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Abstract
Since 2012, a new phase of landscape survey for
archaeological remains from the Palaeolithic has been
undertaken in the provinces of Jizan and Asir in
Southwestern Saudi Arabia. This is the first Palaeolithic
landscape survey in this area since the Comprehensive
Survey of the Kingdom undertaken between 1977 and
1982. More than 100 Palaeolithic sites have been
identified from the Early Stone Age to the Late Stone
Age, evidencing a regular association between archaeo-
logical remains and the Harrat deposits of basalt. The
analysis of two major newly discovered sites, Dhahaban
Quarry and Wadi Dabsa, has demonstrated the quality of
archaeological and behavioural information that can still
be recovered through landscape surveys in this region. At
the site of Dhahaban Quarry, the survey has confirmed
that Middle Stone Age lithic artefacts can be found in situ
in the preserved beach deposits of ancient shorelines
suggesting the use of marine resources. At Wadi Dabsa
the technological study of a large assemblage of lithic
artefacts suggests variations in expertise in lithic

technology, and possibilities for understanding the pro-
cess of learning the skills of lithic technology.

1 Introduction

It is generally agreed that the first hominin species evolved in
Central and Eastern Africa sometime after 7 million years ago
(Senut et al. 2001; Brunet et al. 2005; Suwa et al. 2009;
Brunet 2010). Following a long period of evolution within
that continent, fossil evidence from Dmanisi in Georgia then
indicates that hominins left Africa sometime before 1.8 mil-
lion years ago (Garcia et al. 2010). As the closest landmass to
Eastern Africa, Arabia must have been one of the first regions
into which hominins dispersed when leaving Africa. We
should therefore expect to find in Arabia archaeological evi-
dence dating through most of the Pleistocene and indicative of
the ways in which the first and later hominin migrations from
Africa adapted to new environments. This simple under-
standing has led to a new wave of Palaeolithic archaeological
research in the Arabian Peninsula since 2000 (see papers in
Petraglia and Rose 2009 as an early example).

It is along the Red Sea coast where hominins entered the
Peninsula either by land migration from the north, or, possibly,
via a sea crossing at the southern end at times of lower sea
level (Walter et al. 2000; Bailey 2009; Armitage et al. 2011;
Lambeck et al. 2011; Groucutt and Petraglia 2012), and it is
here that archaeological evidence is likely to be most abun-
dant. Yet, despite the importance of the Red Sea coastal plains
to an understanding of hominin dispersal, landscape surveys
for evidence of Palaeolithic age have been limited, especially
so at its southern end in the provinces of Asir and Jizan. An
initial survey in the late 1970s identified archaeological sites
with Palaeolithic evidence and, on the basis of typological
similarity to the sites in Africa and the Levant, suggested that
Arabia might have been colonised from 1.3 million years ago
(Whalen et al. 1989; Whalen and Pease 1990). No further
survey, however, happened until a more recent programme by
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the authors started in 2012. This recent programme has sig-
nificantly increased the number of Pleistocene age sites in the
Red Sea coastal plain and greatly improved our knowledge of
hominin landscape settlement, resource use and technological
behaviours (Inglis et al. 2014; Bailey et al. 2015).

In this chapter, we shall give a brief overview of the results
of landscape surveys conducted from 2012, and compare the
evidence from the first archaeological survey to that gathered
from recent work to assess the reliability of this earliest
research. We shall also discuss in more detail the archaeo-
logical and sedimentary information gathered from two
specific sites that give an indication of the quality of evidence
that still survives. Recent archaeological work confirms some
of the typological and anecdotal description recorded by the
earliest survey teams, but advances in archaeological and
landscape analysis indicate that there still remains a wealth of
high-quality archaeological and environmental evidence to be
found along the Red Sea that can inform us about a wide
range of hominin behaviour, such as the relationships between
hominins, changing coastal landscapes and potential marine
resources at the coastline, and perhaps about less obvious
behaviours such as the transmission of patterns of learning
between generations. Even though these deposits and their
associated archaeological remains have survived for many
thousands of years, it is clear that the archaeological and
associated sedimentary evidence, especially that related to the
marine deposits preserved along the current Red Sea, is now
very fragile and has become fragmented as a result of local
development over the last thirty years. It faces imminent threat
of destruction from further development. Without a proper
appreciation of the evidence preserved and the sedimentary
context in which such evidence may be found, including
further research in the immediate future to record its distri-
bution and quality, such evidence for the lives of the first
human communities of the Arabian Peninsula along the Red
Sea may soon be lost forever.

2 Landscape Survey in Archaeology

Interpretations of human behaviour based on evidence from
landscape surveys rest on an understanding of the nature of
the chronological, behavioural and taphonomic relation-
ships between samples of archaeological material. First
coherently described by David Clarke (1973), this may be
the relationship between the sample of material that was
discarded in the past out of the larger set that was made and
used, or between the smaller sample that has been preserved
from that which was discarded, or between the preserved
sample and a smaller sample that remains visible to the
survey team, or between that visible sample and a yet
smaller sample that might be collected or recorded. When
the focus of interpretation is the Palaeolithic, the

interpretive problems are multiplied by the scales of tem-
poral and environmental change involved and the difficulty
of identifying discrete episodes of behaviour. Palaeolithic
landscape surveys must balance an understanding of the
effects of environmental change with the surviving evidence
of hunter-gatherer activities distributed across a much wider
range of spatial and temporal scales than is the case for the
archaeology of post-Pleistocene settled communities. To be
effective, investigation requires a knowledge of the
taphonomy of archaeological materials—their differential
preservation along with the various processes of destruction,
burial and exposure in any landscape setting (e.g., Hold-
away and Fanning 2014). It also requires an understanding
of the ways in which mobile hunter-gatherers might exploit
different plant and animal resources as environments
change, recognising that the activities undertaken in one
place during one environmental setting may be different
from those undertaken in that same place at times of dif-
ferent environmental conditions (Binford 1982). In sum-
mary, the interpretation of survey data requires the
disentangling of potential long-term archaeological
palimpsests of discrete episodes of hominin life built up
over different time scales and comprising many different
activities (Rossignol and Wandsnider 1992; Stern 1993;
Bailey 2007). Finally, it must be recognised that the
potentially observable behaviour of hominins has changed
considerably through the Pleistocene as physical, cognitive,
and social capacities of different hominin species evolved.

