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Abstract
A marine geological-geophysical survey of selected areas
on the Saudi Arabian continental shelf of the Farasan
Archipelago in the southeastern Red Sea has been
conducted in the framework of the ERC-funded DIS-
PERSE project. The aim was to explore systematically the
geological, tectonic and sedimentary structure of the shelf
and provide insights into the submerged prehistoric
landscapes. The survey targeted features believed to be
of significance in relation to the archaeological potential of
the submerged landscape, including geological structure,
palaeoenvironment, and sea-level change. Swath bathy-
metry, seismic and subbottom profiling data, side scan
sonar imaging and sediment coring indicate that the flat
areas belonging to the 70–90 m deep shelf may have
developed as part of an erosive marine terrace during the
latter part of MIS 3, between 30 and 45 ka BP. A second
terrace lying at 115–120 m water-depth is associated with
MIS 2, whereas a third one, mapped at about 40 m
water-depth, may correspond to the MIS 5.1 period,
80–85 ka BP. Extensional tectonics, possibly driven by
basin-ward flow of underlying Miocene evaporites below
the shelf, is responsible for the rupturing of the latter along
NW–SE trending faults. The resulting fault-bounded
blocks, which are composed of Plio-Quaternary rocks,
were dragged and drifted away from the shelf edge to
create isolated flat-topped ridges surrounded by steep
slopes and troughs. The largest part of the shelf along with
the 90 m deep, flat tops of the ridges were exposed when
the sea-level was at 115–120 m bpsl (below present sea

level) during the Last Glacial Maximum (LGM). This
geomorphological configuration may also be valid for the
previous low sea-level period, 140 ka BP (MIS 6). Shallow
and deep depressions and valleys on the main terrace of the
shelf, which formed by solution of evaporite diapirs or
domes, were permanent or ephemeral lakes when the shelf
was exposed during MIS 2. Similar lakes possibly formed
in the many deep sinkholes which occur on the available
hydrographic charts along the 120 km wide and
several-hundred-km long Farasan shelf. Finally, the pres-
ence of valleys and canyons on the seafloor of the survey
areas indicates erosion of the shelf under subaerial
conditions due to surface water-flow.

1 Introduction

In this paper we present the results of a marine geological-
geophysical survey of the Farasan Islands continental shelf, in
the southern Red Sea, SW Saudi Arabia. This is a rare
example of a marine geological-geophysical survey informed
by joint marine-geoscientific and archaeological thinking with
the aim of exploring systematically submerged landscapes in
deeper areas of the continental shelf and targeting features of
potential archaeological significance in relation to geological
structure, palaeoenvironment, and sea-level change (for other
examples see Dixon and Monteleone 2014). The Red Sea
region is of wide interest and significance both to geoscien-
tists and archaeologists: to geoscientists because it represents
an unusual ‘laboratory’ for investigating Pleistocene sea-level
change (Lambeck et al. 2011) superimposed on a dynamically
changing landscape controlled by rift-tectonics and
salt-tectonics (Bosworth et al. 2005); and to archaeologists
because it is regarded as one of the primary pathways of
dispersal for early human populations expanding out of Africa
during the Pleistocene, in which the now-submerged land-
scape of the extensive continental shelf is believed to have
played a key role.
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This study has developed as an international and inter-
disciplinary collaboration arising directly out of the
SPLASHCOS COST Action (www.splashcos.org; Bailey
and Sakellariou 2012) and within the ERC-funded project
DISPERSE (Bailey et al. 2012). The main objectives were
(i) to understand the underlying Quaternary geology and the
role of active geological processes in changing the
coastal/submerged landscape; (ii) to reconstruct the broad
outlines of the now-submerged landscape and (iii) to identify
specific locations where archaeological evidence of past
human settlement when sea level was lower than present
might have been preserved. This work builds on two strands
of earlier investigation, one concerned with the impact of
active tectonics on the early landscapes of human evolution
(King and Bailey 2006; Bailey and King 2011; Bailey et al.
2011), the other with the impact of sea level change and
submerged landscapes on the potential connections between
Africa and Arabia and the dispersal of early humans
expanding out of Africa during the Pleistocene (Bailey et al.
2007; Lambeck et al. 2011; Bailey et al. 2015).

2 Regional Setting

The Red Sea is the youngest oceanic basin on earth,
developed as part of an extensive rift system between the
Nubian (African) plate to the west and the Arabian plate to
the east. Continental rifting in the southern Red Sea and the
Gulf of Aden began 30–24 Ma ago (Purser and Bosence
1999, and references therein; Bosworth et al. 2005, and
references therein; Bosworth 2015) (Fig. 1). The principal
phase of rift shoulder uplift and rapid syn-rift subsidence
along the Red Sea followed shortly after 24 Ma. Extension
evolved initially perpendicular to the Red Sea rift axis until
approximately 14 Ma, when the Aqaba-Levant Transform
Fault cut through Sinai and the Levant margin (Bayer et al.
1988) and linked the Red Sea rift with the Bitlis-Zagros
convergence zone. Since then, extension across the Red Sea
has changed from rift-normal (N60E) to highly oblique
(N15E), parallel to the Aqaba-Levant transform fault. Dur-
ing that period, the marine connection with the Mediter-
ranean Sea became restricted and consequently
sedimentation in the Red Sea changed from open marine to
evaporitic. It was by then, during the Middle to Late Mio-
cene, when massive, up to 2500 m thick evaporites (mainly
halite) accumulated on the Red Sea floor (Bosence 1998).
The top of the Miocene salt marks a basin-wide unconfor-
mity (Hughes and Beydoun 1992; Mitchell et al. 1992),
recognized throughout the Red Sea Basin and coincides with
the onset of oceanic seafloor spreading in the south-central
Red Sea, at latitudes between 15°N and 20°N (Girdler and
Styles 1974; Roeser 1975; Searle and Ross 1975; Cochran
1983; LaBreque and Zitellini 1985).

The Red Sea rift is markedly asymmetric. The western
(African) margin is narrow and steep, whereas volcanism
occurs almost exclusively on the eastern (Arabian) side
together with the most significant uplift (Bosence 1998).
This asymmetric uplift of the rift shoulders led to the for-
mation of the Great Escarpment, the mountain-front that runs
parallel to the Arabian shoreline (Fig. 1). According to
Schmidt et al. (1982) the first stage of uplift of the Red Sea
Great Escarpment began during Middle Miocene time.

