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Supraregional investigations of the Holocene occupational history of the eastern Sahara west
of the Nile combined with the study of climatic, environmental, and geomorphological archives
were carried out in contrasting desert regions from the Mediterranean coast strip to Wadi
Howar in Sudan. The research areas are located far away from groundwater influence and are
therefore capable of indicating environmental changes. Climatic development in accordance
with nearly 500 14C dates from archaeological sites indicates a Holocene optimum lasting from
approximately 9500 B.P. till the beginning of the drying trend that set in about 6300 B.P.
(9000–5300 cal. B.C.). Although the faunal and floral remains are arid types, they indicate
slightly wetter conditions than today. Surface water was the key factor that influenced the
adaptation strategies of the mobile hunter-gatherers (and in some parts, the pastoralists) in
the desert regions. Large episodic camp sites agglomerated at favorable drainage systems and
water pools, and settlement patterns strongly correlate with the paleohydrological factors
examined with remote sensing cartography, geomorphological work, and the analysis of dig-
ital elevation models. © 2007 Wiley Periodicals, Inc.

INTRODUCTION

The Eastern Sahara is one of the most arid environments on earth, with precipita-
tion less than 5 mm per year in the core area of the desert (New et al., 1999). Today
the oases of the Western or Libyan Desert west of the Nile are the only localities which
are inhabited because of the permanent groundwater charge of the Nubian Aquifer
(Figure 1). During the so-called Holocene “wet phase” (or Holocene climatic opti-
mum) the Eastern Sahara was occupied by hunter-gatherers, and in some parts the
introduction of domesticated animals took place under favored ecological conditions.
Since 1995, the interdisciplinary Arid Climate, Adaptation and Cultural Innovation in
Africa (ACACIA) project of the University of Cologne (www.uni-koeln.de/sfb389) has
been focused on the Holocene interaction of climatic and environmental change within
the subprojects A1, A2, and E1 and the cultural development and adaptation in the
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Eastern Sahara based on geo-scientific, environmental, and archaeological studies of
contrasting sample areas across the Libyan Desert. Following a supraregional approach,
a transect of more than 1500 km from the Mediterranean coast in the north to the
Wadi Howar in Sudan was investigated (Kuper, 1993; 2002). The data as currently
derived from the ACACIA work and the former Cologne-based B.O.S. project
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Figure 1. Geomorphological map of the southern part of the Western Desert (Egypt) with the
ACACIA research regions and their catchment areas. The escarpments (relief energy exceed-
ing 50 m) were calculated within ArcGIS with the use of GTOPO 30-data, the sand- and
dunefields were mapped with the use of Landsat 5 and Landsat 7 data, and the catchment
areas were calculated within the ArcGIS and Watershed modelling system (WMS).
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(“Besiedlungsgeschichte der Ostsahara”) are fundamental sources in reconstructing
the climatic and cultural history of the last 12,000 years. The following paper presents
an overview of archives, methods, and results of these activities.

THE HOLOCENE WET PHASE

Chronology

The occupational development of the desert areas outside the oases and the Nile
Valley is closely linked to the changing climatic conditions (especially rainfall) and
associated availability of surface water, vegetation, and animal life. It has been
accepted that the number of 14C dates from archaeological sites in arid environments
may represent the intensity of human occupation (Vernet and Faure, 2000; Nicoll,
2001). The evidence derived from archaeological excavations and surveys coupled
to nearly 500 14C dates (Figure 2) suggests that the Holocene wet phase lasted from
approximately 9500–6000 B.P. (9000–5000 cal. B.C., calibration: dispersion calibra-
tion program, Cologne 2001, www.calpal.de). After the hyper-arid Pleistocene, the
tropical summer rain front moved about 700–1000 km northward (e.g., Haynes, 1987;
Neumann, 1989a; Pachur and Hoelzmann, 2000), which initiated more humid con-
ditions in the Eastern Sahara. Initial playa and lacustrine deposits from Egypt and
northern Sudan clearly show the onset of rains and fluvial activity in the Early
Holocene between 9800 and 9500 B.P. (9000 cal. B.C.) (Kröpelin, 1993; Haynes, 2001;
Hoelzmann, 2002), which is in good accordance with the earliest 14C dates from
archaeological sites in the Western Desert (Barich et al., 1991; Close, 1992; Nicoll, 2001;
Wendorf et al., 2001; McDonald, 2001; Kuper, 2002; Gehlen et al., 2002). The termi-
nal deterioration of the Eastern Sahara is marked by rapid depopulation effects
(“exodus event” after Nicoll, 2001), which started in most desert areas in Egypt around
6000 B.P. (5000 cal. B.C.). The compilation of 14C dates available for the eastern Sahara
indicates a shifting of the depopulation trend of approximately 35 km per year toward
the south (Figure 2) linked to the southward retreat of the monsoonal summer rain
belt (Haynes, 1987; Kröpelin, 1993; Kuper, 2002, 2006).

