm, thus claiming any calculated
amount below that as arid (Bar-Matthews, M. et al. 1998: 209, Fig 9.5), Touchan, R. et al. established that
threshold at 217.4mm (Touchan, R. et al. 1999: 53). Thus, the application of these two criteria, the Mamluk
is dry at Bar-Matthews, M. et al. and humid at Touchan, R. et al.
33
34
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28), as attested in soil development and exploitation for agriculture (Schmidt, M. et al. 2006:
82). This was reflected in the rise in lake levels, an increase in the pollen record, and alluvial
deposition (Rambeau, C. and Black, S. 2011: 102). A major depositional event in
Mediterranean wadi fills and an increase in gullying in the 14th century was noted by VitaFinzi, triggered by an increase in precipitation (Vita-Finzi, C. 1969:37-38).
2.4

Geology

Petra owes its unique story of human settlement, monuments and cataclysms to its
geology. It is located in a graben formed from the tectonic activity related to the Dead Sea
Rift system (figure 2.3). Two main faults define Petra, the NS oriented Al-Quwayra fault
system from the W, (Barjous, M. 2003: 52-53, Barjous, M 2013: 51), which splits the Petra
plateau from the Wadi Araba, creating the steep slope towards the W. The vertical
displacement of this fault exposes the Palaeozoic35 red-brown Umm Ishrin sandstone36
(Barjous, M. 2003: 23-24) outcrop to the Late Proterozoic37 to Early Cambrian 38Ahaymir
volcanic formation of the Araba complex at the W (Barjous, M. 2003: 12) creating a very
rugged, sharp terrain best exposed at the Wadi Namaleh pass and at the edge of Wadi
Silaysil. Around 29km to the E, another NE- SW fault, known as the Wadi Musa fault
(Barjous, M and Mikbel, Sh. 1990: 57), defines the boundary between the Upper
Cretaceous39 Belqa group (Barjous, M. 2003: 37-47) and the Rum sandstone formations
(which includes the Umm Ishrin and Disi Sandstones that will be mentioned later; Barjous,
M. 2003: 15-26). Several small perpendicular and parallel faults running along and across
the main faults create small narrow gorges and fissures along which water runs during the
rainy seasons.
The outcome of the extensive faulting created a displacement exposing the semi-soft
red Umm Ishrin sandstone in the core of Petra basin40 (Barjous, M. 2013: 46), forming steep
rugged slopes which facilitated the carving of the outstanding tomb facades we see today.
Towards the E, patches of spheroidal domes formed through weathering of the exposed
white coarse grained Disi sandstone of the Early Ordovician41 that is conformably overlying
the Umm Ishrin sandstone (Barjous, M. 2013: 47). The area of Little Petra best shows the
geomorphology of the weathered Disi Sandstone., in addition to Al-Madras to the SE of
Petra proper. At the escarpment fault zones, the thick multicoloured quartzose sandstone

570-230 million years ago (Watt, A.1982: 114).
36 For details on the Umm Ishrin formation see Franchi R. and Pallechi,P. 1995: 679-689.
37 2500-570 million years ago.
38 570- 500 million years ago.
39
140-65million years ago (Watt, A. 1982: 115).
40
Pflüger (1995) proposed an archaeo-geological stratigraphy based on carved tomb facades sandstone,
based on it five categories were devised: Well-sorted Lower Cambrian Siyyagh sandstone, multicolored
Lower to Middle Cambrian Temple Sandstone, light-colored al-Hābis sandstone, fine-grained, mature
alluvial braid-plain ad-Dayr sandstone and the white Ordovician ad-Disi Sandstone (Pflüger, F. 1995:284285), however, this typology is seldom used.
41
520- 490 million years (Barjous, M. 2013: 47).
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beds of the Kurnub sandstone formation of the Lower Cretaceous, characterized by the large
quartz pebbles, form the lower wadi beds and the fluvial plains (Barjous, M. 2013: 48)
The thick massive limestone and chert formations dominate at the Ash-Sharah
escarpment, formulated from the Upper Cretaceous Ajlun (Cenomanian-Turonian) group,
exposed at the SE segment of the study area, forming a sequence of mudstone and dolomitic
limestone of the Na’ur formation, the soft marl of Fuhays-Hummar-Shu’yb formations and
the massive cliffs of the Wadi as-Sir Formation limestone (Barjous, M. 2013: 48) as seen at
the Wadi Musa, Braq, At-Tayyiba and Hujaim sites, for example.
The Balqa (Coniacian42-Eocene43) Group of Amman Silicified Limestone and the
Umm Rijam Chert Limestone formations (Barjous, M. 2013: 49), create deep cliffs with
projecting outcrops of chert and limestone, which are seen best at E Beqa’a and Heash, for
example.
Past tectonic activity from the Post-Ordovician44/pre-Cretaceous45 and Tertiary46
periods created extensive joints (Heinrichs, K. and Azzam, R. 2013: 584), faults and cracks
which created vulnerable surfaces for weathering and eventual failure. Tectonism caused a
variation in surface topography, surrounding an anticline of bare rock at the top of
outcropping limestone, chert and rhyolite. The upper to middle slope are covered with
colluvium with flat Pleistocene fluvio-lacustrine deposits at the lower levels (Abu-Jaber et
al., 2020) and along the wadi flow. The various wadies created by the faulting systems such
as Wadi al-Mataha, Wadi Abu al-Uleqa, Wadi Musa are covered by a thick bed of fluvial
deposits of coarse sand and rounded pebbles, manifesting the recent flooding events that
occurred in the Holocene (Barjous, M. 2013: 50) and continue until this day.
These mechanisms not only influenced the geomorphology, but also the
pedogenesis. Soil cover and taxonomy thus reflects the geomorphology of the outcropping
strata, which can indicate in situ soil formation or movement and redeposition. Sand and silt
are more susceptible to movement than clay (Fitzpatrick, E. A. 1993: 84), due to their low
cohesion. Thus the effect of gravity or water movement or slope gradient or other factors,
results in washing off soil from some surfaces and redepositing them on other. Studies have
shown a high variation of soil thicknesses in and around Petra. At the NE and N areas soil
cover for semi flat to flat surfaces is >1,20 m, dropping to almost half a meter in slopes of
>10º gradient and not exceeding 0.17 m on the hilly rocky surfaces (Al-Shabatat, A. 2005:
109-110). Such can be seen towards Jabal Haroun, where N-S striking Al-Quwayra fault
created a displacement over which a cover of recent sediments has accumulated on the
downfaulted side (Barjous, M. 2013: 51).
A period in the geologic scale corresponding to a division of L Cretaceous dating between 89.8 ±
1 Ma and 86.3 ± 0.7 million years ago (Watt, A. 1982: 115).
43
A geological epoch that spans from about 56 to 33.9 million years ago (Watt, A. 1982: 115).
44
A period in the Palaeozoic Era dating 500 to 435 million years ago (Watt, A. 1982 :114).
45
A period in the Mesozoic Era extending from 140 to 65 million years ago (Watt, A. 1982: 115).
46
An era extended from 65 to 2 million years ago, subdivided into two periods Paleogene and the Neogene
(Watt, A. 1982: 115).
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Torrential rain causes high energy surface runoff. These flows erode rocks and soils
at the upper mountains surrounding Petra, forcing them down the slopes, transporting and
accumulating the debris at the lower slopes. These flows run down through small gorges
and

Figure (2.3). Geological map of the study area.
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along fault lines, detaching large boulders of chert, limestone, and sandstone (Franchi, R. et
al. 2009: 83), forming colluvium down slope. While the wadi flows deposit more graded
deposits based on the water flow volume and speed in the form of coarse-grained sand,
pebbles, and gravel (ibid). These colluvium-alluvium deposits in Wadi Musa were first
described by Vita-Finzi in 1964, and are mainly comprised of poorly sorted semi-angular
gravel of poorly sorted deposits dominated by sand, with some limestone and chert debris
with some artifacts scattered on the surfaces (Vita-Finzi, C. 1964: 24-26). This can be seen
in the increase in the gully formation and deepening of older systems, contributing thus to
the process of down cutting of sediments and re-deposition of more recent aeolian deposits
(Beckers, B. et al. 2013 b: 335). The later can be seen in the form of graded bedding along
the wadi banks, showing episodes of deposition, flow intensity and source rock. Soil
infiltration depends on soil type and thickness, as the ability for infiltration affects in an
indirect manner surface run-off (Vaezi, A. R. et al. 2010: 2579). In Petra, soil cover,
although scarce, is rather diverse, mainly depending on the location, geology, and use, and
thus the soil’s ability to absorb water differs. For example, the carbonate soil of the
Cretaceous period such as E Beqa’a has a runoff coefficient of 28%, while in the dominantly
Disi sandstone of the Ordovician period cover area such as Beidha can reach 91% (AlQudah, K. et al., 2016: 917).
Pleistocene coarse-grained sediments of rounded poorly sorted conglomerates and
cross bedded gravel deposits formed by fluviatile activity of ephemeral braided streams can
be seen deposited at raised wadi beds as localized patches. Holocene sediments are
comprised of unsorted to well sorted deposits of clasts, gravel and cross bedded silt and
sand. Deposited mainly at alluvium fans and wadi beds (Barjous, M. 2003: 47-48), notable
at Wadi al-Mataha and Wadi Abu al-Uleqa (Barjous, M. 2003: 50).
The Holocene has witnessed most of the major episodes of sediment gain and loss
introduced by natural events such as seismic activity (Niemi, T. 2009: 123), tectonic activity
as witnessed by sharp wadi flow diversion, alignments of escarpment, and displacements of
surfaces (Fanchi, R. et al. 2009: 80). Permanent settlements have sealed a lot of paleosols,
such as the Late Pre-Pottery Neolithic settlement of Ba’ja which was constructed on fluvial
deposits of interbedded sand, gravel and calcareous deposits of the Late Pleistocene and
Early Holocene (Lucke, B. and Bäumler, R. 2007: 43; Lucke, B. 2017: 118) the abandoned
architectural remains were buried under debris, sand and gravel, indicating several
depositional episodes (Krämer, T. and Gabel, H. 1997: 232).
Human activities, such as the building of settlements on the alluvial wadi beds such
as the PPNB Neolithic Beidha village, (Byrd, B. 2005: 70) the Pool and Garden complex
(Bedel, L.-A. 2017: 139) helped stabilize and seal those sediments. The undercutting that
happened to these settlements is evidence of base level changes and climatic fluctuation
(Beckers, R. et al., 2013b.: 335), which might have caused the wash of the sediments that
once sealed Ba’ja’s Siq (Krämer, T. 1997: 233). This is also evident in the hiatus horizon
between the Neolithic profile of Beidha settlement dated (8,649 ± 333 cal.) (Rambeau et al.
2011: 250) and the immediate Nabataean terrace constructed on top of it, the thin layer
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dividing the two cultural horizons is indicative of erosional water activity (Field, J. 1989:
88).
Franchi attributes the process of alluvium accumulation and erosion, to tectonism,
in addition to climatic fluctuation since the late Holocene (Franchi, R. et al. 2009: 86).
Bertrams considered the 200m deep fluvial sediment deposition of Wadi Sabra a direct
indication of stream washing, with subsequent rill and wash due to climatic fluctuation
(Bertrams, M. et al. 2012: 56). Paradise even went to speculate that a devastating flood of 3
m/s magnitude hit the city sometime in 4th, 5th or 6th century AD, as can be deduced of the
fluviatile deposits at Al-Siq, Wadi al-Mataha, Wadi al-Mudhlim and Wadi Musa (Paradise,
T. 2012: 151-152). The highly reworked fragments deposited of various material (sand,
limestone, metamorphic rocks) at Al-Ansab in Wadi Sabra indicate a flooding event of high
energy and intensity (Bertrams, M. et al. 2012: 62).
2.5

Hydrology

Petra has two main types of water sources: surface water originating from rain-water
and collected in a catchment area, and springs. Petra’s springs are located at the edges of
the Ash-Sharah mountains (figure2.4), gushing from karstified Upper Cretaceous
formations of the marl and limestone outcrops (al- Farajat, M. and Salameh, E. 2010: 327).
Most of these springs are permanent; while some dry up and rejuvenate only in rainy seasons
when the ground water recharge is enhanced in the Upper Cretaceous limestone aquifers in
the overlying plateau (Al-Khashman, O., 2007:1148). These springs were fundamental for
the Nabataeans, and later Roman and Byzantine periods, as various installations are
constructed around the springs of: Wadi Musa, Abu al-Uleqa, Al-Siyyagh, Qattaret-Dayr,
ʿAyn Braq, ʿAyn Debdebeh (Al- Muheisen, Z. 2009: passim).
The numerous fissures and gorges create natural channels through which torrential
water flows during rainfall (figure 2.5). The tectonics that formulated Petra’s geology
created several unconformities, which makes variable run-off surfaces that contribute to the
increase of the flow, thus enhancing the formation of ravines and gullies. The Siq, which is
the narrow bending gorge passage that leads into Petra, has formed due to water flowing
along the weak fracture and joints in the Umm Ishrin sandstone formation 47 eroding its
surface outcrops increasing the width and the depth of the gorge (Abed, A. et al. 2012: 227).
Hydrologically, the archaeological remains of Petra are in the core of a large
catchment area, estimated to be around 50km2, known as Seil Wadi Musa, which drains
from the Upper Cretaceous Ash-Sharah mountains through Wadi Musa at around 1450m
a.s.l at the E (Delmonaco, G. et al. 2013: 442) with a flow rate that could reach 298 m3s-1 or
higher (Alhasanat, H. 2014: 676). The tributary of Braq- Wadi Qantara- Hremiyyeh- Jarra
catchment area also contributed draining towards the Treasury (Al-Khaznah), before joining

Several flood events of high intensity were recorded at Petra such as the 1963, 1991, 1995, 1996
(Alhasanat, H. 2014: 675-676) and the most recent 2018 witnessed by the author.
47
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Wadi Abu al-Uleqa and Wadi al-Mataha near Qasr el-Bint (880m a.s.l) into Wadi esSiyyagh towards Wadi Araba in the W (Al- Weshah, R. and El- Khoury, F, 1999: 171).

Figure (2.4). The location of the springs within the study area.
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Figure (2.5). The drainage basins within the study area.
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The catchments in and around Petra have been subdivided into nine sub-catchments
by Al-Weshah, R. and El- Khoury, F. (1999: 171-172). These sub-catchments vary in the
amount of rain they receive and their lithological units. This reflects in the amount of surface
run off and infiltration rate of the rainwater they generate and their flow direction. The
understanding of these hydrological features and control of this system was crucial for
human survival in the area.
2.6

The soil cover

Two aspects differentiate the soils of the S from the N of Jordan. First is the soil
profile thickness, which minimizes towards the S due to lower rainfall that affects erosion
rate, the second is the predominance of silt and sand in their texture rather than clay as the
northern soils (Lucke, B. and Bäumler, R. 2007:44).
According to the 1980 ACSAD48 soil classification of Jordan, Petra soils fall under
Unit 17 “Disi Humrat Area and Bir-Madhkur Soils”. This unit is comprised of Paleozoic
sandstone layer located on top of the Precambrian igneous rocks, with aeolian and colluvial
aggregates accumulated on the slopes in the form of sand dunes and hummocky sandstone
hills (Abu-Ajamieh et al. 1988: 176). According to Al-Qudah, the soil of Petra falls under
“Torripsamments” characterized by torrential moist conditions, gravely to sandy with
coatings of iron oxide to calcareous cement (Al-Qudah, B. 2001: 133). The dominant soil
of the area is low in the organic matter thus classified as either Torripsamments or
Torrifluvents, these are deep soils located in level to gentle slopes, sandy and unstructured
soil. Classified as coarse sand to sandy loam (ibid) mainly generated from weathering of red
sandstone. In 2005, a comprehensive study of the soils within Shawbak-Petra area was
conducted by Al-Shabatat, in which he classified the soils into three major categories:
Ardisols49, Entisols50 and Inceptisols51, with eight subcategories based on parent rock
material, elevation, and geographic locality in addition to land use (agriculture, pastoral or
abandoned) (Al-Shabatat, A. 2005:113-116).
Lucke et al., agreeing with Al-Shabatat, classified on the bases of USDA soil
taxonomy (2010) Wadi Musa- Petra soils to be of Inceptisols of Xerochrept52 (Haploxerepts)
(Lucke, B et al. 2013b.: 73). Al-Qudah describes this to be ochric in colour, a calcic
subsurface horizon with a clay rich B-horizon. These developed in humid conditions, and
are shallow in depth (Al-Qudah, B. 2001:130). These soils are restricted to the Ash-Sharah
Mountains and not in the lower wadies or within the ancient city.

Arab Center for the Studies of Arid Zones and Dry Lands
Aridisols an order of soil taxonomy categorizing soil of dry areas include soils that have argillic, natric,
salic, calcic, gypsic and cambic horizons (Fitzpatrick, E. A. 1990: 176).
50
Entisols a soil taxonomy referring to young soils formed (accumulated) on recent sediments such as
alluvium (Fitzpatrick, E. A. 1990: 176).
51
Inceptisol is a taxonomy referring to moderately developed soils, which show some horizons (Fitzpatrick,
E. A. 1990: 176)
52
Soil taxonomic unit mainly located on gentle slopes comprised of coarse-loamy, mixed, frigid (Al-Qudah,
B. 2013: 130).
48
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45

Table (2.2).
Classification of Petra soils (after Al-Shabatat, A. 2005: 113-116)
Order

Suborder

Aridosols

Vertic
Xerochrepts
Calcixerollic
Xerochrepts
Typical
Xerochrepts
Lithic
Xerochrepts
Lithic
Torriorthents
Camborthids

Entisols

Petrocalcic
Torri
psamments

Geographic
Elevation
distribution
NE – N of Petra – 1450Shawbak
1467m
15201058
Slope with a
gradient of < 8º
Slope with a
gradient of > 8º
NE area of Petra
SE slopes and
wadi beds
Petra highlands
W slopes towards
Wadi
Araba,
Beidha area

Texture

Use

Clay-Loam
Clay-Loam

Agriculture

Silty-clay
to
silty-clay loam
Colluvium

Barren

Silt
Sandy loam

Pastoral
Agriculture

The development of soils is influenced by four main factors: bed rock, climate and
age in addition to aerosol depositions responsible for silt deposition (Lucke, B. et al. 2013:
23). Therefore, it is not surprising that soil cover and typology is diverse over such a small
area. For example, towards the Ash-Sharah Mountains, the soil tends to be darker in colour
with lower concentrations of sand, which increases towards the center of Petra and the
Beidha area (Al- Qudah, B. 2016: 918). This is due to the difference in bed rock, being
Amman silicified limestone in the E in comparison with Cambrian/Ordovician sandstone
outcropping in Petra and Beidha. In addition to that, rain fall is much higher at the AshSharah Mountain (Jebel Ash-Sharah) reaching to 225mm year-1, while Petra receives less
than third of that quantity (Rambeau, C. et al. 2011: 247).
The table above clearly shows that agriculture in and around Petra is practiced in
soils which texture varies between clay-loam to sandy-loam, with the former being more
capable of retaining water, therefore would be more suitable for orchards, while the later
fits for cereal agriculture. The silt or silt dominant soils are more susceptible to erosion due
to their small particle size. The sandy soils which dominate the areas around Beidha and in
and around Petra, are mostly erodible sand, which does not retain humidity and contains salt
(Al-Shabatat, A. 2005: 115), and thus not suitable for plant growth.
2.7

Vegetation cover53:

Plant cover is directly dependent on both geomorphologic and climatic conditions,
particularly rainfall (Gray, K. 1965: 11) and soil cover (Abu Yahya, A. 2015: 10). The plant

This part discusses the wild plant cover prevailing currently at the study area. The agrarian past cultivation
practices will be discussed in details in Part III chapter five.
53
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cover of Petra environs has adapted to the arid climate, populating either the slopes of
mountainous region, where rain is more abundant, or rooting between stone crevices which
preserve humidity for longer periods.
The high geomorphological variation in Petra gave rise to the biodiversity of the
region. Two zones were established: the Mediterranean zone and the Irano-Turanian region
(Oran, S. 2005: 226; Abu Yahya, A. 2015:10-12).
The Ash-Sharah mountains, which receive more than 300mm y-1, belongs to the
Mediterranean zone, and is covered by remnants of ancient forests on the limestone plateau
with predominantly calcareous soil on elevations of more than 700m a.s.l. (Abu Yahya, A.
2015: 11) staring from Heash, N of Beidha, where juniper (Juniperus phoenica), oak
(Quercus calliprinos) and pistachio (Pistacia atlantica) trees grow (Rubin, I. and Disi, A.
2006: 21) (figure 2.5 A, E) which adapted to the degrading rainfall. However, most of this
old butm forest between Petra and Shawbak was cut down for fuel during the Ottoman
period and used for fuel at the Uneizah station of the Hijaz railway trains (Glueck, N. 1935:
88, Willimott, S. G. et al. 1964: 60; Addison, E. 2011: 38-39). Pine, which are now seen,
were relatively recently planted in the area (Abu Yahya, A. 2015: 11). On lower elevations
in the sandstone plateau, Hawthorn (Cretaegus azarolus) and carob (Ceratonia siliqua) trees
are more common. Although tamarisk (Tamarix species) shrubs could grow up to 2.5m
meters high (Ruben, I and Disi, A. 2006: 92) in the wadies near the dry sandstone, they are
now extensively cut for firewood.
Shrubs, typical of the Irano-Turanian steppe, populate the lower elevations of AshSharah, mainly the altitudes (400-700m a.s.l.), which are characterized by calcareous soils,
medium rain fall (around 150mm) (Abu Yahya, A. 2015: 11-12) such as Heash, E Beqa’a
among others. Steppe vegetation characterize this region, where in addition to white
Wormwood (Artemisia sieberi) shrubs of hammada (Hammada salicornica), jointed
anabasis (Anabasis articulate), peganum (Peganum hamala) and forss (Noeae Mucronata)
(Kouki, P and Tenhunen, T. 2013: 60). These shrubs, which were sought after before as
medical herbs, now fall victim to overgrazing.
On the sandstone outcrops which are below (1000m) a.s.l. White Broom (Retama
raetam) (figure 2.6 E.), Bladder Senna (Colutea istria) and Haloxylon (Haloxylon persicum)
are more common.
Wild almonds (Amygdalus communis) and common figs (Ficus carica) (figure 2.6
F.) populate crevice’s in the rocks, which might have grown from seeds of ancient
domesticated species. Tamarix (Tamarix spp.) populate the sandy areas growing in wadies,
marshes and near stone boulders (Ruben,I. and Disi, A. 2006: 92; Abu Yahya, A. 2015: 12).
Oleander (Nerium oleander) (figure 2.6 B.), being hydrophylic plants, grow in
abundance in the perineal wadies such as Wadi Musa, Wadi Al-Siyyagh, Wadi Btahi, Wadi
Sabra to name a few, making the passage through these wadies quite difficult. Oleander
bushes grow to large sizes. Its poisonous characteristics makes it immune to grazing, which
enables their increase in size and number.
47

Small thorny bushes grow near rocks and in small fissures, the most common which
can be seen on shady more humid limestone cliffs are Caper (Capparis spinosa), such as in
Muzera’a (figure 2.6 C.) and E. Beqa’a. In addition to various bulbs and flowers that appear
seasonally.
Reclamation of land leads to the elimination of much of the wild vegetation.
However, when a plot of land is abandoned the wild vegetation soon repopulates the soil
cover.

A. Ziziphus (spina-christi) at Wadi
Sabra

B. Oleander Wadi Sabra

C. Caper (Capparis
Muzera’a

at

D. Pistachio (Pistacia atlantica) tree
near Heash

E. White Broom (Retama raetam) at
Hremiyyeh

F. Wild fig (Ficus carica) at AlMa’aysra

spinosa)

Figure (2.6). Some examples of flora in and around Petra.
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2.8

Human settlement

Climatic conditions, geomorphology, vegetation cover, and availability of spring
water and food attracted humans to settle in Petra and its environs since the Palaeolithic
period. However, prehistoric man was sensitive to the prevailing conditions, thus when one
of the life-supporting conditions collapsed or a natural catastrophe occurred it was enough
for humans to leave. Thus, gaps in the evidence for human settlement are seen between the
Natufian and the Neolithic (Field, J. 1989: 86), and between the end of Early Bronze I and
the beginning of Iron Age I, as attested by lack of any cultural material dating to that large
lapse of time (2500 BC until 1000 BC)54.
Petra vigorously springs back to life with Iron II55 as a new culture emerges, with
large villages or small towns, both walled and unwalled, with fortresses, roads connecting
these urban centers (Lindner, M. 1992: 144) and watch towers. Their occupants were busy
with trade56, as several seals with personal names were discovered at commercial centers
such as Busayra, Tall Khalayfi (van der Veen, P. 2013: 80) could indicate commercial and
state activity, agriculture, and herding, introducing a new and more organized and
sophisticated Kingdom of Edom57. Edomites58 surpassed their predecessors by carving deep
cisterns into the rock to store rainwater59 (Lindner, M. 1992: 144; Schmidt, S. et al. 2012:
75-85; Bienkowski, P. 2011), which enabled them to comfortably settle permanently.

Contemporary Egyptian texts mention the “SHASU” nomadic people who traversed this area with their
sheep, settling seasonally in nomadic camps from N Sinai to Qadesh in Syria (Kitchen, K. 1992: 26).
55
Finkelstine, argues based on Nelson Glueck’s surveys that the Iron Age starts in Edom with Iron Age I
(Finkelstein, I. 1992: 159-166), this point of view was opposed by Bienkowski, P. who argued convincingly,
based on the excavations of Chrystal Bennett and his own at Busayra, Umm al-Biyara and Tawilan, that no
pottery exists beyond the seventh century B. C. (Bienkowski, P. 1990: 103; 1992: 167-168, 2013: 23-34).
Lindner reported the only Iron II pottery from the sites he had surveyed (See for example Lindner, M. et al.
1988: 87-89). Hart and Faulkner survey and probe excavations in Edom reported Iron Age pottery of seventhsixth century BC (Hart, S. and Faulkner, R. 1985: 256).
Iron age is associated with the rise of the “kingdom states”, two schools of thought have risen investigating
this period, the “Biblical archaeology” school of thought, which interprets the history of the Kingdom of Edom
based on the narrative of the Old Testament of the bible advocated by Lindsay, J. (1976), Bartlett, J (1982,
1989, 1992). The second which is more prevalent now examines the historic records and archaeological finds
which find some discrepancies with the biblical narrative (see for example Bennett, Crystal-M. 1984).
56
The discovery of the cuneiform tablet at Tawilan in 1982 sheds an interesting light on the socioeconomics
of Iron Age dwellers of Petra. The selling transaction of livestock by Tawilan owner to Assyrians in Hawran
indicates that the main occupation for the Tawilan population around the time span (521 BC-331 BC at the
most) (Dalley, S. 1984: 19-21) was herding, however, they were good traders and to some extent literate to
manage commercial deals with “foreigners”. It might be also considered that their agricultural activity was
mainly for self-sustenance and not big enough for commerce. It is hard to judge if their primary source of
income was agriculture, or they obtained the agricultural products through exchange or buying, as can be
deduced from as ostracon discovered at Umm el-Biyara of an oil jar (al-Ghul, O. 2013: 85-92).
57
Edom is first mentioned in the Egyptian hieroglyphs of the Late Bronze age ʾI-d-m delineating the territory
between the Dead Sea, Wadi al-Hisa to the Gulf of Aqaba (Lipiński, E 2006: 361).
58
Recent study of the mortar plaster of the cisterns at Sela Tafileh has shown their dating to be around Late
Iron II/ Edomite period, with a continuation in the Nabataean/Roman, Ayyubid, Mamluk and Ottoman
periods (Da Riva, R. et al. 2021: 37-67).
59
These bell-shaped cisterns, also known as piriform cisterns, were cut into the limestone. The small forms
were dated by association to nearby settlements to Iron II, Roman, Byzantine, and E Islamic periods such as
at Negev (Ore, G. et al. 2020: 2), however, these are strikingly different at Petra as they were carved into the
sandstone and plastered. Bennett, C. (1966) in her excavation at Umm el-Biyara dated these cisterns to the
54
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Iron age sites oscillate in and around Petra particularly towards the N, S and E
(Bienkowski, P. 2013: 23). These can be categorized into three main typologies: high
mountain strongholds such as Umm el-Biyara located at elevations above (> 1158m a.s.l.)
(Bienkowski, P. and Baxter, K. 2011: 1), Ba‘ja III (1200m a.s.l.) (Lindner, M. and Farajat,
S. 1987: 175), Jabal el-Qseir (1140m a.s.l.) (Lindner, M. et al. 1996: 137), hamlets, small
villages, walled towns such as Qurayyat al-Mansur (Hübner, U 2002: 265-271) and
unwalled open urban centers such as Tawilan60(Bienkowski, P. 1990:37), Kutle II (Lindner,
M. et al. 1998: 228-230), Deraj III (Lindner, M. et al. 1998: 230-231). Fortress or watch
towers dot the landscape such as As-Sadeh (Umm el-‘Ala) (Lindner, M. et al. 1988: 79-80),
Khirbat al-Muʾallaq (1550m a.s.l.) (Lindner, M. et al. 1996: 111), Jabal al-Khubtha
(Lindner, M et al. 1997: 178), Khirbat Ishra (Hart, S. 1987: 42-45) to name a few.
These urban centers seem to reflect the socio-political-economical complexities that
the region faced during that millennium, where specialized industries or other production
emerged (Porter, B. 2013:44-45). Dwellers of each of these centers were inhabited by
different tribal groups or clans (Knauf, E. A. 1992: 52) connected with each other by kinship
(Crowell, B. 2007: 76, Bienkowski, P. 2013: 24, 27) and united under one kingdom or one
political entity of Edom, the capital of which was located in Busayra (Bienkowski, P.,
2002:480, 2013: 27). Edom was ruled by a king or political leader, of which only one name
reached us, who was Qos-Gabr, based on the seal imprint found at Umm Al-Biyarah (van
der Veen, P. 2011:80). He ruled during the first three quarters of the 7th century B.C (ibid)61.
The urban centers varied in their economic status, as reflected by the variations in pottery
forms and decorations or the lack of them (Bienkowski, P. 2013: 28). Their source of living
also varied, as some sites were associated with agriculture, such as Ba’ja III, where a garden
was reported (Lindner, M. and Farajat, S. 1987: 176) or Jabal al-Qseir (Lindner, M. et al.
1996: 150)62, while the bulk of their economy consisted of trade, copper mining and animal
herding63 (Bienkowski, P. 2013: 26).
However, this period was marked by unrest, as the strong political powers, first NeoAssyrians, then Neo-Babylonians then the Achaemenids (Persian) developed territorial
ambitions, and to wade from their wrath Edom had either to pay tribute (Millard, A. 1992:

Nabataean period (373), Bienkowski considered these cisterns purely Nabataean (Bienkowski, P. and Baxter,
K. 2011: 6, 8), Lindner considered them Iron Age II as these were concentrated around Iron age settlement
sites such as al-Qseir (Lindner, M. et al. 1996: 145-146). In fact, Lindner was the first to date these pear- or
bottle-shaped cisterns on top of Umm al-Biyara in Petra to Iron Age II (Lindner, M. 1974: 107).
60
Originally, Glueck, N. reported the site to have two walls: inner and outer (1934: 13-14; 1935: 82-83),
however, later excavations by Bennet, C. proved these to be recent field boundaries (1984: 1).
61
According to Crowell (2008) this centralized leadership was intensified towards the 8th century BC,
necessitated by the intensification of caravan trade routes now expanded to cover the Red Sea and the
Mediterranean coasts and to unified stands in view of an increase in Assyrian campaigns (Crowell, B. 2008:
412).
62
Personally, I think that the fields located within the site are more recent and are not Edomite, but without
some dating, it remains speculative on both sides.
63
Loom weights discovered at Umm el-Biyara (Bienkowski, P. 2011: 104-105) indicate the post wool
production and possible a new trading commodity of some sort of cloth (tents, carpets, threads among others)
of the Edomite society. An Assyrian text mentions receiving as tribute from Qashmalaku of Edom consisting
of dark purple wool around (744-727) BC (Boertien, J. 2016: 251).
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36; Crowell, B. 2007: 348), provide forces64 (Crowell, B. 2007: 77) or fight against them as
evidenced by destruction layers65 at Busayra (Phase 2 533 BC) (Bienkowski, P. 2002: 475),
and major rebuilding and repair at Tawilan66 (seventh to fifth centuries BC (Bennett, C.
1984: 4) or take refuge on the well-protected fortresses, which reflected on the Edomite
settlement’s locations and localized architectural and subsequent relationship with their
neighbors. Edom also gained benefits from these relations, seizing control of the trade route
that passed from the Negev to western Arabia via their territory (Crowell, B. 2007: 77).
Towards the end of the fourth century BC a gradual transformation occurs at the Iron
age sites67, with subdivision of the building spaces, shrinkage, and the abundance of the
Attic sherds (Bienkowski, P. 2002: 475-476; idem 2013: 29-30). Furthermore, the settlers
leave their birds nest locations around the late 2nd to 1st century BC68 and gradually start to
relocate in the Petra proper area, as evidence of primitive dwellings built of wadi bed
boulders were discovered in the sounding underneath the later period structures; Qasr al64

Edom is cursed in the Old Testament for siding with Babylon when they sacked Jerusalem, for details on
this see Bartlett, J. 1982: 13-24)
65
Despite the assumption proposed of the destruction, Edomite sites continued to flourish, throughout the
Persian, Hellenistic and Nabataean periods. Assumptions made of Nabonidus’ attack on Edom and destruction
of the capital Busayra (Bienkowski, P. 2002: 477 478) does not seem possible, as the localised fire could have
been generated by an earthquake, human negligence or even local attacks by other tribes, but these did not
cause the termination of the settlements.
66
These destructions could be associated with earthquakes, where architectural elements fell, and owners
return to their houses and rebuilt them. Several sites in the Levant seem to have been subjected to similar
damage during Iron Age II b such as: Hazor, Deir ‘Alla, Gezer, Lachish, Tell Judeideh, and ‘En Haseva and
is known as Amos’s Earthquake, which was estimated to be of magnitude of 7.8 with the epicenter in Lebanon
(Austen, S. et al. 2000: 664-669).
67
There is an ongoing debate between specialists on the continuity or termination between the Iron age and
the Nabataean settlements. Bienkowski argues on the bases of shift in settlement locations and a stratigraphy
a gap of 500 BC between the end of Edom and the Nabataean settlements (Bienkowski, P. 2013: 31-32).
However, the archaeological surveys show the presence of Nabataean over Edomite sites such as the soundings
showed at Khirbat al-Megheitah and Khirbat Ishra (Hart, S. 1987: 38-45). Other sites showed continuity of
settlement within the same area but in a new area such as Umm al-Biyara where the Nabataean quarter is
located at the NE edge (Schmid, S. 2011: 130), Muzera’a, and other sites were assumed to show continuity of
settlement based only on the sherd scatters such as site Beidha 21, Al-Basit, Khirbat an-Nawafleh, Khirbat
Bani ʿAṭā, Biʾr al-Biṭār (ʿAmr, K. 1998 et al.: passim). Bartlett’s opinion favours the non-interruption of local
human lives, with a change of the dominating political power, Bartlett proposed various scenarios for the later:
from forceful Nabataean domination to intermarriage to settlement of new groups (Bartlett, J. 1990: 25-34),
however all of these hypotheses remain speculations as there are no textual evidence or solid archaeological
evidence to prove or dispute any of these. In my opinion, the human presence did not terminate in Petra but
rather a relocation occurred from the high mountain tops into the lower valleys due to environmental reasons:
erosion of arable land at the mountain slopes, making the cultivation and pastoral land more favourable at the
banks of Wadi Musa, with the climate being warmer at the valley bottom. Excavations below Qasr al-Bint,
the colonnaded street unearthed a primitive dwelling and workshops, revealing Hellenistic black glazed Attic
sherds and early Nabataean coinage, based on the finds and radiocarbon dating the early settlement levels
constructed immediately over the valley’s bedrock were dated to late Persian Early Hellenistic (Mouton, M.
et al. 2008: 63; Renel, F. et al. 2012: 1; Graf, D. 2013b.: 33-34).
68

These dwellings were dated based on the associated cultural remains of Arados coins of the 3rd century BC
and remains of imported amphora (Parr, P. 1970:357-358, 369-370, fig. 1), Arabian imitations of Athenian
Tetradrachm and remains of Attic-Hellenistic black ware (Graf, D. 2013: 32-33). However, in my opinion,
these finds, and their scarcity imply the commercial nature of the dwellers, which could be interpreted that
either there was a temporary caravan stop or these dwellings belong to humble locals who provided the
caravans with essentials (water, local provisions).
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Bint, the colonnaded street where early Nabataean pottery and coinage were discovered,
indicating the beginning of Nabataean presence (Graf, D. 2013 a: 38-46, Graf, D. b 2013:
30-34, Mouton, et al 2012: 1-13, Graf, D. et al. 2007: 229-230, Parr, P. 2007: 278-280, Parr,
P. 1986: 196, Parr, P. 1960: 135) or the immediate periphery that leads to it (Kouki, P. 2012:
84). Nomads seem to settle also near the high banks of Seil Wadi Musa in tents by the
evidence of one tent wooden pole (Stucky, R. 1995: 197-198). These could have been either
seasonal camps of herders or temporary camps for caravan traders. Although life seems to
continue around Petra and within it, the local political scene is now dominated by new
power, the Nabataeans.
Nabataeans69 emerge into the scene around the late fourth century BC through the
writings of Greek historians70 rather than from their material culture or their historical
writings. Contemporary historians romantically present them as rebellious fierce roaming
nomads controlling the dry desert between Syria and Egypt, with hidden water sources only
known to them. Deriving their living from accompanying caravans with frankincense,
asphalt, and other goods or pillaging others who do not submit to them71 (Diodorus 2.48.12; idem 19.94: 2-3), storing the valuables on a steep and defended rock72 (Diodorus, 19.95:
1-2).
Nabataeans probably made use of the political turbulences ongoing in the region to
gain a gradual control of the remnants of the Edomite kingdom in Southern Jordan, living
as semi-nomads in tents or caves (Nehmé, L. 1997: 281-288; Wenning, R. 2007: 29).
69

There is still no consensus on the origin of the Nabataeans, for discussion on their origin and various views
see Graf, D. 1990: 45-75, on the discussion on their description in the early sources, see Schmid, S. 2008: 360361; Bukharin, M. 2012: 105-130.
70
An earlier assumption of associating Nabataeans with the late Neo-Assyrian record of the Nabataeans as nb-y-t (Nabaioth) (Starcky, J. 1966: 900-903; Broome, E. C. 1973: 1-16) or the Old Testament Nebāyôt
(Bowersock, G. 1971: 221) is currently being discarded on both the linguistic and historic bases, for discussion
on this see (Bowersock, G. 1971: 221; Graf, D. 1990 particularly 45-46 and lately Abu Taleb, M. 1984: 254262 and the references therein), Shuaib, M. (2014) synthesizes all the discussions on the subject, bringing new
linguistic and source analysis to show that these terms cannot refer to the Nabataeans of Petra (177-184).
71
This description can be assigned as successfully to the Nabataeans as to their predecessors the Edomites,
probably even more to the latter. As discussed before, Edomites lived in up-hill strongholds, practicing their
living from accompanying caravans between Tayma and Gaza, and did participate in the military campaigns
and also in local feuds, was Diodorus describing the Edomites, or Arabs or Nabataeans, or were the prevailing
conditions dictating this type of living? Archaeological evidence retrieved so far does not exactly match the
historic narrative about the early Nabataeans showing more of a continuation of living in Petra with a mixture
of Nomadic and sedentary life practices, as Schmid correctly states that these narratives are collective views
of Greek and Roman perspective on nomadic people with whom no direct encounter had ever occurred
(Schmid, S. 2001: 367).
72
Archaeologists attempted to locate the “Rock of the Nabataeans”, based on the interpretation of the Hebrew
biblical term “Sela”, as a locality name (Fanwar, W.M. 1992: 1073-1074), rather than a topographic term
meaning a rock various. Candidates were proposed, from Khirbat es-Selaʿ (Zayadine, F. 1999: 83; Winning,
R. 2007: 29-30), Umm al-Biyara (Horsfield, G. and Conway, N. 1930: 369-388; Glueck, N 1935: 49, 82;
Horsfield, G. and Horsfield, A. 1938: 3-4) but was ruled out based on the results of excavations, as the
Nabataean occupation dates to the last quarter of the 1st century BC until the beginning of 2nd century AD
(Schmid, S. 2011: 131) (see also discussion by Bienkowski, P. 2011: 5-6). Knauf proposed Jabal el-Khubtha
(1997: 21-22). Based on the Greek name (ΠΕΤΡΑ) meaning rock, Eusebius of Caesarea identifies the toponym
with geographic Petra based again on the biblical Jechthoel (Bienkowski, P. 2011: 6) (see the discussion on
the Biblical names in Bartlett, J. 1989:51-52). Kouki postulates the Nabataean rock to be Petra in view of the
evidence of human settlements of 4th century BC discovered there (Kouki, P. 2012: 34 particularly reference
7). I advocate practicing caution of taking historic narratives at face value see point (38) above.
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Although no clear material culture appears by then73, Nabataeans are well attested in
historical records to be involved in international commerce, enough to encourage both
Priena in Asia Minor74 (in 129 B.C.) (Bowersock, G. 1983: 22) and China in 126 BC
(Murray, M. 1939: 120-121; Hirth, F. 1966: 169; Graf, D. 1996: 209)75 to send emissaries
to negotiate with Nabataeans76. Their commercial success gained them several enemies and
allowed them to gain excellent military77 and diplomatic skills.
Ruled by kings78 (Hammond, 1973: 15-39; Schmid, S. 2008: 361 and the references
therein), Nabataeans developed their own cultural identity only around 100 B.C., minting
their own coinage, producing new pottery patterns (Schmid, S. 2001: 367), worshiping their
own deities and gradually becoming a civic sedentary society. Nabataeans took REKEM79
(Petra) as their political and religious center around 96 BC (Wenning, R. 2007: 30), with
smaller satellite towns emerging gradually around from the late 2nd century BC onwards
(Kouki, P. 2012: 84) as manifested by the founding of Humayma in 85-62 BC (Uranios in
Stephan of Byzantine 144: 19-26) (Figure 2.6). Petra was dominated by shaft tomb burials
around the 3rd or early 2nd century BC (Wadeson, L. 2012: 113, Mouton, M. and Renel, F.
2013:138), and starting from the 2nd century BC burial chambers with facades started to
gradually dominate the scene (Mouton, M. 1997:81-98; Mouton, M. 2006:79-119; Mouton,
M. 2010:275-287; Sachet, I. 100-102; Wadeson, L. 2013:185).
73

The earliest Nabataean characteristic material culture is attested to appear around the end of the 2nd century
beginning of the 1st century BC (Schmid, S. 1996: passim; Schmid, S. 2008: 361).
74
For the evidence of cultural exchange with Asia and the Far East on the bases of Pottery see Schmid, S.
2004: 415-426.
75
An intricate ivory handle of a female figure of Asian features was discovered at the Temple of the winged
Lions (Graf, D. and Sidebotham, S. 2003: 71, figure 50) and indicates the exchange of fine goods from south
Asia, however, it is hard to elaborate on the way it reached Petra (see point 49 below). The evidence of
associating Petra with Li-Kan in the Han-dynasty Chinese documents are based on a linguistic basis without
being supported by cultural material evidence, and this is debatable. For the discussion on the interpretation
of Li-Kan see Pulleyblank, E. 1999: 73- 75.
76
The cultural material found in Petra and in other parts of the world testify to a large circulation of goods
through commerce. However, it is hard to testify if the exchange was through direct contact or through thirdparty exchange. For Nabataean trade roots see Durand, C. 2009: 405-411.
77
For details on the Nabataean wars and diplomacy see Bowersock, G. 1983: 13-27.
78
There is no evidence of the early political system of the Nabataeans, as no written Nabataean evidence
exists. However, the epigram of Poseidippos of Pella, dated to the early 3rd century, mentions a Nabataean
king of the Arabs” (Schmid, S. 2008: 361). Schmid argues that this is rather weak evidence as the
contemporary understanding of the King in one culture could mean merely a Chief in another such as a head
of a tribe, furthermore, it is not clear if the word “Nabataean” refers to the king or the King of the Arabs is
another personality (ibid).
It is not clear if this title was inherited or acquired by tribal election or another manner, however, the earliest
ruler of Nabataea did not seem to be a holder of the title. It will not be until 120 BC that the title appeared with
Aretas II (Bowersock, G. 1983: 18-19), while Knauf E. A. (1997) argues that it might have been earlier with
the reign Aretas III who adopted a lot of Hellenic traditions thus being the first to adopt that title around 84
BC (15-16).
For the discussion on the dates and list of Nabataean kings see Fiema, Z. and Jones, R. 1990: 245. For
depictions of Nabataean kings see Schmid, S. 2013: 757-769.
79
Josephus mentions in Onomasticon Rakem/ Rekem/ Reqm (ρχέμ) as the Nabataean capital (Ant.IV.4.7:82;
IV.7.1:161), emphasizing in another part that Rekem is Petra (144.7). An inscription at the entrance of the Siq
mentions a distinguished citizen of REKEM (Starcky, J. 1965: 95-97), which was considered an indication of
the Nabataean name of Petra. Josephus refers later to it as Petra a city in the land of Edom in Arabia (142.7).
Eusebius of Caesarea refers to Petra in his Onomasticon of 325 AD as “Rekem de Gaia” (773)
http://www.tertullian.org/fathers/eusebius_onomasticon_01_intro.htm see also Shaddel, M. 2017: 303-318.
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Figure (2.7). The maximum extent of the Nabataean Kingdom (dotted line) at the peak of power (1st century B.C- 1st century AD).

Around the end of the 1st century BC the city’s seemingly witnessed an increased
population, as evidenced by the expansion in house construction80 even on previous burial
grounds (Zayadine, F. 1974: 154; Graf, D. et al. 2005: 417-441; Wadeson, L. 2012: 114).
At the same time, burial chambers with facades started to gradually dominate the scene
(McKenzie, J. 1990: 33-59; 120-121).
The city underwent a large refurbishing and expansion around the 1st century AD,
with infrastructure being constructed, entertainment buildings, and free-standing
monuments erected in the city (McKenzie, J. 1990: 33-38; Stucky, R. A. 1996: 14-50; Kolb,
B. 1996: 51-90; Augé, C. et al. 2014: 19-85; Piraud-Fournet, P. et al. 2021: 299, Dehner, M.
2022: passim). Nabataeans embarked on a large building program, fashioning their temples,
luxurious houses, banqueting halls, and monumental burials in the Hellenic grandeur of the
time, enough even to grant their King Aretas III (85-62 B.C.) the title of “Philhellen”
(Bowersock, G. 1971: 223, Graf, D. 1992: 255), entrusting migrating artists from Ptolemaic
Egypt to decorate their buildings with frescos and mosaics (Schmid, S. 2001: 374-376,
Wenning, R. 2007: 31). New centers continue to be founded even as late as 71- 106 AD
such as Iram (Wadi Rum), complete with temples and water installations (Graf, D. 1992:
255).
In addition to commerce, Nabataeans invested in agriculture, as attested by various
agricultural installations spread around the hinterlands (Graf, D. 1992: 254-255; Kennedy,
W. 2021: 139-153). This prosperity continued until around 63 BC, when the Roman
ambition spread to the region. The next forty-three years that followed were full of
manipulation and changing allegiances, as the Nabataean Kings had to master these during
the political turbulence that hit the east. However, the inevitable happened and Nabataea
had to submit to the Romans81. Furthermore, the Roman’s control of the Egyptian Red Sea
80

For detailed analysis on the housing system of Petra see McKenzie, J. 1990: 105-108; Stucky, R. 1995: 193198, Kolb, B. et.al., 1997; Kolb, B. and Keller, D. 2002; Kolb, B. 2007, Schmid, S. 2008: 367-371; Schmid,
S. et al. 2012: 73-98; Parker, T. S. and Perry, M. 2013: 401-403; Fiema, Z. et al. 2016: 747-763; Parker, T. S.
and Perry, M. 2017: 287-302; Twaissi, S. 2017: 97-119; Piraud-Fournet, P. and Nehmé, L. 2020: 301-310;
Perry, M. 2020: 41-46, also see Dehner, M. 2022.
On palaces of Nabataean kings see Schmid, S. et al 2012: 73-98; Fiema, Z. et al. 2016: 747-761. On Nabataean
Villa locations (‘Amr, K. et al, 1998: 524). On the decorations of the Nabataean houses (Kolb, et al. 1998:
260-262, ‘Amr, K. et al. 1998: 524).
81
There is a big dispute on how exactly Cornelius Palma, the Roman governor of Syria (Cassius Dio 68.14:
6), submitted Nabataea (Fiema, Z. 2003: 119) and the reasons that instigated such an action. On the one hand,
there is a group that proposes a military submission based on the remains of ruined buildings in Petra (Phase
IV of the Great Temple( Joukowsky, M. 2017: 381) az-Zanṭūr (Fiema, Z. et al. 2015: 375) and the cities of
Oboda, Nessana and Kurnub in the Negev, where destruction manifested by an ash layer were unearthed during
excavations in the forts and caravan stops dated to the mid-first century AD interpreted as termination of
Nabataean settlement due to clashes with Thamudic and Safaitic tribes (Negev, A. 1969: 10) [This was rejected
by Erickson-Gini who considers the damage caused by an earthquake the shock the area at the early 2nd century
A.D (Erickson-Gini, T. 2007: 92-94). Schmid, studying the destruction nature and scale of az-Zanṭūr around
100 AD, and in comparison with other Nabataean sites, might indicate some sort of resistance associated with
the Roman Annexation (Schmid, S. 1997: 417-418, for recent analysis see Horacek, S. 2016]. However,
burned debris and ballista balls found at the Propylaeum of the Great Temple (Joukowsky, M. 2017: 369)
could reflect a battle scene. However, other excavations at the site failed to report similar finds, which would
be odd, as to why other buildings did not suffer from bellists and why would they be stored or left and covered
by a newer floor?. In connection to a Safaitic inscription “snt ḥrb nbṭ” meaning the year Nabataeans fought a
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ports and gradually the trade routes affected the wealth and influence of Nabataea, forcing
them to change their internal policy (Graf, D. 1992: 253-254).
Submitting to the Roman power, Nabataea lost its status as an independent kingdom
to become a provincial town in what became known as Provincia Arabia82, but not its
prosperity. Petra received several honorary titles from Roman Emperors. In 114 A.D it was
promoted to metropolis of Arabia, then to a colonia during Elagabalus83 (Bowersock, G.
1983: 121; Graf, D. 1992: 254; Fiema, Z. et, 2015: 379; Erickson-Gini, T. 2007:91) and in
131 AD (during the visit of Hadrian) “Hadriana Petra Metropolis” (Fiema, Z. 2015: 379;
Fiema, Z. 2002: 61). Petra retained its political status through establishing an internal
policies boule, which took decisions in various cases of previous Nabataea citizens, as
evident by the case of establishing guardians for orphans (Yadin 1284) (Cotton, H. 1993: 94108). Nabataean trade seems to have continued (Fiema, Z. 2003:41) as rich households
continued to flourish as evident by the Late Roman houses of the N terrace of az-Zanṭūr
(EZI) (Kolb, B.1996: 51-89), Elgi (Wadi Musa) were several luxurious villas were dated to
the middle 1st century AD until early to middle 2nd century AD (‘Amr, K. et al. 1997: 470,
‘Amr, K. and al-Momani, A. 2001:265-266). Even Roman governors took residency in the
city in 127 AD, as evidenced by the tomb of L. Aninius Sextius Florentinus, who was buried
in Petra in 129 AD (Graf, D. 1992: 254).
The Romans embarked on several large projects from building a road network (The
Via Nova Traiana), which connected Busra (Bostra) in Hawran Syria with Ayla (Aqaba)
(Graf, D. 1995: 241). Inside the city, renovation work is also evident, as the rubble of the
refurbished buildings in Petra proper was cleared to the more marginal area of el-Kātūte
(Parr, P. 1960: 129). One of which was Qasr al-Bint, where evidence of placing a new alter
(Brünnow, R. and von Domaszewski, A. 1904: 178), and possibly a statue (Pérez, C. 2014:
33) and a dedicatory inscription to the emperors Marcus Aurelius Antoninus and Lucius
Aurelius Verus have been erected, initiated by the governor P. Julius Geminius Marcianus
around the year 166-167 AD (Dentzer-Feydy, J. 2017: 132-133). Some of these buildings
were remodeled to fit new functions, such as the remodeling of the building known as the

war, which Bowersock interpreted to imply the war with the Romans (Bowersock, G. 1983: 80, point 13)
(Cimadomo, P. 2018: 260-264), however, this is a rather superficial interpretation for a Nation that had wars
with Judea and even local Arab revolts which is more likely the inscriptions make reference to. The more
prevailing opinion is set towards a peaceful political-administrative change that followed the death of King
Rabel II (see discussion in Bowersock, G. 1983: 82-85, Fiema, Z. 2003: 119, Fiema, Z. et al. 2015: 375,
Cimadomo, P. 2018: 259-260, Kennedy, W. 2021: 22-23). Freeman discusses the prevailing opinions on the
reasons that made Rome annex Nabataea despite the seemingly long and seemingly agreeable co-existence,
for details on the matter see (Freeman, P. 1996: 91-118). On the discussion of historical and written evidence
such as the disappearance of the term Nabataea, the lack of appointment of the elite class in the Roman senate,
and the titles of Roman Emperor’s see Fiema, Z. et al. 2015: 375-376.
82
This was the new geographical district that covered S of Syria, Jordan, Palestine to Sinai, on this see
Spijkerman, A. 1978: 16-18.
83
Bowersock argues that this bestowed honor was a sign of favoritism by Elagabalus in recognition of his
Arab ancestry (Bowersock, G. 1983: 121).
84
http://www.papyri.info/hgv/23490
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“Great Temple” to become a bouleuterion, by constructing a small theatron (Joukowsky,
M. 1994: 309-311; 1996: 180-181)85.
Roman86 stability and prosperity reflected on the provinces, as their policy
encouraged sedentarism and agrarian activity87, as evidenced by the increase of farmsteads,
small villages and towns (Kouki, P. 2012: 96. The expansion of Wadi Sabra, with its own
theater, temples, baths and workshops(Hammond, P. 1973: 44; Lindner, M 1992: 193;
Tholbecq, L. et al. 2016: 281-294), Silaysil (Lindner, M. and Gunsam, E. 1995a.: 199-214)
and further agricultural and caravan hamlets of Bir Madhkur (Smith, A. 2010: 146- 150)
and Umm Ratam (Lindner, M. 1998: 27; Lindner, M. et al. 2000: 549-551) are examples.
Around the 3rd century AD the Roman Empire was shaken by severe internal
conflicts and revolts, leading to chaos, economic crises, and serious military outbreaks at
the frontiers with Sassanid Persia. This not only cast its shadows on the centre but also the
provinces, with Palmyra gaining gradually more power and importance than the other
provinces, as it was a passage way for Roman troops (Bowersock, G. 1983: 127-129; Fiema,
Z. 2003: 47 and the reference within; Fiema, Z. et al. 2015: 384-385; Burgersdijk, D. 2018:
1-12). Trade routes seem to have suffered during this period, particularly the southern route
that connected Petra with Gaza. Caravan stations seem to become abandoned by the
beginning of the 3rd century, leaving only secondary roads to connect Petra with the main
new artery of Via Nuova (Fiema, Z. 2003: 50; Erickson-Gini, T. 2021: 72-73; Kennedy, W.
2021: 316). This affected Petra, with people abandoning large and medium-sized villages
and towns located to the W and E of Petra in favor of establishing smaller hamlets (Kouki,
P. 2012: 85-90; Kennedy, W. 2021: 221-236). A gap in the occupation of sites is seen
between the 2nd and the 3rd centuries, where for example, the luxurious site of az-Zanṭūr,
destroyed in a fire, was abandoned and only around the early 3rd century was partially
cleared and reconstructed (Schmid, S. 1997: 415). In addition, several of the luxurious Wadi
Musa villas seem to have suffered similar fates (‘Amr, K. and al-Momani, A. 1998: 265266). The economic focus became agriculture rather than trade, as people moved to smaller
family-managed plots, producing enough for self-sustenance and exchange (Fiema, Z. 2003:
52). Furthermore, the climate seems to have become drier (Shehadeh, N. 1985: 27-28;
Lucke, B. et al. 2005: 79), forcing people to rely more on irrigation and spring water, thus
concentrating agriculture around the springs of the Ash-Sharah mountains.
Archaeological evidence shows a large demographic change within a short time
period, reflecting a decline in the number of settlements and change in their functions from
85

The exact use of the building after the remodeling is not clear, as the small theatron could have functioned
either as an Odeon or a bouleuterion (Fiema, Z. et al. 2015: 381). However, Schmid considers that this building
had always retained a secular function of an administrative nature, such as an official governmental complex,
or a royal residence, and thus it retained its function in the Roman period (Schmid, S. 2002b.: 49-50).
86
Bowersock implies that the coming of Arabs to power encouraged the implementation of more Eastern
traditions, which encouraged the Empire to flourish and the eastern provinces to thrive (Bowersock, G. 1983:
121-122).
87
The presence of Roman garrisons, continuation of trade and the increase in the manufacturing and
production meant an increase in population and animals of burden, which simultaneously increased the
demand on agricultural products (Fiema, Z. 2003: 39).
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the 4th century towards the 6th century AD (Kouki, P. 2012: 90; Kennedy, W. 2021: 225232). Of the Byzantine sites that were identified around Petra, a very small number of these
sites showed a continuous occupation from the Nabataean to the Byzantine periods
(Kennedy, W. 2021: 232). One site seems to have been occupied in the Late Roman until
Early Byzantine and only one was uniquely Byzantine (Fiema, Z. 2003: 51). In addition, the
sizes of the settlements also changed88. During the 4th century there were a stable number of
farmsteads, small villages, and towns, however, these farmsteads gradually started to shrink
in favor of larger settlements (Kouki, P.2009: 35-36; Kennedy, w. 2021: 232). Thus, giving
a gloomy impression of a severe decline of Petra in the Byzantine- Islamic period (Fiema,
Z. 2002: 191). Historic references are silent about Petra until the early 4th century AD Petra
itself demonstrates shrinkage in size as evident by a wall constructed at the northern and S
edges89, towards Wadi al-Mataha, which is void of natural cliffs, to confine the city
(Horsfield, G. and Conway, A. 1930: 382).
Around the 314 AD the Emperor Diocletian introduced new administrative
divisions, creating a new diagonal geographic district, Petra becomes part of Palestina
Salutaris (later known as Palestina Tertia), which spreads from Hijāz in the E to Gaza in the
W (Bowersock, G. 1983: 142-143; Fiema, Z. et al. 2015: 397) including Sinai (Fiema, Z.
2003: 52). The area became known due to Diocletian’s prosecution (Fiema, Z. et al. 2015:
390) of Christians and banishing them to hard labor in the Phaino copper mines (current
Feynan in the S of Jordan) (Pérez, C. 2014: 37). However, Petra seems not to be effected by
these events, as pagan beliefs seem to continue as evident by the continuation of use of
temples both in Petra and Khirbat et-Tannur and Khirbat ad-Dharih (Pérez, C. 2014: 37;
Ward, W. 2016: 132-135), enough to make Eusebius of Cacarea dismayingly accuse the
inhabitants of the city to be driven by demons who fill them with superstitious beliefs
(Schick, R. 2001:1; Fiema, Z. 2003: 52). Yet this account is not exactly true, as evidence of
prosecution of Petra’s Christians by Governor Maximus is recorded (Milik, J. 1960: 164).
The conversion of Petra’s citizens to Christianity seems to have occurred at the
hands of the vagabond monk Bar Sauma, who roamed the provinces with his forty fanatic
monks sewing destruction to pagan temples and synagogues around the fifth century90.
Around 419-423 AD he arrived at Petra’s city gates and threatening with God’s wrath if not
allowed entry. A miraculous long-awaited torrential rain fell, demolishing the city wall and
88

Zuchtriegel (2017) considers the increase of small settlements and farmsteads an indication of disintegration
of large cities, interpreting that as a sign of decline (Zuchtriegel, G. 2017:162).
89
This is now being debated. Fiema considers the N wall to be a collective joining of previously isolated
Hellenistic structures composed of the inner wall that used to protect a smaller area, a rounded structure known
as Conway Tower, curtain walls all dating to the period 1st century B. C. until 1st century AD (Fiema, Z. 2002:
201-202) which could have been the case, but it seems that it was remodeled and reinforced in a later period
and built over an abandoned domestic Nabataean Quarter (Parr, P. 1960: 133-134). Parker’s excavation at the
N wall dated the structure terminus post quem based on the pottery to the early 2nd century AD (Parker, T. S.
2016: 593)While according to Fiema, the S wall to be the fortified outer wall created from joining early
building walls with existing terraces (ibid), however, the close examination of the wall by the author proves
the presence of a fortified wall running E-W, while a set of dams run parallel to Wadi Farasa west separately
and are not directly connected to the city wall.
90
For more information on re-enforcing Codex Theodosinus “De paganis sacrificiis et templis” see Fowden,
G. 1978:53-78.

58

with it the last pagan beliefs of the city (Schick, R. 2001: 1; Fiema, Z. 2002: 193, Pérez, C.
2014: 40). The controversiality of this alleged story is demonstrated in the fact that Petra’s
Bishop participates in the Council of Sardica in 343 A.D (Fiema, Z. 2002: 193), which
attests to a large Christian community already in existence at the time of the so-called mass
conversion. By 451 AD Petra becomes a metropolitan of the Jerusalem Patriarchate (Schick,
R. 2001: 1) with the deacon Dionysios son of Bishop Janson representing Petra in the
Jerusalem administration as evident by an epitaph found there (Fiema, Z. 2002: 195)
indicating a predominant or a complete Christian community91.
Petra boasted of its churches in the 4th century (Eusebius, Comm. Ad Iesaiah
II.23.42: 11-12). The earliest of which seem to have been hastily built by converting
Nabataean tombs into churches92, such as consecrating the Urn tomb by Bishop Jason in
July 24th 446 AD, carving three apses and crosses into the inner wall (Fiema, Z. 2002: 195,
Hamarneh, B. 2019: 57-58). Several churches were constructed at the NW side of Petra
proper93, inside the city walls by generous donations from its citizens such as Lucius the
standard bearer of Ala II Ulpia Auriana, who donated for the construction of the basilica of
the Ridge Church around the end of the 4th century AD (Bikai, P. 1996: 484), in addition
the Petra Church of the Theotokis and the Blue Chapel Complex, that were also constructed
around that time (Bikai, P. 2002: 273-275). Petra papyri N. 10 mentions the construction of
“Δαραθ αλ-Εβαδ” (The house of worshipers) in other words a church (Al-Ghul, O.
1999:70). Other churches existed in the urban centers surrounding Petra such as “Church of
the Saint and Glorious Martyr Theodoros” in Augustopolis (Udhruh). At Beidha a cave is
refurnished at the caravan station (Bikai, P. et al. 2005:340). A mortuary church might have
existed in El-Katute area, where an apse of 6.00 m was excavated and a foulis of Justin II
574 A.D was discovered in the foundation trenches (Khairy, N. 1981: 5). Nearby,
gravestones with crosses were found outside the southern city wall, towards Al-Habis
(Horsfield, G. and Conway, N. 1930: 382).
Petra boasted several monasteries. Ed-Deir, with caves for monks and hermits
(Dalman, G. 1908: 259-262) probably dates to the 4th century AD, where allegedly a Stylite
monk lived in solitude, allowing only few to approach and shout to him their needs (Pérez,
C. 2014: 47)94. The area is dotted with various crosses carved into the rock, such as at Qattar

91

Ample evidence attests to the continuation practicing of Nabataean pagan beliefs along with Christianity
until the end of the 4th century A. D. or even the practice a fusion of both beliefs, i.e. the Virgin Mary (Chaamu)
and her son (Dusares) such as reported by Panarion of Epiphanius in 374-377 AD (Politis, K. 2007: 190;
Williams, F. 2013: 52).
92
Outside of Petra, Nabataean temples located on the Pilgrimage route to the Holy land were hastily converted
into churches such as at Khirbat ad-Dharih (McKenzie, J. et al 2002: 44; Hamarneh, B. 2019: 58).
93
Ward (2016) considers that the transformation of Nabataean temples into churches only occurred after the
devastating earthquake of 363 AD, as it caused major destruction leading to the abandonment of the last
functioning temple of the Winged Lions and Khirbat ad-Dharih and Khirbat et-Tannur, of which the last two
rebuilding into churches (Ward, W. 2016: 135-152).
94
Hamarneh disagrees with this interpretation, arguing quite convincingly that Pérez misinterpreted the source.
The story she refers to in Pratum Spirituale 129, was told by Athenogenes, who was bishop of Petra, about a
stylite in his hometown (we don't know where he came from) So it is hard to say if there was a such a hermit
in Petra itself (Hamarneh, B. personal communication 17/8/2018).
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ed-Dier. At Jabal Haroun a church, large chapel, a monastic and a pilgrimage complex of
the 5th century was uncovered (Fiema, Z. 2002: 46-47)95.
Despite this flowering of faith, the historic record draws a picture of gloom and a
harsh environment, enough to be a place for exile of radical bishops96, criminals and
charlatans (Schick, R. 2001: 1-2; Fiema, Z. 2002: 193). Probably the isolated, remote and
confined nature of the site and semi- harsh climate could have been a factor in this choice
(Pérez, C. 2014: 46-47).
The devastating earthquake of 363 AD97 was considered to have devastated the
city98, indeed the chronicle of the period99 reported the destruction of around one-third of
the city (Brock, S. 1977: 276; Russell, K. 1980: 48; idem 1985: 42). Some buildings were
abandoned and never rebuilt. Based on coinage found in the rubble that the theater, the
Temple of the winged Lions (Russel, 1985; Horacek, S. 2016: 71-92, Piraud-Fournet, P. et
al. 2021: 297), and the Great temple (Hammond, P. 1980: 66; Fiema, Z. and Schmid, S.
2014: 419; Fiema, Z. et al. 2015: 391), water system (Fiema, Z. 2012: 123; Al-Muheisen,
Z. 2009: 58-64; Bellwald, U. 2008: 49-53) the destruction was vast. The N quarter of the
city seems to have suffered the most. Zayadine (1974) reported finding evidence of hasty
abandonment of a house before its collapse (138). Nevertheless, the earthquake caused
several casualties and mortalities, as skeletons of a woman and a child were found in the
debris of az-Zanṭūr100 (Stucky, R. and Mitarbeitern 1990: 249). However, it seems to have
been used as a pretext to clear the Roman period structure. Evidence of reconstruction was
detected at the so-called “Blue Chapel” at the Northern ridge (Bikai, P. 2004: 59; Fiema, Z.
and Schmid, S. 2014: 432) and construction of new residencies and one of the most glorious
churches of the site: Theotokis “All-Holy, Praised Lady, the Glorious God-Bearing and
Eternally Virgin Maria” (Koenen, 1995: 9; Gagos and Frösén 1998: 477). Other pieces of
evidence of remodeling buildings are evident in the shops adjacent to the colonnaded street
(Parr, P. 1986: 192). New shops and a tavern (Kanellopoulos, C. 1998:3) were added,
reusing architectural elements from previously existing buildings (Fiema, Z. 1998: 399-421;
Fiema, Z. 2008: 165-167; Fiema, Z. et al. 2015: 391). This is an indication of the
continuation of the town’s commercial activity. Furthermore, around the 3rd-4th century AD,
large villas were either remodeled into smaller houses, such as az-Zanṭūr II (Stucky, R. and
Mitarbeitern 1990: 249; Kolb, B. 1998; Kolb, B. 2000: Kolb, B. 2002: 26) or totally
95

For more details on the Monastic complex, the chapel and the Church see Fiema, Z. and Frösén, J. 2008 and
Fiema, Z. et al. 2016.
96
For lists of the exiled people to Petra see Schick, R. 2001: 1-2; Fiema, Z. 2002: 193.
97
Ward considers this earthquake to be the true reason for Petra’s citizens to convert to Christianity, as the
destroyed temples in the aftermath of the earthquake were never rebuilt (Ward, W. 2016: 132-170).
98
See Parr’s views on the decline of the city as an aftermath of this earthquake (Parr, P. 1986: 192-205), a
view that is not currently shared as I clearly state, for a more recent evaluation on the devastating earthquake
see Jones, I. 2021: 1-18.
99
A letter written in Syriac by Cyril, Bishop of Jerusalem, concerning the rebuilding of the temple in May
363. in which he reports the earthquake of Monday 19th of May 363 A.D at the third hour and partly (the
aftershock) at the ninth hour of the night. In it he lists the destruction of twenty-three parishes in Coele-Syria,
the document is known as Harvard 99 (Brock, S. 1977: 267-278).
100
For the damage of az-Zantūr see Horacek, S. 2016: 92-102. For other reasons for the destruction see
Schmid, S. 1997: 414-415, for other dating of the earthquake see Kolb, B. 2002: 260-261.
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abandoned and used as dump areas, such as at Elgi (Wadi Musa) (‘Amr, K. and al-Momani,
A. 1998: 265-266) leading to the development of new suburbs as people gradually deserted
the city center (Fiema, Z. 1988: 398).
The church of the Theotokis functioned not only as a religious center, but also as a
document depository for a family of the archdeacon Theodoros, son of Obodianos’ archive,
where ninety papyri illuminate the history of Petra in the 6th century. Contrary to the
archaeological evidence, the papyri show the property of a rich family, with leases of land
containing several buildings, oil and wine presses, and water channels among other
properties. The papyri show rich agrarian activity of both cereal and horticulture (Nasarat,
M. et al. 2012: 107). Indeed, the climatic condition in the Byzantine period shows an
increase in rainfall (Hirschfeld,Y. 2006: 23-24) which is reflected in an agro-economic
boom (Hirschfeld, Y. 2006: 19). A large percent of the society was literate, as the papyri
were written in Greek, with an adaptation of Aramaic (Arabic) terms. Members of the
society held various professions (clerks, military, clergy, tax collectors among others), and
the high social class had slaves (Arjava, A. et al. 2018: 1-7). The papyri mention the
presence of large cities around Petra such as: Augustopolis (Udhruh), Kastron Zadakathon
(Sadaqa) (Fiema, Z. 2002b: 4) and Eleutheropolis (Beit Jibrin)101 (Bikai, P. 1996: 487).
In 536 AD dust from an erupted volcano in SE Asia covered the sky diminishing the
sun’s light and warmth (Hirschfeld, Y. 2006: 25). This was followed by a middle 6th century
bubonic plague known as “Justinianic plague”102 or “the Great Pestilence”. The plague
started in Egypt in 541 AD and spread with the trade route leading to the first pandemic,
probably reaching Petra around 542 AD leaving, according to eye-witnesses, abandoned
villages and unharvested fields (Hirschfeld, Y. 2006: 26).
Petra suffered from another major and devastating earthquake on the 9th of July 551
A.D, which shocked Palestine, Arabia, Mesopotamia, Syria and Phoenicia, with
Theophanes listing specifically the damaged towns, of which “RQM (Petra) is said to be
destroyed and never rebuilt” (Russell, E. 1985: 44-46; Rucker, J. and Niemi, T. 2010: 99),
The Petra Church was just one of these buildings that perished in the aftermath fire (Fiema,
Z. 2003b: 247-249).
As if these disasters were not enough, towards the end of the 6th century a severe
drought prevailed as evident by accelerating drop of Dead Sea levels (Hirschfeld, Y. 2006:
23) large urban centers suffered from the plague, smaller villages and farmsteads, although
escaping the plague, suffered from draught, and consequently several farmsteads and
villages were abandoned in Palestina Tertia, which fits with the archaeologic records in
Petra (as noted above) from which it did not recover. These conditions might have forced
the population to revert to nomadism. The weakening of the societies due to the large death
toll of abled individuals, diminishing of resources lead to an increase in raids by nomads
101

For a detailed description of these towns see Fiema, Z. 2002: 209- 2013.
For details on “Justinian plague, see Allen P. 1979: 5-20; for its effect on Palestine see Shrewsbury, J. F.
D. 1964, for general information on plagues see Ziegler, P. 1999. For comparison with the COVID-19
pandemic see Mordechai, L. et al. 2019: 25546-2554; Eisenberge, M. and Mordechai, L. 2020: 1632-1667.
102
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and Arab tribes (Hirschfeld, Y. 2006: 29) on the weakened centers, thus delivering the final
blow.
The 7th century witnessed a limited urban reorganization of Petra (Fiema, Z.
2002:191). An expansion at the E part of Ash-Sharah mountain seems to have terminated
around the end of the 7th century A. D., with sites gradually diminishing (Kouki, P. 2012:
94) with the last settlement to be in the early 7th century (ʿAmr, K. et al 2000: 241-243;
ʿAmr, K. and al-Momani, A. 2001: 267). The middle of 7th century is marked by the
appearance of the new political power of Islam, the area witnessed conflicts between the
gradually diminishing domination of Byzantium, already weakened by their battles with the
Persians, and the increasing strength of Islamic rule.
People of the cities of Ayla (Aqaba), Udhruh, and Al-Jerba opted for peace,
capitulating to the new Muslim power, therefore we could assume that most people who
abandoned the area took refuge into these new main centers to insure peaceful existence.
The area gained its importance in the Islamic power conflict after the assassination of the
Forth Caliph Othman, when the elections took place at Jabal at-Tahkim near Udhruh in 657
AD (Schick, R. 1994: 149). The area continued to be shaken by several battles and it did not
stabilize until the Umayyad rule was established in Damascus in 661 AD Petra became a
town in Jund Falastin (Walmesly, A. 2008: 498-499). During the Umayyad period, villages
around Petra continued to thrive by the evidence of the cultural material found within (‘Amr,
K. et al. 2000: 241– 243; ‘Amr, K. and al-Momani, A. 2001: 267). Kufic inscriptions found
near the Siq (Danqur al-Khazneh) indicate some kind of human passing through Petra or
some temporary settlement or activities during the 7th-8th century (al-Salameen, Z. 2010:
71-79).
Petra proper seems to have been inhabited until the early 8th century AD (Fiema, Z.
2001: 115; Abudanh, F 2006: 25)103, as evidenced by an excavated domestic quarter at the
N ridge (Hammond, P. 1977/1978: 83; Perry, M. 2020:64-72), and late 7th / 8th century at
the Petra church (Schick, R. et al 1993:59). In addition to the monastic complex at Jabal
Haroun (Fiema, Z. 2002:36; 46-47). These small finds seem to indicate a temporary or short
period settlement. With the center of power shifting towards Ma’an104, the population of
Petra seems to have abandoned it by then, in favor of agricultural villages or hamlets. At
Ma’an, the Umayyads constructed agricultural hamlets with small castles (qaṣr) or ribat
such as Al-Mutrāb, Al-Ḥammām and Khirbat al-Samrā which seems to have remained
inhabited until the 11th century, as attested by both historic records and surveys (Genequand,
D. 2003: 25-35).

The settlement pattern within Petra proper doesn’t seem to be quite inconsistent, the excavations at the N
ridge has shown a phase of abandonment between L 6th- E 7th century AD (Perry, M. 2020: 71).
104
Earlier relation between Petra and Ma’an (Kastron Ammatha) are attested in Petra papyri, citizens of Petra
held governmental positions there, such as Flavious Dusarios son of Valens who was perfect of al-Ḥammām
near Ma’an in the 6th century (Gagos, T. and Frösén, J. 1998:475), which would be another reason for some
families to resettle there from Petra during this period.
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Around Petra small villages continued thriving. Khirbat an- Nawafleh is an example
of a large agrarian village that shows continuity until the Abbasid period105, with houses
continuing to be built until the Abbasid period, as attested by the inscriptions on house
dating the construction to 787 AD (Karim, J. 1999: 670; ʿAmr, K. et al. 2000: 241-243) and
several olive presses that were also uncovered (ibid). Udhruh seems to be another example
of a large village (small town) that continued to prosper, due to its location on the caravan
and pilgrimage routes.
However, the area seems to have gone into decline by the end of the 8th century
AD106 as no ceramic recorded beyond that period is reported for around two hundred years.
In the 10th century AD some limited Christian pilgrimage was practiced to Jabal Harun (Al
Masudi). A small Fatimide domain was established at ash-Sharah mountains, with the
capital of the district at Udhruh (Schick, R. 1997: 75), Khirbat an- Nawafleh was reinhabited in the Fatimide period (ʿAmr, K. et al. 2000: 244). In 1071 AD Seljuq forces
invaded S Jordan and established themselves in Wadi Musa (Schick, R. 1997: 77-78,
Walmsley, A. 2001: 499). However, the nature of their presence nor their length is unclear,
as historic records after three decades do not mention their existence107.
The abandoned and the naturally fortified area became the center for one of the
longest conflicts between the Crusaders and the Ayyubid forces, with the area changing its
political rulers depending on the outcome of each battle108. The Crusaders established their
Transjordan Lordship in the 12th century. Constructing several castles such as Al-Karak in
1142 (Vannini, G. and Desideri, A. 1995: 511) and Montréal at Shawbak, in 1115 A.D and
Aqaba (1115-1116) (Hammond, P. 1970: 35-36; Sinibaldi, M. 2016: 82-83). In the region
of Petra smaller castles were constructed at al-Habis (1116-1118) (Hammond, P. 1970: 79), Jabal Attuff and at al-Wuʿayra (Le Vaux Moise) overlooking Seil Wadi Musa and Petra
valley, mainly to have full control of the main roads leading to the area (Vannini, G. and
Vanni Desideri, A. 1995: 511-513; Sinibaldi, M. 2016: 86) particularly the caravan route
from Egypt to Damascus (Hammond, P. 1970: 5). Thus, they benefited from the tax
revenues (Walmsley, A. 2001: 521) as well as keeping a watchful eye on the local
inhabitants109 who dwelled in the caves in Petra proper (Walmsley, A. 2001: 500). If the
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Al-Balatheri records a severe plague that hit the area of Palestine at the time of Haroun al-Rashid, which
killed many people, left the houses barren of its people and the land lost those who tended it, the governors
had to acquire the land and tend for it (1978: 163).
106
This might be due to the devastating earthquake of 749 AD (Ken-tor, R. et al. 2001: S 2221-2234, see also
Bikai, P. 2004: 63.
107
Based on account of William of Tyre who describes a short exploration expedition of Baldwin I to Jabal
Haroun and meeting scarred villagers who hid/ fled from them (Walmsley, A. 2001:499).
108
Ibn al-Qalanisi mentions a revolt by local inhabitants of Wadi Musa in 1127 AD (Walmsley, A. 2001:6).
William of Tyre recounts that in 1144 the Saljuq Turks, on request of the local inhabitants, took the Castle of
Al-Wuʿayra which forced the Crusaders to retaliate by cutting the groves and burning the inhabitants, forcing
them to surrender (Walmsley, A. 2001: 500; Sinibaldi, M. 2016: 87).
109
The International Wadi Farasa project has uncovered a medieval phase (11th -13th centuries) of settlement
at the site. The uncovered burials were adorned with crosses and decoration of tree of life from a possible
cemetery indicating a Christian (Crusader/ Ayyubid-Mamluk local Christians?) community that span for two
generations (Schmid, S. 2002:266-267). Schmid suggests that the Crusaders established a settlement in the
area, thus reverting the watch tower’s function from watching the local inhabitants to protecting their presence,
particularly with the construction of a small watch tower at the entrance of the complex (For details see
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smaller towers of Al-Habis, Jabal al-Madhbah and Jabal Attuff (Vannini, G. and Vanni
Desideri, A. 1995: 512) function was strictly military watch towers, Al-Wuʿayra was large
enough to have a substantial population engaging in agriculture (Sinibaldi, M. 2016: 83)
utilizing water harvesting and storage techniques (Vanni Desideri, A. and Vannini, G. 2017:
51). Several agricultural villages are mentioned such as Wadi Musa (Schick, R. 1997: 79)
and Hurmūz (Sinibaldi, M. 2016: 88) as being rich with dense olives and fruits and water
mills. Additionally, they kept flocks of sheep and animals of burden (Fulcher of Chartres,
1969: 146-147; William of Tyre 1976: 506-508). Local ceramic production has been noted
as pottery assemblages recovered from different sites in the area had their own
characteristics, indicating the presence of several workshops, although Wadi Musa could
have been a supplier (Sinibaldi, M. 2009: 462). The area specifically flourished due to
extensive trading with the Palestinian coast cities and Syrian markets, as evident by a large
assemblage of imported ceramics found at the site, probably having Shawbak Castle as the
main supplier of the materials for the periphery (Walmsley, A. 2001: 543, Sinibaldi, M.
2016: 92-94). After the battle of Hattin, in 1187/1188 the area fell into the Ayyubid hands
(Walmsley, A. 2001: 519), however, it seems they did not give it much of their attention, as
the area continued to be inhabited by villagers who engaged in small scale agriculture.
Al-Wuʿayra continued to be occupied by local inhabitants until the Ottoman period
by evidence of cultural remains (Vanni Desideri, A. and Sassu, M. 2014: 98-99), although
an Egyptian Ottoman force used it as a local garrison for a short period of time.
A large expansion in the area seems to have been in the Mamluk period. The area
regained its importance as a passage route between Egypt and Damascus, as a passage for
caravans through Naqb el-Rubāʿi through Jabal Haroun or through Rajif to At-Tayyiba to
Wadi Musa (Zayadine, F. 1985: 163). In addition, the passage was important for pilgrims.
Muslims took Darb al-Hājj110 to Mecca or to Palestine through Wadi Araba (Walmsley, A.
2001: 514), while Christians took the road that leads to Jerusalem, as Petra appears on the
Tabula Peutingerian (Graf, D.1995: 244). This role helped in revitalizing the area. Several
villages and habitation sites seem to have sprung back to life, such as at Bayda (Sinibaldi,
M. and Tuttle, C. 2011: 431-449; Sinibaldi, M. 2016: 660; Sinibaldi, M. 2018: 74-75,
Sinibaldi, M. 2019: 252-255), Khirbat an-Nawafleh, Khirbat al-Mu’allaq and particularly
towards Udhruh, which became more intensively occupied during the late Islamic period
(Fiema, Z. 2002: 208). The Arab geographers of the time mention the following villages
that were administratively part of Karak: Udhruh, Humayma, Sela, and Hibal described as
being one of the villages of Wadi Musa of the Ash-Sharah (Bakhit, M. 1976: 17-18).
Extensive agrarian activity is evident by ancient, irrigated terrace structures
surrounding the Khirbat an-Nawafleh, with abundant olive presses, grinding tools, and
sickles (‘Amr. K. et al. 2000: 244-246) and water mills (Al-Nasarat, M. and Al-Maani, A.
Schmid, S. 2007: 141-143; Schmid, S. and Studer, J. 2003: 479-488; Schmid, S. 2002: 265-269).Fiema,
excavating the Roman Street area has found evidence of Crusader occupation at the Upper Market area of a
limited character suggesting the reuse of some of the shops as dwellings during that period (Fiema, Z. 1998:
421).
110
For the evolution of this Muslim pilgrimage road see Zayadine, F. 1985: 159-160.
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2014: 223) coinciding with the improvement of the climate to more humid conditions
(Shehadeh, N. 1985: 28; Lucke, B. et al. 2005: 79). Evidence of small-scale industry can be
deduced from the presence of iron slag. The presence of fish bones and glazed pottery at
both Wadi Farasa and Khirbat an-Nawafleh (ʿAmr, K. et al. 2000: 245-247; Schmid, S.
2002: 266) can be an indication of some commercial ties with Ayla (Aqaba). Khirbat alMu’allaq is another small village, where village pottery and a local tabun which seem to
have maintained its livelihood through agriculture, as evidenced by the presence of several
grinding stones found in the area. (Lindner, M. et al 1996: 118-125). The account of Fulcher
of Charter, who accompanied Baldwin I to Petra in 12th century, describes the main
settlements to be outside Petra proper as agricultural (Fulcher of Chartres in Fink, H. 1969:
146-147).
Khirbat an-Nawafleh continued to flourish during the Ottoman period up to late 19th
early 20th century (Knodell, A. et al. 2017: 642-643) more known now with as Elgi. In
addition, smaller settlements sprung around at Beidha, Baʿja, and Fersh (Bienert, H. 2000:
142-144), mainly utilizing the stones from the ruins for building their houses and reusing
the agricultural and water storage facilities for their needs. The center of Petra seems to have
been occupied by Beduins, who set up their tents and used the banks of Wadi Musa for
agricultural activity (Perry, M. 2020: 74). The population practiced agriculture and herding,
in addition, two main new activities were added to their lives: the pilgrimage to the Jabal
Haroun site and accompanying tourists who came to visit the ruins rediscovered by John
Burckhardt in 1812 (Burckhardt, J. L. 1822: 420-433).
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Chapter Three: Methodology
3.1 Introduction
Although terraces may superficially seem to be simple structures, they are in fact rather
complex. They are architectural features that are both multifunctional and constructed in a
variety of terrains. Their construction, development, spread, and use are a response to both
climatic and socio-economic factors.
Although research on terraces has been ongoing since the last century111, no
standardized approach has been yet developed to investigate these structures. The various
studies conducted were tailored to answer specific research questions related to one of their
aspects, such as their distribution within the landscape, their effect on crops, role in the
mitigation of floods, soil moisture content, abandonment among others112. None of these
approaches covered the range of aspects that terraces are used for.
In Jordan113, these features were generally ignored, as they were considered recent
structures by some researchers, or recorded within some surveys as archaeological features
by others. Research on terraces has started only recently in Jordan, and as yet has not yet
gone beyond recording and documenting them for dating. Only a few researchers ventured
into applying scientific approaches to study them.
Treacy and Denevan (1994) put forward some recommendations for approaches to
“understanding terrace function and history” (Treacy, J. and Denevan, W. 1994: 105),
which included the study of soil stratigraphy, wall horizons, and collecting material for
dating (site association, radiocarbon dating) (Treacy, J. and Denevan, W. 1994: 105-106)
without giving many details on the approach or interpretation.
In view of the lack of standard approaches, a methodology had to be developed to answer
the research questions related to their function, periods of use, methods of construction and
distribution.
This research attempts to put forward a strategy for studying terraces from multiple
perspectives. The approach starts from the field, and includes collecting and recording
relevant information in order to determine what kind of data could be collected from the
field and their use in interpretation114.
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For more details see section 1.2.3
For an overview on terrace research in Jordan see chapter 1.
114
This chapters deals with data collection and analysis methods. The results obtained are discussed within
other chapters as indicated under each chapter, with some results are dealt with in multiple chapters.
113
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3.2 Approach
To capture all the information related to terraces, a multidisciplinary approach was
developed that combines archaeology with soil science, architecture, agronomy, hydrology
and geology. This was integrated with spatial analyses and laboratory analyses.
The research methodology applied was designed to explore the main justifications
outlined in the first chapter (1.3).
3.3 Field work
One of the cornerstones of terrace research conducting a geographical survey in order
to understand the physical distribution of the terraces. This includes registration of the
locations as well as collecting all possible data on each terrace wall as well as the whole
system (the sets of terraces, dams, weirs, etc.).
A survey involves the examination of the terraces as well as their immediate
surrounding. These can give clues to the history and nature of exploitation. Spatial analysis
and data collection from previous research and personal verification can all prove
fundamental. Close examination of the terraces helps determine their form, the material used
for their construction and the relationship to the geological outcrops, and their proximity to
other features, both natural and man-made. This allows proposing various hypotheses
related to their design, form, and function. The physical examination allows the collection
of cultural material such as pottery, which could help understand the periods of human
presence in that area.
Field observations allow the formulation of multiple hypotheses regarding age, use, and
the transformation of the landscape. Each hypothesis proposed needs to be examined
analytically, and thus the designing of a data collection methodology to examine the
hypotheses and to possibly create additional research questions. This might include a probe
excavation for sampling, or for understanding stone layering techniques, for example. It
should be emphasized that each research hypothesis requires its own designed approach to
address it. This is especially true when analytical methods have certain limitations, such as
laboratory availability, research funding or even the nature and amount of material found.
Therefore, there is no need to design research methods for agricultural usage for a feature
clearly used for hydrology, unless the palaeo-environmental aspect is one of the goals that
research is perusing. Following is a clear explanation of the approaches designed for the
purpose of this research.
3.3.1

Survey work

Surveying is the field work dedicated to searching for, collecting and recording the
locations of antiquities and their immediate surroundings (Atkinson, R. J. C. 1953: 13).
The first objective should be defining the survey area. As the objective was studying
ancient man-made terraces of Petra, the first task was to define the geographical extent of
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Petra. In today’s mind, Petra is the archaeological site, even more specifically the centre
where Qasr al-Bint is located, what is defined by archaeologists as Petra proper. However,
in antiquity that was not the case.
Although Petra was the capital of Nabataea, we are not aware of the geographical
extent of Petra or the political divisions of the Nabataean Kingdom due to the lack of
contemporary documents. Lindner (1992) applied the term “Greater Petra”, which
administrated distant districts such as Sabra, ʿAyn Braq, Beidha, Naqab ar-Runa’I, and Ba’ja
(Lindner, M. 1992b: 266). Kouki (2012), taking the 6th century Petra Papyri jurisdiction
evidence, proposed the extension of Petra to reach Udhruh to the E and Sadaqa to the S
(Kouki, P. 2012: 17).
Due to the nature of this study, which focuses on agrarian, hydrological and
infrastructural aspects, Linder’s definition of the geographical extent of Petra was adopted
for the study area.
3.3.1.1 Previous survey works115
Survey work should not aim at repeating the works of others, but to enhance and
verify information. The collection of all information of previously conducted works will
reduce the effort needed in the field. Unfortunately, not all surveys or excavations have been
published. Furthermore, each survey was tailored to answer certain questions. For example,
some focused only on specific period or area. In addition, each survey applied its own
methodology and terminology, which made linking the information or passing judgment a
tricky or even a difficult and challenging task.
Almost a century has passed since the first exploration of the hinterlands of Petra by
Nelson Glueck. He reported sites and dated them based on ceramic remains, assigning them
to Edomite, Nabataean, Roman or Arabic periods. His accounts included a short description
of the terraced landscape, field systems and investigations of some dam structures (Glueck,
N. 1935: 73-87). However, this did not encourage others to follow suit, with subsequent
research focusing only on the Petra proper.
Systematic surveys of the Petra hinterlands were conducted beginning in 1973 by
Die Naturhistorische Gesellschaft Nürnberg under direction of Manfred Lindner. Their
explorations and excavations uncovered many important sites, ranging from the Bronze Age
to the Islamic period, adding much to our understanding of settlement patterns, with
particular contributions regarding hydrological systems and land use around sites (Lindner,
M. 1987, 1989, 1990, 1992, 2003, Lindner, et al. 1988, Lindner, M. et al. 1996, Lindner, et
al. 2000).

This section is concerned in recounting the relevant and more recent survey and does not aim to present a
historic account of all the surveys conducted within the Greater Petra area.
115
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One of the widest surveys conducted in and around Petra was concerned with road
systems116. While Zayadine worked on surveying ancient routes inside Petra (Zayadine, F.
1992: 217-218), David Graf conducted extensive surveys on military structures and the Via
Nova Traiana (1979, 1995, 1997). This work was soon followed by Abudanh et al., who
investigated the elaborate road system of the via Nova Traiana between Petra and Ayn alQana in Arabia Petraea (Abudanh, F. et al. 2016) and the periphery road system (Abudanh,
F. et al. 2015). The road system around Jabal Haroun was investigated by the Finnish Jabal
Haroun Archaeological Project (Ben-David, C. 2007: 101-110; Ynnilä, H. 2013: 253-271).
Just 10km to the NW of Petra, Andrew Smith II conducted excavations and surveys for the
Bir Madhkur Project concerning this satellite town on the caravan road to Petra (Smith, A.
2005).
The “Wadi Musa Water Supply and Wastewater Project area” survey and salvage
excavations, was conducted in two phases in 1996 and 1998-2000 and covered an area from
Beidha in the N until Ayl in the S, and recorded several terraces and dams within the survey
area (ʿAmr, K, et al. 1998: 503-548; ʿAmr, K. and al-Momani, A. 2001: 253-285).
Interest in military systems, including watchtowers, forts, and roads among others,
was first sparked by Parker’s work on Limes Arabicus. This was the first to extend to the S
of Jordan, particularly the sector between Ma’an and Aqaba, covering an area bordering the
Petra hinterlands (Parker, T. 1986). David Kennedy’s research on the Roman army included
investigating road systems in the area of Petra (Kennedy, D. 2004). However, intensive
surveys of military structures and land use were started in 1980 by Killick, particularly
around Udruh (14 Km E of Petra) (Killick, A. 1983). This focused on connecting the area’s
towers and forts with the road system (Killick, A. and Hadidi, A. 1987). This was followed
by an extensive survey conducted by Abudanh in 2003-2004 for his Ph.D. thesis, which
recorded not only military installations but also road systems, agricultural installations,
water systems and settlement patterns (Abudanh, F. 2006).
Extensive surveys of specific areas were soon followed by investigations of human
settlements and landscape use. This included the Finnish Jabal Haroun Archaeological
Project in Jordan, which involved extensive excavations on the Monastery of Jabal Haroun
and surveys of the surrounding area (Huotari, M. 2002: 229-233; Lavento, M. et al. 2007:
145-156; Silvonen, S. et al. 2013: 347-409; Kouki, P. 2012; Kouki, p. 2013: 323-333), and
the Jabal Ash-Sharah Survey (1995-1998) (Tholbecq, L. 2001: 399-405; idem 2013: 295311). These also included the Bikai et al. (2005) Beidha Documentation Project, and the
Brown University Petra Archaeological Project (BUPAP) which surveyed the area from
Beidha to Silaysil (Knodell, A. et al. 2017: 621-683; Berenfeld, M. et al. 2016: 79-107). The
epigraphic survey of Bab as-Siq and Wadi Farasa (Nehmé, L. 2012). This was later
synthesised by Will M. Kennedy’s landscape archaeology research in 2017 (Kennedy, W.
2021).
The earliest surveys conducted on roads was done by Brünnow and von Domaszewski in 1904 (Brünnow,
R. and von Domaszewski, A. 1904: 433-479), followed by Thomsen in 1917 who prepared the first corpus of
Roman road milestones (Thomsen, P. 1917: 1-103).
116
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Burton MacDonald, started surveying the S of Jordan in the 1970s, and covered the
area E of Petra, particularly within “The Ayl to Ras an-Naqab Archaeological Survey”,
southern Jordan (2005-2007) (MacDonald, B. et al. 2012) and from Shammakh to Ayl
(2010-2012) (MacDonald, B. et al. 2016). He recorded various human settlement patterns
(farmsteads, caves, roads, water storage or transfer devices, epigraphy among others).
However, no terraces, field systems or dams were recorded in those surveys.
The first set of data for this research was collected from these surveys and plotted
on Google Earth to create an understanding of their spatial distribution. The main focus was
to plot the terraces, barrages and dams (if mentioned) and their immediate surroundings
such as settlements, caravanserai, military installations, roads to conduct a spatial analysis.
These results were then verified in the field to create an understanding of human habitation
patterns and their possible relationships to the terraces. However, it was soon realized after
the first field investigations that most of the terrace systems were neglected, overlooked and
incorrectly reported. This comes to no surprise, as terraces were not high on the surveyor’s
priority list, who aimed towards recording other human occupational features, and most
regarded terraces as new human interventions. This, however, made terraces more
vulnerable features, easily demolished and removed, thus creating a higher necessity for
their documentation and evaluation.
3.3.1.2 Conducted survey
Three facts became clear after data analysis of the previous surveys. First is that a
large area had no data on its terrace features, although features like terraces could be spotted
on the satellite imagery and in the field. Second, as pointed earlier, due to the incompatibility
of the terminology used, it was fundamental to verify on the ground what do the terms used
in the previous surveys indicate, and third, surveying sample areas which do not have any
features was necessary to understand the reasons for lack of terracing. In addition to the
above, the conducted review revealed that many features were not recorded or
misunderstood by previous researchers. Sometimes the coordinates were misleading,
sometimes the features were obliterated by new constructions, and sometimes features
reported as terraces were building walls. Furthermore, as this study produced a detailed
typology of terraces that had never been examined before, a full investigation and field
verification was essential to classify these features and understand their functions within the
landscape.
3.3.1.2.1

The survey area

To achieve the survey goals, the study area was segmented into the following sectors
(figure 3.1):
Sector 1: Shawbak-Heash-Amareen:
Sector 2: Beidha–Silaysil
Sector 3: Beidha-Namaleh
Sector 4: Wadi Musa-Muzera’a
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Sector 5: Wadi es-Siyyagh-Shammasa–Jabal Haroun
Sector 6: Ath-Thughra-Btahi-Sabra
Sector 7: Braq-al-Madras- Hremiyyeh-Al-Jarra
Sector 8: at-Tayyiba–Rajif
Sector 9: Qlea’a-Merkab- Rasif- Bir Abu Danneh
The survey was conducted on foot and by car, with each field period ranging
between 4-7 days from 15-09-2016 until 08-05-2019. The work started with visiting the
nearest terrace cluster near the road, then following each wadi up and down to verify the
catchment area and the interventions made. Each sector was visited three times, first for a
preliminary survey, second and third times for full data collection and documentation and
sampling. Some sites required consecutive three weeks of continuous documentation such
as Muzera’a, where the work started on August 24th and finished on 10th of September 2016.
A Garmin e-treks 20 GPS hand-held device was used for quick data capture, detailed data
capture for specific sites was made on later visits using Real-time kinematic (RTK).

Figure (3.1). Study area segmented into sectors to facilitate the survey of ancient terrace
landscape.
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3.3.1.2.2

Field card117

Survey cards are sheets tailored for specific survey purposes to insure systematic
and uniform data collection. Simplified survey data sheets have been used in terraced areas
of Tuscany, and were divided into three main data sets: site accessibility, information about
terrace features (wall features, lithology, and stone layering), and information on the
associated hydraulic systems (Agnoletti, G. et al. 2015: 13890-13891), however, that sheet
reflected a simpler terrace system, and was tailored for a more humid environment and
therefore could not be adopted for the purpose of this study.
The Wadi Feynan Landscape Survey relied on creating a map based on aerial
photography to record three main features of the walls they encountered in their survey area.
These were: method of construction, dimensions, and other related features. In addition,
they created ten categories for wall typologies (Newson, P. et. al. 2007: 145). However, this
data was not enough to this research targets.
A special field card was developed to collect the data from the field systematically and
aimed to ensure capturing all the data from the field and the ease to reference, such for
example matching the terrace data with the location and the pictures. The card was designed
to collect data starting from the larger scale, which is the site, then zooming in into the
element then to the element’s components (figure 3.2). The field card was designed to
collect the following information:
1- The geographic location
This includes the site location, description of the nearest monuments or
features. The geographic and local names were recorded when possible, and people
from the local community were asked to provide the local names, while geographic
maps were consulted for geographic names. Further information was collected from
published survey reports and from Middle Eastern Geodatabase for Antiquities of
Jordan (MEGA-Jordan) if applicable. The coordinates applied according to the
Universal Transverse Mercator System (UTM). This was registered using the global
positioning system (GPS) and Real-time kinematic (RTK). In addition, notes on the
local geology and geography were taken.
2- Site description
Details about the terrace system location (wadi, slope, catchment, etc).
Pictures and their references and a sketch drawing of the site.
3- Terrace system description
Aims to collect the placement of the terrace system within the catchment, the
number of the terraces, their vertical and horizontal distances, and their distribution.
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See the field card attached in appendix A.
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Figure (3.2). Example of a filled field card-the first page.
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4- Single terrace
Each terrace was given a code number within the catchment that matched the
GPS label, and this was important to identify the collected samples and the ease of
retrieving information.
For each terrace detailed observations were collected, including dimensions
(Length x Height x Width) in meters, batter angle (wall incline angle), fill thickness,
the terrace layers if evident, the number of rows was counted, measurements of each
stone in each row used for construction and their lithology was also taken, the
difference of tread elevation with the soil in front of the terrace riser, presence of
openings, channels, etc.
Some of the terraces had specific forms such as the bench terraces, gabions
among others, which required detailed examination and recording of the dimensions
for the specific details. Each terrace required a specific approach, it was
fundamentally important to record foundation stones, details of facing and retaining
walls, and fill type.
Terraces were drawn in detail, and detailed photographs were taken to
document all of the possible features.
5- Terrace typology
After the field observation, a specific typology for terraces was developed.
This included the layering of the facing wall, the typology of the fill and the wall
shape. For each terrace wall these details were observed and recorded.
6- Spatial distribution
The vertical distance between terraces was measured using measuring tape.
The measurements were taken from the center of the terrace wall vertically to the
next one. If the terraces were demolished, a GPS point was used to indicate its
possible location. In the case of braided terraces, where the distribution was more
complex, detailed measurements were recorded using satellite imagery later.
7- Associated features
This included recording all the features within the terraced field, such as
stone mounds, siloes, water channels, and ruins. To collect this data a larger survey
was conducted in the near proximity (from a few meters to a few kilometres
depending on the terrain) to collect any possible landscape features, evidence of
settlement activity, etc.
8- Agricultural activity
Notes were made for any agricultural activity such as fresh ploughing, or old
ploughing furrows, threshing floors, silos, planting pits, and types of plants. A
special detailed recording was done for irrigation facilities, water reservoirs,
irrigation channels, water storage facilities among others. Local landowners were
interviewed to understand the history of agrarian exploitation of the land, water
rights, information about the terrace wall construction/ maintenance, history of crops
grown, and land abandonment.
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9- Signs of repair, rebuilding
The careful examination of terraced fields showed differences in the layering
techniques of the wall riser, which could be a sign of repair, modification, adding of
new courses due to siltation, and so forth. All of this information was recorded,
including the noted differences in characteristics such as stone sizes, stone materials,
techniques of layering or stone orientations. These were photographed, drawn, and
measured.
10- Soil horizon
A detailed description of the soil stratigraphy behind the terrace, including a
drawing of a cross-section of the soil.
11- Sample collection
If any samples were collected, this was noted on the card, and the sample
bags numbers were recorded on the card and on the bag for ease of later reference.
A sketch was made for the profile from which the sample was taken, a GPS point
was taken for the exact sample location. That included samples with pottery sherds,
soil samples, organic material, charred samples and any others.
3.3.2 Test trench excavation
The best approach in understanding the method of construction of a terrace, its
various layers, and the process of filling of the tread is to conduct an excavation or a test
trench. There were various strategies implemented, such as either digging a trench behind
the terrace riser, or digging several sondages at specific intervals to collect data and dating
samples (Gibson, S. 2015: 307) (figure 3.3) or digging in front and behind the terrace riser.

Figure (3.3). Test trenches at the site of Muzera’a.
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The excavation aimed to achieve the following main objectives:
− Understanding the anatomy of the riser wall: construction technique, layers, any
features it might have, foundation layers.
− Understanding the function of the terrace system and its relation to the terrace
design.
− Understanding the relationship of the terrace system with the typography.
− Documentation of the tread’s composition, which included soil layers, presence of
material culture that it contained, disturbances in the soil, and any possible indication
for possible use.
− Dating the terraces by collecting any datable material.
Based on the preliminary survey, five sites were chosen that would best fulfil the five
previously mentioned objectives, the sites were E Beqa’a, Muzera’a, Al-Mdayrej, Braq,
Hremiyyeh and Heash.
Several test trenches were opened and excavated within the studied terrace systems,
either within the same riser, or within different risers in the system. These were excavated
below, behind, and in front of the riser of selected terrace systems. For comparison, test pits
were excavated in unterraced locations such as wadi beds or slope inclines or flat areas,
mainly to check the soil stratigraphy and to collect comparison samples for testing.
Test trench dimensions varied, sometimes the constraints came from the topography,
proximity of the terrace risers, and the terrain. Generally, they were between one to three
meters deep and around one meter wide. The depths varied according to the possibility of
reaching the bedrock, or to be below the riser wall foundation or until no change in the soil
profile has been observed, as in several occasions the terraces were constructed over already
existing soils and not on bedrock, which could be noticed due to undercutting. Test trenches
were dug only within in situ wall risers, where no modifications in the wall construction
were observed, although it would have been much easier to dig at locations of partial
collapse of the wall. It was fundamental to study a preserved wall riser with all its
components and the soil profile intact and minimally affected by the erosion-deposition
environment or any other possible disturbances.
Digging was conducted manually using a trowel and a pick, very slowly. Each
locus was drawn, described and photographed, and the cultural materials found at each
locus were documented. Soil samples, clay, charcoal or any other materials were collected
separately in sample bags and labelled (figure 3.4). Each stone collected from the filter, fill
or wall was photographed, measured and numbered.
118
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Locus is a specific point in space; a discrete excavated unit or archaeological context (plural loci).
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Figure (3.4). Sample containers as collected in the field.

Figure (3.5). The author working on checking the soil colour profile behind a terrace riser at Braq.
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3.3.3

Soil profile

Frederick and Krahtopoulou (2000) drew attention to the importance of studying the soil
stratigraphy behind the terrace riser, specifically noting if the soil horizons are developed,
preserved, buried or altered (Frederick, C. and Krahtopoulou, A. 2000: 84). Furthermore,
they emphasised the importance of studying the characteristics of the tread’s fill, mainly:
− the soil composition: this would give an indication of the source of the sediments, if
it is altered, had it formed from the degradation of local rocks or brought in from
other sources. The presence of organic material and their form could indicate
agrarian activity.
− Soil stratigraphy: generally, the stratigraphy could give the history of the deposition
and the alterations that occurred. The layering of the soil profiles would clearly show
if the deposition was gradual due to surface erosional events, or a one-episode fill
(Treacy, J. and Denevan, W., 1994: 105). Evidence of alteration from animal
activity, planting or other human activity such as ploughing could be sometimes
detected. In addition, Frederick and Krahtopoulou (2000) recommended comparing
the terraced soil horizons with the surrounding unterraced ones, as it could help
better understand human modification and there was creation of anthropogenic
horizons (Frederick, C. and Krahtopoulou, A. 2000: 87-89).
− Cultural material content: mainly pottery sherds with special attention to their
condition. Specifically, were these sherds washed and to what extent (slip preserved
or degraded, core seen, etc.), is their form angular, rounded edges, small or large
fragments? Noting the depths at which these fragments were found and their
concentration in each layer. These could indicate their possible origin. Had they been
brought in by erosion or were they dumped there? In addition, bones, charcoal,
among others should be recorded and collected.
− Depth: mainly the thickness of the fill and the extent of its development (Frederick
and Krahtopoulou (2000: 85). These would indicate human interventions, manuring
activity, abandonment of the terraces, and erosional events.
In addition to the above, it is important to note the following:
− The moisture content of the soil: if the soil is wet, moist, or dry as it could give a
first indication of the possible clay content, and in the case of an arid environment
such as Petra might be an indication of agricultural activity. The presence of calcite
crust layers or calcite nodules could be an indication of irrigation (standing water),
or drastic rain periods in the past. Soil texture: particularly the presence of the
aggregates and their sizes and shapes, as this would help establish soil sorting, which
will give indications of the soil formation process, original lithology, and
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depositional process. The presence of spheroidal remains119 might indicate recent
human activity at the site.
− The soil colour: The soil profiles were drawn, photographed and described in detail
noting their colour using a Munsell Soil-Colour Chart (2010). Soil colour is an
indication of the soil composition and its water and organic content (figure 3.5).
3.3.4

Soil sampling

Collecting samples for further investigation of soil characteristics is very important,
as not all characteristics could be measured in the field. Sandor and Homburg (2017)
remarked that anthropogenic soil changes could be detected only by intensive soil sampling
within the same “agricultural system but within different contexts”. This would help detect
changes within time (abandonment, exploitation) and modification in front of a terrace riser,
below, field edges, etc.) (Sandor, J. and Homburg, J. 2017: 198). Soil samples were collected
to analyse the soil texture, moisture, organic content and dates. The analyses used depended
on the research questions.
The soil profile behind the riser was uncovered and cleared from any possible
contamination, followed by documenting and photographing. Four sampling methodologies
were applied for this research:
1- Samples targeting specific anomalies within the soil, such as any variation in colour
or soil form such as the presence of clay pockets such as Braq (figure 3.6), or a
charred soil profile such as at Hremiyyeh. These were collected in sample containers
and labelled.
2- Samples collected to understand the change in soil use, paleoenvironment and
amount of precipitation. To achieve this, a sample was collected from each soil
profile using special tubes and placed in sample containers. For each the amount
varied between 0.10 and 0.35 kg. Digging into some profiles was difficult due to the
low thickness, or due to the high content of cobbles within the profile. These samples
were analysed for phytolith content.
3- OSL sampling, the soil sample collection will be discussed under section (3.4.1.2).
4- Soil texture analysis: this was the last sample collected from the studied profiles and
entailed expanding the depth of the profile and collecting large samples, generally
with a bulk weight varying between 1.0 and 3.5 kg, depending on the conditions and
the soil profile. These samples yielded micromaterial such as seeds, charcoal, pottery
fragments which were separated and further studied.
Samples were collected from the sites of Heash, Beqa’a, Muzera’a, Hremiyyeh, a Farm
near the road, a terrace near the road, At-Tayyiba, El-Btahi, Beidha, Hujaim, and Braq
(figure 3.7).
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Spheroidal remains are carbonaceous particles of rough spherical form usually >5µm, which might be
agglomerated of carbonate around a soot particle, used sometimes as an indication for incomplete combusted
fuel such as coal, used as an indicator of industrial activity (Campbell, G. et al. 2011: 38).
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Figure (3.6). Soil profile under bench terrace of Braq, several variations in the soil colour
and texture were noted and each was sampled for analysis.

Comparison samples were also collected from unterraced profiles. This was done to
compare soil chemistry between anthropogenic soils and natural fills, to understand the
pollen and seed concentration within the soil in order to exclude contamination and to
understand the abandonment profiles in the phytolith analyses and compare soil texture to
understand if the terrace influenced the soil texture. Phytoliths are fossil remains of plants
formed due to the plant depositing absorbed silica in its intracellular or extracellular parts
(Piperno, D. 2006: 5) thus repeating the form of plant’s part making their species
identifiable. In an arid environment such as Petra, pollen and spores are poorly preserved,
and the only plant remains that could be recovered are either in a charred form, if
encountered, or the fossilized remains or phytoliths.
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Figure (3.7). The location of soil sample locations collected for the study.
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3.4 Laboratory Investigation
Processing samples in advanced laboratories generally takes a long time, and some
analyses could require up to twelve months or even longer. One of the major laboratory
constraints are the distance, samples requiring permissions, shipping and correspondence to
arrange scheduling of the analysis results. But the biggest constraint is the cost, which
limited the number of samples that could be analysed. Although numerous samples were
collected, not all yielded helpful results, with some being so similar that they could not
answer the research question, requiring changes in approaches. Following are the laboratory
investigations used for this research.
3.4.1

Dating

The survey gave an overview of terrace distribution based on the typology. In
addition, it became clear that certain terrace forms are repeated in various, distant areas.
Therefore, one objective was to establish a possible chronology for the development and
construction of terraces.
3.4.1.1 Radiocarbon dating
Radiocarbon dating for terraces could face various complications, starting from the
low preservation of organic matter in arid environments, to the issue of multi-stage use of
terraces and the lack of a clear archaeological stratigraphy, moving to the origin of the
organic material and its relevance to the terrace structure.
The principle of this process lies in measuring the radioactive isotope carbon-14
(Montgomery, C 1988: 158). Plants intake carbon dioxide from the atmosphere, which
includes the radioactive isotope of 14C. Now, being part of the plant, the carbon isotope
starts to decay at a constant rate. By measuring the remaining amount in the organic
material, the time span since photosynthesis can be measured (Grove, A. and Rackham, O.
2001: 21).
During test trench excavations and the sifting of soil samples, various organic
materials were found. These were mainly animal bones, plant roots, charcoal and charred
seeds. These came from the strata behind the terrace riser, within the fill, from the sites of
Braq, Hremiyyeh, and Al-Mdayrej (figure 3.8). These were carefully packed in sample
boxes and were sent to the Canadian Center for Lalonde Accelerator Mass Spectrometry
Laboratory and environmental radionuclide research or to the Center for Applied Isotope
Studies in Athens (Georgia) U.S.A. for analysis.
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Figure (3.8). Location of the 14C samples.
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In preparation for processing the samples in the accelerator mass spectrometer
(AMS), the samples were cleaned and dried. Samples were first treated for 1 hour in 5%
concentration of hydrochloric acid (HCl) at a temperature of 80˚C. This step is important to
clear any possible organic impurities, or humus. Second, samples were rinsed in distilled
water to clean any acidic residues, before being soaked in diluted sodium hydroxide solution
(NaOH) (0.1%). After rinsing they were again treated with (HCl), as this is required to
neutralize the sample from the first treatment. The sample is then washed in distilled water
until the water is neutral and dried at 60˚C.
The dried sample was combusted under vacuum at 900˚C in the presence of copper
oxide (CuO), which converts the organic matter into carbon dioxide (CO2) gas. Using iron
for a catalyser and zinc for reduction the gas is transformed into graphite powder. This
powder is mounted on the CAIS 0.5 MeV AMS target wheel for determining the 14C/13C
ratios and compared with Oxalic Acid I (NBS SRM 4990), while the 13C/12C were measured
separately (expressed as δ13C). The dates were given in radiocarbon years (year BP) using
the 14C half-life of 5,568 years (al-Bashaireh, K. and Hodgins, G. 2011: 487; MüllerNeuhof, B. et al. 2015: 128). The results of the analysis are discussed in details in chapter
9, part 9.3.4 (Radiocarbon dating).
3.4.1.2 Optically stimulated luminescence (OSL)120:
Optically Stimulated Luminescence is one of the methods applied for dating
geological and archaeological materials. The principle of this method lies in estimating the
time the studied material was last exposed to light before it was buried under the sediments
(Wintle, A. G. 2008: 276).
Soil, sediments, stones are composed of minerals. Of the minerals, quartz and
feldspar are thermally stable, when exposed to heat (sunlight, fire, cosmic radiation) the
signal is reset to zero. As the atoms get exposed to the background radiation of the soil, this
caused their electrons to ionize and move, accumulating within the crystal lattice, and when
the ionized material gets buried it preserves this dose. When the sample is re-exposed to
heat or light the mineral is stimulated to release these trapped electrons and with it the light
photons. The released light photon intensity depends on the radiation rate, the surrounding
burial environment dose, and the time of burial. By measuring the two variables (intensity
of the released photon and the background radiation) and applying their values to specific
mathematical formulas, the time period could be calculated (Nelson, M. et al. 2015: 167).
Therefore, for dating two samples should be collected from each location, with one for
dating and the second for measuring the background radiation.
For the purpose of this research, fifteen sediment samples and six rocks samples were
collected for dating. These were taken from the following sites: Hujaim, Beqa’a, Namaleh,

For the discussion of the pros and cons of the method, its limitations and the results of the dating see
section 9.3.5 this research.
120
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Heash, Beidha, Muzera’a, Hremiyyeh and Braq (figure 3.9). These sites were chosen to
explore the following questions:
− The development of terrace riser construction with time. For example, Muzera’a
terrace risers were executed with ashlar unhewn limestone, while the Heash gabion
was constructed from huge, massive chert blocks.
− Understand the origin of sediment fill, was the terrace constructed to maintain or to
collect the sediment?
− Understand erosion-deposition process within the terrace fill (exploitation,
abandonment, accumulation rates, etc.).
− Understand the date of exploitation of the irrigated terraces.
− Understand the dating of application of terraces as hydrological installations.
− Understand possible dating of application of terraces for agriculture.
Sampling was done by metal tubes measuring (0.30m long, with a 0.025m diameter,
and the thickness of the wall 0.030m), were plugged from one side and were used to collect
the samples (figure 3.10). After clearing the targeted soil profile, the tubes were horizontally
hammered into the sampled profile to the extent it could reach to ensure the compaction of
the soil/ sediments inside and to prevent their mixing. A sledgehammer was used to push
the tube, hammering it on the plugged side. A GPS point was taken for the sample location,
a sketch was drawn of the soil profile, and the horizontal depth of the soil sample was
measured.
After the detailed documentation, the tube was dug out of the profile in order to minimise
any mixing of the samples inside the tube and immediately the open end was closed with a
black bag and a clog as tightly as possible, to exclude any sediment movement. Using a
marker pen, an arrow is drawn on the tube showing the direction of the hammering, the
sample number and location is also written on the tube. Each tube was then packed in a
black polyethylene bag and secured with adhesive tape.
In a separate zip-bag, soil within close proximity to the tube was collected. This was the
second sample for background radiation, generally the recommended distance is less than
0.15m from the sample location (Nelson, M. et al. 2015:170), all information on the location
of the sample be indicated with a marker on the bag.
In addition to the soil samples, sandstone and chert rock samples from some of the
terrace riser’s fills and filters were taken for analysis. Surface exposure dating is a relatively
new approach but was used is some cases to try to determine how long some of the exposed
stones have been in place. These samples were dug from the inner part of the wall,
particularly from the foundation buried layers (figure 3.11), after digging the soil collected
in front of the riser walls. The orientation of the stone was marked on it, and samples of the
exposed rocks
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Figure (3.9). Distribution of OSL sample locations within the study area.
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Figure (3.10) The metal tube used for collecting sediment sample for OSL dating.

Figure (3.11). The author digging underneath the Heash barrage to collect stone samples for dating.

were also collected. Each stone was well wrapped in several layers of black polyethylene
bags. The same information and documentation procedures as for the soil samples were
followed. An exposed stone was collected for the background radiation, the exposed surface
parts of it were marked.
The rocks, the tubes, and the sample for the background radiation, and the scanned field
notes are stored together in a box for shipping them to the laboratory. All the samples were
analysed at Nordic Laboratory for Luminescence Dating (Risø TL/OSL reader), located at
Risø National Laboratory, Denmark.
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3.4.2

Soil analysis

Soil formation and development into horizons is a long process that could take
several decades, as several factors influence the process including climate, original rock,
and prevailing conditions (Fitzpatrick, E. A. 1993: 52-55; Brady, N. and Weil, R. N. 2002:
63). Therefore, studying the texture is key in understanding the origin of the soil and its
development. In addition, soil moisture and organic contents can give clues to possible
agricultural use. Soil texture analysis helps detect cultural material such as small pottery
fragments, seeds, and charcoal among others, that is not possible to detect directly in the
field. This information helps better understand the process of terrace tread formation,
development, and use.
3.4.2.1 Soil texture analysis
Soil characteristics and behavior are largely dependent on the soil particle size or
soil texture (Braby, N. and Well, R. 2002: 123). The texture of the soil/ sediments is
determined by the soil particle size distribution, which is measured by means of sieving
through a set of sieves (figure 3.12), each with a specific mesh size that separates the
particles from gravel to sand (coarse to fine) and finally to silt and clay, the finest particle
size. Before the start of sieving, the soil samples are weighed (figure 3.13), damp soil was
dried in an oven, and then weighed again. Each separating mesh tray was weighed to
determine each particle size proportion, by subtracting the mesh tray weight from the total
weight. The fine material, which is collected at the bottom of the last tray is later treated
through the settling process, which involves suspending the fines in water within a
cylindrical tube, well stirred. The time required for various particles to settle is monitored.
By applying Stoke’s law, the fractions of clay and silt are determined. The percentage of
each particle size is then plotted on the textural triangle, which helps determine the soil
texture type (Braby, N. and Well, R. 2002: 127-133).
The soil texture analyses were conducted at Soil Mechanics Laboratory at the
Department of Civil and Environmental Engineering at the German Jordanian University,
Amman Jordan (figure 3.12).
Fourteen samples were collected from the sites of Braq, Hujaim, Al-Mdayrej
(terraced farm near the highway), Beqa’a, Beidha, and the terrace near the highway (figure
3.14). The soil samples from both terraced and unterraced locations were analysed. The
results of the soil texture analysis are discussed in detail in Chapter seven, part (7.2.4 Soil
texture).
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Figure (3.12). Sieve soil shacket at Department of Civil and Environmental Engineering at the
German Jordanian University

Figure (3.13). The soil samples collected were weighed in the laboratory, dried to calculate the
moisture content, then analysed for particle size.
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3.4.2.2 Soil chemistry analysis
The chemical composition of soils can be a good indicator of human activities such
as habitation, burial, agricultural manure, waste disposal, and grazing. Organic materials
decompose in situ, contributing to the increase of phosphate and nitrate concentrations in
the soil (Miller, N and Gleason, K. 1994: 29; Banning, E. 2002: 243). As phosphate could
be pedogenic, decayed plants and samples of other potential sources should be collected
from the surrounding area to compare and distinguish anomalies. Soil chemistry analyses
have been successfully applied in archaeological contexts to locate cemeteries, habitation
sites and agricultural activities121.
In order to understand if soil chemistry can be used to distinguish land use and
transformation, twelve soil samples were collected from cultivated and abandoned terraces
and from unterraced locations within the radius of around 90-150m, from the following
sites: Braq, Hujaim, terraced farm near the highway, E. Beqa’a, Beidha, Al-Mdayrej (figure
3.15).
The chemical analyses were conducted at the chemistry laboratory at the Department
of Civil and Environmental Engineering at the German Jordanian University. The chemical
analysis involved testing the presence and the concentration of phosphorous (in the form of
(PO4-3) and nitrate (NO3-). All the twelve soil samples were sieved to separate the soil
particle size of (0.002-0.50mm) diameter, equivalent to silt and clay, which is required for
the analysis. Following the protocol standard for this type of analysis of sample proportion
for extraction solution (1:10), (3.00g) were weighed and separated for each studied sample
and dissolved in 30mL distilled water in an Erlenmeyer flask. Samples were stirred using a
magnetic stirrer for 16 hours to ensure soil suspension. The solution was filtered afterward
with 0.45 micrometer filter paper to provide a clear filtrate. The clear filtrate was then tested
for the phosphorus concentration using Wegtech kit (phosphate, ortho (LR) 0 - 4 mg/L).
The nitrate concentration was tested using Hach Nitrate, High Range (0 to 30.0 mg/L NO3).
The obtained results and their implications discussed in detail under the mulch and manure
section in chapter seven on agricultural terraces.

