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Geoarchaeological research was performed across an archaeological landscape
along the hyperarid northern paleoshores of the modern Lake Qarun, Fayum
Basin, Egypt. Objectives were to record sedimentary variability and to con-
sider the correlation between the paleoenvironmental interpretations of these
sedimentary data and the observed archaeological record dated to the early
and mid-Holocene. Our approach combines hand-drilling and stratigraphic de-
scriptions with detailed studies of sediments (grain size analysis, analyses of
CaCO3, and organic matter contents), densities of stone artifacts and bones,
and chronometric data from associated contexts (AMS 14C dates on charcoal
from hearths). Analysis of deposits indicates initiation of lake deposition, re-
working of lake deposits, and subsequent accumulation of wind-blown de-
posits occurred prior to the deposition of archaeological materials. Correlations
between sediment and the archaeological deposits indicate a different use of
areas covered by relatively coarse-grained sediment (sand) compared to areas
where relatively fine-grained deposits are exposed (clay and silt). Reassess-
ment of the associations between archaeological materials and sediments in
the Fayum Basin is required to improve knowledge of the interrelationships
between the Nile flood history, regional climatic changes, oscillations in levels
of paleo-Lake Qarun, compared to the chronology of human occupation in the
Fayum Basin. C© 2015 Wiley Periodicals, Inc.

INTRODUCTION

The sedimentary record of the Fayum Basin, northern
Egypt, provides evidence for periods of wind and water
erosion that led to the development of a patchwork of
hard land surfaces of different ages on which abundant
archaeological material have been preserved. The archae-
ological remains, mostly stone artifacts, pottery, faunal
remains, and associated hearths, are distributed in vari-
able densities at different elevations along the hyperarid
northern Fayum paleobasins of the modern Lake Qarun.
In the past, these remains have been used to reconstruct
paleolevels of Lake Qarun during past human occupa-
tion phases (e.g., Caton-Thompson & Gardner, 1934; Said
et al., 1972; Wendorf & Schild, 1976; Kozlowski, 1983;
Ginter & Kozlowski, 1986; Hassan, 1986; Kozlowski &

Ginter, 1993). However, despite this intensive research,
there is a lack of consensus on the nature of the rela-
tionship between environmental change, particularly in
relation to lake level changes, and early to mid-Holocene
settlement (e.g., Phillipps et al., 2012). Among the many
reasons for this is a lack of understanding of the geomor-
phological processes that have exposed the archaeological
material at today’s surface and how these relate to any
proposed paleolake level changes.

The aims of this paper are therefore to document
geomorphic processes, sedimentary environments, and
sources responsible for the spatial-temporal variabil-
ity of sediments within a specific region of the north
shore where surface archaeological materials are abun-
dant, and to consider the relationship between the
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Figure 1 Map of the Fayum Basin, with the

modern Lake Qarun, in Egypt, to the west of the

modern Nile Valley. The study area is located

within the desert northeast of Lake Qarun

(between 36R 29.0476 m E 3274887 m N;

29.0202 m E 32.74229 m N and 36R 29.0754 m

E 32.74664 m N; 28.9666 m E 32.7463 m N),

and to the northeast of X Basin

(Caton-Thompson & Gardner, 1934), a

paleobasin of Lake Qarun. Arrows indicate the

directions of Nile flow within the Nile Valley and

into the Fayum Depression (modified from

Keatings et al., 2010).

paleoenvironmental interpretations of these sedimentary
data and the recorded archaeological evidence dating to
the early and mid-Holocene.

We use a geoarchaeological approach adapted specifi-
cally to arid environments (Fanning et al., 2007, 2008,
2009; Holdaway & Fanning, 2014) to understand the na-
ture of erosion and aggradation that shape today’s desert
land surfaces, and therefore how these processes impact
on the visibility of the archaeological record. We com-
bine detailed topographic survey with studies on sedi-
ments (grain size analysis, thermogravimetrical analyses
(TGA)) and artifact concentrations, including chronomet-
ric data from secure archaeological contexts (AMS 14C
dates on charcoal from hearths). Our results lead to new
insights into the timing of landscape changes that shape
the sedimentary record of the study area and affect the
spatial and temporal discontinuity in the preservation,
exposure, and visibility of the archaeological record. We
use this information to comment on the chronology of
paleolake level fluctuations in the Fayum Basin since the
early Holocene.

STUDY AREA

Geological and Environmental Background

The Fayum Basin is a circular depression formed in
the limestone plateau of the Western Desert, Egypt

(Figure 1) that obtained its current shape from tectonic
subsidence that terminated in the Late Eocene (Said,
1990, 1993; Dolson et al., 2002). Rock units exposed in
the greater part of the depression consist largely of sand-
stones, shales, and limestones that accumulated during
the Middle and Upper Eocene, and Oligocene (Issawi,
1976; Dolson et al., 2002). Pleistocene deposits are as-
sumed to be of fluvial origin, derived from natural breaks
in the levee of several Nile ancestors, which repeatedly
caused flooding of the basin (Said et al., 1972; Wendorf
& Schild, 1976; Said, 1993). From the early Holocene on-
wards, Nile floodwaters are thought to have repeatedly
reached the height of the channel cut in the Nile-Fayum
limestone divide (Figure 1), and transformed the depres-
sion into a series of high, freshwater paleolakes with fluc-
tuating water levels (Said, 1993). On the north shore
these waters likely filled a series of basins described by
Caton-Thompson and Gardner (1934) that are deepest to
the west of our study region and become progressively
shallower to the east (Figure 1).