Despite this general picture, in certain geographical areas slight variations of the
occupational history become visible during the wet phase as a response to individ-
ual environmental potential (Figure 2). The desert core zone at its lowest carrying
capacity, far away from the groundwater-discharge fed oases, is designated as the
most sensitive to deterioration tendencies. Examples are the ACACIA study areas of
Regenfeld and Mudpans in the southern Great Sand Sea, and Djara situated on the
Egyptian Limestone Plateau between the Nile and the curve of the Egyptian oases
(Figure 1). The drop off of the cumulative 14C-histograms from these areas is a clear
signal that the beginning of the drying trend set in as early as 6300 B.P. (5300 cal. B.C.),
whereas 14C curves from the oases and other more favored locations, such as Dakhla,
Nabta/Kiseiba region, and Gilf Kebir, lasted longer (Schön, 1996; McDonald, 2001;
Wendorf et al., 2001; Linstädter and Kröpelin, 2004). 

Although the general pattern of the wet phase was that of a period of continuous
human occupation lasting about 4000 years in the Egyptian part of the Eastern Sahara,
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the individual 14C curves of the different areas under study form a picture of climatic
oscillations and frequent dry inter-phases. However, a striking parallelism across
the many individual sequences as a result of general climatic trends within the humid
phase is rarely visible. Whereas the Early Holocene is characterized by only a small
amount of 14C dates, the accumulation of dates between 8500 and 6300/6000 B.P.
(7500–5300/5000 cal. B.C.) is a relatively synchronous phenomenon across the Libyan
Desert and is in good concordance with 14C curves (Nicoll, 2001; Wendorf et al., 2001)
and sedimentological sequences elsewhere (Brookes, 1993; Kleindienst et al., 1999;
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Figure 2. Calibrated 14C chronology (cal. B.C.) showing the occupational history and the beginning of the
drying up in the Eastern Sahara (southward shifting of depopulation trend after Kuper, 2006). The ticks
on the time scale represent the calibrated 14C mean values of the individual 14C dates. The curves are
cumulative histograms, calculated by fitting Gaussian curves in B.P. (uncalibrated) to the calibrated
distribution on the y-scale. The dates are calculated and plotted by the Cologne Radiocarbon Calibration
and Palaeoclimate Research Package (http://www.calpal.de) by B. Weninger. Source: 401 Dates from areas
1–7 by ACACIA/B.O.S.; 70 dates from Dakhla after McDonald, 2001; 159 dates from Nabta/Kiseiba after
Wendorf et al., 2001.
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Donner et al., 1999; Hassan et al., 2001; Wendorf et al., 2001). Particularly in the
northern regions, such as the Djara area, 14C dates and additional archaeological
data suggest that occupation did not start before 8500 B.P. (7500 cal. B.C.) and rap-
idly increased from 7500 B.P. (6300 cal. B.C.) onward. Winter rains resulting from a
southward shift of the Mediterranean regime might have influenced the northern
areas of Egypt during the mid-Holocene (e.g., Vermeersch, 1978; Arz et al., 2003)
forming an additional stimulus for occupational events during the cooler winter sea-
son with less water loss due to evaporation. Although evidence of an overlap of the
rain belts is still rare, archaeobotanical identifications of the Jericho rose (Anastatica

hierochuntica) in Djara suggest predominant winter rains. This species is currently
found on the coastal plain of Egypt and the Negev of Israel. In addition, the presence
of domesticated sheep in Djara, which can go without water for several days in the
low-temperature winter season, suggests occupation events, which predominantly
took place during the winter season (Kindermann et al., 2006).