For more information on this matter see Keeley H. C. M.1981. pp. 89-95; Holliday, V. and Gartner, W.
2007: 301-333.
121
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Figure (3.14). Distribution of the soil samples collected from sites within the study area.
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Figure (3.15). Location of the soil samples collected for soil chemistry analysis.
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3.4.2.3 Clay trace element analysis
The archaeological investigation of terrace walls and the fill between the terraces
detected the presence of clay layers or lumps, which were found within the fill of the terrace
riser at Muzera’a (figure 3.16), behind the filter within the soil strata at Muzera’a (figure
3.17) or within the soil strata mainly at the sites of Braq (figure 3.18).

Figure (3.16). Clay layer behind the fill of the terrace riser (terrace Muz 30) at Muzera’a.

Figure (3.17). A 0.03-0.05m thickness clay layer within the fill behind the filter at Muzera’a.

Figure (3.18). showing compacted clay lump within the fill of the terrace tread at Braq.
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Although the clay presence within the tread’s fill origin could be interpreted as
pedogenic weathering of the parent rock, or agricultural processes, or bioturbation among
others, the discovery of compacted clay within the fill was notable. This raised the question
of whether it was intentionally placed within the fill layers for better compaction or sealing
or it occurred due to erosional processes with the water flow from natural clay-rich outcrops
in the vicinity. To investigate these questions, four samples were collected from the clay
outcrop above the terrace walls, the clay within the terrace riser fill, and from Ayn al-Tina
located 40m SW of the site. Each sample was taken using a clean trowel, and placed in a
sealed sample bag and labelled. GPS points were taken for each sample location (figure
3.19), well documented by description and photographed.
Clay minerals are a large group of hydrous aluminum silicate minerals, that occur in
sheet structures, mainly formed by weathering. Due to their mineral structure, they could
contain elevated trace element concentrations, depending on their origin, which are used to
distinguish their origin (Watt, A. 1982:88; Klein, C. and Hurlbut, Jr., C. 1985: 427-428).
The best method to distinguish the trace element variation in clay minerals is to apply
Neutron Activation Analysis (NAA).
3.4.2.3.1

Nuclear Activation Analysis

The collected samples were sent to the Jordanian Atomic Energy Commission
(JAEC), Jordan Research and Training Reactor located in Irbid to analyse the concentrations
of rare earth and trace elements present in the clay soil samples.
The principle of the analysis lies in creating radioactive isotopes in the sample using
a flux of neutrons. These isotopes vary according to the elemental composition of the sample
and emit extra energy in the form of alpha, beta or gamma radiation.
. The measuring of the emitted gamma radiation permits the identification of the elements
and their quantity.
A 250g of the obtained sample was finely crushed, wrapped in polyethylene film
and sack packed and fed into a sealed rabbit capsule. Each sample was sent one into an outer
irradiation channel for a specific time to be exposed to thermal neutron flux. After its
irradiation the samples are retrieved and placed in glass chamber. After around a quarter of
an hour the samples are placed on a plexi-glass and left for a specific time period to cool
and radiate. The emitted gamma rays and their amount are identified using special gamma
identification software and their concentrations were calculated (Kogo, B. E. et al. 2009:
256-258).
The results of the obtained analysis and discussion can be further found under section [5.9.3
Complex horizons].
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Figure (3.19). Location of the clay samples.
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3.4.3

Pedogenic carbonates

Calcium carbonate (CaCO3) occurs naturally in the form of carbonate rocks
(limestone, dolomite, marl), or in the form of its alterations such as caliche (Itkin, D. et al.
2016: 48) or could have a biogenic origin from animal shells (Zamanian, K. et al. 2016: 2).
Pedogenic carbonate form in nature due to human activities, by moving or pooling water
rich in dissolved carbonate, which after its evaporation forms characteristic crusts that are
particularly evident in arid environments (Itkin, D. et al. 2016: 48; Zamanian, K. et al. 2016:
2). Thus, by observing the presence of remains of the pedogenic carbonate some of the
human agrarian activities could be deduced. Pedogenic carbonate can take specific forms,
some can be directly related to agricultural activities, these are:
− Rhizoliths: these are thin carbonate coating formed around large plant roots such as
shrubs and trees (Zamanian, K. et al. 2016: 4; Abu-Jaber, N. et al. 2020: 8) (figure
3.20A).

A

C

B

D

Figure (3.20). [A] Tree root rhizoliths near Namaleh, [B] Carbonate nodules from
Hujaim, [C] Carbonate crust from Ath-Thughra, [D] Carbonate laminar caps from
Beidha.
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− Carbonate nodules: these nodules form due to precipitation of carbonates in the soil
voids due to dissolving of inorganic carbonate (Zamanian, K. et al. 2016: 2) (figure
3.20B).
− Carbonate crusts: these are thin coating varying in thickness (0.02-0.10m) formed
on the terrace surface, or on the bedrock (Abu-Jaber, N. et al. 2020b: 7) (figure
3.20C), filling the void between the stones of the riser or covering the surface of the
stones.
− Thin laminar caps: This is a thin layer formed within the strata due to precipitation
of the calcium carbonate after the evaporation of standing water which could not
seep into the ground, or due to presence of perched water table (Zamanian, K. et al.
2016: 7). This layer ranges between (0.02-0.04 m) thick. These layers were found
within the soil profile at Beqa’a and at Muzera’a and Beidha (figure 3.20D).
Thus, if any of these forms are discovered, they could be used as an indication of pedogenic
agrarian activities. These will be discussed further in Chapter seven: Agricultural terraces,
part (7.5).
3.5 Ground-penetrating radar122
Ground-penetrating radar (GPR) is one of the widest non-intrusive applications of
geophysical exploration used in various fields, particularly in archaeology, as it allows to
uncover the layers and structures located underground and to map them without conducting
direct archaeological excavation (Conyers, L. 1995: 275). GPR has the advantage of easy
operation, and good data resolution over a large surface area (Lombardi, F. and Lualdi, M.
2019:2). Its profile depth depends on the stratigraphic layers, as its resolution drops with
more compacted soils, such as clay soils (Bevan, B. 1994: 74). Compacted clay forces the
electromagnetic signal to disperse, unlike sand, which has low electromagnetic
conductivity, allowing deeper prospecting (Conyers, L. 1995: 278). For this reason, GPR
has been widely used in soil studies, particularly the stratigraphic layer characteristics
(thickness, orientation, hydrological content, and porosity) (Lombardi, F. and Lualdi, M.
2019: 2), It has been particularly used in detecting ancient gardens and fields (Bevan, B.
1994: 74-75).
The operation principle lies in moving the GPR along the ground surface, during the
process the GPR transmits high-frequency electromagnetic short radio pulses into the
ground through an antenna. When the signal hits the surface of an object it reflects, and by
measuring the time it takes for the signal to return the depth of the object is determined, and
thus the soil profile is drawn (Bevan, B. 1994: 74; Conyers, L. 1995: 278).

The results of application of GPR are discussed within various different chapters see sections: 5.7.2.1 and
5.9.3 and the discussions within.
122
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Figure (3.21). Scanning the terrace at At-Tayyiba using GPR and RTK devises.

To understand the soil layer orientation, thickness and extension of the wall’s riser
depth, soil profiles, and the presence of any buried elements or features such as pits, plant
roots, water channels among others, a ground penetration radar Leica DS2000 Utility
Detection Radar was used at selected sites.
Three sites were chosen for the study. These were Muzera’a, Hremiyyeh and AtTayyiba. One of the complex sites within this research is Muzera’a, with finely constructed
walls that extend on a large area. For a better understanding of the site function, two areas
were chosen for the investigation, a tread of one of the intact terraces SE of the site, and a
terrace with a staircase in the middle of the site (Figure 3.21).
At-Tayyiba is an agricultural area, and the ground penetrating radar was used to help
show the layering of the soil strata and the possible presence of roots, planting pits, or other
agrarian features.
The chosen terrace at Hremiyyeh is located within a catchment area where the terraces
are part of a flood control system. In addition, it is located on an incline. The GPR was ideal
to investigate soil layers, helping to understand if the terraces were constructed on an already
established profile, or constructed to collect soil from recurrent flooding events.
3.6 Material data analysis
One of the corner stones in understanding any site’s history and use is achieved by
collecting cultural remains, the most obvious of which are lithics and pottery sherds, and
sometimes even metal and glass objects that are collected from surveys and during soil
excavations. In addition, excavations could expose hearths, burned layers, wood remains,
and compacted earth layers that could extend our knowledge about human habitation and
history of occupation and land use.
The conducted study of ancient terraces included the study of the following cultural
materials.
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3.6.1

Plant remains

A wide range of techniques is used to identify the remains of plants, both wild and
cultivated, which is fundamental in understanding the human economy of the period,
prevailing climatic conditions, staple foods, plant usages, and many more.
These include studying micro and macro123 remains of plants such as charred seeds
and wood, fossilized seeds, pollen, and phytoliths124. Generally, and in arid climates
specifically, plant remains’ preservation is very low, unlike more humid environments. The
only exception is charred remains, which are better preserved (Miller, N and Gleason, K.
1994: 34).
Although it goes without saying that studying plant remains is crucial to terrace
studies, especially terraces that are agrarian features, things are not as straightforward as
they seem. There are two main aspects that should be kept in mind while studying plant
remains within terraces. First, the use of the terrace, as not all terraces have agrarian use,
and second are the prevailing conditions that could help preserve the plant remains, as
finding charred seeds in terraces is conditioned by the preservation of fertilizers from hearth
remains125 or open fires, which are not reliable and the chance of encountering them is low.
The best approach, from personal experience, to understand the prevailing flora is
the stratigraphic approach. The fill behind the terrace wall riser should be dug until below
the terrace riser foundation or the bedrock. After cleaning the profile with a soft brush,
samples are taken. There are two recommended approaches, the first is if the stratigraphic
sequence is distinguishable, then a sample of each layer should be taken. If the stratigraphy
is not so clear, then one sample should be taken from fixed intervals, depending on the depth
of the profile. A spacing of 0.20m is advisable as it allows the best visibility.
The sampling process is not a hasty process, as you need to work in a tight shaft. It
is advisable to have all the equipment at hand and in the presence of good light. A tape meter
should be fixed along the profile to ensure collecting and recording samples at the correct
depths. Using a trowel or by inserting a tube a 0.150 to0.350kg sample is collected. The soil
is placed in a small container and labelled (location name, depth, sample number). After
each sample, the tools used for collecting the sample should be cleaned and the profile
brushed again to ensure no mixing or contamination. A better strategy is to move from the
bottom of the profile to the top to avoid such issues. This will ensure less contamination, as
the process of sample collection may cause the loose soil to drop down covering the exposed
surfaces. Detailed pictures should be taken, and a drawing and detailed description of the
profile’s stratigraphy should be done.

Are defined as plant remains such as wood, seeds and nuts that can be distinguished by naked eye or by
binocular microscope with magnification up to (50x) (Miller, N and Gleason, K. 1994: 33)
124
For a full overview on the use of plant remains in archaeological studies, see Banning, E. 2002: 213-233.
125
Pliny Natural History 17.50, Columella 2.14.5.
123
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Collecting samples for the terrace’s tread fill in a systematic manner has helped to
establish the prevailing depositional environment at each phase, periods of use, and
abandonment of the terrace, especially when coupled with the dating of each sequence by
means of 14C, OSL, or cultural material remains such as pottery. This can also help establish
the possible use of the terrace.
To understand the functionality of some of the terraces and the mechanisms of the
fill deposition behind the riser, and possible use-abandonment patterns, several samples
were collected from each of the layers behind the terraces and investigated for phytolith
remains.
Six terrace catchments were investigated for phytolith remains, these are
Hremiyyeh, Heash, Western Beqa’a, Al-Mdayrej, Muzera’a, and At-Tayyiba (figure 3.22).
In each of the sites, a test trench was opened measuring around 1.00 x 0.90 m with depths
ranging from 2.00 to 3.00 m. A full description was made for the soil layers and a sample
was collected from each of the layers as described earlier.
In addition, during the soil profile investigation, a charred layer was discovered at
the site of Hremiyyeh at a depth of 1.97m. The layer was around 010m thick comprising a
whole profile below the terrace riser wall (figure 3.23). This layer was sampled for flotation
analysis and for 14C dating.
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Figure (3.22). Location of the phytolith sample.
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Figure (3.23). The charred layer below the terrace riser foundation.

3.6.1.1 Floatation
Floatation is the process of separating of the light carbonized seeds from the soil by
means of suspending the soil in water. The less-dense materials float, allowing them to be
filtered through a set of sieves and strainers to collect the plant remains (sometimes insects,
roots, small bones and fragments of pottery and charcoal are also found), the separated plant
remains are then dried, weighed, and studied to identify their taxonomy. Floatation
separators are now designed in the field, variations of which could be from tank flotation
systems for large soil samples to small bucket flotation systems (Banning, E. 2002: 214215).
The floated material was removed and dried through a set of acid-free paper and
collected in envelopes and sorted for studying under the microscope. The carbonized seed
remains were found in various conditions: complete, distorted, and fragmented.
Seeds were examined and sorted into distinctive morphological types under a
stereobinocular microscope.
The seeds were cleaned in alcohol for clear observation. The identification of
charred remains is based on the morphological details (shape, size and proportions)
preserved in the seeds. These details might have been distorted by the heat of the fire,
however. In order to visualize the original apperance of the deformed and mutilated forms,
several measurments were required.
Samples for floatation were collected from the sites of Heash, E. Beqa’a and the
charred layer at Hremiyyeh. Unfortunately, only the last sample yielded results, which are
discussed in detail in chapter seven on agricultural terraces (section 7.8).
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3.6.1.2 Phytolith analysis
The soil samples were analysed in a phytolith laboratory in Pune, India applying the
methodology placed forward by Albert (Albert, R. M. et al. 1999: 467-468). The samples
were air-dried to remove any moisture, then 0.001Kg of the sediment was treated for the
removal of carbonates and nitrates from the soil by treating with a dispersing agent (5 %
solution of Calgon) (Piperno, D. 2006: 91).
The samples were shaken in an automatic shaker overnight, to ensure dispersal and
loosening of the phytoliths as the samples were of silty soils, no deflocculating126 was
required. The content was wet sieved to separate the soil particles and the phytoliths
according to size fractions Then a 10 % HCl solution was applied to remove carbonates,
followed by application of HNO3 to clear the organic matter and phosphates, followed by
heavy density liquid separation (Cdl2/ Kl, ZnBr2, [Na6(H2W12O40) H2O] or SPT) with slight
modification at times depending on the characteristics of the soil sample. Distilled water is
then added to the tubes containing the suspended samples (2.5:1 ratio) to stimulate the
settling of phytoliths, before placing them in a centrifuge. This process might be repeated
several times to remove all the heavy liquids. Phytoliths that remained at the bottom of the
tube were washed in acetone and dried. The separated samples were mounted on a
microscope slide ready to be counted and read (Piperno, D. 2006: 91-93). Up to 200
phytoliths from each sample were observed and counted to generate quantified data. Slides
were prepared by weighing about 1mg of treated sediments into a microscope slide.
The classification used for the phytolith analysis is a combination of phytolith shape,
anatomical origin, and classification based on grass families. This is a common practice of
classification used by most scholars. The phytoliths were observed under an Olympus
research microscope and photomicrographs were taken under x45 magnifications. The
results are discussed in chapter seven agricultural terraces section 7.8.
3.6.1.3 Pollen analysis
One of the important indications of the dominating flora within the area is the
remains of pollen and spores, which are integral parts of the plant’s flower, composed
mainly of gametophytes fundamental for plant propagation. Pollen can disperse in the wind
and mix within the soil in the vicinity. Tree (arboreal) pollen is released several meters to
several dozen meters above the ground, and is well dispersed by the wind, which enables a
good representation of the trees growing within the area. Shrubs, which are not as tall as
trees, release their pollen at a lower level while the grasses, being nearer to the ground,
release their pollen relatively nearer to the ground. However, because of their lack of hard
shells and their organic nature, they are prone to quick decay, and seldom remain in the
archaeological record (Banning. E. 2002: 218-220).

126

A process required to separate clay particles.

103

An attempt was made to locate pollen from the charred layer from the site of
Hremiyyeh. The pollen samples were chemically treated by digesting the silicates and
further processed for maximum recovery.
An absolute count was made for quantification. The pollen was observed under an
Olympus research microscope and photomicrographs were taken under (x45) magnification.
The results obtained are discussed in chapter 7 on agricultural terraces, (phytoliths of the
site of Hremiyyeh).
3.6.2

Animal remains127

Faunal remains are some of the better-preserved materials that could be found within
a dig. Their presence could help identify aspects of the prevailing environment, such as
human- animal interaction (hunting, herding, animals of burden, etc.), diet and the socioeconomic implications related to that information. Anthropologists and zoologists give a lot
of attention to such finds.
While such remains could be expected and welcomed within ancient human
settlement sites, their presence within a terrace fill can raise questions on how they came to
be within the fill. Was it an accidental occurrence (death due to predator, natural hazard), or
due to animal behaviour (burying bones by an animal), or it originated with manure?
Whatever their origin, when bones were encountered, the location they were found
was documented and their taxa identified. These could be a good material for future dating
of the fill.
The probe excavation at the terrace of Al-Mdayrej revealed the presence of bone
fragments (figure 3.24). These were examined by Dr. Bilal Abu Helaleh, at Al-Hussain bin
Talal University, Petra College for Tourism and Antiquities. The implication of this find is
discussed under agricultural terraces under section 7.10.1.

Figure (3.24). Bone fragments uncovered during probe excavation of the terrace fill.

127

For details on the methodology and application see Banning, E. 2002: 187-211.
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3.6.3

Pottery

Ceramics, or pottery or sherd fragments are the most significant cultural remains
encountered by archaeologists during their excavations or surveys, as they are one of the
sources of information of site history of occupation and site use. Although sherds are more
significant when found within a datable stratigraphic context, as better interpretations can
be given to the discovered material usage and period, their importance does not diminish
with surveys, as it could give a general understanding of the settlement history and land use.
In a terraced landscape, sherds could be found on the surface of the terrace or check
dam, or within the fill of the terrace tread128. Two things are important in relation of studying
pottery in the context of terraces. The first is the state the sherd was found, where angular
sherds indicate that they were not moved for distance and are found almost within the close
proximity of their use, while much deteriorated washed sherds, without slip, rounded edges
indicate rolling over large distances. Second is their concentration and location within the
stratigraphy behind the terrace riser, as this could be good for dating.
During the survey, pottery sherds scattered on the surface and within the fill were
collected, washed, classified and drawn. The results of the pottery classification and
significance can be found in chapter nine on dating terraces (section 9.2.1 and Appendix
(B)).

The issue of their origin within the tread and fill of terraces are dealt with and in details under manure and
dating.
128
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Part II: Terrace primary use
Chapter Four: Terrace typologies, terminology, and construction
4.1 Introduction
Terrace walls are usually perceived as part of the landscape, constructed in a rather
simple way. As some of them have now fallen into ruin, they are wrongly considered to be
primitively designed and constructed structures. However, a careful and close examination
results in a different revelation.
In reality, terraces were designed to perform specific functions based on their
location in the terrain. For their execution, various levels of skilled workers were required.
The process required the organization of work stages, as any construction work would.
Furthermore, their length spanning for several tens of meters reflects both surveying skills
and geometric understanding.
Terraces display a variety of forms; while some are restricted to specific areas such
as the rice-cultivated terraces specific to Southeast Asia, others are broad and can be found
in various terrains, albeit with needed modifications dictated by local climatic conditions.
These structures have been constructed and maintained over centuries, proving their ability
to withstand various conditions and to serve many generations, making them one of the
oldest surviving technologies as well as the most utilized.
The earliest attempt to classify terraces was done by Spencer and Hale in 1961;
several attempts were later put forward and terraces were classified according to the terrace
riser’s shape, but without including the riser’s structure or analyzing the relationship
between the shape and location within the landscape or the function.
Surveys and archaeological research in Petra were little concerned with studying
terraces, to the extent that no unified terminology was applied to these structures.
Furthermore, little attention was given to their construction techniques or other
characteristics. The only emphasis that was made was on their dating, within the attempts
to understand the landscape surrounding human settlements (for example, Kouki, P. 2012;
Abudaneh, F. 1996; Kennedy, W. 2017).
No written records related to terrace construction from the Nabataeans survive, nor
do any sketches for their designs. Therefore, to understand the methods and variations of
terrace construction and to deduce the reasons for applying such construction techniques, a
detailed survey, probe excavations, and detailed examinations were conducted on a wide
range of terrace walls, systems, and catchments, followed by spatial analysis to understand
the creation of these structures that still stand and function today. However, terrace life could
be rather long; therefore, it cannot be excluded that several generations over a large span of
time contributed to their reconstruction and maintenance.
This chapter presents a proposed classification for terrace typologies and explains,
based on the field finds, the construction methodology for them. This is based on the
information collected from field surveys using field cards and test trench excavations.
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4.2 Terrace in Ancient Sources and Texts
The earliest debate on terrace construction using textual evidence first started in
Greece when S. Price and L. Nixon (2005) examined the ancient Greek classical literature
for terrace terminology (Price, S. and Nixon, L. 2005: 666-670), in disagreement with L.
Foxhall (1996), who argued on the same grounds that the lack of exact terminology is proof
of the non-existence of terrace agriculture (Foxhall, L. 1996: 45-52). S. Alcock et al. (1994)
pointed to the ambiguity of the ancient literature, which was mainly concerned with largescale works that dealt with agriculture and not small-scale farmer works (Alcock, S. et al.
1994: 147-148).
On the contrary, textual evidence in Israel was taken at face value as undisputed
evidence, not only for terrace existence but also their origin (Edelstine, G. and Kislev, M.
1981: 53-56; Borowski, O. 1987: 15-16; Sayej, G. 1999: 201-209). S. Gibson (1995)
cautioned against the use of textual evidence as a conclusive source of evidence favoring
attribution to certain ethnic or religious groups (Gibson, S. 1995: 108-114). Despite the
controversiality of these texts and their sanctity, they provide an important glimpse of the
past. However, as I shall examine in the next section, it is clear that the terms were created
by people who build them based on appearance. The vast differences in the terms used
indicate no direct exchange of technology and might even be indicative of no direct
transmission of knowledge. Rather, people used terms in their own language to indicate to
them, these terms lived on such as the continuation of the use of the term “Sullam” in Petra
up to the Byzantine period rather than aadoptinga new more “modern” term.
The following discussion by no means a philological analysis of the terms used, nor
seeks to pursue their origin, development, and adaptation as it would be most appropriately
done by specialists, but rather an account of the terms used for the “terrace structures” in
the surviving sources.
4.2.1 Terraces in ancient sources
4.2.1.1 Biblical sources
Ancient sources described events as they unraveled in the natural landscape. One of
the early mentions is of the stepped strata of earth near Bethel in the recounting of Jacob’s
dream of a “stairway resting on the earth, with its top reaching to heaven” (Genesis 28:12),
which fits the description of a terraced mountain. A similar reference can be deduced from
Song of Deborah (Judges 5), describing “… high places of the fields,” which may be
interpreted as fields on slopes (terraces) (Stager, L. 1985: 6). A direct reference to terrace
walls is made in the Old Testament’s mention of the presence of walls in fields, such as in
the story of Prophet Balaam, who was sent to the people of the current territory of Deir Alla.
His story, conveyed at the end of the Book of Numbers, refers to his encounter with God’s
angel in a cultivated “terraced” vineyard: “Then the angel of the LORD stood in a narrow
path through the vineyards, with walls on both sides” (Numbers 22:24).
Another term “Millôʾ,” perhaps of Canaanite origin, is used in the Old Testament as
Millôʾ of Jerusalem (City of David) (2 Samuel 5:9, 1 Kings 9:15, 1 Kings 9:24). Referring
to fortification and literally translated as “a wall with a fill”. It was interpreted by L. Stager
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to refer to the terraces of Jerusalem in view of the terracing discovered by D. Kirkebride
(Stager, L. 1982: 112-115).
In the Hebrew lexicon, the term “Šdmt” (,) ְׁשדֵ מָ הwhich is used in the Old Testament
in relation to agrarian landscapes (see for example Habakkuk 3:17; Jeremiah 21:40; 2
Deuteronomy 32:32; Isaiah 16:3; 2; Kings 23:4; Jeremiah 31:40; Isaiah 37:27), was
interpreted as a “field.” However, Stager convincingly argued that the term means
“terraces,” basing his argument on the geographic location associated with Shadmot Kidron,
the excavated archaeological remains of built terraces, and the comparison of the term
mentioned in Ugarit song texts, interpreted as “vineyards” and “orchards” to indicate
“cultivated terraces” (Stager, L. 1982: 113-118).
Stager (1985) also proposed that the term “terumot” [  ] ְׁתרּומֹ תin David’s Elegy (2
Sam 1:21) refers to terraced fields (Stager, L. 1985: 9).
In the Old Testament’s Book of Ezekiel, the term “Madragot” ))הַ מַ ְד ֵרגֹות129 is used
to refer to mountain terraces. According to his prophecy, a torrent of such intensity will be
sent that “the mountains shall be thrown down, and the steep places shall fall, and every
terrace shall fall to the ground” (Ezekiel 38:20).
Another Jewish source also refers to terraces or “steps” in the Mishnah (Jewish oral
traditions), and instructions are given on their construction:
In the 6th year, after the rains have ceased, steps may be built up the sides of
ravines, since this would be to make them ready for the seventh year, but they
may be built in the seventh year after the rain have ceased, since this is to make
them ready for the eight year. They may not be blocked in with earth, but made
only into a rough stone bank, any stone [lying in the field] which a man
(building a bank) need but stretch out his hand to take, may be removed
(Mishnah sheviit (3:8)) (Edelstein, G. and Kislev, M. 1981: 54)
These instructions seem to describe the construction of check dams, judging by
the fact that they are recommended to be used in narrow gorges and constructed with
rough stones. The warning to avoid construction during the rainy season might be due
to the damage that torrential rain can inflict on the stability of the risers. However, the
use of the term “steps” is peculiar as it indicates that an extensive terminology for check
dams and agricultural terraces had not yet been developed or might be illuding to
gabion check dam type.
Furthermore, in Mishna Kilayim (6:2) recommendations are given to plant
seeds on raised stepped ground (,) הַ מַ ְׁד ֵרגָהemphasizing that vines should be planted in
terraces and retained over their walls (Goor, A. 1966:54-55).

129

The term “Al-Madragot” ( )הַ מַ ְׁד ֵרגֹותliterally means steps that are set against a wall, where the madragot is
used to reach the “Gannath.” In the Arabic language, the term “Darajat” refers to a stair set against a wall;
moreover, in Lane’s Lexicon (1863: 869), Darajat is used in connection to “gana” (meaning garden or
paradise).
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4.2.1.2 Classical sources
Contrary to biblical sources, Greek sources are richer in their references to terraces,
both in their laws and mythology.
In the law ascribed to Solon (c. 638–c. 558 BC) (Text 27), there is a clear definition
of a terrace as an area of land not enclosed but bounded by a dry-stone wall that should be
placed at least one foot before the property boundary (τειχίον) (techion); lands with terraces
were dedicated to the Gods (Price, S. and Nixon, L. 2005: 4-5).
Greek texts mention the term “αίμαδιά,” (haimasiai) referring to a free-standing drystone wall, an area of land enclosed by a dry-stone wall, or an area of land enclosed or
bounded by a drywall of stones (Price, S. and Nixon, L. 2005: 2).
Greek methodologies also make significant references to agricultural terraced
landscapes, describing walls built of dry stones and even calling them Homeric landscapes.
In the Odyssey, we find several references to terraces with the Greek term (αίμαδιά), such
as the description of Odysseus’ bed being carved from a living olive near a terrace (Foxhall,
L. 1996: 45).
Several mentions are made to the locals engaged in constructing terraces, such as
those at Methana. Their story is recounted when Agamemnon goes in search of sailors
during the Trojan War (Strabo 8.6.15) and during Odysseus’s search for his father Laertes
in the hinterlands at Ithaka. He learns of the servants’ engagement in building dry-stone
walls “αίμαδιά” in the fields (Text 2).
In the myth of Daphnis and Chloe, Philetas describes, in a natural pastoral allegory,
his Garden of Eve that offers in each season the pleasures of flowers and fruits. All this is
confined by a surrounding wall (Plato, Laws, Leg. Book II: 761B).
Ptolemy the Greek (c. 100–c. 170 AD) describes “climax mons” (Κλίμαξ ὄρος), a
mountain in Felix Arabia (probably between the nowadays Yemen and Aseer in Saudi
Arabia). He had given it that name due to the mountains’ stepped appearance due to
terracing (de l'Arabie, vol. iii: 207).
Roman agriculturist works that survive have no direct mention of terracing. Roman
land surveyors listed land features that they recorded, in addition to agrarian features such
as land boundaries, enclosure walls, and “ὃφ νς,”130 a term that means “eye-brow” (Grove,
A. and Rackham, O. 2001: 113), most likely crescent terraces constructed around trees.
In Roman Africa, a Tablettes Albertini was discovered in1877 in the Saharan
periphery of the Maghrib near ‘Ain Merwana (Shaw, B. 1982: 61). The tablet dealt with
irrigation rights of agricultural land in the region of Lamasba town during the reign of
Emperor Elagabalus (218-222 AD) (Shaw, B. 1982: 62). The plots in question were of
irrigated terraces referred to in the text with the Latin term “scala” / “scalae” meaning ladder
or steps (Shaw, B. 1982: 73; Maganzani, L. 2018: 92) again alluding to their appearance.

130

The given definition, “places which are carried down from the flat in a short slope of up to 30 feet,
otherwise it counts as a hill” (Grove, A. and Rackham, O. 2001: 113), is not clear. It may be interpreted to
think of these as constructions that are connecting a flat area with a slope. Grove and Rackham suggested
that it could be a badland gully, but this description does fit crescent terraces for they were specifically
constructed on incline slopes.
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Columella advises using stones cleared from the fields in constructing terrace walls,
only if the resources are available (Columella, De Re Rustica, Book II: 2.12).
In Demosthenes’s letters, several mentions are made of enclosure walls that
surround the property, with detailed descriptions of their usages (Demosthenes 55.10-14, in
Foxhall, L. 1996: 47).
Further references are made to “walls” in relation with water. Plato acknowledged
the importance of mitigating floods by constructing barriers to store water for field
irrigation, which is both an indication of understanding surface run-off and water
management techniques adopted by most civilizations challenged by the scarcity of water:
…as rain water flow down from the heights into all the hollow valleys in the
mountains: they shall dam the outflows of their flooded dales by means of
walls and channels, so that by storing up or absorbing the rains from heaven,
and by forming pools or springs in all the low-lying fields and districts, they
may cause even the driest spots to be abundantly supplied with good water.
(Plato, Laws, Leg.: 76IB)
4.2.2 Terrace in the Nabataean script
An enigmatic reference to a terrace is made in the Turkmaniye tomb façade epitaph,
one of the longest burial epitaphs found in Petra. Among the properties listed as belonging
to the burial are a garden, triclinium garden, wells of water, cisterns, and walls. The root
word “ִtwry˒” is argued over by different epigraphists to have the meaning “surrounding
walls” or “supporting walls” (Healey, J. 1993: 238-241). However, the context might imply
that these walls are part of the garden, which may lead us to conclude that it was a terraced
garden.131
Written sources provide us with some interesting insights into Nabataean
agriculture. Land plots were known by their distinctive names, owner names, or installations
(ditches, water channels, or conduits, among others). The term “Sūllam” that is used in
Greek and Hebrew script to refer to some land plots, literally meaning “the ladder,” may
reflect their appearance or function (Yadin, Y. et al. 2002: 49). Several papyri documents
dating to the Roman Period (c. 131–136 AD) have been found in the Nahal Haver cave.
Three papyri (P. Yadin 44-46) in Hebrew are legal documents that attest to the division of
property and lease of land between four owners at “Ein Gedi” (Yardeni, A. et al. 2000: 52,
lease 134, Hebrew; Yadin, Y. et al. 2002: 39-82). The area indicated by the term Sūllam is
described as a land of white soil with trees and date palms of first quality. Yadin associated
this terrain with “rain fed fields,” indicating that these plot areas could have been sown with
wheat (Yadin, Y. et al. 2002: 50). In the document P. Yadin 46 (lease 134, Hebrew text)
(Yadin, A. 2000: 52; Yadin, Y. et al. 2002: 39), which is the land’s lease agreement, there
is a difference of 16 denarii between the lease prices of the plots (Yadin, Y. et al. 2002: 39);
the area of Sūllam was leased for a higher price than the other plots, and this could be
attributed to differences in value, yield, and size.

131

For more details and discussion, see terrace funerary gardens in agricultural terraces.
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In the Petra Papyri, legal documents that date to the sixth century and were found at
the Church of the Theotokis in Petra, the term “Al-Sūllam” is used in Greek script (αλσολλαµ) (al-Ghul, O. 2006: 142) are clearly of Aramaic origin. This is particularly the case
in Petra Papyri number 10, which carries terms related to land features (al-Jallad, A. et al.
2013: 21-48). The term αλ-σολλαµ is interpreted as referring to stepped or shelf land,
indicating terraces, which could function decoratively or as a deletion mark (al-Jallad, A. et
al. 2013: 48). If αλ-σολλαµ does indicate a terraced plot, it would have a higher value due
to the effort that went into its construction. This is probably the reason behind distinguishing
the plot by name. Examination of the division arrangement shows that the person who
received the aforementioned Sūllam land plot was specifically mentioned, and his share
from other property (slaves, houses, fields, etc.) within the inheritance was lower, which
might be an indication that these plots had a much higher value (Koenen, L. et al. 2013a.:
88-90).
Distinction is also made between rain-fed plots and irrigated gardens (Gannath
γανναθ) as well as orchards and tree gardens versus tree plantations (Al-Nasba αλ-Ναcβα)
(al-Jallad, A. et al. 2013: 36).
The Nabataeans used specific terms for hydrologic installations. In the dedication
scripts, reference is made to dams (small barrages and check dams as well as large dam
structures) by the term ( סכעJobling, W. 1995: 57). M. Sokoloff mentions the term “sukkur”
,)) סוכודmeaning a bolt or river dam or check dam (Sokoloff, M. 1990: 370), thus
distinguishing them from field terraces.
4.2.3 Terraces in Arabic texts
Traditional agriculture involved the construction of stone walls at hillsides to protect
soil from erosion. These walls were known in the local dialect as “habāil,” meaning ropes
(Dalman, G. 1928: I.1. 208), or “senāsil,” meaning chains (Dalman, G. 1928: I.1. 137),
which were built in ancient times following the natural terrain and then later rebuilt by
farmers, mainly to protect their vegetable plots down the valley (Dalman, G. 1928: I.1. 5).
The fundamental difference between habāil and senāsil is the surface on which they
were built. While the former was constructed on soil, such in as agricultural fields, the latter
was constructed over bedrock for flood mitigation and avalanche prevention (A’miri, S. and
Rahhal, F. 2003: 15).
The fellahin (peasants) in S of Jordan use the term “Haboul-Habālah-Hablat” to
indicate tightly placed stones set like a rope in an agricultural field (al-Uzayzi, R. 1973/1974
I: 200), while “senayen” is used to indicate a flat, wide land with a slight incline (al-Uzayzi,
R. 1973/1974 II: 73). They were considered as part of the dry farming practice or what is
known as rain-fed agriculture, i.e., “az-zira’a al-ba’liyeh” in Arabic132 (al-Muheisen, Z.
2009: 154).
Ibn Waḥshīyah’s (9/10th century AD) work on ancient Arabic agriculture known as
al Filaha al Nabatiya mentions “Hiqf”, which is a small, flat area on an incline, usually
sandy ground. In the Holy Qur’an, the word is used to refer to the Aad tribe’s houses in the
132

After Ba’al, the Canaanite and local ancient deity of fertility (Izak, C. 1994: 141).
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valley “And mention, [O Muhammad], the brother of 'Aad, when he warned his people in
the [region of] Al-Ahqaf.” (Al-Ahqaf: 21). Ibn Waḥshīyah uses this word for the slope of a
hill. A larger area was called a “Jirb”, located at the Wadi bed or the lower part of a hill.
In the local Arabic dialect, the Falaheen use the terms “sinseleh,” “salasel,”
“mestabeh,” “qṭāʿyāt,” and “Mudarajat” to refer to terrace walls.
4.3 Terminology
Terraces are common features of the surface landscape, whether naturally occurring
or artificially formed by humans. Natural and artificial terrace features have been the focus
of several disciplines, resulting in the same term used for these differing features by
archaeologists, geomorphologists, agronomists, architects, and geologists.
The term “terrace” was first used to refer to specific surface features and landforms.
It was used to identify river terraces, which are flat areas that extend from the sides of the
valley in a step form, each step representing a previous flood plain, while marine terraces
were identified by old beaches or wave-cut platforms that now stand above sea level. The
term “river terraces” and a theory behind their formation was proposed by G. K. Gilbert in
1877, who defined them as alluvial deposits at the flanks of a river due to various climatic
and tectonic settings (Gilbert, G. K. 1877: 132). This term was adopted by geomorphologists
and geologists to convey an old platform cut out from a river or sea due to their regression
(Watt, A. 1982: 39).
For archaeologists, terraces are platforms on which humans settled during the
prehistoric periods. Several examples exist in the Aegean, such as Sesklo (Kvapil, L. 2012:
6612). The Neolithic village of Ayn Gazal was erected on intensive artificially terraced land
as early as MPPNB (Rollefson, G. et al. 1992: 447).
Terrace, as a term, can refer to an architectural feature built for military fortification,
recreational or ceremonial uses, and other non-agricultural purposes (Spencer, J. and Hale,
G. 1961: 3). Monumental terraces were associated with large important buildings such as
palatial structures, and they later became part of sacred landscapes created to elevate
temples, such as in the Mycenaean culture. Terracing was a part of urban planning during
the Hellenistic and Roman periods; examples of this exist at various locations, such as the
Temple of Fortuna Primigenia at Praeneste (Kvapil, L. 2012: 6612) and the Amman Citadel
described by A. Northedge as a “massive artificial terrace” marked by a massive wall that
surrounds it from three sides, and other fortification walls dating to the Middle Bronze and
Iron ages, which were erected on the bedrock and ran on a lower elevation. Excavation has
revealed that these had artificial fills that created flat platforms, made intentionally to extend
the hill to the N side (Northedge, A. 1980: 137-138).
The term “agricultural terrace” was used by J. Spencer and G. Hale in 1961 to mean
an artificially flattened surface whose plane is more horizontal than the plane of the original,
natural land surface (Spencer, J. and Hale, G. 1961: 3). C. Frederick and A. Krahtopoulou
defined terraces as stepped platforms, either parallel to the contour or along the slope,
artificially created for agriculture or erosion control (Frederick, C. and Krahtopoulou, A.
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2000: 80). Thus, terraces were seen as agricultural features and further studied within that
context.
Yet, terrace functionality goes beyond agricultural usage. It is an end product in a
long chain of functions. Terrace construction is related to both soil and water preservation,
which dictate their construction location, form, and use. Previous studies did not distinguish
between form and functionality, considering them generic agricultural features.
4.4 Definitions
Terraces are artificial walls built from various types of materials, usually stones, and
consist of drystone walls (Kvapil, L. 2013: 6612) that do not have any binding material.
They are constructed to create flat surfaces of any proportion (Spencer, J. and Hale, G. 1961:
3; Treacy, J. and Denevan, W. 1994: 93), confining water, soil, or silt and debris, depending
on their function.
A terrace segment unit is composed of two consecutive standing walls that confine
a semi-flat earthen surface. Each terrace is comprised of a vertical or slightly inclined wall
or bank called a “riser” (Frederick, C. and Krahtopoulou, A. 2000: 80). The angle at which
the facing wall’s riser inclines into the hillside is known as a “batter” (Post, B. 2005: 21)
(Figure 4.1). Each riser course is placed inward (upstream direction) from the one below it
(Ore, G. and Bruins, H. J. 2012: 413). This incline is fundamentally important to support
and increase the capability of the riser’s foundation in supporting the rock layers, thus
increasing its stability. Furthermore, the incline angle helps break the force of the cascading
water (Ore, G. and Bruins, H. J. 2012: 413) and the wind or rain that hits the riser’s surface,
thus absorbing and minimizing the damage of erosive forces.
The batter angle depends on rock size, form, and depth of the wall in addition to the
slope gradient and stability. Generally, it is 1/6 and 1/10 of the height of the wall for irregular
stones and narrow stones, respectively.
Batter angles were more inclined in agricultural terrace risers and less so in dams.
For their construction, the stones are placed inward to raise the wall from the base to the
top, usually by a few centimeters, such as three, for each course. This would lead to an
almost 27.2º angle incline for the whole wall, as in the site of Muzera’a (Figure 4.2).
The two consecutive risers confine a semi-flat distance that is called the “tread”
(Frederick, C. and Krahtopoulou, A. 2000: 80). The soil and sediments collected behind the
terrace riser are known as the tread fill (Frederick, C. and Krahtopoulou, A. 2000: 81).
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Figure (4.1). The main parts of a terrace.

Figure (4.2). A terrace wall at the site of Muzera’a; note the batter incline.

The riser wall is built of several layers of stones stacked perpendicularly on top of
each other, which are known as stone courses. Courses are, therefore, horizontal lines of
consecutively laid stones in a wall. Stones can be arranged in various orientations, based on
which various typologies are formed. When the standing compacted wall is constructed
from regular dressed stones, it is called masonry (Leick, G. 1988: 129).
The wall may be constructed from double walls or horizontal layers, known in
architecture as skins or leaves (Rababeh, S. 2005: 116), with a core or fill confined in
between. The fill is made of carefully laid small, pebble-sized stones, alone or mixed with
other material such as clay. These fill stones are sometimes chipped to make them better fit
and close all the gaps, which is known as hearting (Post, B. 2005: 21). The riser wall can
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have a double layer constructed from small, cobble-sized stones similar to wedges, which
are placed behind the riser, at the bottom of the fill over the bedrock, or both. This layer
functions as drainage for surplus water to prevent the rotting of plant roots (Spencer, J. and
Hale, G. 1961: 16; Gibson, S. and Edelstein, G. 1985: 143-144; Gibson, S. 2001: 115).
4.5 Approaches for terrace classification and critical observation
Terrace classification is a challenging endeavor, as many variables influence their
construction, including terrain, climatic conditions, material availability, and usages, among
others (Wei, W. et al. 2016: 390).
Various approaches have been taken to classify terraces based on their form (Moody,
J. and Grove, T. A.1990: 183; Grove, A. and Rackham, O. 2001: 107-109; Widgren, M. et
al. 2016: 9-15); wall types and features (UNESCO Libyan Valleys Survey,133 Barker, G. W.
et al. 1997: 30); landscape etymology (Andlar, G. et al. 2017: 115); slope angle (Treacy, J.
and Denevan, W. 1994: 97; Gibson, S. 1995: 131); topography (field versus hillside)
(Andlar, G. et al. 2017: 115-126); climatic conditions such as arid versus humid or highland,
valleys, and dryland (Gibson, S. 2015: 298-300; Ackermann, O. et al. 2019: 6); geographic
distribution (Latin America, Levant, Asia, etc.) (Contessa, V. 2014: 14-22); function such
as water diversion, water retention, and bench used for cultivation (Morgan, R. 1986: 226);
catchment area size (Shanan, L. 2000: 79; Prinz, D. and Malik, A. 2013: Figure 4 A, B, C),
construction material (Dorren, L. and Rey, F. 2004: 98; Mekonnen, M. et al. 2014: 6); and
construction method (Frederick, C. and Krahtopoulou, A. 2000: 82-84). Collective forms of
terrace clusters were also considered for their classification (Andlar, G. et al. 2017: 115116). While some of these classifications are universal, some are rather confined to their
geographic location and cannot be adopted at other locations.
In arid environments, work concentrated on classifying whole systems within a
catchment area, such as the works in the Negev (for example, Evanari, M. et al. 1982: 95119; Shanan, L. 2000: 77-86), and seldom was the focus on the etymology of a single “wall”.
P. Newson et al. (2007) proposed six main categories in general, with subcategories for
classifying walls and hydrological technologies based on the wall layers (single, double),
wall thickness (width), and freestanding versus continuous walls (Table 4.1) (Newson, P. et
al. 2007: 150-166, Table 5.3). Although this was the first attempt at adapting UNESCO’s
Libyan Valley Survey classification (Barker, G. W. et al. 2007: 30), there was no
clarification of the adaptation methodology. Furthermore, the classification involved the
intermingling of categories, i.e., the same subcategory could fall under two different main
categories. The classification did not have clear drawings nor definitions for each typology
and uses ambiguous, subjective (large, big stone etc.) rather than quantitative language. It
also did not discuss the stone-layering technique of the facing walls. In addition, in
describing terrace walls, there was no clarification about the nature of the double wall apart
133

For details on the Libyan Valleys Survey, see Barker, G. et al. 1981; Barker, G. et al. 1996. Note that the
surveyors employ the term “wadi walls,” and the description of these structures is divided by geographical
location and period.
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from mentioning their thickness and the nature of their fill (small stone and gravel)
(Newson, P. et al. 2007: 152). Considering the descriptions of the encountered features, a
better classification method could have been created based on the field finds rather than
adapting other classification approaches without modifying them for a better fit. This effort,
although significant, could not be used as a prototype for classifying terraces or walls in
other locations.
Table 4.1.
Classification of wall systems in Wadi Faynan (after Newson, P. et al. 2007: 150)
Main category
Subcategory
Definition
Wall Group 1: Cairn lines
Type 1: Cairn line
Linear structures of large,
orthostalic stones that varied in
size from being large stones to
large boulders
Wall Group 2: Single-faced Type 3: Single-faced terrace wall
terrace walls
Type 5: Single-faced, wide
terrace wall
Wall Group 3: Single-faced wide Type 5: Single-faced, wide
walls
terrace wall
Type 9: Wide, free-standing wall
Wall Group 4: Double-faced Type 4: Double-faced terrace wall
terrace walls
Type 6: Double-faced, large
terrace wall
Wall Group 5: Double-faced Type 4: Double-faced terrace wall Free-standing walls with stone
walls
rubble infill between the double
faces
Type 6: Double-faced, large
terrace wall
Type 8: Double-faced, freestanding wall
Wall Group 6: Free-standing Type 8: Double-faced, freewalls
standing wall
Type 9: Wide, free-standing wall

Oleson, in his study of Humayma’s water supply system, created a catalogue of the
various constituent elements based on their functions (Oleson, J. 2010: 117-171). The
categories included storing, diverting, and transporting water; those relevant to this study
have been outlined in Table 4.2. The study created broad categories for the structures and
provided a detailed description of all the features found within the study area, but it did not
discuss the method of construction, construction technique, or elements. The study did not
develop any typology that could be adopted for further studies.
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Table 4.2.
Water supply system elements in Humayma (after Oleson, J. 2010: 117-171)
Element
Definition
Runoff fields
A modified catchment area with cutting and walls, used for agriculture with
a water supply system
Barrier Walls
Small constructions designed to enhance the holding capacity of natural
pools
Dam
Substantial structures designed to impound a large pool of water
Wadi Barriers
Structures designed to slow down stream flow, forcing the water to deposit
the earth and moisten it
Terraces
Barrier walls that do not bar water flow and are located on a high elevation
of a hillside
Stone Piles
Circular heaps of stones of unclear function

Archaeological research in Petra reported the presence of runoff terrace systems.
However, each researcher applied his own terms to them without defining the exact
meaning. Furthermore, they were interested in classifying “terraces” as systems rather than
looking into their typologies. Thus, terraces were classified either as water management
systems or as agricultural installations or a fusion of both. M. Lavento et al. (2007)
considered terraces to be part of a runoff farming system along with dams (barrages)
(Lavento, M. et al. 2007: 146), which he later classified into runoff irrigation in wadies and
slope cultivation (ibid 2007: 147). In 2013, Lavento classified the Jabal Haroun runoff and
hydraulic systems into three categories: barrage and terrace wall systems, cisterns, and other
hydraulic systems, which included basins, water channels, and conduits (Lavento, M. et al.
2013: 214-217). According to that study, the term “barrage” refers to stone dams across a
wadi, while terraces are sets of long stone walls running along the hill slope. Further
distinction was reported to be difficult by the researchers (ibid). B. Beckers classified the
wadi bed floodwater harvesting system mainly into a series of wadi terraces or check dams
or floodwater diversion systems that are diversion dams (Beckers, B. et al. 2013a: 153-155).
However, none of the conducted studies attempted to classify the terraces or create a
criterion for their identification. Thus, examining all the previous classification systems and
comparing them with the field finds, it was clear that a clear classification defining each
typology is required.
Terraces in Petra were interventions made at a targeted location to perform a specific
task. The form of the constructed terrace incorporated aspects of the location, such as the
slope and topography, but it did not depend on the material used for their construction.
Therefore, the proposed classification excluded the nature of the materials used.
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4.6 Proposed classification of Petra terraces
The best approach to classify terraces came from Spencer and Hale, who proposed
to use the following criteria:
A- Functionality: making several horizontal surfaces usable
B- Form: the design and execution methods of agricultural field creation (Spencer, J.
and Hale, G. 1961: 5-6)
The classification I am proposing uses several criteria based on the terrace
parameters (Table 4.5). These depend on three main wall elements:
4. Number of layers of the terrace riser and their core
5. The form of the facing wall stone courses and layering technique
6. The form of the extended wall
The other two parameters: foundation and retaining-wall course layering, are
sometimes obscure to the eye. Therefore, they cannot always be used for terrace
classification. However, I have dealt with their typology in the relevant section.
4.6.1 Terrace riser layers
The first criteria used for wall classification is the wall’s structure based on the cross
section (Rababeh, S. 2005: 113), whether the wall is constructed from one layer of stones
or two, with a fill (core).
Three variations of risers could be distinguished in Petra and its hinterlands:
A- Mono-riser wall:
These are risers of small terraces constructed from one layer of stones. They have
no filter layer behind them. In Petra, this type is more frequent in weir terrace
systems (Figure 4.3).

Figure (4.3). Weir built from one row of stones comprising the riser without a filter.
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B- A slope riser, which is constructed from a riser and a filter:
The slope riser is constructed by placing two vertical layers of cobble stones or
gravel behind the riser upslope as an inner, internal layer to form a drainage layer
known as the filter (Figure 4.4). There can also be double-faced walls (Gibson, S.
2015: 302) that work as a membrane between the soil fill and the facing wall
(Contessa, V. 2014: 2) This layer is important for the stability of the terrace. The
voids created by using a fill of small stones were important for several reasons. They
functioned as a filter, allowing the drainage of excess water (Gibson, S. 2015: 302)
without the loss of soil, as excess water can lead to the rotting of roots of plants. In
addition, they prevent the build-up of ground pressure (Sandor, J. and Homburg, J.
2017: 201). As analyses showed, the soils behind the risers contain a percentage of
clay, a hydrophilic material that tends to expand when wetted. The voids between
the filter layers allow that expansion without jeopardizing the wall stability. Another
important aspect of this filter drainage component is to ensure water circulation, as
water is infiltrated by silt and clay. Accumulated behind the riser, it dissolves the
salt, discharging it with the excess water and thus ensuring the salt balance of soil
(Luedeling, E. et al. 2005: 283). Had the risers been sealed, the salt would have
accumulated. This would have led to soil salinity, making it unfit for plant growth.
In Petra, most of the single-layer riser walls applied in agriculture were equipped
with a filter layer (Table 4.3a).
C- A free-standing wall, which is made of double walling and a fill:
These are the free-standing walls, not built into a hill incline or a stone pile,
comprised of several parts: a facing wall, a retaining wall, and a fill. Vitruvius (II:
8.7) mentions a typology of Greek walls known as “emplekton” that is comprised of
two facing walls and a fill in between.134 The facing wall is the outer layer of the
riser wall. This surface is always seen, thus the term “facing” (Post, B. 2005: 21). It
protects the fill from the surrounding conditions, such as the weather or flowing
water, among others.
The retaining wall is the backside of the riser wall and is constructed to hold back
the soil, rubble, and other sediments, hence the name. This side of the wall is usually
obscure from the view. The retaining wall accompanies free-standing risers such as
check dams, barrages, and similar structures (Figure 4.5, Table 4.3: b and c).
The fill135 is the material that is placed in the void between the facing and retaining
walls. It is made of smaller stones mixed with sediments (Kvapil, L. 2013: 6612),
the size of the fill depends on the type of the riser. Sometimes, the fill was made of
rubble collected from the stone chipping process (Rababeh, S. 2005: 116). The fill
134

Vitruvius (1960) The Ten Books on Architecture, Book II, VIII: 7. Translated by M. H. Morgan. New
York: Dover Publication.
135
In Nabataean wall structure, this layer is referred to as “core,” which is the part situated between the inner
facing and the outer facing (Rababeh, S. 2005: 116).
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is placed to block all the internal voids of the wall, to increase the wall’s strength,
and to ensure maximum drainage of the excess water (Rolé, A. 2007: 409).
This double-facing reinforces the wall, although their construction requires more
skill and labor (Gibson, S. 2015: 302).

Figure (4.4). Terrace riser and filter layer

Figure (4.5). A terrace wall in Ras Btahi, Petra. Parts: (A) facing wall, (B) the fill and (C) the
retaining wall.
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Table 4.3.
Typology of the walls based on filter or fill composition, as seen in Petra and its hinterlands
Cross section
Top view
Description
a. Single stone
row with a
filter layer

b. Doublefaced wall
with a facing
wall,
retaining
wall, and a
fill in the
middle
c. Doublefaced wall
(with facing
and retaining
walls) with a
thick fill in
the core
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4.6.2 Facing wall stone courses layering
Classifying the wall based on the facing depends on several criteria: stone
arrangement in the courses, wall joint patterns, and the treatment of surface (Rababeh, S.
2005: 113). Various stone layering techniques were known in the Roman world, as attested
by Vitruvius (II, VIII: 5-8). “Isodomum” is when all the stones used in the wall facing are
of unison in length and height, and each vertical joint is centered over the block beneath,
while “pseudisodomum” facing refers to stones being equal in the same course but varying
in size in other courses.136
In Petra, variation can be seen in the facing walls of the terraces. This could be
categorized into typologies as shown in Table 4.4. These were based on two main forms of
the stones used for construction: ashlar and rubble. Ashlars are regular cut stone blocks of,
more or less, similar sizes. Rubble are the rough stones of various sizes collected from the
surface (Christou, P. and Elliotis, M. 2016: 248). These were roughly chipped for a better
fit. Stones were laid in courses either in regular horizontal lines or randomly. The next
categorization is based on their layering methodology, i.e., in regular or random courses
(Christou, P. and Elliotis, M. 2016: 250). Between the stones, small-chipped stones known
as anchor stones were placed to balance the building stones, fix their positions, and seal
them together (Table 4.4, type I). Accordingly, four categories can be generated: random
ashlar, random rubble, rubble courses, and ashlar courses; and a fifth category is a mix of
all these variations. In Petra, however, seven variations are generated.

136

Vitruvius (1960) The Ten Books on Architecture, Book II, VIII: 7. Translated by M. H. Morgan. New
York: Dover Publication.
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Table 4.4.
Typology of the terraces’ facing walls
I-

Facing stone built from
regular ashlar blocks of
stone, surrounded by four
anchor stones in the corners.
The ashlars are laid in
regular courses.

II-

Layer of large, thick stone
rubble
surrounded
by
thinner slaps and laid in
regular courses

III-

Small, flat slaps placed in
horizontal courses on the
longitudinal axis

IV-

Regular large stones placed
in regular courses

V-

Irregular angular rubble
stones placed together in
random courses

VI-

Header stretcher technique
of placing ashlar stones

VII-

Mix of large stones
alternating with small stones
of random ashlar in regular
courses
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These categories were widely used in Petra and were executed using different
construction materials that were locally available within the construction area (sandstone,
rhyolite, limestone, chert, or a mixture of these). Some of these categories were observed to
be used more in certain areas than in others; for example, although category (III) is
concentrated in the SE part of Petra, in the areas of Jabal Haroun and Ras Btahi, it was also
used in the middle and lower catchments of Hremiyyeh, Wadi al-Jarra, Al-Madras, and AthThughra.
It seems that stone layering technique in Petra had a Greek influence if we take
Vitruvius’s words at face value. Rather than the binding material, he considered the
technique of entangling stones when lain essential for wall stability and durability
(Tomlinson, R. 1961: 135).
Single stones are laid in a stretcher form that is flat, favoring the longest dimensions
of the stone chosen for building along the width and depth, but not the height within the
row. This follows the Greek influence and uses large through stones to pin the wall segments
together (Tomlinson, R. 1961: 134).
The methodology of layering stones was influenced by the function the facing wall
was to perform; thus, for dam typologies, Table 4.4: IV, VI were used, while for agricultural
box terraces category, Table 4.4: VII was used. Sediment-confining terraces were executed
in category Table 4.4: III. Contour terraces were executed in the manner of Table 4.4: II or
V. Thus, each of these categories must have had structural qualities that dictated their use.
Typology VI in Table 4.4 (i.e., the use of alternating headers and stretchers in
facing), which was more widely spread during the Roman period, was used mostly for dams.
In addition, those stones were more angular in their form. This technique was probably used
to minimize the voids, thus keeping the stones together and ensuring better sealing.
4.6.3 Forms of the extended walls
This is the third criteria that can be added to the classification of terrace walls. This
category describes the general form of the terrace riser shape. This form, which can be easily
assessed in the field, can provide a good clue to understanding the terrace’s function and the
adaptation to the terrain.
Five major forms have been identified in the field in Petra and its hinterlands:
I-

Linear:

This type of terrace is straight (Figure 4.6) and its length might vary from a few
meters to several tens of meters. However, its height never exceeds 1m. Generally, the
riser is constructed from a facing wall, the thickness of which is one stone placed on the
longitudinal axis. In cases such as steep slopes, the height of the wall equals the wall’s
thickness.
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Figure (4.6). Linear contour terraces near Shammasa.

II-

Rounded:

These could be semi-circular, crescent to round terraces. These vary in their diameter
from 1.5 m to several meters and are generally around 1m high. The riser is constructed
from a facing wall, the thickness of which is one stone placed on the longitudinal axis.

Figure (4.7). Rounded terrace wall surrounding a mound near Bir Abu Danneh.

These were generally built around mounds (either stone mounds, sediment mounds,
collected stones in the fields, or similar forms) (Figure 4.7). In very rare cases, slightly
rounded to curved terraces were found; these were applied when following a land
feature such as a riverbank or a curve along a contour line winding along a hill.
III-

Angular:

These are bench terraces or box terraces; the riser wall is long and might extend from
(8 to 40 m). The ends are generally joined to another perpendicular wall that is close by
joining large blocks at an angle (Figure 4.8). These were mostly used for agricultural
purposes.

125

Figure (4.8). Angular bench terrace (top); top view of the angle ending of the wall (bottom)

IV-

Stepped137:

These terraces are generally of medium height and length, with stone steps
incorporated into the facing wall. The flagstones are placed laterally and are integrated
into the wall. The steps are of various width and could vary between 0.38 and 0.60 m,
their flat level running lateral to the facing wall (Figure 4.9). The stepped terraces are
constructed from limestones and well-cut ashlar stones. Great care was taken in
constructing the steps; two courses and a fill were made to support the steps. The
number of steps average around six steps, the last two running perpendicular to the wall.
The stepped walls are sometimes thicker than general and have a double-layered wall.
Within the same catchment area, not all terraces are furnished with steps. Generally,
steps were applied within terraces of steep sloped terrain, or large terraced areas where
the middle terrace within the slope was furnished with steps. However, this should not
be confused with steps constructed along the whole slopes between irrigated terraced
plots.
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Should not be mistaken with stepped sluice gates.
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Figure (4.9). A stepped terrace from the site of Muzera’a.

V-

Semi-oval:

These have a riser wall that is higher in middle segment and shorter on the sides, giving
the shape of half an oval (Figure 4.10). These are used in the middle catchment area,
mostly in the Vallerani type of terraces, for water flow intersection.

Figure (4.10). Half of an oval shape of terrace riser wall from Al-Madras.
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Table 4.5.
Terrace classification
Riser layers
Wall
form
Single/MonoLinear
row

Rounded

Double row

Angular

Stepped
Semi-oval

Facing wall type

Core

Facing stone built Filter
from regular ashlar
blocks of stone,
surrounded by four
anchor stones in the
corner. The ashlars
are laid in regular
courses.
Layer of large,
thick stone rubble
surrounded
by
thinner slaps and
laid in regular
courses
Small flat slabs
placed in horizontal
courses on the
longitudinal axis
Regular
large Fill
stones placed in
regular courses
Irregular angular
rubble
stones
placed together in
random courses
Header
stretcher
technique
of
placing
ashlar
stones
Mix of large stones None
alternating
with
small stones of
random ashlar in
regular courses

Foundation
stone type
Large boulders

Retaining
wall type
Small
boulders

Flat, broad slabs

Large
boulders
Wide base

Equal sizes

Buttressed
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4.7 Terrace Building Techniques
The extensive survey conducted in the greater Petra area, the test trenches that were
excavated, and the documentation methodology applied allowed the drawing of the
following conclusions on ancient terrace construction techniques:
4.7.1 Terrace building materials
It is hypothesized that the earliest terraces were constructed out of tree trunks,
wooden logs or beams, or stakes to hold the soil at bay (Spencer, J. and Hale, G. 1961: 3,
15; Gibson, S. 2001: 128). However, due to the decay of wood, this theory remains hard to
prove. Stones and rocks were chosen as they were more durable and available.
Gibson theorizes that the earliest terraces were built of piles of stones (Gibson, S.
2001: 128) or from local material collected from the area as, for example while clearing the
field from stones138, later builders were forced to quarry specifically, or take stones from
adjacent ruins or abandoned settlements and from more distant sources (Gibson, S. 2015:
302). However, in Petra, apart from pressure dams, terraces were constructed from unhewn,
irregular stones.
Stones could have been brought from large distances. G. Ore and H. J. Bruins
suggested three main sources for the terrace stones: the rounded large boulders collected
from beds of large wadis of the 6th and 7th order; stones lying along the hill slopes; and the
rock outcrops. The latest needed to be quarried and therefore would have been more angular
than the former (Ore, G. and Bruins, H. J. 2012: 412).
In Petra, stones were unhewn, rough, and angular in their form. Only in very seldom
cases, basically in dam structures, carved, cut, and hewn stones were used in the construction
of pressure dams, as in the case of Wadi Farasa (Figure 4.11).
In Petra, wadi banks and the headwater ranges of catchment areas could have been
the source or providers of large boulders. Yet, most of the stones used in constructing terrace
walls are angular rather than rounded boulder edges (Figure 4.12). Very seldom were
rounded boulders used in building terraces, which indicates that rolled stones from wadi
bottoms were seldom used in terrace construction. Rounded stones would not ensure the
interlocking that would lead to better stability. Moreover, their form could create more voids
and lead to water loss–a fundamental reason to avoid them. Although some facing wall
stones show rounded edges, this abrasion could have happened due to the erosion caused by
water overflowing with time.
Terrace walls could have been constructed of one type of stones or of a mixture
(heterogeneous) (Agnoletti, M. et al. 2015: 13894). The various factors on which stone
lithology depends are, mainly, availability of the stone, outcropping lithology, use of the
terrace, secondary use of the wall, maintenance work, experience, and the choice of the
material by the builder of the wall.

138

This fits to the recommendations given by the Roman agrarian Cullomela (Book II:8).
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Figure (4.11). Wadi Farasa dam (right); details of the ashlar blocks used for the facing wall with
the distinct surface stone treatment (left)

Figure (4.12). A check dam wall (top view from the Btahi area). Note that the stones used are
angular, as shown by the two stones on the left, while those outlined are rounded due
to water abrasion.
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Mostly, terrace walls in Petra were heterogeneous. Various materials were used in
constructing terraces, mainly quarried from the vicinity: sandstone of either the red Umm
Ishrin or the white Disi sandstone, limestone, chert, or rhyolite.
The rhyolite, which is a hard igneous rock exposed to the N of the Petra along the
escarpment of the Al-Quwayra fault, is a remnant of volcanic activity of the late
Proterozoic139 to Early Cambrian140 periods (Barjous, M. 2013: 44-45). It is of rosy grey to
red to dark reddish-brown color. This rock was not quarried due to its hardness, rather its
naturally broken fragments were used in constructing terraces mixed with other stones. The
terraces were constructed of various sizes and shapes (Figure 4.13). The dominantly rhyolite
terraces are concentrated near Wadi Namaleh, where they outcrop. As you move S, their use
becomes rare to the extent that almost individual stones are used.
The use of rhyolite for construction in this area was fundamental as these were used
for weirs, double dams, and the Vallerani type, aiming for torrent control and protection
from the avalanching rocks and debris. Rhyolite is sturdier than other stone and less prone
to weathering, thus more effective for such cases.

Figure (4.13). A terrace near Wadi Namaleh built from mixed rhyolite (dark reddish-brown) and
limestone (white) rocks.

Chert was used for the construction of terraces as a main material where it was
outcropping the most, originating from the Umm Rijam or Amman formations, which are
the uppermost outcrops in the SW side of Petra. Therefore, it would have been natural to
extract it for land usage and reclamation. Being a material difficult to quarry, chert could
have been a by-product when limestone was extracted from the Amman silicified formation,
or when fire may have been lit at the outcrop (Fraser, J. 2018: 330) to cause cracks within

139

Proterozoic is the period ranging from 2500 to 570 million years (Watt, A. 1982: 114), see part 2.4 for
more details.
140
Cambrian is one of the periods of the Palaeozoic era which spans from 570 million to 500 million years
ago (Watt, A. 1982: 114).
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the rock, making it easier for extraction, as torrential water could not create a collapse of
enough boulders of the substantial dimensions to be used for construction.
Known for its hardness, it is characterized by irregular sizes where it was used as a
predominant building material or mixed with others. At W Beqa’a, Heash and Rasif areas,
for example, all of the terraces are constructed from this stone (Figure 4.14).

Figure (4.14). A terrace from W Heash constructed from chert.

Chert was also used in circular walls for confining the collected stones from the
field, known as stone mounds.
There are two main outcrops for limestone which are both in the Cretaceous Ajlun
group: the Na’ur Limestone formation and the Wadi as-Sir formation outcropping to the N
and NW of Petra, mainly in areas such as Heash, Wadi Musa, W Beqa’a, and Braq. These
outcrops were directly quarried and used for construction of contour, bench terraces, and
check dams among the others. Generally, the stones quarried from the limestone are more
regular and angular, although unhewn (Figure 4.15). The terraces constructed from
limestone were the highest, as walls reached around 3–4 m. The only exemption are the
dams, which were constructed from sandstone and had inner plaster.

Figure (4.15). A terrace wall from Muzera’a built from large unhewn, angular limestone
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The most abundant material for construction is sandstone, favored as a carving
material due to its relatively soft nature. Three major formations outcrop in and around
Petra: the Umm Ishrin red to violet sandstone which is of harder quality, outcropping from
the Siq area to the Jabal Haroun area; the Disi sandstone, white in color, a more friable type,
outcropping in the margins around the Petra center towards the N and NW, particularly the
Umm Seyhun, Beidha, and the Hremiyyeh catchments; and the Kurnub sandstone,
outcropping in the wadi beds of friable multicolor sandstone (Barjous, M. 2013: 46-48).
These were classified by F. Pflüger into seven categories based on their outcropping and
their color: Salib arkose, Nabataeica sandstone, Siyyagh sandstone, Temple sandstone, AlHabis sandstone, Ad-Dayr sandstone, and Disi sandstone (Pflüger, F. 1995: 282). These
typologies were related to the monuments they were carved from.
Sandstone usage in the construction of terraces is mixed. The Nabataeans understood
the friability of the sandstone. While this characteristic could be protected in buildings with
plastering (Rababeh, S. 2005:120), this could not be the case in a terrace. Two main
observations in the approach were made: first, sandstone was mainly used for the
construction of terraces in agriculture, avoiding using it for flood control as much as
possible. A good example comes from the Hremiyyeh catchment area. Although the
outcropping Umm Ishrin sandstone carried chiseled marks, all the water-control terraces in
this catchment were constructed from limestone; the sandstone was used only for
agricultural terraces, and the stones used were not of a regular cut. This trend is well-attested
for in other parts of Petra, where chert or limestone was used for water control. The second
observation was that when sandstone was used as in Jabal Haroun and Btahi areas, the
choice was made for the darker Umm Ishrin, which is harder and more robust. If the friable
sandstone was used, three approaches were applied: constructing pressure dams and
applying inner plaster or using very large boulders that averaged between 0.70 and 1.20 m
in length or applying a mixture of stone.
In Petra, within catchment areas, builders were used to collect the fallen debris from
the construction sites, thus achieving two goals: clearing up the area of the stones and
quarrying those stones for building. When large boulders were difficult to move, they were
used as bases around which the terraces were constructed (Figure 4.16).
Evidence shows that in areas where terraces were constructed for flood mitigation
and the outcropping rock was limestone or chert and to a less degree sandstone, these were
more favorable as construction material. The material was quarried from nearby outcrops,
which still hold evidence of quarrying that can be matched in size and form with the nearby
terraces (Figure 4.17).
Regular hewn stones, when used, generally originated from a nearby quarry site. For
example, at Wadi Siq al-Ghurab, the stones used for building the terraces at Umm
Ḥuweiwitāt came from a quarry site located around 1.50 km to the N-E (Figure 4.18).
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Table 4.6.
Examples of the typology of the stone used in construction and the dominant outcropping
lithology:
Location
Stone material
Dominant
outcropping
White Disi Red Umm Limestone Chert
Rhyolite
material
sandstone
Ishrin
sandstone
Jabal
X
Umm Ishrin
Haroun
sandstone
E Beqa’a
X
Limestone
and chert
W Beqa’a,
X
White Disi
Beidha
sandstone
and
red
Umm Ishrin
sandstone
Ras Btahi
X
Red Umm
Ishrin
sandstone
Wadi Musa
X
Limestone
Muzera’a
X
X
Limestone
(Qarara)
Heash
X
Chert
and
limestone
Braq
X
Limestone
Al-Madras
X
X
White Disi
sandstone
Hremiyyeh
X
Umm Ishrin
sandstone

Figure (4.16). A large bolder in Namaleh which was used as a base around which the terrace wall
was constructed.
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Figure (4.17). Quarry marks and wedges in the outcropping limestone at the upper cleft near
Muzera’a from which material was used for terrace construction.

Figure (4.18). Umm Ishrin sandstone quarry site with distinct marks of wooden wedges used for
extracting the stones (left), which were used in constructing a terrace wall, as seen
from the same distinguishing marks (right).

It is also noted that the color of the stones chosen for building the terrace were always
darker that the background. In Beidha, contrasting the white Disi sandstone were the
yellowish-reddish Umm Ishrin blocks; in Beqa’a, the Amman silicified chert contrasted
with the Upper Cretaceous and in Jabal Haroun, with the darker violet, reddish-brown Umm
Ishrin, owing to the fact that these stones were not immediately collected from the vicinity
but brought specifically for the purpose of terrace construction. Durability can be proposed,
as Umm Ishrin sandstones are impregnated with iron solution and so less prone to
weathering. The same could be concluded about the Hremiyyeh catchment area, where the
limestone from the upper catchment area was used for terrace construction instead of the
sandstone, which could be easily quarried from the direct vicinity. Another reason could be
related to dew condensation: as the humid, cool air at night touches the dark stones heated
by the day’s sun, small water droplets formulate, thus helping the plants gain from this
humidity and stay moist.
135

4.7.2 Stone dimensions
At first glance, many terrace walls give the impression that they were constructed
from irregular rubble of variable sizes. Indeed, the aim of constructing terrace walls was to
perform a function rather than aesthetics, as expected from a building wall.
Terrace walls were constructed in rough terrain on slopes of various gradients, unlike
a building site. This had its own challenges: on the one hand, stone handling during the
construction, and on the other hand, the effectiveness of the structure for the function.
To ensure terrace wall stability, the longevity and durability of the stones used for
construction required specific dimensions. Generally, wall stability is considered to be
higher when the wall thickness matches the stones’ largest dimension (Borri, A. et al. 2015:
2652).
Furthermore, stone dressing (rough, uncut, cut, or dressed) influences the wall
stability as it influences the mechanical behavior of the wall (Table 4.7). Wall stability is
highest with dressed stone masonry and lowest with irregular stones. Terrace walls follow
this criterion; for example, the dams, which require a high retaining capacity, were
constructed from regularly cut stones and a fill. When irregular stones such as rounded
boulders were used, rough edges were well-placed to ensure high friction to increase the
compression stress. The higher the inner friction is maintained the higher the wall’s stability
is (Ore, O. and Bruins, H. J. 2012: 416).
Egyptians, Greeks, and Romans141 used various units of measurements (Table 4.9).
For construction, graduated rulers were used to check measurements. Stonecutters, who
provided stones for building, used the ruler, among other instruments, to ensure the correct
stone dimensions for the construction of regular courses (Adam, J.-P. 1994: 40). Stone
masons, who acquired knowledge of building with regular stones, were acquainted with the
critical relationship between wall stability and the ratio of the stone’s height to its width
(ibid).

Table 4.7.
Mechanical properties of masonry walls (after Borri, A. et al. 2015:2657, Table 10)
Stone type used in the wall
Compression strength
Shear strength
fm (MPa)
τo (MPa)
Irregular stones
1.0–1.8
0.020–0.032
Uncut stones with a facing wall of limited 2.0–3.0
0.035–0.051
thickness and fill
Cut stones
2.6–3.8
0.056–0.074
Soft stones
1.4–2.4
0.028–0.042
Dressed stones
6.0–8.0
0.090–0.120

141

For details on Egyptian measurements, see Arnold, D. 1991: 251; for Greek, see Lewis, M. 2003: xviiixix; for Roman, see Adam, J. 1994: 41.
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In Petra, stone courses followed a similar system. The stone height variation could
be categorized into groups, as displayed in Figures 4.19 and 4.20.142 Certain measurements
were more frequently used than others (Figures 4.19, 4.20), such as 0.10–0.12 m, 0.21 m,
0.26–0.30 m, 0.34–0.36 m, 0.45 m, 0.54 m; while other stone heights were less frequently
registered.

Figure (4.19). Stone range height (cm) categories and percentage of their use.

Figure (4.20). Percentage of stone use based on their width parameters.

142

The comparison is made for stone measurements of facing walls of regular ashlar blocks from the sites of
Btahi, Muzera’a, Hremiyyeh, Hujaim, and Al-Madras.
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S. Rababeh noted that the Nabataeans seemed to favor the use of the Egyptian unit
(cubit) for their measuring (2005: 100). The same observation was made at Qasr al-Bint
(Zayadine, F. et al. 2003: 77-79). The Egyptian cubic rod143 was 0.523–0.529 m long and
divided into seven palms and twenty-eight digits (Stone, M. 2014: 2-3). A recent evaluation
of the Qasr al-Bint niches and the S bay stone measurements were found to be 0.29/0.30 m,
0.44/0.445 m, 0.59/0.60 m, which seem to follow the Roman foot equivalent to 1 foot, 1 and
½, and 2 feet (Augé, C. et al. 2016: 294).
Table 4.8.
Comparison between Egyptian and Roman measurements (after Adam,
2014: 5, Table 5)
Unit
Roman Equivalent
Egyptian Unit
equivalent in cm
1
Finger
foot
16
1
Hand
foot
4

Foot
Palm

J. 1994: 41; Stone, M.
Roman Unit
equivalent in cm
1.848
7.392

1 foot
1
1 foot

25.4
7.49

29.57
36.96

Cubit

1 foot

52.4

44.355

Pace

2 foot

4
1
2
1

73.925

2

Stone measurements used in building terraces in Petra show a tendency towards the
Roman units rather than the Egyptian units. Some have measurements that are similar to the
Egyptian, while some do not fall into any of these categories. For example, in areas such as
Muzera’a, Ras Btahi, and Al-Madras, Al-Mdayrej (the wall near the highway), which is of
ashlar regular unhewn cut stone, measurements fall into the Roman system. Farm terraces
do not fall into any of these systems as stone measurements do not seem to fall within any
of the measurement systems.

Stone dimensions relation: Height/ Length
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Figure (4.21). The relation between stone height and its length.

143

The Egyptian cubit was an ancient measuring system based on the length of the arm, from the tip of the
middle finger to the tip of the elbow. It had two measurements: the royal cubit, which is equivalent
to 52.5 cm, and a common cubit equivalent to 45 cm (Stone, M. 2014: 2). Wright (1985) discusses in detail
the cubit measurement system in Palestine and Syria, which is equivalent to 44.4 cm and is known as the
short cubit. For detailed discussion, see Wright, G. R. H. 1985: 118-120.
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Stone dimensions relation: Hight/ Depth
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Figure (4.22). Displaying the relation between the height of stones and their depth.

Stone dimensions relation: length/ depth

Stone length (cm)

250
200
150
100
y = -0.1278x + 72.848
R² = 0.0044

50
0
0

10

20

30

40

50

60

70

80

90

100

Stone depth (cm)

Figure (4.23). Displaying the relation between the length of the stones and the depth.

Examining the previous stone dimensions chart and the relationships displayed in
Figures 4.21, 4.22, 4.23, two main dimensions become clear: a more cubic stone and a
rectangular one. The rectangular form was more common, but the builder chose how to
orient them when they constructed the wall. There is an inverse relation between the length
and the height; so the longer the length, the more the height, and vice versa.
The depth of the stone defined the thickness of the wall, which varied between 0.45
and 0.80 m. Therefore, no correlation has been found between the depth and height of the
stones. Also, there is no direct relation between the length and depth. Generally, there was
proportionality between the depth and length, but the stone height was mostly the smallest
in the system.
4.7.3 Foundations
Probably the earliest source on terrace construction comes from the Roman period:
Columella instructed to dig a trench in the soil. Into it, stones are fitted to make a foundation.
Then, the wall is constructed from stones that are obtained by clearing the field surface
(Columella, De Re Rustica: 2.2.12).
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Terraces are constructed immediately into the ground (Frederick, C. and
Krahtopoulou, A. 2000: 84), or the wadi bed, or rock outcrop (Van Der Sluis, T. et al. 2014:
34), which are prepared by digging a foundation trench (Gipson, S. 2015: 302; FerroVázquez, C. et al. 2017: 505) or basement (Beshah, T. 2003: 106) or base (Treacy, J. and
Denevan, W. 1994: 100), or by clearing them of stones and rubble to accommodate the
footing. Sometimes, bushes and grasses needed to be eliminated by intentional fire (Foxhall,
L. 1996: 53; Grove, A. and Rakman, O. 2001: 217). Fire would have had another advantage
of creating a more solidified, compacted soil that would be much more suitable for
construction, as it ensured that no seeds in the soil could grow and jeopardize the stability
of the terrace foundation. The loose soil would have been rammed by tapping with feet or
with a pole or stones to make it more compacted and levelled. This practice was
recommended by Vitruvius (3.4.2).144 Evidence in Petra shows that slight chiseling was
done to the outcropping rock to better fit the laid stones (Figure 4.24).

Figure (4.24). At the site of Hremiyyeh, the outcropping rock edge was chiseled at the bottom to
better fit the foundation layers for the check dams.

The width of the foundation base is calculated according to the following formula:
𝐵𝑤 = (2𝐻 𝑥 𝑆𝑏) + 𝑇𝑤
144

Vitruvius (1960) The Ten Books on Architecture, Book III, IV: 2. Translated by M. H. Morgan. New
York: Dover Publication.
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where Bw is the width of the base, H is the height of the riser, Sb is the slope of the batter,
and Tw is the width of the top of the wall, which could equal the width of the capstone.
A set of dry stones, known as the footing or foundation stones, are placed to make
the wall foundation. Generally, these stones are larger than the rest of the stones in the riser
to withstand the load of the structure, spreading it over the ground (Post, B. 2005: 21), and
the wall’s high stress (Rolé, A. 2007: 409). The wider surface of the large stones is placed
on the bedrock to maximize the friction (ibid). Generally, these stones are buried in the
ground and are obscured from the eye (Figure 4.25).

Figure (4.25). A sketch showing the footing stones placed as a foundation for a terrace’s doublefaced wall.

Terraces are either constructed on bedrock or on soil, which is the ground level at
the time of construction. Ackerman et al. used the term “floating terrace wall” to describe
terraces in which the depth of the terrace base is lesser than the fill depth (Ackermann, O.
et al. 2013: 210).
Terrace construction was done in the summer for two main reasons: first, it was
considered part of the free time after the harvest in the agrarian calendar, and second, it was
the period when the soil was dry and light in weight and, therefore, more suitable for digging
and lifting (Foxhall, L. 1996: 53).
4.7.3.1 Terrace foundation typology in Petra
The stability of the foundation is fundamental for the stability of the wall. This is the
most difficult to identify as this part of the terrace wall is buried under sediments. It can be
seen only when excavated or when the terrace is cut due to a natural cause or vandalism.
In Petra, several methodologies for executing the foundation were observed:
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A- Large footing foundation stones:
Large boulders measuring > 0.75 m were placed as the wall footing. Laid on their
broader side, these form the base of the terrace wall on which the rest of the wall
was anchored (Figure 4.26).

Figure (4.26). Large boulders used as foundation for a check dam in Wadi al-Hremiyyeh; the red
outline indicated the location of the large boulders.

B- Flat, broad slabs:
When the terrace riser is constructed at the wadi bottom, the lower foundation layer
has flat, broad slabs. This was to prevent the settling of the foundation when the
wadi bed is filled with water. As valley beds have more hydrophilic clay, their water
absorption is higher, which could endanger the stability of the construction (Figure
4.27).
C- Broad base:
When the terrace is constructed at the highest point in the watershed or upper valley,
the foundation is much broader, reaching up to 3 m in width. This was particularly
implemented for check dams and barrages. This was important to withstand the force
of water in the event of flash flooding, such as those seen in the E Beqa’a,
Shammasa, and Jabal Haroun areas (Figure 4.28).

Figure (4.27). The check dam at Btahi (S of Petra proper); in the red-outlined square, the flat and
broad foundation stones laid directly over the clay valley bottom.
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Figure (4.28). A cross-section of the design of a terrace at E Beqa’a; note the broad foundation
support.

D- Buttresses:
In certain cases, check dams were furnished with buttresses in the form of a larger
platform constructed as a base, or anchoring walls on the side in a T form
interlocking with the main wall, or in the form of two perpendicular walls
interlocking with the body of the check dam (Figure 4.29).

Figure (4.29). The buttress wall on the left supporting the perpendicular body of the main dam at
the lower catchment of Hremiyyeh catchment.

Their function was to absorb the sheer force of the water that hit the retaining face
of the dam while flowing down the valley and distribute it along the body of the dam to
minimize the pressure and ensure the stability of the structure.
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4.8 Method of terrace wall construction
The Nabataeans had acquired the knowledge of constructing free-standing walls as
early as the end of the first century BC (Rababeh, S. 2005: 108). Although monument walls
in Petra were consolidated with mortar, terrace walls required more skill in layering and
building dry stone walls.
After preparing the foundation trench and footing stones as described earlier, stones
were collected and sorted at the building site. Stones were laid in courses (Post, B. 2005:
21; Christou, P. and Elliotis, M. 2016: 249) in accordance with one of the facing wall
typologies described above. Generally, they are wider near the foundation and become a bit
narrower towards the top. The general rule is that the width of the top (Wt) equals half of
the width of the base (Wb).
𝑤𝑡 = 1⁄2 𝑤𝑏
Terrace risers were constructed from irregular unhewn stones rather than rounded or
dressed stones. Angular irregular stones have the capability of fitting better together by the
force of friction, thus creating sturdier walls. However, layering the stones in an interlocked
system requires more skill (Ore, G. and Bruins, H. J. 2012: 412). Field evidence in Petra,
however, has shown that stones were quarried from local outcrops (further below) and
chipped to a specific angular shape to fit into the desired course location.
The stones used for wall construction were rectangular, their length exceeding their
thickness and height. They were laid along their longitudinal axes in each course of the wall
(Figure 4.30). This reinforced the wall strength and stability (Ore, G. and Bruins, H. J. 2012:
416), making it more capable of withstanding the water flow and the weight of the sediments
collected behind them.

Figure (4.30). Showing a contour terrace wall; note that the stones are laid on their longitudinal
axes.
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To stabilize the wall, smaller stones were used in various parts of the facing wall.
Hearting is the process of using small stones within the wall courses to stabilize the large
stones. Small wedge stones were inserted between the gaps of the facing wall as anchors,
and these were chipped to a specific form to lock the stone courses (Post, B. 2005: 21)
(Figures: 4.32, 4.33).
For double-facing walls, the process started with the building of the retaining wall
with the stones lying on the longitudinal axis and the sharp, pointed side inside. One through
stone was placed every meter of the wall distance. Then, the facing stone wall was placed,
again with the pointed edge inside so that they formed small voids in between. Then, the fill
stones were placed in between the two stones so that they interlocked with the stones in a
very compacted way, leaving no voids (Figure 4.31).
In walls constructed from one layer (facing wall and the filter behind), the mason
will start by placing the first filter stone and then the second filter stone, locking them with
an anchor stone. Then, the large facing boulder is placed in front of them (Figure, 4.32).
Furthermore, the stones were chipped by skilled cutters to fit exactly together with minimal
voids.

Figure (4.31). Sketch showing the stone layering technique; the lines indicate the “through stone”
placement.
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Figure (4.32). Schematic drawing showing the direction for stone layering when constructing a
terrace wall, for details see animation video (01) appendix D.

If construction was made into a slope, soil digging was required to create the
foundation trench. The stones were aligned along the hillside, in line with the contour. Then
came the process of soil digging and course elevation, taking care that each added course
was inclined inwards (Foxhall, L. 1996: 53). The hollow formed between the riser wall and
the soil was filled with chipped stone, creating the filter.
After elevating the terrace riser to the required height, a top stone, known as the
“capstone,” was placed as the final course (Post, B. 2005: 21). It was either an elongated
stone slab placed on top of the whole wall span (Rolé, A. 2007: 409) or just a rounded, sized
stone placed on the area constituting the fill. The capstone’s function was to add vertical
pressure, thus stabilizing the whole structure and increasing slope friction (ibid), in addition
to closing the fill segment of the riser and thus preventing the water seeping more
extensively and disturbing the fill material.
In Petra, the courses were laid from right to left, inside out. The following evidence
leads to this conclusion:
−

When dismantling the walls (Al-Beqa’a, Muzera’a for example), it was noted that
the filter stones were placed at the back first, then the facing wall was constructed.
The first filter stone is placed and then the adjacent filter stone, a pinning stone, is
placed, which is chipped for better fit to lock them together (Figure 4.33). Then, the
facing block is pushed in front of them.
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Figure (4.33). Anchor stones used in the facing wall at the site of Muzera’a; chipped to better
fit the void between the stone courses.

− The locking of the check dam’s capstones is made by placing the last stone into the
chiseled cavity in the wall on the left side.
− In walls constructed from one layer (facing wall and the filter behind), it was noted
that the mason would start by placing the first filter stone and then the second filter
stone, locking them with an anchor stone. Then, the large facing boulder would be
placed in front of them (Figure 4.34). Furthermore, the stones were chipped by
skilled cutters to fit together exactly with minimal void.

Figure (4.34). The filter stones from Muzera’a; note the dotted outline showing the rock chiseled
for better fit.
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Figure (4.35). Cavity made in the outcrop to lock the cap stones of the wall at Hremiyyeh (left);
part of the Umm Ishrin outcrop chiseled to fit in the fallen stone (right).

Figure (4.36). Intentional chiseling angular sides of the wadi in the outcropping rock, to
accommodate the body of check dams (the silhouette).

When the check dams were constructed in the narrow valleys of Petra, several
approaches were used to ensure the stability of the riser and a firm grip with the cliff. The
first approach was chiseling a cavity in the rock to fit in a stone from the check dam (Figure
4.35). This ensured stone fixation and interlocking with the main body of the dam. Another
approach was chiseling the wadi sides in an angular form to anchor the check dam shoulders
to ensure their strength. In Petra, the Nabataeans intervened in changing the terrain to
maximize the terrace function. At Wadi Hremiyyeh, the wadi was broadened by cutting the
side cliff (Figure 4.36) to prevent topping up of the water flow. The cut surface cannot be
148

interpreted as a quarry face as it lacks the standard stepped landscape. In addition, no
constructions with red Umm Ishrin sandstone were found in the vicinity.

Figure (4.37). Sketch showing the use of large boulders at right angles in bench terraces.

Figure (4.38). Showing terrace riser elements (A) castone; (b) anchor stone; (c) hearting stones.

When bench terraces were constructed, large stone blocks measuring 1.00 x 0.75 x
0.85 m were placed at right angles to make them steady enough to withstand the pressure of
the soil and water (Figure 4.38).
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4.9 Stability of the Terrace Walls
Walls were constructed to withstand sliding and overturning (Castro, J. et al. 2017:
2). The stability of the drywall depended on several factors: the load accumulated behind
the wall (water, sediments); the typology of the wall’s foundations layers is constructed on
(rock or soil, and the texture of the soil); and the angle of the facing and retaining wall
incline and stone layering technique (Colas, A.-S. et al. 2013: 107). Furthermore, the
stability of the wall depended on its dimensions (length, width, and height). If one or more
of these parameters exceeded the necessary equilibrium, the constructed wall suffered
displacement and eventual collapse (Colas, A.-S. et al. 2013: 111).
Stone layering in the facing wall and the retaining walls did not only perform an
aesthetic function but was also fundamentally important for the wall stability and durability.
The stones’ courses were laid in an alternation of one stone over two and two over one. This
ensured the absence of any direct vertical connectivity between the joints, as each header
was in the middle of the stretcher. This made the wall stronger. This was ensured when the
facing wall followed most of the used typologies. Furthermore, stones placed along the
depth of the wall fortified the interlocking of the wall segments. The highest quality masonry
was observed in the retaining dam structures145, with regular ashlar blocks (typology IV or
VI) (Table 4.4) being applied in their facing wall construction (Figure 4.39).

Figure (4.39). Showing the alignment of the joints (in red) in the facing wall of the Hremiyyeh dam
(left); the top view of the dam’s double-wall, showing the intertwined stone
alignment reinforcing the strength of the wall (right).

When building terrace walls to confine sediments and protect wadi banks, smaller
regular stones as in category II or III (Table 4.4) were used (Figure 4.40). Therefore, smaller
stones could have been used to ensure better interlocking, minimizing the voids through
which the sand could seep out. This varied stone distribution microstructure created better
stability in the case of vibration due to differences in the response of the materials. In
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See also part 4.8.2 for further details.
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addition, the presence of voids helped drain the excess water, thus minimizing the
liquefaction (Castro, J. et al. 2017: 4).
Agricultural terraces, on the contrary, required larger voids to encourage the seeping
out of the excess water, making category VII the ideal choice (Table 4.4). For this, a mix of
regular and rubble stones was laid at random, creating irregular horizontal joints; this
influenced the lateral and compression strength of the wall (Figure 4.41).
Laboratory experiments have shown that the optimal condition for wall stability is
related to the soil load accumulated behind the wall. The higher the wall, the greater the soil
load should be to minimize the weight and friction (Colas, A.-S. et al. 2013:116). However,
the wall’s critical height seems to be around 2.6 m, because walls exceeding those heights
are more prone to failure.

Figure (4.40). Terrace protecting the wadi bank at Sayl Wadi Ghurab E (note the red line showing
the outline of the laid stones).
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Figure (4.41). An agricultural terrace facing wall from Hujaim; note that the horizontal beds are not
continuous.

In Petra, several terrace walls show signs of displacement, probably due to natural
causes. However, due to a good stone layering technique, the batter angle, the stone
interlocking, the water drainage, and the light, silty soil accumulated behind, these walls
managed to stay stable, as can be seen in the side wall of Ras-Silaysil146, which remained
intact despite extending to 157.65 m in length. It varies in height between 1.82 m and 2.27
m at the E end in the W and has an average thickness of 1.30 m (Figure 4.42).

Figure (4. 42). Wadi Silaysil stone wall showing evidence of displacement.

This wall has evidence of displacement probably due to earthquake effects, yet it remains standing
without any evident collapse or rebuilding.
146
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4.10. Terrace Dimensions
Various formulas exist for calculating the proper thickness of the terrace. These
depend on the slope gradient and the depth of the foundation (cut into the soil) (Sheng, T.
2002: 502, US soil protection recommendations). In addition, these parameters depend on
the height of the terrace riser. There is a critical limit that should not be exceeded as it would
lead to total collapse.
Z. Ron saw a direct relation between the width of the terrace and its height:
𝑤
𝑘𝑡 =
𝐻
where kt is the terrace coefficient
W is the terrace width
H is the terrace height
and the coefficient for a terrace being kt is ≤ 6
(Ron, Z. 1966: 35).
In Petra, however, the relationships between the width of the wadi, the height of the
terrace riser, and the thickness of the check dams and terraces were studied. From Figure
(4.43) it is not clear that the longer the dam is the lower its height. Only when the thickness
of the terrace increased was it possible to raise the riser wall.
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Figure (4.43). The relation between the length of a dam and its height.

The thickness of the check dam was dependent on the slope and height of the riser.
This can be calculated from the formula:
𝑇ℎ = (𝐻 × 1.5) − 0.2
where (Th) is the riser’s thickness, (H) is the height.
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Figure (4.44). Showing the relationship between the thickness of a dam and its height.
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A simpler relationship was deduced for
smaller check dam construction in the narrow
gorges which were still in situ and preserved to
their original height. These check dams had a
broad base that narrowed towards the top;
generally, the base was broader than the cap stone
top by three times:
𝑡=

𝐵
3

The height of the terrace is calculated by
adding the base width to the top cap width:
𝐻 =𝐵+𝑡
The slope incline plays a major role in
defining the height and the wall thickness as each
structure has a specific critical point for its
stability. If the parameters of the wall are
exceeded, it would lead to the wall’s collapse. It
was noted in Petra that in terraces on steep slopes,
the wall was lower in height and constructed from
one layer of stones. The maximum proportion of height to width was 1:1. Generally, the
higher the wall the less was the width; and the flatter the gradient the thicker was the width
of the terrace, the proportion of height to width being 1:1.5.
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4.10.1 Vertical and horizontal intervals
The dimensions of a single terrace were dictated by the terrain. This required an
understanding of the slope gradient and how to distribute them within the slope for better
management and attaining the maximum effect. If terracing was required on a land privately
owned, then determining the area was important so as to not intrude on another’s territory.
The Nabataeans, as nomads and traders, had a sense of orientation, i.e., they knew
how to orient themselves with the stars. This knowledge was essential for construction,
particularly when choosing the SE or SW slopes’ orientation for terracing. Ancient
Egyptians were already using the stars for construction by applying triangulation (Lewis,
M. 2003: 22-23), thus the height of a desired hill to be terraced could be determined by
triangulation. To measure the distance, a simple cord was used. It was a rope made of
fibers147 treated by waxing and hung with a weight to prevent deformation due to use and
weather change; it was also tied into knots to indicate segments of measure (Lewis, M. 2003:
19-20). In this way, both height and vertical distance were known to calculate slope gradient.
Surveying instruments did exist at that time. The Greeks already used instruments
such as the “dioptre,” which was a rounded disc engraved with two diameters and furnished
with a comparable sighting bar (“alidade”). The disc could be mounted either vertically or
horizontally148. By tilting the disc altitudes, angular distances and heights could be obtained
for triangular measurements (Lewis, M. 2003: 51-52).
It is probably farfetched to think that a single farmer could afford a surveyor to
calculate the required number of terracing, their distributions, and measurements; although
the builder might have had some acquired knowledge of the sort. However, large projects
for the state or rich estates could have deployed surveyors. This is particularly true for
terraces irrigated from springs. Surveying was fundamental because these involved
constructing a water channel system that would provide equal amounts of water to every
plot. The plots themselves needed to be mapped on a grid and each plot needed to be levelled
in a particular way to ensure flow of water between the planted trees.
The terrace design and proportions depend on the following factors (Figure 4.45):
•
•
•
•
•
•

Slope (S)
Soil depth (Sd)
Batter angle incline (U)
Width of the terrace (Wb)
Vertical distance between terraces (VI)
Horizontal distance between terraces (HI)
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In the Talmud, a detailed instruction is given on the method of surveying various land features (canyon,
hill) using a rope 50-cubits long (Eruvin 58).
148
Further on this in part 4.13.
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Figure (4.45). Sketch showing horizontal distance versus the vertical distance.

These are governed by the following mathematical formula:
𝑉𝐼 =

(𝑆𝑥𝑤𝑏 )
(100 − 𝑆𝑥𝑈)

where (VI) is the vertical interval, (S) is the slope gradient, (Wb) is the width of the terrace
tread, and (U) is the slope of the batter (Sheng, T. 2002: 501).
In Petra, vertical distances between terraces were also maintained. It was observed
that in the slope cross section, the tread of the lower terrace started at the end of the riser of
the preceding terrace, maintaining the same horizontal distances along the slope.
The vertical distance between terraces in Petra was not only influenced by the slope
but also by the lithology. Most of the terraces have a vertical distance of one meter. When
the plots of lands were used for field agriculture, the vertical distance was more than 3 m,
as their construction was in soil and the distance was maintained to facilitate agrarian
activities (Figure 4.46). When the lithology was steep and rocky, such as in Namaleh or near
Jabal Haroun, the terrain dictated a distance which varied from 2–3 m to around 5 m (Figure
4.47).
The horizontal spacing can be calculated by applying the formula:
𝐻. 𝐼 =

𝑉. 𝐼
× 100
𝑠
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Vertical distance between terraces

Figure (4.46). A sketch of a cross section along the slope at Beqa’a; note the fixed vertical interval
of consecutive terraces.
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Figure (4.47). Relationship between the slope and the vertical distance between the terraces.

However, observations in Petra show the existence of two types of horizontal
intervals between constructed terrace walls: an equal interval between the set of terraces and
a proportional increase. The main factor influencing the vertical interval between the
terraces in Petra was the slope; the gentler the slope the longer were the intervals, and less
were the number of terraces, however the vertical distance never exceeded the 40-m limit
(Figure 4.48). This distance can be calculated as follows:
Horizontal spacing = (-0.5361 x Slope gradient) + 25.936m
As the slope becomes steeper, the terrace interval becomes less and increases in
number. Thus, the topography and the slope governed the number of terraces constructed at
each segment of the slope.
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Figure (4.48). Relation between the slope gradient and the vertical interval between the terraces.

At Ath-Thughra, for example, the slope gradient was around 4%, so six terraces were
constructed with a constant vertical interval of around 19 m between them. At the upper
catchment of Al-Madras (Figure 4.50), eleven terraces were constructed. The first four
terraces had a regular interval of 13.35–14.25 m, and then the next three had a distance
ranging between 18.65 and 19.50 m, while the last four had an interval of 20.50–21.50 m.
The terrain in this segment is not that steep, being around 10.9%, yet it is rather rough with
the Disi sandstone outcropping in some areas.

Figure (4.49). A set of consecutive terraces at Wadi al-Madras; note the variation in spacing with
the slope gradient.
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Figure (4.50). Distance between Braq bench terraces.

At Braq, the slope gradient is 29.4 % and the distance between the terraces is 4.08–
4.70 m (Figure 4.50). Thus, the horizontal distance between the terraces is dictated by the
slope. By applying regression models to fifteen terrace complexes in Petra, it becomes clear
that the flatter the slope the wider are the distances between the terraces, becoming closer,
which could be expressed with the following formula:
𝐻𝑠 = 26 − (𝑆𝑔 𝑥 0.5)
where 𝐻𝑠 is the horizontal spacing and Sg is the slope gradient.
It was noted that most of the cultivated terraces were concentrated at around 15%
slope gradient, which is almost flat. This allowed the gradual and even distribution of water.
The check dams were situated slopes that varied between 8 and 12%, while erosion control
terraces were situated on slopes the were of ≥ 20% gradient.
Based on the function they should perform; terraces were constructed either as a
mono-wall (single) or multiple wall system. Agnoletti et al. considered the spatial
distribution of the whole set of terraces within one typographic area (e.g., catchment area
and valley system among others), dividing them into two main types: geometric and nongeometric. The geometric distribution was further divided into parallel continuous, parallel
zigzag and non-parallel (Agnoletti, M. et al. 2015: 13895). Adlar et al. took a similar
approach, classifying terraces based on their collective landscape distribution patterns
created by the repetition of similar wall forms (Adlar, G. et al. 2017: 115). To Agnoletti’s
regular and irregular patterns, Adlar’s team added pocket-pattern and off-contour (Adlar, G.
et al. 2017: 116-118).
In Petra, single walls and multiple terrace distribution exist. The multiple terraces
were used in large catchment areas, slopes, and along the wadis. The collective spatial
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distribution of the terraces generally followed a regular pattern of parallel terrace walls.
Contour terraces, check dams, and wadi terraces followed a more regular parallel
distribution system (Figure 4.51, sector B). When Vallerani terraces or braded terraces were
constructed, their spatial distribution was irregular (Figure 4.51, sector A). Crescent terraces
and bench terraces, used in irrigated terraces furnished with water reservoirs and
sophisticated water channel distribution system, had a regular pocket distribution pattern
(Figure 4.52).

Figure (4.51). The upper catchment of Ath-Thughra (sector A) shows irregular braded terraces,
while the lower wadi check dams and the dam (sector B) show a regular spatial
distribution pattern.

Figure (4.52). Irrigated terraces at the site of Hujaim showing pocket terrace spatial distribution
pattern (delineated in red).
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4.11. Slope Orientation
Ron (1966) was the first to draw attention to the relationship between slope
orientation in terracing. His observations on terrace distribution in the Judean mountains led
him to conclude that the N slopes were the most exploited. He observed that they were more
exposed to rain, leading to the accumulation of soil and making it more favorable for
agriculture (Ron, Z. 1966: 38).
Similarly, Abed, A. et al. noticed that the surface erosion rates depended on the slope
orientation, thus the E slopes experienced less erosion than the W slopes, which modified
their surface morphology and slope angles (Abed, A. et al. 2012: 230).
In Petra, spatial analysis of the distribution of terraces and the slope orientation
shows no exploitation of the N-facing slopes for irrigated terraces. The lower terraces, which
benefited from both the wadi flow and the spring, were oriented on the E-, W-, and S-facing
slopes. The higher the spring water and rain irrigated terraces were situated, , the more their
orientation tended towards the W, such as at Mualaqa, Braq, Ayn as-Sader to name a few.
Ron proposed that the terracing started on the N-facing slopes before expanding to
the S slopes due to the fact that vegetation on the N face is much better than on the S (Ron,
Z. 1966: 38). However, no such correlation was found in the Greater Petra area, as the
terraces were distributed in almost all orientations (Table 4.9.).
The wadi dry terraces that are dependent on rain runoff for cultivation followed the
flow of the wadis, thus the majority were situated on the W slopes. The hydrological
installation was located more on the N-facing slope, seemingly because more run-off was
generated on these slopes, such as at Hremiyyeh and Al-Madras among others. No
relationship could have been established with the road systems.
Table 4.9.
Showing the orientation of the slope’s facing in relation to the terrace use
Terrace use
Slope incline orientation
N / NW
S / SW
E
Irrigated terraces 0
25%
25%
Rain-fed terraces 25%
17%
17%
Water system
71%
14%
15%
Road system
0%
33%
33%

W
50%
41%
0
33%

In run-off farm systems that deployed wadi beds and in narrow gorges, terrace walls
and check dams were constructed perpendicular to the wadi from one bank to another. The
wall was built at an angle of 90˚ with respect to the wadi flow. However, when the wadi
curved, the terrace angle changed to 100˚–110˚ (Figure 4.53). This created a larger angle in
the direction of the flow, minimizing the water flow force. This effect was reached by
prolonging the wall’s length and widening the width. Similar observations were made in
Nahal Avdat but only in the wadis of the 4th order (Ore, G. and Bruins, H. J. 2012: 413).
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Figure (4.53). Showing the orientation of the terrace walls in Rajif’s run-off farm; the wall located
at the curve is inclined 110˚NE (dashed line), while the next terrace is 90˚
perpendicular to the wadi flow.

4.12. Method of terrace construction within the landscape:
Terraces were constructed at specific intervening locations, probably to mitigate
certain issues such as stone avalanching, gully control, sediment control, flood mitigation,
or land recreation.
Before construction work began, it was important to determine the number of terrace
walls needed for construction, their intervals, and location. This would have required a
surveyor or a person with some knowledge or skill in land measurements, especially when
terrace walls were to be extended for several tens of meters.
The method by which the terraces were executed reflects the Nabataean
understanding of the local morphology and their knowledge of survey. One of the simple
tools used to mark contour lines was the “labella,” a level tool used by builders in the
Ancient Egyptian (Arnold, D. 1991: 253) and Roman periods (Vitruvius VIII: V:1)149. The
tool is made of wood and has the shape of an A-Frame150 with two legs joined together with
a level stick and a string with a weight known as plumb line hanging to it (Lewis, M. 2001:
27-29). This tool was both easy to construct for the farmer and easy to use by a single person.
It was used to measure the horizontal and vertical distances. Farmers used the libella to
determine the contour outline, which is the outline for the terrace.
Wooden wedges were probably dug into the ground to outline the contour on which
the wall would be constructed. Sand of a different color or ropes might have also been used
for outlining.
The number of terraces required, and their vertical intervals were dictated by the
slope gradient, soil amount, and the presence of gullies (Dorren, L. and Rey, F. 2004: 103).
According to U.S Soil and Water Engineering soil conservation standards, the design of
149

Vitruvius. The Ten Books on Architecture, Book VIII, Chapter V (on leveling and leveling instruments)
The tool’s name comes from Theon of Alexandria (335–405 A.D.), a Greek mathematician, who
identified “alpharion,” hence alpha A (Lewis, M. 2001:305).
150
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terraces is a function of calculations, where mathematical formulas are applied to determine
the width of the tread, the interval between the terraces. The main factor is the slope gradient
which is determined by the following formula:
𝐻𝑖𝑔ℎ 𝑒𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛 − 𝐿𝑜𝑤 𝐸𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛
∗ 100%
𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒
Triangulation was known by both the ancient Egyptians and the Greeks, who used
various methods to calculate the slope. One instrument known as the dioptre, which was a
rounded disc incised with two diameters at right angles, had an alidade fixed on it at the
center. This enabled its use in both horizontal and vertical directions (Lewis, M. 2001: 51).
This would have helped in the calculation of the slope incline and the number of terraces
required.
The construction of a terrace was tedious work that required a lot of organization
and concentration. First, the stones needed for the construction were located; they may have
been in the direct vicinity, either from fallen debris or quarried from the nearby outcrop and
brought into the construction site. Second, the building site required organization, the
presence of stonemasons, builders, and helpers. Specific instruments such as labella were
used to outline the contours. It enabled the measurement of angular distances between
various objects (Lewis, M. 2003: 51).
To calculate the amount of stone required for each terrace wall, the formula is as
follows:
Length x Width x Height = (1.00) m3
(1.00) m3 / 1.8 = (0.56 tonne of stone)
(0.56 tonne of stones) + 5% to factor in the loss of stones due to shaping (Kane, S.
N.D.: 6)
Thus, a terrace of 1 m3 would need 0.588 ton of stone to be secured.
The work would begin with the digging of the foundation trench of the terrace, either
till the solid rock was reached for a firm base, or to a certain depth into the soil of the slope
or the lower bed of the wadi. The digging would follow the outline set before, and its width
and depth would have been determined by the chief builder.
The construction required a certain division of tasks and involved workers with
various skill levels. A chief builder was responsible for choosing the stones that would be
laid and the direction in which they would be placed. Helpers would assist in bringing in the
stones, chipping them, moving them, and placing them. They would have also been
responsible for preparing the fill and placing the stones. On steep slopes, a human chain
may have been formed to hand stones to the builders, as piling them near the construction
location would have probably been a challenge. Simple cranes using a pulley and a rope or
baskets may have been another choice to lower stones to the builders.
Small, short terraces were constructed in upper catchment areas of low height to
create a zigzag path for ease of movement during the construction, as seen in the Hremiyyeh
upper catchment (Figure 4.54).
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Figure (4.54). The terraces constructed on a steep slope at the Hremiyyeh upper catchment area.

When the wall had a facing and a retaining wall, two workers needed to work while
facing each other to ensure the correct layering of stones. Long walls were probably divided
into segments. A group of two to three people could work on a wall segment. It is estimated
that a single terrace required two to five workers. Generally, one highly skilled worker could
build 5 m3 per day (Horn, K. 2013: 17). In Mexico, it was calculated that terracing one
hectare required around 4000 working days, with around 3,380 m2 of terraces (Treacy, J.
1987: 54-55). In Greece, it was estimated that one family could terrace 1000 m2 in the period
of one summer (Foxhall, L. 1996: 53). In Petra, based on real experience, a group of six
workmen could complete 2.40 m3/h of a double-faced terrace, this includes digging a trench,
collecting stones, and chipping and layering them in courses.
Labor could have been gender-divided if the work was related to family-plot
terracing or repairing. Where labor was divided according to physical capabilities, men were
involved in more labor-intensive work, such as stone layering, wall building, and earth
digging, while women would be more involved in bringing in materials for construction
(Treacy, J. 1987: 55). L. Foxhall considers terraces to be a practice proposed to engage
slaves in constant labor all year round (Foxhall, L. 1996: 59).
As the farmers started adding the rows, another tool which could have used was the
“Chorobate,” a wooden instrument resembling a bench and having level weights on the sides
used to measure the ground’s angle. It was first described by Vitruvius (VIII, V: 1-3).151
This tool was probably used to add rows in levelled lines, especially when adding the caping
stone, or to ensure that it was level with the slope the terrace was built into. Levelling was
151

Vitruvius (1960) The Ten Books on Architecture, Book VIII.V: 1-3. Translated by M. H. Morgan. New
York: Dover Publication.
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important to ensure the correct alignment when several workers were working on various
segments of the wall. This was specifically crucial to terrace levelling in more complex
designs, such as barrages, gabions, and bench terraces.
At each end of the wall, a wooden frame known as a walling frame or batter frame
was placed (Post, B. 2005: 24). It was connected by strings that helped keep the wall facing
straight and align the stones to a level. This was essential when the terrace walls were long.
Riser walls for some terraces have been raised to more than 2-m high, and many
examples of dams and bench terraces reach to even more than 4 m. Several techniques could
have been implemented to move large stones and place them in their locations on the walls.
One technique could have been creating a temporary earthen ramp using rubble and
chipped stone, over which the stones could be rolled or pulled and placed into location,
probably from the sides of the wall (Foxhall, L. 1996: 63; Fraser, J. 2018: 332) (Animation
video 02- appendix D). When the terrace wall was constructed into the slope on an incline,
it can be assumed that terracing started at the hilltop and moved lower, as stones could have
been pulled down the slope by ropes (ibid) and maneuvered to be placed into position over
the terrace wall before adjusting the soil level behind them.
Another possibility could have been the use of small wooden horizontal cranes
(“trispastos”) furnished with a single-beam jib, a winch, a pulley, and ropes. This device
was described by Vitruvius (X: II.1)152 as being made of two wooden beams joined at the
top with iron brackets or a bolt, from which a rope ran through axes and pulleys and could
carry up to 150 kg. The crane’s legs’ thickness increased proportionally with the load
weight; these were kept apart. The crane was fixed to the ground by ropes all around (Adam,
J.-P. 1994: 44) (Animation video Hamarneh_03 appendix D).
Evidence was found of holes for wooden poles near the terraces of Muzera’a (Figure
4.55), which could indicate the use of some sort of a crane device to move and place the
stones when constructing walls with heights which were around 4 m above the current
ground level. Wooden scaffolding and ropes could have been applied to pull the stones to
the upper rows of the wall (Figure 4.56) (Animation video Hamarneh_03).

152

Vitruvius (1960) The Ten Books on Architecture, Book X.II.1. Translated by M. H. Morgan. New York:
Dover publication.
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Figure (4.55). The pole holes used for stabilizing wooden horizontal cranes; a reconstruction of
the device (right)153.

Figure (4.56). Workmen rebuilding a terrace wall and using a wooden scaffold to move stones to
upper layers (animated video Hamarneh_04 appendix D).
The reconstruction of the devise is taken from
https://www.whitman.edu/theatre/theatretour/glossary/glossary%20images/mechane.jpg
153
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The earliest free-standing walls in Petra were constructed from the late second to
early first centuries BC using wadi boulders and clay as a binder (Parr, P. 1990: 16-17). It
wasn’t until the late first century BC that the walls were constructed using ashlar stone
blocks (Schmid, S. 2001: 374; Rababeh, S. 2005: 108), which were regular cut stones. These
allowed for regular stone walling with minimum voids between the joints (Christou, P. and
Elliotis, M. 2016: 248). This indicates that the Nabataeans had acquired expertise in building
walls and had the tools to execute them with precision.
4.13 Maintenance
Terrace design, as discussed earlier, took into consideration terrace function and
location; this did not exclude their vulnerability, the possibility of their siltation, and the
possibility of their partial or total collapse or breakage. As several generations could have
inherited the terraced plots, maintenance of single terrace systems or modification of the
system by adding new elements was required (Gibson, S. 2015: 295). It is reported that in
Greece, terrace maintenance used to be scheduled in the September of each year, before the
start of the winter crop season (Bevan, A. et al. 2013: 261). The leaseholder was obliged
under penalty (fine) to rebuild the collapsed terraces and protecting walls (Foxhall, L. 1996:
48). Reuse of terraces after abandonment also required rebuilding. Siltation could lead to a
check dam falling out of function, which would have required adding new stone courses or
building a new check dam.
Evidence of rebuilding can be found in the form of patch work (Figure 4.57) which
differs from the original in stone size and layering.
Another pattern is evident in the construction of terrace extensions but in a poorer
quality, or in the form of totally rebuilt terrace walls that contrast with the original wall
(Figure 4.58).

Figure (4.57). Two very different layering techniques, which could be interpreted as
reconstruction work.
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Figure (4.58). A terrace wall: on the right, the original wall is built with large ashlar regular courses;
the left side shows a low-quality maintenance of a later date.

Another type of yearly maintenance that had to be managed after each siltation was
adding a new course of stones. This addition needed to comply with the batter angle (Ore,
G. and Bruins, H. J. 2012: 413), the stone wall orientation, and the adding of the cap stone,
which was not always skillfully done.

4.14 Linking Typology with Function
Although it was not until 1896 that Sullivan proclaimed the universal truth that “form
follows function” (Sullivan, L. 1896: 111), terraces in the arid Petra region seem to have
already been constructed to manifest this truth.
Researchers have assigned multiple functions for terraces: morphological
(Widomski, M. 2011, 321-323), agrarian (Spencer, J. and Hale, G. 1961: 4-15; Gibson, S.
2015: 304-305), hydrological (Beckers, B. et al. 2013a: 151-156; Dorren, L. and Rey, F.
2004: 99; Al-Qudah, K. et al. 2016: 914-916), erosion prevention (Grove, A. T. and
Rackham, O. 2001: 110; Abu Hammad, A. 2006: 1), and landscape-related. Various
divisions for this function have been addressed from a microscale (Treacy, J. and Denevan,
W. 1994: 94) to a macroscale.
The close examination of Petra terraces from a functionality point of view has led to
the proposal of dividing the terrace functions into two main categories:
I.
Water management
II.
Sediment and soil management
As shown in table 4.10, these have specific subcategories, each of which has a
specific typology from those explained above.
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Table 4.10.
The relation between the function of the terrace and its form
Function Category
Subcategory
Typology154
Water
Weir
Single / Linear / No filter or fill
Gabion
Double / Linear / Fill / Flat, broad base
Dam
Retention
Double / Linear / Fill
Reservoirs
Double / Linear / Fill
Barrage
Single / Rounded / None
Check dam
Double / Linear / Fill / Broad base and/or
buttress
Vallerani
Single / Crescent / Filter
Crescent
Single / Rounded/ No filter or fill
Soil
Soil
Contour
Single / Linear / Filter
Braided
Single / Linear to crescent / Filter
Bench
Single / Angular / Fill
Sediment
Round box
Single / Rounded / Filter
Parallel
Single / Linear / Filter
Fence
Double / Linear / Fill
Wadi banks
Single / Linear or Rounded / Filter

Table 4.10 shows how the typology is influenced by the function of the terrace. For
example, hydrological terraces were constructed with double walls and a fill to reinforce
them to withstand the pressure of water. The same can be said for freestanding walls which
need to be able to withstand the surrounding conditions, such as fences constructed to
protect land plots from animals. Diversion structures such as contour terraces or Vallerani
are constructed from a single row of stones and a filter. Terraces that are used for agriculture
are always furnished with filters.
4.15 Discussion and Conclusion
Most of the studies on terraces were concerned with two main questions: what
instigated terrace construction, and how and where they had originated. In view of the lack
of direct evidence, these questions will remain the biggest dilemma within research on
terraces until more in-depth and collaborative research is done.
The earliest theory was of one dissemination center for terrace construction put
forward by Spencer and Hale in 1961, in which they proposed Southern Arabia as the
starting point of terracing, from where it spread (Spencer, J. and Hale, G. 1961: 31-38). The
Nabataeans, having commercial and kinship ties, could have obtained the knowledge of
constructing terraces, but this remains speculative.

