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PART 1: FIELD EXPLORATION ON THE CORAL REEF STRUCTURES OF
THE FARASAN ISLANDS AND THE JAZAN REGION, KINGDOM OF SAUDI
ARABIA: THEIR IMPLICATIONS ON THE SEA-LEVEL CHANGE, TECTONIC
HISTORY, AND THE COASTAL ARCHAEOLOGY OF THE REGION

By

GeoFrF N. BaiLey!, Najees M.A. Rasur?, Rosyn H. INGLIS!, WiLLIAM BoswoRrTH?

NawAaF A. WIDINLY?, AND ALI O. SAEEDI?

ABSTRACT

This report presents the initial results of a survey on the coastal features of the provinces of Asir and Jizan
in SW Saudi Arabia and the Farasan Islands. This survey was prompted by the ongoing research on sea-
level change, tectonic history, and coastal archaeology of the region, and it is concentrated on the cemented
coral-reef structures that are now above the modern sea-level due to a change in sea levels, tectonic uplift,
or a combination of both factors. Seventy-five locations were examined, with the collection of over 50
samples for geological, chronological, and palacoecological analyses and 143 DGPS measurements of
elevation.

Keywords: Sea-level changes, Raised coral terraces, Tectonics, Farasan Islands, Stone Age archaeology,

Saudi Arabia
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INTRODUCTION

The field survey took place between 28 November and
7 December 2014, with the time in the field divided
between the surveys in the Farasan Islands and in the
coastal mainland in the provinces of Jizan and Asir.
The principal aim of the survey was to locate, measure,
and date the ages of the cemented coral reef terraces,
which are now elevated above the modern sea level (Fig.
1). It was also intended to document the structural
geologic features of these areas, such as the faults and
the fractures that are associated with the terraces. The
resulting data should provide a better framework for
modelling the relative sea-level changes and the crustal
movements during the Late Pleistocene. An improved
geochronological framework is also relevant to the
understanding and interpretation of the many Stone
Age archacological sites that were discovered in these
regions. The interpretation of the data presented in this
report and its significance for a better understanding of
the tectonic and the sea-level changes is presented in
Inglis and others (2019a).

ARCHAEOLOGICAL RELEVANCE

The archaeological potential of the Farasan Islands and
Jizan-Asir coastal mainland was first documented in the
1970s and 1980s by the Comprehensive Archaeological
Survey Programme (CASP) (Zarins and others, 1981).

Theareasvisited during the fieldwork had been intensively
surveyed by the DISPERSE Project since 2011, a joint
Saudi-UK initiative with the Saudi Commission for
Tourism and Antiquities (SCTA), now known as the
Saudi Commission for Tourism and National Heritage
(SCTNH), and the Department of Archaeology of
the King Saud University, with a focus on prehistoric
archaeology, coastal geomorphology, and submerged
landscapes (Alsharekh and Bailey, 2013; Bailey, 2015;
Bailey and Alsharekh, 2018; Bailey and others 2007,
2015, 2019; Geraga and others, 2019; Hausmann and
others, 2019; Inglis and others, 2013, 2014a, 2014b,
2019b; Kiibler and others, 2019; Momber and others,
2019; Sakellariou and others, 2019; Sanderson and
Kinnaird, 2019; Sinclairand others, 2019). The time span
of human occupation in this region is at least 500,000
years. An improved understanding of these geological
changes over this period, especially those associated with
sea level changes and tectonic movements are, therefore,
of great archaeological interest (see also Bosworth and
others, 2019; Lambeck and others, 2011).

The geological changes in the region are likely to
have major impacts on the preservation and the visibility
of the archacological evidence and on the varying
attractiveness of the different areas of prehistoric human
activities. Coastal uplift or subsidence and sea-level
changes have also had major impacts on the visibility
and preservation of coastal archaeological sites.

Figure 1. Multiple Late Pleistocene coral terraces in the Sulayn island group of the Farasan archipelago.

