Idowan” Artifact Tradition?
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act The phrase “Developed Oldowan” (DO)
originally coined by M. Leakey to describe a
ogically “advanced Oldowan” artifact tradi-
at preceded the Acheulian Industry. M. Lea-
ther identified three stages of the DO which
eled as the DOA, DOB and DOC. The DO
ato) has been generally recognized as transi-
o the Acheulian, but the status of the DOB
 DOC remains unclear. In addition to a lack
ity in terms of classification, the DO also
om a lack of secure radiometric dates,
Iduvai where it was first identified. Despite
ortcomings, archaeologists still assign
lages into the DO, as supposedly “intermedi-
ansitional between the Oldowan and the
n. However, a closer look at the DO assem-
m Olduvai Gorge and other sites in Africa
Middle East shows that the artifacts
into this tradition are not technologically
y different from the preceding Oldowan.
he flaking characteristics of the raw
es (e.g., quartzite and limestone, and
extent basalt) and the original shape of
used by hominins may have played a
in the final shape of the “distinctive”
pes (such as spheroids/subspheroids)
assigning assemblages into the DO.
th the DOB and the Acheulian appeared
n.years ago (Ma) in the archaeological
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record, making it unlikely that the DO is a transi-
tional artifact tradition that preceded the Acheu-
lian. Our preliminary evaluation of the archaeolo-
gical record at Gona, Ethiopia and elsewhere
suggests a fairly abrupt appearance of the Acheu-
lian after a temporally rapid transition from the
Oldowan.

Keywords Oldowan ¢ Developed Oldowan -
Oldowan-Acheulian transition « Early Acheulian

The Oldowan and Acheulian entities appear to have
been separated by a comparatively rapid change
dependent on a single technical step which by
its very nature could not have been taken gradually
(G. LI Isaac 1969, 21).

Introduction

The appearance of Acheulian (or Mode II [Clarke
1969]) handaxes in the archaeological record is
often heralded as a significant development in
human cultural/technological evolution, relative to
the preceding Oldowan industry. While the earliest
appearance of the Acheulian has long been consid-
ered to occur 1.7-1.5 Ma (e.g., Clark 1970; Klein
1999), until recently the earliest in situ occurrence
has been difficult to document securely. Although
details have yet to be published, Konso in Southern
Ethiopia (Beyene 2003, 2004, 2008; Beyene et al.
1997) and probably Kokiselei in West Turkana,
Kenya (Roche 2005; Roche et al. 2003) document
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the ecarliest Acheulian occurrences dated to numbers). Well-made large bifaces (on large flak

~17 Ma. At Gona we have recently excavated that are similar
Early Acheulian artifacts estimated to at least found in the DOB, but in smaller proporti

1.6 Ma, but details of the associated geology/geo- DOB-type assemblages are also known higher
chronology have yet to be worked out (Quade et al. in the Olduvai Gorge stratigraphic sequence inB

2004, 2008; Semaw et al. 2008 [in prep))-
Based on current investigations, the Oldowan,

the earliest ancestral hominin stone tool tradition,
geological record by ~2.6 Ma, DOC into the DOB for the purpose of

appeared in the

although it is possible that the use of flaked stones discussion.
may have begun as early as 2.9 Ma (Quade et al. Following M. Leakey, the so-called “Devel
2004; Rogers and Semaw [this volume}; Semaw et al. Oldowan” (also sometimes referred to as “Evoly
1997, 2003 [in press]). This simple core-flake tech- Oldowan”) was widely accepted, and archacolog
nology persisted in the archaeological record with have assigned Early Pleistocene assemblages f
little change until the emergence of the Acheulian Africa and the Levant to this tradition (e.g. \
Industry by ~1.7 Ma (Beyene 2008, 2004, 2003; Yosef 1994; Chavaillon et al. 1979; Clar
Roche 2005). What was the nature of the Oldo- Kurashina 1979; Piperno et al. 2004a, 2004b)
wan-Acheulian transition, and are there clear tran- sequently, Stiles (1991, 1979, 1979b, 1979¢) q
sitional artifacts in the archaeological record? Sev- tioned M. Leakey’s interpretations, and add
eral Early Pleistocene artifact assemblages have the Developed Oldowan/Early Acheulian
been categorized as belonging to a transitional omy ina series of papers (see also Jones 199
industry called the “Developed Oldowan,” often the same issue was recently discussed by del
based on a subjective typology. One result of the and Mora (2005), who express uncertainty b
uncertain chronology, as well as the use of subjec- cizing the status of the DO as a valid artifac

tive “transitional” tool types, is that the Oldowan- tion. Based on
assemblages from Olduvai Gorge, Stiles co