154

Facing wall typology is not included as it depends on each individual terrace. The foundation is also not
included as it cannot always be determined on the spot without a probe.
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G. Sayej (1999) presented four models for terrace origin in Palestine:155 the newcomer culture (invaders), cultural influence, intermingling due to infiltration by other social
groups, and gradual change (in society’s social class, inner migration, pastoral-sedentary
transformation) (Sayej, G. 1999: 203-205). One of the difficulties in examining these
models directly on terraces lies in the lack of exact dating of these structures. However, this
does not discourage us from discussing them within a wider context.
Several indications prove that the Edomite Iron Age II society within Greater Petra
practiced agriculture. Grinders, pounders, querns, and pestles made of various materials
(limestone, sandstone, granite, and basalt) were found in abundance at villages such as
Tawilan (Bienkowski, P. 1995: 88) and Umm el-Biyara (Bienkowski, P. 2011: 99-101).
Ostraca and cuneiform tablets of the Edomite villages are witness to the commercial
exchange and trade in agricultural products, such as oil at Umm el-Biyara (al-Ghul, O. 2011:
85-92). Sixty-seven Aramaic ostraca dating to around the 4th century BC mention about
Edomites involved in barley exchange in the area around Gaza156 (Graf, D. 2013: 46-47 and
the references within). M. Lindner proposed an Iron Age date for the terraces around the
sites of Umm Qsair (Linder, M. et al. 1996: 150), Ba’ja III (Linder, M. and Farajat, S. 1987:
176), Kutle II (Lindner, M. et al. 1998: 228-230), and Deraj III (Lindner, M. et al. 1998:
230-231), dating them based on site proximity;157 although there is no direct proof that
terrace agriculture was widely practiced in the Iron Age158 on the Edomite plateau around
Petra. Dating of the stepped gabion at Heash was conducted by means of the SLD159 of two
chert rocks, one from the foundation and the other from the top segment of the fill. Both
samples were dated to around 330–320 BC. This could imply that hydrological management
was practiced during the Iron Age by the Edomites around Petra.160 Thus, the Nabataeans
could have become familiar with the construction of hydrological terraces,161 adopting the
method first, before refining and expanding their use. Evidence of applying similar
parameters and construction techniques can be traced at Jabal Haroun and East Beqa’a
which copy the early gabion of Heash in the method of construction, stone size, and even
155

These theories are in their strict narrative discussing the various theories put forward by researchers in
Palestine/Israel to the Philistine, Israelite, or Canaanite, and the ethnicity/religious origin of the terraces
(Sayej, G. 1999: 201-209), which is beyond the scope of this research. However, the five models suggested
in the abstract are worth examining.
156
The ostraca were dockets indicating delivery of the barley to local garrisons. However, this does not
prove that it was sold from the “farmer” to the consumer, nor can it be used to prove that the cultivation was
localized. Being a port city, Gaza could have received the barley from any production site and the persons
mentioned in the documents could have been middlemen involved in the process.
157
The multi-period occupation of the sites from the Edomite to the Islamic period makes this theory hard to
prove.
158
M. Haiman proposed that the reason for the low use of terracing during the Iron Age was the presence of
abundant amount of arable soil for cultivation, evident in the large production of cereals at the time. It seems
that the climatic conditions after the Iron Age led to severe erosion, prompting terrace construction (Haiman,
M. 1994: 51-53).
159
See chapter nine for further details on dating.
160
Further details and discussion can be found in Chapter Nine: Terrace dating, Optically Stimulated
Luminescence page (9.3.5).
161
A. Bowes (1998) believes that the Nabataean interest in the Edomite plateau was in controlling water,
being an important commodity for traders and herders alike. This might have led them to first control these
installations, create similar ones in other places of interest, and then develop and expand their use (Bowes,
A. 1998: 218).

170

materials, except in the Jabal Haroun area where sandstone was used. Furthermore, the fact
that the foundation stone and the upper fill stone gave contemporizing dates indicates that
the gabion was constructed to its current height at the same time, with no modifications such
as raising or rebuilding.
Accepting the theory of early terraces’ application for water management opens the
door for speculation about their earliest agrarian application in Petra. Agriculture is
considered to be a synonym for trans shamanic and sedentary activity (La Bianca, Ø. 1990:
33), with terraces specifically being the privilege of sedentarism as they required constant
maintenance (Gibson, S. 2015: 302). Although archaeological evidence clearly shows that
the Nabataeans had already been partially settled in Petra around the 3rd century BC (Parr,
P. 1960: 135, Parr, P. 2007: 278-280, Graf, D. 2013: 31-34, Mouton, M. et al. 2008; Renel,
F. 2012: 1-16), their agricultural activity is still dated to the end of the 2nd to early 1st century
BC (Kouki, P. 2012: 35, 130). Terrace farming could have started on a small scale at that
time as a natural response to one or more factors, such as gradual change in lifestyle,
pressure of increase in population, and conditions which favored land reclamation among
others.
Kouki (2012) noted, based on the settlement pattern, that the earliest few settlements
were formed around Petra around the end of the 2nd and beginning of the 1st century BC.
And the large expansion in ruler settlement started with the 1st century AD (Graf, D. 1992:
254-255, Kouki, P. 2009: 37). This expansion occurs at the NE plateau of the Ash-Sharah
mountains, below the 1600-asl elevation, where springs are concentrated and there is arable
land that could sustain both rain-fed and irrigated agriculture; this could have led to the
foundation of terrace agriculture.
Grove and Rackham rightly believed that flatlands were the most sought-after land
for cultivation (Grove, A. and Rackham, O. 2001: 115), indeed if you have flat beds. In
Petra, playa land existed in areas around Beidha, Silaysil, and Al-’Aja near Btahi, but such
areas, if cultivated, would require adequate rain or water sources to irrigate the crops. The
only way to achieve such results was to cultivate on the slopes of the ash-Sharah mountains
or the wadi beds, where water was more abundant and reliable. Could this mean that the
location of Petra was more fundamental to the Nabataeans and that agriculture was
secondary to them? Or had the condition been much better and the cultivation conditions
were adequate for their needs at that time? Or had their agrarian skills been profound enough
to be able to turn the desert green so that they could settle and flourish there for almost nine
centuries?
Bruins and Van der Plicht proposed that the construction of terraces started at the
lower elevations near the wadi beds, and only later had to move up the hill and reclaim the
slopes. As the lower terraces became levelled with soil fill, it was easier to move upwards
(Bruins, H. and Van der Plicht, J. 2005: 363; Ackerman, O. 2013: 210). Others considered
that the local population was exploiting the lower riverbanks, thus forcing the “newcomers”
to exploit the slopes (Sayej, G. 1999: 203-205). Small-scale agriculture could have started
where arable land and water was abundant; and as the population increased, so did the
pressure on the limited resources, forcing agricultural exploitation towards the mountains
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and reliance on rain-fed agriculture. Gibson also favored the idea of cultivation at the lower
elevation with gradual upward movement due to convenience in construction (Gibson, S.
2015: 305). However, these theories could be true if we assume that all terraces had only
one purpose: agriculture. In reality, that is not the case; low-valley agriculture cannot stand
a reasonable amount of time without being over-silted or destroyed with debris or
overflooded, if the upper slopes had not been terraced for their protection. Therefore,
agricultural terraces coexisted with other terrace forms created not only for agrarian
purposes but for soil protection as well among other reasons.
Commerce exposed the Nabateans to a variety of cultures and people. The influence
of this cultural exchange and the adaptation of the current trends of the time are evident in
architecture, with strong Hellenistic adaptations in residential palaces (Schmid, S 2001: 374)
and Alexandrian influences on the tomb facades (McKenzie, J. 1990: 33-59), indicating
craftsmen mobility between cultural centers of the time, Petra being no exception,
particularly during the peak of Nabataean construction (30 BC–1st century AD) (Schmidt,
S. 2009: 334). Alexandrian (Egyptian) workmanship was not only traced in stylistic
influences but also in the measurements, as F. Zayadine et al. noted the Egyptian cubit units
applied in the early construction of Qasr al-Bint (Zayadine, F. et al. 2003: 77-79), while the
later modifications seem to turn to Roman measurements (Augé, C. et al. 2016: 39).
Speculations, thus, could be made that master masons could have migrated or were hired to
work at building sites. These master builders could have hired local workmen or trained
some or had members of their family who deployed their efforts in other building activities,
such as terraces. This is reflected in the fine construction of massive terrace walls with ashlar
unhewn stones in the wall near the highway at the site of Muzera’a, and, to a less extent, at
Braq, Beidha, and Sliesle.
Geomorphological factors and land cover are also important catalysts for terrace
construction. One of the theories associated with terrace construction is the protection of
scarce soil cover and the prevention of surface erosion (Christopherson, G. and Guertin, D.
1995: 7; Gibson, S. 2015: 303). The erosion caused by the humid climatic conditions of the
4th century BC could have been instigated by the cutting of trees. S. Schmid proposes that
the early Nabataean dwellings could have been constructed from wooden beams and cloth
(Schmid, S. 2001: 371). If we add to that the required wood for lime kilns, heating, cooking,
and other type of constructions such as animal pens among other activities which could have
led to some level of deforestation, and consequently to erosion (Hughes, J. and Thirgood, J.
1982:67), terraces would have been a measure taken to protect the scarce yet crucial soil
cover or to collect the silt generated. Gibson ironically notes that deforestation was done on
purpose to expand agricultural land through terracing (Gibson, S. 2001: 137). In Petra, the
expansion of the agricultural land was on the account of the shrubs162 burned to terrace the
land; so when the terraces were abandoned, shrubs returned again.

162

This observation was made based on the burned charcoal in Hremiyyeh (see section 9.3.3) and the
phytolith analysis done in several locations, such as At-Tayyiba and Heash. For more details, kindly see the
discussion in section 5.8.

172

However, the absolute opposite might have been going on in Petra, as the urbanistic
Nabataean development and investment had already started in Petra proper, which was the
lowest point within the catchment where several wadis converged. The need to protect that
investment from flooding and siltation may have motivated the Nabataeans to construct
those terraces starting from the upper catchments to confine the already existing sediments
and prevent their erosion. Several terrace-riser-wall foundations were constructed on soil
rather than bedrock, such as at Hremiyyeh, Braq, Hujaim, Beidha, and Beqa’a.
The large variation in construction techniques, material sizes, and quality were
considered by some to be an indication of development or decline (Gibson, S. 1995: 302).
L. Stager proposed that the dams built from large blocks are of the Iron Age period (Stager,
L. in Gibson, S. 2015: 307). Although a gabion built of huge chert stones and boulders in
Heash was dated to the Iron Age period, this cannot be taken as a rule; until precise dating
is done, such an assumption cannot be made. Various factors could have influenced wall
construction: the financial situation of the owner, the presence of qualified masons, and the
conditions that prevailed during the construction period. All these factors influenced the
quality of the work and its durability (Grove, A. and Rackham, O. 2001: 115).
Gibson tried to correlate the lithology with the stone dimensions used in constructing
the terrace, “…stones made of soft limestone tend to be smaller than those made of harder
types” (Gibson, S. 2015: 307). In Petra, large boulders were extracted from limestone,
sandstone, and chert outcrops. The only exceptions were the Umm Ishrin sandstone, in
which the stones were the smallest, and the rhyolite, which is hard to extract and was thus
used in the “field form.”
Terraces are distributed over large lithological surface outcrops; however, these
surfaces result in greater surface run-off than sandstone outcrops (al-Qudah, K. et al. 2016:
917) such as Beidha and Btahi for example. The rhyolite outcrops, such as those at Namaleh,
reflected a steeper slope which would also generate a higher run-off. Within the limestone
and chert outcrops, the dominant terraces were of agrarian use due to the presence of springs,
thicker soil cover, and abundant rain. This does not exclude the construction of terraces for
other usages too.
Being daughters of the slopes, the most important factor in terrace design was the
slope incline. Gibson concluded that agricultural terraces were constructed on slope inclines
varying between 10˚ and 15˚ (Gibson, S. 2015: 302). W. Kennedy went much further; based
on survey results and spatial representation, he postulated that due to the change of
settlement locations during each period, various slopes were exploited in each period. In the
1st century AD, only the 9% slope gradient was exploited, in the 1st–2nd centuries AD, the
slopes of 16% gradient, and in the 3rd century AD, those with 26% gradient were exploited
(Kennedy, W. 2017: 120), however no such relationship exists in reality. Check dam
systems dated to the Nabataean-Roman periods were situated at slope gradients between 5%
and 9%, such as at Jabal Haroun, Hremiyyeh, and At-Tayyiba; therefore, caution should be
practiced before making any generalizations.
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The slope incline influences the dimensions of the terrace, the horizontal and vertical
distances, and the distribution of the terraces on the slope. Thus, the steeper the slope the
shorter and thicker was the riser wall and closer were the vertical distances between the
consecutive terraces. As the slope turned more vertical, the distances increased and the wall
designs differed, depending on their application.
Construction of terraces required some sense of geomorphology, area, terrain, math,
and even agriculture, in addition to the knowledge of survey methods and the equipment
used to segment the plot of land on a slope into a strip of land that a farmer could till, plant,
and work on. Although some equipment, such as the “A-frame,” the rope, and triangulation
could have been simple to use, a person with surveyor’s knowledge would have still been
required. Unfortunately, the Nabataean lexicon does not provide us with any clues within
the civil or military professions, so it would remain a speculation163 if this person was a
local, a Greek, or an Egyptian, or if this evolution of sophisticated construction techniques
was a post-annexation development.
Building terraces required a large investment in labor, time, and material. On the one
hand, this called for skilled workmen who had both the knowledge and the expertise to
obtain the material, organize the working space, and supervise the work; and on the other
hand, the demand and the money to fund such an endeavor were also needed. Terrace
construction in Petra might have been organized by the farmers, as most were concentrated
around small settlements and farmsteads, such as in Braq, Mu’allaq, Abu Sarbout, Wadi
Musa, and Tayyiba to name a few examples. These particularly reclaimed the land around
the periphery, driven by the increase in the population and the need to produce more stable,
especially when the climatic and political conditions allowed that, and they abandoned that
land when conditions changed. It was noted that around 6% of the farm income used to go
to the yearly maintenance of the terraces (Grove, A. and Rackham, O. 2001: 116).
Terrace construction might have been a gradual endeavor by the landowner,
especially when a large plot or slope was to be terraced and planted. One section could have
been terraced annually. Another possibility could be the construction of contour terraces to
ensure land stability and levelling; then, these could have been transformed into bench
terraces and planted with trees (Foxhall, L. 1996: 51). However, by records of land sales
and inheritance divisions in the 6th century AD, it becomes clear that these lands were of a
higher value and this could have been an incentive for constructing terraces to raise land
value.
Terracing is considered to be a family or smallholder endeavor (Donkin, R. 1979:
33-34; Williams, L. 1990: 83) in which a family terraced their small plot of land in the
vicinity of their dwellings, creating an organization of space, separating the family area from
the animal enclosers and the maintained “garden,” growing enough vegetables and food to
support their needs (LaBianca, Ø. 1990: 36; Grove, A. and Rackham, O. 2001: 116) (Figure
163

Unfortunately, the OSL dating obtained for terraces have too large a margin of error to give any chance
for establishing a clear chronology of stone wall variation to conclude the development of terrace
construction and form. Applying other dating methods gives a margin between Nabataean and Byzantine
period. For discussion on this, see the chapter on “Dating of Terraces.”
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4.59). Several examples exist around the abandoned villages such as Wadi Musa, Mansoura
and At-Tayyiba, which might have their origins in the past.

Figure (4.59). Abandoned At-Tayyiba village; note the set of terraces which once constituted
household gardens producing family stable.

However, this does not exclude the presence of professional builders who would
organize the process of stone layering with the aid of junior workers who would supply,
shape, and carry the raw material. The stability of the dry-stone terrace walls indicates their
high execution quality, which was attained after a long experience of trial and error until the
optimal result was reached.
Despite the large geographic area of terrace application in and around Petra, terraces
were applied based on the aspired result using a specific form and constructed using the
prevailing material. Thus, gabions were constructed in the same design using different
materials at Jabal Haroun and Heash, indicating the presence of skilled workmanship.
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Chapter Five: Terraces as Measures for Soil Control
5.1 Introduction
Terraces, as structures, can have various forms and are constructed in various
landscapes, despite that variation, their construction aims to perform two main functions:
the first is related to collecting, generating, and protecting the soil, which will be the focus
of this chapter The second is their hydrological management capabilities which will be
discussed in the next chapter.
Fundamental problems that prompted terrace construction include the need to prevent
the loss of already existing soil, the desire to collect sediments and soil, although these
functions may have transformed with time. Terrace function is often assumed to be for
erosion control (Treacy, J. and Denevan, W. 1994: 93), by minimizing the slope steepness
(Dorren, L. and Rey, F.2004: 97-108). Water and wind play significant roles in reshaping
the surface. Surface water can reshape, erode and redeposit loose sediments in the form of
alluvial deposits (Fitzpatrick, E. A. 1993: 12). This may lead to landslides when these loose
material deposits move to the bottom of a slope by gravity through soil creep or slide. These
deposits are called colluvium and generally lack stratification (ibid), differentiating them
from alluvial deposits, which are deposited by moving water and show stratification by
varying grain size distributions, which are also well sorted. Depending on their location on
the slope, terraces collect alluvium and colluvial material, forming flat surfaces more
suitable for cultivation and irrigation (Spencer, J. and Hale G. 1961: 4). Archaeological
evidence also records human intervention by moving soils from other locations of near
proximity and deposited behind the terraces (Spencer, J. and Hale, G. 1961: 20; Gibson, S.
2015: 300).
Terraces trap suspended material, including airborne loess164 brought by the wind from
sand dunes and through erosional activities (Lucke, B. 2017: 65). Terraces also slow flowing
water, thus depositing gravel, sand and silt and other material carried by the water. These
sediments, in turn, allowed subsequent flows of water to seep in and be stored (Kedar, Y.
1957: 182). With time, the amount of the deposited material increase, making it more
favourable for other purposes, especially agriculture (Spencer, J. and Hale G. 1961: 5;
Treacy, J. and Denevan, W. 1994: 93)
Sometimes, terraces were constructed into already existing soils, such as in hillsides
(Moody, J. and Grove, A. 1990: 184). Another technique involved constructing a riser to a
certain height, into which soil was moved from the upper platform or from the vicinity
(Ferro-Vázquez, C. et al. 2017: 505).
Terraces were also built on barren rock surfaces to collect sediment generated by
erosion. Rock surfaces are eroded by the force of flowing water or the wind and the material

164

Loess are deposited fine grained material transported by the wind (Fitzpatrick, E. A. 1986: 12).
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they carry. This process generates silt, which is gradually deposited behind the terrace walls
(Kedar, Y. 1957: 182).
In Jordan, terraces were studied from a water management perspective, yet there are no
studies that discuss their function in sediment collection, soil generation, and erosion
control, apart from a recent study by B. Lucke et al. (2019), who considered terraces as
aeolian silt traps with a diverse fill composed of a mix of local rock weathering and aeolian
dust (2019: 36-37). In addition, no specific typology was considered to understand their
function. These studies examined deposits accumulated behind terraces as potential material
for dating, not always knowing if the sediment actually preceded the terrace or not. A part
of general geomorphology, the study Al- Qudah, et al. (2016) gave a description of the
texture of the soil accumulated behind the terraces in Beqa’a and Beidha (Al- Qudah, K. et
al. 2016: 914- 915).
This chapter will demonstrate that the inhabitants of Petra understood the
geomorphology surrounding them and reacted accordingly. Furthermore, specially designed
terraces were constructed for sediment collection, soil generation, protection and erosion
control.
5.2 Mechanisms of soil formations
Not all accumulated loose surface material is considered soil. Sediments from the
weathering of rocks and can be transported by the action of wind, flowing water, ice or
gravity, and later accumulate in low areas such as riverbeds or depressions (Watt, A. 1990:
80). They can be classified according to the mechanism of their movement and location of
their deposition. Their texture (grain size and sorting) depends on the speed of the
transporting medium. Lacustrine sediments are moved by water and deposited in lakes;
alluvial sediments are deposited in streams while marine sediments are deposited in oceans.
These deposits are generally well sorted due to the gradual drop of speed of the mean of
transport. Sediments moved by gravity are colluvium, and are generally badly sorted due to
the sudden and avalanching nature of the deposition process. Wind deposits are eolian and
can often be fine-grained well sorted deposits (Brady, N. and Weil, R. 2002: 41). The main
distinction between sediments and soils is that soil can support plant growth due to the
presence of organic material, while sediment is initially poor in organic material
(Montgomery, C. W. 1990: 92).
Soil is the result of actions of living organisms (plants, animals and humans) on
accumulated material from physical and chemical weathering of pre-existing bedrock
(called in situ) and sediments (called transported) (Watt, A. 1982: 23; Montgomery, C. W.
1990: 100). Soil is comprised of minerals (mostly quartz, feldspar, mica and clay minerals
in addition to calcite), organic matter, organisms, water and gases (Schaetzl, R. J. and
Anderson, S. 2005: 9). Five factors influence soil formation: parent material, climate,
organisms, topography and time, each of which influences the characteristics of the soil
(Fitzpatrick, E. A. 1993: 10-11). Of these, two main factors that most influence soil
character are the parent rock and climate. Temperature and humidity/ precipitation are the
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main weathering factors that affect the parent material developing soil directly or indirectly,
as it encourages plant growth and encourages organism activity (Bredy, N. and Weil, R. N.
2002: 54).
Two things are important in soil classification: particle size and the mineral
composition. Particle size depends on the physical weathering, and whether the material has
been transported. Three main size categories include gravel (> 2.00 mm), sand (2.000.05mm), silt (0.05-0.002mm) and clay165 (<0.002mm) (Fitzpatrick, E. A. 1993: 88). A soil
particle size influences its ability to retain water, which is vital to maintaining plant growth
(Ackerman, O. et al. 2005: 206).
Mineral composition of the soil depends on the mineralogy of the parent rock and
the extent of its chemical reaction (caused from the reaction of the parent minerals with
gases and water) during weathering. Sandstone is composed mainly from quartz, and the
result of its disintegration is sand, while the weathering of rhyolite and granite (rich in silica,
aluminium and potassium) will produce kaolin clay and quartz (Swindale, L. D. and
Jackson, M. L. 1960: 151). Thus, the minerals of the parent rock will reflect on the resulting
sediment and soil.
The soil accumulates on the surface as a result of erosion, deposition and anthropogenic
factors (Krämer, T. and Gabel, H. 1997: 232). Soil accumulates over the bed rock initially
in horizontal layers, and later undergoes development due to various chemical, physical and
biological processes. These layers develop into distinguishable horizons designated by
pedologists by capital letters (Fitzpatrick, E. A. 1993: 120). These are the:
− O-horizon: the surface layer comprised of decomposed organic matter and alluvial
sediments or dust. Sometimes this horizon is absent (Soil Service Staff, 2010).
− A-horizon: dark in colour (Watt, A. 1990: 23), this can be either at the surface or
below the O- horizon. Comprised of weathered rock material accumulated from the
surface activity and some organic material (Montgomery, C. W. 1990: 100).
However, this layer might lose some of its fine particles (clay) and organic material
by leaching to the layer below. Thus, it is known as “the leaching zone” (Brady, N.
and Weil, R. 2002: 13).
− B-horizon: Subsoil layer, known as zone of accumulation, as leached material from
the upper layer is deposited there. This layer could have a finer texture from the
upper layer if clay and iron and aluminium oxide material leaches into it or could
collect raw grained material. It contains organic material but in smaller amounts
than the previous layers (Montgomery, C. W. 1990: 100).
− C- horizon: this layer directly overlies the bedrock, and usually contains very coarse
loose solid rocks, broken from the parent rock (Montgomery, C. W. 1990: 100;
Watt, A, 1990: 23).

This is not to be confused with clay minerals which are hydrous aluminium phyllosilicates with other
cations such as iron, magnesium and alkali earth metals (Fitzpatrick, E. A. 1993:20-24).
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In addition to the above-mentioned master horizons, sub-horizons might be assigned
due to the presence of specific morphology or materials, such as calcium carbonate or salt
(Fitzpatrick, E. A. 1993: 121).
Plant growth depends on their ability to get enough amounts of nutrients and water from
the soil. Of the above-mentioned horizons, the O, A, and B horizons contribute the most.
The A horizon is subdivided into Ap (ploughed) which is subjected to airing, temperature
fluctuation due to surface proximity, as well as to wetting-drying cycles. The A2 (leached),
sub-horizon allows water percolation as well as organic and mineral supply (Hester, J. 1955:
24), raising the chemical and physical activities in this horizon and making it ideal for plant
growth (Nortcliff, S. 2012: 400). The B horizon, where deeper plant roots extend, provides
the plant with organic material and nutrients in addition to water (ibid), making these two
horizons fundamental for agriculture.
Soil formation is a slow, long and uniform process depending on the prevailing factors,
mainly climate. Soil can form twice as fast in a tropical environment than in a dry climate
(Brady, N. and Weil, R. N. 2002: 63). For the soils to accumulate and develop into horizons
can take several million years. However, the process of sediment maturation into soil is not
straightforward, as several factors influence this process, mainly the nature of parent
material, climatic conditions and the length of time (Fitzpatrick, E. A. 1993: 52-55). Soil
maturity is a function of the formation of horizons within its profile rather than the profile
thickness (Jenny, H. 1994: 42). Humid environments accelerate soil formation more than
arid due to the abundance of water, which not only influences soil acidity but also the
chemical composition by dissolving materials, percolation and soil leaching (Fitzpatrick, E.
A. 1993: 27-35). Moreover, the presence of a richer vegetation cover not only increases the
organic content, but also encourages the organism’s activity, leading to the formation of soil
horizons (Byers, H. et al. 1938: 968-968).
Developed soils could be recent, resulting from current prevalent conditions, or formed
in the past through physical and chemical conditions no longer prevailing. These are termed
“paleosols” (Taimeh, A. 2005: 1), and can be found buried below the modern weathering
zone of modern soils, eroded or exposed on the surface or mixed or superimposed with other
horizons (ibid).
As mentioned, soil textures are classified according to the percentage of three main
size components present: sand, silt and clay. These components influence soils porosity and
permeability, which in turn influences the environment in which plants can grow
(Fitzpatrick, E. A. 1993: 88-90). Three major soil types emerge: sandy soils with low fluid
and nutrient retaining capacity. Loamy soils have a better capacity for draining and retaining
water and nutrients, which makes ploughing them better, these soils are highly favourable
for agriculture, although clay soils have a higher ability to retain water and their organic
content is higher, the clay holds water longer, which could cause plant roots to rot, and are
harder to plough, thus decreasing possible soil aeration and making this a less favoured soil
type for agriculture (Phogat, V. et al. 2015: 140-141).
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5.3 Soil erosion
Erosion is the process of removing the loose weathering products (including soil)
from one place to another (Montgomery, C. W. 1990: 103), which could be influenced by
either man or nature. Wind, rain, and surface water runoff contributes the most to soil
erosion (Reifenberg, A. 1955: 35; Balasubramanian, A. 2017: 1).
Water causes the erosion of the surface soil, which is accelerated under the influence
of slope (ibid). Water erosion can be subdivided under:
1. Splash erosion caused by raindrops. This mainly contributes to loosening soil
particle cohesion.
2. Sheet erosion, which is the uniform removal of soil by water flow on the surface.
3. Rill erosion the removal of soil by concentrated small water channels.
4. Gully or channel erosion: the removal of soil and sediments by a large, concentrated
water flow that cuts into the soil surface (Foth, H. 1990: 100) generally,
perpendicular to the contour (Valentin, C. et al. 2005: 134).
5. Bank erosion: is the erosion of the gully, stream or river slides by the force of
flowing water, which on the long run causes undercutting, scouring and slumping
which could lead eventually to mass failure (Grove, A. and Rackham, O. 2001: 243;
Balasubramanian, A. 2017: 4). This leads to the loss of the fertile sediments and
loose deposits, depriving the fields of the fertile soil leading to their abandonment
(Valentin, C. et al. 2005: 134).
Rivers and small channels contribute to the erosion by down and side cutting of the
banks, by the force of the flow or the material it carries. Rivers are prone to meandering,
changing their flow direction and causing both erosional and depositional activities (Grove,
A. and Rackham, O. 2001: 244). Sediment size and form are good indicators of the intensity
of the carried medium and distance from the source. Wind and water capacity in lifting and
transporting sediments are in direct proportion with particle density, as the energy decreases
particles are deposited according to their size, creating a sorting effect (Montgomery, C.
1990: 126). Well sorted particles are an indicator of uniform transportation energy, while
poor sorting can indicate variation is transported speed, as characterized for streams. Grain
angularity or roundness is an indicator of the abrasion process, reflecting the length and
duration of transport (Powell, D. 1998:14).
Wind erosion could be direct, through the action of lifting, carrying or dragging
loose material, or indirect by the abrasion of the carried material as they hit other surfaces.
Wind erosion depends on several factors such as velocity and frequency of the wind, soil
type, and soil cover (Brady, N. and Weil, R. 2002: 780-782). Three types of wind erosion
have been identified:
1. Suspension: this is the movement of very fine dust particles (< 0.1mm in diameter)
under the effect of wind upwards. These can be carried for far distances.
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2. Saltation: as the name suggests, the wind pressures the small soil particles (diameter
0.1-0.5mm) rolling them on the surface before bouncing, causing further
disentanglement and raising them vertically above the ground carrying them for a
substantial distance. Movement of sand dunes can be visualized in this context.
3. Surface creep: occurs when the soil particles are too heavy to be lifted by the wind
(>0.5 diameter), causing the wind to roll and slide them on the surface (Foth, H.
1990: 111; Brady, N. and Weil, R. 2002: 781).
5.4 Erosion rates
Soil erodibility depends on several physical and chemical factors (Wischmeier, H.
and Mannerin, J. V. 1969: 135), including the local landscape, soil texture, both its grain
size and mineral composition (controlling erodibility in part), soil cover thickness, land-use
and the weather conditions (Widomski, M. 2011: 315). In addition, higher rain intensity has
higher erodibility, loosening the soil particles (Abu Hammad, A. et al. 2006: 48). Not all
rainfall events can generate enough kinetic energy for runoff to both detach and transport
the soil particles (ibid). Runoff intensity is higher on a barren rock surface than on a soil
cover due to infiltration variant (Al-Qudah, K. et al. 2016: 920), and it also depends on the
moisture content in the soil increasing in direct proportion with soil moisture (Ziadat, F. and
Taimeh, A. 2013: 585-586).
Slope angle contributes the most to erosion due to the force of gravity. Water or
wind can loosen the cohesion of material, and its force causes the downfall of boulders and
soil from the upper elevations to the lower in a phenomenon known as mass wasting
(Balasubramanian, A. 2017: 2). Thus, the soil is generally thicker on gentle slopes,
decreasing in thickness with increasing slope angle (Fitzpatrick, E. A.1993: 46). In addition,
slope influences the soil moisture and water drainage (ibid).
The increased content of clay, silt and organic matter plays a major role in lowering
soil erodibility (Wischmeier, H. and Mannerin, J. V. 1969: 135). These also affect soil
infiltration rate and its ability to retain moisture, thus minimizing runoff and eventually soil
loss (Ziadat, F. and Taimeh, A. 2013: 585).
Land use, particularly land tillage and cultivation, have a direct influence on soil
erosion. Thick soil encourages roots to grow deeper (Abu Hammad, A. et al. 2006: 46). This
helps increase infiltration, thus reducing surface runoff volume (Ziadat, F. and Taimeh, A.
2013: 583).
In the Mediterranean area, the main factors influencing erosion are climate and
vegetation cover (Abu Hammad, A. 2006: 1) in addition to slope angles (Abed, A et al.
2012: 230). Therefore, erosion could be accelerated by modification of surface cover
through deforestation, fires and overgrazing (Reifenberg, A. 1955: 35). Creating a uniform
erosion model for the Mediterranean basin as proposed by Vita- Finzi166 in 1969. This
Claudio Vita-Finzi studied the wadi beds and stream aggradation and incision mechanisms developing the
theory known as pan-Mediterranean model. In this model valley fill evolution is established by gradual
aggradation taking the form of steps, where an “Older Fill”, containing late Pleistocene lithic tools, located at
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cannot be applied on specific local scales due to their complexity (Bintliff, J. 1992: 125).
However, it does show the importance of studying the erosion-deposition process. Sheet
erosion is accelerated in arid and semi-arid conditions due to low moisture retention, high
evaporation rates and the lack of vegetation (Abu Hammad, A. 2006: 5).
In a study utilizing the Revised Universal Soil Loss Equation (RUSL) incorporated
with GIS within the area between Shawbak and Wadi Musa, soil erosion rates were
estimated to range between 0.873-1.24mm y-1 (this is equivalent to 0.013-0.0188 tons. ha-1y-1 assuming a bulk density of 1.5 g/cm3 for the soil). Splash erosion for the same area was
estimated to be between 1.39 tons and 30.15 tons. ha-1-y-1 (Farhan, Y. and Nawaiseh, S.
2015: 4650). The normal soil loss tolerance values range between 5 tons. ha-1 to 12 tons ha1
y -1 (Montgomery, D. 2007: 13268). If this range is exceeded the soil cover is considered
lost. Abed, A et al. estimated the erodibility of the Al-Siq bottom due to extensive flash
floods to be 0.000375 tons. ha-1 - y-1 (2012: 230).
Erosion of soils generally causes the loss of the top A-horizon (Bintliff, J. 1992:
127), which leads some to consider it an indication for the absence of agronomic activity
and human exploitation of land. However, land abandonment causes disturbance in the soil
profile. Erosion can lead to loss of the horizons close to the surface, particularly the A and
O horizons, while exposing the deeply buried ones, such as B or C, causing a hiatus, before
another soil horizon develops (Kraus, M. 1999: 45). Leaching or erosion of organic material
without replenishing can be another reason for the loss or fading of the A and O horizons
(Boixadera, J. et al. 2016: 646). Deposition of either alluvial or eolian or colluvial materials
due to landslides or siltation can bury already existing organic soils, while depositing barren
sediments on the surface (Boixadera, J. et al. 2016: 644; Ferro-Vázquez, C. et al. 2017: 507)
which can lead to land degradation. However, these erosional-deposition cycles are good
indicators of paleo-environment, particularly wet-dry cycles (Bertrams, M. et al. 2014: 51).
5.5 Weathering and Erosional factors in Petra
Several factors cause the sandstone weathering in Petra, mainly caused by thermal
fluctuations, water, salt efflorescence, chemical and humans (Franchi, R. et al. 2009: 82-83;
Alshawabkeh, Y et al. 2010: 126; Delmonaco, G. et al. 2013: 444-445). Weathering has
shaped the natural surfaces and the carved facades, formulating spheroidal shaped, cavities,
honeycomb-structures and, tafoni features167 (Franchi, R. et al. 2009: 81).
Studies have shown that erosion of tomb facades carved in the red Umm Ishrine
sandstone weathering range, due to previously mentioned factors, from 0- 350mm/ kyr
higher elevation over current stream beds and a “younger fill”, containing Roman pottery fragments, located
at the lower elevations (Vita-Finzi, C. 1964: 19-33, idem 1969: 83-88, 91-102). Vita-Finzi later, cooperating
with Copeland, L., further developed his model for Jordan, proposing four stages of the deposition-aggradation
model, fill accumulation during or after the Middle to upper Palaeolithic followed by three incision and
redeposition phases in Pre-Kebaran, Roman and Medieval periods (Copeland, L. and Vita-Finzi, C. 1978: 1213). However, this theory was strongly criticised by being too simple as research done in various locations
proved to have more factors influencing the process of the formation of valley fills, for details in this see
Cordova, C. 2007: 137-141.
167
Type of stone weathering in the form of cavities of small diameter (<1cm- >100cm) in exposed granular
rocks such as sandstone due to mechanical weathering (Paradise, T. 2005: 44, idem 2013: 176).
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(Rihosek, J. et al. 2016: 3). Furthermore, weathering of a horizontal surface exceeds a
vertical by almost three times (Paradise, T. 1998: 157). Sandstone is more prone to physical
weathering, and experiments have shown that 90% disintegration of sandstone can be
achieved in a span of 17-20 y (Jenny, H. 1994: 32). Pflüger (1995) noted that coloured
sandstone is more prone to weathering, thus the multi-coloured temple sandstone (whether
carved or ashlar) weathers faster than the monocoloured sandstone such as ad-Dayr
sandstone or ad-Disi sandstone (Pflüger, F. 1995: 285-286). Also, Paradise found that
weathering decreases as the iron increases in the matrix, while the carbonate cement
accelerates the weathering by 10% (Paradise, T. 1998: 156-157). These eroded sands
accumulate in the surrounding area, forming entisol layers (Ferring, C. Reid 2001: 88).
Tertiary168 (Quaternary) tectonics associated with the rifting along the Dead Sea Rift
has caused the development of high relief in the area. This, in turn, has induced both
deposition and erosion along the newly formed slopes. This can be seen for example in
several areas in and around Petra, such as Wadi Btahi, near Wadi Umm Al-Biyarah and in
the vicinity of Jabal Haroun, Wadi al-Tina near Wadi Musa, among other locations, where
poorly sorted debris of mixed angular boulders and a mixture of sand and silt formulate a
hilly outcrop, generally sterile of any artefacts.
Water (mainly due to flash flooding) and topography is considered to be the major
erosional factor in Petra, as wind contribution to erosion is considered to be low (AlShabatat, A. 2005: 122). However, as some sandstone cementing material is comprised of
carbonate, quartz, clay minerals or iron oxides, which could dissolve or disintegrate with
rainwater that could lead to decomposition of sandstone (Pflüger, F. 1995: 285).
The Ministry of Agriculture of Jordan estimated recent soil cover loss in the
Shawbak and Petra areas to be around 3kg/m2 annually on the slopes, dropping to 0.13 kg/
m2 on flat surfaces. Another study conducted within the area of Petra, estimated the soil
erosion at Al-Hai (NW of Wadi Musa) to be around 1.24 mm y-1 (Al-Shabatat, A. 2005:
124). The study also concluded that erosion rates are not related to slope gradient or the soil
cover, but is more influenced by soil type and rain intensity (table 5.1).
Table 5.1.
Showing the relation between erosion rates with slope gradient and soil cover
(After Al- Shabatat 2005:124-125)
Topography
Erosion rate
Soil cover
Slope gradient
-1
-1
Ton Hectare Y
Wadi
30.15
25-42% plant cover
≤ 5º
Medium
9.95
Kurnub sandstone
6 - <55
elevation
slopes
Flat surfaces
1.37
Cultivated land
≤2

This is the geological period corresponding to 6 million to 2.6 million years ago, between the Mesozoic
and the Quaternary (Watt, A. 1982: 115).
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Evidence of erosion can be seen in a hiatus horizon in Beidha, between the Natufian
(12,500 BC and 10,200BC) and the Neolithic (7200 BC-6500 BC), in the form of an upward
well sorted gravel and sand fill, indicating strong stream flow erosion and deposition phases
(Field, J. 1989: 86) and again between the Neolithic and Nabataean horizons (Field, J. 1989:
88). A similar observation was made at Sabra 3 (4.50 Km S of Petra proper) where the
surface layers have been dated to Middle Epipaleolithic period (20,000). The event at Wadi
Sabra leads to the conclusion that a major cataclysm happened during the Holocene
(Bertrams, M. et al. 2012: 69).
5.6 Sediments of Petra area
Post-Ordovician169/ pre-Cretaceous170 and Tertiary171 tectonic activity created
extensive joints (Heinrichs, K. and Azzam, R. 2013: 584), faults and cracks, leaving
vulnerable surfaces for weathering and eventual failure. Tectonism caused a variation in
surface topography such as the outcropping bare rock such as limestone, chert and rhyolite.
The upper to middle slope are covered with colluvium with flat alluvium deposits at the
lower slopes and along the wadi flow.
These mechanisms not only influenced the geomorphologic features, but also the
pedogenic formation. Soil cover and taxonomy thus reflects the geomorphology of the
outcropping strata, which can indicate in situ soil formation or movement and redeposition.
Sand and silt sediments are more susceptible to movement than clay (Fitzpatrick, E. A.
1993: 84), due to their low cohesion, and the effect of gravity or water movement or slope
gradient or other factors. Thus, washing off soil from some surfaces and redepositing them
on others. Studies have shown a high variation of soil thickness in and around Petra, at the
NE and N areas soil cover for semi flat to flat surfaces >1,20m dropping to almost half a
meter in slopes of >10º gradient and not exceeding 0.17m in the hilly rocky surfaces (AlShabatat, A. 2005: 109-110). Such can be seen towards Jabal Haroun, where N-S striking
Al-Quwayra fault created a displacement over which a cover of recent sediments has
cumulated on the downfaulted side (Barjous, M. 2013: 51).
Torrential rain causes high energy surface runoff that erode rocks and soils at the
upper mountains surrounding Petra, transporting and accumulating debris to the lower
slopes. These flows run down through small gorges and along fault lines detaching large
boulders of chert, limestone and sandstone (Franchi, R. 2009: 83) in the form of colluvium.
While the channelized wadi flows deposit more graded deposits based on the water flow
volume and speed in the form of coarse-grained sand, pebble and gravel (ibid). These
colluvium- alluvium deposits in Wadi Musa were first described by Vita- Finzi in 1964 as
being mainly comprised of poorly sorted semi angular gravel and sand, with some limestone
and chert debris with some artefacts scattered on their surfaces (24-26). An increase in gully
formation and deepening of older systems, contributs thus in the process of down cutting of

The period in the Palaeozoic Era dating 500 to 435 million years ago (Watt, A. 1982: 114).
The period in the Mesozoic Era extending from 140 to 65 million years ago (Watt, A. 1982: 115).
171
The era that extended from 65 to 2 million years ago, subdivided into two periods: Paleogene and the
Neogene (Watt, A. 1982: 115).
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170
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accumulating sediments and re-deposition of more recent aeolian deposits (Beckers, R. et
al., 2013b.: 335). The later can be seen in the form of graded bedding along the wadi banks.
Poorly sorted conglomerates and cross bedded gravel deposits formed by
Pleistocene ephemeral braided streams can be seen deposited at raised wadi beds as
localized patches. Holocene sediments are comprised of unsorted to well sorted deposits of
clasts, gravel and cross bedded silt and sand. Deposited mainly at alluvium fans and Wadi
beds (Barjous, M. 2003: 47-48), notable at Wadi al-Mataha and Wadi Abu Olleqah (Barjous,
M. 2003: 50).
The Holocene has witnessed most of the major episodes of sediment gain and loss
introduced by natural events such as seismic activity (Niemi, T. 2009: 123), tectonic activity
as witnessed by sharp wadi flow diversion, alignments of escarpment, and displacements of
surfaces (Franchi, R. et al. 2009: 80). Human permanent settlements have sealed a lot of
paleosols, such as the Late Pre-pottery Neolithic settlement of Ba͑ja, which was constructed
on fluvial deposits of interbedded sand, gravel and calcareous deposits of the Late
Pleistocene and Early Holocene (Lucke, B. and Bäumler, R. 2007: 43; Lucke, B. 2017: 118)
the abandoned architectural remains were buried under debris, sand and gravel indicating
several erosional episodes (Krämer, T. and Gabel, H. 1997: 232).
Human activities, such as the building of settlements on alluvial wadi beds such as
PPNB Neolithic Beidha village, (Byrd, B. 2005: 70) the Pool and garden complex (Bedel,
L.–A., 2018: 139) helped stabilize and seal those sediments. The undercutting that later
happened at these settlements is evidence of base level changes and climatic fluctuation
(Beckers, R. et al. 2013 b.: 335), which might have caused the wash of the sediments that
once sealed Ba͑ja’s Siq (Krämer, T. and Gabel, H. 1997: 233). This is also evident in the
hiatus horizon between the Neolithic profile of Beidha settlement dated (8,649 ± 333cal.)
(Rambeau, C. el al. 2011: 250) and the immediate Nabataean terrace constructed on top of
it, the thin layer dividing the two cultural horizons is indicative of erosional activity (Field,
J. 1989: 88).
Franchi, R. et al. attributes the process of alluvium accumulation and erosion, to
tectonism, in addition to climatic fluctuation since the late Holocene (2009: 86). Bertrams,
M. et al. considered the 200m deep fluvial sediment deposition of Wadi Sabra a direct
indication of stream washing, with subsequent rill and wash due to climatic fluctuation
(2012: 56). Paradise, T. even went on to speculate that a devastating flood of 3m/s
magnitude hit the city sometime in 4th, 5th, or 6th century A.D, as can be deduced from the
fluviatile deposits at al-Siq, Wadi al-Mataha, Wadi al-Mudhlim and Wadi Musa (2012: 151152). The highly reworked fragments deposited of various material (sand, limestone,
metamorphic rocks) at Al-Ansab in Wadi Sabra indicate a flooding event of high energy
and intensity (Bertrams, M. et al. 2012: 62).
The conduit located in the Siq of Petra is an excellent case to study the erosion cycle.
The earliest conduit was built in the middle of the 1st century BC and was buried under one
meter of deposits. The second channel was cut into the Umm Ishrine sandstone, built around
the first 3rd of the 1st century AD (Rubin, I. 2003: 59) at a height of 3m, making the amount
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of debris accumulated at the lapse of 70 years 2.00m, this debris was later eroded, as can be
judged by pictures taken in 1933 of the Siq (Rubin, I. 2003: 37), showing a severe down
cutting by flood water. Al-Weshah and El-Khoury in their analysis of flood frequency and
intensity in the Petra basin, based on past records, predicted the peak return of a devastating
event might reoccur once every five years (1999: 174). From the remnants of the alluvial
deposits in the al-Siq, it can be deduced that “Roman pavement” of the Siq was buried under
3.5-4.0m of debris brought by repeated flooding events at Wadi Musa (Franchi, R. 2009:
87). These events were not only restricted to the Siq, but affected the rest of the city, bringing
with it silt and other deposits that covered most of the monuments after their abandonment
(ibid).
The role of torrents in siltation of Petra is well evident in the Al-Khaznah (the
treasury) Plaza, where a lower level of a set of tombs and a dam was dug out from a thick
accumulation of debris reaching a thickness of 1.63m (Farajat, S. and Nawafleh, S. 2005:
375). The lowest strata was comprised of mixed limestone and sandstone cobbles with sand
and material culture, and inside tomb 62D the silt accumulated to around two meters,
comprised of a coarse layer of debris, followed by nine layers of silt, the last two are hard
and compacted (Farajat, S. and Nawafleh, S. 2005: 376- 377) which could be distinguished
from the back fill or the chisel dust from carving the upper façade, while the presence of
yellow sandstone was interpreted as flood deposits brought from Dangur Al-Khaznah
(Farajat, S. and Nawafleh, S. 2005: 381).
5.7 Terrace in function with soil and sediment
The fill behind the dry terrace walls holds the most significant information about its
construction methodology, source of origin, use and development (Frederick, C. and
Krahtopoulou, A. 2000: 85).
Naturally, the soil fill would have three possible sources: in situ formed by the
erosion of bed rock or cut into an existing soil profile, brought in from other sources or
washed in due by water flow (Frederick, C. and Krahtopoulou, A. 2000: 83) or blown in by
dust storms. The nature of these fills can also be used to deduce the possible intended
function. Generally, terrace function can be summarised in four major categories: erosion
control (Lal, R. 1982: 27; Grove, A. and Rackman, O. 2001:110; Treacy, J and Denevan,
W. 1994: 93-94), slope modification (Grove, A. and Rackman, O. 2001:110) silt collection
(Grove, A. and Rackman, O. 2001: 110; Treacy, J. and Denevan, W. 1994: 93) and soil
development. These will now be discussed in detail.
5.7.1

Terraces as an erosion control technique

Built dry wall terraces are an effective measure to decrease erosion, mainly sheet
and gully erosion (Grove, A. and Rackham, O. 2001: 110), and to increase deposition. They
increase the level of the ground at stable elevations minimising the slope gradient and
helping preserve soil nutrients (Widomski, M. 2011: 317), mainly by reducing the volume
and speed of surface runoff (Widomski, M. 2011: 320). Grove and Rackman considered
their main ability was to control sheet erosion and gullying, but not wind erosion (Grove,
A. and Rackman, O., 2001: 110).
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Wind action is notably effective in arid and semi- arid environments (Fitzpatrick, E.
A. 1993: 49-50). Although terraces are measures used to control water rather than wind
erosion (Grove, A. and Rackham, O. 2001: 110; Dorren, L. and Rey, F. 2004: 101), terrace
walls were used to protect trees from moving sand and silt particles, thus functioning as
windbreakers, minimizing wind velocity in the immediate environment of the protected tree
(Middleton, N. and Kang, U. 2017: 7).
Researchers debated long on whether terraces were primarily built as a response to
the need for soil protection (Moody, J. and Grove, A. 1990: 183; Treacy, J. and Denevan,
W. 1994: 93-94) or if it was a side effect of other usages such as agriculture or water control
(Kedar, Y. 1957: 182), while Spencer and Hall dismissed the whole premise (Spencer, J.
and Hale, G. 1961: 26-27). Grove and Rackman proposed that only modern terraces were
constructed as erosion control measures (Grove, A. and Rackman, O. 2001: 110). In the
Negev, it was found that terraces were constructed to stabilize existing soil in the wadies
and to prevent the formation of gullies (Shanan, L. 2000: 99).
Experiments have shown that terraces reduce soil loss almost by half, while surface
run-off was reduced by 25% (Dorren, L. and Rey, F. 2004: 101-102). This, however, is
subjected to the condition of rain intensity and duration, slope angle in addition to soil type.
The table (5.2) summary reflects the role of those variables in changing the erosion rate. As
for example in Tanzania, the rain intensity had no effect on erosion on bench terraces, unlike
Palestine where the erosion increased by 300%. However, when comparing the erosion
under terraced and unterraced conditions, it is clear that the terraces reduce erosion for more
than 25%.
At Jabal el-Kirā͗, Wadi Musa Nabataean terraces were constructed to make use of
eroding soil from the high mountains, as the erosion rates were estimated to be 1.37 ton ha1 -1
y , while at Heash, where the annual rain intensity is higher, erosion rate reached to 8.75
ton ha-1 y-1 (Al-Shabatat, A. 2005: 125).
Table 5.2.
Showing the amount of soil loss in terraced/ unterraced conditions
Type
Soil loss Ton ha-1
Location Reference
Short rain
Long rain
Bench terraces
3.00
3.10
Tanzania Widomski, M. 2011: 321
Unterraced
9.60
15.00
Tanzania Widomski, M. 2011: 321
Bench terraces
2.211
Poland
Widomski, M. 2011: 323
Unterraced
4.576
Poland
Widomski, M. 2011: 323
Bench terrace
11.98
Japan
Nakoa, S. 2000
Unterraced
157.08
Japan
Nakoa, S. 2000
Terraced
inter-rill 0.0009
0.3092
Palestine Abu Hammad et al. 2006:14
erosion
Unterraced
0.0056
1.0177
Palestine Abu Hammad et al. 2006:14
Terraces
0.45
Negev
Shanan, L 2000:91
Terraced
0.00032
0.26515
Nigeria
Lal, R. 1982:28
Unterraced
0.01734
2.2299
Nigeria
Lal, R. 1982:28
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The effect of terraces in reducing erosion can be multiplied by increasing the number
of terraces constructed on a slope. Thus, when the terrace covers around 40% of the slope
or more, total soil loss can be reduced to almost 90% (Wei, W. et al. 2016: 396), even under
a large range of different climatic conditions, the effect of terraces is clear as demonstrated
in table (5.2).
Terraces change the hydrological characteristics of the slope (Crosta, G. B. et al.
2003: 41), primarily by controlling sheet flow and redistributing water, in addition to their
ability, due to the soil trapped, to increase infiltration along the terrace wall, thus decreasing
surface run off. Terrace walls interrupt surface interrill,172 thus altering surface water
connectivity, which eventually leads to water infiltration concentration, percolation to
deeper soil leading to overall moisture (Wei, W. et al. 2016: 392). This, however, depends
on soil type, hydraulic conductivity and rain intensity (Al- Qudah, K. et al. 2016: 921). In
Petra, experiments have shown the ability of terraces to minimize surface flow by 28% (AlQudah, K. et al. 2016: 920). In humid and sub-humid climates terraces could reduce the runoff from 80- 92.6% (Wei, W. et al. 2016: 392).
5.7.2

Terraces as soil and silt traps

In nature every erosional event is coupled with a deposition process downstream.
Some researchers considered the main role of terraces was for accumulating soil (Spencer,
J. and Hale, G. 1961: 5; Treacy, J. and Denevan, W. 1994: 93). Gibson considers that
terraces were dug into the slopes, and filled later with dirt and stones, although cautioning
that this assumption cannot be generalized (Gibson, S. 2015: 302). Shanan argues that
significant deposition is a rather slow in arid environments, as a large part of the catchment
is left for soil generation and only the lower part is developed for agriculture. Thus, any
farmer could not build a wall on a barren rock and expect that in his lifetime, there would
be enough soil accumulation to sustain agriculture (Shanan, L. 2000, 99).
Terraces, when constructed at water intercepting locations such as valley bottoms,
or embankments, were to collect the sediment from the water (Beach, T. and Dunning, N.
1995: 142). Alternatively, they could be built on rock outcrops, especially on slopes, to
collect the eroding sediments. However, this is a very slow process, in Avdat-Negev the
silting process in a 20ha watershed was estimated to be 0.6 mm y -1 (Shanan, L., 2000: 91).
Terraces that are built at the lower point of the valley collect silt173, sand and other
sediments from the flood events. Terrace fill is comprised of source material, which could
be collected from eolian, fluvial or colluvial sources, or filled artificially by humans from
near or far (Gibson, S. 2015: 300). These strata, however, will get mixed by tillage, and
change in composition due to collection of nutrients and manuring, creating a well-defined
new A-horizon that is distinguished from the ones below (Frederick, C. and Krahtopoulou,

Sheet erosion taking place in the area confined between irregularly spaced rill (Brady, N. and Weil, R.
2002: 752).
173
In Europe, these are categorized into two types accordingly: “Mangum terrace” filled with material from
both sides of the embankment, and “Nichols terrace” filled soil from cutting into the upper level (Morgan, R.
2005: 213).
172
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A. 2000: 86). Silt brought in by consecutive flooding events could have a high build up. In
the Negev, for example, it was estimated to be around 3.3 mm y-1 (which is equal to
0.0495ton ha-1 y-1) (Shanan, L. 2000: 93). This estimate does not take any erosion events
into consideration, which cannot be dismissed, nor the original thickness of the sediment
over the bedrock at the time the terrace was constructed (Moody, J. and Grove, T. 1990:
185).
Terraces were built along the wadi banks to reduce their erodibility, which could
lead to downstream deposition, particularly when a water harvesting system such as dams
or reservoirs could be jeopardised174. In arid environments, terraces were constructed on
slopes to purify water from sediments and direct it down the slope to a semi-circular
opening, locally called hafir, built in the earth for animal use or supplemental irrigation
(Beckers, B. et al. 2013a.: 152).
As discussed earlier, soil composition is related directly to the parent material, and
if the tread fill’s composition is different from the adjacent surround material, this is an
indication of it being brought in from another area, such as for example the presence of
“terra rossa”175 in a sandstone lithology.
Several studies have attempted to reconstruct the methodology of tread filling based
on the stratigraphy. Treacy and Denevan hypothesised three possibilities for fill origin: selffill, accretion field or back- fill by hand, although without giving any definitions of their
formation or distinction (Treacy, J. and Denevan, W. 1994: 105). Frederick and
Krahtopoulou proposed four main variables: fill composition, fill stratigraphy, typology of
cultural material present and the pedogenic development of the fill (Frederick, C. and
Krahtopoulou, A. 2000: 85). Their theory proposed eight possible scenarios on terrace
construction based on tread fill stratigraphy comprised of four layers: A-horizon, B-horizon,
cultural fill and natural slope wash. The proposed stratigraphy is based mainly on three
activities: cutting into an existing stratigraphy, filling in material manually or natural
deposition and a set of combination of probabilities of matching two or three of them
together (Frederick, C. and Krahtopoulou, A. 2000: 87-89). Furthermore, when the
stratigraphy of the tread is parallel to the riser’s courses176, it is an indication of gradual
deposition characteristic for alluvial deposition (Smith, M. and Price, T. 1994: 172). This
process can cause the burial of the A-horizon, and disturbance of the soil horizons
(Boixadera, J. et al. 2016: 637), not to add the loss of the organic horizon (Boixadera, J. et
al. 2016: 646). These, however, remain very speculative scenarios, as horizons cannot stay
sterile without interventions by outside conditions, especially in a dynamic environment
with root penetration, water percolation, soil crusting, animal borrowing, and human
activities (ibid).
Therefore, terrace tread is a dynamic environment that goes through various
intervention while in use; which include but not restricted to tillage, irrigation, manuring.
In Petra, several examples exist on this technique and are further discussed in this chapter section 5.8.
On Red Mediterranean soil (Terra Rossa) see: Durn, G. 2003: 83-100; Lucke, B. et al. 2013: 4-24.
176
Dry stone wall is comprised from the facing wall (riser) built of several layers of stone put on top of each
other perpendicularly known as stone courses.
174
175
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Farmers not only needed to collect soil but to increase its volume, as different crops have
different roots (Sandor, J. et al. 2017: 200) and require more soil as they grow, trees, for
example, increase their roots with age and some tree trunks require soil covering. Even after
abandonment the tread soil goes through various processes such as further deposition and
erosion among others to modify the soil cover (Treacy, J. and Denevan, W. 1994: 105).
These could be clarified through close examination of the terrace fill stratigraphy.
Topographic conditions dictate the source of the tread fill, if the terraces were
constructed on bedrock, or on surfaces with very thin soil cover, it would have needed to
brought from other areas. In ancient times, when animal labour would be deployed, it was
estimated that a terrace measuring 50m2 would need 1500 baskets of dirt, equivalent of
around 750 donkeys (Gibson, S. 2015: 300; Ackermann, O. et al. 2013: 202). Some tried to
relate the presence of tool marks (spade imprints) as proof for the terrace being dug into the
slope (Boixadera, J. et al. 2016: 646), although evidence of such type could not be preserved
in humid conditions over a long time period.
The nature of the self-fill can indicate fluvial deposition, the size of the boulders and
their abrasion (roundness or angularity) can indicate the distance travelled, and the energy
of the transporting medium. In addition, their sorting might indicate the change in the flow
energy (Boixadera, J. et al. 2016: 644).
5.7.2.1

Nature of the fill in Petra

To understand the nature of the fill deposition of some of the Petra terraces, Ground
Penetrating Radar (GPR) was applied on two sites: At-Tayyiba and Hremiyyeh. These two
sites were chosen (table 5.3) due to their topographic similarities, as they are both located
within the Upper Cretaceous outcrop areas, both are located on a steep incline and have the
same terrace slope orientations.
Table 5.3.
The characteristics of the locations scanned by GPR
Elevation Slope
Terraced
Usage
(m a.s.l.)
gradient
slope
At-Tayyiba 1300
24%
NW
Agriculture
Hremiyyeh 1100
18%
NNW
Hydrology/ Agriculture

A. At-Tayyiba:
Three profiles were scanned across one of the central bench terraces (figure 5.1).
The profile was 8.00m long and 2.26m deep.
The soil deposition seems to be stratified and compacted at the depth between 1.502.26m. However, at the depth of 1.50m, some minor shallow surface disturbances were
detected. At a distance of 4.00m and a depth of 0.20m an anomaly starts and is around 1.00m
deep. This anomaly is an old pit, which is constructed from stones and hallow from the
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inside177. The upper 0.50m of the soil showed disturbances due to ploughing and agricultural
activities (figure 5.2).

Figure (5.1). The location of at-Tayyiba GPR trenches.

Figure (5.2). At-Tayyiba GPR profile

177

For details about this pit, see section 9.7.2
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B. Hremiyyeh:
Two profiles were scanned at the middle catchment area, each was 6.50m long, and
varied in depth between 1-2m deep (figure 5.3).
The profile showed that the soil layers are accumulated on bedrock. The lower layers
are very compacted, forming a thickness of around 0.86m. At about 1.00m deep the
sediment depositional layers are much thicker varying from 0.10-0.20m thick than those
deposited at the surface (around 0.24m from the surface), where several very thin layers are
deposited. Small disturbances seem to originate from shrub and small plant roots. The
sediment layers show an inclination of 6˚degree angle of the slope towards the NNW (figure
5.4).

Figure (5.3). The location of Hremiyyeh tested profile.

Figure (5.4). The soil profile from NW to SW at Hremiyyeh.
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5.7.3

Terraces as slope modifiers

In areas where land is scarce, farmers tend to reclaim all possible surfaces for
agriculture, including slopes. Slopes pose a danger to the lower valley cultivated fields in
the form of over silting by flood water wash and downhill deposition of falling debris (FerroVázquez, C. et al. 2017: 506) which could jeopardize the fertile horizons rich in organic
material, making the land unproductive. The challenge lies in managing steep slopes, which
are more prone to erosion, specifically, those that are of 30º degrees and steeper (Morgan,
R. 2005: 213).
The design of a terrace, height, width and length and the vertical distance between
consecutive terraces depend on the gradient of the original slope. Terraces contribute to
changing the length and steepness of the slope incline, thus decreasing the run-off
coefficient, which decreases erosion rates (Farhan, Y. and Nawaiseh, S. 2015: 4665).
Experiments have shown a direct link between slope length and erosion within the
same gradient (10-15%), with an indirect relation between the slope length and mean runoff
by a fraction of 6mm m-1 y-1 (Lal, R. 1982: 24). These results are maintained even under
conditions of terraced field cultivation and tillage (Lal, R. 1982: 30), but also depend on
rainfall and soil permeability. When comparing these finds with cultivated terraced in the
Petra hinterlands, it is curious to note that vertical distances between terraces in run- off
farming falls within 37-42m apart, such as in Rajif and E Beqa’a.
In areas where natural bed rock is exposed, the erosion rate and surface run-off rates
are very high, increasing the steepness of the slope. These surfaces, when terraced, will
gradually be filled with sediments of various forms and sizes (Frederick, C. and
Krahtopoulou, A. 2015: 85), this will change their morphology and eventually the local
gradient.
Terraces are the architectural levelling of the slopes (Dunning, N. and Beach, T.
1994: 62). When the slope is terraced along the contour, the walls are filled either from
runoff silt or from the artificial cutting into the slope and redistributing the soil, decreasing
the slope gradient and increasing gentler to vertical surface relief breaking it into a segment
of sequential gentler radiant slopes (Dorren, L. and Rey, F. 2004: 97) by creating longer flat
areas (Dunning, N. and Beach, T. 1994: 56; Brady, N. and Weil, R. 2002: 761; Wei, W. et
al. 2016: 392; Macrae, S. and Iannone, G. 2016: 372). Thus, creating several microcatchments within the slope, with their own topography and characteristics which alters the
surface flow intensity, direction and amount (Wei, W. et al. 2016: 392). As the long slope
increases, the time duration for flowing water increases as do the chances for water
absorption (Lal, R. 1982: 24).
5.7.4

Terraces’ role in soil development

As noted before, terraces collect sediments generated from various sources and
mechanisms. However, several factors are required for accumulated sediments to develop
into the soil. These are the type of parent material, the presence of organic nutrients, time
and soil texture. Human intervention to change soil characteristics gave birth to a term
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known as an “anthropogenic178 horizon”. Humans alter soil more rapidly than nature, either
by accelerating its developments or depleting its resources, making it barren (Sandor, J. and
Homburg, J. 2017: 196).
Morphologically, terraces increase the soil horizons thickness due to the
accumulation of eroded material upslope (Sandor, J. and Homburg, J. 2017: 200). Gravity
and water play a significant role in the redistribution of soil particles, soil particle sorting
might occur forming a granular soil structure (Sandor, J. and Homburg, J. 2017: 201),
creating a B horizon richer in clay particles (MacPhail, R. and Goldberg, P. 2017: 135),
natural vegetation not only create paths for air through root penetration, increasing the soil’s
micro-porosity and reducing the bulk density (Sandor, J. and Homburg, J. 2017: 200), but
also enriches the soil organic matter and nutrients in the lower horizons (Dorren, L. and
Rey, F. 2004: 103). In arid environments, soil development is a slow process, occurring
where natural vegetation is concentrated near or at outcropping rocks, where humidity was
higher.
This observation could not pass unnoticed and could have been the trigger for terrace
construction. Terraces encourage vegetation due to their relatively higher moisture content
even when abandoned. This increases upon the cultivation due to manuring, the decay of
stalks remaining in the fields after harvest and decaying of roots (Wei, W. et al. 2016: 397398). This is an indication that the farmers are aware of the limitation of the soils collected
here, and actively encourage soil formation through deliberate efforts.
Alluvium formed from the deposition of suspended material result in a soil texture
rich in fine materials such as silt, clay and fine sand that are favourable for agriculture. Such
sediments are generally collected by terracing the valley beds and banks. Moreover, as these
plots are subjected to more water flow, they are nourished with the nutrients and minerals
suspended or dissolved in water and remove salinity from the soil (Sandor, J. and Homburg,
J. 2017: 203-204). This dynamic system not only helped the build-up and sorting of the
grain particles but created a rich anthropogenic horizon in a relatively short period of time.
It is no wonder that such lands were first reclaimed for agriculture and are in use for longer
than others.
Agricultural activity such as tillage, digging, planting and irrigating, helps
defragmentation of the soil, creating more fine material (Sandor, J. and Homburg, J. 2017:
196-197). In addition, the trapped water on the surface of the tread keeps the soil particles
in a suspended form, helping them to gradually precipitate on the surface.
To better explore the role of terraces in changing the soil texture in Petra, soil texture
from selected samples were collected from both terraced and unterraced profiles (Table 5.4)
(Figure 3.15).
Samples were collected from terraces located within various lithological outcrops.
The first observation that can be made is that the lithology has low influence on the soil
These are soils that have been modified or influenced by human activity such as adding nutrients, or
irrigation (IUSS 2006: 71).
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composition, with the soil texture of the terraces constructed within the Upper Cretaceous
Limestone outcrop having only around 10% less sand than the terraces constructed within a
sandstone outcrop site. Sample (EM8) was collected from Beidha near Umm Seyhun
village, which is surrounded by the Disi sandstone and Hremiyyeh sample T90 is also
surrounded by Disi sandstone outcrop. Although both had a high percentage of sand size
particles, it was not the highest within the samples, its percentage was within or a little above
the average of the other samples. The highest sand particle size percentage was within the
unterraced and the abandoned terraces.
Table 5.4.
Showing results of soil texture analysis in %
Sample ID Sample location
Gravel
Sh8
Wall near highway
6.00
Beq5
E Beqaa
27.10
EM8
Beidha- Umm Seyhun
6.10
T90
Hremiyyeh
22.20
HF3
Side of wadi upstream
34.70
farm
HF1
S side wadi upstream
31.30
near farm
HF4
Farm behind terrace C
24.30
HF5
Under terrace B Farm
29.70
Hj1
Hujaim Village top
10.90
horizon
Hj2
Hujaim Village flood
27.80
plain horizon
Hj3
Hujaim outside terrace
17.20
wall
Hj4
Soil under Braq terrace 36.00
Bq1
Braq behind terrace
29.90
wall
Bq4
Braq unterraced
18.90

Sand
93.90
71.50
89.20
69.60

Fine
0.10
1.40
3.70
4.80

Texture type
Sand
Loamy fine sand
Fine sand
Sandy loam

62.70

1.60

Sandy loam

67.10

1.10

Sandy loam

71.80
68.90

4.70
0.70

Sandy Loam
Sandy loam

79.90

7.50

Loamy fine sand

67.60

3.80

Sandy loam

77.80

4.70

Loamy fine sand

62.10

1.90

Sandy loam

67.40

2.80

Sandy loam

93.60

1.30

Sand

The location of the terrace within the typography seems to influence the gravel size
content, as terraces constructed on steep slopes and wadi beds would have 2-3 times more
of gravel than in other locations, as a result of aggradation process.
One of the defining features of the agrarian soils was the relatively higher content of
fine material (clay and silt) within the texture by 3-4 times, probably as an effect of tillage
and other agricultural activities which disintegrate the soil particles.
5.8 Typology of soil and sediment terraces in Petra
Several classifications exist to categorize terraces, yet previous studies always
considered their function as being purely agricultural. Treacy and Denevan noted that
terracing activity is not restricted to arid environments, but extends to fertile landscapes.
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This is a direct indication of their role in enhancing soil quality across multiple climates and
soil conditions (Treacy, J. and Denevan, W. 1994: 93). Despite this, no specific form was
outlined to function irrespectively of agricultural utility, as for example specifically for
sediment control. This could be explained by the environments in which these studies were
conducted.
Terrace classification is an attribute of slope gradient, function and sediment and
soil properties. In Petra, the environment of which this study is focusing upon, these factors
were taken into consideration in creating a new classification for terraces used for soil and
sediment management.
The study revealed that Petra’s terrace typology is rich and reflects an understanding
by the inhabitants of their surrounding environment and in mitigating possible hazards.
Although a single terrace or a set of terraces are constructed to fulfil a need, terraces could
perform more than one function. In this section, I will be discussing their direct function in
relation to sediment and soil control, specifically that such function was never attributed
before to the terraces of Petra by previous studies.
5.8.1 Soil control
Dry terrace walls constructed on the slopes and within the upper catchment areas in
Petra are intended to collect, stabilize and control soil as well as to modify the slope gradient.
Soil control terraces are either contour terraces(lateral), braided or bench (box) terraces.
5.8.1.1 Contour or lateral terraces

Figure (5.5). A schematic sketch of contour terraces.

These are also known as “parallel terraces” (Moody, J. and Grove, A. 1990: 183) or
“step terraces” (Grove, A. and Rackman, O. 2001: 107). These are the terraces constructed
perpendicular to the slope, along a fixed elevation almost in a straight line, or curving around
the contour (ibid) with a fixed horizontal distance (figure 5.5). Contour terraces are one of
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the ancient terrace forms, historical records mention their application in the Genova
mountains in Italy around 117 BC (Contessa, V. 2014: 26; Gibson; S. 2015: 298).
Treacy and Denevan considered bench terraces and contour linear terraces to be of
the same category (Treacy, J. and Denevan, W. 1994: 98-100) basing this probably on their
observations from Latin America from the Andes and Bolivia (ibid). However, this is not
always the case, as there is a difference in their form and dimension as this research will
demonstrate. Gibson categorized them as retaining walls constructed by digging into
existing slopes, or backfilling (Gibson, S. 2015: 298, 301).
Contour terraces intercept runoff, forcing it to flow across the slope depositing the
carried sediments and protecting the soil cover from creep.
In Petra, contour terraces are concentrated at the upper slopes, within the upper
catchment areas, generally covering the whole face of the slope, using local available stone
material such as chert, limestone, or sandstone.

Figure (5.6). showing contour terraces near Jabal Farasheh.

Near Jabal Farasheh, on the NW slope facing an E-W flowing wadi, a set of contour
terraces were constructed starting at an elevation of 1068m a. s. l. and drops down towards
the wadi at an elevation 1056m a. s. l. were constructed (figure 5.6) (36R 731350.64 m E,
3355167.92 m N; 731318.90 m E, 3355149.17 m N). Seven consecutive terraces were
constructed in an elliptic form following the contour line of the hill slope (Table E.1
appendix E). The terrace walls were constructed on the rock outcrop, with the number of
stone layers varying according to the outcrop terrain. For example, at FR24 (36R 731331.58
m E, 3355163.75 m N), the wall is partially built of five courses reaching to a height of
0.80m, while where the bed rock outcrops there are only two layers constructed to a height
of 0.50m. Thus, the wall reaches the same elevation evenly.
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Table 5.5.
Dimensions of the contour terraces at Jabal Farasheh.
Terrace number Elevation Length
Height
Width
(a.s.l.)m
m
m
m
FR20
FR21
FR22
FR24
FR25
FR26
FR27

1058
1059
1060
1061
1063
1064
1065

75.20
55.80
65.90
65.90
66.40
63.00
120.84

0.64
0.75
0.70
0.80
0.70
0.80
0.70

0.67
0.53
0.70
0.45
0.50
0.54
Range 0.65-0.75

Distance
between
terraces
0.00
4.70
11.00
7.36
13.26
2.50
3.40

the

The stones are laid on the longitudinal axes in alternating layering. The walls are
constructed from one course. All walls are constructed of five courses of stones. The walls
are built of angular unhewn sandstone, mainly the Umm Ishrine sandstone, which was
quarried locally (or just collected from the fallen debris, as no chisel marks are seen in the
bed rock). Stone sizes vary within the same wall, large flat slabs are used along smaller
boulders, with occasional use of small cobbles to balance the stones and ensure their fixed
positioning. The stone sized as measured for FR22 (36R 731338.87 m E, 3355165.01 m N)
are shown in table (E.1.) Appendix E.
5.8.1.2 Braided terraces
Also known as switchback terraces (Moody, J. and Grove, A. 1990: 183). These are
terraces constructed on a large slope surface in a zig-zag form (Grove, A. and Rackham, O.
2001: 107) (figure 5.7). The terrace walls are constructed along the contour; therefore, they
span over a long distance. At the ends where each of the terraces terminates another parallel
lateral wall starts and continues further along the slope, so between two parallel walls a
lateral wall is constructed (figure 5.8). These areas create a small landing of flat area, which
makes movements between the lateral walls and generally over the slope much easier.
Braided terraces are mainly constructed to intersect sheet flow, spreading the water
on a large segment of the slope surface, at the same time they change the morphology of the
slope by changing water patterns and the deposition of sediments. Braided terraces allow
easy climbs over a slope by humans and animals through the small open ends in between
lateral terraces (ibid).
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Figure (5.7). Schematic drawing showing braided terraces.

C
A

B
A
A
A

Figure (5.8). Braided terraces near Shamasa area. A is the first terrace, C is the second
terrace directly behind, while B is located between them, starting where A ends
but continues in the opposing direction of the slope than A and C.

Figure (5.9). A general view of one of the N slopes on the road to Naqab ar-Rubai with
remnants of braided terraces.
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On the way to Naqab ar-Rubai, one of the slopes is covered with braided terraces
(figure 5.9) (36R 731271.25 m E, 3355422.11 m N; 731270.08 m E, 3355368.18 m N). The
terraces start at an elevation of 1055m a.s.l. and continue down to 1046m a.s.l.. They follow
contour lines with an elevation variant of 1m difference. The terraces are constructed almost
parallel to each other, for example between FR1 and FR2 bearing N-NE a lateral terrace
FR35, bearing S-SE, is constructed, and between FR1 and FR35 a braided terrace FR 15 is
constructed to the S of FR1. These contour terraces are constructed on bedrock (Figure 5.8),
although some parts were built on sediments. They are around one meter high, to reach this
elevation part of the terrace was constructed fully from ten courses of stones, partially of
only three making use of the ground relief, the rock outcrop was not carved out. Their length
is shorter than the contour terrace length, which is another distinguishing aspect in addition
to their form (see table 5.6 for detailed dimensions).
Table 5.6.
Dimensions of the braided terraces near Naqab ar-Rubai
Terrace
Elevation
Length
Height
number
M (a. s. l.)
m
m

Width
m

FR1
FR15
FR35
FR2
FR3
FR4
FR5
FR6

1.10
0.35
0.63
0.40
0.70
0.70
0.45
1.00

1055
1054
1053
1053
1052
1051
1050
1048

55.50
18.80
16.30
11.00
34.50
13.00
14.57
14.48

1.10
0.50
0.95
0.45
1.10
1.10
0.63
1.10

Distance
between the
terraces
0.00
7.86
2.18
5.54
16.40
7.18
14.39

All of the braided terrace walls were constructed from local Umm Ishrine sandstone.
The stones are irregular, unhewn and vary in sizes, and most are angular. Large boulders
were placed in courses, with smaller stones placed in between, table (E.2) Appendix E
shows the stone measurements for terrace FR4. The wall is made of one course, without any
fill or a second course. There is no high craftsmanship in their execution. Smaller size stones
(0.40m x 0.30m, 0.40m x 0.10m x 0.18m) were placed in the lower base courses while larger
boulders (0.95m x 0.45m, 0.60m x 0.14 m) could be placed on the upper course, this could
be explained by their function which was to resist the force of water flow with their weight,
considering that the foundation is well fortified with the bed rock and piled up sediments.
The emphasis was made more on their proximity to manage the erosion of soil and possible
rock fall but manly water erosion.
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5.8.1.3 Bench terraces

Figure (5.10). A schematic sketch of bench terraces.

These are a variation of terraces constructed across a slope in a stepped manner, with
parallel vertical facing walls (risers) leaning down the hill, most of the time straight, with
straight edges (Dorren, L. and Rey, F. 2004: 100). Their sides are cornered with another
perpendicular wall, making them totally confined (figure 5.10). Bench terraces could reach
up to 4m high. They have a flat surface platform varying from 3 to around 9m wide.
Constructed on a contour line in a series creating a stepped view of a hill or mountain foot.
Bench terraces are employed when the whole slope is exploited for cultivation, even when
the plots are filled with water (paddies) (Brady, N. and Weil, R. 2002: 761).
Sometimes they might have steps constructed within the wall to enable moving
between these terrace plots (Grove, A. and Rackham, O. 2001: 107).
These terraces are very effective in controlling sheet erosion; thus, they are
constructed on steep hills (Grove, A. and Rackham, O. 2001: 110).
Bench terraces help in redistributing the water evenly over the plot of land across
the furrow courses of the plough rather than down the slope (Brady, N. and Weil, R. 2002:
761). Bench terraces cannot be considered as an erosion control measure, as they are shorter
in their span. They do contribute in modifying the slope gradient, and in this study they will
be discussed as agricultural terraces within the appropriate chapter.
In Petra, this type can be found both at the higher elevation of steep hills, or near
wadi banks down hills179. They are considered effective measures in controlling sheet
erosion and collecting sediments.

179

This type will be discussed in detail in part 7.4.1.2. Wadi sides cultivated terraces.
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Figure (5.11). Bench terraces at the site of Khirbet al-Braq.

The site of Khirbet al- Braq180 (36R 736904.13 m E, 3355511.75 m N; 736729.90
m E, 3355488.98 m N), is located 3.5km to the S of Wadi Musa, known for its Nabataean–
Roman ruins. Below this settlement, a set of seven bench terraces were constructed181
(figure 5.11). These terraces are located on a 27% gradient slope. Constructed of angular,
unhewn limestone stones of various sizes, with some segments of the wall had fallen. The
walls are built of two layers: a facing wall and a filter, with the thickness varying from 0.400.50m. The vertical distance between consecutive terraces varies and increase with slope
gradient (table 5.7).
Table 5.7.
Dimensions of the bench terraces of Khirbet al-Braq
Terrace name
Length
Height
Thickness
m
m
m
B1
50.20
0.90
0.42
B2
52.33
1.10
0.40
B3
29.54
1.10
0.48-0.50
B4
60.84
1.40
0.38
B5
47.20
1.50
0.50
B6
119.28
1.20
0.40
B7
149.68
2.16
0.55

Distance between terraces
m
4.80
4.08
4.52
6.00
8.50
4.70

The terraces vary in their length from around 29.50m to 149.68m. B3, B4 and B5
retained angular corners that vary in length by around 3.05m. Four of these terraces (B3,
B4, B5 and B6) have a lateral wall at the sides, giving the terrace an angular shape. These
angular sided walls are preserved only from one side only, as the other sides were either
bulldozed or had fallen or got buried under deposits brought by flowing water. Only bench
180

For information on the archaeological remains of the sites see Farajat, S., et al. 1998: 120-131; Tholbecq,
L. et al. 2018: 117-138. For the water aqueduct of ͑Ayn Braq, see Al- Muheisen, Z. 2009 64-82, Lindner, M.
and Hübl, H. 2002: 61-67.
181
The agricultural aspect of these terraces will be discussed in chapter seven.
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terrace B3, has two lateral walls from the sides still intact, the N side is 2.70m while the S
side is around 4.30m. The lateral wall is oriented SE, runs for 3.05m and is 1.66m high,
before it connects to the facing wall of terrace B4 that runs S- SW for around 60.84m. The
wall is built of two courses of around 0.50m thick. The soil fill has reached the upper level
of the cap stones of the wall. These terraces give the slope a stepped form.
5.8.2 Sediment control
These terraces are restricted to Petra, which, as discussed earlier in section 5.6, have
distinct paleo-sediment (preconstruction) accumulation behind their risers. These sediments
posed a huge hazard if washed by torrents into the inhabited areas downstream. Therefore,
serious measures were undertaken to stabilize and confine these sediments to prevent their
eroding. The interventions used were rounded box terraces, walls parallel to check dam
constructions and side bank terraces.
5.8.2.1 Round-edged box terraces
These terrace walls were constructed in the form of an enclosure that surrounds the
sediment. They are constructed from one outcropping rock to another. Generally, these walls
have rounded edges. They follow the contour of the sediments; hence they could have a
zigzag, box or crescent shape (figure 5.12). They are built either from a single wall or double
with a fill. The sediments thus become confined in a small enclave, with their elevation
being higher than the level of the stone terrace riser, which generally exceeds one meter.

Figure (5.12). A schematic sketch showing round-edged box terrace.

The sediments were dug into, and the stones were laid into the fill, first smaller
stones were placed, while large flatter stones were placed at the front on their long axis. The
walls are generally constructed from local material, either sandstone or limestone. Several
examples exist in Petra, the following are descriptions for some of them.
A. At Hremiyyeh, a retaining curved wall was also built to confine red sediments
of Umm Ishrin sand eroded from outcropping rocks (figure 5.13) (36R
736226.43 m E, 3355949.15 m N). The terrace is constructed in a curve, one
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segment is oriented 120º SE and extends 7.80m before curving towards the NE
by 60º for a distance of 10.30m. The width of the wall varies 0.29-0.35m.

Figure (5.13). The round-edge wall at the middle catchment of Hremiyyeh, note the umm-Ishrin
cobble stones and sand retained behind the wall. View facing E.

The SE wall is constructed from five courses of stones, while the NW is from six
courses of stones. The walls are constructed from mixed sandstone and limestone. The walls
are built of angular, unhewn stones with small anchor stones filling the small gaps, placed
in regular courses, and the SE wall is tilted outwards. The terrace wall is constructed of one
course of stones, these stones are regular in their form, their depth equivalent to their length
table (E.3. Appendix E) displays the stone dimensions).
The sediments are levelled with the upper course of the terrace wall, with violet
Umm Ishrin sandstone boulders scattered on the surface. The surface has evidence of
ploughing furrows.
B. Al-Madras terrace wall.
This terrace is constructed in an L- shape, running angularly (figure 5.14) at the
Middle catchment (36R 736329.30 m E, 3356375.45 m N). The wall is constructed from
limestone, and runs N for around 8.00m, before turning towards the NW for around 16.40m.
The wall is constructed from two segments, five courses are still in-situ. The N wall elevates
to a height of 1.20m, while the NW elevates to a height of one meter.
The facing wall is constructed from large mixed boulders and small angular stones
placed in courses, incorporating large boulders within the wall. The stones are laid on the
elongated axes, with smaller stones placed as the second back row. Small anchor stones are
placed within the gaps to ensure the fixture of the stones. The dimensions of stones
comprising the wall are displayed in table E.4. Appendix E.
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Figure (5.14). The round-edge box terrace type from Al-Madras area Petra.

5.8.2.1.1 Sediment confining around terraces
Another variation of the sediment confining terrace wall is a circular, free-standing
wall. Constructed around a small mound of sediments in lower, flat areas. In Petra, these
structures were mostly found in flat areas in near check dams and in fields confining
boulders and rocks collected from the field.
These take the form of a fence or a wall that encircles the sediments from all the
sides, taken circular to oval forms. Usually, the riser wall is built of 3-4 courses of stone.
The quality of riser wall execution varies from primitive walling to well-layered ashlar
blocks, following are some examples from Petra.
A- N of Beidha:
An ellipse wall was constructed at a flat area N of Beidha located at (36R 734994.14
m E, 3367718.68 m N), currently cut by the road leading towards Wadi Namaleh (figure
5.15). A crescent-shaped wall is currently remaining. The wall is bearing 25º SE and extends
21.50m before bearing 120º NW for another 20.00m after the angle. The wall is around
0.80m and rises at the centre of the curve to 0.85m in height. It is built of double walls with
a fill, reaching to a thickness of 0.80m. The facing wall is built of large boulders, while the
retaining wall is constructed from smaller size stones, both sandstone and limestone stones
were used. Anchor stones were placed in between the boulders from the backside to stabilize
them. The stone’s measurements are displayed in the table (E.5.) Appendix D.
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Figure (5.15). The ellipsoidal terrace wall (red dotted line) confining the sediment.

B- Near Naqab ar-Ruba’i:

Figure (5.16). A rounded terrace confining sediment at lower point of the catchment
near Naqab ar-Ruba’i.

At the lowest point of the catchment area, a semi-circular wall is constructed
confining a mound of sediments (figure 5.16) located at (36R 731499.50 m E, 3355082.46
m N). The semi circle’s diameter is around 23.60m, and the sediment height is 1.04m. The
terrace wall bears NE for 16.50m before turning N for 24.50m then turning N to NW for
around 13.00m. The wall is constructed from one stone course, reaching around 0.50m thick.
The terrace wall is constructed from large white and red sandstone boulders, forming one to
two intact courses. Stone measurements are (0.35 x 0.55 x 0.37m, 0.25 x 0.76 x 0.46m).
C- Wadi Sabra rounded terrace:
At the intersection between Wadi Btahi and Wadi Sabra a semi-rounded terrace was
constructed around red sediments from eroded Umm Ishrine sandstone (figures 5.17, 5.18)
(36R 733200.31 m E, 3354221.50 m N). The wall is oriented NE for 4.50m then turns NNE for 13.60m, then it continues for only one course for 6.10m.
The wall is constructed from angular unhewn sandstone, with some limestone
(figure 5.17). The courses are constructed from large stones surrounded in their perimeters
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with small stones. The wall is constructed from one course of stones, that are placed on the
longitudinal axis into the sediments. Furthermore, the wall is inclined inwards at the base
by 30.6º.

Figure (5.17). Ras Btahi rounded riser wall confining the sediments. (Picture facing N).

Figure (5.18). A top view towards the S of the rounded terrace of Brahi.

The wall is constructed from five courses of stones, it rises to 1.10m, and is around
1.10m thick, as the wall turns. The stone measurements are shown in table (E.6.) Appendix
D.
The terrace is constructed around well sorted alluvial sediments that rise over two
meters, with cobbles, fine sand then small cobbles and sand.
5.8.2.1.2 Stone Mounds182
Soil surfaces in many areas could be covered by large amounts of small boulders
and cobbles, which hinders farming (Abu Hammad, A. 2006: 5), especially in hilly areas.
These were not uncommon phenomena in antiquity, Columella (4-70 A.D) in his
book De re Rustica recommends clearing the field from stones (Book II: 8-12). One of the
approaches is to clear up the surface by collecting these stones in a heap or pile and surround
it with a wall to maintain them and preventing the water from washing them again into the
used surface.

Not to be confused with “telelat el anab” or stone mounds in the Negev for further details see Zohary, D.
1954: 24-25.
182
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Stone mounds were first documented in the Negev (Palmer, E. H. 1871: 54), but it
was not until Evenari’s experimental studies that these mounds were fully documented, and
their possible function was fully explored (Evenari, M et al. 1971: 132-142).
In Petra, several types of “stone mounds”183 were recorded during surveys, usually
categorized as funerary structures as cairns, these were described as heap of stones piled up
in a regular manner in oval or circular shapes, these are further grouped based on their
dimensions into three categories (Table 5.8.).
Table 5.8.
Shows the stone mounds categories (after Creighton, O. et al. 2007: 122)
Group
Diameter
Height
Small
< 1.00m
<0.60m
Medium
1.00-2.00m
<1.00m
Large
2.00-7.00m
1.00-3.00m

Sometimes the large stone mounds are surrounded by a single course of stones
forming a wall or “curb” (Creighton, O. et al. 2007: 122- 123). Scheltema, G. considered
“cairns” to be burials covered by small stones (2008: 23), probably the best categorization
of stone mounds was done by Whiting, C. M. et al. (Table 5.9). Her classification was based
on the shapes of stone mounds she encountered in her survey between Shawbak and Wadi
Musa. No specific linkage was made for their function apart from clearing the field from
stone to enable agricultural exploitation (Whiting, C. M. et al. 2009: 283) (table 5.9).
Unlike in the Negev, where stone mounds take two forms: a small stone piles
measuring 0.15-0.20m high and of a 1.00m diameter confined between stone strips of 0.150.25m high forming a row of 2.0-3.0m wide, with vertical distance between consecutive
mounds varying between 2.00-4.00m. And a large mound that measures 1.00m high and up
to 5.00m in diameter, with spacing between consecutive mounds ranging between 20-30m.
Table 5.9.
Classification of stone mounds after Whiting, C. M. et al. (2009: 283-284)
Group
Material
Stone
Shape
Length
Width Height
size
(m)
(m)
(m)
Megalithic Chert
Huge
Circular, 15.00
15.0m 2.00
cairns
boulders
ovoid
Rubble
Small
Ovoid
10.00
15.00 0.50cairns
rocks
and
2.0m
down
slope
Stone
circular
5.00m
2.00m
rings
diameter
courses
high
Stone
Piled
30m
Low
circles
rubble
diameter
circle

Associated
elements
Low walls
Enclosed by large
rocks or curved
kerbing
Found in clusters

Stone mounds features are not restricted to the Levant, but are found within other cultures, despite the
multiplicity of studies conducted their exact use and function within the landscape is not fully explored, see
for example Moore, C. and Weiss, M. 2016: 39-72 on the issue of stone mounds in Upper Ohio Velley
U.S.A.
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Figure (5.19). A stone mounds near Rasif on the Darb Al- Haj road.

Petra stone mounds do not follow the Negev model. Most of the stone mounds
concentrate on the periphery of cultivated fields, and are comprised of a large circular
structure that is constructed from two to six courses of large unhewn irregular to regular
stones of one row (figure 5.19). The height of the wall does not exceed 1.00m in most cases
while their diameter ranges from 15.00-37.50m. They are mostly constructed from chert;
sometimes limestone could be seen. These walls encircle large mounds of chert that could
reach a height of 2.00-3.00m.

Figure (5.20). The wall defines the stone mound near Shammakh.

A good example is located near Shammakh (36R 741175.00 m E, 3362985.00 m N).
A rounded wall made of large unhewn angular limestone, layered in irregular courses of
which 3-5 rows stand intact, reaching to a height of 1m. The mound is of an ellipsoid form
being 15.83m at the NNE-SSW axes and 15.92m at the NNW-SSE axes. The wall thickness
is equivalent to one stone, ranging between 0.84-1.10m.
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5.8.2.2 Parallel to check dams
These are wall terraces constructed intercepting the adjacent slopes to prevent
siltation and downcutting by sheet flow (figure 5.21).
In Petra, check dams are constructed along the small perennial wadies which are in
the lower depression of the catchment area184, surrounded with higher banks or slopes
generally from one side. In the event of severe rainfall, these slopes can generate run-off,
causing sheet flow which could lead to the silting of these check dams, leading to their rapid
failure or the contamination of the collected water.
A precautionary measure was made by constructing parallel lateral walls to the check
dams from the sides of the slopes to retain these sediments.
The Ras Btahi inside Petra (36R 732998.01 m E, 3355136.31 m N), the terrace
parallel to check dams was constructed mainly from Umm Ishrine sandstone with some
miscellaneous limestone boulders (figure 5.22). The wall is around 19.50m long, rises to
1.20m high and has a thickness of around 1.40m.
The wall is constructed from unhewn regular stones in five courses. The first course
is built from f stones that are laid at the long axis into the direction of the facing slope. The
five courses are built from alternating layers of stones, one large then small, functioning as
stabilizing anchors and suspension, absorbing the pressure. The large sandstones measure
(0.50m x 0.35m, 0.36m x 0.16m, 0.40m x 0.70m, 0.51m x 0.20m, 0.70m x 0.28m). The
small anchor stones measure (0.31m x 0.09m, 0.20m x 0.09m, 0.14m x 0.04m). They were
placed to prevent any silt or clay particles from leaching through the wall, so that all the
suspended material is detained behind it. However, a marginal function of water
management was also assigned to this wall. It acted as a barrier, directing the flowing water
down the stream, at the lower point a diversion channel measuring (1.00m x 0.68m) was
constructed to divert the water into the lower check dams. A small rectangular spill opening
measuring (0.52m x 0.27m) was constructed to release the water, if it rose above the
sediments, to release the water pressure.

184

For more details check section 6.5.1.2.
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Figure (5.21). A schematic sketch showing the parallel terrace wall to check dams.

Figure (5.22). At Ras Btahi a terrace was constructed parallel to a set of check dams (view facing
E).

Figure (5.23). The Check Dam at Naqab ar-Rubai is located to the W with the parallel terrace walloriented E-W located to S of the check dam.
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At Naqab ar-Rubai (36R 732721.16 m E, 3355224.94 m N), a large terrace was
constructed perpendicular to check dams (figure 5.23). This wall extends for around 17.30m
oriented E-W, constructed from mixed sandstone and chert stones. Six courses are still insitu standing up to 1.12m high. The stones are irregular, angular in shape, constructed in
courses, a few anchor stones are placed to fill in the gaps and stabilize some of the stones,
table (E.7. Appendix E) displays the stone dimensions in detail. Its head is less than one
meter away from the check dam. The stones are laid in one row reaching in thickness to
around 0.50m. The stones are laid along the long axis deep into the sediments. There is no
inclination in the wall.

5.8.2.3 Terrace walls protecting agricultural plots
The ancient Greeks were of the earliest peoples to recommend building a wall
(fence) for the protection of land plots (Price, S. and Nixon, L. 2005: 25), even large fields
were surrounded by fences and field walls (McHugh, M. 2017: 19).
High wall fences were constructed around small plots of lands, either planted with
orchards or small fields. These walls might have functioned in three ways: delineating
property known, as enclosures (Moody, J. and Grove, A. 1990: 184) (figure 5.24) or “stone
wall enclosers” (Ron, Z. 1966a: 35), protected the plots from winds, protecting the fields
from sliding and stones falling. In addition, they prevented animals from grazing
(Ashkenazi, E, 2012: 3) and treading on the crops, retaining soil, and acting as dams
(Norfolk, O. 2015:10). Stone fences are constructed around plots within a large catchment
area to control the amount of run-off flowing into a single plot (Ashkenazi, E. 2012: 3),
which is even common today (figure 5.25). Ron noted that on gentle slopes distinguishing
wall enclosures from a terrace can be estimated on the bases of terrace coefficient (kt) where:
𝑘𝑡 =

𝑤
𝐻

Where (W) is the wall’s width and (H) is the wall’s height, accordingly, if the value of kt
exceeds the 6 the wall would be of an enclosure (Ron, Z. 1966a: 35), indicating that
enclosure walls are wide and low.

212

Figure (5.24). Near Amareen village shallow terrace walls surround land plots from N,W and S sides
to delineate property, note the barbed wire on the S side, which is currently functioning
as an indicator for change of ownership.

Figure (5.25). A terraced field near At-Tayyiba looking S, note the N perpendicular wall that
delineates the property.

5.8.2.3.1. Wind erosion walls
These resemble “contour terraces”, in that they are situated on gentle slopes, that the
walls follow the contours, with some running across the slope functioning to protect the soil
from erosion (Andlar, G. et al. 2017: 113). These walls protect the land plot from the
blowing wind that carries sand and dust particles that can affect the plants (trees flowers,
grain spike, etc).
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Figure (5.26). Showing a wall surrounding a terraced orchard near Shammakh.

These walls height generally exceeds the tree height and might reach to around two
meters. The wall encloses the plot from all sides, made up of piled up stones, with facing
wall type is V irregular angular stones laid in regular courses.
Remnants of a terraced farm have been studied that reflect this system. The farm is
located on the road between Shammakh and Heash (36R 74129.35m E, 3362906.20m N)
(figure 5.26).
The farm is situated on a gentle slope down a hill (slope gradient is around 7.14%).
The farm consists of three terraces surrounded by an outside wall. The wall is intact from
the NNW and the NE side, partially collapsed from the S side and totally collapsed from the
W side.
The walls are built from local limestone and chert, irregular, angular and unhewn.
Huge boulders were used for the lower courses, while smaller boulders were placed on the
top. The walls varied between five to eight courses, with the height varying from 1.20m to
1.67m.
The walls were built to be thick, sturdy and strong to prevent intrusions into the farm
by either animals or humans. They were built of two to three rows ranging in thickness
(0.40-0.77m), with two outer walls and a fill of small cobbles fill inside. The outer row wall
stones were laid on the longitudinal axes, with a thickness ranging between (0.20-0.30m),
the fill ranges between (0.30-0.40m) while the inner wall row ranging (0.20-0.40m). The
cap stone placed finally on the top remained in situ only in some locations. The NE and the
S sides were free standing, while the NNW wall had soil accumulations surrounding it.
An elevation difference between the soil level outside of the wall and inside of the
farm reached in some areas to half a meter difference (the higher accumulation being on the
outside).
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5.8.2.3.2

Landslide walls

Run-off farming is characterized by wide bench fields cultivated in the valley, as these
fields are surrounded by hills, water can flow from the sides, causing the collapse of large
boulders and rocks that could be detrimental to the crops. Long terrace walls were
constructed on the hill slopes at the sides to direct the flowing water away from the plots
and prevent the debris from falling (figure 5.27).

Figure (5.27). Showing a schematic drawing for run-off farming with a constructed terrace wall
at the overlooking hill to prevent land sliding.

Figure (5.28). The dotted red line indicates the side wall preventing colluvium material from
falling at Heash.
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Table 5.10.
Typology and dimensions of the facing landslide terrace wall at Heash:
Wall
Course
Wall type
Stone type Length Height
segment
m
m
A
First upper Facing wall
Chert
1.00
0.51
2nd course Facing wall
Chert
0.48
0.10
Facing wall
Chert
0.33
0.17
rd
3 course
Facing wall
Chert
0.51
0.14
Facing wall
Chert
0.60
0.18
B
First
Facing wall
Chert
0.87
0.19
course
Facing wall
Chert
0.60
0.37
Facing wall
Chert
1.05
0.36
Facing wall
Chert
0.31
0.20
2nd course Facing wall
Chert
0.45
0.20
Facing wall
Chert
0.26
0.11
Facing wall
Chert
0.38
0.19
rd
3 course
Facing wall
Chert
1.50
0.45
Facing wall
Chert
0.31
0.20
4th course
Facing wall
Chert
0.51
0.16
Facing wall
Chert
0.66
0.35
Facing wall
Chert
0.25
0.12
th
5 course
Facing wall
Chert
0.22
0.08
Facing wall
Chert
0.60
0.20
Facing wall
Chert
1.40
0.13
th
6 course
Facing wall
Chert
1.00
0.25
Facing wall
Chert
0.29
0.23
Facing wall
Limestone 0.24
0.25
th
7 course
Facing wall
Chert
0.58
0.19
Facing wall
Chert
0.60
0.25

Width m
0.47
0.60
0.43
0.42
0.31
0.31
-

The Heash elliptic wall (figure 5.28) is located on the S face of the hill that
overlooks the terraced wadi (36R 739852.87m E and 3363486.53m N). The wall is
constructed along the contour, curving at the E side for around 3.66m (part A), made of five
courses of stone reaching to a height of (1.60m), The wall then takes a turn to the W for
2.45m (Part B), the corner is built of nine courses to accommodate the elevation variation,
reaching a height of 2.45m, after that it branches to two branches upper and lower. The
upper measures 4.30m, with a height of half a meter and a depth of 0.23m, made of two
courses of stones and one row. The lower extends for around 18.80m, is 1.66m height and
is made of five courses of stones. The wall is built of large chert and limestone, unhewn
angular stones. The wall is constructed of one row of stone and ranges in thickness between
(0.42-0.76m). Table (5.10) displays stone dimensions in detail.
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5.8.2.4 Wadi bank terraces

Figure (5.29). A schematic sketch showing the terrace wall constructed for protecting wadi bank.

These sets of terraces are constructed along the wadi banks. They are constructed
from a few rows of stones (figure 5.29), mainly due to the fact that the area is confined and
relatively small. These terraces are situated on a gentle slope overlooking the wadi flow of
a low velocity (wadies of 2nd-3rd category). The built terrace will protect the side while the
valley will erode the other side. These were constructed for two main reasons:
a) To protect the banks from erosion, as rivers tend to meander, cutting into plots of
land changing their dimensions (Grove, A. and Rackman, O. 2003: 289), the bank
protection was important to ensure the constant flow of water to the irrigated fields.
This way the plot of lands is preserved from deterioration by the meandering river
downcutting and eroding the soil. The valley banks are generally sloping towards
the valley flow which erodes it gradually. The erosion of the bank occurs
underneath from the flowing water and from above the sheet flow. When the
terrace is constructed, the undercutting is blocked. Moreover, the terrace helps in
building up the sediments, thus preserving the bank.

Figure (5.30). Showing the protecting wall near Khirbet An-Naqa’a, the wall is
constructed at the edge between the field above and the wadi bank below.
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A good example of this is located near Amareen village on the road to Heash,
near Khirbet An-Naqa’a (figure 5.30) (36R 738004.98 m E, 3363642.32 m N). This is
deep perineal “Wadi”, that flows N-E to S-W, around which land plots are situated.
As the undercutting started to increase, the farmers felt the need to protect their plots
from eroding. A terrace was constructed at the S embankment, oriented 70.76º NESW. The bank terrace extends for around 41.84m long. The terrace is constructed from
chert and limestone rocks, most are regular unhewn stones, with small anchor stones
placed at the corners to ensure stability. The wall rises to around 0.80- 1.20m. The
wall is constructed from one row of stones 0.46m thick, details of the stone dimensions
are displayed in table (5.11).

Table 5.11.
Stone dimensions of the facing wall at Khirbet An-Naqa’a
Course
Wall type
Stone type Length
Height
(m)
(m)
First upper
Facing wall
Chert
0.56
0.29
Limestone 0.30
0.16
Limestone 0.34
0.20
Limestone 0.35
0.22

b)

Width (m)
0.34
-

Increase the plot size. Constructing a terrace wall at one of the banks will
collect the sediments from one side, that accumulate from the sheet erosion
and protect it from the water flow. These are called sheet piling terraces (Julain,
P. 2002: 264). The terrace wall could have been constructed to collect
sediments in order to expand the area used for agriculture.

Figure (5.31). The flow of wadi near Wadi Ath-Thughra with a wall protecting the SW
side of the wadi.
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This type is common in and around Petra. A terrace is constructed on the S bank of
the valley at Wadi Ath-Thughra (36R 733402.00 m E, 3355674.00 m N), opposite a rock
outcrop of Umm Ishrine (5.31). The terrace is oriented E-W. The wall extends for 18.00m.
Constructed from Umm Ishrine sandstone, the wall rises to 1.20m high and is made of
sixteen courses of stones. The stones are from local outcrop, of various sizes (table 5.12),
constructed from two courses of stones, placed on the elongated axes, the facing wall is
made of larger size stone, while the second row is made of much smaller stones, the wall
total width is 0.45m. The wall is constructed directly on the wadi sediment.
Sediments reached up to the highest level of the stones, even covering the upper
course of the terrace. The stones are layered on top of each other, without any anchor stones
to stabilize them. Moreover, there are large gaps from which the sediments are oozing out.
The stone dimensions are as displayed in table (5.12).

Table 5.12.
Ath-Thughra wadi bank terrace stone dimensions
Course
Wall type
Stone type Length
(m)
First upper
Facing wall
Sandstone 0.40
First upper
Facing wall
Sandstone 0.18
First upper
Facing wall
Sandstone 0.27
First upper
Facing wall
Sandstone 0.08
First upper
Facing wall
Sandstone 0.10
Second
Facing wall
Sandstone 0.14
Second
Facing wall
Sandstone 0.42
Second
Facing wall
Sandstone 0.51
Third
Facing wall
Sandstone 0.21
Third
Facing wall
Sandstone 0.32
Fourth
Facing wall
Sandstone 0.50
Fourth
Facing wall
Sandstone 0.37
Fourth
Facing wall
Sandstone 0.51
Fifth
Facing wall
Sandstone 0.30
Fifth
Facing wall
Sandstone 0.60
Fifth
Facing wall
Sandstone 0.46

Height
(m)
0.15
0.10
0.17
0.05
0.02
0.04
0.04
0.06
0.14
0.16
0.12
0.06
0.07
0.11
0.04
0.22

Width (m)
-

The terrace has kept the bank level straight, the wadi meanders only beyond the point
of its presence.
c)

To ensure that the water is not contaminated with silt and sand, and its flow is
not blocked by sand and debris that could erode from the riverbanks or be
brought by the force of flowing water. This is particularly important when the
water was directed for irrigation or household use. Thus, their main function is
in retaining sediments and bank sides. These constructions were placed near
open spring channels to ensure that no debris will contaminate the water.
219

d)

Unfortunately, the survey conducted around reservoirs and cisterns did not yield
any intact terraces that could be linked directly to demonstrate this function.
To control the active gully from expanding. Terraces are constructed along the
gully flow, to protect its banks from expanding, thus confining its width and
direction. This process controls the channel width, which influences the water
velocity and controls the maximum amount of water flow flowing through.

Figure (5.32). The terrace wall constructed at the edge of the exposed Disi sandstone due to gullying.

In Beidha, a bank terrace was constructed to maintain the gully from expanding
(figure 5.32). A stone terrace was constructed on top of the exposed Disi sandstone outcrop
in which a gully has developed. Along the water channel flow, one row of stones were
carefully constructed to follow the path on both sides. Built from small limestone boulders,
it rises up to 0.33m high. It extends for around 1.12m. The first course of the bank terrace
is constructed of one row of stone, the lower course, placed on the outcropping rock edge is
placed at the long axis along the edge, while the second course is placed on the long axis,
so it lies dipping downwards, acting as an anchor. Exactly behind it lies the back layers
made of sandstone boulders. The bank terrace is around 0.40m thick. The stones are rough
unhewn, of various shapes and sizes (table 5.13). Small anchor stones are placed between
them to ensure their stability.

Table 5.13.
Stone dimensions forming the gully side terrace at Beidha
Course
Wall type
Stone type Length
m
Lower course
Facing wall
Limestone 0.12
Facing wall
Limestone 0.24
Facing wall
Limestone 0.12
Facing wall
Limestone 0.12
Facing wall
Limestone 0.12
Upper course
Facing wall
Limestone 0.23
Facing wall
Limestone 0.14
Upper second course
Back course Sandstone 0.10
Back course Limestone 0.14
Back course Limestone 0.12

Height
m
0.13
0.11
0.06
0.08
0.18
0.12
0.13
0.05
0.10
0.09

Width (m)
0.20
0.12
0.02
0.12
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5.9 Soils behind terraces
C. Frederick and A. Krahtopoulou (2000) proposed studying the stratigraphy of the
fill behind two consecutive terraces in order to understand the methodology of its
accumulation. Based on that, eight possible scenarios for fill formation were proposed
(2000: 87-92). To test their hypothesis and to further understand the origin of the fill and its
pedogenic processes, several pits were dug behind selected terrace and soil/ sediment
samples were collected for analysis. The main aim was to understand the stratigraphic layers
behind the terraces, their thicknesses and composition (presence of cultural material,
phytoliths, texture among others). A pit was dug (1.00m x 2.00m) behind or in front of the
terrace wall or both, the section was cleaned, measured, drawn and described and sampled.
Soil samples were dried and sieved in a soil lab for the classification of their
texture . Soil colour was determined in the field using the revised Munsell soil colour chart
2009.
185

Field observations and laboratory analyses186 showed a clear difference in the texture
and composition of the accumulated soil behind an agricultural terrace wall from the soil/
sediment accumulated behind a terrace constructed for confining sediments or water. The
following are the results.
5.9.1

Sediment accumulation behind terraces

A. Sediment column behind terrace at Wadi Sabra:
This sediment profile is located at (36R 733206.73 m E, 3354110.50 m N). The
terrace riser wall is constructed into the sediment sequence. This can be seen in the
continuous sediment layers before and after the wall. The sediments show natural gradient.
The wall is built against 1.10m of sediments that show a turbulent flow that deposited large
boulders, then fine silt layer is toping it, indicating standing water deposition. As the flow’s
speed dropped, finer cobbles are deposited in a thick layer. After this stage, either the terrace
wall is constructed or there was a large sand deposition that exceeds one meter high, the
terrace wall was constructed to prevent the sediments from silting the adjacent wadi. No
organic material such as plant roots, seeds is detected anywhere within the soil column187.
There are no clear soil horizons, and no organic rich material are present, indicating
a pure sediment horizon (Table 5.14) (figure 5.33).

For details on the process see chapter 3 Methodology section (3.4.2.1).
Soil texture analysis and soil chemistry, for the methodology, see chapter three-part 3.4.2.1 and 3.4.2.2.
For the results see Chapter Seven section 7.10.1.
187
Samples were collected for soil texture analysis; the sifting did not yield any results and the soil
phytoliths analysis did not yield any results.
185
186
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Table 5.14.
Description of the soil fill layers behind the riser of Wadi Sabra terrace
Soil layer description
Upper layer that is behind the terrace wall is comprised of silt to
sands with small random cobbles 7.5 R6/6 (Munsell soil colour
char)
A mixture of small cobbles mixed with fine sand 10R4/8
(Munsell soil colour char)
A layer of angular cobbles of dark sandstone
Fine sand layer 10R3/4 (Munsell soil colour char)
Large boulders

Depth of soil layer
(m)
0.00-0.86

0.86-1.32
1.32-1.60
1.60-1.76
1.76-2.28

Figure (5.33). Wadi Sabra sediment profile cross-section behind the terrace riser.

5.9.2 Anthropogenic soil horizons
These are soil horizons that show clear development or change due to human
intervention (Van Asperen, H. et al. 2014: 780). Evidence of this is seen by modification in
the soil composition, class or form or colour. These are induced by human activities such as
digging or introducing other materials such as organic material or adding soil or modified
partially by surface disturbance such as fire (Dudal, R. 2004: 3). Anthropogenic sediments
are those formed due to human activities in the past on the land surface, such as quarrying,
building, altering water flow among others which could introduce weathering, change
deposition pattern, burning amongst others (Arroyo-Kalin, M. 2014: 280).
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A. E Beqa’a’s soil profile
E Beqa’a terraces (740051.81 m E, 3356499.43 m N) is situated within the Upper
Cretaceous Amman Silicified outcrop, with the upper soil characterised by darker brown
hue. The site had a dual hydraulic-agrarian function. The excavated test trench revealed the
described sequence in table (5.15) and figure (5.34).
Table 5.15.
Description of the soil fill layers behind the Beqa’a terrace riser
Soil layer description
Layer depth (m)
The upper layer is yellowish brown colour, the 0.00-0.36
layer has some small cobbles and full of roots
and some organic material in the form of dark
black pellets. This layer can correspond to an O
horizon
Large rounded boulders imbedded in dark soil 0.36-0.49
brown 10YR 5/3 (Munsell soil colour chart)
Light
colour
soil
brownish
yellow 0.49-1.43
10YR6/6(Munsell soil colour chart) with small
cobbles and pebbles
Pale brown 10YR 6/3 (Munsell soil colour 1.43-1.73
chart) with some angular some rounded cobbles
Exposed outcrop of yellow marly limestone
1.73-1.93
Exposed outcrop of whitish limestone
1.93-2.16

In the E Beqa’a sequence the terrace riser wall was constructed on a bed rock, there is a
variation in the soil sequence. A dark horizon is seen overlaying the outcropping bedrock,
then the overlaying layer is of mixed silt and cobbles, indicating a settling water. Despite
this, the sequence has a boulder layer that could have been deposited from a torrent, which
might have involved an erosional event, the accumulation of boulders in the form of a lens
can indicate that the terrace wall can interrupt the torrent to some extent. The upper organic
layer can indicate either a return to cultivation or the abandonment and growth of natural
shrubs, evident by the formation of distinct rich organic horizon. The soil texture analysis
showed a very high sand content, with a very low percentage of fines (clay and silt) (table
5.16), which would not characterize this as a suitable soil for agriculture, but rather more
appropriate for water flow mitigation as it would help absorb the run-off quickly. Al-Qudah,
K. et al. (2016) rain simulation experiment conducted on the soils of E Beqa’a showed that
this soil has high water absorption and infiltration, as the run-off starts only after 30 minutes
due to the high soil clay content (Al-Qudah, K. et al. 2016: 921).
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Figure (5.34). E Beqa’a soil sequence behind the terrace riser (scale 1:20)

Table 5.16.
Showing soil sample texture from E Beqa’a
Soil sample location

Gravel

Sand

Clay and silt

Texture type

Beqaa

27.10

71.50

1.40

Loamy fine sand

B. Hujaim soil profile:
The rich wadi beds, which benefited from the rain run-off, were generally terraced
for flood mitigation and water collection. The natural wadi bed will reflect the turbulent
water flow and natural grading bedding due to gradual deposition due to a drop in water
velocity and gravity, which deposits the larger boulders and cobbles. At the same time, the
finer sediment grains remain suspended for some time before depositing (Montgomery, C.
1990: 118). This natural wadi deposition is seen in Wadi Hujaim However, a clear
intervention occurred here, which is evident with the forceful digging into the wadi bed and
construction of the terrace wall, to collect the silt so favourable for agriculture. The formed
horizon, which is around 0.68m high was enriched with manure and organic material,
forming thick dark soil clearly distinct from the original (figure 5.35).
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Figure (5.35). Showing the construction of the terrace on the wadi bed, the wadi sediments clearly
show a turbulent deposition, which was dug into the silted rich organic soil is formed.

By comparing the flood plain sediment and the soil behind the terrace (table 5.17),
there are distinct differences in the soil texture. The flood plain soil has a large component
of gravel unlike the agricultural horizon which has only half of that amount, clearly a result
of ploughing and a collection of silty soil. Also, the agricultural soil is richer in fine material
(clay and silt).
Table 5.17.
Showing soil sample texture from Hujaim
Soil sample location
Gravel

Sand

fine

Texture type

Hujaim Village top horizon

10.90

79.90

7.50

Loamy fine sand

27.80

67.60

3.80

Sandy loam

Hujaim
horizon

Village

flood

plain

5.9.3 Complex horizons
Some soil horizons reflect a rather complex stratigraphy. The Muzera’a terraces
could be classified as a complex site. The complexity stems from the still debatable site use
and therefore the formation of the soil/ sediment layers, which reflect a combination of both
natural and anthropogenic processes.
In order to understand the stratigraphic layers within the terrace tread, Ground
Penetrating Radar (GPR) was applied within two trench lines which were scanned within
the site. One was within a bench terrace; the other was near the stepped terrace (figure 5.36).
The GPR trench was 13.00m long (figure 5.37) and penetrated the ground to a depth
of 2.26m (figure 5.37). The first 0.35m of the topsoil showed lamination disturbed by tillage
activity. At the depth 0.30-1.00m some fallen structure was identified, probably the fallen
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stones of the riser wall. The soil from 0.80m deep onwards showed compacted, horizontally
laminated horizons. No pits or holes or roots were detected.

Figure (5.36). The location of the two GPR trench lines at the site of Muzera’a.

N

Figure (5.37) The black lines are the radar profile, the trench was 13m long and 2.26m deep.

This was verified by digging test trenches. The test trench was dug into the fill
behind the terrace riser. The stratigraphy showed a mixture of anthropogenic and natural
profile (figure 5.38). The lower layer was comprised of large boulders with lenses of small
sandstone cobbles in dense soil. It was not clear from the excavation whether these boulders
were placed intentionally on the bottom layer or these cobbles accumulated due to water
erosion. However, the next layer is comprised of small cobbles in a larger soil mixture. This
layer was sealed with a clay layer at a depth of 0.52m. This clay layer was ambiguous, as it
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Figure 5.38. Soil profile at the site of
Muzera’a.

was not clear if it was intentionally placed as a
sealing layer, or it was a natural weathering wash
from marly limestone and the green argillaceous
siltstone of the Fuhays-Hummar-Shua’yb formation
of the Upper Cretaceous (Barjous, M. 2003:32-33)
outcropping at the N boundary of the site. The next
layer was a thin yellow layer, followed by a layer of
soil mixed with small carbonate nodules which is
typical for irrigated soil, this was sealed by a thick
soil mixed with cobbles. This was covered by a thin
layer of carbonate crust, which might have formed
by standing water retained by the terrace riser, this
could have been water that irrigated the crops, or just
natural surface flow retained behind the terrace,
unfortunately, the phytolith record of the layer below
the crust did not preserve any evidence of
cultivation, just showing general evidence of
grasses, which is a very wide family. The upper two
levels had evidence of anthropogenic activity (fire,
trampling by animals, cultivation, etc.).

Unfortunately, the amount of soil was too
thin to be able to conduct any soil texture analysis.
The presence of the clay layer within the soil profile instigated an investigation of its
possible origin. The lower boundary of the site of Muzera’a is located 0.05 km E of the
ancient clay source known as Ayn at-Tinah (Wadi Musa 5) (R36 737610 E, 3357730N),
first mentioned by Zayadine (1982) who proposed this clay as the main source for
production material for the ancient pottery kilns at the Zurraba workshop just 2 km S of the
site (Zayadine, F. 1982: 380; ‘Amr, K. 1997: 121-122) which was utilized from the 2nd
century BC until 6th century A.D. (‘Amr, K. 1987: 199).

