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Abstract

The site of as-Sila/Sela, located in the area of at-Tafileh in the southern Hashemite Kingdom of Jordan, was an 
important settlement along the trade routes of southern Transjordan during the first millennium BC. Sela was 
situated in a key strategic position, four km off the King’s Highway and near modern-day Busayra, the ancient 
Edomite capital of Bozrah. 
The first results of the new research project promoted by the University of Barcelona in Sela, based on a 
survey and an archaeological excavation (2015-2016), have revealed a complex, well-developed system of 
rainwater management in the upper part of the settlement. Several water structures designed for the collection, 
storage, transport and distribution of rainwater were documented. The variability of typologies, dimensions, 
and methods of construction of the structures highlights the importance of rainwater management for the 
inhabitants of Sela. 
This paper will provide a brief description of the rainwater harvesting system used in Sela and the preliminary 
results of the study of the complex hydrological network, which forms the core of my doctoral thesis. The 
system of rainwater management in place at Sela along with its geographical location makes it a unique site for 
the study of the economic and social development of Transjordan under the ancient Mesopotamian Empires.
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of this settlement. The study of these structures 
is the subject of my Ph.D. dissertation,6 which 
investigates settlement patterns and economic 
activity during the first millennium BC in the 
highlands of Edom by focusing on the hydraulic 
management structures (use, transport, storage, 
consumption, and control) at the site of Sela. In 
this way, I hope to answer the following question: 
what role did water play at this settlement in the 
various phases of occupation?

Previous studies and surface surveys based 
mainly on collected pottery7 have established an 
approximate chronological framework for the site, 
ranging from the Iron Age to the Middle Ages.8 
Sela shares many architectural features with other 
settlements from the Iron II period in the region of 
Edom such as Umm al-Biyara, as-Sadeh, Ba'ja III 
and Jabal al-Qseir.9 These sites also present a series 
of common geographical characteristics: a) they 
are mountain settlements with difficult access; b) 
they do not have permanent water sources or water 
resources nearby; c) they rely upon on rainwater.10 
According to Juan M. Tebes and other researchers, 
geo-climatic factors are the cause of the settlement 
patterns in the highlands of Edom, since the highest 
annual rainfall occurs in the highland area.

The natural features of the site together with its 
geostrategic location on a number of different trade 
routes highlight the scientific value of studies on 
water culture in Sela.

6 The title is Spatial organization and management of 
water resources at the site of Sela (Tafileh, Jordan) led by Prof. 
Dr. Rocío Da Riva (University of Barcelona) and Prof. Dr. Juan 
Carlos Moreno García (CNRS, París).

7 Most authors who have analyzed the pottery sherds 
collected in the site of Sela considered that they correspond to 
the Iron Age, Nabatean-Roman and Ayyubid-Mamluk periods 
(Glueck 1939, p. 27; Hart 1986, p. 93; Lindner 1992, 
pp. 145-146; Lindner et Al. 2001, p. 276; MacDonald 
et Al. 2004, pp. 12, 276). Fawzi Zayadine, a member of the 
Naturhistorischen Gesellschaft Nürnberg (NHG), conducted 
the most complete analysis of the pottery of Sela in the 1970s. 
According to this author, the ceramics analyzed represent 
a complete sequence from the Early Bronze Age (third 
millennium BC) to the Mamluk period (twelfth-sixteenth 
centuries AD) (Lindner 1989a, p. 282).

8 Da Riva et Al. in press; MacDonald 2015, p. 19.
9 Bienkowski 2014.
10 Tebes 2007, p. 149. 

1. Introduction

The archaeological evidence of water management 
in Jordan reflects the human need for water supply. 
Because of the scarcity of water resources, the region 
is heavily dependent on rainfall.1 The efficient usage 
of rainwater has been fundamental since the times 
of the earliest communities, which created elaborate 
water supply systems2 to make possible the existence 
of (semi-)permanent settlements at locations that 
today are largely abandoned.3 

The “Sela Archaeological Project” was 
conducted by an interdisciplinary team of the 
University of Barcelona during the 2015-2016 
archaeological campaigns.4 The main aim of the 
project was the contextualization of the Neo-
Babylonian relief of Nabonidus (556-539 BC), the 
only one of its kind in the Hashemite Kingdom 
of Jordan.5 Nevertheless, the discovery of a large 
number of hydraulic structures in the upper 
part of the outcrop prompted us to carry out a 
systematic study of the hydrological network 

1 I express my deepest gratitude to all the researchers 
and the members of the fieldwork team involved in the Sela 
Archaeological Project and to Department of Antiquities of 
Jordan and its director for permission to work in Sela. I extend 
my sincerest gratitude to my thesis director Prof. Dr. Rocío 
Da Riva for her support, suggestions and corrections that have 
helped me to improve the original version of the manuscript. 

