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INTRODUCTION
The African origin of the early modern 

humans ca. 200–150 ka is now well documented 
(McBrearty and Brooks, 2000; McDougall et al., 
2005), but the routes of their expansion out of 
Africa are still debated (Vermeersch, 2001; 
Petraglia and Alsharekh, 2003). Fossil remains 
of early modern humans and sites of African 
Middle Stone Age industry in the eastern Sahara 
(McBrearty and Brooks, 2000; Smith et al., 
2004a) and Arabian Peninsula (Petraglia and 
Alsharekh, 2003; Rose, 2004) suggest a migra-
tion route from tropical east Africa to the north 
and northeast. (The African terminology, the 
Middle Stone Age, is used in this paper to cover 
the same time period described in Europe as the 
Middle Paleolithic; Marean and Assefa, 2005.) 
Archaeological data from northern Israel indi-
cate that one of the major waves of early modern 
human expansion out of the African continent 
occurred between 130 and 100 ka (Schwarcz 
et al., 1988; Valladas et al., 1988; Mercier et al., 
1993; Bar-Yosef, 1998; Grun et al., 2005). 
All possible migration routes leading from 
Africa to the Levantine early modern human 
sites (Fig. 1A) converge in the arid to hyper-
arid Negev, Sinai, and southern Jordan Deserts 
(Fig. 1B), making it a key region for under-
standing climatic constraints on early modern 
human dispersal. Derricourt (2005) argued that 
the Sinai-Negev Desert route was the major (and 
possibly the only) way out of Africa, and that 
the passage through this “bottleneck” region 

was dependent on the development of suitable 
climate conditions. The southern and central 
Saharan-Arabian Desert experienced increased 
monsoon precipitation during this period of 
early modern human emergence (Szabo et al., 
1995; Rohling et al., 2002; Fleitmann et al., 
2003; Osmond and Dabous, 2004), but it is not 
known if an increase in rainfall also occurred in 
the northern part of the migration corridor. Here, 
we present evidence for a period of enhanced 
rainfall activity between 140 and 110 ka in the 
central and southern Negev Desert, Israel, based 
on absolute U-Th dating of speleothems. The 
climate during this period consisted of episodic 
wet events that enabled the deserts of the north-
eastern Sahara, Sinai, and Negev to become 
more suitable for the movement of early mod-
ern humans. This period was preceded and fol-
lowed by essentially unbroken arid conditions, 
which may indicate that climate change had a 
major limiting role in the timing of early mod-
ern human dispersal out of Africa.

GEOLOGICAL CONTEXT
The caves of the Negev Desert are dry today 

and speleothems do not form, but their presence 
in a number of caves clearly indicates that water 
reached the unsaturated zone in the past and that 
surface vegetation was present at times. Today, 
the mildly arid northern (300–150 mm/yr) and 
arid central parts of the Negev Desert (150–50 
mm/yr) mainly receive their rainfall from Medi-
terranean cyclones (Dayan, 1986), as in the 

Mediterranean climate region of northern and 
central Israel. In contrast, the southern Negev 
is hyperarid (<50 mm/yr) (Amit et al., 2006) 
(Fig. 1B), and its rainfall mostly consists of rare 
thunderstorms bringing moisture of tropical ori-
gin (Kahana et al., 2002). The transition from 
the Mediterranean conditions in central Israel 
to the hyperarid desert in the southern Negev 
occurs over a distance of less than 150 km. The 
arid and hyperarid Sinai-Negev Deserts form 
the land bridge that links Africa to Asia.

Speleothem deposition has been continuous 
during the last 200 k.y. in the Mediterranean 
climate region of northern and central Israel 
(Frumkin et al., 1999; Bar-Matthews et al., 
2003), whereas in the mildly arid steppe zone 
in the Jordan Valley and the northern Negev, 
speleothem deposition has been more sporadic, 
with hiatuses during dry interglacial episodes 
(marine oxygen isotope stage [MIS] 5.3–5.2, 
and Holocene) and the two last glacial max-
ima (Vaks et al., 2006). Further south, where 
 present-day precipitation is below 150 mm/yr 
(central and southern Negev), the cross sections 
of speleothems younger than 200 ka are reduced 
to 1–3 cm, compared with tens of centimeters in 
the northern Negev (Vaks et al., 2006).