In the southern Red Sea (Fig. 1), Palaeolithic landscape
surveying is particularly difficult for a variety of reasons.
A continuous history of changing sea level means that the
location of the coast has been subject to considerable
movement because of marine transgression and regression.
Those coastal deposits which are currently accessible offer
evidence from a short period of interglacial time, whilst
deposits formed at other times are now submerged and lie
many kilometres out from the modern shoreline (Lambeck
et al. 2011). The coastal plain in the southern Red Sea has
also been subject to episodes of deposition of aeolian,
alluvial and colluvial sediments, whilst the lava flows and
cinder cone deposits that are so prominent in this area and
that have been thought to predate any Palaeolithic archae-
ology (Dabbagh et al. 1984) might not represent a physical
remnant backdrop of ancient volcanic activity, but evidence
of episodes of volcanic activity happening throughout the
Pleistocene until quite recently (Bailey et al. 2007). Even
though physical access to deposits at the coast and in parts of
the coastal plain has become easier due to improvements in
roads and vehicles, much of the coastal plain, the inner lava
flows and the escarpment still remain very difficult to access
and survey. Finally, the archaeological materials themselves
are also difficult to see; the overwhelming majority are both
made from and deposited on local volcanic lava flows.
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Fig. 1 Map of the location of the study area in Jizan and Asir
Provinces, Southwestern Saudi Arabia. Major landscape zones defined
by the DISPERSE project (following Devès et al. 2013). Red dots
indicate findspots of Palaeolithic artefacts from the CASP survey of the

Southwestern Province (Zarins et al. 1981). Elevation data ©
CGIAR-CSI SRTM 90 m v4.1 database; bathymetric data from
GEBCO_08 One Minute Grid
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3 Palaeolithic Survey of the Southern Red
Sea Coast

3.1 The Comprehensive Archaeological Survey
Program of the Kingdom

The first large-scale archaeological survey of Saudi Arabia,
the “Comprehensive Archaeological Survey Program of the
Kingdom”, ran from 1977 to 1981. Sponsored by the
Department of Antiquities and Museums and the Ministry
for Education, it was planned as a response to a considerable
growth in infrastructural development. The sponsors foresaw
a potential threat posed to the Kingdom’s antiquities if
development continued without any prior understanding of
the heritage assets that might be destroyed. The timing of the
Comprehensive Survey was also significant; it was only
from the mid-1970s that there were sufficient Saudi Arabian
personnel trained in archaeology and heritage to work with
foreign specialists to make such a survey possible (Adams
et al. 1977; Potts 1998).

The Comprehensive Survey divided the Kingdom of
Saudi Arabia into six large provinces: Northwestern;
Northeastern; Western; Central; Eastern; and Southwestern.
For each region, a team completed two or three seasons of
field survey looking for archaeological sites of all periods.
Preliminary reports were published in Atlal, then a new
journal dedicated to Saudi Arabian archaeology and her-
itage. Major monographs for each province were planned,
but, unfortunately, never came to fruition. Although entitled
as a Comprehensive Archaeological Survey of the Kingdom,
even at the time, it was recognised that the scale of the task
made a total systematic survey impossible. Matters were also
not helped by the absence of detailed topographic maps
better than 1:500,000 scale (Petraglia 2003) with which to
plan and record any work. To compensate, the Survey tar-
geted areas where sites were already known, or areas close to
known oases, shorelines, ancient wells and traditional travel
routes and where access for survey teams was also possible.
In doing so, the survey team recognised that their results
would necessarily be affected by these constraints (Adams
et al. 1977). The survey teams also clearly understood that
any behavioural interpretations of the archaeology of the
Pleistocene (the Palaeolithic record) would necessarily be
tentative since the environmental constraints that have
structured life in Saudi Arabia over the last few thousand
years might have been considerably relaxed during earlier
episodes with different climate regimes, allowing possible
habitation and use of the landscape beyond the targeted
survey areas (Adams et al. 1977). Recent research on
changing palaeohydrology and landscapes in Arabia shows
the wisdom of this observation (Parker 2009; Groucutt and
Petraglia 2012; Bailey et al. 2015; Jennings et al. 2015,

amongst others), confirmed by new archaeological finds on
former wadis and lakes (e.g., Petraglia et al. 2011, 2012, and
this volume; Delagnes et al. 2012; Crassard and Hilbert
2013). Despite these limitations, the Comprehensive Survey
proposed some clear typological patterns and environmental
associations for the Palaeolithic archaeology of Saudi Arabia
(Petraglia 2003; Petraglia and Alsharekh 2003) which
remain a testament to the observational skill of the original
survey teams.

