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Abstract. Various routes have been proposed for the initial migrations out of Africa into western Asia. A poten-
tial route traversing Yemen and Oman contains three Paleolithic sites with artefacts presumed to be Oldowan.
One site was a stratigraphic cave site while the other two were surface sites. The artefacts of the surface sites
were statistically compared with those of the cave. These three Arabian sites were then compared with the Ol-
dowan artefacts of Olduvai Gorge, Africa. Analysis of Variance on the tool dimensions and Multidimensional
Scaling of artefact frequencies suggest that the Arabian artefacts have Oldowan affiliation.
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Introduction
The last decade of the twentieth century

and the opening years of the twenty-first wit-
nessed in both Africa and Asia a spectacular
series of hominid discoveries and a rising in-
terest in early human migration into Asia
(Etler 1996; Gabunia et al. 2000; Larick and
Ciochon 1996; Petraglia 2003; Swisher et al.
1994; Wood and Turner 1995). No less than
four new hominid species were reported dur-
ing the past few years, all found in Africa.
The emerging interest in human migration
may be attributed to two events:  1) the dis-
covery of several human cranial and assorted
skeletal remains in association with stone
artefacts dated 1.77 million years ago (mya)
at the site of Dmanisi in Georgia (Gabuma
and Vekua 1995; Gabunia et al. 2000; Vekua
et al. 2002); and 2) the surprisingly early
dates of 1.8 mya at Longgupo Cave in China
(Wanpo et el. 1995); together with the re-
dated cranial remains found at Mojokerto
(1.81 mya) and at Sangiran (1.66 mya) in
Java (Swisher 1994). 

Despite the Asian discoveries, the wealth
of relevant Pliocene data still resides in Afri-
ca. Of the hominid findings that appear in
Pliocene deposits, the earliest evidences date

from about 3.6 mya at Laetoli, Tanzania and
from about 3 mya at Hadar, Ethiopia and
Sterkfontein, South Africa (LaPorte and Zihl-
man 1983). The oldest known stone artefacts,
those found in 1992-1994 at Gona in north-
ern Ethiopia, have been securely dated at 2.6-
2.5 mya using magnetostratigraphy and radi-
oisotope methods (Semaw et al. 1997; Se-
maw 2000). In addition, Omo, Ethiopia and
Turkana, Kenya have yielded stone tools dat-
ed at about 2.3 mya (Semaw et al. 1997).
Finds such as these affirm the priority of Af-
rica as a likely birthplace of the hominid line-
age.

Semaw (2000) observed that many of the
African tool assemblages in the period of
2.6-1.5 mya conveniently group into the pro-
totypical Oldowan Industry associated with
Bed I at Olduvai Gorge in Tanzania (Leaky
1971). Olduvai Gorge has been one of the
most informative Plio-Pleistocene sites ow-
ing to the richness of the finds and a strati-
graphic column that is supported with radio-
metric dates. Olduvai has also yielded
slightly later, and perhaps transitional, indus-
tries known as Developed Oldowan A and
Developed Oldowan B. In the succeeding pe-
riod of 1.5-0.2 mya at Olduvai Gorge and
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elsewhere, most industries are labeled as
Acheulean. In lieu of the questions surround-
ing early migrations from Africa and the geo-
graphical distribution of artefact types, the
archetypal nature of the Oldowan industry
has value as a benchmark for evaluating Ol-
dowan-like finds in the Arabian Peninsula.

The discovery of human remains at re-
mote sites in eastern and southeastern Asia
from the range of 1.8 mya would seemingly
mandate a departure from Africa many thou-
sands of years earlier in view of the great dis-
tances to be traveled and the wide range of
environments to be exploited along the way.
Although the original locus of the early mi-
grants currently appears to have been in East
Africa, questions regarding the migratory
mechanisms and routes remain open. 

