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Abstract
More than 100 years of continuing research into the
Quaternary of Egypt has produced numerous publica-
tions. In the last twenty years, Quaternary studies have
witnessed great advances in both theories and method-
ologies, and the pace of archaeological research has
accelerated as a new generation of researchers joined in
expounding the different dimensions of the Quaternary
period of Egypt. We aim in this contribution to provide an
up-to-date synthesis of recent research on high-resolution
and well-dated paleo-environmental archives of proxy

data to understand the emerging picture of the impact of
climate change on sediments, paleoenvironments and
landscapes in Egypt as a whole.

12.1 Introduction

The Quaternary is youngest in a four-cycle division of earth
history proposed by G. Arduino in 1759 (Arduino 1760).
The term “Quaternary” first used by Raboul (1833), has
continued to the present day. Until now, the official status of
the Quaternary was that of period/system with a base at
1.8 Ma. The lower boundary of the Quaternary period (i.e.
Pliocene-Pleistocene boundary) is varies between 2.5 Ma,
based on studies of continental glacial deposits and 1.8 Ma
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on basis of oceanic oxygen isotope records. The latter age
(i.e. 1.8 Ma) is most accepted by Quaternary scientists. The
Quaternary Period, originally referred to as the “Ice Age”, is
now characterized as the geological interval during which
the climate of the Earth witnessed spectacular alternations of
cold and warm phases, which in Africa corresponded to the
interpluvial and pluvial periods, respectively.

More recently, the Anthropocene is a proposed epoch
dating from the beginning of significant human impact on
the Earth’s geology and ecosystems (Waters et al. 2016). As
of August 2016, neither the International Commission on
Stratigraphy nor the International Union of Geological Sci-
ences has yet officially approved the term as a recognized
subdivision of geological time, although the Anthropocene
Working Group (AWG) of the Subcommission on Quater-
nary Stratigraphy (SQS) of the International Commission on
Stratigraphy (ICS), voted to proceed towards a formal
golden spike (GSSP) proposal to define the Anthropocene
epoch in the Geologic Time Scale and presented the rec-
ommendation to the International Geological Congress on
29 August 2016. Various different start dates for the
Anthropocene have been proposed, ranging from the
beginning of the Agricultural Revolution 12–15 kyr BP, to
recent.

The most important phenomenon, from a cultural per-
spective, in the Quaternary is the appearance of humans and
from both ecological and anthropological perspectivesit is a
period of frequent and often intense climatic fluctuations.
Different proxies have therefore been deployed to reconstruct
paleoclimatic conditions, paleoenvironmental changes,
palaeosols, cultural geography and human evolutionary tra-
jectories. The study of the Quaternary is therefore multidis-
ciplinary par excellence and requires integration of data from
different disciplines. One of the most productive develop-
ments in the Quaternary studies was the rise of geoarchae-
ology bringing geology closer to human affairs in the past
with its implications for the present and future, especially in
the domain of climate change on contemporary societies (see
Gladfelter 1977; Hassan 1979a; Rapp and Hill 2006).

Study of Quaternary deposits in Egypt passed through
several stages since the beginning of the Twentieth Century
(named the foundation, collaboration and integration stages).
The foundation stage (first half of the Twentieth Century)
includes the seminal work of Blankenhorn (1900) on the
Nile Valley; Caton-Thompson and Gardner (1934) in
Faiyum and Kharga; Sandford and Arkell (e.g. 1929, 1939)
on the Nile-Faiyum divide, Upper Egypt and Red Sea Coast
(Sandford 1934) and the work of Ball (1927) and Beadnell
(1909) in the Faiyum and Kharga, respectively.

Renewed investigations of the Quaternary in Egypt
accompanied the archaeological salvage, exploration and
research triggered by the Nubian Salvage campaign.

Numerous archaeological expeditions included geologists
and geographers. Karl Butzer, who continued to make sig-
nificant contributions to the Quaternary geology and geog-
raphy of Egypt, and became one of the leading authorities on
ecological study of the Quaternary of Egypt. Butzer (1964,
1982), studied the Pleistocene and Holocene geology of the
Nile Valley from Sudanese border to Kom Ombo plain
(Butzer and Hansen 1968). De Heinzelin (1968) examined
the Quaternary sediment in Sudanese Nile Valley, while that
of the prehistory and Holocene geology of Lower Nubia
were examined by Combined Prehistroic Expedition led by
Fred Wendorf. The Combined Prehistoric Expedition was by
far the most dedicated to the continuation of prehistoric and
geoarchaeological studies in Egypt after the building of the
Aswan High Dam. They began their investigations imme-
diately after the completion of work in Nubia on the pre-
history and geoarchaeology of Esna, Dandara, and Dishna
sectors of Upper Egypt (Wendorf and Schild 1976). During
these investigations, they closely collaborated with Egyptian
geologists of the caliber of Rushdi Said and Bahay Issawi
then associated with the Geological Survey of Egypt. As
such they engaged numerous young Egyptian geologists
from the Geological Survey in their geological investiga-
tions. Fekri Hassan, at the time a teaching assistant in the
Department of Geology at Ain Shams University, joined the
Prehistoric Combined Expedition in the archaeological and
geological survey of the area between Dandara and Sohag.
Combining his academic training both as a geologist and an
archaeologist, he obtained his Ph.D. with Fred Wendorf at
Southern Methodist University, USA. He led numerous
expeditions as a Principal Investigators in Siwa, Bahariya,
Naqada, East Delta and undertook geoarchaeological work
in the Faiyum, Farafra and other sites during the next stage
of Quaternary studies in Egypt, beginning in the 1980s. Over
the long years of working first along the Nile and later in the
Eastern Sahara, significant contributions to the Quaternary
geology of Egypt were made by Vance Haynes as a col-
laborator with the Prehistoric Combined Expedition (Wen-
dorf and Schild 1976) and with fellow geologists and
geochronology specialists.

The integration stage is characterized by the application
of chronometry to archaeological sites and sediments.
Detailed paleoenvironmental studies using paleontological
(pollen, ostracods, diatoms…etc.) and geochemical (trace
metals, rare earth elements and stable isotope) proxies and
associated detailed investigations of archaeological and
bioarcheological materials (lithic artifacts, pottery, and
charcoal) were made. Integration of dating technologies
(14C, OSL, TL and recently ESR) with paleoenvironmental
proxies draw a clearer picture of paleoclimatic variation
during the Quaternary that correlate well with the global
climatic framework. Finally, the integration stage is
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represented by the work of Wendorf and Schild in Nabta
playa, Bir Tarfawi and in Wadi Kubbaniya (Wendorf and
Schild 1986, 1989) and by Daniel Stanley and his coworkers
(Stanley 1988; 1990) by their intensive coring programs in
the Nile Delta. It also includes work by Fekri Hassan and his
coworkers in the Nile Valley, Farafra and the Faiyum
(Hassan 1986, 2007a, b, 2010; Hassan et al. 2001, 2012,
2017; Flower et al. 2012, 2013; Hamdan et al. 2016a; 2019).
Hassan also initiated a research trend modeling the link
between climate change and origins of agriculture in Egypt
(Hassan 1986) and the relationships between Nile floods and
the course of Egyptian civilization (e.g. Hassan 1997). This
work extended research into the relevance of geoarchaeol-
ogy to contemporary social affairs including the impact of
climate change on food security and droughts in Africa.
During this period, Rudolf Kuper and his coworkers began
their survey of the Eastern Sahara from Siwa to Gilf Kebir
(e.g. Kuper and Kröpelein 2006). At this time research in the
Egyptian Sahara included studies of Kharga and Dakhla
Oases (Smith et al. 2004).

12.2 Nile Sediments in the Nile Valley, Nile
Delta and Faiyum

The Main Nile in Egypt is the northern extension of the
course of the Nile starting in the Sudan as a result of the
confluence of the Ethiopian tributaries, mainly the Blue Nile,
and the White Nile draining a large area in Equatorial Africa
(Fig. 12.1a). The river basin spans 35° of latitude (4° S to
31° N) encompassing a wide variety of climates, river
regimes, biomes and terrains from the Equatorial lakes pla-
teau of the White Nile headwaters to the delta complex in the
Eastern Mediterranean Sea. It is unique among the large
rivers of the world in that it flows for ca. 2700 km through
the Sahara Desert without any significant perennial tributary
inputs. Of all the world’s rivers with catchments greater than
1 million km2, the Nile has the lowest specific discharge,
0.98 L s−1 km2 at Aswan (Shahin 1985). Geologic evolution
of River Nile during Quaternary is controlled by major
tectonic phenomena-including the rifting of East Africa—
climatic changes and other factors (Said 1981, 1993; Butzer
1997; Woodward et al. 2007). According to Said (1981), the
Nile Basin includes five major regions that differ from one
another in structure and geological history (Fig. 12.1b).
These are: (1) The Equatorial lake plateau, (2) The Sudd
region and central Sudan with low gradient floodplains and
extensive swamplands, (3) The Ethiopian Highlands forming
the headwaters of the Blue Nile and the Atbara, (4) The great
bends and cataracts of the desert Nile and (5) The Egyptian
region including the low gradient delta complex.

12.2.1 The Nile Valley

12.2.1.1 Nile Early Origins (Pre-quaternary)
There is a substantial literature debating the geological history
of the River Nile, based on different geological and geomor-
phological proxies (Macgregor 2012). There are two main
theories about the early origin of the Nile River in Egypt: the
Egyptian ancestor Nile and the African ancestor Nile.

The Egyptian ancestor Nile theory (Butzer and Hansen
1968; De Heinzelin 1968; Wendorf and Schild 1976; Said
1981; Issawi and McCauley 1993) proposes that the early
ancestors of River Nile were Egyptian Rivers that drained
from Egyptian territories. Evidence of this theory includes
landform, radar and mineralogical data indicating a dimin-
ishing contribution from Ethiopian volcanic sources with
increased age. The second theory, the African ancestor Nile
(McDougall et al. 1975; Pik et al. 2003; Ebinger 2005;
Underwood et al. 2013, Fielding et al. 2017, 2018) indicates
that the Egyptian Nile was fed by waters originating from the
Blue Nile and other Ethiopian tributaries during the Oligocene
onward. Abdelkareem et al. (2012) proposed that the Nile
formed during subsequent stages and lengthened as Africa
drifted northward relative to the Earth’s equator; i.e. it is
probable that during the late Eocene or Oligocene, the Earth’s
Equator was located at the present-day latitudes of Chad and
Sudan. That paleogeographic position of the Equator would
have produced pluvial conditions throughout North Africa.
They also suggest an easterly river course in Egypt during the
Oligo-Miocene along the Qena Valley but others favored a
more westerly course. Evidence presented by the second
theory includes the large sediment volumes in the Nile which
are proposed to be inconsistent with a purely Egyptian hin-
terland. More recently, Fielding et al. (2018) demonstrated the
presence of Ethiopian Cenozoic Continental Flood Basalt
(CFB) detritus in the Nile delta beginning ca. 31 Ma. They
show that the Nile River was established as a river of conti-
nental proportions by Oligocene times with there was no
significant input from Archaean cratons, supplied directly via
the White Nile to the Nile Delta. Whilst there are subtle dif-
ferences between the Nile delta samples from the Oligocene
and Pliocene compared to those from the Miocene and Pleis-
tocene, the overall stability of the Ethiopian signal throughout
the delta record and its similarity to the modern Nile signature,
indicates no major change in the Nile’s drainage from Oli-
gocene to the present day (Fielding et al. 2017, 2018).

The Egyptian ancestor Nile theory comprises two
hypotheses: a single-master-stream and a multi master
stream hypotheses. The former is based on the study of drill
cores in the Nile Valley and the delta, which suggest that the
Nile Valley started as a single-master-stream initiated since
the late Miocene (Said 1981). This hypothesis does not take
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Fig. 12.1 a Map of the Nile
Basin showing the drainage
network, basin states, and major
dams (Source Woodward et al.
2007). b Long profile of the Nile
from the White Nile headwaters
to the Mediterranean Sea (Source
Said 1993)
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into account any fluvial activity during the widespread
northward regression of the Tethys Sea over Egypt (late
Eocene-Oligocene). Five successive units of fluvial sedi-
ments were distinguished (Said 1993). Each one of these
units has characteristic features referring to deposition by
different rivers. These are from oldest to youngest: Eonile,
Paleonile, Protonile, Prenile and Neonile. The last three river
systems are dated to the Quaternary and are discussed in
detail in following sections.

The second hypothesis is based on extensive field geo-
logical and geoarchaeological proxies as well as remote
sensing technology (e.g. Issawi and McCauley 1993; Issawi

andOsman 2008;Abotalib andMohamed 2013). It attempts to
avoid the major problems caused by the single-master-stream
concept and described the evolution of river systems in Egypt
from the late Eocene regression of the Tethys Sea to theRecent
(Fig. 12.2). During the Cenozoic, Egypt was drained not only
by a single master stream, but by several major drainage
systems (Issawi and McCauley 1993). The first stage, called
the Gilf system (ca. 40 to 24 million years), consisted of a
northward flowing consequent stream river that followed
aretreating Tethys Sea, creating newly emergent land in Egypt
(Fig. 12.2a). It also includes streams that formed on the flanks
of the Red Sea region towards the end of the Eocene.

Fig. 12.2 a Sketch showing the Gilf system (System I) at the approximate end of the Oligocene; b Sketch showing the Qena system (System II)
in approximately the middle Miocene; c Sketch showing the Nile system (System III), which resulted from a major drop in Mediterranean sea level
in the Messinian (about 6 Ma) (Source Goudie 2005, modified from Issawi and McCauley 1992). d Schematic reconstruction of the Nile Canyon
showing the main channel and tributary gorges cut by the Egyptian Nile drainage during the late Miocene (Messinian) salinity crisis (Source Said
1981)
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TheGilf System involves three major rivers: the Gilf River,
the Ur-Nil River and the Bown-Kraus River (Issawi and
McCauley 1993). These rivers deposited their sediment load
in delta systems along the shore of the late Eocene- Oligocene
seas, located on what is known today as the Western Eocene
Limestone Plateau. It seems that before the formation of the
Nile Canyon, this plateau was continuous with its extension in
the Eastern Desert (Abotalib and Mohamed 2013). The Bown
Kraus River was a major river running NW and fanning in the
northern part of Faiyum Depression. The Ur-Nile ran parallel
to the Bown-Kraus River and built its delta in Bahariya
Depression (Issawi and Osman 2008). The Gilf River ran
northward from the Gilf Kebir Plateau to Siwa Depression.
This river system is represented by deltaic deposits of the
Gebel Qatrani Formation, which crops out in the Faiyum
Depression and elsewhere in north-central Egypt. However,
Underwood et al. (2013), believe that these delta sediments
were deposited by a continental-scale, northerly drainage
pattern drainingwaters from the Turkana region of East Africa
during late Eocene-Oligocene.

The second stage, termed the Qena system (Miocene
times), was caused by major tectonic activity in the Red Sea
area (Fig. 12.2b). This caused a reversal of drainage to occur
with a large river flowing southwards towards Aswan and
the Sudan. Qena system consists of two major rivers: the
Qena River and the Allaqi River. The Qena River flowed
southward from the Red Sea Hills, while the Allaqi River
flowed northward from southernmost hills as Gebel Gerf and
Gebel Elba. These two rivers likely met along the present
course of the Nile south of Aswan. Subsequently, the Qena
River captured the Allaqi River and continued to flow
southwestward at the foot slope of Gebel Kalabsha (Issawi
and Osman 2008). On the other hand, Abdelkareem and
El-Baz (2015) belief that the earlier Wadi Qena probably
hosted the master river course prior to the present Nile River
and had followed the general northward slope of Egypt prior
to the Red Sea tectonics. It was at this time that catastrophic
flooding may have created some major erosional flutes and
gravel spreads in the Western Desert (Brookes 2001).

Abotalib and Mohamed (2013) introduced a new concept
to river systems evolution in Egypt. It involves the existence
of a new river system which flowed northward during late
Miocene times: the North Egypt River. This river was sep-
arated from the oldest southern Qena System by a natural
dam (E-W faulted block) between Nag Hammadi and Wadi
El-Assuiti. The North Egypt River flowed first from the
mouth of Wadi El-Assuiti and then, flowed northward to join
the waters drained from the Tarfa and Sannur drainage basins
befor terminating in the Miocene Wadi Natrun Delta.

The third stage, termed the Nile system (Fig. 12.2c), was
associated with base level changes in the Mediterranean
basin. In Messinian time (ca. 6 Ma.), the Mediterranean
dried up for about 600,000 years (Hsu et al. 1973) because

of closure of the Straits of Gibraltar. Base level dropped by
1000 m or more. Down cutting and headward erosion
became dominant processes forming the Eonile Canyon
(Fig. 12.2d), an incised deep gorge four times larger than the
Grand Canyon of the Colorado in the USA. Because of its
gradient advantage, it captured the south-flowing Qena
system and became the first north-flowing river system that
extended the length of Egypt to the Mediterranean. Further
downstream, the late Miocene Nile created a series of fans in
the region of the North Delta Embayment (Nile Cone) and
evaporites accumulated in the distal areas of these fan
complexes under arid climatic conditions.

Higher sea levels during the Pliocene resulted in the cre-
ation of a long narrow marine gulf in the Nile Valley that
reached as far south as Aswan (Pliocene Gulf; Said 1981).
The marine gulf is represented by a fossil cliff-line of an early
Pliocene transgression on the escarpments bordering the Giza
Pyramids Plateau (Aigner 1983). Moreover, the plateau
formed a “peninsula” within the Pliocene gulf invading the
“Eonile canyon”. Marine Pliocene sediment is represented by
the Kom el Shullul Formation exposed in the eastern foot
slope of the Giza Pyramid Plateau and in the Shakhlouf area,
north east of the Faiyum Depression (Said 1981; Hamdan
1993). The marine sediments of the early Pliocene filled
about one third of the depth of the Messinian canyon. The late
Pliocene Nile saw a shift from marine to brackish conditions
with a load offine-grained sediments derived from local wadi
systems (Paleonile; Said 1981). This period saw the complete
infilling of the Eonile canyon (Said 1981) as the freshwater
zone moved northwards towards the modern Mediterranean
coastline. These late Pliocene sediments are represented by
the Helwan Formation exposed in the mouth of Wadi Garawi
and contain brackish water microfossils (Said 1981; Hamdan
1993). The Paleonile sediments are also represented by the
Qaret El-Muluk Formation; these are composed of friable
sands, mudstones, shale and minor limestone with combined
total thickness of approximately 50 m (El-Shahat et al.
1997). The fossil content consists of fresh and brackish water
elements: charophytes, ostracods, gastropods, oysters and
benthonic foraminifera. Planktonic forams which suggest
marine influence have been also recorded. The terrestrial and
aquatic continental vertebrate fauna includes mammals,
reptiles, fish and aves (El-Shahat et al. 1997).

12.2.1.2 Early Pleistocene Nile
In Egypt, the early Pleistocene was generally arid, however,
there were two short humid episodes (i.e. the Edfu and
Armant formations; Said 1981) (Fig. 12.3). The Armant
Formation is made up of alternating beds of locally derived
gravels and fine-grained clastic rocks. The gravels are
cemented by tufaceous material and the pebbles are suban-
gular and poorly sorted. The formation abuts the sides of
wadis draining into the Nile.
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In the area between Esna and Manfalut, the Issawia
Formation (Said 1981) is made up of 16 m of chocolate
brown clays, followed by a 7 m thick tufaceous hard lime-
stone bed below 22 m of red limestone breccia. The breccia
contains a hard cemented bed in the higher levels known as
brocatelli limestone (see Butzer 1980; Ahmed 1993). The
Idfu Formation (Said 1981) is composed of more than 15 m
of fluviatile gravels and sands embedded in red-brown silt
matrix. The coarse sands and gravels consist mostly of
rounded flint and are covered with a red-brown soil.

The early Pleistocene is well developed in a sand quarry
near Mena House hotel on the Giza Pyramid Plateau and
attains ca. 30 m in thickness, consisting of cross bedded
gravelly quartzose sand. These deposits were deposited by a
low sinuosity braided river. The early Pleistocene sediments
are also exposed in a sand quarry at Qasr el Basil area, west
Nile-Faiyum Divide (Hamdan 1993). They form a long,
narrow and highly desiccated terrace ca. 70–80 above sea
level, consisting of cross bedded pebbly coarse to medium
grain quartzose sand occupying a channel 10–15 km west of
the modern Nile floodplain.

12.2.1.3 Middle Pleistocene Nile
During middle Pleistocene, a powerful river with a distant
source reached Egypt. This river, the Prenile, drew its waters
from Ethiopia when the Atbara and possibly the Blue Nile

pushed their way into Egypt across the Nubian swell by a
series of cataracts (Said 1981, 1993). The Prenile (Qena For-
mation) is composed of alternating, cross-bedded, occasionally
consolidated, coarse-grained sands and thin beds of grits, and
gravels, with casts of fresh water shells and attains a thickness
of 20 m (Fig. 12.3). The oldest Nile aggregation- also called
“Alpha” aggregation (Said 1993) consists of two gravel for-
mation (Abbasia “I” and Abbasia “II”), in between there is
thick floodplain silt (Dandara Formation; Said 1993). The
Dandara Formation is approximately 15 m in thickness and is
composed of a grey, loose and fine sandy silt bed at the base,
followed by brown silts with thin carbonate interbeds and
occasional lenses of gravel and capped by a distinct red soil. It
was dated more than 39–40 kyr B.P (Wendorf and Schild
1976). However, recent work shows that the Dandara silt is
dated to late Acheulean (� 200 kyr BP, see Deino et al. 2018).

The Abbasia Formation (Said 1981) is composed of
massive, loosely consolidated gravels of polygenetic origin.
The pebbles are rounded to subround. They were derived
from the uncovered basement of the Eastern Desert. The
Abbassia “I” gravels are archeologically sterile while as
Abbasia “II” gravels are rich in archeological material of
early Paleolithic (late Acheulean) tradition. These sediments
are dated to 600–350 kyr BP (see Deino et al. 2018).
According to the recent dates of artifacts in the
Abbasia/Dandara complex, we consider these river systems

Fig. 12.3 Nile sediments in the
Nile Valley and Nile Delta
(Source Said 1993)
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are dated to middle Pleistocene rather than late Pleistocene
as mentioned previously by Said (1993).