Acheulian transition is, paradoxically, poorly
understood. We hope to clarify some of these issues that the DOB should be dropped as a val
in this paper. : gory, because the variations seen in the bi

Tt is widely held among Paleolithic archaeolo gists the two assemblages were mainly a result o
that the Developed Oldowan, the stone tool tradi- ences in the flaking quality of the raw
tion coined by M. Leakey (1971), marks a signifi- used. Although Jones’ analyses showed h
cant transition between the Oldowan and the tainty about the status of the DOA and the
Acheulian industries (e.8- Clark 1970; Klein seems to favor the validity of the DOC in

1999). Based on analysis of the Early Pleistocene and TV.
lithic assemblages from Olduvai Gorge Bed I-Bed Although archaeologists have classifi

IV, M. Leakey proposed three stages of the Devel-  Early Pleistocene  lithic assemblages

oped Oldowan, which she labeled from the oldest to “Developed Oldowan,” it is often U
the youngest, as the Developed Oldowan A, B,and unstated as to which stage (A or B) of this
C (DOA, DOB, and DOC, for short). The assem- the materials should be assigned. Fur

logical literature ¥

blages classified into the DOA (~1.7-1.6 Ma) con- unclear in the archaeo j
DOA or DOB (or both) <hould be consid:

tain cores/choppers and flakes, major elements of

the Oldowan tradition, but are differentiated sitional between the Oldowan and the
mainly by the preponderance of spheroids/sub— industries. Thus, it is important t0 hav
spheroids, and artifacts identified as “protobifaces.” look at lithic assemblages from Olduva
The DOB (~1.5-1.4 Ma) contains crudely-worked ~ assess the validity of the DOA and
small bifaces (the majority made on cobbles) along justifiable artifact traditions, 2%
with “light duty tools” including “awls, burins, and whether the two stages can be acco

ntified within the  either the Oldowan or the Acheulian i

outils écaillés,” (tool types also ide
Oldowan and the DOA, but in much smaller that end, this paper examines €ar

S. Semaw et 3|

to the Early Acheulian were als

IV, but are labeled as Developed Oldowan C simp
by virtue of their more recent date (but see Jong
1994). Therefore, We will henceforth include t

Oldowan-.
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kes) ‘; Jduvai Gorge Bed I and Bed II assemblages, as
also ell as other Early Pleistocene lithic assemblages in
ons, rica, in order to determine whether or not artifact
“up adition(s) existed that can be unambiguously
Bed. aracterized as intermediate between the Oldowan

nd the Acheulian, and to what extent the term
pDeveloped Oldowan” helps in understanding cul-
yral/technological changes during the course of
uman evolution (see also de la Torre and Mora
005] for detailed discussions of their revisions of
he Olduvai Gorge Bed I and II materials).

Part of the inspiration behind this paper comes
m our years of survey and excavations of Plio-
stocene archaeological sites at Gona, Ethiopia.
Gona, we have not found lithic assemblages that
be assigned to the Developed Oldowan, even
ugh there are deposits dated to 1.7-1.5 Ma. It

Tu interesting to us that this “artifact tradition”
essed sted at some sites (e.g., Olduvai Gorge, Ain
ch nech, and Melka Kunture, etc.) but not at

or other well-investigated Plio-Pleistocene
eological sites.

sed on our investigations at Gona, experimen-
ork conducted by other researchers (e.g.,
ouni et al. 1997; Jones 1994; Schick and Toth
), and assessment of the existing Early Pleisto-
archaeological literature, we argue here that
OA appears to be technologically similar to (if
he same as) the Oldowan. While the “DOA”
les a variety of heavily-worked artifacts iden-
| as spheroids/subspheroids and “protobi-
the techniques employed for the manufac-
f these artifacts do not show drastic
ures from earlier practices, either concep-
or in craftsmanship. Hence, we do not see a
posit a different stone tool tradition for such
lages other than the Oldowan (e.g.,
uni et al. 2002; Sahnouni and de Heinzelin
addition, we do not see anything “transi-
_in the DOA, and therefore suggest that the
subsumed within the Oldowan Industry
$0 de la Torre and Mora 2005).

hough by no means exhaustive, our assessment
ports Stiles’ conclusion that the DOB should
ped, and be subsumed under the Early
an because the lithic assemblages identified
h “traditions” consist of artifacts that are
arly Acheulian in character. Further, both
dustries appeared at the same time (~1.7—

1.6 Ma), and overlapped for at least a million years
up to ~0.5Ma. The variations seen between the DOB
and the Early Acheulian assemblages at Olduvai
Gorge, particularly the workmanship of the bifaces,
could haveresulted from differences in the raw mate-
rials used, and their flaking quality (Stiles 1991,
1979a, 1979b, 1979¢, 1981; see also Jones 1994).
The makers of the “DOB” appear to be skilled and
capable of making large bifaces (on large flakes)
identical to some of those excavated at Early Acheu-
lian sites. Further, the presence of bifaces made on
large flakes in the Developed Oldowan (although in
much smaller proportion compared to the Early
Acheulian) is indicative that the same hominin spe-
cies may have been responsible for the two traditions.