METHODS
Eleven speleothems (stalactites, stalagmites, 

and fl owstone, see GSA Data Repository Table 
DR11) were collected from fi ve caves located 
along a north-south transect of the central and 
southern Negev Desert, from the present-day 
150 mm isohyet to the 30 mm isohyet (Fig. 1B). 
The caves occur in Middle Cretaceous lime-
stone and dolomite host rock. The speleothems 
were sectioned, and up to 500 mg of powder 
was drilled out from different laminae using 
0.8–1.2-mm-diameter drill bits. Stable isotope 
tests (Hendy, 1971) performed on several of the 
speleo thems indicate equilibrium deposition. 
The procedures for accurate U-Th dating using 

1GSA Data Repository item 2007202, Table 
DR1 and Figure DR1, is available online at www. 
geosociety.org/pubs/ft2007.htm, or on request from 
editing@geosociety.org or Documents Secretary, 
GSA, P.O. Box 9140, Boulder, CO 80301, USA.
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multicollector–inductively coupled plasma–mass 
spectrometry (MC-ICP-MS) at the Geological 
Survey of Israel are described in detail in Vaks 
et al. (2006). Thirty-three samples were dated 
(Fig. 2A based on data in Table DR1). Although 
some speleothems were 20–30 cm thick, only 
the outermost laminae of overall thickness of 5–
30 mm were dateable (Fig. DR1, see footnote 1). 
Some laminae were less than 2 mm thick, which 
limited the sample size for dating to 10–20 mg. 
However, the increase in analytical uncertainty 
in these samples was minor due to the relatively 

high U concentrations (see Table DR1). A rela-
tive age-frequency diagram was calculated using 
Isoplot/Ex 3 software (Fig. 2B) (Ludwig, 2003). 
The higher age-frequency peaks indicate more 
intensive speleothem deposition.

RESULTS AND DISCUSSION
The ages of speleothem deposition in the fi ve 

caves mostly cluster between ca. 140 ka and 
110 ka (interglacial MIS 5.5 and 5.4), with an 
additional minor deposition interval at ca. 88 ka 
(beginning of MIS 5.1) defi ned by one speleo them 
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Figure 1. Location maps. A: Saharan-
Arabian  Desert (gray shading indicates 
rainfall below 100 mm) and three pos-
sible routes for migration of early modern 
humans (EMH) toward Levant early mod-
ern human sites, passing through desert 
areas of Sinai, Negev, and southern Jordan: 
(a) along Nile River, (b) along African Red 
Sea coast, (c) along Arabian Red Sea coast 
after crossing Bab-el-Mandeb Straits (after 
Petraglia and Alsharekh, 2003; Rose, 2004). 
Rectangle indicates southern Levant area 
shown in Figure 1B. B: Southern Levant 
area showing location of fi ve studied cave 
sites in Negev Desert. Caves are denoted 
by black circles and labeled as follows: 
HZ—Hol-Zakh; ASH—Ashalim; ESID—
Even-Sid; MMR—Ma’ale-ha-Meyshar; KTO—
Ktora Cracks. Open circles indicate caves 
with early modern human remains in 
northern Israel: Skhul (SK) and Qafzeh 
(QF). Lines represent rainfall isohyets 
(in mm/yr). Present-day Negev Desert 
can be divided into three subzones: 
northern—300 mm to 150 mm isohyets; 
central—150 mm to 50 mm isohyets; 
southern—50 mm isohyet to Gulf of Elat 
(Aqaba).
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Figure 2. Speleothem ages and enhanced rainfall periods in Negev Desert determined in this 
study compared to data on occupation of caves in northern Israel by early modern humans 
(EMH) and periods of enhanced monsoonal rainfall in southern Saharan-Arabian Desert. 
A: U-Th ages (with 95% confi dence [2σ] error bars) of speleothem samples of Negev Desert. 
Speleothem samples are identifi ed along vertical axis, and data for each speleothem are 
separated from one another by thin horizontal lines. Bold horizontal lines separate data for 
different caves (cave locations appear in Fig. 1B). Stratigraphic order of laminae in each 
individual speleothem is from bottom to top of row. Dark-gray rectangle shows range of ages 
of wet period indicated by speleothems. Bold gray bar below upper horizontal axis indicates 
archaeological period associated with early modern human remains in Skhul and Qafzeh 
Caves in northern Israel (Schwarcz et al., 1988; Valladas et al., 1988; Mercier et al., 1993; 
Bar-Yosef, 1998; Grun et al., 2005). B: Relative age-frequency curve calculated from age 
data, showing fraction of samples that formed in same age interval at 95% confi dence level. 
C: Periods of enhanced monsoonal activity in southern and central parts of Saharan-Arabian 
Desert indicated by horizontal bars: Ref. 1—Osmond and Dabous (2004); Ref. 2—Szabo et al. 
(1995); Ref. 3—Fleitmann et al. (2003), and Ref. 4—Smith et al. (2004b). Figure shows that 
early modern human presence in Levant started at peak wet phase of the desert.
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age (Fig. 2A). The speleothem age-frequency 
distri butions (Fig. 2B) show that the major depo-
sitional period was between 133 and 122 ka.