2 Al-Muheisen 2009, pp. 21-23; Bienert, Häser 
2004.

3 Finlayson et Al. 2011, pp. 191-193; Mithen, 
Black (eds.) 2011.

4 The archaeological study of the Sela site is promoted 
by the University of Barcelona, with the collaboration of the 
Department of Antiquities of Jordan (DoAJ). The research is 
carried out by a multidisciplinary team based at the University 
of Barcelona under the direction of Prof. Dr. Da Riva. It is 
funded by the ICREA Academia Research Prize (Da Riva), 
the Ministry of Education, Culture and Sport of Spain (2016 
season) and the PALARQ Foundation. It has the support of 
the University of Barcelona, the Water Research Institute 
of the University of Barcelona and the Spanish Embassy in 
Amman: Da Riva 2015; Da Riva, Marsal 2017; Da Riva 
et Al. 2017, in press. 

5 The relief of Nabonidus is the only firm evidence of the 
neo-Babylonian presence during the Iron Age in Edom (Dalley, 
Goguel 1997; Da Riva et Al. 2017, p. 633; Schaudig 2001; 
Zayadine F. 1999). Its study is closely related to the studies on 
the presence of Nabonidus in the oasis of Tayma (in the modern 
Kingdom of Saudi Arabia) carried out by the team of the German 
Archaeological Institute (Da Riva in press; Hausleiter et 
Al. in press; Schaudig in press).
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above the Wadi Hirsh to the south and the Wadi 
Jamal to the northwest of the rock massif.12 Both 
connect with the Wadi ‘Arabah through the Wadi 
Khuniayzirah. The geographical coordinates of the 
centre of the site are 30º46'50"N, 35º34'30"E and 
the average elevation is 867 m. The highest point of 
the outcrop is 877 m above sea level and the total 
surface area of the site is approximately 42 hectares.13 

Geographically, Sela is situated at an important 
crossroads in Antiquity: approximately four km 

12 Lindner, Hübner, Gunsam 2001, p. 243.
13 Da Riva et Al. 2017, p. 623.

2. The location of Sela

The site of as-Sila, Sela or Qala’at as-Sila is an isolated 
rock massif with extremely steep sides and a large flat 
summit located on the Edomite plateau, northeast 
of Wadi ‘Arabah, in the central-southern part of 
the Hashemite Kingdom of Jordan. Sela is located 
about 10 km south of at-Tafileh – the modern 
capital of the administrative district of the same 
name – and very close to the modern-day village of 
as-Sila (fig. 1).11 The archaeological site rises 200 m 

11 Da Riva, Marsal 2017, p. 8.

Figure 1
Map of the region indicating the 
location of the site. Map: R. Marsal 
after Porter 2004, p. 375
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archaeo logist Nelson Glueck,18 who established a 
clear comparison of the site with Petra.19 Glueck 
identified cisterns, canals, and sedimentation basins,20 
and concluded that the water stored and con served 
in these deposits could easily supply the needs of a 
community of at least one hundred people or more 
for a year.21 

Later, Manfred Lindner, Ulrich Hübner 
and Elisabeth Gunsam of the Naturhistorischen 
Gesellschaft Nürnberg described some of Sela's 
water structures and they published some figures in 
2001.22

According to these authors, the large num ber 
of cisterns in the settlement (some 25 have been 
identified) suggests that Sela was a refuge fortress 
during the Late Iron Age (or Edomite) period,23 as 
indicated by the pear-shaped or piriform typology 
of the deposits.24 

In the 1980s, Stephen Hart mentioned the 
presence of rock-cut cisterns of both Edomite 
and Nabatean construction. He also established 
a comparison between Sela and the settlement of 
Umm al-Biyara, although he did not provide a 
descrip tion of the hydraulic structures.25