Figure (5.39). Ayn at-Tinah clay outcrop; on the left, and the laminated greyish green clay outcrop
(4.2m thick) on the right.
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Ayn at-Tinah is the location of a small spring, at the lower valley flanking the W
boundary of the site. The outcrop is comprised of thinly laminated pale green clay with thin
marly limestone, reaching to around (4.20m) thick (figure 5.39). A sample from this outcrop
was taken for comparative analysis.
However, within the site of Muzera’a, a thick band of fossiliferous marly limestone
which outcrops at the middle of the site, some parts of this outcrop was used as the
foundation of the walls, some of it was buried under the soil and was revealed due to
gullying. Archaeological excavation at the site of Tawilan, just 0.430 Km E of Muzera’a,
have noted that this clay belt was quarried from the Iron Age until the Roman period
(Ramahi, G. 1984: 8).
From the Neutron Activation Analysis (table 5.18), it became clear that the clay
outcropping at Ayn at-Tinah has a totally different composition than the clay from the
fossiliferous siltstone outcropping above the terrace walls.
The clay which was found between the riser wall stones is clearly a wash from the
weathering of that outcrop, which accumulated between the stones due to water deposition.
However, the clay layer which was discovered at the depth of 0.52m from the surface seems
to have a signature similar to the Ayn at-Tinah outcrop as it shares Lanthanum (La),
Strontium (Sr) which the fossiliferous siltstone outcropping clearly lacks. However, Ayn atTinah is distinguished with a very high potassium (K) content, originating from illite
content, which the other samples lack.
These results were compared with the results of Neutron Activation Analysis
conducted by ‘Amr (1987) for samples from the clay outcrops from: Zurrabah, Asem, alMu’allaq, Wadi Musa (A and B) (table 5.19). The first observation when comparing the
analysis of the Ayn at-Tina samples between ‘Amr’s sample of 1987 and the sample taken
for this study is there is a huge difference in results. Another issue lies in the difficulty of
establishing a specific trace element that could be used as a signature to establish the exact
source of clay, although some similarity with Wadi Musa samples could be proposed.
Therefore, it is hard to conclude whether the clay layer within the terrace wall was
intentionally placed there to create a sealed impermeable layer, as the clay has the capacity
to absorb water and retain it, or it accumulated there through water depositional process or
due to the weathering of another parent rock. The use of clay to create an even foundation
layer for the early build walls around the 8th century BC was noted at the nearby Tawilan,
just 0.430Km E of Muzera’a (Bennett, C. 1984: 4). Clay was noted under the stone
pavement of the N complex used for either levelling and/ or insolation layer (Petocz, D.
1984: 10). It could be that the clay level at Muzera’a is an echo of this early practice,
although the high variability between the clay element content are not enough to draw solid
conclusions about their intentional application within the wall or accidental from water wash
or natural weathering of the nearby outcrop.
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These finds might lead to suggest that this structure might have had another usage
and that the utilization of the structure walls for agriculture is a later reuse of the site but not
its early function. However, only a detailed archaeological excavation would clarify the
site’s original function.
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Table 5.18.
Neutron Activation Analysis of clay samples
Sample Sample
Element / concentration (ppm)
ID
Source
Mn
Na
K La Fe
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-

5.16

70.0

11.4

35.5

11.5

32400

17.6

13200

870

-

Zurrabah

-

1.23
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-
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-

-
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3.91

117
91.5

4.38
9.20

45.4

21.0
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Table 5.19.
Neutron Activation Analysis of clay samples from outcrops in Petra (After ‘Amr, K. 1987,
Table B.10 a, b, c, d, e, f) (ppm)
Sample Sample Element / concentration (ppm)
ID
Source Mn Na K La
Fe
Sc Ce
Co Cr Th Zn

5.10 Discussion and conclusions
Natural disasters as caused by erosion, floods and siltation’s were known from the
ancient times, it has been entertained in stories of doom and creation. In the Bible erosion
of mountains and soil by torrents is attested in Job 14: 18-18, the earliest mention of soil
erosion can be found in Plato (427-347 BC) in Kritias (Critias: 111), discussed flood’s
ability to wash away the good soils and consequently the green cover.
It is hard to judge what the surface morphology was of Petra hinterlands that was
inherited by the Nabataeans: barren rock, forest or covered with soil, sediment and fallen
rocks. One thing is clear, that there had been various intervention strategies implemented
according to the prevailing conditions.
The inhabitants of the Natufian and later Neolithic Beidha seem to have settled in a
forest surrounding that extended from the ash-Sharah mountains downwards (Byrd, B.1989:
17, Rambeau, C. et al. 2011: 253) which they later obliterated as evident from the large
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number of axes discovered at the site (Wright, K. 1992: 71- 74). This might or might not
have survived until the coming of the Nabataeans. One of the theories relates to the extensive
cutting of trees to be the catalyst of erosion around the Mediterranean (Van Andel, T. et al.
1990: 379), as their roots preserve the soil.
Furthermore, latest study has shown that the geomorphology of Petra was indeed
different from today, as the existence of a large water body in the central part of Petra, which
lead to deposition of thick body of fluvial and lacustrine sediments beginning at around the
1060m asl contour line (Abu-Jaber, N. et al. 2020: 15-18).
Thus, the possible landscape the Nabataean faced was scattered trees at the upper
catchments, where intensive rainfall occurs, while the bulk of the sediment build up is
concentrated in the upper middle catchments. As the Nabataean monuments and activities
are concentrated in the lower catchment, known as Petra proper, where water flows into it
through the various valleys jeopardizing their presence not only with the torrents but also
with sediment flow. Therefore, it became important to control and confine the sediments at
the upper catchment. This probably prompted the Nabataeans to intensify terrace
construction at the upper catchment. They confined the sediments, preventing them from
being washed into Petra, increasing rainwater percolation, thus minimizing surface run- off.
It has been known that farmers resorted to burning of trees188 in order to expand the
agricultural fields at the expense of the forest (Gibson, S. 2015: 303), gaining not only land
from the process but nutrients from the ash (Hughes, J and Thirgood, J. 1982: 64; Grove, A.
and Rackham, O. 2001: 226-227), causing major erosion in the Holocene (van Andel, T. et
al. 1990: 379). There is no record to confirm or deny such a practice in Petra, although it
could have been used to eliminate shrubs rather than trees, as evident by the ash layers below
the terrace riser at Hremiyyeh189. It could have been that the over exploitation of woods and
shrubs for fires and construction caused the erodibility problem, forcing Nabataeans to take
measures.
Barren rock generates more surface run- off, therefore interventions were localized.
Terrace type choice was made specifically to either interrupt the flow, increase it or direct
it. Thus, contour terraces were constructed to interrupt sheet flow and direct it along the plot
rather than across it, bank terraces were constructed to prevent siltation and to ensure water
flow, terraces along check dams were constructed to divert water towards certain section
and prevent silting of the dams.
At the middle catchment of Hremiyyeh, where the sheet flow brings in colluvium,
contour terraces were constructed during the Nabataean period, later, as these terraces
collected silt, creating flat surface these new flat lands were exploited for agriculture.
It is clear from the typology of the terraces discussed above that the Nabataeans, and
those inhabitants of Petra in the later periods, had a very good understanding of their
Named by Grove, A. and Rackham, O. as “occupational fires”, referring to intentional setting of fire to
eliminate natural vegetation (2001: 217).
189
This is further discussed in sections: 7.5.5 and 9.3.4.
188
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surrounding topography and the hazards that such a topography posed. Interventions made
using various terrace types clearly indicate that such measures had proven effective.
One of the early issues the Nabataeans had to face was the variation in surface relief,
as the geographic area of Petra and surrounding has been cut by several faults, this created
a huge elevation variant in the form of cliffs, as well as variations in outcropping lithology
and gorges, particularly in the upper mountains and middle slope areas. These posed several
challenges, specifically for their engineering works such as their water channel systems,
roads and military infrastructure. Therefore, one of the early interventions was the
construction at the high slopes of a set of contour terraces. Contour terraces performed
several functions. On the one side they collected the hazardous colluvium prone to fall due
to torrential rains posing a threat at lower catchments, on the other they created a fill that
made slopes gentler, which allowed the use of the land for various purposes. One of such
examples can be seen in Ayn Braq aqueduct project, which runs from Ayn Braq 4.00 Km
SW of Petra proper. The spring source gushes from the Upper Cretaceous Silicified
Limestone formation cliff, which drops for ten meters down due to faulting, the construction
of contour terraces created a natural fill which allowed the safe construction of the pipeline.
Silting of wadies could cause the isolation of open water patches, which might
develop into swamps which could bring in disease190, to prevent that they ensured that water
flow was not interrupted, standing water was well drained, and the infiltration rate is
maintained. Thus, sediment and soil confining walls were constructed from a facing wall
with a filter to ensure the water flow.
Reclaiming land for agriculture was important for the inhabitants of Petra,
specifically as this faced so many challenges, from the fluctuation of weather to flooding,
not to add the pressure of a growing population. Terraces were crucial thus to increase the
area used for both agriculture and pastoring, as for example expanding riverbanks or slopes.
Population increase and agricultural policies of forced sedentism might have been
the force behind agrarian expansion which started in the Nabataean and Roman periods
(Kouki, P. 2012: 80-82), these probably motivated farmers to reclaim more land, moving
from valleys to hillsides (Dotterweich, M.2013: 5).
Most of contour terraces were constructed in the open areas, and not directly
associated with fields or structures which could indicate their application in surface
morphology stabilization or modification for public work191. Their construction required
hard intense labour, which could have been managed by authorities including their
monitoring and maintenance. Small scale terraces were probably directly managed by local
private owners, which included works such as building fencing, or riverbank plot protection
to large family or community type of collaborative work such as reclaiming the slope by
constructing bench terraces192.
That is why Nabataeans seldom had open water reservoir, but always stores water in closed structures.
Further discussion of their application can be found in chapter eight.
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Mountain faming is considered to be family farming as it is managed, operated and labour relied on
single family members both men and women (FAO, 2013:10-11).
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From the Petra Papyri we witness in the Byzantine period the system of land
taxation, which seems to have been related to area, size and location rather than crop yield
or type. Therefore, it is understood why bank terraces were needed, on the one hand to
prevent the undercutting of the plot of land thus cutting from its size, on the other, it was a
way to collect sediments to increase its size. Furthermore, this also puts an emphasis on the
importance of retaining productivity and preventing siltation. This proves the sowing
practices that stemmed from understanding soils were suitable for cultivation, and each type
of crops such as silty sands for cereals, clay soils for orchards and sandy loams for grazing.
Terraces not only changed the slope gradient but fragmented the slope into smaller
segments of flatter surfaces, levelling their morphology and changing their relief. This is
particularly true for bench terracing, where the slope was segmented into flat separate plots,
which would have been of benefit for farmers as they could manage small plots on a slope
of a hill more efficiently.
Bench terraces can be found both in the middle catchments and at the wadi banks at
the lower catchment. When located in the middle catchment, bench terraces were
constructed into the slope by cutting into the foothill. While at the lower catchment, they
were constructed to collect the alluvium from the flooding of the wadi and silty clay
accumulated from the surface flow. Bench terraces seemed to be most appropriate for
orchards, which required reliable supplementary irrigation. Thus, in Petra this type of
terracing was used near spring sources193.
Fertile soil development into horizons took a long time, due to the need to have a
horizon rich in nutrients. Therefore, it was important to protect that cover from both wind
and water erosion by confining it in terraces.
In Petra, contour terraces are generally located at the upper catchment area,
functioning to prevent the fall of large debris, in the middle catchments either box or bench
terraces are located, mainly making use of the water and silt, below them curved terraces
are located separating the sediments generated from various outcrops. Also, at the lower
catchment we find bench terraces, bank terraces and terraces associated with check dams.
As the dominating lithology in Petra is sand, these soils are not suitable for
agriculture as their ability to retain water, crucial for agriculture is low, agricultural land
concentrated within the wadi beds where alluvium deposits provided the silt or on the slopes
of the mountains, where clay is generated from the silicified limestone, which helped retain
the water, particularly that precipitation is generally higher there. However, it is not clear if
Nabataean understanding of soil texture quality could have led them to intentional soil
mixing, or in other words, allow intentional controlled erosion from the upper mountain
ranges where clay material is more abundant to the lower valley to mix with silty horizons
below. The Nabataean could have resorted to spreading the collected silt from behind the
dams in the surrounding valleys to create flatter surfaces.
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Creating fertile organic horizons requires a lot of investment both in time and
material. Therefore, one of the goals the Nabataeans had, and later by the inhabitants of the
later periods, was to prevent the burial of that horizon under sediments, side walls and
contour terraces which were constructed in an excessive manner on the upper catchment
area to prevent such a loss.
There is a difference between the sediments accumulated behind a terrace
constructed to restrain sediments than that of soil. The sediment column will show a clear
flooding and depositional event characterized by graded bedding fining upwards, while
agricultural terraces will have a defined dark A horizon and some gravel mixed within a
clay soil.
Gravel lenses were noted within the terrace profile stratigraphy, these lenses seem
to have been deposited within an aggradation process causing a severe erosional event such
as a gully or a strong water flow, especially when the fill is of more angular boulders and
cobbles than rounded forms such as for example at E Braq. Similar observations were made
at Tell es-Safi (Gath) (Ackermann, O. et al. 2005: 210).
There seems to be a direct relation between terracing, soil texture, slope and erosion.
The main factors that influence the soil texture composition include the topographic
location, as terraces would interfere with the aggradation process, thus when located on a
steep slope or with the Wadi bed the gravel content was notably higher. Abandoned terraces
seem to collect more sand size particles than the active terraces. Lithology, although
important in influencing the soil mineral composition, plays less influence on soil texture as
was evident by soil texture analysis. Human activity, particularly the agrarian activity,
seems to have more influence on texture.
A distinct way to identify agricultural terraces from their other applications is the
high fine content (silt and clay) within the texture by around 25%. Lucke et al. (2019) seem
to have reached a similar conclusion, stating that the clay content behind terraces is higher
by 25-39% (Lucke, b. et al. 2019: 11).
Two approaches were detected in the construction of terraces in Petra. The first was
observing the locations where silt and soil was generated by water erosion and depositional
mechanisms and building terraces would benefit from that such as was revealed from the
GPR analysis at the site of At-Tayyiba, where the slope was already rich in surface
sediments accumulating due to surface erosion and deposition. These depositions were
linear straight layering of the same thickness, indicating stable conditions, which means that
the terrace riser was constructed to collect that stable deposition (Figure 5.37).
The other mechanism was constructing a terrace in an already existing soil profile
such as the case at Hremiyyeh. Here, the soil had accumulated over the bed rock in an incline
of NNW-SSE, so a cut was made and the terrace riser built into the already existing soil to
prevent the sheet erosion from the Qantara-Hremiyyeh slope, the incline of which is oriented
E-W (figure 5.40). This was meant toprotect the check dams in the lower catchment from
over siltation and ultimately prevent Wadi al-Jarra dam over-looking the Al-Khaznah plaza
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from silting and thus preventing the siltation of the area in front of the Al-Khaznah from
being buried under sediments.

Figure (5.40). A Google earth image of the site of Hremiyyeh with a GPR image of the soil profile
layers.

Large sand deposition horizons can be seen in the middle catchment surrounding
Petra, particularly in the areas of Umm Seyhun and Beidha. This area geographically lies
intermediately between the Ash-Sharah mountains, that have an annual rainfall of around
(225mm y-1), and Petra proper. Thus, the water flow generated by torrential rain can erode
that pool of sediments down to the centre of Petra. It is therefore not surprising that the
Nabataeans constructed terrace walls in that area specifically to confine sediments,
preventing thus the over silting of the lower part where their monuments and activities
concentrated.
Sand probably posed another threat to their agricultural land, due to its low ability
to retain water. Thus, if sand would mix or prevail in soil composition, the land degrades. It
seems that the Nabataeans were aware of such issues. Thus, in the lower catchments, terrace
walls were constructed around eroding sand pools, particularly when occurring in the
vicinity of cultivated areas such as in Hremiyyeh or Al-Madras catchments, to prevent their
mixing with the silty loam soil.
Lal observed that soil erosion depends on slope length, with soil erodibility
increasing with slope length until it reaches an equilibrium at 20m long before it starts to
decrease at 37.5m (Lal, R. 1982: 24). With this regard, it is interesting to note that riser wall
distance in terraced wadies of Petra was observed to maintain that distance, as for example
recorded in the wadies of Rajif, E Beqa’a and Btahi to name a few.

235

An interesting example on soil development comes from Wadi Al-Ghurab. The OSL
dating at terrace sequence fill at Wadi Al- Ghurab showed an unconformity within one
meter, where the age date changed from (240 ± 100 cal. AD) to (870 ± 100 cal. AD)
(Beckers, B. et al. 2013 b.: 346), this could have two interpretations: either the sedimentation
rate 1.1cm y-1 which got collected due to raising the raiser of the terrace wall, or the
sedimentation reached the level of the cap stone of terrace riser, after which a process of
erosion occurred, and after this a second reuse occurred to the terrace which was rebuilt
during the late Byzantine–Early Islamic period.
The methods of terrace construction again shows uniformity despite wide
geographic distribution and variation in construction material. The risers of contour terraces
usually do not exceed five courses, one row thickness, as they extended for several tens of
meters, and curved with the topography, therefore their proportions were important for their
stability. Bench terraces showed a specific design. Not only the highest riser, which could
reach up to two meters high, but it was a confined box type structure, which could have been
dictated by mountain slopes, created to ease the movement between plots and prevent
erosion. Their risers were comprised from five to ten courses of stones, and were of double
rows of stones, mostly large boulders were used to withhold the pressure of the soil
developed behind them. Bench terraces had the most fertile soil with the highest content of
clay.
Wind erosion does not seem to have posed a large threat, as farmers were more
concerned not about soil erodibility, but the abrasive sand the wind could blow into the
farms. In open flat areas walls surrounding are constructed around the plots for the
protection of the orchards from eastern wind that could carry dust and sand. As high walls
that surround properties were erected as indicators of ownership and protection from
overgrazing rather than wind, although this phenomenon seems to have spread outside of
Petra area towards the areas of Udhruh, Sadaqa, Heash, and Amareen among others, and is
an indication of farmstead practice.
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Chapter six: Terraces as Hydrological Constructions
6.1 Introduction
It is universally acknowledged that terraces are constructed to perform three main
functions: water management, soil protection and slope stabilization (Treacy, J. and
Denevan, W. 1994:93; Grove, A. and Rackman, O. 2001: 110). Terraces are common
features in both arid and in more humid areas, although their function concerning water
management differs between the contrasting environments.
Water was for humans throughout history both a blessing and a curse. Water was
essential for survival, yet its excess could cause devastation and death. In arid
environments194rain is scarce in amount and quantity, yet has high potential of being
torrential. Therefore, two main strategies were essential for human survival: to collect and
preserve this precious liquid and to mitigate its devastating nature.
Ancient sources draw a picture of mythical Nabataeans nomads, who eluded the desert
and their enemies by storing water in cisterns only known to them (Diodorus Siculus: Book
II, 48: 2-4). This romantic image gave the Nabataeans the reputation as water managers and
paved the path for several studies on Nabataean hydrological installations.
Petra has attracted travelers and researchers since the 19th century. Their prime
concern was to record and explore the monumental architecture that catches aspects of
human living and coping in such conditions. Although water management systems were
explored, studied and documented, the focus was on water transportation and storage
facilities. Terraces were considered agricultural installations; thus, little was explored in
connection with water. In addition, terraces were never studied within a holistic system
approach.
Field investigations and documentation of terraces used for hydrological
management have shown variations that had never been explored before. Seven types of
water management terraces have been identified in the field. The location of their
construction and use proves that the inhabitants of Petra understood the morphology
surrounding them and applied strategies to selected points, managing their efforts and
investing their resources well.
The field investigation also showed that Petra’s inhabitants not only carved and
constructed their monumental buildings well, but extended that to hydrological structures,
including terraces. Each hydrologic terrace had specific construction methodology that did
not change; even if the stone material in use differed. The technology applied was the same,
indicating that these constructions was not made by untrained local people, but by
specialized builders, probably even after understanding the force of water they had to

According to the Food and Agricultural Organization of the United Nation (FOA) An arid environment is
defined to receive between 100- 300 mm year-1, enough to lead a pastoral life, as this amount of rain can
sustain shrubs and small trees, for cultivation supplement water is required.
http://www.fao.org/docrep/t0122e/t0122e03.htm
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restrain. Maintenance of the systems over long periods of time proves some sort of state
control or economic incentive.
Review of previous studies show that each researcher applied their own terms,
resulting in having the same type of structure termed differently. This is mainly due to
application of local terms applicable to modern hydrological installations on old techniques.
In order to make things clear, a section has been devoted for terms applied to the
hydrological installations studied in this research has been devoted, with examples,
attempting to clarify each term.
6.2 Mechanisms of run-off generation
Several factors influence run off generation, including slope gradient and surface
cover, which includes morphological features, plant cover, soil type and thickness, moisture
content and land use (Clavo-Cases, A. et al. 2003: 278).
A rain event will generate surface run-off only when the soil saturation exceeds
infiltration, or the soil surface is impermeable, or the rain volume event is too high to allow
rapid deep percolation. The water that does not penetrate the surface will move down due
to slope gradient through gravity (Haghnazari, F. et al., 2015: 22). This is further influenced
by water volume and velocity.
Run-off characteristics in Petra are not uniform, and are characterized by a huge
variation in surface geomorphology, not only within the whole of Petra but within individual
catchment areas.
As the rain hits the ground, certain interactions are developed according to the
surface lithology and rain intensity. As the rain-water infiltration rates increase soil capacity
the rainwater starts to splash, eroding the soil down the slope in various intensities, starting
to channel from sheet to rills erosion to gullies. When the soil is removed uniformly, it is
considered as sheet erosion, if the flow starts to concentrate in small channels it is considered
as rill erosion. This is particularly intense in bare land, as the running water velocity
intensifies; the water starts to cut deeper into the ground, digging larger channels termed
gullies (Brady, N. and Weil, R. 2002:751-753).
Optimal management requires that runoff water velocity and amount be reduced,
water direction diverted,, and ultimately to collect water for various usages. To achieve these
goals, various structural designs were constructed.
6.2.1

Surface water run-off in Petra

As described earlier, Petra’s monuments are located at the bottom of a - NE-SW195
oriented graben, this graben dissects the area with higher peaks of hills flanking it at both
sides. At the NW are situated Umm Seyhun 1030m a.s.l., Umm Al-Biyarah elevating 1125
m a.s.l., Jabal Haroun elevating 1120 m a.s.l., while on the SE the variant is from ash-Sharah
mountain 1417m a.s.l., Jabal el-Khubtha 1073m a.s.l. to Wadi Sabra 600-800m a.s.l.
(Bertrams, M. et al., 2014: 52). These create slopes ranging from angles from 60˚ to more
195

See section 2.4 for more details.
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than 85˚ (Barjous, M. 2013: 52). Slope gradient influences the runoff, with an inverse
relation between the slope gradient and soil infiltration (Fox, D. M. et al. 1997:183).
In addition to relief, the surface cover of a single catchment can be formed from
either outcropping sandstone, isolated patches of soil that could have been accumulated
behind naturally or artificial barriers and plant cover. Soil cover is neither uniform in
composition nor in thickness, averaging around 0.45m (Kouki, P. and Tenhunen, T.
2013:59). Soil horizons are not always distinguishable196. Soil types vary from sandy to silty
to silty loam, with variations in organic content and clay, depending on land use. Sometimes
the surface is covered with small boulders and cobbles that have rolled down by the effect
of weathering and erosion. Experiments were conducted using artificial rain simulation tests
in two types of terrain: the Disi Ordovician sandstone outcrop of Beidha in contrast with
Amman Silicified Limestone of the E-Beqa’a outcrop. Although the slope angle in both
cases was similar, the soil texture varies between the two sites, and run- off started after the
first seven minutes in both textures. This however changes when the rain hits accumulated
soil. Soils with higher sand content generate run off much more quickly than silty soils (AlQudah et al., 2016: 918). These change if clay or organic material are present in the soil, as
their content increases along with soil stones, for their particle size minimize the pores, thus
minimizing the infiltration rate (Haghnazari, F. et al., 2015: 23).
One of the main activities of Petra inhabitants is herding. This includes the grazing
of animals in the summits surrounding Petra such as at Beidha, Umm Seyhun, al-Madras.
Thus, goats and sheep graze on the small shrubs and the straw that is left in the fields. In
addition to that, riding animals such as horses, camels, and donkeys carry tourist and locals
through various paths. As they move daily, their hooves contribute to the soil compaction,
thus minimizing their permeability (Chaichi, M. et al. 2005: 906), thus increasing run-off.
Plant cover can increase infiltration in two ways. Plant roots stimulate water
percolation into the soil layers, creating non-uniform soil saturation (Calvo-Cases, A. et al.
2003: 270), and plants create natural barriers that slow surface run-off, and collect soil which
minimizes flow amount. In Petra, variation in surface cover is seen. These include plowed
patches of land, particularly near the banks of Wadi Musa, Beidha, Al-Madras, Wadi Musa,
al-Ma’aysra and E. Beqa’a (McKenzie, J. 1991: 143-144; Simms, S. and Russell, K. 1997:
696; Gentelle, P. 2009:141-142), and shrubs, typical for Irano-Turanian steppe, growing in
small furrows197 and creeks that collect the water flow. Their roots thus extract the moisture
from the soil, which lead to quicker drying and eventually the soil’s failure. Tillage affects
the soil surface, as it creates furrows in the soil, disintegrates the particles and thus creats
pores that could increase water infiltration (Haghnazari, F. et al. 2015: 25- 26). Other areas
are covered with small shrubs, particularly in small gorges and on vertical slopes, while tree
cover is very sparse, mainly concentrated in the higher ash-Sharah mountain area.
All these factors influence surface run-off and infiltration and explain the
heterogeneous behavior of runoff, particularly as rain intensity varies between small events
This differs behind the terrace walls, as the A and B horizons can be distinguished due to maturation
time, gravity and nutrient content. This is explored in details in chapter five section 5.9.
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For further information on the flora of Petra see Wake, Von Margarete 1983: 163-172; Oran, S. 2005:
226-246; Ruben, I. and Disi, A. 2006, for Jabal Haroun refer to Kouki, P. and Tenhunen, T. 2013:60-62.
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that occur on short intervals, or one single event of high intensity198. While the first
mechanism can build up gradual soil moisture, thus the flooding run-off might occur later
in the season such as late Spring rather than the expected Winter, after the soil reaches its
peak moisture content, while in the second scenario the high intensity of the rain event will
generate immediate run off of high intensity, producing devastating flooding.
Within a single catchment, surface cover and slope gradient vary, which creates
heterogeneous flow, slowing or intensifying according to the factors described above. This
has been clearly understood by the inhabitants of Petra, and thus their intervention strategies
and mechanisms targeted specific areas with specific interventions to achieve the highest
results in water management.
6.3 Previous studies on water installations of Petra
Hydrological installations are probably among the most studied systems of the
Nabataeans in general and in Petra in particular. Nabataeans were noted for their ability to
manage water as early as the first century BC, as Diodorus Siculus (1st century BC) marvels
at their ability to dig wells in the desert (Book II, 48: 2-4). Strabo (63 BC–23 AD) mentions
that within Petra (quoting his friend Athenodorus) that several springs exists that are used
for both agrarian and domestic usages (16-4: 21). Both sources emphasize the strength of
this knowledge that gave Nabataeans the ability to survive as warriors and caravan guides
and later to settle and construct flourishing cities in a seemingly hostile environment.
Early travelers to Petra recorded witnessing flooding events that occurred during their
visits. Harriet Martineau mentions in her visit to Petra in March 1847 a torrential rain
leading to waterfalls down the slopes, forming gullies “ankle deep water” (Martineau, H.
1848: 361) which brought down a façade with a Greek inscription opposite al-Khaznah
(Canaan, T. 1930: 8). Bachmann et al. described how the Al-Siq flooded in a short period
of time after a short rain (Bachmann, W. et al. 1921: 5). Dalman mentioned the local topo
names of Wadies and their locations, his interest in hydrological installations did not exceed
recording reservoirs and some channels (Dalman, G.1908: passim). Brünnow and von
Domaszewski, (1909) described many hydrological features inside Petra (reservoirs, water
channels) in connection to monuments. However, they did not record any dam or terrace
structures (Brünnow R. and von Domaszewski, A. 1909: passim). Glueck in his survey of
Eastern Palestine recorded several reservoirs, noting their proximity to archaeological ruins,
even noting their role in reviving settlements such as at-Tayyiba, Rajif and Udhruh (Glueck,
N.1935: 76, 79). He also noted that water from reservoirs was used for irrigation of terraced
fields (Glueck, N. 1935:84).
The earliest research of these systems in Petra was mainly concerned with their function
for collection, distribution, and management. The earliest study is attributed to George
Horsfield, in 1938, who managed to attribute carved hydraulic installations such as runners,
diversion channels, and cisterns among others, both inside and outside Petra, to the
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During the year of 2011 Wadi Musa meteorological station recorded 61.2mm of precipitation, the whole
of month of February recorded 15.6mm of rain, while on April 4th 2011, 16.0mm fell in one rain event (Wadi
Musa Meteorological Station Data 2012).
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Nabataeans (Horsfield, G. and Horsfield, A. 1938 passim). Hammond also emphasized the
Nabataeans’ role in modifying nature by carving basins, widening the gorges, damming
cliffs and plastering them for water storage (Hammond, P. 1967: 39).
Glueck considered the Nabataean knowledge of harnessing the environment and water
management to be inherited from the local inhabitants of the lands they acquired, such as
the Edomites and Moabites, Canaanites and Rechabites, or nations they had commercial ties
with such as Arabia Felix (Southern Arabian) (Glueck, N. 1966: 5), mentioning among their
achievements terraces, cisterns, reservoirs and dams (ibid).
Hammond (1967) added to the list of Nabataean achievements in surface runoff
management installations such as seepage dams constructed in small gorges and ravines,
and creating terraces for groves and vineyards, citing El-gi village (current Wadi Musa) as
an example (Hammond, P. 1967: 39, 42). He classified the systems’ function to be flood
control and water supply, through dams, tunnels, aqueduct and cisterns (Hammond, P. 1967:
41). Lawlor, J. (1974) mentions, in an exaggerated tone, that all of the hills within the
Nabataean realm had contour channels connected to water catchment basins below (Lawlor,
J. 1974: 79-81), making thus a false judgment of these installations without material proof
of such system existence.
Studies on the hydrological installations of Petra always concentrated on the means of
water supply, and rarely dealt with the prevention systems that control surface run-off and
flash flooding. Of the former, several studies exist which either concentrate on certain areas
or catalogue the installations. To that, worth mentioning is the catalogue of Nabataean
hydrological installations by Al-Muheisen, whose Ph.D. thesis of 1985 was devoted to
studying Petra’s water system, which he later published in 2009 (Al-Muheisen, Z. 2009). In
his work, he classified hydraulic systems according to water supply sources: spring water
or rainwater, thus documenting canals, wells, cisterns, reservoirs and dams. The work did
not dwell on systems beyond water supply, thus neglecting flood management systems.
Moreover, he considered terraces to be agrarian systems. Ortloff, devoted a large portion of
his work to understanding fluid dynamics within the pipeline engineering system. This was
done by applying a computing analysis program, thus explaining the layout of the Al-Siq,
Wadi Mataha and Ayn Braq systems, which were laid over rough terrain and yet were in
strict compliance with optimal fluid mechanics, allowing them to function up till the fourth
century AD (Ortloff, C. R. 2005: 94).
Also, it is worth mentioning the efforts of Lindner, M. (2003), who conducted a full
survey and study of conduits, reservoirs and channels at the sites of Baʿja, As-Sādah, and
Sabra199, with a very brief mention of existence of systems for minimizing flash flood
events, in addition to the discovery of the ancient Roman gardens of Umm Ratam200
(Lindner, M. 2003: 183-193).
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For details of water management systems at Wadi Sabra see Lindner, M. 2005: 33-52.
For details on Umm Ratam, refer to Lindner, M. et al. 2000: 535-567.
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Another comprehensive work was conducted by John Peter Oleson and was devoted to
Nabataean kingdom hydrological ingenuity in general, and ancient Auara (Ḥumayma)201in
particular. Oleson produced a catalogue of the conduits, channels, wells and cisterns and
dams and baths of Auara. He grouped Nabataean water supply systems according to function
into three categories: collecting, storage and transport systems, categorizing terraces as early
water collecting systems utilized for agriculture, terming them “containment walls”
(Oleson, J. 2007: 226) or “containment dams” (Oleson, J. 2007: 220) designed to trap and
hold water (Eadie, J. and Oleson, J. 1986: 70) and “Wadi Barrier” (Oleson, J. 2007: 220) or
“Barrier Walls” (Oleson, J. 2010: 155)202, defining them as impoundment dams constructed
in natural homogenous strata basement capable of withholding water (ibid), differentiating
between them by function without specifying any form variation. Oleson, however, was
very cautious in assigning any dating to these hydrological structures, explicitly stating that
such hydrological structures were known in the region since the Bronze Age (Oleson, J.
2007: 220-223).
During the major conservation work conducted in the Al-Siq (the main narrow gorge
for entering Petra), conducted between 1996- 2001 by Petra National Trust (PNT) (Rubin,
I. 2003: 1-2), an extensive survey was conducted not only for the Al-Siq water channel
installations, its stilling basins203 and dams but extended to adjacent slopes and gorges,
which resulted in documenting the surface run-off and collection management system. This
comprehensive work was published by Bellwald, in 2008. Another major project followed
in 2011-2012 and 2014 concerning the rehabilitation of Wadi Al-Jarra dam, also by Petra
National Trust (Bellwald, U. 2008: 76-86; Bellwald, U. 2019: 596-597), which incorporated
an investigation of the hydrological installations of the two tributary valleys of Wadi alMadras that flows into Wadi Al-Jarra, which overlooks Al-Khaznah (the Treasury) plaza,
the main monument of Petra. These works however, did not divert much from Al-Muheisen,
focusing on water channels, dams in all their forms and reservoirs.
P. Gentelle (2007) synthesized the available information on the water management
systems around Petra, recording terraces as part of agriculture, slope stability and silt
collection systems (2007:139-140). Paula Kouki (2012), in her study of development of
human settlement expansion in the environs of Petra, did not link them to presence of water,
mentioning that evidence of spring abundance can be deduced from the presence of runners
and cisterns (Kouki, P. 2012: 108). In her later joint work with Lavento, M. and Silvonen S.
(2013), a connection was drawn between hydrological installations such as dams and
terraces, constituting a complete system for run-off agriculture (Lavento, M. et al. 2013:
214). Beckers, B. et al. (2013) classified terraces with runoff harvesting systems, applying
the term “agricultural terraces”, whether used for micro or macro-catchments or as flood
diversion systems (Beckers, B. et al. 2013 a.: 151-156).

For further details see Oleson, J. 2010.
Note that the same author diversities his terms with publications rather than keeping to same terms
although giving same definitions.
203
Stilling basins are hydraulic structures located between the outlet works of a dam and the tail water, to
where, should return excess flows safely. The stilling basin is a structure in which a hydraulic jump is
generated and has been designed economically in terms of length, tail water level and scour (Julien, P. 2002:
280).
201
202

242

Numerous surveys conducted within Petra and its hinterlands recorded springs and
water installations, focusing on water channels with ceramic or lead pipes, cisterns (rock
cut, built or house cisterns), rain and spring channels, reservoirs and dams (ʿAmr, K. et al.
1998: 503-548; ʿAmr, K. et al. 2001: 253-285; MacDonald, B. et al. 2016: passim; Knodell,
A. et al. 2017: 647). To the above mentioned, Abudanh added stone piles204 in the region of
Udhruh (Abudanh, F. 2006: 59-99). Not only have these surveys considered terraces as
agricultural installations, but also, no record of wadi barriers, weirs or similar installations
were mentioned. L. Tholbecq concluded that channels were used to bring water into civic
centers from available springs, while cisterns were used for collecting water for pastoral
uses, and agriculture depended on rainfall (2013: 298).
With the new millennium, new methodologies were applied for studying Petra’s
hydrology. A watershed study of Al-Siq, Al-Jilf, Al- Madras, Al-Quntara and el-Khubtha
outcrops for flood control was conducted in 1996 (Rubin, I. 2003: 1-2), triggered by the
change of geomorphology of Wadi Musa due to urban expansion, including hotels and other
tourist attractions, which increased the surface run-off, threating the monument stability.
The study utilized a watershed modeling program using a Digital Elevation Model (DEM)
to model the stream flow to identify their pour point, combined with an on the ground survey
and mapping of wadi barriers, dams, cisterns, channels and terraces (Akasheh, T. 2002: 220224). Despite the importance of this hydrological modelling, no systematic evaluation of
the hydrological installations was conducted during that study. Al-Farajat et al. applied a
geomagnetic survey combined with 90m resolution Digital Elevation Models to identify the
drainage system of the catchment area. This helped identify possible locations of human
intervention to minimize the surface flow, thus identifying the location of silted dams in
Wadi Al-Madras on the ground (Al-Farajat, M. et al. 2007:174-177). In 2016, rainfall
simulations and computer modeling were applied to study the role of terraces to minimize
surface runoff (Al-Qudah et al. 2016: 916-917). Currently, a major project is being
undertaken by The German Jordanian University to study the water catchment of AlMadras205.
Researchers attribute most of these instillations to the Nabataean period, based on
pottery collections, relationships to adjacent settlements and lately to optical stimulated
luminescence (OSL) dating206. Only Lindner et al. ventured into dating them to the Iron Age
(Lindner, M. et al. 1996: 150).The first attempt to date these run-off terraces using optical
luminescence dating was done by Beckers, B. and Schütt, B. (2013) and Beckers, B. et al.
(2013), samples were collected from several locations: Wadi Shammesh (Wadi Shammasa),
Wadi Sweig, Wadi Beqah (W. Beqa’a) and Seil Wadi Musa (towards Wadi Araba) and
Wadi Al-Siq Al-Ghurab (Beckers, B. et al.2013 b.: 341- 346), the results however, showed
a large time range (from 1st until 9th century AD) (ibid).

Stone piles: Abu Daneh defines them as “heaps of stones formulated due to field clearance activity to
increase cultivated area. However, he does not explain their mechanism to manage water (Abudanh, F. 2006:
97-98). For further discussion on stone heaps see Evenari, M. et al. 1971: 127-147. On stone mounds see
chapter five section 5.8.2.1.2.
205
(http://www.gju.edu.jo/content/restoration-ancient-nabatean-flood-control-system-wadi-madraspetra-7803).
206
This will be explored in detail in chapter nine section 9.3.5.
204
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6.4 Approaches to classification of water management systems
One of the main functions ascribed to terraces is water management. Beckers, B. et al.
(2013) approached system classification according to water supply source, being it ground
water, runoff, or flood water. However, most classification systems used the catchment size
to classify the hydrological systems within it, thus three main categories emerged: microcatchments, external catchments and rooftop run off collection (see for example: Pacey, A.
and Cullis, A. 1986; Prinz, D. 1996; Prinz, D. and Malik, A. 2000; Wilkinson, T. 2003 to
name a few).
Within the runoff systems adaptation of Shanan (2000), the catchment area was used for
classification (Shanan, L. 2000:79-86). Beckers adapted the same approach, adding to it the
modern roof top harvesting approach. However, terraces were considered as wadi systems
aimed to catch floodwater runoff (Beckers, B. et al. 2013 a.: 147). Wilkinson (2003) had a
similar approach on classifying systems according to the water source: ground water,
perennial flow or episodic flow. Under the later he classified dams, canals and water
gathering areas created by walls built oblique to the contour (Wilkinson, T. 2003: 51-52).
Treacy and Denevan classified terraces according to the angle of the slope, giving vague
terms such as: usually sloping, sloping, and horizontal (Treacy, J. and Denevan, W. 1994:
96-97).
In a more recent study published in 2012 by Ashkenazi et al., which was based on
studying terraces of the Roman- Byzantine eras Avdat and Shivta, the following
classification was formed according to block size:
A- Small drainage basin
• Individual terrace wadies
• Agricultural farms
B- Large dry riverbeds
• Diversion systems (both of high-quality labor and low)
• Diversion systems surrounded by walls
• Diversion systems with water conduits (Ashkenazi, E. et al. 2012: 56-61).
These classifications presented the terraces as a part of a large multi-component
system. However, these classifications did not explain each component’s typology, location
within the catchment nor its role or its construction method.
In Petra, the most detailed classification of the hydrologic systems was proposed by AlMuheisen (2009), which was based on the water source: surface-water management systems
and ground water management systems. This approach seems to be most suitable, as it
classifies them into spring water and rainwater harvesting systems. Under the ground- water
management system, installations such as canals (gravity or closed channel), pressure dams,
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reservoirs, hafir, cisterns207 and wells208. While under surface water management systems
weir, barrages, dams, reservoirs are to be classified.
6.5 Typology of water management terraces
Various structures have been built in different areas. These were designed for water
collection, storage, directing of water flow, and minimization of water velocity (Beckers, B.
et al., 2013a.: 146), lowering of the amount of sediments.
These systems have been the focus of several surveys and excavations (see above),
and yet each team used their own terminology. Thus, the same type of structure could be
referred to as a terrace, barrage, wadi barrier or a dam. No clear criteria or definition was
given for using any of these terms, especially when the barrage and dam typology was used
by the same survey. In Wadi Faynan the term “Barrage” was defined clearly as “a doublefaced dam built of fine masonry exceeding a 1.5m height blocking the flow of a small
catchment” (Creighton, O. et al. 2007: 127), which is a very clear and detailed description
rarely given by other surveyors. Oleson (2010) in his classification of hydrological features
defined dams as “substantial structures designed to impound a large pool of water” (Oleson,
J. 2010: 155), however he did not quantify “substantial” leaving it for personal judgment.
Oleson described “wadi barriers” from a functional point of view as being constructed to
slow down the velocity of water flow and to trap silt (Oleson, J. 2010: 155), again with no
architectural description of their form. He further added the term “barrier walls”, defining
them as “small constructions designed to enhance the holding capacity of a natural pool”
(Oleson, J. 2010: 155). Additionally, surveyors’ focus was given to standing structures, be
they urban or religious or military, deemphasizing the hydrological features, mainly
reporting water storage structures such as cisterns or reservoirs, thus describing terraces as
walls. The Wadi Faynan survey, for example, classified within the “hydraulic structures” a
feature termed “parallel walls”, defined as a set of parallel walls placed at fixed intervals of
(1-3m) apart within the landscape as part of the field systems, some of these walls were
furnished with sluices209 and spillways210, qualifying them as hydraulic features. In addition
to the typology of the sediment deposits which supported that classification (Creighton, O.
et al. 2007: 126), placing these structure as unclear hybrids between a dam and a terrace.
These differed from “diversion walls” constructed from a single layer of stones at the upper
slopes to interrupt the course of surface run-off and redirect it through a sluice or spillway
towards the fields (Creighton, O. et al. 2007: 127-128). The advantage of the Wadi Faynan
survey of hydraulic installations was in tying of the feature with its location within the slope
A cistern is a water storage facility through direct collection of rainwater or by diverting water by water
system such as an aqueduct or a channel. Cisterns were cut into a rock and sometimes furnished with a built
staircase, some were arched and covered with stone slaps (Janczewski, A. 2016: 72).
208
A well is a hole dug into the ground to reach water bearing layers, it has a narrow shaft (<1m ) and could
reach up to 10m deep, estimates were made that it could produce 200-300 cubic meters of water per year
(Janczewski, A. 2016: 64),
209
A sluice is an intentional narrow opening constructed in the wall generally ≤ 1m used to control the release
of water stored in a dam and its direction of flow. Sluices were usually located at the side of the body of the
dam and were blocked by a piece of wood or stones (Creighton, O. et al. 2007: 128). Creighton, O. et al. (2007)
dated the sluices in Faynan to the classical period (ibid), however, these seem to be earlier in Petra and most
probably Nabataean, based on dating of the structures through the associated pottery and nearby settlements.
210
A spillway is an intentional wide opening in the body of a dam that exceeds 1m width, generally located at
a central position, used to release the stored water into irrigated fields (Creighton, O. et al. 2007: 128).
207
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and with description of some architectural features. However, it considered the feature
furnished with sluices and spillways to be classified as a hydraulic feature. Although, this
was a good step in the right direction, these classifications were never adopted in Petra.
When this research was undertaken, the general idea that was to be formulated from
previous research and survey reports was that there are no variations in these structures, as
most reported the presence of dams, terraces and barrages without further specifications or
description. This idea, however, was totally changed after the fieldwork. Various forms of
terraces were observed. Although the building materials differed, certain characteristics
were persistent. Topographic, geologic and hydrologic analyses were applied to understand
the reasons behind the variations and their specific locations within the landscape. It became
clear that it was important to distinguish between these typologies.
Previous work on classifications such as Spencer and Hale 1961, Moody, J. and
Grove, T. A 1990; Frederick, C. and Krahtopoulou, A. 2000; Treacy, J. and Denevan, W.
1994 gave some typological definitions, yet their primary focus was on the agricultural uses
of terraces rather than exploring their hydraulic applications. When turning to modern
systems of water management, it is clear that they are inapplicable to ancient forms.
However, two works are notable: Prinz, D. (1996) and Prinz, D. and Malik, A. (2013), who
concentrated on run-off farming and who described some features similar to those
encountered in the fieldwork of this study.
6.5.1

Proposed classification of Petra hydraulic terraces

A new classification of the recorded hydrological terrace structures was made based
on a detailed study of the features documented in the hinterlands of Petra, in consultation
with the above-mentioned references. The classification is based the wall’s typology, form,
function and the location within the landscape. Some of these structures have associated
features that characterize them and maximize their use. Although the materials used for their
building was dictated by the availability, it did play a significant role in the stone’s sizes
and the dimensions, table (6.1) carries a full comparison between the various installations,
while the next pages will deal with them in more details.

246

247

Table 6.1
Comparison between main hydrological installation:

6.5.1.1 Weir terrace
This is a small wall constructed across the width of a wadi or a river channel at a
right to a narrow angle (for this reason they are named cross channel terraces) to create an
impoundment, especially in dry regions (figure 6.1). Sometimes they are called an
“overflow dam”. Generally, they are constructed upstream perpendicular to the slope of a
smaller tributary wadi between hills, or seasonal drainage channels or small gullies. It can
be constructed from various materials, stones, and sometimes from plants or wood (Treacy,
J. and Denevan, W., 1994:96-97). They are of low height so that the water can flow on top
of them freely from the higher elevation to a lower one (Beach, T. et al. 2002:380; Denevan,
W. 2001:176; Dunning, N. and Beach, T. 1994: 58; Kunen, J. 2001: 326; Treacy, J. and
Denevan, W. 1994: 96).

Figure (6.1). A schematic drawing of a weir.

Figure (6.2). A weir at Wadi Hremiyyeh lower catchment.
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Figure (6.3). A weir at Wadi Al-Jarra, note the water body collected behind the retaining wall.

The weir functions to raise water level at the wadi, collect the water and redistribute
it, break its speed of the deposit transported material and eventually minimize flooding.
Weir terraces are the most abundant in Petra, and are mainly found within the gullies
and narrow tributaries (figure 6.2). These are located towards the lower part of the catchment
area or in gullies (figure 6.3).
They are constructed of one up to four rows of stone, and their height depends mainly
on the height of the banks if it is constructed to block a gully. The methodology of stone
layering and stone sizes vary according to the area they are found at. Generally, stones used
were from the local outcrops, roughly shaped, either angular or spheroidal in shape,
depending on if they were collected from the wadi bed, such as at al-Madras or from the
adjacent slopes such as at Jabal Haroun, Muzera’a and El-Btahi areas, for example.
Sometimes the weir is constructed around large boulders that rolled down by the force of
torrent water. These worked as anchors for the wall. Boulders are placed in layers between
outcropping rocks or huge fallen boulders with anchor stones set in the voids to insure their
interlocking. Weirs are generally concave in their form, with the side walls at the valley
bank shoulders being higher than the center of the weir, which is made purposely lower to
prevent the water force from demolishing the structure, allowing the water to overflow to
the lower elevation.
When the level of the backed-up sediment behind them reached the level of the upper
stone layer, two approaches were used:
A- Raising up:
This approach can be considered mainly a maintenance approach, which
included adding a new layer of stones on the top, sometimes of the same size of the
original stones, sometimes smaller in size to ensure that it would be the same level
as the sediments behind or a little higher.
A set of weir terraces was constructed at the upper level of the catchment of
Wadi Al-Jarra (36R 735826.44 m E, 3356785.14 m N). These were of two rows of
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stones in height and one row or two thick, constructed to slow the water flow and
collect small pools. Generally, over the wadi bed, whether silty or sand or bed rock
(figure 6.3).
B- Double weir:
This approach is seen in narrow crevices and small gullies. When the
sediments reached the level of the upper stone layer, yet the banks wouldn’t allow
for the addition of another layer, either because the upper level has reached already
the banks or the morphology of the outcropping rocks is too rough another weir was
constructed about a meter in front of the older one.

2

1

Figure (6.4). A double weir at Wadi Namaleh (facing N).

Wadi Al-Namaleh has a good example of double weir construction (figure 6.4) (36R
3356785.14 m N, 3369348.98 m N). Located at a choke point, a weir was first constructed
within the confinement of the rhyolite outcrop. Due to the narrow crevasse, the water flow
was strong, and the amount of sediments and boulders accumulated behind it dictated adding
new layers of boulders. The weir is comprised of four rows of boulders reaching to a height
of 1.35m and 1m thick, built in a concave form so that the sides of the weir are shouldered
on the sides, making its total width 9.50m. As the sediment level reached its upper limit and
was about to fail. The water flow intensity threatened to undercut the sediments in front of
the construction, which could cause either subsidence or erosion of the foundation bed,
eventually causing the collapse of the whole structure. Thus, another construction
intervention measure was made.
Another weir was constructed 1.35m away in front of it with an elevation difference
of 0.60 between the lower bottom of the old weir and the upper level of the new weir. It was
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constructed of one row of six large boulders making, a width of 3.84m and a height of
2.57m.
6.5.1.2 Check dam
This is a small wall retaining structure built across a small to middle sized wadi
(Vivian, R. 1974: 97; Newson, P. 2002: 19), or a stream or a large gully (Turner, S. et al.
2017: 3). Gibson applied the term “Cross- Channel” to such structures (Gibson, S. 2015:
298). Check dams are built encroached into the wadi sides, functioning to reduce water
velocity, collect water and control gullying. Their construction tends to create more leveled
wadi floors. Check dams are generally constructed at wadi bottoms (Turner, S et al. 2017:
9). However, in Petra they were also found in the middle segment of the catchment area at
medium slopes with an average of around 15% gradient. When the gully meandered and
channeling occurred around the weir path or in several areas within the plain, the weir was
reconstructed to manage this problem by constructing a new structure on top of it, larger
and wider, known as a check dam.

Figure (6.5). A breached check dam at Wadi Hremiyyeh facing W.

Check dams are the most abundant and are rich in the variety of sizes, proportions
and methods of construction that simply set these water management systems under separate
categories (See table 6.1). Their engineering structural design varies according to several
factors, including the intensity of the flow that needed to be controlled, width of the wadi,
types of flow (stream or gully) and slope angle, not to add the stone materials used for their
construction and stone layering techniques.
Dams211, generally, were constructed from double walls, a facing wall and a
retaining wall with a fill comprised of cobbles and boulder size stones mixed with soil of a
high clay content (figure 6.5). In Petra, these check dams can be divided into two major
groups as follows:

211

For more details on the dam construction see chapter four section 4.8.1 and the following sections.
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6.5.1.2.1

Simple check dams

These are built at gentle slopes to open flat plain areas, and are constructed as a
reaction to meandering gully or multi channeling, where the weir failed to manage the
problem, or the flow has increased due to changes in rain pattern or intensities or due to the
channeling of the flow. These are built from bank to bank (or from the sides of the outcrop
rock) and can reach up to 30m wide (sometimes more, although when it exceeds that width
it tends to fail). Built of the two walls: facing212 and retaining213 with a very small fill made
of either one stone layer of smaller pebbles, and cobblestones laid parallel to the wall. When
the plain is flat they were built from one stone layer only.

Figure (6.6). An image showing W Beqa’a, the dotted red line shows the location of the first weir,
the brown line shows the location of the dam.
Source: Google Earth

W Beqa’a 8has a good example of this system (36R 735425.32 m E, 3361449.02 m
N). Brown University excavations have shown that these plain check dams were developed
from a weir, as a foundation layer was constructed on top of a weir, and sediment
accumulation has shown the presence of rill from various gullies cutting in. The check dam
is constructed of one row of sandstone reaching to around half a meter in thickness, its height
is four meters and the current length is 11.79m of the original that extended to around 30
meters (figure 6.6).

Is the outer wall of the check dam over which the water spills.
Is the raiser or back wall that holds back the accumulating sediments (Macrae,S. and Iannone, G. 2016:
377)
212
213
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Figure (6.7): A set of terraces at N Beidha, arrows indicates the remnants of the preceding terrace.

A set of simple types of check dams are located N of Beidha (figure 6.7),
(Coordinates (UTM) 36R 3367719.53m N, 734993.22m E). These check dams are
constructed on an almost flat area. A linear set of four simple check dams are built across
the wadi. Each check dam is a double-faced wall with a fill of small cobbles and soil mixture
of about 0.40-0.50m. The stones are regular, but not hewn of the facing wall type IV (table
4.4), mainly cut from Umm Ishrin sandstone, although limestone was used as well. The dam
walls are built of one to five rows of stones (table (6.2) shows detailed measurements of
dam stones).
Table 6.2.
Details of the N of Beidha hydraulic check dams
Terrace
Terrace coordinate Elevation
number
UTM 36R

Length(m) Width
(m)

Height
(m)

Beidha N- 1

14.80

1.20

0.73

17.80

1.28m 1.12

24.00

9.78

0.34

20.60

Beidha N-2
Beidha N-3

3367719.53m N, 1034
734993.22m E
3367698.48m N, 1032
734972.74 E
3367681.36m N, 1031
734964.05m E

0.50

Distance
between
consecutive
terraces
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Table 6.3.
Facing wall riser’s stone dimensions of dam (Beidha N-2)
Row

Wall type

Stone type

Length (m)

Width (m)

Height
(m)

First row from top

Facing wall

Sandstone

0.60

0.55

0.22

sandstone

0.72

0.58

0.17

Sandstone

0.74

-

0.26

Sandstone

0.90

0.23

Sandstone

0.74

0.23

Sandstone

0.74

0.30

Sandstone

0.63

0.28

Sandstone

0.63

0.27

Sandstone

0.34

0.31

Sandstone

0.22

0.36

Sandstone

0.14

0.37

Sandstone

0.15

0.12

Second row

Facing Wall

Third row

Facing Wall

Forth row at the base

First row from top

Anchor stones

Facing wall

Retaining
wall

The first check dam (Beidha N-2) is the best preserved of the complex, with four
rows of large sandstone (detailed stone measurements are shown in table 6.3). The terrace
dam is double-faced, a facing wall of 0.32-0.40m thickness and a retaining wall of 0.30m
thickness, and a fill ranging in 0.40-0.50m thickness made of cobbles and soil fill.
6.5.1.2.2

Pyramidal Check dams

These check dams are situated in Petra in the middle slope, constructed
perpendicular to the water flow in the wadi flow. They minimize the flow and store water
behind them for a short period of time.
As the name suggests, these are constructed in a pyramidal form (figure 6.8), with
the base being larger than the top by 55%. Built from two stone walls: a facing wall and a
retaining wall. These two walls confine a fill inside, consisting of mixed cobbles and soil.
The fill thickness may reach around 4 m. The foundation stones were laid below the base of
the check dam by 0.66-1.00 m. These stones were laid perpendicular to the wadi, and the
stones were placed in the form of scales one on top of another, in order to keep the check
dam from sinking into the wet muddy ground of the wadi bottom. After that level stones
were laid parallel to the wadi. The check dam shoulders were built into the sides of the wadi
to prevent channeling from breaking through the sides (figure 6.9). When the check dam
was constructed within an outcropping rock, the outcrop was chiseled to accommodate the
fitting stones to assure a strong interlocking (figure 6.10). The soil fill contains a medium
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amount of clay214, with less amounts of silt and sand. The cobbles in the fill are also of
various stone morphologies, yet the amount of stones is large in comparison to soil fill, and
they are layered also along their long axes.

Figure (6.8). A schematic sketch of a check dam showing the retaining wall (left), the fill and
the facing wall (right).

In a recent study by Nyssen, J. et al. the ideal fill should contain an amount of clay exceeding 50% to
reduce the piping phenomenon, which can lead to the destruction of the check dam (2004: 61).
214
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Figure (6.9). Al-‘Aja dam facing wall, with the dam shoulder built into the W bank of the wadi.

Figure (6.10). Showing the chiseled cavity in the rock to accommodate the interlocking of the cap
stone, the red dash line indicates the outline of the dam’s retaining wall.

The height of the check dam can reach up to 2m, it could be made of 5 rows or more
depending on the boulder size. The stone thickness of each side reaches to around 0.65m
and is placed on the longitudinal axes. The check dams are built of local material, such as
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sandstone (yellow, red, and violet depending on the outcropping strata), rhyolite, limestone
or chert.
The check dams’ facing wall have variations in their construction, which comes from
the method of stone layering. In W Beqa’a, for example, the header stretcher method of
layering was applied for the facing wall, sometimes well cut with observed chisel marked
stones used in their construction such as at Wadi Farasa.
Check dams were built in two patterns. The first pattern was a series of two or three
or four check dams, such as the case of Beidha, E Beqa’a, Al-Madras, and Hremiyyeh. This
approach is normal as check dams are built in a group with spacing between them dictated
by slope angle. Yet when measuring these spacings in Petra, this conformity is lost due to
the construction of several check dams near each other (Table 6.4) (figure 6.11). This could
have been a reaction to silting. Silting is a natural phenomenon caused by the slowing of
water flow and sedimentation of the suspended material. The accumulation of silt caused
the check dams to go out of function. So rather than clearing the silt, which could be
challenging in the rough terrain, in addition to risking the possibility of rewashing the silt
dump back into the area downstream, it was easier to build a new one.
The other pattern is the check dam is constructed immediately following a dam, such
as at Btahi and E Beqa’a. This was made when the spill water was released from the dam,
to slow the flow speed, these check dams were there to intercept that flow.
The pyramidal check dam’s width and height in Petra depended on the width of the
valley, the narrower the wadi is the thicker and higher is the check dam was.

Figure (6.11). A set of three consecutive check dams at Hremiyyeh catchment area.
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Table 6.4.
Check dam dimensions with relation of wadi measurements
Check
dam Coordinates
Height Base Width Summit
Wadi
name
(UTM 36R)
(m)
(m)
width (m) Width (m)
Hremiyyeh
check dam 1
Hremiyyeh
check dam 2
Hremiyyeh
check dam3
W Beq’a check
dam
Btahi check dam

736219.50 m E,
3355999.53 m N
736211.98 m E,
3356011.58 m N
736200.73 m E,
3356023.83 m N
735321.24 m E,
3361355.62 m N
733018.36 m E,
3355111.90 m N

2.10

3.20

2.00

16.40

spacing
to next
dam
(m)
27.50

2.30

3.80

2.00

9.70

16.90

2.20

2.50

2.20

20.50

1.00

1.68

1.10

36.40

1.30

1.60

1.05

16.68

6.5.1.3 Gabion215

Figure (6.12). A schematic drawing showing example of a gabion.

These are stepped dams (figure 6.12), constructed as wadi barriers in a form that
tappers up, whereas the base is larger than the middle part and the upper row, which is
located in the middle of the structure and is the narrowest. Gabions are built across small
streams, and large gullies of the upper catchment area. Constructed from stones that allow

Gabion is a modern term referring to rectangular wired box shaped baskets filled with stones placed at
steep slopes in a stepped form to restrict river flow forming retaining walls along stream banks toes (Julian,
P. 2002: 258-260, 280). Due to their step form this term was adopted for this form as no term to describe
such structures had been previously used.
215
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the overflow, it is generally wide. They help in the stabilization of the riverbed profile, by
changing the bed gradient thus reducing water velocity. Their height varies between 2-4 m.
These structures are constructed at the upper most part of the catchment area, using
large stones (see table E.8. Appendix E for stone size measurements). Materials used for
their construction are generally that available in the area: chert, limestone or sandstone,
although seldom mixed.
The gabion is constructed in a stepped form. The base of the gabion is generally
largest in size ranging between 1-3m wide and is around 0.50–1m high. It could have one
or two stories above it, generally situated in the middle of the lower level. The stones are
laid along the long axes of large boulders size, in two or three rows, with small size anchor
stones fixing them together, these are generally of the same material, shaped as wedges to
fill the exact size. Their platform is wider.
The gabion is constructed of three parts: double walls (retaining wall, facing wall)
and a fill. The lower part of the retaining wall is constructed of smaller stones ranging around
0.35m. The fill is made of a mix of clay to silty loam soil types mixed with cobbles and
boulders in dense quantity. The fill width is larger at the bottom (ranging between 3-4m)
and narrows upwards to about 1 to 2m. The upper part of the fill area is closed with a cap
stone, either one or two neatly placed in order to seal the fill, thus protecting it from water
penetration and being washed away.
The spill side is constructed in a stepped way, with larger boulders being used for
constructing the facing wall. The width of this side is narrower, being around 0.25m.
C. Ortloff reported the presence of multilevel stepped dams in the area of Jabal AlMa’aysra, without specifying their form or function (2005: 96). Unfortunately, the Brown
University Petra Archaeological Project (BUPAP) survey in Wadi Al-Ma’aysra E and W
mention the presence of dams and terraces in generic terms, associating them with
agriculture (Berenfeld, M. et al 2016: 90). The survey recorded the presence of carved steps
(Berenfeld, M. et al. 2016: 87) which leads to the conclusion that Ortloff might have used
the term “stepped dams” in reference to those steps, not stand-alone built wall gabions.
Nevertheless, these terraces are very common and widespread, such as in the Jabal
Farasha area, E Beqaa area, among others. Following is a detailed explanation of two of
these systems:
A. Jabal Farasha gabion system
This area is situated SW of Petra, towards Wadi Araba, situated in the valley between
Tulul Mutheilya and Jabal Farasha. Due to the site’s proximity to Jabal Farasha the name
was applied, (36R 733205.00 m E, 3356047.00 m N; 733187.00 m E, 3356066.00 m N;
733157.00 m E, 3356074.00 m N; 733130.00 m E, 3356076.00 m N).
A set of gabion terraces were constructed across the meandering wadi, which flows
from the hill overlooking Wadi Araba towards Petra during the winter. The wadi was
excessively inhabited, as evident from remnants of a watch tower located on top of a hill,
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two reservoirs, a smaller one built from ashlar blocks and a larger one located at the end of
the wadi, restored recently. At the edge of the wadi are the remains of a structure of a
possible caravan stop is seen. The area was extensively used for valley agriculture, as
plowed fields are still evident.
Along the wadi flow, several gabion terraces have been constructed, with the
distance between consecutive walls varying between 30.14-35.00m (figure 6.13). The
gabions are constructed in the same manner (figures: 6.14; 6.15), from locally extracted
Umm Ishrin sandstone, the water overflow has left carbonate crusts on the sandstone blocks
and weathered the stones severely. The stones are not dressed, varying in form and shape,
but are well layered (figure 6.14). The gabion terrace originally extended from one bank of
the wadi to the other, yet due to road construction a quarter of the terrace was bulldozed.
The length of the single terrace ranges between 15.00 m up to 23.80m. The height of the
terrace varies between 0.70 to 1.90m, and the thickness varies from 1.60m to 3.30m.
The walls are comprised of four or five rows that form collectively three layers. The
base is the widest, reaching up to 3.10m, and is made of two or three rows. The lower row
reaches a height of 0.60m, and the second reaches to around 0.50m, while the last row is the
cap stone that seals the middle part of the gabion, and it varies from 0.35 to 0.40m.
The stones are fixed with small boulders that function as anchor stones. Their
measurements are (0.31 x 0.60 x 0.50m, 0.17 x 0.70 x 0.40m). The thickness of the fill
reaches to 0.83m.

Contour
terraces

Figure (6.13). An image showing the main features at Jabal Farasha area. Source: Google Earth
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Figure (6.14). 2nd Gabion of Jabal Farasha, view facing W.

Figure (6.15). A top view (facing S) of the Farasha gabion showing the upper and the middle stair
part.

B. Ras Btahi gabion

Figure (6.16). Btahi dam the circle indicating the location of the spill way.

A unique form of gabion was constructed at Ras Btahi (36R 732988.12 m E,
3355123.52 m N), furnished with a large spill way (figure 6.16). This gabion is in the middle
of the wadi flow. The gabion is around 23.70m long. Only four rows to six rows of the
gabion are still in situ, to a height ranging from 0.70 to 1.10m. The base is constructed from
large boulders (0.80 x 0.40 x 0.84m) and it protrudes to the front by 0.23-0.50m from the
upper rows, creating a slight batter. The next three rows are constructed up to 0.50m high,
the measurements of stones of this row are displayed in table E.9. Appendix E. The gabion
is 1.10 m thick and is comprised of a facing wall 0.54m thick, and the fill which is made of
large boulders 0.24m thick, while the retaining wall is 0.32 m thick.
A large spill way was constructed in the third row (from below) within the gabion.
The spill was constructed from two stones formulating borders each measuring (0.32 x 0.
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51 x 1.17m) and (0.50 x 0.40 x 1.40m), a large flat stone slab measuring (1.00 x 1.40 x
0.15m), followed by rectangular stones measuring (0.35 x 1.40m) was placed between them.
6.5.1.4 Barrages
This term was first coined by Spencer and Hale in 1961, to describe a high terrace
wall constructed from huge boulders across a narrow wadi to create a small field from the
retained sediments (Spencer, J and Hale, G., 1961: 5-6). Spencer and Hale were describing
more the consequence of barrage oversilting rather than its primary use. In reality, a barrage
is an artificially constructed wall built along the wadi from bank to bank at an oblique angle
and down to the wadi bottom and could continue to its tributaries (Newson, P. 2002: 20).
Lavento et al. used the size and orientation to distinguish them from terraces, which are
higher than the wadi bottom and parallel to it 216 (Lavento, M. et al. 2004: 165) (figure 6.17).
It could have one or more gates to discharge excess water, which could be closed to conserve
the collected water. Its main function is to collect torrential runoff by intercepting the sheet
flow (Treacy, J. and Denevan, W. 1994: 97), thus preventing flooding and collecting water
for irrigation (Lavento, M. et al. 2004: 165), or for slowing run off (Fiema, Z. 2002: 205).

Figure (6.17). A schematic drawing showing the ellipsoidal form of a barrage.

Barrages are probably one of the oldest water run-off management systems known
in Jordan, as a v-shaped barrage was discovered 1997 at Wadi Abu Tulayha N of the AlJafer basin dating to Pre-pottery Neolithic B217. These were used for silt collection,
increasing infiltration and diversion of water towards a nearby basin (Fujii, S. 2007: 403)218.
This technique was widely used in the Petra hinterlands. Barrages there are situated
in the middle slopes of catchment areas, generally when the slope angle changes from a
steep to a gentler angle. It generally blocks a side of a wadi, forcing the water to flow into a
Lavento et al. thus state that the barrage is lower than the wadi banks, and this is more of a weir
description than a barrage.
217
Fujii dated the three barrages within the hydrologic system to the PPNB period. The 1st barrage was dated
based on its proximity to an outpost and 14C dating to a PPNB. The flint scatter found with the fill and
scattered in the near proximity was dated to Epipalaeolithic, PPNB, and Early Bronze age, the pottery
fragments and the Hismaic inscriptions were dated to the Umayyad period associated with the 2nd and the 3rd
barrage, made the later too difficult to give an absolute date (Fujii, S. 2007: 419-425).
218
For more details kindly see chapter one section 1.2.3
216
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certain designated area through channels, or towards fields or cisterns. It precedes generally
a series of several consecutive terrace walls at fixed intervals, which are used for agriculture.
The barrage wall is built of four to six stone layers, ranging in height between 1.102.00m. These barrages are very long, ranging in length from 30-60m from one side of the
valley wall to the other. They are built in a concave shape down the valley. The building
material is local stones (chert, sandstone, limestone, rhyolite), most of the time mixed
together. Stone dimensions differ according to availability, with generally medium to small
sizes.

Figure (6.18). Beidha barrage (dotted red line indicates its outline) facing E.

In Beidha, a large barrage is located in the middle catchment area [36R
3359538.56m N, 736822.67m E], constructed from regularly shaped but not hewn
limestone, with some sandstone also used. The barrage arch length is 33.40m and the cord
is 24.90m. The barrage is concave in shape with one side striking at 110˚NW the other 145˚
SE. Only two to three rows of stone are still intact, making the current height around 0.50m.
The barrage is built of one row of stone, with an average thickness of 0.40m. The barrage is
surrounded by lateral terraces. The measurements of the individual stones can be found in
table (E.10.) Appendix E.
6.5.1.5 Vallerani terrace
These are semi crescent shaped stone walls that are built on a slope in an alternating
order (figure 6.19). As the water flows down the slope, each crescent lenses catches part of
the water, spilling the excess around the edges that are detained by the next row, thus
breaking the flow, minimizing its volume and speed. Although the name of the shape of
these typologies is recent and attributed to the work of an Italian agrarian engineer Vallerani,
who in 1994 created a new plowing system, the shape of the terrace system is nevertheless
old (Prinz, D. 1996: 21; Prinz, D. and Malik, A. 2013: 5).
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Figure (6.19). Schematic sketch showing Vallerani terraces.

In Petra, most Vallerani terraces are located mainly on gentle slopes of 10-15%, built
from local stone material (chert, limestone), ranging from two rows of about 0.65m in height
to six rows toppling up 1.65m in height. The average terrace length is around 5m, with an
average distance between the terraces ranging between 2-3m laterally apart, and around 8m
vertically. They are built with locally extracted stones of various sizes, generally boulders
and cobbles.
A good example of Vallerani terraces is documented at E Beqa’a (figure 6.20),
coordinates (36R 740106.26m E, 3356798.76 N). The elevations range from 1373m at the
head water dropping to1345m down the valley. This site is located within Jabal Zubaira
catchment area, characterized by Upper Cretaceous Amman silicified limestone and chert.
The soil cover is thick, and mainly composed of silty loam (Al-Qudah, K. et al. 2016: 915).

Figure (6.20). Vallerani terraces at E-Beqa’a (the dash line indicates the location of the terraces)
(view facing W).
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The terrace walls are built of irregularly shaped chert boulders, varying from some
regularly well build walls, to those composed of large boulders and small cobble fills. They
vary in the number of rows from two to six rows, varying in overall height from 0.60m to
1.65m.
The terraces are built on an inclined slope with a slope gradient of around 15%. The
elevation difference between consecutive terraces is around 3 m, with the first terrace being
built at an elevation of 1364m) and the lower at an elevation of (1352m) (Al-Qudah, K. et
al. 2016: 915-916) forming around five consecutive terrace levels. The length of single
terraces varied between 4.30m and the collective extension of the terraces may reach up to
30.80m. The lateral distance between terraces is around 2m to 3m apart.
6.5.1.6 Crescent terraces
These dry walled terraces take the form of half circles (figure 6.21). Other terms
applied are semi-circular hoops (MoALD 1984), “eye brow terraces” (Ben-Asher, J. 1988:
), “semi-circular hoops” (Reij, C. et al. 1988), Crescent bunds (Crescent shaped)
(Agnoletti, M et al. 2019: 3), Crescent platform (Thomas, C. G and Indulekha, V. P. 2016:
118), “Pocket terraces” (Moody, J. and Grove, A. 1990: 183), half- moon or fish scale pits
(Wei, W. et al. 2016: 390, 397).
As the name suggests, these are semi-rounded small dry walls, open from the back
side to allow water flow into the tree and closed from the front side. Constructed around
each individual tree (Thomas, C. G. and Indulekha, V. P. 2016: 118; Moody, J. and Grove,
A. 1990: 184). Their diameter can vary between 1.30-2.00m depending on tree type. This is
required to ensure the tree’s intake of sufficient amount of water and giving enough area for
the farmer to rake the soil around the tree.

Figure (6.21). A schematic drawing showing crescent terraces.
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Figure (6.22). A crescent terrace around an olive tree in the area of Wadi Musa (36R 737931.81 m
E, 3357582.11 m N)

Figure (6.23). Remnants of crescent terraces (outlined in red) in the vicinity of Jabal Haroun (36R
731980.47 m E, 3355696.72 m N).

These terraces could be either used directly on slopes up to gradient (65%)
(Thomas, C. G. and Indulekha, V. P 2016: 118) (figure 6.23) or incorporated within other
systems such as bench terraces (figure 6.24).
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Figure (6.24). A crescent terrace on a bench platform with a fruit tree (left) and olive tree (right)
planted at its center at al-‘Alaya terraced garden- Wadi Musa (36R 738639.23 m
E, 3356925.54 m N).

In Petra, crescent terraces were constructed around the trees planted on bench
terraces and will be discussed in chapter seven under irrigated terraces.
6.5.1.7 Dams

Figure (6.25). Schematic sketch showing the structure of a dam.

These are one of the earliest techniques for water retention known as early as the
Early Bronze Age, manifested by the Jawa dam (Helms, S. W. 1981: 135- 198). A dam is a
construction that goes from one bank to the other but has a spill way, which is an opening
in the lower part of the dam at the center of the embankment or to one side of the valley,
made specifically to release water when necessary, mainly to maintain the water level inside
the dam during flood events. Dams were built to retain water, thus creating a reservoir or a
lake. Wilkinson, T. (2003) classified dams under episodic flow systems, due to their ability
to store water temporarily, releasing the excess of water in controlled flow intervals.
Moreover, Wilkinson noted that when dams were constructed at narrow valleys, they were
plastered to ensure their impermeability, although earthen dams were also constructed in
some areas (Wilkinson, T. 2003: 51). J. Oleson classified dams into two types: retention
dams and containment dams (2007: 225). Oleson further classified the containment dams
based on architectonic sophistication into small, used for containing temporary water pools
(detainment pools) by blocking gullies and containment dams which are complex inclined
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wall structures plastered from the inside and furnished with spillways (Oleson, J. 2007: 229230).
However, in depth investigation of Petra’s structures has revealed the presence of
two types of dams:
1

2

Retention dams: which are constructed for surface water retention. These can be
categorized into:
i. Intersection dams: which are constructed to control the flow from one
wadi
ii. Choke dams: these are constructed to intersect the flow from two
wadies or more.
iii. Diversion Dams: this is constructed to intersect and redirect the flow
from its original flow towards another artificially created path.
219
Reservoir dams: which collect water from mixed sources (ground and surface).
These can be divided based on function into
i. Storage dams
ii. Pressure dams

Following is a full description of these types.
6.5.1.7.1. Retention dams
Also known as retaining walls or open dams (Beckers, B et al. 2013a.: 147). These
are constructed laterally across a tributary valley flow (Stager, L. 1976: 151) to intercept
and collect the flow of a torrent or Seil220 (in Arabic). These structures are built from loose
stones (without any mortar). Their retaining wall is not plastered.
Their function is to reduce the impact of flash floods generated by torrential rain by
interrupting the flash flood, storing the rainwater, and releasing the water at a controlled rate
for the irrigation of crops.
Dams have a very characteristic structure that distinguish them from other terrace
walls, which is the presence of valves and outlets. These were built within the dam’s body
to ensure the release of water and to minimize its pressure. A spill way was also designed
in the dam structure, also known as overflow channels or stilling basins. These are hydraulic
structures located in front of the dam outlet, generally rectangular in form, their dimensions
Reservoirs are artificial lakes formed by storing a large body of water. Oleson used the term containment
for these types of dams (Oleson, J. 2007: 225), although his description is clear it does not match the field
finds of this research, small dams and weirs constructed in the gully flows were not plastered, furthermore
special systems were designed for gully management. While reservoirs had been cut in rocks, sometimes
furnished with steps and some even roofed (Al-Muheisen, Z. 2009: 143-144), these characters are thus shared
by the dams described in this category, such as: contain steps, are half carved in the rock and half built, they
are open to collect rain water, and sometimes plastered. As this research used function and form for
categorization it was thus opted to use the term “reservoir” dams rather than “containment” for this
classification.
220
Spencer and Hale were the first to apply the term “Seil irrigation” to Middle East flood irrigation, a complex
system of check dams, barrages, narrow channels and terraces (Spencer, J. and Hale, G. 1961: 20).
219
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and shapes varied, and were constructed to release the water from the dam either to relieve
water pressure, or use the water for irrigation and possibly other domestic or ritual usages.
Sometimes, they were in the form of a small rectangular basin in front of the dam used to
purify the water by allowing the silt to settle (Janczewski, A. 2016: 72). U. Bellwald
considered them part of water impact protection, not restricting them to dams, but
associating them with other hydraulic installations (2008: 67).
When used for irrigation, they are constructed at a higher elevation than the fields
they are designated to irrigate to secure gravitation water flow when the spill is opened
(Stager, L. 1976: 221). Their width varied according to the wadi width (might be 16m and
can reach more). They are rather thick (generally more than 1 m but in some cases may
exceed 3m in thickness). Their height is around 4 m sometimes more than that reaching in
some cases to around 8m high, with their height depending on the gradient of the wadi
embankment. Retention dams can be single (Stager, L. 1976: 221), or, a series of several
dams could be constructed in a row or within the lateral subsidiary valleys. Some studies
classified them as slope stabilization features (see for example Frederick, C. and
Krahtopoulou, A. 2000: 81).
6.5.1.7.1.1

Intersection dams

These are constructed at the wadi outlets to collect and control the flow of torrential
flows from a single wadi, and it could be a single construction or be preceded by a set of
terrace walls or check dams to minimize the flow speed and intersect debris. Their length is
defined by the wadi or gully banks. They are built of dry walls with no plaster used neither
as a binder within the walls nor on their walls as an insolation. They are thick in their width
and built of two walls (facing and retaining) and a fill.
The Dam of Al-ʿᾹjah is a good sample to examine this system closely. It is located
at coordinates: 36R 733920.00 m E, 3355305.00 m N elevation 1000m a.s.l.

Figure (6.26). An image showing the dam of Al-ʿᾹjah.
Source: Google Earth
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Located between Wadi Btahi and Wadi Sabra (figure 6.26), this dam was erected to
intersect a small tributary valley, with an elevation difference of around 30m between the
upper part of the valley and the dam location.
The dam, located SW of Al-ʿᾹjah, is built up to the elevation of the bank sides,
reaching to 2.40m, the width of the dam corresponds to the valley width of 16.40m and with
1.10m thickness (figure 6.27). The dam was built with its sides encroached into the valley
banks in order to ensure the banks stability. Drywall terraces were constructed on both sides
to prevent the soil from collapsing and blocking the water flow or contaminating the water
in the dam. The lake extended 35m behind the dam.
The dam is built of local material, predominantly sandstone with minor limestone
boulders occasionally present in ten consecutive rows. The boulders were of irregular shape,
undressed and varied in sizes (0.37m x 0.50m x 0.30m), (0.34m x 0.52m x 0.15m). They
were laid in depth along the longest axes. The dam was built with two faces, with the facing
wall of around 0.50- 0.55m thick, then a fill of smaller stones ranging between 0.10-0.20m
and the retaining wall of large stones ranging between 0.30- 0.40m.
At the NE bottom corner of the dam a sluice opening was located measuring
approximately 1.00 m x 0.65m, its shape was hard to establish due to the fact that it was
blocked with limestone boulders (figure 6.27).
The dam is currently filled with sediments, yet when it functioned it could retain
around 1344m3 of water, creating a small dam lake (figure 6.26). The water, when released,
would flow with gravity northwards irrigating a set of terraced plowed fields.
Another important feature to examine is the unique dam with a stepped spill way,
which was detected to the W of Jabal Haroun. First reported by the Finnish Jabal Haroun
Project under Site 33e (Lavento et al. 2004: 165; Lavento, M. et al. 2007: 147). The dam is
located within a narrow wadi, along a set of small barrages built of local Umm Ishrin red to
violate color sandstone across the wadi flow.
Lavento et al. (2004: 165) classified this structure as a barrage, yet on close
examination by the author has proven it to be a dam. Barrages (see above) are generally
concave structures built at the point of a gentle slope to divert water and break the flow
speed, they never have spillways or outlets of any type.
This structure does not comply with barrage characteristics (see table 6.1); the
structure is a straight wall, and is built across a wadi tributary, with a set of check dams
preceding it, with a set of terrace walls built on the lateral side in close proximity. The
structure has a drop-down spill way in the form of a gabion (stairs) (figure 6.28). No mortar
plaster is used, and yet the method of construction corresponds to a dam structure.
The dam wall is constructed from around nine rows of stones reaching to a height of
1.38m, and made of various unhewn angular blocks, generally rectangular in form. The
thickness of the wall reaches to about 4m. The wall was built in the traditional dam
construction system, with two walls (facing and retaining walls) with a fill of small cobbles
and soil in the middle as a fill.
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Figure (6.27). The upper figure showing Al-ʿᾹjah dam, the red circle shows the outlet location, the
details which can be seen in the lower picture.

Figure (6.28). The stepped spill way in a dam structure near Jabal Haroun (Site 33 FJHP area).

The spill way is constructed of five steps, that are low in their height for the first
four steps (0.10m the lowest step, second 0.22m, third 0.26m and the fourth 0.20m), but
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increase with the last step to reach half a meter221. The width of the steps was consistent
1.00m at the bottom reaching up to 1.38 m at the top. The steps were constructed into the
dam wall, so the wall thickness protected the spill way. Built from undressed sandstone, of
various stone sizes, some were longitudinal varying in length between (0.49-0.70m). Laid
mostly along the steps on the longest access, anchor stones were used to fill the spaces
between the stones to insure their stability and firmness. The lower step has a flat slab of
stone. Lavento, M. et al. noted that the spill way had two phases of construction, as the upper
step and the dam row was raised, in addition the side terraces were constructed (Lavento,
M. et al. 2004: 165). In my opinion this is due to that fact of sediment accumulation from
settled water, thus the raising was crucial in insure dam stability. The fact that the ultimate
destination of the water flow was towards a pool-like area surrounded by constructed wall
terraces located S down the valley (Lavento, M. et al. 2008: 165). This was constructed on
top of an earlier “hafir”222, the surface impermeability could be attributed to clay
accumulation. This is explained by the need to reduce flow speed and deposit the suspended
material to ensure the collection of clean water.
Lavento et al. dated the exploitation period of these structures to the period between
AD 20 to early 2nd century223 (Lavento, M. et al. 2004: 166-167)
The function of this spill way is located exactly at the lowest point of the wadi, thus during
a flash flood event, the water that over spills the terrace would run towards the terrace and
will be diverted towards the spill way (Evanari, M. et al. 1971:104).
6.5.1.7.1.2

Choke dams

This type is constructed to intersect the flow from two or more wadies or gullies
particularly, when one flow is direct while the others are lateral. These could be either two
major wadies or one major wadi and other smaller or several gullies that cause major sheet
flow. They are built at the point were two wadies or gullies merge into one major yet
narrower flow at the lowest elevation point of their intersection. Thus, this type blocks that
major flow resembling a choking point. These dams are generally low in height, averaging
around (1.50m), and their thickness is around 1m, and are built from local stones either
sandstone or limestone, usually from large boulders, unhewn angular in form, although
sometimes well chiseled stones were used.

This height excludes the idea that these are steps are for climbing between plots of land, as it not comfortable
for human movement, for comparison steps carved into closed reservoirs carved to facilitate human movement
to clean up the deposits from the reservoir had a fixed height of 0.10- 0.11 m (For example see Oleson, J.
2010: 115) .
222
Hafir a local term for water harvesting system, is an earthen dam constructed to collect rainwater, mainly
where the soil is impermeable and used to supply water for drinking and irrigation (Beckers, B. et al. 2013:
152).
223
Lavento et al. admit that dating these structures was not possible by 14C or OSL, pottery collected during
the survey and excavation of the Finish Jabal Haroun Project (FJHP) study area was used for dating. According
to Lavento et al, this pottery is generated from manuring, and as this “run-off farming system” was used for
agriculture, these installations were assumed to be contemporary to the peak of the pottery representation, in
this case the Nabataean period, the dates narrowed down by the presence of Nabataean fine ware (Lavento,
M. et al. 2007: 148).
221
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Figure (6.29). The location of Wadi Farasa choke dam.

Figure (6.30). Wadi Farasa choke-dam.

Wadi Farasa has a good example of a “Choke Dam” (figures: 6.29, 6.30). This dam
is located 36 R 3357223.10 m N 734967.79 m E. It intersects the flow of two wadies:
Wadi Farasa E and a small wadi flowing from the theater down towards the site.
Constructed on the exact point of their intersection. The dam was constructed of hewn
sandstone, rectangular to square blocks, with chisel marks seen both on the facing and
retaining walls, placed in depth on the elongated axis reaching to around 0.40 to 0.65m
in average. The existing remnants of the dam length is around 52.66m oriented NE-SW,
although it could have extended longer as the flooding water has destroyed most of its
extensions at the N part and cut into the middle segment. It is comprised of five rows of
stone, reaching to around 1.30m. The dam’s width is around 1m, built of three to four
rows. Near the wadi shoulder the dam is thicker, built of four stone blocks reaching in
thickness to around 2.00m, which gradually drops to 1.30m and then in the middle
becomes around 1.00m thick. The dam’s shoulders are built at a higher elevation than
the center in a concave form, as can be seen from the well-preserved SW side of the dam.
The middle part is constructed of two face walls each made of one row of sandstone of
0.50m thickness and a fill made of middle size boulders, sometimes shaped some
irregularly shaped yet angular.
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6.5.1.7.1.3 Diversion dam224
These are defined as structures intended to
intercept overland flow and divert it to an
acceptable outlet (Frederick, C. and
Krahtopoulou, A., 2000:81).
In Petra, “diversion dams” were
constructed at specific locations to change the
course of flowing surface water to a specific plot
or to divert it from an area. The most prominent
of these is the dam built before the Al-Siq, the
narrow gorge which leads to Petra. At the point
known as Bab Al-Siq, a diversion dam was
reconstructed on the foundations of the original
Nabataean one in front of the Al-Siq entrance
(figure 6.31), which diverted the water into a
tunnel through Wadi Al-Mudhlim (Bellwald, U.
2008: 69-73).
The narrow Siq functioned as a funnel, and
during torrential rain, water would flow from
Figure (6.31). Diversion dam in front
Wadi Musa in the E from the higher elevation of Al-Siq, (after Kennedy, A. 1924,
towards the Al-Khaznah (the Treasury) and from figure 190)
there into the city center through Seyl Wadi
Musa, flowing through Wadi Siyyagh into Wadi Araba. These flash floods were catastrophic
not only to the early aqueduct water gravity channels supply system (Bellwald, U. 2008: 49)
but to the city itself, as evident by the eight flood events that contributed to the sealing of
the lower Al-Khaznah burial with debris (Farajat, S. and Nawafleh, S. 2005: 386-387), even
washing away the Al-Siq stone pavement during the Byzantine period (ibid) and causing
damage to small dams within the Al-Siq (Fiema, Z. 2012: 198). Evidence of flood
destruction and accumulation of debris and siltation was found at the theater in two separate
phases. Period III was characterized by cycles of erosion-deposition after an abandonment
due to a cataclysm (possibly an earthquake), and after a short period of reuse of the theater
suffered from another phase of abandonment (period V), which was characterized again
with compacted linear sandy deposits characteristic for flooding events (Hammond, P. 1965:
12-16). The diversion of the flood water was, therefore, crucial for the Nabataeans to ensure
safe passage into the city, and for the city center itself in view of their urbanistic expansions
in it.
The first description of this diversion dam was given by Bachmann et al., who saw
its remnants in 1921 and provided a reconstruction sketch of it (Bachmann, W. et al.1921:46). It used to extend from one cliff to the opposite one225, bearing N, the dam remnants were
224

Diversion dams were used more often to divert water to agricultural fields, for this aspect refer to the section
discussing terraces in agriculture forthcoming.
225
It also functioned as a road bridge connecting Elgi village (current Khirbet al-Nawafleh) with Wadi Musa
valley (Bachmann, et al. 1921: 5).
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built of ashlar blocks of 9-10 rows226and the 88m long+, 4.8 wide and 8m high227 (AlMuheisen, 2009: 46) tunnel was chiseled, in order to divert the water flowing from Wadi
Musa into Wadi Mudhlim, and from there to the city center.
In 1964, after the tragic flash flood that claimed the lives of French tourists, the
Department of Antiquities constructed a dam around of nine courses of masonry. Its current
length is 37,5m and raises up to 4.10m (Rubin, I. 2003: 46, 110 plate 2/23). Thus,
obliterating evidence of the original Nabataean masonry.
6.5.1.7.2

Reservoir228 dams

J. Oleson, named these as containment dams (2007: 225), and Z. Al-Muheisen,
(2009) considered them to be facilities functioning to store rain or spring water. Under his
broad definition he categorized cisterns, in addition to source water supply such as spring
water and rainwater. Frederick and Krahtopoulou classified them as retention terraces built
to conserve and collect slope water (Frederick, C. and Krahtopoulou, A. 2000: 81).
These structures were made for permanent water storage. They are closed from the
sides due to their construction in alcoves or partially cut into the rock and partially
constructed with ashlar blocks. These dams are plastered from the inside with several layers
of hydraulic mortar, which is made of mixture of lime, ash, sand and crushed pottery
(Bellwald, U. 2008: 73)229.
These should not be mistaken with reservoirs230, which are rainwater and/ or spring
water storage basins that are partially of completely cut into the rock, plastered from inside
and roofed, with some furnished with steps for cleaning of accumulated sediments. These
were used to collect water before redistributing them (Al-Muheisen, Z. 2009: 143-146).
From the careful examination of the reservoir dams located in Petra, they can be
categorized to:
1. Storage reservoir dams: these collected primarily rainwater and spring water for
direct use.
2. Pressure dams: these were constructed at high elevations, in order to collect
spring water to be released at certain time intervals.

226

Bachmann et al. 1921 provided only a description and sketch of the dam without any measurement,
Kennedy, A. 1924 provided a photograph of the dam.
227
Kennedy, A 1924 gave measurements of the tunnel entrance to be 6m x 6m, While Al-Muheisen’s
measurements match Bachmann, W. et al. 1921: 6.
228
This section is dealing with water retention constructions that are for temporary storage, not to be confused
with closed cisterns. Al- Muheisen has them under one category, for more details on these and on closed
covered reservoirs see Al-Muheisen, Z. 2009: 144- 146; Oleson, J.2010: 115-117.
229
For further information on Nabataean hydraulic mortar, see Sha’er, M. 2008: 143-149.
230
For details on reservoir construction see Vitruvius, Book VIII, chapter VI.1, for types, usages and locations
in Petra Al-Muheisen, Z. 2009: 143-146.
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6.5.1.7.2.1 Storage reservoirs
This type corresponds with Al-Muheisen’s “Rainwater- supplied reservoirs”
category (Al-Muheisen, Z. 2009: 144-146), which primarily collects rainwater, or channeled
water from adjacent slopes and sometimes might have a feeding channel that brings in water
from a spring, such as one at Ayn Braq, where a storage reservoir collected rainwater and
spring water together.
This is an open reservoir, prone to evaporation, that collects water for a short period
of time to ensure for example the settling of all impurities, or for a specific purpose, such as
irrigation or for watering cattle and for domestic usages. These generally are located at a
lower point in the catchment area within topographical relief and strata that allow the
formation of a dam lake. The deposition of clay at the bottom ensures the presence of an
impermeable layer that minimizes the loss of water by infiltration. A good example on this
type is the dam of W Baqa’a231.
6.5.1.7.2.2 Pressure dams
These dams are constructed at high elevations to collect spring water. This water is
diverted from a source (spring) to this semi-reservoir collection dam, and when the water
reaches a certain height it flows through another outlet by way of a pipe through which it
attains the pressure, allowing it the flow to its final destination, whether it is a fountain or a
pool. These dams were always plastered from the inside using hydraulic plaster which had
ash and fragments of pottery used in its matrix (figure 6.32). Al-Muheisen (2009) rightfully
categorized these dams under “spring- water supplied reservoirs” (Al-Muheisen, Z. 2009:
144).
One of the prominent examples of this is the dam located at what is known as the
“Garden Temple”232 at Wadi Farasa E (Schmid, S. 2000: 339) (figure 6.33).

Figure (6.32). Hydraulic mortar from the internal retaining wall of Al-Quntara pressure dam.
For more details on this dam see section 6.7.3.2.1 this chapter.
The site is located at the upper elevation of Wadi Farasa, which is comprised of a carved monument, of so
far unidentified function, hydrological installations and natural rock outcrop which formed a natural incline
covered with soil opposite the carved monument, which led some to propose its function of this alcove to be
a garden watered by hydraulic installations (Browning, I 1977: 202; Schmid, S. 2000: 339 and the reference
therein). See chapter seven section 7.5.2 for more on the temple gardens.
231
232
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Figure (6.33). The “Garden Temple” on the left and the pressure dam on the right

Figure (6.34). Wadi Farasa pressure dam in the lower left a view from the top.

This pressure dam is partially carved in the natural outcrop of the Umm Ishrin
sandstone (figure 6.34) from the N and E sides and partially built at the W side, while the S
façade is fully constructed using chiseled ashlar sandstone blocks. The dam wall is around
8m high and around 1m thick (Al-Muheisen, 2009: 71). According to al-Muheisen, a rock
cut channel brought in water from Ayn Braq and fed the reservoir through a waterfall at the
NE corner (Al-Muheisen, Z. 2009: 71) while its open body allowed direct collection of the
rainwater that flowed off of the outcropping rock. Schmid considers that this reservoir was
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mainly fed by rainwater brought into it from different channels, including the Lion’s
fountain (Schmid, S. 2000: 339).

Figure (6.35). Detailed picture of Wadi Farasa pressure dam showing the valve and the spillway.

The dam is furnished with a valve (0.60 x 0.70m), and 0.40m below the valve a
spillway is located measuring (0.20 x 0.20m). Located at the SE side (figure 6.35), a settling
basin in addition to another basin in front of the build wall measuring (3.1 x 1.10m) remains
(Schmid, S. 2001: 179). A channel connected the valve at the SW side with a small closed
reservoir and a conduit in from of the “Garden Temple”.
Thus, this dam collected water from several sources, and through its valves and spill
ways, water release was managed and directed. Moreover, due to the presence of several
additional basins and a closed reservoir, water was collected, purified by allowing it to settle,
preserved from evaporation and through the valve redistributed.
6.6

Unique hydrological systems233

During the investigation of water management systems in the hinterlands of Petra,
new systems never mentioned before have been noted.
6.6.1

Gully control measures

A gully is a hallow channel carved into the soft soil (usually in loess soils and alluvial
sediments) by the effect of concentrated running water of high enough velocity to detach
and transport soil patches. This phenomenon is commonly seen at plowed slopes developing
from rill erosion and can increase in magnitude with time, causing vertical head-cut
migration, deepening its channels and causing sharp degradation of soil and the vegetation
cover (Avni, Y. 2005: 185-189). This is more pronounced in semi-arid to arid environments,
where torrential rains are of a high reoccurring magnitude and the soil cover is scarce.
This site corresponds to Al-Qudah, K. et al. site Beidha (2016: 914-915, figure 2a), however the site was
discussed within the article from surface water flow management prospective and did not discuss the system
component or function as is discussed here. All pictures of the article mentioned above and for this study were
taken by the author.
233
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Effective measures have been developed to combat this phenomenon, comprised
from a system of built terraces, constructed to achieve two goals: water flow and silting
control.
6.6.1.1 Gully control system near Umm Seyhun
Talʿat Umm Seyhun (on the road to Little Petra or Beidha coordinates:36R
736115.55 E, 3359942.76m N) (figure 6.36), is located within the al-Mataha catchment area
(Al-Weshah, A. and El-Khoury, F. 1999:171-172) and is dominated by Disi sandstone, with
shallow alluvium, colluvium silty loam accumulation in some areas.

Figure (6.36). General view to the E showing the location of the gully control system.

A large gully is oriented NE-SW, with a large head situated up on an elevation of
1035m a.s.l., going down to around 1005m a.s.l., with a slope of about 10%. The down cut
is around 3.00 m. The gully has carved into the soft Disi white sandstone and the thin cover
of soil accumulated on the surface. A set of terraces and check dams are constructed across
and perpendicular to the gully orientation.
This system is well seen on the aerial photographs mosaic of 1924 taken by A.
Kennedy (figure 6.37).
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Figure (6.37). The upper image is from 1925 Sir Alexander Kennedy aerial mosaic images,
while the lower is an image of 2020. Umm Sayhun village is constructed on
the site of ancient terraces (left). Two gullies-oriented E-W have maintained
their flow and width due to the gully control system applied by the Nabataeans
(in the red ellipsoid).
Source: Google earth
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6.6.1.1.1 System components:
This is a rather complex system made up from a combination of constructed terraces as
following:
a-

The barrage:

Figure (6.38). The upper barrage (the dotted red line shows the terrace outline) constructed to deviate
water from the gully head.

This is a linear wall constructed above the gully head (figure 6.38), and is built of
medium sandstone boulders that extends NW–SE. It is comprised of five rows of stone,
made in the form of segments, where large boulders formulate a sturdy frame on two sides,
while smaller cobbles (0.24m x0.22m, 0.38m x 0.22m, 0.30m x 0.22m), topped by 4 to 5
rows fill in between reaching to about 0.73m. The wall extends for about 40.0m.
b-

Check dam terraces:

Six consecutive check dams run perpendicular across the gully flow (figure 6.39). The
first terrace is built of five rows of stones, made of different sizes of limestone boulders.
The height of the terrace is 1.15m. It takes a concave shape down the slope. This check dam
terrace is well built; its thickness is 1.78m, with two walls of large irregular boulders. Their
sizes are (0.74 x 0.20m, 0.52 x 0.24m, 0.53 x 0.24m), with the stones consisting
predominantly of limestone and sandstone and some rhyolite, are placed in depth on the
long axes. The back side is constructed from smaller cobbles, and the fill is around 1.25m
made of silty soil, with a high clay content, mixed with cobbles of non-local sandstone (red
Umm Ishrin and yellow sandstone) ranging in size between (0.35x 0.21m- 0.42 x 0.12m).
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Figure (6.39). The red dotted line indicates the location of weirs and check dams constructed to
intersect the flow of the gully.

Four check dam terraces follow down the flow direction. They are built in close
proximity to each other, with the distance between the first and the second and between the
second and the third, is around 5.00m. This distance, however, reaches around 8.00m
between the third and the fourth. Their vertical height interval is consistent, as the lower
check dam level is the same is the bottom of the previous one.
The length of these terraces range between 14-18m, with varying height, being lower
at the sides and the maximum height of around 1 m being in the center where the gully
flows, while at the sides it ranges between 0.33- 0.73m. These range between three to six
rows and are built of irregular stones of various sizes.
c-

Side-way lateral terraces:

Three sets of terraces on lateral side of check dams are constructed on both sides of
the gully. They are oriented 120˚EW and are built on the slope and their length diminished
down slope. On the NW slope, the upper most terraces reach to around 23.56m, the middle
is 12.45m and the lower one is 3.70m. The S slope terraces are aligned at a right angle with
the main check dams. They are built of smaller cobble stones (0.43 x 0.12m, 0.38 x 0.22m,
0.30 x 0.22m, 0.24 x 0.22 m), and their length varies between 13.00-17.00m, with their
height ranging between 0.40-0.90m.
Four sets of terraces were constructed at NE-SW. Their condition varies, as their
stones were moved to create an animal pen. The lowest terrace seems to be the only intact
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of them measuring 15.30 m length, 1.13m high and is around 1.00m thick. The next terrace
is located 5.00m behind; only one row of stones is in situ. reaching up to a height of 0.50m.
Around 3.20m separates this terrace from next one. This third terrace rises to 0.94 m high
of one row of stones. The spacing between the third and the fourth and last terrace is 5.60m,
also made up of one row of stones 0.40m high and around 0.70m thick.
Gullies pose a threat to the slope stability, as when rain intensifies the soil capacity
to hold water drops, leading to piping, rill and eventually gullying. As flooding occurs, down
cutting of the water flow causes a further retreat of the gully head, and the elongation of
piping (Avni, Y. 2005: 195).
Thus, a set of terraces was constructed to counterpart this mechanism. The upper
barrage is built to divert water from the gully head towards the sides, this prevents the
gully head from enlarging and migrating further.
As the gully has managed to carve a path in the soft Disi sandstone, its banks were
lined with river side terraces234, these stabilizes the sides of the gully, preventing the water
from cutting into its sides, confining the water flow preventing its meandering and
expanding.
The check dams built across the gully flow function is several ways, first it levels
the gully bottom, thus minimize the water erosion effect of the flow and helps deposit the
loose sediments (Nyssen, J. et al. 2004: 61).
The side way terraces are oriented to redirect the water flow and the sediments
towards the gully direction, partially they intercepted the flow, minimizing its speed, thus
depositing some of the sediments, forcing the water to gently flow into the gully and
depositing small loose deposits on the sides, preventing the increase of gully width. Thus,
the water flows gently along the gully where it reached to a cistern or storage facility or a
pond where it could be made use of.

6.7

Water management systems in the Petra catchment areas
P. Gentelle proposes correctly that the Nabataean comprehension of their
surrounding has led them gradually to treat a catchment as a whole system (2007: 140),
where the constructed hydrological elements work together as a single system.
Each type of terrace, as explained prior, is constructed at a specific point within the
slope to perform a certain function within the catchment area. Although the overall goal was
to minimize the amount of water flowing down into Petra (the sacred and the civic), it was
nevertheless important to make use of it along the way by means of storing it, using it or
diverting it. To explain how these various systems worked, two examples, each comparing
two catchment areas will be discussed in detail.
The reason for choosing these two catchments as examples is to demonstrate that
water management systems were not built randomly, but within carefully chosen locations.
These systems were constructed of various terrace typologies, and these combinations of
234

These are discussed in section 5.8.2.2
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constructions were dictated by geology, topography and needs. Even when the system
components are similar, their mere configuration and order can make their function
different, as will be contrasted in the chosen two examples that follow.
6.7.1
Al-Quntara- Hremiyyeh–al-Jarra catchment

Figure (6.40). An image showing the extent of Al-Quntara-Hremiyyeh-Jarra catchment area.
Source: Google earth

a- Topo name:
These catchments were known by the topographic names recorded by travelers from
their Bedouin guides, such as G. Dalman (1908: 137-143), who defined the location of these
consecutive wadies flowing into the Al-Siq. According to Canaan (1930), Wadi AlQuntarah and Wadi el- Hremiyyeh are broad valleys that become narrower as they thrust
down towards the rugged mountains full of fissures and faults that flood the Al-Siq during
a storm (Canaan, T. 1930: 18).Wadi al-Jarra probably got its name from Al-Khaznah (the
treasury), as the level of that valley faces the urn that crowns the Al-Khaznah, which the
locals called al-Jarra (the Urn) believing that it hides gold in it, thus lending the valley its
name (Canaan, T. 1930: 8; Browning, I. 1977: 119).
b-

Topography:

This is one of large catchment areas with the total area of 44.45 hectares, with eleven
sub-catchments (Ruben, I. 2003: 11), the N border is defined by the Al-Siq path and the
treasury (al-Khaznah) plaza with an elevation of 1007m a.s.l. and is bounded by the SE side
by the Wadi Musa- at-Tayyiba–Rajif road, located at an elevation around 1340m a.s.l. The
average slope gradient is 17%.
c- Geology:
The headwater area is located within the Upper Cretaceous Limestone outcrop. The
area is predominantly consisting of Upper Umm Ishrin sandstone outcrop, while at the E
part of the catchment area the Disi Sandstone outcrops with its spheroidal shapes formed by
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the weathering. On the upper levels of the catchment is recent alluvium–colluvium
sediments have
accumulated, although of shallow depths. Due
to water deposition, small patches of
Pleistocene gravel have accumulated in
gullies.
Three faults cut the area in NW-SE directions,
and are connected to the main fault of Wadi
al-Mataha. These formulate three valleys
through which the water flows from the upper
levels towards the archaeological site.
d- Water management system:
Three main factors governed the water
management systems constructed in this
catchment: the heavy rain this area receives
that varies between 150- 225mm year -1, the
topography of the area, and the need to protect
the monuments within the lower part of the
catchment, mainly the Al-Khaznah and the
plaza surrounding it.

Figure (6.41). The geology of the AlQuntara-Hremiyyeh-Jarra catchment area
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C

Figure (6.42). The contour terraces constructed at the upper catchment (upper), with a detail
of one of the terrace segments (bottom).

At each segment of the catchment, different water management strategies were used.
At the head water area, three types of terraces were applied in response to slope gradient
angle and needs of water management requirements. These were: contour terraces to prevent
sheet erosion (figure 6.42), Vallerani terraces (figure 6.43) to minimize the flow amount,
bench terraces235 to stabilize the slope236, and weirs within the small creeks to minimize
water flow velocity and retain sediment and debris. The slope angle changes in the upper
235

Known as stepped terraces follow contours and are not linked with a special function other than arable
agriculture (Moody, J and Grove, A. 1990: 183). These are further discussed in chapter five section ( 5.8.1.1)
and chapter eight ( 8.3.1.2.2 ).
236
These contour terraces are new additions built by the Agricultural directorate in the 1980’s. There are
several observations to prove that: stone size are smaller and the stone layering resembles piling up, these is
little siltation behind them. In addition to their length and regular size. They were planted with Cupressus
lusitanica species.
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middle catchment to a range of 64%, at this section, mostly covered by sediments, the
terraces constructed in this part are new, built by the Ministry of Agriculture in 1980’s
(figure 6.44). In this section the aqueduct of Ayn Braq runs on a gentle slope.

Figure (6.43). Example of the Vallerani terraces at the upper catchment area (red arrows indicate
the distribution of the terraces within the slope).

Figure (6.44). 1980’s terraces of the upper catchment constructed by the Ministry of Agriculture.
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Figure (6.45). Vallerani terraces in the middle catchment area.

The slope changes in the middle upper catchment to a gradient of 38.4%. At this
segment a set of weirs and Vallerani terraces were constructed (figure 6.45). The weir
terraces are constructed in the small creeks and crevices of the hill range (figure 6.46). Built
of rough limestone boulders in one or two rows, with an average height of 0.60m, their
length averages around 0.90- 1.20 m depending of the width of the crevice.

Figure (6.46). Weir in the narrow tributary of the wadi flow at Hremiyyeh catchment area.

The Vallerani terraces were built from local limestone, locally quarried from the
Upper Cretaceous strata, laid in two to three rows reaching to about 1.20m high. The stone
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dimensions are not uniform, as large boulders that had rolled down by the force of water
were used as anchors, and smaller size stone were laid between them and the outcropping
sandstone. The large boulders could reach up to 1.96 m long and 0.55m height, while the
smaller boulders are of (0.31 x 0.18m, 0.74 x 0.10m, 0.35 x 0.25m) in size (figure 4.46).
The lateral distance between consecutive terraces varies between 6-8m.

Figure (6.47). The use of fallen blocks of limestone from the outcrop as anchors for the terraces.

Figure (6.48). A fallen rock is used as an anchor for the terrace wall.

The slope increases again to reach around 17%, making this segment of the catchment rather
steep. The hill is surrounded by outcropping white Disi spheroidal outcrop, in between these
hills narrow valleys carved by the water flow through centuries were formed. Several steep
and narrow alcoves covered with sediments and fallen boulders were formed. Within these
sharp narrow gorges and water paths, small weir terraces were constructed using irregularly
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shaped limestone boulders (figures 6.47, 6.48). These are around seven, varying in length
according to the gorge’s width, averaging around 7.7m.
These are followed by thirteen terraces of the Vallerani type, which were constructed
on the middle slope, and their height varied between 0.80m up to 1.20m. They are
constructed on a E-W oriented slope, followed by another oriented NW-SE. Their lateral
length is less, averaging to around 13.5m, while the main ones E-W varies between 19.5 m
to 32.43. The lowest two terraces are convex in their form.
The middle catchment is flat and is where traces of plowing activity can be seen,
with small terrace walls that seem to delineate property rather than serving another function.
These are fairly recent, dating according to the local community to 1950’s.
Four pyramid shaped check dams were constructed (figure 6.49), with a vertical
distance between them increasing with slope (being 6 meters, then 12m). They have a slight
concave shape, and their length is confined by the wadi’s width, varying between (8.75–
16.90m). Their height and thickness increases in an inverse proportion with the width of the
wadi, thus the check dam that is 8.75m long, its height reaches up to 2.00m and the thickness
is around 3.00m.
The check dams have double facing: the facing wall and the retaining wall with the
fill in between made of small cobbles and a mixture of silty clay material. The retaining wall
is built of smaller stones, while the facing is of larger boulders. Table E.11 Appendix E has
the dimensions of the stones listed. These are built in a pyramidal shape, with the base being
wider tapering upwards. The base ranges between 2.65m-3.30m wide, reaching to the
around 1,90m-2.15m at the top. The check dam high ranges between 2.00m-2.50m. Made
of eight to ten consecutive rows, with the retaining wall being made of more rows that the
facing wall, due to variation is stone sizes. The base stones were of huge boulders measuring
(1.14 x 1.20 x 0.90m) to strengthen the check dam foundation, set on the wadi foundation
bed, as the layers were added to the top the stones become smaller in dimension. In between
the stones, smaller anchor stones in the form of wedges were inserted to insure stability of
the laid stones. These measured (0.15 x 0.10 x 0.50m, 0.18 x 0.18 x 0.07 m).
These were constructed to collect sediments, minimize the water flow velocity and
amount and store water for the grazing animal and to irrigate the fields.
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Figure (6.49). Hremiyyeh check-dams (numbers from 1 to 4 indicate their location).

The wadi flow is confined to the rock outcrop of Umm Ishrin sandstone (figure 4.50).
Originally, the wadi was narrow, with a high outcrop on the NE side, Nabataeans modified
the width of the valley by cutting into it longitudinally and diagonally. The diagonal
chiseling was made to create a 90˚ angle to anchor the check dam facing wall to make it
stronger (figure 6.50). Two types of chisel marks were applied: diagonal of alternate cutting
size (Bessac, J-C, 2007: figure 35: b) and horizontal curved lines (Bessac, J-C, 2007: figure
35: i). Furthermore, to anchor the check dam well, an abutment was chiseled into the wall
the same size and form of the wall stone to ensure its fixing into the wall, thus bridging the
wall with the valley into one unit.
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Figure (6.50). Chiseled wadi path (yellow arrows) creating a wider valley, the angular cut creates a
shoulder to anchor the check dam

Wadi el-Jarra is the lower part of the catchment that flows directly down to the AlKhaznah plaza through two narrow gorges. These small creeks formed during high
tectonism by a set of small lateral faults, further cut and widened by the water flow.

Figure (6.51). Weir at Darnoq Al-Khaznah one of the narrow creeks formed due to faulting.

Along those narrow gorges four consecutive weir terraces were constructed (figure
6.51). This narrow path was carved and enlarged to create a pathway. Chisel marks in the
form of a herring bone (Bessac, J-C, 2007: figure 35: b) are seen on both sides of the narrow
gorge creating confined flow direction for the water, the cliff height exceeds 5m. Along this
gorge several Nabataean inscriptions (and their imitations) were carved of a religious
formula (Bellwald, U. 2008:76).
At the inlet of Wadi al-Jarra, 150m towards Al-Khaznah, the gorge divides into two
segments, E and W. At that edge a dam was constructed of which few ashlar blocks, that
seem to have been plastered, have survived. The dam had an outlet for which a channel was
carved into the Umm Ishrin sandstone to increase the flow towards the E side, were a large
and more robust dam was constructed. At the furthest E gorge and the W outlet steps were
chiseled to slow the flow of excess water, Bellwald proposes their construction to be
associated with annual maintenance work (Bellwald, U. 2008: 83).
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To the E, three dams were constructed oriented NS towards a natural outcrop, then
they continue towards the N-E. This last dam of this group is located down the valley
elevated by 25m above the current level of the Al-Khaznah plaza (Bellwald, U. 2008: 78).
Its original height could have reached up to 10m judging by the presence of an abutment
and chiseled valley sides. Bellwald estimated its capacity to be 6000m3 (Bellwald, U. 2008:
76) the dam had an outlet furnished with a valve to control water release. According to
Bellwald, a small stilling basin was constructed to collect the silt and debris brought by the
flowing water in front of the dam (2008: 78).
The W branch of the outlet was also furnished with a dam of sandstone ashlar blocks,
of which only a few blocks survived in situ, making it hard to give any description of its
original dimension or form.
The Catchment system function:
Within this catchment several systems were constructed to achieve several goals:
− To slow down the surface run-off at the upper catchment area.
− To absorb the largest amount of water by infiltration in the upper middle
catchment, by collecting sediments and even cultivating activity.
− Collect runoff after the soil reaches saturation into the small check dams that
can be used for animals.
− Slow down the excess water flowing and collect the sediments still carried
by the flow through erecting weir terraces in specifically chiseled pathways
in the rocks.
− Collect clean water at the dams at the lowest part of the catchment, which
could be used for other purposes.
6.7.2
Al Madras-Al-Jilf catchments
a- Topographic name:
Al-Madras, as described by Canaan, T, is a wadi flowing into the Al-Siq. It’s lower
section is dissected by several faults, making it impassable, with large boulders transported
by large floods. One of those fissures is Jarra (1929:17). Al-Jilf, is the name given to the
deep gorge that separates al-Madras from Al-Atuf mountain. Its continuation is known as
Shaq al-‘Ajuz (Canaan, T. 1930: 17).
Some scholars tied the name “Madras” with the Arabic term “Dras” meaning thrashing
floor, thus connecting the area to agricultural activity. Bellwald denied the presence of any
agricultural activity in the area (in Rubin, I. 2003: 95-97). Remnants of plowed patches of
land are currently seen, though these could be attributed to recent cultivation activity by the
Bodul who live in tents in the area237.

According to Prof. Dr. Ziad Al-Salameen this land was once cultivated by his tribe, and a sign of ownership
the land was plowed but not necessarily sown (Oral communication 07/11/2018).
237
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The site name, however, is derived from an inscription found on the walls of the
“triclinium”238 N. 89 dedicated to Nabataean main deity Dushara239 “The God of Madrasa”
(Dalman, G. 1908: 117).
d-

Topography:

The Al- Madras catchment is a small area situated between Wadi el- Hremiyyeh to
the S and Bab Al-Siq to the N. Its total area is around 16.41 Hectares, with eight subcatchments240(Rubin, I. 2003: 11). The elevation varies from 1300m a.s.l. and drops to
1008m at the Al-Siq outlet (996m at the Al-Siq bottom), with an average slope 22%. The
Al-Jilf catchment area is the smallest, measuring around 8.1 hectare, with an average slope
gradient of 20%.
e- Geology:

Figure (6.52). The geological map of the area, Madras boundary delineated in red.

238

The soft white Disi sandstone was carved by the Nabataeans to create what Dalman described as the “High
place”, which can be reached by an assent from the Obelisk’s tomb. Located on a higher elevation on top of
the white sandstone, or by a newly built staircase that can be climbed from Madras decent. The citadel is
comprised of a courtyard, with several carved “bicliniums” and “tricliniums”, “triclinium stibadium” and
niches reached by carved steps, several canals, basins and reservoirs exist (Dalman, G. 1908: 117- 127; AlMuheisen, Z. 2009: 84-86). For further information on Al-Madras high place, see Dalman, G. 1908: 117-137,
for inscriptions see Nehme, T. 1994, for niches see Wenning, R. 2001. In the middle of the catchment area a
small carved chamber in Disi sandstone, measuring around 2m x 3m, which was exploited as an animal bin.
The inner walls still carry the typical Nabataean chisel marks, but now are covered with soot. A grave on top
of a small spheroidal Disi sandstone outcrop was also detected.
239
Spelled sometimes “Dhu ash-Shara” meaning that of ash-Sharah mountain.
240
Weshah, R. and El-Khoury, F. 1999 calculated the area to be 390 hectares, extending the area E of the
Wadi Musa-At-Tayyiba highway.
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The boundary of the catchment is predominantly white Disi sandstone, with its
typical spheroidal weathering form, while the core is of the Umm Ishrin sandstone,
outcropping on the surface by up-faulting movement, with surface deposition of alluviumcolluvium (figure 6.52). The wadi beds are filled with coarse sandstone, gravel and pebbles
and boulders created and moved by water erosion. The Al-Jilf catchment is predominantly
Umm Ishrin sandstone with alluvium on the surface. The lower catchment is cut by several
lateral faults, which form small crevasses allowing water to flow. However, evidence of
Nabataean interference by carving and increasing the boundary is evident (figure 6.53).

Figure (6.53). Lower crevasse of Wadi Al-Jarra showing Nabataean carving to widen the gorge.

f- Hydrological installations:
The catchment area can be subdivided into three segments: the upper catchment
located above Al-Madras, the middle located within Al-Madras and the lower which is AlJilf. These have three main types of hydrological installations: weirs, barrages and check
dams.
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Figure (6.54). General view of the upper catchment of al-Madras, showing the partially standing
terraces.

The upper catchment area that precedes Al Madras from the SE side seem to have
been terraced recently, as small contour terraces were constructed using small limestone
boulders (figure 6.54), and little to no sediment accumulation was observed behind them.
These were implemented by Ministry of Agriculture in the 1980’s241.
Five small check dams were constructed to intersect a small ravine S of the area at
an elevation of around 1147m a.s.l.. They were built from local limestone, of rough stones
of variable sizes. The terraces seem to have fallen out of maintenance, making the
establishment of their boundaries difficult. Originally, they might have been of Vallerani
type. Their length and spacing seem irregular, indicating interventions conducted on various
occasions. The length varied from around 3.50m to 11.50m, while the spacing was between
7.50m to around 20m. Shrubs and fallen debris caused severe damage.

Figure (6.55). General view of Wadi al-Madras facing NW showing the terraced wadi confined
between the two Disi sandstone outcrops.

The upper part of the middle catchment is confined between two outcropping Disi
sandstone hills (figure 6.55), raising to around 1097m a.s.l. on the SE side, while the
opposite hill is of 1086m a.s.l. at the NW side. These two hills define a wadi around 77m
241

No record is available of this activity; this information was obtained verbally from PAP authority.
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wide. This wadi was fully terraced with weir terraces and check dams242. These terraces
were constructed from marly limestone of variable sizes, eight terraces still exist in situ,
described in table (6.5).
The last terrace- check dam constructed from marly limestone is M-8. These terraces
can be sub- divided into three parts: a side check dam, a small weir cutting across a gully, a
thick check dam and a retention terrace.

Table 6.5.
Al-Madras check dam dimensions
Terrace elevation
number
M-1
M-2
M-3
M-4
M-5

M-6
M-7

1068
1064
1062
1062
1061

1060
1059

Type
Check
dam
Check
dam
Check
dam
Check
dam
Check
dam
Barrage
Check
dam
Check
dam

23.93

1.15

Distance
between
consecutive
terraces
m
13.54

10.63

0.92

8.93

11.81

1.00

7.26

11.49

1.00

8.36

17.11

1.20

18.76

25.20

1.10

12.40

1.00

13.48

15.20

0.64

14.03

Length
m

Height(approximate)
m

The side check dam is oriented E-W, 21.72m long and around 1m high. A small weir
was constructed across the gully of 4.25m, made of one course of large limestone boulders
(0.64 x 0.28m, 0.72 x 0.64m).
The lower area to the W has a reservoir, partially carved into the soft Umm Ishrin
sandstone and partially built of large sandstone boulders from the N, W and S sides. The
walls were constructed from two layers of stone with plaster. It measured 24m x 5m, the
depth could not be measured because the reservoir walls had collapsed. This reservoir was
recorded by Al-Muheisen under number 111 (Al-Muheisen, Z. 2009: 86). A carved channel
diverted the water from the high place into the reservoir.

242

These were severely damaged when an alternative hiking path was made for tourists to Madras.
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Figure (6.56). The barrage in the middle catchment of Al-Madras-Al-Jilf.

In front of the reservoir, crossing the wadi in an EW direction a huge barrage was
constructed at an elevation of 1028m a.s.l. (figure 6.56). Six rows of stone reaching up to a
height of 1.10m are still in situ. Both limestone and red Umm Ishrin sandstone were used in
its construction. The sandstones are angular and roughly shaped, the limestones have more
rounded sides, but are rougher and more irregular. The arch of the barrage is 31.40m while
the cord is 28.90m. The dimensions of the stones used for construction of the barrage can
be found in table (E.12.) Appendix E.
Three terraces precede the barrage dam on the higher plateau (1032m a.s.l.), their
vertical distance varies between 17.00-22.50m and only one is located around 60m to the
NW. These terraces are in the lower part of the valley, while a small hill rises to the W.
Thus, all the rainwater flows into that terraced plain.
The last terrace marks the end of the open plain, before the gorge starts to narrow,
in a very rugged terrain that leads to Wadi Al-Jilf and through the crack of Shaq al-Ajuz
into the Al-Siq. The small inlet formed by a fault makes a small creek, directing water from
the top of the alluvial plain into the Al-Siq. To prevent this, three consecutive weir dams
were constructed before it reaches the lowest section at the Al-Siq floor level, where a dam
and a stilling basin to collect the water flow were constructed 243.
6.8 Terrace–Dam systems
Several surveys have reported the use of terraces with dams in combination. Kouki noted
the combined use of terraces on hillsides and barrages in the wadies for cultivation (Kouki,
P. 2012: 105-106). Lavento et al. considered the terraces and dams to be two separated
entities, although together they influenced water flow direction (Lavento, M. et al. 2004:
165). Beckers et al. described terrace wadi systems, where check dams were constructed to
collect water to irrigate water fields, and when silted used for cultivation (2013a.: 152-154),
This dam was totally destroyed as the last description of it was by Burchhardt, who mistook it for a casement
wall 15-20 feet wide that diverted winter water from the Syk (Al-Siq) (Burchhardt, J. 1822: 422). It was later
restored by Petra National Trust during the reconstruction of the Al-Siq. The dam was built of ashlar blocks,
measuring 5m high, 6.65m wide and of 1.6m thickness (Rubin, I 2003: 104; Bellwald, U. 2008: 73).
243
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although this statement stands correct, further and deeper analysis of this relationship can
be made by examining the following two examples from Petra.
6.8.1 Ras Btahi water management system

Figure (6.57). Btahi catchment area showing the location of the upper dam and consecutive
terraces.

This catchment measures around 252,192m2. The elevation varies from 1016m at
the head water and drops to around 965m at the lower catchment, with a slope gradient of
5.48%. The catchment is oriented ESE-WNW. The water management system is in the
lower part of the catchment and consists of a dam followed by five consecutive terraces,
which are sets of check dams, gabion and terraces and side terraces (figures: 6.57, 6.61).
This system, although different in water installations type, however, shares some
construction methods, which is the way these structures are anchored into the wadi banks.
Flat boulders were both used in the facing and the retaining walls, measuring around (0.70
x 0.30 x 0.20m). These flat stones were placed parallel to the wadi around 1m from the
sides, being wider and thicker at the bottom than the top by around 30%. Towards the center,
as the main part of the construction starts to face the flow, the stones are placed parallel to
the wadi. Following is the description of the system’s components.
a.

The Dam:

The dam is the first construction built at the catchment area. Build directly on a wadi
bed which is the outcropping Umm Ishrin sandstone and compacted loose sand, the outcrop
is chiseled to accommodate the body of the dam and a spill way (figure 6.58). Constructed
predominantly from Umm Ishrin sandstone unhewn boulders and a few chert and limestone
boulders. Built of eleven rows reaching up to a height 2.78m. The dam is 1.24m thick, built
from a facing wall and a double retaining wall244 (figure 6.59) and a fill made of small
angular Umm Ishrin cobbles and boulders. With the facing wall thickness ranging between
It is most probable that this wall was faced with a large force of water, hence its unique construction, the
facing wall was followed by a fill then with the retaining wall, which at a later stage was re-enforced by
adding another fill of small stone boulders and a second retaining wall, hence the term used.
244
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0.25-0.30m, the fill thickness ranges around 0.35m, while the double retaining wall is
around 0.60m (figure 6.59). The stones are arranged in regular rows, with anchor boulders
set around the gaps to secure it tightly. These measure (0.10 x 0.02 m, 0.07 X 0.02 m)
(detailed stone measurements are shown in table 6.6). No mortar is used neither between
the dam’s stones nor on the walls. The dam is now filled with sediments, which prevented
measuring the retaining wall’s stones.
The dam was furnished with a spill way at the SE side (figure 6.60), possibly to
make use of the outcropping sandstone. The spill way is chiseled between the dark violet
sandstone (figure 6.60), the channel at the dam is around 0.80m long and its width is
around 0.50m. A basin was chiseled into the bed rock in front of the dam measuring (1.10
x 0.65 x 0.33m).

Figure (6.58). Btahi dam, the sluice gate and canal are located at the S side.