Increased marine water influx through Bab al Mandab in
the Early Pliocene (Stoffers and Kuhn 1974; Stoffers and
Ross 1977) led to the re-establishment of open marine con-
ditions in the Red Sea (Bosworth et al. 2005). Marine oozes
and marginal clastic sediments together with carbonates of
Plio-Quaternary age were deposited on top of the Miocene
evaporites. Coral reef limestone deposits occur all along the
present shorelines and on the shelf and may reach a thickness
of up to 300 m, for example, in the Farasan Bank (Mideast
Industries Ltd. 1966; Bosence 1998). On the southeastern
Red Sea margin, along the littoral zone near Jizan, these
deposits are buried under clastic debris derived from erosion
of the high rift escarpment.

Salt diapirism began in the Red Sea soon after the
widespread deposition of massive halite in the Middle to
early Late Miocene. Salt domes reached the surface in many
parts of the basin by the end of the Miocene, and most were
subsequently buried. A few domes are presently at or very
near the seafloor along the Egyptian, Saudi Arabian, and
Yemeni margins (Bosworth et al. 2005). Rejuvenation of
pre-evaporite extensional fault-systems has stimulated salt
mobilization and diapirism in the Red Sea (Purser and
Bosence 1999; Hudec and Jackson 2007).

Two shelves have developed along both margins of the
Red Sea axial trough, which extend from the shoreline
seaward for distances of 30 to more than 100 km. In the
southern Red Sea, south of latitude 21°N, where the Red Sea
reaches its maximum width of 360 km, both shelves extend
for more than 120 km each and are capped by predominantly
carbonate sediments (Abou Ouf and El-Shater 1992; Car-
bone et al. 1998). Two main groups of islands occur in this
part of the Red Sea, the Dahlak Islands on the Eritrean shelf
and the Farasan Islands on the Arabian shelf. The water
depth around the two archipelagos is less than 100 m while
the semicircular geometry of the islands and reefs suggests
ascending salt domes (Dullo and Montaggioni 1998).

Pleistocene shallow marine reefal limestones, deformed
by salt diapirism, form the bedrock of the Farasan Islands
(Bantan 1999). The uplift of the Farasan Islands was prob-
ably initiated by differential loading of Miocene salt, trig-
gered by tectonic stretching of the overburden during the
regional extension of the Red Sea rift. The islands them-
selves comprise more or less a reef-flat with faulting and
uplift strongly influenced by salt diapirism (Dullo and
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Montaggioni 1998). The tectonic pattern exhibits graben and
horst structures developed parallel to the Red Sea trough.
Therefore, salt diapirism has created not only dome-like
structures but also NW–SE salt walls. The exposed reef
limestones are mainly of Eemian age (MIS 5.5, 125 ka BP)
and occur at an elevation not higher than 15 m above present
sea-level (see Inglis et al., this volume). They are underlain
by marly limestones onlapping gypsum and anhydrite domes
(Dabbagh et al. 1984; Bantan 1999).

3 Sea-Levels, Palaeogeography
and Submerged Landscapes

The MIS 5.5 reef-terrace marks a very prominent and
widespread palaeoshoreline at elevations of up to 20 m
along the present Red Sea shoreline (Dullo and Montaggioni

1998). Older high-stand terraces, particularly the MIS 7.1
(206 ka BP) and 9.3 (310 ka BP) ones are around 15 m and
30 m above present sea-level (Dullo 1990). On the sub-
merged shelf, three prominent submarine terraces at −20 m,
−60 m and −90 m have been recognized in various areas off
the Red Sea coasts. The −20 m terrace has been attributed to
MIS 5.2 (90 ka BP) and the −60 m terrace formed during
MIS 4.2 (64 ka BP) (Gvirtzman 1994). For the most
prominent, −90 m deep, terrace, Dullo and Montaggioni
(1998) suggested a MIS 3 age, 28–37 ka BP, in accordance
with observations in the Indian Ocean by Dullo et al. (1997).

Analyses of sediment cores from the Red Sea floor have
shown that it has been open to the Indian Ocean throughout
the last 500,000 years at least (Rohling et al. 1998, 2009;
Siddall et al. 2004). Palaeosea-level modelling and shoreline
reconstructions by Lambeck et al. (2011) confirm that the
Red Sea has remained connected with the Gulf of Aden

Fig. 1 Google Earth image of the southern Red Sea-west Gulf of Aden with major geodynamic elements modified after Bosworth et al. (2005)
showing locations mentioned in the text. A: Aden; BaM: Bab al Mandab Strait; DA: Dahlak Islands; FA: Farasan Islands; GoA: Gulf of Aden; HS:
Hanish Sill; JN: Jizan. The black box marks the area shown in Fig. 2
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throughout the last 400,000 years, albeit the cross-sectional
areas at times of glacial maxima were about 2% of that
today. The minimum channel widths (less than 4 km) con-
necting the Red Sea to the Gulf of Aden during lowstands
occur south of the Hanish Sill (Fig. 1) and remain narrow for
as long as local sea levels are below −50 m.

Phylogenetic analyses and interpretations are in favour of
the hypothesis that Anatomically Modern Humans originating
in East Africa dispersed rapidly about 60,000 years ago
across the southern end of the Red Sea to the Arabian
Peninsula (Walter et al. 2000; Macaulay et al. 2005; Mellars
2006; but see Bailey et al., this volume). New dates for Stone
Age sites in the Arabian Peninsula indicate the presence of
humans already since at least 130,000 BP (Petraglia and Rose
2009; Armitage et al. 2011; Petraglia et al. 2011; Rose et al.
2011; Delagnes et al. 2012). Whether the archaeological
material at these sites was deposited by Anatomically Modern
Humans or not is unclear, but in any case, there is now known
to be much earlier archaeological material in the Arabian
Peninsula most probably associated with archaic hominin
species (Bailey et al., this volume; Petraglia et al., this volume).
At any rate, the available sea-level and shoreline recon-
structions for the Upper Pleistocene and the Holocene show
that the sea channel between the Bab al Mandab Strait and
the Hanish Sill remained open throughout this period.
Hence, migration from Africa to Arabia across the southern
Red Sea would have required sea crossings. However,
according to Lambeck et al. (2011), suitable periods for
crossing occurred for long periods at times of sea level
lowstands, involving sea crossings of no more than 4 km.

Continental shelves, now submerged below the present
sea level, should have offered relatively mild climate con-
ditions compared to cold or arid hinterlands during low sea
level periods (Bailey and Flemming 2008). In addition, the
coastal oasis hypothesis, proposed by Faure et al. (2002),
suggests that as sea level dropped, the water from under-
ground springs would have found an easier exit onto the
adjacent coastal areas, creating a well-watered coastal low-
land—or at any rate coastal oases— potentially attractive to
plant and animal life during glacial periods precisely over
the time range when overall climatic conditions were
becoming drier in the adjacent hinterland.