Environmental Conditions

The environmental conditions during the wet phase are reconstructed through-
out a number of studies by the B.O.S. and ACACIA projects as well as by other inves-
tigations in the Libyan Desert. However, the latter are mostly concentrated on azonal
oases and more favored refuge areas, such as the study of the Dakhleh Oasis Project
in Dakhla (McDonald, 1999; Churcher, 1999) or the impressive work done by the
Combined Prehistoric Expedition in Nabta Playa and Bir Kiseiba (Wendorf et al.,
2001). The rains during the humid phase provided increased surface runoff which
created ephemeral lakes across the eastern Saharan deserts. The remnants of mud
or playa deposits outside the oases are characterized by a significant absence of any
aquatic bioactivity such as the remains of mollusks or plants which could be linked
to permanent or regular seasonal inundation (Kröpelin, 1987; Neumann, 1989b;
Embabi, 1999; Bubenzer and Hilgers, 2003). This fact and the low-grade salinity of
playa sediments indicate generally arid conditions with only episodic and highly
variable rain events. As a result, the prehistoric occupation of the deserts required
highly mobile and flexible strategies.

The ecological interpretation is underlined by the analysis of bones and charcoals
from numerous archaeological sites across the Western Desert. The most important
sites for which paleo-fauna and flora have been analyzed during the B.O.S. mission
are Mudpans (Abu Ballas scarpland) and those of the Gilf Kebir valleys, while ACACIA
has yielded new data from Regenfeld (Great Sand Sea), Eastpans (Abu Ballas
scarpland), and Djara (Limestone Plateau). The common fauna documented on most
sites is that of a desert environment featuring small gazelles (Gazella dorcas and
G. leptoceros), hare (Lepus capensis), and fennek (Fennecus cerda), whereas intru-
sions of semiarid fauna are less frequent (Van Neer and Uerpmann, 1989; Berke
2001). Among the charcoals extracted from campfires, Acacia and Tamarix are the
common wood flora. On the basis of the archaeobotanical records, Neumann (1989a,
1989b) estimated the annual precipitation to be a maximum of 50 mm in the Early
Holocene, and 100 mm in the Mid-Holocene.
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METHODS AND RESULTS

During the Holocene wet phase, long-lasting nonperennial surface freshwater
pools were the key factors for episodic human occupation in the desert areas. Hence,
the examination of favorable relief positions relating to the paleohydrological sys-
tems are of special interest. The results of the geomorphologic field investigations
in the areas under study, combined with remote sensing interpretation, form the
basis of a systematic catalogue of possible geomorphological settings in concor-
dance with the occupational intensity and settlement patterns. 