12.2.1.4 Late Pleistocene Nile
The late Pleistocene history of River Nile is very complex and
mainly controlled by different geological and climatic factors.
Both local climatic conditions and those in the Nile head-
waters have played an important role in late Pleistocene his-
tory of the River Nile. Local climatic conditions add more
water to the river through run off from local wadis during
wetter climate and accumulate dune sand on the western bank
of the river during arid conditions. Indeed, the study of late
Pleistocene Nile sediments is crucial not only for under-
standing the Nile behavior and paleoclimatic variation but
also for understanding the early Homo species migrations out
of Africa. It is now accepted that during late Pleistocene, the
Nile Valley was a vegetated corridor through which the
exodus of Homo sapiens out of Africa and into Eurasia
occurred between *50 and 120 kyr BP (see Timmermann
and Friedrich 2016). Early Human migrated from northeastern
Africa into the Arabian Peninsula and the Levant and
expanding further into Eurasia and beyond.

Based on 14C dating and associated archaeology, two late
Pleistocene aggradations (i.e. “Beta” and “Gama” aggrada-
tions; Said 1993) are distinguished, i.e. middle and late
Paleolithic floodplains. Middle Paleolithic silt is represented
by the Dibeira-Jer Formation (De Heinzelin 1968). The
Dibeira-Jer Formation forms terraces about 36 m above the
modern flood plain in Nubia and about 8 m above the
modern flood plain in Upper Egypt (Said 1981). It has been
divided into several aggradations episodes (floodplain silt)
separated by periods of regression (dune sands). It has an
estimated thickness of more than 8 m. These silts include no
archaeology at Kom Ombo, but in Nubia they include sites
with middle Paleolithic artifacts (Wendorf et al. 1989).
Another middle Paleolithic aggregation is recorded, the
Makhadma Formation which consists of sheet wash gravels,
pebbles, and boulders with middle Paleolithic artifacts
(Wendorf and Schild 1976). They rest unconformable over
Dandara Formation or Prenile sands (Said 1993) and over-
lain by sediments carrying fresh, late Paleolithic artifacts. In
Wadi Kubbaniya (west Aswan), two overbank silts are
interbedded with dune sands; the lowest and oldest parts of
the silts lie beyond the range of radiocarbon dating; they
could well be as old as 70 kyr BP (Butzer 1997). The top-
most and youngest parts, on the other hand, ended well
before 30 kyr BP (Wendorf et al. 1989).

Another middle Paleolithic silt is represented by the
Ikhtiariya Formation (Said 1981), which is made up of
well-sorted, massive, dune sands, with a thickness of 4–6 m.
It contains middle Paleolithic artifacts and a few mammal
bones. The Formation overlies eroded bedrock, the
Dandara Formation, and is conformably overlain by the

Masmas-Ballana Formation and fluvial sands. The Forma-
tion is assumed to represent aeolian deposits contempora-
neous with the Mousterian-Aterian pluvial dated at 80–40
kyr BP (Said 1993). More recently, the age of the Aterian
has dated to ca. 150–40 kyr BP (Campmas 2017). The
middle/late Paleolithic boundary is characterized by deep
cracking vertisols and the Nile entrenched its channel by at
least 20–25 m and middle Paleolithic silts were deflated
(Butzer 1997). Renewed aggradations (“Gamma” Neonile
floodplain silt; Said 1993) within a more restricted valley is
primarily recorded near Kom Ombo by channel complexes
that range from channel beds and point-bar sequences to
levee and overbank silts (Butzer 1997).

Late Paleolithic floodplain silt is represented by the
Masmas-Ballana Formation which composed of dune sands
intercalated with silts and capped by a podzol soil (Said
1981). The top of the dune deposits is rich in late Paleolithic
artifacts. Butzer and Hansen (1968) introduced the name
Masmas Formation for silts and channel beds in the Kom
Ombo area in Upper Egypt with thickness more than 43 m
and contain a mollusk fauna. De Heinzelin (1968) applied the
name Ballana Formation to dune sands which interfinger the
upper part of the Dibeira-Jer silts in the Egyptian Nubia. The
Deir El-Fakhuri Formation (Wendorf and Schild 1976) is
represented by diatomite and pond sediments interrupted by
silt units, which overlie the Ballana Formation, and underlie
the Sahaba Formation. This Formation has an estimated
thickness of more than 6 m at Esna and Toshkka in Egyptian
Nubia. Pollen and diatom analyses of the sediments of the
Ballana and Deir El-Fakhuri Formations suggest an arid
grassland environment (Wendorf and Schild 1976).

The Sahaba-Darau Formation (Said 1981) consists
mainly of floodplain silts. It has a thickness of more than
6 m. The formation overlies the recessional pond deposits of
the Deir El-Fakhuri Formation. The Sahaba-Darau Forma-
tion is equivalent to the Gebel Silsila Formation of Butzer
and Hansen (1968) in the Kom Ombo area. The Sahaba
Formation as described by De Heinzelin (1968) was divided
into two aggradation units separated by an episode of
down-cutting (Deir El-Fakhuri Formation). The Sahaba
Formation yielded typical Sebilian assemblages character-
ized by abundant Levallois artifacts.

12.2.1.5 Holocene Nile
The Holocene aggragation in the Egyption Nile Valley
floodplain (delta Neonile; Said (1993) is subdivided into
several formations, i.e. Dishna-Ineiba, Arkin and El-Kab
formations. The Dishna Formation, dated to 10–9 kyr BP, is
represented by a succession of playa deposits and Nile silt
with interbeds of gravels and pebble sheets. It is coeval with
the Malki Member of Butzer and Hansen (1968), and
slope-wash debris of the Birbet Formation of De Heizenlin
(1968). This Formation overlies the Sahaba Formation which

452 M. A. Hamdan and F. A. Hassan



is overlain by the Arkin Formation. The Ineiba Formation, 9–
7 kyr BP, was introduced by Butzer and Hansen (1968) as a
widespread wadi accumulation with a lower conglomeratic
bed (Malki Member) and brown clays in the upper part
(Sinqari Member). The Dishna-Ineiba Formation represents
deposits which formed during the recession following the
Sahaba-Darau aggradation. The playa deposits accumulated
behind the natural levees and abandoned channels of the
Sahaba-Darau aggradation (Said 1981).

The Arkin Formation (Said 1981) is made up of ca. 6 m
of silts and fine-grained micaceous sands. It overlies the
Dishna Formation and underlies post- Arkin sediments. Its
age is assumed to be 9.2–7.2 kyr BP, based on radiocarbon
dates (Said 1981). The Arkin Formation is coeval with the
Arminna Member of the Gebel Silsila Formation of Butzer
and Hansen (1968) in the Kom Ombo area. The El-Kab
Formation is made up of a series of Nile sediments, now
under cultivation, on the east bank of the Nile River, from
El-Kilh (about 15 km north of Idfu) at the Old Kingdom
fortress of El-Kab. Radiocarbon dates on charcoals yielded
ages between 6.4 and 5.98 kyr BP.

Recent subsurface studies in Saqqara-Memphis flood-
plain (Fig. 12.4a) reveals a complex fluvial history of both
aggradation and degradation events corresponding to mag-
nitudes of Nile floods and paleoclimatic conditions in the
African Nile headwaters (Hamdan 2000a; Hassan et al.
2017, Hamdan et al. 2016a, 2019). The sequence began with
a unit of late Pleistocene fluvial sand and gravel and relics of
early Holocene fluvial sediments (Fig. 13.4b). Middle
Holocene is represented by period of high Nile flows asso-
ciated with steep sea level rises and the floodplain occupied
by swamps and anastomosing channels. After the Old
Kingdom, the River Nile changed to a more stable mean-
dering channel with well-developed levees and flood basins.
Middle Kingdom is represented by a widespread layer of
alluvial silt and sand, indicating high Nile floods, which
agrees with historical records. Normal floods with several
lows and highs prevailed during the last two thousand years.
The Holocene floodplain sequence exhibits several discon-
tinuities in sedimentation, particularly at 8.2 cal kyr BP
between early Holocene and Predynastic period, at 5.4 cal
kyr cal BP; between Predynastic and Old kingdom; at
4.2 cal kyr BP corresponding to First Intermediate Period; at
2.4 cal kyr BP between late Period and Ptolemaic, and at
0.8 cal kyr BP (Fig. 12.4c). These are extremely significant
in linking major changes in Nile floods to global climatic
events. These five events are recognized as events of global
cooling, often abrupt, and associated with areas directly or
indirectly affected by monsoonal rain and changes in the
ITCZ. They are also evident in the drop of African lake
levels in the Nile headwaters and a reduction in the level of
the nearby Faiyum Lake (Hamdan et al. 2019).

12.2.1.6 Dramatic Events in the Geologic History
of River Nile

The sedimentary history of the Nile River in Egypt bears wit-
ness to a number of dramatic events that occurred during the
late Pleistocene-Holocene due to severe changes in global cli-
matic conditions. The late Glacial Maximum (LGM), the Wild
Nile pluvial period and several climatic events during the
Holocene (e.g. the 4.2 dry event) all had great impacts on the
hydrology and sedimentology of the river. In turn these events
affected or interacted in a variety ofwayswith human activities.

Blocking of the Nile Valley During the LGM
Behavior of the Nile during the late Pleistocene was a matter
of debate between the scientists working in the Egyptian
Nile Valley. A model of the river during LGM indicates that
the Nile Valley was occupied by series of braided channels
with total discharge much less than today, at 10–20% of its
modern volume (Wendorf and Schild 1976; Schild and
Wendorf 1989; Hassan et al. 2017). The lack of vertical
accretion of braided coarse siliciclastic sedimentation in
Upper Egypt and lack of late Paleolithic sites in Lower
Egypt, make a braided model unlikely. Another model of the
LGM Nile Valley environments was proposed by Ver-
meersch and Van Neer (2015). These authors believe that a
series of lakes occupied Nile Valley due to sand dunes
blocking the Nile Valley at Naga Hammadi and other places
in Upper Egypt during the LGM. The presence of lakes in
the Nile Valley during the LGM could offer humans excel-
lent possibilities for food exploitation in otherwise very
harsh climatic and environmentally challenging conditions
(Vermeersch, and Van Neer 2015). The damming of lakes
occurred at different elevations above the present floodplain
and in turn there is little correlation with cultural identities.
Indeed, the existence of lakes within Nile Valley of upper
Egypt was previously mentioned by Vignard (1923), who
discovered sequence of late Paleolithic sites on the shores of
a progressively shrinking lake fed by local wadi systems,
which had been dammed up behind Gebel Silsila. The model
of Vermeersch and Van Neer (2015) is plausible but needs to
be supported by description of proper lacustrine sediment
facies with diatom analysis.

The Wild Nile
The onset of post-glacial warming (after LGM) was marked
by an upsurge of exceptionally high Nile floods at 13–11 cal
kyr BP, an event labeled as the “Wild Nile”. The event
indicates increased rainfall in the source areas of the Nile in
Equatorial Africa and Ethiopia (Williams et al. 2010, 2015)
and heralds the initial step in the establishment of the current
Nile regime, which was well established by 11.5 cal kyr BP
following a recessional episode from 13 to 11.5 cal kyr
BP. In Wadi Kubbaniya wild Nile event was identified a
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comparably rapid rise of Nile flood deposits from 111 to
118 m between about 12.6 and 12.3 cal kyr BP; excep-
tionally high flood waters entered far up the wadi but left
only 50 cm of thin-bedded silts and marls (+25 to 26 m)
(Schild and Wendorf 1989).

12.2.2 Dry Event (Collapse of Old Kingdom)

The collapse of the Egyptian Old Kingdom was triggered by
low Nile floods, combined with a decentralization of

political power and weakening of the central administration
(Hassan 1997, 2007b; Hamdan et al. 2016b, 2019). The
4.2 cal kyr BP climatic event is clearly manifested in the
geological record at Saqqara as an erosional event, recorded
at the top Old Kingdom sediments. Hamdan et al. (2016b,
2019) used sedimentological, mineralogical, and geochemi-
cal proxies as well as pollen analysis to study sediments
coeval to this event through drilled cores in Faiyum and
Saqqara regions. The pollen diagram of these sediments
shows that Asteraceae tubuliflorae pollen exceeded 50% and
Amaranthaceae, Liguliflorae, small quantities of Rumex and

Fig. 12.4 Alluvial history of the Saqqara-Memphis Floodplain during the middle Holocene; a Google Earth image of the Saqqara-Memphis
floodplain with core locations; b Lithostratigraphy of Holocene sediment in the Saqqara-Memphis floodplain; c Evolution of Saqqara-Memphis
floodplain through the Holocene; (1) degradation of the floodplain during the 8.2 cal kyr BP arid event; (2) degradation of the floodplain during
5.2 cal kyr BP; (3) aggradation of the floodplain during the early Dynastic-Old Kingdom (5–4.2 cal kyr BP); (4) degradation of the floodplain
during the First Intermediate Period (4.2 cal kyr BP); (5) aggradation of the floodplain during the extremely high middle Kingdom floods;
(6) aggradation of the floodplain from New Kingdom to present (Source Hassan et al. 2017)
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other ruderals as well as Acacia were present (Hamdan et al.
2019). These pollens indicate onset of desert conditions
during the 4.2 dry event. This period spanned a 100 years or
less, and Nile floodplain converted to dry desert conditions.
The heavy minerals assemblage reflects mixing of Nile
floodplain and desert wind-blown environments (Hamdan
2000a). The high zirconium content of these sediments also
indicates high aridity and sand storms, which led to sand
encroachment from the Western Desert to the Nile Valley
(Hamdan et al. 2018). The latter is supported by an ancient
eye witness account: “Ipuwer” who mentioned to his son Lo
that “the desert claims the land and the lands are injured”
(Hassan 2007b). XRF data for the 4.2 cal kyr BP event
shows low ratios of both diagnostic Blue and White Nile
elements (Fe/Al; Ti/Al; Sr/Al) and together with the high
content of zirconium (Hamdan et al. 2019), which indicates
reduced effects of Ethiopian flood water. Contemporary with
this dry event, several lakes in the Nile catchment record
water level declines at this time (Adamson 1982).

12.2.2.1 Shifting of Nile channel
Shifting of the Nile channels in the Nile floodplain has
been substantial in the alluvial landscape, which funda-
mentally affected the structural and functional development
of the ancient Egyptian civilization (Hassan et al. 2017).
Detection of river shift in the Nile Valley is based on the
relationship between the elevations above sea level of
ancient settlements along the older courses of the Nile

(Jeffreys 2008; Jeffreys and Tavares 1994; Bunbury et al.
2008, 2017). Hassan et al. (2017) proposed a model of
channel shifting based on geoarchaeological investigations
using drill core data to consider the relationship between
settlement depths and sedimentological characteristics and
the interpretation of Landsat and Google imagery
(Fig. 12.5). The model supposes that there was a main Nile
(on the eastern side of the Nile Valley) and secondary Nile
distributary channels closer to the western plateau. During
Old Kingdom there was an eastwards shift of the western
Nile branch and a westward shift of the main Nile channel.
In fact, these secondary branches migrated much faster than
the main channel because they were situated at a relatively
higher elevation and would have dried out in mid-winter
during low Nile water flow. There are different estimates
for the rate of Nile channel movement during the Old
Kingdom; Hillier et al. (2006), measured a rate of east-
wards shifting in some areas of the Nile floodplain to be
about 9 km per 1000 years, mainly by island production
and capture. Lutley and Bunbury (2008) also claimed that
the River Nile had moved at a rate of 9 m/yr. Hawass
(1997) estimated the migratin rate of the Bahr el-Lebeini,
an Old Kingdom secondary channel near the Giza Plateau,
to be about 3.58 m per year. Hassan et al. (2017) calculated
a rate of 3.2 m per year for the eastern movement of the
secondary channel (1.64 km the distance between the early
Old settlement and late Old Kingdom settlement, over
500 years).

Fig. 12.5 Interpretive model of the Saqqara-Memphis floodplain: a location of a principal lateral channel running close to the escarpment of the
Western plateau with the main branch of the Nile running along the eastern side of the modern floodplain; b during the Dynasty III, when the
Djoser pyramid was built, the early Dynastic channel migrated eastward to the location now occupied by the Shebrament Canal; c continuous
westward and eastward migration of the main channel and western channel, respectively and emergence of Memphis as a island between these two
channels; d at the time of Unas (end of Dynasty V, 4.356–4.323 kyr BP) the ancient western channel in this location is currently occupied by the
Bahr Libeini which parallels the Miheit Drain (Source Hassan 2017)
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12.2.3 Nile Delta

The Nile Delta, one of the largest deltas in the world,
occupies an area of ca. 25,000 km2 and is bounded by desert
to both the east and west. Its apex is located at Cairo, where
the river divides into two main distributaries: the Rosetta and
Damietta; these discharge over the triangular-shaped alluvial
plain and flow north into the Mediterranean. The sedimen-
tary succession in the Nile Delta attains thickness of ca.
4000 m and composed of sand and gravel overlain by a thin
layer of alluvial clay. The geologic history of Nile Delta is
complex, goes back to late Miocene, and includes five delta
phases; Eonile Delta; Paleonile Delta; Protonile Delta; Pre-
nile Delta and NeoNile Delta (Fig. 12.3). A large amount of
research has been undertaken on the Pleistocene and earlier
history of the Nile Delta, mainly as a result of oil exploration
(e.g. Rizzini et al. 1978).

Eonile Delta was formed during the late Miocene and
represented by the Quasiam Formation (Fig. 12.3). This
Formation attains ca. 700 m in thickness and represented by
coarse sand and gravel intercalated with thick shale beds. It is
evident that the Quasiam formation has been deposited in the
form of coalescing fans in front of an E-W active fault
scarp. Quasiam Formation is overlain by ca. 50 m thick unit
of evaporite rocks (Rosetta Formation). The Paleonile Delta
phase (Pliocene Gulf) is represented by two formations; Abu
Madi and Kafr el Sheikh. Abu Madi Formation attains about
ca. 250 m of sand with a thin shale unit in the middle part of
the section. Kafr el Sheikh Formation (late Pliocene), attains
ca. 1200 m in thickness and consists of shale with marine
fossils in the lower part and brackish and freshwater fossils in
the upper part. Protonile Delta (early Pleistocene) is repre-
sented by El Wastani Formation (ca. 300 m) composed of
coarse sand with few shale and gravel interbeds. The Prenile
delta (middle Pleistocene) is represented by the Mit Ghamr
Formation (ca. 700 m) and consists of coarse sand and gravel
from Ethiopian sources. Finaly, Neonile delta phase (late
Pleistocene-Holocene) is represented by the Bilqass Forma-
tion, which is made up of alternating fine andmedium-grained
sands, interbedded with clays rich in pelecypod, gastropod
and ostracod fragments, plant material, and peat layers.

Late Quaternary sediments of Nile Delta were intensively
investigated in the last three decades, based on archaeological
excavations, drilling of shallow cores and radiocarbon dating.
A survey of the published literature provided 1640 relevant
core records within the fluvial zone of the delta (Pennington
et al. 2017). These studies provide much evidence for the
changing patterns of Nile behavior as well as for global sea
level changes. In the coastal region of Nile Delta, late Qua-
ternary sediments comprise three sedimentary sequences
(Stanley and Warne 1993a). Sequence “I” (late Pleistocene—
ca. 38–12 kyr BP), is represented by iron-stained quartz-rich

sands and stiff mud, deposited by braided channels associate
with a drop in sea level and the coastline was located further
north of its modern position. Sequence “II” is represented by
transgressive sand with a shallow marine fauna dated to
mid-Holocene (ca. 8 cal kyr BP; Stanley and Warne 1993a).
Sequence “III” (ca. 7.5 cal kyr BP onwards), is represented
by a variety of lithologies of marine, semi-terrestrial, coastal,
estuarine, lagoonal and in some cases fluvial deltaic
environments.

In the fluvial-dominated region of the Nile Delta, late
Quaternary succession is subdivided into three Sequences;
Sequence “I”, Transgressive Sand and Sequence “II” from
older to younger. Indeed, for simplicity and preventing
confusion with previous nomenclature, we used “Sequence”
rather than “Formation” as originally used by Pennington
et al. (2017). Figure 12.6 shows summary cross-sections of
previous studied geoarchaeological/geological areas in the
Nile Delta, reinterpreted within the stratigraphic divisions of
the synthesis of Pennington et al. (2017). The Sequence “I”
comprises medium-coarse quartzose sands, with pebbles of
quartzite, chert and dolomite and is subdivided into two
units; Zagazig and Minuf units, from older to younger,
respectively. The Zagazig unit is generally, massive to
laminated or cross-stratified; yellow fine to medium grained
sands (De Wit and van Stralen 1988; Hamdan 2003a;
Rowland and Hamdan 2012). Mineral composition includes
iron oxides (magnetite, hematite and ilmenite), hornblende,
augite and epidote (Hamdan 2003a; Pennington et al. 2017).
Minuf unit consists of fine grained micaceous sand with stiff
or compact clayey lenses (Butzer 1997; Sandford and Arkell
1939). The Transgressive Sand Sequence (early Holocene),
is composed of coarse, poorly-sorted, olive-grey to
yellowish-brown quartzose sands which contain a high
percentage of heavy minerals, as well as mollusk and
echinoderm fragments (Chen et al. 1992; Coutellier and
Stanley 1987; Stanley et al. 1992). These deposits are
probably originally fluvial sediments that incorporated a
littoral signature during retrogradation of the shoreline and
major reworking by waves and other coastal processes
between ca. 15 and 8 cal kyr BP.

Sequence “II” is made up the “alluvial mud” of the delta
plain and is divided into three units from base to top;
Sequence “IIa”, Sequence “IIb” and aeolian sand (Pen-
nington et al. 2017). Sequence “IIa”, is made up of
bluish-black silty-clay to clayey silt containing a high per-
centage of organic matter and peat layers. Sequence “IIb” is
generally brown-grey in color, less rich in organic material,
and very predictable in the lateral variation of its grain size.
This later unit represents overtopping of levees and the
development of a wide floodplain during the late Holocene.
The sequence of the fluvial-dominated delta is ended by a
modern aeolian Member (Pennington et al. 2017).
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12.2.4 Significant Geological Features
in the Nile Delta

12.2.4.1 Nile Cone
Nile Cone is a largest Mediterranean deep sea fan and has a
complex history related to large scale tectonics in the East
Mediterranean basin and evolution of the Nile River which
has served as its major sediment source (Stanley and Mal-
donado 1977). The cyclic nature of Nile Cone sediments
record modifications of eustatic sea level and paleoclimatic
conditions at the Nile headwaters. It also reflects changes in
the physical oceanography of the coastal area, including
current patterns and stratification, and biogenic productivity.
The cone consists of six sediments types; turbidite sand and
silt, turbiditic mud, hemiplegic mud, calcareous ooze,
organic ooze and sapropels.