Only two routes out of Africa appear fea-
sible and both of them traverse Arabia. The
first could proceed from Ethiopia down the
Nile and across the Sinai Peninsula into the
Levant and western Asia.  The other would
follow the arching trajectory of early man
sites in East Africa from Olduvai Gorge to
Djibouti, then across the mouth of the Red
Sea at Bab al Mandab directly into Yemen
(Fig. 1). At this juncture, three further routes
were open, the first being along the flat
coastal plain of the Tihama located between
the mountains and the Red Sea. The second,
paralleling the first, ranges between the east
side of the mountains and the vast stretches
of the Arabian desert. The third, continues
eastward across Yemen and Oman in the
southern Arabian Peninsula, across the Strait
of Hormuz, into Iran, and to points east. 

The apparent presence of Oldowan arte-
facts in a series of sites arching from Africa
to Oman suggests the existence of an east-
ward human migration route in Plio-
Pleistocene times. However, from the rela-
tive abundance of Acheulean artefacts in the

Arabian Peninsula, one must also assume that
some long term settlement and later popula-
tion movements occurred as well.

With the onset of a cooler climate during
the Upper Pliocene, heralding the beginning
of the Ice Ages of the Pleistocene, sea levels
declined as much as 100 meters, possibly ex-
posing intermittent land bridges at the Bab al
Mandab. In the same timeframe, the distance
between the continents was likely less than
today, which would also facilitate the passage
of early human bands toward eastern and
southeastern Asia (Walwer 1995). The same
may apply to the Gulf of Hormuz separating
Oman and Iran. 

The decline in sea level had the potential
to convert both the Red Sea and the Arabian
Gulf into landlocked seas. Present day Perim
Island, located between Djibouti and Yemen
may be the sole remnant of a land bridge that
once connected Africa and Asia. In this
paper, we shall consider the southern route
out of Africa, across Yemen and Oman as an
option for the infiltration of early human mi-
grants into Asia. 

Survey and Excavation
Along the southern route, three sites have

been identified as possible early way stations
in the journey to the east. Two are in Yemen
and one is in Oman and all were tentatively
identified at the time of their discovery as
pre-Acheulean or Developed Oldowan. The
first area was found in 1983-1988 near Wadi
Dauan in the Hadhramaut of southern Yemen
(Amirkhanov 1987, 1991, 1994). It consisted
of three stratified cave sites and two stratified
open-air sites, with all five sites having layers
of different ages. Two of the cave sites had
very few artefacts but the third, Al Guza
Cave, harbored many more. In its deepest
level, in situ deposits of 187 Oldowan arte-
facts appeared, mainly choppers with some
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Fig. 1: Map of proposed migration routes and the Paleolithic sites mentioned in the text.
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polyhedrons, discoids and scrapers. Several
layers of Acheulean artefacts were located
above the Oldowan level but a distinction ex-
isted between the Oldowan and Acheulean
layers. The Acheulean levels were character-
ized by numerous handaxes and several chop-
pers (Amirkhanov 1994). 

In 1992, from a series of 16 sites located
on an escarpment overlooking Wadi Shahar
in southwest Yemen, a survey team collected
729 Oldowan artefacts. Nearly half of the
artefacts consisted of choppers, with scrapers,
polyhedrons, and discoids comprising most
of the remainder (Whalen and Schatte 1997).
The Oldowan (or Developed Oldowan) com-
ponent of these sites will be referred to as
Yemen'92-DO. 

In 2002, a survey undertaken in the Huqf
district of central Oman revealed a grouping
of 43 sites that yielded 2,113 Oldowan arte-
facts (Whalen 2003, in press). Within the Ol-
dowan assemblages, choppers accounted for
59% of the tool inventory in addition to
scrapers, polyhedrons, spheroids, discoids
and protobifaces. The Oldowan (or Devel-
oped Oldowan) component of this survey
will be referred to as Oman'02-DO. 

The Oldowan artefacts found in south-
western Yemen in 1992 (Yemen'92-DO) and
in central Oman in 2002 (Oman'02-DO) were
all surface finds. In contrast, the 187 Al Guza
Cave artefacts that Amirkhanov classified as
pre-Acheulean or Oldowan were excavated
from an intact, stratified site. In light of the
overriding migratory questions and the cir-
cumstances of these discoveries, two research
questions arise: 

1) To what extent do the surface finds from
Yemen'92-DO and Oman'02-DO correspond
to the in situ Oldowan artefacts in the base
level of Al Guza Cave? 

