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ABSTRACT 

In Oman, quaternary climatic fluctuations alternated between humid and arid periods. Humid periods are 
a key component in landscape evolution and the history of early human-environment interactions, as they 
allowed for less-restrictive arid conditions by triggering increasing rainfall and fluvio-lacustrine activity. 
Fluvial archives are of great interest for understanding hydrosystems’ local responses to quaternary regional 
climatic fluctuations. For the end of the Pleistocene and the Holocene, little data are available in Northern 
Oman to examine this topic and to compare it with archaeological site distribution and subsistence strategies, 
in particular with regard to water resources. Here, we will present fluvial records from a small wadi called Wadi 
Dishshah, located in the southern part of the Hajar Mountains’ piedmont, near the Salakh Arch area. The study 
of the Wadi Dishshah relies on topographic surveys (aerial survey with drone), geomorphological mapping, 
morphostratigraphic analyses of natural and excavated sections, malacological analyses and age-dating using 
OSL and radiocarbon methods. Three phases of aggradation have been identified: the first one between 26,500 
cal. BP and 11,300 cal. BP, a second between 6,200 cal. BP and 5,500 cal. BP and a late one around 2,800 
cal. BP. The fluvial records from the Wadi Dishshah and its hydro-climatic significance are compared to the 
distribution of archaeological sites from the Salakh Arch area to discuss the relations between settlement 
strategies and surface flows. This work is the first case study of late Pleistocene – Holocene alluvial formations 
in this region of Oman.
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RÉSUMÉ 

À Oman, les fluctuations climatiques sont caractérisées par une alternance entre périodes humides et périodes 
arides. Les périodes humides sont des moments clés dans l’histoire des interactions hommes-milieux car elles 
occasionnent une augmentation significative de la pluviométrie. Pour étudier les réponses locales des hydrosystèmes 
aux fluctuations climatiques régionales, les archives fluviales sont des enregistrements appropriés. Cependant, les 
formations alluviales du Pléistocène supérieur et de l’Holocène sont encore peu étudiées, en particulier au Nord 
du Sultanat d’Oman où l’extrême rareté des données locales ne permet pas de comparer la chronologie climatique 
avec la distribution des sites archéologiques par périodes ou avec l’évolution des stratégies de subsistance. Dans 
cet article, nous présentons une étude inédite sur les formations alluviales héritées d’un petit wadi secondaire 
du piémont sud du Jebel Hajar : le Wadi Dishshah. A partir de la cartographie géomorphologique d’un tronçon, 
de l’étude morphostratigraphique de six coupes, de leurs datations par OSL et par radiocarbone et d’une étude 
malacologique effectuée sur une coupe, trois générations de dépôts alluviaux sont identifiées. La première 
génération de dépôts est datée entre 26 500 cal. BP et 11 300 cal. BP, la deuxième génération entre 6 200 cal. BP 
et 5 500 cal. BP et une dernière phase d’accumulation est datée à environ 2 800 cal. BP. Leur signification hydro-
climatique est discutée et comparée avec la distribution des sites archéologiques préhistoriques et protohistoriques 
préalablement découverts dans ce secteur.

Mots-clés : Archives fluviales ; Périodes humides ; Géoarchéologie ; Jebel Hajar ; Oman. 
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1. Introduction 

1.1. Quaternary climatic fluctuations in Oman: between 
arid and humid periods

In Arabia, Quaternary climate is controlled by rainfall variations 
and alternate between arid and humid periods, mainly linked 
to migration of the Intertropical Convergence Zone (ITCZ) and 
the  monsoon rainfalls (Burns et al., 2002; Fleitmann et al., 2003; 
Fleitmann et al., 2007). During the humid periods of the Pleistocene 
and the Holocene, rainfalls reactivated hydrosystems including 
wadi (wadi: local name for river and valley) (Hoffmann et al., 
2015; Breeze et al., 2016), interior lakes/wetlands (Rosenberg et al., 
2012), interdunal lakes (Radies et al., 2005) and extended mangrove 
environments (Berger et al., 2013; Lézine et al., 2017). However, 
studying the timeframe of these periods is challenging due to 
heterogeneity in both the regional and local onset and duration of 
humid periods and their impacts on the environment. (Preston et al., 
2015; Lézine et al., 2017). This heterogeneity is linked to differences 
between the paleoclimatic archives themselves, recorded processes, 
preservation qualities and errors inherent to each archive (Berger 
et al., 2012; Parton et al., 2015). As a result, the reconstruction of 
quaternary climatic fluctuations in Oman and their impact on the 
environment and natural resources required more local-scale study 
in specific Omani environment (e.g., inner mountains, piedmonts, 
low-lands, etc.). For now, reference data for quaternary climatic 
fluctuations in northern Oman are the speleothems from Hota 
Cave ((Fleitmann et al., 2003; Fleitmann et al., 2007; Fleitmann and 
Matter, 2009).

1.2. Chronology of the Late Pleistocene and the Holocene 
humid periods

During the late Pleistocene, three pluvial periods are recorded 
within Marine Isotopic Stage (MIS) 5, the first one during the 
MIS 5.e (ca. 135,000-120,000), the second one during the MIS 5.c 
(ca. 115,000-105,000) and MIS 5.a (ca. 85,000-75,000) (Fleitmann 
et al.,  2003; Fleitmann et al., 2007; Fleitmann and Matter, 2009; 
Rosenberg et al., 2012; Parton et al., 2015). For the MIS 3/MIS 2 
(from 35,000 to 20,000 BP), a pluvial period—or phase—has been 
identified using continental records (lakes and fluvial archives) 
from the southern Rub al’Khali and the Yemen (McClure, 1976; 
McLarens et al., 2008; Parton et al., 2013; Sanlaville, 1992), and 
recently Parton et al. (2013) have suggested an ealier pluvial period 
from 60,000 to 50,000 BP. The Last Glacial Maximum is considered 
to be hyper-arid (Parker, 2009). The Holocene Humid Period roughly 
lasted from 10,500 to 6,000 BP (Clark et Fontes, 1989; Fleitmann 
and Matter, 2009; Engel et al., 2012). Speleothems records from 
Hota cave indicate that rainfall was less important in this period 
than during the Pleistocene humid periods (Fleitmann et al., 2003; 
Van Rampelbergh et al., 2013) and reached 400 to 500  mm/year 
in the northwestern piedmont of the Hajar Mountains (Wahalah, 
Fujairah, UAE) (Preston et al., 2015). The timing of the end of the 
Holocene Humid Period is particularly debated. On one hand, the 
transition towards the current arid conditions in some areas has 
been punctuated by short pluvial episodes, visible in lacustrine and 
fluvial archives in Northern Oman (Urban and Buerkert, 2009), 

