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Preface

The study of prehistory focuses on the archaeological periods that precede the written word. It is not
confined to the past of our own species, but seeks to understand cultural expressions of our ancestors and
predecessors. According to the late Hans Jürgen Eggers (1986: 14), “Prehistory is the science of the shovel”.
This statement may be fitting for the prehistoric archaeology of Europe, where digging into the ground
is how information is typically acquired. This is not the case, however, for the arid landscapes of southern
Oman. Over the course of five field seasons, the Dhofar Archaeological Project team walked hundreds and
drove thousands of kilometers, collecting well over a metric ton of stone tools scattered on the surface. It is
a land of total archaeological visibility, with few preserved sediments. Throughout our entire campaign we
used just three shovels, but sacrificed countless shoes and punctures to the flint teeth of the rocky desert. In
Oman, it would be more accurate to say prehistory is the science of rubber soles and flat tires.
The First Peoples of Oman – Palaeolithic archaeology of the Nejd Plateau presents the results of our
archaeological research in the Governorate of Dhofar between 2010 and 2013. Initially, the aim of the
project was to test the rapid coastal migration hypothesis of early modern human expansion out of Africa.
Dhofar is an ideal candidate to study this specific route of dispersal, due to its seasonal rainfall, plethora
of chert outcrops and karstic cavities riddling the mountain escarpment. The continental shelf in Dhofar
remained relatively stable throughout the past, whereas in many other places along the Indian Ocean rim,
rising sea levels have submerged ancient coastal landscapes that served as hypothetical corridors of early
human migration.
During the first few months of the 2010 campaign, our survey focused on the Dhofar mountain seaward
slopes and coastal plain. These were the least productive and most discouraging months of the entire
project. We did not find a single Middle, Upper, or Late Palaeolithic site. We tirelessly tested rockshelters,
caves and terraces for sediments bearing Palaeolithic cultural remains, without producing a single artifact.
On the advise of Juris Zarins, with years of archaeological survey experience in Dhofar, we eventually set
our sights on the western Nejd Plateau.
It was there, around the village of Mudayy, at last we struck gold (chert, to be precise). On an ancient
terrace above Wadi Aybut, we discovered a stone tool industry made by one of the earliest modern human
populations on earth. This was a breakthrough in both our understanding of early human dispersal, as
well being able to read the Palaeolithic landscapes of Dhofar. In subsequent campaigns, our team mapped
hundreds of prehistoric sites across the region, some multi-occupation sites with evidence of successive
habitation for over a million years.
This volume summarizes these findings in five chapters. We begin with an overview of geography
and palaeoenvironments, describing the diverse landscapes and fluctuating palaeoenvironmental record
of Dhofar. The next three chapters present our discoveries from the Lower, Middle and Upper-Late
Palaeolithic archaeological periods. Each chapter begins with a short overview of the major cultural and
biological milestones from a global and regional perspective, before describing a sample of findings from
the Dhofar Archaeological Project. The final chapter synthesizes these data and considers prospects for
future Palaeolithic research in southern Oman.
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Chapter 1