The modern, terminal saline Lake (Birket) Qarun
(Figure 1) is the shrunken remnant of the large fresh-
water paleolakes, currently about 40 km in length from
east to west and 7 km in breadth at its widest point (Fathi
& Flower, 2005). Maximum water depth ranges between
8 and 9 m, the present surface water elevation fluctu-
ates between 43 and 45 m below current sea level, while
the salinity of the lake today is near that of seawater

18 Geoarchaeology: An International Journal 31 (2016) 17–33 Copyright C© 2015 Wiley Periodicals, Inc.
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(Said, 1990; Fathi & Flower, 2005; Flower et al., 2006;
Hussein et al., 2008; Foster et al., 2008). Modern cul-
tivation extends to the southern shore of Lake Qarun,
while the northern lake margin marks the start of the
Western Desert, where the study area is located. Oscilla-
tions in paleolake levels in the Fayum Depression from
the early Holocene onwards are thought to have been
strongly influenced by seasonal as well as interannual fac-
tors, such as the Nile summer flood, local precipitation,
and intra-annual Nile flood variations, combined with
(human induced) hydrological control of Nile inflow in-
stigated by Middle Kingdom Pharaohs since the Twelfth
Dynasty from ca. 2000 B.C.E. (Wendorf & Schild, 1976;
Hassan, 1986, 1997; Flower et al., 2006, 2012; Foster
et al., 2008; Baioumy et al., 2010; Hassan et al., 2012).

Archaeological Context

Variable concentrations of lithics, grinding stones, pot-
tery, faunal remains, and hearths are scattered across
the desert surfaces northeast of the Lake Qarun basins
(Figure 1) and indicate human occupation during the
early and mid-Holocene. The archaeological remains
have previously been related to the Epi/Terminal Pale-
olithic “Qarunian Culture”’ (7500–6000 B.C.E.) as well as
to the Neolithic “Fayum A Culture” (5200–4200 B.C.E.)
(Caton-Thompson & Gardner, 1934; Wendorf & Schild,
1976; Wenke et al., 1988; Shirai, 2010). However, re-
cent research has shown that this division between cul-
tures does not do justice to the temporal and spatial dis-
tribution of the remains that show changes over a much
longer period than originally thought (Wendrich, Taylor,
& Southon, 2010; Phillipps et al., 2012).

The subsistence base throughout the early Holocene fo-
cused on lacustrine resources but also involved the hunt-
ing of wild game. Based on the analyses of animal bone
assemblages from both surficial and stratified archaeolog-
ical deposits, fish species predominate numerically and
are accompanied by bird remains, and to a lesser ex-
tent wild mammals (e.g., hippopotamus, gazelle) (Wenke
et al., 1988; Linseele et al., 2014). During later occupa-
tions hunting and fishing were supplemented with the
use of domestic grain as witnessed by carbonized Em-
mer wheat and barley in hearth contexts, storage pits
lined with basketry, which also contained domesticated
Emmer wheat and barley, dated to approximately 5000
B.C.E. (Caton-Thompson & Gardner, 1934; Wendrich
& Cappers, 2005) and domestic sheep/goat, cattle, and
pig (Linseele et al., 2014). This is an example of low-
level food production societies (Smith, 2001; Holdaway,
Wendrich & Phillipps, 2010), in which domestic species
added to, rather than replaced existing subsistence strate-
gies dependent on wild food resources.

Description of Study Area

The lithological and sedimentological investigations re-
ported here were performed approximately 5 km to the
northeast of the modern northeastern shore of Lake
Qarun (Figure 1). The study area, located in a desert re-
gion that was subsequently destroyed by cultivation and
more recently by road construction, measures about 1 km
east–west by 500 m north–south. The surface of the study
area slopes downwards from approximately 20 masl in
the northeast to 3 masl in the southwest, from where it
continues to slope downwards in a southwestern direc-
tion toward the modern Lake Qarun.

The study area comprises E29H1 (Said et al., 1972;
Wendorf & Schild, 1976), originally described as “the un-
named Fayum B site on the edge of X Basin” (Caton-
Thompson & Gardner, 1934). The surface of the area con-
tained scatters of stone artifacts and animal bones, with
isolated hearths, visible as concentrations of fire-cracked
stones that in some cases protect charcoal.

METHODS

Field Analysis and Sampling

The flanks of contemporary irrigation channels and bull-
dozer scars were investigated and described at 43 sed-
iment outcrops to a maximum depth of 1.60 m below
the surface. In addition, 38 cores were hand drilled with
Dutch and Riverside Augers (ø7 cm) from the surface in
between the irrigation ditches (Figure 2). The cores were
all relatively shallow because of the heavy induration of
sediment in the study area (to a maximum depth beneath
the surface of 1.90 m). Lithological descriptions followed
distinct stratigraphic parameters, such as lithology, tex-
ture, inclusions, and pedogenic features (following the
International Commission on Stratigraphy). Munsell soil
color charts were used to determine color of sediment.
Sediment sampling was carried out by hand trowel from
the inside of lithologically distinguished layers along a
width of approximately 2–5 cm (207 sediment samples
from 53 cores and sediment outcrops). Northing, Easting
and height coordinates of cores and sediment outcrops
were recorded in UTM, as was the surface morphology
to construct a digital elevation model (using a Total Sta-
tion, Leica 1200), with a maximum accuracy of ca. 1 cm
horizontal and vertical.