UAE (Parker et al., 2006) and Yemen (Berger et al., 2012), especially 
at the beginning of the Early Bronze Age, around 5,200 BP (Parker 
et al., 2006). On the other hand, short arid episodes have been 
registered at 8,200 BP, 5,000 BP and 4,200 BP (Fleitmann et al., 
2007; Preston and Parker, 2013) along with more stable arid periods, 
for example between 5,900 BP and 5,300 BP (Preston et al., 2015). 
Finally, studies based on lagoonal deposits from North and Eastern 
Oman by Lézine et al. (2017) and calcareous tufa from Dhofar by 
Cremaschi et al. (2015) suggested that the end of the Holocene 
Humid Period was characterized by the progressive weakening of 
the Indian Monsoon due to the southward migration of the ITZC 
rather than its sudden interruption, which can explain the spatial 
differences in the termination of the Holocene Humid Period. Arid 
conditions are observed in all Omani terrestrial records between 
4,200 BP and 3,500 BP (Jorgensen and al-Tikriti, 2002; Parker et al., 
2006; Cremaschi et al., 2015; Preston et al., 2015).

Northern Oman is currently dominated by arid conditions, with 
rainfall ranging from 250  mm/year in the Hajar Mountains to 
less than 50 mm/year in the Rub al’Khali desert. For the southern 
piedmont of the Hajar Mountains, an area both outside the influence 
of orographic rainfall and near to the lowlands of the Rub al’Khali 
basin, there is no data available on Late Pleistocene-Holocene 
climatic fluctuations and its local impacts on hydrosystems.

1.3. Fluvial archives as records of hydro-climatic 
fluctuations in Northern Oman

Blechschmidt et al. (2009) demonstrated that the Pleistocene 
alluvial fans of the southern piedmont of the Hajar Mountains, 
are correlated with climatic forcing because aggradation phases 
were recorded during humid periods (mainly during MIS 11, 
MIS 9 and MIS 7) and happened synchronously with speleothems 
growth (Blechschmidt et al., 2009; Fleitmann et al., 2007). In this 
region, fluvial archives offer the possibility to capture a wider range 
of changes in hydroclimate dynamics than speleothem records 
that required ~350 mm of annual precipitation to start growing 
(Fleitmann et al., 2011). For instance, in the western piedmont of 
the Hajar Mountains, Mueller et al. (2022) identified periods of 
fluvial activity during the MIS 4 and MIS 2, which are defined as 
arid periods. Fluvial aggradation phases linked to the Holocene 
Humid Period thus far have been documented in Northern Oman 
in only two studies (Fuchs and Buerkert 2008; Urban and Buerkert, 
2009). Nevertheless, the rhythms and factors that led to the 
formation of alluvial terraces remain poorly known, the timescale 
of the morphological adjustment of wadi-beds has been badly 
estimated and the (probably) asynchronous upstream-downstream 
reactions of hydrosystems to a change in water flow and sediment 
discharge are rarely connected with inherited alluvial landforms at 
a watershed-scale. 

1.4. Fluvial records and geoarchaeological implications 

Increased moisture within hydrosystems during pluvial periods 
allowed for the development of denser vegetation cover and favored 
the circulation/occupation of animals and humans in areas that are 
nowadays barren. These periods of “green Arabia” have been recently 
more deeply investigated due to the key role they seem to have 
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played in the circulation and settlement of the first people in Arabia 
(Petraglia et al., 2015; Petraglia et al., 2020). During the Pleistocene, 
major hydrosystems act as a humid axis or “green corridor” for 
hominin dispersal, including for movements of Homo sapiens out 
of Africa (Breeze et al., 2016). In contrast, hunter-gatherers were 
likely living in refugia along the coastline during arid periods (Rose 
et al., 2018). During the Early Bronze Age (~5,200 to 4,000 BP), 
archaeological site distribution is clearly organized along wadis and 
settlement or buildings such as the so-called “towers” can be even 
located on overbank areas (Beuzen-Waller et al., 2018; Desruelles et 
al., 2016; Kondo et al., 2014). During the Early Bronze Age, a portion 
of populations living in the Hajar Mountains, and its piedmonts 
developed a sedentary lifestyle associated with agricultural practices 
(Mery, 2013), however evidence of irrigation and agricultural 
practices remains limited and scattered (Charbonnier, 2014). From 
the Early Iron Age (3,250 to 2,250 cal. BP), there is clearer evidence 
for long-term settlements and agriculture in Central Oman (Yule, 
2014), along with irrigation practices (Purdue et al., 2019) supported 
by the discovery of the falaj technology (Cremaschi et al., 2018). 
The timing and impact of the aridification at the end of Holocene 
Humid Period on surface flow are key components in understanding 

the local environmental settings and potentialities surrounding 
archaeological sites and the history of water resources availability 
and management during protohistoric periods.

With this study, we aim to provide new data on fluvial records 
from northern Oman and contribute to the ongoing discussion 
on climate forcings and early population of Oman. We select as a 
study site the Wadi Dishshah, a small-scale hydrosystem, that offers 
appropriate archives to record local hydro-climatic evolution in the 
lower piedmont of the Hajar Mountains, thanks to its potential to be 
highly reactive to rainfall events.  

2. Geographical and Archaeological Context 

2.1. Geographical setting of the Wadi Dishshah 

The Hajar Mountains (or Oman Mountains) are located in the 
northern part of the Sultanate of Oman (fig.1A). The mountain 
chain is about 650 km long, 40 to 120 km wide, and reaches and 
elevation of 3,000 m in the Jebel Shams. The Salakh Arch is an 
anticlinal chain and the last mountainous fold before hundreds of 
kilometers of desert gravel and the Rub al’Khali basin in the lower 

Fig. 1 – Location of the Area of Study and the Wadi Dishshah.
A: Location of the area of study in Northern Oman B: The Salakh Arch chain and Sufrat Dishshah position; C: satellite image (source: Google Earth) of the Wadi Dishshah and 
section of study; D: Annotated picture of the studied section in Wadi Dishshah (see the geomorphological map for the landforms).

Fig. 1 – Localisation de la zone d’étude et du Wadi Dishshah.
A : Position de la zone d’étude dans le nord du Sultanat d’Oman ; B : La chaine de l’arche de Salakh et la localisation du Sufrat Dishshah ; C : Image satellite (source : Google Earth) 
du Wadi Dishshah et position du tronçon étudié ; D : Photographie commentée de la section étudiée dans le Wadi Dishshah (voir la carte géomorphologique pour les formations).
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part of the southern piedmont of the Hajar Mountains area. It is 
considered to be the southern-most range of the Hajar Mountains. 
The Wadi Dishshah is a small watercourse taking its source in one 
of the mesas (“sufrat” in Arabic) (fig.1B) surrounding the western 
side of Salakh Arch. The sufrats are made of Late Cretaceous marl 
(Fiqa Formation Kfq and Kfql), and structured with calcarenite 
and chert veins (Béchennec et al., 1992; Searle, 2019). The surface 
of the Sufrat Dishshah is around 400 m above sea level.