Geography and palaeoenvironments

The earth’s climate and environments are in a perpetual state of flux. Our planet orbits the sun along
an eccentric elliptical path, which alters the amounts of average annual solar radiation we receive over
100,000-year cycles. In addition, the earth wobbles and tilts as it spins on its axis, influencing climatic
fluctuations over 41,000 and 26,000-year periods (Milanković 1920). Evidence of these fluctuations are
embedded within the landscape, called environmental proxy signals, which are among the most important
sources of information for researchers studying early human prehistory and ecology. In and around Oman,
such environmental proxy signals include ancient lake sediments in the desert, dust deposits on the sea
floor, stalactites dripping from cave ceilings, even the dunes themselves.
With the development of innovative dating techniques in the last few decades that reach beyond the
40,000 year limit of traditional radiocarbon dating, scientists are able to measure the age of calcium carbonate
rock, volcanic ash, or the time elapsed since a grain of sand has been exposed to light. Harnessing these
various methods for measuring the age of stratified deposits, it is possible to reconstruct the chronology and
impact of climate change on the prehistoric landscapes of Oman.
One particularly effective environmental proxy signal comes from deep-sea cores, which store an archive
of climate change reaching back several million years. By observing variations over time in the chemical
composition of plankton deposited in the seabed, scientists have recorded cyclical fluctuations in the ratio
between different oxygen isotopes. These cycles, in turn, are a function of how much of the earth’s water
is trapped in glaciers. During glacial periods, rainfall rich in 16O was frozen in continental ice sheets that
extended down into North America and Europe, skewing the marine isotope ratios toward higher amounts
of 18O versus 16O. Conversely, warm periods caused widespread glacial melting that released 16O-rich water
into the oceans, all of which are recorded within the calcareous shells of planktonic foraminifera. These
cold and warm intervals are referred to as Marine Isotope Stages (MIS), beginning with the most recent
MIS 1 and counting backward in time. Odd-numbered isotope stages indicate interglacial periods, when
warm and humid conditions prevailed, while even-numbered isotope stages denote glacial periods, when
cold and dry climatic conditions enveloped the globe.
Isotope stages can be further divided into sub-stages, such as MIS 5.1, 5.2, 5.3, etc. Sub-stages are
either brief periods of a warmer climatic regime during glacial periods (i.e., interstadials) or an episode
of global cooling during an interglacial (i.e., stadials) (Anderson et al. 2007; Lisiecki and Raymo 2005;
Waelbroeck et al. 2002).
These glacial-interglacial cycles, known as the ice ages, began 2.58 million years ago at the start of
the Quaternary geological period and Pleistocene geological epoch (Gibbard et al. 2010). More than 100
marine isotope stages have been identified within the Pleistocene, which lasted for over 2.5 million years.
The Pleistocene was characterized by climatic instability and oscillations between warm and cold global
temperatures. Fluctuations between warm interglacial and cold glacial periods became increasingly
extreme in the latter half of the Pleistocene. The period between 132,000 and 112,000 years ago is referred
to as the Last Interglacial (MIS 5.5), dominated by an unusually warm and wet climate across most of the
earth (Otvos 2015; Shackleton et al. 2003).
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Figure 1.1. Map of Southern Arabia
showing regions mentioned in the text
(image by the Authors).
Increasingly cold and dry conditions culminated around 20,000 years ago during MIS 2, the Last Glacial
Maximum, at which time ice sheets advanced far south into Europe and sea levels dropped 120 meters
below current levels.
The Pleistocene is followed by our current geological epoch known as the Holocene, beginning 11,700
years ago (Walker et al. 2012). In Oman, the period between approximately 10,000 and 8,000 years ago
is also referred to as the Holocene Climatic Optimum, given the generally warm and wet conditions that
prevailed (Parker et al. 2004). This wet period was followed by a general drying trend that was punctuated
by recurring century-scale megadroughts between 8,000 and 6,000 years ago, during the Middle Holocene
(Preston et al. 2015)
The Palaeoclimatic Record and Research Paradigms
The evidence from speleothem, sedimentary and marine environmental proxy signals found throughout
Oman show a number of climatic fluctuations over the course of the Quaternary period, corresponding
with recurring glacial-interglacial cycles. Wet periods, triggered by the northward migration of the Inter
Tropical Convergent Zone (ITCZ), activated the interior draining wadi systems and filled the inland playa
lake basins. Studies of speleothem and lacustrine deposits suggest the onset of pluvial conditions was rapid,
followed by a gradual decline in rainfall over several millennia as the ITCZ slowly returned southward.
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Hence, the southern highlands encompassing Dhofar, Hadramawt and southwestern Yemen, remained
under the delayed influence of a heightened rainfall regime for a longer time than inland regions (Fleitmann
et al. 2007; Lézine et al. 2017).
Using these palaeoenvironmental data, researchers are able to build a framework of climate change
with which to model prehistoric occupations. Massive alluvial deposits in northern Oman indicate that
the climate of the early Quaternary, from two million to half a million years ago, was generally warmer
and wetter than today (Blechschmidt et al. 2009). Oman became increasingly more arid after that, with
evidence for heightened rainfall around the following times: 1) 410,000 BP, 2) 330,000-300,000 BP, 3)
220,000-200,000 BP, 4) 130,000-115,000 BP, 5) 105,000-100,000 BP, 6) 82,000-78,000 BP, 7) 60,000-40,000
BP, and 8) 10,000-8,000 BP. While the MIS 5 pluvial periods are thoroughly represented in the terrestrial
and marine archives throughout all of Arabia, the evidence between 60,000 and 40,000 BP (early MIS 3)
suggests only brief and ephemeral wet periods that were insufficient to trigger speleothem growth, or to fill
the interior lake basins for any sustained length of time (Matter et al. 2015; Preusser 2009).
During pluvial periods, sea levels around the Arabian Peninsula were roughly equivalent to today,
in some cases exceeding current levels by up to three meters (Macumber 2011). For the remainder of
human prehistory, sea levels were reduced between 40 and 120 m (Lambeck 1996). There was an inverse
correlation between the amount of annual precipitation and shoreline configuration, which is fundamental
to understanding human prehistory in the Arabian Peninsula. This dynamic created a pushing and pulling
mechanism from the interior grasslands to the emergent continental shelf, as these zones repeatedly cycled
between habitable and uninhabitable over the course of the Pleistocene.