Within the context described above, the aim of this paper
is to present new geological (tectonic, sedimentological) and
geomorphological data from the continental shelf of the
Farasan Islands, to produce palaeogeographic reconstruc-
tions of Pleistocene lowstands and to highlight specific
palaeomorphological features which might have been
exploited by prehistoric humans.

4 Survey Strategy, Materials and Methods

The continental shelf around the Farasan Archipelago is
several hundred kilometres long and over 120 km wide.
During the 14 days of the DISPERSE-Farasan cruise aboard
R/V Aegaeo, it was necessary to focus on relatively small
areas from which to draw conclusions applicable to wider
areas of the continental shelf. Two areas were surveyed.

Farasan 1 area (Figs. 2 and 3) is located on the outer edge
of the shelf and offers the opportunity to (i) map precisely
the seafloor relief, (ii) study the shallow geological structure
and the role of faulting and diapirism in the shaping of the
shelf edge and the continental slope, (iii) study sedimentary
environments and retrieve sediment cores from the outer
shelf and the slopes, (iv) map low sea-level palaeoshorelines,
particularly the LGM shoreline, and (v) assess hydrogeo-
logical conditions and predict possible locations of water
points on the outer shelf, particularly springs or spring lines,
often located at the foot of low cliffs and fault scarps.

Farasan 2 area (Figs. 2 and 4) is located on the inner
shelf, between the Farasan Islands and the Arabian shoreline.
The available bathymetric data (GEBCO, International
Chart Series Sheet 157, UK Hydrographic Office) show a
prominent, NW–SE trending valley, parallel to the main rift
axis and a complex topography that appears to drain into
a >200 m deep, circular basin, possibly formed by solution
or withdrawal of underlying evaporites. The latter could
have been freshwater-filled when sea level was low, and may
contain a sediment sequence showing the transition from
marine to lacustrine conditions as related to changing sea
levels in the Upper Quaternary. Along with the objectives
already mentioned for the previous study area, Farasan 2
area offers the opportunity to understand the role, character
and sedimentation of the deep, circular, sinkholes and
reconstruct the submerged landscape of the inner Farasan
continental shelf during low sea-level periods.

In addition to the two areas above (Farasan 1 and Farasan
2), two seismic transects (Transect 1 and Transect 2) were
shot by using the airgun seismic profiler (Fig. 2).

The marine survey in both areas included a wide variety
of geological and geophysical techniques (Figs. 3 and 4):
(1) Multi-beam bathymetry with two hull-mounted systems
(20 kHz and 180 kHz), (2) Airgun 10ci single channel
seismic reflection profiling, (3) High-resolution sub-bottom
profiling with a 3.5 kHz pinger, (4) Deep-towed,
110/410 kHz frequency, digital side scan sonar, (5) 3–5 m
long gravity coring, (6) 40 � 40 � 60 cm box coring, and
(7) ROV dives to visually inspect sites selected from
bathymetric, side scan sonar and seismic data.
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In total, about 500 km2 of the seafloor was mapped with
the multi-beam echosounder systems, 170 nautical miles of
airgun seismic reflection profiles, 250 nautical miles of
3.5 kHz sub-bottom profiles and 140 nautical miles
(260 km) of side-scan sonar lines were acquired. Finally, 18
gravity cores and 2 box-cores were recovered and 5 ROV
dives were accomplished.

5 Outer Shelf

5.1 Seafloor Morphology

The most prominent morphological feature of the surveyed
outer Farasan shelf is a flat terrace dipping gently toward the
axis of the Red Sea, at depths ranging between 70 m land-
ward and 85–90 m toward the shelf edge (Figs. 5 and 9). It
corresponds to the 90 m deep terrace widely observed in the
Red Sea, which, in accordance with observations in the
Indian Ocean (Dullo et al. 1997) has been correlated by
Dullo and Montaggioni (1998) with MIS 3, at 28–37 ka

BP. A second terrace, lying at about 40 m depth, has been
mapped along the landward edge of the survey area
(Fig. 5a). It is separated from the main, deeper terrace by
steep slopes locally 30–40 m high (Figs. 5 and 9). A third,
narrow terrace occurs off the shelf edge, at about 115–120 m
on the steep slopes of the shelf edge and around the
flat-topped highs (Figs. 5 and 9). Its width does not exceed a
few hundred metres.

Numerous, up to about 20 m high, mostly circular
mounds of different sizes occur on the main terrace. They
represent coral reefs that have developed following the sea
level rise after the LGM (Dullo and Montaggioni 1998). Two
valleys incise the flat, 70–90 m terrace (Fig. 3). The first one,
at the northern end of the survey area, has developed along
the foot of the slope in front of the −40 m terrace (Fig. 5a). Its
floor is at about 80 m depth and becomes deeper and wider
toward the NW. The second, more prominent valley runs
from southeast to northwest in the central part of the survey
area (Fig. 5b). The depth of the valley floor increases grad-
ually toward the northwest from about 80–85 m to over
140 m at the outflow to the deep trough off the shelf. Shallow

Fig. 2 Extract from the International Chart Series, UK Hydrographic Office Sheet 157, showing the bathymetry of the Farasan Islands continental
shelf and the surveyed areas FARASAN 1 and FARASAN 2 during the DISPERSE-Farasan cruise aboard R/V Aegaeo
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isolated depressions occur randomly on the main terrace.
They display circular, elongate and irregular shapes and are
10–40 m deeper than the surrounding shelf floor, reaching
maximum depths of 140 m water depth.

A 200 m deep, narrow trough aligned SE–NW and
bounded by steep margins runs parallel to and off the shelf
edge and separates it from a series of shallow, flat-topped
ridges or shoals, similar to underwater mesas or drowned,
flat-topped islands. The depth of their flat tops below present
sea level is about 90 m, very similar to the depth of the shelf

edge. The slopes all around them are very steep, with slope
values exceeding 45o. Towards the SW, the steep slopes pass
into the continental slope of the Red Sea which displays
smooth morphology. The overall impression from the
bathymetry is as if these shallow, flat-topped blocks were
initially parts of the shelf, then were cut off from it and
somehow drifted laterally toward the SW, giving birth to the
narrow troughs behind and in between them. More evidence
on the nature and origin of the shallow blocks is provided in
the following section.