The Red Sea coastal plain in Jizan and Asir provinces
lies within the Southwestern province of the Comprehen-
sive Survey. Over six weeks in 1980, survey teams
examined an area greater than 21,000 km2, ranging from
the Red Sea coastal plain to beyond the escarpment to the
east, as well as including the Farasan Islands in the Red Sea
as part of their second season of survey (Zarins et al. 1981,
Plate 1A). They identified 20 sites that were typologically
assigned to the Palaeolithic, with 4 sites in the coastal plain
(Zarins et al. 1981). These sites were identified by stone
tool typology as Lower Palaeolithic (including Oldowan
and Acheulean), Middle Palaeolithic (including Mouste-
rian) or Upper Palaeolithic by reference to typological or
technological similarities to lithic materials discovered
elsewhere in Europe or Africa. In Africa, archaeologists
refer to these three periods as Early Stone Age (ESA), for
Lower Palaeolithic, Middle Stone Age (MSA) for Middle
Palaeolithic, and Later Stone Age (LSA) for Upper Palae-
olithic. Presuming a colonisation route into Arabia pri-
marily from Africa, these African chronological terms will
be used here. This choice of name also indicates a need to
look for parallels, where appropriate, in Africa rather than
Europe as is often done by other researchers. Palaeolithic
sites were located close to lava flows east of Abu Arish and
in the Harrat al Birk (Fig. 1). Acheulean sites, within the
ESA, were identified by the presence of handaxes, cleavers
and a series of worked tools made on flakes that can be
described as scrapers, knives and so forth that were always
used as simple hand-held tools. Middle Stone Age sites
were identified by the presence of prepared core technology
in which a core is prepared in such a way so as to facilitate
the removal of a flake of pre-determined shape and by tools
that conformed to types observed in European sites of
Mousterian age (Zarins et al. 1980, 1981). Prepared core
technology, originally called “Levallois technique”, results
in flakes that can be broad and flat, or pointed and flat, that
can be worked into a variety of tools of a more standardised
shape, and that are also thin enough to haft into handles
(see Debenath and Dibble 1994). Along the Red Sea coast,
no discrete Palaeolithic localities younger than the MSA
were discovered; indeed, it was noted that such materials
were in fact difficult to identify in Arabia in general (Zarins
et al. 1981).
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From the context of sites and finds, the Survey suggested
a relationship between hominin settlement and lithic raw
material sources, water courses, coastal exploitation of
marine resources and environmental or sea level change
(Zarins et al. 1981, Plate 5b). Acheulean sites were found on
the lava flows close to Al-Birk and Al Shukayk in Harrat al
Birk, and these flows appeared to overlie remnant coral
terraces approximately 10 m above modern sea level. The
location of Acheulean sites was thought to indicate the
exploitation of marine foods. For the MSA, the use of
marine resources seemed even more certain; survey reports
state that they had found tools embedded in remnant coral
terraces approximately 2 m above sea level (Zarins et al.
1981). Away from the coast, Palaeolithic materials were
found close to other lava flows, for example east of Abu
Arish, and along old wadi courses. No absolute dates were
produced, but it was suggested that Acheulean sites might
date from 1,200,000 years ago, and MSA sites from
100,000 years ago, by comparison to dated sites in Africa,
the Levant and Europe with typologically similar artefacts
(Zarins et al. 1981). As was typical for Palaeolithic research
at the time, the reports are also lacking in a detailed analysis
of the techniques of working and the variability of working
of stone materials within and between sites that might
facilitate interpretations of movement of materials across a
landscape.

Despite the real accomplishments of the Comprehensive
Survey, the speed and the requirements of the geographical
and chronological scale of the Survey meant that many
questions remain. We have no idea of the real quantity of
Palaeolithic archaeological materials surviving at the time.
There are no absolute dates for any of these sites or for the
lava flows with which stone tools were associated and which
were reported to overlie remnant coral terraces. Aside from
the statement that tools were associated with or embedded
within coral terraces, no photographs were published to prove
this relationship. The Survey reports provide no detail on the
archaeological assemblages from the Red Sea coastal margin
beyond their basic typological details; only one in the Hima
region, east of the escarpment, has such detail. None of the
sites found on the coastal plain was revisited for further
excavation or analysis, unlike the Acheulean sites of the Wadi
Fatimah and Dawadmi in the Western survey province
(Whalen et al. 1981, 1983, 1989; Whalen and Pease 1990).
As should be expected given the age and broad scope of the
Survey, there is no detail on the techniques of working at any
one site, how the raw material was exploited and how sites
might have fitted into larger patterns of settlement as evi-
denced by their sequences of production. Such analyses were
not common until the mid-1980s. Finally, no samples were
collected to provide information on the sediments with which
the archaeological materials were associated.

3.2 Palaeolithic Landscape Surveys in Jizan
and Asir Provinces Since 2012

Following preliminary reconnaissance in 2004 and 2006
(Alsharekh and Bailey 2013), from 2012, the DISPERSE
project has been conducting archaeological fieldwork along
the coastal strip of southwestern Saudi Arabia in the pro-
vinces of Jizan and Asir as well as in the Farasan Islands, led
by Geoff Bailey (University of York, United Kingdom),
Geoffrey King (Institut de Physique de Globe de Paris,
France) and Abdullah Alsharekh (King Saud University,
Saudi Arabia). The broad aim of the Project has been to
address the manner of and evidence for the dispersal of
hominins, with a focus on dispersal from Africa into Arabia
and beyond, recognising that (i) active tectonic and volcanic
landscapes offer an attractive set of resources for hominins,
and that (ii) much of the archaeological evidence relating to
hominin dispersals is currently submerged (Bailey and King
2011; Winder et al. 2015). Fieldwork in Arabia has, there-
fore, included extensive research on the exploitation of
marine resources on the Farasan Islands and on parts of the
submerged shorelines, supported by detailed surveys of the
topographical features of the sea bed between the mainland
and the Farasan Islands to predict places which might have
been used by hominins during periods of lower sea level,
and where underwater surveys might find preserved
archaeological evidence (Bailey et al. 2015, this volume;
Momber et al., this volume; Sakellariou et al., this volume).
Finally, the DISPERSE Project also initiated a new pro-
gramme of landscape survey and, where appropriate,
detailed site analysis along a 200 km by 100 km strip of the
upper and lower coastal plain along the Red Sea from Jizan
and Abu Arish in the south to north of the Harrat al Birk
(Devès et al. 2013; Inglis et al. 2014). This is the first
landscape survey for Palaeolithic archaeology in this region
since the original Comprehensive Survey.