12.2.4.2 Sapropels
Sapropel is a dark-colored organogenic sediments that is rich
in organic matter intercalated with the offshore Nile cone
sediments since mid-Miocene times (Mourik et al. 2010).
Their formation in the Mediterranean is relate to increasing
amounts of freshwater reaching the basin by a combination
of various factors including increased precipitation versus
evaporation, discharge from the Nile and other bordering
rivers. The large amounts of fresh water delivered by the
Nile have led to increased nutrient supply and anoxia pro-
moted by stratification of the water column (Krom et al.
2002; Fielding et al. 2018). Sapropels occur (quasi-) peri-
odically in sedimentary sequences of the last 13.5 million
years, and exist both in the eastern and western Mediter-
ranean sub-basins (Rohling et al. 2015). Extensive study,
based on records from both short (conventional) and long

Fig. 12.6 Summary
cross-sections of previously
published
geoarchaeological/geological
works in the Nile Delta:
a Minshat Abu Omar, adapted
from Andres and Wunderlich
(1992); b Kafr Hassan Dawood
(Hamdan 2003a); c Quesna,
adapted from Rowland and
Hamdan (2012); d Sais, adapted
from El-Shahat et al. (2005);
e Kafr Hassan Dawood, adapted
from Hamdan (2003a);
f MUWDS, adapted from
El-Awady (2009). g AUSE,
adapted from Andres and
Wunderlich (1992); h Kom
al-Ahmer/Kom Wasit; i Tell
Mutubis; j Kom Geif (Pennington
et al. 2017). The names of the
units given in quotation marks are
those from the published
literature; the key shows their
reinterpretation within the
framework of the current
synthesis (Source Pennington
et al. 2017)
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(Ocean Drilling Program) sediment cores, and from a wide
variety of uplifted marine sediment sequences on the basin
margins and islands. The sapropels are important in paleo-
climatic studies, especially monsoon intensity in the Nile
headwaters.

12.2.4.3 Sea Level Change in the Nile Delta coast
Intensive coring programs in the delta plain have reveal that
theMediterranean Seawas some 100 m lower than the present
level during late Pleistocene and fluvial and deltaic environ-
ments extended out 40–50 km beyond the modern coast
(Butzer 1997). In response, the Nile channel and distributaries
were entrenched up to 30 m below the present surface into
older Pleistocene sands and gravels. During post-glacial
warming, global temperature rise melted the ice-caps causing
sea level to rise and, at the same time, rainfall increased in the
catchment area of the Blue Nile (Woodward et al. 2007). The
sea level rose rapidly by several meters per millennium at the
shelf-edge of the Nile Delta between 10–7 cal kyr BP (Stanley
and Warne 1994). Moreover, Fairbanks (1989) noted that the
ending of the last ice age led to a global sea-level rise of
120 m. Assuming that the current floodplain gradient of ca.
1 m/km, this sea-level rise could potentially produce a marine
transgression of a similar extent (Bunbury and Jeffreys 2011).
Due to high rates of sea-level rise and river sediment loads
high rates of flood basin aggradation took place. Subse-
quently, the delta plain was dominated by a swampy, wetland
landscape with the formation of anastomosing rivers and
crevasse splays (Pennington et al. 2017).

During the late Holocene period, a gentle sea level rise of
1.0 m per millennium occurred until the present lower rates.
Subsequently, the in-channel aggradation rates decreased
and the crevassing and avulsion became relatively less
dominant processes in landscape formation. The channels
would have migrated across their floodplain primarily via
lateral channel migration and point bar deposition. The
resulting landscape has been referred to as a “meandering”
deltaic environment (Pennington et al. 2016).

12.2.4.4 Ancient Delta Branches
Since the end of the last ice age, global temperature rise
melted the ice-caps causing sea level to rise and, at the same
time, increased rainfall in the Nile Headwaters (Woodward
et al. 2007). Rising sea level and increasing Nile flow both
push the river towards the production of more distributaries
and will also shift the delta head southward. According to
Stanley and Warne (1993b), the number of distributaries
reached a maximum around 6000 years ago and since then
has gradually declined. In the present time, there are only
two Nile channels bifurcates ca. 20 km north of Cairo;
Rosetta and Damietta branches. However, there were seven
branches during the pre-dynastic period that were reduced to
five branches during the Paranoiac times (Tousson 1922).

There were two branches in west delta as sub-branches of
current Rosetta Branch, i.e. Canopic and Bolebetic. In west
delta, there were five branches; Sebennitic, Bucolic,
sub-branches of Damietta Branch; Mendesian, Tanitic and
Peluciac. During early Holocene, probably the branches are
more and mainly in the form of anastomosic channels
associated with rapid sea level rise (Pennington et al. 2017).
The concentration of former distributaries (Four major ones)
in the northeastern part of the delta was partly due to the
rapid subsidence (Stanley 1988). According to Said (1990),
the disappearance of the ancient branches occurred during
low-flood years, when deposition exceeded erosion. On the
other hand, Sneh et al. (1986) concluded that the degener-
ation of the lower reaches of the Pelusaic Branch was due to
the silting up of the mouth of the distributary by the pre-
vailing W-E long-shore current.

12.2.4.5 Delta Subsidence
The subsidence of the Nile Delta received much attention
from the scientific community and extensive coverage by the
media in the last decades (Becker and Sultan 2009).
Numerous studies have attempted to measure rate of subsi-
dence along Nile Delta. The techniques used have included
in situ observations (Marriner et al. 2012; Stanley and Warne
1993a; Warne and Stanley 1993) as well as remote sensing
techniques (Aly et al. 2009, 2012; Becker and Sultan 2009).
These studies have recorded differential subsidence veloci-
ties on the Nile Delta that range from slightly emergent to
subsidence rates as high as approximately 10 mm/yr.

Early studies provided estimates of vertical motion from
slightly emergent to subsidence of just over 4 mm a year.
The maximum rates of subsidence occur east of the Damietta
promontory. A zone containing the highest rate of subsi-
dence was attributed to the major eastern Mediterranean fault
system with accelerated velocities attributed to the thick belt
of Holocene sediments in the north. The thick Holocene
sediment layer is presumed to form a hinge line marking its
southern edge (Stanley and Warne 1993a). A later study
reported subsidence velocities ranging from 0.0 to
5.0 mm/yr across the northern Nile Delta (Marriner et al.
2012). Buried and submerged archaeological sites have also
been used to date subsurface horizons (Warne and Stanley
1993). This information was then used to calculate rates of
subsidence that range from 0.9 to 5 mm/yr (Stanley 2012;
Stanley and Toscano 2009; Warne and Stanley 1993).

An alternative approach to sediment core studies has been
to use radar satellite data to measure subsidence on the Nile
Delta. One study used 34 descending ERS-1 and ERS-2
satellite data images spanning 8 years and beginning from
1993 to 2000 to measure average subsidence rates of
7 mm/yr. The study proposed that subsidence within the
study area was influenced by groundwater extraction, tec-
tonics, and possibly the subway system running under the
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city (Aly et al. 2009). Another study conducted by Becker
and Sultan (2009) used 14 ascending ERS-1 and ERS-2
satellite radar images spanning just over 7 years from 1992
to 1999. The maximum subsidence velocities measured by
the study range from 6 to 8 mm/yr on the north-western
portion of the delta.

Generally, all studies concluded that a combination of
factors have been responsible for the Delta subsidence,
including tectonic readjustment of strata at depth, sediment
compaction, growth faulting and soft sediment deformations
under large anthropogenic structures, possibly triggered by
earthquakes, tsunamis. These studies show very clearly that
the delta has ceased to increase in altitude relative to sea level.
Although, tsunamis are relatively rare in the Mediterranean
Sea, their potential risk cannot be neglected. Alexandria City
was not affected by a major earthquake or tsunami in recent
years (Jelínek et al. 2009). However, historical events show
that approximately 5,000 people died and 50,000 houses were
destroyed in the city after the earthquake in 21 July 365 AD.
The Roman historian Ammianus Marcellinus wrote about the
impact of this event in Alexandria: “The solidity of the whole
earth was made to shake and shudder, and the sea was driven
away. The huge mass of waters was return when least
expected killed many thousands by drowning. Huge ships
perched on the roofs of houses and others were hurled nearly
3 km from the shore”. The last tsunami to hit the eastern
Mediterranean occurred on August 8, 1303 AD. It destroyed
the great lighthouse of Alexandria, one of the seven wonders
of the ancient world (Jelínek et al. 2009).

12.2.4.6 Turtle-Backs
In the eastern Delta, geoarchaeological investigations
showed the existence of scattered small or large ridges of
Pleistocene coarse sand (turtle backs) (De Wit 1993; De Wit
and Van Straten 1988; Andres and Wunderlich 1992;
Hamdan 2003a; Rowland and Hamdan 2012). Turtle-backs
are deposits of sand, sandy clay, and impure silt, yellow in
color and forming higher longitudinal hummocks over the
Delta surface. They appear as yellowish islands in the green
fields of the Delta, rising some 10–12 m above the surface;
some may rise only one meter above the surface. Four of
these turtle-backs are found near Quweisna (see Rowland
and Hamdan 2012), two between Banha and Qalyub, one
near Fagus, and five near Manzala, occupying an average
area of 2 km2 each. Sandford and Arkell (1939) consider
these turtle-backs as relics of middle Paleolithic silts anal-
ogous to deposits on the lateral margins of the delta.

12.2.5 Faiyum

The FaiyumDepression is encircled by a northern escarpment
and for much of its past it contained a large lake (LakeMoeris)

fed by Nile run-off through the Bar Yussef (Fig. 12.7a).
Fluctuations in Nile flooding directly controlled the levels of
the lake which, in turn affected ancient settlement patterns in
the Faiyum (Hassan 1986). A series of ridges along the
western edge of the depression define paleo-shorelines at 44–
42, 34–39, 28–32, and 23–24 m ASL equivalent to heights of
71, 61–66, 55–59, and 50–51 m of the floodplain at Beni Suef
in the Nile Valley (Hamdan 1993).

The Faiyum region has been widely investigated as early
as the 19th and early 20th centuries by several geologists
(Schweinfurth 1886; Brown 1892; Ball 1939). This interest
arose due to the abundance of rich archaeological sites and
extensive documentary records (see Brown 1892). However,
these early archaeological investigations were inconsistent
concerning the role of the lake and the first systematic
investigation, performed by Caton–Thompson and Gardner
(1929, 1934), confirmed that modern Lake Qarun is a rem-
nant of the former great lake, Lake Moeris. Further studies
were carried out by Sandford and Arkell (1929); Little
(1936) and Wendorf and Schild (1976). Reviews by Hassan
(1986) and Butzer (1997) have shown that past fluctuations
in water availability, due to climate and human changes,
caused major variations in the level of Lake Qarun during
the Holocene. From the early Holocene until the
Greece-Roman period, the basin received Nile water prin-
cipally controlled by climate with lake levels fluctuating
according to Blue Nile flow from monsoonal rainfall in
Ethiopia and, to a lesser degree, to central east African
rainfall via the White Nile. Since the middle Kingdom, Nile
inflow has been more or less regulated by hydrological
modifications

The Holocene Faiyum sedimentary sequence was inves-
tigated in surface exposures of ancient beaches, archaeo-
logical sites (Wendorf and Schild 1976; Hassan 1986;
Butzer 1997, 1982; Hassan et al. 2012) and more recently in
cores from modern Lake Qarun (Flower et al. 2006, 2012,
2013; Hamdan et al. 2016b; Marks et al. 2018). The early
Holocene sediments of the former great lake are well known
from subsurface and surface sections in the northern part of
the lake (Wendorf and Schild 1976). They are related to
several successive lakes called Paleomoeris (13 m ASL),
Premoeris (19–24 m ASL) and Protomoeris (19–24 m
ASL). Each of these lake units are separated by episodes of
low stand lakes. The sediments of Paleomoeris stage are
recorded only in the northern Faiyum and are represented by
fluvial sands, shore facies and shallow lake bed facies of
diatomite and diatomite marls, ca. 13 m ASL (Kozlowski
1983). These sediments are dated to 9948–10233 cal
BP. The upper diatomite unit possesses deep fossil desic-
cation cracks, indicating episodes of low lake level. The
deposits represent the Premoeris stage of Wendorf and
Schild (1976) and consist of sand intercalated with dark
grayish brown friable sediments. They obtained a date of
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9450–8634 cal BP from charcoal obtained at an elevation of
19 m ASL, contemporaneous with a mat of swamp deposits.
In Western Faiyum, deposits of Premoeris stage are banked
against the eastern face of the Gisr el Hadid storm beach
ridge and represented by of intercalations of beach sand and
gravel with freshwater shells (Hassan 1986, Hassan et al.
2012). Terminal Paleolithic artifacts (Qarunian) were found
in association with the Premoeris deposits and dated to
9064–9355 cal BP and 8445–8572 cal. BP. The sediments
of Protomoeries stage consist of sand and sandy silt inter-
calated with dark swamp layers (19–24 m ASL) and dated to
8188–7699 cal BP.

In cores drilled at the margin and within Lake Qarun
(Fig. 12.7a), the early Holocene sediments (ca. 10–8.2 cal
kyr BP) is represented by varved sediments (Fig. 12.7b)
corresponding to seasonal Nile flood water influx to Faiyum
Lake via Howara channel (Flower et al. 2012, 2013; Ham-
dan et al. 2016b; Marks et al. 2018). The early Holocene
varves (non-glacial) were formed in a deep lake with an
absence of benthic bioturbation and with deep water anoxia
(Flower et al. 2012). The varves consist of mm and sub-mm
laminated sediment of calcareous clay with dark allogenic
clayey silt (deposited during late summer Nile floods) time
(Flower et al. 2012; Hamdan et al. 2016b). Elemental

Fig. 12.7 a Faiyum Depression; b Early Holocene, non-glacial varves sub-sectionfrom a sediment core; cMicroprobe elemental analysis of a thin
section of Faiyum varve sediments showing the correspondence between the proportions of Si and Ca; d Diagrammatic representation of a typical
varve structure in finely laminated sediment of Faiyum. See text for detail (Source Flower et al. 2013)
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analysis of the thin section in the varve sediments using
microprobe techniques demonstrated clear geochemical dif-
ferences between the laminae (Fig. 12.7c). Detailed micro-
scopic, geochemical and micropaleontology reveal that the
Faiyum varves generally consist of three laminae
(Fig. 12.7d); (1) terrigenous laminae composed of angular
clastic silt grains and clays indicate material of fluvial origin
and could mark the effects of Nile flood (late summer); (2) a
white authogenic diatom layer usually comprised of
Stephanodiscus and then Aulacoseira valves formed late
August or September after flood time, and (3) an endogenic
calcite (micrite) layer deposited during the following sum-
mer season and ofteninter-calated with organic matter. Dia-
tom and pollen data of early Holocene sediments in a long
core from Tersa (middle of Faiyum Depression) also show
abundant planktonic taxa, (e.g. Cyclostephanos, Aulaco-
seira) and high aquatic/terrestrial pollen ratios also indicat-
ing deep, open lake conditions (Hamdan et al. 2016b).

Hassan et al. (2012) studied stable isotopes of oxygen and
carbon in freshwater mollusk shells from a sequence of dated
paleolake deposits in the Faiyum Depression and provided
an outline record of lake development during the Holocene.
During early Holocene, the freshwater shells yielded more
negative d18O and d13C ratios than did middle and late
Holocene shells, suggesting high Faiyum lake levels and less
evaporation compatible with high Nile discharge. The he
isotopic composition of accretionary layers in the single
Unio shell indicated two periods of low d18O values corre-
sponding to two periods of water supply to the lake; Nile
waters during summer flood and other due to runoff from
local sources during winter rainy periods (Hassan et al.
2012). Study of the isotope composition of the accretionary
layers of one Unio shell, indicated the existence of a short
rainy season during winter time.

The middle-Holocene sediments represent the lower part
of the Lake Moeris stage and are represented, in northern
Faiyum, by pale brown sands, unconformably overlying
older lacustrine sediments (e.g., Neolithic site Kom “W”;
Caton-Thompson and Gardner 1929, 1934; Wendorf and
Schild 1976). The dates associated with the Neolithic sites
occupations are: 6897–6324 cal BP at 17 m ASL and 6957–
6407 cal BP at 15 m ASL (Hassan et al. 2012). In southeast
and southwest Faiyum, a middle Holocene beach forms a
curved elongated ridge c. 20 km long from Edwa Village
(16 m ASL) to Ezbet el Gebel Village in the southwest of
the Faiyum (14 m ASL). The Edwa ridge dates to the
Neolithic i.e. ca. 7150–5950 cal BP and extends in an E-W
direction rising up to 18–14 m ASL; (Caton-Thompson and
Gardner 1934; Hassan 1986; Hassan and Hamdan 2008,
Hassan et al. 2012). In subsurface, middle Holocene lacus-
trine sediments are represented mainly by two different
facies. The early middle Holocene (ca. 8–6.2 cal kyr BP) is
represented by alternating homogenites layers and varve

packets. The homogenite layers consist of a massive mud
layer up to one cm in thickness resting on the eroded top of a
laminated packet. The latter are generally thicker than the
homogenite layers (several cm in thickness) and consist of
horizontal mm-scale white and dark grey laminae. Subtle
seismicity layers are recorded in the varve layers with clear
microfolds and microfaults (Hamdan et al. 2016a). These
sedimentological characteristics reflect a large deep lake.
Late middle Holocene sediments (ca. 6.2–4.2 cal kyr BP),
are represented by massive stiff clay with white carbonate
and iron oxide layers, indicating drop in lake level. Isotope
data show increasing 18O enrichment and increasing benthic
diatoms at end of the Holocene indicate lowering in lake
level and increase aridity (Hassan et al. 2012).

Late Holocene lacustrine deposits occur at 35 m below
sea level (Hassan et al. 2012). Based on the elevation,
stratigraphic position and archaeological context, it is likely
that lacustrine sediments in this area date to a time interval
from the pharonic late Period to the Roman period; i.e. from
ca. 3000 to 1600 cal BP (Caton-Thompson and Gardner
1934; Wendorf and Schild 1976; Hassan et al. 2012). Late
Holocene sediments consist of 9 m of beach sand interca-
lated with scattered diatomaceous deposits. In subsurface,
late Holocene lacustrine sediments (4-0 cal kyr BP), are
represented by massive highly bioturbated, semi-soft silty
clay, few diatoms, and becoming more sandy upwards with
red potsherds near the top.

The analyses of the Faiyum cores reveal intersecting results
about fluctuations in lake level, which reflect variation in the
Nile floods and the climatic conditions on the African Nile
headwaters. The lake was high large fresh water lake during
early Holocene and then subjected to an abrupt drop the level
at 8.2 cal kyr BP. before rising again from 8 to 6.2 cal kyr
BP. From 6.2 to 6 cal kyr BP, the lake level dropped markedly
and thin laminate sedimentation ended permanently. During
6–4.5 cal kyrBP, the lake became small and its level oscillated
between 10 and 0 m ASL. At 4.5–4.2 cal kyr BP, the lake
show great drop in lake and most parts of the lake were almost
desiccated. Ancient modifications to regulate inflow to the
Faiyum basin were notably introduced during the 12th
Dynasty to compensate for fluctuations in water availability
caused by variations in the Nile floods (Hassan and Hamdan
2008). Later, more hydrological modifications were intro-
duced during Ptolamic time, to extend and regulate agricul-
tural lands in the Faiyum (Hassan 1986).

12.3 Quaternary Sediments and Landforms
Related to Humid Climate

Sediments related to humid periods commonly occur in the
present day hyper-arid Egyptian deserts; they are repre-
sented by lacustrine, alluvial, solution and karstic features
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(tufa and speleothem deposits) (Fig. 12.8). These deposits
are well dated and associated with archaeological material
indicate wetter conditions during Quaternary. Some of these
landforms (i.e. karst, caves and alluvial) are inherited from a
previous wetter climate but in many areas still dominate
despite a major drying of climate. The hyperaridity has
preserved these landforms and landscapes, which in wetter
areas would have been totally eroded.

12.3.1 Lacustrine (Playa) Sediments

A playa is a Spanish term meaning a shore or beach; it is
typically a dry, vegetation-free, flat area at the lowest part of
an internally drained desert basin where ephemeral lakes
form during wet periods. They are underlain by stratified
clay, silt, and sand, and commonly, by soluble salts. Playas
occur in intermontane basins throughout the arid lands.
Indeed, these are many confusing definition in terms playa,
playa lake and sabkha. To eliminate these confusions, Briere
(2000) proposed that: (1) playa is a discharging interconti-
nental basin with a negative water balance, remaining dry
75% of the year, and often associated with evaporates;

(2) Playa lake: a transitional category between playas and
lakes, essentially a flooded playa; (3) Sabkha: a shallow
basin limited to marginal marine settings and associated with
several percent gypsum or gypsum, partly laminae due to
preferential halite dissolution during flooding. Generally,
playas have four characteristics (Motts 1969): (1) an area
occupying a basin or topographic valley of interior drainage;
(2) a smooth barren surface that is extremely flat and has a
low gradient; (3) an area infrequently containing water that
occurs in a region of low rainfall where evaporation exceeds
precipitation, and (4) is an area of fairly large size (generally
more than 600–1000 m in diameter).