In the northeast of the study area, across three
irrigation fields, the locations of individual archaeological
materials were measured to quantify the density of mate-
rials (Figure 2). Areas around these three fields were al-
ready cultivated and were not suitable for archaeological
survey. The most abundant materials were stone artifacts
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Figure 2 Satellite image showing the extent of the area investigated in this study, including the archaeological survey area in the northeast. The surface

morphology within the study area is visualized by a digital elevation model. The spatial distribution of the investigated sediment outcrops (n = 43), cores

(n = 38), and the positions of cross-sections I–IV are shown. Clearly visible on the satellite image are also the irrigation fields, bordered by irrigation

channels running north-northwest/ south-southeast, as well as the white hue of the sediment exposed in the southwest.

(just under 80,000), followed by bone fragments (just un-
der 14,000), while hearths are much less common (38).
The density calculations on recorded numbers of archae-
ological materials (lithics and bones) were performed in
ArcGIS 9.3, and are expressed in numbers per square
meter.

Sediment Analysis

Samples were procured under an Egyptian Mining Re-
sources Authority (EMRA). Analyses were performed at
the Sediment Analyses Laboratory of the Faculty of Earth
and Life Sciences of the VU University Amsterdam, the
Netherlands (2009). Weight percentages of organic mat-
ter (OM) and calcium carbonate (CaCO3) in 197 sediment
samples were determined by TGA (TGA-601 Leco Corpo-
ration Germany). All sediment samples (n = 207) were
analyzed for grain size distribution with a Fritsch A22
laser-diffraction particle sizer. Classification of the sand
fraction followed the Udden-Wentworth grain size scale
(63 μm to 2 mm) (Udden 1914; Wentworth 1922). The
clay (<8 μm) and silt (8–63 μm) fractions follow the clas-
sification of Konert and Vandenberghe (1997).

Chronology

Under an EMRA, charcoal samples were collected from
the remains of nine hearths in modern surface contexts,
and dated by AMS radiocarbon in the Keck Carbon Cy-
cle AMS Laboratory at the Department of Earth System
Science of the University of California, Irvine, Los Ange-
les. Calibrations (CALIB 5.0.2) were performed using the
Reimer et al. (2004) data set (2 sigma criteria) (Table I).

RESULTS AND INTERPRETATION

Facies Distribution

The lithostratigraphy, as observed in sediment outcrops
and cores (Figure 2), provides evidence for the preser-
vation of five types of sedimentary rocks and soft sed-
imentary facies, interpreted as bedrock (1a-d), fluvial
(2a-b), lacustrine (3a-h), reworked lacustrine (4a-c), and
aeolian deposits (5a-b) (Figures 3 and 4). Interpretations
of depositional environments and processes are based on
records of stratigraphic features, variations in lithology,
color, texture, sedimentary structures, inclusions (e.g.,
molluscs and botanical remains), pedogenic features (e.g.,

20 Geoarchaeology: An International Journal 31 (2016) 17–33 Copyright C© 2015 Wiley Periodicals, Inc.
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Table I The radiocarbon determinations of nine charcoal samples obtained from nine hearths at the study site, expressed in conventional 14C yr BP,

equivalent calibrated probability distributions in calendar/solar years (cal. yr B.C.E.), and midpoint of the calibrations in excess of 0.70 probability.

Elevation of Hearths

(masl) Radiocarbon Determinations

Unit Hearth ID Lab Code 14C yr BP

Cal. Yr B.C.E. (2 Sigma Criteria: 95%

Probability)

Midpoint of

Calibrated

Range (>0.70)

Max Min

2a 149 7.33 UCIAMS-57222 7430 ± 20 6375–6240 6307.5 ± 67.5

148 7.36 7.18 UCIAMS-57188 7305 ± 25 6225–6085 6155 ± 70

3f 105 11.44 UCIAMS-57215 8245 ± 20 7365–7170 7267.5 ± 97.5

141 11.55 11.33 UCIAMS-57221 8245 ± 20 7345–7180 7262.5 ± 82.5

115 12.84 12.70 UCIAMS-57217 8200 ± 20 7315–7125 7220 ± 95

112 12.56 12.40 UCIAMS-57216 8175 ± 30 7305–7215 (0.26); 7200–7070 (0.74) 7135 ± 65

4b 140 11.55 11.49 UCIAMS-57220 8050 ± 20 7075–7025 (0.86); 6880–6840 (0.10) 7050 ± 25

5a 123 11.33 11.28 UCIAMS-57219 8235 ± 20 7340–7180 7260 ± 80

122 11.56 11.48 UCIAMS-57218 8185 ± 20 7305–7215 (0.30); 7195–7080 (0.70) 7137.5 ± 57.5

Maximum and minimum elevations in masl for the hearths are included (some hearth data were not available).

deposits enriched in evaporitic minerals such as gypsum,
halite), and differences in weight percentages of CaCO3

and OM (Table II).

