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The Western Desert of Egypt is one of 
the driest and least hospitable areas on 
Earth. It is characterized by almost total 
lack of rainfall (less than 1.0 millimeter 
per year), extremely high temperatures 
during much of the year (daily average 
more than 24?C between April and Octo- 
ber), and is seemingly devoid of life ex- 
cept near widely scattered wells or oases 
and in the lowermost portion of rare, 
large, internally drained basins. The area 
is also poorly known; much of it has 
rarely been entered in modern times (1, 
2). 

It has long been known, however, that 
the Western Desert was not always so 
inhospitable. Substantial evidence has 
existed since the mid-1930's that rich 
prehistoric remains occur there. The ma- 
jor sources of this information were the 
studies at Kharga Oasis (3) and the 
Fayum (4), at the Gilf El Kebir (2), at 
Gebel Uweinat (5), and at Dungul and 
Kurkur Oases (6). These reports sug- 
gested that the area might offer an ideal 
laboratory for the study of climatic 
change in the Sahara during the late 
Pleistocene and perhaps provide an un- 
usual opportunity for the study of long- 
term cultural adaptive behavior in a vari- 
ety of arid to hyperarid environmental 
situations. These attractions led the 
Combined Prehistoric Expedition to be- 
gin a systematic study of the area in 
1972. We give a brief description of the 
results thus far and provide a com- 
parison with Nilotic data (7). 

Since 1972, four field seasons have 
been completed in the desert and 18 pre- 
historic sites, clustered in five widely 
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Desert. The landscape is dominated by 
Nubia sandstone, which has been eroded 
to leave numerous inselbergs and exten- 
sive erosional surfaces of low relief with 
sandy or pebble-strewn surfaces. 

ltie Almost all of the work so far has been 
limited to the Nubian Desert. Except at 
Dakhla and Kharga, both located on the ira northern edge of this vast region, the 
area is uninhabited and lacks surface 

Said, water. However, water is present at shal- 
low depths in several places and can be 

WiCZ obtained by digging wells. 
The key stratigraphic sequence was 

developed at the Bir Sahara-Bir Tarfawi 
area (Fig. 1) (8), which is located some 

have been ex- 350 kilometers west and slightly north of 
inge in age from Abu Simbel and is surely one of the most 
Id Kingdom, and isolated and desolate places on Earth. 
:omplexes of arti- The landscape around Bir Tarfawi-Bir 
al remains, and Sahara is almost flat except for three 
s from which the depressions, one of which is Bir Sahara. 
iave been drawn. Another, located 14 km to the east, is Bir 
Sahara was occu- Tarfawi (9) and the third, about 10 km 
ic and sharply re- northwest of Bir Sahara, is unnamed and 
that closely coin- is considerably smaller than the other 

significantly' in- two. The flat area surrounding the birs 
'he Western Des- (wells) is an extremely large sand plain 
ieriod of increased occupying a synclinal basin that is 
ie last major epi- blocked on the east by the Precambrian 
northern Europe massif of El Tawila (10). This basin is 
st of the archeo- filled with eolian sands older than the 
significantly dif- Upper Acheulean that occurs on its slight- 
same age known ly lowered surface. Carbonate nodules 

iv) It is unlikely and crusts, all probably of pedogenic 
L significant con- origin, occur on the surface and seem to 
)logical diversity define the extent of the basin, which 
during the Late measures some 70 km in diameter. 

Both the Bir Sahara and Bir Tarfawi 
subbasins were formed by deflation, 
have an elongated oval shape (maximum 
dimensions, 8 and 15 km, respectively), 
and are oriented northeast to southwest. 

of Egypt (or the The two basins are cut about 10 m below 
conveniently di- the level of the surrounding flat plain. At 
ysiographic prov- Bir Sahara the initial deflation of the 
ipressive Eocene subbasin probably precedes the very lat- 
ately 300 to 400 
eastern province, 
:arp, is known as 

is underlain by 
is characterized 

basins formed by 
both. Below the 

hwestern portion 
as the Nubian 
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Fig. 1. Map of Egypt showing positions of various localities discussed in text. 

est Acheulean (Fig. 2). Along the south- 
ern margin of the basin are several spring 
vents whose firmly cemented tops are 
about 2 m below the carbonate plain. 
These numerous spring vents on the 
floor of the depression, together with the 
gross geological setting of the Bir Sahara 
depression and the absence of a distinct 
peripheral drainage net, strongly suggest 
that the lake was fed by artesian springs 
associated with the aquifer in the under- 
lying sandstone. One of the vents (site 
BS-14) was excavated; it yielded a group 

of evolved Acheulean bifaces, fragments 
of ostrich eggshell, and bone scraps of 
an equid, probably Equus asinus. The 
archeological assemblage has typological 
features generally regarded as character- 
istic of the Final Acheulean. 

The episode of spring discharge was 
followed by a major period of deflation to 
a level below that of the modern water 
table. During the final phase of this ero- 
sion, dunes were deposited in the basin 
and the earliest Mousterian occupation 
occurred. The formation of the dunes 

was followed by the formation of the first 
of two lakes in the basin, as recorded by 
a series of lacustrine and nearshore sedi- 
ments. Associated with this first lake are 
three, possibly four, levels of Mouste- 
rian occupation. Subsequent deflation 
has destroyed most of these lacustrine 
sediments and many of the associated 
archeological sites; however, numerous 
remnants are preserved in the floor of the 
basin and along its northern and western 
edges. These remnants, together with 
several hundred meters of carefully pro- 
filed trenches, provide the evidence for 
the reconstruction of the sequence of 
events and their associated archeology. 

The lacustrine sediments yielded a 
rich molluscan fauna containing Mela- 
noides tuberculata. Lymnea natalensis, 
Biomphalaria alexandrina, Gyralus cos- 
tulatus, Hydrobia sp., and Bulinus trun- 
catus, all occurring in silts and marl 
units. These, as well as the numerous 
unidentified aquatic plant remains asso- 
ciated with evaporites, suggest a rich 
lacustrine freshwater environment with 
dense plant growth. Unfortunately, al- 
most nothing can be inferred about the 
vegetation during this period because 
none of the several hundred palynologi- 
cal samples yielded fossil pollen, despite 
the fact that the lacustrine sediments 
would seem to have provided an ideal 
environment for their preservation ( 1/). 

Almost all of the Mousterian sites con- 
tain faunal remains of similar composi- 
tion that is limited to a few species. 
These species are: white rhinoceros 
(Ceratotherium sinum). extinct camel 
(Camelus thomasi), ass (Equus asinus). 
buffalo (Homoioceras antiquus). an un- 
identified large antelope, and warthog 
(Phacochoerus aethiopicus). 

The first lacustrine sequence at Bir 
Sahara terminates with an arid episode 

0~~~~~~~~~~~.... ....? 

Fig. 2. Generalized profile across Bir Sahara depression, based on profiles from several hundred meters of excavated trenches. (1) Old basin fill' 
(2) plateau carbonate crust with Late Acheulean artifacts in lag position on surface; (3) spring vent with Final Acheulean artifacts in situ; (4) oldest 
dune sand with first Mousterian settlement in upper part' (5) gray to black swamp layer with several Mousterian settlements in situ' (6) gray sand 
unit; (7) soil at top of gray sand unit with latest Mousterian settlement in situ; (8) highly calcareous light-gray silt; (9) two lenses of burned silt; 
(10) Eolean sand interfingering with top of (8), terminates lower ponding sequence; (11) upper pond silts (two units); (12) recent dune with Old 
Kingdom settlement; (13) dug well at Bir Sahara. 
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marked by the formation of a new dune 
over the lake sediments. Two units of 
marl overlie this dune, marking another 
rise in the water table and the formation 
of another lake. The development of a 
soil in the upper marl marks the termi- 
nation of the second lake. The marls of 
this second lake contain a molluscan as- 
semblage similar to that in the lower 
lake, except for Corbicula, the land snail 
Pupoides coenopictus, and numerous ex- 
amples of the land snail Zootecus in- 
sularis in the upper portion. The sedi- 
ments of the upper lake were archeologi- 
cally sterile; however, the preserved 
sedimentary remnants were extremely 
limited in areal extent. 