The Wadi Dishshah watershed (40 km2) can provide a high 
volume of sediments because of its very erodible lithology and 
the practically non-existent vegetation covering its steep slopes. 
We assume that its watershed might be reactive to rainfall events 
despite no evidence of flow being observed during fieldwork 
between 2013 and 2018. The studied section (fig.1C-D) is 2.2 km 
long and 5.5 km2 wide, located within the transition zone of the 
watercourse between the steep slopes of the mesa and the low-
land which consist on a marly ablation glacis incised by wadi 
stream. The Wadi Dishshah floodplain is currently dominated 
by vertical erosion, downcutting the marly bedrock via incision. 
Most of the pebbles are sub-rounded and coming from the chert 
veins crossing the Wadi Dishshah catchment, gravels furniture is 
coming from the calcarenite. In nearby Adam, the current climate 
is arid with mean annual precipitations of around 70  mm/year 
(climatic data provided by the data portal of the “National Center 
for Statistics and Information” - Sultanate of Oman (data from 
2004 to 2018)). This area, less affected by orographic rainfall rather 
than the central part of the Hajar Mountains, can be considered 
as representative of the lower piedmont environmental conditions 
more broadly. 

2.2. Archaeological data for the Salakh Arch and the 
Wadi Dishshah

More than 3000 archaeological sites have been discovered in 
the Salakh Arch area by the French Archaeological Mission 
in Central Oman project between 2007 and 2013 (Giraud et 
al., 2012; Gernez and Giraud, 2015; Giraud and Gernez, 2016). 
Archaeological sites range in date from the Paleolithic to the 
Islamic periods. Paleolithic sites (≥ 300,000 BP to ~8,000 BP) have 
been found exclusively in the Sufrat Dishshah area (Bonilauri 
et al., 2014; Beshkani et al., 2017) whereas Neolithic sites (from 
~ 8,000 to 5,150 BP) have been found around the Salakh Arch 
(Lemée et al., 2013).

During the Bronze Age, the spatial distribution of 
archaeological sites greatly evolves from the Early Bronze Age to 
the Middle Bronze Age (~5,150 to 3,550 B.P. / 3,200 to 1,600 B.C.) 
(Gernez and Giraud, 2015; Giraud and Gernez, 2016) indicating 
a potential reorganization of the occupation around areas where 
water resources were more easily reachable (Beuzen-Waller et al., 
2018). Archaeological sites from the Early Iron Age (~3,250 to 
2,250 B.P. / 1,300 to 300 B.C.) are better spread over the Salakh 
Arch area, over several locations (Beuzen-Waller et al., 2018). 
This ‘continuity’ in the occupation/reoccupation of the Salakh 
Arch area is particularly interesting and allows for a long-term 
observation of settlement strategies, which seem to be clearly 
guided by the availability and the reachability of water resources. 

3. Material and methods 

3.1. Aerial survey and topographic data 

The Wadi Dishshah area has never been surveyed before, 
therefore the only available geographic data was provided by 
Google Earth satellite imagery and ASTER GDEM (Advanced 
Spaceborne Thermal Emission and Ref lection Radiometer 
Global Digital Elevation Model) altimetry data. The ASTER 
GDEM data was not accurate enough to highlight the low 
topographical variations (fig. 2A) and does not help with the 
identification of distinct alluvial terrace levels. To overcome 
this, aerial topographic surveys were conducted using eBee 
models drone (fig. 2C). Four f lights of 45  min were made to 
cover an area of 5.81  km2. 1,637 pictures have been processed 
using the PostFlight Terra 3D software. Processing consisted 
of three phases. First, an aerotriangulation phase, followed by 
a densification phase (and finally the production of a Digital 
Elevation Model (fig. 2B) and an image (orthophotography) in 
the GeoTIFF format (fig.  2D).  The mean 3D resolution of the 
obtained DEM is 3.14  cm. Georeferencing is based on geotags 
from source pictures (UTM WGS 84 40 N), with an accuracy of 
50 cm to 1 m for XY data and 1.5 m for Z data. The DEM and 
the orthophotography are used to identify and delineate several 
topographic levels related to alluvial terraces or a palaeochannel 
imprint. The DEM was also used to produce topographic profiles 
with ArcGIS (surface analysis tool).

3.2. Geomorphological mapping

Fieldwork operations complemented the data obtained using 
the DEM and the orthophotography and enabled us to precisely 
map the alluvial formations along the Wadi Dishshah. Fieldwork 
was spread out over three 10-day operations between 2014 and 
2016. Mapping was first undertaken within the frame of a GIS 
(ArcGIS software) and the final layout produced via image 
software (Adobe©). This map focuses on alluvial sheets, cut into 
three terrace levels, called TA, TB and TC (ranked by size and 
age) and on ablation glacis units: G is used to denominate the 
main glacis and GE to indicate several f lat glacis units (fig. 3).  

3.3. Section studies: morphostratigraphy and 
malacological Analyses

The map of the Wadi Dishshah alluvial formations leads to 
the identification of several representative sections (TA-1; TB- 
1; TB-2; TB-3; TC-1) (fig. 3-4). Each section was first cleaned 
and rectified. Individual sedimentary unit were recorded and 
documented with a SU number; the sedimentary texture was 
described during the fieldwork. Fluvial deposits’ architectural 
information was summarized in detailed sketches. The 
malacological remains studied comes from the TB-1 section, 
which was the only section to present many mollusks, where 6 
litres of sediment were sampled from each SU. The sediment 
was sieved through a 2 mm mesh, allowing for the retrieval of 
many shells. The species have been identified according to the 
literature (Neubert, 1998), with a distinction between adults and 
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juveniles. The malacological study is qualitative because we have 
less than 300 individuals per unit. 