C

A

B

Figure (6.59). A cross section of the Btahi dam showing the facing wall (A), fill and the double
retaining wall comprised from the first original retaining wall (B) and the second re-enforcing (C).
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Figure (6.60). Possible spill way carved into the rock from the dam.
Table 6.6.
Measurement of the Btahi dam
Row
Stone lithology
Wall type
1st row
Sandstone
Facing wall
Limestone
3rd row
Sandstone
Sandstone
Sandstone
Sandstone
4th row
Sandstone
Sandstone
Sandstone
Sandstone
Sandstone
5th row
Sandstone
Sandstone
Sandstone
Sandstone
6th row
Sandstone
Chert
Sandstone
Sandstone
7th row
Sandstone
Sandstone
th
8 row
Sandstone
Sandstone
Sandstone
th
9 row
Sandstone
Sandstone
1st row
Sandstone
Retaining wall
Sandstone
Limestone

Width (m)

Height (m)

0.60
0.78
0.55
1.10
0.36
0.29
0.37
0.26
0.34
0.42
0.47
0.60
0.50
0.38
0.50
0.76
0.60
0.26
0.45
0.80
0.45
0.73
0.78
0.40
0.67
0.30
1.08
0.65
0.78

0.34
0.47
0.15
0.20
0.13
0.10
0.23
0.21
0.25
0.18
0.26
0.15
0.13
0.22
0.12
0.15
0.30
0.16
0.18
0.27
0.15
0.53
0.36
0.15
0.30
0.32
0.20
0.17
0.40

Depth
(m)
-

-

-
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Figure (6.61) General view to the S of Btahi dam (far left), followed by a set of check dams and a gabion.

b.

Check dam:

This check dam is situated 37m NW of the main first dam. It is also constructed from
large unhewn Umm Ishrin boulders. The dam has seven rows of stones, of which only three
rows can be seen on the top while the rest are buried under the sediments. A gully has
washed part of the dam at the N part and exposed the lower rows.
The check dam is 30.0m long, and around 1.67m high. The retaining wall is also
made of two rows in stones with thicknesses ranging from 1.50m at the S side dropping to
1.20m at its N side. Built mainly from sandstone and limestone blocks, this wall shows two
phases of construction evident by the use of two very contrasting stone sizes, large boulders
measuring around (0.70 x 0.15 x 0.20m, 0.45 x 0.22m) and localized patch work made from
small white and red sandstone boulders measuring (0.05 x 0.22m, 0.07 x 0.15m, 0.03 x
0.25m, 0.05 x 0.45m) (figure 6.62).

Figure (6.62). Patch work at the location of a breach due to gullying, note the variation in
stone sizes and layering

c.

Gabion:

Located 31.40m away from the previous check dam. This is a large stepped gabion
measuring in length 23.70m. The gabion is constructed of four rows: the two lower ones are
built from sandstone boulders measuring (0.75 x 0.40m) and (0.53 x 0.25m), thus averaging
the height of the lower platform to be between (0.60-0.75m). The upper platform is deeper,
with a vertical distance varying between (0.23–0.30m). Two rows constitute the upper level
built of red Umm Ishrin sandstone measuring (0.35 x 0.20m, 0.25 x 0.20m).
The gabion is also built of two walls; the facing measuring in thickness of around
0.50m, the retaining measuring between (0.32–0.40m), with a fill made up of angular
cobbles of around 0.20m in thickness, making the overall thickness (1.10 m).

303

Figure (6.63.) Btahi gabion with two upright stones defining the spill way (marked S).

The gabion has a unique spill way located at the N side (figure 6.63), which is
constructed as a rectangular opening made of four large Umm Ishrin sandstone boulders, a
flat slab measuring (1.00 x 0.96 x 0.08m) followed at the back of it with two other slabs
measuring (1.00 x 0.58m) and (1.10 x 0.35m). These formulated the lower flat surface over
which the water would have flowed. This surface is framed from the two sides by two large
unhewn rectangular sandstone boulders measuring: (0.32 x 0.51 x 1.17m, and 0.40 x 0.50 x
1.40m). This spillway is located at the third row from the foundation.
The gully, torrents, negligence and other cataclysms through time have contributed
to the destruction of this gabion, as the upper row of large boulders have tumbled down
beside the main body.
d.

Last set of check dams:

Three consecutive check dams were built down the wadi, where the vertical distance
between them varies around 14.5–16.0m. The torrents have washed away the body of two
check dams, only the anchoring shoulders of these check dams remain, with the last and the
most lower check dam surviving. The remaining wall extends 6.70m long. Chert boulders
were used in its foundation layer.

Figure (6.64). One of the pyramidal check dams located in the middle of the flow.

The check dam is constructed in the traditional pyramid form (figure 6.64), where
the base is wider than the top, the base is 1.90m wide, the middle part is 1.60m while the
top is 0.60m wide. The check dam facing wall has around eight rows, mostly built of
irregular sandstone boulders and cobbles showing several phases of rebuilding. The S part
of the facing wall is constructed of larger boulders, while the N part has the lower rows up
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to 0.70m which is constructed of cobbles, with only the last three upper surviving rows built
of large boulders. The boulders measure 0.46 x 0.20m, 0.54 x 0.06m, 0.38 x 0.08m, 0.24 x
0.34m), while the cobbles measure (0.14 x 0.05m, 0.20 x 0.08m, 0.21x 0.05m, 0.20 x
0.08m).
6.8.2

W Beqa’a water management system245

An inverse system to Ras Btahi exists at W Beqa’a. This system consists of a series
of three check dams built of one layer of stone wall and a pyramidal check dam that precedes
a large retention dam. The catchment area measures around (179,37m2), oriented NE-SW.
The upper catchment elevates 1071m and drops at the mouth of the dam to 1031m a.s.l.,
with an overall slope gradient of 14.4% (figure 6.65). The water management system was
constructed to control a major gully which can still be seen flowing in the center of the
catchment that is intersected by the check dams. Now, due to the system failure, two others
dissect the area from the N and the S.

Figure (6.65). An image of W Beqa’a catchment area (blue) with the location of the check dam and
the dam (brown lines) (the upper blue line is the asphalt road).
Source: Google Earth

a. The check dams:
The upper catchment has a steep gradient slope of 4.9%. At the point where the slope
gradient drops to 3.0% the first check dam of the three was constructed (figure 6.66). As the
area is rather flat and wide, the first three check dams resemble walls, and are built of one
layer of stone around 0.50m thick, on a vertical elevation difference of 3.00m from each
other. The vertical distance between the first two dams averages around 38.0m, and
increases to around 100.0m to the barrage and doubles towards the storage reservoir dam.

245

The function of this system is discussed on pages 453-455.
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Figure (6.66). The second check dam at W. Beqa’a, the arrow indicates the remains of the first check
dam.

The first check dam is severely damaged by the flow of a new gully, and only three
rows of it are intact (see the arrow marks in figure (6.66)), raising up to 0.60m and to an
average length of 2.20m. The body of the dam is built of unhewn ashlar sandstone blocks,
which are severely weathered.
The second check dam is well preserved (figure 6.66), and spans around 29.0m all
along the open flat area. It is built of six rows and elevates to around 1.25m and is
constructed of unhewn sandstone with small boulders that fill in the gaps. It is built of one
stone layer, with an average thickness is around 0.60m.
b. The pyramidal check dam:
This is the last check dam in the set, built in the lower part of the catchment, between
outcropping Disi white sandstone. As this is a confined narrow area, the check dam is built
in pyramid form to withstand the flow of water (figure 6.67). Built in header stretcher
manner from rectangular unhewn boulders, predominantly sandstone, although some
limestone ashlars were used. The check dam extends around 32.60m, and there are still five
rows in situ reaching a height of around 1.20m.
The check dam has a retaining wall and a facing wall and a fill, with the base being
1.86m wide, while the middle is around 1.45m, topping to 1.20m at the head The fill is made
of mixture of soil and angular cobbles and boulders, mostly of limestone.
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Figure (6.67). Cross section of the check dam.

c. The storage reservoir dam:

Figure (6.68). The storage reservoir dam at W Beqa’a

Figure (6.69). W Beqa’a dam’s lake (blue).
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This construction made use of the natural topography of the outcropping Umm Ishrin
sandstone (figure 6.68). It was constructed at the lowest point of the catchment elevating
1031m a.s.l., between two hills that make the anchor for the dam’s shoulders (figure 6.69).
The Umm Ishrin outcrop confined what could be considered as the dam’s lake that
measures around 5381m2. The dam is 15.0m long, 4.25m thick, only three rows of stones
are seen above the silted base, which reach a height of 0.90m. The dam is built of a facing
wall and retaining wall with a large fill. Both walls that formulate the dam body are
constructed using large Umm Ishrin red sandstone boulders that measure (0.64 x 0.35m,
0.40 x 0.30m, 0.95 x 0.31m).

Figure (6.70). Spill way carved into the Umm Ishrin sandstone.

The dam is furnished with a rectangular spillway at the N part carved into the Umm
Ishrin outcrop 0.90m from the side of the outcrop. The channel measures 0.40m wide and
2.10m long (figure 6.70).
6.9 Water and the sacred
Nabataean water installations were dedicated to Dushara, as evident by epigraphic
evidence from sites such as the Turkmaneyyeh inscription (CIS I, 350: 3-4; Healey, J. 1993:
238- 241) and Sad il-Muʿajin at the center N ridge of Jabal el-Khubtha (Roche, M- J, 1989:
327). Bedel (2003) proposed Al-ʿUzza to be the Nabataean goddess associated with water
and springs (Bedal, L.-A. 2003: 99)246. In Wadi Rum the temple of the goddess Allāt was
constructed in a water rich area of the ʿAyn Shallāleh247 spring (Savignac, R. 1933:407;
Oleson, J. 2010: 453- 456, Corbett, G. 2012: 211) thus emphasizing the connection between
Bedel builds her assumption on the association of Al- ʿUzza as the fertility goddess, depicted with flowers
and dolphins (Bedel, L.-A. 2003: 100). Al-ʿUzza’s epigraphic and iconographic evidence in Petra come from
secluded areas (apart of the Al-Siq) at el-Khubtha, sidd el Maʿajin, not related to any hydrological installations.
The Northern Arabia tribes associated Al-ʿUzza with Venus (Helay, J. 2003: 114-118). Zayadine is of the
opinion that she is the Aphrodite of Petra (Zayadine, F. 1991: 286).
247
Corbett considers the main reason for the longevity of the temple use and its richness lies in its close
proximity to water sources (Corbett, G. 2012: 211).
246
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spiritual-worship places with water, rather than connecting water to a certain deity. The
“Garden Temple” at Wadi Farasa E has an immense concentration of water installations,
yet it is hard to judge if the pragmatic Nabataeans used every space for their benefit, thus
making use of the elevation and the labor to create a system for water collecting, pumping,
filtering and redistributing248. Alternatively, the building may have been in direct connection
with worship of the water deity where certain rituals took place, and the temple was
constructed to protect this vital water management system249.
It is possible that water was part of purification rituals (either for funerary or festive
ceremonies), as intricate water installations in the form of basins, niches, and cups have
been found at tomb entrances such as Tomb 269/ 270, Tomb 192, the Painted house complex
at Beidha to name a few (Wadeson, L. 2011: 7). Sacred areas were furnished most of the
time with basins, such as the temple of “Qasr al-Bint” dedicated to Dushara, with its pool
(Augé, C. et al. 2014: 72-73) fed from springs of Dibdebeh (Bellwald, U. 2008: 60-61).
Several sanctuaries were located within the terraced catchment areas, such as in Wadi
Al-Madras, where the high place was rich in sanctuaries associated with the water
installations. Al- Madras’ high place was dedicated to Dushara, again placing the abundant
water cisterns, basins and reservoirs, and terraces, almost literally, under his protection250.
A similar trend is observed in the Hremiyyeh catchment, where a small cultic place is
located (Dalman, G 1908: 140-141, number 121, Nehmé, L. (2012: 107, number 1122). This
sanctuary is half built and half carved into the soft Disi sandstone. The ground plan of this
structure seems to resemble the simple Nabataean temple shrines or high places such as at
Khirbet et-Tannur251. Both sites had steps carved to reach the sanctuary, unlike et-Tannur,
this site has only one inner courtyard, while the former had two. A sacrifice basin cut into
the Umm Ishrin sandstone measuring (1.15 x 0.54 x 0.47m), had an amiable water system
of water channels and a large plaster basin, which collected and provided water for the
rituals conducted at the site. The upper carved room in the rock, which can be reached by
climbing 22 carved steps, was furnished with the carved benches which could lead us to
propose its use as a banqueting hall (triclinium) connected to the temple. Fragments of
Nabataean pottery252 are scattered in abundance attest to the long use of the site. In view of
the absence of any dedicatory inscriptions a conclusive opinion to whom this building was
dedicated cannot be reached. The area surrounding the sancta is furnished with several check
dams that fill the wadi, as well as terraces that are cultivated until today. However, there is
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Schmid found exclusive Nabataean pottery in the fill of the small cistern located in the courtyard of the
“Garden temple” dated ca. AD 20-100 (Schmid, S. 2002: 270-271).
249
The exact function of the “Garden temple” is not yet clear. Wenning proposed the site to be a funerary
complex (Wenning, R. 1987: 252), Schmid dismisses this idea since no loculi were dug and is architecturally
different from burial tombs (Schmid, S. 2000: 339, idiom 2001b.: 163). Schmid is therefore correct in
considering the structure cultic or a triclinium (ibid).
250
Sometimes the dedication inscription refers to Dushara directly such as inscription CIS II 443.and
sometimes the formula is “God of Gaya” as in CIS II 423b; Dalman 1912 no. 35; Milik, J. T. 1972: 109.
251
For details on the discussion on Khirbet et-Tannur as a high place see Segal, A. 2013:289-293, about the
high places, see particularly 293. For details about the sanctuary see McKenzie, J. et al. 2013
252
The pottery scatter in the catchment area extended from the Iron Age until the L. Islamic. However, within
the area of the so-called Shrine/ House/ Triclinium the most abundant scatter were from the E to L Nabataean,
around the area of the Bodul living quarter Mamluk pottery fragments were more abundant, while at the E of
the whole complex E Roman pottery dominated.
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little evidence to prove whether the shrine evoked the construction of the terraces253, or their
construction might have been to secure safe access to the worshipers, and make use of the
surplus of water for some rituals, or those who constructed the terraces felt the need to have
a shrine there to satisfy their spiritual requirements in gratitude for the blessings bestowed
on them.
The shrine of Isis at Wadi Waqīt is an example of an open-air sanctuary, as two Isises
sanctuaries in Petra were identified, in Tour Waqīt (Roche, M.-J. 2012: 55) and Wadi esSiyyagh at Sidd el-Mrēriyyeh (Merklein, V. and Wenning, R. 2001: 421)254.
Along the width of the valley located in a
small narrow wadi near Jabal Haroun known as Tour
Waqīt. The site was extensively studied as a cultic
place (for example Roche, M.-J. 2012; Alpass, P.
2010), which is governed on the N-NE by a cliff and
N-N-W a small narrow valley. The entrance to Tour
Waqīt is marked by a niche with a carved statue of
an enthroned Isis (beheaded) identified by her attire
(basileion) (Alpass, P. 2010: 98) (figure 6.71). As the
wadi widens towards the NE, inscriptions start to
appear on SW face of the cliff, on the wadi floor
other inscription and wusume255 and symbols
dedicated to Dushara (Parr, P. 1962: 21; Lindner, M.
2003: 178-184).

Figure (6.71). Statue of enthroned Isis
at Tour Waqīt.

A set of weir terraces and check dams (even
small dams) and gabions were constructed. The sides
of the valley were chiseled diagonally to expand its
width and better anchor the dam’s shoulders. Nine
meters from the inscribed cliff, weir terraces were
constructed at the NW side to prevent water flow into
the site (figure 6.72). A water channel cut into the
NW cliff collected water into a small basin.

These terraces were dictated by the
topography of the site and the need to secure access to it. In addition, they were most
probably to store water that could have been associated with practiced rituals at the site, as
these terraces were originally much higher than what is preserved today, judging by the
difference in color of the outcropping sandstone and the cemented pebbles and gravel (figure
6.73). According to Haley, these cultic sites were visited by small groups of worshipers, due
253

The OSL results of the silt deposits behind the check dams gave a rather old depositional date of the
sediments ranging from 1150-580 BC The 14C date of Hremiyyeh upper catchment terrace was dated to 878
AD, indicating that the terraces postdate the shrine.
254
Zayadine adds to it the al-Khaznah (the treasury) basing his evidence of Isis–Tyche depiction on the façade
(Zayadine, F. 1991: 301)
255
Tribal symbols most common in the form of feet or hand drawings.
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to their secluded locations away from the main cluster of temples (Haley, J. 2001: 138- 139).
Against this opinion is P. Alpass, who sees in the shrine’s proximity to the Jabal Haroun
sanctuary and its situation on the SW entrance of the city, in addition to its location near the
main road to Wadi Araba as reflecting the role this deity played for travelers and thus its
frequent veneration (2010: 98). I consider that may be to the specific nature of the goddess,
with these visits being dictated by specific needs. Therefore, small installations were enough
to secure water flow and collection, as visitors could have filled flasks of the water believing
its magical power256. The condition of the inscription on the floor indicates the low effect
of water weathering, indicating that it was well diverted and collected behind the terraces.
Water was able not only to give life, but to take it away; hence fear and veneration
went hand in hand in areas such as the Al-Siq, where flash floods can claim lives. Several
Betyloi and sanctuaries with niches for offerings were carved in the Al-Siq in several sectors
of the way, most in the form of standing stones mounted with eyes (Ruben, I. 2003: 4344)257.
Veneration sites such as the Nabataean temples location, carved betyloi, sanctuaries
and niches would be pilgrimage sites that would attract individual worshipers or groups and
might witness the performance of ceremonial rituals that might include a crowd. Thus, the
protection of large groups of people was fundamental, and might have dictated the necessity
for constructing terraces to manage possible water flow.

Figure (6.72). General view of Wadi Waqīt facing S, the red dotted line indicates the terrace location,
the black arrows indicate the location of Isis relief and the epigraphic inscriptions.

A similar suggestion was put forward by Lindner, M. et al. for al-Deir (1984: 166).
Healey proposed another opinion of the Al-Siq functioning as a “procession way” hence the abundance of
idols and niches for performing rituals (Healey, J. 2001: 45- 47).
256
257
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Figure (6.73). The stepped gabion in the middle of Wadi Waqīt.

It can’t be overestimated the huge investment the Nabataeans put into constructing
water installations, whither aqueducts, channels, dams, basins, fountains or terraces and
their role both as life supporters and status symbols. Therefore, Nabataeans placed them
under the protection of their deities by constructing them within the near proximity of
sanctuaries (such as at al-Madras, Al-Quntara, ad-Deir and the Al-Siq to name a few) or by
dedicating these installations in the written inscriptions to ensure protection and longevity,
ward them from destruction by nature or man.
6.10 Discussion and conclusions258
Human need of water for survival and thriving is undeniable, and thus abundance of
water was the first criteria humans sought when settling. In arid environments, where water
is scarce and the environment is harsh, storing water for the long dry season is crucial.
If early settlement were governed by constant water sources such as lakes or springs
as witnessed during Prehistoric and Neolithic periods, construction of water storage systems
freed humans from that condition, giving priority to other needs as we see during the Bronze
age and later. With human progress and population expansion, demand on limited water
resources increased, thus water management techniques became more sophisticated and
elaborate.
Nabataeans, who eventually settled in the Edomite plateau, inherited the existing
water collection systems from the Edomites, in the form of well plastered, bell-shaped
carved cisterns in the soft rock as attested in at Sela˒ and Umm el-Biyara, which echo
Diodorus’ description of Nomadic Nabataeans.
258

This section will be devoted for water management for domestic uses and protections, aspects related to
water rights for agriculture will be discussed in the section related to agriculture.
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The change of Nabataean lifestyle, and the transformation of Petra into an urban
metropolis placed more stress on the limited resources, as now the provisions were shared
not by the inhabitants alone but with the visitors, pilgrims and traders. New strategies had
to be planned to stretch these resources. Thus, water management systems were spread
everywhere, along the caravan routes, pilgrimage sites, urban centers and the open field
areas.
Nabataean commercial ties, wealth and ability to absorb aspects of other cultures
most probably was not limited to arts and architecture, and thus expanded to other life
aspects of which water management was one. Two main concerns were on the Nabataean
agenda: to provide water for daily life usages (drinking water for humans and animals,
agriculture, cult practices, entertainment, etc.), and to protect from natural disasters
provoked by water such as flooding, land sliding among others. It is no wonder that the
pagan Nabataean could be persuaded to abandon his beliefs and embrace Christianity only
with a miracle of rain after a long draught in the first half of the fourth century (Fiema, Z.
2002: 193).
With the first half of the first century BC until late first century AD, the city grew
and was remodeled into a Hellenic urban settlement. This included the first water channel
supply network259in a domestic quarter (Graf, D. et al. 2005: 428; Graf, D. et al. 2007: 233)
bringing water from the Wadi Musa spring, through the Al-Siq, to the city center260
(Bellwald, U.,2008:48-49). By the end of the first century AD, Petra was fully supplied with
water through a sophisticated water supply system incorporating aqueducts, channels and
runners bringing water from the main springs outside of Petra: Ayn Musa, Ayn Braq, Ayn
Debdebeh and Ayn Abu Olleqah (Bellwald, U., 2008: 51; Al-Muheisen, Z. 2009: passim).
This system saw further modification and expansion in the second century AD (Bellwald,
U. 2008:53). Further modification was made later in the third century before the collapse of
the system in the aftermath of the earthquake of 363 AD (Bellwald, U. 2008: 54) which
destroyed one third of the city (Russell, K. 1980: 51). The city continued to exist, although
abandoning its lavish exhibit of power and its gradual shrinking in size until full
abandonment in the late 6th early 7th century AD. Small groups of inhabitants still lingered
relying on spring water as other installations such as water pipes, aqueducts disrupted and
were left without repair (Bedel. L.-A. 2017:131). Evidence of the Wadi Al-Quntara dam in
sector 22 of the Al-Siq carries evidence of the dam failure in the 363 AD earthquake (Rubin,
I. 2003: 82), until another devastating earthquake in 746-748 AD sealed the fate of the city
(Fiema, Z. 2002: 198). The re-emergence of the city under the Crusaders saw rehabilitation
of limited parts, with new water systems constructed, such as the system for the Al-Habis
and Al-Wu’ayra castles. At Al-Wu’ayra, in addition to the rehabilitation of water pipes,
canals, reservoirs and service cisterns the possibility of hydraulic devices for pulling out
water was also suggested (Desideri, A. and Vannini, G. 2017:51-52).

For detailed description of the water channels dating to the third quarter of the first century see Schmid,
S. pages 428- 429 in Graf, D. et al. 2005: 417-441.
260
Bellwald dated the hydrological installations in the Al-Siq to the period between 50 B.C to 25 BC based
on fragments of Nabataean painted fine ware found in the stilling basins and the dump of votive offering
plates (Rubin, I. 2003: 75 Bellwald, U. 2019: 596, 606.
259
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It can be assumed that establishing a water supply network was probably a state
matter, owing to the amount of labor and organization required for building dams and other
water protection systems. This is especially the case within various areas of influence that
are of concern for outsider users, such as at caravan outposts. Nabataean kings such as
Rab˒el II were often described as providers of “Life and deliverance”. This title was an
attribution to his water engineering projects, as several water installations were constructed
during his reign, such as the one in Avdat (Negev, A. 1961: 136). This, however, does not
mean that he was the sole Nabataean King involved in constructing hydraulic installations,
nor the first, as inscriptions attest several dams and cisterns to the periods of Malichus II
and Aretas IV (Oleson, J. 2003: 40).
Nabataean inscriptions, although scarce, can be quite informative. In the Oboda261
temple room three inscriptions inform us of the individuals constructing dams, such as the
dam constructed by Garmo and his friends during the reign of Rab’el II, and the dam
constructed by Da and his friends. All these inscriptions have been dated by Avraham Negev
to 88-89 AD. (Negev, A. 1961: 135-136). Negev associated these dams with agricultural
activity (ibid), although it is hard to judge if these inscriptions can be attributed to any
structure still standing at the site. In Wadi Rum, at Jabal Al-Khaznah a commemorating
inscription informs of “Šaba son of Eleh” who constructed the dam at Wadi Talageh in the
forty first year of reign of Aretas IV (Milik, J.-T. 1958: 249- 251), which corresponds to the
year 32 AD (Farés-Drapeau, S. and Zayadine, F, 2001: 213). Oleson, based on the presence
of a Nabataean betyl and the header-stretcher stone layering, dates the dam of Wadi Aghar
near the head of Jebel Qalkha to the first century AD (Oleson, J. 2010: 160). In Petra,
Bellwald, dated the flash flood prevention system at Wadi Al-Jarra to the period between
the 1st century BC to 1st quarter of the 1stcentury AD (Bellwald, U. 2008:86). While the AlSiq dam and stilling basin were dated, based on fragments of shards of painted pottery used
in the hydraulic mortar mixture, to third quarter of the first century BC (Bellwald, U. 2008:
76) followed by a set of repairs conducted in the 4th century AD (Rubin, I. 2003: 82-83).
There was a clear separation between private ownership verses public in water
collection. While cisterns and spring water were considered common property, house
cisterns designated to collect rainwater were private property (Wåhlin, L. 1997: 234). Dams
and reservoirs seem to have been individual efforts or government efforts funded by
individuals as philanthropic activities presented to the local deities to evoke their favor and
insure protection. The reservoirs in and around Petra seem to have been constructed by
individuals for the benefit of the public as testified by the Bab Al-Siq inscription for
example. This reservoir was constructed by ͗ṣlḥ son of ṣlḥ (Dalman, G. 1912: 99 N. 90,
Meshores, Y. 1975: 16), similar activity was done by “tymw”son of “Šmmytt” in Meisrah
(CIS II 423b; Dalman 1912 no. 35; Milik, J. T. 1972: 109.). It is not clear if those individuals
were the benefactors who funded the construction or the builders who conducted or
supervised the work.

261Oboda Avdat  عبدةa Nabataean city located in S of Negev founded by Obodas II the Nabataean king in
the 3rd century BC on the route of Petra- Gaza road, for further information refer to Negev, A.1991: 62-80.
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Dams seem to follow the same pattern. Unfortunately, few dedicatory inscriptions
were discovered associated with dams. In ʿAvdat (Oboda) a group of individuals (ṭū sons of
an individual whose name is lost along with sons of Saruta) constructed a dam (Negev, A.
1963: 113). The same formula is repeated in the commemoration of Al-Kharazeh dam which
was built by “Šaba son of Eleh” (Milik, J.-T. 1958: 249-251). Milik, J.-T. considered these
commemorating inscriptions as a source of pride (ibid) while Farés- Drapeau, S. and
Zayadine, F associate the name with the dam owner (2001: 207).
Cisterns were also constructed by individuals, as for example the well dug by Mk˒ah at Abu
ad-Diba in Wadi Rum (Farés-Drappeau, S. 1995: 495). Rock-cut cisterns were located either
in the settlement or within their close proximity (Shqairat, M. et al. 2010:220), such as in
az-Zanṭūr house EZ IV underneath room 27 (Kolb, B. and Keller, D. 2000: 363- 364),
Ramla, Sad el- Maʿajen, Umm Al Biyarah (Al-Muheisen, Z. 2009: 146). Their abundance
can be explained by the fact that every household dug their own to collect rainwater from
their roof top and hard surfaces for daily use (Shqairat, M. et al. 2010: 220). The lack of
dedicatory inscriptions can be taken as evidence to attest to the individual ownership.
Records of land tenure and sale show clearly that water installations such as cisterns,
water channels and cistern were privately owned, considered part of the property, and were
recorded in the land transactions and probably were calculated within the property tax, as
no specific tax on water installations is mentioned. In Petra Papyri Bassos’s share of
inheritance includes “cistern with oikos” (Koenen, L. et al. 2013 a.: 90). Legal disputes
about drawing water from springs and digging the channel path between houses had to be
adjudicated262, indicating again that these were parts of private property. In view of the facts
presented above, a faint line can be drawn between the practice of construction public and
private hydrologic work such as dams, reservoirs, and cisterns. This leads us to the issue of
hydrological terraces (check dams, weir, barrages, gabions and Vallerani), are they
individual efforts or state induced effort? On the one hand, their construction is either on
private or public territory, as some of these constructions seem to be located in the vicinity
of sanctuaries, or in close proximity to settlements while others are constructed in alcoves
and steep slopes and gorges that are joint property (take for example the Al-Siq). On the
other hand, there are no inscriptions on some sites that could give us information about their
construction or ownership. For this, several scenarios could be proposed with regards to
their construction and maintenance. One, that it was public responsibility funded by
individuals or tax money, which could have been collected from those who lived in the
vicinity and benefited from their construction (part of road tax or way station service). A
second scenario is that hydrological terraces located within sanctuaries were constructed
and maintained as part of those sanctuaries, such as in Tour el-Waqīt or Al-Madras from
worshipers who donated money to the shrines. A third possible scenario is joint
responsibility based on land ownership, private land-owners responsible for construction on
their land (maybe enforced or under governmental supervision) while public land (gorges,
narrow crevasses, steep slopes, etc.) were executed by the government.

Such as the legal dispute between Theodoros son of Obodiano and Stephanos son of Leontio in
Zadakatha (today’s Sadaqa), see papyri N 83 (Gagos, T. and Frösén, J. 1998: 479).
262
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Evidence of government supervision of water installations could be deduced from
job titles held by some individuals such as Natir’el son of Zeyd’el, who was the head of
spring of La’ban in the late 1st century B.C, as attested by an inscription found at Khirbet
et-Tannur (McKenzie, J. et al. 2013: 191). At Al-Siq Umm el-Alda, where a water reservoir,
water channels and terrace structures are present in abundance, probably executed or
supervised by “Niros”, based on an inscription discovered by Musil, A. (1907: 217)
TA ΠΑΝΤΑ CΠΟΥΔΗ
ΝIPOΥ EΠITPOΠOY TI
Zayadine interpreted “επιτροπου” as either a steward of finances or public works
administrator or responsible for watering caravans before or after their journey through the
Namaleh pass (Zayadine, F. 1992: 224), which indicates that until the early fifth century
AD water systems were still managed and administrated by the authorities.
Although dams were not the only hydrological features constructed within a
hydrological system, as the catchment included terraces, check dams, gabions, weirs and
water collection and distribution systems, it is hard to attribute individual segments of a
system to a specific period. Small installations were more modest projects compared to dams
and may have been made by individual efforts. Check dams, for example, might have been
constructed as complementary features to the dam when planning the larger system, and
therefore the inscriptions could have been the seal of the whole project culminating with the
dam.
Analyzing Ayn Braq in the Upper Quntara–Hremiyyeh catchment for example, the
aqueduct is dated to the end of the 1st century BC (Bellwald, U. 2008: 58), thus the pressure
basin that the channel flows into at Upper Hremiyyeh would logically be contemporary. It
could be assumed then that the system of hydrological terraces (check dams and weirs
constructed in the upper catchment) were constructed to diminish (or minimize) the
devastating effect of flash flooding on the aqueduct within the same time frame, judging
that no repair is seen on the line.
From full analysis of catchment areas such as Al-Quntara, Hremiyyeh, Jarra, AlMadras and Al-Jilf, Nabataean and post Nabataean water management strategies can be
deduced. The three catchment areas vary in their geology, topography, drainage outlet, and
archaeological elements.
When comparing the two drainage basins of Al-Quntara- Hremiyyeh–Jarra
catchment with Al-Madras-Al-Jilf catchments, where almost identical geological outcrops
and topography exist, the variation in hydrological installations can be attributed to the size
of the catchment area and slope gradient. On another, the main aim in all cases was to
minimize the water volume that reached crucial areas. Delayed water flow, not only down
the catchment that is the Al-Siq and al-Khaznah plaza, but also within the catchment itself
as we see within al-Madras high place, where access was required during that time of the
year when rituals were taking place.
It is also clear that water management was intertwined with other activities such as
agrarian and pastoral as we see in Al-Quntara-Hremiyyeh, where terraces for both run-off
mitigation, water storage and agriculture are in close proximity to religious installations.
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However, it can be assumed that humans intervened several times within the same landscape
to serve their needs.
Nabataean understanding of the function of single components and how they could
function in unison gave them the ability to formulate several combinations using the same
elements, thus maximizing their benefits from the system. In W Beqa’a, for example, the
combination of check dams helped to collect pure water behind a storage reservoir dam
before it was released through aqueduct for possible domestic use. While in Ras Btahi, the
dam was constructed to withhold the large body of water generated by flash flood surface
flows from the hills, before its gradual and controlled release into specific sets of fields,
controlled yet again by a set of check dams thus making use of the prevailing terrain. Thus,
the upper catchment of Btahi is relatively steep with a slope gradient of 10.12%, as the slope
changes to a gentler gradient of (2.57%) at that point the water management system is build.
Thus, the dam collects all the water flowing from the upper surrounding hills and collects
them, with the whole system spreads over a vertical distance of around 218m. before the
slope changes to become very steep at the lowest segment of the catchment with a gradient
of 7.78%.
Making this yet another indication of the presence of a certain control and
supervision over the water management systems.
When examining the water management systems such as gabion terraces, dams,
barrages, check dams it was noted that there is a consistency in the methods of construction
even when the material used for the construction was local. For example, at E Beqaʿa the
gabion was constructed from chert, while in Shammasa they were constructed from
sandstone. Yet when comparing the methods of construction, proportions and location
within the catchment the similarity is striking. This leads to the conclusion that these
installations were not built by local amateur owners of the land, but by professional builders,
who not only knew how to lay the stones and make the fill or plaster when required but also
understood the force and amount of water the structure needed to withstand.
Furthermore, after silting, some check dams and dams were raised. It has been noted
also, that when some check dams filled with sediments or due to change of rain patterns, a
new check dam was added in nearer proximity to others, indicating maintenance and control,
which could have been a semi-state control activity.
Thus, the dam functions to collect the water flow and allows it to settle out the
sediments and impurities it has. The spill way on the side is created to make sure that the
collected water level remains below its height and it is released after settling to the
consecutive dams that follows it. These dams functioned in three ways: they create artificial
pools that could be used for watering animals and fields, function as secondary settling
basins and when the water flow is strong and an over spill could occur, these will break the
speed of the flow. The gabion in the middle then breaks the flow and helps release the
collected water to the next sets of dams again, that collect and store that water and could
have been gradually used to release water further down. Thus, this system collected, slowed
the surface flow intensity, purified and worked as valves controlling the released quantities
of water.
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The W Beqa’a system is in a flat area, probably the formation of the first gully
necessitated the construction of the whole water system as evident from the lower amount
of sediment under the foundation level. Since the area is flat and open, a set of single wall
check dams were constructed. These functioned mainly to intersect the surface flow and
collect the sediments, making use of surface topography, until most of the water is directed
and collected at the dam’s lake. Due to the presence of the spill wall, the water could be
released in regular intervals. The thickness of the dam proves that it could withhold a large
quantity of water.
Methods of construction of the foundations also responded to the flow and function.
For example, large flatter stones were used to anchor the structures to prevent them from
sinking into muddy ground, especially where check dams and dams were built, as they
would be standing in water for a relatively longer time. Large boulders were placed on their
longitudinal axes to withstand the strong water flow in gabions.
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Part III: Secondary use
Chapter Seven: Agricultural Terraces
7.1 Introduction
The widespread use of terraces for cultivation around the world has made them
synonymous with agriculture. Indeed, functioning both as a water management and soil
conservation system, it is no surprise that humans have exploited terraces for agrarian
purposes, both in arid and humid climates, adopting various crops and cultivation regiments
to suit these architectural structures. In response to various economic pressures (such as
climate change, population growth, political pressure, etc.) that forced humans to expand to
hill slopes or retreat to the arid margins of the desert, today, these landscape features are
considered to be of important cultural heritage, placing them on the World Heritage List.
Early research on terraces was concerned with understanding the origin of terrace
cultivation and its widespread usage (see for example Spencer, J. and Hale, G. 1961;
Williams, L. 1990; Sayej, G. 1999), rather than viewing terraces as a natural human
adaptation to surrounding circumstances and external pressures. However, as pointed out in
the previous chapters, not every terrace is used for agriculture. On the contrary, terraces that
were/are used for agriculture are limited, especially in arid environments. These limitations
depend on their locations and the required conditions needed to not only support but also
sustain cultivation.
A successful crop requires not only a certain amount of moisture, but also suitable
temperature and soil type, in addition to fertilizers, especially in an arid environment. These
conditions need to be maintained throughout plant germination and growth. Therefore,
terraces used for cultivation can be limited to a smaller number based on their form, location
within the catchment area, and the irrigation methodology (rain-fed, spring-fed, or mixed).
These factors influence the type of agriculture (vineyards, trees, or cereals and legumes).
Historic sources on the agrarian society of the Nabataeans suggest the transition from
nomadism to sedentism. In a span of a few centuries, their lifestyle changed from nomads263
to a fully functioning agrarian society, which produced its needs and sold the surplus. They
were also sophisticated enough to practice agriculture in their leisure time.264 These changes
in lifestyle dictated innovation in land reclamation, management, and use, introducing
modifications to the land surface and creating water distribution systems. The new agrarian
techniques continued to be used until the Byzantine period and beyond.

263

This assumption is made on the analysis of Diodorus of Sicily’s early record of the Nabataeans, dating to
the first century BC quoting Hieronymus of Cardia (323–272 BC) (Diodorus XIX.94.2–3).
264
Strabo Strab. XVI. 4, 21.
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7.2 The Micro-environment of Agricultural Terraces
To ensure plant growth, several conditions need to be met. In addition to the required
amount of water, the plant needs warmth, which is provided by the heat of the sun, and
nutrients to grow. The soil texture and chemistry are also fundamental in growing various
types of plants, as it could, for instance, retain more water than required for the plant,
causing its roots to rot due to excess water, or causing soil dryness and eventual withering
of crops. Frederick and Krahtopoulou (2000) note that changes occur within one single
terrace as each terrace is a microcosm (82). Thus, terraces contribute to the plant growth
through improving, providing, and maintaining the following conditions:
7.2.1 Water and humidity control
Terraces provide a wider and flatter surface to slow the water (after rain or even
flooding), while the high edge of the risers help retain the water over the surface (Spencer,
J. and Hale, G. 1961), decreasing the flow speed and allowing more time for it to penetrate
the soil, improving their drought resistance (Widomski, M. 2011; Treacy, J. and Denevan,
W. 1994: 94). As the soil depth increases, so does the water storage capacity (Abu Hammed,
A. 2006).
Soil moisture content generally depends on several factors, including slope
inclination, soil composition, vegetation cover, climatic conditions, and terrace construction
(Widomski, M. 2011: 325). Terraces increase soil bulk density and coarse fragment content,
increasing the soil water retention (Bai, J. et al. 2019: 2). Terraces accelerate the formation
of anthropogenic horizons that are characterized by a loose soil texture (richer in silt and
clay particles) due to irrigation and modified pore structure, in addition to the introduction
of organic matter and nutrients (Sandon, J. and Homburg, J. 2017: 201-203). In more humid
areas, permeable materials such as sand are mixed with the soil fill or used as fill for dug up
ditches to increase infiltration (Widomski, M. 2011: 325). Experiments in Spain have shown
that terraces can absorb around 50mm rainfall in a 24-hour period (Arnáez, J. et al. 2015:
125). As the water starts to percolate through the pores, it first soaks > 0.5–1.0m of the soil
at a high rate (500 mm/hr), generally occurring faster in the first 0.5m of the soil, which
reduces ponding at the surface. At depths exceeding 2m, the infiltration becomes slower due
to resistivity and also because downslope infiltration can place pressure on the wall and
cause soil oversaturation (Preti, F. et al. 2017: 10). This could increase the moisture content
by almost 20.7% in terrace soils (Widomski, M. 2011: 323) and the mean soil water content
by 15.2% in non-terraced settings (Fu, B. et al. 2003: 206). The infiltration can be further
enhanced on slopes of an average gradient of 17.6%; however, if slopes exceed this, it could
result in soil loss (Huang, J. et al. 2013: 98).
Surface vegetation density and type is a determining factor in preserving soil
(Widomski, M. 2011: passim). When torrential rain hits the surface of the soil, the plant
cover helps minimize the abrasive effect, absorbing the blow. This also helps create a hard
clay layer at the surface of soil, sealing it and lowering the evaporation rate (Brady, N. and
Weil, P. 2002: 162).
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Studies have shown the importance of choosing the correct terrace design according
to the amount of precipitation. For example, contour terraces may retain water up to a certain
capacity, above which the system would fail, leading to gullying (Dorren, L. and Rey, F.
2004: 102).
7.2.2 Balance water content in soil
The terrace form varies according to the terrain, environment, and function (Spencer,
J. and Hale, G. 1961: 5-7). Therefore, if in arid environment, the function of the built terrace
is to collect and retain the humidity, in high humidity areas, terraces are fitted with various
installations to drain out excess water (Contessa, V. 2014: 26), control its quantity, regulate
its flow patterns, and ensure the presence of air and nutrition. This involves complex
construction and operation (Spencer, J. and Hale, G. 1961: 7-15).
7.2.3 Temperature
Farmers aim to provide favourable conditions for their crops through frost protection
in the winter and adequate temperature for the soil in late spring and summer. Preserving
humidity is specifically challenging in arid environments where the sun is hotter and
exposure is for longer durations. Furthermore, solar energy irradiates harmful organisms
that could inhabit the cultivated soil (Brady, N. and Weil, R. 2002: 297). The terrace’s riser
protects the surface from direct sun and wind, thus minimizing evaporation.
Plants need the sun for photosynthesis. Agriculture terraces are constructed factoring
in the sun’s angle as crops must receive enough heat for germination while avoid too much
heat that could evaporate the moisture or burn the vulnerable plants (Brady, N. and Weil, R.
2002: 294-296). The terraced plot should therefore be exposed to sun rays early in the
morning or in the late afternoon, but must remain in shadow during the burning sun of
midday. To provide such conditions, terraces are constructed on S to SE facing slopes but
not on each slope to ensure that the shadow of the adjacent mountain falls on the crops
during middays and in the winters to minimize evaporation, particularly in the long summer
period (Ron, Z. 1966a.: 38; Gibson, S. 2015).
Evans and Winterhalder (2000) concluded that sun rays contact the riser wall at a
60º angle at sunrise and remain as such until midday, when it reaches the upper point of the
slope. As it moves it starts to cast shadows (Evans, T. and Winterhalder, B. 2000: 277).
Terrace risers cast shadows on the lower plots, depending on the sun angle, contributing to
maintaining the heat of consecutive plots and insolating them, reaching 29.35 MJ on terraces
oriented E-W and 36.97 on N-S facing ones (Evans, T. and Winterhalder, B. 2000: 279).
This, however, is enough for the plants to receive the solar energy required for
photosynthesis and for the stones of the riser to absorb and maintain heat throughout the day
and radiate it throughout the night (Treacy, J. and Denevan, W. 1994: 94). This also helps
protect the plants from night frost (Treacy, J. and Denevan, W. 1994: 94), in addition to
influencing the condensation dew from the cool moist air coming in contact with the warm
stones during the night, providing minor yet important humidity to the plants.
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7.2.4 Soil texture
Analysis shows that terrace soil has a higher content of organic carbon (> 1.3%),
calcium, and potassium (Abu Hammad, A. 2006). As soil texture changes with depth, a
shallow layer develops with a thickness between 0.50–1.00 m due to tillage. With depth, the
silt content decreases and the clay content increases (Preti, F. et al. 2017). Observations
show that the concentration of organic matter and nutrition increases from the upper to the
lower part of terraces (Dorren, L. and Rey, F. 2004: 103), mainly due to manuring and
decomposition of plant remnants (Gibson, S. 2000).
The terrace risers are constructed with a filter layer to allow excess water to flow,
preventing accumulation of salts and allowing the penetration of air during ploughing. This
prevents stagnation of the plant root in case of excess water during heavy rains. Thus, terrace
risers help preserve the anthropogenic environment of the soil, for instance by preserving
the organic material balance and nutritional content (Arnáez, J., et al. 2015). When soil loss
is minimized and humidity and fertility are retained, it reflects in an increased yield (Abu
Hammad, A. 2006).
7.2.5 Wind control
Wind turbulences occur at mountains as cool air moves downslope and towards the
valley, while hot air moves up towards the mountain top. This phenomenon occurs daily
and also in seasonal cycles. Plants that are located at the two ends can either be subject to
frost due to the cold wind blowing at night or to drying due to the hot air. Farmers thus make
use of these factors by concentrating their cultivations in the middle areas of the slope to
ensure a milder breeze. Treacy and Denevan (1994) consider terraces as inducing ‘wind
turbulence’, being constructed in the middle slope of the mountains, causing modifications
in wind temperature during its movement and also modifying speed and moisture content
(94).
7.2.6 Protection from pollution
Dr. Najjar (2017)265 claims that the agricultural terraces minimize the metal
contamination in the areas near the copper mines as Faynan. However, Hunt and el-Rishi
(2010) found higher levels of metal pollutants in agricultural fields of the classical periods
(after The Nabataeans), in comparison with the Bronze and Iron periods (125). This led
them to propose that such fields were only used for animal grazing, while most of the food
was imported to ensure minimal contamination of food for the smelting workers (Hunt, C.
and el-Rishi, H.. 2010:131).

265

Oral presentation “Ancient Terraces Workshop” held at the German Jordanian University 10-12
September 2017.
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7.3 The Macro-environment of Agricultural Terraces
The control of the macro-environment includes the following factors:
7.3.1 Increase of cultivation surface
There are two ways of creating such terraces: first, building the terrace wall to collect
the soil, thus creating a semi-flat surface; second, to dig into the slope and artificially level
it (Gibson, S. 2015: 302; Spencer, J. E. and Hale, G. A. 1961). This creates wider horizontal
surfaces that can be used for cultivation and planting trees (Spencer, J. and Hale, G. 1961:
4; Gibson, S. 2015: 298).
7.3.2 Ease of sowing and harvesting
The bench and wadi terraces are generally easier to sow, harvest and maintain with
manual labour (Manual of Agriculture, 2010). This is mainly due to the presence of siltysandy soil, which allows pulling the crops from the ground with less effort (Simms, S. and
Russell, K. 1997: 699). Notably, terraces increase water content and protect the soil
nutrition, which helps increase the yield. Between 2000–2001, an experiment conducted in
Palestine showed that terraces increase yields by 3.5 times, which rounds up to around 200%
for olives and 83% for cereals (Abu Hammad, A. 2006).
7.3.3 Protection of trees
Terraces are constructed around trees allow roots to protect soil from eroding,
provide support to the plants (Spencer, J. and Hale, G. 1961: 10-11), and retain humidity.
Ashkenazi et al. (2012) proposed that terrace systems wherein the area surrounding the plot
were walled (fenced) to indicate the type of crops cultivated. The researchers proposed that
stone fences were used to protect trees and vineyards from herbivores and ungulates,
especially in the dry summer period. The plots without fences would probably be used to
grow annual crops such as wheat and barley (4).
7.4 Typology of Agricultural Terraces
Agricultural terrace agriculture consists of rain-fed agriculture, which is
concentrated in narrow valleys and in the lower catchments in the form of open fields, and
spring irrigated agriculture, which are a set of constructed terraces below the spring level,
providing plants with both rain and spring water. This division is preserved in the local
customs, as products cultivated by rain-fed irrigation are known as ‘Ba’el’, evoking the old
Canaanite god Bal, while the irrigated are named ‘Sagi’ from ‘Sakiyeh’, which means
watering from a well or cisterns through a long wooden bar and bucket (Wilson, C. T. 1906:
221).
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7.4.1 Rain-fed agriculture terraces
This cultivation depends entirely on the accumulation of of winter rainwater runoff,
with no application of any supplementary irrigation (wells, springs, flowing rivers, etc.),
known as ‘run-off farm systems’ (Evenari, M. et al. 1971: 97; Shanan, L. 1999: 77). The
cultivation strategy ensured the maximum benefit of rain by constructing dams and terraces
in a manner that ensured water storage and distribution, supported by planting droughtresistant crops in an area that receives the most rain and soils that retain the greatest
humidity.
Narrow valley bottoms that collect run-off water from the adjacent watersheds
provide all the required elements. The running water brings silt, clay, and fragments of
plants that function as natural fertilizer when decayed, and the surrounding hills provide
shade to minimize evaporation. Farmers took precautions against floods by constructing
dam systems or barrages at the headwaters to collect water and prevent their land from
washing away. Further measures were taken by constructing protection walls surrounding
the whole plot, or contour terraces on the surrounding hillside to prevent diversion of water,
soil or debris to lower areas of the plot.
Several classifications were proposed for these systems based on the architectural
complexity of an individual farm. Evenari et al. (1971) proposed a division based on number
of elements existing within the farm as follows:
A. Individual terrace walls: The simplest form of a farm, comprising of consecutively
constructed terraces in the wadi bottom.
B. Groups of terraced fields with farmsteads: A more complex system wherein a farm
adjoins a set of terraces surrounded by a wall.
C. Diversion systems: These are a set of water diversion systems (dams and channels)
that controls the flow of water into a set of terraces constructed within a large
watershed (97-119).
Gibson (2015) divided valley agriculture into two categories (299-300):
− Narrow valley bottoms that are cultivated from the sides by constructing
terraces using the lower part of the hill, concentrated in the north and more
humid environments.
− Wide valleys that are cultivated from the bottom by constructing a set of
dams, check dams, and terrace walls to create elevated surfaces.
These were either in the form of an open terraced valley (Evenari, M. et al. 1971:
97) or a farm wherein a wall confined a set of cultivated terraces (Evenari, M. et al. 1971:
99; Shanan, L. 2000: 83). Some had a rather sophisticated system for water distribution
between the plots, where terrace walls or other barriers were constructed to control and
distribute the water allocations between them.
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In 2016, Ashkenazi et al. (2016) proposed a further division of Evenari et al.’s (1971)
classification system where the complexity of the system is based on the complexity of
architectural elements present. Table 7.1 summarizes these divisions.
Huotari (2002) put forth a general description for the systems within the Jabal Haroun
area. This classification merged the hydraulic and agrarian systems based on irrigated
farming, calling it ‘rainwater harvesting agriculture’; it has three subcategories (230):
A. Run-off farming system of wadi terrace agriculture.
B. Natural drainage irrigation zone, which is a combined system of up-slope small
barrages266 connected by parallel terraces that are cultivated and the barrage diverts
the water to the plots.
C. Run-off-enriched slope terracing, consisting of parallel horizontal slope terraces for
farming.
This division described the systems present in the small geographic location of Jabal
Haroun. It combines water management and agrarian activity. Although these systems
indeed work closely with each other, the same is not the case at all times. Water management
systems were constructed in Petra sometimes solely for that purpose, such as in Wadi alJarra, Wadi Namaleh, and E-Beqa’a. Another limitation to this methodology for
classification is that more complex systems exist in Petra that this classification does not
cover (see Table 7.1).
A similar system for Petra was proposed by Beckers et al. (2013a), who recognized
two main categories (151-152):
A. Micro catchment run-off farm (~ 1–1000m2), which includes diversion systems to
the cultivated area.
B. Macro catchment run-off harvesting (long-slope run-off farming system), which
divides the cultivated landscape into two segments: a preceding section of the slope
to generate run-off on the lower area by applying run-off conduits.
However, these two divisions are broad and generic as Petra has far more diversity
and complexity in the terrace systems. Furthermore, the system neglects both farm systems
and irrigated terraces, which form an important segment of the agricultural system in Petra
and its surrounding areas.
Although these classifications, both simple and elaborate, exist, their adaptation per
se to study the area in and around Petra is not possible. Petra’s agricultural systems seem to
follow a different model, owing to the difference in the annual rainfall than The Negev and
the different topography. Another reason can be land ownerships, as the land was not
segmented and was cultivated by farmers living in proximity to settlements. Based on the
survey results, rain-fed terraced fields in Petra can be classified as follows:

266

According to this research, these are sets of weir and check dams constructed at the upper catchment area
to mitigate flood and sheet erosion, followed in the middle catchment area with bench terraces for
agriculture.
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Table 7.1.
Comparison between existing classifications for rain-fed terrace agriculture system.

7.4.1.1 Wadi terrace systems

Figure (7.1). Sketch showing terrace wadi cultivation terraces.

These systems utilize the surface run-off of a narrow wadi bottom (Figure7.1) to
collect the run-off water from a small catchment area. The width of the valley varies from
around 20 m to 70 m wide. The catchment varies in size, from 12,000 m2 to 60,000 m2. This
system is simple form of cultivation that could be operated by an individual owner
(Ashkenazi, E. et al. 2012: 3). It consists of a large dam or gabion constructed at the upper
catchment, functioning as the water force retainer and absorber, thus preventing the washing
off of the alluvium down the wadi. The dams are followed by a set of terrace walls, around
8–25 in number; their length depends on the wadi width. The vertical distance between
consecutive terraces vary from 8 m up to 40 m, and sometimes more. These terraces work
as barriers that accumulate silty soil with enough thickness to support cultivated roots and
retain humidity. No fences or walls were constructed around the terraces increasing slope
run-off towards the bottom fields (Huotari, M. 2002: 230).
The system is designed to intersect the flash flood waters. The upper dam, or gabion
acts as an absorber of the water flow pressure and strength, and as a retainer of the water
that farmers later release or redistribute between plots of land. As the water flows, it
cascades from one terrace riser to flow over the tread, penetrating the soil, or accumulating
on top of the soil below the riser level, while the excess water cascades from the riser to the
next terrace treads gradually, wetting the soil (Evenari, M. et al. 1971: 97). This system was
designed for annual crops and mostly for the cultivation of cereal such as wheat and barley.
The hillsides that overlook the terraced wadi bottom are never terraced so that infiltration
within the steep surrounding slopes can be prevented, further averting soil formation and
ensuring that all of the run-off water flows into the bottom of the cultivated wadi (Shanan,
L. 2000: 85).
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Generally, these systems are accompanied by some small installations such as a
watch tower or a small house, generally consisting of a few rooms (from two to five). These
houses were located on the adjacent hill, away from the run-off direction but overlooking
the terraced wadi. Sometimes, near the upper watershed stone, mounds267 were located near
the upper dam or gabion. At the lowest point of the catchment, smaller hollow and round
structures (two to three in number) could be found made of local stones.268 These fields were
located in proximity of settlements, but was not the permanent residence of the owner.
Hence, the structures within it were mainly for seasonal use such as sowing, harvesting, and
storing equipment.
In Petra, these systems were concentrated in the narrow wadies on the outskirts of
the ancient city towards the N-E, near Heash and towards the Ash-Sharah mountain area,
mainly E-Beqa’a, Rajif, and the south, such as El-Btahi.

Figure (7.2). An image from Google Earth; the red line outlines the terraced wadi system.

The Rajif wadi terraces are located around 19.50 km sw of the town of Wadi Musa,
around 4.50 km south of the town of Rajif (UTM 36R, 3338238.75 m N, 735724.92 m E).
The upper catchment area is situated on an elevation of 1642 m and drops gradually to 1587
m. The total area of this catchment is 46,809 m2. The wadi bottom, which is the main flood
plain, is subdivided by 17 terrace risers constructed of chert and limestone. These risers vary
in their elevation (between 0.50–0.80 m high). The terrace riser is a free-standing wall, linear
to the double-facing wall that extends across the wadi, resembling a dam construction. The
double-facing wall’s construction is with random angular rubble stones. The vertical
distances between consecutive terraces vary and are not constant, mainly due to the terrain;
the lowest vertical distance is around 12.50 m, while the highest is around 72.00 m. These
riser walls subdivide the area into small plot areas that range from 340 m2 to 3,000 m2 (see
Table 7.2). The smaller plots are in the narrower part of the wadi, while the larger ones are
in the wider part. Recent modification and enlargement is evident. The wadi bottom has
267
268

Stone mounds are discussed in detail in Chapter five section 5.8.2.1.2.
These structures will be discussed in detail in this chapter, under section 7.9.2.
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been cleared of the stones, yet the surface is covered with small angular and semi-circular
pebbles as well as cobbles of chert and limestone.
Table 7.2.
Spacing of consecutive terraces in Rajif and the land plot sizes
Terrace number
Vertical distance (m)
The plot area (m2)
Rj1
0
0
Rj2
55
2764
Rj3
32
1114.60
Rj4
72
1975
Rj5
46
1550
Rj6
37
1297
Rj7
34
731
Rj8
30.5
538
Rj9
43.5
715
Rj10
48
1376.5
Rj11
34.40
951.30
Rj12
37
1084
Rj13
12.5
344.5
Rj14
17
413
Rj15
38
1028
Rj16
19
611
Rj17
21
590
Rj18
26
707

7.4.1.2 Wadi sides cultivated terraces

Figure (7.3). Showing side wadi banks utilised as terraces for growing olives near Shawbak (blue
arrow indicates the wadi flow).

Perineal wadies generally flow during the rainy season, bringing with them silt and
clay. As the speed of the flow decreases, these materials are deposited on the banks, creating
a suitable environment for agriculture. As the perineal flow depends on rain intensity, its
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strength and volume fluctuate throughout the years, making the bank elevation resemble
terraces. Initial farming on these banks eventually extended upwards to make use of both
the soil and water flow on the slopes. The banks of the river are intensively terraced by
constructing contour terrace walls to create runoff irrigated levelled fields (Gibson, S. 2015:
299-300) (Figure7.3 and 7.4).

Figure (7.4). Side wadi terraces of Khirbat an-Nawafleh.

In Petra, most of the lower valley terraces had supplemented irrigation (Figure
7.4), except for one case, which is discussed below.

Figure (7.5). The site of Muzera’a (Khirbat al-Qarara).
Source: Google Earth
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Muzera’a (Khirbat al-Qarara) is situated approximately 1.50 km NW of the present
town of Wadi Musa. The site covers approximately 95,000 m2 (Figure 7.5). The site is
located on the E side of a hill, elevated to around 1200 m a.s.l. and sloping down to 1150 m
a.s.l.. The site is flanked by Wadi Ayn al-Tina from N and W sides, while the southern
section of the site is completely lost due to urban expansion.269
The site of Muzera’a was first recorded during a survey of Ash-Sharah, and was
reported as a major Iron Age site. It was then registered as Khirbat al-Qarara (site JSS 74).
The site was noted for its massive terrace walls and structures (Tholbecq, L. 2001: 308).
The ‘Wadi Musa water supply and wastewater project’ survey conducted by the Department
of Antiquities (1998–2000) registered the site only in 2000 as Muzera’a under ‘Wadi Musa
30’, while MacDonald’s et al. (2016) reported it as site near 360. The site is recorded in
MEGA-J under number 3013. The survey reported the presence of Iron Age II pottery on
the summit, while on the SE edge, fragments of Roman and Ayyubid/Mamluk sherds were
found. The survey also noted the use of the site for agriculture and its partial destruction site
due to urbanization (Amr, K. et al. 2001). Bienkowski (2011) reported the presence of large
rooms and staircases (120).
The slope (or gradient) of the site 16.7%. The E boundary is a high cliff of Upper
Cretaceous chert and limestone from which the terrace riser stones were quarried, extending
around 368.00 m. The W boundary is the valley of Wadi Hamatat H(e)mūh, in the center of
which a freshwater spring called Umm At-Tina gushes. The wadi drains from Al-Hai, and
flash floods flow through it during heavy winter seasons. The foundation of an old
Nabataean dam can still be found in the upper valley. Another spring is located on the
opposite hill known as Ayūn El-Q(u)rayā, but no evidence of its exploitation for agricultural
use is evident.
The site is oriented N-S, with the E slope intensively terraced. Three main sections
of terraces are seen, divided by large gullies and intersected by small weirs and dams. Each
section is confined between ashlar limestone walls running NE-SW, which earlier extended
for around 171.00 m, of which currently around 100.00 m remains.

269

During the course of this research, the S side and parts of the SW were completely bulldozed by the local
authority for construction of a sewage system. In April 2019, a total bulldozing was conducted to construct a
cement wall for flood control.
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Figure (7.6). General view towards N-facing bench terraces at Muzera’a.

Figure (7.7). Wall Muz-23 (facing E) is an example of an in-situ wall, around 4.00 m in height, at
Muzera’a.
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All terraces follow the bench terrace system (Figure 7.6), except for a small segment
at the SSW segment, which is a contour terrace. These walls are crudely constructed of
rubble. The bench terraces are concentrated at the NE part. The terrace riser is built of
regular, unhewn limestone and chert boulders in regular courses, varying from 9 to 12 of a
height between 3–4 m (Figure 7.7). The vertical distance between the consecutive bench
terraces is 6–11 m, while their length is between 37–110 m (Figure 7.6). These bench
terraces create narrow plots, with the surface of the soil just below the cap stone of the riser
wall. An intensive survey using ground penetration radar and excavation probes of small
trenches (0.70 x 2.30 m) did not reveal the presence of any water channels or pipes.

Figure (7.8). Two examples of staircases between land plots at the site of Muzera’a.

The movement within the consecutive terraces was facilitated by sets of stairs which
were constructed into the riser walls (Figure 7.8). Generally, these staircases were
constructed in four or five courses. The segment of the wall furnished with stairs was about
1.30-2.00 m. thick. The stairs were constructed from flat, wide slabs of limestone, around
0.20–0.25 m in height and 0.55-0.65 m in width, while their total length was 1.30-2.85 m.
The apparent length, however, was around 0.30 cm, while the rest extended underneath the
upper stones to ensure stability. Several smaller square stones were placed underneath the
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steps to facilitate its construction and ensure stability. The stairs were constructed so as not
to be too wide to take up space, but wide enough to facilitate movement of one person. The
stairs facilitated quick movement and transmission of material such as water buckets or
movement of animal of burden.
The lowest terrace wall follows the wadi bank and seems to be intended to prevent
the soil from washing away. However, undercutting occurred over the years, leaving the
wall hanging.

Figure (7.9). The lower staircase connects the site to the spring (further N, where the green bushes
can be seen).

At the edge, overlooking the spring, a set of seven steps set in two flights made of
flat flagstones of limestone still exist. The first is a four-step flight, with broad and flat steps
(Figure 7.9), 0.67–0.80 m in width. Their apparent depth is 0.20–0.25 m, yet their actual
depth is around 0.50 m, with a height of 0.12–0.20 m. The second flight, leading to the upper
segment, is much narrower, 0.66 m in width, 0.45 in depth, and 0.25 m in height. Several
jar handles from the Roman-Byzantine periods were also found scattered at this spot.
7.4.1.3. Cultivated farms
The term ‘cultivated farms’ was first used by Evenari et al. (1971) as a reference to
a terraced field surrounded by a boundary wall (99). These are associated with small
farmsteads that include, but are not limited to, watchtowers, animal pens, small houses, and
cisterns (Ashkenazi, E. et al. 2016: 3). These farmsteads suggest permanent residence for
families practising agrarian lifestyles (Shaman, L. 2000: 83).
In the Negev, where these systems were first identified, the farms were linked to
run-off agriculture, constructed in the terraced bottoms of valleys where the wadi bottom
was terraced and each group had a terrace riser (four or more) surrounded by a wall, forming
segmented plots of various sizes (500–2000 m2) to reflect individual ownership. These also
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had sets of conduits and channels to divert run-off water into each plot for irrigation
(Evenari, M. et al. 1971: 99; Shanan, L. 2000: 83). However, in Petra, such a division was
not practiced. Instead, the whole small terraced catchment was surrounded, either fully or
partially, by a fence for plot protection. These systems had two variations, discussed as
follows:
7.4.1.3.A. Small farms
Small farms are either concentrated within small water sheds or catchments
surrounded by hedges from one to three sides only at the upper level of the catchment area.
These systems depend on run-off water for irrigation and are generally used for cereal
cultivation. A small farmhouse or a watchtower is located on top of the adjacent hill,
overlooking the terraced wadi. Built on gentle slopes, these consisted of a gabion
constructed at the upper catchment area, followed by 6–10 terrace risers. The vertical
distance between them varied between 8–38 m. They were mainly used for cereal
cultivation.

Figure (7.10). The site of Heash: (1) A small farmstead overlooking the cultivated wadi; (2, 4, 5)
Terraces; (3) Gabion.
Source: Google earth.

Heash is located around 7.5 km to the N of Petra proper, in the high mountains of
Ash-Sharah at an elevation of 1688 m down to 1650 m, with a slope gradient of 12.9%. The
terraced field is in a narrow wadi, which is oriented NE-SW. The catchment area is around
197 ha (Figure 7.10). This site has not been reported by any of the surveys conducted in the
area.
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The catchment area has several faults bearing NS which cut the catchment laterally.
Lithologically, the predominant outcrop of the area is of Late Cretaceous Belqa series,
mainly Wadi as-Sir limestone, Amman silicified unit, and Wadi Umm Ghudran, comprising
mainly of sandy limestone and dark brown-grey chert (Barjous, M. 2003: 33-41).

Figure (7.11). Remains of a building on the N hill at Heash; the extended outer wall (left); and
details of one of the rooms (or tower) at the SW corner of the building.

On the N hill, remnants of a small building are present. The building was either a
small watchtower or farmstead, and was constructed of rectangular stones cut from chert
and large limestone boulders of the locally quarried Upper Cenomanian, of which three to
six courses are still in situ. The building is situated on two levels: 1679 m and 1683 m. This
makes the towers particularly high as their foundation starts on a lower level and extends
upward (Figure 7.11). The walls of the towers are particularly thick on the N side, where
they exceed 2 m. The building has a main entrance flanked by a tower on both sides, a small
corridor leading to the small tower on the left, measuring 2 m x 3 m. The right tower has
been enlarged to accommodate a larger room (4.78 m x 6.00 m). Behind the corridor, three
small rooms were built by constructing a dividing wall. Their exact measurements could
not be taken due to the fallen stones, but all of them approximately measured 9.50 m x 3.00
m.
A chert fence wall extends for around 65.58 m on the perimeter of the terraced S and
SE side, at an elevation of 1670–1671 m. A large gabion is constructed at the upper
catchment area at an elevation of 1661 m, followed by three terrace walls, with the facing
wall made of regular boulders placed on regular courses. The distance between the gabion
and the lower terrace is 13 m. The first terrace extends 15.30m, is 2.10 m high, and around
1 m thick. The wall is constructed of eight courses, while the facing wall is made of large
chert and limestone boulders of irregular shapes. Further, 9 m below, at an elevation of 1650
m, another terrace was constructed, but due to illicit excavating and bulldozing, only a few
stones exist in situ, making it difficult to draw out exact measurements of the riser. The last
terrace, which is located 9 m further down from 1640 m a.s.l., had also been severally
bulldozed. Only a few stones remain in situ, allowing us to judge that it was used to barricade
the entire upper catchment outlet reaching 35.83 m.
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7.4.1.3.B Complex systems

Figure (7.12). An image of Khirbet At-Trabsieh.
Source: Google earth

These systems were constructed within larger watershed areas (> 55,000 m2). They
were preceded by sets of small dams, varying from one to three in number, followed by a
set of terrace risers surrounded by a fence. The fence defined the upper boundary, while the
terrace riser ran across the wadi connecting each time with the fence at the sides, thus
forming sets of smaller plots within each other. Inside each plot, a set of smaller risers, lower
but wider, were constructed for water diversion. The surrounding walls control the water
movement within the plots where the paths could be opened or closed to channel the water
to a specific plot at a certain time. A small building generally accompanies these systems,
comprising of one to two rooms, which was either an animal pen or storage. Khirbet AtTrabsieh, is in the upper heights of the Ash-Sharah mountains. It is approximately 1.4 km
to the NE from Khirbet al-Braq, overlooking Wadi Hujaim. The total area of the catchment
is around 46,000 m, while the cultivated area is 14,310 m2 (Figure 7.12).

Figure (7.13). Remains of the first building complex of Khirbet al-Akhshan.

Two structures were identified: Khirbet al-Akhshan (Abudanh, F. 2006: 410; site no.
025) located around 280.00 m to the NNE of the terraced area at the upper hill, overlooking
the site. The site has two main structures: a larger square building, possibly a farmstead
(ibid) measuring 28.00 x 26.00 m and consisting of ten rooms across the N and W side and
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another smaller complex made up of small adjoining rooms measuring 14 m2 and 30 m2.
Remnants of a possible cistern were also identified (Ladurner, M. 2017: 137-138) (Figure
7.13).

Figure (7.14). Remains of a building (possibly a farmstead) down the hill.

Another farmstead is located around 680.00 m to the NNE of the site, down the
valley (Figure 7.14), making it a little too far to be in direct association with the cultivated
plots.

Figure (7.15). Gabion at the upper watershed of Khirbet At-Trabsieh.
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Figure (7.16). A crescent form the dam furnished with two diversion channels (red arrows) to
direct the water towards the plots of land.

At the SSW, a large gabion has been constructed (Figure 7.15). Its large base (1.10
m) protrudes from the main body, with around 0.32 m in height and extending for 2.54 m.
The dam’s body is 1.70 m high and its thickness is 0.87 m. Around 16 m to the N, two more
dams are situated consecutively, built using large boulders of chert, elevating to 2.27 m and
varying in thickness between 0.6–0.8 m. The lower dam resembles a barrage in its crescent
form (Figure 7.16), which is around 31.60 m and is furnished with diversion channels to
direct the flow towards the plots of land. Just around 4 m in front of the lower barrage sides,
two 0.60m high and 5.30m long walls are present; they probably functioned as diversion
systems to channel the water towards SE or SW fields.

Figure (7.17). A segment of a contour terrace riser at lower catchment of Khirbet At-Trabsieh.
(looking W).

Figure (7.18). Dividing benches within the land plot functioning to divert water looking NW.
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The contour terraces (Figure 7.17) are constructed at 2m intervals, subdividing the
area into seven plots (Figure 7.12). In addition to terrace risers, small chert benches
measuring around 1.80 m long, 2.50m wide, and 0.90 m high have been constructed inside
the field (Figure 7.18). They were either constructed at one side of the field or in opposite
directions. Their function was two-fold; on the one hand, they arelarge scattered boulders
cleared from the cultivated field, and on the other, they functioned as knobs that controlled
water movement into the field. These structures, however, were only used in large plots (>
4,000 m2).

Figure (7.19). The outer fence wall surrounding the terraced plot at Khirbet At-Trabsieh.

Figure (7.20). A schematic sketch reconstructing Khirbet At-Trabsieh’s water irrigation system. The
water is released from the dam and diverted to the plot; each plot could be blocked by
closing the ditch between the bench and the wall.
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The constructed fence walls that ran NNW-SSE (Figure 7.19) created with the
terrace riser narrow paths that varied in thickness from 2.5–3.75 m, through which water
could be channelled into a specific plot by either opening or closing the simple earth
embankment (Figure 7.20).
These risers subdivided the whole catchment area into two parts: the upper part that
collected water and worked as a diversion area, and the lower part that served as the
cultivation area. The riser walls divided the cultivated area into seven plots of various sizes
(Table 7.3). Moreover, there was evidence in the field that some of the risers had been
dismantled and rebuilt, probably due to change of ownership and redivision of land or the
recent use of machinery for ploughing.
Table 7.3.
Khirbet At-Trabsieh terrace intervals and division plot area
Terrace number
Vertical distance (m)
The plot area (m2)
Tr1
Tr2
Tr3
Tr4
Tr5
Tr6
Tr7
Tr8

0
44.40
18.60
32.37
77.50
30.20
31.51
59.75

0
2,201
4,009
1,053
1,446
2,740
1,300
1,561

7.4.2 Irrigated terraces
In arid environments, farmers tended to cultivate near water sources such as rivers
or springs. These sources become either the main source for crop irrigation or are used for
supplementary irrigation. Gibson (1995) considered irrigated terraces’ locality to be within
highlands, in the vicinity of springs and settlements, as being used to grow vegetables (132)
(Figure 7.21).
This system was extensively described by travellers of the Holy Land in the early 20th
century such as Wilson (1906) and Dalman (1928). The roots of this practice can be traced
far back in time, as similar systems have been described in old sources. In the Old
Testament, allegories from daily life mention irrigating vegetables as ‘Where thouu sowedst
my seed, and waterdst it with my foot, as a garden of herbs’ (Deuteronomy XI: 10) (Figure
7.22), implying that men brought in water by means of channels or jars. Indications of such
practices can be deduced from written sources such as the Nabataean inscription from
Khirbet et-Tannur, dated 7th or 8th century BC, naming Naṭīr’el, son of Zayd͗el, as the head
of the spring of La͗abān,270 who was probably responsible for its maintenance and
observation for ‘water rights’. In the post-Nabataean period, such as during the Petra Papyri
Archaeologist suggested that Wadi al-La͗abān, is the name of the wadi located Jebel et-Tannur and
Khirbet ed-Dharih, which is located about 7 km away from the site.
270
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Inv. 83, in which there were two owners of a property in Zadakatha (Sadaqa) Theodoros,
the son of Obodianos, and Stephanos, the son of Leontios, arbitrated in the year 574 AD to
resolve the issue of diverting water from a spring to one of the disputers’ neighbouring
property. Although Kaimio and Koenen (1997) interpreted the property in the text as houses,
it cannot be dismissed that the dispute could be related to irrigated terraced plots (461-462;
Gagos, T. and Frösén, J. 1998: 479).

Figure (7.21). A schematic drawing showing irrigated terrace plots.

Figure (7.22). Vegetables (cabbages) grown within irrigated terrace plots at Khirbat an-Nawafleh.
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The literature reports a variation between cultivated crops in the land parcel, thus
there could have been specific plots for cultivating vegetables (( )חגנזחש של הידקYadin, Y.
et al. 2002: Yadin, P. papyri no. 45, line 21), irrigated gardens or orchards
(‘Γανναθ’/’Γοναιναθ’) (al-Jallad, A. et al. 2013: 36-37), vineyard (Εβαλ) (al-Jallad, A.
2018: 44), and a palm orchard (‘Γαδα’) (al-Theeb, S. 2014: 102). It is probable that water
rights varied in accordance with the nature of crops in the different plots.
The irrigated terraces follow the bench terrace type but in a more sophisticated and
organised manner. They are constructed below the spring level (Figure 7.21). The vicinity
of the spring is always cleaned and protected against tampering or contamination by animals
or dust by a room built over it. This also prevents vegetation or algae growth in or around
the spring.

Figure (7.23). Dar al-Birka (Al-Àlayya) is a room constructed around the spring of Ayn as-Sarab.
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An intact Nabataean spring protection structure still exists in the middle of the town
of Wadi Musa, known as Dār al-Birka (Wadi Musa, 18A; Amr, K. et al. 1998: 522; Amr,
K. and al-Momani, A. 2001: 266) that protects Ayn as-Sarab (al-Muheisen, Z. 2009: 141),
known by the inhabitants of Wadi Musa as Birket al-Àlayya (Figure 7.23). Located on the
eastern mountain slope at an altitude of 1188 m, the spring can be accessed from a square
building through a door that is built from hewn ashlar limestone and is located below the
current street level. It can be reached by two descending flights of stairs. Only three sides
of the room are built while the N side, from where the spring flows, is cut into the
outcropping limestone. The room is narrow and deep, measuring 12 x 3 m; three columns
are located in the middle of the room and are made of two drums with simple crowns
carrying the arched ceiling. Ten arches measuring 2.50 m in height and 0.50 m in width are
present. The spring gushes from a karst cavity, around 4 m below the ground, through a
0.20m wide, 0.15m deep open channel. The water goes from the spring to an open pool
measuring 11 x 6 m, located around 40.80 m NW from the spring (͑Amr, K et al. 1998: 522;
al-Muheisen, Z. 2009: 141-142). Inside the room and along the channel, several Nabataean
pottery sherds are still scattered.
Generally, an open channel, referred to in the Petra Papyri as ‘αλ-Κειcβα’ (al-Jallad,
A. 2018: 44-45) or, according to Al-Theeb (2014), the word Al-Madar (‘Μαδαρ’) was used
to refer to a water channel, ditch (234), or ceramic pipeline which is then constructed to
channel water from the spring source to a large cistern or collective pool, which functions
as a pressure tank. The distance could vary from 20-70 m between the source and the watercollecting pool. The pool was well plastered, and some had steps constructed at one side to
facilitate cleaning and ease of maintenance.
The pool has an inlet that connects it to the spring source, and an outlet located at
the opposite end. The outlet is connected to a long open channel or conduit located at the
higher contour. From this main channel, a network of perpendicular channels is constructed
from which connections bring in water to specific plots by gravity. The main perpendicular
channels flow into another main channel located at a lower level. Thus, the water continues
flowing in the main lines and the small outlets work as valves that can be opened or closed
to control the amount of water driven to each plot. This network of channels surrounds plots
of the terraced land, with each terrace located below the other. Each terraced plot has a
separate channel connected to the main outlet to carry water to the ditches which take the
water to each planted tree. The farmer can then rake the ditch to direct water towards the
crescent terrace surrounding each tree. Further, while irrigating manually, the farmer can
close the ditch opening at the next tree and so on, until the entire plot is watered. The farmer
would have to then block the main outlet with a piece of cloth or a large cork, making the
water seep into the main conduit that leads to the next plot. This seems like a rather labourintensive process; however, it could be effectively managed by as few as two people.
The water channel that provides irrigation was considered part of the plot and was
mentioned in the land deed clearly, as stated in the Babatha archive (see for example Yadin;
P. et al. 2002: 83, N. 7). This is fundamental to dividing responsibility for the channel system
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maintenance. These plots are generally rectangular in shape and range in size, between 5.00
x 8.00 m2, with a large elevation gradient between the consecutive plots which could be
from 2.00–7.00 m of horizontal difference. Movement between plots was managed by
sloping ramps (Gibson, S. 1995: 311) or narrow paths created parallelly between the
adjoining plots or steps constructed on one side of the terrace. These would be planted with
trees such as olive, pomegranate, almond, figs, and vine. In Palestine, these plots were used
to grow vegetables and crops that required permanent irrigation (Gibson, S. 2015: 299).
Sometimes, cereals were planted for domestic consumption between trees.
Moreover, the irrigation was governed by water rights, in which the amount of water
was distributed for each plot on a specific date and time, based on a degree system, per hour,
plot area (Gibson, S. 1995: 89), or weekly such as every fourth day of the week, as attested
in the archives of Salome Komaise, the daughter of Levi (Cotton, H. 1995: 189; Yadin, Y.
et al. 2002: 86-87). It is also curious to note that these rights were amendable based on the
plot size (Esler, P. 2017: 74). For example, in Yadin’s papyri no. 3, we could trace the
purchase of two palm groves in Maḥoz Eglatain wherein one records a watering amount of
‘half an hour of the first day of the week’, while the other as ‘one hour of the first day of the
week’. The second plot being larger in size received a longer watering regiment. In Wadi
Musa’s 19th century water division pact, the amount was allocated on the basis of ploughing
time, so that the plot requiring one to two days of ploughing received quarter of a day for
watering (al-Nawafleh, M. 2004: 29). Sometimes, the person who first discovered the spring
received either priority for irrigating or had a larger water share in recognition to his efforts
(͑Azab, Kh. 2013: 193). This land had a specific term (‘Αραμ αλ-βηρ’), Aram al-Bēr, the
peace of land with a spring (Petra Papyri no. 10; al-Jallad, A. et al. 2013: 31). In Yadin’s
papyri no. 1, the gifted land of deceased Abad-Amanu to his wife Amat-Isi includes a spring
(Esler, P. 2017: 236), which is not surprising as the plot has been described as having a large
and rich plantation of palms and vineyards. However, once that right is obtained, it becomes
an inseparable part of the plot; thus, when the irrigated plot was sold, gifted, leased, or
inherited, the water rights were included, as can be traced in the Babatha archive (Yadin, P.
papyri no. 7)
The use of water was regulated during the Ottoman period to the extent of
association of springs for holy rituals. Al-Arabi mentions that Ayn Musa (Moses spring in
Wadi Musa) was considered a waqf, of which 3/7th of the spring and the land profit was
allocated for Jabal Haroun’s Maqam during the Ottoman rule. However, after the Ottoman
rule, this changed as the water of Moses spring was subdivided between the tribes and the
Nawafleh tribe donated one water day to the Maqam. This water was sold and the money
was used to buy candles and other materials for the holy place (Nawafleh, M. 2004: 29).
The water rights were redistributed between the inhabitants of the nearby village on a 24hour basis and was utilised to cultivate their terraced plots (al-Arabi, H. 2002: 108). Each
family alternated the day and night of watering time in a cycle; during the night, the division
was based on the stars, while during the day it was based on the landscape such as the midday was when the sun rays casts a shadow on the Fdoul caves (al-Nawafleh, M. 2004: 33).
This practice could have been adapted from the Nabataeans.
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7.4.2.1 The agricultural terraces in Petra Hinterland
Several springs are located around Petra271 which concentrate mainly within the AshSharah mountains, discharging from the upper karst of Upper Cretaceous limestone (alFarajat, M. and Salameh, E. 2010: 329). It is clear from the hydraulic installations that their
exploitation varies. For example, the Ar-Ramlah reservoir is fed from Ayn Musa and
supplied water to animal pastures and caravans (Lindner, M. and Hübl, H. 1997: 61-67;
Bellwald, U. 2008: 56-58; al-Muheisen, Z. 2009: 39). Ayn Braq (or Ain Borakon) had a
joint use: part of the water was diverted by an aqueduct to Petra proper, reaching near Qasr
al-Bint (Linder, M. and Hübl, H. 1997: 66; al-Muheisen, Z. 2009: 64), part of which
provided water for the residential quarter of Ez-Zantur IV (Bellwald, U. 2008: 58) and the
other part irrigated the bench terraces at the Khirbet al-Braq settlement (Glueck, N.1939:
44), as attested in Petra Papyri no. 36 (120-121), which irrigated trees that probably bore
olives from both Ayn-Braq and the nearby Aim Moalaqa (Ain Moelois) (Buchholz, M. and
Mustonen, M. 2007: 194). Others could have had purely religious roles such as the spring
of Qattaret-Dayr, which is located near the monastery, as can be deduced from the
abundance of niches and inscriptions (al-Muheisen, Z. 2009: 36).
A. Khirbet Hujaim:272
Khirbet Hujaim (also known as Rujm Ayn Al-Hajim SAAS site 88273) (DoA Hejin
JADIS 1996027, MEGA-J number 4251) (Figure 7.24).

Figure (7.24). An image of Khibet Hujaim. Source: Google earth.

The agricultural village site or ‘garden villages’, according to Gluek (1939: 44), is
in a deep crescent-shaped valley. The outcropping rocks are of the Upper Cretaceous Na’urShuaib formation, alternating between marl and limestone. The widest portion of the valley
For the location and distribution of the springs around Petra see figure 2.4 page 43.
36R 739171.99 m E, 3353957.08 m N
273
The coordinates given by SAAS are not exactly to the site, which is 1.5 km further to the SSE.
271
272
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is oriented EW and spreads to around 330 m, while the wadi is longer and narrower on the
NS axis, spanning around 430.80 m. The slopes of the valley are terraced with bench
terraces, which are planted with olives and fruit trees such as figs, pomegranate, apricots,
almonds, and vine.
At the upper and lower wadi, remnants of heritage houses constructed during the
Ottoman period in the late 19th to early 20th century from local stones and covered with clay
plaster, either free-standing or partially carved in the rock, lie abandoned since the 1990s.
The fields are still tended by the local owners’ families Fdoul, Farajat, and Salameen. Each
terrace is owned by a single person due to the division of land plots between brothers
through inheritance rights.
Although the land is located directly
over a wadi, the plots are watered from Ayn
Hujaim (Figure 7.25), which is a joint
karstified limestone and silicified to marly
limestone (al-Farajat, M. and Salameh, E.
2010: 327). The spring is located at 1367 m
a.s.l., gushing from a crack in the rock.
Unhewn ashlar stones were constructed
around it for protection and cement curtains
were built later for the same purpose.
A closed channel running under the
current street joins an open channel for
around 72.80 m, and diverts the water from
the spring to an open rectangular pool or
cistern, originally built from unhewn
limestone, which can still be seen from the
outside. The cover plaster was changed to
cement in the 1950s.274 The pool, functioning
as a pressure tank, is rectangular, although its
NW side resembles an arch measuring around
9 m, the NE side measures 12.50 m, while the
SW side measures 5 m (Figure 7.26). The
channel connects to the pool at the NNW side.
The main irrigation channel that diverts water
Figure. (7.25). Ayn Hujaim source.
to the plots connects with the pool at the SSE
side (Figure 7.25). However, two outlets
exist: the widest is the one that feeds the southern segment of the wadi, while a narrower
and smaller diversion channel feeds the northern part. The NNW channel is an open one,
now made of cement on an original network of slabs and earthen furrows. Its width is around
0.50 m; the outer walls measure 0.10–0.15m and are about 0.20m deep (Figure 7.27), while
274

As per oral communication with the owners of the land plots.
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the total length from the pool to the wadi is around 182.40m. The elevation of the main
channel near the pool is 1363m and drops at the end point to 1349m. Below this channel are
six rows of bench terraces. From the main channel, a diversion channel 1.30m long and
1.00m wide, with an inner width of 0.25 m, delivers water to the upper terraces consisting
of 12 cultivated plots. These diversion channels have rectangular openings, which are
blocked by pieces of cloth or stones to regulate the water flowing to each plot, according to
the scheduled days and amount (Figure 7.28). From the upper plots, two systems exist to
circulate the water to the next terraces. An open channel is situated at the NNE-SSW
boundaries of the plot and extends for around 56.30 m and also serves the side terraced
plots. The second one, a more sophisticated system, exists under the diversion channel by
about 1.10m, and 0.50m from the terrace wall, a small collector with two openings divert
water to the lower plots on the left and right. This needs to be manually opened and closed,
according to the agreed watering schedule.

Figure (7.26). Open rectangular pool or cistern; the opening at the NW corner connects the pool
with the spring.
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Figure (7.27). The lower channel that transfers the water from the pool to the terraced plots for
irrigation.

Figure (7.28). Subchannels divaricate from the main channel and carry water to each terrace plot
according to watering schedule, a cloth stopper is used to block the water from flowing.

The terraced plots: The slopes of the wadi were terraced with bench terraces. The
slope gradient varies from 7 % at the N slope to 28.5 % at the S slope. The bench terraces
were more rectangular (Figure 7.29), with the length almost three times the width.
Generally, the width varies from 3.40 m to 6.80 m. Sometimes, the plot’s width from one
side varies on the other by 0.25 to 1.00 m and the length 11.20 to 28.11 m. The riser wall of
the bench terrace is constructed of one layer with a filter, with a thickness of 0.16–0.35 m.

349

The height of the riser wall is between 0.95–1.27 m. Trees were planted in one or two rows,
depending on the plot’s width, with three to four trees in a row.

Figure (7.29). Bench terraces forming agricultural plots planted with olive trees.

Figure (7.30). A ditch is dug manually in the soil to divert water to each tree to ensure it is watered.
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Figure (7.31). Crescent terraces surrounding trees (the outlines of rounded stones can still be seen
in the middle terrace).

Figure (7.32). Vines are planted in the middle of an alcove against a high wall for protection.
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Figure (7.33). Staircase at the side of the bench terrace plot to facilitate movement between plots.

Each tree was surrounded by a crescent-shaped terrace (Figure 7.30 and 7.31),
varying in diameter from 1.40–2.80 m, depending on the amount of water required for the
tree. Thus, it was noted that the smallest diameter was around the olive trees, while the
largest was around the vines. Earthen ditches were dug in front of each row of trees where
the crescent was open. The ditch width did not exceed 0.20 cm (Figure 7.30), which is
equivalent to the rake’s width. The farmer was responsible for opening and closing the ditch
manually when the plot was irrigated. The trees were planted in the middle of the plot. The
distance from the riser walls (front and back) varied from 1.60–3.15 m, but was always
maintained, while the vertical distance between tree rows varied from 2.60–4.60 m and the
horizontal distance was 1.60–7.05 m. This was to ease the movement of the farmer when
tending to the trees such as during weeding, digging, harvesting, pruning, manuring, etc.
This system was applied only for trees and vines. Wall alcoves were constructed around the
vines in the form of half a circle of radius ranging from 0.70–3.40m. The riser wall behind
the vine was 2.50–3.00 m high. Each vine was planted individually in such an alcove (Figure
7.32); sometimes, a separate 1–2m high terrace was constructed within the same plot. Three
vines were planted, while on the lower one, other trees were situated. When such a rounded
alcove could not be constructed, the farmers resolved to move large boulders, creating
enclosures from three sides into which the vine was planted. Movement between the plots
was facilitated in two ways:
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Figure (7.34). A staircase (A) connecting between plots on bench terraces with a corridor
providing a path for movement (B).

The side plots had small stairs made of irregular or unhewn blocks from the local
limestone (Figure 7.33). The stairs are of two steps ranging in width from 1.03–1.10 m and
in height from 0.15–0.20 m. The second step is elevated on three rows of stones. The depth
of the step varies between 0.85–1.60 m. Small, narrow paths were left between the terrace
risers, enough for one person and a mule to pass. These paths were not paved and varied in
width from 1.5–3.00 m (Figure 7.34). Although these terraces carry evidence of use from
the 19th century until the present, their existence back to the Nabataean period cannot be
dismissed based on two evidences. Remains of a square building built from local unhewn
blocks of limestone, measuring approximately 9.30 x 13.60 m, were detected on the hill
overlooking the site (SAAS site no. 85).275 In addition, pottery sherds were found in
abundance on the SE slopes (uncultivated plot surface). Based on the sherds, the site was
dated to the Iron II, Nabataean, Roman, and Byzantine periods.
7.5 Petra Terraced Gardens
Strabo, in his description of Petra, writes about the presence of gardens that were
irrigated by spring water through channels (Geographia XVI, 4: 21). Gardens were seen as
symbols of power and luxury, as attested by contemporary examples from the East. Gardens
also represented wealth and power (Neumann, S. 2018: 272). The Greek erected both private
gardens and public parks that were associated with temples or gymnasiums (Neumann, S.
2018: 265). Royal palaces such as ‘Basileia’, situated on a large urban space, had two parts
in their planning: an inner private space for royal use and an outer space that included
MacDonald (2016) proposed that this structure had a military purpose for the protection of water springs
(205).
275
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courtyards decorated with fountains and orchards which the public had access to (Neumann,
S. 2018: 268).
Gardens reflect Greek influence in the East, as several Basileia (royal palaces) were
constructed in the major urban centres such as Alexandria as well as in Jebel Khalid, Syria
(Clarke, G. 2011: 216-224) as well as Judea, where the Hasmonean and Herodian dynasties
constructed several palaces at Jerusalem, Masada, and Jericho (Bedal, L. A. 2003: 153). The
latter could be connected with the terraced ‘royal property’ located at Ayn Gedi (Isaac, B.
1992: 70). This might have influenced Petra, as historic records attest to the presence of
Basileia in Petra as well (Flavius Josephus, Antiquities Book XIV, I: 4). Plots of land or
gardens (‘gana–ganat’) were allocated to Nabataean kings, such as the property of Abi
Adan, daughter of Ataḥ, whose southern boundary was the garden of King Rab’el (Yadin,
P. papyri no. 3). Whether this term refers to a cultivated grove allocated to the King or a
leisure garden remains uncertain, but it indicates that gardens of some sort did exist. Since
Wiegand’s survey of Petra in 1921 identified royal palaces, (Bachmann, W. et al. 1921: 4748), several archaeologists have nominated excavated buildings for the title These
suggestions were based on the prominence of the locations, such as Umm el-Biyara, on
aspects such as installations (hypocaust), marble decorations, or a bath complex (Schmidt,
S. and Bienkowski, P. 2011: 115-117). Az-Zantur for example is characterized by rich
decorations of friezes, fresco, and marble, and installations such as presses (Kolb, B. and
Keller, D. 2001: 315-319). The building size was also one of the determining factors, such
as in the case of the Great Temple of Petra (Kropp, A. 2009 passim).
Nabataeans seem to have absorbed several aspects of the ‘Hellenic’ world and
reflected it within their agrarian planning, as attempts were made to match some of the
Greek innovations in adding gardens to urban spaces. Three typologies for gardens possibly
existed in Petra: pleasure gardens of residential complexes, funerary gardens, and sacred
temple gardens.
7.5.1 Terraced pleasure gardens (public/private)
Although, several luxurious buildings,276 both civic and private, existed in Petra,
there is week evidence indicating the presence of luxurious decorative pleasure gardens
similar to those known in Roman society such as around Rome (Tivoli) and Pompeii in the
1st century BC-AD (Farrar, L. 1998: 47-48), or regionally such as, for example, the Herodian
palaces at Jericho277 (Netzer, E 1975: 90; Bedal, L. A. 2004: 154). Flavius Josephus
describes Petra in the mid-1st century BC as a royal city (Antiquities XIV, 5.1; The Jewish
War I, 2: 125). This implies certain urban elements such as Basileia278 complexes adorned
with a small garden or large parks (Held, W. 2002: 239).

For further discussion on palaces of Nabataean kings, see Schmidt et al. (2012: 73-98).
For further information on the palace complex, see Netzer (1975: 89-100; 1977: 1-13).
278
Basileia, from Greek ‘basileus’, means king or royal (Pomeroy, S. et al. 2004: 44). In urban planning, it
refers to the royal city quarter that includes an administrative building, the main deity temple, and the royal
audience hall (Schmid, S. et al. 2012: 73).
276
277
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Figure (7.35). Details from the mural of the painted house at Beidha.

Gardens probably did exist in Petra. The painted murals of ‘Painted-house’ or
‘biclinium’ from the first half of the 1st century BC (Zayadin, F. 1987: 141-142), found in
Siq el-Barid in Beidha, N of Petra, depict a pleasure garden vineyard (Figure 7.35).
Although it probably is mythological, as the Eros and Pan’s depiction implies. Further, the
same is also evidenced in the depiction of sculpted Dionysius procession in the promontory
at Beidha (Bikai, P. et al. 2008: 495-496), which generally takes place in a cultivated setting,
particularly vineyards. Two types of planting pots ‘ollae perforatae’279 dating from the
Nabataean to the Byzantine periods were found in various contexts in Petra: residential
quarter (possibly from Az-Zanṭūr) and from the premises of the Great Temple (MacaulayLewis, E. 2006: 163). This may be a direct indication of planting trees, shrubs, and vines
for either consumption or pleasure (Macaulay-Lewis, E. 2006: 164). A decorative terraced
garden or ‘paradeisos’280 dating 1st BC–1st AD was also discovered in 1988 in Petra proper,
E of the Great Temple. The monumental garden is oriented S-N and is situated on two levels,
separated by an E-W-oriented wall, measuring 46.00m x 3.50m x 2.50m and built of hewn
ashlar, and another double-faced wall filled with rubble and plastered by lime mortar (Bedal,
L. A. 2004: 49). The upper southern platform is at 890 m a.s.l., consisting of a pool and a
small pavilion (11.50 x 14.50 m) in the middle of the pool. It is connected to the lower
terrace by a bridge at the N side.
The lower terrace, inclining towards the N at 888.00m to 882.00m, was a natural
alluvium bed. A system of check dams and terraces was constructed at the central eastern
These pots were described by Pliny, the elder (Natural History, 17.97), and Cato (De Agricultura 52.133),
which are special pots made from pottery with a drainage hole used for growing and transporting flowers,
trees, and shrubs.
280
A Greek word, the garden was envisioned as a micro Eden “paradise”, where water plants and animals live
in harmony. In Persian, “paradeisos” means an enclosed park (Farrar, L. 2000: 9-10). In the Persian language,
paradesios means a hunting encloser; when the Greek borrowed the word in the 3rd century BC, it used to refer
to walled orchards or gardens (Bodel, J. 2018: 204).
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part of the complex to create a pond. Later, the area was further developed by cutting this
platform into two more levels defined by gravel pathways, with edges that may be a
foundation for a colonnade (Bedal, L. A. et al. 2011: 326-328). The garden was planted with
trees, flower beds, and other plants, as can be deduced from the dark fertile soil, tree roots,
and planting pots (olla perforate) (Macaulay-Lewis, E. 2006: 159; Bedal, L. A. et al. 2011:
327) and was irrigated through a channel and lead pipes (could be of an earlier period) fed
by a pressure dam located at the terrace above the garden (Bedal, L. A. 2004: 60; 2017:
140).
One peculiar case of a possible association of an irrigated terrace garden to a
luxurious villa was found in Wadi Musa (ancient Elgi). The remains of several luxurious
villas, such as sites Wadi Musa 18B and Wadi Musa 18D, dated to the middle of the 1st
century AD, were located at the center of the old town (‘Amr, K. et al. 1998: 522-524, ‘Amr,
K. et al. 2001:266-267). This area was chosen by the local elite due to its terrain, building
their villas on the top of the hill (around 1180-1150m asl). This allowed the terracing of the
slopes below and to exploit the local springs such as Dar al-Birka, to create irrigate hanging
gardens. The elite villa known as Wadi Musa 18D was elaborately decorated with mosaic
pavements (‘Amr, K. et al. 1997:469-473), and is flanked by irrigated terraces on its N, S,
and E sides, of which some of the bench terraces and channels remain visible. These bench
terraces are furnished with water channels that irrigated the trees that were grown there
creating a mild climate, shade and a pleasurable view. These bench terraces were furnished
with steps and passages that allowed easy lateral movements and possible strolls.
7.5.2

Terraced funerary gardens

The Nabataean tomb epitaphs indicate that the burial property was not limited to the
carved tomb itself. It included other features located both inside the tomb, such as niches
and benches, as well as extending to the immediate surroundings to include chambers,
triclinia, hydraulic installations, among others, creating a whole complex (Wadeson, L.
2011: 1).
example of a ‘tomb complex’. The formal inscription on the tomb façade lists the
complex elements: burial chambers and places, niches, porticoes, rooms, a garden,
triclinium garden, wells of water, cisterns, and walls (Healey, J. 1993: 238-241) (Figure
7.36).
The word ‘twry’, as argued by different epigraphists, comes from a root word
meaning ‘surrounding walls’ or ‘supporting walls’281 (Healey, J. 1993: 238- 241). However,
examining the surrounding landscape and the tomb, it becomes evident that flash floods are
one of the largest threats to the tomb situated immediately in the valley. The Nabataeans
learned to deal with this problem by constructing sets of check dams and terraces; therefore,
Jastrow (1903) proposed ‘twry’ to have originated from Syriac or Aramaic root, meaning ‘mountain’ or
‘surrounding walls’. Al-Theeb proposed a similar meaning; however, he does not exclude its similarity in
meaning to the Palestinian Aramaic stone layout (Al-Theeb, S. 2014: 107-108). Cooke refers to the Arabic
‘TAR’ as a meaning house, while Milik refers to it as ‘supporting wall’(CIS, II: 310).
281
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ִtwry can indicate terrace walls, which functioned as flood mitigation installations and were
planted to create the garden mentioned in the same inscription.

Figure (7.36). The Turkmaneyyeh Nabataean inscription.

The Turkmaneyyeh tomb, located at the NE side of the Al-Ma’aysra ridge, is an

Figure (7.37). The large cisterns located opposite the Turkmaneyyeh tomb (picture taken in 2006).
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Around 0.30 m to the E of the Turkmaneyyeh tomb façade, three sets of small tanks,
reservoirs, and terraces were found.282 A small tank located at the N, measuring 3.00 x 1.00
m was constructed to collect sediments from the wadi. This was followed by two cisterns.
The first cistern had three sides cut into the rock, while the fourth was built with unhewn
ashlar, measuring approximately 11 x 6 x 4 m (Figure 7.37), accommodated with a 14-step
staircase. A thick hydraulic mortar covered the interior walls of the cistern. The second
cistern was located around 12.60 m to the SSW from the first one. Originally, it had the
same dimensions as the preceding one, but at some point, it was modified to 4.50 x 2.90 x
4.00 m and was used by the local Boduls to collect and store water. This cistern had an
opening that might suggest that it was used as a pressure tank to irrigate a garden that may
had once existed.
A deep gully existed at the E side of the second cistern; the gully and the slope
surrounding it were extensively terraced. A set of check dams and terraces made of local
unhewn sandstone and conglomerate rock (Figure 7.38) was found. The length of the terrace
and check dams varied from 2.60 to 8.35 m, with fixed vertical intervals of around 8 m. The
thickness was around 1 m at the top and 1.20 m at the base, while the height of the check
dams varied between 0.85–1.00 m. Probably, both the cisterns and the terraces functioned
to collect water to irrigate the gardens that had once existed there and were mentioned in
the inscriptions.
The orientation of the terraces was NNW, mainly aligned to prevent the flow of
water from the upper elevations towards the tomb complex and it extended all the way into
the narrow wadi. Since the terraces were generally used for cultivation, the owner of the
Turkmaneyyeh tomb included the cultivated terraces in the epitaph under the sanctity of the
tomb for its protection, rather than as a common practice for creating a tomb garden.

Figure (7.38). Remnants of a terrace that was breached by a gully located opposite Turkmaneyyeh.

These terraces and check dams were in existence until 2010, when the construction of the asphalt back
road demolished most of them. In 2006, the author visited the area and took detailed measurements and
documentation of the hydrological installations.
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7.5.3 Temple gardens
Although several Nabataean temples exist both in Petra and other areas of the
Nabataean realm,283 little is known about the landscapes surrounding them. In Humayma
(Nabataean Hawara), a shrine dedicated to the Nabataean prime deity Dushara was
constructed in 1st century AD (Reeves, M. B. 2019: 14). The procession path leading to the
shrine was flanked by irrigated plantation beds on both sides, evident in the olla perforate
pots discovered and hypothesised as containing flowers, shrubs, or vegetables (Reeves, M.
B. 2019: 6-7).
An intriguing cultic structure284 that might have been surrounded by some vegetation
is known as the ‘Garden Temple’ or ‘Garden Tomb’ at Wadi Farasa, E of Petra (Browning,
I. 1977: 202) (Figure 7.39). The structure is situated on a separate large flat platform
confined by a cliff on the southern side. With a complex water management system
concentrated at the site285 and the abundance of shrubs growing suggest a garden or a park
was there (Schmid, S. 2001b: 163). However, no excavation was made to confirm such an
assumption, nor soil analysis was reported to confirm this. No evidence for a constructed
terrace system was found at the site.

Figure (7.39). The possible open area opposite the ‘Garden Tomb’, which could have been
landscaped to be a garden.

For a detailed description of Nabataean temples see Segal (2013: 278-317).
Despite it being identified as a ‘tomb’, no loculi were found, and neither does it follow the temple plan to
be considered as such. Schmid considers it a ‘triclinium’, although does not exclude a cultic function as it
belongs to a larger Roman Soldier complex (Schmid, S. 2001: 163).
285
For a detailed description of the hydraulic system, see Bellwald (2008), Lindner (1982), and Muheisen
(2009: 71-73); for the water collection, see Schmidt (2001, passim) and Muheisen (2009: 87-88); for the
fountain system, see Wenning (1987: 219).
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The Khirbet et-Tannur altars carry several deities of fertility such as the vegetation
goddess, although scholars believe that her cult is associated with water (Wenning, R. 2010:
582; McKenzie, J. and Reyes, A. 2013: 204-206), and the grain goddess (McKenzie, J. and
Reyes, A. 2013: 221). However, no plant remains or planting pots ollae perforatae were
reported at the temple site. Although plant offerings were made to the various deities, no
alters could be directly associated with agrarian practice. For example, although several
agricultural and hydrological terraces were located at the wadi below Al-Madras, evident
from the inscription that Dushara was worshiped, no direct proof was found to link the
spiritual and the practical landscapes of the site components.
In view of the scarce evidence about the original landscape of the Nabataean temples,
no reconstruction could be made. However, of those temples that are known such as Qasr
al-Bint, Khirbat ad-Dharih, and Humayma, no terraces were reported in the vicinity that
could be directly associated with the temple or be assumed to be a part of the temple garden.
7.6 Cultivated Crops Based on Plant Remains
The elaborate terrace systems described above indicate three main types of crops that
were cultivated: cereals, legumes, and trees. However, the exact crop cultivated at an exact
plot is hard to determine due to several factors. First, the arid environment in Petra does not
support the preservation of pollen, seeds, and other botanic parts, second, the only way for
the botanical remains to be preserved is either to be charred by fire or crystallised; and third,
it is rather hard to find well stratified archaeobotanical records, as such deposits were
neglected in the early excavations. Although recent archaeobotanical studies have been
conducted, they are still rare and geographically limited. Additionally, findings from
archaeobotanical studies reflect the state of preservation of the material but not necessarily
reflect the reality at the time. For example, there is no record of vegetables being consumed
and none of their seeds remained. Also, some plants have more seeds than others, such as
figs, which might give a false impression of more consumption. However, indirect evidence
derived from a few sources such as the pollen and a phytolith analysis, hearth excavations
from bath houses, destruction layers, agricultural installations, fat-oil analysis, and textual
records can help reconstruct the overall picture of the consumed materials.
Four broad categories of plants were cultivated: cereals, legumes, trees (fruit and nuts),
edible and medicinal herbs. Additionally, wild herbs were collected as well. These
categories were studied from the point of view of human dietary regiments, environmental
records, and commercial relations. In the following analysis, an attempt is made to relate
the cultivated crop with the terraces’ broad categories based on crop abundance, water
requirements, and the combination of weeds with cultivated crops. The discussion engages
with previously made opinions on whether such products were locally produced or brought
to the site in one form or another (dried fruits, for example).
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7.6.1

Cereals

Cereals are main foods for both humans and animals. Both the grains and stalks are
fully consumable 286￼ Mixed with other ingredients, wheat and barley were milled to
prepare flour to bake bread and cakes as cereals can be coarsely milled for cooking. Barley
was used to producing beer and grains were also given as wages to both civilians and
military people (Crawford, P. 1987: 693) and were also offered to the local deities either in
their raw form or as cooked products (Wetterstrom, W. 2013: 117).
Plant remains investigated at the Nabataean sites in Petra, among others, revealed
the cultivation of barley (‘hordeum vulgare’) (Figure 7.40), wheat (‘triticum aestivum’ L.
sp. and ‘triticum durum desf’), rye (‘secale’ L. sp.), millet (‘setaria beavu’), and broomcorn
millet (‘panicum’ L. sp.).

These were found either as single grains,
for example, in Khirbet et-Tannur (Wetterstrom,
W. 2013: 117) or with shaft, rachis, bracts, culm
nodes, and root fragments (Bouchaud, C. et al.
2017:228). The major cereal assemblage at the
sites was that of barley and wheat, which are the
most abundant in records. However, it is noted that
towards the Byzantine period, millet and rye were
introduced into the diet (Table 7.4).
The archaeobotanical record reveals that
the peak of cereal production was in the Nabataean
and Byzantine periods, 36.00% and 35.14%
Figure (7.40). Cultivated barley at the
respectively, dropping to almost half in the Roman
site of Hremiyyeh (picture taken on
and Islamic periods (13.35% and 15.46%
April 12th, 2019).
respectively). This drop, may reflect either a full
consumption of the grains such as wheat (Tenhunen, T. 2016: 460) or a drop in population.
The cultivation of wheat and barley was already known since the Early Nabataean
period, while barley seems to have been cultivated constantly throughout the human
settlement at the investigated sites. The same cannot be said about wheat, which fluctuated
in the archaeobotanical records, dropping in the Roman period.
The highest record comes from settlements such as Az-Zanṭūr, Humayma, and Jabal
Haroun, while at religious sites such as Khirbet et-Tannur and Khirbet ad-Dharih, it was

Cereals are sometimes cultivated solely as animal fodder, for example in low seasons the straw (chaff)
yield could be higher than the grain by 20% (Simms, S. and Russell, K. 1997: 698).
286
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probably only a token offering placed in ‘offertory boxes’ or burned in an open alter in the
form of grain stalks or bread (Wetterstrom, W. 2013: 121) rather than being consumed.
Several varieties of grains were cultivated from the same type. For example, emmer
wheat (‘Triticum dicoccum Schübl’) and free-threshing wheat (‘Triticum durum’)
(Wetterstrom, W. 2013: 118; Tenhunen, T. 2016: 460). Same with the barley, as both hulled
and naked types were found, showing an advanced understanding of grains and variations
in use (animal fodder versus human consumption) (Tenhunen, T. 2016: 460), providing
more yield and being easier to thresh and break the grains (Murphy, D. 2007: 83-85).
Barley seems to be more represented in the botanic records, however, it was
considered inferior to wheat, while the case seems to be inverse in Petra. This was probably
due to the climatic conditions, as barley requires around 300 mm while wheat requires
around 400–480 mm rain for cultivation, highlighting the need for water collection and
irrigation systems. Moreover, barley’s growing period is shorter (around 120 days,
compared to 150 days for wheat) (FOA287) and is more resilient to plant diseases (Tenhunen,
T. 2016: 460). However, in Petra, the maximum annual rainfall in rainy seasons does not
exceed 200 mm, despite which a successful yield was reported to be 64 kg/dunam for wheat
and 67 kg/dunam for barley at Mu’esra and in Beidha 40 kg/dunam for wheat and 248
Kg/dunam (Simms, S. and Russell, K. 1997: 700).
Cereals are considered rain-fed agricultural crops, which were cultivated along wadi
terraced systems (either wadi bottoms or the sides), as attested from the presence of
thrashing floors in the vicinity of various archaeological sites such as Jabal Haroun
(Silvonen, S. et al. 2013: 352; Tenhunen, T. 2016: 461). The residue from harvesting,
threshing, and winnowing (Bouchaud, C. et al. 2017 :237) indicates that fields were situated
near settlements, such as at Humayma (Ramsay, J. 2013: 356) and at Az-Zanṭūr (Bouchaud,
C. et al. 2017 :237), where it is still practiced today.288 Experiments have shown that in arid
areas, terraces increase the yield of crops by 2.5 times (Abu Hammad, A. and Børresen, T.
2006: 108) as terraces are capable of storing and maintaining humidity up to four times
higher than non-terraced fields (Abu Hammad, A. and Børresen, T. 2006: 109). This
suggests that it was most probably cultivated since the Nabataean period or earlier.
Cereal cultivation has the advantage that it requires less tending and caring as well
as manpower, apart from the harvesting period, and more animal power for ploughing and
threshing. The Petra papyri indicates specific plots for cereal cultivation which were
furnished with cereal harvest installations such as threshing floors and silos289 (the details
are displayed in table 7.4).
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http://www.fao.org/3/s2022e/s2022e02.htm
The Bodul, the Bedouin inhabitants of Petra, used to cultivate wheat and barley within the ruins of the
ancient city of Petra, and the surrounding lower valleys such as Beida and Mu’aesrah (Simms, S. and
Russell, K. 1997: 696).
289
On siloes see section 7.9.2
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Table 7.4.
Cereal distribution within selective Nabataean sites during their occupation periods
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7.6.2 Legumes (pulses)
Legume cultivation seems to have been introduced as early as the Early Nabataean
period, fluctuating in their types and amount of consumption over time (Table 7.6). Sites
with the greatest variety are rich residential areas such as Az-Zantūr, where not only lentils
and chickpeas were consumed, but fava beans, bitter vetch, peas, and fabaceae (Bouchaud,
C. et al. 2017: 230-231), which is exclusive, in comparison to other sites.
Legumes seem to have been considered to be inferior products as no offerings were found
in religious sites such as Khirbet et-Tannur290 and Khirbet ad-Dharih291. However, they were
used in some recipes consumed during banquets in the Early Nabataean period. For
example, pea remnants were found in the open outdoor triclinium at the ‘Obodas Chapelle’
(Bouchaud, C. 2008: 251). Further, legumes were also absent from decorative gardens such
as the garden and pool complex in the early layers. They seemed to have appeared only
towards the Late Roman period, when lentils, vetches, and vetchling seeds were found. This
might be an indication of transformation of the garden from a pleasure garden into a
domestic one, producing foods for the nearby Az-Zanṭūr luxury residence. However,
Ramsay and Bedal (2015) proposed their origin from fertilising process, rather than direct
cultivation origin (Ramsay, J. and Bedal, L. A. 2015: 8). This could be emphasised by noting
that bitter vetch grows wild in rain-fed fields and could have been used for animal feeding,
such as in the case of El-Lejjūn (Crawford, P. 1987: 695).
The general trend is that the peak of legume consumption was in the Late Roman
period, with another peak in the Byzantine period, which might be explained by the increase
in demand forced by population growth. The immigrants brought with them their food
traditions. To demonstrate these changes of tendencies, let us examine fava beans. Fava
beans were noticed at Az-Zanṭūr in the Nabataean period, but disappeared from the record
only to reappear in the Late Roman period and again in the Bir-Madhkur (Ramsay, J. and
Smith II, A. 2013: 56) and in Humayma in the Byzantine period (Ramsay, J. 2013: 379).
Legumes (pulses) have the advantage that they can be easily dried, which means that
their cultivation is not necessarily localised but could have been traded. To further examine
this, the water regiment required for cultivation of various pulses varies from 115 mm to
500 mm (Melis, R. et al. 2016: 36). This amount is required throughout the entire growing
period divided into two to four watering cycles. Lentils have the least water requirements,
and so it is not surprising that it is well represented in archaeological records in all the
periods, from the Early Nabataean till the Islamic period. Peas and fava beans, which require
around 490–500 mm water, are rarely found (Melis, R. et al. 2016: 36). Thus, an assumption
could be made that lentils were a locally grown in Petra, while other types were imported in
their dry form. This could have made them a more expensive product that only wealthy
residents such as those inhabiting Az-Zanṭūr could afford or one that was brought by
290

Wetterstrom in his study of the plant remains at Khirbet et-Tannur did not report finding any pulses
(Wetterstrom, W. 2013 117-128).
291
Bouchaud reports only fabacaea from the Early Nabataean domestic context, not religious (Bouchaud, C.
2015: 107).
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pilgrims stopping at the monastery of Jabal Haroun. However, it cannot be dismissed that
these legumes could have been cultivated on irrigated terraces, under the irrigated trees, or
within bench terraces that were flooded with water.
Legumes can grow in various soils such as thin and silty loam soil, while peas require
more alkaline, lime-rich soils (Crawford, P. 1987: 695). Legumes are considered both winter
and spring crops, and farmers favour them as they enhance the soil nitrogen, making it more
fertile. They could also be sown alone, along with cereals, or under irrigated trees.
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Table 7.5.
Legume distribution within selective Nabataean sites during their occupation periods
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7.6.3 Fruit, seeds, and nut trees
The archaeobotanical records in and around Petra show a variety of fruit and nuts.
However, these products could have come directly from the cultivated trees in the area, or
brought from other production areas in dried form such as nuts, dates, prunes, and raisins.
Therefore, the material culture could shed some light on the speculations for local
production versus imported product debate. One of the main factors for a successful yield
is the water allocation required for each fruit tree. Figure 7.41 compares these requirements
for various agricultural products.
The highly evident fruits are olives (‘olea europea’), followed by grapes (‘vitis
vinifera’), figs (‘ficus carica’), and dates from palm trees (‘phonix dactylifera’), with less
presence of nuts, sesame, and prunes (Table 7.7).
Olives are the most abundant in the archaeobotanical record, both in the form of
seeds and as crushed charred fragments, starting from the Early Nabataean292 until the
Islamic period, with the highest during the Roman and Late Roman periods. Romans
considered the olive to be the ‘Queen of trees’ (Columella, Book V, VIII.1). Olive oil
became a corner stone of the Roman economy, used not only as food but also for medical
purposes and baths. Olive oil was also used to light lamps beginning in the Nabataean
period, as is evident from the analysis of oil lamp residue from the Obodas Chapel (Garnier,
N. et al. 2007: 117-119; Garnier, N. et al. 2010: 119), increasing the need for its production.
Furthermore, aromatic oils were one of the main components of unguents and the main
export product of the Nabataea (Fiema, Z. 2003: 41; Hull, B. 2008: 282-283), thus its
production was fundamental to trade. An analysis of the libation hole at the tombs in Petra
shows the practice of offerings of vegetable oils (possibly olive oil) to the dead (Sachet, I.
2009: 109).
Olives were present in all types of sites, except for religious (Table 7.7). They could
either be consumed as salted fruits or pressed for oil, while the residue from the pressing
was used for hearths, as is evident from the remains at the Petra pool and garden complex
(Ramsay, J. and Bedal, L. A. 2015: 9). Olive wood was also used for carving (Neef, R. 1987:
16).
Olive trees grow effectively in well-drained sandy to rocky soils, which is adaptive
to the climate and require 200 mm of water for irrigation per annum. Presently, it is still
grown in irrigated terraces in and around Petra. The remains of charred wood from pruning
were found at Az-Zanṭūr, in addition to other by-products of pressing the fruits, indicating
local cultivation and production (Bouchaud, C. et al. 2017: 236). The Beidha Nabataean
terraces had a high olive-tree pollen concentration (Fish, S. 1989: 95), indicating intensive
olive cultivation in the area. In addition to these well present fruit products, a small amount
of nuts and other fruits was also found. Prunes (either ‘prunus’ or ‘persica’) were found
292

Unlike the picture drawn to us by Strabo, who claims that olive was unknown to Nabataeans
(Strabo16.4.26)

369

from the Late Roman period in residential sites of Az-Zanṭūr, Humayma, the caravan sarai
of Bir-Madhkur, and the military site of El-Lajjūn which might indicate that prunes were
imported, via the caravan route. Plums to produce prunes require a lot of water (around 450
mm per annum). Ancient Arabic sources mention that in Shawbak (about 28 km N of Petra),
apricots and plums were cultivated during the medieval period (Al-Qalqashandi, 2012, Part
2: 162-163). However, in 1929, plum trees were cultivated successfully in Wadi Musa valley
(al-Arabi, H. 2002: 133).
Grapes were extensively cultivated during all periods in the Petra hinterlands,
starting from the Early Nabataean up to the Islamic periods (Table 7.7). Grapes are
consumed as fruits, dried as raisins, and pressed for juice, wine, and vinegar. They were
found in all types of sites: domestic, pleasure gardens, military, caravan route sites, and even
‘triclinia’. Two varieties of vine existed: wild (‘vitis vinifera’ L. ssp. ‘sylvestris’) and a
domesticated one (‘vitis vinifera’ ssp. ‘vinifere’). In Petra, the wild variety seems to have
been more abundant than the domesticated species (Jacquat, C. and Martinoli, D. 1999: 27),
which is better known as the archaic type favoured for its fruits (Jacquat, C. and Martinoli,
D. 1999: 29).
Grape cultivation requires a lot of manual labor throughout the year293. From the 6th
century AD Petra papyri, we understand that special tending was required before planting
vines, such as deep tilling (Kaimo, M. and Lehtinen, M. 2018: 164), planting the vine,
digging the earth around the plant for airing and watering, manuring, building terrace walls
and tending them, followed by pruning. This is evident from the charred wood found at AzZanṭūr from the Late Roman period (Bouchaud, C. et al. 2017: 234). Also, caring for the
fruits and protecting them before harvesting for further processing as raisins, juice, or wine
(Mossir, S. and Papadopoulos, J. 2005: 178-179). Notably, vines require a lot of water–no
less than 400 mm of water per annum, which cannot be achieved in the dry climate of Petra
without supplementary irrigation. Therefore, farmers planted grapes on irrigated terraces in
special alcoves to protect themfrom wind and to minimise evaporation (see above under
irrigated terraces). In the Roman period, vines were planted under trees that would lend
them support to climb (Jashemski, W. et al. 2018: 129), provide shade, and the benefit of
watering. Vines were favoured for their shade, thus were planted near houses and trained on
wooden frames. This practice continues in villages around Petra until now and was probably
also the case at the Petra garden and pool complex (Ramsay, J. and Bedal, L.-A. 2015: 9).
Indication of cultivation of vines at specific areas can be found in the Petra papyri, where
two documents (Petra papyri no. 59 and 69) are devoted to vineyards, referred to as ‘Eβαλ
ελ- Γορον’ (Ebal el Goron), meaning vineyards of the retaining pools (Al-Jallad, A. 2018:
44), where ‘Ebal’ or ‘ḥebal’ (meaning ropes in Arabic) could be another term for long
terrace walls.
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In the Greek Amorgos dated 300/299 BC, lease detailed instructions are listed for reclaiming the slopes
by terracing, planting, and caring for the vineyard (IG XII, 7, 62; IG II, 1241: 17, 19-21). Romans gave a lot
of attention to vines cultivation; see for example Geoponica (4-8); Theophratic Caus Plant (III: 11-16); Cato
De Agricultura (6, 33, 50,); Columella Rustica III-IV, and Pliny Historia Naturale (17, 35, 152-36, 215) all
devoted tractates on the subject matter.
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In both Az-Zanṭūr and the Petra pool and garden’s complex, fragmented charred
grape pips were recovered and interpreted as the burnt residue from wine pressing activity
(Ramsay, J. and Bedal, L. A. 2015: 231). Indeed, various wine presses were discovered both
in residential complexes such as those found at Khirbet ad-Dharih (Al-Muheisen, Z. and
Piraud-Fournet, P. 2010: 841) and in the vicinity of possible areas of cultivation, such as
those found in Ba’ja (Bienert, H. D. et al. 2000: 134), Beidha (Amer, K. et al. 1998: 507;
Al-Salameen, Z. 2005: passim), and Qantarah.294 Another proof of their local cultivation
comes from the tower tomb 303 burial at Ath-Thughra, where fresh grapes were offered to
the deceased, as attested by the grape skin that still surrounds the grape pips found at the
burial site (Sachet, I. et al. 2013: 160). The lease granted to Monaxion in the year 569 AD
to turn a plot of land in Sadaqa into a vineyard (Kaimio, M. and Lehtinen, M. 2018: 165)
can be considered an indication of expansion in vine cultivation responding to a higher
demand and possibly more profit, or a move of vine cultivation to the Ash-Sharah
mountains, where precipitation was much higher thus more suitable for a better yield.
Figs are known to have a lot of seeds (10–75 seeds/fruit). Thus, their high number
does not necessarily indicate high presence (Ramsay, J. 2013: 353). Fig trees could be both
wild and domesticated. Wild fig trees still grow in Petra, such as the ones populating the
Siq. The pollen record at the Nabataean terraces in Beidha shows the cultivation of figs
(either wild or domesticated) (Fish, S. 1989: 95). Their low water requirements (around 270
mm monthly) (Andrade, I. et al. 2014: 22) makes them dry tolerant. Figs seem to be the
most stable fruit consumed in Petra since the Early Nabataean record until the Byzantine
period; it does not appear in the Late Byzantine but has a weak presence in the Islamic layers
in Humayma.
The consumption of figs seems to be only in settlement areas. This, despite being an
easily dried fruit that could be transported, no record was found in military sites, nor in any
religious context, and with very low numbers in a caravan route location such as BirMadhkur (Ramsay, J. and Smith II, A. 2013: 56). This could be interpreted as a total reliance
on wild figs, where the fruits were collected, dried, and stored for personal consumption
rather than growing fig trees in orchards and groves.
Dates appear in the archaeobotanical record from the Early Nabataean period. Their
consumption dropped in the Roman period but increased again in the Late Roman and
continued into the Late Byzantine period. Most of the evidence comes from residential
quarters and monastic buildings, but not from religious sites.295 The amount of palm seed
294

The concentration of rock-cut presses in Beidha was taken as proof that Beidha was the centre for wine
production; however, there is not enough spring water for vine cultivation. Furthermore, Fish’s (1989) study
of pollen did not report any evidence of vine pollen (95). It is possible that sandstone was more favored for
rock-cut presses than limestone, which was outcropping near the vineyards. In support of this theory, the
author of this research discovered a winepress in the Al-Qantarah area. The press was cut out in the sandstone
on the middle plateau, rather than the upper limestone where the Khirbet al-Braq bench terraces are, where
possibly the vineyards were cultivated using the spring, heavy rain, and good soil.
295
The Nabataean community at Hegra (Mada’in Salih) used fresh date fruits in making bead jewelry to adorn
the deceased which seems to be a burial practice related to the dead in this case a young woman (Bouchaud,
C. et al. 2015: 33-34).
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fragments is low, which might suggest that it is an imported product. Date palms have
specific cultivation requirements; for instance, the date palms in the Jordan Valley require
25,000–32,000 m3/ha of water annually (FAO, 2008: 4). This, can be achieved by applying
a specific methodology of plantation where the date palm is planted in a square pit
measuring 10 x 10 m (FAO, 2008: 29), or in terraces such as those recorded in Petra papyri
no. 46, where the lease contract of terraced land at Ayn-Gedi planted with date palms
(Yadin, Y. et al. 2002: 66). These pits or terraces are flooded with water, known as double
storey cultivation (Avner, U. 2016: 31). In 1935, Glueck (1935) discovered an elaborative
field system of square plots, with measurements of around 27 x 28 m for each square or 28
x 40 m for each rectangle, separated by terrace walls irrigated by two canals fed from the
wadi and a nearby cistern (Birkeh) (13). In the 1st–7th century AD, Qasr Tilah in the northern
Wadi Araba, around 54 km NNE from Petra, the fields covered an approximate area of 1000
m x 400 m. They were on an alluvial fan, and were well irrigated by two aqueducts and a
large reservoir (Niemi, T. 2009: 107). The phytolith study proved that these plots were used
for date palm (phoenix dactylifera L.) cultivation (Rice, A. 2010: 99-100). This could have
been the source of dates discovered in Petra, as the site was a known caravan stop and fort
post, and was located on a caravan route connecting Ayla (Aqaba) with Wadi Araba, BirMadhkur, and Petra (Glueck, N. 1935: 16).
Palms with engraved betyls were used in Petra to symbolise sanctuaries (Wenning,
R 2001: 324) such as in Wadi es-Siyyagh (Wenning, R. 1987: 261). Ramsay and Bedal
(2015) did not exclude the possibility that date palms or dactylifera sp. cultivated in the pool
and garden complex in the middle of Petra proper (Ramsay, J. and Bedal, L. A. 2015: 9).
However, to provide dates for the inhabitants of Petra and its surroundings would require
large plantations. Historic records indicate that the largest Nabataean palm groves were
concentrated around the Dead Sea area such as the date groves owned by Babatha in 127
AD in Moḥoza in the Zoarene district of Petra (Cotton, H. and Greenfield, J. 1994: 211) and
around Hijaz oasis ‘Phoinikȏn’ in the territory of 5th century AD Roman Foederati Abū
Karib of ‘Palaestina Tertia’ (Fiema, Z. et al. 2015 :388).
Further, nuts, mainly almonds, were also found in small amounts, at Jabal Haroun
in the Byzantine period, while walnuts appear in the Roman to Late Roman-Byzantine
periods. These were found at the Petra pool and garden complex, Az-Zanṭūr, and with the
highest quantity found in Bir-Madhkur (Table 7.7). A lmonds require 500–600 mm water296
(Wickens, G. E. 1995: 37-39), while walnuts need 1270 mm per annum297 (Wickens, G. E.
1995: 26-27, 48-49). However, were never successfully cultivated in Petra (al-Arabi, H.
2002: 133). This could again be interpreted as an imported commodity. However, within
the 6th century AD, topographic names were mentioned in Petra papyri no. 10: Math alLouza (‘Μαθ αλ-Λουζα’; the land of the almond tree) (al-Jallad, A. et al. 2013: 43), which
indicates that these nuts were locally grown, although rarely is the plot distinguished for this
by name.

