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ABSTRACT
We present the results of the geomorphological mapping of a region of the Dhofar (Sultanate of
Oman) including two contrasting physiographic units sharing a common drainage system into
the Arabian Sea: the Jebel Qara limestone massif and the coastal plain of Salalah. Neogene to
Quaternary tectonic activity controlled the formation of an extensive system of faults and
caused the uplift of the Jebel Qara, forming structural escarpments. The massif underwent
karstification and subsequent linear erosion. Today the Jebel is cut by a dendritic net of dry
valleys, occasionally dammed by calcareous tufa dams. The transition between the southern
escarpment of the Jebel and the plain below displays flat alluvial fans, bordered by a strip of
beachrock, coastal dunes, and coastal lagoons, located in correspondence to estuaries.
Dramatic soil erosion is evident, linked to intense human-triggered zoogeomorphological
processes started in the Mid-Late Holocene after the introduction of pastoral land-use.
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1. Introduction

The landscape of Earth’s deserts is generally inherited
from a variety of geomorphological processes acting
since the Neogene (El-Baz, 1988; Goudie, 2002;
Knight & Zerboni, 2018; Parsons & Abrahams,
2009). During the Quaternary, present-day arid
lands underwent drastic environmental modifications
caused by major shifts in rainfall regime (Nicholson,
2011). Subtropical arid regions of the Northern hemi-
sphere, such as the Sahara, the deserts’ belt between
the Levant and the Indus Valley, and the Arabian
Peninsula, shifted many times from hyperarid deserts
to savannah environments, and back to hyperaridity
(Goudie, 2002, 2013). Changes in precipitations
rates influenced the activation and deactivation of
geomorphological processes as well as their intensity
(Gutiérrez, 2005; Thomas, 1997). Therefore, in pre-
sent arid lands each physiographic unit bears the
mark left by such variations. Sometimes the response
to new climatic conditions was abrupt, sometimes was
instead delayed due to specific geomorphological or
hydrogeological settings (Cremaschi & Zerboni,
2009). Moreover, human adaptation and exploitation
of desert regions also changed in response to new
environmental changes (Nicoll, 2004; Nicoll &

Zerboni, in press), further influencing landscape
modifications.

Most of the deserts of the Old World occur in con-
tinental and tectonically stable regions. The intensity of
major processes shaping the landscape (weathering as
well as water and slope dynamics) is controlled mainly
by local water availability. In contrast, the southern
Arabian Peninsula is tectonically dynamic, and where
local deserts meet the sea their evolution is controlled
by the interplay between climate change, tectonics
(uplift, faulting, and folding), and relative sea level
change (Al-Kindi, 2018; Edgell, 2006). The coastal
deserts of the Sultanate of Oman are therefore suitable
places to investigate the evolution of landscapes as a
response to endogenous and exogenous geomorpholo-
gical processes, combined with long-lasting human
exploitation. For these reasons, we selected an area
in the Dhofar region of the southern Sultanate of
Oman, which includes (i) the mountain massif of the
Jebel Qara, and (ii) the coastal plain of Salalah
(Figure 1). The two physiographic units belong to the
same hydrographic system draining into the Arabian
Sea, and their multi-stratified landscape represents
the result of natural and anthropogenic processes act-
ing across the Quaternary under changing tectonic
and climatic settings.
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2. The study area: geography, geology, and
climate

The Dhofar (south-western Sultanate of Oman) lies on
the shores of the Arabian Sea, bordering eastern
Yemen. The study area consists of two distinct physio-
graphic settings: (i) the large coastal plain of Salalah
abruptly ending against (ii) the step escarpment of
the Jebel Qara limestone plateau (Figure 1). The massif
is the natural watershed separating the coastal plain
and the Arabian Sea from the Nejd Desert.