Saudi Geological Survey Technical Report - SGS-TR-2020-4 3
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On the Jizan-Asir mainland, there are concentrations
of Stone Age archaeological sites of all periods, many of
them in the coastal areas that are in close proximity to
elevated coral reefs, associated with periods of higher sea
levels, especially along the edge of the Harrat Al Birk.
Most of these sites are areas with surface scatters of stone
artefacts, and these can only be dated in broad terms by
their technological characteristics. Some artefacts were
found in stratigraphic position within a wadi cobble
unit in the Dhahaban quarry in association with the
elevated coral and beach deposits and the basaltic lava
flows (Inglis and others, 2014). This was a particular
target of the present survey.

In the Farasan Islands, there are over 3,000
prehistoric shell middens, including an impressive series
of shell mounds of up to 5 m tall (Fig. 2). These sites
are the result of the collection of marine molluscs for
food and the discard of the shells on favored locations
used as camping sites. An excavation shows that these
shell deposits include numerous other marks of human
activities, including the presence of fish bones, mammal
bones, such as those of the gazelle, numerous ashy
lenses, representing the remains of fireplaces, and other
artefacts. Usually, these deposits had built up as a result of
the repeated use of the same location over long periods,
ranging from decades to centuries. Majority of these

sites, especially the mounds, fall in the period between
6,500 and 4,500 radiocarbon years BP (Bailey and
others, 2013; Hausmann and others, 2019). There are
also small middens and scatters of shells of more recent
ages. The mounded sites are mostly located on the edge
of a fossilized coral platform, which is the dominant
landform of the Farasan Islands, and has been undercut
by marine erosion at or close to the modern shoreline
to form a characteristic notch. Some of these shorelines,
especially those on which the larger mounds are located,
appear to be higher than the present sea level. In some
areas, these shorelines are now at some distance inland
from the present-day shoreline around the edge of large
bays that are now dry and sand-filled areas as a result of
ongoing sedimentation and/or tectonic uplift.

TECTONIC RELEVANCE

The Saudi Geological Survey began a field program
to study the uplifted Late Pleistocene coral terraces
in December 2013. The purpose of this project is
to document the relative sea-level changes along the
coastlines of the country and, from this, to infer the
magnitudes of the recent tectonic uplift or subsidence
that occurred in the area. It is also intended to document
the Late Pleistocene paleo-environments and the
distribution of reefs through time. The first phase of

Figure 2. Series of shell mounds in the Janaba Bay, Farasan Kabir, showing a large mound in the foreground with the GPS
measuring equipment used in the survey. Similar shell mounds are visible in the middle distance along the edge of
a palaeoshoreline that is now ~1 km inland from the modern shoreline (visible on the far left).
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this project covered the Saudi Arabian coast of the Gulf
of Agaba (Angeletti and others, 2019; Bosworth and
others, 2019; Taviani and others, 2019), and the second
phase reported here shifted the focus to the coast of the
Red Sea.

The Late Pleistocene coral terraces in the southern
Gulf of Suez in Egypt are known to have been tectonically
uplifted by as much as 1015 m during the past 125,000
years. This is almost entirely due to footwall uplift along
several active extensional faults, at least one of which
has been teleseismically active within the past 50 years
(Bosworth and others, 2019). Our fieldwork with the
SGS had confirmed that similar uplift rates are occurring
in the northern Gulf of Aqaba at the Saudi margin.
Along the southern part of the margin, particularly in
the Midyan area, the rates are much lower.

The 2014 fieldwork reported here was intended to
extend the documentation of the Late Pleistocene coral
terrace to the southern part of the Red Sea margin,
focusing on the area of Harrat Al Birk. This will provide
important constraints on the tectonic evolution of the
margin, which, unlike the Gulf of Agaba, appears to
be relatively stable or slightly subsident during the Late
Pleistocene. Our fieldwork also included the offshore
area of the Farasan archipelago, where the Pleistocene
stratigraphy shows several overlying active salt domes,
providing a different perspective on the neotectonics of
the Red Sea basin. Though the situation here is much
more complex than that of the coastal region.