296
297

https://wikifarmer.com/almond-tree-water-requirements/
https://wikifarmer.com/walnut-tree-water-requirements/
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A small amount of sesame seeds was also discovered at the Byzantine layer of Jabal
Haroun from a superficial interpretation. The presence of sesame seeds might be considered
as contamination being brought by pilgrims, rather than a sign of cultivation if it wasn’t for
other evidence might force us to reconsider. Nabataeans’ were known to sesame since the
end of the 1st century BC, as attributed by Strabo (16.4.26), who specified the use of sesame
oil in the light lamps found in the Obodas Chapel (Garnier, N. et al. 2007: 112). Indeed,
sesame oil content reaches 40–60% (Borowski, O. 1987: 99) in the annual crop, which has
a relatively short cultivation period of around 90–120 days in well-drained soil. The harvest
of a small plot is very high (5 kg/ha), while the only drawback that it requires a huge amount
of water (around 300–800 mm or 75 mm every 15 days) (Terefe, G. et al. 2012: 8-10). This
means it needs to be flooded with water, which might be achieved if cultivated in irrigated
bench terraces. Unfortunately, there is not enough evidence to conclude whether it was
locally cultivated or brought into Petra. The fact that it was burnt in oil for lamps might be
due to either its inferiority as a food product or its availability, and thus low cost. Syria and
Palestine were known for sesame cultivation (Borowski, O. 1987: 99), which does not
exclude the possibility of importing sesame oil from there.
Another rare but well represented fruit is Christ’s thorn (‘Ziziphus spina-chrisit’),298
which was found in the Obodas Chapel triclinium (Tholbecq, L. et al. 2008: 250) and at
Ath-Thughra burial tomb 303 (Sachet, L. et al. 2013: 160). This thorny and bushy tree grows
in the wild in Petra and its fruits turn green when ripe, into orange-brown small berries that
taste like apple or pear (Rubin, I. and Disi, A. 2006: 92). They might have been collected
from the wild and eaten either fresh or dried.
Further, although pomegranate was known in early in the history of the Nabataean
kingdom, as attested by various pictographs of the fruit and cornucopia on Nabataean
coinage (Meshorer, Y. 1975: 25) and ornamental decorations. Evidence of the fruit is clear
in the archaeobotanical record of Hegra (Mada’in Salih) has been discovered in abundance
(Bouchard, C. 2015: 113), yet no traces of its seeds or stones were discovered in Petra,
despite it being grown in Petra’s irrigated terraces.299

298

Bouchaud seems to be the only person who was able to identify this spice in Obodas Chapel and the
burial tomb 303 at Ath-Thughra, it might have been present elsewhere and was either not identified or not
present at all.
299
In her letter dating March 30th 1900 to her father Sir Hugh Bell, Gertrude Bell describes the old gardens
of Wadi Musa village as planted with olives and pomegranates
(http://www.gerty.ncl.ac.uk/letter_details.php?letter_id=1152).
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Table 7.6.
Fruit and nut trees’ distribution within selective Nabataean sites during their occupational periods
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Pomegran
ate, 500
Corn, 200

Clover, 400
Lentil, 300
Chickpeas,
300
grape, 400

Sesame,
1100

Fig, 200

Olives, 200
Apples,
700

Apricot,
450

Figure (7.41). Amount of water (mm y-1) required for various cereals, legumes, and fruit trees to
grow.

7.7 Phytolith Content300
The result of phytolith analyses shows a vast transformation in the environment and
in land exploitation. Evidence of reclamation the of wild landscape, abandonment followed
by a second wave of cultivation can be detected. Also, wetter environments owing to either
flooding or changes in climate could also be identified.
A.

At-Tayyiba

The At-Tayyiba samples came from the irrigated terrace plots that are currently
abandoned. The samples were from a 1.30-m deep pit (Table 7.7). The results show that the
phytoliths in the lower layers represent an abundance of woody elements coming from
shrubs, followed by charred wood fragments, probably indicating clearing by fire, while the
levels that follow show the concentration of Trichome (Panicoid/Andropogonoid),
rectangular bulliform cells (euphorbiaceae), and silicified woody elements that are also
dominantly present. This indicates that only this plot was exploited, leaving the surrounding
wild and natural vegetation untampered (Table 7.7). The layer immediately below the
surface indicate cultivation of legumes (fabaceae).

300

For the methodology see section 3.6.1.4
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The upper layer of 0.12 cm is comprised of soil, roots, and pebbles. This layer was
abundant with circular, plain festucoid, which indicates a very humid soil, perhaps as a result
of irrigation. The next layer was of 0.31 m thickness, comprised of soil and small roots, and
seemed to be dominated by a meadow plant assemblage. The presence of silicified woody
elements indicates nondiagnostic dicotyledonous shrubs and trees.
The third and last layer was comprised of more humid compacted soil with a crust.
It was dominated by elongated straight rods of acanthaceae as well as solid spherical
cannaceae phytoliths. The large sizes of the phytoliths and their translucent nature indicates
exploitation or presence of mature and dense vegetation. The concentration of other
festucoid, chloridoid, and panicoid phytoliths are well distributed. The festucoid are
indicators of domesticated grasses grown in a very humid environment, while the chloridoid
phytoliths indicate the domination of warm and arid environment. Further, the panicoids
indicate a more humid soil (Twiss, P. et al. 1969: passim). The rounded pit that was in the
area seemed to have served as a collective pin, where weeds from the field were collected
during clearing of the field and later, when dry, burned, as indicated in the carbon and
cytoplasmic material found in situ or manmade.
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Table 7.7.
The soil layer from the At-Tayyiba pit and the phytolith typology of each layer
(the Photomicrographs of phytoliths taken at 400x magnification)

B.

Heash

At Heash, the depth of the pit was lower, at around 1.80 m (Table 7.8). The
dominating vegetation was small shrubs and bushes. At some point, shrubs were cleared
and the soil cover was dominated by grass. At this point, terraces seem to have been
constructed and heavy rain dominated as intensive reed growth was found within this layer,
followed by drought, which was dominated by andropogon and megathyrsus grasses,
mostly used as animal fodder. The surface had remnants of Gramineae, a family of grasses
that include cereals, which was sown in the area, although unsuccessfully. These results
indicate that these terraces were never intended for agriculture but were for flood
management, as they were not cultivated at the time of their construction. It also indicates
that the rain quantity fluctuated from heavy to long droughts, indicating that there were
cycles of wet-dry-wet phases within the region.
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Table 7.8.
The soil profile from the Heash pit and the phytolith typology of each layer
(the Photomicrographs of phytoliths taken at 400x magnification)

C.

Muzera’a

In Muzera’a (Table 7.9), the upper soil levels indicate attempts of cereal cultivation
(barley, rye, or others) and, more recently, even wheat. However, that was not the case
earlier. At the middle level, we find a sharp increase in panicoid phytoliths (grass) and
woody elements, indicating presence of grassland with small shrubs. Below that, the levels
380

are dominated by natural grasses such as panaceae herbs. The physical properties of the
phytoliths such as occlusion light/dark, blotchy appearance at times and rounding and
deforming of edges indicates various activities such as fire, trampling by animals, leaching,
and changes in the surface ornamentation due to soil conditions. It seems that cultivation at
Muzera’a was quite recent; with the earlier layer not preserving any indications of agrarian
activity. Thus, it is clear that there was some grass before the site was neglected to the extent
that shrubs and wild grasses populated it.

381

Table 7.9.
The soil layer from Muzera’a pit and the phytolith typology of each layer
(the Photomicrographs of phytoliths taken at 400x magnification)
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D.

E Beqa’a

The soil profile in Beqa’a yielded variable phytolith contents within the layers (Table
7.10). The lowest level shows the domination of woody shrub vegetation with grasses,
followed by a period where a water body existed as it was wet to the extent that reeds and
wetland grasses had grown, with phytoliths indicating the presence of Oryza grasses in this
layer. The layer was dominated by shrubs, with minor presence of algae, which was later
cleared as evidenced by of triticum (wheat). The current surface shows domination of
shrubs, grasses, and algae.
It was observed that the phytoliths from E-Beqa’a terrace are well-preserved and
elongated, indicating acanthaceae/triticum sp./hordum sp. plants. Few phytoliths were
observed to be degenerated, indicating either leaching/etching. The festucoid types,
especially small, square, and rectangular, indicate the presence of a chrysobalanaceae type
of vegetation, followed by elongated phytoliths ensuing from acanthaceae plant types. The
Multiform trichomes ensuing from panicoid/andropogonoid/burseraceae/fabaceae, and
bulliforms from pleioblastus/andropogonea/reeds were noted. Presences of silicified woody
elements from both the samples indicate the presence of dicotyledonous plants, like small
shrubs.
In summary, it can be understood that the vegetation at E-Beqa’a terrace was dominated
mainly by multiform trichome (gramineae/ andropogonoid/ boraginaceae/ burseraceae/
fabaceae) type phytoliths at all levels (layers). The vegetation pattern in the latter levels was
of a mixed nature, representing mostly chloridoid and festucoid grassland. This probably
indicates that there were cycles of wet-dry-wet phases within the region. This further
indicates that the constructed terraces were for flood control. The check dams were capable
of retaining water to the extent that algae grew in most of the layers. The growth of reeds is
also an indication of heavier rains. Shrubs and grasses are good indicators of drier climate
and abandonment of the site, as they populate the surface quickly, making use of the
humidity retained by the riser walls. It seems that the site was never exploited for agriculture
until recently, when attempts were made to grow wheat. The only intriguing find is the
discovery of oryza sp. which could be interpreted as a wetland grasse or wild rice (?).
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Table 7.10.
The soil layer from E-Beqa’ a pit and the phytolith typology of each layer (the Photomicrographs of phytoliths taken at 400x magnification)

E.

The terrace near the highway301

The findings of the lowest layer indicates that there was dominance of elongated and
bulliform phytoliths (grasses); the taphonomy of phytoliths indicates rounding of the surface
and degenerated edges. This long existence, judging by the thick horizon (0.45 m), changed
suddenly to a dominated wet environment with algae, shrubs, and flowery plants. Major
peaks of festucoid and trichome phytoliths were noted. Prominent peaks of all the
representative phytolith morphotypes are noted. Elongated phytoliths with dendriform and
sinuous pattern ensuing from acanthaceae/triticum sp. (wheat)/ hordum sp. plants (wild
barley) were found. This probably indicates that vegetation was exploited on a large scale
and the conditions were suitable for agriculture. However, this did not last long; at the upper
levels, a sharp increase in panicoid phytoliths and woody elements was noted, indicating
the presence of grassland with small shrubs which further indicates change of climate and
land use. The physical properties of the phytoliths such as occlusion light/dark, blotchy
appearance at times and rounding and deforming of edges indicates various activities like
fire, trampling by animals, leaching and change in surface ornamentation by soil conditions.
The relative abundance of different types of grasses can be estimated by taking the
ratio of the total of each type, with respect to the sum of phytoliths associated with the subfamilies panicoideae and chloridoideae in a given assemblage. High value of the ratio for
relative abundance of chloridoid grasses (C4) suggests the predominance of semi-arid
conditions and higher temperatures, while the domination of festucoid (C3) indicates lower
temperature and higher humidity, which could be a good indicator of wet-dry-cycles that
dominated the environment. This terrace, however, indicates that it was present in an
agricultural land, which was exploited in the past for cereal cultivation, of which now
nothing exists anymore (see table 7.11 for details).
F.

Hremiyyeh

The samples from the site of Hremiyyeh were collected from a charred layer underneath
a riser wall. The sample yielded seeds, pollen, and phytolith fragments with good
preservation that sheds light on the vegetation before the construction of the terrace and
during its exploitation. The results suggest that the area was covered by wild grass and
bushes, indicating it received enough water to sustain wild vegetation. This cover was
intentionally burned to expand the cultivation area, with cereals (wheat?, millet?, Setaria?,
and seven Fabaceae?) cultivated successfully in the area. However, the pollen indicates that
this or the surrounding area was abandoned and the pollen of wildflowers, shrubs, and trees
(Ziziphus) repopulated the area.
a. The phytoliths:
The composition of vegetation reveals a mixed presence of Chloridoid and Festucoid
grassland in the larger part. The physical properties of phytoliths include light/dark
301

Located between Shmakh and Wadi Musa coordinates: 30.371755438, 35,511879125; elevation
1589,323.

385

occlusions, blocking, rounding and distortion of the edges, and shift in the phytolith
ornamentation due to fire. The phytoliths demonstrate that the plants have been used on a
broad scale and that the conditions were sufficient for growth. The vegetation composition
revealed a mixture of chloridoid, festucoid, long and pointed trichome, and short shaft
dumbbell phytoliths (Table 7.11). The dominating species were pointed trichome phytoliths,
followed by variants of short shaft dumbbell phytoliths (Figure 7.42 and 7.43).
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Table 7.11.
The soil layer from wall near highway pit and the phytolith typology of each layer
(the Photomicrographs of phytoliths taken at 400x magnification)

Table 7.12.
The phytoliths identified from the charred sample at Hremiyyeh
Phytolith type
Family/ genus
Diagnostic level
Rods straight
Spherical/circular
plain
Solid bulky
spherical
Pointed bulky

Long pointed hair
Square facetted

Small square and
rectangular
Rectangular facetted
Short shaft dumbbell
Saddle

Classification

Acanthaceae
Amaranthaceae

Family
Family

Elongate

Cannaceae

Family

Festucoid

Panicoid/
Andropo
gonoid
Burseraceae/
Fabaceae
Paleoblast/
Gramine
ae
Chrysobalanacea
e
Euphorbiaceae
Gramineae /
Panicum
Gramineae

Family

Trichome

Non diagnostic

Trichome

Family

Bulliform

Family

Festucoid

Family
Family

Bulliform
Panicoid

Family

Chloridoid

Bulky elongate variant Panicoid and festucoid
with silica matrix

Bulky elongate with
serration

Figure 7.42. Phytolith variations from Hremiyyeh

388

Figure 7.43. Percentage of phytoliths from the charred layer at the site of Hremiyyeh.

b. Charred seeds:
Most of the plant seeds recovered by floatation showed a mixture of wild and cultivated
seeds of plants and wood. The main species were Orza Sativa, Vigna cf. Radiata, Coix,
Asphodelus, Ziziphun, setaria, and scirpus (Figure 7.44). The highest percentage was that
of various grasses (setaria, scirpus, and Coix), which collectively formed around half of the
sample collection (Figure 7.45). In addition, wild species of Asphodelus formulated 16% of
the sample; however, these could be of recent contamination, as this species grows in the
area in abundance (Figure 7.46).
Two seed species were of cultivated plants, mug bean (Vigna cf. Radiata) (21%), and a
very low percentage of Orza Sativa, which could have been grown in the area using the
water stored behind the terraces and check dams.

A- Oryza sp. (cf.
officinalis?)

B- Embica
officinalis

C- Coix sp.

D- Echinochloa sp.

Figure 7.44. Seeds from the charred layer at Hremiyyeh.
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Figure 7.45. Percentage distribution of seed species from Hremiyyeh.

Figure 7.46. Wild Asphodelus species (encircled in red) in bloom growing in abundance around
the terraces of Hremiyyeh (picture taken on August 10th, 2018).

c. Pollen
The pollen was a mixture of tree arboreal pollen, shrubs, and grasses. Their state of
preservation was poor, probably due to the alkaline nature of the soil. Poaceae type (grasses)
pollen was consistently found within the profile, followed by Malvaceae types, indicating
grassland vegetation. Arboreal species of Apocynaceae and Cesalpiniaceae types were also
observed. Asparagaceae, Calenduleae, Liliaceae, and Verbenaceae pollen were noted; their
percentage of distribution is displayed in Figure 7.47 and 7.48. Some of these grasses and
flowers are still in bloom in the area (Figure 7.49).
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Figure 7.47. Percentage of pollen distribution in the charred sample from the site of Hremiyyeh.

Malvaceae type

Poaceae type

Asparagaceae
type

Asparagaceae
type

Apocynaceae
type

Apocynacea type

Apocynacea type

Cesalpiniaceae
type

Liliaceae type

Verbenaceae
type

Figure 7.48. Pollen from Hremiyyeh (taken under 45x magnification).
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Figure 7.49. The site of Hremiyyeh in April 2019, with Liliaceae flowers in bloom.

7.8 Pedogenic Carbonate
These are the various carbonates deposited in the soil by inorganic activities, mainly
due to the precipitation of dissolved ions in the soil (Zamanian, K. et al. 2016: 1). Human
agrarian activities could lead to the formation of pedogenic carbonates, thus finding such
deposits could be used to distinguish such activities within the terrace risers and fills.
7.8.1

Rhizoliths

These are thin carbonate coatings formed around large plant roots such as shrubs and
trees (Zamanian, K. et al. 2016: 4, Abu Jaber, N. et al. 2020: 8). Water contains dissolved
calcium ions (Ca2+) and as the plant intakes through the roots, the water from the soil and
the calcium ion reacts with the carbon dioxide (CO2) formed due to plant respiration, leading
to the formation of the coat (Zamanian, K. et al. 2016: 4). Their diameter ranges from 0.1–
0.2 m and could reach up to several meters long (Abu-Jaber, N. et al. 2020b: 8).
Unlike the organic roots that it engulfs, which decay with time, the rhizoliths are
preserved for a longer period and can be found even within no longer cultivated areas.
Several rhizoliths were found within the fills of the terraces.Three samples were found at
the sites of Khirbet al-Braq, and the wall near the highway.
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A- Khirbet al-Braq
At the site of Khirbet al-Braq, several fossilised
root remains coated in carbonate crust were
found within the terrace fill, 0.45m below the
terrace foundation (Figure 7.50). Unfortunately,
it was not possible to identify the specie of the
plant. However, due to the presence of preserved
organic material in the core of the root,
radiocarbon dating was attempted. The results
(14C) revealed its date to be around 1950s–
1960s, which relates this to the last period of the
terrace
agricultural
exploitation
before
abandonment or to possible wild vegetation that
populated the area after abandonment.

Figure (7.50). Rhizolith within the
fill behind the terrace riser.

B-

Terrace near the highway:
During the soil sieving of the
soil profile (0.0–0.12 m), fragments of
two rhizoliths were found. These were
fully carbonised (Figure 7.51).
Unfortunately, it was not possible to
identify to which species they belong
to; however, carbonate fragments
found within this layer were dated
using 14C to the Nabataean period.

Figure 7.51. Showing the rhizoliths found within
the lower soil layer of the terrace fill.
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7.8.2

Carbonate nodules

These are small, pebble-sized, 0.03–0.05 m-thick carbonates, found within the
matrix of the soil (Abu-Jaber, N. et al. 2020: 7), formed by precipitation in the soil voids
due to dissolving of inorganic carbonate (Zamanian, K. et al. 2016: 2). These also formed
due to irrigation of the soil. As the spring water used for irrigation contains carbonate ions,
this could lead to their precipitation through evaporation or through degassing of carbon
dioxide. Avni et al. (2006) considered the formation of carbonate nodules an indication of
paleosols (192). Within the soil horizon, carbonate nodules take the form of small white
pebbles; however, they are soft and friable. The irrigated soil profile shows carbonate
nodules of the size of pebbles (figure 7.52), these nodules develop around plant roots, as the
carbonate leach from the soil in an arid environment (Field, J. 1989: 88). Such profiles were
noted within the irrigated terrace at the site of Hujaim (Figure 7.52 and 7.53).

Figure 7.52. White carbonate nodules in the soil profile behind the terrace riser in Hujaim.

Figure 7.53. White carbonate nodules in an irrigated soil profile behind the terrace near
Shawbak.
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7.8.3

Carbonate coating crusts
These are thin coatings varying in thickness (0.02–0.10m) (Abu-Jaber, N. et al.
2020b: 7) of accumulated carbonate behind, in front, or between the void of the terrace riser
and formed mainly by the water seeping through the filter and the riser wall or overflown
water when the fill is saturated. This carbonate took either the form of thin coatings on the
riser’s stone or lumps at the foot of the riser (Figure 7.54). These can be seen in various
areas and are not restricted to the areas of limestone outcrop or irrigated terraces. This was
a common feature that was noted at a wide range of terraces, such as Hremiyyeh, Btahi,
Madras, and Beidha.

Figure (7.54). Terrace riser wall, with a thin coating crust formed on the riser’s stones and the lump
at the footing of the terrace riser (Shammasa area).

7.8.4

Thin laminar caps

Figure (7.55). The thin calcium carbonate layer within the soil at E-Beqa’a.
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This is a thin layer formed within the strata due to precipitation of the calcium
carbonate after the evaporation of standing water, which could not seep into the ground or
due to the presence of a perched water table (Zamanian, K. et al. 2016: 7). This layer ranges
between 0.02–0.04 m in thickness. These layers were found within the soil profile at EBeqa’a and at Muzera’a. In E-Beqa’a, the thin carbonate lamina was around 0.03 m thick
(Figure 7.55). The phytoliths of the soil profile immediately above the carbonate lamina
indicates an environment of standing water (Figure 7.56), as can be deduced from elongated
roods and bulky bulliform phytoliths, characteristic of reeds and Oryza species.302
In comparison, a similar thin lamina layer of 0.01m thickness was seen in Muzera’a
(Figure 7.57), where the soil horizon immediately above it was rich with Chloritoid
phytoliths, which is the category of grasses that grows in arid, low-water environments,
which might lead to the conclusion that the lamina formed due to temporary standing water
collected by a barrier (terrace wall) due to the natural flow and evaporation process, and not
purposely, to enable plants to grow.

Figure (7.56). A terrace wheat field that is intentionally flooded with water, showing how the crust
could form.

302

For more details, see Section 5.8.4 of this chapter; Table 7.11.
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Figure (7.57). Thin lamina in the soil profile behind the terrace riser at Muzera’a.

7.8.5

Carbonate hypocoating
This is a thick carbonate coating around a soil channel which covers the walls of
the void, formed by rapid penetration of carbonate saturated water or due to a fluctuating
water table (Zamanian, K. et al. 2016: 4). This can take a form of a thick crust around a
tree trunk or a root.

Figure (7.58). Carbonate hypo-coating in the pit behind the terrace riser at Hremiyyeh.

At the site of Hremiyyeh, the thick coating was found behind one of the terrace
risers. It extended for around 1 m and ranged in thickness from 0.01–0.04 m. The coating
was only at the retaining side of the riser wall and showed thin lamination, indicating cases
of seepage. The coating covered both the stones and the red silty soil (Figure 7.58). This
indicates that a constant seepage was occurring through a slit between the riser wall and the
fill.

397

7.9 Agricultural Installations
Understanding the agrarian landscape is important to understanding the locality of
the activity, its longevity, and the geography of its flourishing or shrinkage. Installations
can give insight into cultivation practices, which may indicate if some products were locally
cultivated or imported. Generally, certain features can be traced in the landscape; for
example, threshing floors are indicators of cereal cultivation, and watch towers are
indicators of elite estates. In the following section, a short account of the installations
associated the with terraced landscapes in Petra are discussed.
7.9.1 Threshing floors
These are the surfaces where the cereal stalks are treaded to separate the grains from
the chaff and straw (Wilkinson, T. J. 2003: 57) (Figure 7.59),. They are recognised in the
field by their almost round appearance (Silvonen, S. et al. 2013: 352) because of the circular
movement of the threshing sledge (Palmer, C. 1998 :152). It has a darker surface as it
consists of mixed soil and straw and is devoid of stones as a result of wetting and treading
(Wilkinson, T. 2003: 57; Al-Jallad, A. et al. 2013: 42). Hard ground or rock surfaces were
preferred for threshing floors (Palmer, C. 1998: 152). They are identified in the Petra papyri
land deeds as being uphill from the fields (Koenen, L. el al. 2013: 86). In the Negev,
threshing floors were carved into the rock to a depth of 0.80 m (Avner, U. et al. 2003: 456).
Kouki (2012) identified cleared and paved threshing floors even partially walled (109), such
as site no. S13 at Markabat ad-Dulaya NW of Jabal Haroun (Silvonen, S. et al. 2013: 352).
Sometimes, these circles contain flint, chert, or basalt fragments that fell from the threshing
sledges (Avner, U. et al. 2003: 464-465; Wilkinson, T. 2003: 57).

Figure (7.59). A schematic drawing showing a reconstruction of a threshing floor.

Threshing floors are generally located towards the E the village. to prevent the wind
carry straw towards the inhabitants (Dalman, G. 1933: 252). As the threshing requires a
large space, it used to be set near the fields (Simms, S. and Russell, K. 1997: 696), generally
on common grounds (Palmer, C. 1998: 152). However, sometimes threshing floors were
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found in the proximity of settlements (Abudaneh, F. 2006: 203) or even within the
settlements (Kennedy, W. 2017: 118), such as at the site of Hama, located not far from the
At-Tayyiba village. The unwalled settlement is surrounded by terraced fields to the N, NW,
and SW of the village. A phytolith analysis of the terrace fields shows the cultivation of
cereals and legumes.
Dating threshing floors in Petra is a challenging process due to their continuous use
as from the medieval period until the 1980s (Simms, S. and Russell, K. 1997: 696).
However, archaeologists still assign dates by settlement associations (Abudaneh, F. 1996:
203). Based on surface sherds collected during surveys, for example, the threshing floor at
Jabal Haroun was dated to the end of the 1st century AD or early 2nd century AD (Silvonen,
S.et al. 2013: 356). A threshing floor near Hujaim was dated by MacDonald et al. (2016) to
the Hellenistic, Roman, and Byzantine periods (site no. 089) (210). At Udhruh, most of the
sherds were storage jar handles, dating from the Nabataean until the L Byzantine period
(Abudaneh, F. 2003: 59), probably used to be filled with cleared grains from the chaff and
straw after winnowing. However, one of the problems related to the surveys is the
disproportional reporting of the presence of threshing floors. Abudaneh’s (2006) survey of
Udhruh reported 21 sites (passim), while WMWSS reported only two. These results led to
the interpretations that cereals were cultivated in Udhruh. Although this interpretation is
valid, it should not be excluded that cereals were grown in other areas even though the
surveys did not report their presence, either because these sites were not recognised by the
surveyors or because the surveys were not conducted there. One such example is that of a
threshing floor in Amareen (36R 738593.78 m E, 3364062.35 m N), which demonstrably
exists but is not mentioned by any survey.
Based on these survey dating results, Kennedy (2017) observed that a stable number
of threshing floors was recorded, starting from the 1st century BC until the 7th century AD,
ranging between 6–8 threshing floors per century (121). However, he did not specify if these
are the same floors or whether they varied in each century.
The surveys conducted within the hinterlands of Petra reported the presence of 32
threshing floors,303 of which seven could not be dated. Three sites were dated to Iron Age
II, one to the Hellenistic period, with the majority of sites (16) to the Nabataean period
(mainly the 1st–2nd century AD, 12 dated to the Roman period, and 11 to the Byzantine
period. Fewer were dated to the Islamic periods (Ayyubid, Mamluk, Ottoman). Further,
three patterns could be detected within the threshing floors continuity; a few sites managed
to continue uninterrupted from the Nabataean until the Byzantine period (sites Udhruh 77,
Udhruh 109, Shammakh-Ayl site no. 89). Most of them had continuation from Nabataean
to Roman periods (8 sites), while only two sites were of one period (Nabataean) and two
sites of Nabataean and Byzantine period (no Roman pottery was found there). This indicates
that the cultivation of land for cereals started in the Early Nabataean period and was
303

There are Abudaneh 2006 (21) sit Wadi Musa Water Supply and Wastewater Project (2) sites (one is
shared with Abudaneh), Finnish Jabal Haroun Survey (2) site, Ayl-Ras Naqab (2) sites, Shmakh to Ayl (2)
sites, BESP (1) site, and (1) from DEIAHL survey.
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extensive. These fields continued to be exploited during the Roman period, yet in the
Byzantine period, this exploitation changed its pattern to be concentrated in the areas
surrounding or near villages such as Abu Tiran, Umm Al-Futtus, Dar abu Zahaqah, and
Hama.
In the Petra papyri, threshing floors are referred to as Marbas (Mαρβαc) or (άλώνιον)
(Koenen, L. et al. 2013: 42). During the Nabataean period, threshing floors were private
property, as each grain field had its own threshing floor; for example, as is indicated in the
land division in the Petra papyri Inv. no. 10, where the boundaries of each threshing floor is
indicated (Koenen, L. et al. 2013: 1), which means that their number was much higher than
what is now being reported in surveys. Furthermore, it demonstrates the presence of
privately owned threshing floors near the fields which was a privilege, compared to carrying
the harvested stalks to a communal threshing floor that might have been located near
settlements (Kouki, P. 2013: 127). Their presence is a direct indication of both cereal
(Kouki, P. 2013: 108) and legume cultivation (Palmer, C. 1998: 152) as these floors were
used for both crop types.

Figure (7.60). Remains of a threshing floor near At-Tayyiba (the red dotted line defining the
outline).

Unfortunately, most of the threshing floors have been demolished. One of the rare
surviving examples is the threshing floor located at At-Tayyiba (36R 736878.00 m E,
3349010.00 m N) (Figure 7.60). It is located 650.00 m SE from the 19th century AtTayyiba village on top of a hill at an elevation of 1348 m. The floor has an oval shape,
measuring 11.30 m along the E-W axis and 9.80 m along the N-S axis. The perimeters of
the threshing floor were outlined with a wall built of large boulders, measuring around
1.34 x 0.60 x 0.63m or a row of 5–6 stones, comprising of a total height of 0.75 m. The
wall was rather thick, constructed from rough locally extracted limestone of either huge
stones, with 0.63 m thickness, or four layers of stones reaching a thickness of 0.90 m
(Figure 7.61).
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Figure (7.61). Details of the pavement of the threshing floor, remains of the angular chert laid
compactedly to ease the winnowing process.

The floor was paved with slabs of chert, measuring around 0.33 x 0.15 x 0.5 m; 0.22
x 0.18 x 0.5 m; 0.12 x 0.70 x 0.50 m, with a flat top surface. No mortar was used to fix the
slabs (Figure 7.57). The rough chert made for a hard surface, favourable for threshing and
releasing the grain from the stalks. The surface pottery ranged from Nabataean common
ware to Late Roman/Byzantine examples, with most being large storage jar handles and
body sherds.
7.9.2 Siloes
Siloes are large subterranean stone pits built of stones, sometimes plastered, and
used for grain storage (Borowski, O. 1987: 72-73) (Figure 7.62). These could be located
either near public areas, such as threshing floors, or near settlements, thus minimising the
loss of grain in transport from the location of their threshing and winnowing to their storage.
In the Petra papyri, several terms were used for storage facilities, thus the term ‘βαιθ
αλ-Κελλαρ’ (Beith al-Kellar), meaning storage room, was used (Koenen, L. et al. 2013: 33).
‘Χαφφαθ’ (Khaphaphath) was also used as a storage structure (al-Jallad, A. et al. 2013: 40)
and ‘Αcμαθα’, meaning store house (al-Jallad, A. 2018: 43). This variation could have
reflected the size of the storage, the ownership (public, cumulative, or private), or what
could have been stored there in terms of goods.
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Figure (7.62). A schematic drawing showing a cross section of a silo (height: 1.80m; diameter: 1.70
m).

Surveys did not unify the terms used to identify these structures. Thus, storage
facility, storage area, storehouse, silo, seller, and even caves were used to describe them.
These sites were categorised as storages based on the form (caves with walls), number, and
types of sherds (storage jars). For example, site ARNAS 157 (MacDonald, B. et al. 2012:
165). At Al-Lajjūn fort, for example, Crowford (1987) reported the presence of siloes but
gave no details on their size or material stored (if found) was reported (698).
The Petra papyri mentions siloes among the inventory of field installations as
granaries (‘θημοβολών’), situated ‘up the hill’, which were associated with threshing floors
(Koenen, L. et al. 2013: 86).
A- At-Tayyibah Silo
During the survey conducted for terraced fields, small rounded structures were
discovered. One such structure was investigated at the site of At-Tayyiba. Three rounded
structures were located on the middle flight of the terraces, at the flat fifth terrace from the
upper cliff. The rounded structures were about 23.60 m apart. All the structures were closed
at the top by a set of meter-long longitudinal stones, with smaller stones piled on top,
forming a semi-dome. The rounded pits were situated at the boundary between two terraces,
the full height reaches 1.80 m, of which 1.25 m is above the ground while the rest is buried
into the terrace soil tread. The inner width is 1.36 m at the EW, while 1.70 m along the NS.
The walls are built of local unhewn limestone. The wall can be segmented into two parts:
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the first five rows are constructed of one layer of stone, placed along their longitudinal
access, while the lower segment is built of a double layer of stone. The inner layer is around
0.40–0.50 m, while the outer layer is 0.26 m, making the entire thickness 0.76 m. The
foundation is of compacted soil paved with cobble-sized stones. The inner part of the
structure was hollow until the depth of 0.43 cm, where three rows of stones were exposed,
while the rest was comprised from three distinctive soil layers.

Figure (7.63). The rounded structures of the silo built within a terrace wall at At-Tayyiba.

To better understand the structure’s function, a small excavation was conducted. Soil
samples were taken and a sounding with ground penetrating radar was conducted. A
phytolith analysis304 shows that at the early stage of the construction of the pit, it was used
for storing domesticated grasses (festucoid) and (panicoids), indicating an irrigated regiment
combined with rain fed agriculture. However, at some point, the pit’s use changed from a
silo for preliminary storing of harvested grains into a dump for weeds that were later burnt,
as was evident by the presence of carbon and cytoplasmic material. Later on, the area
seemed to have been abandoned as a natural meadow dominated the area, indicated by the
abundance of pointed trichomes, which are hair phytoliths generated from grass plant leaves.
The silo continued to be abandoned, as it was sealed by stones; however, the upper layer of
0.12 cm is comprised of soil, roots, and pebbles. This layer was abundant with circular plain
festucoid, which is an indicator of humid soil, probably as a result of irrigation. Inquiring
on the current use of the pit from the local community, Mr. Yassin Hmaydi,305 who owns
the adjacent plot of land, did not yield any information, as he claimed that these are just
stone piles.

304
305

For more details, see Table 7.8
Interviewed on 30th July, 2018.
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7.9.3 Presses
Several presses were discovered in various contexts in Petra. Some of them were
classified as wine presses, while others as olive presses. Their presence is a direct indicator
of the fruit’s production and their product use. The main difference between the two is that
the olive presses are furnished with a rounded crushing stone (Frankel, R. 1997: 74).
7.9.3.1 The olive presses
Oil pressing seem to have been established in Petra as of the 1st century AD, as the
earliest olive presses were found at Khirbat an-Nawafleh area in Wadi Musa, where other
five olive presses dating from the L Nabataean to early 20th century306 were found
concentrated at the same location, although at different levels (Amr. K. et al. 2000: 233234) (Figures: 7.64, 7.65, 7.66), indicating a rich and continuous olive oil production at the
same site and a reuse of the installations throughout the various time periods. Amr noted
that this site was a production site, but not necessarily a cultivation site (ibid).
Several oil presses were discovered in residential quarters. For example, the 1st
century AD olive crushing stone and basin discovered in the basement of Az-Zanṭūr IV
(Kolb, B. and Keller, D. 2001: 318), in Room 1 of the so-called ‘Early House’ below the
temple of the winged lions 1st century AD. Crushing stones with a square hole to
accommodate wooden/metal screw307 and rounded sprouted olive press was discovered in
Room 1 on its floor (and in Room 2, which contained unguentaria that was nicknamed ‘oil
workshop’ (Erickson- Gini, T. and Tuttle, C. 2017: 101-10]). Within the industrial quarter
at the site of Zurabbeh, in phase VI of rooms 4 and 5 dating back to the 4th–6th century AD,
a screw-weight oil press typical of the Byzantine period was found in situ (Zayadine,
F.1982: 384, Pl. CXXXV.2), or within settlement areas such as the olive press discovered
in the courtyard of several houses at Khirbet ad-Dhariḥ (al-Muheisen, Z. and PiraudFournet, P. 2013: 839). In the Banī A
ͨ ṭā village (al-Salameen, S. and Falahat, H. 2012: 45),
a late 1st century AD oil press was found at Gaia (Wadi Musa, al-Bidd, al-Falaḥāt district)
(Amr. K. and al-Momani, A. 2001: 265). An olive press with a storage room furnished with
four handles storing jars, dating the Late Byzantine-Early Islamic century AD, was
discovered at Khirbat Dhbā (Amr. K. and al-Momani, A. 2001: 273). This indicates a large
cultivation and wide use of oil, either for local consumption or as a commodity.

306

For details on the measurements of the crushing stones and oil presses in Petra see Waliszewski, T. 2014:
494-503.
307
This press was discovered by American Expedition to Petra headed by Philip Hammond in 1975, I am
indented to American Center of Oriental Research for allowing me to access the unpublished excavation
archive. According to the excavation report the crush stone had a rounded shape with a square centre typical
of Byzantine period, however there was a lot of modification in the room, a complete oil lamp dated to the 23rd century was discovered, while the press was dated by comparison to Kh. Ad-Dharih to Nabataean and
Roman periods.
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Figure (7.64). Crushing basin of oil press at Khirbat an-Nawafleh area in Wadi Musa.

Figure (7.65). Reconstructed crushing basin of an oil press at Khirbat an-Nawafleh.

Figure (7.66). Reconstructed lever and weight oil press at Khirbat an-Nawafleh.
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These oil devices show development and diversity. Most of the olive presses belong
to the rounded rotary olive crushers, which were powered by animals; and were used for
grinding both cereals and olives (Frankel, R. 1999: 68). The raised socket rounded crushing
basins such as the one discovered in Khirbat an-Nawafleh was developed in the Hellenistic
and Roman period (Frankel, R. 1999: 71), which corresponds with the archaeobotanical
records, indicating that in Petra, an increase in olive cultivation might have occurred during
the Roman period.
Surveys conducted in Beidha, Wadi Siq al-Ghurab to Sleisleh, documented more
than 31 presses that were found cut into the outcropping sandstone rock. These have various
designs and forms; some researchers were explicit in categorising their use (see below),
while the Brown University reported the presses without designating their exact locations
or use (olives or grapes) (Knodell, A. et al. 2017: 648).
Olive presses were constructed at the location of olive crushing stones, not within
olive groves, as would have been expected, since these were large and expensive (Amr. K.
et al. 2000: 234), probably due to being made of basalt, which is not a local material and
was probably brought from the vicinity of Unayzah (around 40 km NE of Petra). However,
the Petra papyri no. 36 dating 6th century AD lists the presence of oil presses and treebearing plots (Arjava, A. and Mikkola, M. 2007: 105-108, 127-130), but it is not clear if
these were located within the same property or if there was a press or presses assigned to a
certain area or group of groves.
7.9.3.2 The wine presses
Evidence of viticulture in Petra is well attested both in the archaeobotanical records
(see above), the scarce textual records of the 6th century AD, the Petra papyri, and the large
number of wine presses discovered in the vicinity of Petra. These, however, were found
either individually scattered (such as the press at Quntara and Ba’ja) clustering in one area,
such as Beidha (5 km north of Petra), or near the main trade routes such as the PetraWadiAraba road (al-Salameen, Z. 2005: 116).
One of the challenges is dating the wine presses, as their features are cut into the
rock, located in the open landscape. They are either far off or within a various set of features
to be used for assigning them a date through association.308 Furthermore, most of the time,
they are devoid of any pottery (Zerbini, A. 2012: 5), despite the fact that these might be
washed into the area from other sites, confusing any dates assigned in this way. Thus, several
wine presses have been reported without assigning any date to them.
Although researchers considered their presence as a direct link to cultivation in the
locality (al-Salameen, Z. 2005: 116), there is, however, a distinction between a ‘cultivation’
site and a ‘production’ site, as grapes require specific conditions to thrive (see above). Lease
308

Al-Salameen dated all of the 36 wine presses he found in Beidha area ‘before the 2nd century AD’ based
on their similarity to other presses from that period (al-Salameen, Z. 2005: 119), without stating which
region do the comparative materials come from.
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documents of vineyards did not include any presses within the property, unlike, for example,
fields that included a granary, threshing floors, or a dung depository, which could be a clear
indication of separation between grape cultivation sites and processing sites. The various
surveys conducted in Petra and its surrounding reported around 80 wine presses,309 out of
which 11 were dated to the 1st century BC, 15 to the 1st and 2nd centuries AD, six to the 3rd
century AD, six to the 4th century AD, three to the 5th and 6th centuries AD, and one to the
7th century AD. The remaining had no clear dates.
Wine presses in Petra were cut into the sandstone outcrops, with no presses found
within the outcropping limestone.310 Generally, most south Levantine wine presses are cut
into the rock (Wilkinson, T. 2003: 57). Most of the basins were covered with several layers
of mortar, a lower layer of grey hydraulic mortar, and another of lime mortar rich in sand.
Two major types of winepresses were distinguished in Petra: a simple type comprising of a
treading floor and a basin, sometimes associated with cup-holes, and a more complex one
made of treading floor, intermediate vat, and a collective vat, with one or two rock cut
depressions surrounding (al-Salameen, Z. 2005: 118).

Figure (7.67). Qantara wine press carved in sandstone.

At the site of Qantara, a wine press was cut into the Disi sandstone (Figure 7.67) on
a high elevation (1096 m). This press can be considered an intermediate between the simple
and the more complex one mentioned above. The press is made up of a square treading
floor, measuring 2.55 x 3.05 x 0.82m, covered with a sandy mortar of 0.03m thickness. An
intermediate square vat measuring 0.60 x 0.53 x 0.70m connected with the square collective
basin measuring 1.30 x 1.65 x 1.50 m through an ellipsoidal opening measuring 0.35 x
0.20m. The collective vat was measured and surrounded with one set of ashlar blocks, fixed
with mortar from the NE and NW sides. A channel opening was carved at the upper level
from the SE side. The basin was covered at the edges with cement, as the local Bodul tribe
reused it as a water collection basin. At the collective basin, a step shape was carved into
the southern side. The steps measured 0.24 x 0.20 x 0.08m; 0.40 x 0.27 x 0.21m, with the
309

This does not include the Brown University Petra Archaeological Project, which reported 31 presses in
the NW area of Petra without specifying if they were wine or oil presses (Knodel, A. et al. 2017: 651).
310
Prof. Dr. Nizar Abu Jaber (personal communication) correctly considers this purposely made due to
specification of the rock, sandstone being harsher and preserve the acidity of the wine, unlike the limestone,
which carbonate content might modify wine acidity. Although in Syria wine presses are reported to be cut into
the limestone such as for example were amiably found in Jebel Al-Arab (Zerbini, A. 2019: passim).
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length of the last step being 0.67m. The function of this steps is not clear, either it was to
enable a person to go down into the collective vat or to accommodate some wooden
horizontal beam or a screw. The press is in a well-situated area, located on the road
connecting Khirbet al-Braq with the high place. It is accessible from the Khirbet al-Braq
settlement with the bench terraces and from the Hremiyyeh area, which could have been
used for vine cultivation as it is ideally placed. It is also clear that in between the two
outcrops limestone and the Umm Ishrin and the Disi limestone, the latter was more favoured
as a choice to cut such facilities into.
7.9.4 Watch towers311
One of the important features associated with large agricultural fields and terraced
orchards are watchtowers, known in the local farmers as el-‘mintar/ mantara’, el-‘Qaṣer’
(Dalman, G. 2013: 165), ‘al-Mantarah’ (Ghadban, S. 2012: 16), the ‘hut of the fruit picker’
(Dalman, G. 2013: 581), or ‘farmer’s hut’. These structures were built on hills, never on the
highest peaks, and away from settlements. They were located overlooking the terraced fields
or within terraced but unwalled fields and orchards. In Palestine, these structures were
mainly constructed in orchards and half of them were in vineyards (Gibson, S. 2015: 305).
The Petra papyri borrow the Greek term ‘πυργοφρούριον’ to indicate a watchtower.
No Nabataean/Aramaic equivalent or a local name survives (Konen, L. et al. 2013b.: 20).
The Greek term is rooted in ‘pyrgos’, meaning a tower (Mossir, S. and Papadopoulos, J.
2005: 156).
These are generally free-standing wall structures of rounded or rectangular
structures, built on a hilltop overlooking the cultivated area, both large fields and orchards.
Sometimes, these structures stand individually and other times they are incorporated into
the terrace wall. The structures were constructed from locally available materials: limestone
or chert, and sandstone was sometimes used, mostly unhewn or irregular and in rectangular
blocks. Their area varied from 20–50 m2. The size, however, is not related to the plot size.
The drystone masonry walls were built of one layer of stones, placed on the longitudinal
axes, ranging in thickness from 0.45–1.20 m, with no mortar or binding material used. The
height was around 0.90 m–2.00 m of one level only. No roof survived, however, according
to Dalman (2013), these structures were prevalent in the Palestinian countryside. Their walls
were constructed from stones, yet it was roofed with branches of carob or wild elder or palm
branches, among others, depending on the availability (581). This type is known as
‘Areesh’, ‘Areeshah’, or ‘Urush’ and was used in more arid or hot climates (al-Houdalieh,
S. and Ghadban, S. 2013: 511). These had only the base and low walls built of stones, into
which wooden posts (sturdy branches or small tree trunks) were fixed and a cloth or
branches were mounted (ibid). Others had a corbelled roof build of stones, which provided
311

A long debate is ongoing on the classification of these features, as military or agricultural or other. Lohman
proposed to categorize them under “Defensive: private/state”, considering their possible dual role, thus
privately the farmer guards his orchards from animal and human theft, and in case of any larger threat, the
state can expropriate and use it as a post to protect from possible attacks (Lohman, H. 2012: 249), for more
discussion on this matter also see Mossir, S. and Papadopoulos, J. 2005: 157- 167.
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a dome-like ceiling (al-Houdalieh, S. and Ghadban, S. 2013: 510), making the inner space
cooler in the summer and warmer in the winter. Sometimes there were just an elevated
rounded stone heap forming an elevated platform (Amiry, S. and Rahhal, F. 2003: 91), into
which wooden posts were placed seasonally to build a roof of either tree branches or
possibly canvas.
These structures had several functions. Primarily, they were built in large estates to
supervise workmen in the fields, watch the cultivation, and protect it from animals or thieves
(Mossir, S. and Papadopoulos, J. 2005: 162). They also provided a shady spot for workmen
during the hot time of the day or rain or wind, protect from wild animals, especially during
the night, (al-Houdalieh, S. and Ghadban, S. 2013: 509), store instruments or goods, and
sometimes the roofs of these structures were used to dry fruits and other products. Further,
they consisted of several floors: the ground floor was used as an animal pen; the first floor
for sleeping and storing; while the roof for watching and drying products (Amiry, S. and
Rahhal, F. 2003: 24). In Petra papyri no. 10, the presence of such a tower is indicated in
Serila, which, according to the poorly surviving patch, indicates more than one floor
(Konen, L. et al. 2013: 91 and 97). These are generally more associated with vineyards,
where during the harvest period for olive, grape, or fig picking the owner or the tenor used
to guard the fruits during the night and sleep there rather than commuting between the
village and the orchards (Dalman, G. 2013: 581). They have also been used as shelters
during raids (Mossir, S. and Papadopoulos, J. 2005: 109).
Building a watch tower was an investment in both time and labour, as it required
several months up to even a year, depending on their sophistication, which was dictated by
conditions (the need for guarding) or a sign of status. The Babatha archive, for example,
mentions the presence of ‘structures’ at vineyards and orchards (Yadin, P. et al. 2002: 83),
indicating their presence in rich estates. If the owner hired builders for constructing a tower,
payment for the labour could have been in wages or in kind; it could also have been a
collaborative work by the joint owners of plots (al-Houdalieh, S. and Ghadban, S. 2013:
518).
Surveys related them to either military usages or they were never reported; none was
associated with agrarian activity. Killick (1987) noted in his survey of Udhruh the presence
of a set of watchtowers located at the foot of hills at the edge of the agricultural plateau
(177). However, contrary to these previous opinions, the result of this study shows that most
of the terraced plots had these structures (Table 7.13).
Four main categories were found associated with terraces:
7.9.4.1 Type A: Rounded stone heap
This was also known as ‘Rujum’ or ‘Masmat’ in the local dialect (Amiry, S. and
Rahhal, F. 2003: 39). These are round, well-built wall boarders of two to three rows, where
each row is placed a bit inward from the lower one to ensure stability. The hollow formed
by this border is filled with stones of various sizes and forms which were collected from the
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field and placed in a random way (Al-Houdalieh, S. and Ghadban, S. 2013: 524). The upper
surface was semi-flat to assure a stable surface over which a person could stand and observe.
Sometimes, these had marks of wooden poles that were fixed into the border that held a
seasonal cover of either branches or canvas. Their sole function was for guarding (Amiry,
S. and Rahhal, F. 2003: 39).
These were very common in the landscape; the difference between them and the
‘stone mounds’ is the semi-flat surface. An example is seen in W-Beqa’a.
Located at the SSW of the catchment area at an elevation of 1419 m a.s.l., the
rounded mound measures around 23.30 m x 18.24m, the E-W wall extends to 6.50 m, with
the wall being higher at the N end constructed of three rows of 1.00-m high stones. At the
end, two rows of 0.70 m height (Figure 7.68 B) were present. The Rujum was built of local
chert large boulders, with three courses of stones underlining the outer perimeter of around
23.30 m, with a width of 0.87 m, creating an inner circle of 9.10m diameter. It was defined
by one stone course, over which another oval perimeter of 7.25m of one stone course up to
around 0.54m high, and ending in a smaller inner circle of around 4.40 m where the surface
is semi-flat (Figure 7.68 A). Two people could stand on it. Each of the oval circles is
narrower by around 1.85–2.85m and is filled with smaller chert boulders and cobbles. The
top, however, is laden with large cobbles in a way to make the surface flat and smooth.

B

A
Figure (7.68). Rounded stone heap with a flat surface at W-Beqa’a (A) view of the flat top, (B)
View from the NE.
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7.9.4.2 Type B: Rounded watch tower
These structures are either free-standing or imbedded into a terrace wall. Generally,
they are built of irregular unhewn local stones, with the height of the wall between 0.90–
1.00 m. The walls were built from one layer of stone placed on the longitudinal axes. The
stones were laid inward, as the wall was raised making the foundation ring wider than the
top to ensure stability. No plastering or mortar was used neither over the walls nor between
the stones. The structure was hollow from the inside. These were small enough for one or
two persons to stand inside. These towers had no roofing – or none had survived – which
might be assumed that temporary roofing might have been placed from tree branches or
other materials. Sometimes, a simple one-course of steps were set from the outside to
facilitate climbing into the tower.

Figure (7.69). A rounded watch tower at Hremiyyeh.

A good example of a rounded ‘Mintar’ or rounded watchtower is located at middle
catchment of Hremiyyeh (Figure 7.69). The tower is embedded within a bench terrace that
was constructed in the upper catchment area. It is around 27.4 m2, built from unhewn
rectangular stones, set in six courses, making the total height around 0.90–1.00 m. At the
NNW side, the stones protrude to formulate a staircase to facilitate climbing. The tower
diameter is around 5.60 m, originally it was hollow but currently it is full of sediments. The
wall is constructed from one layer of stones with a thickness of around 0.85 m. It is not
roofed, nor are there any evidence for roofing.
7.9.4.3 Type C: Rectangular storage
These are known in the local dialect as ‘Sīr’, from ‘sayr’, meaning animal bin. These
huts were located a walking distance from the farmer’s house (Amiry, S. and Rahhal, F.
2003: 16). They are of a more sophisticated, standalone structure and rectangular or square,
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made of one room. Sometimes, these made use of an outcropping rock or cliff, building the
walls around them, mainly to economize on building stone and construction time (AlHoudalieh, S. and Ghadban, S. 2013: 523). These were generally constructed of regular
unhewn stones, placed in regular courses. The walls were built of one to three layers of
stones, varying the thickness of the wall from 0.80 to 1.00 m.
These had entrances which were located at the eastern or south-eastern side; this was
done intentionally to avoid the cold northern and the north-western winds (al-Houdalieh, S.
and Ghadban, S. 2013: 527). One of the walls used to have small windows, probably for
ventilation. None of the roofs were found intact, making it hard to judge if the structures
were roofed or not. An assumption could be made that it could have been made from
branches or other materials. There are more common features that seem to have had a long
span in human settlement, as some were of pure Nabataean period such as at Hujaim, multiperiod sites such as Khirbet Tarabsieh, or a more modern (late 19th century to early 20th
century) building also at Khirbet Tarabsieh.

Figure (7.70). The Sir at Khirbet Tarabsieh.

Farmer’s hut or a rectangular Sir building is located inside the cultivated field
boundary (Figure 7.70). At Khirbet Tarabsieh, the building measures 6.30 m NE x 3.00 m
S and is made of a natural cave on the eastern site, constructing walls on the other three
sides. The building is comprised of one room. The entrance was located at the SE side, the
wooden arch of the door is still intact. The entrance measures 1.5 x 0.75 m. At the eastern
side, two small windows are located at the highest upper part of the wall, measuring 0.23 x
0.25 m, while the other measures 0.15 x 0.14 m. Their depth is around 0.80 m, making
ventilation openings for air circulation. The walls are around 2.60 m high and are
constructed of three stone layers, varying in thickness from 0.60–1.10 m thick.
The building is constructed from local, unhewn, semi-angular stones, mainly chert
and limestone. They are placed in regular courses, with larger stones at the bottom and
smaller at the top. The building tapers upwards, giving the appearance of a broader base and
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narrower top. This was fundamental to ensure the stability of the structure and preventing
its collapse. No mortar or plastering was used. The roof did not survive. The modern cement
grouting is used on the upper course, making it hard to predict if there had been wooden
beams for the roofing or it was an open building.
The building might have been constructed around the end of the 19th century and
was used by the farmers as a storage or an animal pen.
7.9.4.4 Type D: Small farmhouse
This type is the most prevalent form of agricultural farmhouses. These are standalone rectangular structures. They are either one building made of two rooms and more or
several buildings, such as a small building of two rooms and an animal pen. These were
always one floor; no other structures were found. They varied in their construction quality,
and sometimes the building showed two types of materials, indicating expansion in a later
period.

Figure (7.71). Three room farmstead at Wadi Siq Al-Ghurab.

Figure (7.72). Plan of a small farmstead at the site of Heash. Source: Zoom Earth.
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Sometimes, these structures had some installations such as a press in the vicinity,
such as the structure at Wadi Siq al-Ghurab, where remains of a water channel and a press
is located in the vicinity of a small abandoned structure of three rooms built of unhewn
sandstone (Figure 7.71).
The farmhouses built on hilltops overlooking terraced wadis varied in size and
facilities. At Heash, for example, the farmhouse, measuring around 78.25m2 was built on
various levels and was comprised of two small towers flanking the main entrance, leading
to a corridor that gave access to three rooms. They were probably used for storage and
accommodation (Figure 7.72).

Figure (7.73). Ruins of a square building of the farmstead (arrow indicates its location).

Another example are multi-facility structures, as seen in Rajif. On the adjacent hill,
around 213.00 m NW of the site, remnants of a structure were located (Figure 7.73). The
square building measuring 26.35 m at its SE side and 24.95 m at the NE side. The remnants
of the walls indicate the presence of around five rooms around a central courtyard. Two
other structures are located around 20.00 m to the NW, consisting of one larger (around
23.00 m2) that looks like borders for an animal pen and another smaller structure around
(8.00 m2), whose function was not determined. These two structures could be contemporary
to the main building or postdate it.
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Table 7.13
Typology of agricultural watch towers.
Site
Coordinates Watchtower Size
typology
m2

Observatio
n

The walls
are 0.90 m
high, no
roof.

May be a
small
farmhouse
(?)
Built over a
natural
cave, the
structure
has a main
door, small
windows in
the NE side
roof made
of wooden
tree
branches
and reed
Consist of
several
rooms
Several
rooms
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7.10 Mulch and Manure

Figure (7.74). The surface mulch at Khirbet Trabsieh.

Another way to identify the distribution of agricultural fields is the presence of
mulch (Figure 7.74), which is an ancient technique in agriculture wherein farmers spread
leaves, lithics, pebbles, ash, stones, straw, etc., and racked it to spread it evenly on the
surface or ploughed the surface to insure their spread. Mulch has several advantages: it
protects the soil moisture from evaporating, thus increasing the infiltration of water; reduces
the formation of soil crust; minimises the salinisation of the soil; increases soil temperature
as it absorbs the solar energy during the day and radiates it during the night; prevents or
minimises weed growth; prevents sheet erosion by creating an uneven surface, which affects
both the water and air circulation; and increases the soil temperature, promoting root growth
and intake of nutrients (Lightfoot, D. 1996: 206-209), which will positively increase the
crop yield.
Most of the fields situated at the Ash-Sharah mountains around Petra are covered
with chert mulch, sometimes associated with straw. Farmers cleared the field from the larger
boulders and cobbles collecting then in rounded stone mounds or rujums, leaving
intentionally the pebbles, which were distributed evenly by means of ploughing.
An important type of mulch consists of pottery sherds. Although it was considered
to represent human settlement activity, a lot of these sherds are body sherd fragments with
a huge diversity, interpreted as a wash from nearby areas. Although, the wash pottery
fragments have more rounded edges and eroded surfaces that make them easily
distinguishable from the sharper slip maintaining dump sherds (Lucke, B. et al. 2019a.: 62),
not to add that water transport leads to sherd concentration, rather than an even spread
(Poirier, N. 2016: 285-286). These are either found on the immediate surface or buried
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underneath the surface soil cover and brought to the surface by ploughing (Wilkinson, T.
1982: 325; Wilkinson, T. 2003: 56). However, their presence is not always within an
immediate vicinity to a settlement. A strong connection was established between the spread
of pot sherds and agricultural fields, leading to establishing the connection between potsherd distribution and manuring zones,312 put forward by Wilkinson in 1982. The distance/
density curve establishes two factual parameters in which sherds were found scattered
within a distance of 3.00–6.00 km of the settlement, with a peak in sherd scatter, indicating
the longest agrarian exploitation history (Wilkinson, T. 1982: 331). This pattern is well
attested around the Decapolis cities, where sherd scatter was found within 800.00 m from
the settlement’s centre, with the scatter concentrations oriented towards certain areas,
indicating the cultivated area where water channelling and other facilities were found,
proving such activities (Lucke, B. et al. 2019a.: 70-71). An earlier hypothesis connected the
growth of agricultural products with ‘dump heaps’ being the source of the seeds and the
nutrients so essential for their growth (Miller, N. and Gleason, K. 1994: 27). Ron (1966),
while studying ancient and the 20th century terraces in the Judean mountains, found that
people first looked for the arable soil that was most suitable for the agriculture and only
afterwards constructed their housing on the areas unsuitable for cultivation such as rock
stratum (120).
7.10.1 Mulch and manure in Petra
Taking sherd scatter into account, it is interesting to observe their distribution at
three terraced sites within Petra as case studies: Muzera’a, Hujaim and Rajif. At Muzera’a,
the typology of sherd distribution the SW part, the Mamluk pottery scatter, is associated
with terrace risers constructed from irregular stones, while the N segment of terraces built
from regular courses, with ashlar blocks associated with Nabataean, Roman, and Byzantine
sherds. Although the site is located around 550 m NE of the Iron Age site of Tawilan, 590
m NW of the Neolithic site of Basit, and 930 m NW of Nabataean Roman Khirbet anNawafleh, the terrain does not permit the wash over of the flood water from the settlement
to the site. Otherwise, Neolithic pottery would have also been present. This could only
indicate the use of the same site by the inhabitants of the settlements for cultivation, where
these pot sherds could have originated from the manuring.
Hujaim, which is an irrigated site, is located down the wadi. The site has two period
structures: a watchtower and heritage houses of the 19th century AD. However, within the
large irrigated wadi terraces, the N side of the wadi had a prevalence of Mamluk-period
sherds, only the SSW side had Nabataean and Roman period sherds. The nearest agrarian
settlements are located around 2 km to the E and 1.90 km to the S, which is roughly the
distance that a farmer can cross on a daily basis from his house to the field and back.
312

There is a dispute amongst archaeologists on whether to consider pot sherds scatter as an indication of
manure. The reason for this debate arises from Cato’s recommendation for clearing up dung hills from any
‘foreign bodies’ (5.5.8), Forbes adheres to this concept by dismissing the possibility of farmers leaving shard
objects laying in their barns or courtyards (Forbes, H. 2013: 566-567), a view shared by Alcock et al. (1994).
On the other hand, Wilkinson is strongly in favor of this theory as he demonstrated through his articles see
for example Wilkinson, T. 1982, 1989 or Snodgrass, A. M. 1994.
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In contrast to the previous figure, at Rajif, very few pot sherds were found, mainly
dating to the Nabataean period and mainly body sherds that were quite worn out and with
rounded edges in the terraced agricultural field, even though structures belonging to a
farmstead were located on the hill overlooking the site. Rajif, being a rain-fed agricultural
area, was mainly used for cereal cultivation, which did not require manuring that might be
the reason behind the absence of sherd scatters.
In arid environments such as Petra, farmers needed to enrich the soil with essential
nutrients such phosphorus (P2O5), potash (K2O), nitrogen (N2), and, to a lesser extent,
sulphur (S) (Ben Mussa, S. et al. 2009: 598) to ensure a good yield. Manure not only
increased the organic content of the soil but also the soil’s capacity to retain rainwater in
arid conditions (Wang, X. et al. 2016: 5). Farmers resolved to either diversifying their crops
by planting legumes where possible or by adding fertilizers such as ash and manure. Land
lease agreements obliged the leaseholder, under penalty of a fine, to manure the fields,
specifying the amount of manure to be used and the load of the basket. Some even required
either a proof or an oath swearing in temples (Foxhall, L. 1996: 48-49). If the ash could
have been obtained by simply burning the straw and weeds, manure had to be collected and
composted before use (Wilkinson, T. 1982: 324). Another way was to harvest the cereals
by sickle or mixing the manure with straw (Forbes, H. 2013: 569), as the decay of straw
provided the soil with sufficient nitrate (Abbasi, K. and Khaliq, A. 2016: 4). Farmers, as
attested in the Petra papyri no. 10, used to construct ‘dung depository’ (‘κοπρoθέcιoν’313￼
(Konen, L. et al. 2013: 91, 97). These were of high value, as legal disputes over ownership
rights would erupt even between brothers stating their right to own that pit, as mentioned in
the Petra papyri no. 39 (Arjava, A. et al. 2011: 41-120). In these, household waste, oven
ash, and household dung, of both animals and humans, was collected (Florentinus 22)
(Owen, M. A. 1805: 69) and was later transferred by the owner to his field or collected by
others or even sold (Poirier, N. et al. 2016: 281). Exchange goods by herders (in which
animal dung was one of the products) for grains from farmers due to practising their
activities in difference ecologic zones was often a way to obtain fertilizers (Barth, F. 1956:
1083-1085; Bates, D. and Lees, S. 1977: 826). Dump piles were known to have existed in
Petra near Katuta, dating to the 3rd century AD (Horsfield, G. and Horsfield, A. 1938: 89)
and outside the northern segment of city walls (McKenzie, J. 1990: 109). Banning (1986)
proposed a theory of ‘mutualism’, wherein both farmers and nomads followed a calendar in
which they shared the limited cultivated land resource, where nomads used the fields as
pastors after that the farmers harvested the planted crops. In exchange, the herds fertilized
the land, enabling these two groups to live in a symbiotic harmony (Banning, E. 1986: 4245). However, appealing this theory might seem, land sharing between two rather
contrasting social groups could not have been so straight forward, so, it is more probable

313

An early record of the existence of Nabataean dumps is made by Strabo (Geography XVI. 2.26), when he
reports on the outrageous method of disposing of dead bodies by throwing them into dumps, despite so many
decorative tomb burials. Bowersock interprets the origin of this statement in the confusion between the
Nabataean term Kbr meaning tomb and the Greek term of κοπρων (Kopros) meaning dump (Bowersock, G.
W. 1971: 226) which is more likely to be nearer to the truth, yet this interpretation cannot exclude the
presence of dumps.
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they lived in different areas and practicing goods exchange through markets or other
channels as was practiced in the 19th century (Schilcher, L. 1991:51).
Chemical analyses were conducted to identify land use. For example, agricultural
land versus uncultivated and burial places versus settlements from sterile horizons (Miller,
N. and Gleason, K. 1994: 29). To identify the chemical composition for terraced and
unterraced profiles, 12 samples were collected from six sites: Muzera’a, Hujaim, AlMdayrej farm settlement, Hremiyyeh, Umm Şayḩūn, and Khirbet Al-Braq. Two main
nutrients nitrogen (NO3-N) and phosphorus (PO4) were categorised. Nitrogen levels in soil
were categorised into four groups: <10 mgl-1 (low), 10-20 mgl-1 (medium), 20-30 mgl-1
(high), and >30 mgl-1 (excessive) (Fulton, A. et al. 2010: 1). Notably, their low content in
soil might indicate that it was absorbed by plants, nitrate salts are soluble in water and can
leach through horizons of soil (Ben Mussa, S. et al. 2009: 602-603). Nitrogen release from
the fertilizer gradually declines in the soil, experiments have shown that only 37 % of the
nitrogen remains on the 140 days of application (Abbasi, M. and Khaliq, A. 2016: 8).
Nitrogen seems to be affected by temperature and rain, as these affect the microbial activity
responsible for nitrogen production, thus in arid and dry environments their concentration
drops in spring and summer (King, K. et al. 2006: 8).
Phosphate is considered a better indicator for the use of fertilizers as most soils do
not have it and it has less susceptibility to leaching than other nutrients (Horneck, D. et al.
2011: 4). It is characterised by excellent preservation in the soil (Bruins, H. and van der
Plicht, J. 2017: 9) due to its ability to bond with other elements such as calcium, iron, and
aluminium which are present in the soil (Miller, N. and Gleason, K. 1994: 27). Thus, it
transforms from organic soluble form in manure into inorganic insoluble forms (Miller, N
and Gleason, K. 1994: 29). However, their absorption depends on several factors such as
the soil pH, temperature, and humidity (ibid). Phosphorus leaching depends on the soil
texture, with the highest movement being in sandy-to-sandy loam soils (King, K. et al. 2006:
5). However, this movement is lateral, being restricted between horizons (ibid). It is,
therefore, more susceptible to remaining within the depositional horizon. Phosphate can be
used as an indicator of ‘ancient’ cultivated soil, as the fertilised soil will retain the inorganic
phosphate, even if it gets buried under modern deposits (Miller, N. and Gleason, K. 1994:
29).
At Al-Mdayrej, a small farm near the highway, a more extensive sampling policy
was applied (Figure 7.75). The results (displayed in Table 7.14) clearly show that the sandy
loam soil is poor in nutrients. The phosphate levels were similar with an average of around
0.027 mg/l g; however, within those results, the samples that are N of the farm’s current
wall (sample A01) had a slightly higher concentration. The sample beneath terrace C
(sample A02) and in the centre of the farm (sample A05) had very similar phosphate
contents, which could be a strong indication for manure, implying that the original
boundaries of the farm might have been extended further N. The gully results, however, of
samples A04 and A07 show similarly low content of what could probably have been the
original content.
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Figure (7.75). Al-Mdayrej terraced farm facing N, showing sample locations.

The nitrogen content is clearly affected by vegetation as no pattern can be seen.
Thus, the samples A02, A04, and A05 had relatively high concentrations due to the presence
of current vegetation, both in the form of farm trees and shrubs outside of the farm. Sample
A01, being up the slope, and sample A07 in a flood plain had a similarly very low nitrogen
results, which could be explained by leaching. Tejwani (1974) observed that the slope length
and angle increase the loss of nutrients in a direct proportion (142), thus the slope angle
could be also factored in.
Table 7.14.
Results of the chemical analyses for farm settlement soil
Sample N
Sample location
Mesh
A01
A02
A04
A05
A07

Sample 1 outside the
surrounding wall
Sample4 below terrace C
Sample 3 North side of wadi
upstream of farm
Sample 5 farm central wadi
Sample 2 large flood plain
horizen

N-NO3 mg/l.g of P-PO4 mg/l.g
soil
of soil

250
250

0.200
1.386

0.044
0.039

250
250

2.081
1.025

0.017
0.026

250

0.233

0.010

At Khirbet al-Braq, three samples were collected from below the bench terraces
riser wall of terrace (F1), from the soil profile behind the riser wall of terrace (2S) (Figure
7.76) and from the south unterraced side of the hill.
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Figure (7.76). Wall (F1) [A] and Wall (2S) [B] with the red square indicates the location of the
collected sample.
Table 7.15.
Results of the chemical analyses for Khirbet al-Braq soil
Sample N
Sample location
Mesh
N-NO3 mg/l.g of soil P-PO4 mg/l.g of soil
Brag underneath
A08
Terrace F1
250
1.171
0.015
Brag behind
A09
terrace riser 2S
250
0.900
0.021
A10
Brag unterraced
250
5.662
0.007

We note, from Table 7.15, that the soil in Khirbet al-Braq is low in nitrogen;
however, this amount drops further in the soil behind the terrace as the plants have absorbed
most of the nitrate, without it being replenished by either cultivation or fertilisers. The
comparatively high amount of the nitrogen in the unterraced soil could be either explained
by the leaching of nitrogen by water from the surrounding soils and its accumulation in that
specific soil, replenishing by the natural plant cover, or the premise that this was the original
content of the soil nitrate, while the soil behind and underneath the terrace riser lost most of
it by the leaching from the torrential water flows. The fact that herders bring their animals
to graze in the area should be also factored in for natural manure.
When examining the phosphate content in Khirbet al-Braq, the highest concentration
comes from the soil behind the terrace riser, while the soil underneath the terrace riser has
a medium to low content, with the lowest being at the unterraced area, allowing the
assumption that this high content is an indication of manure and therefore of agricultural
activity.
Manure was fundamental for vegetables, orchards, and vineyard cultivation, rather
than cereals (Wilkinson, T. 1982: 332; Lucke, B. et al. 2019: 70), especially in arid zones.
At the Jericho palace garden of Herod, the great kitchen refuse in the form of bones, charred
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seeds, fruit pits, and charcoal from burned wood (Gleason, K. 1993: 158) was used. In the
Petra pool and garden complex, evidence of use of pigeon dung for manuring was found
(Ramsay, J. and Bedal, L.-A. 2015: 628-629). Refuse and dung phytoliths were found within
the terraces fill in the Negev, mixed with remnants of bones, charcoal, and ceramics,
indicating the same practice (Shahack- Gross, R. and Finkelstein, I. 2015: 257, Bruins, H.
and van der Plicht, J. 2017: 6). In Petra, terraces were manured from household waste, as is
evident from the mixture of angular sherds and remnants of mixed animal bone (sheep
epiphysis and metaphysis and a tibiotarsus of a small bird) retrieved from an excavated pit
from the Nabataean period terrace near the highway (Figure 7.77).

Figure (7.77). Sheep epiphysis (Left) and metaphysis and a tibiotarsus of a small bird found within
the terrace fill.

7.11 Discussion and Conclusions
Nabataean settlements started in what is now known as Petra proper, starting with
temporary tent dwellings by the evidence of their annual tent poles314 discovered at the lower
foundation’s strata under the Az-Zanṭūr mansions (the late 1st century BC) (Stucky, R 1995:
197-198, Stucky, J. 1996: 15), before developing into a proper urban metropolis by end of
the 1st century BC. With the vast building investment, it was fundamental to protect the city,
constructions, and its dwellers as well as visitors from the dangers of torrents and sudden
flash floods. Therefore, a vast project was either undertaken by the political authority,
individuals, or jointly to terrace all the wadis and crevices to minimise that danger.315 These
terraces and check dams collected throughout the years silt and clay, which was essential
for cultivation. Being already in strategical locations for water collection and retention, these
were attractive locations for agrarian exploitation, which seem to have happened in the later
periods (probably the Roman-Byzantine316 period). It is thus clear that some of the water
installations retained their hydrological functions, yet the SW plateau of the mountains
started to be more exploited in agriculture.
314

Evidence of an early Nabataean encampment was excavated in Aila (Aqaba) (Retzleff, A. 2003: 46), in
addition to evidence of continuing nomadism existence of Nabataeans coming from other locations such as
the alleged 3rd century A.D. campsite near Beidha (Banning, E. and Köhler-Rollefson, I. 1983: 377-382), and
the camping sites of mid-first century A.D.
315
For further details on this matter, kindly refer to the chapter “water control terraces” this book.
316
For more information on that kindly see Chapter on Dating the terraces.
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The early nomadism of Nabataeans, as attested by Hieronymus of Cardia cited in
Diodorus (19.94.2–9), in the 4th century BC, does not exclude their agrarian abilities, as it
seems to have been partial nomadism317 and partial sedentary (Schmid, S. 2001: 370). This
echoes Diodorus’ description of Arabs (Nabataeans?), who till today do not live in houses
(tents?) (Diodorus 19.94.10) as they were in the habit of leaving their more vulnerable
members while going for trade in a geographically protected terrain (Diodorus 2.48.6).
Those who were left behind could have been engaged in activities such as herding and
foraging or simple agrarian cultivation, which could entail summer harvesting of crops that
were sown in the early winter in the wadi beds or valley sides. Cereal cultivation was
probably dominant during the early phases of the semi-sedentary and semi-nomadic
agriculture, depending on the annual rain, which could be harvested upon resettling or used
as fodder for animals if the yield was poor.
The archaeobotanical analyses of various locations indicate an intense agricultural
activity by the 2nd century BC (Bouchaud, C. 2015:114), which coincides with historical
accounts of a ‘well supplied’ (cultivated?) country with fruits and sesame, as given by
Strabo (16.4.26). Although the three centuries pass between semi-nomadism and the
transformation into an agrarian sedentary society, it is clear that the agricultural policies
passed from providing necessities for their own needs such as semi-nomadism and
middlemen in the supply chain to producers of their own needs, as well as surplus goods
affected their agrarian policies, forcing them to pay more attention to land and water. This,
however, goes against the claims that Nabataeans turned into an agrarian society only after
the fall of trade, when they settled completely.318 Twaissi proposed an estimate of the
Nabataean population in the 4th century BC to be between 10,000–50,000, basing his
calculation of Diodorus’ account of the 10,000 being of able men (soldiers), while
estimating, based on the Nabataean tomb inscription and excavation, the average Nabataean
family to consist five to six people. He proposed a population growth rate of 0.7% y-1
(Twaissi, S. 2007: 144-146). Based on this population rate, in addition to the fluctuation of
visitors such as traders, caravans or pilgrims had its effect on the economy, which required
not only making use of limited resources to be stretched throughout the year to a fluctuating
number of consumers but also to increase the arable land to meet such demands. Thus, it
made trade a catalyst for agricultural expansion (Fiema, Z. 2003: 39).
Indeed, the change into sedentarism and the increase in population created more
specialisation in social groups and therefore various classes. Nabataeans combined the
knowledge from other nations, with their own experience on better management of
prevailing conditions (torrents, springs, etc.) might have been the force behind the need to
increase the land allocated for agricultural activity and its better usage.
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The discussion about Nabataean nomadism and their turn into a sedentary way of living has been on going
between scholars (Negev, A. 1977: 639-640). Graf, proposed the transformation into what he termed as
“sedentarized agriculture” was prompted by decline of trade at the time of the Nabataean last King Rabbel II
(A.D. 71-106) (Graf, D. 1992: 253).
318
See for example Al-Salameen, Z. 2005: 115.
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The presence of springs around Petra provided a more stable source of water for
agriculture and, therefore, investment in land and venturing into more exotic production of
fruits. However, irrigated terraces require a permanently settled population and higher level
of organisation, both in investment and rights (LaBianca, Ø. 1990:37). Irrigated terraces
required ownership of the land as it consumed time and resources in building risers, digging
channels, and maintaining and distributing water rights for irrigation. Furthermore, as these
were exploited for orchards, which requires a more tending all the year around from
weeding, digging, pruning, fertilising, and reaping fruits. Channels were used to delineate
parcels between tribes and families, thus the horizontal channels used separated the land
between tribes, while the vertical between the same family members. Orchards also reflected
a more complex level of organisation and food distribution. For example, if the planted trees
harvest was either owned by the landlord or the collective community (olive harvest, for
example, would be collected from all the plots and distributed in the form of oil to the
families). The family could still plant vegetables under the tree for their own consumption.
The written sources show variations in the lease agreements, both in the Petra papyri and
Yadin no. 45, we see the owner renting the land for twelve ‘zuz’ of silver, giving up his
right of any harvest (Yadin, P. et al. 2002: 59) or to share the produce of the orchards in
addition to the payment of the rent (Petra papyri no. 59: 25-26). Foxhall (1996) views
terraces of the Hellenistic period to be a luxury that only the rich could afford as it
transformed marginal lands into orchards by employing workmen to construct, plant, and
maintain the plantation (Foxhall, L. 1996:45-46). This is reflected in Petra in the terraced
villas such as the Wadi Musa (Elgi) (Amr, K. et al. 1998: 524; Amr, K. and Al-Momani, A.
2001: 266).
Tholbecq (2013) does not exclude a mutual coexistence between peasants and
nomads in the same landscape, which could have included a codex of honour on how to
share these resources, especially in the fringes. For example, some water sources could have
been mutual, while fields or threshing floors could have been private and thus delineated by
walls to indicate that ownership and to prevent trespassing (297). Further, Twaissi (2007)
proposes a ‘transhumant’ that prevailed until the Hellenistic period during which a gradual
settlement occurred in Hisma (Al-Jibal) and Ash-Sharah (156). The survey results seem to
emphasise such a way of living as 42 seasonal camps were recorded along the Ash-Sharah
dating to the 1st–2nd century AD (Kennedy, W. 2017: 328). This indicates a coexistence of
nomadic herders alongside the settled farmers not only at the beginning of the state, as
suggested by Fiema, but even later, where a part of the society was specialized in herding
(Fiema, Z. 2003: 41).
Earlier settlement of the late 2nd century AD took the form of small unwalled villages
(Wenning, R. 1987: 86; Amr, K. et al. 1998: 520-524, 529; Kouki, P. 2012: 84-85), located
mainly on the main roads leading to Petra, exploiting the surrounding landscape for both
agrarian and pastoral needs by cultivating cereals, as evidenced by threshing floors that
dotted the landscape (Kennedy, W. 2017: 323-325). Panaite (2016) implies that the Romans
encouraged the local population to settle in open settlements rather than in forts to insure
their full command and control (156). However, the intensive settlement seems to occur in
424

1st century BC to 2nd century AD, as this period not only witnesses a growth in land
reclamation but also expressions of agrarian wealth.
The Hellenic influence is reflected in the creation of gardens such as the paradises
and rural estates constructed by the wealthy inhabitants of Petra and its suburbs. Several
villas were uncovered both in Petra such as Az-Zantur (Kolb, B. and Keller, D. 2001: 317)
and the surrounding areas such as at Elgi (Gaya) (Wadi Musa 18F) (Amr, K. et al. 1998:
524; Amr, K. and Al-Momani, A. 2001: 266). The former villa built on several levels of
Wadi Musa valley overlooks the garden of the Petra pool and garden complex. The latter’s
location overlooks at the irrigated terraces of the water spring of Al-‘Alaya and evokes to
the mind the luxurious terraced villas of Rome with their gardens (Farrar, L. 1998: 47-50).
The expansion of human settlements around Petra took the form of urban suburbs,
towns, and villages (Kouki, P. 2012: 84-94), which proposed the idea of specialisation as
some could have been involved in mining activity such as at Sabra (Glueck, N. 1935: 8081) and Abu Khushayba (Linder, M. 1992: 264-265), while others were involved in trade
due to their location on the caravan routes (such as Slisleh). Yet others focused on
agriculture or herding. Nehmé (2013) proposed the theory of ‘social organisation of space’,
in which people settled in Petra (and possibly outside of it too) in social tribal or ‘kinsmen’
groups, who worshiped their own deity (118, 123-124) and probably specialised in certain
production line.
Based on Rosens’ theory an advanced sedentary, society can be identified on the
bases of attaining four characteristics: the ability to produce a food surplus, presence of food
manufacturing installations (presses, siloes, etc.), production of tools required for specific
needs, exchange of products between different industrial groups (tools for products), leading
to economic hierarchy in the society (Rosen, B. 1994: 346). Thus, the development of
specialised communities319 meant that these groups would be focused on their line of
production, rather than each grower of vineyard pressing their own production. Instead,
there would be a specialised group that would buy the grape harvest from several suppliers
for their wine pressing manufacturing. Thus, a new line of surplus production was incited
to produce products for the market ‘cash crops’. This creates a need for more land and
workers, hence the expansion in terraced land.
The dependence of the Nabataean economy on the agriculture can be also deduced
from the iconographic representations of Nabataean goddesses, such as the representation
of the grain goddess at the Khirbet et-Tannur altar platform, which is depicted with a stalk
of grain (either wheat of barley) (McKenzie, J. and Reyes, A. 2013: 221). The association
of cereals with deities attests to their importance in the Nabataean economy. This, however,
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Zuchtriegel noted indication of surplus of production of oil and wine (hens, vineyards and olive grooves)
aimed not only for the local consumption put for import during the Early Hellenistic period around the Aegean,
the Black Sea, spain and Italy which was reflected in expansion of number of farms (Zuchtriegel, G. 2017:
161)
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does not diminish the role of other agricultural products and their role both in the Nabataean
diet and economy.
The Nabataean lexicon is rich in several terms related to agricultural specialties such
as: Hannat (grain worker) (Al-Theeb, S. 2014: 162), Frkya (the harvester) (Al-Theeb, S.
2014: 316), Ssna (the farmer) (Al-Theeb, S. 2014: 280), Ofra (the waterer) (Al-Theeb, S.
2014: 306), and Traa (the water watcher) (Al-Theeb, S. 2014: 405). This indicates an
organised and specific agricultural organisation and level of work and wages. It also
indicates that these specialisations were available for hire when and were required, meaning
that the agrarian production exceeded the nuclear family into the community, thus producing
a surplus for the market. This can explain the large land use and the large land ownership
and the presence of oil presses at rich estates as previously mentioned. It fits with the
increase in irrigated terraces for orchards that could have been tended by several families
living in the vicinity or by tenants working for a large landowner, evolving into a complex
socioeconomic Nabataean society as it emerged in the 1st century AD (Fiema, Z. 2003: 41)
and would explain the presence of presses in industrial quarters such as at Az-Zurabbeh,
where olive press was found adjacent to pottery kilns.
Written sources hold evidence for the presence of allocated land for high-ranking
officials and owners such as Emperor of Maḥoza (‘Καίcαρι έν Μαωζα’), Salome Komaise,
the daughter of Levi (archive inventory no. 866) (Cotton, H. 2015: 174), the governor or
military administrator (‘stratêgos’), or the Nabataean kings, such as those mentioned in
Yadin papyri no. 2: the Babatha land parcel south boundary is given as ‘the land of our
Lord, Rabb’el, the King, King of the Nabataeans, who (brings) the life and salvation to his
people’, which is an indication of ‘crown land’. This was either superior in its products or
restriction of the cultivated crops to the crown (Isaac, B. 1992: 70) and could have been
estates of even villages such as Ayn Gedi (ibid), which, as per the Papyri Yadin no. 44, was
leased by Premier of Israel, which was a terraced orchard (Yadin, Y. 2002: 45). Isaac (1992)
hypothesises that these crown estates could have cultivated balsam trees (70), as historic
sources mention the presence of balsam plantation around Jericho (Jewish Wars, 1.361).
Historic sources mention that the Antigonos Monophthalmos had branches of Frankincense
tree brought to him by Arabs (Hist. Plant. IX.4.8; Pliny, NH XII, 56). Further, some scholars
suggested that Nabataean kings might have had similar ‘crown property’ in Petra or its
vicinity, as implied by George of Cyprus naming ‘Salton Hieratikon’ as a royal estate in the
vicinity of Petra (Graf, D. 2001: 479; Findlater, G. 2002: 143-144).
Taking the previous points into consideration, it is tempting to think of the site of
Muzera’a (Qarara) with its 22 consecutive terrace risers, each extending for more than 5.40
km, and its walls built of regular ashlar rising almost up to 3.00 m, as a royal estate.
Regardless of the form that these settlements took, agricultural innovations and land
cultivation took over at that time. The earliest date for terraced retrieved so far is dated to
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around 1st century BC–1st century AD,320 which marks land reclamation. The variation of
production of cereals, legumes, and fruits as attest by paleo-botanic evidence as discussed
above.321 During this period, the land in a radius of around 3–6 km322 around the villages
were cultivated. Owners of the luxurious villas at the time could have had property outside
of their urban settings, where they retreated to. For example, the small houses or Al-Mintar
at the upper mountain near Heash, which is much cooler. The abundant storage jar fragments
found at the site indicate to the possible use of the house for storing products after harvest.323
The presence of the olive press at Az-Zanṭūr is an indicator of the ownership of large olive
groove rural estate outside of the city centre. However, it cannot be excluded that these
seasonal houses were used as shelters for workers who were hired seasonally for the harvest
of fruits, racking, etc. Thus, these could have been shared properties and used as storages
(Zuchtriegel, G. 2017: 162).
By the 3rd century AD until around the 5th century AD, a transformation occurs in
the settlement pattern as both small and medium farms disappeared in favour of clusters of
large villages (Kouki, P. 2012: 85-90). These seem to have moved and clustered west and
around the Via Nova Traiana (Fiema, Z. 2003: 51), making use of the new artery, thus
gaining access to the benefits it provided: protection, marketing of goods, and easy access
to other locations. This change can be traced in the terraced landscape of Petra in two
prominent ways. The change of land ownership can be traced in land division from large
parcels owned by a single owner, which was either operated by the family or by tenants to
several owners due to inheritance or sale is reflected in the terraced cultivated farms into
complex system farms, where walls surrounded each property and channels were added to
ensure water irrigation to plots. This can also be an indication of other socio-economic
changes in diminishing arable land suitable for cultivation due to climatic change (less rain),
increase of land prices due to growth of population, and decrease of available land. In
addition, the presence of a pilgrimage site of Prophet Haroun created a pilgrimage season
and associated rituals which attracted an influx of people who stayed at the monastery. This
required extra provisions reflected in the faunal remains at the site. More cereals were
required for bread and different staples, which might indicate a mixture of products brought
by the pilgrims and offered by the monks. Second, the exploitation of new territories,324
320

This is based on optical stimulating luminescence (OSL) for a terrace in the area of Heash, for details on
dating please refer to chapter nine section 9.2.2.5
321
See part of cultivated products this chapter.
322
Based on “diminishing economy” theory put forwards by Chishlom the economic benefit of cultivation
diminishes in a reversed portion with distance between the farmer’s dwelling and the cultivated field
(Chishlom, M. 1968: 43-66), this is an average distance that a farmer could cross walking from his house to
the field and back in a day either on foot or with a mule or a donkey. Considering that he might carry with him
provisions or instruments or bringing with him goods the ideal distance is equivalent to 60 minutes’ walk,
which is equivalent to 5 km in a linear distance, or 30 minutes for every 300 m of elevation in an uneven
terrain.
323
For details see appendix (B) pottery record.
324
The issue of the amount of cultivated land that was exploited for cultivation or grazing is a topic for
discussion between researchers, various approaches were attempted. The “population model” considers the
average consumption of dwellers of a site and their animals in ideal environmental conditions. Rosen proposed
a consumption of 180 kg of wheat/person, as one hectare produces 600 kg of wheat and 800 kg of barley,
adding to that you need to feed and maintain animals of burden, each require 5 kg of barley per animal per day
(cows would require straw and grass), based on this a community would require 100-120 hectares to meet
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which were not intended for cultivation before N, NE, and NW of, for example, the area
between Zoraba, Beqa’a, and Beidha, specifically opposite the current Al-Wa’era, the
elephant monument, and Umm Sayhoon village. Here, the Nabataeans concentrated their
hydrological installation such as dams and check dams, and the barrages were now
extensively cultivated with abundance of Early Byzantine pottery scatter in the area,325 in
addition to the results of the optically stimulated luminescence (OSL) conducted on the E
hinterlands at Wadi Shammasa, showing that the terraces were constructed over collected
silt dated to (730 ± 180 AD) and (440 ± 300 AD) (Beckers, B. et al. 2013b.: 343). This
indicates the expansion of the cultivated land into hydrological terraces. The same trend is
seen around Ash-Sharah mountains, where several fortified farmsteads existed in what
Killick termed as ‘locally recruited agriculturally dependant militia’ (Killick, A. 1987:176),
soldiers at El-Lejjūn camp had to cultivate the fields surrounding the fort in the 4th–6th
century to suffice themselves and their animals with barley (Crawford, P. 1987: 694).
Furthermore, an association was made between the presence of watchtowers in proximity
to fortified settlements and forts at Ash-Sharah mountains, where, for example, a two-storey
watchtower used as a household unit was excavated near Udhruh (Killick, A. 1987: 178).
This might be interpreted as a possible dwelling or storage for the agrarian militia that
excavated the land. In the Petra papyri no. 59, dating 569 AD, Monaxios is a prior of the
garrison of Sadaqa leases vineyards at Sadaqa (Kaimo, M. and Lehtinen, M. 2018: 164).
This is indicative of the change in land exploitation area on the one hand and the appearance
of new category of land workers which are the military.
The theory proposed by Hart (1986) on the decline of agriculture due to the failure
of the irrigation system resulting from the lack of maintenance with the Roman annexation
of Arabia particularly in the Ash-Sharah mountains (Hart, S. 1986: 58) is not true, as
evidenced from both the written sources. The field pottery finds in addition to the paleobotanic results all prove that their use continued up to the late Byzantine-Early Islamic
periods.
Watchtowers can be considered indicators of the changes in the landscape over time.
Accepting their role as an orchard landmark, their primary construction could have been a
utilitarian one. However, with time, it might have become a symbol of wealth (Mossir, S.
and Papadopoulos, J. 2005: 164) as it entails a large investment both in land and manpower
and agricultural.

their needs in ideal conditions (Rosen, B. 1994: 347). Twaissi calculated a model of a herder’s society based
on average family of five people each possessing a herd of 50-100 heads of sheep and goats, with each head
requiring 4 km2Y-1 for grazing (Twaissi, S. 2007: 147). Another approach was to estimate the cultivated area
based on human labour capability, which on average 5-6 hectares (Foxhall, L. 2003: 79-83 and the discussion
therein). However, cultivation is not a straightforward process as it depends on several variables both socioeconomic and climatic which makes giving a true estimate of cultivated land difficult.
325325
The WMWSWP survey confirms these finds as 32 sites with the survey area yielded Late Roman and
Early Byzantine pottery up till the 4th century A.D. (‘Amr, K. et al. 1998: passim).
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The development of the watchtowers326 into small estates seem to expand in the
Byzantine period by the evidence of the pottery, papyri and OSL dating, for example, as
seen in Heash, where the towers were constructed at a lower elevation at the E side probably
overseeing the road, then an expansion at the W with addition of three rooms marked the
development of the wadi exploitation into agriculture. However, Mossir and Papadopoulos
propose that the change of settlement patterns could have driven people from the cities into
the rural areas, thus making use of already existing towers into small farmhouses (Mossir,
S. and Papdopulos, J. 2005: 163) which could not be overruled.
However, another motivation behind building watchtowers in cultivated lands was as an
investment, as these structures could be leased to other farmers alone, or to raise the lease
of the land or its worth when furnishing it with such facilities (Mossir, S. and Papadopoulos,
J. 2005: 165-166).
The division of watch towers that is seen in the 2nd century A.D. (archive of Salome's
daughter of Levi Inventory no. 869) which could be affected by events of the Roman
annexation and probably imposing new laws or taxes327, and again, in the 6th century A.D.,
where limitation of agrarian land and growth of population influenced land property
division. In the Petra papyri no. 10 dated (505-520 A.D.) where the “mintar” farm house is
subdivided between the three brothers: Bassos, who received two units of the first floor, and
two from the second floor, Epiphanios a subterranean unit (which was either an animal pen
or store) and Sabinos who received one unit of the watch tower’s second floor (Koenen, L.
et al. 2013: 90), is but an indication of the fall of the elite big estates and their subdivision
into smaller plots, and therefore the gradual decline of these estates.
Expansion into large estates or claiming the remote land for agriculture by manuring
allowed expanding into new areas. This could be an indicator of socio-economic change
(pressure of population/ new commers/ cash products amongst other) or climatic change
(improvement of condition in favour of agriculture). This can be seen of the development
of vineyard in Udhruh (the Petra Papyri n. 59). Some scholars propose a theory of
reorganization due to the introduction of the via Nova Traiana and the Roman garrisons
which required more provisions for the soldiers328, their animals of burden and their families
(Parker, S. T. 2015: 2019). and who could have even rented land from the locals for
cultivation as attested by land lease in Petra Papyri. This increase in number of populations
326

Fiema correctly notes that the Romans did not reuse all the watchtowers, but rather concentrated their
presence on main crossroads (Fiema, Z. 1995: 266-267). Findlater doubts that every building furnished with
a courtyard and a tower can be classified as a fort but rather can be considered as estates especially when lining
in vicinity of terraced fields (Findlater, G. 2002: 143).
327
Demographic change in population has been in effect in the area surround the Dear Sea as demonstrated
by change of ownership from Nabataean owners to Jews (Bowersock, G. 1983: 78), however in the Nabataea
the only change occurs in what is known as the “crown land” which becomes Cease’s land, the papyri record
Roman officials holding land parcels although if this was done by annexation or by personal purchase or gift
is not clear see for example: Yadin, Y. et al. Petra Papyri no. 13.
328
Roman soldiers received allowances in grains of corn, wheat and barley which was 2 bushels of wheat for
foot soldiers, 7 medimni of barley and 2 of wheat for horsemen (Smith, W. 1875: 1072).
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had created more demand on food provision. Roman garrisons seem to have been situated
near settlements which functioned as food suppliers for the army (Panaite, A. 2016: 152).
The cereal remains found within the settlement context and the garrisons in the Roman
period clearly show the increase in production, probably due to this demographic change.
Industrial specialization theory as evident by the possible production of aromatic
oils as evident by Az-Zurabbeh pottery production and the presence of olive mill in the
vicinity might indicate another pressure on the agrarian production expansion into new areas
particularly the irrigated terraces.
Agrarian terminologies used in the Petra Papyri reflect an influence of the Greek
system with a local mixture. If for example terraces, gardens, water channels are referred to
by Aramaic/Nabataean name, watch towers and dung depositories and siloes are being
referred to by Greek names. In addition, a lot of the agrarian influence from the Hellenic
traditions, such as the temple gardens and the paradesious concept, the presence of watch
towers, even the use of trees (by evidence of the aolea perforate in temples such as at
Humayma) seems to be borrowed from the Greek traditions.
The paleo-botanic record in Petra and its hinterland reflected a very rich diet.
Cereals, mainly barley and wheat, were cultivated on a stable basis. An intercropping system
of cereals and legumes seem to have been applied. Although some crops were known in the
Early Nabataean period, there was some intensification in cultivation and consumption in
others such as, for example, olea europea (olives), which had a more intensive presence in
the Roman period record. Products that were imported to Petra and its hinterlands such as
palm dates seem to have had stable low representation, while more expensive products such
as prunes and peaches were affordable by the wealthy inhabitants such as the owners of AzZanṭūr. Diets were also variant between the different classis, as for example the military
forts such as Udhruh and El-Lajjūn had to have more cereals, both barley and wheat, to feed
both men and horses. Furthermore, wages were sometimes given in units of grain. It is not
clear if the table of high-ranking officers differed from the soldiers, as olives, grapes, dates,
and even peaches were present along lentils and peas, wild plant mainly for medical usages
was found (Neef, R. 1987: 16; Crowford, P. 1987: 692-698).
Tholbecq (2001) proposed the distribution of agricultural activity on the bases of
vegetation zones at Ash-Sharah mountains, thus the higher forestry was more of a pastoral
zone, while the lower was a cultivation zone (403). Kennedy (2017) proposed specific zones
for growing various products based on the concentration of agricultural installations, thus
the eastern slopes of Ash-Sharah mountains were for cereal cultivation. In addition to the
northern and western flanks of the Beidha region, the western slopes of Jabal Ash-Sharah,
particularly Wadi Musa, is suggested to be the olive cultivation zone, while Beidha and AdThankia is suggested to be for vineyards and cereal cultivation (Kennedy, W. 2017: 326).
No matter how tempting this model is, cultivation is not so easy. Orchard and vineyard
successful cultivation requires certain water regiments that cannot be obtained without
supplementary irrigation; thus, these could have been concentrated around springs such as
Ayn Braq, Ayn as-Sader, and Wadi Musa, among others. In addition, soil texture is
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fundamental for plant growth, the sandy loam to loam type of soil texture in and around
Petra is low in nutrients, such soils require constant manure to sustain growth of products
and to give a good yield. Another observation is that olive presses were always located
within residential quarters as evident by excavations at Wadi Musa, Az-Zanṭūr, a, where
olives were brought to be processed, while grape presses were carved into sandstone and
therefore were dictated by the outcrop of the sandstone, rather than by the cultivation area.
Tholbecq (2001) noted in his survey that the presses were always located at the ridge
between the limestone and sandstone outcrops (403) and he is correct in observation.
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Chapter Eight: Terrace Application for Infrastructure Installation and Protection
8.1 Introduction
Terraces are generally associated with agriculture, minimizing soil loss, increasing
water harvest, and mitigating floods. However, the careful examination has proven that their
applications extend beyond these stereotypes. Terraces are used for their ability to restrain
flash floods and possible landslides in addition to offering flat surfaces within steep slopes
for safe movement. Terrace uses expand beyond mere agriculture to infrastructural aspects,
such as roads and protecting water installations, among others.
Historic and archaeological evidence indicates that the Nabataeans turned to
sedentary life around the turn of the 1st century BC–1st century AD. Around that time, they
embarked on a large urbanization project that not only included the construction of their
public and private buildings (Schmid, S. 2001: 374), decorated tombs and religious
monuments but also provided vital requirements for daily life such as water; aqueducts and
channels that carried water from their spring sources to urban centers (Bellwald, U. 2008:
passim, Al-Muheisen, Z. 2009: passim). These urban centers were spread across a wide
geographic area, spanning from Gaza in the E to Madaen Saleh and Dawmat al-Jandal to
the W and from Damascus in the N to Aila in the S (figure 2.6). This vast area required
contact and control, which could not be achieved without roads.
Nabataean commerce constituted the backbone of their economy. Therefore, a very
sophisticated system of roads was established, maintained, guarded, and provided with
services. Roads were fundamental for the daily lives of people to help them reach their fields
or grazing pastures or to send products faster to marketplaces (Berechman, J. 2003: 476), to
conduct their trade, or to reach the main cities for paying taxes, legal work or for pilgrims
to reach their veneration centers, among other things. Furthermore, authorities established
their dominance over the vast area through infrastructure and maintained order through their
influence and force, which required fast commuting roads. Nabataeans, although seemingly
a peaceful nation, fought wars329 and had alliances, which required dispatching army
contingents, sending political envoys, and exchanging letters along safe roads in various
climatic conditions. All this infrastructure entailed large investment in manpower, material,
and time and involved rather costly projects. They stretched over several kilometers of rough
terrain and could be jeopardized by natural hazards or vandalism, besides other risks, and,
therefore, it was essential to protect these systems. However, it is also possible that such
endeavors were collaborations between the authorities and wealthy individuals, who
constructed or contributed to building infrastructure either for private use or for common
benefit as offerings for their deities, such as the case with dam structures.
Aqueducts and channels and roads have been the focus of several studies. However,
seldom were any constructions ever reported within the surrounding areas. Furthermore,
329

On Nabataean wars see Josephus Antiquities, XIV.3: 3-4, 6. On internal conflicts see al-Salameen, Z. et
al. 2018: 60-79. On Nabataean Army see Graf, D. 1994: 265-311, Avner, U. 2015: 397-429.
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when researchers noted the presence of terraces near road systems, they mistook them for
“field terrace walls” constructed to retain water for the caravans or considered them
farmsteads benefiting from road proximity to transport cultivated products from the fields
to marketplaces or caravans (Ynnilä, H. 2006: 98). Abudaneh considered the presence of
terraces in the vicinity of the road systems as part of the agricultural landscape (Abudaneh,
F. 2006: 52, 54). Although such cases cannot be excluded, this chapter argues that terrace
systems were constructed in certain cases exclusively for infrastructure protection. The fact
is that the various studies and surveys reported terrace presence without focusing on them
in-depth or considering the fact that these were intentionally built for the protection of the
infrastructure. In this chapter, the focus will be on the terraces laid out for facilitating the
construction of water channels and protection of the aqueducts and road systems by
examining various examples from Petra and its near surroundings.
8.2 Ancient Infrastructure
The infrastructure consists of the physical and organizational structures and facilities
that society requires for its operational needs. Larkin categorized all means that enable an
exchange of materials over large areas as infrastructure (Larkin, B. 2013: 327). These
include open-air structures that extend over long distances in the landscape (Wilkinson, D.
2019: 5), road systems, irrigation systems, bridges, retaining walls, food storage facilities,
and water installations (Assante, M. 2009: 1). Wilkinson proposed a new typology based on
their general form and human use and interaction, thus creating four categories: static
infrastructure such as terraces, harbors, and storehouses; circularity such as highways,
canals, aqueducts, and sewers; bounding infrastructure such as defensive walls, ditches,
corrals; and signaling infrastructure such as lighthouses and beacons (Wilkinson, D. 2019:
8-20). Infrastructure constitutes extensive installations that serve more than one household
and require a collective effort to both construct and maintain (Smith, M. 2016: 2). They are
built to improve the daily lives of the inhabitants. However, such installations have always
required planning, as their introduction involves intrusion into urban and landscape
environments that may be privately owned or belonging to a certain social group. As
communities expanded, various interactions developed with the nearby social groups, and
new urban plans and new constructions were laid out. For example, agricultural terraces that
were exploited for cereal cultivation required threshing floors, siloes, roads, and even
protection systems. Urban spaces developed gradually, mainly in response to imposed
changes, such as building walls to protect from raids or constructing aqueducts to provide
water for expanding populations.
Petra enjoyed a number of urbanistic development and expansion periods in its
history under various powers. Several large infrastructural development projects were
implemented, such as aqueducts, roads, retaining walls, and city walls, among others. Some
of these projects required special protection measures, in which terraces were used. These
are the focus of this study.
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8.3 Nabataean Hydraulic Infrastructure
Earlier mentions of the Nabataeans portray a picture of semi-nomads who carved
cisterns for collecting water, which sustained them in an arid, harsh environment (Diodorus
Siculus II, 48: 2). These were situated near their seasonal settlements or near the desert
routes and were concealed from others. This tradition seems to have persisted, as their early
sedentism was accompanied by extensive cisterns, such as at Umm al-Biyara (Bienkowski,
P. 2011: 140), which could have been sufficient for a small, confined community330.
However, as the population and city dwellers increased, pressure on the various resources
increased as well, forcing the resourceful Nabataeans to embark on large hydrological
schemes to bring water from springs situated at the Upper Ash-Sharah mountains towards
Petra proper, an enterprise that started around the middle of the first century BC (Bellwald,
U. 2008: 51).
Springwater aqueducts are among the most intensively studied systems in Petra.331
However, these studies were concerned with the path of the aqueducts, water transfer
capacity, and inscriptions or symbols surrounding these installations, with no mention of
other associated features. These aqueducts were driven through rough terrains and various
elevations. For example, Ayn332 Braq spring (36R 736865.58 m E, 3355501.92 m N) runs
through Qantara to the rough hills of Zibb al-Atuff to Wadi Farasa to Az-Zantūr. Each of
these slopes generates winter runoff that can cause simple sheet erosion or even rockfalls
(Figure 8.2) and result in serious damage to the water system, causing loss of water or more
damage due to the concentrated water flow. Periodic repairs would have been beyond the
capabilities of the period and. To prevent that from happening, an entire terracing system
comprised of retaining walls and side terraces was implemented to build, maintain, and
protect the aqueduct as well as the water channels and pipes at steep slopes and inclines
from falling debris, torrential flows, or over siltation.
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Nehmé suggests that the dwellers of Umm el-Biyara were of the same ethnicity, worshipping Zeus Hagios (Nehmé,
L. 2013: 124).
331 See for example Bellwald, U. 2008:48-65; Al-Muheisen, Z. 2009: 38-62; Linder, M. and Hübl, H. 1997: 61-67.
332
Ayn means spring in Arabic.
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Figure (8.1). General view of the Upper catchment at Braq; the fault created a drop of 6–8 m in the
slope.

Figure (8.2). (A) The Nabataean settlement of Braq, (B) Ayn Braq, the spring, (D) the line of the
aqueduct is set on the gentle slopes created through (C) terracing, in contrast to the drop
of 8.00 m cut in (F).
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8.3.1 Terrace systems associated with aqueduct infrastructure
These can be divided into two main types:
8.3.1.1. Side-stepped terraces
These are walls furnished with steps333 (Figure 8.3). Stepped terraces were
constructed in rough terrains to provide for the safe movement of workmen during the
construction of an aqueduct line and probably to facilitate maintenance work or to ensure
the safe passage of workers without damaging the structure.
This terrace riser was so designed that the facing wall has a built-in side staircase.
The stair steps are located in the middle of the facing wall or at its side. The number of steps
varies between 8–12 for a single flight, built from the local stone (limestone or chert,
depending on the material the wall is constructed from). The step’s width varies from 0.26
to 0.53 m, depth from 0.20 to 0.42 m, and height from 0.08 to 0.16 m. These steps allow for
the movement of one person at a time (Figure 8.3).

Figure (8.3). A schematic sketch of a stepped terrace wall.

The stepped walls were constructed of double layers, the second functioning mainly
as a curtain wall, to protect and enhance its strength. The thickness of the wall was equal to
its height, ranging 1.00–1.50 m, with the average being around 1.30 m.
A- The Ayn Braq aqueduct–Hremiyyeh stepped terrace
Located at (36R 736287.35 m E, 3355704.28 m N). The terraces are built of local
rough limestone (figure 8.4). The dimensions of the terraces vary from 5.25 m to 12.50 m
in length and around 0.90 m to 1.87 m in height. The horizontal distance of the terrace to
the aqueduct line is 5.60 m. The wall is built of two layers of stone, the shear wall built
333

For more details about this type see Chapter 4, Section 4.6.3, type IV.
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behind the stair wall with a thickness of 0.45 m, which combined with the stepped wall
reaches a total thickness of 1.10 m.

Figure (8.4). Stepped terrace (T61) at the upper catchment of Hremiyyeh.

The shear wall is constructed to ensure better stability of the stair wall against wind,
water flow, landslides, and earthquakes. It is thus noteworthy that such walls are more robust
and show no cracks. The riser’s wall was furnished with five to nine steps. The steps are of
a single flight, with each step varying from 0.14 m to 0.38 m in width, 0.09 m to 0.18 m in
height, and 0.08 m to 0.30 m in depth, which is easy enough for one person to climb (Figure
8.4).
8.3.1.2. Retaining terrace wall
These are contour terraces constructed in front of water channels, aqueducts, or
ceramic pipelines, probably to protect the line from possible damage from natural or human
factors. These comprise either a single terrace or a set of three or more.
8.3.1.2.1

Retaining wall for protection of terracotta pipelines

These are terrace walls constructed along a contour line at the lowest point of a slope,
along the pipeline path and at a distance of < 1.00 m before it. These terrace walls were built
from local stones, mostly limestone and sandstone, and included one layer and a filter, their
heights depending on the slope, i.e., the greater the slope angle, the higher the wall. These
were single walls that ran along the pipeline (Figure 8.5).
Near Umm Seyhun (36R 736083.16 m E, 3359948.96 m N), a terracotta water pipe
brings in water from Ayn Debdebeh (Bedbedah) to the NW quarter of Petra proper
(Bellwald, U. 2008: 60). The terracotta pipeline runs NW–SW and has a diameter of around
0.10 m (Figure 8.6). It was buried in the ground but at a shallow depth of 0.20 m, and it is
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connected to a small partially built water reservoir carved into the sandstone, measuring
approximately 3.20 m x 4.40 m (Figure 8.7). The terrace riser was built in front of the
pipeline trench around 0.50 m away.

Figure (8.5). A schematic drawing showing the retaining wall protecting the water pipes.

The terrace riser is constructed from five courses of irregular unhewn sandstones
measuring 0.24 m x 0.22 m; 0.38 m x 0.22 m; 0.30 m x 0.22 cm, reaching up to 0.75 m. The
wall extends for about 48.70 m along the extended pipeline (Figure 8.8).

Figure (8.6). Nabataean terracotta water pipe of Ayn Debdebeh (Bedbedah).
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Figure (8.7). Small reservoir connected to the terracotta pipe; the left picture shows the point of pipe
connection to the reservoir.

Figure (8.8). The extended terrace at Umm Seyhun; the dotted line indicates the pipeline path.

8.3.1.2.2

Contour terraces as measures for protecting aqueduct branch lines

Aqueducts are artificial channels constructed to transfer fresh water from the source
(spring) to the consumer (temple or residential area) over long distances and across rough
terrains (Cartwright, M. 2012). This required building bridges along wadies and managing
steep slopes, and aqueduct lines were constructed using ashlar blocks and mortar to ensure
their stability and durability, such as the aqueduct bridge at Wadi al-Mataha (Bellwald, U.
2008: 49-52).
Although Ayn Braq was extensively studied by Dalman (1908), Linder and Hübl
(1997), Bellwald (2008), and Al-Muheisen (2009), none of the surveys reported the
presence of the branch that diverges from the Wadi Qanṭara main aqueduct line towards
Wadi Hremiyyeh.
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The Ayn Braq main aqueduct line was constructed to the W; at 595.00 m (elevation
1126 m), an intersection was constructed that heads N for 28.80 m into Hremiyyeh before
turning NNE for around 107.50 m (elevation 1105 m a.s.l.) (Figure 8.9). The line was
constructed on a white Disi sandstone outcrop, with line incisions of around 0.35 m
indicating the foundation (Figure 8.10). The foundation constitutes three courses of
limestone ashlar blocks rising up to a height of 0.91 m. The aqueduct was made of two side
walls, the facing wall being constructed from huge ashlar boulders measuring 0.85 m x 0.45
m x 0.26 m; 0.58 m x 0.45 m x 0.45 m; and 0.45 m x 0.32 m x 0.21 m and the retaining wall
from smaller regular blocks of limestone measuring 0.40 m x 0.30 m x 0.32 m and 0.18 m
x 0.14 m x 0.12 m, with a fill of angular, unshaped cobbles between the walls.

Figure (8.9). An image showing the Hremiyyeh–Al-Madras–Al-Jilf catchment area (red outline);
the blue line shows the extend of the Ayn Braq aqueduct, with the yellow circle
marking the Hremiyyeh branch. Source: Google Earth

As this branch enters Wadi Hremiyyeh, the NNE slope becomes very sharp (around
24.30 %). To construct this branch, the slope was terraced with seven contour terraces, three
of which were furnished with steps (Figure 8.12). The stepped terraces were constructed
parallel to the E of the aqueduct branch and at a vertical distance of 3.50–6.30 m from each
other and the aqueduct line.
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Figure (8.10). The unhewn blocks of limestone used for construction of the Braq aqueduct within
the Hremiyyeh catchment seen in the foreground, with its incised outline in the
white Disi sandstone (36R 736296.18 m E, 3355684.32 m N).

Figure (8.11). The contour terraces constructed to protect the Ayn Braq–Hremiyyeh
aqueduct branch (36R 736391.96 m E, 3355705.76 m N).
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Figure (8.12). The dotted blue line outlines the aqueduct path with the terraces constructed on the
slope.

In steep terrains, further precautions had to be taken to prevent landslides and fallen
debris from destabilizing the system. A set of contour terraces were constructed to prevent
any damage, ranging from three to six terraces based on the slope angle (Figure 8.11). The
Ayn Braq aqueduct can be considered one of the longest aqueducts in Petra. Where the
aqueduct turns into the Qantara area (36R 736304.33 m E, 3355663.11 m N), a set of five
contour terraces were constructed at the E slope before the Qantara branch turns into Wadi
Hremiyyeh (Table 8.1). The terraces were constructed from local limestone. The lowest
terrace, which is above the aqueduct branch, is the only one made of regular ashlar angular
unhewn blocks, while the other contour terraces are made of irregular, angular stones. The
facing wall of the riser was constructed from irregular angular rubble stones placed together
in random courses.
Table 8.1.
Dimensions of the terraces and their distance from the aqueduct line.
Number
Terrace
Riser height Riser
Riser width
of
reference name (m)
length (m) (m)
courses
UQ1
UQ2
UQ3
UQ4
UQ5

1.10

15.00

0.36–0.40

6

1.15
0.65
0.76
1.25

28.80
19.40
21.80
15.25

0.47–0.68
0.45–0.65
0.32–0.40
0.48–0.68

5
3
4
7

Vertical distance (m)
(from the aqueduct
line) 17.00
12.24
13.50
10.35
6.85
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8.4

Road334 Infrastructure

Roads and tracks may be considered as the spine that holds together any civilization,
being fundamental to the economy, security, and development. While road networks and
forms and the structures along them are well covered by various studies, little has been said
about the infrastructure constructed to maintain their functioning. Travelers and surveyors
often reported the presence of a “wall” (Jarvis, C. S. 1940: 146; Abudanah, F. et al. 2016:
390), “barrage,” or “terraces” (Ynnilä, H. 2013 passim), without much description of their
form or function. However, Wilkinson classified roads according to their location in the
terrain and associated feature types such as paving, stone demarcation, or fencing
(Wilkinson, T. 2003: 62; Table 4.3), without giving any elaborate description.
Road existence was sometimes identified by the features present, i.e., route markers
(milestones) (Graf, D. 1995: passim) or connected structures such as the alignment of
watchtowers and garrisons, as an indication of the presence of a military road (Killick, A.
1986: 436; Killick, A. 1987: 174-175), a distribution of settlements, fields, and other
features (Abudanah, F. et al. 2015: 160), or caravan stations (Smith, A. 2005: 340).
Roman road networks are probably the most extensive and well-known road
networks through time. This system was classified into the following classes.
A. Public roads (via publicae): These comprised the main road network, were paved
roads and held the name of their builder (Adam, J. P. 1994: 573; Berechman, J. 2003:
459). They were defined by sidewalls, and several buildings could have been located
along their path (Ynnilä, H. 2006: 36). These roads boasted the names of rulers or
states, such as the “King’s Highway” (Abudanah, F. et al. 2015: 158), the Via Nova
Traiana, constructed by the Roman emperor Trajan and connecting Busra (Bostra)
in the Hawran with Ayla in the Gulf of Aqaba in the south, which was completed
between the years 111 and 114 AD. (Graf, D. 1995: 242).
B. Military roads (viae militares): These were the expense of the army (Adam, J.-P.
1994: 573; Berechman, J. 2003: 459) and known as limes Arabicus, connecting
garrisons, forts, watch towers, and other infrastructure.
C. Local roads (actus); These were roads of the third order, built and maintained by the
pagi (Adam, J. P. 1994: 573; Berechman, J. 2003: 459).
D. Private roads (via privatae): These were constructed by individuals for their private
properties (Adam, J. P. 1994: 573; Berechman, J. 2003: 459).
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This research studies the infrastructure used for protection of road systems and the application of terraces within such
systems and is not designated for studying the road network, construction, or orientation. For detailed information on the
road network in and around Petra see Brünnow, R. and von Domaszewski, A. 1904: 433-479; Zayadine, F. 1992: 217239; Abudanah, F. 2015: 156-187; for a detailed study on Via Nova Traiana see Graf, D. 1995: 241-265; Abudanah, F.
et al. 2016; for milestone record Thomsen, P. 1917: 1-103; road west of Petra Jarvis, C. S. 1940: 138-147; ancient roads
around Jabal Haroun Zayadine, F. 1985: 159-174; Ynnilä, H. 2006: 38-86, 2013: 252- 271; Ben-David, S. 2013: 273279; for stepped roads Kloner, A. 1996: 111-137; for the road system between Petra and Bir Madkur Smith II., A. 2005:
57-75; for dating road systems see Ben-David, C. 2012: 17-26; Iron age routes Jouvenel, A. 2013: 66-61; for military
road systems Graf, D. 1997: 271-281; on road systems between Petra and Udhruh Killick, A. 1987: 173-179, Abudanah,
F. 2006.
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Figure (8.13). One of the main roads branching off from Ar-Rasīf towards At-Tayyiba (36R
741890.20m E, 3356921.51 m N).