A series of radiocarbon dates on shells 
facilitates the chronological placement of 
the two lakes. Several of these dates are 
absolute but are possibly contaminated, 
and two others were beyond the extreme 
limits of the laboratory capability. 

1) Lower lake: 32,780 ? 900 years 
ago (SMU-80), site BS-13, surface, Mela- 
noides shells; 40,710 ? 3,270 years ago 
(SMU-82), site BS-16, excavated, small 
Melanoides shells; > 41,450 years ago 

(SMU-81), site BS-16, excavated, large 
Melanoides shells. 

2) Upper lake: 30,870 ? 1,000 years 
ago (SMU-75), site BS-15, upper marl, 
bivalve shells; > 44,700 years ago 
(SMU-79), site BS-15, upper marl, large 
Melanoides shells. 

It is of interest to note that samples 
SMU-81 and SMU-82 were collected 
from the same spot and from the same 
unit, while SMU-80 was collected near- 
by from the surface of what is almost 
certainly the same unit. Because great 
care was taken in cleaning all of the 
samples, we attribute the variation in age 
to recent carbonate contamination for 
the surface sample and to the difficulty in 
removing minute carbonate particles 
from the smaller shells (12). The date of 
greater than 44,000 years ago from the 
upper marl of the last lake indicates that 
the whole sequence at Bir Sahara is well 
beyond the reach of radiocarbon tech- 
niques. 

The nearby subbasin at Bir Tarfawi 
provides additional data on late Pleisto- 
cene climatic events in this area. The 
stratigraphic sequence at Bir Tarfawi be- 

gins at a slightly earlier date than can be 
demonstrated for Bir Sahara. The south 
end of the Bir Tarfawi subbasin contains 
a series of shallow basins that are filled 
with thick (about 50 centimeters) fresh- 
water limestone. These basins are less 
than 2 m below the level of the surround- 
ing carbonate plains. Several fresh Late 
Acheulean hand axes were found embed- 
ded in the limestone, indicating their con- 
temporaneity with the formation of the 
sediment, while numerous deflated re- 
mains of Late Acheulean sites were re- 
corded on the topographically lower sur- 
faces of the dunes around the edges of 
the limestone remnants. 

The next recorded event at Bir Tar- 
fawi is the deflation that formed the main 
depression, a narrow elongated trench 
some 12 km long. As at Bir Sahara, the 
Tarfawi basin was then invaded with 
sand dunes containing rare, heavily eo- 
lized, and unclassifiable artifacts. 

Subsequently, in the interdunal lows 
at the north end of the basin, a series of 
small, partially isolated ponds developed 
(Fig. 3). These ponds left a complex 
series of lacustrine sediments and beach 

NW 

Fig. 3. Generalized profile through playa at Bir Tarfawi, based on 
17 trenches excavated along both north-south and east-west axes. (1) 
White dune sand with bioturbation at top; (la) dune with inconspicuous 
foreset and topset bed stratification, Aterian artifacts near top; (lb) 
consolidated dune sand; (2) dark silty sand; (3) white consolidated silt 
with CaCO3 concentrations, occasional snails, and bones ("4C date 
comes from top of this unit); (3a) cavernous evaporite developed in 
silt with pockets of snails and bones; (3b) beach, grayish silty sand, 
mottled, with snails and Aterian artifacts; (4) cemented light-gray silt 
containing large animal bones and Aterian artifacts; (4a) same as (4) 
but with laminations; (5) white carbonaceous silt with numerous 
concretions and abundant fauna with Aterian artifacts; (5a) plates of 
CaCO3; (6) brown to olive-yellow silt; (7) modern sand sheet. Key 
symbols: 1, shells; 2, artifacts; 3, bones. 
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features composed of silts, stratified 
sands, and evaporites. Rich accumula- 
tions of Melanoides tuberculata occur 
within the highly calcareous silts depos- 
ited in the lakes, while land snails (Pu- 
poides coenopictus) often occur in the 
nearshore laminated sands. The whole 
complex of pond sediments now stands 
from 2 to 3 m higher than the surround- 
ing eolian sands, displaying a typical 
inverted geomorphic situation. 

The inverted small lakes and ponds at 
Bir Tarfawi are literally framed by a 
mass of Aterian artifacts dropped from 
the now almost completely deflated 
shores that surrounded the ponds. In 
addition, the lacustrine sediments within 
the basins contain extensive remains of 
human occupation and/or activity. The 
oldest recognized evidence of Aterian 
activity occurs at the very base of the 
lake sediments in the black bottom layer. 
Much more extensive traces of occupa- 
tion occur in the near beach locations, 
grading up into the extensive clusters of 
deflated settlements (site BT-14, area B). 

The whole thickness of gray lacustrine 
silts and shallow water evaporites con- 
tains numerous concentrations of animal 
remains, composed mainly of the bones 
that surround the thoracic cavity. Asso- 
ciated with these concentrations of 
bones are Aterian artifacts with a high 
frequency of tools (more than 50 per- 
cent) and of a very restricted typological 
composition (site BT- 14, area A). Within 
the uppermost part of the preserved gray 
lacustrine silts, but closer to the ancient 
beach, is a tight small concentration con- 
taining a significantly different tool as- 
semblage (site BT-14, area C). The most 
recent traces of Aterian occupation are 
associated with an olive-yellow silt that 
overlies the gray silt. The olive-yellow 
silts are preserved only in patches but 
contain a few large mammal remains as 
well as a freshwater molluscan fauna, of 
which Melanoides tuberculata is the 
most numerous. 

The recovered faunal assemblage, 
mostly from the silts of the butchering 
area of site BT-14, area A, contains 
white rhinoceros, extinct Pleistocene 
camel, a large bovid (probably Homo- 
ioceras antiquus), wild ass, red-fronted 
gazelle (Gazella rufifrons), a small ga- 
zelle (probably G. dama), rare remains 
of fox (Vulpes ruppeli ?), jackal (Canis 
aurenus lupaster ?), warthog, unknown 
large and middle-sized antelopes, and 
ostrich. Turtle and bird remains are also 
present. A sample of Melanoides tu- 
berculata shells from the midpoint of the 
gray lacustrine silt yielded a radiocarbon 
date of 44,190 ? 1,380 years ago (SMU- 
177), which is regarded by the laboratory 
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as radiometrically dead because of the 
almost certain admixture of small traces 
of later carbonate that could not be com- 
pletely removed from the shells. 

Although the sequence at Bir Tarfawi 
cannot be directly related to that at Bir 
Sahara, the simplest correlation calls for 
the comparison of the second lake at Bir 
Sahara with that at Bir Tarfawi, a correla- 
tion which is reinforced by the repeated 
occurrence of Mousterian below Aterian 
elsewhere in North Africa (13). The lith- 
ostratigraphic sequences at Bir Tarfawi 
and Bir Sahara demonstrate at least 
three wet events, all associated with 
lakes, one of which is of Late and Final 
Acheulean age, and two that are contem- 
poraneous with Middle Paleolithic. 
These two are almost certainly more 
than 45,000 years old and could be corre- 
lated with the early Wurm glaciation of 
Europe. The environmental reconstruc- 
tion based on fauna suggests the exis- 
tence of a savanna landscape supporting 
large herbivores around the lakes. 