Late Cretaceous to Neogene limestone strata form
the Jebel Qara (Ministry of Petroleum and Minerals,
1987, 1988, 1992; Platel, Qidwai, & Khalifa, 1987;
Khalifa, 1988); they slope gently to the North and are
crossed by a system of transtensional faults, mostly
ENE–WSW and WNW–ESE oriented. The fault sys-
tem has probably contributed to the lowering of the
Salalah plain relative to the plateau and supported
intensive erosion in the area; as a consequence, stepped
escarpments border the Jebel to the North and to the
South (Platel, Berthiaux, Le Metour, Beurier, &
Roger, 1992). The escarpment reaches the maximum
height of ∼850 m above sea level. The massif is dis-
sected by a dendritic system of valleys cut into the bed-
rock. Intense soil loss left large outcrops of bare rock in
the area. The coastal plain is flat in the surrounds of
Salalah as a result of the coalescence of multiple alluvial
fans into a mostly uniform surface, whereas in the east-
ern part of the region several terraces are present.

Climate data for the Pleistocene are scanty and
mainly inferred by geomorphological observations.
Several high- to medium-resolution stable isotope
palaeoclimatic records from stalagmites and calcareous
tufa have provided information on Holocene climatic
fluctuations in southern Arabia (Burns, Matter,
Frank, & Mangini, 1998; Cremaschi et al., 2015, 2018;

Fleitmann et al., 2003, 2004, 2007; Zerboni et al.,
in press). In the Early-Middle Holocene, a rapid north-
ward displacement in the latitudinal position of the
summer Intertropical Convergence Zone (ITCZ) and
the associated monsoonal belt promoted a large
amount of rainfall. Conversely, since the Middle-Late
Holocene monsoon precipitation decreased gradually
in response to the lowering of the northern hemisphere
summer insolation (Fleitmann et al., 2004). Today, the
Dhofar is a semi-arid land with approximately
100–400 mm of rainfall per year (Kwarteng, Dorvlo,
& Kumar, 2009). It is reached by the outer margin of
the Indian summer monsoon that brings rainfall
from the Indian Ocean between July and September
(Fleitmann et al., 2004); most of the annual rainfall
arrives in this season – locally called Kharīf. Due to
the orographic effect, the southern part of the Jebel
Qara receives heavier summer rainfall than the coastal
plain of Salalah (Khalifa, 1988; Rogers, 1980). Rainfall
supports the groundwater supply to oases along the
coast, and to shrubs and trees on the southern coastal
side of the mountain, whereas its northern part is an
arid steppe (Galletti, Turner, & Myint, 2016; Rogers,
1980; Sale, 1980).

3. Human occupation

Evidence of Pleistocene human occupation in the
coastal Dhofar is sparse. The Jebel and the Arabian sea-
shore and coastline were more intensely settled since
the Early Holocene by late Palaeolithic groups
(Charpentier, 2008; Charpentier, Berger, Crassard,
Borgi, & Béarez, 2014; Cremaschi & Negrino, 2002,
2005; Hilbert, 2014; Hilbert et al., 2015; Zarins,
2001). Geoarchaeological research in the Jebel Qara
has brought to light an entire series of rock shelters,

Figure 1. (A) General view of the top of the northern sector of the Jebel Qara. (B) General view (north to south) of the top of the
central and southern sector of the Jebel Qara. (C) General view (south to north) of the eastern coastal plain and southern escarp-
ment of the Jebel Qara.
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settled by the last Palaeolithic hunter-gatherers
between ∼9500–8700 BCE (Cremaschi et al., 2015).
Archaeological sites on the coastline of Hasik Bay
(e.g. the Natif 2 Cave), were settled between ∼8700–
7600 BCE by maritime hunter-gatherers (Charpentier
et al., 2014). The Neolithic period (∼8650–3500 BCE)
is not represented in the Jebel Qara, and by contrast
no occupation belonging to the Late Palaeolithic has
yet been found in the Salalah Plain. This large coastal
plain was regarded as unsettled during the Neolithic,
but recent investigations discovered many Neolithic
sites on the lower escarpments of the Dhofar hills
(Newton & Zarins, 2010; Zarins, 2013) and along
the Arabian Sea shoreline, often appearing as impress-
ive shell-middens (Maiorano et al., 2018). Along the
Salalah coast, at least two Neolithic sites associated
with ancient lagoon deposits are preserved (Charpen-
tier et al., 2014).