Remote Sensing and Digital Elevation Models

For the eastern Sahara, various publications focus on the paleohydrological con-
ditions (e.g., Sonntag et al., 1980; McCauley et al., 1982; Pachur and Röttiger, 1997;
Hoelzmann et al., 2001; Gasse, 2001; Hill, 2001; Nicoll, 2001; Robinson, 2002). However,
due to the lack of close meshed area-wide topographical data, an affordable civil analy-
sis of digital elevation data was only possible on the macroscale (�1:500.000,
e.g., with the use of the GTOPO30-data; http://edcdaac.usgs.gov/gtopo30/README.asp).
With the availability of new elevation data, for example from the Shuttle Radar
Topography Mission (http://edc.usgs.gov/srtm/) or the Aster-Sensor (Terra-Satellite,
Abrams, 2000; http://asterweb.jpl.nasa.gov/), it is possible to calculate and to analyze
digital elevation models up to a scale of 1:50.000. The investigation of the pale-
odrainage system, in particular, facilitates information on former land use poten-
tials (Bubenzer and Bolten 2003, Bolten et al., 2006). Taking into account the current
geological conditions, especially the water permeability of regional bedrock, it is
possible to deduce favorable environmental factors of archaeological sites as a base
for regionalization and modeling. Especially the ASTER-data allow both an optical
geomorphological mapping as well as a stereoscopic analysis (e.g., with the soft-
ware OrthoEngine, PCI Geomatics). Therefore, the generation of digital elevation
models, a subsequent analysis within a Geographical Information System (e.g.,
ArcGIS, ESRI) or hydro-modeling software (e.g., Watershed Modeling System, WMS,
Boss International), and a calculation of catchment parameters are possible. The
geomorphological and geological characteristics of the catchment areas investigated
are listed in Table I. A schematic interpretation and subsumption of the data for
each region is given in Table II.

Favorable Geomorphological Positions and Geological Factors 

for Human Occupation in the Desert

With the exception of areas with significant Holocene sand accumulation or aeo-
lian deflation, it is assumed that the recent major geomorphological settings have
existed at least since the late Pleistocene in the archaeological regions investigated
(Figure 1) (e.g., Brookes, 1993; Besler, 2002; Bubenzer and Besler, 2005). Hence the
deduced catchment parameters may also be accepted for the Holocene wet phase.
Nevertheless, the values of the catchment areas are hypothetical maxima, considering

BUBENZER AND RIEMER

GEOARCHAEOLOGY: AN INTERNATIONAL JOURNAL, VOL. 22, NO. 6 DOI: 10.1002/GEA612

GEA226_616_20176.qxd  6/14/07  1:46 PM  Page 612



T
a
b

le
 I

.
G

eo
m

or
ph

ol
og

ic
al

 a
nd

 g
eo

lo
gi

ca
l c

ha
ra

ct
er

is
ti

cs
 o

f 
th

e 
ca

tc
hm

en
t 

ar
ea

s 
(c

al
cu

la
ti

on
: A

ST
E

R
-D

G
M

, H
yd

ro
-M

od
el

lin
g 

so
ft

w
ar

e 
W

M
S,

 A
rc

G
IS

).

N
am

e 
of

 t
he

 
M

ax
. a

lt
it

ud
e 

in
 t

he
 

M
in

. a
lt

it
ud

e 
in

 t
he

 
M

ax
. a

lt
it

ud
in

al
 

C
at

ch
m

en
t 

ar
ea

 
G

eo
lo

gi
ca

l a
nd

 
re

se
ar

ch
 a

re
a

ca
tc

hm
en

t 
[m

as
l]

ca
tc

hm
en

t 
[m

as
l]

 
ra

ng
e 

[m
]

[k
m

2 ]
ge

om
or

ph
ol

og
ic

al
 c

on
di

ti
on

s

Se
to

n 
H

ill
21

0
13

8
72

93
Te

i-F
M

 w
it

h 
W

–E
-f

au
lt

s 
at

 t
he

 
so

ut
he

rn
 f

ri
ng

e 
of

 T
em

h-
ou

tl
ie

rs
, 

in
 a

 w
ad

i-s
ys

te
m

 t
ha

t 
dr

ai
n 

of
f 

fr
om

 W
 t

o 
E

 a
nd

 e
nd

s 
at

 a
 

lo
ng

it
ud

in
al

 d
un

e 
ba

rr
ie

r.

D
ja

ra
 9

8/
20

36
0

17
4

18
6

56
3

Si
ng

ul
ar

 s
ha

llo
w

 b
as

in
s 

of
 k

ar
st

ic
 

D
ja

ra
 9

8/
4

33
2

17
0

16
2

28
7

or
ig

in
 in

 t
he

 u
pp

er
 la

ye
rs

 o
f 

th
e 

D
ja

ra
 9

0/
1

20
3

18
7

16
1

Te
tn

-F
M

, l
oc

at
ed

 a
t 

th
e 

en
d 

of
 a

 
di

st
in

ct
  d

en
dr

it
ic

 w
ad

i-s
ys

te
m

 
fr

om
 S

W
. N

o 
pl

ay
a-

de
po

si
ts

 
at

 D
ja

ra
 9

0/
1 

(c
av

e)
.