No speleothem deposition was found between 
185 and ca. 140 ka (MIS 6) (Fig. DR1, between 
ca. 110 and ca. 90 ka (MIS 5.4–5.2), and after 
ca. 85 ka (i.e., during the most of the interglacial 
MIS 5.1, the last glacial period, and the Holo-
cene). We therefore conclude that the central and 
southern Negev Desert was arid to hyperarid dur-
ing these periods. The lack of deposition during 
the glacial periods contrasts with the continuous 
deposition of speleothems in the Mediterranean 
climate zone (in northern and central Israel; Bar-
Matthews et al., 2003), and with the speleothem 
deposition during glacial periods in northern 
Negev (Vaks et al., 2006). Hol-Zakh, the north-
ernmost cave studied in this work (Fig. 1B), and 
the northern Negev Tzavoa Cave studied by 
Vaks et al. (2006) are located only 10 km apart, 
yet the two caves are characterized by a sharp 
present-day precipitation gradient (150–160 
mm/yr at Tzavoa to 90–100 mm/yr at Hol-Zakh), 
which is marked by thinning of the speleothem 
laminae at Hol-Zakh and a different chronology 
of speleothem deposition events.

Speleothem deposition in an otherwise arid to 
hyperarid region indicates an increase of rainfall 
above the caves, leading to recharge of water in 
the unsaturated zone. The increase in precipita-
tion in the Negev Desert could have occurred 
because of a southern shift of the Mediterranean 
cyclones and/or an increase in their intensity. 
However, the periods of enhanced rainfall most 
probably would have been short in duration and 
alternated with long droughts. The data support-
ing this hypothesis of episodic rainfall are: (1) 
only thin, 5–10 mm speleothem laminae were 
deposited in the caves, and (2) the absence of 
calcite horizons in middle-late Quaternary 
 gypsic-salic soils of the southern Negev indi-
cates that precipitation levels greater than 80 
mm/yr could not have persisted for periods lon-
ger than tens to hundreds of years (Amit et al., 
2006). Thus, the wet episodes were too short to 
cause the development of calcite horizons in the 
soils but long enough to allow the formation of 
thin speleothem laminae in the caves.

Although the wet episodes were short, they 
would have had a signifi cant environmental 
impact. The caves are located at shallow depths 
(2–20 m) below the tops of the hills, and thus 
their catchments are small compared to those of 
wadi channels, which would have seen signifi -
cantly greater amounts of water and increased 
vegetation cover. Pollen records show a sig-
nifi cant contemporaneous development of veg-
etation cover over the entire region (Weinstein-
Evron, 1987), and increased spring discharge is 
marked by travertine deposition in the hyperarid 
southeastern parts of the Negev Desert (Livnat 
and Kronfeld, 1985). Higher rainfall is also indi-

cated by the Eemian record of perennial lakes 
in basins occupied today by playas in southern 
Jordan (Petit-Maire et al., 2002).