The term playa was first used in Egypt to describe certain
Quaternary sediments in Kharga and Dakhla Depressions
(Beadnell 1909). Investigations of playa deposits intensified
since the 1970s in conjunction with archaeological investi-
gations of the middle Pleistocene and Holocene prehistory of
the eastern Sahara. The playas occur as basin-fill deposits
ranging in size from a few hundred m2 to over a hundred
km2. The depth of the playa basin does not exceed several
meters; 2.5–8 m deep in Farafra (Hassan et al. 2001); about
3–4 m in south Farafra (Embabi 1999); up to ˃10 in Nabta
playa (Wendorf and Schild 1980). The playa basins have

Fig. 12.8 Distribution of
Quaternary sediments in the
Western Desert of Egypt
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five origins; (1) karstic e.g. Farafra Depression (Hassan et al.
2001; Hamdan and Lucarini 2013; (2) wind deflation e.g. Bir
Kesiba playa (Wendorf and Schild 1980); (3) damming
blockage of the wadis by sand dunes e.g. Gilf Kebir Plateau
(Kröpelein 1987); (4) interdunal troughs e.g. Nabta playa
(Wendorf and Schild 1980) and (5) ponding of irrigation
waters, e.g. Kharga and Dakhla (Caton-Thompson 1952).
Playa sediments consist of several meters of stratified,
fine-grained silt intercalated with sand and occasionally
gravel that either appear as flat areas with scarce or no
vegetation or as fields of yardangs. They exhibit several
sedimentary structures of fluvial environments, e.g. normal
grading, mud drapes and cut and fill structures. Past lacus-
trine environments are indicated by e.g. flat laminated sand
silt intercalation and beach gravels. Aeolian sand is often
intercalated with the playa silt.

The playas are distributed from Siwa in the north to the
southern limits of Egypt, as at Nabta, and lie mostly at the foot
slopes of escarpments at the edge of depressions in theWestern
Desert. Here there are more than 100 playas whose areas
exceed 2 km2 (Embabi 1999). Of these, there are 25 in Dakhla
Depression (Brookes 1989 and 1993), 21 inKhargaDepression
(Hamdan 1987) and 24 in Farafra Depression (Hassan et al.
2001; Hamdan and Lucarini 2013). Other playas smaller than
2 km2 are spread. Occur not only in the large depressions, but
also in small ones on the plateaus and in the southern plains.

The current amount of rainfall in the southern part of
Egypt is insufficient to sustain playas. However, occasional
heavy rainstorm in the depressions of the Western Desert can
create small pools and puddles. In the northern part of the
Egypt, where rainfall is limited to 50–100 mm/year, winter
rains over the El-Diffa (Marmarica) Plateau along the
Mediterranean Coast create shallow pools in small karstic
depressions. Some of those pools often last for about a
month. The saline lakes in the Siwa Depression today are not
playas in the sense used to describe the Holocene playas of
the Western Desert. The Siwa lakes, such as Siwa,
Aghourmi, Zaytoun, and Maa’ser are fed by limited
groundwater discharges from along fault lines. With very
limited influx of rainwater and a high rate of evaporation the
lakes are saline. Accordingly, their influx salts levels fluc-
tuate seasonally depending on the seasonal differences in
evaporation rates. Salt deposits are found both at the bottom
of these lakes and along their shorelines. The Holocene
playas of the Western Desert are also different from the
Wadi el-Naturn lakes (see below), which are fed by seepage
from Nile water, and are enriched in sodium carbonate,
bicarbonates and chloride. Playas are also distinguished
from Birket Qarun in the Faiyum Depression, which is now
fed, like the newly created Wadi Rayan Lake, by irrigation
drainage water.

The playas were favorable places for human habitation
during Holocene as attested by the abundance of artifacts in

association with playa sediments compared to their paucity
or total absence elsewhere. Those playas fed by surface
runoff and/or by spring water would have been hospitable
places for people, especially during episodes of dry climate
and dry seasons of the year. Moreover, playas are a main
target of modern national agriculture reclamation projects in
the western Desert because of their lithological characterizes
and low salinity soils. Subsequently, however, these projects
represent great threats to the prehistoric archaeological sites.
Indeed, the threats are very high in Bahariya, Dakhla and
Kharga areas where almost all playas are disappearing.

Chronologically, there are two playa generations in
Egypt, based on dating techniques and associated archaeo-
logical materials. The first is Pleistocene and lakes are
mainly large, permanent and mainly fed by ground water
with little surface water. In contrast, Holocene playas are
typically smaller, temporary and mainly formed by surface
discharge (few were fed by ground water).

12.3.1.1 Pleistocene Lacustrine Sediments
During the middle Pleistocene, several large lakes existed in
central and southern Egypt. The Bir Tarfawi/Bir Sahara
region contains sediments recording a series of discrete lake
phases ca. 230–60 kyr BP (Wendorf et al. 1993). In the Bir
Tarfawi Depression, Pleistocene sediment records significant
climatic and environmental changes during the last half
million years (Blackwell et al. 2017) with distinct three playa
generations. The older existed at the periphery of the
depression at an elevation of 247 m ASL associated with
Acheulean artifacts. The second playa (White Lake), existed
in the north-central part of the depression, and dated to
248 ± 28 and 218 ± 27 kyr BP (Hill and Schild 2017). The
third generation (Grey-Green Lake) at an elevation of 242 m
ASL and dated to 105 ± 15 to 141 ± 3 kyr BP (Blackwell
et al. 2017).

In the last two decades, there are several hypotheses
connecting the depressions of southwestern Egypt with
several mega-lakes. Maxwell et al. (2010) used digital ele-
vation models- but did not take into account deflation during
arid periods- to assume the existence of intensive middle
Pleistocene lakes in the Tarfawi-Kiseiba-Toshka region of
southern Egypt. Moreover, another mega-lake would have
covered an area extending from the Sudanese border north to
the Kharga and Dakhla Oases during the late Pleistocene
(Issawi and Osman 2008; Maxwell et al. 2010). Detailed
investigations of exposed sections of these mega-lakes show
different lithological characteristics which may indicate local
lakes rather than one mega-lake (see Hill and Schild 2017).
The only evidence supporting a late Pleistocene mega-lake is
represented by bones of Nilotic fish (Van Neer 1993). These
fossils are also used as an indication of an ancient channel
transporting Nile waters to Tarfawi-Kiseiba Depression (Van
Neer 1993; Issawi and Osman 2008).
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Dakhla Depression also hosted several large Pleistocene
lakes (and perhaps, at times, one very large lake; Smith
2012), with a potential combined area of ca. 1700 km2

(Brookes 1993; Ashour et al. 2005; Kieniewicz and Smith
2009; Smith 2012). They are preserved in two basins in the
Dakhla Piedmont and represented by two facies: Facies A
and Facies B (Brookes 1993). Facies A comprises horizon-
tal, parallel-stratified turbidite beds; more sandy in lower
part and more muddy in the upper bed. Most of the sedi-
ments were reworked mainly from Dakhla shale. Facies B
comprises two sub-facies; sub-Facies B1, comprises thin
couplets of large-crystal gypsum and clastics and includes
10–20 cm beds of biogenic lacustrine marl, which indicate
deposited in saline lakes (Brookes 1993). Sub-Facies B2
consist of massive, pale-brown muddy sand. An exceptional
event associated with the Dakhla playa, is a mid-Pleistocene
catastrophic meteoritic impact event which scattered ‘Dakhla
Glass’ around the depression surface (Osinski et al. 2007,
2008). The Dakhla Glass has been found embedded in the
pale lake beds and in lags on eroded outcrops around the
depression. The ages of Dakhla Glass average at 145 ± 19
kyr BP by 39Ar/40Ar so constraining the age for deposition
of the lacustrine units bearing the glass (Renne et al. 2010).

At Um Dabadib, in the north Kharga Depression, rem-
nants playa sediments are heavily dissected and associated
with middle Paleolithic artifacts. They are represented by a
11.5 m thick section filling a trough eroded into the lower
pediment (Hamdan 1987). The section begins with layer of
about 80 cm of very pale brown aeolian sand; then overlain
by about 200 cm of thin laminated playa silt with abundant
shale flake and brown aeolian sand. The rest of the section
(about 8 m) is represented by thick layers of brown massive
playa silt and clayey silt with abundant shale flakes and
desiccation cracks and Dikika structure. The top part of the
playa sediments may be eroded and shows the development
of a brown palaeosol which has been truncated and is now
overlain by a gypseous crust with dark patinated sandstone
slabs. The formation of gypseous deposits suggests high
ground water and an arid climate during the late Pleistocene
(Hamdan 1987). At Abu el Agl playa, three OSL dates were
given for middle Paleolithic playa sediments; 79 ± 20;
67.6 ± 10.7 and 110 ± 18 kyr BP. One 14C date on aostrich
eggshell at the top of the middle Paleolithic playa sediments
yielded a date of 20,580 + 280 BP (Ashour et al. 2005;
Donner et al. 2015).

In the Eastern Desert, the Sodmein Playa (ca. 40 km
north-northwest of the Quseir) is one of the rare Pleistocene
playas with Pleistocene human occupation (Kindermann
et al. 2018). Based on the associated artifacts, the playa is
dated to early phases of MIS 5 (i.e. 118 ± 8 kyr BP). The
playa sequence consists of the following units from base to
top: (1) thick aeolian sandy unit with very thin silt laminae
and lag gravels, indicating slight water events; (2) laminated

sandy silts with gravel layers, indicating fluvio-lacustrine
sedimentation during wetter climate conditions; (3) thick and
massive, calcareous silts, representing an ephemeral lake;
(4) miixture of gravels, sand and some silt accumulations.
Small mollusks were found in several sections of the entire
profile. Similar playa was described by Hamdan (2000b) at
Esh Malaha area, north Eastern Desert, with sequence of
intercalated calcareous silt, sand and gravel and dated by
U/Th dating to 45–65 kyr BP.

In Sinai, thick section of Pleistocene fresh water lake
sediments was recorded in environs of Wadi Feiran and
Tarfat (Gladfelter 1988, 1990). The lakes were developed at
different levels, impounded by dykes who formed barriers
across the major wadi system and also acted as aquicludes
(Issar and Bruins 1983). The lacustrine sediments of Wadi
Feiran consist of interbedded alluvial, palustrine and collu-
vial sediments. A major portion of the original sequence has
been eroded away and badland terrain occurs where exten-
sive remnants of the beds are found. A complete strati-
graphic section of aggragation is not preserved at a single
location, but within Wadi Abu Nashre, an unusually thick
occurrence of these deposits is preserved and associated with
the Upper Paleolithic sites (Gladfelter 1990). Marl in the
Pleistocene contains mollusk, ostracods and charophytes,
species from habitats of freshwater ponds that existed in
shallow depressions on alluvial bottoms (Gladfelter 1992).
The mollusk assemblages as well as fish bones recovered
archaeologically indicate that the ponds were perennial
features. Radiocarbon assays obtained from certain marl
units establish the late Pleistocene age of these deposits (i.e.
29,100 ± 460 BP (SMU 1845); 18,910 ± 200 BP).

Pleistocene playa sediments are also recorded at Northern
Sinai (Sneh 1982; Goldberg 1984; Kusky and El-Baz 2000;
Embabi 2017). The Pleistocene lakes occur in wadis and low
areas between hills and mountains (Kusky and El-Baz 2000)
and sometimes formed behind sand dune dams (Sneh 1982).
In the Quseima area, one of the tributaries of Wadi El Arish,
the sediment begins with early middle Paleolithic gravels
(90–65 kyr BP), overlain by unit of sands, clays and silts
dated to ca. 33.8 kyr BP (Embabi 2017). Some of the
fine-grained sediments are interpreted as lake deposits,
although many of them probably existed for a short period
only. Other lakes may have persisted for longer periods, as
indicated by the presence of clays with ostracods,
inter-bedded with horizontal silt and sand layers of Upper
Paleolithic (Kusky and El-Baz 2000).

Abu-Bakr et al. (2013) summarize the geomorphic evo-
lution of the paleodrainge and paleolakes in North Sinai.
They mapped the ancestral course of Wadi El-Arish by
integrating a Radarsat-1 image with SRTM data in synergy
with optical images and field investigations. A segment of
the former drainage course with a length of 109 km and a
width of 0.5–3 km was discovered beneath the sand dunes
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west of Gabel Halal. The former course of Wadi El-Arish
was dammed as a result of recent structural uplifting (anti-
clinal fold) at Wadi Abu Suwera. This structural high
blocked the NW pathway, and forced the flow direction to
deviate to the NE through the gorges of Talet El-Badan and
Gabel Halal, respectively. Three major paleolakes have been
identified along the main course of Wadi El-Arish within
structurally controlled depressions formed due to the anti-
clinal ridges of the Syrian Arc System in North Sinai. These
paleolakes were most likely developed behind the folded
hills in two main stages, interrupted by the deviation of the
river course. During the first stage, the southern paleolake
developed from excess rainfall in the upper reaches of Wadi
El-Arish, where the river was probably blocked and failed to
reach the Mediterranean Sea. The central and northern
paleolakes were formed in the post-deviation stage and the
latter are estimated to be the largest of the three paleolakes
(about 337 km2).

Another controversial playa called “armored playas”
(Said 1990), are extensive sheets of playa deposits which are
veneered by a layer of white nodular chalcedony cobbles up
to 15 cm in diameter embedded in a reddish brown matrix.
Issawi (1971) considered that these playas were related to
doming movements and structure lines. Other studies (e.g.
Haynes 1980), however, has shown that the chalcedony
cobbles seem to have been formed in standing bodies of
water, rich in sodium carbonate and silica having a pH of 9.5
or higher (Said 1990). The age of these playas is not known,
but they are certainly older than Neolithic (i.e. Pleistocene).

12.3.1.2 Holocene Playas
Holocene playas are the most widespread landforms in the
lowland of the Western Desert of Egypt and primarily asso-
ciated with Neolithic sites. Generally, from the early to
mid-Holocene (ca. 11,500–5000 calBP), playa sediments of
the Western Desert indicate a vivid climatic change, from
hyperaridity to semi-aridity and back to its present hyperarid
state (Hoelzmann 2002). It seems that, playa deposition
started in mountainous areas much earlier than in the low-
lands and stable conditions were established soon after the
regional rise in groundwater. By 8 cal kyr BP, optimum
conditions prevailed throughout Western Desert as docu-
mented by playa sediments which prove the existence of
stable freshwater lakes. The decline of the wet phase started
earlier in the north (ca. 7.5 cal kyr BP) and later in the south
(ca. 6 cal kyr BP). The end of playa sedimentation inWestern
Desert can only be placed tentatively around 5 cal kyr BP.

The lacustrine deposits at Nabta Playa have a direct
stratigraphic relationship with many archaeological sites
associated with the early Neolithic and range in age from ca.
9.3 to 7.3 cal kyr BP. These are El Adam, El Ghorab, El
Nabta, and Al Jerar (Wendorf and Schild 1980). The base of
the playa sequence is represented by phytogenic dunes

which developed before the formation of the earliest lacus-
trine silts. The dune sands are overlain by beach sands
containing freshwater gastropods which, in turn, are overlain
by reddish brown playa silts with blocky structure. Based on
pollen, diatom, and geochemical data, the lakes water level
began to rise at ca. 8.4 cal kyr BP, reaching a maximum at
ca. 8 cal kyr BP and persisted until ca. 7 kyr BP, around 6.2
kyr BP, the modern phase of hyperaridity began in the
Eastern Sahara and the area was abandoned.

In Dakhla Depression, Brookes (1989) identified three sets
of Holocene playa deposits. The first consists of playa sand, in
places with redeposited carbonate sand and overlying gravelly
slope wash andthen with reddish brown aeolian sand. This
section identified from Locality A, is dated to � 8.7 cal kyr
BP. In another locality (Area B), 8 m thick playa sandy silt,
capped by a halite-rich crust and overlain by massive, angular
limestone gravel. The playa deposits of this setion are dated
to => 8270 BP. In another area (Locality C), playa deposits
consist of pale brown silty sand with gypsum encrustations
dated to 7.8–7.1 cal kyr BP, or younger. The top of Area C
shows inactive springs. Brookes attributed much of the vari-
ability to local differences within the depression.

Two generations of playa exist at Um Dabadib; early and
middle Holocene playas (Hamdan 1987). The early Holo-
cene playa is ca.7 m section of massive playa silt at the base
with a thick unit of aeolian sand-thin playa silt intercalation
in the middle and thick scree of large limestone boulders and
reddish brown palaeosol at the top. It is associated with
terminal Paleolithic artifacts which date to the early Holo-
cene. In the Abu Tartur basin, playa sediments yield OSL
dates ca. 9.4 cal kyr BP to about >ca. 7.93 cal kyr BP and
associated with several temporary occupations of hunter
gatherers associated (Bubenzer et al. 2007). One OSL date
yielded 9.1 + 1.6 cal kyr BP in the Abu el Agl playa basin
(Ashour et al. 2005; Donner et al. 2015). Middle Holocene
playa exposures in the center of the Umm el Dabadib basin
are represented by a massive homogeneous lacustrine
deposit and associated Neolithic artifacts. One 14C dating on
ostrich eggshell associated with younger playa sediment at
Umm el Dabadib yielded 7220 ± 150 cal BP (Hamdan
1987); a corresponding playa deposit in the Abu Tartur basin
is dated to about 7200–6300 cal BP (Bubenzer et al. 2007).
Playa dates of 6230 ± 90 BP and 5980 ± 90 BP were
recorded at Abu el Agl playa (Ashour et al. 2005; Donner
et al. 2015).

Several Holocene playa generations are evident in Farafra
Depression (Barich and Hassan 1987; Hassan et al. 2001;
Hamdan and Lucarini 2013). Early Holocene playa deposits
are represented by massive mud with thin, gypsum crusts and
iron oxide stains, suggesting deposition under warm, arid
conditions and short wet periods sufficient to form shallow
temporary lakes (Hassan et al. 2014). The deposits from the
next moist episode in Farafra are recorded at Ain Raml where
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they are dated to 9650 ± 190 cal BP. At Wadi Obeiyid, the
playa deposits are exposed in a series of yardangs, consisting
of a sequence of mostly white to very pale brown playa mud
interbedded with cross-bedded sand and fluvial gravel in the
lower unit (8080 ± 60 cal BP). The middle unit of this
sequence is dated on in situ charcoal 7725 ± 60 to
7320 ± 110 cal BP. (Hamdan and Lucarini 2013; Hamdan
2014a, b). The youngest deposits at Wadi Obeiyid Playa are
preserved at a rock shelter and consist of a intercalation of
white, angular, chalk rubble in a friable, calcareous loam
yielding a radiocarbon age of 6050 ± 75 cal BP (Hamdan
and Lucarini 2013; Hamdan 2014a, b).

In Bir Obeiyid, Farafra Depression (Fig. 12.9a), three
Holocene playa generations were described by Hamdan and
Lucarini (2013), PI, PII, PIII (Fig. 12.9b). The early Holocene
playa (PI) sediments occupy a closed basin in the higher
reaches of the Bir El-Obeiyid Depression (ca. 90 m ASL).
One 14C dating of 10,721 ± 325 cal BP is given to this basal
Playa “PI” (Hamdan and Lucarini 2013). The playa sequence
begins with aeolian sand and then intercalates upward with
thin laminae of white calcareous playa mud with desiccation

cracks. The topmost of playa “Pl” sequence is represented by
thick limestone rubbles mixed with gypsum and aeolian sand.
The early Holocene playa is truncated by white subangular
chalk rubble, grading vertically into the underlying bedrock
chalk and horizontally to the playa deposits, probably indi-
cating severe mechanical weathering under subaerial condi-
tions during deposition. Temperature variations coupled with
freezing of moisture trapped in fissures would have been
sufficient to produce angular clasts and limestone blocks. The
white color of the deposits indicates that temperature and
rainfall were sufficiently low to mobilize iron oxides (Hassan
et al. 2001). This phase of rubble formation is dated to
8079 ± 107 cal. BP and therefore related to the global
8.2 cal kyr BP cold phase (Hamdan and Lucarini 2013).

The middle Holocene playa “PII” occupies the deepest
part of the Bir El-Obeiyid Depression (ca.75 m ASL) and is
mainly eroded into yardangs (up to 3.0 m above the sur-
rounding depression). The sediments of playa “PII” over-
lythe deflated surface of the limestone rubble of Playa “PI”
and are dated to 7510 ± 107–6407 ± 84 cal. BP. They
consist of mainly of fine sand, silty sand and silt, deposited

Fig. 12.9 a A map of the Farafra
Depression showing locations of
Sheikh El-Obeiyid area and other
playa deposits in the Farafra
Depression: b N-S geological
cross section at the Bir
El-Obeiyid Playa, showing that
early Holocene; c middle
Holocene playas “PII” and “PIII”
(Source Hamdan and Lucarini
2013)
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by two water sources. The calcareous playa sand and silt are
cemented by freshwater carbonate and contains thin laminae
of algal tufa, indicating a groundwatersource. The continu-
ous sedimentation and absence of aeolian sand layers
probably reflect stable, wetter conditions. The last phase of
“PII” is marked by a layer of grain-supported angular lime-
stone rubble, indicative of a short dry and cold episode.

Late middle Holocene playa “PIII” is separated from “PII”
by thin limestone rubbles and consists of thin layers of playa
silt intercalated with thick aeolian sand. One 14C date of
6144 ± 98 cal. BP. is given for playa “PIII”. The existence
of several aeolian sand layers and a highly desiccated playa
silt layer indicate that the climate was highly episodic during
the deposition of playa “PIII”. The last stage of the evolution
of the Bir El-Obeiyid playa basin is represented by spring
activity. The spring mounds exist in the deepest part of the
basin and attain a height of about 10.0 m above the deflated
level of the Holocene playa. This spring fed water to the
playa in the late Holocene (4517 ± 131 cal BP).

Holocene playa deposits in Siwa consist of yellow and
brownish yellow sand to loamy sand followed upward by
very pale brown to yellow loamy silt. Granulometric analysis
and X-ray diffraction analysis of the clays reveal a change
through time toward greater surface runoff under gentle
rainfall as suggested by an increase in the silt-clay content
and kaolinite (Hassan 1976). This phase is dated to ca. 8.6–
8.1 cal kyr BP and is correlated with the Nabta Phase I (8.6–
8.2 cal kyr BP). In Bahariya Oasis, investigations at El-Heiz
reveal mud pan deposits dated to c. 6.9–6.3 cal kyr BP
(Hassan 1979b). They consist of a basal unit of aeolian sand
with salt crusts followed by playa silt topped by aeolian sand.

Holocene playa sediments existed around Djara Cave
region (see below), with a maximum thickness of 2 m
(Kindermann et al. 2006). They consist of reddish sand and
silt and capped with limestone scree and burned stones from
hearth mounds (Bubenzer and Hilgers 2003). Luminescence
dates of the playa sediments range between 6.8 ± 0.5 and
8.67 ± 0.5 cal kyr BP (OSL) and show that the entire playa
sediments accumulated during the early and mid-Holocene
(Bubenzer and Hilgers 2003).