However, road systems have existed for as long as humans have followed a mobile
livelihood, providing access for movement in space and time. Abudanah classified the roads
in and around Petra on the basis of their orientation and width into three main categories
(Abudanah, F. et al. 2015).
1. Main roads: These are oriented N-S, with a width of 6 m or more, and defined by
high curbstones. Sometimes these roads were paved (Ynnilä, H. 2006: 36). They
connected the main towns together and had several structures located along their
paths (Figure 8.13).
2. Secondary roads: These branch off the main roads, run long distances along ridges,
are defined by low curbstones, and range in width from 3 m to 4 m. Ynnilä
considered tracks and seasonal roads as being used by locals for their needs, and
these were marked by stone heaps (Ynnilä, H. 2006: 38-39) (Figure 8.14).
Furthermore, Ynnilä proposed that these were constructed and maintained by the
users and were independent of the authorities, hence their longevity (Ynnilä, H.
2006: 39), although this is more fitting for minor roads rather than the secondary
ones.
3. Minor roads: These are short-distance paths that branch out from either main or
secondary roads and serve households, farmsteads, and other structures, connecting
them to roads. These are defined by low and crude curb stones and range in width
from 2 m to 3 m (Abudanah, F. et al. 2015: 160) (Figure 8.15).
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Figure (8.14). A minor road between Btahi and Wadi Sabra (36R 733663.24 m E, 3354951.90 m N)

Figure (8.15). The red dotted line shows the outline of a minor road at Ras Silaysil (36R
733185.97 m E, 3361872.11 m N).
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8.5

Road Protection Infrastructure

The infrastructure used for protection of road systems can be categorized into the following
four main approaches:
8.5.1

The curb stones

Figure (8.16). The curb (dotted line) at the Ras-Silaysil path (36R 733004.74 m E, 3360486.05 m
N).

This is a terrace wall constructed along the road, either on one side or both sides
(Figure 8.16), sometimes furnished with a ditch (Adam, J. P. 2005: 573). Most roads
developed from dirt paths, over which frequent movement can cause obliteration of
vegetation, leading to the road being more prone to water wash, soil erosion, muddy paths,
and even road drift (Wilkinson, D. 2018: 11). To stabilize the road curbs was, therefore,
fundamental. Curbs are constructed to redirect rainwater away from the road to prevent
damage (Adam, J. -P. 2005: 573) or possible blocking of the road. Curb walls were usually
high structures that could be clearly seen and recognized at a distance for travelers to follow
the road, especially in difficult terrains (Vanderpool, E. 1978: 230). Curbs varied in height,
from one to five courses, generally built of regular angular stones. In most cases, another
line of stones or one course of stones of the same material as the curb runs parallel to it on
the opposite side, thus defining the road’s width.
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Figure (8.17). Cross-section of a curb at the road to Wadi Sabra; note the facing wall, the fill built
into the outcrop (picture facing E).

Curbs were either free-standing walls, constituting a double wall and fill, or one
layer of stone incorporated into the natural relief (aka slope, the outcrop, etc.) (Figure 8.17).
Their specific construction makes them clearly recognizable; smaller cobblestones comprise
the lower courses, while the capstone is constructed from large boulders. Curbs have been
associated with roads around Petra, and several travelers and surveys have reported stone
walls in association with roads. However, no detailed description of their form, method of
construction or material was provided. Sometimes, they were mistaken for agricultural
terraces and overlooked. A careful examination was, therefore, necessary to clearly
distinguish them and understand their function in the landscape, which is done here through
the following examples.
A. The Shammakh-al-Mdayrej curb
A long curb still survives along the road from Shammakh to al-Mdayrej (Figure
8.18) (36R 742338.81 m E, 3372186.54 m N). The wall extends for around 1,160 m
and comprises five courses of chert boulders, with smaller stones below and large
boulders above. The curb is 1.53 m high and reaches up to around 1 m in thickness.
To the west of the wall is a 2.84 m wide ditch, probably dug to divert water. The
road width varies from 9.50 m to around 15.80 m, and is defined on the eastern side
by a curb constructed from one course of stones. Based on Abudaneh’s
classification, this can be considered part of a major road system.
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Figure (8.18). The Shammakh-al-Mdayrej curb.

B. Ar-Rasīf
This road was first identified by Graf as a central route of Via Nova Traiana (Graf,
D. 1995: 249). A detailed description of the adjacent ruins was given by Amr under site
name “Qa’ 10” (Amr, K. et al. 1998: 543) and MacDonald’s site 039 (MacDonald, B. et al.
2016: 158).

Figure (8.19). The retaining wall defining the Ar-Rasīf road; note the cultivated field immediately
behind the wall and the stone mound in the distance.

These surveys only reported the road’s path or the ruined archaeological features at
the site, such as the cistern and walls, without giving any description of the road or its
elements, aside from mentioning the presence of a “wall.”
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This is the site where three main roads intersect: Udhruh, at-Tayyiba and Wadi Musa
(‘Amr, K. et al. 1998: 543; MacDonald, B. 2016: 158) (36R 741466.77 m E, 3357078.77 m
N), where several milestones once stood (Graf, D. 1995: 248). The remnant of a road can
still be traced for around 91.55 m at the site (from 36R 741890.20 m E, 3356921.51 m N to
36R 741764.37 m E, 3355522.44 m N). The road is oriented NS, defined by a wall
constructed from huge angular chert boulders (Figure 8.19), and constructed from two to
three courses reaching a height of 1.16 m and thickness of 1.00 m. The width of the road is
around 9 m, defined by one course of large chert boulders on the opposite site of the curb
(Figure 8.20).

Figure (8.20). The road along Jabal al-Qulaieh; the curb wall (W) and the single row of chert (E).

Directly to the south of the Busayra335 water well336 (36R 741642.86 m E,
3357215.12 m N) is an ancient segment of a road that runs along the E cliff of Jabal alQulaieh. This road was first reported by Abudanah in three segments: site no 302 (al-Juri),
site no 308, and site no 329 (al-Qulaieh) (Abudanah, F. 2006: 554, 558, 567) (36R
741426.55 m E, 3357296.21 m N). The uphill point seems to function as a road junction
connecting Du’aij road at the west, Udhruh at the east and Wadi Musa (Abudaneh, F. 2006:
558), connecting main roads with side roads that seem to have served as a path to the
cultivated fields. This road is defined by a high W curb wall and a lower E curb constructed
from chert extending intact for around 1,031.60 m (Figure 8.20). The curb wall is
constructed from two to three courses, with the height varying from 0.72 m to 0.90 m. The
curb is made of one layer of stone, varying in thickness from 0.32 m to 0.57 m. The stones
are angular, crude, and highly weathered. The lower courses of the wall are constructed
from small cobbles (0.30 m x 0.15 m x 0.15 m), while the upper course is constructed from
large boulders (0.70 m x 0.38 m x 0.36 m). The stones are laid on the lateral axis at almost
335

Graf records this station as Bir Sarāḥ (Graf, D. 1995: 248-249), while on the topographic map 1:25,000 of Udhruh the
site is recorded as Bserah (Royal Geographic Center topographic map 1998, 1:25,000).
336 MacDonald refers to this as Beir Musa (MacDonald, B. et al. 2016: 158).
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regular intervals (approximately every 3.50 m), and one stone is along the longitudinal axis.
The road width is around 2.85 m, becoming wider at some segments and almost reaching
3.50 m.

Figure (8.21). The interconnection of the curb and terrace walls (36R 741789.16 m E, 3355931.86 m
N).

The high curb wall runs NS to NNE-SSW, to the W of the curb wall, and several
stone mounds and terraces have been observed. These terraces connect at right angles to the
curb, with each running EW. These separate, small-ploughed fields (537–2,480m2) were
cultivated with cereals (mainly barley). The length of the terrace riser is 4.80 m, and the
average height of the wall is 0.80 m, with the riser thickness varying from 0.40 m to 0.70
m. The terraces were constructed from three stone courses of angular irregular rubble chert
stones (0.17 m x 0.45 m x 0.57 m; 0.30 m x 0.40 m x 0.26 m), with anchor stones for
stabilization (Figure 8.21). Behind and in front of the wall, piles of broken chert cobbles
(0.17 m x 0.08 m x 0.10 m) extend for around 0.50m.
It is possible to hypothesize that the stone mounds and terraces functioned at the
time of construction as a water-diverting system to protect the road from both flooding and
rockfall. Stone mounds could have functioned as high, elevated points that provided
overview, possible shade for travelers, or even a protected point for short stops.
Around 470.00 m to the NW of the lower point of the road behind the Busayra well
are the remnants of a caravansary, a fort or a settlement, agricultural terraces, and a cave,
and a segment of a wall oriented SE-NW that delineates the property of a secondary road
can still be seen despite the heavy bulldozing. Pottery fragments dating to the Nabataean,
Roman, Byzantine, and Mamluk periods were found scattered here.
However, no connection could be established between the agricultural fields and the
road, which might be taken as an indication that the fields are of a more recent date (19th
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century), which might explain the large amount of small chert pebbles collected around the
terrace walls, reflecting how farmers cleared the field by removing the chert to enable
cultivation.
8.5.2

Contour terraces and curbs

These systems occur when road segments are extended to the bottom of hills, cliffs,
or mountains. The face of the slope is covered with contour terraces to prevent and divert
the water flow and sediments from falling on to the road, while the curb extends downhill.
These systems generally require many interventions and repairs, such as raising of stone
courses, fixing small lacunas where gullies penetrated the walls, or constructing a new
contour terrace instead of an over silted one, or interrupting the path of a newly developing
gully.
A. Btahi–Wadi Sabra road
This road was first reported by Linder, who dated it between 1st century B. C. and 3rd/
4th century A.D. based on the settlement periods at Sabra (Linder, M. 1992: 203). Linder’s
brief description of the road included its width (3–4 m) and measurements of one of the
limestone boulders (0.80 m x 0.40 m x 0.45 m), stating that this road is still used by Bedouins
(Linder, M. 1992: 203). Zayadine mentioned three possible paths to reach Wadi Sabra from
Qasr al-Bint, Jabal Haroun, or Ras Btahi, without giving any details about the road
construction itself (Zayadine, F. 1992: 226).

Figure (8.22). The curb wall defines the descent to Wadi Sabra.
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Figure (8.23). The road descending from Ras Btahi to Wadi Sabra can be identified by the protruding
curb wall defining the road (above the red dotted line).

Figure (8.24). The curbstone at (W) of the Btahi–Wadi Sabra road, with the remains of the
cobblestones that were used to pave the road (lost now amidst the rubble).

This road connects the area from Btahi, S of Petra proper, to Wadi Sabra through a
steep descent before joining the wadi (36R 733638.96 m E, 3354798.87 m N). The descent
from the top of Btahi (known as Ras Btahi) down into the wadi Btahi and wadi Sabra follows
the curve of the Umm Ishrin sandstone outcrop. This road is partially paved; as small
boulders are embedded in the sand to outline the 2 m wide road (Figure 8.24). The road is
defined by a long curb that extends in two flights to more than (235.70 m) (Figure 8.23).
The curb is built of local angular unhewn sandstone, chert, and limestone cobblestones of
four courses, forming a regular wall. The height of the wall varies from 0.70 m to 1.70 m,
depending on the state of preservation. The curb starts with a free-standing wall; this
segment runs for around 168 m before becoming embedded in the slope. This segment is a
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double wall and small fill. The facing wall is constructed of regular angular unhewn
sandstone placed on the longitudinal axis with a thickness of 0.42 m and the fill is made of
two layers of irregular stones with a thickness of around 0.30 m, while the retaining wall is
constructed of angular irregular stones of mixed lithology (limestone, chert, and sandstone),
placed also on their longitudinal axis, forming a thickness of 0.25–0.30 m. As the curb bends
and becomes embedded in the slope, its composition changes to a facing wall and fill. The
facing wall maintains the stone alignment with a thickness of around 0.20–0.30 m and a fill
of one angular cut stone with a thickness of 0.10–0.20 m. The south slope defined between
the top of the Btahi and the edge of the curb was terraced with a set of six contour terraces.
Measurements from the curb up are shown in Table 8.2. In addition, a set of five small weirs
were constructed in the gully. The terrace risers were constructed from small cobbles (0.24
m x 0.16 m x 0.21 m; 0.27 m x 0.06 m x 0.33 m; 0.24 m x 0.20 m x 0.28 m) of three to five
courses of stone, with smaller stones placed in the lower courses (0.10 m x 0.03 m x 0.11
m; 0.20 m x 0.10 m x 0.20 m; 0.10 m x 0.04 m x 0.14 m) and larger ones in the upper
courses.

Table 8.2.
Dimensions of the contour terraces on the cliff overlooking Btahi-Wadi Sabra road
Terrace ID Length
Thickness Height Vertical
The material Notes
number
(m)
(m)
(m)
distance
used
for
(m)
construction
SR1
46.70
0.62
0.94
(from the Limestone,
curb)
chert
and
15.00
sandstone
SR2
8.24
0.45
0.70
3.60
Limestone,
sandstone
SR3
22.70
0.24
0.45
20.30
Limestone,
4 courses
chert
SR4
6.50
1.00
0.60
5.30
Limestone,
Constructed
dressed
from double
sandstone
walls and a fill
SR5
4.70
0.50
0.40
20.40
Sandstone,
Scale laid three
chert,
and courses
of
limestone
stone
SR6
6.40
0.60
0.50
9.10
Chert
and
limestone

B. Jabal Haroun path curb and contour terraces
The dirt road that is located at the edge of the wadi which separates Jabal Farasheh
from Jabal Haroun is probably the ancient track that leads to the Prophet Aaron (Haroun)
shrine. The road is defined by a curb at the N side and a line of stone at the S side (36R
731282.07 m E, 3355352.13 m N), with an average width of 3 m. The curb wall is
constructed from large unhewn sandstone, with a few stones of chert, in five courses
reaching a height of around 0.94 m, made of one layer placed on the elongated axis, with
thickness of 0.60 m. The curb is intact for around 7.10 m.
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Figure (8.25). The curb along the road leading to Jabal Haroun (the dotted red line indicates the
contour terraces that overlook the road).

Figure (8.26). Details of one of the upper contour terraces on the slope overlooking the path to
Jabal Haroun.

Figure (8.27). A cross-section of the terrace with the three layers of stones placed to thicken the
wall.
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As the southern slope of Jabal Haroun is rather steep, ten contour terraces were
constructed from the base to the summit (see Table 8.3 for detailed information). The
terraces are constructed predominantly of sandstone, with some limestone. The walls are of
irregular angular rubble stones placed together in random courses, with only the lower
course seeming to be well laid (Figure 8.26), which might be an indication of reconstruction
after failure of the initial terraces due to torrents, as gullying flows are evident, in addition
to thick carbonate crust, an indication of water flowing through the terraces. The lower
course is laid at the edge of the slope relief; as the upper courses were laid a back layer was
constructed, forming three layers reaching thicknesses of 0.60–0.85 m (Figure 8.27).
Table 8.3.
Dimensions of the contour terraces overlooking the road to Jabal Haroun
Terrace
Material
used
for Length (m) Width (m)
Height (m)
Reference N
construction
Hr1

Umm Ishrin Sandstone

11.80

0.45

0.90

Hr2
Hr3
Hr4
Hr5
Hr6
Hr7
Hr8
Hr9
Hr10

Umm Ishrin Sandstone
Umm Ishrin Sandstone
Umm Ishrin Sandstone
Umm Ishrin Sandstone
Umm Ishrin Sandstone
Umm Ishrin Sandstone
Umm Ishrin Sandstone
Umm Ishrin Sandstone
Umm Ishrin Sandstone

22.00
27.20
6.60
5.80
11.00
14.00
21.90
15.5
26.80

0.42
0.50
0.58
0.50
0.42
0.50
0.42
0.84
0.50

0.45
0.78
0.90
0.70
0.45
0.60
0.50
0.40
0.58

Vertical
distance
(m)
7.00
from the
curb
7.85
7.95
8.00
7.00
9.40
15.90
15.50
9.80
10.40

8.5.3 Road retaining walls
These are constructed walls that are higher than the curb, reaching two meters or
higher. These are generally constructed at the middle of the junction of a foothill or a wadi
bed converging at the downhill side. Built of large boulders of local stones, they do not have
an accommodating opposite wall, making them single walls. Due to the accumulation of
sediment behind them, they are often mistaken for agricultural terraces. Their functions
include the following:
I.

Protecting walls in wadi paths.
Perineal shallow valleys and straight gorges (Wilkinson, T. J. 2003: 62) were used
as passages during the dry period of the year, which was the most prevalent for much of the
year. Several such wadies exist around Petra. Indeed, it is through one of those narrow
gorges known as the “Siq” that you could enter Petra.
These passages were more convenient to navigate, especially when they connected
settlements together, and were easier to traverse rather than the difficult mountain paths,
and they were open to view, making it easier to manage the traffic and avoid danger.
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Figure (8.28). Retaining wall between al-Aja to Wadi Btahi (36R 732721.46 m E, 3355226.18 m
N).

Rivers tend to meander due to natural weathering and deposition processes by the
force of flowing water, changing their path or leading to blocking of the pass due to falling
debris. To secure such passages and ensure their accessibility throughout the year, several
engineering interventions were implemented (Figure 8.28).
II.

Preventing sediment wash.

Figure (8.29). Retaining wall at the banks of Wadi Siq al-Ghurab (36R 734550.62 m E, 3361484.49
m N).

These were constructed to protect the wadi bed by preventing the collapse of riverbeds
and the debris brought down the slope from the adjacent hills and mounds (Figure 8.29).
III.

Creating visibility for the path.
Caravans or travelers taking the road had to pass through varying terrains; high
retaining walls were clearly visible from afar and served as guides (Figure 8.30). In
addition, it protects the passers from sliding rocks. These were generally mono-walls
(in other words, they were not within a set of terraces preceding nor following them).
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Figure (8.30). Terrace wall near Ras Silaysil outlines the wadi path at the wadi bed and protects
from sheet erosion from Jabal at-Tuwayyil (36R 733196.57 m E, 3360775.66 m N).

IV.

Providing protection and evacuation
Wadis could extend along large geographic areas, which made them favored paths;
however, they were also the drainage paths of various catchment areas, draining in
flood water without a warning. Thus, these walls served as high elevated banks onto
which it would have been easy to climb and evacuate to safety. Some of these walls
were furnished with improvised steps to make that process easier (figure 8.31) (36R
733387.18 m E, 3360961.16 m N).

Figure (8.31). Steps at the terrace wall at Umm Huweiwiṭāt to help quickly climb onto the
bank (B) above the wadi (A).
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A. Wadi Siq al-Ghurab wall

Figure (8.32). Wall between Wadi Siq al-Ghurab and Ras Silaysil.

This wadi is oriented NNE-SSW and connects Beidha with Ras Silaysil through
Wadi Siq al-Ghurab (36R 733334.43 m E, 3360931.42 m N). This route descends south to
Wadi Musa along a difficult Precambrian basement Ahaymir volcanic rock formation
(Bargous, M. 2003: 12-13) exposed at the escarpment with around 400.00 m vertical drop
(Knodell, A. et al. 2017: 623-624) leading towards Wadi Musa and further on to Wadi
Araba. The exposed lithology makes this pass one of the steepest and most difficult to
bypass (Ben-David, C. 2013: 276). However, this was one of the main passes that connected
Wadi Araba to Petra, and was still used by travelers until the 19th century.
Aside from the possible use of the wadi as a caravan/ travelers’ route, it served the
inhabitants of the nearby Silaysil Nabataean settlements, the pond temple (Lindner, M. and
Gunsam, E. 1995a.: 199) and agricultural terraced fields (Berenfeld, M. et al. 2016: 80).
A huge wall still in situ was constructed at the N edge of Umm Huweiwiṭāt; the wall
extends for 157.65 m, varying in height between 1.82 m at the E end to 2.27 m in the W,
with an average thickness of 1.30 m. The wall is constructed from large sandstone boulders
quarried from a nearby outcrop of Umm Ishrin sandstone. The facing wall is constructed
from angular unhewn regular stones (0.66 m x 0.14 m x 0.62 m; 0.88 m x 0.30 m x 0.70 m;
0.52 m x 0.18 m x 0.03 m; 1.17 m x 0.37 m x 0.57 m) placed in regular rows. The wall
follows the path of the wadi towards the SSW for around 63.00 m before curving S-SE for
62.56 m and then curving to the E for 32.00 m. The thick sediment outcrop accumulated
behind this wall resembles beach sediments. The curved segment is 1m thick, built of facing
wall with a fill constructed from cobbles measuring 0.34–0.4 m.
At the E end, the wall is furnished with a staircase of seven steps, the steps’ length
varying from 0.56 m-0.70 m, height 0.10 m-0.18 m, width 0.26 m-0.42 m (Figure 8.31).
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B. Stouh Btahi

Figure (8.33). Showing a segment of the retaining wall near Stouh Btahi.

N
Figure (8.34). Stouh Btahi: C the retaining wall (Figure 8.33), A the barrage, B set of terraces and
check dams intersecting the gully flow, D the wadi used as a pass into Petra proper.
Source: Zoon Earth scale 20m.

Another large retaining wall was constructed near Stouh Btahi, which is oriented
NNE-SSW (36R 732719.59 m E, 3355219.18 m N). This wall is preceded by a barrage
around 32 m long, which diverts the flow of water into a wadi heading N and a gully heading
S, thus preventing any torrential water force directly hitting the wall (Figure 8.34).
The retaining wall is constructed with the same technique as the curb walls, with
smaller stones forming the five lower courses, while the capstone is constructed from a
larger boulder. However, as the sediments collected behind were starting to over silt the
wall, two to five new courses of cobble stones were added. The facing wall is constituted
by an alternating mixture of large stones and small stones of random ashlar in regular
courses as well as limestone and sandstone and a few of chert. The stones are placed on the
459

longitudinal axis in a single layer. The northern end is closed with a perpendicular wall
around 4.34 m long. The retaining wall is 18.60 m long and 2.40 m high (Figure 8.33).
8.5.4 Complex systems
These incorporate several engineering systems that combine water and soil terrace
walls, such as a combination of dams, contour terraces, weirs and Vallerani, among others,
for road protection. These were implemented in rough terrains, such as the alternating edges
of a mountain and a valley. These were implemented at main and vital road passes that were
needed through the greater part of the year.
A

The Namaleh Pass

This pass was considered the major route to enter Petra. It connects Petra with Wadi
Araba through Stouh Beidha (Robinson, E. and Smith, E. 1856: 125-127). Ben-David
suggests this pass to have been a camel trail (Ben-David, C. 2013: 274). The path goes from
Beidha to Wadi el-Jabu, where the road deviates into two paths (Figure 8.35): one part goes
NNE through a narrow gorge that leads further on to Siq Umm al-‘Alda, while the NW pass
goes down the wadi that passes at the foot of Jabal Fedra, which connects Wadi Namaleh
with Shakarat Musei’eid. This was one of the main roads leading to Petra, and both passes
reconvene at Shakarat Musei’eid. These paths were seasonal, so if the NW path that follows
the wadi bed were to become impassable due to winter flooding, then an alternative existed
in the form of the NNE pass up the mountain, which could be used.
At each of these branches, specific interventions were made to ensure safe passage.
The NNE road goes through a sandstone and limestone terrain, and after an elevation of
around 670.50 m the road passes by two major wadies. These two wadies flow EW; the N
wadi flows from 1085 m a.s.l and extends for 483.25 m, while the S flows until reaching
1042 m a.s.l., and extends for 287.00 m, both meeting at 1022 m a.s.l, and draining for a
150.85 m long stretch. These two catchments are extensively terraced with weirs, check
dams, terraces, side wadi terraces and contour terraces (Figure 8.36). The terraces are
constructed from locally quarried limestone. They were constructed from irregular to
angular unhewn stones, of irregular courses (Figure 8.36 A, C). The height of the terrace is
around 1.50–2.00m, with the lengths varying from 5.50 m to 7.50 m. The walls are formed
of five courses with irregular stone sizes. The vertical distance between the terraces built at
the upper catchment area ranges from 2.60 m to 4.50 m, tripling toward the lower catchment
(6 m to 12 m). The terraces are constructed on both outcropping sandstone and on sediments.
The contour terraces made use of the large fallen boulders (1.20 m x 1.08 m x 0.35 m)
forming anchors, with the stone courses being built interlocking with the boulders. Contour
terraces were constructed even in a concave curve. Small dams were constructed in narrow
crevices, and they measured 4.10 m wide and 2.45 m high. The weirs were constructed in
the narrow gullies, their width varying according to the gully width and reaching a
maximum of 2.25 m. They were built from two rows of stones, measuring in thickness
around 0.60 m and were around 0.50 m high (Figure 8.36 D).
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Figure (8.35). The seasonal Namaleh passages [the road extends from the S point (36R 735446.09 m E, 3368555.43 m N) to the N
(36R 734914.70 m E, 3371492.42 m N).
Source: Google Earth.
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Figure (8.36). The Namaleh catchment area (site coordinates
UTM SW 735769.69 m E, 3369171.21 m N, NNE 736636.19 m
E, 3370004.26 m N, from NE 736003.52 m E, 3369730.70 m N
and from NW 736520.62 m E, 3369294.35 m N) showing the
interventions. Contour terraces were built at the upper
catchment(A) a set of contour terraces on the slopes overlooking
the wadi (B), terrace walls and side wadi terraces were
implemented at the middle catchment (C), check dams and weir
were constructed to intervene and slow the gully and wadi flow
(D).Central image source: google earth

Figure (8.37). Natural cavities in the rock utilized for water collection.

Several natural rounded cavities in the outcropping Disi sandstone that were utilized
as cisterns can still be seen (Figure 8.37). Here, winter rainwater gets collected, which could
have provided the water for the caravans as well as prevented the devastating effects of
flood water. The NW road is defined by the outcropping red and rugged terrain of rhyolite
rocks of Ahaymir Volcanic Suite, with the road path extending along the wadi, overlooked
by Jabal Fidra. The western cliff of Jabal Fidra is extensively terraced by contour terraces,
Vallerani, weirs, and check dams. Their distribution and details are shown in Table 8.4 and
Figure 8.38, wherein the terraces are numbered from the wadi bottom towards the summit.
The main interventions were made along the gullies, while the upper mountain slope was
covered by Vallerani and contour terraces. The modern asphalt road cut the slope into two
segments. Furthermore, the piling of sand and construction of the culvert buried and
destroyed much of the contour terrace NW6.
All the terraces are constructed from locally available rhyolite, as this is a rather hard
stone; the stones used were of various sizes and forms, collected from the local debris. The
terraces’ riser construction is rather crude, where the stones are placed in either one or two
layers without ensuring any interlocking, and sometimes their construction resembles piled
rocks.
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Table 8.4.
Terrace system and dimensions at the slope of Namaleh
Terrace
Type of The
Length Width
Reference terrace
material
(m)
(m)
No.
used
for
construction
NW1
Contour
Rhyolite
15.83
0.24
NW2
Contour
Rhyolite
7.37
0.45
NW3a
Contour
Rhyolite
4.60
0.40
terrace
and
NW3b
4.5
0.42
segmented limestone
NW3c
17.20
0.40
by a gully
NW4
Contour
Rhyolite
78.00
0.52
NW5
Contour
Rhyolite
21.36
0.42
and
limestone
NW6
Check
Rhyolite
4.73
0.24
dam
NW7
Check
Rhyolite
6.30
dam
NW8
Vallerani
Rhyolite
15.45

NW9
NW10
NW11a
NW11b

Vallerani
Vallerani
Vallerani
Contour

NW12

Contour

Rhyolite
Rhyolite
Rhyolite
Rhyolite
and
limestone
Rhyolite
and
limestone

Height
(m)

Vertical
distance
(m)

1.14
1.60
1.00
1.10
1.25

6.00
4.46
4.92

1.50
1.12

6.22

1.16
0.68
0.75

3.70
16.00
4.86
66.27

1.5
1.77
1.62
0.53

Could not
be
measured
due
to
destruction
7.41
5.85
4.78
9.00

73.16

0.95

6.77

The set of terraces above the road varied between the check dams which were
constructed in the gully. Four terraces (NW8, NW9, NW10, NW11a) constitute a set of
Vallerani terraces, while NW11 b and NW12 are contour terraces.
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Figure (8.38). Showing the terrace system at the lower Namaleh pass
(site coordinate UTM N 733994.43 m E, 3369594.29 m N; S 734099.14 m E; 3369082.75
m N, E 734456.79 m E, 3369417.84 m N, W 733918.53 m E, 3369192.60 m N). The left
images show that weir, double weir, and check dams are applied at the gully (A),
Vallerani are applied at the side slope (B), while extensive contour terracing is applied at
the lower catchment (C). Source of the image at the right: Google earth.

8.6 Discussion and Conclusions
Strabo once claimed that the superiority of Roman civilization over the Greek was
in their developed infrastructure, particularly in “construction of roads and aqueducts, and
of sewers that could wash out the filth of the city into the Tiber” (Strabo V.3. 8: 211-212).
Infrastructure development can be an indication of social change. While providing
the population with services and facilities to improve their daily life, it is an indication of
state power (Owens, E. 1991: 149)—in exchange for taxes, the state provides certain
benefits such as protection or the provision of main life requirements.
Contour terraces have had the widest range of applications due to their ability to
control and prevent soil erosion and sheet water flow. Contour terraces can run over medium
slopes and large areas, parallel to linear structures such as roads and aqueducts, and these
advantages lead to vast implementation options. These terraces maintain their stability due
to their design features; their heights and widths are almost 1:1, constructed either from
single or double layer, with their stones placed on the longitudinal axis. Their vertical
distance tends to be well distributed based on the slope angle.
Indeed, the attributes of a civil society are based on providing a network of roads
and water and managing waste. Although the exact dating of the infrastructure in Petra is
somehow debatable, there is a consensus amongst archaeologists that the aqueduct
construction started from the middle of the 1st century (Bellwald, U. 2008: 51)337 and
continued until the 4th century AD. (ʿAmr, K. and Al-Moumani, A. 2001: 270).
Aqueduct construction is a huge endeavor, requiring considerable financial
resources as well as political power to overcome issues of water rights of certain groups to
water sources (the spring), extend aqueducts within terrain and land (property), and recruit
manpower to implement the work, and for it’s the project’s maintenance and protection.
This requires massive investments. Although the existing channels were carved into rock to
ensure their protection or were buried underground to conceal them, in most cases they ran
over varying terrains, such as Ayn Braq and Ayn Debdebeh (Bedbedah). Despite the time
span between the construction of Ayn Braq at the end of the 1st century BC and Ayn
Debdebeh (Bedbedah) late in the 1st century AD (Bellwald, U. 2008: 51), these combined
gravity and pipe systems and run over diverse terrain for long distances.
The aqueduct of Ayn Braq is a manifestation of another important application and
use of contour terracing. The spring gushes from upper cretaceous Na’ur formation, forming
a very steep vertical relief due to a minor fault system, exposing the Disi sandstone (Barjous,
M. 2013: 47-48). Contour terraces were applied at this segment to collect sediment of the
heavy torrents, thus artificially creating a gentle slope to construct the aqueduct line. The
construction of an aqueduct line over such difficult terrain must have been driven by dire
necessity. The Ayn Braq aqueduct provided the southwestern quarter of Petra, particularly
Wadi Farasa, Az-Zantūr, and possibly the Petra pool and garden complex (Bellwald, U.
2008: 56, Al-Muheisen, Z. 2009: 72-79), with water. Although Bellwald dated the channel
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This dating was made based on the fragments of broken pottery used in the hydraulic mortar mixture (Bellwald, U.
2003: 67-68); ʿAmr and Al-Momani found a chronological evolution of ceramic water pipes in Wadi Musa from the 1st
century B. C. till the 4th century A.D. (for more details ʿAmr, K. and Al-Momani, A. 2001: 270, Figure 24). AlMuheisen however proposes a “Hellenistic” period for the water network expansion in the city, although he agrees on
the Siq aqueduct date as being mid-1st century B. C. based on the epigraphic evidence (Al-Muheisen, Z. 2009: 174).
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construction to the end of the 1st century BC (Bellwald, U. 2008: 51), the monuments it
presumably supplied seem to be of a later date, considering that the hydraulic mortar used
in plastering the large basin at Wadi Farasa E contained fragments of characteristic pottery
of the second to third quarters of the 1st century AD (Schmid, S. 2001: 182). The Petra pool
and garden complex’s early hydrological installations that supplied the pool were dated
based on the coinage and pottery finds to around 9 BC until the 1st century AD (Bedal, L.A. 2004:67-72). There was speculation that a branch from Ayn Braq source could have
supplied Az-Zantūr house phase IV and the southwestern edge bath with water around the
turn of the first to second century AD (Kolb, B. and Keller, D. 2001: 319). Although there
is no direct evidence as to the time of commencement of the aqueduct construction, we can
conclude based on the archaeological evidence that its final phases were constructed around
the first century AD and were probably either expanded or modified towards the second
century AD.
Another reason for transporting the water over rough terrain was protection from
possible vandalism, which consequently required more effort to protect it from natural
disasters such as possible landslides and stone falls, among others. Contour terracing was
applied for the entire slope to ensure the minimization of danger and to increase the
effectiveness of these measures. This was particularly important for the protection of the
pipesand canals. On the one hand, it prevented siltation of the channel, particularly the
blockage of the channel and its contamination, while on the other, it prevented over siltation,
which could add extra weight to the pipe and cause damage or burial, This would cause
difficulties if repairs were required and also prevent the flow of water from washing away
the lime mortar, thereby causing dysfunction of the pipe system. Another fundamental
aspect of contour linear terrace construction along the pipeline was the orientation, making
it more visible for easier maintenance of the line.
Dating roads is probably the most challenging aspect, as no typologies for road
systems exist. The most obvious elements in dating roads were milestones (Thomsen, P.
1917: 169-171; Graf, D. 1995: passim). However, their use is related to the completion of
construction of the Via Nova Traiana around 111–114 AD338 (Graf, D. 1995: 264) onwards.
To establish earlier dating for the existing roads, several methodologies were applied to date
road systems based on ceramic material and pottery sherds found along the road and spatial
analysis of the settlements and elements connected by the road system (Abudanah, F. et al.
2015: 159, 179). Inscriptions associated with road systems are seldomly encountered and
mainly constitute commemorative types that mention names, probably of those who used
the road rather than those who were involved in its construction, and even these lack dates.
The rare dated inscription indicates a possible presence of caravan checkpoints at main
passes, such as of Abdoobodas son Abdoobodas, a retired hoplite, on the road pass between
Samar and Namaleh. Although the commemorative Greek inscription dates to the 5th century
AD (Zayadine, F. 1992: 222), the person commemorated holds a pure Nabataean name
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This date is based on two aspects, the mention of emperor Trajan and the honorary title of Petra as a metropolis
mentioned on the milestones. However, as to the debate about the via nova, whether it was a road newly laid by the
Romans or their contribution was restricted to paving an already known Iron age and Nabataean road, for further
discussion on this matter see Borstad, K. 2008: 55-70; Abudanah, F. 2015: 156-159, Ben-David, C. 2009: 723-729; Ben
Yosef, E. et al. 2014: 493-575, as this is not the prime concern of the present research.
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“Abd-Obodas”339; as this is a commemorative inscription, it can be cautiously deduced that
the local government administrated the road from the Nabataean period until the early
Byzantine period (the date of the inscription), considering Parker’s assertion that the Roman
army contributed to the construction of via nova in the provinces, especially at the frontiers
(Parker, T. 1987: 43), not only for taxing the users also to provide safe passage by protecting
them from possible raids and maintaining the road.
Earlier Nabataean roads were simple earth tracks formed by pressed soil, either
intentionally by beating the earth or paving it with wadi cobbles or as a result of human and
animal traffic (Fiema, Z. 2003: 48).
It had been noted that secondary roads varied in their quality and facilities. Some
were paved by slabs, others by cobbles or rubble, some had retaining walls or curb stones,
while others had none. Generally, it was observed that these structures extended to a certain
distance beyond settlements (Wilkinson, D. 2018: 15), which might be an indication that
the settlements were funding the construction of the roads that served their needs and
requirements, to the extent they could maintain them. In Petra, it was noted that retaining
walls do not extend beyond certain geographic limits, such as the Naqab al-Ruba’i (BenDavid, J. 2007: 104, 106). A complex road network existed in and around Petra, comprised
of main roads to a set of smaller passages and paths that date from the Iron Age and
continued till the Ottoman period (Borstad, K. 2008: 55-56; Abudanah, F. et al. 2015: 158).
These roads were constructed, maintained and developed with time. Several roads might
have connected the settlements around Petra in the Iron Age, such as the road that connected
Busayra with Wadi Araba and Wadi Faynan (Bienkowski, P. and Van Der Steen, E. 2001:
36; Ben-Yosef, E. et al. 2014: 543). Ben-David noted that Iron Age road delineation was
defined by stone rows laid in several rows parallel to each other (Ben-David, C. 2009: 724),
which might have formed due to clearing of the road from stones to create an open path
(Ben-Yosef, E. et al. 2014: 543). Curb stone construction methods seem to show a certain
tendency. It was noted that along the road to Wadi Sabra, the curb construction was similar
to the terrace walls. Standing walls were reinforced by double walling and a fill, while they
were embedded into the cliff near the slopes, with stones embedded into the soil placed on
their longitudinal axis. The same observation was made by Ynnilä at the Jabal Haroun road
system (Ynnilä, H. 2013: 259). The Ar-Rasīf curb was constructed with smaller stones
forming the lower three to four courses, with a large stone placed at the top as a cap stone.
Similar single layered curb walls were reported aligning various segments of the “King’s
Highway”, such as segments 2 and 3, notably KHJ 005 of Abudanah’s survey (Abudanah,
F. et al. 2015: 164-165). Abudanah considered that the curbs were deliberately elevated to
the height of walls near agricultural fields to ensure their protection from trespassers and
animals and ensure accessibility and slopes to prevent landslides and erosion (Abudanah, F.
et al. 2015: 164). Although this is true in some cases, it is not always so, such as at the site
of al-Qulaieh, Ar-Rasīf, among others, where high retaining walls were constructed despite
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The name “Abd-Obodas” evokes the cult of worship of King Obodas, which was prevalent in Petra, as several
inscriptions were discovered such as at ad-Deir (Murray, M. and Ellis, J. 1940: 32) en-Nmer (Healey, J. 2001: 148);
however, the debate whether it was Obodas I or Obodas III is not settled yet (for the arguments on this matter see
Healey, J. 2001: 149-151). Negev records several inscriptions of the cult of Obodas from the Negev dating from 88/89 to
125 AD., which indicates that the name was popular after the annexation of 106 AD (Negev, A. 1991: 60). Thus, the
road pass could have been in exploitation as early as the Nabataean period or as late as the early Roman period.
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running near flat ground. Thus, high retaining walls had various functions. In addition to
those previously discussed, their main aim was protection of the road and highlighting its
orientation, making it visible from afar and thus easy to follow. Ynnilä reported the presence
of “shoulders,” defined as a particular form of curb walls (Ynnilä, H. 2013: 259),
distinguished by a broad bend and extending for several hundred meters of double-facing
walls (Silvonen, S. et al. 2013: 363). However, since roads follow wadies and other possible
paths, it is natural that roads curve or zigzag. Moreover, the retaining wall does not change
its morphology with the curve, as it retains the same height and stone layering form and
thickness, as was noted with similar examples at the road that connects Ras Btahi with Wadi
Sabra. One case where in my opinion the term “shoulder” could be particularly used is the
application of high retaining walls at an edge of the mountain cliff, where the road was cut
into, such as for example at Ras Silaysil, where such high curved shoulders were necessary
to navigate dangerous paths. Retaining walls were extensively used in zigzagging roads,
such as the descent of Silaysil pass (Ben-David, C. 2013: 276). Ynnilä noticed the
connection of curb or retaining walls which were incorporated into a barrage (Ynnilä, H.
2013: 254), which can be seen at points where roads intersect between the wadi and the
mountain or hill base. This was particularly important to divert the water from the road. At
Btahi area, for example, dams were constructed to collect that water.
The colonnaded street340 in Petra proper was refurbished and paved with flagstones
typical of the Roman methodology, and a retaining wall ran at the S side of the street to
restrain the wadi Musa banks from being washed away and damaging the street (Fiema, Z.
2003: 47-48).
It can be cautiously concluded that most of the infrastructural constructions were
achieved during what is known as the “Roman influence” on Nabataea, from approximately
the first half of the 1st century BC to around the 1st century AD, as manifested in their cultural
material (architecture, coinage, pottery for example) (Schmidt, S. 2001: 416-418). At that
time, Petra witnessed a period of extensive urbanization (McKenzie, J. S. 1990: 108), which
was the impetus behind the infrastructural construction such as aqueducts and road systems.
Therefore, the terrace systems associated with these installations can be considered
contemporary in construction, either formed before the aqueduct, such as the contour
terraces that the Ayn Braq line ran over, or simultaneously with the aqueduct, such as the
road retaining walls, or after the completion of the wall, such as that protecting the ceramic
water pipe of Debdebeh.
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Various dates were proposed for the construction of the street and therefore the retaining wall. The dates
verge on the rule of King Rabbel, 76-101 AD, based on a coin found within the layers during excavation
(Fiema, Z. 2003: 48). Parr suggested an earlier margin for the date, based on the method of construction
(Parr, P. 1960: 130, 1970: 369-370), while Kirkbride placed the upper margin at around 114 AD (Kirkbride,
D. 1960: 119-120). Only McKenzie argued for the street to be Nabataean, of the 9th century BC (McKenzie,
J. 1990: 35-36).
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Chapter Nine: Dating of Terraces
9.1 Introduction
Terraces dominate the landscapes of the Mediterranean in general and Petra in
particular, traversing the various contexts and terrains. Questions as to when this began are
relevant. Also, was the paleo-landscape identical to the current one? What triggered the
terrace construction? Was terracing the contribution of one civilization at a specific time
span, as a response to prevailing needs and changing conditions, or was it an accumulative
contribution of humans who lived in this terrain and managed their sustenance accordingly?
Observing terrace variations in the landscape opens these and other questions relating to
their evolution, development, and geographical distribution.
It is a mistake to consider the landscape to be static, with only human interventions
and modifications. Indeed, interventions and modifications would not be needed of the
landscape were truly static. Rather it is constantly in the process of dynamic change and
constant adaptation. For example, humans would intersect the flow in a gully by building a
check dam, which could silt over due to severe torrential flow of surface water. This would
lead to other actions such as the elevating of the existing check dam or building another
check dam or building a set of contour terraces, or using the silted soil over the check dams
for agricultural activity. Gullying would occur beyond control, leading to total site
abandonment, or a natural disaster could occur causing collapse of the system beyond repair,
or the system could remain functional while humans might abandon the area due to political
or climatic pressures, or the collapsed system might be repaired and reused again after
decades by another group of site inhabitants. Each of these scenarios could have happened,
leading to one of the mentioned reactions or others that cannot be envisioned. These
interventions, moreover, could have occurred within close periods or over a long span of
time.
Unlike other architectural features that are associated with datable materials, such as
human settlement layers, destruction layers, inscriptions, coins, or cultural remains, dating
landscape features poses greater challenges. This, in addition to complications from multiple
reuse since their construction, the modifications that occur to the surrounding landscape,
moving to issues of their changes in designs and variations in form.
Another challenge related to the issue of dating landscape features is the lack of
written records. Terraces as landscape features were seldom mentioned in the scarce
historical records that have reached us. The 19th and 20th-century travelers and visitors, even
surveyors, enchanted by the great monuments of Petra took little notice of the surrounding
landscape, with a few mentioning the cultivated terraces of Elgi village without giving any
details. Local inhabitants, when interviewed on their terraced fields, are of no help, as either
they refer to these features as “archaic (Nabataean)” or built by their grandparents, although
neither could be true.
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Research and debate on terrace dating has been ongoing since Spencer and Hale
(1961) published the first comprehensive research on the subject. Since then, several
approaches were attempted to date these structures, starting from the traditional
archaeological approach of studying material culture to more complex scientific approaches
such as radiocarbon dating and optical stimulating luminescence (OSL). These methods,
although offering great potential, pose many challenges because no dating methodology can
be conclusive. Thus, clearly stating that complex structures, as terraces are, require multiple
dating approaches to reach the best results, an endeavour not always possible in light of the
high costs of scientific dating.
This chapter aims to discuss the various methodologies used for dating of the
terraces, the challenges facing when implementing the approaches and interpretation of the
results reached.
9.2 Methods and approaches in dating terraces
There are two dating approaches that are used in archaeology, which are relative and
absolute dating. Relative dating of an object is based on stylistic seriation and
stratigraphically obtained comparisons, and has a large margin of error. Absolute dating
applies scientific techniques to assign a chronometric date for the object (Ruiz, J. and Rowe,
M. 2014: 2036), and is expressed in the number of years since production (Watt, A. 1982:
121). Several approaches have been put forward stemming from terrace forms, the remains
they might contain, their components and their surroundings. These approaches can be
classified into four main categories, i.e., the presence of cultural material, scientific
approaches, stratigraphic and stylistic approaches. Following are descriptions and
discussions of these methods.
9.3 Presence of cultural material
Surveys and archaeological excavations use pottery sherds for dating their finds in
general, and Petra is not an exception to that. Archaeological excavations relate the ceramic
finds to stratigraphic layers associated with other cultural remains, thus maximising the
accuracy of dating. However, survey dating results are speculative due to the ambiguous
source of the ceramics, which could only be confirmed by an archaeologist when it is
possible.
Concentrations of key materials within soils were used successfully to deduce
certain human activities, such as chipped lithics and cores would indicate a knapping site,
while thick dung layers would be evidence of presence of animal pens (Shahack-Gross, R.
and Finklstein, I. 2015: 254).
9.3.1

Dating terraces by the ceramic record

This approach bases the dating on the cultural material present in the areas around the
terraces and those existing in the terrace fill (Frederick, C. and Krahtopoulou, A.: 86,
Davidovich, U. et al. 2012: 194). This is probably one of the most common, although
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debatable methodologies used for dating terraces. The most common material used for
dating are pottery sherds. These originate from the daily use of ceramics and fired clay
materials related to settlement activity, which can’t be directly associated with terracing.
The pottery sherds could thus have three possible origins:
A.

Human activity at the site:

In situ construction phase pottery sherds could be generated from the breakage of objects
belonging to the terrace builders or the farmers cultivating them (Bintliff, J. and Snodgrass,
A. 1988: 507-508) or from temporary encampments such as those of herders or nomads.
However, since both cases would have no agrarian activity directly related to the terraces,
the amount of cultural material would be of negligible, which generally is not the case.
Another aspect that might be considered is related to the origin of the tread fill, which
could have been either moved from the same slope or brought in from other location,
bringing in pottery that does not necessarily reflect the original chronology.
B.

Erosion from a human settlement:

Sherds may originate from nearby settlements by washing in from nearby settlements. The
abrasion condition of the pottery (rounded edges, loss of outer decoration, loss of slip,
etc.)341 would be a function of transport distance. Post-field activities (such as ploughing,
weeding, planting, etc.) could also affect the potsherd distribution, condition, and
concentration, adding more complexity to their reliability as dating materials.
The sherds might not be directly related to the terrace’s construction period or use,
as the sherds could accumulate after the abandonment of the terrace and the settlement alike.
The reliability of the use of sherds in dating improves in stratified contexts, such as
those found below the terrace riser foundation (within the paleosols), or layers within the
fill.
C.

Manure:

Cultivation of crops required constant manuring. Farmers collected manure and
refuse from their households in rubbish heaps. These could include broken pottery, as the
main source for fertilizers. The dump heaps would be transported to the fields and spread
over the soil. To ensure the soil intake, the manure should be ploughed into the soil (Bintliff,
J. and Snodgrass, A. 1988: 512). This led to the spread of the sherds on the surface and later
reburial under the soil342.

Several experimental protocols were proposed to explain on the one hand the mechanisms of burial-removal
based or erosion, human activities (see for example the discussion by Bintlife, J and Snodgress, A. 1988: 508),
and on the other the relation between the artefact eroded from the site (stone tool, light sherd, thick sherd, etc.)
and the distance travelled and the relation to the off- site sherd scatter (for detailed discussion on this see
Alcock, S. et al. 1994: 141)
342
This hypothesis for off- site pottery sherd scatter has been debated by Alcock, S. et al. 1994: 143-145.
341
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D.

Fill:

Material culture could be from fill material brought in from another location
(Frederick, C. and Krahtopoulou, A. 2000: 92), or already existing strata with buried cultural
fill into which the terrace wall was constructed at a more recent date (Davidovich, U. et al.
2012: 194). Finding stratified pottery sherds in the terrace tread is possible, and it could
indicate the most active phase of terrace use. However, it should be borne in mind that
terrace’s tread and fill are not sterile environments, as their stratigraphy could have been
disturbed by natural causes such as erosion and deposition, animal digging and borrowing,
and agrarian activity which could have led to the mixing of the layers (Treacy, J. and
Denevan, W. 1994: 105-106). For a better understanding of the origin of the potsherds, a
full survey of the terraced landscape is needed to understand their origin, their pattern and
concentration and the possible chronology of the human activity within the area (Gibson, S.
2015: 310).
Peasants who cultivated irrigated terraces used to bring soil from nearby ruins
(Khirbeh) to their terraces. Seemingly it was black (rich in organic content), thus attractive
as an agricultural soil (Gibson, S. 1995: 311). Gibson (1995) noted that while excavating
Sataf terraces, the potsherds were abundant in the surface layers, but diminished towards
the lower ones. In addition, there was a clear discrepancy as surface sherds were much older
than those found deeper in the fill (Gibson, S. 1995: 161-162).
OSL dating of the terraces of Mount Eitan the Judean highlands indicated MamlukOttoman dates, while the fill contained Roman-Byzantine pottery (Gadot, Y. et al. 2016:
410), suggesting that either the fill was brought in from another location or was disturbed
by tillage and other agrarian activities of the later period.
9.3.2 Dating methodology343
Surveys recording terrace systems, barrages and walls varied in their approaches to
dating such installations. The Finish Jabal Haroun Survey considered these installations to
be multi- period sites (Silvonen, S. et al. 2013: 347- 409), thus refraining from dating them,
mainly due to their multiple uses and repairs. Lavento et al. (2013) assigned them to the 1st
century AD Nabataean period based on the high percentage of pottery sherds from that
period, suggesting it being the longest period of site exploitation (Lavento, M. et al. 2013:
148). The Shammakh to Ayl archaeological Survey applied the term “agricultural village”
to farms with terraces and only agricultural installations. Dating was based on surface sherd
finds (MacDonald, B. et al 2016: passim). The Wadi Musa Water Supply and Wastewater
Project recorded a series of terraces and field walls, most were undated, except for site Wadi
Musa 30, which was dated based on the Iron II, Late Roman and Ayyubid Mamluk ceramics
(‘Amr, K. et al. 2001: 258, 269-270).

For more details on the typology and dating of the main sites in the study area see appendix B pottery
lists.
343
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The hydrological system constructed at the Al-Siq, consisted of retention dams,
diversion dams and channels that were dated to the period between 20-70 AD by fragments
of Nabataean painted ware that were found mixed into the inner mortar layer of the walls of
the dams and channel that held the terracotta pipes (Rubin, I. 2003: 67).
The Wadi al-Jarra dam was dated based on coins and pottery fragments that were
found within the fill of the retention basin. The retrieved pottery fragments were dated from
the period from the 1st century BC until the 1st century AD, and the three coins were of King
Aretas IV and Shaqilat (20-40 AD). However, as the bottom of the fill contained Nabataean
decorated fine ware of the last quarter of the 1st century BC, Bellwald narrowed the date of
the dam to the period between 50 and 25 BC (Bellwald, U. 2019: 603-606). On the other
hand, the fill of the Wadi al-Jarra dam could have come from any point within the huge
catchment area of al-Madras-Al-Quntara-Hremiyyeh, thus it cannot be even excluded that
the early fill of the dam was cleared and cleaned, and this is by no means a reflection of the
earliest fill of the dam. It is also possible that this fill formed only after the failure of the
hydrological terrace system in the upper catchment area, which created a stronger flow that
swept the fill material that ended up in the dam.
Generally, agricultural sites have more pottery scatter than hydrological installations
which retain and collect water flow. Thus, Btahi, al-‘Aja and Al-Quntara have limited
pottery scatter, mainly from the Nabataean period, which consist mainly of body sherds and
are very eroded, while agricultural terraces, probably due to manuring, have pottery sherds
from Nabataean onwards such as at Hujaim and Beidha.
Sherd scatters are generally concentrated on the tread surfaces. However, the
concentration of the sherds varies with depth. In addition to that, it has been noted that on
the surface, the sherd fragments could be from several periods, while the fill might have
sherds that belong to one period. Such as for example in Braq, where the surface scatter
cover ranges from the Nabataean to Byzantine periods, while only one fill layer contained
sherd fragments, and these were of the Nabataean period (figures 9.1 and 9.2). Excavating
terrace fills in Petra could yield various stratigraphic layers, indicating changes in soil
accumulation and use. However, it is hard to find diagnostic sherds within the stratigraphy.
From the probes dug behind terrace risers (see table 9.1) only 30% yielded pottery
fragments, and these were found at depths of between 0.90-1.00m. The largest assemblage
consisted of body sherds, some of which were found with sieving, and some were severely
eroded.

474

Figure (9.1). Byzantine handle (circle left) and Roman body sherds (central circle) comprise most
of surface scatter on top of one of the terraces at the site of Braq.

Figure (9.2). Showing a cross section behind the terrace riser at Braq and a
Nabataean sherd (cup) found within the fill.
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The lack of any diagnostic sherds344 from the excavated terraces and check dams
within the Madras catchment area in Petra led the excavators to conclude that they date to
the 20th century, which they confirmed by asking elderly inhabitants (Rubin, I. 2003: 97).
Near Tell es- Safi/ Gath in the Negev, Islamic pottery was found to be scattered at
the surface of the tread, while the stratigraphic sequence showed the presence of Byzantine
sherds (324-638 AD) below the surface to a depth of 1.50m, followed by a 0.10 m sterile
layer below which a mixture of Iron Age and Byzantine pottery was found at depths of 1.602.00m, while the following half a meter had pure Iron Age (1200-586 BC) (Ackermann, O.
et al. 2005: 207), indicating an exploitation surface in the Iron Age, followed by an
abandonment period where siltation occurred, and subsequently disturbed by renewed
activity in the Byzantine period. The sterile horizon can be the result of high erosiondeposition events ongoing during the time due to more humid prevailing conditions, coupled
by intensive human land use (Ackermann, O. et al. 2005: 210).
At Khirbet an- Nawafleh, the terrace fill was 2.97m, and at the depth of 2.67m the
dominant sherds were Nabataean, while at 1.92m Late Roman to Byzantine sherd forms
were observed. At Heash, Nabataean pottery sherds were concentrated in a layer confined
to depths of 0.90-1.50m.
At Braq, at a depth of around 0.39-1.00m, behind the terrace riser, there is a darker
soil horizon (10YR 3/2), with around 3% clay, indicating a possible ancient buried A
horizon. Within this, a mixture of angular Nabataean and Roman body sherds is present,
which may indicate an agrarian activity that led to the mixing of a manured Nabataean
horizon during a later Roman exploitation. Thus, tillage and manuring, led to mixing of both
periods of the pottery in that horizon. Prolonged exploitation of the same horizon during the
Late Nabataean to Early Roman periods left a sterile profile from the surface to a depth of
0.90m, apart from surface pottery scatter This indicates either abandonment or an erosion
event that led to the depletion of any signs of later exploitation. Shanan noted that
depositional rates can vary between 0.01-0.03m century-1 (Shanan, L. 2000: 105), it would
require around 300-900 years of abandonment to build up a soil deposition of such a
thickness over Braq’s A-horizon. A similar observation was made by Ackermann, at Tell
es- Safi/ Gath where a terrace soil profile (T3U) yielded Byzantine sherds to a depth of
1.60m, followed by a mixed profile of Byzantine and Iron age 1.60-2.00m, while the last
half a meter had only Iron age pottery, thus clearly defining the agrarian surfaces at each
period (Ackermann, O. 2005: 207).

Diagnostic sherds are classified as: rims, bases, decorated body sherds, and handles, while coarse wares are
generally ignored, particularly as the later maintain their forms over long time periods, which makes them
hard to be used for dating. However, Findlater argues that discarding them from the record might lead to miss
interpretation of site use history, and the presence of coarse ware is an indication of longer occupation periods
(Findlater, G. 2002: 140).
344
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Roman-Byzantine sherds

Nabataean sherd dominance
Figure (9.3). The fill behind a terrace at Khirbet an-Nawafleh, the circles show the fragments of
the pottery sherds embedded in the fill.
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Table 9.1.
Distribution of sherds within the terrace stratigraphy
Terrace name
Coordinates (UTM)
Depth
E
Heash

Sherd typology

N

739864.83
mE
Hujaim
739204.29
mE
Hremiyyeh
736335.61
At-Tayyiba
736608.62
mE
Al-Mdayrej
741304.00
Farm near the road/ m E
under terrace C riser
Terrace near the road 741402.00
mE
Muzera’a
738455.00
mE
Sabra
733213.32
mE
Beqa’a
740064.00
mE
Amareen
737984.87
mE
Braq/ below riser wall 736851.63

3363530.38
mN
3353887.00
mN
3355685.09
3348905.70
mN
3362916.00
mN

0.90- 1.50m

Nabataean

0.39m

Nabataean

0.38m

Nabataean
body sherd

3362647.00
mN
3358576.00
mN
3354103.88
mN
3356464.00
mN
3363623.77
mN
3355544.87

0.70-1.31

Nabataean

Braq/ behind terrace 736828.66
riser
mE
Stouh Beidha
736297.27
mE
Khirbet an- Nawafleh 738982.83
mE

3355506.49
mN
3359824.47
mN
3357717.96
mN

0.90-1.00

Sterile
Sterile

Sterile
Sterile
Sterile
0.30m

Mamluk

3.63

Nabataean
sherds
NabataeanRoman mixed

Sterile
2.67

Nabataean

1.92

RomanByzantine

The use of pottery for dating is more reliable at one-period sites. At ʿAmareen,
terrace risers were of the type V Irregular angular rubble stones placed together in random
courses, and linear with facing a wall and a filter (Figure 9.4). The pottery associated with
this terrace was exclusively of Mamluk period, although the Bronze age site of Umm
Babayn (Lindner, M. and Genz, H. 2000: 48) is recorded in the vicinity with no
contamination with any pottery from other periods.
Another example comes from “Al-Mdayrej” (741402.00 m E, 3362647.00 m N,
Elevation 1589,323). This wall is of the type IV, built of regular large stones placed in
regular courses. The tread’s fill behind the terrace yielded one period (E-L Nabataean)
(Figure 9.5); angular pottery sherds are present at a layer confined to a depth of between
(0.70-1.31m).
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Figure (9.4). Amareen terrace riser facing wall of type V.

Figure (9.5). Terrace riser of the wall near the highway (facing E).

Examining the distribution of pottery sherds within sites with terraces, it becomes
evident that surface collection varies with site size. Larger sites such as Muzera’a, alMadras, and Hremiyyeh have larger surface scatter, and therefore larger visibility within
periods, while smaller sites might not have any surface pottery scatter, or those found could
not be diagnosed, such as at W Beqa’a. Figure (9.6) shows some examples of application of
sherd scatter for dating terraces and the various periods these sherds reflect.
A large variety of terraced sites are located in the area extending from Beidha to Ras
Slaysil. Their function varied from hydrological installations, agriculture, infrastructure and
water installations (dams, weirs). Despite their close proximity, slight variations in surface
pottery distributions were noted. For example, at the junction leading to Amareen there is a
concentration of Mamluk to L. Islamic. At Al-Muqarraf the terraces had a heavy
concentration of Nabataean sherds, while Khaur as-Suweiq the concentrations were of L
Nabataean-Roman periods, and at Slaysil Nabataean pottery was more dominant.
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Dating of terraces based on pottery
Hremiyyeh
Muzera'a
Alaya
Amareen
Sabra road
Hujaim

Beidha experiment site
Elephant Monument
Beidha BT
Btahi
Terrace Near Highway
Madras
Namaleh
Tayyibah
Rajif
Heash

Islamic

0

20

Byzantine

L-Roman

40
Roman

60
L-Nabataean

80
E-Nabataean

100

120

Iron Age

Figure (9.6). Example of dating terraces by surface sherd scatter, X access indicate the percentage
of sherds of each period, with a total number reaching a maximum of 100%.

Agrarian terraces show longer exploitation, extending from the Nabataean, through
Roman, Byzantine and Late Islamic periods. This longevity contrasts sharply with the
terraces associated with roads that were maintained as long as the roads were exploited. For
example, at the Sabra Road the dominating scattered sherds were from Nabataean periods.
At Rajif, a wadi run-off agricultural site, several small buildings of a farmstead (with
a possible Bronze-Iron site overlooking the farm) yielded only Nabataean pottery. AtTayyiba, with its complex agricultural system with a threshing floor, terraces and a dam also
yielded only Nabataean period sherds. Heash, which was presumably first constructed for
mitigating floods, and later became part of an agricultural system has pottery from the Iron
age until the Islamic period.
Thus, relying on pottery sherds for dating terraces is an important method for
understanding the period of exploitation of the landscape. However, this does not
necessarily reflect the date of the terrace construction, or whether the pottery sherds
correctly reflect the periods of exploitation and transformation, with correct peak of use and
abandonment.
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9.4 The scientific approach in dating terraces
This process entails analysing materials found within the fill of the terrace (Frederick, C.
and Krahtopoulou, A. 2000: 89), within the riser wall or below it for possible dating. Various
methods could be applied that could give either absolute or relative dating. The dating gives
a date range based on the sampling strategy, where the best approach is to collect a sequence
of samples for dating of events as reflected within the soil profile. The high cost and the
lack of dating laboratories in Jordan, and the difficulties related to the preservation of the
datable material (Cordova, C. 2007: 151) pose some of the main obstacles in the large-scale
application of these methodologies.
9.4.1

Dendrochronology

Terraced cultivated lands were created on slopes that once were wild areas covered
with bushes, trees, or wild weeds. It is natural that when the terraces are abandoned this
vegetation grows over again. The rate of this process depends on various factors, from the
presence of wild vegetation within the surrounding area to the climate and the abandonment
period (Moody, J. and Grove, A. 1990: 188). Wild trees and bushes that populate ancient
terraces, may have dating potential (Grove, A. and Rackham, O. 2001:113) although several
years might pass between the abandonment of the terrace and the overgrowing of trees
(Maas, G. and Macklin, M. 2002: 1091). On Crete Island, olive trees overgrowing terrace
risers were used to post quem date their use (Moody, J. and Grove, A. 1990:191).
Dendrochronology is the dating by counting tree- rings for an exact growth date
(Leavitt, S. et al. 2019: 1), which is widely applied for reconstruction of paleoclimate,
calibrating radiocarbon dates and stand-alone dating (Bannister, B. and Robinson, W.
1975: 217-221).
Dendrochronology is used for determining the age of trees growing on or within the
terrace riser or within the fill. The date, however, could be used as a minimum
abandonment date if the tree is growing on the riser, or a termination of use if the tree
trunk is left inside the terrace. This approach is relative and depends on the interpretation
of the chronology. Shrub rings have been successfully used in Spain to date abandoned
fields (Marques, M.-J. et al. 2016: 37-50).
In Jordan, the earliest application of reconstruction of paleoclimate using
dendrochronology was applied in the N to correlate meteorological data with tree rings
with drought and rainy events in the Bani Kenana area and in the S at the Dana reserve,
Al-Ourthan (Touchan, R. and Hugher, K. 1999: 292), and Tor Al- Iraq (Touchan, R. et
al. 1999: 50). This led to the reconstruction of past environmental cycles from AD 16001995 (Touchan, R. et al. 1999: 57). Further studies applied tree ring data to interpret
paleo-environments and land use patterns around the Decapolis (Lucke, B. et al. 2008:
181). Several historic Pistacia atlantica trees were recorded in Shawbak, Wadi Musa,
Ayn Musa and the Nymphaeum of Petra, with the date of their population assessed to
be between (AD 1002 – 1552) (Nueimat, K. and Alkilani, D. 2002: 29-33).
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Figure (9.7). Showing a Pistacia atlantica growing on a terrace riser wall in Heash near
Petra.

Although this study encountered cases of trees overgrowing ancient terraces, such
as the case at Heash (36R 740291.00 m E, 3366325.00 m N) where a Pistacia atlantica
has overgrown the terrace riser wall (figure 9.7), no dendrochronological study was
feasible due to technical circumstances.
9.4.2 Lichens345

Figure (9.8). The N face of the riser showing growth of lichens on chert at Heash (36R 739853.00
m E, 3363489.00 m N).

This method is based on determining the minimum date of the rock exposure by
measuring the lichen thallus size (Bednarik, R. 2002: 6). It is widely applied for dating
stones and rock outcrops (Bednarik, R. 2009: 143-144). However, to achieve correct dating,
this method should be calibrated with other dating techniques (Maas, G. and Macklin, M.
2002: 1104, Bednarik, R. 2002: 7). The extent and type of lichenization of terraces in
relation to extent of lichenization of adjacent structures; and the thickness of the lichen
345

For a detailed review on the application of lichenometry in archaeology, see Benedict, J. 2009: 143-172.
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accumulation is proportional with the age (Wilkinson, T. 2003: 66, Price, S. and Nixon, L.
2005: 670).
The method assumes that lichens grow on the exposed surface of the rock, therefore
the largest lichen reflects the longest exposure. By calculating the size in relation to the
growth, an age estimate can be achieved (Maas, G. and Macklin, M. 2002: 1090). The
growth rate for a specific lichen type can be established by monitoring the lichens thalli
growth over several years to create a time curve (Bednarik, R. 2002: 7).
However, there are some limitations to this method, as it is related to a specific
species of lichens that is fit for this application. Within this category, only regularly shaped
lichens can be used for dating (Maas, G. and Macklin, M. 2002: 1089-1091). In addition,
the technique is based on the assumption that the lichens immediately grow on the exposed
surface, which may not be the case, as human and environmental conditions might interfere
in the lichen’s growth (Bednarik, R. 2002: 7). In addition, riser walls might have utilized
scattered stones that already had lichens growing on them, leading to incorrect dating
(Frederick, C. and Krahtopoulou, A. 2000: 89).
Lichens do not grow on every stone type and in every condition, which adds another
limitation to this approach (Frederick, C. D. and Krahtopoulou, A. 2000: 89).
It was noted in Petra that lichens grow only on the N surfaces of terrace risers (figure
9.8), therefore if the terrace is oriented differently, it is most probably the surface would be
barren. Moreover, this method requires long-term monitoring to understand and correlate
lichen growth in arid environments, which was not feasible, thus this method was not
applied.
9.4.3

Patina

This method is based on studying the surface alteration (weathering) of rocks with
time. Adding mass is called patination, and erosion results in the loss of mass (Bednarik, R.
2002: 3). Patina is the cover over the stone due to oxidation or hydroxylation of Fe/ Mn
components, forming a coating on the surface. It is assumed that the darker the coating, the
older the exposure is (Wilkinson, T. 2003: 66).
The application of this method for the determination of age is not straightforward,
as it requires an understanding of the rock’s mineralogy, surface geometry, climatic
conditions, chemical conditions, and surface cover (Bednarik, R. 2002: 1215-1216). The
results achieved in applying this method so far have not been convincing (ibid).
Terrace risers are constructed from falling debris or cut from already exposed
outcrops, which could have developed patinas prior, thus reflecting the exposure of the rock
surface before being utilized within the constructed wall (Frederick, C. and Krahtopoulou,
A. 2000: 89). Davidovich et al. noted that within the site of Ramat Rahel, the patina differed
on the surfaces of the three terrace risers’ wall types, concluding that type (III), having
“fresh colour of stone and thin patina” is the youngest (Davidovich, U. et al. 2012: 200).
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This method was not applied in terrace dating, as it is hard to assume the original
state of the rock and to predict the abrasions and weathering it could have been subjected
to.
9.4.4

Radiocarbon dating (14C)346

This method is based on analyzing organic materials that could be found either
underneath the terrace riser or within the fill. These may include charred material, seeds or
decayed plant and/ or organic matter or remnants of tree trunks or roots which could be
indications of human exploitation and activity (Puy, A. et al. 2016: 345-346). This is the
widest used method for dating terrace use or abandonment.
Some studies focused on analyzing the identified A horizon, buried after
abandonment, and dating the organic material remains still present (Harfouche, R. 2006:
311-339). However, Puy et al. demonstrated in their study of the Ricoto irrigated terraces
of Al-Andalus that disruption caused by irrigated water leaching organic material from the
buried A- horizon or moving charcoal fragments from the surface into the buried layer,
yielding younger dates than the fill layer actually was (Puy, A. et al. 2016:355-360).
Charcoal could be brought into the strata from other locations (Davidovich, U. et al. 2012:
194) or be the result of post abandonment activities, such as campfires, that become
reworked into the fill as a result of reburial or other activities. Radiocarbon dates the
termination date of material such as charcoal formed due to fire or a cut tree trunk, and
therefore caution should be used as the dates received are those of the organic materials, and
thus it is hard to assert when had they ended up behind or within the terrace system.
This method could be challenging due to the poor preservation of organic material.
Most of the roots found within the soil profile are at the upper horizons and belong to recent
plants (Kouki, P. 2006: 146, Cordova, C. 2007: 151). However, in arid and semi-arid
environments plant roots tend to go deep into the soil layers in search of humidity (Pierret,
A. et al. 2016: 623). Charcoal, which is an abundant material in domestic and agrarian
settings (fires, hearths among others), is produced from the burning of wood (tree trunks,
branches, bushes, weeds, seeds, etc.). However, wood charcoal reflects a terminus post
quem, as it is hard to determine if the wood was fresh cut or reused, and if the charred tree
wood originates from core or outer ring (ibid) and poses a problem especially if an old tree
was reused and burned. Radiocarbon dating has other limitations, as it cannot date material
older than 50k years (Dunseth, Z. et al. 2017: 1), which does not pose a problem in the case
of terraces.
The arid environment causes the hydrolyzation of the bone and teeth collagen,
posing a challenge in dating these materials (Saliège, J-F. et al. 2013: 80). However,
radiocarbon dating was successfully applied in dating charcoal and bone found in the
anthropogenic layer of terrace fills in the Negev, such as the sites of Horvat Haluqim
(Bruins, H. and van der Plicht, J. 2005: 359- 362), Ein Ziq, Nahal Boqer (Dunseth, Z. et al.
346

For description of the principles of this method refer to chapter three Methodology section 3.4.1
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2017: 5), although in combination to other dating techniques such as Optical Stimulated
Luminescence (OSL) described further below.
In Petra, 14C dating was applied for dating human habitation, analyzing charcoal
fragments found within occupation layers such as the Natufian Beidha horizon (Rambeau,
C. et al. 2011: 255- 256) and the Hellenistic levels at Qasr al Bint (Saliège, J-F. et al. 2013:
79-91). Radiocarbon dating in Petra was also used to date inorganic material such as plaster
and mortar (Al-Bashaireh, K. and Hodgins, G. 2011: 485-491; Al- Bashaireh, 2013: 329354)

485

486

Table 9.2.
Showing 14C samples taken from terrace fills in Petra

Figure (9.9). Location of 14C samples.

Radiocarbon dating for charcoal found within the terrace fills was successfully
applied for dating Wadi Siq al-Ghurab sequences (Beckers, B. et al. 2013: 338). The soil
profile showed the possible start of terrace activity at the Wadi bed around AD 150 and
continued until around AD 870 (Beckers, B. et al. 2013: 338: Table1), however it is not
clear if that exploitation was continuous or had phases of abandonment. At Wadi Beqah,
radiocarbon dates of the charcoal found in the terrace fill gave dates of 4000- 3000 BC,
attributed by the researchers to date activities occurring at the site before the current terrace
construction (Beckers, B. et al. 2013: 345) (figure 9.9, table 9.2).
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Figure (9.10). The charred layer at the bottom layer below the terrace foundation at Hremiyyeh.

The study of the fill of soil profile at Hremiyyeh site yielded a charred charcoal
(0.15m) thick layer under the riser at a depth of 1.97m, consisting of compacted charred soil
and ash. A sample was analysed at the Canadian Center for Lalonde Accelerator Mass
Spectrometry Laboratory and Environmental Radionuclide research, and calibrated using
OxCal v4.3 (Ramsey, C. 2009: 337-360) and the IntCal 13 (Reimer, P. et al. 2013: 18691887), The resulting dates to between 771 and 985 AD, and therefore either the terrace is
contemporary or postdates the fire underneath the riser.
Another three samples from the wall near the highway and Braq were analysed at
the Center for Applied Isotopes Studies in the University of Georgia (U.S.A.). The soil pit
test trench behind the Braq riser wall revealed the presence of thick carbonated roots
surrounded with muddy soil located at a depth of around 0.45m. These roots were sampled
and sent for analysis. However, these were from the last period of exploitation of the terrace
around the 1950’s, which corresponds to the description of Glueck on his visit to Petra
around 1934/1935, where he mentioned that the locals cultivated these terraces utilizing the
spring of Ayn Braq (Glueck, N. 1934/1935: 79).
Charcoal fragments were found in the tread’s fill behind “terrace near Al-Mdayrej”
(741402.77, 3362647.48) at depth of (1.20-1.31m). These fragments were found during the
sieving of the soil sample and yielded a date of around 93 AD, corresponding to late
Nabataean period.
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9.4.5

Optically stimulated luminescence (OSL)

This is one of the latest methodologies applied for dating and is currently the most
widely used for dating terraces, particularly in arid areas where quartz grains prevail in the
sediment sequence (Kouki, P. 2006: 146).
The principle of this method lies in measuring the last time bleaching of quartz or
feldspar grains occurred due to exposure to sunlight, (i.e., before burial; Wintle, A. 2008b.:
276). Quartz and feldspar are thermally stable grains, and when exposed to ionizing
radiation, they are capable of trapping electrons, which remain trapped if not exposed to
thermal or light source (Wintle, A. 2008a.: 471). After deposition, the grain receives
radiation (De) from the environment, and therefore the laboratory task is to measure the
radiation of both the sample, determined by applying regenerating dose protocol, and the
environment (background radiation (d)), the age is thus determined of the ratio of the two
(De/d) (Wintle, A. 2008a.: 471-472; Davidovich, U. et al. 2012: 198). This method has
proven to be successful in dating sediment deposition sequences (Kinnaird, T. et al. 2017:
66-77) assuming these sediments contain quartz and/ or feldspar grains. However, some
outcrops could be comprised of limestone, marl or other rocks of calcareous composition,
making the only source of quartz aeolian dust (Avni, G. et al. 2013: 336). This makes the
dating difficult due to its low percentage or incorrect, as it would date a dust storm event
which is not related to the terrace construction, use or abandonment dates (Davidovich, U.
et al. 2012: 198).
Another complication is that this methodology dates the sediments behind the terrace
riser, and these could either predate, be contemporary to, or post-date the riser construction,
or could get bleached due to exposure of the fill due to the collapse of the terrace riser. The
large margin of error of this method complicates its application in establishing
archaeological chronological dating, especially at thick (multi overlaying settlements) sites,
where several layers of human settlement overlay each other (Gibson, S. 2015: 308), or due
to short abandonment intervals or short habitation periods creating shallow layers that are
hard to sample and date (Dunseth, Z. et al. 2017: 157).
This method could yield more accurate dating when applied to sealed sequences.
However, terraces can be considered multi-period sites, with multiple disturbances due to
digging, activities of organisms (such as animal borrowing or plant root growing), human
activity, tillage, planting, rebuilding, collapse, natural events such as erosion and deposition,
or other activities that could lead to mixing of the sediments, and their re-exposure to
sunlight, thus changing the bleaching signal, concentration of bleached quartz grains and
ultimately the estimated date (Wintle, A. 2008a.: 478; Gibson, S. 2015: 308-309).
This method has witnessed some developments in the past few years, extending to
dating rock surfaces by infrared stimulating signal (IRSL). A further development into
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“Surface Luminescence Dating- SLD”347, that targets whole rocks that contain quartz and
feldspar grains, such as sandstone, chert, basalt, schist and granite, that were buried during
their construction or last use, or extraction from the quarry and placement at the construction
site, or carved into an artefact (statue) or a rock art (cave). Thus, the rock surface gets
exposed and reburied several times, causing the bleaching of surface grains while the core
grains could retain older signals, causing signal reduction with depth. When these signals
are extracted in the laboratory, they could give an idea of the last exposure of the rock or
sequence of exposure events based on the difference between core and surface signals
(Liritzis, I. 2011: 292-297).
OSL dating was extensively and successfully used for dating terraces, based on the
sediment fills of the tread, particularly in arid climates (Gibson, S. 2015: 308), in
combination with other dating techniques such as radiocarbon dating (see above) (Beckers,
B. et al. 2013:338-340; Dunseth, Z. et al. 2017:58).
Applying OSL for terrace dating should be done with a clear understanding of the
research questions in order to design the sampling strategy. Generally, three approaches are
used when investigating terraces. The first requires demounting the riser’s wall and the filter
and taking samples from each layer or at fixed intervals within the soil profile. This will
serve in dating the depositional process of the fill (see for example Davidovich, U. et al.
2012: 198-200) which could give insight on the construction, use and abandonment periods.
The second approach combines IRSL with OSL in the field, where a comparison of signal
intensities of the exposed profile dates and similar profiles behind terrace risers is done.
Based on the difference in signal intensity it could be established if the riser was built into
the soil sequence or it has accumulated after the riser was constructed (Kinnaird, T. et al.
2017: 69-70).
The third approach is to target the soil outcrop below the riser wall, thus based on
the stratigraphy, the terrace wall will be younger that the date of the fill, as for example was
applied by Beckers, B. et al (2016, more details below) although, this could yield a date
significantly older and unrelated to the terrace construction (Avni, G. et al. 2013: 336).
The incomplete bleaching of quartz grains due to mixture of quartz grains in the soil,
or their transport mechanism (windblown) will create a large signal scatter when measured
in the lab, thus creating a large margin of error in the dates, which could be taken as an
indication of depositional process and the degree of fill overturn (Davidovich, U. 2012:
198). However, another approach was applied in the Negev, involving vertical drilling into
the terrace fill to collect a sediment core after verifying the depth of the fluviatile deposits,
to obtain the core directly above it (Avni, G. 2013: 336). This is quite difficult in most cases
due to the various soil morphologies, the presence of alluvial gravel and the difficulty of

For detailed overview on the development and approaches in dating rock surfaces see Sohbati, R. 2013:
1-7, general overview on luminescence dating Wintle, A. 2008: 471-482., surface dating overview Ioannis,
L. 2011: 292-302; methodology Ioannis,L. et al. 2017: 89-102.
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distinguishing and separating the various soil profiles in the laboratory, unless provided with
a detailed soil profile description.
The earliest application of OSL dating in Jordan was on Upper Pleistocene sediments
of Qaʿ al-Dīsa in the south in 1997. This was to establish the relationship between Thamodic
rock art and the surrounding landscape with the climatic conditions which lead to the
abandonment of the area in the Late Bronze age (Munro, R. et al. 1997: 99-101). This study
drove attention to the potential of sediment sequence dating in Jordan.
In 2006, Kouki applied the technique to a sediment sequence at Wadi al- Farasha,
and at its interjections with Wadi al-Mahattah (Kouki,P. 2006: 147-148), without much
success. In 2014 N. Hertzberg collected fluvial and aeolian deposits from 6
geomorphological sites from Beidha to Ras Slaysil, to investigate the development of the
landscape. Her samples, however, did not include any accumulated material from behind
terraces, and the dates procured exceeded 4.4K+-0.8 (2014: 73-75), indicating paleoaccumulation of the sediments before human intervention within the area.
The first application of OSL for dating ancient terraces in Petra was done by Beckers in
2013 at Wadi Shammesh, Wadi Beqah and Wadi Siq al-Ghurab. Samples were collected
both from the layer below the riser and from the fill in a sequence (Beckers, B. et al. 2013:
338 table 1) (table 9.3).
The Brown University Petra Terrace Archaeological Project (BUPTAR) carried out two
seasons (2018 and 2019) of excavations of terraces at Beqa’a and Wadi Siq al-Ghurab,
coupled with OSL and 14C dating. So far only one date was published for a sample from E
Beqa’a (1936±154ya) (Rojas, F. et al. 2020:6) (table 9.3).
In order to date the terrace risers, and to understand the relationship between
terrace’s risers and the fill accumulated behind them, fourteen sediment samples and six
rock samples were collected for dating. Of these samples only twelve of the sediments and
two of the rock samples yielded results (Table 9.4).
Chert stone samples were collected from the gabion terrace wall at Heash, located
at an elevation of (1685m a.s.l.). Two samples, targeting the riser wall were collected. One
was taken from the foundation stone layer, which was buried under a silt deposit, and was
dug out from a depth of around 2 m, while the other was a chert sample that was collected
from the middle of the terrace riser’s filter at a depth of (0.98m) and (0.30m) into the wall.
Chert samples were also collected from the site of the Muzera’a terrace walls. However,
these samples did not yield any datable signals.
The sampling strategy for the sediments target the understanding the origin of the
sediment fill, the relationship of the sediments to terrace riser construction, the possible
dating of the terrace exploitation and the purpose for terrace construction in relation to the
accumulated sediments.

491

Sediments were collected from check dams and terrace walls (table 9.4). The
sediments behind check dams were collected from Wadi Namaleh (2 samples), Hremiyyeh
(3 samples). Beidha (2 samples), Hujaim (3 samples), and (2 samples) were taken from the
site of Muzera’a, which was sampled to verify the age of the rock samples that were taken
for dating the riser wall and in an attempt to understand possible site use or abandonment
patterns (figure 9.11). In addition to two agricultural plots were sampled at Hremiyyeh and
Braq348 (2 samples).
Reflecting on the OSl results (table 9.4) show problems with the surface samples,
such as for example samples Mz1 and Hj3. The dates show a large margin of error, probably
due to the mixing of quartz grains within that profile and their possible sizes due to the
constant erosional-deposition cycles, such as at Muzera’a, or human activities such as
dumping and moving of soil due to construction works at the site and for the ploughing that
occurs both at Muzera’a and Hujaim. However, the deeper the samples the more reliable
were their results, and lower was the error.
The second observation is related to the relatively old dates of the sediments
accumulated at the upper catchment area of both Beidha (1650 BC) and Hremiyyeh (1150580 BC). These dates clearly show the accumulation of the sediments at these sites during
the Holocene. Thus, check dams and terraces were constructed within those watersheds to
prevent gullying and erosion of the sediments down into Petra proper (al-Khaznah plaza for
example in the case of Hremiyyeh). Thus, these terraces were constructed into existing
sediments rather than used for collecting them.
Near Umm Seyhun, behind the elephant monument (736031.29 m E, 3359734.25 m
N), lies the remains of a sediment confining system (figure 9.12). Sediments were
accumulated at an elevation of (998m a.s.l.), where a round box terrace was constructed.
Within the fill the remains of tree roots rhizoliths exist. However, when the terrace collapsed
(of which the riser has fallen and been washed away, revealing the filter behind it), the
sediments got washed away, creating a narrow gorge allowing water to flow directly to Wadi
Turkmaneyyeh.
Another notable result of the OSL data are the dates that reflect human intervention
within the landscape. While the environment dictated these interventions, some cultural
milestones could be highlighted. Around the L. Roman to Byzantine periods, a large
reclamation of land occurred. This expansion in land exploitation is expressed in the form
of building new terraces, such as at Namaleh. Here, the sediments below the terrace date to
AD 440. The raising of pre-existing terraces to collect the eroded sediments at Muzera’a
occurred at AD 510, suggesting a possible transformation of the site to agricultural use. The
already exploited irrigated terraces at Hujaim underwent maintenance around AD 420. All
of these dates suggest expansion in agrarian land and an increase in cultivation.
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The results were not ready for this sample when these manuscript was written.
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Figure (9.11). Distribution of OSL samples within the study area.
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Figure (9.12). Example of use of terraces to prevent the sediments from flowing into Petra proper.
Behind the elephant monument, the dashed red line indicates the remaining filter of a terrace, left
side show remains of tree root rhizoliths, the blue arrow shows the gorge that open after the collapse
of the terrace (36R 736027.32 m E, 3359750.45 m N).

The second notable intervention is clearly seen between the 9th century and 12th
centuries, when a second wave of land reclamation, although not on a large scale, but within
restricted areas is seen through the building and/ or repairing of terraces. Evidence of this
second wave is seen at Namaleh (810 AD), Hremiyyeh (870 AD), and Hujaim (1170 AD).
The rate of sediment accumulation is relatively small, being around 9x10-4m y-1.
However, in irrigated terraces this rate is a bit higher at 14.7x10-4m y-1. Slopes are more
dynamic, as erosion and deposition occur during every runoff event. Thus, the accumulated
soil might not reflect the entire depositional record within that period of time. While the
depositional rate of irrigated terraces is influenced by human activity, allowing aeolian
sediments to settle, and preventing wind erosion as the soil become more compacted.
Human activity increases the fine and clay fraction of the soil, preserving it and minimizing
erosion.
One thing remains clear, that applying OSL dating methodology on sediments below
or behind terrace risers can give glimpses on human intervention in the landscape, but it
cannot date the start of the construction of the terrace. Application of stone dating could
give a better idea, however, depending on the sample used for dating.
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Table 9.3.
Showing OSL samples taken for terraces in Petra from previous research
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Table 9.4
Results of OSL samples taken for terraces in Petra for the purpose of this research

9.5 Stratigraphic approaches
Stratigraphy assumes the horizontal deposition of material with time, with the
youngest layers at the top of the sequence. This is helpful for relative dating of overlying
features and their associated events (Wilkinson, T. 2003: 66).
In addition, a well pronounced stratigraphy of the soil horizons could be an
indication of the relative date of the terrace. Natural pedogenic processes leading to the
formation of an A-horizon in the soil can take up to a hundred years, and could be
accelerated to around ten years with extensive manuring (Frederick, C. and Krahtopoulou,
A. 2000: 86-87). The A-horizon is characterized by a darker colour and a different soil
texture (Boixadera, J. et al. 2016: 635)349. Furthermore, agricultural soils are characterized
by a higher clay content than the surrounding soil, which can be used to distinguish old,
abandoned terraces from more recent ones.
Another approach is to study the relationship between the feature and the accumulated
overlaying sediments, which could be used for relative dating (Wilkinson, T. 2003: 66). The
same approach can be used if carbonate concretions or coatings are formed within or over
an archaeological feature (Abu-Jaber, N. et al. 2020b.: 7). Because check dams and terraces
are structures that retain standing or infiltrated soil water, these form carbonate coatings or
crusts, that remain even if the terrace wall has been destroyed by natural or artificial (human
dismantling) forces, (Abu-Jaber, N. et al. 2020b.: 16). Dating these post depositional
concretions will allow the dating of the terraces (ibid).
Another concept put forward by Price and Nixon (2005) lies in “architectonic
stratigraphy”, thus a terrace riser over lays another datable wall, then relatively the terrace
would be younger in date that the feature underneath (Price, S. and Nixon, L. 2005: 670).
However, this approach can only be applied when excavation of a site reveals the foundation
of a wall in a datable context that belonged to an older building wall that was later utilized
as a terrace. An example of this is at the site of Muzera’a where Mamluk-Ottoman period
walls intertwine with much older period walls.
One of the widest approaches in relative dating of terraces is the “village distance”
theory. This approach is based on the Wilkinson (1982) distance range theory, which is that
the distance between the “village” and the cultivated fields ranges between 2.00- 6.00 km,
evidenced on sherd scatter350 (Wilkinson, T. 1982: 331). Lucke et al. proposed the distance
around the Decapolis cities to be 0.800 km based on the spread of agricultural facilities and
sherd scatter (Lucke, B. et al. 2019a.: 70-71). Thus, based on site proximity, terraces in and
For more information on soil horizons see chapter five section 5.2.
Wilkinson’s (1989) theory of “ecological and demographic model of artefact dispersal” postulates that the
larger number of population the larger are their “settlement” form, and therefore the pressure on the
surrounding arable land. Thus small hamlets exploited only 0.2-0.4 km around them, villages 0.6-1.0 km,
small towns 1.3km and towns/ cities 2.2-6.00 km, this influenced the natural vegetation (depletion of forest
cover, spread of dung,etc.) which could be used to emphasise the distribution (Wilkinson, T. 1989: 41-44).
Bintliff and Snodgrass discussed in length the various models explaining pottery scatter origin around sites
(Bintliff, J. and Snodgrass, A. 1988: 506-513).
349
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around Petra were dated to the Iron age (Lindner, M. and Knauf, E. 1997: 261; Tholbecq,
L. 2001: 402), and Nabataean (‘Amr, K. et al. 1998: 512-517; Tholbecq, l. 2001: 303-304;
Tholbecq, L. 2013: 299). Kennedy (2017) concluded that the peak of terrace use, basing the
connection between the proximity of run-off cultivations systems and intact constructions
and pottery scatter, to be the 1st-2nd century AD (Kennedy, W. 2017: 119). Abudaneh (2006)
based his dating of agricultural terraces on settlement proximity, thus proposing three peaks
for agrarian activity: the Iron age, the Nabataean, and Byzantine periods (Abudaneh, F.
2006: 248-249). Kouki (2012), based on settlement oscillation model, noted the resettlement
of sites and reuse of features create complexity in dating these features to one specific period
(Kouki, P. 2012: 106-107).
Gibson dated the Sataf terraces to the Early Bronze age based on the architectural
remnants of a possible storage building of Bronze Age I. This was found under the
foundation layer of the terrace, and was filled of bronze aged sherds mixed with brown soil
resembling the covering of an abandoned and collapsed building (Gibson, S. et al. 1991: 3536).
In large areas with multi-period occupations, some took the approach of attributing
terraces to the most dominant period. Gibson considers that terracing activity started and
spread with the Iron Age II villages and hamlets in the Judea Hill and desert (Gibson, S.
2001: 137). This opinion is clearly debatable (see for example: Edelstein, G. and Milevski,
I.1994: 9-10; Davidovich, U. et al. 2012: 193-194). Lavento et al attributed the terraces at
Jabal Haroun to the Nabataean period on a similar bases (Lavento, M. et al. 2013: 148).
Remnants of earlier terracing could be found buried under newly built ones,
sometimes retaining the same orientation or varying slightly, such as at Sataf. There, a
Byzantine terrace overlays an earlier one of the Roman period (Gibson, S. 2001: 130). At
the site of Hujaim, the stratigraphic sequence showed the presence of an earlier terrace
buried completely underneath colluvium, with a new terrace built on the top layer, with a
slight shift towards the S (figure 9.13).
At Beidha, the wadi colluvium has totally buried a terrace riser, showing the
exploitation of the wadi for agriculture. This was later abandoned due to over siltation
(figure 9.14).
Despite that dating terraces in association with surrounding features has been
reported to be successful, this approach could be correct only with one period sites. As
Davidovich et al. (2012) correctly states, that in most cases it is hard to establish the
relationship between the terraces and the surrounding structures (Davidovich, U. et al. 2012:
205).
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Figure (9.13). Profile at the site of Hujaim, showing several older terrace walls (1) buried under silt
(2) and then newer walls (3 and 4) constructed on top of the silt layer.

Figure (9.14). Remnants of terrace riser wall (rectangular box) over-silted.

9.6 Stylistic approach
Various theories have been put forward to date terraces based on their construction
style, and the presence of specific architectural elements (Frederick, C. and Krahtopoulou,
A. 2000: 89). These theories stem from the premise that people of the same period followed
the same stone layering technique for their walls, regardless of the use or location
(Frederick, C. and Krahtopoulou, A. 2000: 90).
This could be true in a one period site, as the comparison between stone wall layering
techniques of terraces with constructed walls style in near proximity is reasonable. One
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should keep in mind that buildings’ walls were built of dressed stones and cemented together
by mortar with inner walls covered with plaster (Rababeh, S. 2005: 117-125), while field
terraces did not use any binding material. Builders could copy layering alignment of stones
from the surroundings (Frederick, C. and Krahtopoulou, A. 2000: 89), or strip abandoned
buildings from their stones and use them for building terraces in their fields. Fertile land
would be exploited in various periods with various stages of rebuilding, and the constructing
of farmsteads could easily post-date the already established terraced fields (Davidovich, U.
et al. 2012: 193). In addition, care was taken in the aesthetics of a building, unlike field
walls which were function oriented.
Stone sizes were often considered suitable for dating by assuming that older terraces
were built of larger stones, while younger terraces of smaller ones (Gibson, S. 2015: 307).
However, various factors could influence building stone choices. Use of large stones in
construction could be due to the presence of fallen boulders in large quantities, and thus
were easily used. A sedentary organized society could have provided more workmen for
quarrying and shaping stones than nomadic populations, whose time and energy were better
oriented towards other life needs. Extensive terracing could also create a higher demand on
stone, which would influence their form (Gibson, S. 2005:164).
Edelstein and Gibson (1982) attempted to date terrace walls by the stone
morphology. Based on that, the Iron age terrace walls were built from large triangular
stones, with smaller stones in between. Late Roman and Byzantine period walls were built
of smaller rectangular stones laid in rows on a layer of smaller stones (52-53). However, the
authors admit the presence of other layering styles that they could not date (ibid). Price and
Nixon created a stylistic chronology of terraces, supplemented by other dating methods
(Price, S. and Nixon, L. 2005: 672-673, table 1). However, these methods are not applicable
everywhere and are rather localized and debatable.
Stylistic similarities in the terrace riser’s stone layering have indeed been noted351.
According to Rababeh, stone masonry in free-standing stone buildings of Petra were of
regular coursed ashlar or irregular course ashlar (Rababeh, S. 2005: 113). However, the
walls of these buildings were dated based on associated material or decoration elements
(McKenzie, J. 1990: 40-41) by terminus ante quem date, which might not reflect the
construction starting date. Oleson (2010) applied the stone layering technique, which is the
header-stretcher type, for attributing the dam built at the head of Wadi Aghar near Jebel
Qalkha to the Nabataean period, only based on parallel examples in Petra (Oleson, J. 2010:
160), despite the presence of several Nabataean and Thamudic inscriptions, wusums and
bytls within the dam’s body.
Using the layering technique for dating is quite difficult, as most dam’s facing walls
are executed in the header-stretcher layering technique as it proved to be more interlocking

351

For more details see Chapter four: The typology and construction methods of ancient terraces of Petra.
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and has the highest stability352, therefore, it was applied in the construction of dams in the
Nabataean and the Roman period, such as in W Beqa’a, Al-Quntara, and Al-‘Aja.
However, no correlation has been established between stone sizes, layering
techniques and the period. It can be assumed that terraces were field walls, which were to
perform a function rather than to have an esthetical value. Therefore, some forms have
prevailed over a long period of time. Probably the stone sizes depended on the extraction
method, stone morphology, presence of qualified builders and the availability of a workforce
(Gibson, S. 2005: 164). Building with field stones had the added advantage of clearing the
fields from scattered stones, making them easier to cultivate.
Just from comparing the few examples of structures located within terraced areas
(table 9.5), there is no correlation between the stone layering technique of the building and
the terrace riser form. This could be due to the fact that these are not contemporaneous
constructions, such as the example at Abu Sarbout. It could also be due a choice, such as at
al-Braq where the settlement and the terraces are from the same period, but the building
stones are better dressed, larger in size and bonded with mortar. At Jabal Haroun, where the
terrace riser stone layering is similar with the adjacent structure, and the terraces were dated
to the Nabataean- Byzantine period (Lavento, M. et al. 2007: 147; Lavento et al. 2008: 165),
while the structure is of the 19th century. This demonstrates that relying on the stone layering
technique of adjacent buildings for dating should be done with caution, and cannot be
applied for dating without careful excavation and application of other dating methodologies.
Another approach for dating terrace riser style could be by comparing them to the
city wall, as similar free-standing walls that extended long distances. Petra was a naturally
defended city by its terrain and only obtained its defensive walls during the early 2nd century
AD (Parker, T. S. 2016: 593)353.. The massive wall flanks the N side on the ridge opposite
Turkmaneyyeh, while the southern side is located near Wadi Farasa. The wall varies
between 2.00-3.00m high and 1.55m thick. The wall has double facing, with facing and
retaining walls of well-dressed stones (Parker, T. S. 2016: 592), and a fill comprised of large
stones measuring in average (0.25 x 0.22m) and rubble. The wall is built in two flights, the
lower part of three courses (up to a height of around 0.45m) is protruding from the second
segment of the wall by (0.10m). The wall is built from various stones (limestone, sandstone),
both dressed, embossed and undressed. Anchor stones are very small, varying around (0.02
x 0.05m- 0.08 x 0.03m) and used only to fill in the gaps. The sandstone dimensions are
larger than the limestone ones (table E.13. Appendix E). It stands on top of the natural
sandstone outcrop and is even embedded into the outcrop on the southern side.

For more information on this, see chapter four terrace construction section 4.10.
Earlier assumptions dated the city’s N wall to the Byzantine period see for example (Horsfield, G. and
Conway, A. 1930: passim; Browning, I.1977: 223)
352
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Braq

736879.25 m E,
3355587.89 m N

Amareen

736387.75 m E,
3363924.06 m N

Jabal Haroun

730627.00 m E,
3356023.00 m N

Abu Sarbout

738458.88 m E,
3354870.39 m N

Coordinat
e

Site

Table 9.5.
Comparison between terrace stone layering and the building stone layering techniques
Terrace riser
Wall layering of the adjacent
structure

502

The construction forms and techniques of the studied terraces did not match the
approach used for the city wall. The most similar walls are from the site of Muzera’a354.
However, both the stones and the wall dimensions do not match those of the city wall. Thus,
either defensive walls had their own design features to which terraces had no relation, or the
fact that the wall was built in the Byzantine period which adopted a different building
technique. Scavenged and built on top of other domestic structures dated to the AD 1st
century (Parker, T. 2019: 576), its model and quality makes it totally different from terrace
wall risers construction.
Similarities in terrace construction styles have been noticed while conducting this
study. This similarity is manifested in the design of the wall, the stone layering techniques
and the methods of construction. Although the materials used were sometimes different, for
example the gabion in Heash was constructed from chert, while the gabions at Jabal Haroun
were of sandstone. The dams at Beidha and al-‘Ajah were of the same design and material.
Unfortunately, it was not possible to establish dates for these structures to conclude if these
structures were contemporaneous to each other, or if they reflect the use of the same designs
over a long period of time355.
Several researchers proposed the application of a stylistic approach for dating
terraces, correlating stone sizes with certain periods (Gibson, S. 1995: 163). Although
stylistically some forms are repeated even within different geographic areas, there is not
enough basis to assume that they were constructed within the same time frame or by the
same group of people, until a full dating of all of the same forms is done and mapped and
the results are verified. It is more plausible that the same styles were used by various groups
over several periods. However, this remains an assumption.
9.7 Spatial approach
Landscape archaeology, advocates Gibson, is a holistic approach that integrates the
architectural features, with cultural remains for dating terraces (Gibson, S. 2001: 116;
Gibson, S. 2015: 309-310). To establish the relationship between the terrace risers and the
surrounding archaeological remains of known age (Frederick, C. D. and Krahtopoulou, A.
2000:89; Wilkinson, T. J. 2003:66) based on the premise that caretakers of these terraces
lived in the vicinity (Forbes, H. 2013: 570). It is assumed that terrace construction increased
in periods of greatest pressure on agriculture resources (Price, S. and Nixon, L.; 2005:6).
This method is based on all the features located within the landscape and analysing their
interrelationships (Gibson, S. 2015: 309). However, caution should be exercised when
linking the constructed terraces with the intensification of agricultural activity, as they could
predate that phase (Treacy, J. and Denevan, W. 1994: 106). Haiman noted that surveys
inaccurately dated Negev wadi terracing to the Iron Age based on their proximity to Iron

354 See chapter four for more details on this.
355
The silt and sediments behind al-‘Ajah dam gave 21.8 K BP date, while the Beidha OSL results
conducted by Brown University gave 1936+-154y. Heash and Jabal Haroun OSL stone dating failed to give
a signal.
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Age settlements, although those settlement sizes, their sparsity and spatial orientation and
the sophistication of the terrace system relate them to later periods (Haiman, G. 1994: 5153)356.
The spatial analysis approach could be used when examining a one period site such
as a farmstead with terraced grounds (Grove, a. and Rackham, O. 2001:112), or terrace
systems in an ancient site and no later construction (an abandoned one period site) (Price,
S. and Nixon, L. 2005: 670). The site of al-Qṣeir (735110.32 m E, 3348020.25 m N) is an
example of a Nabataean estate with a small house built of ashlar blocks with mortar mixed
with fragmented pot sherds, and equipped with agricultural installations such as a thrashing
floor, water reservoir and terraced slopes in the close proximity. Nabataean pottery is the
dominant surface scatter material, and may indicate that the terraces are an integral part of
a Nabataean complex (Lindner, M. et al. 1996b: 114).
However, this approach could be problematic when examining multi period sites, or
when associating features with each other, bearing in mind the longevity of the terraces and
the probability of exploitation by several generations of one family or even various groups
of people at various times, as sometimes is evident by numerous rebuilding and
modifications in the terrace structures. Haiman (2012) acknowledges the difficulty of
attributing dates to a multiple site area, especially when the site elements overlap with each
other, proposing the application of “integrated high-resolution data” (Haiman, M. 2012: 44).
The principle of this method lies is sorting and analysing the reoccurring features relation
with the settlement within their radius. Thus, a cistern could be attributed to an older Iron
Age site rather than the Byzantine farmstead in the immediate vicinity (ibid). Haiman
explicitly did not explain on what basis the correct attribution of “undatable” structures such
as cisterns and terraces to the correct features could be made.
Lindner postulated that the settlers of mountain top strong holds such as as- Sela’,
Umm al- ‘Ala, Umm el- Biyara and Ba’ja II during Iron age II terraced mountain slopes for
cultivation (Lindner, M. et al. 1996 a.: 150). However, this was not conclusive, as later
hillside exploitation cannot be excluded.
Terrace wall risers could fully be obliterated underneath newer surface structures or
be incorporated within new architectural features. The over silted terrace that was originally
utilized for flood mitigation may be exploited for agriculture later. The site of Bedbedeh-2
(738149.49 m E, 3364357.44 m N) is an example of a 19th century 3 bay house and barn
totally obliterating the Nabataean- Roman357 farmstead with cistern and bench terraced E
slope (figure 9.15), scavenging the stones for its construction. The hill and the wadi are
terraced (figure 9.16). Judging from the poor construction of the terrace walls and the low

Avni et al in 2013 dated the terrace systems in the Negev highlands to the Byzantine to Early Islamic
period based on OSL dating (Avni, G. et al. 2013: 332-346) which was the conclusion Haiman reached using
correlation based on spatial analysis (Haiman, G. 1994: 53).
357
Based on the surface sherds found abundant in the site during the survey.
356
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amount of sediments accumulated behind them, it is hard to associate the terraces with the
old structure without the application of accurate dating methods.

Figure (9.15). An image showing the farmstead, the outline of the walls shows the older estate, and
the terrace, now over-silted and destroyed by gullying.
Source: Google earth

Figure (9.16). The farmstead building at the left with the crude walls of animal pin of the 19 th
century, in the foreground the remnants of a barrage constructed from small cobble stones with no
silt accumulated behind it.

Aerial photography, high resolution satellite imagery, Geographic Information
System (GIS), Light Detection and Ranging (LiDAR) and more recently drone imagery358

358

M. Ladurner, applied LiDAR imagery in documenting farmsteads in the vicinity of Petra (Oral
presentation Terrace Workshop 10/09/2017). In 2016 Google earth imagery combined with drones and
world View 1 and 2 were applied to detect a Nabataean a large monument (Parcak, S. and Tuttle, C. 2016:
37-42). Abu Jaber in the project Restoration of the Ancient Nabataean Flood Control System in Wadi
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are the best approaches to analyse human dynamics within the landscape (Campana, S. and
Francovich, R. 2007: 239). However, without ground verification and extensive
archaeological excavations it is hard to establish the full extent of human occupation at a
site, nor the site’s function (Tholbecq, L. 2001: 404), not to add to correctly correlate the
various features together.
The implementation of GIS settlement pattern analysis requires establishing
protocols for site hierarchy, classification of sites, establishment of the variables influencing
site distribution (relief, environment, resources, etc.). By mapping the sites, the patterns of
distribution, growth, stability, and abandonment can be established (Verhagen, P. 2018: 15).
Although these analyses will help establish a broader picture, the results obtained will
depend on the data fed. Settlement pattern analysis depends mostly on survey results which
give a general idea based on the survey question, cultural material dating, and field
observations, which are prone to a large margin of error.
In Jordan, Dauphin and Ben Jeddou conducted GIS analysis for the S of Jordan in
the Byzantine and Islamic periods, analysing relationships between settlers and nomadic
occupation sites (Dauphin, C. and Ben Jeddou, M. 2013: 18-22). Kennedy (2017) conducted
the first anthropogenic landscape analysis of the hinterlands of Petra. He created a hierarchy
of major element categories (settlements, hydrology, communication, military, agricultural,
industrial, funerary, and religious) and tried to explain the dynamics of human interaction
and patterns of growth and decline (Kennedy, W. 2017: passim). As the study relied on
survey data and was not always verified by archaeological excavations and onside field
work, these dynamics remain speculative and do not always reflect the reality. Kennedy
himself expressed the difficulty of dating run-off farming based on surface pottery sherds
(Kennedy, W. 2017: 118).
Probably the earliest aerial photographs of Petra documenting the terrace landscape
were made in 1922 by Sir Alexander Kennedy, in which he states he saw “how walls are
traversed by innumerable ravines’’ (Kennedy, A. 1924: 278; Kennedy, A. 1925: vi-vii).
Glueck, around 1959, recorded the terraces of Qasr Tilah from the air describing them as a
“gigantic chess board” (1959: 202). While aerial and satellite imagery are fundamental in
recording the terraces and their proximity to archaeological sites, they are incapable of
helping in assigning any dates. For example, the terraced site of Heash-1 (740291.84 m E,
3366325.46 m N) lies in the vicinity of a settlement /caravan house (740492.80 m E,
3366059.19 m N), a larger settlement / garrison (739143.00m E, 3366732.00m N), a way
station (738965.00 m E, 3364541.00 N), a hamlet (739965.00m E, 3364916.00m N) and a
tower (observation point) (739045.00m E, 3366441.00m N), all within the same proximity.
Therefore, establishing a chronological relationship without an excavation would be pure
speculation.

Madras at Petra, applied drones for documenting ancient terraces and check dams (Personal involvement in
the project).
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Some of the issues faced when relying on aerial and satellite imagery to study manmade landscape features are the similarities between terrace features and geological
outcrops, which cannot be verified without a field visit.

Figure (9.17). Showing Namaleh pass, the image does not show any of the 120 terraces, weirs and
check dams the site contains in reality.
Source: Google earth.

Furthermore, check dams constructed in hidden ravines and terraces located on steep
slopes cannot be detected by satellite imagery. For example, at Namaleh, the Google Earth
imagery showed no terrace features, while the field visit proved the wadi and the mountain
slope to be extensively terraced with weirs, check dams, side wadi terraces and contour
terraces (figure 9.17).
9.8 Discussion and conclusions
Despite the extensive research conducted on terraces around the Mediterranean,
there is a consensus on the difficulty in dating them (see Bevan, A. and Conolly, J. 2011:
1306; Tholbecq, L. 2013: 298-299). Even though several approaches exist for dating, there
isn’t a one single method for dating that could yield an ultimate reliable result, due to the
multiplexity of the terraces, their longevity of use, their location in the landscape and the
idiosyncratic aspects of the datable material. To reach ultimate and more accurate results,
several approaches should be combined (Frederick, C. and Krahtopoulou, A. 2000: 92).
Following this view, several methods were combined to attempt dating of the
terraces for this research. Spatial analysis was combined with surface pottery collection and
test trench excavations. Selected OSL dating was combined with 14C, when organic material
was retrieved. This approach allowed better reliability of the results and lowered the margin
of error. In reviewing the results of dating, the genesis and growth of terrace construction
and use in the Petra area follows a number of trajectories.
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9.8.1 Erosion and flood control
Terrace construction has probably started in the upper mountain ranges overlooking
Petra around (340-330 BC)359 at the end of the Iron Age and the beginning of the Nabataean
presence in the area. Climatically, the region was more humid at the time (Rambeau, C. and
Black, S. 2011:99), and therefore, the earliest interventions took the form of large gabions
constructed at the upper water sheds for both water collection and flood prevention. The
upper ranges were terraced as it was fundamental to protect the early Nabataean settlement
at the banks and bed of Sail Wadi Musa (Parr, P. 1965: 528; Stucky, R. 1995: 197-198; Graf,
D. et al. 2005: 423-424; Renel, F. et al. 2012: 1-4; Graf, D. 2013b.: 31-34), which is the
lowest point at the drainage basin. It is also the converging point of several wadies, i.e.,Wadi
al-Siyyagh and Wadi Musa. Therefore, it was fundamental to protect the dwellings from the
flood water and associated debris, by intervening at the upper catchment areas such as the
sites of Beidha, Heash, al-Madras, Hremiyyeh360. The OSL dating of the sediments behind
the terrace riser at Beidha yielded a date of 820 BC, indicating the presence of old sediments
accumulating at the upper outcrop, and the main aim of the early terrace construction was
to confine these sediments.
Petra started to develop gradually as an urban centre around the middle of the 1st
century BC, where early luxurious housing inside the city was being built (Schmid, S. 2001:
371), and settlements gradually were formulating around and along the roads leading to
Petra (Kouki, P. 2012: 84; Tholbecq, L. 2013: 299), as a response to an increase of settled
population (Tholbecq, L. 2013: 299). During this period, the Nabataeans started to develop
and manage the landscape. Hydrological installations for flood water management and
spring water aqueducts were constructed (Bellwald, U. 2008: 48).
9.8.2 Infrastructure protection
Along with these hydrological systems a need arose for their protection. As the
protection terraces were almost contemporary or slightly pre or postdate the main
construction, a possible timing for their construction could be proposed. Terracing of the
catchment area near Al-Quntara was related to the construction of the aqueduct, and the
quality of the terrace wall, and the associated pottery sherds seem to point to the 1st century
AD. The terracing of Wadi al-Madras and Wadi al-Jarrah was probably crucial to protect
al-Khaznah (The Treasury) plaza from siltation and flooding361, especially with the
assumption that certain rituals and venerations used to take place in the paved courtyard in
front of the monument (Farajat, S. and Nawafleh, S. 2005: 381). An assumption can thus be

Based on the OSL data obtained (table 9.4) and the pottery sherds (Appendix B).
By evidence of the pottery found associated with the terraces.
361
The excavations conducted in the tombs below al-Khazneh has uncovered evidence of 15 flood events
caused by torrential rains flowing from three locations: Wadi Dangur al-Khazneh, Braq and Al-Quntara and
Jabal al-Khubtha. The nature of the debris show that it originates from red Umm Ishrin strata, indicating that
it comes from the Al-Siq and al-Khazneh which means that the terraces constructed at Braq-Al-Quntara
sector were effective (Farajat, S. and Nawafleh, S. 2005: 386-387).
359
360
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made that the catchment was terraced around the second half of the 1st century BC to the
beginning of the 1st century AD (Farajat, S. and Nawafleh, S. 2005: 388).
Over siltation seems to be the most obvious reason for the abandonment of several
sites such as the terraces at Wadi Beidha, Hremiyyeh and even Hujaim.Either new terraces
were constructed within the near proximity of silted terraces or dams, or above them ,
indicating that the primary goal for the construction of the dams and the adjacent terrace
systems was water management. So when the system collapsed either new terraces were
built to substitute them or total abandonment occurred.
A constructed terrace, being prone to rebuilding and reuse after abandonment, could
retain inherited soil from the previous collapsed or obliterated structure (Gibson, S. 2015:
309). At Wadi Sweig, the OSL dates of the sample below the terrace riser yielded a date of
1270 ± 320 AD) while the terrace fill yielded a date of 840 ± 140AD, Becker et al. explained
the fill date being older than the riser by the gully activity that caused incision of younger
sediments below the terrace riser and the rebuilding of the riser (Beckers, B. et al. 2013b.:
344). Although, it cannot be dismissed, it is quite possible that the terrace riser could have
been constructed to confine older sediments of the Wadi Sweig banks, with the expansion
of reclamation of that area, this riser wall could have been constructed specifically to prevent
the washing down of these sediments.
9.8.3 Agriculture
Run-off farming terracing cultivation started in the wadies around the middle of the
2 century BC, such as is evident at sites like Rajif, near Basta in addition to the high
limestone outcrops of ash-Sharah mountains such as Heash, Muzera’a, Hremiyyeh and
Madras362. Developed agricultural complexes appear towards the last quarter of the 1st
century AD near settlements that were composed of terraced land plots, siloes, threshing
floors and dam systems such as evident at At-Tayyiba363.
nd

Towards the end of the 1st century AD the number of terraces exploited in the Nabataean
period increased, particularly inside Petra at sites such as Al’-Aja, Btahi, Sabra, and Jabal
Haroun364. Terraces construction quality witnessed further development, with ashlar
blocks being used to build terrace riser walls, and higher quality walls constructed at sites
such as Muderij365, Muzera’a, Jabal Farashah366, and Beidha.
Irrigated terraces also start during the Late Nabataean period and continue into the
Roman and Byzantine periods, as evidenced by the sites of Braq, Hujaim367, Muzera’a368

Based on the pottery found associated with the terraces.
Dating based on the pottery collected within the whole site complex.
364
By the evidence of associated pottery and OSL dating.
365
By evidence of OSL, 14C dating and pottery.
366
By evidence of OSL dating.
367
Based on OSL dates.
368
Based on OSL dating.
362
363
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and Alaya369. These sites required more engineering skills for the construction of the water
system and the management of water rights.
Towards the Roman period, a huge drop in the number of exploited terraces370 is
noted, as only (43%) of the Nabataean period, terraces continue to be used371. Run-off
farming seems to have been abandoned in favor of irrigated terracing, which shows signs of
continuity into the Islamic period, while only half of the run-off sites seem to have been in
use, basically those that are located at the upper watershed of ash-Sharah mountain range.
This may be due to the aridity of the climate in the L Roman period (Shehadeh, N. 1985:
27, Rambeau, C. and Black, S. 2011:100).
According to the Brown University Petra Archaeological Project (BUPAP), the expansion
in terrace farming and check dam construction N of Petra did not start before the first century
and increased after the annexation and continued until 800-1000 AD (Reilly, M. 2013: 13)372. However, in-depth OSL dating can give a better understanding of the situation. At
Wadi Shammasa a set of terraces is located in a small wadi, with a small building (farm/
fortress) site located at a hilltop overlooking a set of agricultural terraces. This wadi has a
set of twelve consecutive terraces and check dams. The accumulated sediment behind them
yielded two dates below the terraces (330 ± 420 BC)373 The Nabataeans first started
exploitation of this wadi. It could be possible that the early damming of the wadi was for
water control, as the flow of the Wadi is towards Wadi Siq al-Ghurab, which is a caravan
path connecting Sleisleh with Stuh Beidha. Based on the age sequences of the fill, two
methods of terrace construction were observed: construction into already existing sediments
or construction to collect sediments. The Wadi Siq al-Ghurab terraces were probably
constructed to control surface run-off, as evident by the sedimentation process. Thus, during
the Roman period (106-240 AD) 0.45m was deposited (estimated sedimentation rate 0.50cm
y-1), yet during the latter 630 years (240-870 AD) only 0.85m was deposited rather than the
expected 3.15m. There are two possible explanations. Either the environmental conditions
turned drier374, so that no severe erosion/ depositional cycles occurred, or a rather severe
flood event (or a sequence of them) led to erosion that modified the sequence thickness and
might have caused the disappearance of an important thread of information. Another
explanation of this hiatus could be that the terrace walls might have been raised later (L
Islamic), which enabled the accumulation of the later 0.85m of sediments.
Although the Byzantine period in Petra witnessed a decline in the number of
settlements from the 4th century towards the sixth century AD (Kouki, P. 2012: 90), with
the transformation from numerous small units into larger clusters of agrarian farmsteads that
influenced the expansion of agricultural land into the steppe (Tholbecq, L. 2013: 300), a
369

By the evidence of surface pottery scatter.
This seem to correspond to the drop of Roman period settlement drop, although as Tholbecq correctly
points out it depends on the transitional pottery representation in the site dating, as sometimes these might be
included within the L. Nabataean period creating an over representation of those sites (Tholbecq, L. 2013:
299).
371
Based on the pottery evidence.
372
http://phys.org/news/2013-01-unearths-terrace-farming-ancient-city.html
373
Based on OSL dating (Becker, B. et al. 2013: 338, table 1).
374
This could be excluded based on paleoenvironmental studies (Tenhunen, T. 2016: 465).
370
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second phase of terrace construction seems to have happened around (440–810 AD)375.
However, terraces were no longer constructed inside Petra, but moved outside to the
margins, exploiting the already confined sediments behind terraces and making use of the
irrigated terraces. A larger exploitation seems to have occurred during the 5th-6th centuries,
particularly towards the N and the E in Beidha, Namaleh, Muzera’a, Hujaim, and Wadi
Shammesh376. Furthermore, some renovation and rebuilding seems to have been made for
water management systems associated with agriculture such as the Namaleh check dams, as
the sample behind the check dam yielded the date of 440AD, indicating the reuse of that
area for agrarian purposes.
The Abbasid period (700-969), which is totally absent from the settlement pottery
record seems to have a high terrace exploitation period (840-880 AD), as Wadi Sweigh,
Wadi Siq al-Ghurab, Hremiyyeh, Namaleh show evidence of extensive use. This period is
totally absent from the pottery record, perhaps due to the paucity of ceramic wares in the
Late Byzantine period and Early Islamic, or the lack of survey material to allow the
distinction between Late Byzantine and Umayyad wares in Petra and the immediate region
(Erikson-Gini personal communication). Most of the population seems to have moved out
of the city center, with only the churches remaining functional (Fiema, Z. 2001: 116). The
local population seems to have relocated to agricultural areas, mainly on the Jabal ashSharah or around Beidha, where the terracing activity seems to have concentrated.
Irrigated terraces continued to be used without any interruption until the Islamic
period, as evident by the pottery fragments from the L. Roman, through Byzantine and
Islamic (Mamluk) periods.
The last peak of terrace construction was during the period of 1000- 1270 AD377,
which corresponds to the more humid climatic period in Petra. During the Mamluk period,
the exploited area shrank and remained confined near wadi beds such as Wadi Sweigh, Wadi
Beqa’a area, mainly exploiting the silted dams for agriculture and at the ash-Sharah
mountains and near springs such as al-Mualaqa, Bedbedeh, al-Braq and Hujaim. Reexploitation of the previously abandoned sites can also be seen such as at Muzera’a and AlTayyiba. In addition, new areas started to be exploited, particularly near newly formulated
hamlets such as Amareen378.
During the 20th century a re-exploitation of already existing terraces seems to have
occurred, such as at Braq, Wadi Musa, an-Nawafleh, Hujaim as evident by the dating of the
recent roots and the recorded data.