A
bu

 G
er

ar
a 

98
/6

39
6

27
7

11
9

38
8

B
as

al
 la

ye
rs

 o
f 

th
e 

Te
td

-F
M

, 
w

at
er

-s
ur

pl
us

 f
ro

m
 S

 a
nd

 S
W

 
fr

om
 a

 d
is

ti
nc

t 
w

ad
i-s

ys
te

m
.

R
eg

en
fe

ld
55

5 
42

2
13

3
23

M
eg

a-
du

ne
 c

or
ri

do
r 

in
 K

uq
-F

M
 

(c
or

ri
do

r)
in

 t
ra

ns
it

io
n 

to
 K

uw
-F

M
. 

D
ra

in
ag

e 
di

re
ct

io
n 

fr
om

 S
 t

o 
N

.

C
hu

fu
 N

E
34

5
22

9
11

6
16

U
pp

er
 la

ye
rs

 o
f 

th
e 

K
uq

-F
M

, 
C

hu
fu

 S
W

34
5

23
9

10
6

54
cl

os
e 

to
 t

he
 K

uw
-F

M
, d

is
ti

nc
t 

w
in

d 
st

re
ak

 r
el

ie
f 

(g
ro

ov
ed

 t
er

ra
in

).
 

D
ra

in
ag

e 
di

re
ct

io
n 

fr
om

 n
or

th
ea

st
 

to
 s

ou
th

w
es

t.

A
bu

 T
ar

tu
r

60
2

14
1

46
1

28
2

D
ep

re
ss

io
n 

in
 t

he
 K

um
-F

M
, 

lo
ca

te
d 

in
 t

he
 f

or
el

an
d 

of
 t

he
 

K
ur

ku
r-

es
ca

rp
m

en
t 

(T
pk

-F
M

).
 

W
at

er
-s

ur
pl

us
 f

ro
m

 t
he

 A
bu

 
Ta

rt
ur

-P
la

te
au

 a
nd

 f
ro

m
 it

s 
so

ut
he

rn
 f

or
el

an
d 

(K
ls

-F
M

).

E
as

tp
an

s
41

5
25

7
15

8
22

7
Sa

nd
 s

he
et

 (
Q

s)
 a

nd
 p

la
ya

 in
 a

 
sh

al
lo

w
 b

as
in

 w
it

hi
n 

th
e 

K
ls

-F
M

. 
C

lo
se

 t
o 

a 
fa

ul
t 

w
it

h 
W

SW
-E

N
E

-d
ir

ec
ti

on
.

(
c
o
n

ti
n

u
e
d
)

GEA226_616_20176.qxd  6/14/07  1:46 PM  Page 613



W
ilm

an
ns

 C
am

p
85

6
30

9
54

7
16

00
In

 K
ut

-F
M

, W
ad

i i
nf

lo
w

 f
ro

m
 t

he
 

no
rt

he
rn

 p
ar

t 
of

 t
he

 A
bu

 
R

as
-P

la
te

au
.

M
ud

pa
ns

40
6

29
7

10
9

56
K

lb
-F

M
, i

n 
th

e 
S 

of
 

K
ls

-F
M

-e
sc

ar
pm

en
t.

 I
n 

th
e 

S
te

rm
in

at
ed

 f
ro

m
 a

 w
es

t-
ea

st
 f

au
lt

.
B

ot
. G

ar
te

n
10

80
78

3
29

7
42

1
K

lg
-F

M
, a

t 
th

e 
m

ou
th

 o
f 

2 
w

ad
is

 
fr

om
 S

 a
nd

 E
, p

ar
tl

y 
bl

oc
ke

d 
by

 
a 

du
ne

 b
ar

ri
er

.