In the thirty years and more that have passed since the
Comprehensive Survey, archaeological field surveys have
been transformed by the availability of satellite imagery,
GPS location and GIS mapping to investigate relationships
between finds and landscape features. In Arabia, this has an
even greater impact due to the continued absence of detailed
paper maps. The availability of scalable high-resolution
imagery transforms the speed and accuracy of survey plan-
ning, whilst accurate GPS location data, available from the
late 1990s, allows the rapid recording and representation of
survey findings in a graphical manner to facilitate immediate
feedback into the planning process. Indeed, the availability
of free, up-to-date imagery through Google Earth now makes
it possible to observe and interrogate a landscape topo-
graphically to find potential types of deposit to be surveyed
before entering the survey area, as well as transport routes to
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plan a series of locations and transects that can be accessed.
Online access to Google Earth during the survey season
makes it possible to modify plans in the light of daily survey
results from an area, and to identify landform or sediment
types that may be most profitable. Finally, regular updates to
the available satellite imagery permit an examination as to
how potential archaeological deposits are being damaged or
destroyed by natural processes and human development.
Despite these considerable technological developments,
surveys are still ultimately dependent on the time-consuming
process of walking across a landscape and being able to
identify archaeological stone artefacts. This is further com-
plicated in southwestern Arabia by the fact that identifying
these pieces is not a case of spotting material anomalies in a
landscape (as is often the case in regions where the materials
used are not local) but one of looking over many thousands
of possible pieces, many of which have been rolled and
naturally flaked over time, to find a very much smaller
number of real artefacts.

This recent programme of landscape survey initially
focussed on re-visiting sites identified by the Comprehensive
Survey to check on their current state of survival and the
accuracy of their earlier observations. We also examined
deposits of a similar type (remnant coral terraces, lava flows)
to evaluate the proposed patterns in distributions of
archaeological materials. Where possible we have examined
naturally or artificially cut sections to look for archaeological
materials that are buried by later sediments but exposed in
section. We have also explored topographical locations that
correspond to known hunter-gatherer patterns of landscape
use, specifically examining old water courses and remnant
tufa deposits that indicate the presence of ancient bodies of
water, as well as locations with potential vantage points from
which visual information about local animal and plant
resources and other hominin groups might have been gained,
and routes between. Recent research suggests that wayfaring
and landscape legibility are significant factors in hominin
behavioural evolution (Guiducci and Burke 2016; see also
Kübler et al., this volume), and taking these factors into
account has proven to be successful in landscape surveys
elsewhere (Sinclair et al. 2003). Survey localities included
small intensively surveyed areas (*200 m by 200 m)
associated with specific resources or sediments, through to
transects of perhaps 1 km length and 200 m width walked
across the landscape. Survey locations were identified and
planned from imagery available on Google Earth, and GPS
data for all survey locations was recorded, whether archae-
ological materials were recovered or not. The resulting data
was plotted as a layer on Google Earth and on smaller scale
GIS-based models of the landscape. Archaeological samples,
where found, had their locations recorded using a handheld
GPS, were collected, typologically and technologically
analysed and put into storage under the care of the regional

antiquities service for Jizan and Asir provinces. Samples
suitable for sedimentary analysis and for dating have also
been collected where possible.

In four seasons of landscape surveys, more than 85
localities out of 110 visited yielded Palaeolithic artefacts
(Table 1). From these locations, several relationships seem
evident. There are three distinct concentrations of Palae-
olithic materials, close to the lava flows at Abu Arish, Sabya
and especially in the largest flows of Harrat al Birk (Fig. 2).
Typologically, these localities include a few of predomi-
nantly ESA (Acheulean) character with handaxes, cleavers,
large cutting tools and large flake tools (n = 9), a larger
number of MSA character with evidence of prepared-core
techniques and their retouched flake products (n = 18), and
many localities with both (n = 47). Some localities could not
be typologically diagnosed (n = 13), and a number of
locations were surveyed without finding archaeological
materials (n = 25). There are no localities that are specifi-
cally, and only, of LSA character, but there are either a small
number, or just isolated pieces, in some places that are likely
to be LSA (see below).

In general terms, recent landscape surveying has cor-
roborated earlier findings by the original Comprehensive
Survey. It has identified frequent concentrations of Palae-
olithic material at Abu Arish and the Harrat al Birk, and
supported the proposed association between lava flows and
Palaeolithic archaeology by finding new localities close to
the lava flows at Sabya. Comparing the quantities and
character of evidence, we can now identify patterns with
greater confidence than was possible from the original sur-
vey data. For example, there is a significant variation in the
quantity of Palaeolithic lithics found at different localities;
two sites (Dhahaban Quarry and Wadi Dabsa) have pro-
duced assemblages of 1000 or more pieces (Fig. 3), though
the remainder have much smaller assemblages. Whilst most
of the newly surveyed Palaeolithic localities contain lithics
of both ESA and MSA typology, there are localities that are
of a single typological period. This variability in quantity
and quality indicates that it should be possible to examine
changes in hominin behaviour through spatial data. There
are clear associations between Palaeolithic hominins, water
courses and lava flows in Harrat al Birk (Fig. 4), as well as
possible evidence for movement of MSA hominins further
into the lava fields. A reduced presence of LSA hominins is
suggested by the reduced number of localities, and this will
be clearer still when comparisons are made of absolute
artefact numbers.

Whilst it would be reasonable to have expected the
identification of a greater number of Palaeolithic localities in
the recent programme of fieldwork when compared to the
original survey, given the greater length of time devoted to
surveying, the abundance of localities confirms the presence
of a rich archaeological record in this region that is still no
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more than partially explored. For example, the apparent
absence of localities along much of the eastern edges of the
lava flows in Harrat al Birk arises from an absence of sur-
veys, resulting from the difficulty of access, and not from a
known absence of archaeology. If access were to make
surveys possible, there is no reason to think that further
Palaeolithic localities would not be found. With one
exception, we have also found it very difficult to access and
survey potential places going inland toward and into the
escarpment. Finally, finds of ESA materials (including a
worked shale clast, and a flake from a discoidal core) from
artificially-exposed, deep sections below the lava flows (see
Bailey et al. 2015) suggest a younger date for some of the
lava flows, and the probable presence of many more
archaeological remains now covered by overlying sediment.

Beyond these general observations, the two sites found in
this survey programme with the largest archaeological
assemblages, Dhahaban Quarry and Wadi Dabsa, indicate
the extraordinary quality of archaeological and environ-
mental evidence that remains in the Red Sea coastal plain, as
well as the potential that exists for addressing more specific
questions about marine resource use and the ways of life of
past hunter-gatherer communities.