In the region, the spreading of pastoralism started in
the Bronze Age (∼3500–1000 BCE), and included the
Jebel Qara and the Salalah coastal plain. Pastoral
land-use is attested also in the Iron Age and Islamic
times, up to recent years. Thanks to the trade of fran-
kincense the city of Khor Rorī (also known as Sum-
huram) flourished in the first centuries BCE and CE
along the shoreline, becoming one of the main mari-
time centres of that time (Avanzini, 2016). In Medieval
times, the Dhofarian shoreline was a crucial node in the
maritime commercial routes across the Indian Ocean
between the Horn of Africa, the Arabian Peninsula,
and India. In this phase, the city of Al-Balīd (ancient
Salalah) grew and became one of the main harbours
of southern Arabia (Zarins, 2013).

4. Methods

The geomorphological mapping of the region is based on
data retrieved and interpreted from both remote sensing
imaging and field observations, according to the
approach proposed by several authors for mapping arid
and semi-arid regions (Azzoni et al., 2017; Hüneburg
et al., 2019; Perego, Zerboni, & Cremaschi, 2011; Zerboni,
Perego, & Cremaschi, 2015). Validation of the desk-com-
piled map was done during several field surveys, which
included a few kilometres of buffer beyond the northern
watershed of the Jebel Qara. This was included in the
map to guarantee a non-abrupt termination.

Observations from remote sensing came from
several available datasets. Recent (08-02-2018, 26-09-
2018, 15-12-2018) multispectral images (visible and
infrared) with up to 10-metre spatial resolution from
ESA Copernicus Satellite 2A (tiles T39QZU and
T39QZV, source: https://scihub.copernicus.eu/) were
combined in false colours (visible + near infrared).
Images were then reprojected to UTM Zone 40 refer-
ence system and used as the reference background
for remote observations in QGIS software.

An AW3D30 Digital Surface Model (DSM) with
1 arcsec horizontal resolution (∼30 m at the equator)
released by the Japan Aerospace Exploration Agency
(JAXA; source: https://www.eorc.jaxa.jp/ALOS/en/
aw3d30/) was reprojected to UTM Zone 40 with 25-
metre spatial resolution. Contour lines at 100 metres
derived from this model were also used for landform
interpretation. From the same model, auxiliary 10-
metre contour lines for elevations between 0 and
100 m a.s.l. were calculated, as well as hillshade and
slope models. We applied to the Digital Elevation
Model (DEM) imported in QGIS an elevation depen-
dent colour scale and superimposed it over a hillshade,
in order to easily observe specific landforms such as
escarpments and alluvial fans. The channel network
was automatically extracted from the DEM using
SAGA software. The results were reliable in the moun-
tainous area, while the automatically-rendered model
of the alluvial plain was manually corrected using sat-
ellite and field data.

Other than topographical and satellite visual infor-
mation, 1:100,000 and 1:250,000 sheets of the Geological
Map of the Sultanate of Oman (Ministry of Petroleum
and Minerals, 1987, 1988, 1992) were used in the recog-
nition and interpretation of landforms. High-resolution
(0.5–1 m) natural colour satellite images provided from
Google Earth andMicrosoft Bing and visualised in QGIS
and Google Earth Pro were used to identify and validate
small-scale landforms.

5. Geomorphological setting

The region consists of two main physiographic units
(Main Map): the plateau of the Jebel Qara to the
north and, at the foot of its escarpment to the south,
a plain which includes several very flat apron fans
and the coastal plain. The escarpment separating the
two units is complex, including high steps controlled
by the geological structure (mostly faults) and in
some cases related to downfaulted blocks (Platel,
Qidwai et al., 1987; Platel et al., 1992).