Bedrock

Four units of diagenetically altered sediments were ob-
served in the southwest and northeast of the study area
(1a-d: Figures 3 and 4). The units are subdivided into
silty clay (1d), predominantly clayey silt (1a-c), with
gravel, pebbles, and sand intercalations (1b). The sed-
iments have predominantly yellowish brown hues, are
heavily indurated, overall calcareous, with fossilized ma-
rine shells (1a-b), and abundant gypsum crystals that are
intertwined and vertically oriented (1d). In the south-
west, the rock units 1a-b are exposed at the present-day
surface as dome-shaped morphological higher locations,
with a surface lag of abundant fossilized marine oysters
and marine corals, worked by wind erosion. Based on
the high degree of compaction and inclusions (gypsum
crystals and fossils) the sedimentary facies of 1a-d are in-
terpreted as bedrock.

Fluvial Deposits

Two units, located in the lower southwest and northeast
of the study area, are composed of medium grained, mod-
erately to poorly sorted, poorly silty sand, with predom-
inantly orange hues (2a-b: Figures 3 and 4). The sand
is occasionally very calcareous and slightly organic. The
deposits are low angular bedded, cross- to horizontally
laminated, and occasionally indurated. The sediments
contain occasionally salt crusts (2a), abundant gypseous

concretions and crystals (2a), as well as traces of fossilized
shells (2b). Based on the relatively coarse texture and
sedimentary structure (laminations, angular bedding),
the sediments are interpreted as deposited in and along
river courses. The fluvial deposits of units 2a and b un-
conformably overly the peneplained bedrock units (1a-d)
in both the lower southwest and higher northeast parts
of the study area (Figure 3).

Lacustrine Deposits

Eight units are composed of clayey silt or silty clay
in the lower southwest (3a) and of fine- to medium-
grained sands in the higher northeastern part of the study
area (3b-h: Figures 3 and 4). All units have white to
light gray and pale yellow hues. The silt and clay de-
posits (3a) are extremely calcareous, very indurated, with
polygonal patterns of cracks where the unit is currently
exposed (Figure 5a). The sand deposits (3b-h) are pre-
dominantly moderately sorted, not organic, relatively cal-
careous, and variably indurated. The sand units contain
occasionally thin layers of abundant intact molluscs (3b,
d), a calcium carbondate crust (3g), pronounced yellow
oxidation stains in irregular to vertical orientations (3c,
e), horizontal to wavy laminae (mm scale) (3c, e, f, h),
as well as abundant root encrustations in exhumed hills
in the north and northeast (3f, h, Figure 5b). Based on
lithologies, hues, sedimentary structures, and inclusions
all units 3a-h are interpreted to have formed within a
lacustrine depositional environment.

The fine-grained texture and whitish hue of unit 3a
indicates sediment deposited in the deeper parts of X
Basin, similar to the unlaminated freshwater diatomite as

Geoarchaeology: An International Journal 31 (2016) 17–33 Copyright C© 2015 Wiley Periodicals, Inc. 21



LANDSCAPE CHANGES AND THE ARCHAEOLOGICAL RECORD, FAYUM BASIN KOOPMAN ET AL.

Figure 3 Interpretation models of cross-sections I–IV with the observed lithostratigraphic units, the locations of archaeological deposits other than

lithics and hearths, and the radiocarbon ages determined on charcoal in hearths (a: cross-section I; b: cross-section II; c: cross-section III, d: cross-section

IV). See Figure 2 for the locations of the cross sections.

described elsewhere (Aleem, 1958; Wendorf & Schild,
1976; Flower et al., 2012). The cracks formed inside the
surface of unit 3a (Figure 5a) indicate subaerial condi-
tions and prolonged dessication after lacustrine deposi-
tion (Nichols, 2006).

The coarser grained texture of units 3b-h, with dis-
tinct color mottling, laminae, and inclusions (molluscs,
root casts) indicate deposition in the shallow parts of X
Basin. Thin layers of abundant molluscs point to littoral
accumulations that may form because of clastic sediment
starvation or by winnowing of finer sediment, perhaps
due to variations in basin water levels (Talbot & Allen,
1996:94). Distinct color mottling and the presence of a

calcium carbonate crust indicate switches between wet–
dry conditions during the deposition of units 3c, e, and g.
Pronounced horizontal to wavy laminae point to wave-
dominated shore activity due to wind action during de-
position of units 3c, e, f, and h. The presence of root casts
(Figure 5b) provides evidence for vegetation along the X
Basin shore during deposition of units 3f and h, as they
are formed by secondary precipitation of calcium carbon-
ate and/or calcium sulfate around plant roots (Glennie,
2005:179–181; Nichols, 2006:126; Hugget, 2007:15). The
deepwater (3a) and shallow-water deposits (3b-h) bury
the bedrock units (1a-d) and the fluvial deposits (2a-b) in
the southwest (Figure 3).

22 Geoarchaeology: An International Journal 31 (2016) 17–33 Copyright C© 2015 Wiley Periodicals, Inc.
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Figure 4 Lithostratigraphical units exposed

at the present-day surface based on the

available data.

Reworked Lacustrine Deposits

Three units are composed of very poorly sorted and het-
erogeneous mixtures of silt, clay, and sand, with gravel
and/or pebbles (4a-c: Figures 3 and 4). The lithology
of the deposits changes frequently along relatively short
intervals, both vertically (<15 cm) and laterally (<1
m). The deposits have variable hues and the texture is
mostly very fine (4a) to fine-grained sand (4b, c). The
deposits have a predominantly high carbonate content,
are slightly organic, variably indurated, and contain oc-
casionally horizontal to wavy laminae (mm scale). The
units contain abundant white concretions, most probably
gypsum or calcium, as well as small gypsum crystals and
much oxidation staining, most predominantly in the east
(4b). Unit 4b also contains many patches of black silty de-
posits, both at the surface and in the shallow subsurface,
with abundant fish bones and small molluscs, charred
plant material, and vertically-oriented oxidized stripes
(ca. 1 cm × 1–2 mm), occasionally surrounded by
gypsum crystals.