3.4. Chronology: OSL, radiocarbon and relative age-
dating

Absolute chronology relies on both OSL (Optically Stimulated 
Luminescence) and radiocarbon dating. OSL samples were 
studied in the Geoluminescence Dating Research Laboratory 
(Baylor University, Waco, Texas) (tab. 1). Quartz fractions were 
analyzed under blue-light excitation (470 ± 20  nm) with single 
aliquot regeneration protocols (Murray and Wintle, 2003). The 
central age model of Galbraith et al. (1999) was used to calculate 
the equivalent dose with overdispersion values ≤ 20% (one 
sigma error); the sample with the highest overdispersion values 
was analyzed using a “Finite Mixture Model” (Galbraith and 
Green, 1990). Two samples of charcoal remain from the section 
TB-3 were hand-collected and were sent to the Beta Analytics 
laboratory for radiocarbon dating (tab. 1). Conventional ages 
were recalibrated by the authors using the Calib  7.0 softwareÓ 
(Stuiver and Reimer, 1993) and the “IntCal20 Calibration Curve” 
(Reimer et al., 2020) and presented with a 2-sigma error. Median 
and calibrated age for OSL age-dating was calculated with 
ChronoModelÓ version 2.0 (Lanos and Dufresne, 2019) (tab. 1). 
In the text, age-dating are presented with median cal. BP results 

that have been rounded to the nearest hundred, intervals and 
conventional ages are visible in Table 1. Relative age-dating using 
surface archaeological artefacts has been used with the glacis 
formation. 

4. Results 

4.1. Malacological study

In the assemblage of malacological remains, 1,133 specimens 
were identified (631 adults and 502 juveniles) (fig. 6).  Because 
the Arabian Peninsula is one of the driest areas in the world, 
only few species of snails can survive without water with an 
aerial breathing system during a short period (Neubert, 1998). 
Therefore, the assemblage was composed of only two species:  
Zootecus insularis (Ehrenberg, 1831), and Pupoides coenopictus 
(Hutton, 1834). Both belong to the holo-Saharo-Sindian group. 
They are often found together within assemblages (Amr and 
Al-Shammari, 2013; Neubert, 1998; Pietsch et al., 2010; Pietsch 
& Kühn, 2012; Purdue et al., 2021). The snail Z. insularis is 
quite ubiquitous, robust and survives short drought periods 
thanks to aerial breathing. Z. insularis can be found in moister 
environments within shaded (Al-Khayat, 2010) or mangrove 
contexts (Khanam et al., 2020), while P.coenopictus can occur 
in riverbank or lacustrine contexts (Matter et al., 2015; Radies 

Fig. 2 – Available DEM and Aerial Survey 
Realized in the Wadi Dishshah.
A: ASTER GDEM raster data available for the Sufrat 
Dishshah; B: DEM obtained with the aerial survey; 
C: Julien Guery from Captair company preparing 
eBee drone before a flight; D: Orthophoto of the 
Wadi Dishshah covering the DEM data.

Fig. 2 – Modèle Numérique d’Elevation 
(MNE) disponible et prospection aérienne 
réalisée dans le Wadi Dishshah.
A : Données ASTER GDEM disponibles pour le 
secteur du Sufrat Dishshah ; B : MNE obtenu à l’issue 
de la prospection aérienne ; C : Julien Guery de la 
compagnie Captair préparant un drone Ebee avant 
un vol ; D : Orthophotographie du Wadi Dishshah 
drapée sur le MNE.
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et al., 2005). In TB-1, juveniles of both species have been 
identified (P. coenopictus: 809 NISP, 505 adults, 304 juveniles; 
Z. insularis: 324 NISP, 126 adults, 198 juveniles), meaning that 
the environment was suitable for the reproduction of mature 
specimens, egg-laying and the birth of juveniles. Z. insularis are 

most abundant at the base of the section and decreased quickly, 
while P. coenopictus increased in abundance from SU 4 with its 
highest representation in SU 10 and SU 11. For both species, 
high occurrences occurred in UF 4 and 10. At the end of the 
occupation, both species declined in abundance. 

Fig. 3 – Geomorphological map, cross-sections, and position of the studied section.
A: Geomorphological map of the Wadi Dishshah focused on alluvial formations and glacis, location of studied sections and transect; B: Transect A-B; C: Transect C-D; D: Transect 
E-D.

Fig. 3 – Carte géomorphologique, transects et localisation des coupes étudiées.
A : Carte géomorphologique centrée sur les formations alluviales et les glacis, transect et position des coupes étudiées ; B : Transect A-B ; C : Transect C-D ; D : Transect E-D. 
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4.2. Geomorphological landforms along the Wadi 
Dishshah 

4.2.1. Organization of the geomorphological units 

Two states of glacis (G = uneroded glacis and GE = eroded glacis) 
and three fluvial terraces (TA, TB and TC) were identified (fig. 3A). 
In the upstream part of the studied section, the G unit dominates. G 
is a marlish glacis ~8 m above wadi-bed level, with various flat stairs 
(GE), shaped when the floodplain was cut down (fig. 3B). GE units 
are covered with a thin pavement of heterometric gravel. Alluvial 
accumulations are more visible in the middle and the downstream 
parts of the studied area, they are organized into three generations 
of alluvial sheets, incised within three fluvial terrace levels. The 
highest fluvial terrace (TA) is mainly visible in the downstream 
part of the section. It has been studied with the TA-1 section, 
which is located four meters above wadi-bed level. This alluvial 
accumulation (3 meters thick) covers marl bedrock that has been 
down cut one meter deep. TB is the intermediate fluvial terrace; the 
average height of sections (TB-1; TB-2 and TB-3) is around 2.5 m 
above wadi-bed level. This unit, well developed in the central part 
of the studied area, also covers the marl bedrock along C-D and E-F 
transect analysis (fig.  3C-D). The last fluvial terrace is the lowest one 
(TC), standing 1.5 m above wadi-bed level. It is well developed at 
the confluence located in the upstream part of the section (fig. 3D). 
The TC unit is also built on marl or is locally embedded into TB 
(fig. 3C-D).

4.2.2. Morphostratigraphy 

The alluvial accumulation of the TA level visible on the TA-1 
section (fig. 4A) is 2.5 m thick. The stratigraphic organization of 
the unit reveals an aggradation depositional system dominated 
by braided channels and carrying high-caliber sedimentary loads 
(pebbles, gravels, coarse sands) at the base of the section and finer 
sandy/gravel slack water flood sediments at the top of the section. 
Cross-stratified beds of pebbles/block units (maximum grain-size 

15 cm) are visible at the base of the section. These high-discharge 
units are punctually separated by gypsum crusts. The second stage 
of the section includes finer sediments. Planar coarse sand units are 
visible as well as channel fills with gravel. 

The alluvial accumulation of the TB level has been studied in three 
sections: TB-1, a natural section excavated by a gully (fig. 4B); TB-2, a 
section in the meander (fig. 5B) and TB-3, located on a natural bank 
presenting a palaeochannel (fig. 5D). The thickness of the alluvial 
accumulation is around 2.5–3 meters. The base of TB-1 (SU 1-SU 3) 
is characterized by poorly rounded, tight and heterometric debris 
or pebbles (max caliber 10 cm), organized in oblique planar beds. 
From SU 3 to SU 18, horizontal fine laminations, ranging from 
sand to silt, are visible. SU 4 and SU 15 are darker units (fig. 4B-C) 
presenting numerous snails and bioturbation and might refer to an 
ancient soil. 