2) Is there a potential relationship between
artefacts from these three southern Arabia
sites and the Oldowan artefacts recovered
from Olduvai Gorge in East Africa? 

To provide firm answers to these intriguing
questions is important but difficult. First, ex-
cept for the stratified Al Guza Cave site, the
Lower Paleolithic assemblages of the Arabi-
an Peninsula are only known from surface
collections, which provide a very limited
framework for classification and dating. Skel-
etal evidences, such as have been found in
Africa and Asia, have not yet emerged in the
Arabian Peninsula, and the Paleolithic tool
finds have no diagnostic fossil associations to
provide clues. Finally, radiometric dating op-
portunities, such as are associated with East
Africa, have thus far been lacking in the ar-
chaeology research of the Arabian Peninsula. 

Methodology
The statistical techniques employed in this

investigation utilized artefact frequency
counts and tool dimensions to evaluate poten-
tial relationships between the sites under dis-
cussion. The tool frequency is often the prod-
uct of specific functional activities carried
out in a particular environment. Artefact di-
mensional patterns may be dependent on the
available raw material as well as the prevail-
ing tradition of the culture in which they oc-
cur (Kimura 1999). 

Two separate statistical approaches were
required to address the study questions be-
cause of the differences between the databas-
es available for the Arabian Peninsula sites
and Olduvai Gorge. Analysis of Variance
(ANOVA), using artefact dimensions, was
selected to test the relationships between the
two Arabian surface sites and the in situ Ol-
dowan at Al Guza Cave. These Arabian sites
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were suited to ANOVA because they were
characterized by numerically sufficient col-
lections of choppers and scrapers with de-
tailed dimension measurements. However,
this approach was not suited for the second
question, which sought to compare the Arabi-
an sites with Olduvai Gorge, because the Af-
rican records lacked the needed dimension
data detail. Therefore, the second question
utilized tool frequencies and a technique
called Multidimensional Scaling (MDS).

Question One Methods. The dimensions
of choppers and scrapers were selected for
the comparison because these tool types were
the most plentiful and may also be the most
diagnostic. Eight separate ANOVA tests
were required, one for each chopper and
scraper tool dimension comparison: length,
width, length-to-width ratio and thickness-to-
width ratio. Each ANOVA tool dimension
test had an associated null hypothesis that
stated that the tools from the two Arabian
surface sites belonged to the same population
as the Oldowan tools of the Al Guza Cave. A
significance value of 0.05 (95% confidence
level) was selected as the level required to re-
ject any individual null hypothesis. Post-hoc
testing was necessary because the means of
the groups were not homogeneous. The Tam-
hane method was applied in this study. Table
1 summarizes the descriptive statistics of the
data from the three Arabian sites.

Question Two Methods. The second ques-
tion, concerning the potential relationship be-
tween the three Arabian sites and the Oldow-
an of Olduvai Gorge, was approached on the
basis of tool frequency counts because these
data were amply available. Due to the com-
plex nature of the dataset, MDS was selected
as the most appropriate analysis tool. In the
MDS procedure, a computer algorithm
creates a mathematical composite of all of

the various tool frequency variables associat-
ed with each site. The program then calcu-
lates the relationships of the sites using multi-
ple spatial dimensions or axes and Euclidian
distance measures. In evaluating the net re-
sults, shorter distances between sites are sug-
gestive of higher similarity. 

Although Olduvai Gorge is the prime Ol-
dowan site to employ as a standard of com-
parison, it was necessary to include addition-
al sites of Plio-Pleistocene affiliation to
demonstrate the MDS results in a meaningful
perspective. Including the sites already under
discussion, a total of nine Paleolithic sites
were used, some having both Acheulean and
Oldowan components. The tool frequency
categories for these sites were determined on
the basis of relative artefact prevalence:
choppers, scrapers, bifaces, polyhedrons, dis-
coids, spheroids and others. The final MDS
calculations therefore involved fifteen tool
assemblage groups, each with seven different
tool frequency classes. A summary of the
tool frequencies is shown in Table 2.