Between 1999 and 2001, further archaeological 
surveys were conducted under the direction of 
Burton MacDonald, who named the site as Nr 134.26 
MacDonald also referred to the hydraulic structures 
of Sela (cisterns and/or caves and water canals), 
although he did not make a detailed description 
of them.27 Finally, in 2001 Hamed K. Qatamin of 
Mu'tah University undertook excavations in Sela 
but unfortunately, no data are published.28

18 This author conducted the first archaeological 
visit to Sela on 18 November 1937 (Glueck 1939, p. 27).

19 Glueck even described Sela as «a miniature 
Petra» (Glueck 1937, p. 28, 1939, p. 27).

20 Glueck 1937, p. 28.
21 Glueck 1939, p. 29.
22 Lindner, Hübner, Gunsam 2001, pp. 250-251, 

261-263.
23 Lindner, Hübner, Gunsam 2001, p. 263.
24 Lindner 1989b, 1992. 
25 Hart 1986, p. 91.
26 MacDonald 2004.
27 MacDonald 2015, p. 29.
28 MacDonald, Sawtell 2002, p. 477.

from the King’s Highway, 50 km north of Petra 
and about three km north of Bozrah, the modern-
day town of Busayra and the former capital of the 
ancient Kingdom of Edom. The King’s High way was 
the main north-south route through Transjordan 
during the Iron Age, and several east-west routes 
would have connected it to the copper mining area 
to the west and then onwards toward Gaza on the 
Mediterranean Sea. Busayra was a political power 
and administrative and religious centre with control 
of copper production, the Arabian trade to the Negev 
and Gaza, and contacts with the Mesopotamian 
powers.14 Finally, Umm al-Biyara, the natural 
stronghold dominating the centre of the Petra area, 
was an ideal settlement to control the caravan trade 
between Arabia and the Mediterranean coast from 
the first millennium BC onwards.15 

As a result of its geographical location at the 
crossroads of these caravan routes, and with its ease 
of access to the King’s Highway, Sela was a strategic 
settlement on the Edomite Plateau during much of 
the first millennium BC.16

3. Previous works

Despite the lack of archaeological studies, Sela has 
always caught the attention of researchers because 
it was mentioned in numerous ancient sources.17 
However, none of them provided a systematic 
investigation of the site, and only minor surface 
research has been conducted. 

The first researcher to mention the existence of 
a large number of water structures in Sela was the 

14 Bienkowski 2002, p. 480; MacDonald 2015, 
pp. 28-29; MacDonald et Al. 2004; Porter 2004, 
pp. 377-379.

15 Bienkowski 2011, pp. 3-4.
16 Da Riva 2015, p. 17; Da Riva, Marsal 2017, 

pp. 8-9; Da Riva et Al. 2017, pp. 623, 626; MacDonald 
2015, pp. 28-29.

17 The two best known sources are the Old Testament (2 
Kings 14.7 and 2 Chron. 25.6ff) and Diodorus of Sicily (Bib. 
hist. xIx, 95.1-2). Although there are contemporary historical 
references to Edom in Egyptian and Mesopotamian texts, 
few textual documents have been found from Transjordan 
(Bienkowski 2015, pp. 869-871; Da Riva, Marsal 2017, 
pp. 9-10). 
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in the different areas of the site, and linked with 
the architectural arrangements. The location of 
the water structures was also associated with the 
topography and geology of the site with the aim of 
identifying the general hydrological network. All 
the water structures identified and their contexts 
were photographed. 

The location of each hydraulic structure in the 
site (coordinates, area, and sector) was recorded, 
along with its typological description, dimensions, 
orientation, slopes, construction methods, architec-
tural components, state of preservation and possible 
uses on a series of individual worksheets which 
together served to create a general database. 

5. Preliminary results

During the 2015 archaeological campaign in Sela, 
a total of 60 hydraulic structures carved into the 
rock were documented. Thirty-six were cisterns, 17 
canals, four pools, and three sedimentation basins. 
These results were extended after the 2016 survey 
campaign, during which more than a hundred 
structures were documented. 

5.1 Cisterns

The most prominent means of water collection that 
survive today in Sela are rock-cut cisterns, cut into 
the bedrock close to natural catchments with feeder 
channels to collect runoff water.