The TB-2 section is included in a large lateral accretion macroform 
(fig. 5A) related to the depositional lobe of the meander. Several 
cross-bedding stratifications are bending to the north. Facies visible 
in TB-2 are heterogeneous (fig. 5B). At the base, it includes gravel 
beds covered by medium-to-coarse sand units (from SU 1 to SU 8). 
Finer, greyish settling deposits (SU  10) are covered by evaporites 
(gypsum crust). Carbonate concretions are visible in SU 12. The end 
of the section is covered by aeolian sand deposits (cross-stratified 
sorted fine-medium sands).

The base of TB-3 (from SU 1 to SU 11) presents similar facies to 
the base of TB-1 and is also built directly on marl. This suggests an 
extended high-energy sheet at the base of all the TB terrace level. 
Still in TB-3, laminated coarse units (from classified gravel to coarse 
sand) suggest several flooding episodes (from SU 2 to SU 11). One 
palaeochannel is visible in the TB-3 section between SU  12 and 
SU 44. The sedimentary structures are mostly laminar but do not 
extend much and are organized in many small units, alternating 
between coarse and silty sands. 

The alluvial accumulation of the TC level (fig. 5C) is mainly 
composed of heterometric blocks (up to 15 cm caliber) and clast-
supported gravel deposits. Sediments are unsorted, and sandy units 
are very scarce. 

Tab. 1 – Age-dating obtained in this study.
Tab. 1 : Datations obtenues dans cette étude. 
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4.3. Chronology 

The erosion of GE has been dated relatively using Palaeolithic 
artefacts found on the surface of the Sufrat Dishshah glacis during 
previous archaeological surveys (Bonilauri et al., 2014). The density 
of artefacts is smaller on the eroded part of the glacis (GE), which 
might indicate that the surface has been scraped by floods. The 
typo-technological traits of the artefacts found on G are related to 
Middle and Upper-Late Palaeolithic assemblages (Bonilauri et al., 
2014), the terminus ante quem provided by the artefacts can extend 
until as recently as 7,000 BP (Rose et al., 2018). 

The bottom of TA-1 dates to 26,550 ± 1,270 years (26,487 cal BP: 
median cal. BP age calculated with ChronoModel, rounded age 
26,500 cal. BP, intervals are visible in Table 1). The top dates to 

11,390 ± 1,270 years (11,387 cal. BP, rounded age 11,300 cal. BP) 
(tab. 1, fig. 4A). The base of TB-1 (SU 3) is dated to 6,225 ± 465 
years (6,610 cal. BP, rounded age 6,200 BP) and the upper part of 
the section (SU  18) to 5,875 ± 415 years (5,810 cal. BP, rounded 
age 5,800 cal. BP) (tab. 1, fig. 4B). SU  9 of the TB-2 section has 
been dated by OSL to 5,560 ± 420 years (5,495 cal. BP, rounded 
age 5,500 cal. BP). In TB3, the base of the section dates to around 
6,605 ± 665  years (6,539 cal. BP, rounded age 6,500 cal. BP). In 
the paleochannel, the finding of charcoal allows for dating SU 20 
via radiocarbon: 5,040 ± 30 BP (5,821cal. BP, rounded age 5,800) 
and SU 37 at the top of the section: 4,970 ± 30 BP (5,684 cal. BP, 
rounded age 5,700 cal. BP) (tab. 1, fig. 5D). Finally, only one age-
dating (OSL) is available for TC: 2,620 ± 210 years (2,768 cal. BP, 
rounded age 2,800 cal. BP) (tab. 1, fig. 5C).

Fig. 4 – Sketches and pictures of sections TA-1 and TB-1.
A: Section of the section TA-1 and position of the samples; B Section TB-1 and position of the samples; C: Picture of TB-1. Legend is common for both sections.

Fig. 4 – Schéma et photos des coupes TA-1 et TB-1.
A : Schéma de la coupe TA-1 et position des échantillons ; B : schéma de la coupe TB-1 et position des échantillons ; C : photo de TB-1.
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Fig. 5 – Sketches and pictures of sections TB-2, TB-3 and TC-1.
A: Panoramic picture (towards south) of the meander and position of theTB-2-section; B: Sketch of the TB-2 section and sample location; C: Sketch of the TC-1 section and sample 
location; D: Sketch of the TB-3 section and samples location. Legend is common for both sections.

Fig. 5 – Schéma et photos des coupes TB-2, TB-3 et TC-1.
A : Photo panoramique (vers le sud) du méandre et position de la coupe TB-2 ; B : Schéma de la colonne étudiée TB-2 et position des échantillons ; C : Schéma de la colonne étudiée 
TC-1 et position des échantillons ; D : Schéma de la coupe TB-3 et position des échantillons. 
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5. Discussion 

5.1. Evolution of the Wadi Dishshah over the last 26,000 
years and regional comparison 

The study of the Wadi Dishshah section suggests that three phases 
of aggradation and three phases of incision have taken place since 
26,000 BP and led to the development of fluvial terraces (fig. 7). 

5.1.1. Incision of G and base of TA’s aggradation around 
26,500 cal. BP 

The incision of G in several levels (GE) happened progressively 
during the downcutting phase of the Wadi Dishshah. The data 
is not sufficient to conclusively connect the incision process to 
climatic or tectonic forcing. Artifacts found on the GE surface 
suggest that it became stable around 7,000 BP (fig. 7A). 

TA’s aggradation started around 26,500 cal. BP during the MIS 2, 
which is considered to be an arid period (Parker, 2009; Parton 
et al., 2015). Salt crust visible at the base of section TA-1 may 
indicate extended drought periods. Considering the geometry and 
orientation of the pebbles/gravel sheets, this deposit is interpreted 
as a gravel-bed braiding river with several gravel bars due to 
high-energy streams fueled by intense rainfall. Lateral inputs of 
sediments coming from the rocky slopes might have increased 
the solid load. Mueller et al. (2022) also identified fluvial activity 
during the MIS 2, between 20,000 – 17,000 BP, but characterized 
by low energy channel flow rather than high energy deposits. 

The top layer of TA-1 is dated around 11,300 cal. BP at +3.60 m 
from wadi-bed level (fig. 7B). This date fits with the beginning 
of the Holocene Humid Period. The thinner bed-load sheets are 
probably related to less turbulent flow.