In Gilf Kebir, Holocene playas are developed by block-
age of wadis by sand dunes (Maxwell 1980; Pachur and
Röper 1984; Kröpelein 1987). In Wadi Bakht, more than
10 m of inter-layered lake and aeolian deposits were
deposited upstream from a dune dam (Maxwell 1980; Krö-
pelein 1987). The age of these playa sediments varies
between 8200 ± 500 and 6080 ± 420 cal BP (Kröpelein
1987). Based on sedimentary analyses and archaeological
context, the Gilf Kebir experienced wet climate between 9.5
and 6 cal kyr BP; between 6 and 5 cal kyr BP, the climatic
conditions shift toward moderate aridity with the maximum
rainfall of 100–150 mm (Kröpelein 1993).

12.3.2 Alluvial Deposits

Gravel terraces along wadi margins in the Egyptian deserts
record relatively short distance fluvial transport of sediments
off the high plateaus and mountainous areas
(Caton-Thompson 1952; Brookes 1993). External drainage
of many desert wadis is covered with Holocene alluvial and
aeolian sand dunes which seem to have accumulated in
response to the rising sea leve. Records of earlier deposits and
terraces are known along many of wadis. In Western Desert,
fluvial sediments are difficult to recognize, they either eroded
away or modified and hidden by dune sands. In the present
review, two types of Quaternary alluvial sediment are
describe these are buried radar rivers and inverted wadis.

12.3.2.1 Radar Rivers
The term “Radar Rivers” refers to almost fully aggraded
Tertiary basins and valleys that lie beneath the sand sheet in
southern Egypt and northern Sudan. These features were first
recognized when radar images produced by the imaging
radar (SIR-A) experiment aboard the November, 1981 flight
of the space shuttle Columbia (McCauley et al. 1982). Radar
Rivers have been described under different synonymy; e.g.
Radar Rivers and Subsurface Valleys (McCauley et al. 1982,
1986; Ghoneim et al. 2007); Paleo-rivers (McHugh et al.
1988); Paleo-drainages (McCauley et al. 1986; Schaber et al.
1997) and Paleo-channels (El-Baz et al. 1998).

Three types of “Radar Rivers” have been recognized in the
SIR-coverage of the Eastern Sahara (McCauley et al. 1986):
(1) a Radar River (RR-1) is a broad, aggraded valley or basin
with stubby tributaries, 10 to 30 km wide and up to hundreds
of kilometers long. Wadi Arid is the type area in Egypt. The
RR-1 valleys as seen on SIR-A images are strikingly similar
in scale and overall appearance to the Nile River Valley some
300 km to the east (McCauley et al. 1982). These broad
valleys are now almost completely aggraded with fluvial
deposits that underlie regional aeolian sand sheets; (2) Radar
River RR-2 type (braided channels inset in the RR-1 valleys),
consists of groups of narrow, 0.5- to 2-km-wide. The type
area for these braided stream complexes is Wadi Safsaf. The
islands are formed of RR-1 valley fill, which consists of sand
and fine pebble alluvium cemented by secondary calcium
carbonate. Nodules of CaCO3 are commonly disseminated in
the upper 2 to 3 m of the valley fill; (3) Radar River (RR-3)
(narrow, long, bedrock-incised channels), are partly visible
on the ground and on Landsat in areas where the sand sheet is
patchy. They are conspicuous on SIR because the dark
response of their unconsolidated channel fills contrasts with
the brighter response of surrounding bedrock.

The Radar Rivers are relics of a Tertiary system that
drained the Eastern Sahara before the onset of general aridity
in the early Quaternary and again by intermittent running
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water during the Quaternary pluvial episodes (McCauley
et al. 1986). Red Sea Mountains are the main source of water
for these valleys (Issawi and McCauley 1993). Three major
paleo-drainage systems developed in response to tectonic
uplift and sea level changes from late Eocene to late Pleis-
tocene. They represent a part of a regional Tertiary system
called “the Trans-African Drainage System” (Issawi and
McCauley 1993). These systems are named as the Gilf
system, the Qena system, and the Nile system (See
Sect. 2.1.1). McHugh et al. (1988) have shown that at least
the upper 40 m of these ancient valleys (which are hundreds
of meters deep) are now filled with late Pleistocene alluvium,
mainly sand and fine gravels. These sediments became
cemented by calcium carbonate deposited under fluctuating
groundwater conditions. The widespread alluvium and
ubiquitous carbonated deposits imply climatic conditions
with annual rainfall approaching 400–600 mm (McHugh
et al. 1988). The last stages of aggradation are archaeolog-
ically dated by the Acheulean remains incorporated within

the alluvium. Uranium-series age determinations on 25
carbonates samples have yielded modal dates for episodes of
carbonate formation: >300, 212, 141 kyr BP and 45 kyr BP.

SIR-C data in the southern part of the Western Desert and
Northern Sudan reveal the existence of four major drainage
lines formed by the Toshka Hydro-System and drained
internally in a basin into the Selima Sand Sheet (El-Baz et al.
1998). Ghoneim et al. (2007) used SRTM data to reveal
wide paleo-river courses emerging from the Gilf Kebir pla-
teau to the south, and draining towards the east (Fig. 12.10).
These channels represent the upper stream area of a large
paleo-drainage system and are believed to be responsible for
the groundwater resources that supply productive agricul-
tural farms in East Uweinat area of south-western Egypt. The
shape of the derived SRTM contour lines around the exits of
these channels along the mountain front suggests the exis-
tence of a broad, sloping depositional landscape caused by
the coalescing of a number of alluvial fans to form a large
Bajada (Ghoneim et al. 2007).

Fig. 12.10 a the ETM + image
of the three wadi branches of the
Gilf Kebir area; b Radarsat-1
image of these drainage networks;
c SRTM data of Gilf Kiber area;
d The digitized radar-dark feature
(white spaces) with the
SRTM-derived channels (dark
lines) overlain (Source Ghoneim
et al. 2007)
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12.3.2.2 Inverted Wadis
Inverted wadis are elongated, sinuous and sometimes
branching gravel ridges which stand out above the rock cut
surfaces (Giegengack 1968). They were first noted by
Knetsch (1954), who described one gravel-capped sinuous
ridge in Egyptian Nubia and called it as a “pseudo-esker”, by
analogy with glacial deposits on the plains of northern
Europe (Zaki and Giegengack 2016). Inverted wadis in SE
Egypt form a rectangular pattern, with an average length
extending for about 10 km, maximum width not exceeding
300 m, and height of as much as 20 m (Fig. 12.11). Inverted
wadis developed via cementation of minerals causing sur-
face armoring (Giegengack 1968). The minerals, which
cause the cementation, are calcium carbonate, hematite, sil-
icon dioxide, and iron oxide.

Inverted wadis occur throughout the Lake Nasser region
area, on both sides of the Nile. Because blown sand covers
much of the ground surface in the Western Desert, inverted
wadis appear on air photos as dark traces in a sea of pale
sand. Inverted wadis in the Eastern Desert, east of the Nile,

are also abundant, but, since they represent dark traces on
dark bedrock, they are not as easily identified from air
photos as those in the Western Desert (Zaki and Giegengack
2016). Sediments of inverted wadis consist of indurated
poorly sorted gravel and coarse sand deposits with abundant
rolled Acheulean artifacts (Giegengack 1968). The gravels
are mostly dark brown limestone and chert. They range in
size from pebbles, poorly sorted, rounded to sub-rounded
and sometimes discodial in shape embedded in pale brown
sandy matrix. The stratigraphic framework of the formation
of thse inverted wadis include three gravel units; (1) Early
Nile Gravel deposited in Nile flood-plain gravel with
Acheulean artifacts; (2) Wadi Conglomerate topographically
inverted to form sinuous ridges after deposition of early Nile
gravel; and (3) Late Nile Sediments (ca. 27–5 kyr BP) with
late Paleolithic artifacts (Giegengack and Zaki 2017).

More recently, Zaki et al. (2018) studied inverted wadis in
seven sites in the Western Desert and compared them with
similar features in Mars. East of the Bahariya Depression,
fifty-nine bodies of mostly dendritic inverted channel features
have been described with 761 m; 60 m; 7 m average length,
width and height, respectively. 53 spell out sinuous
inverted-channel bodies have been delineated in the area west
of Ghard Abu Moharik with, with average length, width and
height as 1.896 km, 91 m and 13 m, respectively. In the
plateau east of Kharga Depression, fifty-nine inverted chan-
nel bodies are described, with 2.184 km, 104 m and 12 m
asaverage length, width and length respectively. In the Nile
Valley, west of Esna city, fifty-five inverted channels were
recorded with average length width and height of 1.324 km;
49 m and 17 m, respectively. In addition, Zaki et al. (2018)
mentioned poorly define inverted forms in the Nile-Faiyum
Divide, previously described by Sandford and Arkell (1929)
and dated them to Pliocene age. Another abnormal inverted
features in Dakhla Depression, was described by Brookes
(2003) as meander scrolls in the sandstone of the Taref
Formation (Turonian). Indeed, most of these inverted chan-
nels are likely related to ancient river systems described by
Issawi and McCauley (1993). However, some features relate
to middle Pleistocene Nile hydrology, especially, those of
Lake Nasser (Giegengack and Zaki 2017).

The formation of inverted wadis is essentially based on
two criteria. Most of the channel fill is represented by
bed-load gravel, sometimes of boulder size, such as those in
the south-eastern part of the Western Desert. These materials
exhibit high porosity and most likely are filled by secondary
minerals e.g. iron oxides calcium carbonate and silica. The
cemented bed load sediments become more resistant to ero-
sion relative to the soft bedrock. A Few inverted features
consist of sand and silt armored by lag gravel and caliche was
recorded in the Sheikh Obeiyid playa, Farafra Depression
(Hamdan and Lucarini 2013). These inverted features rep-
resent fluvial channels that fed the middle Paleolithic lakes.

Fig. 12.11 Rectangular pattern of an inverted channel at 22°56′ N,
32°07′ E, 7 km in length, maximum width is about 80 m, and the
height is about 7 m (Source Zaki et al. 2018)
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The nature of inverted wadis reflects the different climatic
conditions prevailing in the Western Desert, probably since
the Oligocene. During wetter climatic conditions, rivers
deposited their sediments, especially bed load gravels and
successive wetter periods not only fed water to new channels
but were also responsible for depositing secondary cementing
materials in the older fluvial bed load gravels. This led to
lithification of the ancient fluvial sediments and made them
more resistant to erosion. We believe that most inverted
topography is related to the hyperarid climatic conditions of
the middle and late Pleistocene and late Holocene.

12.3.3 Solution and Karstic Features
(Tufa and Spleothem Deposits)

12.3.3.1 Karstic Landforms
Karst is terrain with distinctive hydrology and landforms
arising from the combination of high rock solubility and
well-developed solution channel (secondary) porosity and
permeability underground. Aqueous dissolution is the key
process. It creates the secondary porosity and permeability
may be largely or wholly responsible for a given surface
landform (Gunn 2004). Karst landforms are inherited from
past humid climates and have been exposed to modifications
during their long history of development (El-Aref et al. 1987).
Karst is a dominant feature in the limestone plateaus of Egypt
and is represented by different landforms such as doline and
uvala depressions, rock-towers, cone-karst, and blind valleys
(El-Aref et al. 1987; Embabi 2017). It is important to note that
the karstic activity in Egypt took place under wet tropical to
subtropical conditions and are somewhat different from those
of seasonally wet Mediterranean highlands karst region. The
tropical karst regions are characterized by higher surface
limestone solution than temperate karst because of the great
amounts of surface runoff aided by vegetal and biological
activity. The initial corrosive action of tropical waters occurs
close to the surface where they become rapidly saturated. This
may explain the typical temperate karst features such as large
cave systems. Caves in tropical karst tend to be a network of
tunnels and of solution dolines. Moreover, temperate karsts of
dolines, uvalas and poljes form where solution is evenly
spaced over the area. The depressions of tropical environ-
ments, the “cockpits” form because water goes rapidly
underground without being saturated, thus promoting depth.

The most famous karstic features of the Western Desert
are extraordinary chalk pillars, towers and rounded blocks in
the “White Desert” artistic chalk of the Farafra Depression.
The White Desert National protected area was declared in
1983 to protect the spectacular karst landscapes and asso-
ciated erosional features. Among the 52 potential sites in the
Bahariya—Farafra territory, about nineteen have been
selected as potential geomorphosites (El-Aref et al. 2017a).

These geomorphosites reveal great geodiversity reflecting
high scientific, aesthetic and management values for various
activities, not least geotourism (El-Aref et al. 2017a).

About sixteen fields of various karst landforms in the
Bahariya-Farafra Plateau were described and mapped for
first time by El-Aref et al. (2017b). Among these, karst
fields, karst wadi, karst depressions, polygonal karst land-
forms and Qaret El Sheikh Abdalla Uvala (Denuded and
Rejuvenated Karst Landforms). The latter explain well
stages of karstication process since post Eocene major
paleokarst formation until the final stage of denudation and
paneplantion. The Eocene limestone plateau northwest of
Assiut also contains karstic shafts infilled with solution
breccias and reddish terra rossa (Mostafa 2013). The mor-
phology of these shafts and their infillings suggest that they
developed in vadose zones at the base of epi-karst limits.
The Giza Pyramid Plateau contains surface karstic features
(e.g. karrens, rain pits, rounded rims and solution basins) as
well as subsurface features (e.g. karst ridges, shallow holes
and dolines) (El-Aref and Refai 1987).

El-Aref et al. (1987) believe that karst and karstification
processes were initiated since the late Cretaceous and
adapted term “paleokarst” for the older landforms and
attributed the Quaternary age to the last stage of karst
landforms. A paleokarst is an inert landform and should be
distinguished from fossil karst and relict karst. Fossil karst is
used to describe karst features that are not in equilibrium
with modern landscape process, but is not inert from a karst
perspective. Relict karst is isolated from the karst excavation
processes that formed it, but still is subject to modification
for example by weathering, breakdown, and spleothem
deposition. However, the terms paleokarst and fossil karst
are often used interchangeably (Gunn 2004). In Egypt, the
current hyperarid climate is not suitable for formation of
karst landforms; therefore terms paleokarst and fossil karst
are adequate.

The karst landforms of the Western Desert exist on three
erosion surfaces. Each is characterized by its geomorphic,
lithological and archaeological characteristics (El-Aref et al.
1987; Hamdan and Lucarini 2013): (a) Erosion surface “S1”
at the Paleocene/lower Eocene contact in the Farafra forma-
tion is characterized by low relief, eroded shallow karst
depressions of different sizes; there are also abundant
Egyptian alabaster and silcrete deposits and including a sharp
pedestal-like hill rising about 40 m above the level of the
surrounding plateau (Hamdan and Lucarini 2013); (b) Ero-
sion surface “S2” at the contact between the Tarawan and Ain
Dalla formations is characterized by a rough surface and
abundant silcrete duricrust and caverns; (c) Erosion surface
“S3” form the main depressions of the Western Desert.

Three erosional surfaces were also described by Philip
et al. (1991) in the Nile Valley at Gebel Homret Shibun. The
oldest (highest, “S1”) attains an elevation of 340 m ASL and
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is represented by convex top hills with a free face of duri-
crust and debris slope of 30°. Duricrust profile consists, from
base to top: (a) a lower horizon of cavernous and brecciated
bedrock; (b) a middle horizon of limestone breccia frag-
ments either cemented by gravitational and blocky calcite or
embedded in residual terra rossa; (c) an upper hard cap
calcrete, cementing highly subdued and fragmented lime-
stone. The intermediate erosional surface “S2” attains an
elevation of 200–300 m ASL and is covered by terra rossa
mixed with calcrete and a thin veneer of silcrete. The sur-
facial silcrete grades downward into highly cavernous and
silicified limestone. The karst profile of surface “S2” is
subdivided into three horizons: (1) An upper horizon cor-
responding to the infiltration upper vadose zone covered by a
thick terra rose and calcrete, (2) A subsoil horizon, where the
rock horizon has been affected by intensive karstification
resulting in sculpturing, dissolution, alteration of the lime-
stone bedrock, and the formation of surface and subsurface
solution features, subsurface caves and inter-karstic deposits.
Solution features includes sinkholes and tabular and or
funnel dolines. Subsurface solution features includes vertical
or inclined solution cavities and horizontal solution cavities
formed along bedding planes. Intra-karstic deposits are
represented by dolines and cave fill. The lower horizon is
represented by partially altered bedrock. The third erosion
surface, at an elevation of 70–160 m ASL, is a plain surface
characterized by undulating relief interrupted by residual
duricrust of the cone-hills and ridges. The “S3” surface is
usually truncated by small and very small drainage basins
with dendritic to subdendiritic patterns.

Absolute dating of the karstification in Egypt is not
possible. U/Th dating of spleothem deposits in the caves (see
below) gives only the age of last stage of karstic processes.
However, the age of initial karst stages are given from ter-
restrial fossils associated with terra rossa in solution cavities
in both the Western and Eastern Deserts. The karstic shafts
in the limestone of Bahariya-Farafra Depressions contain
small vertebrate fossils dated back to late Miocene (Pickford
et al. 2006; Mein and Pickford 2010). In Khasm El-Raqaba
limestone quarry (Eastern Desert), small fossil vertebrates
representing snakes, rodents and bats, have been recovered
from karst fissure-fill deposits intrusive into the Eocene
limestone (Gunnell et al. 2016). These fossil assemblages
indicate mixed subtropical and more arid microhabitats and
dated to late middle Miocene.

Evaporite karst
The term “evaporite karst” is normally employed to denote
karst in more soluble salts, most commonly in gypsum and
halite. Under normal conditions, the solubility of gypsum is up
to three orders of magnitude greater than that of calcite, but the
solubility of rock salt is roughly 140 times greater than the

solubility of gypsum (Gunn 2004). In the Red Sea Coast, the
carbonates and the evaporites have been subjected to intensive
karstification processes, dominated by surface and subsurface
solution features (El-Aref et al. 1986). Isolated cone hills and
karst ridges with surface depressions and subsurface caves
characterize the carbonate rockswhile cone-karst and cockpits
characterize the evaporites. Formation of alabastrine gypsum,
silicification, dolomitization and dedolomitization are the
main wall rock alterations affecting bedrocks during karstifi-
cation. The development of hard capping duricrusts is cer-
tainly the result of precipitation and evaporation during arid to
semiarid climatic periods. Brecciation, collapsing and rece-
mentation of the duricrust indicate effectively drier and wetter
oscillations condition during karstification. El-Aref et al.
(1986) concluded that the karstification probably prevailed
during the Pliocene or Pleistocene. In addition to paleoclimate,
the tectonic setting of the Red Sea coastal zone and the
lithology of the country rocks are considered to be the fun-
damental factors controlling the formation and the distribution
of the Red Sea karst landforms.

Economic Importants and Geohazards of Karst
Landforms
Several studies reveal that karstification processes were
responsible for the formation of many economic ores. Oxi-
des and sulphides of iron, lead and zinc and barite are also
found in association with the Red Sea karst (El-Aref 1993;
El-Aref et al. 1986). The types of ore minerals and their
distributions are controlled by the physico-chemical condi-
tions of the karst water induced during evolution of the karst.
The barite and the oxide minerals, together with the final
deposition of CaCO3 and the silicification processes, char-
acterize the percolation zone of the mature karst system. The
sulphides must be deposited under reducing conditions
which characterize the general inhibition zone of the karst
system (El-Aref 1993). Iron and manganese ores in Bahariya
and Umm Bogma, Sinai, respectively, are most likely related
to paleokarst processes (e.g. El-Aref and Lotfy 1985;
El-Sharkawi et al. 1990).

Several geohazard problems are associated with karst
landforms since they are often underlain by cavernous car-
bonate and/or evaporite rocks. Impacts and problems asso-
ciated with karst are rapidly increasing as development
expands upon the karst landforms. This has led to an esca-
lation of karst-related environmental and engineering prob-
lems such as landslides developed on rock cuts/slopes
weakened by karstification features. Youssef et al. (2018)
studied the effects of karstification and sinkholes on the
stability of the rock cuts/slopes along some desert highways
in middle Egypt. They concluded that there is a crucial
impact of the karst features on slope instability; many sec-
tions of the rock cuts along these highways are not stable and
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may endanger the traffic safety. Different karst features
contribute to slope stability problems such as differential
erosions, open joints, empty cavities, filled sinkholes, and
weathering effect along discontinuities.

12.3.3.2 Spleothem (Cave) Deposits
Caves are the most important karstic feature that exists along
the limestone plateaus of Eastern and Western Deserts as
well as Sinai. Caves can be subdivided into different types
according to their geological, geomorphological, archaeo-
logical significance, e.g. caves with spleothems, paleontol-
ogy caves, historical and archaeological caves.

(1) Caves with Spleothem deposits

The largest known caves, with spleothem deposits in Egypt are
represented by the Sannur and Djara caves, which are charac-
terized by their internal spleothems and flow-stones (Embabi
2017). The Djara cave is an important site in Egypt, located in
hyperarid terrain between Assiut and Farafra Oasis. It is a dis-
solution cave, consisting mostly of a single large chamber
approximately 19 � 10 m, and is typically 6 m high (Brook
et al. 2002). Themain entrance leads to a steep slope initially on
rock, and past a series of wall flow stones, stalactites and col-
umns. The floor of the large chamber is covered by ca. 6 m of
aeolian sand (Kuper 1996). The cave contains numerous large
stalactites, columns (˃15 m in diameter and ˃6 m high),
flowstones and sporadic stalagmites (Brook et al. 2002).
Helictites have grown from the roof andwalls in several parts of
the cave, and locally are present as smaller deposits on larger
stalactites and columns. Collapse blocks of limestone and
broken formations are common near the entrance. Younger
spleothem of Djara cave yielded U/Th ages of 140 ± 16,
201 ± 2 and 233 ± 24, 221 ± 34, and 283 ± 56 cal kyr BP
(Brook et al. 2002).