OBJECTIVES OF THE SURVEY

The specific objectives of the survey were as follows:

a. to study the structural geology of the coastal
landforms and the associated evidence of faulting,
fracturing, and volcanism

b. to locate raised beaches that represent earlier
periods of high sea level. Typically, these are
composed of cemented corals or beach rock
(cemented sands and shells)

c. to measure the elevations of these old beach
terraces in order to track the local and the
regional changes in the Earth’s crust that resulted
from rifting and salt tectonics and to collect new
data on sea-level changes

d. to collect samples of corals or shells that are
suitable for U-series dating from these elevated
terraces

e. to collect samples of basalts that are suitable for
Ar*/Ar” dating, wherever the ages of the basalts

could help constrain the geologic evolution of
the coral terraces themselves

f. to relate the geologic history of these coastal areas
to the archaeological sites, which are frequently
found at the coastal edges with the elevated coral
terraces

METHODS

The fieldwork targeted a number of locations known
from previous work to have good exposures of
Pleistocene coral reefs. Locations visited were traversed
by 4-wheel drive vehicles and on foot. Within the
Farasan archipelago a small motorboat was also used to
access the coastlines of several islands.

Particular attention was devoted to the collection of
samples of corals and shells, which were embedded in the
cemented coral or beach deposits for the U-series dating
(Fig. 3). The degraded nature of the coral materials
necessitated an intensive search for the suitable in-situ
specimens. Moreover, the heavily cemented nature of
the deposits required heavy-duty hammers and chisels
and prolonged effort to remove the samples from their
matrix.

Most of the corals are unsuitable for dating because
of their fibrous open structures and diagenetic alteration.
Many coral samples, when broken open, showed streaks
of mineral staining, a sign of probable contamination.
The most suitable materials for dating are the large coral
heads with dense and uniform structures.

The shells of the Tridacna clam were also
collected (Fig. 4). This is a very large mollusc, often
20 cm or more in length, and with a thick, dense
shell several centimeters thick, with a better chance
of preserving a closed geochemical system protected
from contamination. Other types of shells, principally
gastropods, were collected in some cases, being the only
dateable materials that are present in the deposits. The
shell materials of this type, as well as the coral, are also
amenable to Amino Acid Racemization (AAR) dating,
and the University of York BioArCh Laboratory, a
leading center for this dating method, has established
protocols in obtaining reliable dates from shells and
corals, and sometimes, on materials, where the U-series
dating has failed (Penkman and others, 2008, Hendy
and others, 2012). The likelihood of success depends on
the particular amino acids that are present in the shell or
the coral matrix and their racemization rates, something
that can only be established through experimentation,
so that results are not guaranteed, even in unaltered
samples.

Saudi Geological Survey Technical Report - SGS-TR-2020-4 5
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Figure 3. Sampling a Pleistocene coral terrace on Farasan Kabir west of Mursa al Hesen. Both corals and Tridacna clam
shells (shown here) were sampled. Note the staff with a GPS receiver, mounted the sample, used for both precision
measurement of position and elevation.

—

o

Figure 4. The Tridacna clam and the labelled bag.
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Figure 5. Locations of the stations on the Farasan archipelago and along the Red Sea coastline at Harrat Al Birk. The digital
elevation model used is from the US National Oceanic and Atmospheric Administration.

All of the samples for dating were separately bagged
in canvas bags. Each sample was labelled with a unique
catalogue number, prefixed with FA for Farasan or HAB
for Harrat Al Birk, tagged with the dates of collection,
and other relevant details (Fig. 4).

Over 70 samples for age dating were collected this
way. All sample locations and elevations were measured
with a Trimble differential GPS instrument, utilizing
survey reference points or local base stations. Post-
acquisition data processing was conducted by the survey
team at the SGS. Additional traverses and spot elevations
of specific features were made with the same equipment.
In some locations, additional elevation data were also
obtained by tape measure, referenced to the sea level.
The locations of the outcrop stations are shown in Figure
5. The full details of the samples for age dating and the
DGPS measurements are tabulated in Appendices 1 and
2. A map of the DGPS positions in Farasan Station 3 is
presented in Appendix 3.

In some locations, archaeological artefacts were
identified, such as the flaked stone artefacts or the

broken ceramics. The shell middens, usually more or
less extensive scatters of shells left by humans, were
also identified in some of the areas visited, including
those sites that were not recorded in previous surveys.
These were described in the field with brief notes on
their extent, principal mollusc species, and the presence
or absence of artefacts. Several artificial stone structures
were also encountered in some areas, and were briefly
measured and described, including an important series
of stone mounds in the southern area of Al Qamah in the
Harrat Al Birk, which are clearly human burial mounds
but of unknown age (Fig. 6). We also observed a group
of interesting structures, one of which is associated with
a midden of pearl-oysters (Fig. 7) on one of the Abalat
islands. All archaeological data will be submitted to the
SCTA for their records, so that these sites, which are at
risk of being damaged or destroyed, will be flagged for
their attention and needed action to preserve them.