In regard to the MDS database, Olduvai
Gorge was represented by four different sub-
groups: Oldowan (OG-Old), Developed Ol-
dowan A (OG-DOA), Developed Oldowan B
(OG-DOB), and Acheulean (OG-Ach) (Lea-
key 1971). The advantage of testing the Ara-
bian sites against the Olduvai subgroups is
that any unanticipated similarities or dissimi-
larities are given a chance to emerge. Overall,
the inclusion of more artefact groups in the
MDS increases the range of data available for
comparison and may add greater specificity
to the results. 

The other African sites appearing in the
MDS were Gadeb and Koobi Fora. Their data
include the Gadeb Acheulean (Gadeb-Ach)
and the Gadeb Developed Oldowan B (Ga-
deb-DOB) (Clark and Kurashina 1979a,
1979b, 1980) and Koobi Fora (KF) (Isaac
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1997). 
The sites (and sub-sites) from the Arabian

Peninsula included the three Arabian sites un-
der discussion plus neighboring sites for
which suitable frequency data were available.
The Oman and Yemen data consisted of the
Oldowan from Al Guza Cave (Amirkhanov
1987, 1991, 1994), the Yemen'92-DO (Whal-
en and Schatte 1997), the Oman'02-DO
(Whalen 2003) and an Oman'02 Acheulean
component (Oman'02-Ach).

Other data from the Arabian Peninsula
involved the Developed Oldowan from
Wadi as Sirhan, Jordan in 1999 (Jordan'99-
DO) (Whalen and Kolly 2001), the Devel-
oped Oldowan from Saudi Arabian site
201-49 at Shuwayhitiyah (Saudi'85-DO)
(Whalen et al. 1986, 1989), and the Ubei-
diya Acheulean (Ub-Ach) and Ubeidiya
Developed Oldowan (Ub-DO) (Bar Yosef

and Goren-Inbar 1993; Goren-Inbar and
Sargusta 1996). 

Results
The ANOVA tested the relationship of two

Arabian surface sites with Al Guza Cave, the
only known in situ Oldowan site in the Arabi-
an Peninsula. The variables consisted of the
chopper and scraper dimensions of length,
width, length-to-width ratio and thickness-to-
width ratio. Table 3 presents the ANOVA re-
sults. Of special interest is the finding that
seven of eight scraper dimensions from the
two surface sites were shown to be statistical-
ly indistinguishable from the Oldowan scrap-
er dimensions of Al Guza Cave. In other
words, 87.5% of the scraper null hypotheses
were not able to be rejected at a 95% confi-
dence level. 

Table 3: Summary of the ANOVA results after  applying  Tamhane  post-hoc  testing. All null
hypotheses stated that the Oman’02-DO and Yemen’92-DO chopers and scrapers were from the
same population as the in situ Al Guza Cave Oldowan choppers and scrapers on the basis of their
dimensions. The bold numbers indicate where null hypotheses could not be rejected at the 95%
confidence level. In 7 of 8 scraper comparisons, the Oman and Yemen sites were not shown to be
statistcally different from the Oldowan of Al Guza Cave. Two of the chopper dimensions were
also not shown to be significantly different from the Oldowan of Al Guza Cave.
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In the chopper category, the relationships
were less conclusive as only two of eight null
hypotheses were not rejected. However, tak-
en as a whole, membership of the surface
artefacts in the population of the Al Guza Ol-
dowan artefacts could not be rejected in
62.5% of the ANOVA tests. Considering the
extreme antiquity of these artefacts and their
wide geographical separation, this result is
rather interesting.