5.1.2. Incision and downstream evacuation of alluvium 
between 11,300 and 6,500 cal. BP

The incision of the TA alluvial sheet happened between 11,300 
cal. BP (top of TA-1) and 6,500 cal. BP (base of TB-3), during 
the Holocene Humid Period (fig. 7C). The Holocene deposits 
at the top of TA-1 indicate that cutting started at the transition 

between arid and humid conditions. In this section of Wadi 
Dishshah, downcutting of the valley might have coincided with 
flows reactivation during the Holocene Humid Period and the 
capacity of rivers to remobilise solid loads previously deposited 
by a decelerating and overloaded wadi. The chronological hiatus 
between the top of TA and TB falls precisely during the maxima of 
the Holocene Humid Period identified in speleothems (Fleitmann 
et al., 2007), tufas (Clark and Fontes, 1989), lacustrine deposits 
(Parker et al., 2006; Preston et al., 2015) and pollen (Lézine, 2009; 
Lézine et al., 2017) (fig. 8). It is therefore highly probable that during 
the Holocene Humid Period’s fluvial maxima, the Wadi Dishshah 
watershed was wider, with the erosion/transfer zone covering 
the studied area and the depositional zone located downstream. 
This hypothesis would explain the absence of alluvial aggradation 
resulting from the Mid-Holocene Humid Period in this section of 
the Wadi Dishshah and the erosion of the marl bedrock on which 
TB has developed.  

5.1.3. From 6,500 to 5,800 cal. BP, a migrated floodplain 
with green distal area

The base of the TB-3 (6,500 cal. BP) and TB-1 (6,200 cal. BP) 
sections suggests an extended floodplain (fig. 7D), where braided 
and dynamic channels extended over the area currently covered by 
TB (fig. 4-5). Starting at 6,200 cal. BP (SU 3 TB-1), TB-1 presents 
overbanks deposits suggesting that part of the plain started to 
be disconnected with the braided channels and was only fueled 
by low-energy overflows. We propose that the minor-bed started 
to migrate northwards at this period (fig. 7E). The malacological 
remains (fig. 6) indicate wadi banks with green cover and shaded 
conditions. Optimal conditions were present by the time SU 11 
was deposited (distal floodplain “wetland”? More shadow?), when 
juveniles of both species were strongly represented. Palaeosols in 
SU 4 and SU 11 are probably contemporaneous with these periods 
(fig. 4). At the end of the section, around 5,800 cal. BP, both species 
declined in abundance, which may imply worsening climatic 
conditions for them. TB’s main phase of aggradation occurred 
during this period, suggesting a progressive upstream migration 
of the depositional zone of the wadi at the end of the Holocene 
Humid Period.

Fig. 6 – Malacological assemblage of TB-1.
A: Faunal spectrum of TB-1, distribution of snails per taxa and 
sedimentary facies (both adult and juveniles’ specimen); B: 
Pictures of the two identified species (Pupoides coenopictus and 
Zootecus insularis).

Fig. 6 – Assemblage malacologique de TB-1.
A : Spectre faunique de TB-1, répartition des mollusques par 
espèces et par facies sédimentaires (individus adultes et juvéniles 
ensemble)  ; B  : Photos des deux espèces identifiées (Pupoides 
coenopictus and Zootecus insularis).
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5.1.4. From 5,800 to 5,500 cal. BP, incision and infilling of 
smaller secondary channels

The incision of the alluvial sheet TB by smaller secondary 
channels (fig. 7F) finding their path to join the floodplain might 
have happened before 5,800 cal. BP (base of TB-3 palaeochannel in 
Figure 5), as incision is visible in the palaeochannels in TB-3. The 
TB-3 palaeochannel was probably filled in between 5,800 cal. BP 
and 5,700 cal. BP. The infilling is picturing a small, braided channel, 
littered with several sandy bars and small muddy waterholes. The 
top of TB is covered by aeolian deposits, which rose to dominance 

afterwards. The formation of the paleochannel is potentially related 
to the northward migration and narrowing of the Wadi Dishshah 
floodplain, a slowdown in flow dynamics probably itself associated 
with decreasing rainfall. The lateral accretional deposits of a lobe 
meander’s construction in Wadi Dishshah (TB-2) (fig. 3, 5) are 
dated at around 5,500 cal. BP. The numerous salt crusts visible in 
TB-2 might suggest long-term exposure during extended drought 
periods. 

The infilling of secondary channels and the accretionary deposits 
associated with channel shifting are the last records for the 
Holocene Humid Period and the first Holocene hydro-climatic data 

Fig. 7 – Schematic evolution of the Wadi Dishshah since the late Pleistocene (source of the background: Google Earth satellite imagery).
Fig. 7 – Evolution schématique du Wadi Dishshah depuis le Pléistocène supérieur (source du fond de carte : imagerie Google Earth).
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for the southern part of the Hajar Mountains. This fits with other 
hydro-climatic data obtained in different parts of the Northwestern 
Hajar Mountains. Preston et al. (2012) (Awafi lake, UAE) showed 
that arid conditions started to manifest around 5,900 cal. BP. 
Organic materials can still be found in lake sediments until 5,500 
cal. BP. However, sediments are found to be completely aeolian in 
origin at around 5,000 cal. BP. In Wahalah lake (UAE), four meters 
of aeolian deposits clogged the lake sometime between 5,900 and 
5,200 cal. BP (Parker et al., 2016). The onset of arid conditions has 
been traced to around 5,000 cal. BP in the northern lagoon (Sur, 
coastal piedmont of the Hajar Mountains, Oman) by Lézine et al. 
(2017) (fig. 8). Compared to the coastal piedmont, we can clearly see 
an earlier onset of arid conditions in these southern arid margins of 
the Hajar Mountains. 

5.1.5. Around 2,800 cal. BP: TC aggradation and a short 
pluvial phase? 

TB’s downcutting happened sometime between 5,500 cal. BP and 
2,800 cal. BP, likely after arid conditions began to develop (fig. 7I). 
This is a phase of major vertical erosion, around three meters in depth 
(fig. 3C-D). TC accumulation happened around 2,800 cal.BP turned 
out to be a surprising source of information because of the high 
caliber of the bedload present over 1.50 m of accumulation (fig. 7J). 
This material hints at intense rainfalls. It is difficult to evaluate 
whether TC’s alluvial deposits are the result of one or several series 
of strong, short-term precipitation events or a more pronounced 
pluvial episode because there is only one age estimation available. 
This detritism cannot be the result of anthropogenic forcing, such 
as land clearing or wood exploitation, because the Sufrat Dishshah 
was not occupied during the Bronze Age and the Iron Age. However, 
fluvial activities characterized by detritism have been identified in 
other parts of south-eastern Arabia at the same period. In the oasis 
of Masafi (north-western Hajar Mountains, UAE), flow dynamics 
have been observed between 3,200 and 1,800 BP, with an important 
phase of detristism between 2,300 and 1,800 BP (Purdue et al., 2019). 
At Rustaq (northern piedmont of the Hajar Mountains, Oman), 
runoff activity linked to agricultural practices during the Early Iron 
Age has been observed at around 2,300 BP (Purdue et al., 2021). In 
the Hadramawt Basin (Yemen), Berger et al. (2012) identified a late 
aggradation in the Wadi Masila fluvial archives between 2,769–2,383 
cal. BP and 2,347–2,151 cal. BP (fig. 8). Lezine et al. (2017) found traces 
of Rhizophora mangrove trees dating back to sometime between 
2,500 and 2,000 cal. BP in pollen records from the Rwar al Jaramah 
lagoon (Oman). Similar remains were found in Filim lagoon (Oman), 
dating back to sometime between 3,000 and 2,000 cal. BP. The TC 
aggradation was therefore probably caused by a regional climatic 
fluctuation, such as a temporary increasing of intense pluvial events, 
such as storm or cyclone.