Fig. 3 Survey area FARASAN 1 on the outer shelf of the Farasan Islands with location of seismic and pinger profiles, side scan sonar tracklines
(same as pinger profiles), sediment coring sites and ROV dives. Background: International Chart Series, UK Hydrographic Office Sheet 157
“Masamirit to Bab el Mandab”, scale 1:750.000 at 20°00’N latitude, depths in metres
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5.2 Geological Structure

The interpretation of the seismic profiles shows that the main
geomorphological features of the FARASAN 1 survey area
have developed under the control of SE–NW running normal
faults and fault zones (Figs. 6 and 9). The observed faults do
not exceed 10–12 km in length and most of them dip toward
the SW. Traces of faults on the seafloor of the main terrace
are recognized as morphological scarps and are responsible
for the development of valleys incised along the faults on
their hanging walls, as is the case for the two valleys

described above and shown in Fig. 5. Total offset produced
by the F2 fault is about 35–40 m while the F1 offset is less.
Subsidence of the hanging wall of the F2 fault led to the
formation of the valley.

The seismic stratigraphic configuration of the shelf shows
horizontal packages offset by sub-parallel normal faults
(Fig. 6). Strong reflectors mark the boundaries between the
six seismostratigraphic packages identified. No angular
unconformity can be observed between the older packages 5
and 6. The internal reflectors of package 4 onlap uncon-
formably the top reflector of package 5. Similarly, package 3

Fig. 4 Survey area FARASAN 2 on the inner shelf of the Farasan Islands with location of seismic and pinger profiles, side scan sonar tracklines
(same as pinger profiles), sediment coring sites and ROV dives. Background: International Chart Series UK Hydrographic Office Sheet 157
“Masamirit to Bab el Mandab”, scale 1:750.000 at 20°00’ North latitude, depths in metres
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Fig. 5 a Geomorphological elements of FARASAN 1 survey area on the outer shelf. b Enlargement of the central part of the survey area with
detailed morphological features and location of core FA-5 shown in Fig. 8
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lies unconformably over the top reflector of package 4. The
seismostratigraphic package 3 occurs only locally, in
the small depression in the hanging wall of one of the
SW-facing normal faults. This depression coincides with the
SE–NW oriented valley that runs through the central part of
the survey area (Fig. 5b).

The seismostratigraphic package 3, with a maximum
thickness of about 30 ms (roughly 22–23 m), occurs only
locally, in the shallow depressions or valleys of the shelf. It
represents the youngest deposit on the shelf, probably of
Upper Quaternary (Holocene and Uppermost Pleistocene)
age. Packages 4, 5 and 6 are characterized by parallel,
continuous, locally undulating reflectors and may corre-
spond to the Pleistocene shallow marine reefal limestone,
which forms the bedrock of the Farasan Islands (Bantan
1999).

The shelf terminates sharply toward the SW and is fol-
lowed by two shallow, flat-topped blocks (Islands on Fig. 6a)
which are separated from each other and from the shelf by
deep, narrow, fault-bounded troughs (Fig. 6a). Although the
seismic stratigraphy of the ridges is poorly imaged due to the
very irregular topography of their tops, internal sub-parallel
reflectors are recognized and it is supposed that the sedi-
mentary sequence of their substrate is comparable to the one
described below the main shelf. Despite the faults separating
them, no vertical offset can be measured between the main
shelf and the shallow blocks. The narrow troughs formed
between the shallow blocks and the shelf’s edge host sedi-
mentary deposits exceeding 150 m in thickness. The seismic
units 1 and 2, which fill the troughs, are characterized by
parallel and continuous reflectors and are separated from each
other by an angular unconformity U1.

Fig. 6 a Airgun 10ci seismic profile across the outer shelf of Farasan Islands. b Magnification of the profile on the main shelf. White numbers
with black outline correspond to seismostratigraphic packages. U1 and U2 are unconformities. Red numbers with black outline correspond to
individual faults. See text for further explanation. M: multiple. Location of the profile in inset and in Fig. 5a. Vertical exaggeration � 10
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Thick sedimentary deposits occupy the seafloor substrate
southwest of the steep shallow ridges. Seismic unit 1 dis-
plays a maximum thickness of about 200 ms (>150 m) next
to the marginal fault F7 and covers unconformably unit 2.
The latter is >500 ms (>400 m) thick and is separated from
the underlying unit 7 by the unconformity U2. Finally, one
more seismic unit, unit 8, is observed at depth below the
islands. Its chaotic to transparent seismic character may
indicate the presence of mobilized salt deposits.

The seismostratigraphic description of the seismic profile
and the interpretation of the geological structure of the shelf
edge, as described above, strongly indicate that the shallow,
flat-topped blocks (islands) off the shelf-edge were initially
belonging to the shelf. They were cut off and separated from
the shelf due to predominantly NW–SE trending faulting and
the subsequent formation of the deep troughs between them.
The irregular shape of the blocks, along with the absence of
any vertical offset between them and the shelf-edge indicate
that the breakup process may not be of purely tectonic ori-
gin. There is neither evidence of compression nor any
indication of strike slip deformation. Extensional tectonics
with normal faulting might be able to offer a solution to their
formation but the fact that there is no vertical offset between
the ridges and the shelf is against it. A possible explanation
can be found in deformation processes related to the
underlying Miocene evaporites. Extensive basin-ward salt
flow in the form of salt glaciers or namakiers has been
observed and documented in the central Red Sea (Augustin
et al. 2014; Feldens and Mitchell 2015; Augustin et al., this
volume). Alongslope and downslope ridge and trough
morphologies have developed on the flow surfaces, parallel
to the local seafloor gradient, presumably due to extension of
the sedimentary cover or strike-slip movement within the
evaporites (Feldens and Mitchell 2015). The morphology of
the deep troughs and the flat-topped ridges and shoals
mapped off the Farasan islands shelf-edge is very similar to
one of the ridges and troughs observed in the central Red
Sea. Therefore, it is reasonable to assume that basinward
flow of the Miocene evaporites has occurred below the
Farasan shelf too. Dragging of the overlying sedimentary
cover due to the salt flow underneath has led to breakup and
drifting of sedimentary blocks toward the axis of the Red
Sea and away from the shelf, leaving space behind them for
the formation of the deep troughs. The absence of vertical
offset between the blocks and the shelf supports this drifting
hypothesis.

5.3 Sedimentation

High resolution subbottom profiles across the outer shelf
(Fig. 3) show that the recent Holocene sediment deposition
has been very limited. Two profiles from the central

(A1–A2) and the northern (B1–B2) parts of the survey area
(Fig. 7) show representative cross sections of the outer shelf.
The main terrace on the outer shelf is flat and dips gently
southwestward from roughly 70 m landward to 85–90 m
seaward. Numerous mounds, up to 20 m high, rise above the
flat shelf-floor and give it a unique geomorphological char-
acter. The 40 m deep terrace occurs at the northeastern end
of A1 profile in Fig. 7.