Based on variation in lithologies, hues, and inclu-
sions (mostly lacustrine), units 4a-c are interpreted as re-
worked lacustrine deposits. The presence of gravel and
pebbles inside the deposits indicates action of ephemeral
desert streams. The fine-grained deposits in the east of
the study area, with an abundance of lacustrine biota
as well as charred botanical material, point to the pres-
ence of subaqueous swampy conditions in the past, with

evidence of burning of vegetation under drier conditions.
The pedogenic features observed (secondary precipita-
tion of minerals, color mottling), most predominantly in
the east (4b), indicate frequent changes between wet–dry
conditions and oxidation of former plant roots. The re-
worked lacustrine deposits overly and/or cut the earlier
lacustrine deposits (3a-h) at several locations (Figure 3).

Aeolian Deposits

Two units in the center and southwest of the study area
are composed of moderately sorted, poorly silty sand,
with a predominantly yellow hue (5a-b: Figures 3 and 4).
The sand deposits are predominantly fine (5b) to medium
(5a) grained, not calcareous and variably indurated, with
some evidence for salt accumulations. Based on texture,
hue, and minor calcium carbonate content the units are
interpreted as wind-blown deposits. The aeolian deposits
cover parts of the reworked lacustrine deposits in the
southwest (4a-c: Figure 3).

The Archaeological Record

The archaeological record is located on the modern sur-
face or in the shallow subsurface of units 2a, 3f, 4a-
c, and 5a, with no traces of a deeply buried record
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Figure 5 Photographs of distinct geomorphic features exposed at the

modern surface (December, 2008). (a) Polygonal patterns of cracks ob-

servedat themodern surfaceof thedeepwater lake facies 3a (GPS receiver

is 10.5 cm in length. Photographwas taken to the northwest). (b) Exhumed

hill with root casts (photograph was taken toward north-northeast).

(Figures 3, 6, 7; Tables I, III). No archaeological evidence
was found on or within units 1a-d, 2b, 3a-e, g-h, and 5b.

The archaeological record is dominated by stone arti-
facts and animal bones (Figure 6). Artifact exposure is
relatively high, as wind erosion currently predominates
in the study area, with little sand dune formation. Arti-
facts are particularly concentrated on the northern part
of the surface of aeolian sand unit 5a, with high den-
sities of stone artifacts continuing on the surface of the
southeastern part of the lacustrine unit 3f, and on the
most southern edge of the reworked lacustrine unit 4a
(Figure 6a). Lower densities of stone artifacts are
observed to the north on the surface of the reworked la-
custrine units 4a-b. Higher concentrations of animal bone
(mainly fish) are found on the reworked lacustrine unit
4a (Figure 6b).

The remains of 38 hearths were identified across the
study area, principally located within the archaeological
survey area on units 3f, 4b, and 5a, with the exception of
two hearths (IDs 148–149) located on unit 2a (Figure 7).
Hearths are concentrated on the entire lacustrine unit 3f
(n = 17) and on the northern part of aeolian sand unit

5a (n = 16). Three hearths are located on the southern
part of the reworked unit 4a, two hearths at the fluvial
unit 2a, and one hearth on the western most part of the
reworked lacustrine unit 4b (Figure 7). The hearths are
shallow deposits immediately below the modern surface
level, identified because of fire-cracked rock present on
the surface. The exception was one hearth (ID 148) that
was found about 7 cm beneath the surface, partially sec-
tioned by a drainage ditch (Figure 8). The fire-cracked
rock of the youngest hearth (ID 148) is composed of very
calcareous, fine-grained lithologies, with fossilized shells,
most likely from the nearby bedrock outcrops (e.g., unit
1a). In some cases, the fire-cracked rock has helped to
preserve sufficient charcoal for radiocarbon determina-
tions that were obtained from nine hearths (Table I). The
oldest hearths, located on the surfaces of the lacustrine
unit 3f and the aeolian sand unit 5a, are dated between
7267.5 ± 97.5 and 7135 ±65 cal. yr B.C.E. (IDs 105, 141,
115, and 112) and 7260 ±80 and 7137.5 ±57.5 cal. yr
B.C.E. (IDs 123 and 122). A younger hearth, located on
the reworked lake unit 4b, is dated 7050 ± 25 cal B.C.E.
(ID 140). The youngest hearths, located on the fluvial
unit 2a, are dated between 6307.5 ± 67.5 and 6155 ±70
cal. yr B.C.E. (IDs 149 and 148).

Archaeological evidence other than lithics and hearths
was recognized at the surface and in the very shallow
subsurface of fluvial unit 2a, in the northwestern part
of the reworked unit 4c, the southern part of the re-
worked unit 4a, and the entire reworked unit 4b, located
both within and outside the archaeological survey area
(Figures 3, 7; Table III).