Younger Pleistocene sediments post- 
dating the Aterian occupation were not 
observed at either Bir Sahara or Bir Tar- 
fawi. The next event is a pronounced 
deflation which cut through the accumu- 
lated lacustrine and preceding eolian 
sediments to a level that must have been 
very close to the modern water table. It 
seems likely that the present morphology 
was developed during this period be- 
cause there are several sites of Old King- 
dom age that are located close to the 
modern wells and are only 2 m above the 
present water level. These sites are only 
partially in situ but they clearly display 
preserved occupational patterning (14). 
A radiocarbon assay on ostrich eggshell 
from one of these sites (BT-20) gave a 
date of 2560 B.C. + 70 years (SMU-74). 

The long break in the stratigraphic rec- 
ord after the Aterian is not confined to 
the Bir area. Nowhere in the Nubian 
Desert was any evidence seen to suggest 
the presence of surface water occurring 
after the Aterian and before the onset of 
another wet episode at about 7000 to 
8000 B.C. The evidence for this next wet 
episode is best preserved at Nabta Playa, 
a huge (more than 100 km2), irregular, 
shallow, internally drained deflation ba- 
sin located about 250 km southeast of Bir 
Sahara and 100 km west of Abu Simbel. 
It is situated near the foot of the south- 
ernmost projection of the Eocene scarp. 
The playa is filled with fossil dunes and 
clays, with numerous associated Termi- 
nal Paleolithic and Neolithic settlements. 
The exact dimensions of the playa are 
unknown because modern sand sheets 
and dunes mask its margins. 

At Nabta Playa the Quaternary se- 

quence overlies the truncated surface of 
the Nubia Formation (shales and sand- 
stones) and begins with the deposition of 
extensive sand dunes with numerous 
troughs between the dunes. The begin- 
ning of a more moist episode is recorded 
by the stabilization of the dunes and the 
growth of vegetation over the dune sur- 
face. Traces of this unidentified vegeta- 
tion are preserved as a mat of silicified 
root casts in the uppermost part of the 
dunes. During the same interval, pond 
sediments accumulated in the deeper 
part of the interdunal troughs and the 
first Terminal Paleolithic occupation oc- 
curred. This episode was succeeded by 
the deposition of sheetwash sand with 
occasional lenses of playa clay, which in 
turn was succeeded by a period of stabili- 
zation with another Terminal Paleolithic 
occupation. A thin layer of sheetwash 
sand covers the stabilized surface, and 
above it is evidence of the first Neolithic 
occupation. The earliest Neolithic sites 
are covered by more sheetwash sand, 
lenses of silt that apparently record sea- 
sonal bodies of water, and then by the 
main body of playa clay. These playa 
sediments reach a maximum thickness of 
more than 3 m with several minor fluctua- 
tions evident within the deposits. 
Around the margins of the playa is an 
extensive series of later Neolithic settle- 
ments that were contemporaneous with 
the main playa sedimentation. One of the 
largest of these sites (E-75-8) is situated 
on the highest beach of the playa; the 
cultural and beach sediments interfinger. 

Extensive faunal remains were recov- 
ered from the Neolithic horizon at site 
E-74-6, including numerous hare (Lepus 
capensis) and red-fronted gazelle (Ga- 
zella rufifrons ?) accompanied by rare 
carnivores, including mongoose (Her- 
petes ichneumon), wildcat (Felis libyca), 
and hedgehog. All of these species still 
occur in Egypt along the Nile or slightly 
farther south in the Sahara. Ostrich egg- 
shells, often worked into beads, are com- 
mon in all of the sites. More surprising in 
view of the radiocarbon age of the site is 
the presence of a few bones tentatively 
identified as cattle that were probably 
domestic. Other bones of cattle that are 
also believed to have been domestic oc- 
curred at site E-75-8, together with the 
remains of caprovin (goat/sheep). Do- 
mestic animals were presumably part of 
the subsistence economy of the Nabta 
Neolithic settlements; however, hare 
and gazelle were much more common. 
The Terminal Paleolithic horizon con- 
tained only hare, gazelle, and ostrich. 

While pollen was not preserved in the 
playa sediments, the ash deposits of the 
Neolithic settlements contained abun- 
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dant plant remains. So far, ten species 
have been identified, including Acacia 
and Salsola, both dom and date palm, 
barley, and four weeds common in culti- 
vated and similar disturbed moist areas. 
The botanical analyses are still under 
way and it is not yet possible to deter- 
mine whether the barley was wild or 
domestic (15). 

A series of radiocarbon samples yield- 
ed the following dates from these sites. 

1) Terminal Paleolithic: 7410 B.C. + 
70 years (SMU-200), site E-74-6, on char- 
coal; 6630 B.C. + 80 years (SMU-257), 
site E-74-6, on ostrich eggshell. 

2) Earliest Neolithic settlement: 6250 
B.C. ? 110 years (SMU-189), site E-74- 
6 on ostrich eggshell; 5760 B.C. ? 70 
years (SMU-191), site E-74-6 on ostrich 
eggshell; 6170 B.C. ? 100 years (SMU- 
199), site E-74-6 on charcoal; 6060 
B.C. ? 80 years (SMU-203), site E-74-6 
on charcoal; 6068 B.C. ? 100 years 
(SMU-240), site E-74-6 on charcoal. 

3) Latest Neolithic settlement: 5200 
B.C. ? 130 years (SMU-242), site E-75- 
8 on charcoal. 

Other Areas Studied 

Dakhla Oasis. The basin of Dakhla 
extends for more than 80 km along the 
foot of the Eocene scarp. Its floor is 
covered by shales of the Nubia Forma- 
tion with patches of playalike silts and 
clays in the lowermost portions. Most of 
the clays appear to be very recent and 
none yielded in situ Paleolithic materials. 
Just west of the village of Mut, near 
Balat, was an extensive area with numer- 
ous fossil spring remnants and associat- 
ed tufas. Two of these fossil spring vents 
yielded very rich Upper Acheulean as- 
semblages. 

The spring vents are located in the 
mouth of a highly deflated wadi cut in the 
shale and descending from the foot of the 
Eocene scarp. Upstream from the mouth 
are large remnants of the preerosional 
surface with a thick bed of chert and 
limestone boulders in a reddish pebbly 
sand matrix unconformably overlying 
the shale. We examined more than 50 of 
the numerous local spring vents, but 
only the two we excavated showed traces 
of occupation. Also, no artifacts were 
found associated with the tufas, although 
many pieces, mostly of Mousterian or 
Aterian affiliations, occurred on the floor 
of the wadi near the spring vents. 

The two Acheulean vents are located 
at the southern and lower edge of an 
elongated mound of shale capped by 
gravels of the preerosion surface. Site E- 
72-1 is indicated by a thin cluster of 
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artifacts around a single vent, while site 
E-72-2, immediately to the west of it, 
consists of a similar, adjoining cluster 
around four separate and smaller vents 
(16). 

The best stratigraphy within the vents 
occurs at site E-72-1, where the base of 
the vent has a thin lens of rewashed shale 
overlain by a sterile layer of white clay. 
Toward the sides, the fill of the vents 
consists of gravels in a coarse sand ma- 
trix with abundant iron oxides, sulfates, 
and jarosite (potassium iron hydroxy sul- 
fate). The center is an unstratified, loose, 
white to light-gray sand that forms the 
largest quantity of the fill. 