In the coastal region of Asir and Jizan Provinces,
all archaeological materials are at risk because of the
intensive development taking place in these areas, with
extensive earth moving, bulldozing, and construction

Saudi Geological Survey Technical Report - SGS-TR-2020-4 7
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Figure 6. A stone mound south of Al Qamah in the Harrat Al Birk, resting on a Pleistocene terrace, which is now located
several kilometers from the present shoreline. More than a dozen of these mounds are present in this location and

were built for human burials.
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Figure 7. Shell midden located on one of the Abalat islands within the Farasan archipelago. The shells are predominantly
pearl oysters and are associated with the remains of a nearby stone structure. This site probably represents a pearl
fishermen’s camp of relatively recent age.
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activities. We have, therefore, collected the materials in
areas, where the likelihood of their loss or destruction
is high. These materials comprise a small number of
artefacts, including mostly individual flaked stone
but also These
materials were bagged separately and will be added to
the materials collected previously by the DISPERSE
project staff, which are currently stored in the SCTA
storage in the Sabiya Museum (Jizan).

artefacts some ceramic materials.

PRELIMINARY RESULTS

FARASAN ISLANDS

On the Farasan Islands, we spent three days of intensive
survey and targeted three principal areas during the
successive days: 1) Mursa Al Hesen in the north of Farasan
Kabir, the largest island of the Farasan group, and also,
the area that shows most obvious signs of tectonic uplift
associated with salt tectonics on the satellite images; 2)
the Sulayn and Abalat group of islands, north of the
main port on Farasan Kabir; and 3) Ras Shida at the
southern extremity of Farasan Kabir. A plan to visit the
island of Qumah was aborted because of bad weather
and a halt to all boating activities on this particular day.

Mursa AL HESEN

This is a fisherman’s harbor in a small bay (Fig. 8),
backed by a partly eroded cliff, forming an impressive

sequence of uplifted white biogenic/bioclastic marine
sediments and capped by a 2-m thick coral reef terrace.
The top of the terrace is about 30 m high. The terrace
is bounded by a NW-SE striking extensional fault on its
southwest side. Numerous coral and 77idacna samples
were collected from the lower lying terraces to the west

of the harbor.

SULAYN AND ABALAT ISLANDS

We visited a number of islands to the north of the
modern port of Farasan and collected samples from
Murrabaah Island within the main Sulayn group (Fig.
9), and from one of the larger islands of the Abalat group
to the northwest (Fig. 10). The upper coral terrace in
Abalat lies at an elevation of 9 m, as determined using
a tape measure to the sea level in the afternoon of
November 30.

Ras SHIDA

Ras Shida itself shows an interesting four-fold sequences
of uplifted coral platforms. The highest and oldest is Jabal
Shida, with an elevation of 26 m (DGPS measurement
in December 1 at 11:44 AM) (Fig. 11).

Below this highest terrace is a terrace, now tilted
and with sinkholes, most probably formed by wave
action acting on the minor faults or joint fractures in the
bedrock, before the surface was uplifted (Fig. 12).

Figure 8. A fishing village in Mursa al Hesen on Farasan Kabir. This photograph was taken from the top of a coral terrace
that was up-thrown relative to the plain below, with a topographic offset of about 30 m.

Saudi Geological Survey Technical Report - SGS-TR-2020-4 9
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Figure 10. Massive coral reef section, capped by 9-m terrace in the large island within the Abalat group.
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Figure 11. The highest coral terrace in Ras Shida.
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as Shida, showing a sinkhole and a surface joint fracture.
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Skirting this is a lower terrace, and below this is a
3-m terrace that abuts the present shoreline. The three
upper units provided samples for age dating. However,
we were unable to find suitable dateable materials
in the 3-m terrace around the headland, because the
reef materials here, as elsewhere along the Janaba Bay
shoreline, are mostly composed of beachrock rather
than corals. Some of the shell mounds sitting on the

edge of this coral terrace yielded radiocarbon age dates
in the range of 6,000—4,000 cal BP, but this can only be
interpreted as a minimum age for the underlying terrace,
which could be very much older. The preliminary height
measurements suggest that this lower terrace has variable

elevations along its length, suggesting the effect of a
differential uplift/subsidence along this stretch of the
coast (Figs. 13 and 14).