The largest part of the shelf is free of Holocene sedi-
mentary deposits, and the Quaternary shallow marine sedi-
mentary rocks which outcrop on the Farasan Islands (Bantan
1999) are exposed on the shelf floor. Recent sediments have
been observed only in the depressions and valleys on the
main terrace. They display a transparent seismic character
and their thickness depends on the morphology of the sub-
strate. It ranges from a few decimetres in the shallowest parts
of the depressions and valleys to 15–20 m maximum in the
deepest parts.

Detailed sedimentological, geochemical and radiometric
analyses on the cores retrieved from the shelf are in progress,
in collaboration with the Scottish Universities Environ-
mental Research Centre (see Sanderson et al., this volume)
and the Saudi Geological Survey. Here we present some
basic observations indicating that homogeneous, marine, up
to 3 m thick, fine-grained deposits pass downward into
coarser sediments. The latter display evidence of lacustrine
depositional environments.

Ten cores have been collected from the outer shelf survey
area with the objective to unravel the nature of the recent
sedimentary deposits and the sedimentation environment.
Core FA-5 (Fig. 8) has been taken from the southeastern part
of the valley that runs through the central part of the survey
area (Fig. 5) and provides insight into the sediments
deposited in the depressions of the shelf. The coring site, at
the centre of the valley, constitutes a local deep surrounded
by shallower depths. The upper part of the core, from 0 cm
down to 286 cm below the seafloor, consists of fine, olivine
green sand. The physical properties of the sediment remain
stable, apart from a decrease in the magnetic susceptibility at
150 cm bsf (below seabed surface). After a 3 cm-thick layer
with shell debris at 286–289 cm, all properties show marked
changes, including a sharp decrease of the magnetic sus-
ceptibility. A gradual change in colour from olivine green to
grey occurs between 300 cm and 330 cm bsf while the grain
size becomes coarser. Large bivalves and shell fragments
occur between 330 cm and 360 cm, while the grain size
decreases again below 360 cm until the bottom of the core at
363 cm.

The sedimentological description of FA-5 (see Fig. 5 for
location) along with the down-core physical properties
indicate a significant change in the depositional environ-
ment. The upper part of the core represents homogenous
marine sedimentation during the present high-stand period.
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The lower part of the core, below 3 m bsf, displays sedi-
mentological evidence of lacustrine environments prevailing
in the valley during the last low sea-level stand, when the

shelf was exposed. Significant change of the environmental
conditions at the end of the LGM has also been recorded in
the sediments deposited off the shelf. Core FA-9 (see

Fig. 7 Two subbottom profiles (3.5 kHz) across the outer shelf of Farasan Islands. A1 and A2 are the two halves of one profile in the central part
of the survey area. B1 and B2 are the two halves of a second profile in the northern part of the survey area. Holocene sediments occur only in the
depressions of the shelf. Note the numerous mounds rising from the shelf’s seafloor. Location of the profiles in Fig. 5a. Vertical
exaggeration � 20
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location in Fig. 3) has been retrieved from the margin of the
Red Sea basin at 302 m depth, close to the foot of the
basin-ward facing slope of one of the “Islands” (Fig. 3).
Micropaleontological analyses on the sediments of the core
confirm the presence of a major change in the productivity of
the Red Sea waters at 130 cm bsf, which is associated with
the transition from the Late Glacial to the Holocene periods
(see Geraga et al., this volume, for details).

5.4 Outer Shelf Submerged Landscapes
and Palaeoshorelines

Integration of the swath bathymetry, seismic and subbottom
profiling data and sediment cores presented above reveals
the palaeo-geomorphological evolution of the Farasan
Islands outer shelf with respect to Upper Quaternary fluc-
tuating sea-level.

Fig. 8 Physical properties of core FA-5 and photo of the lower part of the core, between 267 and 363 cm below the seafloor. The location of the
core (lat: 16°54.647’, long: 41°14.237’, depth 92 m) is shown on the map of Fig. 5b and on the subbottom profile A2 of Fig. 7. Note the gradual
change in sediment colour from olive green to grey between 300 cm and 330 cm and the change in the properties below 270 cm
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Seismic profiling and swath bathymetry data show that
the area has been affected by extensive faulting, presumably
associated with salt flow in the deeper stratigraphic levels.
Dragging and deformation of the overlying Plio-Quaternary
deposits due to the flow of the underlying Miocene salt
deposits toward the axis of the Red Sea has been well
documented in the central Red Sea (Augustin et al. 2014;
Feldens and Mitchell 2015; Augustin et al., this volume).
Apparently, salt flow occurs below the Farasan Island shelf
too and results in the separation of blocks from the edge of
the shelf and their drift towards the SW. No significant
vertical offset has been observed between the drifted blocks
and the shelf. The faults running along the outer shelf dis-
play rather limited vertical throws while the shelf remains
flat. These are good evidence that vertical tectonics during
the Quaternary has been very low.

In the absence of direct chronological constraints, we
attempt to estimate the age of the observed underwater ter-
races indirectly, by comparing their depths with the available
sea-level curves for the Red Sea. This comparison can pro-
vide realistic hypotheses on the ages of the terraces in par-
ticular because vertical tectonics in the area of the Farasan
outer shelf is negligible as discussed above. Predicted sea
levels in the Red Sea during the LGM, 20,000 years BP,
show considerable geographic variability, with relatively
low values for the northern (105 m bpsl [below present sea
level]) and southern (115 m bpsl) ends and deeper values
(130 m bpsl) for the central part (Lambeck et al. 2011). The
115–120 m terrace observed locally along the steep slopes
off the shelf edge and around the isolated ridges (“islands”)
must have been formed during the LGM and is thus
indicative for the position of the LGM shoreline at the lati-
tude of the Farasan Islands (Fig. 9). In that case, the outer
shelf, the depth of which does not exceed 90 m, as well as
the tops of the isolated ridges off the shelf, were subaerially
exposed during the LGM. The shelf was part of a wide, flat
coastal plain attached to the Arabian landmass while the tops
of the isolated ridges were flat-topped islands separated from
each other and from the mainland by narrow and deep
channels or troughs. Note that the shape of the LGM islands
as outlined by the palaeoshoreline is very similar to the
shape of the present islands which form the Farasan
Archipelago.