We interpret the fill in the vent to 
suggest a greater discharge and velocity 
at the beginning of the activity, with 
considerable sorting of the archeological 
materials that worked down through the 
sands made fluid by ascending water. 
The central portion of the fill probably 
represents a somewhat declining dis- 
charge, while the presence of iron 
oxides, sulfates, and jarosite suggests 
that the ascending water had a mineral 
content and temperature similar to that 
of the Dakhla springs today. 

The Dyke area. South of the Dakhla 
basin, the surface of the desert slowly 
rises to one enormous, generally flat to 
slightly undulating plain that is covered 
here and there with sand sheets and ex- 
tends southward beyond Bir Sahara-Bir 
Tarfawi. Some 140 to 160 km south of 
the village of Balat is an extensive area 
of dykes (9). In the same area but not 
clearly associated with the dykes are 
numerous large shallow basins ex- 
cavated in the Nubia sandstone and filled 
with sand. Inconspicuous drainage lines 
appear only in the immediate vicinity of 
the basins. Two of the most promising of 
several prehistoric sites found with these 
sand pans were excavated: one was 
Mousterian and the other was Terminal 
Paleolithic. There are no known traces of 
fossil spring activity closer than Dakhla 
Oasis, which is also the nearest available 
source of water today. A markedly differ- 
ent climate must have prevailed during 
the periods when the sand pans were 
used by man. 

The Gilf Kebir. The Gilf is an exten- 
sive series of Nubia sandstone mesas 
covering an area of around 15,000 km2, 
with near-vertical sides rising from 200 to 
300 m above the surrounding plain. The 
eastern side is cut by numerous deep 
wadis. The floors of these wadis are 
choked with sheetwash, and at the 
mouth of each is a huge alluvial fan. The 
nearest surface water now is at Gebel 
Uweinat, 150 km to the south. 

A brief visit to the Gilf during the 1974 

season led us to reexamine two sites 
reported by Myers (2). The first is lo- 
cated near Bagnold's camp and may be 
classified as Upper Acheulean. The bi- 
faces are slightly eolized and occur in the 
upper part of an alluvial fan at the front 
of a major wadi. Although not strictly in 
situ, the occupation is probably contem- 
poraneous with the accumulation of the 
fan. The second site is located near the 
upper end of Wadi Bakht, near the south- 
ern end of the Gilf. A falling dune formed 
a dam across the wadi and a large pond 
developed behind it. Eventually, the 
pond sediments completely filled the de- 
pression and the water overflowed the 
dune and broke the dam. Cultural debris 
occurs through the upper 2 m of (he pond 
sediments. Although the material has not 
yet been studied in detail, the pottery 
is frequently decorated with cord-im- 
pressed and incised designs that are dif- 
ferent from the Early Khartoum ware at 
the Nabta Playa sites. A sample of os- 
trich eggshell from this site yielded a 
radiocarbon date of 5330 B.C. ? 90 
years (SMU-273). No other sites were 
found in the vicinity of the Gilf. 

Archeology 

The Paleolithic materials recovered 
from the Western Desert of Egypt repre- 
sent seven distinct episodes of occupa- 
tion: Upper Acheulean, Final Acheu- 
lean, Mousterian, Aterian, Terminal Pa- 
leolithic, Neolithic, and Old Kingdom. 
Each of these episodes, except for the 
Terminal Paleolithic and Neolithic, ap- 
pears to be separated from the others by 
periods of aridity, a lower water table, 
and deflation. 

Upper Acheulean. Traces of Upper 
Acheulean occupation occur throughout 
the area surveyed, almost always on de- 
flated surfaces, and are heavily eolized. 
We studied two sites of this period in 
detail: E-72-1 and E-72-2, both in fossil 
spring vents at Dakhla Oasis. 

An impressive collection of 7002 
pieces was recovered from site E-72-1 
and 2847 pieces were recovered from E- 
72-2. The collection includes 910 bifaces, 
of which 784 are from E-72-1. Both col- 
lections are highly homogeneous in their 
quantitative and qualitative content as 
well as in preferred materials. More than 
99 percent of all artifacts in both sites are 
made from the local Eocene chert that 
occurs nearby, redeposited over the pre- 
spring surface. 

The general structure of these two as- 
semblages is closely similar, with fairly 
high frequencies of primary flakes but 
relatively few flakes overall (many of 

107 



which were from changed orientation 
cores), very few blades, and a high fre- 
quency of tools. The presence of numer- 
ous bifaces and the relatively few biface 
trimming flakes could imply that the bi- 
faces were manufactured elsewhere. Al- 
ternatively, this may reflect a deposition- 
al selection in which the lighter pieces 
were concentrated in the upper part of 
the vent and then removed or destroyed 
when that portion was deflated. The non- 
Levallois cores were exploited by the 
hard hammer technique; most were of 
the changed orientation variety. A few 
Levallois cores also occur, but the Le- 
vallois indices are negligible. 

Among the tools the bifaces are the 
most common, representing 80.5 percent 
of the tools at site E-72-1 and 64.3 per- 
cent at site E-72-2. The most frequent 
form is amygdaloid; many of these bi- 
faces have thick unworked butts. 
Backed bifaces, including both natural 
and worked backs, are also common. 
Double-backed and triangular forms are 
next in importance, followed by cordi- 
forms that generally have thick butts. 
The rarer varieties include discoidal, lan- 
ceolate, limande, rostrocarinate, amyg- 
daloid with cleaverlike tip, and atypical 
Micoquian. The non-hand axe tools are 
mostly denticulates and sidescrapers. 
The extreme richness of both collec- 
tions, perhaps initially deposited around 
a single spring pool, suggests that the 
pool was used repeatedly over a long 
period of time and possibly throughout 
its existence. 

The closest analogy among other 
North African assemblages is seen with 
the material from Kharga Oasis site K- 
10, which is also from a spring conduit 
(3, p. 60). These artifacts show a similar 
emphasis on double-backed hand axes, 
amygdaloids, and thick butts. However, 
the Khor Abu Anga variety of Acheulean 
from along the Nile in Nubia (17, 18) is 
significantly different, with greater em- 
phasis on ovates, disks, lanceolates, and 
Micoquian bifaces in the Middle and Up- 
per Acheulean and on primitive forms in 
the assemblages that are, presumably, 
Lower Acheulean. The Upper Acheu- 
lean at Bir Tarfawi and Bir Sahara seems 
to have greater similarity to the Nilotic 
Nubian material than to the Dakhla and 
Kharga assemblages. None of these 
groups appears to have a close resem- 
blance to other Acheulean assemblages 
from North Africa, such as that at Sidi 
Zin in Tunisia (19, 20) or that from the 
central Sahara at Erg Tihodaine and Ta- 
belbalat-Tachenghit (21). 

Final Acheulean. Several Final Acheu- 
lean sites have been discovered but only 
one, site BS-14, a fossil spring vent just 
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below the southern rim of the Bir Sahara 
basin, has been worked thus far. The raw 
material used to make tools was almost 
entirely quartzitic sandstone with rare 
pieces of quartz. The assemblage con- 
tains only six cores and biface trimming 
flakes are the most frequent element in 
the debitage (lithic waste products). The 
assemblage includes 110 bifaces that rep- 
resent 88 percent of the tools recovered. 
Two groups of bifaces were emphasized: 
triangular (40.4 percent) and cordiform 
(35.3 percent). Most of the bifaces are 
fine, elongated examples with thinned 
butts. Amygdaloids are the third most 
common form, followed by discoidals. 
Other tools (15 specimens) include sev- 
eral spheroids and sidescrapers, a bifa- 
cial edged piece, a chopping tool, and a 
denticulate. 