3.3 Dhahaban Quarry and the Evidence
for the Use of Coastal Environments

South of the town of Dhahaban, about 1 km inland from the
present shoreline, a complex series of coral terraces and
marine sediments have been preserved adjacent to the rem-
nants of a heavily-eroded cinder cone and its associated
basalt lava flows (Inglis et al. 2014, and this volume; Bailey
et al. 2015). From north to south, the deposits, all overlying
the basalt flows, include exposures of coral terrace and
overlying beachrock, a deep section through shallow marine
sediments, potentially formed in a lagoonal environment,
and beach sediments, capped by aeolianite at the southern-
most extent. Toward the centre of the site, a wadi flowing
from east to west has cut through the shallow
marine/beachrock sediments (Fig. 5), exposing a unit of
rounded cobbles of basalt and coral (for further stratigraphic
detail, see Inglis et al., this volume). Absolute dating of the
sediments (optically stimulated luminescence), basalt
(39Argon/40Argon) and coral (Uranium series) at Wadi
Dhahaban is a complex process and still ongoing (Inglis
et al., this volume; Sanderson and Kinnaird this volume).
However, the elevation of this complex of deposits, about
7 m above current sea level, is broadly consistent with a Last
Interglacial high sea stand, suggesting that the artefacts
buried below in the cobble unit pre-date MIS 5e (see dis-
cussion in Inglis et al., this volume). Examination of the
conditions of deposition of the cobble unit is also ongoing,Ta
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but the presence of rounded cobbles of coral may suggest
reworking of an earlier coral deposit, potentially from an
earlier high sea stand, within a terrestrial debris flow, which
also incorporated the artefacts.

The deposits at Dhahaban Quarry show the range and
complexity of marine deposits that remain in patches along
this coast and attest to the complex development and later
reworking of marine deposits at times of changing sea level
(see Inglis et al., this volume). It also highlights the threats
facing these deposits today. This site was first identified
because a large area in the central and southern part of the
site, possibly equivalent to 50% of the total area of the

marine deposits, has been extensively bulldozed, removing
the upper deposits of aeolianite and beach rock and forming
sections through these deposits. The western edge of the site
has also been extensively quarried, removing much more of
the same deposit and leaving a large exposed section 6–7 m
high. Much of this extraction of sediment presumably
occurred to provide aggregate material for building the
coastal highway that runs close to the western edge of the
site, or perhaps for new housing that has been built in local
towns.

Dhahaban Quarry is the source of the second largest
assemblage of Palaeolithic materials recovered during this

Fig. 2 Palaeolithic localities identified by recent landscape surveys in
the southern Red Sea coastal region from 2012 to 2017. Red circles
show localities where Lower Palaeolithic/Early Stone Age and/or
Middle Palaeolithic/Middle Stone Age artefacts were identified; orange

circles show localities where only undiagnostic lithic artefacts were
observed; white circles show locations surveyed that yielded no
artefacts, or only those of post-Palaeolithic character, i.e., those whose
typologies were assigned to the LSA
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survey. Across the preserved coral and beachrock deposits,
more than 900 MSA and ESA basalt artefacts have been
collected, containing a range of retouched tool forms (hand
axes, picks, scrapers, large cutting tools from the ESA,
prepared cores, retouched points, burins and retouched flake
blades from the MSA), and other types of prepared and
non-prepared cores and unretouched flakes. Most impor-
tantly, still embedded within the shallow marine and bea-
chrock deposits that were cut by the wadi, we have found 19
sharp basalt flakes of MSA character with another lithic
embedded within a lump of beach rock displaced by the
bulldozing activity, suggesting that bulldozing has probably
removed many other embedded lithics (Fig. 5c). Spatial
analysis is ongoing, but broadly-speaking, the geographical
spread of diagnostic and typologically identified stone tools
suggests that the ESA materials are to be found at the
southern and northern ends of the site, often closest to the
lava flows, from where they may have moved downslope
onto the surface of the younger marine and aeolian sedi-
ments. MSA materials are more common in the central part
of the site, and within the marine deposits. Dhahaban
Quarry, therefore, confirms the report of the Comprehensive
Survey team that MSA period artefacts can be found
embedded in marine deposits along this part of the Red Sea
coast, as well as on their surface, raising the possibility of

finding more embedded stone tools where other deposits of
the same type are preserved in other places along the coast.
Whilst the lithic evidence indicates that ESA and MSA
communities exploited the local lithic resources available
here at the coast, the taphonomic complexity of marine
deposits, lava flows, and the mixture of depositional and
erosional processes at Dhahaban Quarry, make it difficult at
present to determine whether they were also here for the
specific purpose of exploiting its marine resources. This
highlights the necessity of being able to study other similar
deposits in the future (Inglis et al., this volume).

3.4 Wadi Dabsa and Technological Evidence
for Cultural Transmission

The Wadi Dabsa basin is about 6 km inland from the
present-day shoreline. The basin is approximately 1 km2 in
area, and filled by a complex series of tufa carbonate
deposits, deposited by the flowing and pooling of
carbonate-rich water during periods of increased humidity.
Its limits are defined by basalt flows emanating from
numerous adjacent cinder cones (Inglis et al. 2015, 2017).
The date and sequence of development of these tufa
deposits, and that of emplacement of the basalt flows

Fig. 3 The variability in numbers of artefacts found at Palaeolithic localities through field surveys from 2012 to 2015
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surrounding the basin, is the subject of ongoing investigation
(Inglis et al. in prep.).

In 2015, numerous Palaeolithic artefacts were found dur-
ing an initial survey of the surrounding basalt flows at the
limits of the basin, leading to the discovery of a much larger
concentration of Palaeolithic artefacts located on the top of a
tufa spur overlying a basalt outcrop in the centre of the basin
(Inglis et al. 2015; Foulds et al. 2017). The tufa spur is bor-
dered on its southern and western side by a drainage
depression filled with sandy-silt sediment. Artefacts of ESA
and MSA character were identified and recorded across two
50 � 60 m grids (localities L0106 and L0130) in 2015 and
2017 (Fig. 6). All artefacts identified from L0106 were col-
lected for later technological study, but those from L0130
were typologically recorded, photographed and left in situ.
The density of artefacts across the grids (Fig. 7) suggests that
their numbers are controlled by geomorphological processes
that are deflating an artefact-bearing unit that overlies the tufa
(Inglis et al. 2017, in prep.). The artefacts would therefore
post-date tufa formation. However, a handaxe encased in tufa
(Fig. 8) found on the surface of the drainage depression in
2017 suggests a longer, more complex history for both tufa
deposition and hominin activity.