Based on OSL and 14C dating.
Based on OSL dating.
377
Based on OSL dating and pottery.
378
Based on pottery sherds collected at the site.
375
376
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Chapter ten: Looking to the past moving to the future:
summary and conclusions

10.1 Introduction
With this last chapter, a new link is hoped to be reached within a chain of studies
that was started by Spencer and Hale in 1961. Despite the multitude of studies and the
diversity of their topics, several paths remained untreated and questions unanswered.
Since then, terraces were explored around the world focusing on certain aspects
using specific approaches which have been synthesized in chapter 1. Rather than adopting
these, this research proposes a new methodology for studying terraces based on a
multidisciplinary approach. This stems from the fact that terraces are architectural features
within a landscape. They are archives of both past environmental conditions and human
interactions with the topography. Hence, the study of the terraces should include
understanding the geological, hydrological, and geomorphological factors related to them.
In addition, sediment, soil and botanical remains accumulated within, in addition to them
being archaeological remains that reflect the human history of application, use, and
abandonment should be studied. Archaeometric studies are the best way to understand
ancient terrace systems, and these methodologies were discussed in detail in chapter 3. The
results provided great insights, and hence is hoped that they will be adopted for future
studies of the ancient made-terraces around the world.
In past references to ancient terraces, these have been typically assigned two main
functions. I.e., water management and soil control which had always been explored.
However, this study showed a wider range of applications beyond these two main functions.
Namely, these include agriculture and the protection of infrastructures such as roads and
aqueducts.
This dissertation set out to create a comprehensive understanding of the motivations
for the building of constructed terraces in arid environments, the techniques that were used,
and the impacts these had on the landscape. Probably the fundamental emphasis this
dissertation was set to do was to change some paradigms regarding terraces and to explore
the vast information these terraces recorded through the time of their existence. In addition
to that, this dissertation developed a new multi-disciplinary approach to achieve its goals.
10.2 Synopsis
The study covered an overall area of 931km2, in what was termed by Lindner
(1992b) as “Greater Petra”, which includes, in addition to Petra, satellite centers around it
such as Sabra, ʿAyn Braq, Rajif, Tayyibeh, Beidha, Naqab ar-Runa’I, Heash, and Ba’ja
(figure 2.1). The study covered a time span starting from Iron Age II to the Mamluk period.
However, it did not aim to explore terraces constructed during the Ottoman period up to the
20th-century terraces, which still function in Wadi Musa, at-Tayyiba, al-Mansoura, and other
villages. An ethnoarchaeological approach was outside the scope of this research but would
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be, no doubt, an important anthropological study. The only correlation between ancient and
recent terraces was made with regards to the irrigated terraces, as their organization and
water rights seem to be very similar to those described in the several papyri of the 6th
century AD such as in Yadin’s papyri no. 3 (further discussion can be found under section
7.4.2).
Furthermore, this study developed a new field card that has been tested in the field,
and it is hoped that it will be adopted. This simple card helps capture the main details of the
various terrace features. In addition, it can facilitate understanding the possible function of
the terrace. The field card is described in detail under section 3.3.1.2.2.
The study recorded around 140 sites according to their type, function, and use and
re-evaluated 135 sites from previous surveys (listed in Appendix C) (figure 10.1). This
multitude of terraces constructed in “Greater Petra” was fundamentally important for such
a site, with a rather complex geological structure. The two main faults, I.e. the Al-Quwayra
and Wadi Musa faults created a sunken valley bottom surrounded by mountains ranges.
Each of these mountains forms micro or macro catchment areas, and during the rainy
seasons, funnel floodwater into the city, with all the debris and soil. Furthermore, the nature
of the surface outcrop influenced surface run-off and water infiltration. A variety of terraces
were designed specifically to divert, collect, and prevent water flow (which are discussed in
Chapter 6). However, the proportion and distribution of these terraces varied from one
catchment to another. Thus, a catchment such as Qantra- Hremiyyeh- Jara had more than
200 terraces, while the adjacent catchment of She’ab al-Hummur had less than a third of
that. The main reason was the importance of controlling and diverting water from the upper
catchment and the structures it was set to protect (figure 10.2).
Water played an important role in the thriving of Petra, relaying on rain-water and
on the springs that gush out from the as-Sharah mountains. Around these, several terraces
were constructed to irrigate orchards and seasonal vegetables. The exploitation started with
the Nabataean period (approximately 100 BC-106 AD) and continued until the current days.
Some of these irrigated terraces could be associated with luxurious Nabataean villas such
as Al-‘Alaya area at Wadi Musa (ancient Elgi) near Ayn al-Brikah.
Unlike the common idea, that terraces were used for the mitigation of floods only,
one of the important motivations for their construction was to contain sediments. Abu Jaber
et al. 2020 proved the accumulation of fluvio-lacustrine sediments at and below the 1060m
elevation contour (4-5). For this purpose, Nabataeans constructed round-edge box terraces
to prevent their washing, which is discussed in detail in section 5.8.2. By examining the
accumulated soil in the tread behind the terrace risers, it was possible to distinguish these
paleosols from flood deposits or agrarian soils, as demonstrated in section 5.9.
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Figure (10.1) Distribution of the terraces in the study area based on the use.
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A

B
Figure (10.2). A general view of She’ab al-Hummur (A) notice the presence of only two
terraces in contrast with the upper Hremiyyeh catchment which has around twelve terraces
within the same area.
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Despite the large number of publications and multitude of survey reports, no clear
terminology or typology for terraces existed. Thus, chapter 4 was devoted to creating a clear
terminology for terrace typologies and forms (tables 4.3, 4.4, 4.5) (section 4.6.3). This was
based on the results of the field surveys conducted within the site of Petra and its hinterlands.
Thus, a new classification is proposed on based on three criteria: the terrace wall's anatomy,
the facing wall's layering technique, and the form of the extended wall, with some references
to the typology of the foundations of the terrace, which can be examined in detail under 4.6.
Furthermore, this study advocates that the multitude of terrace forms reflected the function
they were to perform and their placement in the landscape, which is discussed in detail in
section 4.14. Contour terraces, for example, were constructed on slopes to confine soil and
counter its erosion, with specific parameters. Barrages, on the other hand, were also rounded
in their form, but were constructed only at the verge of a change in the slope gradient within
the terrain, so as to divert water flow. All of this demonstrates that terraces were not
haphazardly constructed, but with a clear understanding of the desired impacts of their
construction. Furthermore, stone layering methods for the city and adjacent building walls
were investigated to compare and contrast these methods with the terrace walls and relate
them to their function and possible date, as is dealt in-depth in sections 4.7 and 9.6.
A cache of the carbonized Petra papyri dated to the 6th century in the Byzantine
Church of the Theotokis, contains a lot of information about the agricultural aspects of the
community. These included documents on leases, inheritance, and taxes. Despite being
written in Greek, a wealth of indigenous terms were still in use as transliterations. Where
terraces were referred to as Sūllam, a term also used in the “Ein Gedi” Papyri which differs
from the Biblical “Al-Madragot” ( )הַ מַ ְׁד ֵרגֹותcontemporary terms used in Greece “αίμασίαιά,”
(aimasiai) or Northern Africa Lamasba “Scala”, which might be an indication of a local
tradition rather than an imported one. Although this study touched a little bit on the various
terms available within the literature (section 4.2), the philological aspect was beyond this
study. Therefore, it would be interesting to pursue the relationship between the terminology
and the origin of the practice and its spreading within the geographical area.
Terraces have also proven to be excellent environmental archives, especially when
the study of the soil column accumulated behind the terrace riser is combined with floral
remains and dating techniques. Soils tend to capture pollen, spores, and seeds of various
plants that grow within the vicinity. As plants are sensitive to environmental conditions, the
presence of reed in an arid environment can indicate standing water, while the abundance
of shrub pollen is an indication of land abandonment. In an arid environment such as Petra,
pollen is poorly preserved, however, good results were achieved by examining phytolith
remains, the results of which are discussed in section 7.7. The various soil columns studied
from behind the terraces combined with dating these horizons using methods such as 14C,
OSL, and cultural remains, helped not only reconstruct the various environmental conditions
affecting the area within the period of the terrace exploitation, but also showed the diversity
of terrace applications through time.
The global function of terraces has always been for agriculture. In arid environments,
terraces were fundamental in maintaining humidity and protecting crops. Two main types
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have been identified based on the water source. These are the rain-fed (discussed in 7.4.1)
and the irrigated terraces which relied on spring water (7.4.2). Regarding irrigated terraces,
it was hard not to touch on the organization and distribution of the water channel network,
and to touch on water rights. In this dissertation, the example of Hujaim village, around 4.00
Km to the s of Wadi Musa, was taken (7.4.2.1). Furthermore, the study examined the textual
evidence for the existence of terrace gardens in Petra, in addition to terrain, and the
distribution of terraces. It is hard to assert the presence of terraced temple gardens, as no
terracing was found within the immediate vicinity (section 7.5.3). Reeves (2019)
hypothesizes the presence of irrigated beds flanking the path to a 1st century AD shrine at
Humayma (Nabataean Hawara) (Reeves, M. B. 2019: 14).
Funerary terraces might have existed in Petra based on tomb epitaphs. Tomb
inscriptions used to list the elements associated with it such as “walls” which might allude
to terraces in the tomb’s vicinity such as for example at Turkmaneyyeh, where the wadi
opposite was extensively terraced and connected to water management facilities (section
7.5.2).
Terraced gardens could have existed during the Nabataean period in Petra, such as
the irrigated terraces found in Wadi Musa (ancient Elgi). A set of irrigated terraces from
Dar al-Birka spring surrounded the hill of al-‘Allaya at the ancient village of Elgi were a
group of villas were uncovered dated to around the 1st century AD, evoking the luxurious
gardens of the Roman period such as described in Pliny the younger garden at Tuscany
(Gothein, M-L. 1928: 69).
Researchers have speculated about the crops grown on these terraces, and arguments
were made of their exploitation for wine grooves based on the multitude of wine presses in
and around Beidha, and the remains of pips and charred vine branches found in the hearths.
Other evidence was found following a close examination of phytoliths remains, pollen, and
plant remains found within various archaeological contexts in Petra and the hinterlands. In
addition, the study examined the watering requirements for each possible crop type. Other
clues included examining the literary evidence from the sixth-century Petra papyri as well
as architectural remains. Thus, a relationship has been established between the olive
cultivation and the presence of presses within the terraces, while the vine cultivation was
within specially designed alcoves irrigated terraces (figure 7.32) described in details in
section (7.4.2.1). Vine presses were carved into the Disi sandstone, thus these presses were
not related to the cultivation area but to the geological outcrop.
Agricultural installations can be used as indicators for the cultivated products in the
nearby terraces. The Petra Papyri mention certain crop-associated installations within the
owned property. In addition to the presses discussed above, watchtowers were associated
with cultivated fruit trees and vineyards, while the threshing floors and silos were related to
cereal cultivation. This association prompted a short investigation of these installations,
which included categorization of their typologies and presentation of some surviving
examples that are presented in section 7.9. Furthermore, the method of stone layering for
the walls was investigated to compare and contrast these methods with the terrace walls.
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Social structure and labor divisions are reflected within the architecture of the
agricultural terraces, which in turn influence social relations. Acabado (2018) studied the
social structure of terrace farmers at Ifugao in N Philippines and tried to establish the socioeconomic patterns of the historic terraces by comparing current ethno-agricultural patterns
with ancient terrace systems (Acabado, S. 2018: 31-61). Smith and Price used demographic
data along with results of archaeological excavations and chemical analyses to prove Aztec
period terraces to be a nuclear family activity (Smith, M. and Price, T. 1994: 169-179). Abu
Hammad and Børresen (2006) investigated the effect of land reclamation by terracing to
resolve environmental and climatic challenges affecting the agricultural yield and livelihood
of small-holding farmers in Palestine (Abu Hammad, A and Børresen, T. 2006: 383-393).
Previous surveys considered terraces constructed near the roads to be agricultural,
arguing this proximity to be fundamental to reach markets (see for example Abudaneh, F.
2006: 52, 54; Ynnilä, H. 2006: 98). However, the in-depth analysis performed during this
study shows through the terrace forms, dimensions and distribution have been constructed
for the protection of roads from sheet erosion, landslides, and water flow (details in sections
8.4 and 8.5).
It was not only vital for roads, but also for water installations such as aqueducts,
which were vital in an arid area such as Petra. Water had to be transferred from the springs
at the ash-Sharah mountains into Petra’s urban center over a long distance and through a
rough terrain of steep slopes and deep valleys. To achieve this, Nabataeans constructed
terraces not only for the protection of these aqueducts but also to create a gentler relief
(section 8.3). During this research, a new branch for the Braq aqueduct has been discovered
and the methodology for its layering and protection explored in detail (section 8.3.1.2.2).
Probably one of the most difficult aspects of this study was the attempt to date the
terraces. Due to their durability and longevity, terraces could be used and reused through a
long time period, making their overall dating rather challenging (chapter 9 was devoted
totally to addressing this aspect), and proposing a history for their development would be
highly speculative. However, this study put forward a combined approach for terrace dating.
This included the collecting of cultural material from both the fills of terraces and the surface
scatter combined with OSL and 14C dating, in addition to the spatial distribution in relation
to the human settlement which gave good results. The results can be found under section
9.8.
10.3 Historic Overview
Petra had a more humid climate in the Iron Age. Although archaeological
excavations proved the presence of active human settlements in the Petra area such as
Tawilan, Umm al-Biyara, as-Sadeh amongst others, very limited terracing activity seems to
have taken place during that time. Despite the proximity of some of the terraces to settlement
locations, no direct connection could be established between them. Rather, it is more
probable that the earliest application for terraces in Petra was for floodwater management,
based on the OSL date established in this study at around 4th century BC. These were
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concentrated in the hinterlands, at the headwater of ash-Sharah mountains (figure 10.3). Few
terraces were constructed in wadi systems which depended more on rain-fed agriculture.
Around the 4th century BC, the climate turned more humid, with increased
weathering leading to a large geomorphological change in Petra. This is associated with
socio-political changes marked by the settlement of the Nabataeans in Petra proper, as
attested by early archaeological finds. Probably, faced by the seasonal flooding of Wadi
Musa, the earliest interventions expanded the efforts of flood mitigation.
The bulk of terrace development occurred from the 1st century BC to the 1st century
AD,. The Nabataeans, who during this time embarked on the development of the center of
Petra, expanded their infrastructure development in addition to spreading settlement around
the city, leading to a large investment in the surrounding landscape.
Water management terraces became vital for the sustainability of the city. These
installations were aimed at the mitigation of floods and the collection of water. Various
forms of dams were constructed to collect, divert, and retain flowing water. Furthermore,
the large investment of aqueducts from the springs to the settlement centers required
protection. For these, terraces were constructed to modify the terrain and protect it from
possible landslides.
During the Iron Age, water management terraces were constructed mainly at the
upper catchment area, but the Nabataeans expanded them over the entire catchment area,
concentrating them along the various fractures and faults. This is because rain is more
intense in the upper catchment areas, and runoff funnels into Petra through the cracks and
fissures.
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Figure (10.3). Distribution of water management terraces within the study area.
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Figure (10.4). Distribution of soil and sediment control terraces by period within the study
area.
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A better understanding of the surrounding landscape and the terrain was developed
during the Nabataean period. This is reflected in direct interventions modifying the surface
by means of terraces. Various forms of terraces were constructed to confine sediments and
prevent their washing into Petra proper. Their construction seems to have been most intense
in the E Nabataean period (figure 10.4).
Expansion and development in agricultural terracing was also witnessed in the
Nabataean period. This is seen in the expansion of both dry farming and irrigated terraces
(figure 10.5), with the spread of agricultural installations. Irrigated terrace farming seems to
start with the Nabataean period and continue to the current times, as long as the spring hasn’t
dried. These were concentrated around the edge of the ash-Sharah mountains (figure 10.6).
Such farming required a large level of organization only offered by settled society.
During the Roman period (2nd-3rd centuries AD), the climate became drier, and thus
there was no expansion in the water management terraces, but rather a partial continuation
of use of some of the earlier ones, particularly in the periphery SE, SW, and N of the city.
These started to increase in later periods.
This period witnessed a change in the dynamics of settlements, with a slight increase
in the 2nd century followed by a decrease in the 3rd. This period seems to have witnessed a
focus on road construction, as the construction of terraces to protect road infrastructure
seems to have peaked in the L Roman period (figure 10.7). Care was also taken for the
confinement of soil and sediments, as the terraces constructed for this purpose were
constantly maintained.
Agricultural terraces also shrank in number, particularly the ones used for dry
farming which only continued to be used in the center and NE parts of Petra. The irrigated
terraces continued to be used during that period. There is no indication of any terrace
construction associated with water infrastructure, which could be attributed to their falling
out of service due to earthquakes (figure 10.8).
Towards the 4th century AD, climatic conditions improved. Settlement increased
slightly in number, as villages and farms grew mainly towards the ash-Sharah mountains.
This is reflected in the terrace dynamics. The use of terraces for water management
continued, with some expansion in new construction towards the N of the city and around
settlement clusters.
During the Byzantine period, there was an expansion in agricultural land,
particularly towards the periphery. During this period, earlier silted Nabataean period water
terraces were used for agriculture.
There seems to have been no investment in infrastructure during that period, as only
very few terraces are associated with them, with mainly some maintenance work but no new
construction.
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Figure (10.5). Distribution of agricultural terraces by period within the study area.
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Figure (10.6). Distribution of the springs within the study area.
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Figure (10.7). Distribution of terraces related to road protection by period within the study
area.
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Figure (10.8). Distribution of terraces related to water infrastructure by period within the
study area.

526

In the Islamic period, there was a general abandonment, with limited use of the area
by nomadic groups, particularly for agriculture. A major revival took place in the Mamluk
period, which was concentrated around settlements mainly in the NW and SE areas.
Terraces were constructed to confine sediments, particularly around the N and the NW of
Petra. These terraces, however, seem to have been concentrated around the centre of Petra,
almost in a circle clearly confining old, earlier Holocene sediments. As the wadies and
passages in those areas were used as road systems it was fundamental to confine them to
secure a safe-passage.
Both irrigated and dry wadi agricultural terraces continued to thrive, with the latter
being expanded in the N and NE of Petra. Water management terraces were also maintained
and constructed, particularly in the NW section of Petra.
It is fundamentally important to understand that the same catchment area witnessed
constant modifications in response to human needs as well as to climatic and morphological
changes. Thus, the earliest terracing could have started in the Iron age period and the last
dates to the Mamluk period, such as the catchment area of Heash (Al-Khasawneh, S. et al
2022). Terraces that were constructed during the Nabataean period for flood mitigation, and
got filled with sediments through the next four hundred years and could have easily been
used in the Byzantine period for agriculture.
The use of terraces for the protection of infrastructure, particularly water
installations and roads, came hand in hand with their construction. It is clear that the peak
of their construction was during the Nabataean period, with a long exploitation period
afterward. However, terraces used to protect water infrastructure had a peak in construction
during the Nabataean period. The curbs and terraces constructed for the protection of roads
had two peaks during the Nabataean and the L Roman periods, with a later peak during the
Mamluk period. These terraces followed the terrain and fell into a linear distribution (figures
10.7 and 10.8).
10.4 Thoughts for future research
One of the biggest research questions that has never been dealt with in the literature
is the issue of conservation and restoration of ancient terraces. The appropriate approach to
dealing with these structures is not clear. Should they be treated as ancient structures, and
therefore apply the ethics and norms of conservation, or as structures constructed to perform
and function? In an effort to produce material for the local community on the methods for
reconstructing terraces, I have collaborated with Prof. Dr. Nizar Abu-Jaber and Arch. Safa
Joudeh to produce a manual for terrace reconstruction in Arabic, in order to provide the
local libraries with a material for the potential restorers to learn and use.
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A

B

Figure (10.9) The wadi terraces of Rajif were still intact on 28/11/2016 (A) and
destroyed by the construction of wind power generating turbine
(picture taken on 26/01/2019) (B).

528

Terraces cannot compete with monumental archaeology for archaeological or
tourism attention. Therefore, they were seldom excavated or recorded, making them most
vulnerable to destruction. During the execution of this research, several sites were partially
or completely destroyed. The site of Muzera’a is facing an intensive urbanization threat that
is destroying the site gradually. The site of Rajif was bulldozed to construct electrical wind
farms (figure 10.9), and a terraced area within the ‘Amareen village, Beidha, was bulldozed
to construct tourist camping and hotel sites. And the terraces opposite of Turkmaneyyeh
were demolished for the opening of the back road to the center of Petra. In Petra, track roads
that were opened destroyed terraces in wadies, such as the road to Jabal Haroun. All of these
sites disappeared within the last five years. Although admittedly it is impossible to protect
all the terraces, it is nonetheless important to document and restore some of them to manifest
to their full exploitation, something I tried to do through this work such as the project of
Restoration of the Ancient Nabatean Flood Control System in Wadi Hremiyyeh at Petra
implemented by The German Jordanian University, Center for the Study of Natural and
Cultural Heritage379, where a set of terraces and check dams were reconstructed based on
the Nabataean designs, and local people were trained on the methods of their construction
and maintenance (figure 10.10)

Figure (10.10). The reconstruction of one of the check-dams at the lower catchment of Wadi
Hremiyyeh using local material following Nabataean original designs.

This indigenous knowledge relies on oral transmission of the drywall construction
methods from father to son. Despite the intensity of the terracing in Petra’s landscape, there
are no surviving living builders. The only person who learned building terraces from his
father comes from Gharandal and is currently 80 years old. Interviewing Abu Islam, he
stated that the young generation is busy working in tourism, the government or the army
sectors and is not interested in hard physical work.
Although terraces are now recognized by the Food and Agriculture Organization
(FAO) and UNESCO as “World Heritage agricultural landscapes” as part of the heritage of
http://www.gju.edu.jo/content/restoration-ancient-nabatean-flood-control-system-wadi-madras-petra7803
379
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the world, since 1995, this did not stimulate Jordan to place any of the terraces on the list,
to strive to protect them or to stimulate more research on them. One of the challenges is the
private ownership of these structures. The sustainability of this indigenous technology in
the face of the global agricultural market, fragmentation of ownership, and the high cost of
maintenance will lead to the loss of knowledge and their abandonment and loss.
It is true that the government cannot protect every artefact, nor it is feasible to issue
regulations governing landscape heritage, however, protection of at least one example
should be advocated. Petra has that potential as it could add to the story of human landscape
management in the arid environment. The revival of these agrarian systems could also prove
a boost to the local economy.
One of the biggest questions this terrace research project tries to focus on, is the
trigger that led to their construction. Various hypotheses have been proposed from the
environmental perspective, ranging from depletion of the forest cover, to soil erosion, to
prevailing policies encouraging nomadic settlements. Although I touched in this research
on some of the speculations on how terracing started in Petra, I believe there is still room
for further research on this matter by targeting a specific area and exploring the various
hypotheses, and testing various possible scenarios.
Although it is always tempting to attribute terracing as a Nabataean “know-how”, I
am quite sceptical about such a statement. Although, based on OSL dating, terracing seems
to have started at early as the 4th century BC, yet building facts on the basis of one result
does not lend firm ground. Also, it is quite hard to say if the Nabataeans learned their
construction from their travels, brought foreign builders to construct them, or developed that
skill due to their observation and trial and error. I think to answer this question alone, several
teams and research projects will need to be conducted.
Indeed, these terraces stand as silent witnesses for a once greener past and were used
on a much wider scale, as evident by early 20th century photographs. Various reasons led
their owners to abandon agriculture to the more profitable tourism sector. Terrace
abandonment seems to be a widespread phenomenon not only around Petra but around the
world, as around 40-50% of constructed terraces are now abandoned (Wei, W. et al. 2016:
400). This led to the establishment of a new field of research to explore the reasons behind
terrace abandonment, failure and their effect on the soil cover (for example Lasanta, T. et
al. 2001; Bellin, N. et al. 2009; Solé-Benet, A. et al. 2010; Londoño, A. et al. 2017; Stavi,
I. et al. 2018). The abandonment of ancient terraces was also the focus of some research that
attributed it to salinization (Sandor, J. and Homburg, J. 2017: 199), climatic change, natural
disasters, and socio-economic factors, among others (Naveh, Z. 1982). Admitting the
importance of this branch of research, still, it was impossible to explore terrace cycles of
use and abandonment within this study, exploring within each stage the multitude of reasons
that led to their neglect. This could be achieved only by conducting a combined
paleoenvironmental-archaeological and pedogenic study on a selected confined area, where
specific variables could be explored, the hypothesis tested, and results contrasted to other
areas and periods.
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Pottery record380:
Site name: Heash 2
Site coordinates UTM: 36R 739864.83, 3363530.38
Typology of
sherds
Number of
fragments

Rim

Base

handle

Decorated

Body sherd

Total

211

90

269

0

356

926

Pottery distribution according to
occopation period
E Byzantine Iron Age
9%
5%
Nab. 150 B.C.
5%

L. Roman
24%

Nab 37
B.C.- 73
L. Nab- ER A.D
73-135 AD 33%
24%

Heash Pottery typology

Jar/ Jug
24%

storage
jar
14%
Bowl
24%

Cooking pot
38%

380

This appendix gives a sample representation of the pottery collected at the most prominent sites within
the study area and not for all the survey sites. The sites that did not enter this corpus are being under
preparation and will be incorporated in the final publication.

650

651

Pottery record:
Terrace site: Madras
Coordinates UTM: 36R 736386.89 m E, 3356319.90 m N
Typology of
sherds
Number of
fragments

Rim

Base

handle

Decorated

Body sherd

Total

153

10

120

0

251

534

Distribution of pottery sherds/
period

Iron Age

7% 3% 10%

E. Nabataean

23%

L. Nabataean
E. Roman

30%

L. Roman

27%

Byzantine

Typology of Pottery
storage jar, 14%
Jar/ Jug, 24%

caserol, 0%

Bowl, 24%

Cooking pot ,
38%

652

653

Site name: Namaleh 1
Site coordinates UTM: 36 R 736293.14 m E, 3369401.20 m N
Pottery distribution:
Typology of
sherds
Number of
fragments

Rim

Base

handle

Decorated

Body sherd

Total

50

110

30

0

170

360

Period distribution

11%
6%

E-Nabataean

33%

L-Nabataean
L-Roman

17%

E-Byzantine
L-Islamic

33%

Namaleh pottery typology

17%
39%

Bowl
Cooking pots
Jar/ Jug

44%

654

Namaleh 2
Site coordinates UTM: 36R 736021.33 m E, 3369503.41 m N
Pottery distribution: mostly body sherds of table ware, Nabataean, Byzantine.

Typology of
sherds
Number of
fragments

Rim

Base

handle

Decorated

Body sherd

Total

5

1

3

0

32

41

655

Site name: Namaleh- W Wadi
Site coordinates UTM: 36R 734013.04 m E, 3369155.71 m N
Typology of
sherds
Number of
fragments

Rim

Base

handle

Decorated

Body sherd

Total

3

8

8

0

8

27

Namaleh
11%
6%

E-Nabataean

33%

L-Nabataean
L-Roman

17%

E-Byzantine

33%

L-Islamic

Namaleh pottery typology
17%
39%
44%

Bowl
Cooking pots
Jar/ Jug

656

Site name: Amareen
Site coordinates UTM: 36R 737984.00 m E, 3363623.00 m N
Typology of
sherds
Number of
fragments

Rim

Base

handle

Decorated

Body sherd

Total

0

0

60

0

20

260

Period: Late Islamic/ Mamluk.
handles of cooking pots

Typology: body sherds and

657

Site name: Beidha-behind the elephant monument
Site coordinates UTM: 36R 736306.71 m E, 3359872.70 m N
Typology of
sherds
Number of
fragments

Rim

Base

handle

Decorated

Body sherd

Total

32

18

16

2

64

132

Distribution of Pottery / Period
E-Nabataean
L-Nabataean

24%

23%

Roman
L-Roman

6%

47%

Typology distribution

18%

Bowl

23%

Cooking pot
Chalice/ cup

12%

Juglet

6%
6%

Decorated bowl

35%

Beaker

658

659

Site name: al-Tayyibe
Site coordinates UTM: 36R 736589.23 m E, 3348993.06 m N
Typology of
sherds
Number of
fragments

Rim

Base

handle

Decorated

Body sherd

Total

121

10

2

2

174

309

Tayyibah pottery typology

Tayyibah period dates by
pottery sherds
Nabataean

Late Islamic

17%
17%

50%
33%

83%

Cooking pots

Jar/ Jug

Decorated bowls

660

Site name: Beidha braided terraces
Coordinates UTM: 36R 736811.08 m E, 3359549.68 m N
Typology of
sherds
Number of
fragments

Rim

Base

handle

Decorated

Body sherd

Total

123

70

14

10

107

324

Beidha

15%

23%

8%
8%
E-Nabataean
L-Nabatean

46%

L-Roman
E-Byzantine
Mamaluk

Beidha pottery typology

15%
Bowl

31%

54%

Cooking pot
Jar/juglet

661

662

Site Name: W. Beqa’a
Coordinates UTM: 36R 740064.00 m E, 3356464.00 m N
No diagnostic sherds were found at the site (figure A.1), from the fabric some could be categorized as
Mamluk (?), some could be L.
Roman-Byzantine(?).

Figure (A.1). Body sherds found within the site of W. Beqa’a. Most of the fragments lack slip due to high
abrasion due to water erosion. The fabric of lower three fragments show straw taboun firing typical for
Mamluk pottery, however, the upper row could be Roman-Byzantine period as no distinctions by form is
possible.

663

Site name: Beidha- experiment site
Coordinate UTM: 36R 736121.69 m E, 3359925.86 m N
Typology of
sherds
Number of
fragments

Rim

Base

handle

Decorated

14

10

10

1

Body
sherd
12

Water
pipe
4

Total
51

Pottery typology

8%

Storage jars

17%

Bowl

17%
17%
8%

Cooking pot
Chalice/ cup
Decorated bowl

33%

Inscense burner

Pottery distribution/Period

25%

Nabataean

42%

Roman
Byzantine
Islamic

25%
8%

664

665

Site name: Wall near the highway
Coordinates UTM: 36R 741402.00 m E, 3362647.00 m N.
Typology of
sherds
Number of
fragments

Rim

Base

handle

Body sherd

Decorated

Total

20

72

140

168

13

413

100
80
60
40
20
0
1

2
E-Nabataean

M-L Nabataean

Terrace near Highway pottery typology
45
40
35
30
25
20
15
10
5
0
Bowl

Cup

Uguentaria

666

667

Site name: Sabra road
Site coordinates UTM: 36R 733618.61 m E, 3354823.27 m N
Typology of
sherds
Number of
fragments

Rim

Base

handle

Body sherd

Decorated

Total

20

200

54

80

5

359

Typology of the pottery
storage jar
8%
Juglet
17%

Bowl
8%
caserol
8%
Casserole
3%
Pot
6%

Pitcher
50%

Distribution of pottery / period

17%
E. Nabataean
L. Nabataean

83%

668

669

Site Name: Hremiyyeh
Coordinate UTM: 36R 736257.32 m E, 3355828.89 m N
Typology of
sherds
Number of
fragments

Rim

Base

handle

Decorated

Body sherd

Total

100

150

140

0

450

840

Pottery distribution / period

2%7%

19%
9%

33%

16%
14%

Iron Age

E. Nabataean

M.Nabataean

Roman

Byzantine

L.Islamic

L. Nabataean

Typology of pottery

12%

15%
Storage jar
Cooking pot

24%

Jar/ jug
Bowels

49%

670

671

Site name: Hujaim
Coordinates UTM: 36R 739187.84 m E, 3353927.94 m N
Typology of
sherds
Number of
fragments

Rim

Base

handle

Decorated

Body sherd

Total

151

130

163

3

10

457

Typology of Pottery - Hujaim

10%

Storage jar

3% 7%
20%

13%

Bowl
Cooking pot
Jar/ Jug
Decorated bowel

47%

Casserole

Hujaim Distribution of Pottery by period

6%

E-Nabataean

7% 3%

L-Nabataean
E-Roman

23%

45%

L-Roman

Byzantine

16%

Mamluk

672

673

Site name: Btahi 1
Coordinates UTM: 36R 732998.01 m E, 3355136.31 m N
Typology of
sherds
Number of
fragments

Rim

Base

handle

Decorated

Body sherd

Total

22

16

22

0

75

135

Pottery form typology
9%

18%

storage jar
Bowl

37%

18%

Cooking pot
Jar/ Jug

18%

Juglet

Btahi pottery distribution/
period

45%

E. Nabataean

55%

L.Nabataean

674

675

Site name: Rajif
Site coordinates UTM: 36R 735815.56 m E, 3338161.21 m N
Typology of
sherds
Number of
fragments

Rim

Base

handle

Decorated

Body sherd

Total

25

50

0

50

182

307

Distribution of pottery / period
20%

E-Nabataean
L-Nabataean

80%

Pottery form
60
50
40
30
20
10
0
Bowl

Decorated bowel

676

Site name: Shmakh
Site coordinate UTM: 36R 742338.81 m E, 3372186.54 m N
Typology of
sherds
Number of
fragments

Rim

Base

handle

Decorated

Body sherd

Total

8

0

12

0

17

37

Pottery typology and period: Fragments of pottery found near the wall, mainly Nabataean and L. Islamic
(Mamluk)

677

Site: Muzera’a
Coordinates UTM:`` 36R 738553.16 m E, 3358670.93 m N
Typology of
sherds
Number of
fragments

Rim

Base

handle

Decorated

Body sherd

Total

121

97

79

1 (object)

132

430

Pottery distribution / period
Iron Age

10%

6% 13%

E. Nabataean
L. Nabataean

10%
29%

3%

E. Roman
L. Roman
E. Byzantine

29%

Islamic

Pottery distribution by type
Storage jar

7% 3%
14%

21%

Bowl
Cooking pot
Jug/ jugglet

14%

Chalice/ cup

14%

27%

Strainer
Amphore

678

679

680

Site name: Braq
Coordinates UTM: 36R 736856.56 m E, 3355524.85 m N
Typology of
sherds
Number of
fragments

Rim

Base

handle

Decorated

Body sherd

Total

49

100

44

10

258

461

Pottery distribution / period

20%
Nabataean
Roman

80%

Pottery distribution based on form

10%

Bowel

30%
20%

Cooking pot
Caserole
Chalice

10%
30%

Led

681

682

Site name: al-Alaya
Coordinates UTM: 36R 738673.79 m E, 3356889.69 m N
Typology of
sherds
Number of
fragments

Rim

Base

handle

Decorated

Body sherd

Total

13

10

15

0

17

55

Pottery distribution based on the
period

40%

E.Nabataean

60%

L. Nabataean

Pottery form typology

20%
40%

Jar/Jug
Chalice/ cup
Water pipe

40%

683

684

Site name: al-‘Aja
Coordinates: UTM 36R 733920.56 m E, 3355305.02 m N

Typology of
sherds
Number of
fragments

Rim

Base

handle

Decorated

Body sherd

Total

0

10

1

5

42

58

Thughra2
733402.25 m E, 3355674.12 m N

Typology of
sherds
Number of
fragments

Rim

Base

handle

Decorated

Body sherd

Total

3

19

0

0

63

85

685

Wadi Musa (Nawafleh)
Site coordinates (UTM): 36R 738982.00 m E, 3357717.00 m N

Typology of
sherds
Number of
fragments

Rim

Base

handle

Decorated

Body sherd

Total

31

16

29

0

57

133

Wadi Farasha:
Coordinates: 36R 731353.51 m E, 3355000.73 m N
Pottery sherd fragments found at the lower terraces, mostly non diagnostic pottery sherds, from the fabric the
dominant are Nabataean with some possibly Roman and later Byzantine (?), examples of some of the pottery
could be seen in the figure (A.2) below.

Figure (A.2). Pottery fragments collected near the terraces at Wadi Farasha.

686

Site: Slaysil
Coordinates: UTM 36R 733975.00 m E, 3361037.00 m N
Pottery typology
Typology of
sherds
Number of
fragments

Rim

Base

handle

Decorated

Body sherd

Total

55

10

25

1

30

121

Pottery distribution/ period
9%
Nabataean

46%
45%

E. Roman
L. Islamic

Pottery forms

27%

18%

Pitcher
Storage jar

9%
46%

687

688
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A-List of the previous surveys

Figure C.1. Distribution of terraces and wall features as recorded by previous surveys.
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Terrace site

693

729863

729690

Finish
Jabal
Haroun

3rd C.

1st B.C

Finish
Jabal
Haroun

x

Terrace
Wall
system

3355072

3355119

Wall

S58/ Area
T

S59/ Area
T

Finish
Jabal
Haroun

x

Barrage
system

729785

3354990

S55/ Area
T

Finish
Jabal
Haroun

x

Barrage
system

729904

3355193

S52/ area
T

Finish
Jabal
Haroun

x The site
may
originally
be
nabataean,
but its use
is likely to
be
multiperio
d

Road
structures

729737

3355030

S51/Area
T

Finish
Jabal
Haroun

x

Stone
setting/
terrace
wall

729898

3355287

S48/ Area
T

Finish
Jabal
Haroun

x 2nd half
of 1st C.
a.d 1st q of
2nd c a.D

Barrage/
terrace
system

730712

3355918

S42/ area
C

Finish
Jabal
Haroun

x 2nd half
of 1st C.
a.d 1st q of
2nd c a.D

Barrage
system

730699

3355986

S41/Area
C

Finish
Jabal
Haroun

x

Terrace
Wall
system

730668

3355963

S40/ Area
C

Note

Period

Coordinat
es

Survey

No date

Modern

Mamluk

Islamic

Umayyad

Byzantine

L Roman

Roman

Nabataean

L Nabataean

E Nabataean

Iron age

Element type

E

N

Terrace site

694

730093

730233

x

Finish
Jabal
Haroun

x

Finish
Jabal
Haroun

Terrace
Wall
system

3355414

3355354

Barrage
system

S68/ Area
U

S69/ Area
U

Finish
Jabal
Haroun

x

Terrace
Wall
system

730147

3355462

S67/ Area
U

Finish
Jabal
Haroun

x

Barrage
system

730292

3355470

S66/ Area
U

Finish
Jabal
Haroun

x

Barrage
system

730274

3355595

S65/ Area
U

Finish
Jabal
Haroun

x

Barrage/
terrace
system

730439

3355703

S63/Area
K

Finish
Jabal
Haroun

x

Terrace
Wall
system

730377

3355701

S62a-b/
Area K

Finish
Jabal
Haroun

x

Barrage/
terrace
system

730332

3355838

S61 a-b/
Area K

Finish
Jabal
Haroun

x

Barrage/
terrace
system

730237

3355805

S60/ Area
K

Note

Period

Coordinat
es

Survey

No date

Modern

Mamluk

Islamic

Umayyad

Byzantine

L Roman

Roman

Nabataean

L Nabataean

E Nabataean

Iron age

Element type

E

N

Terrace site

695

730355

730431

x

Finish
Jabal
Haroun

x

Finish
Jabal
Haroun

Barrage/ter
race wall
system

3355363

3355525

Barrage
system

S80 ab/Area H

S81/Area
H

Finish
Jabal
Haroun

x

Barrage
system/sto
ne setting

730394

3355415

S79 ab/Area H

Finish
Jabal
Haroun

x

Barrage
system

730753

3355393

S76/Area
H

Finish
Jabal
Haroun

x

Barrage
system

730679

3355462

S74/Area I

Finish
Jabal
Haroun

multiperio
d,
probably
starting
from
Nabataean
period

Barrage
system

730661

3355549

S73/Area I

Finish
Jabal
Haroun

x

Barrage/
terrace
wall
system

730686

3355718

S72/Area J

Finish
Jabal
Haroun

x

Barrage
system

730666

3355725

S71/Area J

Finish
Jabal
Haroun

multiperio
d,
probably
starting
from
Nabataean
period

Barrage
system

730495

3355654

S70/Area I

Note

Period

Coordinat
es

Survey

No date

Modern

Mamluk

Islamic

Umayyad

Byzantine

L Roman

Roman

Nabataean

L Nabataean

E Nabataean

Iron age

Element type

E

N

Terrace site

696

x

Finish
Jabal
Haroun

x

Finish
Jabal
Haroun

Finish
Jabal
Haroun

x

Terrace
Path

730211

729861

Barrage
system

3354729

3354725

3354713(s
ector a)
729942(se
3354687(s
ctor a)
b)
ector
Barrage
730045(se
system
ctor b)

S99/Area
W

S100/Area
W

S101ab/Area W

Finish
Jabal
Haroun

x

Terrace
Wall
system

729988

3355263

S98/Area
W

Finish
Jabal
Haroun

x

Barrage
system

730300

3355085

S96/Area
W

Finish
Jabal
Haroun

x

x

Finish
Jabal
Haroun

x

x
Finish
Jabal
Haroun

x
Finish Jabal
Haroun

x

L Nabataean

E Nabataean

Iron age

Element type

E

N

Terrace site

Note

Period

Coordinat
es

Survey

No date

Modern

Mamluk

Islamic

Umayyad

Byzantine

L Roman

Roman

Barrage
system

730762

3355294

S90/Area
H

x

Cairns/terra
ce wall
system/
campsite

730391

3354846

S93a-b/Area
W

Nabataean

Barrage
system

729955

3355202

S94/ Area
W

x

Road
structures

730138

3355190

S95/Area
W

697

730768

730857

x

Finish
Jabal
Haroun

x

Finish
Jabal
Haroun

Barrage
system

3355608

3355451

Terrace
Wall
system

S114/Area
G

S115/Area
G

Finish
Jabal
Haroun

x

Barrage
system

730785

3355452

S113/Area
G

Finish
Jabal
Haroun

x

terraced
path/petro
glyphs

731761

3356722

S110/Area
V

Finish Jabal Haroun

Finish
Jabal
Haroun

Finish
Jabal
Haroun

Finish
Jabal
Haroun

Finish
Jabal
Haroun

Modern

x

Note

Period

Coordinat
es

Survey

No date

Mamluk

x

x

Islamic

x

x

Umayyad

x

x

Byzantine

x

x

L Roman

L Nabataean

E Nabataean

Iron age

Element type

E

N

Terrace site

x

Terrace
Wall
system

729954

3354753

S102/Area
W

Roman

Barrage/ter
race wall
system

729991

3354859

S103/Area
W

x

Barrage
system

729994

3354957

S105/Area
W

Nabataean

Terrace
Wall
system

731833

3356835

S108/Area
V

x

Walls/terrace
walls/bulding
remains/other rock-cut
features

732030

3356694

S109/Area V

698

731115

730652

Finish
Jabal
Haroun

Finish
Jabal
Haroun

Finish Jabal
Haroun
Finish
Jabal
Haroun

x

x

x

x

Barrage
system

730618

3354915

S123/Area
F

x

Terrace
Wall
system

730686

3354973

S125/Area
F

x

Barrage
system

3355233

3355141

Barrage
system/terra
ce wall
system

S126/Area
F

S129/Area F

Finish
Jabal
Haroun

x

Barrage
system

730795

3355149

S122/Area
F

Finish
Jabal
Haroun

x

Barrage
system

730873

3355198

S121/Area
F

Finish
Jabal
Haroun

x

Barrage
system

730950

3355173

S120/Area
F

Finish
Jabal
Haroun

x

Barrage
system

730950

3355418

S117/Area
G

Finish
Jabal
Haroun

x

Barrage
system

730907

3355442

S116/Area
G

Note

Period

Coordinat
es

Survey

No date

Modern

Mamluk

Islamic

Umayyad

Byzantine

L Roman

Roman

Nabataean

L Nabataean

E Nabataean

Iron age

Element type

E

N

Terrace site

699

731453

731299

x

Finish
Jabal
Haroun

x

Finish
Jabal
Haroun

Terrace
Wall
system

3355483

3355191

Terrace
Wall
system

S143/Area
O

S145/Area
F

Finish
Jabal
Haroun

x

Terrace
Wall
system

731078

3355497

S142/Area
O

Finish
Jabal
Haroun

x

Barrage
system

731728

3355503

S139/Area
O

Finish
Jabal
Haroun

x

Barrage/ter
race wall
system

731248

3355297

S137/Area
F

Finish
Jabal
Haroun

x

Barrage
system

731486

3355084

S134/Area
F

Finish
Jabal
Haroun

x

Barrage
system

731027

3355319

S133/Area
F

Finish
Jabal
Haroun

x

Barrage
system

731363

3355158

S131/Area
F

Finish
Jabal
Haroun

x

Barrage
system

731370

3355412

S130/Area
F

Note

Period

Coordinat
es

Survey

No date

Modern

Mamluk

Islamic

Umayyad

Byzantine

L Roman

Roman

Nabataean

L Nabataean

E Nabataean

Iron age

Element type

E

N

Terrace site

700

731671

731094

x

Finish
Jabal
Haroun

x

Finish
Jabal
Haroun

Barrage
system

3355773

3355628

Terrace
Wall
system

S155/Area
D

S156/Area
A

Finish
Jabal
Haroun

x

Terrace
Wall
system

731192

3355938

S154/Area
A

Finish
Jabal
Haroun

x

Terrace
Wall
system

730970

3355914

S153/Area
A

Finish
Jabal
Haroun

x

Terrace
Wall
system

731447

3355344

S152/Area
F

Finish
Jabal
Haroun

x

Barrage
system

731782

3355798

S150/Area
D

Finish
Jabal
Haroun

x

S148ab/Area
A(148a)
3355849(1
O
and
48a)
(148b)
731224(14
3355473(1
8a)
48b)
Barrage
731308(14
system
8b)

Finish
Jabal
Haroun

x

Terrace
Wall
system

731041

3354941

S147/Area
F

Finish
Jabal
Haroun

x

Barrage
system

731555

3355576

S146/Area
O

Note

Period

Coordinat
es

Survey

No date

Modern

Mamluk

Islamic

Umayyad

Byzantine

L Roman

Roman

Nabataean

L Nabataean

E Nabataean

Iron age

Element type

E

N

Terrace site

701

x

Finish
Jabal
Haroun

x

Finish
Jabal
Haroun

732195

732025

terrace
wall
system

3355792

3355545

terrace
wall
system

S169/Area
D

S170/Area
O

Finish
Jabal
Haroun

x

terrace
wall
system

731952

3355806

S168/Area
D

Finish
Jabal
Haroun

x

terrace
wall
system

731861

3355660

S167/Area
D

Finish
Jabal
Haroun

x

Barrage
system

730966

3344843

S162/Area
A

Finish
Jabal
Haroun

x

Terrace
Wall
system

731772

3356456

S161/Area
D

Finish
Jabal
Haroun

middle or
late

Walls

731383

3356342

S160/Area
E

x
Finish
Jabal
Haroun

Finish Jabal
Haroun

Terrace
Wall
system

731111

3355820

S157/Area
A

x

Terrace
Wall
system/terra
ced path

731485

3355790

S158/Area
D

Note

Period

Coordinat
es

Survey

No date

Modern

Mamluk

Islamic

Umayyad

Byzantine

L Roman

Roman

Nabataean

L Nabataean

E Nabataean

Iron age

Element type

E

N

Terrace site

702

731277

731167

x

Finish
Jabal
Haroun

x

Finish
Jabal
Haroun

Water
channels

3356150

3356331

Wall/
water
channel

S182/Area
E

S183/Area
E

Finish
Jabal
Haroun

x

Barrage/ter
race wall
system

731314

3356236

S181/Area
E

Finish
Jabal
Haroun

x

Barrage/ter
race wall
system

732448

3356220

S179/Area
D

Finish
Jabal
Haroun

x

Barrage
system

732341

3356124

S178/Area
D

Finish
Jabal
Haroun

x

Barrage
system

732264

3356174

S177/Area
D

Finish
Jabal
Haroun

x

terrace
wall
system

732022

3355964

S173/Area
D

Finish
Jabal
Haroun

x

terrace
wall
system

732180

3356071

S172/Area
D

Finish
Jabal
Haroun

x

terrace
wall
system

731353

3356001

S171/Area
D

Note

Period

Coordinat
es

Survey

No date

Modern

Mamluk

Islamic

Umayyad

Byzantine

L Roman

Roman

Nabataean

L Nabataean

E Nabataean

Iron age

Element type

E

N

Terrace site

703

x

Wadi
Musa
water
supply and
wastewater
project

x

Wadi
Musa
water
supply and
wastewater
project

a rock-cut
wine press

735863

736234

a large
dam or
wadi
barrier

3365645

Bayda 6

3363444

Bayda 14

Wadi
Musa
water
supply and
wastewater
project

late

x

a rock-cut
wine press

735731

336606

Bayda 4

Wadi
Musa
water
supply and
wastewater
project

x

x

Agricutura
l terrace
walls

735084

3365798

Bayda 3

Finish
Jabal
Haroun

x

terrace
wall
system

732245

3356853

S189/Area
V

Finish
Jabal
Haroun

x

Barragl
system

730488

3356416

S188/Area
L

Finish
Jabal
Haroun

Finish
Jabal
Haroun

x

x

x
x

late

Barrage/ter
race wall
system

732323

3356452

S186/Area
X

late

terrace
wall
system

732378

3356546

S187/Area
X

Finish
Jabal
Haroun

x

x

late

Barrage/ter
race wall
system

732482

3356457

S185/Area
X

Note

Period

Coordinat
es

Survey

No date

Modern

Mamluk

Islamic

Umayyad

Byzantine

L Roman

Roman

Nabataean

L Nabataean

E Nabataean

Iron age

Element type

E

N

Terrace site

704

Wadi
Musa
water
supply and
wastewater
project

x

Wadi
Musa
water
supply and
wastewater
project

Wadi
Musa
water
supply and
wastewater
project

Wadi Musa
water
supply and
wastewater
project

Wadi Musa
water
supply and
wastewater
project

Wadi
Musa
water
supply and
wastewater
project

Wadi
Musa
water
supply and
wastewater
project

Wadi Musa water
supply and wastewater
project

late

late

Note

Period

Coordinat
es

Survey

No date

Modern

Mamluk

Islamic

Umayyad

Byzantine

early

Nabataean

middle

x

x

L Nabataean

E Nabataean

Iron age

Element type

E

N

Terrace site

early

x

an extensive area of
rock-cut installations
and wall lines

736082

3362219

Bayda 20

L Roman

x

edomite

wall lines

735823

3362120

Bayda 21

x

x

a small
Nabataean
dam

735680

3361021

Bayda 23

x

x

a rock-cut
channeland
small wadi
barrier

735944

3359792

Bayda 25

Roman

x

x

a wellpreserved
wadi
barrier/dam

736091

3360259

Bayda 30

x

low
agricultura
l terraces

an ancient
clay mine

Walls

737408

737911

738163

3357493

Wadi
Musa 1

3357730

Wadi
Musa 5

3357841

Wadi
Musa 7

705

Wall lines
/large
stones

several structures
within a walled
agricultural village
edomite

Wadi Musa water
supply and
wastewater project

late

738508

736553

Wadi
Musa
water
supply and
wastewater
project

early

x

3348310

Tayyiba 2

3354146

Tayyiba 4

Wadi
Musa
water
supply and
wastewater
project

x

wadi
barriers of
unhewn

736698

3349386

Tayyiba 1

Iron age

edomite

E

N

Terrace site

Element type

Wadi
Musa
water
not and
supply
in
included
wastewater
survey
this
project

AMuzayr'a

an ancient
site

739081

3357818

Wadi
Musa 9

Wadi
Musa
water
supply and
wastewater
project

x

Wadi
Musa
water
supply and
wastewater
project

x

Wadi
Musa
water
supply and
wastewater
project

x

Wadi
Musa
water
supply and
wastewater
project

x

Wadi
Musa
water
supply and
wastewater
project

early and
late
ayyubidmamluk

early and
late

x

Note

Period

Coordinat
es

Survey

No date

Modern

Mamluk

Islamic

Umayyad

Byzantine

L Roman

Roman

Nabataean

L Nabataean

chamber

738733

3347069

Wadi
Musa 18A

x

row of
structures

738792

3356935

Wadi
Musa 18B

E Nabataean

a ceramic
water
channel

738344

3356796

Wadi
Musa 18G

x

two
ancient
roads

740726

3357240

Wadi
Musa 24

706

Udhruh in
the Roman
and
Nabataean
Byzantine
(1st
Periods
century
BC)
1st/2nd
century
AD

x

x

x

Udhruh in
the Roman
and
Byzantine
Periods

Udhruh in
the Roman
and
Byzantine
Periods

threshing
floor

745255

3358533

Site
no.016

x

field wall

746271

742727

tower and
threshing
floor
edomite

3359748

Site
no.018

3359164

Site
no.021

736991

3355734

an extensive village site/ancient
terraces /several structures/water
cistern /temple

Tayyiba 6

Iron age

Element type

E

N

Terrace site

Udhruh in
the Roman
and
Nabataean
Byzantine
c.BC(1st
Periods
2nd c.AD)

x

late

x

x

Udhruh in
the Roman
and
Byzantine
Periods

Udhruh in
the Roman
and
pottery
Byzantine
sherds
Periods
indicate
that it was
use during
the first
and second
century
AD

Udhruh in
the Roman
and
Byzantine
Periods

early

Wadi Musa water supply and
wastewater project

Mamluk

ayyubid-mamluk

Note

Period

Coordinat
es

Survey

No date

Modern

Islamic

Umayyad

Byzantine

L Roman

Roman

Nabataean

early

x

x

x

L Nabataean

x

threshing
floor

745378

3360994

Site
no.002

x
x

ancient
road

744557

3359943

Site
no.004

E Nabataean

x

ancient
road

742002

3360036

Site
no.011

x

edomite

possibly
fort

742617

3360494

Site
no.013

707

3349062

742032

threshing
floor

x

Udhruh in
the Roman
and
Byzantine
Periods

741599

threshing
floors

x

Udhruh in
the Roman
and
Byzantine
Periods

Site
no.171

3348105

Site
no.182

Udhruh in
the Roman
and
Byzantine
Periods

ayyubidmamluk

Udhruh in
the Roman
and
Byzantine
Periods

x
Udhruh in the
Roman and
Byzantine Periods

late

x

x

x

boundary
wall

structure associated
with threshing
floors (farmstead)

Udhruh in
the Roman
and
Nabataean/
Byzantine
or
roman
Periods
earlier

x

x

750948

3354790

Site
no.062

744175

33556645

Site no.083

x

stone wall

743299

3354522

Site
no.097

x

farm stead

743665

3351114

Site
no.138

Udhruh in
the Roman
and
Byzantine
Periods

field walls

755282

3355239

Site
no.041

Udhruh in
the Roman
and
Byzantine
Periods

x

farming
structure

750584

3361712

Site
no.031

Udhruh in
the Roman
and
Byzantine
Periods

Byzantine

late

Note

Period

Coordinat
es

Survey

No date

Modern

Mamluk

Islamic

Umayyad

L Roman

Roman

Nabataean

L Nabataean

E Nabataean

Iron age

Element type

E

N

Terrace site

x

x

hamlet

742513

3358154

Site
no.023

708

Udhruh in
the Roman
and
and
roman
Byzantine
byzantine
Periods
on the
basis of
the
ceramic
evidance
from aljuri2

x

x

x

Udhruh in
the Roman
and
Byzantine
Periods

x

terrace
wall

740325

741877

secondary
road

3344319

Site
no.267

3355121

Site
no.302

Udhruh in
the Roman
and
Byzantine
Periods

x

a complex
of
threshing
floors

741433

3344383

Site
no.262

Udhruh in
the Roman
and
Byzantine
Periods

x

stone wall

743948

3349119

Site
no.221

Udhruh in
the Roman
and
Byzantine
Periods

x

stone wall

746531

3349632

Site
no.214

Udhruh in
the Roman
and
Byzantine
Periods

x

threshing
floor

745392

3349729

Site
no.212

Udhruh in
the Roman
and
datable
No
Byzantine
materials
Periods
were found
along the
road, but it
could have
been
founded
during the

x

x

ancient
road/wall

744591

3350926

Site
no.204

Udhruh in
the Roman
and
the
Byzantine
inscription
Periods
is probably
nabataean

x

terracing
walls and
inscription

746483

3350323

Site
no.200

Udhruh in
the Roman
and
Byzantine
Periods

x

Element type

group of
threshing
floors

Note

Period

Coordinat
es

Survey

No date

Modern

Mamluk

Islamic

Umayyad

Byzantine

L Roman

Roman

Nabataean

L Nabataean

E Nabataean

Iron age

E

N

Terrace site

742886

3347244

Site
no.187

709

The
Shammakh
to Ayl

x

x

Udhruh in
the Roman
and
Byzantine
Periods

x

small
structure

741638

736915

winnowing
area/stone
piles/terrace
walls

3357086

Site
no.229

3346810

Site 17

x
Udhruh in
the Roman
and
Byzantine
Periods

Udhruh in
the Roman
and
Byzantine
Periods

stone wall

748396

3342979

Site
no.326

x

stone wall

746779

3343372

Site
no.327

Udhruh in
the Roman
and
Byzantine
Periods

x

stone wall

748895

3355948

Site
no.322

Udhruh in
the Roman
and
probably
Byzantine
roman
Periods

x

x

structure
/well/
threshing
floor

741148

3351517

Site no.317

Udhruh in
the Roman
and
Byzantine
Periods

x

threshing
floors

741691

3356547

Site
no.315

Udhruh in
the Roman
and
period see
Byzantine
chapter
Periods5

secondary
road/wall

stretch of
an ancient
road

Udhruh in
the Roman
and
and
roman
Byzantine
byzantine
Periods
on the
basis of
the
ceramic
evidance
from the
adjacent

x

x

x

741576

3351302

Site
no.307

741864

3357001

Site
no.308

Note

Period

Coordinat
es

Survey

No date

Modern

Mamluk

Islamic

Umayyad

Byzantine

L Roman

Roman

Nabataean

L Nabataean

E Nabataean

Iron age

Element type

E

N

Terrace site

710

The
Shammakh
to Ayl

late

The Shammakh to Ayl

late

The
Shammakh
to Ayl

roman (class 47, peacock:
3rd-4th century ;from Black
Sea area)

late

x

x

x

x

agricultura
l
village/wal
ls iron II

736544

3354140

Site 32

x

x

x

agricultural village/wall
lines/rows/excavations
and/or cisterns/corrals

736921

739274

agricultura
l village

3347507

Site 35

3347753

Site 36

The Shammakh to
Ayl

late

x

x

agricultural
village/terraces/a
water cistern/temple

736930

3355721

Site 30

The
Shammakh
to Ayl

late

x

x

iron II

agricultura
l facility

736900

3351202

Site 26

The
Shammakh
to Ayl

x

x

agricutural
village /
hamlet/walls

736804

3351228

Site 25

The
Shammakh
to Ayl

x

x

agricutural
village/wal
l lines
iron II

738450

3349134

Site 20

Note

Period

Coordinat
es

Survey

No date

Modern

Mamluk

Islamic

Umayyad

Byzantine

L Roman

Roman

Nabataean

L Nabataean

E Nabataean

Iron age

Element type

E

N

Terrace site

711

744181

737029

743680

3356859

The Shammakh to Ayl

iron II (?)

The Shammakh to Ayl

The
Shammakh
to Ayl

The Shammakh
to Ayl

The
Shammakh
to Ayl

x

x

agricultura
l storage
facility

741388

3346479

Site 37

Byzantine

L Roman

Roman

Nabataean

L Nabataean

E Nabataean

Iron age

Element type

E

N

Terrace site

Note

Period

Coordinat
es

Survey

No date

Modern

Mamluk

Islamic

x

x

roads
intersection
/terraces/cistern/
wall lines

741677

3357249

Site 39

late

x

x

x

agricultural
village/walls
/former
iron II
cisterns

743217

3357202

Site 40

Umayyad

The Shammakh
to Ayl

x

x

x

x

x

farm or agricultural
hamlet/cave/corrals/walls/cister
n/thershing/winnowing
II
enclosure
area/circular iron

Site 45

x

x

x

x

agricultural
village
/hamlet/walls/ci
stern/wall lines

3355175

Site 58

3349105

agricultural village/roof
collapes and/or
cisterns/stone
iron II
tumble/enclosures

Site 70

712

The
Shammakh
to Ayl

x

The
Shammakh
to Ayl

late

x

x

The
Shammakh
to Ayl

The Shammakh to
Ayl

late

The Shammakh
to Ayl

late

x

x

x

x

agricultural
hamlet/farm/terr
ace walls/cistern
x

739071

3353477

Site 81

x

x

agricultural
hamlet/farm/terrace
walls/caves and/or
iron II
rock shelters

739251

3353957

Site 82

x

threshing/
winnowing
area

agricultural
facility/seas
onal /wall
lines/grave

road

741040

739980

740613

3351751

Site 89

3352862

Site 91

3350860

Site 102

The
Shammakh
to Ayl

late

x

x

x

agricultural
village/walls
/corrals/ston
e dam

739204

3353128

Site 80

738691

3355473

The Shammakh to Ayl

x

x

x

farming/agricultral
features/modern
corrals/wall line/terraces

Site 73

Note

Period

Coordinat
es

Survey

No date

Modern

Mamluk

Islamic

Umayyad

Byzantine

L Roman

Roman

Nabataean

L Nabataean

E Nabataean

Iron age

Element type

E

N

Terrace site

713

The
Shammakh
to Ayl

late

x

The Shammakh to Ayl

x

x

agricultural
village/hamlet/corrals
and
iron II
winnowing/thershing
area

736795

754144

aqueduct/sto
ne
tumble/hew
x
n stones

3351229

Site 137

3356197

Site 142

The
Shammakh
to Ayl

late

x

The
Shammakh
to Ayl

x

x

x
x

way
station on
road

743193

3350501

Site 124

agricultural
village/walls
/cave/cistern
iron II

742075

3352588

Site 132

The
Shammakh
to Ayl

x

x

spring

743209

3348579

Site 123

The
Shammakh
to Ayl

x

x

x

agricutural
village/ciste
rns and/or
caves

743215

3349305

Site 122

The Shammakh to Ayl

late

x

x

Element type

village and/or
watchtower/walls/com
mon area and/or
cortyard iron II

Note

Period

Coordinat
es

Survey

No date

Modern

Mamluk

Islamic

Umayyad

Byzantine

L Roman

Roman

Nabataean

L Nabataean

E Nabataean

Iron age

E

N

Terrace site

742674

3350024

Site 120

714

The
Shammakh
to Ayl

The Shammakh to Ayl

late

x

x

The Shammakh to Ayl

x

x

x

agricultural
village/winnowing
and/or water catchment
features iron II

x

agricultural
village/terraces/cisterns
storage areas and/or
x
corrals

agricultura
l
tower/wall
iron II
lines

744690

x

744052

744297

3360705

Site 160

x

3361803

Site 161

3360194

Site 163

The
Shammakh
to Ayl

x

x

agricultura
l building

738070

3359042

Site 146

The Shammakh to
Ayl

x

x

x

watchtower/wall
lines/enclosure/farm
er cistern/terrace

737966

3359297

Site 145

The Shammakh
to Ayl

x

x

x

x

watchtower/agri
cultural
facility/stone
tumble

737821

3359526

Site 144

The
Shammakh
to Ayl

x

x

x

x

agricultura
l
village/roc
k tumble

753941

3355793

Site 143

Note

Period

Coordinat
es

Survey

No date

Modern

Mamluk

Islamic

Umayyad

Byzantine

L Roman

Roman

Nabataean

L Nabataean

E Nabataean

Iron age

Element type

E

N

Terrace site

715

agricultural
complex/tower/recidential
comlex/caves/cisterns and
iron II
circular enclosures

x

x

x

agriciltural
village/wal
ls

x

x

x

The
Shammakh
to Ayl

742533

742226

The Shammakh to Ayl

early

3358311

Site 174

3359274

Site 176

The
Shammakh
to Ayl

x

x

agricultura
l
village/tu
mble

739967

3360661

Site 173

The
Shammakh
to Ayl

x

x

x

agricultura
l
village/ha
mlet

737883

3361435

Site 171

The
Shammakh
to Ayl

x

x

x

agricultura
l village
/cortyards
x

742928

3362243

Site 168

x
The
Shammakh
to Ayl

road

744206

3361021

Site 167

The Shammakh to
Ayl

x

x

x

agricultural
village/cortyards
and/or corrals/walls

743775

3360917

Site 166

The
Shammakh
to Ayl

x

Road

743870

3360733

Site 165

Note

Period

Coordinat
es

Survey

No date

Modern

Mamluk

Islamic

Umayyad

Byzantine

L Roman

Roman

Nabataean

L Nabataean

E Nabataean

Iron age

Element type

E

N

Terrace site

716

The
Shammakh
to Ayl

x

x

The
Shammakh
to Ayl

x

x

early

x

x

late

aricultural
tower/seas
onal camp

agricultura
l
village/cor
iron II
ral/cave/

agricultura
l
village/cist
erniron II

The
Shammakh
to Ayl

745474

744541

744238

3364030

Site 202

3364741

Site 205

3365920

Site 209

The Shammakh to
Ayl

x

x

x

agricultural
village/cortyards
and/or corrals/caves

746870

3363296

Site 189

The
Shammakh
to Ayl

late

x

x

agricultura
l
village/cav
es x

742106

3360299

Site 187

The
Shammakh
to Ayl

x

x

agricultura
l
village/cav
iron II
e /cistern

742064

3360132

Site 186

The
Shammakh
to Ayl

x

x

x

agricultura
l village

740876

3361183

Site 184

The
Shammakh
to Ayl

x

x

x

agricultura
l
village/ha
mlet

740425

3361215

Site 182

The
Shammakh
to Ayl

x

x

agricultura
l village
/cistern

739906

3361641

Site 180

Note

Period

Coordinat
es

Survey

No date

Modern

Mamluk

Islamic

Umayyad

Byzantine

L Roman

Roman

Nabataean

L Nabataean

E Nabataean

Iron age

Element type

E

N

Terrace site

717

agricultural
village/terraces/
caves/cisterns/c
orrals x

x

x

x

tower and
associated
wall/stone
wall

x

x

x

The
Shammakh
to Ayl

The Shammakh
to Ayl

745247

744853

late

3372401

Site 256

3366432

Site 258

The Shammakh
to Ayl

x

x

x

agricultural
village and
defensive
x
site/former
cistern

742852

3368808

Site 251

The
Shammakh
to Ayl

x

retaining
wall/terrac
e

743422

3366299

Site 227

The Shammakh to Ayl

late

x

The
Shammakh
to Ayl

x

x

agricultural
village/ciste
rns/circular
iron II
structure

agricultural village/wall
lines/former
cistern/cortyards
iron II

x

739709

3370484

Site 215

739947

3372228

Site 216

The Shammakh
to Ayl

x

x

x

x

agricultural
facility/farm/cor
rals/shelters/terr
iron II
ace walls

738649

3371473

Site 212

Note

Period

Coordinat
es

Survey

No date

Modern

Mamluk

Islamic

Umayyad

Byzantine

L Roman

Roman

Nabataean

L Nabataean

E Nabataean

Iron age

Element type

E

N

Terrace site

718

The
Shammakh
to Ayl

The Shammakh
to Ayl

The
Shammakh
to Ayl

The
Shammakh
to Ayl

The Shammakh to
Ayl

x

The
Shammakh
to Ayl

early

x

x

x

late

x

x

agricultural
village/cave
s/terrace
walls x

739925

3373052

Site 274

x

agricultura
l
village/cav
x
e

739993

3373372

Site 275

observation
tower/water
catchment
iron I
facility/enclosur
es/wall

740897

3373420

Site 278

agricultural
hamlet/villa
ge/collapese
iron II
d cistern

741429

3374241

Site 279

late

agricultural
hamlet or
farm/terrace
walls x

740157

740049

agricultural
hamlet/former
dwellings/terrace
irone II
walls/cave

3375612

Site 282

3376175

Site 283

The
Shammakh
to Ayl

x

farm/cave/w
innowing/th
reshing area

740662

3372347

Site 270

The
Shammakh
to Ayl

x

x

x

agricultura
l
village/cav
es x

741166

3369436

Site 261

Note

Period

Coordinat
es

Survey

No date

Modern

Mamluk

Islamic

Umayyad

Byzantine

L Roman

Roman

Nabataean

L Nabataean

E Nabataean

Iron age

Element type

E

N

Terrace site

719

x

late

The
Shammakh
to Ayl

x

late

The Shammakh to Ayl
The
Shammakh
to Ayl

late

x

x

x

agricultura
l
village/wal
iron II
ls/corrals

x

towerobservatio
nx
defensive

agricultural
facilities/enclosures/cist
erns/wall
iron II village
lines/agricultural

741249

x

750367

738120

3375732

Site 300

x

3362140

Site 303

3368907

Site 305

The Shammakh to
Ayl

late

x

x

features associated
with Via Nova
Traiana/walls/corral
iron II
s

742955

3371999

Site 298

742995

3372317

The Shammakh to Ayl

x

features associated with Via
Nova Traiana/collapesed
cave/former cistern/walls
x

Site 297

The Shammakh to
Ayl

late

x

x

x

complex associated
with Via Nova
Traiana/former
cisterns

741680

3371502

Site 295

Note

Period

Coordinat
es

Survey

No date

Modern

Mamluk

Islamic

Umayyad

Byzantine

L Roman

Roman

Nabataean

L Nabataean

E Nabataean

Iron age

Element type

E

N

Terrace site

720

3367699
739516
agricultura
l
village/cist
erns

x
x

late

The
Shammakh
to Ayl

739572

observation/defensive
site/walls/cortyards and/or common
area/associated enclosures/cistern
iron II

x

x

late

The Shammakh to Ayl

Site 312

3358756

Site 313

The Shammakh
to Ayl

late

x

agricultural
village or
hamlet/enclosur
es/walls

737600

3367451

Site 310

The Shammakh to Ayl

The
Shammakh
to Ayl

The
Shammakh
to Ayl

early

x

x

late

x

late

agricultura
l
village/wal
ls

farm or
agricultura
l hamlet

x

739310

3368660

Site 306

738516

3367975

Site 307

x

agricultural
facilities/enclosure/win
nowing/thhreshing
x
facilities/tombs

737921

3368187

Site 308

Note

Period

Coordinat
es

Survey

No date

Modern

Mamluk

Islamic

Umayyad

Byzantine

L Roman

Roman

Nabataean

L Nabataean

E Nabataean

Iron age

Element type

E

N

Terrace site

721

The Shammakh to Ayl

x

The Shammakh to Ayl

x

x

The
Shammakh
to Ayl

x

x

The Shammakh to Ayl

late

x

x

The
Shammakh
to Ayl

x

x

x

Iron age

iron II

Note

Period

Coordinat
es

Survey

No date

Modern

Mamluk

Islamic

Umayyad

Byzantine

L Roman

Roman

Nabataean

L Nabataean

E Nabataean

Element type

agricultura
l village

E

N

agricultural village-traditional
south
jordan/winnowing/threshing
II
cemetery
areas/moderniron

3358536

Terrace site

agricultural
village/remnents of
houses/reservoir/caves/e
iron II
lines
nclosure/wall

fort or
watchtowe
r /cortyard/

3347034

Site 321

741236

Site 322

744200

744141

741907

742711

3346801

Site 323

3365597

Site 324

3351486

agricultural village/wall
lines/former cistern/stone
tumble/cortyard

Site 345

722

farm/wall
lines/enclo
sure

agricultural
village/former
cistern/cave/wal
ls lines

The
Shammakh
to Ayl

The Shammakh to
Ayl

The Shammakh
to Ayl

The
Shammakh
to Ayl

x

x

farm/walls/s
emi-circular
enclosure

740360

3367011

Site 350

x

x

x

agricultural
village/wall
lines/former
cistern/cave

740291

3366992

Site 351

x

x

740227

739143

x

3367010

Site 352

3366732

Site 353

The
Shammakh
to Ayl

x

x

agricultural
village/walls
/enclosures

741344

3350893

Site 348

The Shammakh to Ayl

x

x

x

tower and/or small
fort/wall
lines/cortyards/stonr
tumble

741537

3350501

Site 347

The
Shammakh
to Ayl

x

x

way station
along Via
Nova
Traiana

740526

3366233

Site 346

Note

Period

Coordinat
es

Survey

No date

Modern

Mamluk

Islamic

Umayyad

Byzantine

L Roman

Roman

Nabataean

L Nabataean

E Nabataean

Iron age

Element type

E

N

Terrace site

723

Zayadine,
F. 1992

X

Agricultur
al terraces

Wadi asShammase
h
3361914.1
1
735132.5

The
Shammakh
to Ayl

x

x

The
Shammakh
to Ayl

middle and
late

x

The
Shammakh
to Ayl

late

iron II

iron II

x

agicultural
village

738912

3358203

Site 359

agricultura
l village

738602

744866

farm/wall
lines and
rubble

3358651

Site 360

3356926

Site 361

The
Shammakh
to Ayl

late

x

agricultura
l village

739081

3357818

Site 358

The
Shammakh
to Ayl

x

x

way
station

738965

3364541

Site 357

The Shammakh
to Ayl

late

x

x

watchtower
/observation
point/enclosure

738338

3366057

Site 356

The
Shammakh
to Ayl

x

x

agricultura
l
village/wal
ls

738782

3366190

Site 355

The
Shammakh
to Ayl

x

x

observatio
n
point/wall
lines x

739045

3366441

Site 354

Note

Period

Coordinat
es

Survey

No date

Modern

Mamluk

Islamic

Umayyad

Byzantine

L Roman

Roman

Nabataean

L Nabataean

E Nabataean

Iron age

Element type

E

N

Terrace site

724

Agricultur
al terraces

X
Zayadine,
F. 1996

Agricultur
al terraces

X
Zayadine,
F. 1997

Agricultur
al terraces

3360605.0
5
733631.04

Khaur
Salameh

733351.61

Umm
Huweiwet
at
3360922.6

3360836.1
2
733174.39

AlJarashiyat

Zayadine,
F. 1995

X

Agricultur
al terraces

3360753.8
6
733803.13

Khaur
Huweimel

Zayadine,
F. 1994

X

Agricultur
al terraces

3360985.6
8
733980.11

Khaur
Sweiq

Zayadine,
F. 1993

X

Agricultur
al terraces

3361029.1
3
734253.35

alMuqarraf

Note

Period

Coordinat
es

Survey

No date

Modern

Mamluk

Islamic

Umayyad

Byzantine

L Roman

Roman

Nabataean

L Nabataean

E Nabataean

Iron age

Element type

E

N

Terrace site

B-List of the terraces surveyed during this study

Figure C.2. Distribution of terraces as recorded by current surveys.
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Heash-2

No date

Modern

X

Islamic

Umayyad

Byzantine

L Roman

E. Roman

Nabataean

Ottoman

X

X

X

L Nabataean

E Nabataean

Iron age

M. Bronze

E

N

Site Name

X

X

X

X

curb

Face wall
and filter
Agricultu
re
Infrastruc
ture/ road

3372186.
00 m N
742338.0
0mE

Shmakh

3366325.
00 m N
740291.0
0mE

Heash-1

Mamluk

X

X

X

X

X

3366189.
34 m N,
738147.5
3366135.
4
52mmE,N,
737971.9
3365832.
1
83mmE,N,
Bench
738074.2
3365833.
terraces
1
N
65mmE,
Farm
Dry
738169.6
8mE

Heash-5

X

X

X

X

Contour,
valerani
Farm

3364357.
00 m N
738149.0
0mE

Farm-3

Period

Use

Coordina
tes
(UTM)
36R
Polygon
coordinat
es
Type

727

Check
dam,
Water
gabion,
Managem
stone
ent/
mound
agricultur
X
e
X

valerani

X

X

X

X

3356464.
00 m N
740064.0
0mE

3356925.
27 m N
740053.2
2mE

Water
Managem
ent
X

E Beqa'a

E Beqa'a2

(3357048.
76 m N,
738608.9
irrigated
m E),
6
terraces
Agricultur
(3357039.
e56 m N,
738521.8
6 m E),
(3356858.
X
06 m N,
738586.7
X
2 m E),
(3356862.
45 m N,
738676.0
1 m E)

al-Alaya

X

X

3357476.
06 m N
738819.5
9mE

Nawafleh2

X

Bench
terraces
irrigated
terraces

3357818.
00 m N
739081.0
0mE

Nawafleh
(Wadi
Musa)

X

X
X

X

X

X

3361167.
72 m N
740332.1
3mE

Al-Haicurb

X

X

X

X

Bench
terraces/
Multicheck
use/
dams/
X
complex
stone
site
X
quarry
site
X

3358614.
31 m N
738619.5
7mE

Muzera'a

Modern

x

No date

Ottoman

x

Islamic

Umayyad

Byzantine

L Roman

E. Roman

Nabataean

L Nabataean

E Nabataean

Iron age

M. Bronze

E

N

Site Name

Mamluk

X

X

X

fence,
braided
Agricultu
re

3362048.
00 m N
740268.0
0mE

Umm ilLauza

X

(3360738.
79 m N,
739911.1
Bench
m E),
6
terraces
Agricultur
(3360717.
e63 m N,
739848.7
6 m E),
(3360699.
56 m N,
739848.7
7 m E),
X
(3360697.
18 m N,
739904.9
7 m E)

Al-Hai

Period

Use

Coordina
tes
(UTM)
36R
Polygon
coordinat
es
Type

728

3355877.
11 m N
741744.6
7mE

3355976.
95 m N
741786.5
4mE

Stone
mound

X

X

3356005.
741682.6
95 m N
5mE

Stone
mound

X

X

X

Stone
mound

RSM-2

RSM-3

RSM-4

X

Stone
mound

3355775.
42 m N
741741.9
7mE

RSM-1

X

X

Contour
terraces
Agricultu
re

3355931.
86 m N
741789.1
6mE

TR1

X

X

line
(741890.2
m E,
0
curb
3356921.
road
51 m N),
(741764.0
0 m E,
3355522.
00 m N)

Rasif-curb

X

X

X

Contour
terraces
road/
agricultur
e
X

3357249.
00 m N
741677.0
0mE

Ar-Rasif

X

X

X

X

Wadi
terraces
Agricultu
and check
/ water
re
dams
managem
ent

3358133.
00 m N
742507.0
0mE

Khirbet alAkshan

contour /
Farm
Agricultu
re

3356743.
06 m N
740291.8
8mE

E Beqa'a 3

No date

Modern

Ottoman

Mamluk

Islamic

Umayyad

Byzantine

L Roman

E. Roman

Nabataean

L Nabataean

E Nabataean

Iron age

M. Bronze

E

N

Site Name

Period

Use

Coordina
tes
(UTM)
36R
Polygon
coordinat
es
Type

729

4 terraces,
only 2
survived
check
(3349318.
dam and
Water
m N,
56
barrage
Managem
746670.1
ent/
3 m E)
agricultur
(3349309.
X
e14 m N,
746605.1
2 m E)
and a
X
barrage
(3349260.
X
52 m N,
746704.0
4 m E)

AbuDhanneh4

X

X

water
managem
ent
X

Valerani

3349527.
73 m N
745930.7
9mE

ABUDhaneh-3

set of 6 check dams
and side terraces
m N,
(3349358.74
side
Check dam and
E)
m
745846.52
terrace
Management
water
m N,
(3349345.38
745868.26 m E)
(3349333.13 m N,
m E),
745899.30
X
(3349319.76 m N,
745927.08 m E),
(3349308.24 m N,
745957.18 m E)
X
(3349304.15 m N,
745984.37 m E) and
X
(3349263.78 m N,
745946.93 m E)

ABU-Dhaneh-1

X

Stone
mound

3356051.
78 m N
741691.1
3mE

RSM-5

Islamic

Umayyad

Byzantine

L Roman

E. Roman

Nabataean

L Nabataean

E Nabataean

Iron age

M. Bronze

E

N

Site Name

No date

Modern

Ottoman

X

X

X

Check
dams

3348379.
64 m N
743767.5
9mE

AbuDhanneh5

X

(3379412.
53 m N,
749266.9
Contour
m E)
3
terraces
erosion
(3379545.
control
14 m N,
749453.6
8
X m E),
(3379531.
68 m N,
749330.9
X
9 m E)
(3379488.
06 m N,
X
749403.7
5 m E)

Rasif-path

Mamluk

(3338536.
67 m N,
735457.8
Contour
m E),
4
terraces
Farm
Dry
(3338516.
02 m N,
735440.6
6 m E),
(3338046.
X
84 m N,
736327.9
X
0 m E)
(3338144.
74 m N,
736304.1
7 m E)

Rajif

X

(3347821.57
m N,
735933.92
Contour m
E)
terraces
Farm
Dry
(3347666.55
m N,
735766.24 m
E)
X
(3347514.88
m N,
735791.07 m
E),
X
(3347496.34
m N,
735905.33 m
E),
(3347912.12
m N,
736056.78 m
E)

Jabal Qseir
terraces

Period

Use

Coordina
tes
(UTM)
36R
Polygon
coordinat
es
Type

730

contour
terraces
Agricultu
and stone
re
mound

irrigated
terraces
Agricultu
re

X

X

X

X

X

3352866.
44 m N
740048.9
8mE

3353231.
83 m N
739103.0
3mE

X

Hujaim-6

Hujaim-2

X

X

Threashin
g floor
Agricultu
re

3351840.
00 m N
741168.0
0mE

Hujaim-4

(3348764.85 m N,
736538.19 m E),
N,
(3348872.86
terraces,
Silo, contour m
E),
m
736234.63
dam)
Agriculture
(3348928.36 m N,
736448.67 m E),
(3348866.54 m N,
736536.31 m E),
(3349009.16 m N,
X
736498.83 m E),
m N,
(3349121.05
X
736557.84 m E),
(3349053.82 m N,
736701.35 m E),
X
(3348972.73 m N,
736731.08 m E)

Tayyibah-5

X

X

X

X

Threashin
g floor

3349010.
00 m N
736878.0
0mE

TayyibahThreashing
floor

X

X

Contour
terraces
Agricultu
re

3349022.
00 m N
737068.2
4mE

Tayyibah8

X

X

Contour
terraces
Agricultu
re

3349164.
00 m N
737062.0
0mE

Tayyibah9

X

(3348909.
37 m N,
738266.1
Check
m E),
6
dams,
Water
(3348859.
gabion,
Managem
m N,
92
contour
ent/
738263.7
agricultur
3 m E),
e(3348776.
56 m N,
738079.8
1 m E)
X
(3348899.
44 m N,
738021.4
2 m E)

Tayyibah10

No date

Modern

Ottoman

Mamluk

Islamic

Umayyad

Byzantine

L Roman

E. Roman

Nabataean

L Nabataean

E Nabataean

Iron age

M. Bronze

E

N

Site Name

Period

Use

Coordina
tes
(UTM)
36R
Polygon
coordinat
es
Type

731

X

X

X

X

X

X

X

irrigated
terraces
Agricultu
re

3356289.
00 m N
738351.0
0mE

Khirbet
Bani 'Ata

X

(3354014.
87 m N,
736505.1
Valirani,
m E),
2
contour
Agricultur
(3353977.
e04 m N,
736473.5
6
X m E),
(3353992.
X
48 m N,
736442.4
X
1 m E),
(3354042.
39 m N,
736482.1
2 m E)

Khirbat
AlMu'alaqa

X

X

irrigated
terraces
Agricultu
re

3356940.
28 m N
738613.5
0mE

Wadi
Musa

X

(3356596.31 m
N, 738502.64 m
(3356219.33
E),
terraces
irrigated
m N, 738748.21
Agriculture
m E),
(3355860.23 m
N, 738952.13 m
E), (3355951.13
m N, 738516.09
X
m E),
m
(3356013.18
X
N, 738430.98 m
E), (3356327.77
m N, 738440.20
m E)

Khirbat Subhiyah

X

X

(3354667.29 m N,
738479.89 m E),
m N,check
(3354662.35
contour terraces,
m
738527.40
fense)
dams, mentar,E),
Agriculture
(3354829.42 m N,
738570.35 m E),
(3354936.57 m N,
738501.42 m E),
(3355080.11 m N,
738227.55 m E),
m N,
(3355043.48
X
738214.40 m E),
(3354980.41 m N,
738351.56 m E),
(3354837.28 m N,
m E),
738449.65
X
(3354667.07 m N,
X
738480.30 m E)

Kh. Abu-Sarbout

X

X

X

X

X

X

X

X

X

irrigated
terraces
Agricultu
re

3353927.
00 m N
739187.0
0mE

Hujaim-1

X

irrigated
terraces
Agricultu
re

3354396.
00 m N
740087.0
0mE

Hujaim-7

No date

Modern

Ottoman

Mamluk

Islamic

Umayyad

Byzantine

L Roman

E. Roman

Nabataean

L Nabataean

E Nabataean

Iron age

M. Bronze

E

N

Site Name

Period

Use

Coordina
tes
(UTM)
36R
Polygon
coordinat
es
Type

732

X

X

Dams and
side
Water
terraces
managem
ent

3359894.
42 m N
736612.4
4mE

Umm
Sayhon 2

Beidha
behind
elephant
mon.

(3359738.
07 m N,
736453.3
Contour
m E),
0
terraces,
Soil
(3359887.
checkand
water
m N,
20
dams,
X
managem
736293.6
side
ent
m E),
6
X
terraces
(3359776.
X
34 m N,
736188.8
X
4 m E),
(3359699.
31 m N,
X
736228.0
2
X m E)

Umm
Sayhon 3

(3359826.
14 m N,
736840.7
Dams,
m E),
9
vallerani
Water
(3359794.
managem
35 m N,
ent
736767.4
3 m E),
(3359845.
X
16 m N,
736759.8
X
9 m E),
(3359859.
22 m N,
736819.4
2 m E)

X

X

(3359455.09 m
N, 736684.50 m
(3359533.72
E),
braided
contour,
736967.69
N,
m
terraces,
water
Soil
E),and side
m
barrage,
management
m
(3359596.99
terraces, check
m
737006.76
N,
dams
E), (3359665.26
m N, 736967.28
X
m E),
m
(3359660.50
X
N, 736718.95 m
E), (3359534.50
m N, 736571.37
m E)
X

Baidha braided
terraces

(3357133.15 m N,
737348.03 m E),
m N,
(3357269.55
irrigated terraces
737345.53 m E),
Agriculture
(3357507.68 m N,
737929.49 m E),
(3357645.51 m N,
738042.64 m E),
(3357609.57 m N,
X
738098.42 m E),
m N,
(3357397.17
X
737946.77 m E),
(3357209.42 m N,
738181.18 m E),
X
(3357069.50 m N,
m E),
738119.84
X
(3357276.31 m N,
X
737854.86 m E)

Ramla

X

X

X

irrigated
terraces
Agricultu
re

3357818.
00 m N
739081.0
0mE

Khirbat
anNawafleh

X

X

X

irrigated
terraces
Agricultu
re

3357588.
00 m N
738190.0
0mE

Al-'Udmal

No date

Modern

Ottoman

Mamluk

Islamic

Umayyad

Byzantine

L Roman

E. Roman

Nabataean

L Nabataean

E Nabataean

Iron age

M. Bronze

E

N

Site Name

Period

Use

Coordina
tes
(UTM)
36R
Polygon
coordinat
es
Type

733

Al
Wu‘ eira1

3358186.
00 m N
737449.0
0mE

Retention
dam,
Water
check
managem
dams
ent

X

X

Al
Wu‘ eira2

3358366.
09 m N
737416.8
6mE

Contour
terraces
Soil and
water
managem
ent

X

X

(3361312.
38 m N,
735122.5
Check
m E),
0
dams,
Water
(3361362.
storage
managem
N,
m weir
96
dam,
ent
735317.6
3 m E),
(3361457.
X
82 m N,
735421.5
X
7 m E),
(3361597.
49 m N,
X
735294.4
8 m E)

W Beqa'a

X

X

contour
terraces,
Water
barrage
managem
ent

3359578.
68 m N
735905.8
4mE

Umm
Sayhon 8

X
X

X

X

X

X

X

Check
dam,
and
Soil
rounded
water
terraces
managem
ent

736017.9
6mE
736964.2
1mE

Umm
Sayhon 6

X

X

X

Check
dam, side
Gully
terraces,
controle
barrage,
system
vallerani,
contour
terrace

3359942.
76m N
736115.5
5E

Beidha_ex
perement
site

X

X

line
(3359903.
m N,
34
contour
736186.9
terrace
Infrastrct
6 m E),
ure
(pipe
(3359927.
protection
09 m N,
)736155.3
4 m E)

Umm
Sayhon 7

(3359875.
91 m N,
737043.9
Contour
m E),
1
terraces,
Soil
(3359892.
weir and
water
40 m N,
managem
737060.6
ent
5 m E),
(3359934.
X
32 m N,
736959.6
X
8 m E),
(3359895.
39 m N,
736964.2
1 m E)

Umm
Sayhon 5

X

(3360013.
26 m N,
736735.5
Contour
m E),
4
terraces,
Soil
(3359978.
side and
water
m N,
76
terraces
managem
736749.3
ent
4 m E),
(3359896.
X
44 m N,
736679.1
X
9 m E),
(3359952.
81 m N,
736665.4
7 m E)

Umm
Sayhon 4

No date

Modern

Ottoman

Mamluk

Islamic

Umayyad

Byzantine

L Roman

E. Roman

Nabataean

L Nabataean

E Nabataean

Iron age

M. Bronze

E

N

Site Name

Period

Use

Coordina
tes
(UTM)
36R
Polygon
coordinat
es
Type

734

X

X

X

Bench
terraces
Abandone
d farm/
Irrigated
terraces

735465.3
1mE
3367565.
54 m N

Ba'ja

(3367793.86 m N,
735065.18 m E),
m N,soil
(3367760.09
Check dams and
E), terraces
m
735014.82
controle rounded
management
Water
m N,
(3367733.43
734977.37 m E),
(3367706.77 m N,
734945.66 m E),
(3367664.37 m N,
X
734898.62 m E),
m N,
(3367642.23
X
734905.09 m E),
(3367668.38 m N,
735001.38 m E),
(3367716.48 m N,
735044.15 m E),
(3367779.26 m N,
735073.36 m E)

Beidha North

X

X

X

X

dams,
Agricultu
contour
re
terraces,
side
terraces,
fence

737984.0
0mE
3363623.
00 m N
Polygon
coordinat
es
Check

Amareen
Catchment

X

line
(3363441.
m N,
45
Dam
736172.4
0 m E),
(3363452.
38 m N,
736178.4
8 m E)
X

Khirbat
an-Naqa'a

X

X

Check
dams
Water
managem
ent

3362858.
00 m N
736022.0
0mE

Ghurab2

Rounded
terraces
Soil and
water
managem
ent

3362930.
00 m N
736477.0
0mE

Beidha 16

X

X

Contour
terraces
Abandone
d farm/
Irrigated
terraces

3362707.
12 m N
738286.0
3mE

Bedbedeh
(Debdebeh
)

X

X

X

Retention
dam
Water
managem
ent

3358186.
79 m N
737110.5
3mE

Al
Wu'eira3

No date

Modern

Ottoman

Mamluk

Islamic

Umayyad

Byzantine

L Roman

E. Roman

Nabataean

L Nabataean

E Nabataean

Iron age

M. Bronze

E

N

Site Name

Period

Use

Coordina
tes
(UTM)
36R
Polygon
coordinat
es
Type

735

(3361406.95 m
N, 734545.14 m
(3361401.06
E),
check dam
Dam,
734549.02
N,
m
and aqueduct
Water
E),
m
protection
management,
m
(3361390.97
contour terraces
infrastructure
N, 734560.34 m
E), (3361383.14
m N, 734565.67
X
m E),
m
(3361376.55
X
N, 734575.85 m
E), (3361364.74
m N, 734580.45
m E)

W al-Shammaseh

X

Dam and
check
Water
dam
managem
ent

0mE
3361273.
00 m N

AlMuqarraf/
Wadi
734432.0
Beqa'a

X

X

X

X

X

X

X

X

terraces,
Water
check
and
damssoil
managem
ent

Polygon
coordinat
es
Contour

Namaleh
West

X

check
dams
water
managem
ent

734937.2
3mE
3368918.
67 m N

Namaleh
D

X

terraces,
Water
check
and
damssoil
managem
ent

734533.0
0mE
3368679.
00 m N
Polygon
coordinat
es
Contour

Jabal Fidra

X

Infrastruc
ture/
water
system

Channel

734530.5
8mE
3361361.
62 m N

Siq Wadi
Ghurab

X

X

X

X

X

X

dams,
Water
dams,
soil
and
contour
managem
terraces
ent

Polygon
coordinat
es
Check

Namaleh
East

No date

Modern

Ottoman

Mamluk

Islamic

Umayyad

Byzantine

L Roman

E. Roman

Nabataean

L Nabataean

E Nabataean

Iron age

M. Bronze

E

N

Site Name

Period

Use

Coordina
tes
(UTM)
36R
Polygon
coordinat
es
Type

736

Shamaseh

line(3361
484.00 m
N,
Wadi
734550.0
banks
and
Soil
0 m E),
water
(3361436.
managem
92 m N,
ent
734533.3
1 m E)

X

X

X

Slaysil
path

line
(3360851.
m N,
96
Wadi
733019.1
banks
and
Soil
3 m E)water
(3360839.
managem
91 m N,
ent
732892.9
3 m E)

X

X

X

X

X

(3360908.
00 m N,
733357.0
Water
m E)
0
channel,
Water
Polygone
side wall
soil
and
terraces
managem
ent/
Infrastruc
ture road

Umm
Huweiwiat

Barrage,
weir,
Water
barrage,
managem
contour
ent

contour,
rounded
and
Soil
terraces
water
managem
ent

X

X

X

X

X

X

(3360953.
00 m N,
733991.0
Barrage,
m E)
0
check
Agricultu
polygone
dam
re

Sweig3

X

X

733717.3
2mE
3360964.
63 m N

733558.2
0mE
3360859.
92 m N

X

Sweig4

Khaur
Sweig

X

X

X

X

Contour
terrace
Water
managem
ent

733918.0
0mE
3361206.
00 m N

Sweig2

X

(3361097.57 m N,
734219.96 m E),
m N,Braided
(3361081.21
Contour terraces,
E),
m
734223.83
terraces
management,
Water
m N, soil
(3361059.71
734209.80 m E),
(3361009.32 m N,
734200.66 m E),
(3360971.47 m N,
734243.97 m E),
(3360929.97 m N,
734275.21 m E),
X
(3360987.28 m N,
734298.93 m E),
(3361045.49 m N,
m E),
734302.14
X
(3361075.65 m N,
734278.99 m E)

Sweig1

No date

Modern

Ottoman

Mamluk

Islamic

Umayyad

Byzantine

L Roman

E. Roman

Nabataean

L Nabataean

E Nabataean

Iron age

M. Bronze

E
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Polygon
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737

road

road

X

X

X

X

X

X

curb

curb

Check
dam
Water
managem
ent

2mE
3361032.
28 m N

733185.9
7mE
3361872.
11 m N

733635.0
2mE
3361262.
84 m N

Sleisel
pond
temple
732472.9
curb

Umm alJirfan curb

W Sweig
N

X

(3361105.21
m N,
732579.28
contour, m
E),
stepped
Water
(3361119.86
terraces
Management/
m N,
agriculture
732548.33 m
E),
(3361090.29
m N,
732517.21 m
E),
(3361040.45
m N,
732528.44 m
E),
(3361048.63
m N,
732579.39 m
E).

Jarashiyyat
Rhyolite
terraces

(3360264.
84 m N,
733028.8
contour,
m E),
6
bench,
Water
(3360223.
Dam
controle
42 m N,
732992.8
3
X m E),
(3360231.
72 m N,
732958.4
2 m E),
X
(3360281.
99 m N,
732956.4
5 m E)

Jabal atTawayyil2

(3360341.
09 m N,
733460.2
Contour,
m E),
0
valerani,
Water
(3360313.
braided
and
N,
msoil
13
terraces,
controle
733453.4
bench,
m E),
2
X
side
(3360285.
terraces
07 m N,
733437.6
7 m E),
X
(3360241.
28 m N,
733427.5
8 m E),
(3360255.
70 m N,
733382.6
8 m E),
(3360315.
79 m N,
733365.2
7 m E),
(3360343.
06 m N,
733385.8
8 m E),
(3360354.
82 m N,
733435.1
8 m E)

Jabal atTawayyil

(733590.54 m E,
3360703.60 m N),
m N,
(3360671.68
Barrage, contour,
E)
m
733638.13
bench, side terraces
management
Water
m N,
(3360590.58
733677.61 m E),
(3360541.78 m N,
733712.49 m E),
(3360432.07 m N,
733842.44 m E),
(3360390.02 m N,
733690.80 m E),
X
(3360466.56 m N,
733686.39 m E),
(3360646.37 m N,
733587.17 m E)

Khaur Salameh

X

Contour,
Bench,
Agricultu
fence
re

733794.0
0mE
3360783.
00 m N

Khaur
Huweimel
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(3356047.00 m N,
733205.00 m E),
N,
(3356066.00
Gabion,
Check dams, m
E),
m
733187.00
contour terraces, side
Water
(3356074.00
terracesand soilm N,
management
733157.00 m E),
(3356076.00 m N,
733130.00 m E)
(3356055.86 m N,
733134.30 m E),
(3355960.04 m N,
733132.07 m E),
X
(3356020.28 m N,
733029.17 m E),
(3356055.08 m N,
733078.04 m E)

Shamaseh

X
X

X

X

X

water
managem
ent

Water
managem
ent

X

Dam

Contour

Wadi
banks
Water
and soil

734963.8
4mE
3357246.
13 m N

734678.4
3mE
3357432.
90 m N

733676.0
0mE
3356624.
00 m N

Farasa
Chock
dam

Stouh

Thugra 1

X

X

Check
dam,
water
dam,
managem
rounded
ent
terraces

735315.3
3mE
3358683.
60 m N

Turkmane
yyeh

(3359213.36 m N, 735615.34
m E), (3359182.53 m N,
E), (3359149.30
735605.82
rounded
Check dam,mcontour,
m N, 735601.68 m E),
and soilmmanagement
Water
N, 735596.50
(3359105.92
m E), (3359031.13 m N,
735582.28 m E), (3359055.48
m N, 735611.94 m E),
(3359091.95 m N, 735633.30
X
m E), (3359125.82 m N,
m E), (3359163.84
735644.37
X
m N, 735634.66 m E),
(3359199.07 m N, 735617.63
m E)

Umm Sayhon W
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(3355429.76 m N,
731254.95 m E),
m N,terraces
(3355429.74
Contour , braided
731280.46 m E),
and soilm N,
Water
(3355415.08
management
731281.59 m E),
(3355381.49 m N,
731283.83 m E),
(3355367.32 m N,
731281.29 m E),
(3355358.09 m N,
731274.11 m E),
(3355371.85 m N,
731256.33 m E),
(3355398.78 m N,
731246.82 m E),
(3355424.62 m N,
731251.92 m E)

Haroun1

Curb
Road

Curb
Road

X

X

X
X

732719.0
0mE
3355219.
00 m N

731282.0
0mE
3355352.
00 m N

X

Btahi curb

Haroun2
curb

(3355065.99 m N, 733149.66
m E), (3355000.00 m N,
m E),dam,
733085.22
(3355018.04
checj
Dam, Piramidal
m
732985.99
N,
m
Gabions)
dams, side terraces,E),
(3355051.82 m N, 732941.08
m E), (3355109.93 m N,
732927.43 m E), (3355125.42
m N, 732787.46 m E),
(3355158.27 m N, 732709.25
X
m E), (3355298.36 m N,
m E), (3355177.27
32825.10
X
m N, 733034.51 m E),
(3355119.47 m N, 733222.84
m E)

Btahi 1 catchment area

X

X

X

Dams,
check
Water
dams
managem
ent

733920.0
0mE
3355305.
00 m N

Aja
catchment

(3355918.09
m N,
733419.03
Dam, checkm
E),
dam, side
Water
(3355568.18
terraces
management
m N,
733461.67 m
E),
(3355567.32
m N,
733391.01 m
E),
X
(3355799.97
m N,
733313.74 m
E),
(3355925.35
m N,
733332.98 m
E)
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X

Catchmen
t area

(3355514.06 m
N, 736866.91 m
(3355486.45
E),
Contour,
736856.90
N,
m
dam
Pressure
Infrastructure
m E),
(3355545.60 m
N, 736189.65 m
E), (3355723.34
m N, 736306.39
m E),
m
(3355582.87
X
N, 736433.50 m
E), (3355516.54
m N, 736712.80
m E)
X

X

X

X

Check
dams,
Water
dams,
managem
weir,
soil,
ent,
contour,
infrastruct
X
rounded
ure,
terraces,
X
agricultur
stepped
eX
terraces

Hremiyyeh

Qantara

X

X

X

Water
managem
ent

Dam

730377.1
3mE
3355163.
19 m N

Haroun
082

X

(3354981.27 m
N, 731337.51 m
(3355036.26
E),
terraces
Braided
m N, 731356.84
Water
m E), and soil
(3355036.51 m
N, 731374.23 m
E), (3355024.09
m N, 731428.20
m E),
(3354993.13 m
N, 731408.63 m
X
E), (3354955.82
m N, 731358.22
m E)
X

Farasha (FR0109)

Rounded
terrace
Soil
confinme
nt terrace

731499.0
0mE
3355082.
00 m N

Farasha 1

X

X

X

Check
dam

731494.2
1mE
3355104.
97 m N

Farasha
85-86

X

(3355155.
02 m N,
731218.4
Contour,
m E),
5
braided,
Water
(3355237.
check and
soil
m N,
72
dams
managem
731304.9
ent
4 m E),
(3355151.
66 m N,
731405.0
9 m E),
X
(3355088.
70 m N,
731345.7
1
X m E).
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X

X

X

X

Rounded
terrace
soil

Rounded
terrace
Soil

X

733657.0
7mE
3354221.
50 m N

Sabra
rounded
terrace 8

733213.0
0mE
3354103.
00 m N

Sabra
rounded
terrace 7

line
(3354888.89
N,
m
Curb
733649.22 m
Road
E),
(733649.22
m E,
733659.27 m
E),
X
(3354801.28
m
X N,
733669.30 m
E) line turns
to W
(3354771.97
m N,
733609.59 m
E)

Sabra curb

X

(3356931.
12 m N,
735750.7
Dams,
m E),
2
check
(3356967.
dams,
m N,
04
weir
735818.3
1 m E),
(3356620.
42 m N,
735877.9
0 m E),
X
(3356737.
59 m N,
735800.6
3 m E)

Al-Jarra

X

X

X

(3355836.
77 m N,
736510.4
Contour
7 m E),
and
Soil
(3355851.
water
34 m N,
managem
736539.8
ent
9
X m E),
(3355927.
X
97 m N,
736482.4
X
7 m E),
(3355901.
10 m N,
736465.3
1
X m E)

Madras-1

(3356095.63 m N, 736516.57
m E), (3356115.37 m N,
(3356194.91
m E),dams,
736463.10
Contour, check
E),
m
736440.08
N,
m
rounded terraces, barrage,
management
water
and
Soil
736317.78
N,
m
(3356286.26
weir
m E), (3356434.38 m N,
736311.93 m E), (3356603.29
m
X N, 736185.63 m E),
(3356713.79 m N, 736166.29
X
m E), (3356578.68 m N,
m E), (3356472.60
736298.99
X
m N, 736383.28 m E),
(3356240.84 m N, 736514.06
m E)
X

Madras catchment

X

X

X

(3355423.96 m N,
736854.77 m E),
m N,
(3355425.35
Bench terraces
736770.27 m E),
Agriculture
(3355555.75 m N,
736836.33 m E),
(3355571.24 m N,
736862.36 m E),
(3355609.62 m N,
X
736908.77 m E),
m N,
(3355549.16
X
736922.07 m E),
X
(3355458.78 m N,
736881.26 m E)
X

Braq

No date

Modern

Ottoman

Mamluk

Islamic

Umayyad

Byzantine

L Roman

E. Roman

Nabataean

L Nabataean

E Nabataean

Iron age

M. Bronze

E

N

Site Name

Period

Use

Coordina
tes
(UTM)
36R
Polygon
coordinat
es
Type

742

Check
dams
Water
managem
ent

733135.1
2mE
3356469.
02 m N

Sunakh

(3353760.
92 m N,
733562.6
Contour
8 m E)
Soil and
water
managem
ent

Thlega-3

(3353829.
54 m N,
733758.8
Contour
m E),
3
and
Water
(3353889.
managem
49 m N,
ent
733612.9
6 m E),
(3353914.
X
90 m N,
733629.5
X
4 m E),
(3353884.
61 m N,
733765.8
1
X m E)

Thlega-2

(3353682.
01 m N,
733664.8
Gabion,
m E),
5
check
Water
(3353735.
dams
managem
75 m N,
ent
733708.2
2 m E),
(3353842.
X
55 m N,
733624.0
X
1 m E),
(3353799.
45 m N,
733600.8
4 m E)

Thlega-1

(3354878.
06 m N,
733652.1
Contour
m E),
8
terraces
Road
(3354789.
system
77 m N,
733648.7
8 m E),
(3354782.
X
79 m N,
733580.0
X
6 m E),
(3354865.
68 m N,
733578.4
5 m E)

Sabra 1-9

X

(3355942.
16 m N,
735608.7
Dam
8 m E),
Water
(3355893.
managem
53 m N,
ent
735606.6
6 m E),
(3355870.
92 m N,
735617.5
4 m E)
X

She'ab alHumor

Line
(3354899.
m N,
78
Curb
733645.0
Road
8 m E),
(3354939.
44 m N,
733665.0
6 m E),
X
(3355056.
28
X m N,
733657.0
7 m E).

SabraBtahi road

X

Sabra dam

X

X

Braided
terraces
Water

733213.5
4mE
3354115.
75 m N

Sabra
braided
terraces
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Haroun 3

Catchment
(3355386.49
N,
m
Valerani,
730954.04
check dam,m
water
E),
braided
management
(3355372.13
m N,
730807.96 m
E),
X
(3355438.41
m
X N,
730778.69 m
E),
(3355574.39
m N,
m
730805.11
X
E),
X
(3355491.94
m N,
730907.80 m
E)

Haroun 6

(3355807.
75 m N,
730357.2
Check
m E),
7
dam
Water
(3355835.
managem
32 m N,
ent
730375.6
7 m E),
(3355848.
X
54 m N,
730300.3
X
2 m E),
(3355821.
84 m N,
730300.0
3 m E)
X

X

X

X

Check
dams
Water
managem
ent

730849.0
0mE
3355316.
91 m N

Haroun 2

X

(3355425.
95 m N,
731305.5
Contour
7 m E),
and
Water
(3355412.
soil
29 m N,
managem
731133.2
ent
7 m E),
(3355361.
X
58 m N,
731134.5
X
2 m E),
(3355356.
19 m N,
731330.1
6
X m E)

Haroun 1
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Animated videos showing stone layering technique

Video Hamarneh 01:
Shows in detail the method of layering the large ashlar stones in the filter, placing the anchor
stones followed by the facing wall. This video was designed based on the study of the ancient
terrace wall at the site of Muzera’a

Video Hamarneh 02:
Shows the method of pulling stones on the high wall by creating a temporary earthen ramp using
rubble and chipped stone, over which the stones could be rolled or pulled and placed into location,
probably from the sides of the wall.
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Video Hamarneh_03
This video is based on a finding at the site of Muzera’a Petra, Jordan. Archaeological evidence
indicates the use of a small wooden horizontal crane “trispastos” to move stones for building
terrace walls. This video hypothetically shows the process.

Video Hamarneh_04
This video shows a specially designed scaffold that allows the use of a rope to pull stones to a high
terrace wall. This is the current method used today in Petra.
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Appendix E
Tables stone measurements
This appendix lists all the tables related to the text. The tables are labelled based on the chapter
they are related to. All these tables were created by the author.
Table E.1.
Jabal Farashah contour terrace riser wall FR22 stone dimensions
Course
Wall type
Stone type Length
Width
Height
m
m
m
The fifth (upper one) Facing
Sandstone 0.24
0.21
0.03
Facing
Sandstone 0.41
0.21
0.14
Facing
Sandstone 0.25
0.21
0.08
Facing
Sandstone 0.30
0.12
0.08
Second course
Facing
Sandstone 0.20
0.12
Facing
Sandstone 0.26
0.11
Facing
Sandstone 0.16
0.18
Facing
Sandstone 0.20
0.09
Facing
Sandstone 0.37
0.14
Third course
Facing
Sandstone 0.22
0.12
Facing
Sandstone 0.20
0.12
Facing
Sandstone 0.06
0.05
Facing
Sandstone 0.30
0.12
Facing
Sandstone 0.09
0.04
Facing
Sandstone 0.12
0.03
Fourth course
Facing
Sandstone 0.20
0.12
0.07
Facing
Sandstone 0.18
0.11
Fifth course
Facing
Sandstone 0.12
0.15
0.16
Facing
Sandstone 0.58
0.12
Facing
Sandstone 0.15
0.12
0.14
Facing
Sandstone 0.20
0.12
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Table E.2.
E.2 Detail of stone measurements used in the construction of braided terrace FR4
Course
Wall type
Stone type
Length
Width
m
m
Tenth upper course
Facing wall
Sandstone
0.28
0.10
Facing wall
Sandstone
0.20
0.15
Facing wall
Sandstone
0.26
0.07
Facing wall
Sandstone
0.27
0.16
Facing wall
Sandstone
0.26
0.18
Facing wall
Sandstone
0.22
0.02
Facing wall
Sandstone
0.22
0.03
Facing wall
Sandstone
0.15
0.05
Ninth course
Facing wall
Sandstone
0.18
0.05
Facing wall
Sandstone
0.95
0.25
Seventh course
Facing wall
Sandstone
0.16
0.08
Facing wall
Sandstone
0.16
0.08
Facing wall
Sandstone
0.08
0.08
Facing wall
Sandstone
0.17
0.08
Facing wall
Sandstone
0.24
0.15
Facing wall
Sandstone
0.10
0.04
Facing wall
Sandstone
0.21
0.13
Sixth course
Facing wall
Sandstone
0.16
0.09
Facing wall
Sandstone
0.15
0.06
Facing wall
Sandstone
0.21
0.12
Facing wall
Sandstone
0.13
0.07
Facing wall
Sandstone
0.15
0.10
Fifth course
Facing wall
Sandstone
0.17
0.08
Facing wall
Sandstone
0.22
0.10
Facing wall
Sandstone
0.13
0.10
Facing wall
Sandstone
0.20
0.025
Facing wall
Sandstone
0.10
0.06
Fourth course
Facing wall
Sandstone
25
9
Facing wall
Sandstone
21
7
Facing wall
Sandstone
30
20
Facing wall
Sandstone
75
21
Third course
Facing wall
Sandstone
17
12.5
Facing wall
Sandstone
28.5
9
Facing wall
Sandstone
25
17
Facing wall
Sandstone
8
6
Second course
Facing wall
Sandstone
17
7
Facing wall
Sandstone
24
4
Facing wall
Sandstone
32
9
Facing wall
Sandstone
10
4
The lowest rom
Facing wall
Sandstone
16
8
Facing wall
Sandstone
19
4
Facing wall
Sandstone
10
4
Facing wall
Sandstone
8
7

Height
m
0.37
0.19
0.18
0.23
0.07
0.17
0.16
0.25
0.23
0.45
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Table E.3.
(E.3) Measurements of the stones used for constructing Hremiyyeh round-edge riser wall.
Wall orientation
Course
Wall
Stone type Length
Width Height
type
m
m
m
Lower
Facing
Sandstone 0.16
0.12
first
Facing
Sandstone 0.12
0.07
0.07
Second
Facing
Limestone 0.24
0.16
Facing
Limestone 0.22
0.23
Facing
Sandstone 0.16
0.10
Third
Facing
Limestone 0.36
0.13
Facing
Sandstone 0.21
0.11
Facing
Limestone 0.16
0.10
Facing
Limestone 0.08
0.08
Facing
Sandstone 0.10
0.06
Forth
Facing
Limestone 0.22
0.21
Facing
Limestone 0.12
0.04
Facing
Limestone 0.46
0.20
Facing
Limestone 0.16
0.08
Facing
Sandstone 0.13
0.08
Facing
Limestone 0.24
0.14
Fifth
Facing
Limestone 0.15
0.15
Facing
Sandstone 0.19
0.10
Facing
Limestone 0.28
0.36
Facing
Limestone 0.46
0.36
Sixth
Facing
Limestone 0.20
0.20
0.24
and
Facing
Sandstone 0.20
0.21
0.18
upper
course
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Table E.4.
(E.4) Measurements of stones of Al-Madras round-edge terrace wall
Wall
course
Wall type
Stone type Length
orientation
m
First from Facing wall
Limestone
0.09
the top
Facing wall
Limestone
0.20
Facing wall
Limestone
0.09
Facing wall
Limestone
0.13
Facing wall
Limestone
0.30
Facing wall
Limestone
0.28
Facing wall
Limestone
0.24
Second
Facing wall
Limestone
0.32
course
Facing wall
Limestone
0.25
Facing wall
Limestone
0.18
Third course Facing wall
Limestone
0.09
Facing wall
Limestone
0.05
Facing wall
Limestone
0.12
Forth course Facing wall
Limestone
0.24
Facing wall
Limestone
0.20
Facing wall
Limestone
0.40
Facing wall
Limestone
0.45
Fifth course Facing wall
Limestone
0.15
Sixth course Facing wall
Limestone
0.21
Facing wall
Limestone
0.24
Facing wall
Limestone
0.35
Table E.5.
(E.5.) Stone measurements of the rounded riser wall N of Beidha.
Course
Wall type
Stone type
Length
m
First upper
Facing wall
Sandstone
0.74
Facing wall
Limestone
0.38
Second course
Facing wall
Limestone
0.77
Facing wall
Sandstone
0.54
Facing wall
Sandstone
0.50
First course
Retaining wall
Sandstone
0.20
Retaining wall
Sandstone
0.14
Retaining wall
Sandstone
0.14
Retaining wall
Sandstone
0.12
Second course
Anchor stone
Sandstone
0.20
Anchor stone
Sandstone
0.08

Width
m
0.09
0.21
0.09
0.21
0.13
0.09
0.22
0.13
0.21
0.18
0.04
0.11
0.10
0.13
0.19
0.32
0.35
0.15
0.10
0.11
0.24

Width
m
0.30
0.12
0.24
0.23
0.30
0.10
0.30
0.14
0.06
0.03
0.03

Height
m
0.09
0.12
0.24
0.19
0.22
-

Height
m
0.24
0.30
0.32
0.25
0.22
0.16
0.14
0.19
0.10
0.21
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Table E.6.
(E.6) Rounded riser wall in Ras Btahi stone measurements
Course
Wall type
Stone type
Length
m
Upper first
Facing
Sandstone
1.00
Facing
Sandstone
0.86
Facing
Sandstone
0.63
Second course
Facing
Sandstone
0.40
Facing
Sandstone
0.50
Facing
Sandstone
0.53
Third course
Facing
Sandstone
0.58
Facing
Sandstone
0.40
Facing
Sandstone
0.42
Fourth course
Facing
White sandstone
0.50
Facing
Sandstone
0.47
Facing
Sandstone
0.14
Facing
Sandstone
0.16

Width
m
0.10
0.55
0.28
0.13
0.08
0.10
0.15
0.24
0.08
0.30
0.52
0.10
0.12

Height
m
0.90
0.57
0.35
-
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Table E.7.
(E.7.) The dimensions of the stones comprising the parallel wall to check dam at Naqab ar-Rubai.
Course
Wall type
Stone type Length
Height
Width
m
m
m
First upper
Facing wall Sandstone 0.23
0.12
0.26
Facing wall Sandstone 0.18
0.09
0.16
Second course
Facing wall Sandstone 0.20
0.20
Facing wall Sandstone 0.24
0.09
Facing wall Sandstone 0.34
0.12
Small
Sandstone 0.12
0.03
anchor stone
Third course
Facing wall Chert
0.22
0.12
Facing wall Chert
0.18
0.12
Facing wall Chert
0.14
0.07
Facing wall Chert
0.14
0.10
Facing wall Chert
0.14
0.08
Fourth course
Facing wall Chert
0.18
0.07
Facing wall Sandstone 0.14
0.15
Facing wall Sandstone 0.21
0.13
Fifth course
Facing wall Chert
0.23
0.18
Facing wall Sandstone 0.28
0.16
Facing wall Chert
0.26
0.20
Facing wall Sandstone 0.44
0.20
Sixth course
Facing wall Chert
0.39
0.30
Facing wall Sandstone 0.10
0.03
Facing wall Sandstone 0.40
0.30
Facing wall Chert
0.21
0.13
Facing wall Chert
0.34
0.16
-
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Table E.8.
(E.8.) Showing gabion terrace stone measurements in m
Stone type

Row

Sandstone

Lower
face

Sandstone

Length (m)
row,

Width (m)

Height (m)

spill 0.96

0.56

0.42

0.62

0.54

0.40

0.70

0.53

0.57

0.39

0.27

0.28

0.35

0.21

0.27

Upper first row

Sandstone

Upper second row

0.58

0.36

-

Sandstone

Cap stone

0.53

0.37

0.17

Table E.9.
(E.9) Measurements of the second row of Wadi Btahi gabion
Stone type

Length(m)

Width (m)

Height (m)

Sandstone

0.90

0.26

0.50

Red Umm Ishrin sandstone

0.47

0.50

0.70

Red Umm Ishrin sandstone

0.80

0.19

0.80

Red Umm Ishrin sandstone

1.20

0.50

0.56

Red Umm Ishrin sandstone

1.20

0.26

0.52
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Table E.10
(E.10.) Measurements of individual stones used in the construction of the Beidha barrage
Stone type

Row

Length (m)

Width (m)

Height (m)

Limestone

Upper

0.27

0.22

0.10

Limestone

Upper

0.29

0.38

0.12

Limestone

Upper

0.32

0.30

0.30

Limestone

Second

0.32

0.38

0.28

Sandstone

Second

0.04

0.21

0.10

Limestone

Second

0.38

0.33

0.18

Limestone

Third

0.26

0.46

0.18

Limestone

Third

0.28

0.12

0.07

Limestone

Third

0.24

0.27

0.18

Limestone

Third

0.16

0.18

0.18

Table E.11.
(E.11.) Dimensions of the stone used for construction check dams at Hremiyyeh.
Wall type
Stone
Width
Depth
Height
lithology
m
m
m
Retaining
Limestone
0.53
0.30
0.24
wall
Limestone
0.40
0.25
0.28
Limestone
0.28
0.17
0.08
Limestone
0.26
0.08
0.12
Limestone
0.40
0.52
0.25
Limestone
0.46
0.53
0.12
Limestone
0.34
0.36
0.09
Limestone
0.32
0.10
0.12
Facing wall
Sandstone
0.07
0.05
0.19
Limestone
0.11
0.10
0.18
Limestone
0.10
0.10
0.25
Sandstone
0.02
0.03
0.28
Limestone
0.03
0.07
0.24
Limestone
0.17
0.10
0.24
Limestone
0.21
0.10
0.28
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Table E.12.
(E.12.) Dimensions of the stones used for the construction of Al-Madaras-Al-Jilf barrage
Stone type
Row
Width (m)
Height (m)
Depth (m)
Sandstone
Upper row
0.46
0.28
0.25
Limestone
Upper row
0.41
0.11
0.22
Limestone
Upper row
0.08
0.14
0.22
Sandstone
Second row
0.36
0.17
0.38
Sandstone
Second row
0.24
0.14
0.22
Sandstone
Second row
0.11
0.08
0.24
Sandstone
Third row
0.46
0.12
0.02
Sandstone
Third row
0.33
0.06
0.02
Limestone
Third row
0.28
0.07
0.22
Sandstone
Forth row
0.13
0.13
0.03
Limestone
Sixth row
0.24
0.10
Limestone
Sixth row
0.44
0.28
Limestone
Sixth row
0.27
0.17
0.19
Table E.13.
(E.13.) Dimensions of the stones used in construction N city wall
Stone type
Length (m)
Width (m)
Sandstone
0.40
0.27
Sandstone
0.56
0.32
Sandstone
0.44
0.32
Limestone
0.24
0.21
Limestone
0.34
0.25
Limestone
0.22
0.24
Limestone
0.29
0.25

Height (m)
17
0.18
-
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