The assemblage from BS-14 is clearly 
different from those at sites E-72-1 and 
E-72-2 at Dakhla. The only close analogy 
to site BS-14 is seen at El-Ma el-Abiod in 
Algeria (20), which has a similarly ele- 
gant biface trimming, a high frequency of 
elongated cordiforms, and no cleavers. 

Mousterian. There were four, or possi- 
bly five, consecutive Mousterian hori- 
zons associated with the lower lacustrine 
series at Bir Sahara. 

1) The first horizon, in the top of the 
dune below the lower lacustrine series, is 
recorded only at one site (BS-12, lower 
level) and is known only from a small 
collection (86 pieces) of highly abraded 
artifacts. There are, however, six tools 
and three recognizable cores, one of 
which is for Levallois flakes. Five of the 
tools are denticulates and the other is a 
notch. 

2) The second Mousterian horizon is 
represented by several extensive settle- 
ments in a black layer at the beginning of 
the lower lacustrine series. A typical ex- 
ample from this period is site BS-11, a 
long, low-density assemblage that is still 
mostly in situ just below the black layer 
and is without statistically significant 
concentrations of debitage or tool clus- 
ters. Most of the artifacts are made of 
gray quartzitic sandstone that probably 
came from one of the outcrops around 
the edge of the carbonate plain 30 to 40 
km away. A few pieces are made of 
Eocene chert. The analysis of the assem- 
blage indicates the presence of a work- 
shop with lumps of rock brought to the 
site and shaped there. High values for 
initial flakes and Levallois preparation 
flakes, plus a low Levallois index (1.4), 
suggest that many of the Levallois cores 
were not exploited at the site but were 
made there and taken elsewhere to be 
used. The d6bitage is mainly based on 
changed orientation cores. Blades are 

rare and possibly accidental. Flaking 
was done with heavy hammerstones. 
The tool kit is characterized by a heavy 
dominance of denticulates (nearly 70 per- 
cent) that occur in a number of varieties, 
of which bilateral, transverse, lateral, 
triangular, and converging are the most 
common. All of these are made on flakes 
and elongated bladelike flakes. Notches 
are also important (20 percent), while 
sidescrapers are less common (only 7 
percent). Several large spheroids were 
also present. Tools of the Upper Paleo- 
lithic group are extremely rare. 

3) The third horizon occurs in the 
sands just above the black zone and is 
represented only at site BS-13. The con- 
centration at this site was thin, with an 
elongated oval outline measuring 18 by 7 
m. It was largely in situ but was partially 
exposed on the surface of a small sedi- 
mentary remnant. The raw material used 
for making tools was essentially the 
same as that at BS-11; however, there 
were significantly fewer primary and Le- 
vallois preparation flakes and Levallois 
pieces were more numerous (Levallois 
index, 14.3). There were few cores of 
any kind. This suggests that most of the 
Levallois flakes and points, as well as 
other blanks, must have been brought to 
the site in finished form. The tool assem- 
blage is dominated by denticulates (55 
percent) as is site BS- 11; however, side- 
scrapers are nearly twice as numerous 
here (Fig. 4). Tools of the Upper Paleo- 
lithic type are not common although they 
occur more often here than at site BS- 11. 
A probable activity area in the site is 
indicated by a cluster within a 2-m 
square, of three Levallois points, three 
converging sidescrapers, one Mouste- 
rian point, one bifacial triangular point, 
one notched flake, and two denticulates. 
This activity cluster has particular signifi- 
cance because it is a Typical Mousterian 
tool group in a concentration that is oth- 
erwise dominated by denticulates. 

4) Two large adjoining concentrations 
were recorded from the fourth horizon, 
both almost entirely embedded within 
the beach sediment of the upper vegeta- 
tion horizon just before the maximum 
aggradation of the lower lacustrine se- 
ries. Both concentrations were oval in 
outline, about 30 m in diameter, and 
displayed much denser accumulations of 
artifacts than the other living floors. No 
significant clustering or activity areas 
were evident. All the raw material used 
for making tools at this site was a brown- 
ish quartzite. The assemblage contains 
only a few primary or early stage prepa- 
ration flakes, while the frequency of oc- 
currence of Levallois core preparation 
flakes is high (more than 50 percent of 
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the total restricted count). However, 
there are very few cores (8), only one of 
which is Levallois, and the Levallois 
index (14.3) is only moderate. This struc- 
ture indicates that cores tended to be 
blocked out elsewhere, brought to the 
site to be completed, and then taken to 
another site to be used. The tool kit is 
significantly smaller in size than those of 
the previous sites. However, it is also 
dominated by denticulates (77.0 percent). 
Sidescrapers are not frequent, and tools 
of the Upper Paleolithic type are again 
very rare. Slightly over 36 percent of 
the tools are made on Levallois flakes. 
One of the recovered tools is peduncu- 
lated, marking the first appearance of this 
technology within the Middle Paleolithic 
sequence of the Western Desert. 

5) The fifth level, at the maximum of 
the lower lacustrine series, is suggested 
only by faunal material at one locality 
where the nearby beach was completely 
removed by deflation. A Mousterian affil- 
iation seems likely since, apparently, only 
a short time gap separates the assem- 
blage from site BS-I and the maximum 
aggradation of the lake. 

In summary, artifacts at all of the Bir 
Sahara Mousterian settlements are domi- 
nated by denticulates and are classified 
as Denticulate Mousterian. Within the 
series there are no evident evolutionary 
trends, and the quantitative dissimilari- 
ties, particularly those touching the Leval- 
lois group, may be explained by slightly 
divergent raw material economies and 
variations in the workshop activities. 
Significantly, there were no traces of 
clustering that could suggest smaller 
homogeneous occupation units within 
the extensive settlement areas. This is in 
marked contrast to Upper and Late Paleo- 
lithic sites in Europe and North Africa, 
where patterning often indicates small 
social units, generally identified with 
families, within larger groups. Their ab- 
sence at Bir Sahara suggests a radically 
different social or functional structure 
(or both) for these settlements. 

The Denticulate Mousterian at Bir Sa- 
hara is generally comparable to the den- 
ticulate-oriented assemblages reported 
from Nubia, Syria, southwestern France, 
or along the northwestern Mediterranean 
(22); however, only some of the so- 
called Mousterio-Tayacian sites from 
southern Russia, such as Kiyk-Koba and 
Krouglik, contain similarly high indices 
of denticulates (23). 

Elsewhere in the Western Desert a 
significantly different variety of Mouste- 
rian occurs. The Mousterian site found 
near the center of a sand pan in the Dyke 
area, far removed from any available 
surface water, was presumably occupied 
9 JULY 1976 

during a more moist interval and possi- 
bly was contemporary with the deposi- 
tion of the lower lacustrine series at Bir 
Sahara and the Mousterian settlements 
there. 

The artifacts at this site were fresh on 
the underside, but wind-faceted on the 
upper surface. There were only 371 arti- 
facts, including 41 tools. They were 
made of three varieties of locally avail- 
able raw material: a brown quartzitic 
sandstone; a dark brown, almost black, 
ferruginous grit sandstone; and, rarely, a 
light-colored petrified wood. There is a 
low emphasis on Levallois technology 
(Levallois index, 0.9), a dominance of 
sidescrapers (64.1 percent of all tools), 
and, in contrast to the Bir Sahara sites, 
low values for denticulates and notches 
(11.1 percent). It is classified as Typical 
Mousterian of non-Levallois facies. 