Figure 1.2. The Al-Hajar Mountains near Wadi Al-Ain (photograph by the authors).
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Figure 1.3. Panorama of farming terraces on Jebel Akhdar
(photograph by the authors).

Two different research paradigms have developed among scholars seeking to model early human
demographics in the Arabian Peninsula. The first, called “tabula rasa”, envisions that populations could only
settle in the Peninsula during pluvials and were subsequently displaced when cyclical climatic downturns
caused widespread desertification (Drechsler 2007; Rose 2006; Uerpmann et al. 2009).
A second paradigm argues for the presence of demographic refugia, which were stable habitats around
which human groups coalesced when rainfall became scarce (Bailey et al., 2015; Rose, 2007, 2010). Genetic
studies of modern Arabian populations point to the latter possibility, with a major ice age refugium located
in South Arabia (Al-Abri et al. 2012; Černý et al. 2011; Gandini et al. 2016; Platt et al. 2017; Yang and Fu 2018).
Geographic Scope of the Dhofar Archaeological Project
Virtually the entire Pleistocene archaeological record of Oman is comprised of chipped stone waste and stone
tools (lithics). The countless lithic scatters found across South Arabia are vestiges of the many successive
prehistoric groups that inhabited the region. Although most artifacts found on these deflated surfaces
cannot be directly dated, arid landscapes such as the Nejd Plateau provide nearly total archaeological
visibility, enabling researchers to track early human tool-making activities and tool usage across the whole
terrain. In this section, we present the different landscapes of southern Oman with specific attention to the
Nejd Plateau. We discuss the geology of these landscapes and when various ecological niches in southern
Oman would have been available to sustain human habitation during the Pleistocene.
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The Sultanate of Oman
Nestled in the southeastern corner of the Arabian Peninsula, the Sultanate of Oman (Figure 1.1) is delimited
by the Rub Al-Khali desert to the west, the Arabian Sea and Sea of Oman to the south and east, the Musandam
Peninsula to the northwest and a land border separating Dhofar from Mahra in the southwest of Oman.
The country is naturally divided into three geological zones: the Al-Hajar Mountains in northern Oman,
the central plateau and the Huqf depression in the interior and the Dhofar Mountains in the southwest
(Platel et al. 1992). The Al-Hajar Mountains form a continuous mountain range from the northern tip of
the Musandam Peninsula, at the Strait of Hormuz, to its easternmost point terminating near Al-Ashkharah
in the northern Ash Sharqiyah region (Figure 1.2). The Al-Hajar Mountains extends for over 700 km
and rises up to 3000 m above sea level, reaching its highest points around Saih Hatat and Jebel Akhdar
(Figure 1.3). A narrow coastal plain made up of alluvial and aeolian deposits intermingled with khabra
deposits bounds the Al-Hajar to the northeast, while massive alluvial fans are found to the south and west.
Numerous wadis dissect the plateau, which once flowed with ancient rivers draining into the Umm
as Samim and Huqf depressions (Glennie 2005). During MIS 5 and the Early Holocene Optimum, basins
within the Huqf, Ash Sharqiyah and southern Rub Al-Khali were filled with perennial lakes (Matter et al.
2015; Radies et al. 2005; Rosenberg et al. 2012). Within the Huqf depression, there are extensive sabkha
deposits created by high groundwater that form an evaporitic crust. In this region, sabkhas, palaeolake marls
and stabilized dune fields are all that remain of a once productive landscape (Jagher and Pümpin 2010).
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Figure 1.4. Archaeological survey near Adam in central Oman (photograph by the authors).

The Governorate of Dhofar
In the south of Oman is the Governorate of Dhofar, which is partitioned into six distinct ecological zones: 1)
coastal plain, 2) seaward slopes and southern draining wadis, 3) summit grasslands, 4) northern mountain
slopes and rain shadow, 5) plateau and canyon lands, and 6) southern Rub Al-Khali basin (Miller and Morris
1988; Raffaelli and Tardelli 2006).
Flat open desert dominates the northern part of the region, which is comprised of gravel plains, sabkhas
and increasingly higher dunes as one travels deeper into the Rub Al-Khali sand sea. Vegetation across the
open desert consists of generally sparse shrub communities including Calligonum crinitum, Cornulaca
arabica and Haloxylon persicum (Mandaville 1990). The dry Nejd Plateau is rocky and hilly, increasing in
elevation to the south where it abuts the Dhofar Mountains. The mountains, escarpment and interior plateau
are comprised of shallow marine sediments that overlay the crystalline basement of the Arabian shelf.
The horizontally bedded limestone that composes the escarpment and plateau belong to the Hadramawt
geological group, which extends all the way from central Yemen. Over the course of successive Quaternary
pluvial phases, the northward draining wadis across the Nejd have carved long, meandering river valleys
through the Tertiary limestone plateau, debouching toward the Rub Al-Khali basin in the north. Stands of
shrubs, acacia and ghaf trees are found along wadi beds, where surface runoff collects during storms. Since
the introduction of center pivot irrigation in the last decade, numerous farms have sprung up in the fertile
zone at the interface of the Nejd.
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Figure 1.5. Salalah coastal plain with the Dhofar Mountains on the right (photograph by the authors).