The 70–90 m deep terrace occupies the largest part of
the outer shelf. Assuming negligible vertical tectonics in
the area, the time of the formation of the terrace can be
estimated by comparing its depth with the predicted
sea-level curve. The inset diagram in Fig. 9 shows part of
the sea-level curve of Rohling et al. (2013) for the Red Sea
for the last 150 kyr. The depth of the main terrace coin-
cides with the predicted depth on the curve between 30 ka
and 45 ka BP, which is the upper half of MIS 3. According
to this curve, the sea-level has fluctuated between 75 m and

85 m bpsl during this period. Similarly, the 40 m deep
terrace can be correlated with the period 80–85 ka BP
(MIS 5.1) when the sea-level was between 35 m to 45 m
bpsl.

Based on the subbottom profiling and the sediment coring
data, the small depressions on the main shelf display a dual
character: firstly, they constitute the depocentres of the
marine sedimentation on the shelf during the post-LGM
sea-level rise, and secondly, they hosted the deposition of
lacustrine sediments when the shelf was subaerially exposed
during the LGM. Consequently, the small and shallow
depressions and parts of the valleys on the shelf were lake
basins during the LGM (Fig. 9).

6 Inner Shelf

6.1 Seafloor Morphology

The survey area in the inner shelf of the Farasan Islands is
characterized by two main morphological features (Fig. 10):
a 35 km long, 2–2.5 km wide, up to 130 m deep, SE–NW
trending, straight valley and a 250 m deep, ellipsoidal
depression in the northern end. The southeastern part of the
valley is wider and 90–100 m deep. Toward the NW it
becomes narrower and reaches 130 m depth close to its
northwestern end, where it turns northward and terminates
against a shallower area with irregular morphology. The
bottom of the valley is rather flat and is bounded by steep, up
to 60 m high slopes (Fig. 10c). On both sides of the valley
the seafloor is rather flat, with mean depth around 70 m and
with numerous mounds. It corresponds to the 70–90 m ter-
race on the outer shelf.

A 2 km long, 200 m wide and 85 m deep canyon with
steep slopes connects the northernmost tip of the SE–NW
trending valley with the southernmost tip of the deep,
ellipsoidal depression. The latter, the Deep “Lake” in
Fig. 10a, b, is 8.5 km long by 4.5 km wide and 250 m deep
with the maximum depths occurring close to its northwestern
edge. It is surrounded by very steep slopes, locally steeper
than 50–60%, which pass upward to very shallow reefs, not
suitable at all for navigation. The shape of this deep and
steep depression along with the widespread presence of
evaporites and diapirs in the subsurface indicates that it has
been formed by the solution of a salt dome or diapir.

The backscatter image on Fig. 10B2 depicts very nicely
the differences in the acoustic character of the seafloor. The
deep depression displays very low reflectivity, which points
to very fine sedimentary deposits and a smooth seafloor. The
irregular morphology of the shallow parts coincides with the
high backscatter (dark) area where the substrate is expected
to be exposed on the seafloor and eroded. Finally, the sea-
floor in the valley and in the small depression on the
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northern side of it display moderate to low reflectivity,
which is indicative for the deposition of relatively coarser
sediments with respect to the ones in the deep depression.
The slopes along the two sides of the valley are in general
linear (Fig. 10c). In a closer view, they display high mor-
phological irregularity, with many invaginations and
embayments, which are probably evidence for subaerial
erosion on the flanks of the valley. The lower parts of the
flanks, deeper than 100 m, dip at an angle of roughly 5%
toward the axis of the valley. The upper parts, between

100 m and 70 m, are significantly steeper and display slope
values of 25–30%.

6.2 Geological Structure and Sedimentation

The seismic and subbottom profiles shown on Figs. 11 and
13 provide insight into the geological structure and sediment
accumulation on the Farasan Islands inner shelf, in particular
in the long, straight valley and deep depression.

Fig. 9 Shaded bathymetry with tectonic and geomorphological features of the outer shelf. The inset diagram shows the correlation of the three
observed underwater terraces (40 m, 70–90 m, 115–120 m) with the sea-level curve of Rohling et al. (2013) for the Red Sea
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The substrate of the inner shelf (Fig. 11a) displays a
stratigraphic succession that is very similar to the one
observed below the outer shelf (Fig. 6b). The seismostrati-
graphic package 3 is the youngest deposit on the inner shelf,
and occurs only in the valley with a maximum thickness of
20 ms (roughly 15 m) and must have been deposited during
the Upper Quaternary (Holocene and Uppermost Pleis-
tocene). The packages 4, 5 and 6 occur below the valley and
the shelf south of it; they are characterized by parallel,
continuous, locally undulating reflectors and may corre-
spond to the Pleistocene shallow marine reefal limestone,
which forms the bedrock on the Farasan Islands (Bantan
1999). Two opposite, normal faults run along the walls of

the valley and are responsible for its formation and subsi-
dence. The total vertical offset of the southern fault is 70 m,
as inferred from the depth difference of the bottom of the
seismic package 4 at both sides of the fault. The seismic
stratigraphy on the foot wall of the northern fault is different
from the one below the valley. No stratigraphic correlation
can be made between seismic reflectors on both sides of the
fault. Thus, the offset produced by this fault cannot be
measured in the same way as for the southern fault. There-
fore, using the seafloor as a marker, we suggest that the
vertical offset of the northern fault is comparable to that of
the southern fault, and that the valley has been formed within
a symmetric graben.

Fig. 10 a Shaded bathymetry and main morphological elements of Farasan 2 survey area on the inner continental shelf. b1 Detailed bathymetry
of the northern part of the Farasan 2 area. Note the canyon connecting the valley with the deep depression. b2 Backscatter image of the same area
as in B. Note the large variability in seafloor reflectivity. c Detailed bathymetry of the northern part of the valley. Note the irregular morphological
configuration of the two slopes of the valley. Location of the profiles of Fig. 11 are shown on C. Location of the profiles in Figs. 11 and 13 are
shown on a and c. Locations of cores FA-12 (Fig. 12) and FA-14 (Fig. 14) are shown on A
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The subbotom profile in Fig. 11b displays a higher res-
olution image of the stratigraphy across the valley. Recent
sediments with transparent acoustic character have been
deposited in the valley and cover the acoustic basement of
the area. The thickness of the acoustically transparent
deposits does not exceed 10 ms (7–8 m roughly) which is
about half of the thickness of the seismostratigraphic pack-
age 3, that is, the topmost package observed on the airgun
profile (Fig. 11a) in the valley. The top of the acoustic
basement, below the transparent deposits, displays an ero-
sional terrace at 112 m on both sides of the valley (Fig. 11
b). This terrace has formed due to the activity of water when
this area was exposed and before the deposition of the
transparent sediments. The valley has been incised on a flat
plain which now forms the shelf seafloor at about 70 m
depth. There is no evidence of any morphological element
connecting the valley with the LGM sea, the shoreline of

which has been identified at 115–120 m in the outer shelf
survey area. Consequently, the 112 m terrace in the valley
could not be formed as a marine one. Instead, it may con-
stitute good evidence that the valley was a lake with water
level at this position during the LGM.