Aterian. Three Aterian sites, all clus- 
tered around a large pond that was the 

scene of numerous kills and related 
butchering activities, were studied at Bir 
Tarfawi. One site (BT-14, area B) was on 
the dune at the edge of the pond; another 
site (BT-14, area C) was a small tight 
concentration within the pond sediments 
and presumably was occupied during a 
seasonal low water phase of the pond; 
and the third (BT-14, area A) was the 
extensive (6800 m2 was scatter-patterned) 
kill and butchering area in the central 
portion of the pond. All of these sites 
share low Levallois indices (8.9 to 10.9), 
very low blade frequencies (1.7 to 2.7 per- 
cent), and low values for occurrence of 
tools of the Upper Paleolithic type. In 
this respect they recall the preceding 
Mousterian settlements at nearby Bir 
Sahara. Other characteristics are reminis- 
cent of the Typical Mousterian. The 
Levallois tool indices are high in the 
living areas (B and C) but low in the 
butchering area (A). Areas A and B both 
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Fig. 4. Tools from site BS-13. (a) Converging sidescraper; (b and g) converging denticulate; (c) 
bec; (d) borer; (e) Mousterian point; (f) bilateral denticulate; (h) bilateral sidescraper. 
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have very high frequencies of denticulate 
occurrence (44.4 and 62.9, restricted), 
while area C has relatively few denticu- 
lates (14.1) and more sidescrapers and 
other Mousterian group tools. Peduncu- 
lates and bifacial foliates are unusual; 
they comprise only 2.8 to 5.9 percent of 
the total tools. 

The butchering area (A) stands out in 
contrast to the two other areas in an 
extremely high tool to d6bitage ratio (al- 
most 50 percent as opposed to 15 and 11 

percent) and by its high frequency of 
occurrence of large denticulates. Areas 
B and C share a strong emphasis on 
Levallois core preparation, but the differ- 
ence in the tool kits suggests a difference 
in functional emphasis. 

These Aterian sites appear to differ 
significantly from the Aterian assem- 
blage from the spring vent of site KO6E 
at Kharga Oasis (3, p. 86). That industry 
is dominated by the Levallois in both the 
cores and tools, with numerous re- 
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Fig. 5. Artifacts from Terminal Paleolithic cultural layer, site E-74-6 at Nabta Playa. (a) Worked 
ostrich eggshell; (b to d) eggshell beads; (e and f) worked bone; (g to 1) Ounan points; (m) 
scalene triangle; (n) isosceles triangle; (o and p) trapeze; (q to t) straight-backed bladelets, 
slightly arched [(r) with inverse retouched tip; (s and t) with retouched bases]; (u) double-backed 
perforator with both ends pointed; (v) zinken perforator with developed curved point; (w) 
multifaceted single-faced burin; (x and y) denticulates; (z and aa) endscrapers. 
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touched and unretouched Levallois 
points. Biface foliates are also much 
more common at Kharga Oasis; they 
represent 22 percent of the tool group. 

Along the Nile in Nubia are several 
sites that seem to be related to the Ate- 
rian. They have been classified as Nu- 
bian Middle Paleolithic, but some yield- 
ed strong Levallois components, numer- 
ous biface foliates, and occasional pedun- 
culates. These include Gebel Brinikol, 
Arkin 5, and Arkin 6A, sites 400, 401, 
and 415 (17, 24). Although they are most 
often compared to the Sangoan and 
Stillbay of sub-Saharan Africa, they 
could well be considered a close parallel 
or variety of the Aterian in the adjacent 
Sahara. 

Terminal Paleolithic. Sites of this peri- 
od were found in several areas in the 
Nubian Desert and were studied in detail 
at two separate localities. The best data 
come from Nabta Playa where three sites 
were excavated. Although all are closely 
related, each of the sites differs from the 
others by the emphasis within the tool 
kit. Unfortunately, only one of the sites 
is dated; therefore, we cannot determine 
whether these differences in the tool kits 
are the result of changes through time. 

All of the sites of this period at Nabta 
Playa are generally microlithic in charac- 
ter and share a similar technology that 
emphasizes changed orientation and 
single platform cores. One site (E-74-6) 
shows a strong emphasis on pointed 
bladelets with straight to slightly arched 
backs. Geometrics are usually isosceles 
triangles with two concave and markedly 
convergent sides. Ounan points occur in 
several varieties (Fig. 5). The second site 
(E-75-7) contains many straight-backed 
bladelets, but elongated scalene triangles 
with small short sides are the most com- 
mon geometric shape. The third site (E- 
75-9) is dominated by fully arch-backed 
bladelets and lunates. All sites revealed 
frequent notches and denticulates on 
both flakes and blades. Endscrapers, bu- 
rins, and grinding stones are rare. 

Another Terminal Paleolithic site (E- 
72-5) was excavated at the Dyke area 
about 18 km south of the Mousterian site 
discussed above. Site E-72-5 is situated 
on the floor of a sand pan and consists of 
six concentrations, two of which are ad- 
jacent to each other. Only one of these 
was excavated. It appeared to be an 
almost circular, very dense cluster of 
artifacts about 7 m in diameter. Numer- 
ous heavy sandstone slabs were scat- 
tered around the perimeter of the cluster. 
The patterning of the artifacts and the 
slabs suggests a large tent or enclosure 
with its floor covered by tools and d6bi- 
tage. There is no conclusive evidence for 
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special activity areas or clustering within 
the concentration. 

The preferred raw material at E-72-5 
was a local dark brown quartzitic sand- 
stone. Chert, probably also local, was 
next in order of preference. Blade cores 
are heavily dominant; the most numer- 
ous type is the single platform variety, 
which is elongated with a flat or rounded 
flaking surface and full or almost full 
precore preparation of the backs, pre- 
flaking surfaces, and sides. Opposite plat- 
form elongated blade cores are also com- 
mon. All were exploited by punch flak- 
ing. Flake cores are less numerous and 
are mostly of the changed orientation 
variety. The assemblage contained very 
few primary and core preparation flakes 
of quartzite, suggesting that the precores 
of this material were prepared else- 
where. However, primary flakes of the 
local chert were more numerous, in- 
dicating that the preparation of these 
cores was done at the site. 

The tool kit has high frequencies of 
denticulates, notches, and retouched 
pieces, followed closely by geometrics in 
the form of elongated scalene triangles 
and elongated scalene triangles with 
short, often concave, sides. Backed 
bladelets are unusual; many of these are 
shouldered and are probably unfinished 
triangles. Endscrapers and burins also 
occur, but are not numerous. Micro- 
burins are common. 

The relationship of the Terminal Pa- 
leolithic at Nabta and the Dyke area to 
the "Bedowin Microlithic" at Kharga is 
not clear, in part because the Kharga 
collections are all from the surface and 
appear to be mixed with strong Neolithic 
elements (3). However, the presence of 
elongated scalene triangles suggests that 
a similar Terminal Paleolithic occupation 
may have occurred. 

Comparisons with contemporary Ni- 
lotic materials suggest statistically signifi- 
cant dissimilarities between the two 
areas. The Shamarkian from Sudanese 
Nubia (25, 26) and from near Idfu, Egypt, 
emphasizes backed bladklets, while tri- 
angles, notches, and denticulates are 
very rare or absent. There are also differ- 
ences in methods of core preparation, in 
core form, and in raw material prefer- 
ences. The Qarunian from the Fayum in 
northern Egypt (27) has a technology 
similar to that of the Shamarkian and is 
also heavily dominated by backed blade- 
lets with few geometrics. 