Sannur cave is the most important and beautiful Egyptian
cave- assigned as a National Protected Area in 1998. It is found
in low rolling hills of middle Eocene limestone (Philip et al.
1991). Its entrance is located near the bottomof a pit-like quarry
50 mdeepwhereEgyptian alabaster (calcareous thermal spring
deposits) is quarried. Basically, the cave consists of a
flat-floored curving chamber, crescentic in plan-view and
275 m long and ca. 20 m high. Massive spleothems and curv-
ing walls characterize the eastern and western galleries (Günay
et al. 1997). The roof of the cave is almost horizontal at the inner
wall, it then curves downward tomeet the cavefloor by asmuch
as 12 m (Halliday 2003). The spleothem deposits of Sannur
Cave have a very fresh, glistening appearance and may have
been deposited or enlarged very recently (Halliday 2003). They
range from towering stalactitic columns and subaqueous
mammillaries to glistening thickets of intricate crystalline
“popcorn” and tiny glassy helictites. Stalactites vary from

soda-straw forms to large tapered types (Philip et al. 1991). The
dates of the spleothem of Wadi Sannur range between
140 ± 16 cal kyr BP and 283 ± 56 cal kyr BP (Dabous and
Osmond 2000). However, these dates represent the U mobi-
lization and the last phase in spleothem deposition. Rifai (2007)
dated six laminae in theWadi Sannur stalactite; they range from
188-36 kyr BP and suggested that these laminaewere deposited
over a period of ca. 52 kyr BP. The estimated growth rates of
Sannur’s stalactite are variable and range from 0.12 to
9.30 µm/year. The stalactite began to growwith deposition rate
of 3.7 µm/year (between 188 and 175 kyr BP), with
non-deposition phase between 175 and 160 kyr BP, and
increase rapidly around 145.35 kyr BP, (9.3 µm/year). By the
end of the growth period it has decreased by about 4.1 µm/year.

(2) Paleontogical “Nimir” Cave

Nimir Cave is a large solution cave on the northern slope of
the southern Galala plateau, ca. 40 km southwest of St.
Anthony monastery. The main chamber is 36 m long, 18 m
wide and 11 m high. The floor consists of aeolian sand and
limestone talus. A large stalagmitic column dominates the
far end of the main chamber (Halliday 2003). This cave is
especially important for paleoecological studies, which
revealed a radically different Holocene ecology (Goodman
et al. 1992). Excavation of the cave revealed numerous finds
representing remains of at least 29 individuals of leopards
(Goodman et al. 1992). These materials seem derived from
animals that visited, lived and died in the cave throughout
the Holocene; radiocarbon dates of leopard tissue indicate
that the species was present in the Epi-Paleolithic, Neolithic,
Predynastic and Second Intermediate period (ca. 7–3.65 cal
kyr BP). The cave has archaeological significance; rock art is
represented by a group of leopards being chased by several
men armed with spears (Hobbs and Goodman 1995).

(3) Caves with archaeological significance

Obeiyid and Sodmein caves are examples. Obeiyid Cave,
with rock art, is located in Wadi Obeiyid, Farafra Depression
(Hamdan et al. 2014). The cave is located about 50 m above
the floor of the wadi and can be entered through a 2 � 2 m
square opening extended in a N-S direction (Fig. 12.12a).
The walls are sharp and straight and run parallel to the
dominant joint trends. The opening has an unusual appear-
ance and does not resemble other fracture bounded cavities.
It may have been artificially enlarged and consists of three
adjoining circular chambers connected to form an elongated
cavity (Fig. 12.12b). They were termed Front (southwest-
ern), middle and Back (northeastern) Galleries. The wall of
the front and back galleries shows four big and five small
solution hollows (niches), of diameters range from 5 to
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50 cm. The ceilings are rounded off and in some places
show dripstone stalactite and stalagmite deposits. The cavern
is about 13 m in length, while its height varies from 1.5 m at
the opening to 6 m in the back Gallery (Fig. 12.12c).

The Southern chamber attains 5.5 m, 4.5 m and 3.5 m in
length, width and height, respectively. The middle chamber is
2.8 m in length and width and 2.4 m in height. The Northern
chamber attains 3.5 m in length and width and 6 m in height.
There are allogenic clastics in the floor of the eastern
chamber, flow-stones in the floor of western chamber;
rimestones and dripstones occur along the walls. Small sta-
lagmites exist outside the cave. Two spleothem samples from

Wadi Obeyed Cave were dated using U/Th dating to 45 ± 2
and 287 ± 67 kyr BP corresponding to flowstone and drip-
stone samples, respectively (Hamdan et al. 2014c).

The cave is very important for its wealth of rock art,
displayed at various heights on the limestone walls. The lack
of archaeological materials in the cave may, however, be due
to its use as a ritual place. Paintings and engravings are
located on two ‘registers’ (or levels) on the walls of the three
rooms. Rock art in the Obeyed Cave is represented by car-
bonized negative human hand prints, depictions of animals
(goats, giraffes), boats and lion paws; all are dated to middle
Holocene occupation (Barich 2014).

Fig. 12.12 a Farafra, Wadi
Obeiyid. Cave 1, view of the cave
which opens onto the southern
slope of the Northern Plateau;
b planimetry of the cave showing
the three adjoining chambers
which form the elongated cavity.
Symbols indicate the position of
rock art works; b planimetry of
the cave showing the three
adjoining chambers which form
the elongated cavity. Symbols
indicate the position of the rock
art works; c cross-section of the
cave along the NE-SW axis
(Source Barich 2014)
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Sodmein is a large but quite shallowcave standing at thebase
of a limestone cliff. It is developed within a system of micro-
faults on the Thebes Formation ofWadi Sodmein, 40 kmNNW
of the seaport of Quseir, Red Sea (Vermeersch et al. 1994). It
was formed by both karstic and physical breakdown processes
of the limestone bedrock (Moeyersons et al. 2002). Sodmein
Cave has very important geologic and archaeological features.
Geological importance of the cave is represented by ca. 4 m of
stratified cave sediment dated to the late Quaternary. These
sediments contain cryptotephra in two ca.50 cm layers at 25–
30 cm and 150–155 cm (Barton et al. 2015). The upper cryp-
totephra is dated to late Pleistocene/early Holocene with a
homogeneous calc-alkaline composition, most likely derived
fromcentralAnatolian volcanism.The lower cryptotephra has a
dominant Na-rich trachyte component and dates to the late
Pleistocene and an unknown volcanic eruption (Barton et al.
2015). Paleontologically, the cave sediments yield several
organic units, containing herbivore dung, mammal (sometimes
carnivore) coprolites and guano, items of great paleoecological
importance during late Quaternary. Archaeologically, Sodmein
Cave is one of the rare occupied in late Pleistocene sites in
Northeast Africa. Its outstanding cave stratigraphy spans more
than 4 m of stratified human occupation debris from the middle
Paleolithic up to the Neolithic, with a stratigraphic hiatus
between around 25 to 7.5 kyr BP (see Vermeersch 2008; Ver-
meersch et al. 1994, 1996, 2002). Moreover, the earliest
domesticated sheep/goats in Egypt were found in Sodmein
Cave and were dated to 7.5 cal kyr BP. The domesticated
sheep/goats were diffused to the Western Desert immediately
after their first arrival in the Sodmein Cave region during the
constant movements of people between the Red Sea coast and
the Western Desert.

(4) Collapsed caves of Sheikh Abdalla

Sheikh Abdalla is an oval depression in the Bahariya-Farafra
Plateau and includes an extensive unroofed palaeocave
system over a distance of 5 km, exposing an extensive
network of galleries, separated by chalk walls and hills
(Wanas et al. 2009). These ancient galleries contain vast
quantities of speleothem and spelean breccias. There is a
widespread, but discontinuous, horizon of dark grey epikarst
breccia capping all the chalk hills and ridges in the area. The
cave infilling at Sheikh Abdalla is represented by four facies
of spelean deposition, (1) a coarse basal solution breccia
comprising blocks of white chalk, limestone and some chert
cemented by red terra rossa, (2) black carbonate-rich sedi-
ments and broken spleothem layers rich in organic matter or
manganese, (3) laminated, red, fossiliferous sandstone
breccias with thin layers of white to pink flowstone deposits
and cave pearls, and (4) coarsely crystalline grey calcite

spleothem, occasionally forming masses up to 4 m tall, 5 m
wide and many meters long.

(5) Pseudokarsts

The term pseudokarst is used to describe a variety of
non-dissolutional processes, forms and terrains similar to
certain types of karst (Halliday (2007). Pseudokarst shares a
considerable range of features, resources and values with
karst; these commonly including caves and rock shelters.
Unlike karst, integrated subsurface drainage may not be
present in pseudokarst. Pseudokarst in rocks with calcareous
cement, the major volume of rock not removed by solution
but by wind deflation. According to Halliday (2007), the
most important types of pseudokarst are rheogenic (devel-
oped in basalt flow), badland and piping (in soft clastic
sediments), talus, crevice (sea caves), compaction and con-
sequent pseudokarsts.

In Egypt, pseudokarst features are well developed along
the exposed Nubian sandstone in southern Egypt, and are
represented by columnar caves along the edges of vertical
joints and sandstone towers (El-Gammal 2010). Most likely,
these pseudokarst features are formed by wind erosion. In
Gilf Kebir, pseudokarst features are represented by the Wadi
Sura caves. These rock shelters are of special interest as
potential analogues of cavernous features on Mars (e.g.,
El-Baz and Maxwell 1982) and yield important rock art
pictures. These pseudokarst caves are formed by wind ero-
sion along curved joints and mass wasting.

In the Eastern Desert, the Tree Shelter, near Quseir, is
excavated in sandstone and most likely formed by under-
mining by fluvial action and mass wasting. It is one of the
rare stratified sites (Marinova et al. 2008) which began
around 8 cal kyr BP and continued until about 5 cal kyr
BP. The archaeological finds show clear connections with
the Nile Valley and the Western Desert during the African
humid Period. The lower level (ca. 8.1–7.8 kyr BP) con-
tained lithic tools of nomadic hunters. The higher level has
numerous hearths (ca. 6.6–5 cal kyr BP) with animal and
fish bones and Red Sea mollusks.

Another pseudokarst cave in the Eastern Desert named
Wadi Bili Cave. The cave is cut into the calcareous sand-
stone plateau west of El Gouna (Vermeersch et al. 2005). It
is situated at upstream of the northern bank of Wadi Bili
gorge (27°23.154′ N and 32°33.451′ E). The cave measures
about 20, 12, 3 m in width, depth and height, respectively.
At the inner edge, the roof and floor join together i.e. by a
curved roof. The cave floor is covered with fine sandstone
debris and aeolian sand. The topographic plan assumes an
elevation of the wadi floor in front of the cave of 95 m ASL.
The frequently collapsed roof creates scree of large boulders
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below the cave entrance. It seems that the cave was formed
by water action of a fossil water-fall which eroded the hor-
izontal sandstone layers easily and apparently also by salt
wedging. Paleolithic remains are very rare. Only a single,
possibly middle Paleolithic notched flake was found at depth
of 80 cm near the cave entrance (Vermeersch et al. 2005).

In Moghra Depression (North Western Desert), a piping
cave attains 250, 50, 10 m, in length, depth and height,
respectively. It was excavated in soft sandstone and the
ceiling remains being made of hard mudstone. It seems that
the structure was formed by horizontal, graded
grain-by grain removal of particles by channelized
ground-waterflow and to a small extent by mass wasting.
Crevice pseudokarst is well developed along the Mediter-
ranean and Red Sea coasts. Bir Masoud in Alexandria is a
good example of crevice pseudokarst formed by hydraulic
wedging by waves and other forms of marine erosion. It
forms tabular fractures extending hundreds of meters inland
and these are readily traceable on the surface.

12.3.3.3 Tufa Deposits
The first scientific mention of the tufas of the Kharga Oasis
region was made by Zittel (1883). Ball (1900) was the first
to describe the tufas as Pleistocene in age and Beadnell
(1909) originally recognized the tufas as fossil-spring
deposits. The first systematic work on these deposits was
carried out by Caton-Thompson (1952). Tufa is freshwater
terrestrial carbonate rocks were deposited at positions along
alkaline springs, seeps and streams, particularly at rapids and
waterfalls (Nicoll et al. 1999). Tufas are derived from the
dissolution and re-precipitation of calcium carbonate rocks.
They were deposited from supersaturated water as it
degassed CO2 via turbulence and/or biogenic mediation of
microbes and plants (Nicoll and Sallam 2017). There are
different facies in spring tufas ranging from stepped, cas-
cading waterfalls separated by small pools, to possibly
ephemerally flowing small wadis, to marshy floodplains, to
occasionally slightly larger lakes (Smith et al. 2004). Tufas
always unconformably overlay older bedrock limestone in
the Western Desert (Sultan et al. 1997) or Precambrian rocks
in the Eastern Desert and Sinai (Hamdan and Brook 2015).

Tufas of the Western Desert are concentrated principally
along escarpments and depressions of the Sinn el-Kaddab
plateau at Kharga-Dakhla in the north to Kurkur-Dungle in
the south. Tufas are absent north and south of these areas;
however, a remnant of early Holocene tufas has been
recorded at Gebel Uweinat (Marinova et al. 2014). Geologic
setting play an important role in the formation of the tufas,
where the thickness of the Nubian Sandstone Aquifer in tufa
areas extends below 1000 m, while a deep fault system may
allow water to rapidly reach the surface (Abotalib et al.
2016). Two types of tufa units have been recorded in the

Western Desert, plateau and wadi tufas (Caton-Thompson
1952; Sultan et al. 1997; Smith et al. 2006).

Plateau tufa is the oldest and the topographically highest
of the tufas, is typically heavily wind-fluted with a steel blue
to black patina and densely recrystallized outer surface.
Fresh surfaces of the tufa are white to buff, often resembling
limestone. The plateau Tufa was formed by shallow sheets
of lime-charged water flowing in undefined channels. It lack
of primary structure is a result of diagenesis; however, a few
reed casts often exist indicating an arcuate barrage dam
(Smith 2004). The date of the plateau tufas is ˃400 kyr BP
(Smith 2006) or ˃450 kyr BP (Sultan et al. 1997). Crombie
et al. (1997) gave dates for the plateau tufas of Kurkur as
about 300-450 kyr BP. No absolute dating is available for
Dungle plateau tufas but Caton-Thompson (1952) suggested
that the plateau tufa may all be Plio-Pleistocene in age.

Wadi Tufa occurs along the escarpment of the Sinn el
Kaddab plateau and could be sub-divided into discrete sub-
units but which may not be temporally correlated amongst
localities (Smith 2004). It generally attains a thickness of 1–
2 m and is represented by inclined sheets that follow the old
slope of the escarpment or as a thick horizontal strata similar
to Plateau Tufa. The color of weathered surfaces of Wadi
tufas, range from black to brown to blue-gray; fresh surfaces
are generally white to light tan. Much of the tufa is highly
porous, with porosity principally resulting from the decay
of incorporated plant material (e.g., Crombie et al. 1997;
Nicoll et al. 1999). In Kharga Depression, Wadi tufas are
subdivided into three units: Wadi Tufas 1, 2, and 3 (oldest to
youngest), based on topographic and textural criteria (Smith
et al. 2004, 2006). Younger tufa units may either overlie or be
incised into older tufa units. Preservation of structure within
the Wadi Tufa is usually excellent. Several facies within the
Wadi Tufa were recorded, (1) a laminated to thinly bedded
clastic tufa, with well preserved fragments of plant stem or
leaf casts, (2) cascaded tufa barrage dams, as a combination
of organically mediated deposits and flowstone-like,
inorganically-precipitated deposits, (3) un-cemented oncoids
(2–4 cm in diameter), ranging from roughly spherical to
elongate in shape, which accumulated upstream of the dam
and (4) inclined escarpment-veneer tufa, precipitated from
the waters of springs that emerged relatively high up on the
escarpment or from the base of the Thebes Group chalks. In
Kharga, Wadi tufas contain middle Stone Age artifacts within
a thin (50 cm) silt lens (Caton-Thompson 1952); an isolated,
probable Acheulean implement, was found on the surface of
an adjacent ridge (Smith et al. 2004). They exhibit dates of
260–219 and 160 kyr BP in Kurkur Oasis (Crombie et al.
1997) with only one more recent date for wadi tufas of
Dungle, 22.900 ± 600 BP. In Dakhla they are dated to
220 ± 20, 125 ± 16 and 40 ± 10 kyr BP (Churcher et al.
1999). U/Th dates published for wadi tufas of Kharga as 272,
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255, 190-175 and 45 kyr BP (Sultan et al. 1997; Hamdan
2003b). At Matana, east Kharga, two ESR dates on fresh-
water gastropods yield dates 65.1 ± 4.1 and 27.7 ± 1.9 kyr
BP (Blackwell et al. 2012).

Hamdan and Brook (2015) studied the petrography, iso-
tope geochemistry and AMS radiocarbon ages of eight tufas
in the Eastern Desert and three tufas in Sinai. The tufas
unconformably overly Precambrian basic igneous rocks
(basalt, diabase and gabbros).

The 14C ages of carbonate and organic residue in tufas
from the Eastern Desert and Sinai suggest three phases of
deposition associated with increased rainfall:

*62,000–56,000 cal yr BP; *31,234–22,474 cal yr BP
and *12,058–6678 cal yr BP. Late Pleistocene tufas (mean
d 18O = 7.74‰ and 7.66‰ VPDB) were deposited by
spring waters initially similar in d18O to the Sinai Pleis-
tocene ground waters (mean = 8.06‰; maximum = 6.53‰
VSMOW; Abouelmagd et al. 2012, 2014). Pleistocene tufas
imply a temperature at deposition of 14.3–21.1 °C for the
Sinai tufas and 14.0–20.8 °C for the Eastern Desert tufas
(Hamdan and Brook 2015). The Holocene tufas (mean
d18O = 6.59‰ and 6.63‰ VPDB) were deposited by spring
waters initially similar in d18O to the Sinai Holocene ground
waters (mean = 5.36‰; maximum to 4.84‰ VSMOW;
Abouelmagd et al. 2012) and implies a deposition temper-
ature of 21.22 ± 23.7 °C for the Sinai tufas and
21.41 ± 23.89° for the Eastern Desert tufas.

12.3.4 Quaternary Marine Sediments

The Quaternary witnessed a series of low and high sea level
fluctuations corresponding to glacial/interglacial climatic
cycles, respectively. Marine sediments related to these cycles
are represented by raised coral reefs in the Red Sea coast, cal-
careous coast ridges along theMediterranean coastal and placer
deposits (black sands) on the northern coast of Nile Delta.

12.3.4.1 Quaternary Coral Reefs
The Pleistocene Red Sea reefs were among the first worldwide
references concerning raised reefs (Sandford and Arkell
1939). The very limited uplift of the Egyptian coastal plain (at
least during late Pleistocene) suggests that the respective
altitudes of the late Quaternary marine terraces indicate their
respective derived sea-level altitudes. From at least earliest
Pleistocene times, the Egyptian coast of the Red Sea has been
characterized by the development of fringing and barrier reefs.
Owing to glacial-interglacial cycles, the Red Sea appears to
have favored reef development during every interglacial high
stand of sea-level. The Pleistocene sequences show at least
five reefal units above the present sea level (Plaziat et al.
1990). The earlier, undated Pleistocene fringing reefs have

been raised moderately, up to 50 m ASL (Plaziat et al. 1990),
middle Pleistocene (>290–300 kyr BP) is found at +10
to +15 m ASL. A 200 kyr BP high-sea stand is recorded by a
relic terrace at +17 mASL. The late Pleistocene system (125–
138 kyr BP) is very well represented with terraces at about +6
to +8 m ASL. The latest Pleistocene reef terrace (60 kyr BP)
has remained near its original altitude (averaging 4 m ASL;
Plaziat et al. 1990). The sedimentary facies are similar in
modern and Pleistocene reefs, with silciclastic beach facies at
the base and carbonate reefal facies at the top (Mansour and
Madkour 2015). Reef sequences exhibit different degrees of
diagenetic alteration which are reflected by a gradual change
of skeletal particles and early-formed cement from aragonite
and high Mg-calcite to low Mg-calcite.

12.3.4.2 Mediterranean Coastal Ridges
Quaternary deposits in northern Egypt are represented by
elevated offshore bars, lagoonal beds, evaporites and marls
(Butzer 1960; Said 1990). The Mediterranean coastal plain
west of Alexandria, is characterized by the presence of a
number of elongated ridges, also called Kurkar ridges, which
run parallel to the coast, separated by longitudinal depres-
sions. The lower three ridges to the shore, the 10, 25, 5 m
high ridges (named the coastal, Abu Sir and Maryut bars)
can be traced for long distance along the coast. The suc-
ceeding ridges, the 60, 80, 90 and 110 m high ridges
(Khashm el Eish, Alam el Khadem, Miheirta, Raqaet el Halif
and Alam Shaltut), are less conspicuous and do not form
continuous ridges (Said 1990).

The ridges are composed of oolitic limestone (Shukri and
Philip 1956; Butzer 1960), and they seem to represent suc-
cessive fossil off shore bars that were formed in the receding
Mediterranean during the Pleistocene. However, some lit-
eratures interpret these ridges as aeolinite deposits (Butzer
1960; El-Asmar 1994). The depressions between the ridges
contain lagoonal deposits, such as evaporites and marls.
Three calcareous oolitic ridges with two intervening lagoo-
nal depressions have been recognized in the coastal plain in
the Salum area (Selim 1974). They range in age from late
Monasterian to Tyrrhenian. The ooids in the oldest
(Tyrrhenian) ridges have developed micritic envelopes and
are probably recycled detrital grains. The younger deposits
(late Monasterian and main Monasterian) have a
well-developed oolitic texture and were probably deposited
in shallow, agitated marine waters. Oolites dominate the
deposits of the first and second ridges, whereas bio-clastics
with abundant coralline algae, benthonic foraminifera, mol-
lusks, echinoderms and intra-clasts prevail in the deposits of
the third and fourth ridges (Wali et al. 1994). Diagenetic
alterations and cementation are concentrated below exposure
surfaces (pedogenic calcrete horizons). Wali et al. (1994)
believe that the ridges were initiated by the accumulation of
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carbonate ooids as marine bars and then lithofied by early
diagenetic processes under marine subaqueous conditions.
Modification by aeolian processes followed after a phase of
sub-aerial exposure and marine regression.