The sediment core FA-12 (Fig. 12) retrieved from the
northern end of the valley at 105 m depth bpsl confirms amajor
change of the depositional environment downcore. The upper
part of the core, from 0 cm down to 90 cm bsf, consists of
medium to coarse, olivine green sand with bivalves and shell
fragments. The sediment colour changes at 90 cm bsf from
olive green above to bluish gray below along with a gradual
fining of the grain size to mud with some thin layers of sand.
Similarly, a major change in the physical properties of the
sediment, including a significant increase in magnetic suscep-
tibility, occurs at 90 cm bsf. The sedimentological description
of FA-12 alongwith the down-core physical properties indicate

Fig. 11 a Airgun 10ci seismic reflection profile across the valley in the inner shelf of Farasan 2 survey area. Vertical exaggeration � 10. b High
resolution subbottom profile across the same valley. Vertical exaggeration � 20. The locations of both profiles are shown on Fig. 10
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a significant change in the depositional environment at 90 cm
bsf. As with core FA-5 from the outer shelf (Fig. 8), the upper
part of core FA-12 represents homogeneous marine sedimen-
tation during the present high-stand period. The lower part,
below 90 cm bsf, displays evidence of a lacustrine sedimentary
environment prevailing in the valley from which the core has
been recovered, during the last low sea-level stand, when the
shelf was exposed. The sediment core FA-13 was retrieved
from 102 m depth within a small depression at the northern
margin of the valley (Fig. 10a, b). Sedimentological, geo-
chemical and radiometric data from this core display a strati-
graphic pattern very similar to the one observed in core FA-12
and confirm that the change in the sedimentary environment is
associated with the post-LGM sea-level rise (see Sanderson
et al., this volume, for details).

The deep depression at the northern part of the Farasan
2 survey area is the second major feature of the inner shelf

(Fig. 10a, b). This 250 m deep depression hosts sedimen-
tary deposits more than 600 ms (roughly 500 m) thick
(Fig. 13a). The uppermost, less than 20 ms thin, seis-
mostratigraphic package A drapes the irregular top of
package B. The high-resolution profile of Fig. 13b provides
a precise image of the stratigraphic architecture of the
uppermost sedimentary deposits. The seismostratigraphic
package A displays a rather transparent character with one
layered horizon in the middle. It has been deposited on top
of package B, on a fairly irregular reflector that marks the
interface between packages A (transparent) and B (acoustic
basement on the sub-bottom profile). The latter, with a
maximum thickness of 100 ms (75–80 m) at the north-
western edge of the depression (Fig. 13a), displays a rather
chaotic seismic character with few discontinuous, strong,
parallel, internal reflectors. Two seismostratigraphic pack-
ages, C and D, are separated from each other by an angular

Fig. 12 Physical properties of core FA-12 and photograph of the lower part of the core, between 69 and 123 cm below the seafloor. The location
of the core (lat: 17°13.719’, long: 41°54.070’, depth 105 m) is shown on Fig. 10. Note the change in sediment colour from olive green to grey at
90 cm bsf which coincides with the change in the properties at the same depth
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unconformity U. Both packages are characterized by con-
tinuous, parallel reflectors, indicating uninterrupted sedi-
ment deposition. The seismostratigraphic package E, with

its chaotic to transparent character, may represent a mass
failure deposit derived from a possible landslide on the
slopes of the depression.

Fig. 13 a Airgun 10ci seismic reflection profile from the deep depression in the inner shelf of Farasan Islands. Vertical exaggeration � 10.
b High resolution subbottom profile from the same depression. Vertical exaggeration � 20. Both profiles have been shot along the same track (see
location on Fig. 10). The dashed box in A marks the position of the subbottom profile shown on B
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The seismic reflectors of all packages in the seismic
profile (Fig. 13a) terminate abruptly against the acoustic
basement of the inner shelf. The interface between the sed-
imentary infill of the depression and the acoustic basement is
steep and displays no evidence of active vertical tectonic
movement. The age of the sediments deposited in the
depression is not known. From their thickness, which
exceeds 500 m, it can be assumed that the formation of the
depression and the onset of sedimentary deposition may well
be of Middle to Lower Pleistocene or even Pliocene age. In

the absence of any age constrains, it is not possible to assess
the chronological relationship between the sediments in the
depression and the sedimentary formations of the shelf’s
substrate. The overall shape and structure of the depression
strongly suggest that it may represent a sinkhole created due
to the solution of a former salt diapir or dome. In addition to
the deep depression studied here, a careful examination of
the available bathymetric charts (Fig. 2) reveals the exis-
tence of several depressions-sinkholes distributed on the
Farasan Islands shelf, with similar size, shape and depth.

Fig. 14 Physical properties of core FA-14 and photograph of the lower part of the core, between 190 and 293 cm below the seafloor. The location
of the core (lat: 17°18.281’, long: 41°53.043’, depth 245 m) is shown on the map of Fig. 10a. Note the gradual change in sediment colour from
olive grey to light greenish grey below 220 cm bsf, which coincides with the change in the other properties at the same depth
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Core FA-14 (Fig. 14) confirms a change in the sedi-
mentary environment within the sinkhole, similar to the
change observed in the valley of the inner shelf (Fig. 12) as
well as in the valley of the outer shelf (Fig. 8). The upper
part of the core, between 0 and 230 cm bsf is composed of
homogeneous, olive grey silt. Silty sediments persist to the
lower end of the core at 293 cm bsf but their colour changes
gradually to light greenish grey and remains like that. The
physical properties of the sediment, with the exception of the
magnetic susceptibility, change down-core too. The gamma
density and the fractional porosity show opposite patterns
with many variations below 200 cm. The impedance also
displays strong variability below 200 cm.

The sedimentological description of the core FA-14 along
with the down-core physical properties indicate a gradual
change in the depositional environment below 220–230 cm
bsf. As with cores FA-12 (Fig. 12) from the valley and FA-5
from the outer shelf (Fig. 8), the upper part of core FA-14

represents homogeneous marine sedimentation during the
present high-stand period. The lower part may have been
deposited in a different, very probably lacustrine environ-
ment, like the one prevailing in the nearby valley.