The summit grasslands and seaward slopes form an orographic barrier between the monsoon-affected
areas to the south and the dry plateau to the north. The grasses in this region belong to an endemic plant
community of Themeda quadrivalvis, which is a palaeorelict outlier of the East African savannah (Patzelt
2011). The seaward slopes house woodlands and shrublands that form part of the southern Arabian cloud
forest; vegetation fed by the dense moisture brought by the annual monsoon (Hildebrandt and Eltahir
2006). Arboreal species include the endemic Anogeissus dhofarica and Commiphora spp.
The coastal plain is a 50-kilometer long crescent shaped landmass stretching form Ras Raysut to Mirbat,
ranging from ten to fifteen kilometers wide (Figure 1.5). It is composed of Quaternary conglomerates and
alluvial fans dipping toward the coast, which are cut by short wadis draining into the sea. Vegetation on the
coastal plain tends to be primarily composed of neophytes such as date palms, coconut palms and bananas
grown on irrigated fields near the major wadi outlets (Platel et al. 1992).
On the plain stretching between Taqa and Mirbat, there a series of major faults within the Upper and
Lower Hadhramawt limestone formation, which are responsible for the irregular relief of this region. Among
the tertiary limestone deposits encountered in this area, the Rus formation is of considerable importance.
An outcrop of this facies is found east of Taqa, within a recrystallized collapsed breccia containing chert
nodules. Tectonic uplift, however, has caused the chert nodules to shatter, rendering them undesirable for
knapping. East of Mirbat, the exposed crystalline basement is composed of metamorphic and plutonic
rocks (Figure 1.6). Intrusive dolerite and rhyolite dykes occasionally slice across this landscape.
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Figure 1.6. Landscape east of Mirbat showing rhyolite dykes
(photograph by the authors).

The 1200 m high Dhofar Mountain escarpment traps moisture brought by the Indian Ocean monsoon,
enveloping southern Oman in fog and rain annually between June and September. During the monsoon
season, called the khareef, the southward draining wadis are filled with running fresh water (Figure 1.7).
The major southern drainage systems include Wadis Jarzis, Arbat, Arzat, Haskeem, Darbat and Hinna.
Recent to sub recent travertine deposits are found within the wadi valleys (Platel et al. 1992).
During the khareef, interdunal and coastal estuaries form along the plain. These are protected by sand
barriers and typically do not connect to the ocean. Fresh water flowing from springs and major coastal
wadis create these lagoon estuarine ecosystems, called khawrs (Hoorn and Cremaschi 2004). Moisture and
vegetation have produced layers of soil rich in clay, covering the slopes and uplands. In addition to Anogeissus
dhofarica woodlands found along the seaward slopes, there is a single stand of baobab trees (Figure 1.8),
which may have been planted by the nearby occupants of the late Iron Age port city of Sumhuram (Aronson
et al. 2017).

The Nejd Plateau
Given its wealth of prehistoric archaeology, our survey focused on the bare desert scabland and incised
canyons that comprise the Nejd Plateau. This distinct geomorphic zone begins with small wadis dissecting
the barren tableland at its southern extent (Figure 1.9).
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In the central Nejd, the wadis conjoin to form wider and deeper canyons. The landscape becomes
more homogeneous as the plateau dips northward, giving way to a gently undulating plain across the
northern extent. Here the major catchment systems converge at the interface of the Rub Al-Khali, flowing
northeastward into the basin.
The DAP survey partitioned the Nejd into eastern and western halves, with the gravel plain transecting
Thumrayt serving as the boundary between the two. Each side was then divided into southern, central and
northern sectors. In the south, low table mountains (mesas) and inselbergs between 5 and 20 m in elevation
rise above a terrain of gravel plains and wadi channels (Figure 1.10).
Two main geological groups are found in the southern Nejd: 1) the Lower Hadramawt group consisting
of the Umm er Radhuma and Rus formations, and 2) the Upper Hadramawt group made of the Dammam
and Aydim formations. The Umm er Radhuma formation is a thick, shallow marine unit that comprises the
main tertiary carbonate sequence. This grey to whitish limestone is full of large, high quality chert nodules
– a prominent source of raw material for the production of stone tools throughout human prehistory.
The Rus formation is also significant for its frequent and high quality chert outcrops (Figure 1.11).
Throughout the southern Nejd, the Rus formation is divided into two members; the lower chalky Aybut
member and the upper marly-carbonated Gahit member (Platel et al. 1992). The Aybut member is a 3-5 m
thick brecciated dolomitic limestone with thin yellow-orange chert nodules at the bottom. The quality and size
of these nodules are highly variable. Aybut chert plaquettes are often highly fractured and range in size and
quality. The Gahit member consists of thinly bedded, bioclastic layers of banded grey chert nodules and slabs.
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Figure 1.7. Wadi Darbat during the monsoon season (photograph by the authors).