5.2. Inputs for fluvial terrace studies in Northern Oman 

This study constitutes the first Holocene fluvial records in an 
undisturbed environment for the southern area of the Hajar 
Mountains piedmont. Looking at the cessation of speleothem growth 
in the inner Hajar Mountains at about 6,300–5,200 BP (Fleitmann et 
al., 2003), which likely happened when average annual rainfall drops 

lower than 300–350 mm around Hoti Cave (Fleitmann and Matter, 
2009), we observed that the Wadi Dishshah reacts within a similar 
timeframe, but with a gradual adjustment. This demonstrates the 
relevance of fluvial records for the acquisition of local hydro-climatic 
data in Oman. It provides an interesting hydro-climatic picture 
of the Hajar Mountains’ arid margins as well as new data on how 
hydrosystems react at the end of the Holocene Humid Period. In the 
Salakh Arch area, regular water flow along with denser vegetation 
cover might have continued until 5,800 cal. BP. A progressive 
upstream migration of the depositional zone of the wadi started 
around the same period until 5,500 cal. BP. 

The role of Late Pleistocene/Holocene tectonic uplifting into the 
downcutting phase of the valley floor and the staircase organization 
of the fluvial terraces has also been considered, but little data exists 
for Quaternary upliftings in Northern Oman since the Last Glacial 
Maximum, apart from Moraetis et al. (2018), who examine the eastern 
coastal piedmont and suggest an uplifting rate between 4 mm/yr and 
1 mm/yr. Based on our available age-dating and the incision depth 
per generation of alluvial forms in the Wadi Dishshah, we calculated 
an incision rate of about 0.6 to 1.0 mm/year. The Wadi Dishshah is 
quite far from Moraetis et al. (2018) study areas and we currently 
have too few dates and data available from our study to consider this 
possibility in detail here. But it seems unreasonable to completely 
exclude the influence of tectonic forcing on the downcutting of the 
valley floors in the Salakh Arch area. 

For now, it is also complicated to evaluate the upstream-downstream 
variability of erosional/aggradation processes along Wadi Dishshah 
catchment. Additional fluvial studies in the Wadi Dishshah might 
provide more information on this poorly understood parameter and 
to allow us to better appreciate the upstream–downstream reactions 
of this hydrosystem.  

5.3. Inputs for geoarchaeology in the Salakh Arch area 

In the Salakh Arch area, the distribution of archaeological sites 
changes considerably from the prehistoric to the protohistoric 
periods and seems to be closely linked to the localisation and 
reachability of water resources (Beuzen-Waller et al., 2018). Artefacts 
from the Upper and Late Palaeolithic (from ~30,000 to 8,000 BP) 
have been found exclusively in the Sufrat Dishshah area (Bonilauri 
et al., 2014). For the Pleistocene, the single date obtained during our 
study does not allow any conclusions. For the Early/Mid Holocene, we 
propose that the sufrat area benefited from wetter conditions, but the 
fluvial archives related to this period are likely located downstream 
the section studied in this paper. For the Neolithic Period (~8,000 
to 5,150 cal. BP), fluvial archives reveal more regular flow and 
extended floodplain in the Wadi Dishshah. These conditions enable 
occupations of areas that are today dry and barren, like the Jebel 
al’Aluya (Lemée et al., 2013). The drying up of the Wadi Dishshah 
is not exactly synchronous with the reorganization of archaeological 
sites. Indeed, surface flows are visibly reduced around 5,500 cal. BP in 
the Wadi Dishshah but the archaeological site distribution indicates a 
concentration on hydrologically-favoured areas (e.g. gap outlets of the 
Salakh Arch, see maps in Beuzen-Waller et al., 2018) during the Umm 
an-Nar period (4,650 to 3,950 cal. BP), and especially the Wadi-Suq 
Period (3,950 to 3,550 cal. BP). Some hypotheses are suggested here to 
explain this phenomenon: first, in this part of the piedmont, the 
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strategy for settlement patterns relies more on shallow groundwater 
than on surface flows; second, the hydrosystems originating in the 
Hajar Mountains and flowing into the gaps were impacted by aridity 
later than the Wadi Dishshah; third, the fluvial records provide 
early information on the impact of aridity on hydrosystems, but the 
resulting constraints on the environment and the necessary adaptation 
of impacted human groups only appear after a certain delay. It is also 
possible that Bronze Age inhabitants of this remote area of the Hajar 
Mountains piedmont were mobile small-scale societies, as presented 
by Balbo et al. (2016), characterized by long-term socio-ecological 
resilience and rapid adaptive responses. Finally, the potential pluvial 

phase identified in TC at 2,800 cal. BP is synchronous with the 
spring’s activity at the Early Iron Age site of Mudhmar East, dated 
with tufa deposits to around 2,730–2460 cal. BP (Jean et al., 2021), 
allowing us to consider more humid conditions during the Early Iron 
Age, at least in the Salakh Arch area. 

6. Conclusion  

The study of the fluvial history of the Wadi Dishshah provides the 
first Holocene alluvial records for the southern Hajar Mountains 
piedmont. This continental record captured hydro-climatic 

Fig. 8 – Aggradation phases in the Wadi Dishshah and other hydro-climatic data from Oman, United Arab Emirates and Saudi Arabia.
Fig. 8 – Phases d’aggradation dans le Wadi Dishshah et autres données hydro-climatiques obtenues à Oman, aux Emirats arabes unis et en Arabie 
Saoudite.
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information for a proximal part of the piedmont, located in a 
small watershed (Sufrat Dishshah) not under the influence of the 
mountainous semi-arid climate. Three main phases of aggradation 
and three phases of downcutting have been observed. The first phase 
of aggradation occurred between 26,500 cal. BP and 11,300 cal. BP 
and has been attested to several phases of alluvial accumulation 
between the MIS 2 and the beginning of the Holocene Humid Period, 
so likely during an arid period. 