W
ad

i B
ak

ht
10

64
82

2
24

2
20

0
In

 K
lg

-F
M

, d
is

ti
nc

t 
du

ne
 

ba
rr

ie
r 

w
it

hi
n 

W
ad

i B
ak

ht
.

Li
th

ol
og

y 
of

 t
he

 n
am

ed
 g

eo
lo

gi
ca

l F
or

m
at

io
ns

 (
F

M
, s

ee
 G

eo
l. 

M
ap

 o
f 

E
gy

pt
 1

:5
00

.0
00

, K
lit

zs
ch

, e
t 

al
. 1

98
7)

Q
u

a
te

r
n

a
r
y
:

Q
s:

Sa
nd

 s
he

et

T
e
r
ti

a
r
y
 (

P
a
le

o
c
e
n

e
 (

p
)
, 
E

o
c
e
n

e
 (

e
)
)
:

Te
m

h:
Si

lt
y 

ne
ri

ti
c 

lim
es

to
ne

 w
it

h 
th

in
 s

ha
le

 in
te

rc
al

at
io

ns
.

Te
i:

W
el

l-b
ed

de
d 

gr
ey

 a
lv

eo
lin

id
 la

go
on

al
 li

m
es

to
ne

.
Te

tn
:

F
os

si
lif

er
ou

s 
pl

at
fo

rm
 li

m
es

to
ne

 w
it

h 
m

in
or

 s
ha

le
 in

te
rc

al
at

io
ns

 in
 t

he
 u

pp
er

 p
ar

t.
 

Te
td

:
D

en
se

, t
hi

ck
ly

 b
ed

de
d 

pl
at

fo
rm

 li
m

es
to

ne
, l

oc
al

ly
 r

ee
fa

l o
r 

la
go

on
al

, w
it

h 
ch

ar
ac

te
ri

st
ic

 c
on

cr
et

io
ns

 a
nd

 lo
ca

l f
lin

t 
ba

nd
s.

T
pk

:
Su

cc
es

si
on

 o
f 

oc
hr

eo
us

 m
ar

l, 
m

ar
ly

 li
m

es
to

ne
 a

nd
 d

ol
om

it
e.

C
r
e
ta

c
e
o

u
s
 (

lo
w

e
r
 (

l)
, 
u

p
p

e
r
 (

u
)
)
:

K
uw

:
P

ho
sp

ha
te

 b
ed

s 
al

te
rn

at
in

g 
w

it
h 

bl
ac

k 
sh

al
e 

an
d 

gl
au

co
ni

ti
c 

sa
nd

st
on

e.
K

uq
:

Va
ri

co
lo

re
d 

sh
al

e,
 s

ilt
st

on
e,

 a
nd

 f
la

gg
y 

sa
nd

st
on

e.
K

ut
:

F
lu

vi
at

ile
 a

nd
 lo

ca
lly

 a
eo

lia
n 

sa
nd

st
on

e,
 f

in
e 

to
 m

ed
iu

m
 g

ra
in

ed
 w

it
h 

in
te

rb
ed

de
d 

ch
an

ne
l a

nd
 s

oi
l d

ep
os

it
s.

K
um

:
C

oa
st

al
 m

ud
-p

la
in

 d
ep

os
it

s 
an

d 
ch

an
ne

l s
an

ds
to

ne
 t

o 
de

lt
ai

c 
an

d 
m

ar
gi

na
l m

ar
in

e 
sa

nd
- a

nd
 m

ud
st

on
e.

K
ls

:
M

ed
iu

m
- t

o 
co

ar
se

-g
ra

in
ed

, f
lo

od
-p

la
in

 s
an

ds
to

ne
 w

it
h 

in
te

rb
ed

de
d 

ch
an

ne
l d

ep
os

it
s 

an
d 

so
il 

ho
ri

zo
ns

. 
K

lb
:

M
ar

in
e 

cl
ay

st
on

e 
an

d 
m

ud
st

on
e 

in
 lo

w
er

 p
ar

ts
, g

ra
di

ng
 in

to
 s

ilt
st

on
e 

or
 s

ho
re

lin
e 

sa
nd

st
on

e 
in

 u
pp

er
 p

ar
ts

.
K

lg
:

F
lu

vi
at

ile
 s

an
ds

to
ne

 w
it

h 
in

te
rc

al
at

io
ns

 o
f 

bu
rr

ow
ed

 s
ilt

- a
nd

 s
an

ds
to

ne
.