Figure 2 shows that the cluster of humid 
episodes in the Negev Desert between 140 and 
110 ka was synchronous with increased mon-
soonal intensity in the southern Arabian Penin-
sula (Fleitmann et al., 2003) and the Saharan  
Desert (Szabo et al., 1995; Rohling et al., 2002; 
Osmond and Dabous, 2004; Smith et al., 2004b). 
This would have sustained habitable condi-
tions for early modern humans over the entire 
desert belt, and not just in oases and the Nile 
Valley (Smith et al., 2004b). The northward 
movement of early modern humans through 
the Sinai-Negev land bridge would have been 
facilitated under these conditions, allowing 
them to reach the more hospitable climates of 
Levant ca. 130–100 ka, as documented by dated 
early modern human remains from the Skhul 
and Qafzeh Caves in northern Israel (Figs. 1B 
and 2) (Schwarcz et al., 1988; Valladas et al., 
1988; Mercier et al., 1993; Bar-Yosef, 1998; 
Grun et al., 2005). Earlier prehistoric sites out-
side of Africa have not yielded unequivocal 
early modern human skeletal remains (Stringer, 
2002; Barkai et al., 2003; Grun et al., 2005). 
The faunal assemblages of the archaeological 
layer in Qafzeh Cave (QF in Fig. 1B) show that 
 Palearctic fauna, which dominated in the caves 
of southern Levant during MIS 6, disappeared at 
the onset of interglacial MIS 5, and African and 
Saharan-Arabian elements became the highest 
since 780 ka. These latter elements include spe-
cies of micromammals, hartebeest, equids, and 
ostrich egg shells, all of which indicate an abun-
dance of savannah species in the area (Rabino-
vich and Tchernov, 1995; Tchernov, 1992, 
1996). The faunal assemblage of Qafzeh Cave 
thus provides supportive evidence for the north-
ward expansion of African and Saharan-Arabian 
biotic zones during the period when early mod-
ern humans are fi rst recorded in the area.

Middle Stone Age sites are found in the 
Negev and southern Jordan. Rink et al. (2003) 
suggested an age range of 90–220 ka or older 
for these Middle Stone Age sites. However, the 
absence of the skeletal remains makes it impos-
sible to determine the hominid type.

The Nile River corridor provides a potential path 
to the Mediterranean Sea through the Saharan-
Arabian Desert (route a in Fig. 1A). Wetter con-
ditions in Sinai and Negev Deserts at this time 
would have made migration from the Nile Delta 
to the Levant easier. The increased monsoonal 
precipitation over the tropics and southern and 
central Saharan-Arabian Desert at 140–110 ka 
also would have enhanced the Nile River fl ow, 
made this route more usable, and opened new 
migration routes across the desert. Stringer 
(2000) also argued that prehistoric human 
expansions mainly occurred along the coasts, 

which provided the fi rst and fastest migration 
routes. The possible coastal migration routes 
from Ethiopia to the Levant follow: (1) the Afri-
can Red Sea coast (route b in Fig. 1A), or (2) 
the Arabian Red Sea coast (route c in Fig. 1A), 
if early modern humans crossed the Bab-el-
Mandeb Straits (Rose, 2004). The Red Sea 
coastal routes were extremely arid before 140 ka 
and after 115 ka (Almogi-Labin et al., 2004). 
Archaeological evidence supports the proposi-
tion of Red Sea coastal migration routes. Walter 
et al. (2000) found that early modern humans 
occupied the arid Red Sea coast of Eritrea at 
125 ka; Van Peer et al. (1996) reported evidence 
of early modern human occupation of Red Sea 
coastal mountains of southeastern Egypt dur-
ing approximately the same period. Petraglia 
and Alsharekh (2003) found that Middle Stone 
Age sites of early modern humans (although 
not radiometrically dated) are concentrated in 
the western parts of the Arabian Peninsula and 
some of them are close to the Red Sea coast.

Whereas the signifi cant increase in wet epi-
sodes over northern Africa during the 140–
110 ka period could have removed the climatic 
barriers to human and animal migration to the 
north, the aridization of the northern parts of 
Saharan-Arabian Desert at ca. 110 ka (expressed 
by the cessation of speleothem deposition in the 
Negev caves) would have suppressed the return 
route from the Levant to Africa for at least 
20,000 yr. The highest frequency of speleothem 
ages (indicating highest speleothem deposition 
rate) occurs in the earlier half of the 140–110 ka 
period, followed by a gradual decrease in depo-
sition as conditions moved to aridity (Fig. 2B). 
Thus, this period of expanding aridity in the 
Saharan-Arabian Desert may have encouraged 
early modern humans to move further into the 
Mediterranean climate zone of the Levant and 
possibly to the other parts of Eurasia.

Wet interglacial events have been suggested 
to be crucial to the occurrence of Pleistocene 
migrations “out of Africa” (Derricourt, 2005). 
We therefore suggest that the episodic humid 
phase between 140 and 110 ka in the northern 
Saharan-Arabian Desert opened an important 
interglacial climatic window that allowed early 
modern humans to disperse out of Africa to 
other parts of the world.