The lack of reliable absolute dating of the Mediterranean
coastal ridges makes them of poor scientific importance for
global sea level and climatic variation. However, a few
absolute dates, using U/Th, OSL and ESR, have been pub-
lished (El-Asmar 1994; El-Asmar and Wood 2000). The
coastal ridge yield OSL dates of 0.6 ± 0.1 and
1.5 ± 0.2 cal kyr BP and 14C dates of 3680 ± 40,
4100 ± 120 and 4355 ± 40 cal BP from top to bottom
(El-Asmar and Wood 2000). The oolitic limestone of
El-Max-Abu Sir (second ridge) yield U/Th ages of 90 ± 15
kyr BP, 110 ± 5 kyr BP and an OSLage of 104 ± 17 kyr
BP. One Helix sp. sample collected from the paleosols at the
northern flank of the second ridge yielded an OSL date of
67 ± 31 kyr BP. Three samples of the aeolinite of the third
ridge gave OSL ages of 191 ± 42, 416 ± 255 and
454 ± 151 kyr BP (El-Asmar 1994). Four samples were
studied from the marine beds of the third ridge gave ages of
423 ± 153, 546 ± 352 and 208 ± 59 kyr BP, respectively.
One ESR determination on the Cardium limestone gave an
age of 292 ± 48 kyr BP. The paleosols (Pink limestone) at
the top of the Khashm El-Ish (fourth) ridge show a wide
range of ages, giving age estimates between 360 ± 140 and
584 ± 317 kyr BP indicating a middle Pleistocene age.

12.3.4.3 Placer Deposits (Black Sands)
Egyptian black sands are beach placers deposited from the
Nile stream during flood seasons reaching the Mediterranean
Sea at the river mouth. They are heavy, glossy, partly mag-
netic mixtures of usually fine sand (El-Kammar et al. 2011).
The River Nile transports heavy minerals from two sources,
mainly from eastern and Equatorial Africa- in the south to the
Mediterranean Sea in the North (Shukri 1950). The mineral
composition of the Egyptian black sands is represented by six
main minerals accompanied by minor minerals. According to
their relative frequencies and economic importance, the six
main minerals are: ilmenite, magnetite, zircon, monazite,
garnet and rutile. Traces of cassiterite and gold as well as
some rare earth elements (El-Kammar et al. 2011) in some
minerals are also present. Elemental concentrations in
Egyptian black sands show an average concentration of
natural radionuclides (U and Th) higher than the average
world level. However, exposure to natural radionuclides (U
and Th) is still within the acceptable limits due to low
exposure. However,, the black sands from north of Nile Delta
are not recommended for use in building constructions due to
the potenmtial for high radioactive doses. Kaiser et al. (2014)
used high-resolution airborne gamma ray spectrometry to
estimate radioactive elements spatial abundance along the
Rosetta coastal zone area. They noticed that both Uranium

and Thorium are concentrated in the black sand deposits
along the beach. In addition, the areas with the highest con-
centrations of Uranium and Thorium show the highest level
of radiogenic heat production.

Egyptian black sand deposits also occur along the
Egyptian northern Mediterranean coast from Rosetta to
Rafah. Their contents vary from place to place but beach
area of Rosetta contains most of the economic heavy mineral
reserves of black sand in Egypt owing to their great exten-
sion and high grade (Dabbour 1995). Rosetta black sands
contain about 3% of some important economic minerals. The
ore shows lateral variations with high concentrations in the
West; these decrease gradually to the East. Heavy concen-
trations of black sands are deposited in a thin mantle near
and parallel to the shoreline and thay also existed as natu-
rally formed concentrated lenses. The thickness of the
deposited layer range from 0.5 m to more than 40 m (Naim
et al. 1993).

The formation of black sand facies comprises several
steps: (1) deposition of fluvial Nile sediments rich in heavy
minerals along the shore of the Mediterranean-during peri-
ods of high interglacial high sea level, (2) sorting of the
sediments under the effect of waves and waves induced
longshore currents, where the heavier and more stable
minerals (opaque, garnet, zircon, tourmaline, rutile and
monazite) are concentrated in the surf zone and the lighter
and less stable minerals (hornblende, augite and epidote) are
transported offshore, (3) during last glacial maximum
(LGM) when sea level dropped abruptly and the delta sed-
iments were exposed, wind action led to the formation of
coastal dunes. Wind deflation also concentrated heavy
minerals in the deflated sediments and in the newly formed
coastal dunes. Therefore, the Egyptian black sands are now
present either as beach sands or coastal sand dunes. The
coastal sand dunes of El Burullus-Baltim area contain eco-
nomic mineral reserves. These sand dunes extend for about
16 km and have an average with of 700 m. Using the
individual mineralogical composition data of the evaluated
four zones of this sand dune area, the calculated average
economic mineral grade equals 4.87%. The estimated aver-
age total economic minerals content is 4.66% and this is
distributed as follows: different ilmenite varieties, 3.41%;
magnetite, 0.27%; garnet, 0.52%; zircon, 0.31%; rutile,
0.14% and monazite, 0.01% (Moustafa 2007).

El Kammar et al. (2011) compared heavy minerals in
source areas (Shukri 1950s samples housed in the geology
Museum, Cairo University) and those of black sand from the
Rosetta area. They found several changes in morphology
and composition of the heavy minerals during the long
transportation. Brittle and meta-stable minerals (e.g., barite
and pyrite and mica) are entirely lost and never reached to
the Nile Delta. Abrasion polishes the surface of the heavy
minerals and dissolution of these minerals takes place along
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cleavage planes. Grains consisting of polycrystalline mineral
clusters such as zircon from the White Nile and
titano-magnetite from Atbara usually disintegrate into indi-
vidual crystals during long transportation. The ultra-stable
minerals as zircon and monazite experienced changes in
their composition. Heterogeneity in zircon covers all aspects
including; color, morphology, size, elongation index,
radioactivity and composition. However, radioactivity dis-
criminates the uraniferous zircon of the White Nile from the
non-radioactive variety from the Ethiopian province.

12.4 Quaternary Sediments and Landforms
Related to Arid Climate

12.4.1 Aeolian Deposits

Aeolian sands occupy a significant position in the geologic
history of Egypt in general and in the Quaternary in particular.
Generally, aeolian deposits cover about 160,000 km2 of the
Egyptian land representing about 16% of the total surface area
of the country. Based on the total area of the dune coverage, the
aeolian deposits are represented by six sand seas with ˃50%
sand cover and total area ˃5000 km2 (e.g. Great Sand Sea,
Abu Moharik, North Sinai) and 10 dune fields with dune
coverage less than 50% (e.g. West Delta, South Rayan,
Embabi 2017).

The Great Sand Sea attains an area of more than 100
000 km2 (Besler 2008). It is situated in westernmost Egypt,
where its northwestern edge extends across the border into
Libya. The sand sea does not lie in a distinct depression, but
covers weakly sculptured ground sloping from more than
500 m ASL, in the south to less than 100 m ASL, near Siwa
Depression in the north. The dunes of Great Sand Sea are
represented by three dune types; linear, transverse and star.
Linear dunes are themost common and are represented by two
forms; sharp-crested recent linear “seif” ridges (Silk; Besler
2008) and the broad-crested dunes (whalebacks; Bagnold
1931, 1933 or Dra’a Besler 2008). Currently, the former is
active while the latter are stabilized. The whalebacks had been
active dunes from the end of the middle Paleolithic pluvial to
the beginning of theAfricanHumid Period at ca. 10 cal kyrBP
(Haynes 1982). They stabilized by combined action of bio-
turbation, human occupation, pedogenesis, and slope wash
vegetation under a semiarid climate from 10 to 6.5 cal kyr
BP. The transverse dune type is represented by barchans and
barchanoids and is found below the recent still active dunes in
the northern part of the Great Sand Sea.

At 800 km long and 50 km width, Ghard Abu Moharik is
most outstanding linear sand dune belt in the Western Desert
of Egypt, with various dune density and dune types. Only
recently, Ghard Abu Moharik was ranked as sand sea
(Embabi 2017). The northern and middle parts comprise

mainly linear dunes, whereas the southern section in Kharga
Depression contains mostly barchans (Hamdan et al. 2016b).
From south of Qattara to the Bahariya Depressions, it
composed of isolated small-to-large linear dunes consisting
of two dune chains: (1) a western chain represented by
Ghard Williams and Ghard Ghorabi, at 32 and 71 km long,
respectively and heights 30–45 m, and (2) an eastern group
of relatively small dunes, called “Abu Moharik Dunes”
(Embabi 2017), with lengths 1.5–8.5 km, and heights 5–
16 m. In north Kharga plateau, the Ghard predominate with
high-density linear dunes in one main chain with a sec-
ondary discontinuous belt to the east. The main chain also
contains barchans and barchanoid belts, as well as
mega-ripples. Inter-dune areas are occupied by transverse
dunes, sometimes barchanoid, appearing as sand giant
waves. The southern part (Kharga Depression to Egyptian
Sudanese border) is characterized by low dune density and
the predominance of barchan and barchanoid chains as well
as sand sheets. Based on a ratio of the length/width ratio,
most of the barchans in the southern part of Ghard Abu
Moharik are fat (54%) or pudgy (24%) with length/width
ratios of � 1 and 0.75, respectively (Hamdan et al. 2016b).

An extensive dune field extends for about 185 km from
the southern part of Wadi El-Rayan to the latitude of the city
of Dairut in the Nile floodplain. It seems that the pre-dune
topography of the southern part of Wadi El-Rayan controlled
the development of this dune field into linear dunes in the
northern part, then into barchans on the plateau surface in the
southern part (Embabi 2017). Said (1981) named this stretch
of aeolian sand dune remains as El Khafoug Formation;
inter-fingering with both the Pre-Nile deposits of the middle
Pleistocene and the Neo-Nile sediments of the late Pleis-
tocene sediments. The Landsat ETM images and aerial
photography both show that the barchan sand dunes are
present in the western part of this dune belt extending over a
rugged area with a relatively higher relief than the area
covered by longitudinal sand dunes (El-Gammal and
El-Gammal 2010). Longitudinal sand dunes are located in the
eastern part of the dune field covering and surrounded by low
land. These dunes are striking in a NW–SE direction (parallel
to the prevailing NE wind) and are often composed of
barchan dunes. The eastern horns of the barchan dunes are
longer than their western ones. Sometimes these horns are
coalescing with each other to constitute longitudinal sand
dunes (El-Gammal and El-Gammal 2010).

The North Sinai landscape is dominated by the most
complex dune system among Egyptian dunes (ca.
13,600 km2). They are composed of ancient vegetated fixed
dunes, overtopped by recent active dunes (see Misak and
Attia 1983). Inland, the former are represented by less
vegetated fixed dunes and coastal fixed dunes sank in the
water of Bardawil lagoon and coastal sabkhas formed during
LGM low sea level and were fixed during early Holocene
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humid phase. Active dunes are represented by linear, cres-
cent, and transverse dunes. Sand and dune movement rep-
resents a major hazard to development projects in the region
of Sinai.

In northeast Cairo, the Khanka sand dune belt cover ca.
20% of the area, with numerous linear, transverse and star
dunes, reflecting variable wind directions, e.g. NW, W, NE
and S (Misak and Draz 1997). Linear and transverse dunes
dominate the western and north-western fringes of the dune
system. The longitudinal dunes range from 200 to 2000 m
long and up to 150 m in width. Aerial photos (1955 and 1977)
show annual rate of dunemovement of ca. 30 m in theNE. The
present annual rate of dune migration is relatively low due to
intensive agricultural activities (Misak and Draz 1997).

Coastal dunes spread along the plains of the northern
Mediterranean coast. The largest area covered by dunes with
highest density extends fromEl-Borg toGamasa.Dune types in
this field vary between simple barchans with horns pointing
southward, most notably in the Mid-Delta sector, to complex
and deformed barchans and to small linear dunes. Maximum
height is about 20 m in the vicinity of Rosetta and to the east of
El-Borg but the most common height is 2–3 m (Embabi 2017).

There are two generations of coastal dunes, stabilized and
active dune. Stabilized dunes are characterized by low elevation
(4–7 m ASL), and conspicuous cross stratification and dense
vegetation cover. They are also characterized by their relatively
higher content offine grain constituents (silt and clay). Optical
SimulatingLuminescence (OSL) dating for the stabilized dunes
yield 2.6 ± 0.6–1.9 ± 0.4 cal Kyr BP (El-Asmar 2000).
Remains of former Islamic settlements are found on these
ancient dunes at Kom Mastero and El-Borg (Embabi 2017).
Active dunes are higher and sharper than the ancient stabilized
ones. They are represented by two dune types; longitudinal and
barchans. The former are elongate in shape,more or less straight
with continuous serratic crest without breaks with two steep
sides 1–1.5 km long and 15–30 mheight. Barchan dunes occur
in two patterns, isolated and complex. Both have axes nearly
normal to the wind regime of WNW and NW directions and
reach 30 m in height and 50–300 m in length. Inter-dune areas
in these recent dunes appear as innumerable small depressions
with flat floors, some of which are occupied by temporary or
permanent ponds. Theponds are fed by rainwater stored in dune
sands that percolates into the inter-dune areas. Most of the area
covered by coastal dunes has undergone reclamation since at
laest Pharaonic times for a variety of purposes. However, the
dunes are now gradually disappearing due to cultivation and
urbanization (Embabi 2017).

The first attempt to estimate the rate of movement of
Egyptian desert dunes was done by Cornish (1900), who
measured a rate of 4.5 m/year for dune crests east of the Nile
Delta. Many areas in the Western Desert were the subject of
evaluation of sand dune movements by different authors
(e.g., Ashri 1973; El-Gammal and Cherif 2006; Hamdan

et al. 2016b); they assigned diverse dune rates ranging from
0.5 m/year to as high as 100 m/year. More recently, the
mean movement of barchan dunes in the Toshka area varied
from about 4 to 7.67 m/year, averaging 6 m/year along a
SSW direction (Hamdan et al. 2016b).

The source of aeolian sand in Egypt is explained by three
main hypotheses. The aeolian sands have been derived from
arenaceous formations (i.e. Moghra Formation) in northern
Egypt (Beadnell 1910; Ball 1927) and Nubian sandstone in
the south (e.g. El-Baz 1988; El-Baz and Wolfe 1982).
Several arguments face the latter source because in Nubian
sand exposed in southern Egypt most dunes migrate in a
north-to-south direction parallel to the prevailing winds. Said
(1998) believed that dune fields of the Egyptian Western
Deserts started to accumulate during the last glacial period
when northern Africa was arid and the sea-level lower by at
least 120 m. The exposed continental shelf which probably
extended into the Mediterranean Sea at places for more than
40 km made a ready source for all the sand needed to build
the huge dunes of the eastern Sahara. Recent studies, using
textural, mineralogical and geochemical proxies (e.g. Ham-
dan et al. 2015) indicated that the formation of aeolian dunes
was a complex multicasual process formed in several allu-
vial, lacustrine and aeolian environments throughout the
Tertiary-Quaternary. The sands were reworked from arena-
ceous bedrock formations by alluvial processes extending
from a south to north direction through radar rivers and
inverted wadis (see above), before they were distributed by
wind action during arid periods in the early-late Pleistocene
and by alluvial and lacustrine processes during the middle
Pleistocene and early Holocene. Indeed, aeolian dune sand
of Egypt were formed in three cycles (Hamdan et al. 2015;
Embabi 2017, with references therein). The first cycle (700–
300 kyr BP) occurred during the arid phase of the middle
Pleistocene, where Acheulean artifacts at the surfaces of
inter-dune areas indicated that the dunes are older than
Acheulean time (Haynes 1982). The second cycle (35–10
kyr BP), is without evidence of human occupation (Wendorf
et al. 1993) and is characterized by the formation of
whaleback dunes in different parts of the Western Desert in
different wind regimes during the late Pleistocene glacial
period where the winds were strong enough for dra’a for-
mation (Besler 2008). The third and last cycle of dune
development of the Great Sand Sea extended from the
middle Holocene to the present time.

12.4.2 Wind Erosive Landforms (Yardangs)

In the Western Desert, large-scale aeolian erosional features
include: (1) pits and hollows (blowouts), formed by deflation
or removal of loose particles, (2) wind gaps, or wind-eroded
notches in ridges, (3) wind-sculptured hills such as yardangs.
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Yardangs (a Turkmenistan word for an inverted boat) are well
developed on the surface of playa sediments due to the
intensive hyperaridity that predominate allover Egypt during
the late Holocene (Hamdan 2014b). These streamlined ero-
sional ridges have long been known, not only in the Western
Desert of Egypt, but also in most of the major deserts of the
world (Embabi 2017) where they typically occur in large
fields. Synonymy of yardangs in early studies Kharga
Depression included “mud lions” or “sitting sphinxes” or
simply hummocks (Beadnell 1909). Morphometric studies
show that they averaged 2.5 ± 1.3 m in height,
16.9 ± 12.4 m in length, and 4.8 ± 1 m in width. There is no
significant correlation (R = −0.41) between width and height
but the length to width ratio is about 3:1 (Hamdan 1987,
2014a). These positive relationships between length/width
indicate that yardangs pass through a cycle of development,
whereby their size becomes smaller by time (Embabi 2017).
The shape of playa yardangs is as asymmetric streamline or
linear with a steep windward face and a gentle lee slope.
Irregular or dome-like shapes are common in some fields of
playa yardangs in FarafraDepression (Hamdan 2014a). Linear
shapes are found in environments with a unidirectional wind
regime such as in Kharga and Dakhla (Hamdan 1987). The
windward face of many large yardangs is very steep and very
rarely, some linear yardangs might acquire certain shapes like
the sphinx.. The leeward ends of many yardangs are tapered
and are lower in general than the windward side.

The formation of yardangs is apparently a stage in the
denudation of playa deposits and may in fact explain the
reduction of a playa surface through time. Hamdan (2014a),
related the formation of the yardang to an interaction
between internal (lithology, sedimentary structures and
joints and fractures) and external factors (uni-directional
winds, flow system around the yardangs and water action).
These factors vary in different areas which in turn produce
different yardang shapes. An evolutionary model of different
yardang types in Farafra Depression (Hamdan 2014a) where
after the main episode of playa formation, it is likely that the
playa undergoa sequence of erosional events. The develop-
ment of yardangs requires strong wind (highly charged with
sand) and selective incision of the substrate in order to
isolate positive forms between erosional grooves which
become troughs, then corridors, as they deepen and widen
(Fig. 12.13). Incision progressively focuses air flow, which
exploitslithological/structural weaknesses to erode trans-
versely and attack an upwind facing prow. The early
development of yardangs produes irregular shapes as well as
ambiguous axial trends inherited from relict fluvial dissec-
tion or giant desiccation cracks. During subsequent stages,
wind blowing parallel to the irregular shaped yardangs,
deepen grooves between them by deflation resulting linear
ridges. Simultaneously, the ridges are streamlined, primarily
by wind abrasion. The winds also rise above the ridges and

subsequently descend forming eddies in a leeward direction.
This process often creates depressions on the top of the
ridges as well as abrading the top in a downwind direction.
Deeping of the depressions at the top of the ridges leads to
dissection into smaller flat topped yardangs with different
shapes (Fig. 12.13). Flat topped domal yardangs are formed
in the centre of the playa basin where the lithology is
dominated by thick massive playa silt. Continuous wind
erosion of the homogenous playa lithology leads to the
formation of curved-top yardangs. A perfect domal yardang
shape indicates that the erosion proceeded simultaneously on
all surfaces by fine particles abrasion and vortices within a
complex system of subsidiary air flow. Due to geologic
structures, such as joints and calcified root casts, asymmetric
domal yardangs are also formed. When wind approaches
asymmetric domal yardangs, eddies are generated, with
accelerates velocities along flanks of the yardangs. The wind
eddies scour the sides of the yardang facing the wind. Since
eddies are formed close to the ground surface and to height
of ca. 1 m, erosion preceded much faster near the ground.
This leads to lowering of the ground around the yardangs
and exposes softer playa sand to further wind erosion
(Fig. 12.13). As erosion proceeds, the upper hard playa silt
becomes overhanging as a result of undermining of the
lower softer layer and the yardang changes to a conical
shape. At the edge of the playa basin, asymmetric domal
yardangs are changed to a sphinx shapeby unidirectional
wind and the effects of thin hard massive playa silt.

In a final stage, the yardangs lose their streamline shape
and mushroomand cylindrical shapes are developed. Some
yardangs may then split into several collapsed blocks while
others are separated completely from their base and lean
over or a reduced to form small pedestals (stack yardang) as
the only indictor of a former yardang. All such remnants are
eroded by time and flat surface is formed with residual and
coarse sand often with abundant lithic artifacts.

Other yardangs occur on bedrock surfaces in the Dakhla
and Kharga plateau and are also known as Kharafish
(Brookes 1993). Bedrock yardangs develop in Tertiary
limestone that does not contain a large content of chert. The
ridges attain few hundred meters wide and few kilometers
long and the furrows are shallow and broad. The floor of the
furrows is occupied by late Holocene playa sediments
associated with an indigenous late Neolithic-Old Kingdom
archaeological culture (Sheikh Muftah), at the top of the
plateau in front of Dakhla Oasis.

12.4.3 Evaporite Deposits

Arid climatic conditions prevailed in Egypt during the
Quaternary as represented by thick evaporite deposits in the
Qattara Depression, continental sabkhas in south western
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Desert and by hypersaline lakes in Wadi Natrun
(El-Bassyony 1995; Attia and Hussein 2015; Taher and
Abdel-Motelib 2015). The evaporite sediments of the Qat-
tara Depression are represented by three types (Aref et al.
2002, Aref and Hamdan 2003). Type 1 evaporite sedi-
ments are the oldest and represent the earliest record of
Quaternary aridity in the depression. They are present as
random, isolated or dense, evaporite nodules within the top
part of the Moghra clastics and form a dense crust capping a
mesa-like plateau (called a salt plateau Ball 1933) at 100 m
BSL. Type 2 evaporite sediments are comprise a dry,
indurate rough sabkha surface that extends for hundreds of
meters around type 1 terraces. It represents a previous stage
of groundwater lowering since the sabkha surface has no
connection with the present groundwater table. It consists of
gypsum/anhydrite or halite crusts, 7–20 cm thick that forms
a tepee polygonal structure with margins warped upwards to
about 50 cm in height (Aref and Hamdan 2003). Type 3
evaporite sediment is recorded at levels lower than types 1
and 2 sediments, as wet, rough sabkha surface that also

extends for hundreds of meters. It represents the last stage of
a lowering groundwater table.

Salt weathering was one of the agents responsible for
excavation of the Qattara Depression (Aref et al. 2002).
Crystallization of halite and/or gypsum generates increased
pressure that leads to mechanical disintegration of the bed-
rock into fine-grained debris. Features related to disintegra-
tion include blistering of the rock surface, splitting, spalling
and/or granular disintegration. Salt weathering provides
fine-grained debris that is easily removed by deflation, which
accounts for the topographically lower level of the western
part of the depression (134 m below sea level). The disin-
tegration by salt weathering has been in effect since the onset
of aridity in northern Egypt in Quaternary time. Howver,
initial excavation of the depression started in late Miocene or
Pliocene time by fluvial erosion, karstic processes, and
mass-wasting and by wind deflation (Aref et al. 2002).