T
a
b

le
 I

.
(
c
o
n

ti
n

u
e
d
)

N
am

e 
of

 t
he

 
M

ax
. a

lt
it

ud
e 

in
 t

he
 

M
in

. a
lt

it
ud

e 
in

 t
he

 
M

ax
. a

lt
it

ud
in

al
 

C
at

ch
m

en
t 

ar
ea

 
G

eo
lo

gi
ca

l a
nd

 
re

se
ar

ch
 a

re
a

ca
tc

hm
en

t 
[m

as
l]

ca
tc

hm
en

t 
[m

as
l]

 
ra

ng
e 

[m
]

[k
m

2 ]
ge

om
or

ph
ol

og
ic

al
 c

on
di

ti
on

s

GEA226_616_20176.qxd  6/14/07  1:46 PM  Page 614



that the whole catchment areas were probably not covered by precipitation events
during the wet phase. Additionally, it is likely that surface runoff was generated only
locally, with the result that the depressions in the catchment areas were not affected
by each rainfall.

Although the synopsis of all parameters shows distinct differences with respect
to the altitudinal range and the area sizes, the field research, satellite images, digi-
tal elevation data, and geological map illustrate that each archaeological region must
have profited from a water surplus. The favorable relief positions with water pools
and playa deposits as a result of this surface water accumulation can be listed as fol-
lows (Table II):

1. Depressions in the foreland of escarpments, often in combination with tectonic
faults (F). Both supply a water surplus, in particular for endorheic depressions.

2. Pans within or at the end of paleodrainage systems. Depending on the
permeability of the bedrock (type E, compare Table II), we find partly distinct
dendritic paleodrainage systems, even on the mostly karstic Limestone Plateau
between the Egyptian oases and the Nile Valley. Most of the distinct wadis
were generated during the late Tertiary or the Pleistocene. Therefore, the
lower discharge during the Holocene wet phase had not reached the terminal
pans but filled several intermediate shallow basins.
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Table II. Schematic depiction of geological factors in the archaeological research regions which led to
a surplus of surface water in the Western Desert of Egypt.

Favorable geological 
Favorable geomorphological positions factors

A B C D E F

Paleo-drainage 
system with 
intermediate Paleo-drainage Petrography 

Escarpment or terminal system with Megadune- (low Tectonic
Arch. region foreland pan dune barriers corridor permeability) fault

Seton Hill X X X
Djara X X
Abu Gerara X X (?)
Regenfeld (X) X X
Chufu X X
Abu Tartur X X X X (?)
Eastpans X X X
Willmanns X X

Camp
Mudpans X X X
Gilf Kebir, X X (?)

Bot. Garten
Gilf Kebir, X X (?)

Wadi Bakht
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3. In three cases the water accumulation resulted from a dune barrier within a
Wadi, as for instance at the Wadi Bakht with its playa deposits (Kröpelin, 1987).

4. Finally, it can be deduced that the Pleistocene megadunes (e.g., in the Great
Sand Sea of Egypt) must have stored enough water to supply episodic or
periodic shallow ponds in their corridors during the Holocene wet phase
(Bubenzer and Besler, 2005). 

Setting of Archaeological Sites

From the research areas studied, two examples illustrate the manifold relations
between prehistoric site location and the geomorphological position mentioned.
The Regenfeld area is situated in the southern Great Sand Sea with its longitudinal
paleodunes, and the area of Djara belongs to the Egyptian Limestone Plateau between
the oases and the Nile Valley (Figure 1). They represent contrasting habitats due to
their individual relief configuration and to their Early and Mid-Holocene climatic
conditions (cf. above, summer versus winter rain). However, a striking parallelism
can be observed in the response of settlement patterns to geo-factors, among which
relief positions that collected surface water during the Holocene wet phase play the
most important role (Figure 3).