ACKNOWLEDGMENTS
This research was supported by the Israel Science 

Foundation (grant 910/05) and by the Ring Foundation. 
We would like to thank N. Tepliakov, I. Segal, O. Yoffe, 
S. Ashkenazi, B. Schilman, and E. Eliani from Geologi-
cal Survey of Israel, and the team of the Cave Research 
Unit at Hebrew University, Jerusalem, for their assis-
tance in fi eld and laboratory work. We would also 
like to thank L. Grosman, A. Almogi-Labin, R. Amit, 
Y. Enzel, E. Hovers, N. Goren-Inbar, and R. Rabinovich 
for advice, and T. Esat, C. Marean, and the two anony-
mous reviewers for the fruitful comments, which led to 
considerable improvement of the manuscript.



834 GEOLOGY, September 2007

REFERENCES CITED
Almogi-Labin, A., Bar-Matthews, M., and Ayalon, 

A., 2004, Climate variability in the Levant and 
northeast Africa during the late Quaternary 
based on marine and land records, in Goren-
Inbar, N., and Speth, D., eds., Human Paleo-
ecology in the Levantine Corridor: Oxford, 
UK, Oxbow Books, p. 117–134.

Amit, R., Enzel, Y., and Sharon, D., 2006, Permanent 
Quaternary hyperaridity in the Negev, Israel, 
resulting from regional tectonics blocking 
Mediterranean frontal systems: Geology, v. 34, 
p. 509–512, doi: 10.1130/G2254.1.

Barkai, R., Gopher, A., Lauritzen, S.E., and Frum-
kin, A., 2003, Uranium series dating from 
Qesem Cave, Israel, and the end of the Lower 
Paleolithic: Nature, v. 423, p. 977–979, doi: 
10.1038/nature01718.

Bar-Matthews, M., Ayalon, A., Gilmour, M., Mat-
thews, A., and Hawkesworth, C.J., 2003, 
Sea-land oxygen isotopic relationships from 
planktonic foraminifera and speleothems in 
the Eastern Mediterranean region and their 
implication for paleorainfall during interglacial 
intervals: Geochimica et Cosmochimica Acta, 
v. 67, p. 3181–3199, doi: 10.1016/S0016–7037
(02)01031–1.

Bar-Yosef, O., 1998, On the nature of transitions: 
The Middle to Upper Palaeolithic and the Neo-
lithic revolution: Cambridge Archaeological 
Journal, v. 8, p. 141–163.

Dayan, U., 1986, Climatology of back trajectories 
from Israel based on synoptic analysis: Journal of 
Climate and Applied Meteorology, v. 25, 
p. 591–595, doi: 10.1175/1520–0450(1986)
025<0591:COBTFI>2.0.CO;2.

Derricourt, R., 2005, Getting “out of Africa”: Sea 
crossings, land crossings: Journal of World 
Prehistory, v. 19, p. 119–132, doi: 10.1007/
s10963–006–9002-z.

Fleitmann, D., Burns, S.J., Neff, U., Mangini, A., and 
Matter, A., 2003, Changing moisture sources 
over the last 330,000 years in northern Oman 
from fl uid-inclusion evidence in speleothems: 
Quaternary Research, v. 60, p. 223–232, doi: 
10.1016/S0033–5894(03)00086–3.

Frumkin, A., Ford, D.C., and Schwarcz, H.P., 
1999, Continental oxygen isotopic record 
of the last 170,000 years in Jerusalem: Qua-
ternary Research, v. 51, p. 317–327, doi: 
10.1029/1999GB001245.

Grun, R., Stringer, C., McDermott, F., Nathan, R., 
Porat, N., Robertson, S., Taylor, L., Mortimer, 
G., Eggins, S., and McCulloch, M., 2005, 
U-series and ESR analyses of bones and teeth 
relating to the human burials from Skhul: Jour-
nal of Human Evolution, v. 49, p. 316–334, 
doi: 10.1016/j.jhevol.2005.04.006.

Hendy, C.H., 1971, The isotopic geochemistry of 
speleothems: I. The calculation of the effects 
of different modes of formation on the isotopic 
composition of speleothems and their applica-
bility as palaeoclimatic indicators: Geochimica 
et Cosmochimica Acta, v. 35, p. 801–824.

Kahana, R., Ziv, B., Enzel, Y., and Dayan, U., 2002, 
Synoptic climatology of major fl oods in the 
Negev Desert, Israel: International Journal of 
Climatology, v. 22, p. 867–882, doi: 10.1002/
joc.766.