The Jebel Qara massif is a limestone plateau deeply
cut by an intricate system of dry valleys (wadis) mostly
draining into the Arabian Sea. To the north, outside the
limit of the Main Map, only a few minor wadis in the
north-western part of the massive drain into the
Empty Quarter/Rubi al-Khālī lowlands. The massif
gently slopes towards the south with elevations ranging
from between ∼400-500 m a.s.l. near the southern
escarpment, and up to ∼1000 m a.s.l. at its northern
watershed. Most of the top of the Jebel is heavily
affected by surface erosion and soil loss; as a conse-
quence, exposed outcrops of limestone and dolomitic
limestone are common. Residual soil strips are present
in the northern part of the region, where Early Holo-
cene residual loess strata are also preserved (Cremaschi
& Negrino, 2005). Colluvial accumulations of soil
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material are present in the most depressed inter-wadi
areas of the top of the Jebel, often associated with sink-
holes. The latter are related to ancient karst processes
that shaped the underground karst system and likely
influenced the evolution of the surface drainage net-
work. Tufa dams and cascades are often located
along the wadis’ bottom, where morphological steps
of several tens of metres are present.

The southern margin of the Jebel Qara is confined
by a system of escarpments between ∼300–400 m
a.s.l., likely formed since the Neogene due to uplift
(Figure 2). Escarpments are more evident and continu-
ous in the eastern part of the massif, whereas in its wes-
tern part they are often interrupted and segmented by
deep fluvial cuts. At the bottom of the escarpment, the
transition belt toward the coastal plain, between ∼100–
300 m a.s.l., is ∼1–2 km wide and consists of residual
pediments and a narrow belt of talus. Large-scale
slope movements are also present.

The alluvial/coastal plain extends from East toWest,
reaching a maximum width of ∼13 km in the vicinity
of Salalah and decreasing at its sides to a minimum
width of ∼3 km. The maximum elevation is 100 m
a.s.l.. Several wadis originating in the Jebel Qara cross
the plain. The lowlands surrounding Salalah can be
divided into two main geomorphological units. The
western and central parts of the area constitute an allu-
vial plain. Observations from the DEM allow the detec-
tion of at least two major alluvial fans accumulating
from Wadi Jarsis and Wadi Nahiz (West and North
of Salalah), and of a more complex system of coalescent
apron fans (Figure 3) descending from minor wadis.
The DEM also suggests the existence of several aban-
doned palaeochannels. Close to the escarpment and
inside the plain, alluvial fans enclose parts of older
pediments dated to the Miocene–Pliocene (Khalifa,

1988; Platel, Rogers et al., 1987). To the west, the
coastal belt is narrower and many rocky terraces are
present. They possibly represent flattened surfaces cut
at their front by later linear erosion; in some cases,
flat surfaces are related to marine erosion and corre-
spond to Pleistocene marine terraces. A ∼10 m high
escarpment marks the transition from the terraces to
the shoreline. A sandy beach forms the outer part of
the coastal plain, sometimes with alignments of coastal
dunes up to a few metres high. On the back of the
coastal dunes, discontinuous outcrops of beachrock
are present (Hoorn & Cremaschi, 2004). Several
lagoons often related to estuaries are also present
along the back-dune depressions.

6. Main geomorphological features

6.1. Structural landforms and escarpments

The low-angle monocline setting of the Jebel Qara is a
result of intensive uplift in the area most likely since the
late Palaeogene, in relation to the opening of the Gulf
of Aden and the formation of parallel and conjugate
systems of extensional and transtensional faults. Faults
have also been mapped along the coastal plain. Related
landforms are several structural escarpments that bor-
der the massif to the north and to the south (Figure 2).
Faults have a strong influence on the present day set-
ting of the southern escarpment of the Jebel and
downfaulted blocks have been mapped in the eastern
part of the massif (Ministry of Petroleum and Min-
erals, 1987). Possibly, some of the bedrock blocks slid-
ing down along the slope correspond to deep-seated
gravitational slope deformations (DSGSD) (Figure 2).
In fact, they share some distinctive features with
DSGSDs (Crosta, Frattini, & Agliardi, 2013; Mariani,

Figure 2. Field pictures of the (A) northern and (B) southern escarpments of the Jebel Qara, in (B) a residual portion of the pediment
is visible on the left. (C) DEM and (D) GoogleEarth™ image of the DSGSD (arrows indicate unloading valleys and dotted line mark
the trenches separating DSGSD from the massif).
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Cremaschi, Zerboni, Zuccoli, & Trombino, 2018): the
presence of graben-like counterscarps and trenches
at their top, and the formation of unloading valleys
ot both sides.