Palaeoenvironmental and dating evidence from the tufa
deposits and lava flows will contribute significantly to an
understanding of the complexity of local environments
inland from the Red Sea coast, but it is the quality of the
technological information accessible from this site that is
more surprising. Wadi Dabsa has produced an assemblage of
more than 2900 artefacts of both ESA and MSA character.
ESA artefacts include large cutting tools, scrapers, notched

and denticulated pieces, as well as a number of handaxes,
and one unusually large handaxe (Foulds et al. 2017).
The MSA assemblage contains a variety of retouched flake
tools including scrapers, burins, and point forms amongst
others. Two small test pits excavated in L0106 in 2017 have
produced examples of small shatter flakes that typically
result from in situ core working, and demonstrate that the
archaeological deposits are not completely deflated and offer
potential research gains through archaeological excavation
in the future.

The MSA assemblage is particularly well preserved and
appears to offer the possibility for refitting pieces making it
possible to reconstruct sequences of technological activity
(Fig. 9). It contains an extensive sample of prepared cores
and prepared-core flakes across all stages of reduction. The
production of good flakes through prepared-core technology
requires a knowledge of the way in which this technique
balances the volume and angles of stone above and below a
middle “horizon” (Boëda 1995). It also requires sufficient
prior individual experience to be able to adjust the exact
placing and weight of any striking of the core to respond to
the individual qualities of the nodule being worked and the
success or failure of prior blows (see van Peer 1992 for
examples from Egypt). At Wadi Dabsa, the lithic evidence
for prepared-core reduction has examples of cores that are
worked with knowledge and experience, as well as others
found in a restricted, but central, part of the site grid (B3-4,
C3-4) that show technological mistakes typical of individ-
uals learning to work stone. Specifically, these cores show
repeated attempts to strike and remove preparation flakes
from the same place, where previous strikes have been

Fig. 4 The distribution of Palaeolithic localities in the Harrat al Birk
mapped by typological age against potential modern water courses
mapped from the SRTM DEM. Red dots show observation of artefacts

of given typological age, white dots show localities where artefacts of
given age were not observed
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unsuccessful, resulting in cores that must be discarded
before the preparation process is complete. These unsuc-
cessful cores demonstrate a knowledge of what needs to be
done, the “recipe” for working, but a lack of experience with
which to adjust the process when faced by problems. A de-
tailed study of this evidence is ongoing (Sinclair et al. in
prep.) with the hope that refitted sequences of reduction will
support the technological interpretation derived from the
examination of single artefacts.

4 The Research Potential of Archaeological
Deposits Along the Southern Red Sea
Coast

A new programme of landscape surveying along the
southern Red Sea coast has confirmed the basic typological
observations of the Comprehensive Survey in this area
more than 30 years previously concerning surviving

Fig. 5 a Overview of geomorphological units at Dhahaban Quarry
(after Inglis et al., this volume) and summary of artefact technotypo-
logical characteristics found (Imagery © Google Earth, imagery date
19/1/2014); b basalt flake embedded within cobble unit, location

marked by star on (a); c basalt flake embedded in bulldozed block of
beachrock, location marked by circle on (a); d example of basalt MSA
artefact (prepared core) found on surface of deposits at Dhahaban
Quarry. Photos: A. Sinclair
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Fig. 6 An aerial view of the Wadi Dabsa showing the main
geomorphological units and the locations of observed artefacts in
2015 and 2017. Red box indicates location of L0106/L0130 grids (see

Fig. 7), and red star marks find of large handaxe reported in Foulds
et al. (2017). Satellite Imagery © CNES/Astrium, imagery date
15/11/2015

Fig. 7 Artefact survey grid at Wadi Dabsa (L0106/L0130). a artefact counts across the grid, showing geomorphological units; b basalt artefacts
uncovered in situ in Test Pit 1, Photo: G. Bailey; c basalt shatter flakes from test pit 2
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archaeological material of Palaeolithic age. It has identified
extensive concentrations of sites close to lava flows at Abu
Arish, Sabya and especially in the Harrat al Birk. It has also
been able to show, at Dhahaban Quarry, that there are still
Palaeolithic artefacts embedded in preserved marine deposits
along the coastline, even though the complexity of their
depositional history makes it difficult to prove directly the
earlier claims for the exploitation of Red Sea marine
resources by hominins. Finally, the quality of behavioural
information still recoverable from the lithic artefacts of a
largely surface deposit at Wadi Dabsa is convincing

evidence that considerable future research potential for
understanding hominin behaviour remains in the surviving
sedimentary deposits along the Red Sea.

Realising the full research potential of other remaining
archaeological localities will be challenging. The typological
descriptions that have been given to this material are too
broad as evidence of date, particularly when more than half
of the localities contain palimpsests of different-age materi-
als. A comprehensive programme of dating associated sed-
iments will be necessary. The clear association between
Palaeolithic artefacts and lava flows, alongside the

Fig. 8 ESA handaxe encased in tufa recovered from surface of L0130. Photo: H. Robson
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recognition that volcanic activity might have generated new
lava flows until quite late in the Pleistocene, indicates that a
programme of dating of the lava flows is necessary to pro-
vide a series of dates to bracket the upper age of certain
localities. Likewise, the presence of tufa deposits and marine
deposits with associated archaeological remains that may be
dated by OSL (See Sanderson and Kinnaird this volume)
also offers great potential for narrowing down the time range
of hominin behaviour.

