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Introduction

Figure 1: Panorama view looking down towards the Wadi Baqa’.
The ancient city of Petra (Jordan) is one of the most
renowned archaeological sites in the world, with its
labyrinthine desert corridors and spectacular archi-
tecture capturing visitors’ imaginations since its re-
discovery in 1812 by Swiss explorer Johann Ludwig
Burckhardt. The city, at its peak, was a central trad-
ing hub for the region and sustained a population
of 20,000. It has long been hypothesised that the
Nabataeans (the early inhabitants of Petra who set-
tled there in the late first millennium BCE) were ini-
tially responsible for the effective and complex water
management systems in place in the city, a tradition
continued and expanded by the Romans after their
annexation of the city under the emperor Trajan in
106 AD. Recent research by the Brown University Pe-
tra Archaeological Project (BUPAP) has investigated
how this population flourished in an arid, desert envi-
ronment, with a particular focus on water management
strategies in the city’s northern hinterland, in the Wadi
Baqa’, where archaeological evidence has illustrated
that water management and storage features were in

place to manipulate water’s passage and storage in or-
der to ensure the creation of agriculturally viable soil
(Urban et al. 2013 and references therein). A mul-
tidisciplinary approach has been employed to further
understand the complexity of such a system, including
archaeological survey, excavation, ground-penetrating
radar and OSL dating.

Figure 2: The location
of Wadi Baqa’ relative to
Petra (left) and the loca-
tion of Petra within Jordan
(right).

OSL measurements

The OSL dating was carried out at the Research Laboratory for Archaeology
and the History of Art, at the University of Oxford. The equivalent dose
(De) was determined from measurements of the natural and regenerated OSL
signals of multiple quartz aliquots using a post-IR blue SAR protocol. OSL
measurements were made with Risø TL/OSL luminescence readers on small
sized aliquots (c. 2-4mm) of quartz mineral grains (180-255 µm). The dose

rate was derived from laboratory based elemental analyses using ICP-MS on
sub-samples of the sediment used in conjunction with the Dose Rate and
Age Calculator (DRAC) of Durcan et al. 2015. Final age estimates were
also calculated using DRAC.

Figure 6: Terrace wall in the Wadi Baqa’.

Scope of OSL dating

Figure 3: A dam/terrace wall in the
Wadi Baqa’.

Figure 4: A barrage dam in the Wadi
Baqa’.

This poster focuses specifically on
the preliminary results of OSL dat-
ing from the site of Wadi Baqa’, a
wadi system 7 km north of Petra,
where in 2010 the BUPAP team re-
covered remains of a well-preserved
ancient runoff farming system (Fig-
ures 1, 3, 4). The work of follow-
ing seasons recovered evidence for a
complex water transport system in-
cluding features such as dams, rock-
cut channels and terrace walls (Bo-
cancea et al. in prep.). In the 2012
and 2013 seasons, 14 sediment sam-
ples were collected for OSL dating
(see Table 1 and Figure 5). This
dating programme was undertaken
both to assess the feasibility of us-
ing OSL to date this ancient water
system and to examine the possible
date range of agricultural terraces in
the Wadi Baqa’.

BUPAP Season Sample
Number Sample Location

2012 (3 samples) UH1–UH3 Upstream
2012 (6 samples) DH1–DH6 Downstream
2013 (5 samples) OSL1–OSL5 Throughout

Table 1: List of OSL samples from Wadi Baqa’.

Figure 5: OSL sampling in the Wadi
Baqa’

OSL results

Table 2 presents a summary of the final age estimations for the 14 Wadi
Baqa’ samples. The results are of a preliminary nature, and further analysis
must be undertaken before final results are reported. Across all 14 sam-
ples, the OSL characteristics of the quartz were generally very good with
respect to sensitivity, recycling ratios, recuperation and absence of feldspar
contaminants (Figure 7). However, for all 14 samples most De distribu-
tions were widely dispersed (often with high over-dispersion values). Some
samples also showed a noticeable bi-modal distribution of equivalent dose
measurements, suggesting that the population of quartz grains may con-

tain a mixed assemblage of younger and older material, likely resulting from
incomplete bleaching, not uncommon for sediment material in dam/fluvial
systems where there is a high chance that flooding events caused sediment
deposition to be too rapid for the quartz grains to be fully reset prior to
burial. Thus, most samples have large margins of error well in excess of
10%. In the absence of more advanced single grain measurements, the cal-
culation of the OSL dates presented in Table 2 was based on a minimum
age model, as this is considered to give a more conservative estimate for the
context.