One further result of our review is that the Old-
owan-Acheulian transition may in fact mark several
interrelated transitions, and that the traditional
notion- of the Acheulian beginning with the first
appearance of handaxes may be too simplistic. Dur-
ing this transition we may see some variability
depending upon paleogeography; availability, size,
and type of raw materials used; and possible homi-
nin “experimentation,” i.e., alternative technologi-
cal responses to a range of selective pressures.

The Oldowan, a Brief Overview

In the 1930s Louis Leakey began archaeological
surveys of the deposits exposed at Olduvai Gorge,
in Tanzania, and discovered stone artifacts charac-
terized by cores/choppers and flakes, which he
named the Oldowan after Olduvai Gorge (Leakey
1934; see Gowlett [1990] for details on the history of
early explorations). During the following decades,
M. Leakey undertook systematic archaeological
investigations and excavations at Olduvai Gorge.
She conducted large scale excavations and carried
out years of meticulous work analyzing the Olduvai
Gorge materials, thereby revealing a wealth of
information on the stone tool behavior of Early
Pleistocene hominins in Africa.

The Olduvai Gorge Bed 1 stone artifacts were
dated to 1.9-1.8 Ma, and at the time represented the
earliest stone artifacts documented in the world (Lea-
key 1971). Bed I was the focus of much of the geolo-
gical investigations because of the archaeological
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riches and important hominin fossil discoveries made
in the late 1950s and the 1960s; hence, Bed 1 is the best
dated section of the entire sequence (Hay 1976; Tam-
rat et al. 1995; Walter et al. 1991). At Olduvai Gorge,
upper Bed I and lower Bed II contain artifacts attrib-
uted to the classic Oldowan, i.e., assemblages charac-
terized primarily by cores/choppers, and flakes and
flaking debris, the hallmark of the Oldowan Industry
or Mode I of Clarke (1969). M. Leakey believed that
the cores/choppers were the actual tools that the
hominins sought, and she named tool types based
on their shape and assumed functions. She identified
a variety of choppers (side, end, pointed, etc.), as well
as specimens identified as discoids, polyhedrons,
spheroids, awls, burins, and so forth (Leakey 1971,
1976a). Additional specimens included stones with
pitting marks identified as hammerstones, and
“manuports,” L.€., unmodified cobbles that hominins
transported to the sites (but see also the recent revi-
sions by de la Torre and Mora [2005}). Even though
Louis Leakey named the earliest lithic industry, it was
M. Leakey, the archaeologist, who excavated,
described, and clearly defined the Oldowan stone
tool tradition.

The Leakeys’ work brought unparalleled enthu-
siasm and attention to the prehistory of East Africa.
Following their success, a number of international
projects began systematic fieldwork during the
1960s and 1970s, primarily in Kenya and Ethiopia.
The multidisciplinary research initiated and pio-
neered by the late F.C. Howell was instrumental
for the discovery of Late Pliocene stone artifacts at
Omo in Southern Ethiopia. American and French
teams undertook years of excavations at Omo, and
recovered stone artifacts (mainly made of quartz)
within the Shungura Formation in the deposits
dated to 2.4-2.3 Ma, almost 0.5 Ma older than the
artifacts earlier excavated from Olduvai Gorge
(Chavaillon 1976; Howell et al. 1987; Merrick
1976; Merrick and Merrick 1976). In the 1980s
and 1990s, field investigations at Lokalalei, in
Kenya, revealed the presence of stone artifacts
made of basalt and phonolite dated to 2.4-2.3 Ma
(Delagnes and Roche 2005; Kibunjia 1994; Kibun-
jia et al. 1992; Roche et al. 1999). Archaeological
work at Kanjera South, also in Kenya, hasled to the
recovery of Late Pliocene stone artifacts estimated
to ~2.0 Ma (primarily based on paleomagnetic pro-
files) (Bishop et al. 2006; Plummer 2004).