The considerable time depth and geographical scale of
hominin life and the spatial distribution of different activities
means that we require archaeological assemblages from
many different localities if we wish to interpret the dispersal,
migration and colonisation of hominins into Arabia. Land-
scape surveys for Palaeolithic materials have demonstrated
that there is genuine potential for this evidence in the
southwestern Red Sea. The original Comprehensive Survey
began as an essential first step to map the surviving heritage
assets across the Kingdom that were faced with potential

destruction through development. There are, however, likely
to be more sedimentary deposits, as yet undiscovered, with
research potential. It is these deposits that need proper
mapping and assessment. The recent damage to the deposits
at Dhahaban Quarry confirms that the threat from develop-
ment remains as great as ever. In the case of the Red Sea
coast, there is still a (short?) window of opportunity made
possible by the availability of aerial imagery and digital
mapping to map these deposits, with the potential to inform
future development proposals.
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Investigating the Palaeoshorelines
and Coastal Archaeology of the Southern
Red Sea

Robyn H. Inglis, William Bosworth, Najeeb M. A. Rasul, Ali O. Al-Saeedi,
and Geoff N. Bailey

Abstract
Numerous palaeoshoreline features including coral plat-
forms, beachrock and wave-cut notches are present on the
Red Sea coastline of SW Saudi Arabia and on the Farasan
Islands. Some are associated with prehistoric archaeolog-
ical material, which has been the focus of ongoing
archaeological investigations over the past decade. Dating
and interpretation of these features are therefore of
considerable interest and relevance to the deep history
of human coastal adaptation and colonization in a key
zone for the understanding of early human expansion out
of Africa, as well as to the study of relative sea-level
changes and tectonic movements. This chapter provides
details of a field survey carried out in 2014 and presents
new information on the location, geological setting,
geochronological sampling and archaeological associa-
tions of these palaeoshoreline features. The results of
dating are still awaited, so that some of our interpretations
are still hypotheses in need of further testing. At this
stage, it is clear that the most prominent shoreline features
on the mainland coast are at elevations similar to those

dated elsewhere in the Red Sea as belonging to MIS 5e,
and that in at least one exposure Middle Stone Age
artefacts can be stratigraphically linked with this period of
high sea level. On the Farasan Islands, coral platforms
have undergone more variable and localised rates of
movement associated with salt tectonics. We set out the
field data in support of these interpretations and consider
their wider archaeological and tectonic implications.

1 Introduction

The purpose of this chapter is to present the results of a field
excursion conducted in November and December 2014 to
examine palaeoshoreline features in the southern Red Sea
along the mainland coastline of Asir Province in SW Saudi
Arabia and on the Farasan Islands in Jizan Province (Fig. 1),
and to set out the intellectual and scientific issues that have
informed our fieldwork.

Cemented coral platforms and beach deposits indicating
the presence of palaeoshorelines are widely distributed
above present sea level around the Red Sea, and some have
been recorded below sea level (Faure et al. 1980; Dullo
1990; Hoang and Taviani 1991; El Moursi et al. 1994;
Gvirtzman 1994; Hoang et al. 1996; Plaziat et al. 1998,
2008; Walter et al. 2000; Lambeck et al. 2011; Manaa et al.
2016; Bosworth et al., this volume; Sakellariou et al., this
volume). Those on land mostly represent earlier periods of
high sea level during Pleistocene interglacials. They occur at
varying elevations above present sea level, up to 100 m in
the Gulf of Aqaba, reflecting differences of age, variations in
eustatic sea level in different interglacials, and vertical
crustal movements associated with tectonic processes of
various sorts.

Similar palaeoshoreline features are present in our region.
In particular, exposures of cemented coral platforms or ter-
races and beach deposits at least 4 m above the present sea
level, and assumed to relate to higher sea-level stands of the
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Last Interglacial period (MIS 5e) or older, have been noted
during earlier archaeological expeditions in the region
(Zarins et al. 1980, 1981; Alsharekh and Bailey 2013; Bailey
et al. 2007a, b; Inglis et al. 2013, 2014a, b). However, they
had not received systematic or extensive geological inves-
tigation or geochronological sampling before our 2014
expedition. As such, the region is one of the least well
studied in this respect compared to most other coastlines of
the Red Sea. It is also the focus of ongoing research on
coastal prehistory (Bailey et al. 2012, 2015; Devès et al.
2013; Inglis et al. 2013, 2014a, b, 2015; Meredith-Williams
et al. 2013, 2014; Bailey and Alsharekh, in press; Bailey
et al., this volume; Hausmann et al., this volume; Sinclair
et al., this volume), and this provides an additional incentive
for more detailed geological research. Moreover, many
coastal features are under threat of destruction by intensi-
fying pressures of development, road-building, other
infrastructural projects and tourism, adding urgency to the
collection of field data.

For most published studies, the primary interest of these
palaeoshoreline features is their contribution to an under-
standing of sea-level change, and that is often taken to be the
main goal of their investigation. Together with evidence
from deep sea cores (Siddall et al. 2003; Rohling et al.

2013), this makes the Red Sea an important study region for
the wider understanding of global sea level change and its
relationship to climate change. However, palaeoshoreline
features also have relevance to a wider range of geological,
geoarchaeological and archaeological interests, and it is
important to be clear about the different aims, data require-
ments and assumptions that different disciplines bring to
shoreline studies. We identify here broadly three different
themes:

1. Measurement and modelling of sea-level change in
relation to global climate change, often with the ultimate
goal of producing better predictions of future sea-level
change.

2. Understanding of regional tectonic effects associated
with rifting, plate motions and other processes of crustal
deformation and their contribution to the wider under-
standing of Earth deformation processes and
geodynamics

3. Charting the role of coastlines in the global expansion of
human populations out of Africa during the Pleistocene
period and the deeper history of human interest in coastal
and marine resources and their exploitation.