6.2. Fluvial landforms

A dense network of sinuous to meandering, deeply
incised wadis dissects the Jebel Qara in a moderately
developed dendritic pattern (Figure 4). The main

Figure 3. DEM image illustrating alluvial fans (indicated by the arrows) to the North of Salalah.

Figure 4. (A) GoogleEarth™ satellite image illustrating the dendritic and tectonic-controlled pattern of Wadi Darbat and its influ-
ents. (B) DEM and (C) GoogleEarth™ image of wadis flowing into the Teyq sinkhole. (D) Field pictures of the Teyq sinkhole.
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channels are oriented towards the centre of the Salalah
plain: NW–SE in the western part of the massif, N–S
in the central part, and NE–SW or ENE–WSW in the
eastern part. The structural control on the orientation
and evolution of the branches of the wadis is evident
from their prevailing ∼E–W orientation, the same of
the fault and fracture systems indicated in geological
maps (Ministry of Petroleum and Minerals, 1987,
1988) and detectable in the field. The drainage network
is generally inactive aside from the rainfall season and
immediately after. Occasionally, ponds can last for sev-
eral months and extreme precipitations can cause huge
flooding episodes (Figure 6). The tectonic uplift of the
Jebel Qara favoured the formation of deeply incised val-
leys, likely originated from the underground karst net-
work and deepened by linear erosion after their
collapse (see: Hill & Polyak, 2014; Nicod, 1997). The
hypothesis of a karst-related evolution of the hydro-
graphic net is confirmed by the occurrence of several
large sinkholes along wadis; in a few cases, wadis drain
into or are captured by sinkholes (Figure 5). Also, the
occurrence of tufa dams (Figure 6) along the main
wadis in correspondence of deep steps is related to a tec-
tono-karstic control over the drainage system (Bosak,
Ford, Glazek, & Horacek, 1989). The wadi banks are

deeply incised into the bedrock, forming narrow to
wide canyons. Their bed is generally free of sediments
apart from sparse gravel accumulations with the excep-
tion of the areas behind tufa dams, where the wadi bot-
tom is flat and occupied by fluvial sediments and
freshwater carbonate deposits (Figure 6).

In the inner part of the coastal plain, wadis built a
flat alluvial apron made of multiple alluvial fans (Figure
3). They consist of gravel-dominated sediments and
likely mostly formed during the Pleistocene, with
only the oldest – nowadays dissected into pediments
– dating to the late Neogene (Hoorn & Cremaschi,
2004; Platel et al., 1992). Today, wadis are cutting
into these fans forming fluvial terraces: this evidence
suggests that the lowering of their basal level occurred
after their formation. The major wadis enter the Ara-
bian Sea forming narrow to wide estuaries often related
to lagoons or colonised by mangroves. In the case of
Wadi Darbat – at Khor Rorī – two 30 m-elevated, flat
top, rock promontories border the estuary.

6.3. Karst landforms and calcareous tufa

As mentioned in Section 6.2., karst is one of the main
processes that acted on the Jebel Qara, deeply influencing

Figure 6. Examples of calcareous tufa: (A) the wadi Darbat tufa dam in the dry season and (B) after the Kharīf; (C) backfill of the Wadi
Darbat dam; (D) GoogleEarth™ image of the Wadi Darbat dam (the dashed lines indicate the rim); (E-F) tufa dams and backfill along
Wadi Ghidht and Wadi Arzat; (G–I) outcrops of Holocene calcareous tufa in rockshelters.
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the drainage network. Carbonate dissolution acting on
the limestone massif triggered the formation of a com-
plex endokarst system with many large- to small-scale
surface landforms. The behaviour of the surface drainage
network, which activates only after rainfall, confirms the
existence of a karst hydrology, as well as the presence of
many springs active throughout the year at the foot of the
southern escarpment (Edgell, 2006). Surface karst-related
landforms include sinkholes and cones; bare rock sur-
faces often display the formation of a variety of forms
of karren and dissolution pits. A peculiar karst feature

is evident on nodular limestone surfaces: there, numer-
ous spherical to egg-shaped siliceous nodules up to 1 m
in diameter lay on the residual surface due to differential
weathering (Figure 5).