In Ethiopia, geological work by Maurice Taieh;
the 1960s and 1970s opened up the venue in the Afar
an unexplored paleoanthropolo gically-rich are
with ancient fossils and stone artifacts exposed j
the deposits straddling the Awash River (Johansg
et al. 1982; Taieb and Coppens 1975; Taieb et
1972). Systematic field investigations carried ¢
later in the 1990s, and subsequent research by ¢
Gona Palacoanthropological Research Proje
resulted in the discovery of 2.6-Ma excavated sto
artifacts at East Gona (mainly made on trachytea
rhyolite), and cut-marked bones and a homin
named Australopithecus garhi in the Middle Awa;
(Asfaw et al. 1999; de Heinzelin et al. 1995; Sem
2000, 2005, 2006; Semaw et al. 2003, 1997 [in press)),
Continued investigations of the Late Pliocene dep
its exposed at Ounda Gona to the south have yielded
stone artifacts and associated fragmented fossi
fauna (with cut-marked bones also found on the suf
face) that were also radiometrically dated to 2.6 M
(Dominguez-Rodrigoet al. 2005; Semaw et al. 2003)
At Hadar, Oldowan stone artifacts (made on tra.
chyte and ignimbrite) associated with an earl
Homo maxilla and dated to 2.3 Ma were excavate
in the early 1990s (Kimbel et al. 1996). To date, th
Late Pliocene sites in both Ethiopia and Kenya ha
not yielded artifacts identified as spheroids/su
spheroids, protobifaces, awls, burins, etc. All "
these sites contain cores/choppers and flakes th
are typical of the Oldowan Industry.

During the Early Pleistocene (~1.9-1.5 Ma)
large number of archaeolo gical sites were docum:
ted all across Africa, including Melka Kuntu
Gadeb, Middle Awash, Konso, and Fejej in Ethi
pia (Asfaw et al. 1992, 1991; Chavaillon et al. 19
Clark and Kurashina 1979; Clark et al. 1994;
Lumley et al. 2004; Kurashina 1987; Piperno et
2004a, 2004b); Koobi Fora in Kenya (e-g. Is
and Harris 1997); Nyabusosi in Uganda (Te
1995); Olduvai Gorge and Peninj in Tanzania
la Torre et al. 2008; Dominguez-Rodrigo et al. 2
[in press]; Isaac et al. 1974; Leakey 1971);
Hanech and El Kherba in Algeria (Sahnouni €
2002; Sahnouni and de Heinzelin 1998); Sterkf
tein, Kromdraai, and Swartkrans in South
(Brain et al. 1988; Field 1999; Kuman 1994a, 19
1998; Kuman et al. 1997). Spheroids/subspher
were identified at some of the sites, such as
Hanech, Melka Kunture, Gadeb, and Sterkfon
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Taieb; yf these sites, Melka Kunture, Gadeb, and Sterk-

he Afa tein were reported to contain artifacts assigned

ch are he Developed Oldowan. Interestingly, the arti-

posed s from a majority of the other Early Pleistocene

ohanso s were classified into the Oldowan Industry or its

eb et g riants.”

ried o The evidence from all of these sites indicates that

hbyt owan artifacts were simple cores and flakes,
Projeé de mainly with the hand-held percussion techni-

ted stoj sometimes with the bipolar technique). At

2.6 Ma, the hominin toolmakers had a superb
rstanding of conchoidal fracture on stones,

le Awa hey selected relatively high quality and fine-
) Se ed raw materials that were suitable for making
inpr -edged implements (Rogers and Semaw [this

e]; Semaw 2006, 2000; Semaw et al. 2003,
e also Stout et al. [2005]). Evidence of cut-
ed fossil bones from Gona and the Middle
h indicate that ancestral hominins at 2.6 Ma
already begun incorporating meat into their
Heinzelin et al. 1999; Dominguez-Rodrigo
2005). From our conservative perspective, the
ogy of Late Pliocene/Early Pleistocene stone
nufacture—both conceptually as well as in
ship—remained the same until the advent
cheulian Industry, described below.

reloped Oldowan A

ai Gorge, artifacts assigned to the “DOA”
1 Lower and Middle Bed II (including FLK
d HWK East), where spheroids/subspher-
ight duty tools (primarily made of chert)
1ore abundant compared to Bed I. Also,
aces” and heavy duty tools become rela-
rous here. M. Leakey believed that the
nce of spheroids/subspheroids and the
mponents within the Lower and Middle
mblages signaled the appearance of an
one tool tradition that she labeled the
ldowan,” and later modified to the
dowan A (“DOA™). Although Bed II
rtant archaeology as well as hominin
orly dated and still awaiting refinement
the tuffs. Based on a combination of
luding K/Ar) and paleomagnetic cali-
ower part of Bed II is dated to

~1.71 Ma, and the topmost Bed II to approximately
1.1 Ma (Hay 1976; Manega 1993; Stollhofen et al.
2008; Tamrat et al. 1995; Walter et al. 1991). Thus,
the ages of the materials assigned to the DOA are
estimated to 1.7-1.6 Ma.