These three themes are, of course, interlinked. Shoreline
features cannot be interpreted as sea-level indicators with-
out taking into account the interplay between eustatic
variations of sea level and vertical crustal movements
associated with rifting, plate motions, changes of mass
loading and other tectonic effects. This is especially
important in the Red Sea, which has a complex geotectonic
history. Palaeoshorelines in their turn provide sensitive
measures of tectonic movements that can be calibrated
against independent evidence of eustatic sea level change.
Eustatic changes of sea level also have effects on the mass
loading of the Earth’s crust in coastal regions and on the
erosion or submergence of geological features. In relation
to archaeological issues, both tectonic and sea-level chan-
ges alter the physical landscape setting within which past
human populations made their living; they can alter the
nature and accessibility of the plants, animals and water
supplies available for subsistence, pathways of movement
and communication, and the preservation and visibility of
archaeological evidence. Geological studies can also pro-
vide chronological control on the archaeology. Geologists
and sea-level specialists in their turn are interested in the
potential of archaeological data to provide independent
age-constraints on geological processes, and are increas-
ingly interested in the relevance of their research to the
study of human evolution and the scale of human activities
(e.g., Lambeck et al. 2011; Rohling et al. 2013; Benjamin
et al. 2017; Kübler et al., this volume).

Fig. 1 The southwestern Saudi Arabian Red Sea coastline showing the
Harrat al Birk and Farasan Islands. Area of Fig. 4 outlined in black.
Pale blue areas show the continental shelf exposed when sea level is
lowered to 120 m. The dark blue circular patches on the shelf are deep
depressions resulting from solution of Miocene evaporites. Data from
GEBCO 08 and SRTM 4.1
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Shoreline features are viewed differently in each of these
types of investigation—as sea-level indicators, as measures of
tectonic movement, and as evidence of human exploitation of
shorelines, respectively. The measurement accuracy differs
accordingly. For sea-level studies, measurements of the
highest possible accuracy are required—metre to decimetre
scale—with clear specification of measurement errors and
other sources of uncertainty, and calibration to a uniform
spatial and temporal framework. This is to facilitate differ-
entiation of eustatic sea levels in different interglacials or
interglacial sub-stages that may differ by only a small amount,
and to facilitate interregional and global comparisons. For
tectonic studies, a coarser scale—metres to tens of metres—
may be sufficient to distinguish between stable conditions and
long-term vertical movements. For archaeological purposes,
the absolute height of a shoreline is less important than
stratigraphic evidence that the archaeological material can be
directly associated with an elevated shoreline feature at the
time when sea level was high, rather than representing
material deposited on the surface at a later date. For example,
stone tools found on the surface of Last Interglacial coral
terraces could have been deposited during the subsequent
glacial stage, when sea level was far lower than present and
the shoreline many tens of kilometres distant.

Despite these inter-relationships and the widely acknowl-
edged virtues of interdisciplinary research, the investigation of
these three themes is often pursued by scientific communities
working within separate disciplinary or subdisciplinary com-
partments with poor communication across the boundaries
between them or even mutual incomprehension. As a
multi-disciplinary group with combined expertise in geoar-
chaeology, marine science, coastal prehistory, geophysics and
tectonic geology, we are interested in all three of these themes
and the relationships between them, and our approach to field
surveying has been shaped accordingly.

In this chapter, we set out the wider geological and
archaeological issues that inform our fieldwork, define our
field objectives and methods, present our preliminary results,
and discuss their wider implications.

2 Geological and Archaeological Issues

2.1 Geological Context

The Red Sea has a geotectonic setting involving the inter-
action of several different processes, including: continental
rifting involving crustal extension, normal faulting and
volcanism; seafloor spreading; plate motions; isostatic
changes of mass loading; and more localised tectonic
movements resulting from the mobility of Miocene salt
deposits, also referred to as evaporites or halites. The basin
began to take its present form as a continental rift at about

30 Ma as a northward extension of the East African Rift
system, and this whole rift structure was probably triggered
at least in part by the eruption of the 4 km-thick flood basalts
that occurred over the Ethiopian hot spot—a swelling and
thinning of the Earth’s crust over a hot plume rising from
deep within the Earth’s mantle—acting on pre-existing
weaknesses in the lithosphere (Hubert-Ferrari et al. 2003;
Bonatti et al. 2015; Bosworth 2015). The central Red Sea
basin has the typical features and asymmetric cross-section
of a rift, with the main faulting running through the centre of
the basin. Ongoing extension and normal faulting have
resulted in progressive uplift of the rift flanks and deepening
of the rift floor. The footwall of the main rift is on the eastern
margin, comprising the western Arabian escarpment, which
reaches a maximum height of *3000 m above sea level
(asl) in the south; the lower, hanging wall is on the western
margin of the Red Sea; and the deepest part of the axial
trough in the centre of the basin is *2800 m below present
sea level.

By 19 Ma, seafloor spreading had commenced in the
Gulf of Aden. The Arabian Peninsula continued separating
from the African Plate, moving to the north, with extension
in the Afar region of Ethiopia and the widening of the ‘Proto
Red Sea’. The Red Sea remained isolated from the world
oceans, apart from intermittent incursions of seawater from
the Mediterranean, and filled with thick deposits of evaporite
because of high rates of evaporation in a closed basin. By
5 Ma, a connection with the Indian Ocean was established,
with the onset of seafloor spreading and formation of
oceanic crust within the Red Sea Basin. The whole process
has been accompanied by episodes of magmatism on land on
the Arabian side with extensive areas of volcanic cinder
cones and basaltic lava flows, notably during the Miocene
(>5 Ma) and the Quaternary (<2 Ma and extending in some
regions into the Holocene), although it remains unclear to
what extent these originate from shallow sources in the
mantle associated with local extension and faulting or from
deeper mantle sources associated with the Ethiopian plume.

Many of the details of these processes including their
timing and the nature of ongoing deformation are still a matter
for debate. An active oceanic spreading centre is present along
the basin axis, with the Arabian Plate separating from
Africa/Nubia at *1.7 cm/yr (ArRajehi et al. 2010), and
continuing to slide along the large transform faults that define
its western and eastern boundaries and to collide with the
Eurasian continent to the north. However, there is debate
concerning when the transition from continental rifting to
seafloor spreading began (Girdler and Styles 1974; Girdler
and Whitmarsh 1974; Cochran 1983; Coleman 1993; Cochran
and Karner 2007; Mohriak 2015). Plate reconstructions and
extrapolation of spreading rates suggest that the tectonic
regime has been fairly constant over about the past 11 Myr
(McQuarrie et al. 2003; Reilinger et al. 2015).
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