Djara is characterized by a system of partly interacting shallow depressions stretch-
ing over an area of 6 � 4 km at the end of a paleodrainage system (type B in Table
II) with relatively large catchment areas. The depressions were incised 15–20 m deep
in the surrounding Hamada gravel plains that form the characteristic feature of the
Limestone Plateau landscape. At Regenfeld, a 600 m long terminal pan about 8 m
in depth forms the basis of water collection within a dune corridor some 2–3 km in
width. However, the catchment area is rather small, and additional surplus water
probably came from the fossil dune storage (type D in Table II).

The methodology employed during the field study was that of systematic surveys
combined with detailed excavations of sample sites. Sites are generally defined
as places of human activity or, in archaeological terms, as loci where significant
remains of cultural material can be found (cf. Banning 2002, 81). As a distinct spatial
unit, a surface site has to be enclosed within a boundary, and specific criteria are
needed that define the extent of the site. To avoid arbitrary criteria, which can be
helpful in registering complex site structures, sites are defined as distinct clusters
of artifacts and features that contrast in density with the surrounding area.

In the case of Djara, a total of nearly 70 km2 has been systematically surveyed
through fieldwalking in a grid and a survey by car between 1996 and 2002
(Kindermann, 2004). Moreover, several linear transects covering the surroundings of
this area have been surveyed. In Regenfeld, random sample transects within an area
of approximately 1600 km2 has been surveyed in 1996, 1997, and 2000 (Riemer, in
review). The strategy of these long-distance surveys implies that not only were the
proposed favorable locations the subject of field observations, but the entire land-
scape. A survey form was used to provide comparable data about a site, including
information about the geomorphological setting, site dimension, artifact number
and density, type variability, and site function, among others. In both study areas, the
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Figure 3. Sites in their setting: geomorphological units and settlement patterns in two contrasting study
regions (schematic profiles). A. Djara, Limestone Plateau (study area ca. 70 km2), B. Regenfeld, southern
Great Sand Sea (sampling within a study area of ca. 1600 km2).
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examination of archaeological sites and their geomorphological settings yielded
concentrations of sites in the favorable basins. The classification of sites by size,
artifact density, and artifact types points to diversified settlement patterns connected
to the geomorphological units (compare Bolten et al., 2006). Large multi-occupied
camp sites, featuring a longer stay and a varied activity spectrum, such as prepara-
tion of gathered wild seeds, butchering of wild game, jewelry manufacture, and all
stages of tool production, were exclusively or predominantly found at the water
pools. Although small sites of a specific function such as hunting stands and atelier
sites were positioned on hilltops or outcrops, most small short-term sites lacking
artifacts of a distinct function are scattered throughout the entire landscape, repre-
senting a short-term stay or overnight stop during episodic rounds through the desert.

CONCLUSIONS

Although most parts of the Eastern Sahara outside of the Nile Valley and the oases
were uninhabitable, some places were favorable enough for occupation by hunter-
gatherers during the Holocene humid wet phase. These sites profited mainly from a
surplus of surface water. Consequently the pre-Holocene landscape evolution was also
essential for the habitability of the Eastern Sahara during the Early and Mid-Holocene.

In addition to classical archaeological and geomorphological methods, remote
sensing and the analysis of digital elevation models are important techniques for an
area-wide specification and quantification of favorable relief locations. In general,
the introduced results from the different research areas not only mirror the regional
conditions but also serve as a basis for supraregional comparisons and modeling.
Finally, the cooperation of archaeology and geomorphology allows better under-
standing of the complex interrelation of human societies and their environments
and gives an idea of the former land use potential in North-East Africa.

We are grateful to the co-members of ACACIA, subprojects A1, A2, and E1, and in particular to Rudolph
Kuper as the initiator of the ACACIA and B.O.S. projects. The research was funded by the Deutsche
Forschungsgemeinschaft (DFG).
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