The MDS results (shown in Fig. 2) are
based on the tool frequency characteristics of
fifteen different sites/sub-sites. As explained
previously, some of the sites were included
for purposes of comparison and not because
of suspected cultural relationships. The dis-
crimination ability in the MDS mapping is il-

lustrated by the grouping of Acheulean sites
in the lower left quadrant and of several De-
veloped Oldowan sites in the top center.
Most importantly, the plot demonstrates a
cluster involving the three Arabian Oldowan
sites and the Oldowan of Olduvai Gorge.
This pattern implies that a greater similarity
exists between these sites than with any of
the remaining sites which are plotted farther
away. From a standpoint of specificity, the
Arabian sites with Oldowan components
show an affinity to the Olduvai Gorge Ol-
dowan but not to the Developed Oldowan or
Acheulean of Olduvai Gorge. Conversely,
minimal relationships are suggested between
the Arabian sites and the other African sites,
or with Ubeidiya in the Levant. Finally, the

Fig 2: The MDS plot of the tool frequencies of selected sites from Africa and the Arabian Peninsula. The re-
sults show a grouping of the Yemen’92-DO and the Oman’02-DO  sites with the Al Guza Cave site. In turn,
these three Arabian sites appear to be related to the Olduvai Gorge oldowan (OG-OLD). Note the separate
clusters for Acheulean (Ach) on the left and other Developed Oldowan (DO, DOA, DOB) sites at the top.
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�?K�hÒ‡∫  لقـد اقتـرحت عدة طرقĒ لـتفـسيـر حركـة النـزوح من إفريـقيـا إلى غربي آسـيا; إحـداها كـانت الطـريقĒ اĠمـتدة جنـوبي شبه
الجـزيرة الـعـربيـةĒ عـبر الـيـمن وعُمــانĒ إذ تـوجد ثلاثـة مـواقع تحتـوي عـلى مشـغـولات يعـتـقد أنـها مـن العـصر الأولـدواني. وأحـد هذه
اĠـواقعĒ كـان كـهـفـاً من طـبقـات; بـيـنـمـا الآخـران كـانـا مـوقـعـě سـطـحيـě. وقـد قـورنت مـواد اĠـوقـعـě الـسـطـحـيـě إحـصـائـياً مـع مواد
الكهفĒ كـما تـمت مقارنـة مواد مواقع شـبه الجزيـرة العربـية الـثلاثةĒ مع أدوات الحقـبة الأولدوانـية اĠـعروفة بـ "أولـدوفاي جورج" في
إفريـقيـا. كـما أن تحـليل الـتغـيّـر في أبعـاد الأداةĒ والقـيـاس متـعدد الجـوانب لهـذه الأدواتĒ يـشيـران إلى علاقة مـواد الجـزيرة الـعربـية

Ėثيلاتها في الحقبة الأولدوانية.

clustering of the Yemen'92-DO, Oman'02-
DO and Al Guza cave sites reinforces the re-
lationships between these sites that were im-
plied in the ANOVA tool dimension study. 

Conclusion    
In the absence of radiometric dating for

any of the Arabian sites considered here, de-
finitive conclusions cannot be drawn. How-
ever, the findings in the ANOVA suggest
that Oldowan artefacts from the Arabian sur-
face sites correlate with the Oldowan of the
stratified Al Guza cave site to a degree that
precludes mere chance. The comparison is
interesting because it raises the possibility
that certain Arabian surface sites, despite
their deflated conditions and potential multi-
component character, may retain relevant in-
formation. Furthermore, the MDS procedure
relates these Arabian sites with the Plio-
Pleistocene Oldowan of Olduvai Gorge,
which has been substantiated with radiomet-
ric dating to be in the range of 1.8 million

years old. 
The southern route across Yemen and

Oman, upon which the premise of this study
was based, follows the trajectory emanating
from early man sites in East Africa (see Fig.
1) but was not the only path accessible in the
penetration and colonization of Asia. The
other potential avenue was down the Nile
and across the Sinai Peninsula to the eastern
(Najd) or western (Tihama) side of the
mountains that comprise the Arabian Shield,
with a continuance eastward across Yemen
and Oman. Obviously, much more survey
and excavation work is needed in the regions
of these potential routes--the Nile and both
flanks of the Arabian Shield. In addition,
Yemen and Oman have only been partially
explored. All indications suggest that Arabia
does contain Oldowan sites scattered along
the paths of human migrations and occupa-
tions and may well hold the key to the time
and place of the earliest human advance into
Asia.
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