A thin burnt, ashy layer, with abundant charcoal pieces
was recorded in the shallow surface of fluvial unit 2a
(with a depth from 18 to 25 cm). This layer continues,
with a short interruption, toward the north and higher
up, on top of the upper boundary of lacustrine unit 4c
(depth 38–53 cm), where it becomes covered by aeo-
lian sand unit 5b. Thin charred layers (<5 cm) succeed
each other vertically in the shallow subsurface in the
south of 4a, capped by heavily indurated oxidized mate-
rial, forming a distinct ridge that steps up from the surface
for about 25 cm, extending laterally for approximately
150 m in a northwest–southeast direction (depth 0–23
cm). Additional charred layers, with abundant charcoal
pieces, fishbones, and vertically oriented oxidized stripes,
representing former plant roots, are located on the sur-
face in the southeast of unit 4a, at a similar maximum
elevation (depth 0–12 cm). Abundant evidence for
past firing episodes was observed on the surface and
in the shallow subsurface of the greater part of unit
4b, consisting of blackish silty to muddy patches with
abundant charred plant material (depth 0–23 cm and
47–62 cm).
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Figure 6 Differences in densities of observed

archaeological materials (lithics and bones) on

sedimentary facies exposed at today’s surface

(a: lithic densities; b: bone densities).

Stratigraphic Sequence

The vertical and lateral facies distributions (Figures 3
and 4) provide evidence for the reconstruction of a rel-
ative sequence of stratigraphic events in the study area.
The bedrock and fluvial deposits in the northeast and

southwest (1a-d, 2a-b) together form an undulating sub-
stratum on which was deposited sediments of lacus-
trine and aeolian origin (3a-h, 4a-c, 5a-b). The bedrock
units are thought to date to the Tertiary based on ear-
lier studies (Said et al., 1972, 1990; Issawi, 1976; Dolson,
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Figure 7 The locations of the hearths (n = 38)

and archaeological indicators (other than

lithics, bones, and hearths) identified at the

study site. The hearths are shallow deposits

immediately below the surface. Nine excavated

hearths preserved charcoal that was used for

AMS radiocarbon dating (see Table I).

2002). The overlying fluvial deposits (2a-b) point to lo-
cal, high-energy stream action prior to the existence of
lacustrine deposition in the study area. The fluvial de-
posits may relate to the Nile drainage system during
the Pleistocene, when Nile water levels are thought to
have been sufficiently high to sweep along and into the
Fayum Basin, repeatedly causing flooding of the depres-
sion and accumulation of coarse sand and gravel (Said
et al., 1972; Wendorf & Schild, 1976; Said, 1993), how-

ever we lack the absolute dates needed to demonstrate
this.

Lacustrine deposits (3a-h) bury the bedrock and flu-
vial deposits indicating flooding of the study area. The la-
custrine deposits indicate high water conditions at 13.19
m (3f) and 17.11 masl (3h) that may have been con-
temporary with the diatomite formation in the deeper
parts of X Basin (3a) reconstructed in the southwest
although again absolute age determinations would be

Table III Archaeological evidence other than artifacts or hearths observed at the surface or in the shallow subsurface of lithostratigraphic units.

Location

Unit Core/ Outcrop

Depth from

Modern Surface

Level (cm)

Max. Observed

Height (masl) Archaeological Indicators Other Than Lithics and Hearths

2a 14 18–25 6.97 Ash, 10% charcoal

4a 20 0–23 14.03 Thin charred layers, capped by heavily indurated oxidized

material

67–8 0–12 14.01 Thin charred layers with10% charcoal, 10% (fish)bones,

oxidation stains, and stripes (1 mm × 1 cm: vertical

oriented)

4b 26–7, 70 0–23 12.93 Charcoal pieces, ash traces, blackish silty intercalations

(churned?)

26–7 47–62 12.35 10% charcoal pieces, blackish silty intercalations

71, 74 0–15 12.23 10% charred plant material in blackish muddy patches

59, 60, 62 0–21 9.75 10% charred wood, burnt molluscs, and (burnt) fish bones,

<1% stone artifacts

4c 31–2 38–53 9.09 Ash, 10% charcoal
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Figure 8 Profile of hearth (ID 148) embedded within fluvial unit 2a, with

large pieces of charred wood covered by hearth stones. This was the

only hearth that was found further beneath the surface, at a depth of c.

7 cm (GPS receiver is 10.5 cm in length; photograph was taken to west,

December 2008).

needed to demonstrate this. The reworked lacustrine
units (4a-c) cut the earlier deposited lacustrine deposits
(3a-h) and indicate irregular erosion by a combination
of water in the basin and ephemeral desert streams, in-
cluding local redeposition of deposits during a recur-
rent retreat of the basin edge from east-northeast and
west-southwest along the topographic slope. Shallow
subaqueous swampy conditions in the east (4b), as
well as discontinuous and patchy remnants of shallow-
water lacustrine deposits covering the reworked lag de-
posits indicate occasional temporary rises of the wa-
ter level or relatively short transgressive pulses. The
observed evidence for changes between wet–dry con-
ditions (e.g., color mottling, saline minerals), particu-
larly dominant in the east (4b), provides indications for
variations in groundwater level due to a combination
of local water level changes and capillary action of wa-
ter by intense evaporation (e.g., Flint & Howell, 1995;
Glennie, 2005). Overlying aeolian sand deposits (5a-b)
provide evidence for dry periods in the local region.
Despite the predominance of wind erosion, evidenced by
the lag pavements and exhumed sedimentary features
(Figure 5), remnants of sandy lacustrine transgressive
deposits (3c, f, h) remain preserved on contemporary
desert surfaces, indicated by consolidated sediment from
evaporation that covers the underlying unconsolidated
deposits. The lacustrine units 3a-h, the reworked units
4a-c, and the aeolian sand unit 5a, stratigraphically un-
derlie the oldest dated hearths located on units 3f and 5a.
This indicates that the initiation of lacustrine deposition,
the reworking of lake deposits as well as the subsequent
accumulation of wind-blown deposits occurred prior to
c. 7200 cal. yr B.C.E. Fluvial deposition of unit 2a must