Figure 1.9. View from the Dhofar orographic barrier facing north towards the Nejd Plateau
(photograph by the authors).

10

Geography and palaeoenvironments

Figure 1.8. Vegetation on the flanks of the Dhofar Mountains (photograph by the authors).
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Figure 1.10. Scablands on the southern Nejd Plateau in the vicinity of Wadi Haluf (photograph by the authors).

In the region around Thumrayt, the central Nejd forms a gravel plain with patches of aeolian sediments
and sparse inselbergs that are remnants of the upper Hadramawt group. These low, isolated hills often have
chert slabs and nodules eroding from the scarps. The Nejd’s northward draining wadis carry reworked
aeolian and alluvial sediments downstream as they downcut during sporadic activation (Figure 1.12).
The northern Nejd is a desolate gravel plain covered by a thin veneer of aeolian sands (Figure 1.13).
Prominent landscape features are ancient alluvial fans, rare travertine deposits and calcareous palaeosoils
interstratified within Miocene limestone beds. Sometime in the Late Pleistocene, minor tectonic folding
occurred along an east-west band in the northern Nejd, diverting stream flow and creating fracture springs
(Zarins 2001). Beyond the Nejd, the Rub Al-Khali stretches to the central Arabian Peninsula, with sand
dunes reaching over 200 m of height (figure 1.14). Pleistocene river systems once flowed across this interior
depression, draining northeastward toward the Gulf (McClure 1976; Zarins 2001).
Summary
The fluctuating climate caused by glacial-interglacial cycles has profoundly affected the landscapes of
Arabia and, consequently, early human habitation. Interglacial periods pulled the ITCZ northward,
depositing rains across the interior and activating wadis and lake basins. Conversely, glacial phases pushed
the ITCZ southward, depriving the interior of moisture. Examples of pluvial events are well documented
from terrestrial and marine archives during the Last Interglacial (MIS 5.5) and to a lesser degree during
MIS 5.3 and 5.1.
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Figure 1.11. Raw material outcrops found across Dhofar (above); dense carpet of chert artifacts above Wadi Ghadun close
to Mutahafah (below); chert nodules outcropping from the limestone bedrock of the Nejd (photographs by the authors).
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Figure 1.12. Panorama over Wadi Aybut on the west-central Nejd (photograph by the authors).

Figure 1.13. The northern Nejd Plateau near Shisr Farms (photograph by J.M. Geiling).
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Figure 1.14. Sand dunes north of Al-Hashman in the southern Rub Al-Khali (photograph by the authors).

The ITCZ returned northward again during the Holocene Climatic Optimum between approximately
10,000 and 8,000 years ago. These pluvial periods replenished subterranean springs, activated perennial
rivers, filled lake basins and facilitated the expansion of tall-grass savannahs. With the grasslands came
large herbivores including extinct giant bison, extinct straight-tusked elephants, aurochs, oryx, gazelle and
wild camels (Hadjouis 2007; Rachad 2007; Stewart et al. 2017). These mammals, in turn, attracted apex
predators such as leopards, cheetahs and humans.
While researchers believe that the onset of pluvial conditions in South Arabia was relatively abrupt,
the southward migration of the ITCZ and subsequent environmental desiccation was gradual (Fleitmann
et al. 2007; Lézine 2009; Lézine et al. 2017). As the ITCZ drifted southward, desertification advanced.
Groundwater levels sunk, while aeolian transportation and sporadic runoff across dry terrain eroded the
topsoil. The widespread savannah grasslands constricted into the Dhofar highlands (Patzelt 2011) and the
large mammals that once roamed the plains dwindled and disappeared by the Middle Holocene.
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