The second phase of alluvial aggradation occurred towards the 
end of the Holocene Humid Period, between 6,200 cal. BP and 5,500 
cal. BP. This data contributed to the ongoing discussion about the 
various proposed dates for the end of the Holocene Pluvial Period and 
highlighted the considerable potential of fluvial archives to address 
current gaps in understanding late quaternary climatic fluctuations 
and its local impact on specific environment. Cross-referencing 
hydro-climatic data of the Wadi Dishshah with the distribution of 
the archaeological sites from the Early and Middle Bronze Age in 
the Salakh Arch area reveals a late reorganization of sites after arid 
conditions began impacting surface flows, suggesting a delay either 
in the adaptative strategy of societies and/or in the environmental 
response to aridification. 

A late torrential aggradation phase occurred around 2,800 cal. BP 
(during the Early Iron Age) while arid climate is already established. 
The downcutting phases have been correlated more with rainfall 
variability (fluvial dynamics and transport capacity) than with 
tectonic factors which are still poorly understood during the late 
Quaternary in this region. The aggradation phases are not clearly 
linked with humid periods identified in the speleothems, the study 
of the downstream part of Wadi Dishshah would help to better 
understand the possible asynchronous upstream-downstream 
reactions of the hydrosystem throughout its watershed.
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Version Française Abrégée 

Au Sultanat d’Oman, les fluctuations climatiques quaternaires 
sont caractérisées par une alternance entre périodes humides et 
arides. La variabilité pluviométrique quaternaire est principalement 
contrôlée par la migration vers le nord de la Zone de Convergence 
Inter-Tropicale (ZCIT) et de la limite des moussons (Fleitmann 
et al., 2007). Durant les périodes humides du Pléistocène et 
de l’Holocène (Optimum climatique de l’Holocène : ~10 500 
à 6  000  BP), les écoulements de surface sont plus réguliers, les 
points d’eau permanents plus nombreux, le couvert végétal mieux 
développé et les conditions arides qui prédominent actuellement 
au Sultanat d’Oman sont moins contraignantes. Ce sont donc des 
périodes favorables pour les chasseurs-cueilleurs du Paléolithique ; 
à l’Holocène, pour les groupes humains du Néolithique et 
éventuellement ceux de l’âge du Bronze ancien, période à laquelle 
la question de la gestion de la ressource en eau dans un contexte 
d’aridification croissante est régulièrement posée. Au Sultanat 
d’Oman, les formations alluviales sont encore peu étudiées malgré 
leur intérêt pour la reconstitution des réponses locales des hydro-
systèmes aux fluctuations climatiques régionales. L’étude la plus 
aboutie est celle de Blechschmidt et al. (2009), ils démontrent que 
le forçage climatique prédomine dans la formation des terrasses 
alluviales au Pléistocène, que les périodes d’accumulation alluviale 
coïncident avec des périodes humides et les périodes d’incision avec 
des périodes arides. Dans cet article, nous étudions les formations 
alluviales héritées d’un petit wadi secondaire localisé à la marge du 

piémont sud du Jebel Hajar, dans le secteur de l’arche de Salekh : 
le Wadi Dishshah (fig. 1).  Au nord du Sultanat d’Oman, cette 
étude est la première recherche publiée uniquement dédiée aux 
formations alluviales de la fin du Pléistocène et de l’Holocène. La 
cartographie précise d’un tronçon du Wadi Dishshah (fig. 3), l’étude 
morphostratigraphique de six coupes (fig. 4-6), leurs datations par 
radiocarbone ou OSL (tab. 1) et une étude malacologique ponctuelle 
(fig. 7) sont présentés. Cette étude a permis d’identifier trois 
générations de dépôts alluviaux, les accumulations de la première 
génération sont datées entre 26 500 cal. BP et 11 300 cal. BP, les 
dépôts de la deuxième génération entre 6 200 cal. BP et 5 500 cal. 
BP et une dernière phase d’accumulation est datée aux alentours de 
2 800 cal. BP. Chaque génération a été incisée par des écoulements 
postérieurs qui ont taillé trois niveaux de terrasses (de la plus 
ancienne à la plus récente: T1, T2 et T3). La première génération 
de dépôts alluviaux (26 500 à 11 300 cal. BP) est surprenante car 
elle se situe durant une période classiquement considérée comme 
aride, mais elle coïncide une autre phase d’accumulation alluviale 
identifiée récemment aux Emirats arabes unis (Mueller et al., 2022). 
La deuxième génération de dépôts alluviaux se situe à la fin de la 
période humide de l’Optimum climatique de l’Holocène. L’étude 
géomorphologique, morphostratigraphique et malacologique a 
permis de reconstituer l’ajustement progressif du Wadi Dishshah 
et de son environnement proche à la réduction de la pluviométrie. 
Entre 6 500 cal. BP et 6 200 cal. BP, la plaine d’inondation du 
Wadi Dishshah est étendue. Jusqu’à 5 800 cal. BP, la partie 
distale de la plaine d’inondation est végétalisée et suffisamment 
humide pour permettre le développement de Zootecus insularis et 
Pupoides coenopictus. Entre 5 800 cal. BP et 5 500 cal. BP, le Wadi 
Dishshah migre vers le nord et la plaine d’inondation rétrécit ; la 
nappe alluviale TB est incisée par quelques paléochenaux qui sont 
colmatés à la fin de cette période. Cette étude démontre une réaction 
graduelle des hydro-systèmes à la réduction des précipitations à la 
fin de l’Optimum climatique de l’Holocène (fig. 8), datée dans cette 
partie du piémont du Jebel Hajar de la fin du Néolithique. Le dernier 
niveau d’accumulation (T3) présente 1,50 m de dépôts torrentiels. La 
seule date disponible indique une mise en place des dépôts vers de 
2 800 cal. BP, soit durant l’âge du Fer. Des études géoarchéologiques 
récentes menées dans le secteur de l’arche de Salekh démontre le 
fonctionnement de sources, aujourd’hui taries, également à l’âge du 
Fer vers 2 730 à 2 460 cal. BP (Jean et al., 2021). D’autres études 
menées au Yémen et aux Emirats arabes unis (Berger et al., 2012 ; 
Purdue et al., 2019) indiquent une phase d’accumulation alluviale 
entre 2 800 et 2 200 BP, ce qui nous amène à nous interroger sur 
l’existence d’un possible épisode humide régional à l’âge du Fer. 
L’implication du facteur tectonique dans la formation des terrasses 
du Wadi Dishshah est également évoqué mais nos résultats et les 
données disponibles pour les taux de soulèvement au Quaternaire 
(Moraetis et al., 2018) ne permettent pas de pleinement évaluer 
l’influence de ce facteur. 
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