Livnat, A., and Kronfeld, J., 1985, Paleoclimatic 
implications of U-series dates for lake sedi-
ments and travertines in the Arava Rift Valley, 
Israel: Quaternary Research, v. 24, p. 164–172, 
doi: 10.1016/0033–5894(85)90003–1.

Ludwig, K.R., 2003, Isoplot 3.00: A Geochrono-
logical Toolkit for Microsoft Excel: Berkeley, 
California, University of California, Special 
Publication No. 4, 70 p.

Marean, C.W., and Assefa, Z., 2005, The Middle 
and Upper Pleistocene African Record for the 
Biological and Behavioral Origins of Modern 
Humans, in Stahl A., ed., African Archaeology: 
A Critical Introduction; Blackwell Studies in 
Global Archaeology: Malden, Massachusetts, 
Blackwell Publishing, p. 93–129.

McBrearty, S., and Brooks, A.S., 2000, The revolu-
tion that wasn’t: A new interpretation of the 
origin of modern human behavior: Journal 
of Human Evolution, v. 39, p. 453–563, doi: 
10.1006/jhev.2000.0435.

McDougall, I., Brown, F.H., and Fleagle, J.G., 2005, 
Stratigraphic placement and age of modern 
humans from Kibish, Ethiopia: Nature, v. 433, 
p. 733–736, doi: 10.1038/nature03258.

Mercier, N., Valladas, H., Bar-Yosef, O., Vander-
meersch, B., Stringer, C., and Joron, J.L., 1993, 
Thermoluminescence date for the Mousterian 
burial site of Es-Skhul, Mt. Carmel: Journal 
of Archaeological Science, v. 20, p. 169–174, 
doi: 10.1006/jasc.1993.1012.

Osmond, J.K., and Dabous, A.A., 2004, Tim-
ing and intensity of groundwater movement 
during Egyptian Sahara pluvial periods by 
U-series analysis of secondary U in ores and 
carbonates: Quaternary Research, v. 61, p. 85–
94, doi: 10.1016/j.yqres.2003.09.004.

Petit-Maire, N., Sanlaville, P., Abed, A., Yasin, S., 
Bourrouilh, R., Carbonel, P., Fontugne, M., 
and Reyss, J.L., 2002, New data for an Eemian 
lacustrine phase in southern Jordan: Episodes, 
v. 25, p. 279–280.

Petraglia, M.D., and Alsharekh, A., 2003, The 
Middle Palaeolithic of Arabia: Implications 
for modern human origins, behaviour and dis-
persals: Antiquity, v. 77, p. 671–684.

Rabinovich, R., and Tchernov, E., 1995, Chronologi-
cal, paleoecological and taphonomical aspects 
of the Middle Paleolithic site of Qafzeh, Israel, 
in Buitenhuis, H., and Uerpmann, H.P., eds., 
Archaeozoology of the Near East: Leiden, 
Netherlands, Backhuys Publishers, p. 4–44.

Rink, W.J., Richter, D., Schwarcz, H.P., Marks, A.E., 
Monigal, K., and Kaufman, D., 2003, Age of the 
Middle Palaeolithic site of Rosh Mor, central 
Negev, Israel: Implications for the age range of 
the early Levantine Mousterian of the Levantine 
corridor: Journal of Archaeological Science, 
v. 30, p. 195–204, doi: 10.1006/jasc.2002.0831.

Rohling, E.J., Cane, T.R., Cooke, S., Sprovieri, M., 
Bouloubassi, I., Emeis, K.C., Schiebel, R., 
Kroon, D., Jorissen, F.J., Lorre, A., and Kemp, 
A.E.S., 2002, African monsoon variability dur-
ing the previous interglacial maximum: Earth 
and Planetary Science Letters, v. 202, p. 61–75, 
doi: 10.1016/S0012–821X(02)00775–6.

Rose, J.I., 2004, The question of Upper Pleistocene 
connections between east Africa and south 
Arabia: Current Anthropology, v. 45, p. 551–
555, doi: 10.1086/423500.

Schwarcz, H.P., Grun, R.V.B., Bar-Yosef, O., 
 Valladas, H., and Tchernov, E., 1988, ESR dates 
from the hominid burial site of Kafzeh in Israel: 
Journal of Human Evolution, v. 17, p. 733–737, 
doi: 10.1016/0047–2484(88)90063–2.