The cisterns were constructed by digging into 
the sandstone until the desired depth and shape 
were obtained. The presence of some round pits, 
which seem to be unfinished cisterns carved along 
natural perforations in the sandstone, bear witness 
to this construction method. Other cisterns such 
as D10, the cistern inside the tower in area F, were 
cut into standing boulders (fig. 2). The properties of 
the rock, in this case, the sandstone, facilitated the 
construction of these structures.32 

32 The rock formation of Sela is composed of Ordovician 
Disi sandstone, a detrital sedimentary rock formed from the 
aggregation and cementation of grains of sand (quartz, feldspar, 
calcite, etc) and rock fragments (Da Riva et Al. 2017, p. 634).

After these surveys and excavation projects, 
researchers such as Ariel Bagg and the team of the 
Jagiellonian University of Krakow mentioned Sela's 
water structures.29 However, the present study is 
the first to carry out an exhaustive analysis of the 
settlement’s hydraulic structures and its water 
management system.

4. Methodology

The first fieldwork season of the Sela Archaeological 
Project (2015) focused mostly on the topographic 
survey of the site and part of its environment. 
One of the main goals was the identification and 
documentation of structures related to water. The 
work was carried out in the course of an extensive 
and non-intrusive surface survey over a total exten-
sion of 42 hectares divided into various areas.30 
Monographic studies of the area, most of them 
focused in the vicinity of Busayra, as well as the data 
and archaeological charts summarised in the JADIS 
(Jordan Antiquities Database and Information 
System) – MEGA (Middle Eastern Geodatabase for 
Antiquities) of the Department of Antiquities and 
Tourism of Jordan were also used.31

Each water structure was recorded with a Total 
Station following a set of guidelines. For the most 
part, points were taken from the mouths of the 
cisterns, the length, and width of other structures 
such as sedimentation basins, pools or channels 
and the deepest level of all the structures. The 
topographical data extracted from the field were 
transferred to AutoCAD software to create precise 
2D and 3D drawings.

For purposes of identification, the hydraulic 
structures were individually labelled, contextualized 

29 A.M. Bagg dedicates a few pages to the water structures 
of Sela in an article on cisterns in the Transjordan (Bagg 2006, 
pp. 616-617). He mentions the presence of 25 cisterns, most 
of them pyriform with traces of plaster. In 2014, a team of 
researchers from the Jagiellonian University of Krakow began 
a project in the area of Tafileh and they refer to some of Sela's 
water structures in their publication in the magazine Nauka 
(Kolodziejczyk 2015, p. 106).

30 See the sketch map of: Da Riva et Al. 2017, p. 626.
31 In the course of our post-survey work we have added 

new data to the MEGA database (Da Riva et Al. 2017).
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Figure 2
Cistern D10 cut into the tower in area F; 
a close-up of the rectangular mouth
Photos: ©Sela Archaeological Project

Figure 3
a-b) Cistern D46 and D03 dug directly 
into the soil of the rock; 
c) cistern D20 partially carved on a 
boulder and into the soil; 
d) cistern D52 excavated completely in the 
interior of a standing boulder. 
Photos: ©Sela Archaeological Project
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The size of the cisterns does not present a fixed 
pattern either. Some have a diameter of opening or 
mouth about 60 × 40 cm, while the largest ones can 
reach 160 × 130 cm. No measurements from the 
mouth or neck to the base of the cistern have been 
made because of their state of conservation; some 
have been partly destroyed by fallen rocks or are 
covered by sediment or current waste. In some cases, 
it has been difficult to document these structures 
due to the vegetation cover (fig. 4).

5.2 Canals

All the canals documented are carved into the 
sandstone but their identification is difficult because 
of erosion; in most cases, it is not possible to record 
their full length (fig. 5).

The rock-cut canals were easy to build using the 
tapping technique, and the marks of this technique 
are still visible in some of these structures. Some 
of them are up to 20 m in length and their main 

It has also been observed that some of the cisterns 
have plaster linings on the walls of the storage 
chamber or in the mouth. The plaster reduces 
percolation and erosion of the cistern by the water. 
It also helps to improve the quality of the water, 
lengthens the possible storage time and reduces the 
loss of water through evaporation and leakage.33 

A great variety of types of cisterns have been 
documented. Several categories have been esta-
blished according to their relationship with the 
terrain as well as the shape of their mouths and 
storage chambers. The following categories have 
been documented in terms of terrain: a) cisterns 
dug directly into the soil of the rock; b) others 
partially carved on a vertical side of the boulder and 
in the soil; c) and still others excavated completely 
into the standing boulders (fig. 3). As for the shape 
of the mouth and the storage chamber, some of the 
cisterns are cylindrical and truncated, although the 
most common shape is piriform. 