Conversely, surprisingly close paral- 
lels to the desert Terminal Paleolithic are 
found in Tunisia, particularly with the 
inland Chacal and Ain Aachena varieties 
or the Setifian facies of the Upper Cap- 
sian (28). Similarities are reflected in 
9 JULY 1976 

high frequencies of notched and denticu- 
lated blades and bladelets and in high 
concentrations of geometrics, particular- 
ly elongated scalene triangles. 

Although there is a clear dichotomy 
between the Nilotic sites and those deep 
in the desert, it is also evident that a 
technomorphological unity exists within 
the Terminal Paleolithic of northern Af- 
rica, as demonstrated by the repetition of 
types, techniques, and methods of stone 
work which are shared by the Upper 
Capsian, Shamarkian, Qarunian, and 

several Western Desert assemblages. 
The differences shown between the Ni- 
lotic industries, which were associated 
with an economy where fishing was im- 
portant, and those of the same age found 
deep in the desert probably reflect, at 
least in part, different systems of pro- 
curement. Environmental patterning 
seems to be reflected in the structure of 
the tool kits, in the raw material prefer- 
ences, and in the flint working methods. 

Neolithic. At Nabta, the Neolithic 
sites are associated with the same epi- 
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Fig. 6. Artifacts from Neolithic settlement E-75-8 at Nabta Playa. (a) Crescent; (b) lunate; (c 
and d) decorated eggshells; (e) point with rounded base and bifacial retouched tip; (f) tanged 
point, unifacial; (g) bifacial point; (h) transverse arrowhead on thick flake; (i and j) endscrap- 
ers; (k) multiple-notched piece; (1) double-backed perforator; (m) pecked and polished celt; (n) 
celt or adze, plano-convex, unifacial. 
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sode of playa sedimentation as the Termi- 
nal Paleolithic, and the radiocarbon 
dates indicate that 1000 years or less may 
separate the two occupations. The Neo- 
lithic settlements at Nabta Playa repre- 
sent a radically different exploitation 
strategy from that of the Terminal Pa- 
leolithic. The social units were undoubt- 
edly larger, sites were occupied for long- 
er intervals, formal structures were dug 
for storage, well-made pottery was in 
common use, the villages may have con- 
tained houses (indicated by alignments 
of post holes), deep walk-in wells were 
dug during intervals of low water, domes- 
tic animals (including cattle and sheep/ 
goat) were maintained, and there was 
extensive use of ground grains that have 
not yet been identified as domestic or 
wild. Hunting of gazelle and hare was 

E-72-5 and E 
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still important, but nonetheless, these 
sites reflect a new type of society. 

Three sites of the Neolithic period 
were excavated at Nabta Playa and yield- 
ed closely similar lithic assemblages. 
The predominant raw material was Eo- 
cene chert. Quartz was also extensively 
used, and there were a few pebbles of Nile 
chert and agate. Most of the cores are 
changed orientation flake cores. Blades 
are not common in the d6bitage, al- 
though a few blade tools are present. The 
tool kit includes microlithic elements 
(mostly crescents, short lunates, and J- 
lunates) and a nonmicrolithic group that 
includes perforators, notches, denticu- 
lates, bifacial stemmed arrowheads, fine 
elongated bifacial pieces, ground and 
pecked celts, chipped adzes, and trans- 
verse sidescrapers on side-blow flakes 
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(Fig. 6). Nearby sites that were not ex- 
cavated yielded several concave-base ar- 
rowheads identical to those from Fayum 
A in northern Egypt. 

The pottery was sand-tempered, well 
made, and usually had densely stamped 
surfaces in the typical Early Khartoum 
style. There were also a few undecorated 
sherds, which were otherwise similar to 
the Khartoum ware. 

The beginning of the Neolithic occupa- 
tion at Nabta is firmly dated to around 
6000 B.C., nearly 1000 or more years 
earlier than the oldest known Neolithic 
settlements along the Nile 100 km to the 
east. Terminal Paleolithic settlements at 
DIW-51, Catfish Cave, El Kab, and the 
Fayum (26, 27, 29) are placed between 
5000 and 6000 B.C. Together with sev- 
eral dates around 4000 B.C. or slightly 
later for the Neolithic occupation at 
DIW-50 and Fayum A (30), these dates 
suggest that the Neolithic complex along 
the Nile did not begin much before 4000 
B.C. This situation poses a very inter- 
esting problem of cultural conservatism. 

Conclusions 

The recent research in the Western 
Desert of Egypt has provided significant 
new data on climatic pulsations in the 
eastern Sahara (Fig. 7). The base of the 
sequence begins at Dakhla with the depo- 
sition of the boulder and pebble mantle, 
a deposition that almost certainly preced- 
ed the Upper Acheulean spring at sites 
E-72-1 and E-72-2 near Balat (Fig. 1). A 
high-velocity stream with torrential rains 
and relatively steep and hard deposition- 
al surfaces is indicated for this sedimen- 
tation. 

The deposition of the oldest sands un- 
der the carbonate crust in the Bir Sa- 
hara-Bir Tarfawi area also precedes the 
Upper Acheulean. Preliminary studies of 
the grains indicate eolian transportation 
as the main source, which signifies a long 
period of desert environment during 
which the Bir Sahara-Bir Tarfawi basin 
was filled to a level slightly higher than 
that today. 

The formation of the carbonate bed on 
the surface of the oldest sands at Bir 
Sahara is presumably connected with the 
beginning of spring discharge and an as- 
sociated high groundwater table. The ori- 
gin of the springs at Kharga and Dakhla, 
as well as those at the birs and the ponds 
at the southern end of Bir Tarfawi, was 
undoubtedly connected with a much 
greater hydrostatic pressure associated 
with an increased water supply to the 
aquifer. The upthrown granite massif of 
El Tawila caused groundwater to ap- 
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proach the surface several times in the 
Bir area during the Pleistocene, so that 
ponds and marshes occupied the defla- 
tion basins. A short period of deflation 
seems to separate the Upper Acheulean 
springs and ponds from the Final Acheu- 
lean spring at site BS-14; however, this 
event is not well documented. 

A pronounced period of deflation oc- 
curred after the Acheulean occupation. 
During this time a deep basin was 
scoured out at Bir Sahara, indicating a 
huge drop in the water level. Subse- 
quently, the Bir Sahara basin was partial- 
ly filled with dunes, the upper part of 
which may be associated with a slightly 
rising water table as suggested by traces 
of the oldest Mousterian occupation left 
during the time the dune was still form- 
ing. Succeeding Mousterian sites at Bir 
Sahara relate to a rising water table and, 
conceivably, to increasing moisture in 
the area. The thick sandy beaches, how- 
ever, indicate that eolian sand continued 
to enter the basin throughout this period. 

A dry grassland environment apparent- 
ly prevailed during the period of rising 
water table and the Mousterian occupa- 
tion at Bir Sahara. An Ethiopian fauna, 
including rhino, ass, camel, buffalo, and 
several varieties of gazelle existed in the 
vicinity of the lakes. At some point dur- 
ing this period, possibly when the lake 
reached its maximum stand, the Mouste- 
rian population spread over the desert 
and the sand pan at site E-72-4 was occu- 
pied. We assume that the revival of 
spring activity at Bir Sahara was contem- 
poraneous with the development of new 
springs at Kharga, such as the Levalloi- 
sian conduit of KO8A (3, pp. 75-80). An 
increase in local rainfall is indicated also 
by the wadi silts and tufas containing 
Levallois elements at Refuf Pass, near 
Kharga (3, pp. 103-105). 