Figure 7: Representative OSL decay curve and dose response curve for Sample
UH1

Field Code UH1 UH2 UH3 DH1 DH2 DH3 DH4 DH5 DH6 OSL1 OSL2 OSL3 OSL4 OSL5
Latitude (deg.), north positive 31 31 31 31 31 31 31 31 31 30 30 30 30 30
Longitude (deg.), east positive 36 36 36 36 36 36 36 36 36 35 35 35 35 35

Elevation (m) 1077 1077 1077 1050 1050 1050 1050 1050 1050 1083 1066 1066 1037 1024
Burial Depth (cm) 110 145 220 20 40 50 60 85 100 100 85 130 40 95

Concentration of U (ppm) 1.7 1.2 1.6 1.5 1.6 1.5 1.4 1.6 1.7 2.3 2.2 1.9 2.1 1.4
Concentration of Th (ppm) 4.9 3.2 4 5.5 6.5 5.1 5.2 5.7 6.1 6 5.7 4.9 6.0 4.0

Concentration of K (%) 0.41 0.26 0.41 0.37 0.42 0.36 0.31 0.36 0.42 0.73 0.59 0.52 0.64 0.28

Equivalent Dose (Gy) 2.85 ± 0.62 4.93 ± 2.65 2.98 ± 1.0 2.77 ± 1.09 5.45 ± 1.0 2.21 ± 0.65 3.23 ± 0.58 18.18 ±
4.94

19.62 ±
2.63 4.16 ±1.92 1.49 ± 0.75 1.04 ± 0.18 0.70 ± 0.27 1.81 ± 0.24

Dose rate (Gy/ka) 1.32 0.94 1.21 1.34 1.45 1.27 1.2 1.31 1.41 1.83 1.66 1.46 1.74 1.07

Age ± years 150B.C. ±
480

3250B.C ±
2800

450B.C. ±
840

50B.C. ±
820

1740B.C. ±
710

270A.D ±
520

680B.C. ±
500

11900B.C.
± 3850

11900B.C.
± 2000

260B.C. ±
1050

1120A.D. ±
460

1300A.D. ±
130

1610A.D. ±
160

320A.D. ±
240

Table 2: Summary of final OSL age estimates for the Wadi Baqa’ samples (N.B. using an assumed water content of 5±5%)

Archaeological implications of preliminary OSL dating

Although these results are preliminary, it is still possible to offer a tentative
interpretation of the results within the context of archaeological discov-
eries (Figure 9). The nine samples from 2012 indicate an occupation/use
age of around the latter half of the 1st Millennium B.C.E., or around 2500
– 2000 years ago. This would fit well with the archaeological observations
of Nabataean/Roman surface activity in the area. Two samples of under-
lying natural sediment were taken (DH5 and DH6), and these deposits
were found to date to around 12,000 B.C.E.—this raises the question of
whether there was any archaeological activity in the system in between
this palaeolithic date and the Roman/Nabataean period of occupation.
Four of the five samples collected in 2013 showed much younger ages within
the same dam system, which were consistent with earlier OSL dates pre-
sented by Beckers et al. (2013) from the same region. This is possibly
due to the sampling location (taken from eroding sections, perhaps less
suitable for OSL dating than material from recently excavated deposits),
but is possibly indicative of a complex runoff farming system that was in
continuous/recurrent use for a significant period of time— i.e. from the
Nabatean/Roman period, through the Byzantine and early Islamic period,
and even continuing into the modern era.

Figure 8: The ancient runoff farming landscape in the Wadi Baqa’.
Figure 9: Profile of the Wadi Baqa’: OSL sampling locations and their corre-
sponding age ranges, associated periods, and soil parameters.

Conclusions

Once OSL results are finalised, and single grain measurements carried out, we will be able to address in full the
implications of the OSL results and how they add to the archaeological discourse of water transport and passage
in Petra. However, already the OSL results have allowed for a potential construction date of the system to be
suggested and for the use-history of the system to be explored.
The OSL results complement other archaeological research being carried out by the BUPAP team which is
piecing together the complex history of how the ancient water system at Petra turned a desert environment

into a sustainable agricultural zone. For example, it has been seen that the runoff system was used to control
important factors in soil optimisations, such as sediment texture, pH levels and moisture retention (Urban et
al. in prep). Finally, it is hoped that a comprehensive understanding of this seemingly highly-effective ancient
water transport system will assist in the development of sustainable agricultural practices in modern Jordan, a
region which faces increasing long-term water shortage and desertification problems.
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