Figure 13. Shell mound of mid-Holocene, age sitting on the 3-m terrace, with the Ras Shida headland visible from a far
distance. The edge of the coral terrace was undercut by marine erosion.

—

Figure 14. The Farasan 3-m coral terrace, showing the degree of underc
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utting by marine erosion.
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JIZAN MAINLAND

We spent four days on the mainland, concentrating on
the localities along the coastal edge of the Harrat Al Birk
(Fig. 5) within the Province of Asir: 1) the Dhahaban
quarry, 2) the Al Birk area to the north, and 3) the Al
Qamabh area to the south.

DHAHABAN QUARRY

The Dhahaban Quarry is a complex series of deposits,
partially exposed by quarrying and by the down-cutting
of a wadi that grades to the present sea level, which has
incised the earlier deposits. The deposits represent at
least four different episodes: 1) a volcanic cinder cone
with associated basaltic lava flows; 2) a unit comprising
large water-rolled cobbles of basaltic lava and isolated
corals and marine shells; 3) a marine deposit of cemented
sands, beach rocks, and corals, which formed during
a period, when the sea level was ~8 m higher than the
present level; and 4) an upper cross-bedded deposit,
believed to be wind blown that is banked up against the
volcanic cinder cone. This site is also archaeologically
significant, since it has yielded a large number of Early
and Middle Stone Age artefacts lying on the surface of
the marine terrace, and a smaller number of artefacts
embedded in unit (2) (Inglis and others, 2014a,b) (Fig.
15 and 16).

Samples for new age dating were obtained from all
four units, including the basalts, for Ar°/ArY dating
of the basaltic lavas to derive a maximum date for the
overlying deposits. The samples for OSL dating were
recovered from the upper sand unit in 2014 and are
currently being processed at the Scottish Universities
Environmental Research Centre, UK. The combination
of the dating methods and the dating samples from this
site offers a good prospect of unravelling its geologic
history.

AL BIrx ReGION

A number of localities were visited in the Al Birk region.
These include the shell midden site to the north of Al
Birk town, which were visited and sampled during the
previous archaeological surveys (Fig. 17). The site is
of particular interest, because it comprises a cemented
coral terrace, most likely of last interglacial date, that
is situated immediately behind the modern beach with
Middle Stone Age artefacts on its surface and probably
of similar age (Inglis and others, 2014b), and a scatter
of food shells that were dated to be 5,560+70 BP
(Beta-191460) using radiocarbon, which was an age
obtained from one of the shells (Bailey and others,
2007; Alsharekh and Bailey 2013). In other words,
the area is an archaeological palimpsest, comprising a
mixture of materials of very different ages that cannot

Figure 15. Unit 2, comprising a debris flow conglomerate within the wadi, cutting through the Dhahaban quarry. The
clasts include cobbles of both the basalt and the Pleistocene corals that crop out in other parts of the quarry. Stone
artefacts were also recovered from this same deposit (see Fig. 16).
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be stratigraphically disentangled. The coral terrace Two other locations in the northern area of Al Birk
on which the deposit sits yielded a radiocarbon age of town were sampled, one with a cemented coral deposit
38,380 1290 BP (Beta-191459), in effect, an infinite banked up against a volcanic lava flow on the west of the
age. New samples for the age dating of corals and shell main road opposite a gas station, and a second locality
were obtained from the eroded section of the cemented in the eastern side of the main road and further south,
coral unit. where a coral beachrock deposit is exposed, with a single

T S i, w N 2
Figure 16. The debris flow in the Dhahaban quarry, showing two basalt artefacts embedded in the deposit (immediately
to the right of the measuring scale).

; i e S S - i ¥ al
Figure 17. The shell midden at Al Birk. The midden comprises a relatively thin and superficial deposit, spread over quite
a large area. The stone tools that were scattered across the surface are made from the local basalt and belong to
a much earlier period than the shells. Large boulders of basalt are clearly visible around the edge of the area as
can be seen in this image.
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struck basalt flake recovered from within the beachrock
deposit.