have also occurred prior to c. 7200 cal. yr B.C.E., as unit
2a stratigraphically underlies unit 3a, the reworked la-
custrine unit 4c, as well as the aeolian sand units 5a-b
(Figure 3). Moreover, unit 2a is covered by a thin veneer
of sand derived from the aeolian sand unit 5b, suggest-
ing that unit 5b is dated younger than 6155 ±70 cal. yr
B.C.E., the age of the youngest dated hearth embedded
within unit 2a (ID 148).

Because the archaeological remains are lagged onto the
deposits described above, it is uncertain what the envi-
ronment looked like when these remains were deposited.
However, we do know that the abundant artifacts, in-
cluding hearths, were deposited on top of or within expo-
sures of fluvial, lacustrine, reworked lacustrine, and aeo-
lian sediments (units 2a, 3f, 4a-c, and 5a). Therefore the
conditions that led to the deposition of these sediments
must predate the deposition of the archaeological remains
themselves. This observation is important since in many
previous studies, it was assumed that the archaeology and
the deposition of lacustrine sediments were contempora-
neous.

Understanding the Relationship Between
Sediments and the Archaeological Record

The results presented above suggest that there is a
relationship between the nature of the sedimentary
units onto which archaeological material, such as stone
artifacts, has lagged, and the quantity of archaeological
material preserved. Exposure of the archaeological record
is generally very good, related to the predominance of
wind erosion, with the exception of areas where sands
accumulate to form dunes (e.g., unit 5b) that may bury
archaeological deposits. Although stone artifacts are
susceptible to loss within accumulated sand deposits,
the relatively coarse-grained aeolian sand unit 5a and
the coarse-grained sandy lacustrine unit 3f immediately
adjacent have preserved the highest concentrations of
stone artifacts and hearths, while lower concentrations
of artifacts and almost no hearths are found on the
fine-grained clayey-silty reworked lacustrine units 4a-b
adjacent to the north and east (Figures 6a, 7). The high
densities on the sandy units 5a and 3f may indicate that
these deposits were more attractive for people than the
clayey silty deposits 4a-b. However it is also possible
that consolidated sediment (due to desiccation) that
covers the underlying unconsolidated sandy deposits
has improved the preservation and therefore visibility of
artifacts and hearths, causing the archaeological remains
to be lagged onto the resistant band and not to disappear
in the accumulated sands.

Unit 4a contains somewhat higher concentrations of
animal bones compared to the sandy units 5a and 3f more
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to the south (Figure 6b). The relative sequence of strati-
graphic events in the study area indicates that reworking
of lacustrine deposits 4a-c occurred earlier than the depo-
sition of aeolian sand unit 5a on which abundant artifacts
accumulated in later times. This may suggest that the con-
centrations of bones on unit 4a represent natural death
assemblages, as well as reworked bone deposits related to
irregular erosion by ephemeral desert streams and/or lo-
cal redeposition of lacustrine deposits. However, behav-
ioral explanations might also explain the differences in
animal bone concentration since the discard of fish re-
mains and of stone artifacts was not necessarily related.

Abundant evidence for repeated firing is found on the
surface and in the very shallow subsurface of the fine-
grained units 4b and 4a (Figures 3, 7; Table III). This fir-
ing evidence is not present in the coarser grained sandy
units 5a and 3f, although these both contain the high-
est concentrations of stone artifacts and hearths as de-
scribed above. Although some of the burning may have
been caused by natural fires, the repetition of the burnt
layers could indicate human initiated burning. This may
suggest a different (and thus targeted) use of the areas
covered by the fine-grained facies 4a-b versus the coarser
grained facies 5a and 3f.

Although containing one of the most intact hearths (ID
148) within the study area, the absence of stone artifacts
on top of unit 2a is probably related to the recent re-
moval of sediment from the modern surface by bulldoz-
ers. The preservation of the potential archaeological layer
in unit 2a and higher on top of the reworked unit 4c indi-
cates that the area in the lower southwest probably once
contained a richer archaeological record than it currently
does.

The youngest dated hearths (IDs 149, 148) are found
within the relatively older fluvial facies 2a in the lower
southwest of the study area (Figure 7). In contrast, the
oldest dated hearths (IDs 105, 141, 115, 112, 123, 122,
and 140) are clustered on the stratigraphically younger
dated sedimentary units 3f, 5a, and 4a-b (Figure 7).
With the exception of hearth 148 that was buried, for
the hearths in the study area to be preserved on the
contemporary surface at all means that it is unlikely that
they were exposed over the long term and affected by
processes such as repeated lake inundations.