Quaternary continental sabkhas are existed also in Bir El
Shab area, south Western Desert, where four sabkha units are
recorded (Attia and Hussein 2015). Sabkha 1 consists of sand

Fig. 12.13 An evolutionary model of yardang formation in the of Farafra Depression (Source Hamdan 2014a)
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and silt with an alum salt crust. Sabkha 2 includes wet silt and
sands at its base and an alum and gypsum crust at the
top. Sabkha 3 is composed of mudstone intercalated with
ferruginous laminae and capped with alum and gypsum crusts
associated with black crenulated microbial laminae. Sabkha 4
includes a gypsum crust which usually displays a polygonal
fracture and tepee structure. Mineralogically, Bir El-Shab salt
complex includes gypsum, natroalunite, tamarugite, nitratine
and halite. These minerals indicate evaporation of
non-alkaline water (Attia and Hussein 2015). No absolute
dating is given to these sabkhas but their geomorphic and
stratigraphic settings most likely refer to the Quaternary age.

In Wadi El Natrun, there are seven large alkaline, hyper-
saline lakes in addition to numerous small ephemeral pools
(Taher and Abdel-Motelib 2015). Lake waters have extremely
high salt concentrations of 91.0–393.9 g/l, and pH values of
8.5–11 (Taher 1999). Most lakes reach maximum levels in
winter between December and March, with lowest levels in
summer. Their depths range between 0.5 and 2 m, regulated
by seasonal changes in influx seepage and evaporation
(Mesbah et al. 2007). The mineral composition is represented
by three main types of sodium salt; chlorides, carbonates and
sulphates. Sodium chloride (halite, Na Cl), is the most abun-
dant mineral present within these lakes (Shortland 2004).
Halite occurs as a crust or found within the layer structure of
the mineralogical deposits. Although Wadi Natrun is named
after the mineral natron (Na2CO3.10H2O), natrun is scarce in
the mineralogical record but trona (NaHCO3.Na2CO3.2H2O)
is the most common carbonate. Nahcolite (NaHCO3) is also
occasionally found within Lake Ruzunia (Attia et al. 1970).
Sodium sulphates mineral is also represented by the double
crystal salt, burkeite (Na2CO3.2Na2SO4).

The origin of the lakes water remains unclear. Pavlov
(1962) suggested a radial inflow of underground waters
towards the lakes. Underground flow from the Rosetta branch
of the Nile could be another source (Shata and El-Fayoumi
1967; Attia et al. 1970). Chemical and isotopic data of the
lake waters hower suggests the source is rainwater that
occasionally infiltrates from the shallow alluvial and Eocene
limestone aquifers (Sturchio et al. 1998). The Wadi Natrun
has been identified as a potential source of both natron and
salt from the middle Kingdoms onward and resources from
within the wadi are believed to have been utilized in medi-
cine, mummification and in the glass making industry.

12.4.4 Quaternary Paleoclimate,
Paleoenvironmental
and Archeology of Egypt

Quaternary paleoclimate of Egypt is related to the glacial-
interglacial cycles well established in Europe and North
America. These cycles are expressed in Egypt as alternating

dry (interpluvials) and relatively humid intervals (pluvials)
(e.g. Said 1981, 1990, 1993; Hamdan and Brook 2015 and
many others). Currently, it is now accepted that there are
seven pluvials corresponding to global eustatic events and
warm humid phases (Said 1981). The oldest two pluvials
(the Edfu and Armant pluvials) are assigned as the early
Pleistocene. The position of these two pluvials in the early
Pleistocene stratigraphic scheme is not well established,
because of the lack of reliable dating and absence of inter-
pluvial sediments (Wysocka et al. 2016). The five subse-
quent pluvials; Abbasia I, Abbasia II, Sahara I, Sahara II and
the Nabata pluvials, are assigned to the middle–late Pleis-
tocene and the early Holocene, respectively (cf. Said 1990).

Generally, the climate of Egypt during early Pleistocene
(from ca. 2.84 Ma) was arid and Egyptian lands were proper
desert (Said 1981). During this long arid episode, wind was
active and modeled the fluvial sediments that had accumu-
lated mainly in basins, e.g. the basin of the Great Sand Sea
(Embabi 2017). This period was interrupted with a short
pluvial (the Idfu Pluvial), during which a highly competent
river (the Protonile) flowed in the Nile Valley (Said 1990).
By the end of the early Pleistocene, another short pluvial
period occurred, whitnessed by the Armant conglomerate
Formation. This Armant Pluvial is separated from the Pro-
tonile Pluvial by a short arid phase (Said 1990). Unfortu-
nately, few dates are available for the two early Pleistocene
short wet periods; however, there is one early Pleistocene
date of 2288 kyr BP from a snail-bearing horizon at Lazy
Beach 1, Kharga Depression. This may indicate that the
Kharga climate was relatively wet or its water table sat high
enough to host hominins during the Matuyama Chron, MIS
87 (Blackwell et al. 2017).

Owing to the extensive tufa and spring deposits in the
Western and Eastern Desert, the climate of Egypt during
middle Pleistocene is well known (see Smith 2004, 2006;
Sultan et al. 1997). Figure 12.13 shows a comparison of the
uranium-series ages of lacustrine carbonates accumulated at
Western Desert during the middle-late Pleistocene pluvial
periods together with the glacial/interglacial curve (Imbrie
et al. 1984). The distribution of dates demonstrate the
clustering of carbonate deposition not only during most
interglacial periods (e.g., during stages 5a, 5c, 5e, 7a, 7c,
7e), but also during glacial stages 6 and 8 (Fig. 12.14).
Szabo et al. (1995) cited five pluvial periods: at 320–250,
240–190, 155–120, 90–65 and 10–5 kyr BP, corresponding
to interglacial Oxygen Isotope Stages (OIS) 9, 7, 5e, 5c, 5a
and 1, respectively. These pluvial periods correlate well with
tufa and spring deposits exposed at Kharga (Smith 2004,
2006; Sultan et al. 1997), Dakhla (Blackwell et al. 2017),
Kurkur (Crombie et al. 1997; Hamdan 2003b) and in the
Eastern Desert (Hamdan 2000b; Hamdan and Brook 2015)
as well as with lacustrine deposits (McKenzie 1993). More
recently, ESR dates published by Blackwell et al. (2017)
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show flourishing ecosystems in Dakhla and Kharga during
MIS 5 (74–133 kyr BP), 7 (188–244 kyr BP), 9 (285–338
kyr BP), 11 (364–426 kyr BP), and 17 (659–712 kyr BP),
and in shorter episodes in MIS 1 (0–12kyr BP), 2 (12–26 kyr
BP), 3 (26–59 kyr BP), 6 (133–188 kyr BP), and 12 (426–
475 kyr BP). Indeed, these dates associated with prehistoric
sites confirm that enough water existed in the Western
Desert to support animal and plant life including herbi-
voresand likely hominins during much of the mid and late
Pleistocene (Blackwell et al. 2017). Generally, most dates of
Western Desert tufas and spring deposits fall within the
warm, odd numbered MIS periods that correlate with inter-
glacial periods in the Northern Hemisphere (Sultan et al.
1997). Interestingly, wetter conditions also existing from
colder periods (e.g. Hamdan and Brook 2015).

In Egypt, the oldest prehistoric sites materials are mainly
represented by late Lower Paleolithic occupations on the
margins of the Nile Valley and in the Western Desert
(Fig. 12.14a). The sites include upper Acheulean Complex

(later early Stone Age) artifacts, probably dated to >400 kyr
BP, and terminal early Stone Age lithics, probably dated
at >300 kyr BP (Brookes 1989, 1993; Kleindienst et al.
2009, 2016). In middle Pleistocene pluvial events, the
Western Desert may have received as much precipitation as
50–85 cm/y (Kieniewicz and Smith 2007, 2009). Stable
isotopic analysis of tufa sediments indicate that rain water-
was delivered from the Atlantic by strong westerlies (e.g.
Sultan et al. 1997; Abouelmagd et al. 2012). The existence
of fossil freshwater mollusks in palustrine and/or lacustrine
sediments may indicate permanent water bodies and even
large lakes (Blackwell 2017). During wet periods of the
middle Pleistocene, savanna and savanna-woodland envi-
ronments were common in Egypt (Churcher et al. 1999).
Vertebrate and mollusk fossils have been recovered from
deposits dated to the Pleistocene and Holocene in the
Western Desert (Churcher et al. 1999, 2008; Gautier 1980,
1981, 1984). Middle Pleistocene vertebrate taxa at Dakhla
Oasis included African elephant, camel, hippopotamus,

Fig. 12.14 a Age range of archaeological industries found in the northeastern Sahara (see text); b Uranium-series ages of lacustrine and spring
carbonates from the northeastern Sahara. White (black) symbols indicate carbonates with (without) associated archaeological remains;
c SPECMAP curve (Imbrie et al. 1984) (Source Larrasoana, 2012)
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warthog, African buffalo, hartebeest, antelope, gazelle, small
buck, extinct Cape zebra, wading birds, water fowl a small
thrush-sized bird and small catfish (Churcher et al. 1999).
The existence of freshwater snails and catfish in areas now
proper desert indicate that the water was permanent and
fresh which correlates with the presence of hippo, buffalo
and zebra species that cannot exist far from potable water.
The fauna and flora suggest a lake-shore environment with
nearby savannah-woodland similar to the modern East
African Valley.

In the Nile Valley, forty vertebrate taxa associated with
archaeological sites dated to ca. 15,000 to 10,500 B.C. are
known. Fish taxa are represented by Nile catfish, African
barbel and Nile perch. The avian fauna includes twenty two
species of shore, wading, and divingbirds. The mammalian
fauna includes a canid, striped hyaena, Lepus capensis,
Egyptian bandicoot or pest rat, wild ass, hippopotamus, wild
cattle, bubal hartebeest, Dorcas gazelle, rhim or white
gazelle and Barbary sheep (Gautier 1981). The remains of
these animals collected from prehistoric sites of the Nile
Valley are useful in constructing the ancient landscape and
environment that prevailed during late Pleistocene. The
fauna of the Nile River indicate that woodlands along the
river banks and tree savannas and grasslands on the low hills
and plains were widespread in the Nile Valley.

In the Eastern Desert, Pleistocene sediments in the Sod-
mein cave contain an extensive layer of humic material rich
in plant micro-remains and Chironomidaeinsects (Marinova
et al. 2008). In fact, the immature stages of these insect occur
only in aquatic or wet habitats. The plant remains include,
Acacia tortilis (a tree frequently used to make fire), Clema-
tissp., Balanites cf. aegyptiaca and Brassicaceae. The plant
assemblage confirms conditions much wetter than the actual
desert. Faunal analysis shows some remains of dorcas
gazelle, rock dassie, a large bovid (buffalo), kudu and an
elephantid which also indicate wetter environments in East-
ern Desert during late Pleistocene (Marinova et al. 2008).

Between ca. 250–220 kyr BP, the middle Paleolithic
began in Egypt with flakes made by the Levallois method
(Bard 2007). Middle Paleolithic tools have been found in the
Nile Valley, in Egypt and Nubia, but the best preserved sites
are in the Western Desert (Fig. 12.14b). In Bir Sahara East
and Bir Tarfawi, middle Paleolithic artifacts were found on
the beaches of permanent lakes during wet intervals between
175 and 70 kyr BP (Wendorf and Schild 1993). After ca.
70 kyr BP the Western Desert was dry and cool and human
habitation was no longer possible except in the oases. In
Upper Egypt near Qena, evidence of a late middle Pale-
olithic culture dating to ca. 70–50 kyr BP has been identified
(Van Peer et al. 2010). At the site of Taramsa-1, near the
Ptolemaic temple of Hathor at Dendera, the oldest known
human skeleton in Egypt has been excavated (Van Peer et al.
2010). From 70 to 12 kyr BP, dry conditions prevailed in

Egypt and Saharan hyperarid environmental conditions
expanded southward (Swezey 2001). Nile flow was also
diminished (Lamb et al. 2007) and lakes dotting the Western
and Eastern deserts during the Pleistocene interglacials dried
out as dunes became active (e.g., Besler 2008). However,
more humid conditions persisted especially around the
Kharga and Dakhla Oases where water was available and
these served as refuges for both hominins and other fauna
(Blackwell et al. 2017).

During the hyperarid phase of the late Pleistocene, when
the Sahara dried out, the Nile Valley also turned into a
refuge for people and animals. The Western Desert remained
largely uninhabitable until after ca. 10 kyr BP, creating a gap
in the archaeological evidence of human cultures until after
the upper and late Paleolithic. Upper Paleolithic sites in the
Nile Valley are also rare (Bard 2007). The oldest known flint
mine in the world (ca. 35–30 kyr BP), a source of stone for
tools, is located at the site of Nazlet Khater-4 in middle
Egypt (Vermeersch et al. 2002) where a grave of a robust
Homo sapiens sapiens was found with a stone axe placed
next to the skull (Vermeersch et al. 2002). Many more sites
are known for the late Paleolithic ca. 21–12 kyr BP), than for
the Upper Paleolithic (Bard 2007). Late Paleolithic sites are
found in Lower Nubia and Upper Egypt, but not further
north, where contemporary sites are probably buried under
later river alluvium. Archaeological evidence suggests that
the subsistence of late Plaeolithic peoples was based on
hunting large mammals such as wild cattle and hartebeest,
small dorcas gazelle, waterfowl, shellfish, and fish.

After a long late glacial hyperarid period, the entire
Sahara, including Egypt, became wetter as tropical rainfall
belts shifted northwards (Nicholson and Flohn 1980). Sev-
eral palaeoclimatic data show that the early to mid-Holocene
(10–5 BP) was a relatively humid period in Northern Africa,
however, ITCZ effects didn’t get further North than about
25° N (e.g. Shanahan et al. 2015). During this phase, often
called the African Humid Period (AHP), grasslands covered
the Sahara/Sahel region, with many lakes and wetlands
(DeMenocal et al. 2000). During the AHP, summer heating
of the Northern Hemisphere was maximized, with values of
8% more insolation than today due tocycles in the Earth’s
orbital parameters. More intense summer insolation deep-
ened the East Saharan atmospheric low which in turn
strengthened the summer African Southwest monsoon and
brought Atlantic-derived moisture much further north than
today (DeMenocal et al. 2000). The sequence of early
Holocene playa development of Western Desert begins with
an initial episode of wind deflation corresponding to the
aeolian sand unit at the base of the early Holocene playa.

The sedimentological characteristics of the lacustrine
sediments show an abundance of coarse clasts probably
reflecting sedimentation by slope wash and sheet flow as a
result of thundershower monsoon rains. Evidence for early
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Holocene wet phases in the Eastern Sahara has been ade-
quately documented in many of the modern oases and
around the ancient, ephemeral playas in Southern Egypt
(Wendorf and Schild 1980; Kröpelein 1987; Hassan et al.
2001). Haynes (1987) suggested that the mountains and
surrounding plains in SW Egypt and NW Sudan received
from 400 to 600 mm rainfall annually when occupied by
Saharan Pastoral Neolithic communities. These poeple
depicted their pastoral activities (particularly cattle) in the
rock art of the area (Kuper and Kröpelein 2006). The most
ancient playa sediments at Gilf Kebir were deposited
between ca. 9300 cal. BP and 8200 cal. BP (Linstädter and
Kröpelein 2004).

Moreover, stable isotope studies of carbon and oxygen,
coupled with paleontological studies of mollusks and
microfossils, confirm the widespread occurrence of stable
freshwater lakes up to a few tens of meters deep in Dakhla
Depression (Kieniewicz and Smith 2009). Also, higher
precipitation and intensified monsoonal activity in the
African Nile Headwaters led to higher Nile discharge and
flooding of the Faiyum Depression (Hassan 1986; Hassan
et al. 2012). Early Holocene river activity and surface
groundwater recharge are recorded also in western desert of
Egypt and northern Sudan (Pachur and Röper 1984; Pachur
and Hoelzmann 2000).

The early Holocene humid period was interrupted by
colder episodes of increased aridity, as shown by low Nile
discharges: the most severe was around 8.2 cal kyr BP
which is inferred from a widespread drying and increase in
the oxygen isotope signal between 8400 and 8000 BP
(Hassan et al. 2012; Hamdan et al. 2016a) and desiccation of
the early Holocene play as associated with deposition of
thermoclastic rubbles in Farafra Depression (Hassan et al.
2001; Hamdan and Lucarini 2013). The radiocarbon dates in
the Bir Kiseiba region may indicate an arid period from 8.2
to 8.1 cal kyr BP (Close 1984), while a hyper-arid interval in
the Nabta region occurred around 8.5 cal kyr BP (Nicoll
2004). There is no evidence of occupation in the southern
Egyptian Western Desert (Wendorf and Schild 2001).
Occupation is instead concentrated in Western oases and the
Red Sea Mountains (Moyersons et al. 1999). Along the Nile,
human occupation is consistently reported, and for the
middle Nile region there is clear evidence of the population
clustering along the river and moving south of the Third
Cataract (Gatto and Zerboni 2015).

General, after the 8.2 cal kyr BP cooling event, moisture
in Egypt generally decreased (Nicoll 2004), the northern
playas began to dry as early as 7.7 cal kyr BP (Brookfield
2010). Also, most rainwater-fed playas began to wane
around 7 cal kyr BP and became desiccated by 5.5 cal kyr
BP. Vegetation diminished, decreasing the number of taxa,
and sand was mobilized, forming dunes and sand sheets
(Nicoll 2004). Botanical evidence from Egypt indicates that

the savannah environment progressively disappearied in the
middle Holocene as desert species substituted for more
water-dependent plants. Savannah elements but persist but
only in isolated ecological niches manly in the Western
Desert Oases (Neumann 1989). At Siwa, the interfingering
of playa layers with longitudinal dunes suggests a trend of
seasonal variability in water availability (Haynes 1982). In
south western Egypt around Selima, the level of lakes
fluctuated and suffered profound evaporation after 8.9 cal
kyr BP (Haynes et al. 1989).

In the middle Holocene, Sahelian vegetation zones were
only 300–400 km north of their present range compared to
500–600 km during the early Holocene (Brookfield 2010).
With increasing desiccation from 6 cal kyr BP onwards,
savannah formations retreated to the south until their present
position was reached by about 3.8 cal kyr BP (Neumann
1989). Some climate modeling results and paleoclimate data
have indicated that the change from a semi-arid climate with
about 250 mm/yr of rainfall to a hyperarid climate with less
than 50 mm/year of rainfall occurred over a relatively short
period of time, on the order of hundreds of years
(DeMenocal et al. 2000).

During late Holocene, aridification started rapidly as the
Western Desert lakes dried out and the level of Lake Qarun in
the Faiyum dropped by ca. 15 m after 4.5 cal kyr BP
(Hamdan and Lucarini 2013; Hamdan et al. 2016a, Hassan
et al. 2012); sedimentation turned from freshwater into
evaporitic/saline in Lake Qarun (Hamdan et al. 2016a); iso-
topic data on sediments and mollusks indicate a progressive
decrease in the precipitation/evaporation balance (Hassan
et al. 2012). These data indicate that the Nile flow diminished
significantly (Hassan et al. 2017; Hamdan et al. 2018). In the
wider region, pollen data illustrate that many tropical taxa
disappeared or were confined to a few refuges (Nicoll 2004).
Freshwater was available only in the Nile Valley and those
Western Desert oases which inherited water from reservoirs
formed in the AHP and occasionally from residual precipi-
tations. According to most evidence, aridification continued
up to the onset of present-day environmental conditions

Human occupation of the western Desert of Egypt indi-
cates four distinct phases (Kuper and Kröpelein 2006): the
Reoccupation phase (10.5–9 cal kyr BP); the Formation
phase (9–7 cal kyr BP) ending abruptly in areas without
permanent water; the Regionalization phase (7.3–5.5 cal kyr
BP) featuring retreat to highland and Nile refuges; and the
Marginalization phase (5.5–3.5 cal kyr BP). All these phases
reflect the changing Holocene paleoclimatic and paleoenvi-
ronmental conditions in the Western Desert of Egypt. During
the Reoccupation phase (10.5–9 cal kyr BP); the northward
advance of monsoon rains at 10.5 cal kyr BP transformed
the Sahara into a savannah, allowed hunter gatherers to
migrateduring northwards into the present desert. During the
Formation phase (9–7.3 cal kyr BP), human populations
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adapted to multi-resources with domestic livestock of sheep
and goats introduced from the Middle East and cattle
probably from local domestication. Nabta playa has the
earliest documented domestic cattle and goats, and these
animals dominate rock art in the Western Desert. Recent
studies in the Western Desert, Nile Valley and Faiyum show
increase winter rainfall in Egypt during early and middle
Holocene (Kröpelein 1987; Hassan et al. 2012; Hamdan and
Lucarini 2013).

During the Regionalization phase (7300–5500 BP),
populations retreated from increasing desertified land into
refuges like the Gilf Kebir and plains further south, where
rainfall was still sufficient and increase groundwater sources.
By the time of the marginalization phase (5.5–3.5 cal kyr
BP), permanent occupation of the desert was restricted to
northern Sudan. The Gilf Kebir occupation ceased and a
great migration to the Nile Valley occurred (Kuper and
Kröpelein (2006). By the beginning of the early Predynastic
Period, around 5.2 cal kyr BP, the inhabitants of Upper
Egypt depended little on hunting for survival, having
adopted an agricultural way of life.

The Pharaonic Empire became well-established along the
Nile after 5 cal kyr BP; the western-most desert andoases,
such as Abu Ballas in the western desert and Laqiya and
Wadi Howar in the Sudan, then played only marginal roles
except for mineral exploration and sporadic trade routes to
more fertile areas in the west, south and east. Thus, by the
beginning of the First Dynasty of Egypt (5.05 cal kyr BP), a
united state had formed, with Memphis as probably its lar-
gest urban center, judging from the extent of the nearby
cemetery fields on both sides of the Nile, at Saqqara (West
Bank) and Helwan (East Bank). The development, however,
of the requisite social specialization processes and hierar-
chies had begun much earlier, during the increasing aridity
of the predynastic Naqada period at the latest.
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