6.3 Inner Shelf Submerged Landscapes
and Palaeoshorelines

The analyses and interpretations of the swath bathymetry,
the seismic and subbottom profiling and the sediment coring
data presented above lead to interesting results on the
palaeo-geomorphological evolution of the inner shelf survey
area with respect to Upper Quaternary sea-level fluctuations
(Fig. 15).

The seafloor of the Farasan 2 inner shelf survey area lies
at about 70–75 m depth and is in general flat, with numerous
mounds developed on it. This depth is close to the depth of

Fig. 15 a Interpretative shaded bathymetry maps of the inner shelf of the Farasan Islands area. b Detailed map and interpretation of the northern
part of the survey area. c Detailed map and interpretation of part of the valley
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the main terrace mapped on the outer shelf between 70 m
and 90 m (Fig. 9) which has been assigned to MIS 3. This is
good evidence to suggest that the MIS 3 marine terrace is the
one that forms the largest part of the present continental shelf
around the Farasan Islands.

Both the long, straight valley and the deep circular to
ellipsoidal sinkhole display evidence for a major environ-
mental change at the transition from the LGM to the Holo-
cene high sea-level stand. A morphological terrace at 112 m
depth on both sides of the valley, covered by a drape of
transparent, recent deposits (Fig. 11), indicates that the
valley was filled with water up to this depth in a certain
period, possibly during parts of the last low sea-level period.
The deposition of lacustrine sediments in the valley has been
confirmed with cores FA-12 (Fig. 12) and FA-13. Still, the
lacustrine sediments in these cores occur at 106 m and

103 m bsl respectively, which is higher than the observed
terrace. This may mean that the lake-level within the valley
may have fluctuated by several metres before the area was
drowned by the rising sea level. A second possible lake level
may be at about 100 m depth, which is the depth of the foot
of the steep parts of the slopes of the valley (Fig. 15).

The deep depression to the north of the valley is inter-
preted as a sinkhole, based on the steepness of the sur-
rounding walls and its shape. It also hosted a lake, as
indicated by the bathymetry of the surrounding seafloor and
confirmed by the analyses of the sediment in core FA-14
(Fig. 14). Unlike the valley, there is no data to estimate or
infer the position of the water-level in the sinkhole. By
analogy with the assumed lake-level in the valley, the
shoreline of the lake in the sinkhole has been drawn at about
100 m depth on Fig. 15.

Fig. 16 Palaeogeographic reconstruction of the Farasan Islands shelf during the Last Glacial Maximum. Note the inferred lakes where deep
sinkholes occur on the shelf. The LGM shoreline has been drawn at 115–120 m depth. Note the islands (brown colour) at short distance from the
LGM shoreline
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No matter what was the exact water-level in the valley
and the sinkhole, the fact is that during the LGM, when the
shelf was subaerially exposed, two lakes, a long and shallow
one and a deep and ellipsoidal one, existed on this part of the
inner shelf. The analyses of the sediment cores retrieved
from both are in progress and so far we have no evidence to
indicate whether they were filled with freshwater or not. The
narrow, 80 m deep canyon, which connects the northernmost
tip of the valley with the southernmost tip of the sinkhole, is
fairly clear evidence for erosion due to surface flowing water
when the shelf was exposed.

7 Synthesis—Discussion

The observations and results on the geological and tectonic
structure, the seismic stratigraphy, the sedimentation and the
geomorphological evolution of the two survey areas in the
outer and the inner shelf of the Farasan Islands, as presented
above, lead to the following conclusions.

The flat part of the Farasan Islands inner and outer shelf,
which has been mapped at depths between 70 m and 90 m,
dips very gently toward the southwest and may have devel-
oped as an erosive marine terrace during the upper half of MIS
3, between 30 and 45 ka BP. This hypothesis is supported by
the sea-level curve of Rohling et al. (2013) for the Red Sea.
The deeper terrace that has been mapped on the outer shelf at
115–120 m depth corresponds to the sea-level of MIS 2. Thus,
the entire shelf may have been subaerially exposed during the
LGM (Fig. 16). A shallower terrace, at about 40 m depth,
may be correlated with MIS 5.1, 80–85 ka BP, when the
sea-level fluctuated between 35 m and 45 m bpsl.

Extensional tectonics, possibly driven by the inferred,
basin-ward flow of Miocene evaporite deposits in deeper
stratigraphic levels below the shelf, is responsible for the
rupturing of the latter with predominantly NW–SE trending
normal faults. Dragging of the overlying, faulted,
Plio-Quaternary rocks due to the underlying salt flow led to
the drifting away of blocks off the shelf edge and the
creation of isolated ridges and shoals surrounded by steep
slopes and troughs. The 90 m deep flat tops of the ridges
and shoals were also subaerially exposed when the
sea-level was at 115–120 m bpsl during the Last Glacial
Maximum and were islands located at short distances from
the shelf edge and the LGM shoreline.

The troughs separating the islands from the shelf host
sedimentary sequences, the thickness of which exceeds
150 m. There are not enough constraints to estimate the
mean sedimentation rate in the troughs, but it is reasonable
to assume that the troughs existed for at least several hun-
dreds of thousands of years. In that case, and if vertical
movements can be considered as negligible in the area, then
it seems reasonable to assume that the geomorphological

configuration suggested here for MIS 2, with the exposed
shelf and the flat-topped palaeo-islands, may also be valid
for the previous low sea-level period at 140 ka BP (MIS 6).

Shallow or deep, circular, irregular or elongate depres-
sions and valleys have been mapped on the main terrace of
the Farasan Islands shelf. Seismic stratigraphic and sedi-
mentological data confirm that they were filled permanently
or ephemerally with water, thus forming lakes, when the
shelf was exposed during MIS 2. Geochemical, micropale-
ontological and radiometric analyses on the sediments
retrieved from below the seafloor of these depressions are in
progress, aiming at unravelling the environmental conditions
prevailing in the LGM lakes, and in particular at resolving
whether the lakes were filled with fresh water.

The hydrographic charts of the Farasan Islands shelf
show many deep depressions with depths in excess of
200 m, very similar to the one interpreted as a sinkhole lake
studied here, in the inner shelf Farasan 2 survey area. If they
were lakes too, the 120 km wide and several-hundred-km-
long Farasan shelf may have been a place where numerous
lakes existed when it was exposed during the LGM
(Fig. 16). In addition, the presence of valleys and canyons
indicates that surface water run-off eroded the shelf under
subaerial conditions. Finally, the seismic stratigraphy
observed below the shelf, with horizontal or gently dipping
sedimentary layers, may have favoured the development of
groundwater aquifers and the occurrence of springs along the
slopes of the valleys when subaerially exposed.
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