DISCUSSION

The results and interpretations presented in this study
differ from earlier published studies on the relation-
ship between the location of archaeological materials and
Holocene paleolake level fluctuations in the Fayum Basin
(e.g., Said et al., 1972; Wendorf & Schild, 1976; Hassan,

1986; Ginter & Kozlowski, 1986; Kozlowski & Ginter,
1993; Hassan et al., 2012). Earlier studies suggested that
paleolake levels in the Fayum Basin were high and
fluctuated during at least three early Holocene lake trans-
gressions, whereafter the lake rose to higher elevations
during the mid- and late Holocene. In contrast, the lithos-
tratigraphical evidence presented in this paper suggests
that lacustrine sediments were deposited before the ar-
chaeological materials and that this likely occurred prior
to c. 7200 cal. yr B.C.E., the age of the earliest dated
hearth. Although it is likely that paleolake levels oscil-
lated somewhat throughout the early Holocene, the sed-
imentary record holds no evidence of high lake levels af-
ter early Holocene human occupation in the study area.
Hearths are very near the contemporary surface, yet re-
tain a structure that preserves charcoal for dating in some
instances. In addition, very large numbers of small stone
artifacts were observed that seem not to have moved sub-
stantially other than by deflation.

Previous estimates for the age of paleolake fluctuations
were not obtained from direct dates on the lake sedi-
ments, but from archaeological material that rested on
top of, or were dug into these sediments. Unfortunately,
it cannot be assumed that archaeological material, such as
hearths, tracks the edges of the lake at any one time and
therefore the presence of archaeological material should
not be used as a proxy for past lake level fluctuations.
People who made use of lake resources need not have
occupied the immediate lake shore. While the results re-
ported here indicate that people likely targeted particular
locations, indicated today by particular sediment types,
the stratigraphic position of the archaeological materials
does not indicate an immediate lake shore location. The
observed lacustrine sedimentary data do not relate to the
landscape that people inhabited at the time that the ar-
chaeological record was deposited. Accordingly, it seems
possible that the associations between archaeological ma-
terials and sediments indicative of past lake levels were
not correctly interpreted in previous studies.

Well dated records for the dynamics of the River Nile
in Northern Sudan and the Nile Delta now exist (e.g.,
Krom et al., 2002; Kuper & Kröpelin, 2006; Williams
et al., 2010; Macklin et al., 2013), however correlation of
these data with the data reported here remains problem-
atic since we do not have direct dates on the sediments
in which our data were observed. In the past, sediments
indicative of past lake levels were correlated with archae-
ological materials and regional to global palaeoenviron-
mental records but as we suggest in this paper, these as-
sociations were not correctly interpreted due to the types
of absolute dates that were obtained (i.e., from archaeo-
logical not lacustrine deposits). Therefore we suggest that
future geoarchaeological studies should first reassess the
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chronology of paleolake level oscillations in the Fayum
Basin, in order to improve correlations with the Nile flood
history as well as regional climatic changes.

CONCLUSIONS

The results of this study show that a systematic integra-
tion between detailed sedimentary studies and archae-
ological evidence in the Fayum Basin is essential to as-
sess the effect of landscape change on the formation and
preservation of the Fayum archaeological record. The ar-
chaeological record in the area studied is located on the
modern surface or in the shallow subsurface of units 2a,
3f, 4a-c, and 5a, with no traces of a deeply buried record.
No archaeological evidence was found on or within units
1a-d, 2b, 3a-e, g-h, and 5b.

Analysis of deposits indicates sedimentation in and
along river courses, initiation of lacustrine deposition,
and the reworking of lake deposits, as well as the subse-
quent accumulation of wind-blown deposits all occurred
prior to the deposition of archaeological materials. These
findings contrast with earlier published studies, which
suggest that paleolake levels in the Fayum rose to higher
elevations during the Holocene and at times inundated
the archaeological remains discussed here.

Correlations between sediment and the archaeologi-
cal deposits indicate a different use of land of areas cov-
ered by relatively coarse-grained sediment (sand) com-
pared to areas where relatively fine-grained deposits are
exposed (clay and silt). Bone deposits in the study area
may include remains that represent natural death assem-
blages connected with the reworking of lacustrine de-
posits, however the observed patterns in the distribution
of bone deposits mostly reflect the preservation of sed-
imentary land surfaces. Preservation of hearths on the
contemporary surfaces indicates that their exposure was
relatively recent, and that they were not affected by pro-
cesses such as repeated lake inundations.

Studies designed to provide higher spatial and tempo-
ral resolutions in reconstructions are required in the fu-
ture to establish exact correlations between the Nile flood
history, regional climatic changes, and oscillations in the
levels of paleo-Lake Qarun, compared to the chronology
of past human occupation in the Fayum Basin.
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tiated by the University of California, Los Angeles, the Rijk-
suniversiteit Groningen, and the University of Auckland (URU
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ences of the VU University, Amsterdam, the Netherlands. Ev-
idence for the presence of botanical remains in sediment was
detected during fieldwork by Prof. R.T.J. Cappers of the Rijk-
suniversiteit Groningen, the Netherlands, and co-director of the
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supported by the National Geographic Society, the Regents of
the University of California, the Cotsen Institute of Archaeology,
the Apache Oil Company, the AMS laboratory of the University
of California, Irvine, the University of Auckland, The Royal So-
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among whom we would like to thank especially Deborah Arnold
and Harris Bass. We are grateful for the assistance provided by
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