Many rock shelters and caves are located along the
steep slopes in the southern part of the Jebel
(Cremaschi et al., 2015); they are the result of under-
ground dissolution and many of them can be inter-
preted as inland notches (Shtober-Zisu, Amasha, &
Frumkin, 2015). Rock shelters are especially common
along the Jenikermat and Darbat Wadis (Figure 5),

Figure 5. Examples of karst features: (A–C) rock shelters along Wadi Jinkarmat and Wadi Darbat; (D) a sinkhole on the top of the
Jebel; (E) GoogleEarth™ image of two sinkholes; (F) aerial photo of the entrance of a sinkhole; (G) surface karst pits; (H) cone bear-
ing limestone outcrops in planar layers; (I) silicified egg-shaped nodules on a residual surface of the massif.
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where they host characteristic natural and anthropo-
genic deposits dating to the Early and Middle Holocene
and described in Cremaschi et al. (2015). Thick and
complex deposits of calcareous tufa (flowstones, col-
umns, stalactites, cement) occur within caves, overlying
and cementing anthropogenic strata (Figure 6).

The deposition of tufa occurred throughout the Qua-
ternary (Platel, Qidwai et al. 1987): cascades and dams
are among the most important features in the region.
The latter act as barrages along wadis forming tufa-
dammed lakes (Goudie, 2013; Hoorn & Cremaschi,
2004). Tufa dams in this area possibly grew during sub-
sequent phases of the Pleistocene, reaching remarkable
dimensions: one of the largest, closing Wadi Darbat, is
a ∼130 m-high, ∼700 m-long cliff (Figure 6).

6.4. Coastal and marine landforms

A large belt of beachrock is located up to 3–4 m above
the present-day sandy shoreline and separates the dis-
tal part of the alluvial apron from the coastline (Hoorn
& Cremaschi, 2004). Khalifa (1988) indicates a Pleisto-
cene age for this formation, whereas on the basis of
radiocarbon dating Platel et al. (1992) suggested that
beachrock formed ∼35,000–32,000 years BCE. Bea-
chrock are a crucial tool to reconstruct sea level
changes (Mauz, Vacchi, Green, Hoffmann, & Cooper,
2015), and the available chronology needs to be
confirmed by further investigation. A belt of coastal
dunes forms a sand barrier between the beachrock

and the Arabian Sea, allowing the formation of an
elongated depression, cut by estuaries and mostly occu-
pied by wetlands (Figure 7). Estuarine wetlands are
known as khor (without mangroves) or qurms (with
mangroves) and are fed by fresh water from the moun-
tains (Figure 7); the beachrock is deeply incised by ero-
sional valleys. The formation of sand barriers is
controlled by seasonal winds. The interplay between
SW summer monsoonal winds and NW winter winds
leads to the destruction and reconstruction of the
sand barrier, which in turn can close the estuaries at
their mouths, thus controlling the input of saline
water to wetlands (Hoorn & Cremaschi, 2004).

In the eastern part of the region, staircases of flat
erosional surfaces connect the shore to the escarpment
of the Jebel Qara. The DEM suggests the existence of
several of these surfaces; a few of them can correspond
to marine terraces (Figure 7). The investigation of their
geometry and age is still on-going, but their origin is
certainly related to relative sea level change (Rovere,
Stocchi, & Vacchi, 2016), thus to the combination of
eustatic changes and recent uplift, as evident in other
regions of the Sultanate of Oman (Hoffmann et al.,
2020; Kusky, Robinson, & El-Baz, 2005).

6.5. Zoogeomorphological and anthropogenic
landforms

Several small-scale landforms related to human (anthro-
pogenic) and animal activities are present in the area.