In the town of Al Birk itself, there is a prominent
peninsula projecting out to sea, comprising a lava flow.
Coral deposits occur on its flank but the best exposures
are inaccessible behind a tall security fence.

Several other localities were visited and sampled
south of Al Birk town, including exposures of an old
coral terrace in the inner edge of the modern sabkha,
and the radar station site, the CASP site 216-208, also
known as DISPERSE Locality L0084 (Zarins and others,
1981), comprising a volcanic cinder cone with a coral
terrace on its northern and eastern flanks (Fig. 18). This
site is well known in published archaeological literature
and has been visited on several occasions, yielding Early
and Middle Stone Age artefacts and a K/Ar age of 1.3
Ma, based on the materials from the cinder cone (Bailey
and others, 2007). Boulders engraved with writing in
South Arabic scripts are also present on the eastern slope
of the cinder cone immediately below the radar station
and in the nearby shallow tunnels that were excavated
into the side of the cinder cone within a defined area of

the SCTA protection (Fig. 19).

Since this site was first visited in the 1980s and again
in 2004 and 2013, the whole area has been seriously
disturbed by construction works, road building, and
extensive quarrying of sediments. The coral terrace on

Figure 18. Extensive coral terrace that was banked up against a volcanic cinder cone on the east side of the coast guard
radar station south of Al Birk. The corals in this location are very highly altered and generally unsuitable for U-series
age dating.

the eastern side of the cinder cone is still reasonably
intact, but finding samples of corals that are suitable
for dating proved elusive, and only shell samples were
recovered from this location.

AL QamMaH

In the southern area of Al Qamah, we visited a lava
flow and a coral beachrock complex, similar to the
other exposures in this region. This location is of
archacological interest because of the number of stone-
built burial mounds that are located on the edge of the
terrace (Fig. 6) and a nearby scatter of archaeological
materials, including incised ceramics. The top of the
terrace was surveyed.

CONCLUSIONS

This report presents data of coastal landforms, principally
elevated coral terraces and exposures of beachrock, and
associated archaeological evidence in the form of shell
middens and stone artefacts. The approximate age date
of the materials is at least 130,000 kyr or may be more.
The geological features were formed at or close to their
contemporaneous sea-level, and their present elevations
are evidence either of sea level changes or vertical
tectonic movements since the time of their formation,
or a combination of both. They, therefore, provide
important indicators of these processes during the late
Quaternary period.
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Figure 19. Boulders with south Arabic scripts were found on the eastern slope of the cinder cone.

The archaeological data provide insights into the
potential significance of coastal environments and
marine resources to the Stone Age populations that lived
in the region over the same time range. The data were
collected from 13 locations along the 100 km coastline
adjacent to the volcanic province of the Harrat Al Birk
in the provinces of Asir and Jizan, and from three areas
in the Farasan Islands: the north of Farasan al Kabir, the
headland of Ras Sheida in the south of Farasan al Kabir,
and the Sulayn and Abalat group of islands. All locations
and features were photographed, and their positions and
elevations were measured with DGPS equipment. Over
70 samples for dating were collected for Uranium series,
Argon-Argon and Amino Acid Racemization analysis.
The data on the archaeological features or artefacts were
recorded in situ. The Al Birk coastal features lie in the
range of 3-8 m above the modern sea level, which is
consistent with the elevation of the features, dated
elsewhere in the Red Sea region, to the last interglacial
high sea-level stand at c. 130,000 ka. The features of
the Farasan Island have much more variable elevations
due to the locally variable effects of salt doming. The
archacological features mostly comprise shell middens
that are known to be of mid-Holocene age based on
radiocarbon determinations. These cannot be used to
date the underlying coral terraces or other geological
formations, which may precede the middens by an

Mo Ly

unknown time interval. In rare cases, notably at the
Dhahaban quarry site in the Al Birk region, stone
artefacts are stratified in deposits that were linked to an
elevated coral terrace.

RECOMMENDATION

Additional data might be required to date the samples,
and as such, future trips are recommended, so that a full
geochronological interpretation could be determined.
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Appendix 3. Farasan Station 3 (Ras Shida) DGPS measurements located on a Google Earth map
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