Deterioration of the climate was re- 
corded by the receding lake and invading 
dunes, with an occasional better year 
marked by thin streaks of silt and crusts 
of cemented sand in the basal part of the 
younger dune at Bir Sahara. The depth 
to which the water table receded is un- 
known, but the thickness of the sand 
under the Aterian ponds at Bir Tarfawi 
and the absence of any traces of human 
occupation suggest a level close to that 
of the present, accompanied by true 
desert conditions. 

This was followed, once again, by a 
considerable rise of the water table and 
increased spring discharge that caused 
the formation of lakes at both Bir Tar- 
fawi and Bir Sahara. This increased mois- 
ture may also have caused a renewal of 
spring activity at Kharga Oasis (3, pp. 
86-90). At both Kharga and Bir Sahara 
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the Mousterian groups were replaced by 
Aterian hunters who shared many of the 
artifactual traits of the earlier Mouste- 
rian. A few refinements appeared in the 
addition of bifacial foliates and pe- 
dunculates to the tool kit. A dry grassland 
probably existed again around the 
ponds; an Ethiopian fauna, closely simi- 
lar to that of the Mousterian moist peri- 
od, returned to the area and was exten- 
sively hunted by Aterian man. 

The Aterian moist interval was suc- 
ceeded by a long period of desert condi- 
tions accompanied by a drop in the water 
table and pronounced deflation to a level 
not more than 2 to 4 m above the modern 
water table. The current morphology of 
the Bir area was formed at that time. It 
is significant that, after the Aterian 
ponds dried up, an event which apparent- 
ly occurred more than 44,000 years ago, 
there are no traces anywhere in the Nu- 
bian Desert of any occupation, spring, or 
lacustrine sediments that are between 
the Aterian sites and the Terminal Pa- 
leolithic in age. For this period of more 
than 30,000 years' duration the Western 
Desert of Egypt was apparently devoid 
of surface water and of any sign of life. 
The Ethiopian fauna disappeared. We 
have no direct evidence on the environ- 
ment during this period, but it could well 
have been hyperarid and cold. This inter- 
pretation is in agreement with other in- 
dications of great aridity in the Sahara 
during the last glacial maximum, in par- 
ticular the increase in wind-blown sand 
off the West African coast and the 
changes in the foraminifera of the Red 
Sea and the Gulf of Aden (31). 

The moist episode when the Terminal 
Paleolithic and Neolithic playa devel- 
oped at Nabta and elsewhere where the 
sand pans were occupied is not recorded 
at Bir Sahara or Bir Tarfawi. This suggests 
that the period of increased rainfall was 
of such limited duration as to be in- 
adequate to cause a substantial rise of 
the water table around the Birs. There 
was an increase in precipitation around 
7500 B.C. which, with minor fluctua- 
tions, persisted at least until around 5000 
B.C. The evidence is not adequate to 
determine whether this was followed by 
a brief period of aridity, but in any event, 
another widespread occupation occurred 
around both the Birs and the sand pans 
at around 2500 B.C., suggesting another 
episode of increased moisture. 

A comparison of the climatic sequence 
in the Egyptian Sahara with that of Eu- 
rope is hazardous in the absence of firm, 
absolute dates, particularly since there is 
an extremely complex series of recog- 
nized oscillations associated with the 
Wuirm glaciation. There are, however, 

several possibilities. For example, the 
Upper Acheulean spring activity may be 
correlated with the Riss glaciation, and 
the pronounced deflation responsible for 
the formation of the basins at Bir Sahara 
may have occurred during the Eemian 
interglacial. The Mousterian and Aterian 
occupations and their associated ponds 
would, consequently, correlate with 
early and lower middle Wurm and thus 
would be contemporary with the Mouste- 
rian of Europe. On the other hand, the 
Final Acheulean and the Mousterian 
might possibly be placed in early Wiirm. 
We favor the first sequence. With either 
correlation the long period of desert con- 
ditions that succeeds the Aterian wet 
phase is almost certainly contemporary 
with the main Wirm glaciation in north- 
ern Europe. The absence of any evi- 
dence for pluvial conditions during that 
time in the Sahara is a serious com- 
plication for simplistic correlations of 
pluvial and glacial phenomena. 

The Early Holocene wet phases are 
closely comparable to the two wet fluctu- 
ations indicated for the central and west- 
ern Sahara, including Tchad (32). During 
the early part of the first of these wet 
phases, the Sahara was reoccupied for the 
first time since the Middle Paleolithic. 
However, Terminal Paleolithic hunters 
and gatherers were soon replaced by fully 
developed Neolithic societies. 

It is clear that the Western Desert 
could not have been a significant source 
for the numerous and highly diverse Late 
Paleolithic complexes that occur along 
the Nile during the latter part of the late 
Pleistocene. The two areas, the Nile Val- 
ley and the Sahara, seem to have devel- 
oped along largely independent lines, 
much as they have even until the present 
time. 
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Great advances have been made in 
major areas of neuroscience over the 
years, but strikingly lacking are unifying 
conceptual principles capable of relating 
brain cell activities to psychological pro- 
cesses such as learning, memory, per- 
ception, consciousness, and other "high- 
er brain functions." Essential to the de- 
velopment of such principles will be a 
more profound understanding of the bio- 
electrical and other processes of neuro- 
nal interaction that are implicated in high- 
er brain functions. 

The last two decades have seen a revo- 
lution in concepts of information process- 
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ing and transfer in and between brain 
cells, concepts that have dominated neu- 
rological thinking for many years (1-5). 
One significant change is in the concept 
of the dynamic functional polarization of 
the neuron, according to which the neu- 
ron is a one-way, information-trans- 
mitting, cellular system with a some- 
times vast but passive receptive dendrit- 
ic surface, with integrative capabilities 
focused at the axon hillock, and with an 
axonal self-regenerative mechanism for 
rapid transmission of the message to ax- 
onal terminals. The new view of the neu- 
ron, based primarily on recent electron 
microscope evidence (6) and supported 
by intracellular electrical recording, 
holds that the dendrite, far from being 
only a passive receptor surface, may also 
be presynaptic, transmitting information 
to other neurons through dendrodendrit- 
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ic synapses. Such neurons may simulta- 
neously be the site of many electrotonic 
current pathways, involving components 
as small as dendritic membrane patches 
or individual dendrites. Electrotonic cur- 
rents, originating in various loci, flow 
through a vast network; the information- 
processing product of these currents is 
transmitted to other brain regions by pro- 
jection neurons-that is, neurons with 
long axons. 

The second significant recent change 
has been modification of the concept that 
transmission of information between neu- 
rons requires the propagation of "spike" 
action potentials. Evidence is accumulat- 
ing that small graded changes in potential 
in one neuron can synaptically influence 
electrical activity in other neurons (1, 3, 
7, 8). In dendritic networks, distances 
between interactive sites are measured 
in micrometers, as contrasted with the 
millimeter or centimeter distances char- 
acteristic of spike propagation. Attenua- 
tion of a passively conducted electrical 
signal is correspondingly less significant 
in such localized dendritic networks, and 
thus obviates the need for spikes. That 
some neurons characteristically interact 
without the benefit of spikes has been 
repeatedly demonstrated. In such neu- 
rons, changes in membrane potential of 
less than a millivolt may suffice to alter 
synaptic transmission (7, 9). 

Paralleling the evolution of a new view 
of electrical information processing in 
neurons has been the emergence of 
knowledge of fast bidirectional transport 
and biochemical signaling between brain 
cells. Such molecular exchange may 
function not only to provide metabolic 
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