Figure 7. Examples of coastal and marine landforms: (A) GoogleEarth™ image and (B) field picture of the Khor Rori estuary and
sand barrage, with marine terraces in the background; (C) coastal dunes; (D) DEM image illustrating a staircase of flat surfaces
including marine terraces.
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The latter are a result of zoogeomorphological processes
(Butler, 1995) that in arid regions are particularly evi-
dent (Zerboni & Nicoll, 2019). Anthropogenic features
include archaeological remains of ancient settlements
on top of the Jebel Qara and along its wadis, and,
more commonly, stone enclosures to corral stock.
These features are very visible in high-resolution satellite
imagery and consist of sub-rounded to complex areas
surrounded by stonewalls in flat areas, with dark copro-
lite-bearing sediments accumulated inside (Figure 8).
Trails related to animal trampling are another common
landform on the top of the plateau, as well as along talus
and alluvial fans (Figure 8). Enclosures and game trails
are the consequence of a prolonged pastoral exploitation
of the region. Termite mounds are a further and more
striking evidence of zoogeomorphological processes
(Figure 8). 1–2 m high mounds are clustered in exten-
sive fields distributed at the northern margin and in

the eastern part of the Jebel, as well as along its escarp-
ment and on top of alluvial fans.

Pastoral features and termite mounds testify the
influence of surface processes on soil loss in the region.
Since the late prehistory human-animal agency
(intense trampling) has enhanced soil loss processes,
whereas enclosures have preserved residual strips of
soil. Yet, termite mounds preserve at their base the
pristine soil cover of the massif, thus representing ani-
mal agency contrasting soil erosion.

7. Conclusion: Quaternary evolution of the
landscape

The geomorphological mapping of the area of the Jebel
Qara and the coastal plain of Salalah highlights that their
landscape is the result of geomorphological processes
acting since the Neogene under different climatic

Figure 8. Examples of zoogeomorphological and anthropogenic features: (A) GoogleEarth™ image of livestock enclosures on top
of the Jebel Qara (notice the dark, dung-rich layer at the bottom of the stone structure); (B) enclosures along the slope of a cone; (C)
GoogleEarth™ image of animal trails on the top of the Jebel; (D) field picture of animal trails along the northern margin of the
Jebel; (E) field picture and (F) GoogleEarth™ image of a field of termite mounds (each withish spot is a mound) on the pediment
at the southern margin of the Jebel Qara; (G) detail of the termite mounds in (F).
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conditions. The main drivers of landscape evolution are
tectonics, which triggered the uplift of the Jebel and the
formation of faults, and climate. Rainfall promoted
extensive and deep limestone dissolution, linear erosion,
the formation of large tufa deposits and the deposition
of alluvial fans. The interplay between regional uplift
and sea level change (Rovere et al., 2016) also played
an important role in shaping the region along the shore-
line of the Arabian Sea as in the case of marine terraces.
Along the coastline, geomorphological and archaeologi-
cal data (Hoorn & Cremaschi, 2004) suggest that
lagoons formed and disappeared during at least the
Late Quaternary, testifying significant changes in coastal
environments and their exploitation.

From a geoarchaeological point of view, our work
offers a key to interpret human exploitation of this
part of Dhofar. The complexity of the landscape and
the availability of natural resources of the Jebel Qara
and Salalah plain attracted human communities since
at least the Pleistocene/Holocene transition. Human
occupation of the area applied over time a stronger
pressure on the landscape and the transition to pastoral
land-use, possibly under progressively more arid
environmental conditions, enhanced zoogeomorpholo-
gical processes and soil loss. As elsewhere (Archaeo-
GLOBE Project, 2019; Regattieri et al., 2019), in the
mid-late Holocene the human influence on the environ-
ment increased, and the human-induced overgrazing
became a major surface process controlling the evol-
ution of the landscape.

Software

QGIS 3.4 was used for the management of the mapping
project in all phases. Specific terrain analysis tools were
carried out in SAGA 2.3. Satellite images observation
was done with the help of Google Earth Pro 7.3.
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