33 AbdelKhaleq, Alhaj Ahmed 2007, p. 87.

Figure 4
a-b) Cistern D43 and D37 covered by vegetation; c-d) cistern D40 and D59 covered by sediments and fallen rocks. 
Photos: ©Sela Archaeological Project
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Figure 5
Part of the rock-cut 
canal C50
Photo: ©Sela 
Archaeological Project

Figure 6
Left: Canal C94 surrounding a structure that leads into the cistern
Right: Canal C84
Photos: ©Sela Archaeological Project
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5.3 Sedimentation basins 

Several sedimentation basins have been identified, 
in all cases connected to the canals and the 
main cisterns (fig. 8). These structures removed 
suspended solids before the water entered the 
main reservoirs. Soil erosion and debris from the 
catchment area were the main sources of sediment.35 
Thus, the sedimentation basins improved the 
quality of the water deposited in the cisterns and 

35 Akhtar et Al. 2009, p. 13.

function is to carry and distribute the water into 
the different reservoirs or cisterns, gathering run-
off or flood water forming on large rock surfaces. 
These canals had a gradual slope that followed the 
topography; they were not plastered or covered, as 
the water would run very fast and only for a few 
hours (fig. 6).34 However, some canals are covered 
by stone slabs, which were probably used to prevent 
the evaporation of the water and to maintain it in 
optimal condition (fig. 7). 

34 Al-Muheisen 2009, pp. 147-152.

Figure 7
Left: Cistern D13 with four 
canals funneling water into it
Right: Detail of one of the 
canals with a stone slab 
Photos: ©Sela Archaeological 
Project

Figure 8
Canal C14 with sedimentation 
basin and cistern (D15)
Photo: ©Sela Archaeological 
Project
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Figure 9
Cistern D55 with a 
sedimentation basin
Photo: ©Sela Archaeological 
Project

Figure 10
Pool D61
Photo: ©Sela 
Archaeological Project

Figure 11
Pool D65.
Photo: ©Sela 
Archaeological 
Project
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Rock-cut canals and cisterns should be under-
stood as structures for rainwater harvesting, the 
cisterns for storage, and the canals for rainwater 
distribution and transport. Moreover, other water 
structures like sedimentation basins and pools bear 
witness to the inhabitants’ knowledge of hydraulic 
technology.

Most of the hydraulic installations analyzed 
in Sela, such as piriform cisterns and rock-carved 
canals, have been present since Late Bronze period 
in other Jordanian sites such as Petra,38 in the Negev 
Highlands,39 as well as in the Eastern Mediterranean 
and Southern Levant).40

The local-level water management techniques 
documented in Sela were probably applied in all the 
phases of occupation of the site from the Iron Age 
until the Medieval and Ottoman Periods.41 The 
analysis of samples of plaster from some of the cisterns 
and further archaeological excavation will allow us to 
establish the chronology of the structures. 

We believe that research on rainwater mana-
gement can help to broaden our understanding 
of the population dynamics and water culture in 
southern Transjordan from a diachronic (longue 
durée) perspective.

38 Lindner 1992, p. 146.
39 Ore et Al. 2020.
40 Grasshoff, Meyer 2018; Oleson 2018
41 See Da Riva et Al. in press. 

allowed control of the water that was stored. They 
were usually rectangular and measured roughly 
125 × 80 cm.

5.4 Pools 

Finally, some small storage reservoirs or bodies of 
water have been documented.36 They differ from 
the cisterns in terms of their dimensions and 
typology (always rectangular) and cannot have been 
sedimentation basins, because they do not have an 
exit or entrance canal. These structures would have 
been related to water catchment systems because 
such as they could catch rainfall from larger areas 
(figs. 10-11).37 

6. Conclusions

The 2016 archaeological campaigns in Sela reported 
the existence of a well-developed rainwater mana-
gement system based on a hydrological network for 
collecting, storing, transporting and distributing 
rainwater. 

36 Definition provided by the International Glossary 
of Hydrology, meaning 1102 “pond” or “pool” (WMO/
Unesco Panel on Terminology 2012, p. 45). 

37 Mays 2010, pp. 24-26.
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