Smith, J.R., Giegengack, R., and Schwarcz, H.P., 
2004a, Constraints on Pleistocene pluvial cli-
mates through stable-isotope analysis of fossil-
spring tufas and associated gastropods, Kharga 

Oasis, Egypt: Palaeogeography, Palaeoclima-
tology, Palaeoecology, v. 206, p. 157–175, doi: 
10.1016/j.palaeo.2004.01.021.

Smith, J.R., Giegengack, R., Schwarcz, H.P., 
 McDonald, M.M.A., Kleindienst, M.R., 
Hawkins, A.L., and Churcher, C.S., 2004b, 
A reconstruction of Quaternary pluvial envi-
ronments and human occupations using stra-
tigraphy and geochronology of fossil-spring 
tufas, Kharga Oasis, Egypt.: Geoarchaeology: 
International Journal (Toronto, Ontario), v. 19, 
p. 407–439, doi: 10.1002/gea.20004.

Stringer, C., 2000, Coasting out of Africa: Nature, 
v. 405, p. 24–27, doi: 10.1038/35011166.

Stringer, C., 2002, Modern human origins: Progress 
and prospects: Philosophical Transactions of 
the Royal Society of London, v. 357, p. 569–
579, doi: 10.1098/rstb.2001.1057.

Szabo, B.J., Haynes, J.C.V., and Maxwell, T.A., 
1995, Ages of Quaternary pluvial episodes 
determined by uranium-series and radio-
carbon dating of lacustrine deposits of eastern 
Sahara: Palaeogeography, Palaeoclimatol-
ogy, Palaeoecology, v. 113, p. 227–242, doi: 
10.1016/0031–0182(95)00052-N.

Tchernov, E., 1992, The Afro-Arabian component in 
the Levantine mammalian fauna—A short bio-
geographical review: Israel Journal of Zoology, 
v. 38, p. 155–192.

Tchernov, E., 1996, Rodent faunas, chronostratig-
raphy and paleobiogeography of the southern 
Levant during the Quaternary: Acta Zoologica 
Cracoviensia, v. 39, p. 513–530.

Vaks, A., Bar-Matthews, M., Ayalon, A., Matthews, 
A., Frumkin, A., Dayan, U., Halicz, L., Almogi-
Labin, A., and Schilman, B., 2006, Paleoclimate 
and location of the border between Mediterra-
nean climate region and the Saharo-Arabian 
Desert as revealed by speleothems from the 
northern Negev Desert, Israel: Earth and Plan-
etary Science Letters, v. 249, p. 384–399, doi: 
10.1016/j.epsl.2006.07.009.

Valladas, H., Reyss, J.L., Joron, J.L., Valladas, G., 
Bar-Yosef, O., and Vandermeersch, B., 1988, 
Thermoluminescence dating of Mousterian 
‘proto-Cro-Magnon’ remains from Israel and 
the origin of the modern man: Nature, v. 331, 
p. 614–616, doi: 10.1038/331614a0.

Van Peer, P., Vermeersch, P.M., Moeyersons, J., and 
Van Neer, W., 1996, Paleolithic sequences of 
Sodmein Cave, Red Sea Mountains, Egypt, in 
Pviti, G., and Soper, R., eds., Aspects of Afri-
can Archaeology: Harare, Zimbabwe, Univer-
sity of Zimbabwe, p. 149–156.

Vermeersch, P.M., 2001, ‘Out of Africa’ from an 
Egyptian point of view: Quaternary Inter-
national, v. 75, p. 103–112, doi: 10.1016/
S1040–6182(00)00082–3.

Walter, C., Buffl er, R.T., Bruggemann, J.H., Guil-
laume, M.M.M., Berhe, S.M., Negassi, B., Lib-
sekal, Y., Cheng, H., Edwards, R.L., von Cosel, 
R., Neraundeau, D., and Gagnon, M., 2000, 
Early human occupation of the Red Sea coast 
of Eritrea during the last interglacial: Nature, 
v. 405, p. 65–69, doi: 10.1038/35011048.

Weinstein-Evron, M., 1987, Palynology of Pleisto-
cene travertines from the Arava Valley, Israel: 
Quaternary Research, v. 27, p. 82–88, doi: 
10.1016/0033–5894(87)90051–2.

Manuscript received 12 February 2007
Revised manuscript received 30 April 2007
Manuscript accepted 2 May 2007

Printed in USA



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues false
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