It is important here to briefly examine some of
the elaborate artifact types identified by M. Leakey,
all of which formed the basis for classifying the
Lower-Middle Bed II assemblages into the “DOA”
tradition.

Spheroids/Subspheroids

Artifact forms labeled as spheroids/subspheroids,
sometimes also referred to as “bolas,” have been
recovered from several Lower Paleolithic sites such
as Olduvai Gorge, Ain Hanech, Gadeb, Melka Kun-
ture, Chesowanja, and relatively younger sites such
asIsimila, Isenya, and Olorgesailie, all from East and
North Africa (Chavaillon et al. 1979; Clark and Kur-
ashina 1979; Gowlett et al. 1981; Howell 1961; Isaac
1977; Kurashina 1987; Leakey 1971; Roche 2000;
Sahnouni 2006, 2005, 1993; Sahnouni et al. 2002,
1997; Sahnouni and de Heinzelin 1998; Willoughby
1985); and from “Ubeidiya” in Israel (Bar-Yosef
1994; Bar-Yosef and Goren-Inbar 1993). Since the
primary artifacts of the Oldowan tradition were sim-
ple cores and flakes, experimental replication studies
have shown that hominins were mainly after sharp-
edged cutting implements (Bunn 1981; Bunn et al.
1980; Keeley and Toth 1981; Potts and Shipman
1981; Toth 1987, 1985). However, archaeologists
have long wondered about the function of spheroids
and subspheroids and how they were made (Sah-
nouni etal. 1997; Schick and Toth 1994; Willoughby
1985).

Roche and Texier (1995, see also Roche [2000])
suggest that spheroids and (polyhedrons) show more
sophistication in technology due to the deliberate
shaping and consecutive flaking technique necessary
to produce these forms. This contrasts with the sim-
ple and contiguous flaking seen in other Oldowan
core types. Willoughby (1985) suggests that they
could have been used for pounding/processing
plant foods or as missiles, but does not rule out that
they were simply the natural result of quartz being
used as hammerstones/percussors. Schick and Toth
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(1994; see also Sahnouni et al. [1997]) tested this idea
by conducting experiments demonstrating how the
Olduvai Gorge spheroids/subspheroids may have
been produced. The experimental knapping study
of quartz by Schick and Toth (1994, 446) indicated
“that the simplest explanation for the artifact classes
of subspheroids and spheroids is that these formsare
hammerstones that have been used for an extended
length of time for flaking cores.” Thus, among the
most plausible explanations for the preponderance
of spheroids/subspheroids from Bed II times are
“early hominins shifting their preference of raw
materials from lava to quartz over time” (Schick
and Toth 1994, 446; see also Jones 1994). Schick
and Toth (1994) concluded that “repeated use of
quartz chunks or exhausted cores as percussors
would naturally produce battered artifacts that
would formally be classed as subspheroids and
spheroids without any necessary intent or premedi-
tation on the part of the hominids to produce these
forms” (Schick and Toth 1994, 442). Experimental
study conducted onlimestones also showed that con-
tinuous heavy flaking of this raw material results in
forms identified as spheroids/subspheroids, similar
to several of the artifacts known from Ain Hanech
dated to 1.8 Ma (Sahnouni et al. 1997; see also Sah-
nouni 1993). Thus, it is likely that the spheroids/
subspheroids at Olduvai Gorge were derived from
increased hominin use of quartz as the preferred raw
material, both for cores as well as- hammerstones.
Also, Jones’ (1994) analysis indicated that the pieces
identified as spheroids/subspheroids at Olduvai
Gorge were consistently made on quartz. However,
Schick and Toth do not rule out the possibility that
such specimens could have been used for other func-
tions once the spherical shapes were attained through
extensive percussion.

Are spheroids/subspheroids, then, really evolved
forms compared to the core/choppers, discoids, etc.,
of the Oldowan tradition? Do they show technolo-
gical sophistication demanding more skill for mak-
ing them? It depends on what we interpret as being
intentional, which is difficult to demonstrate from
the archaeological record. The simplest explanation
is that these forms were probably a byproduct of
simple flaking, made by the hand-held percussion
technique similar to earlier artifacts of the Oldowan
tradition, and were conditioned by the raw materi-
als used (e.g., quartz at Olduvai Gorge, limestones

at Ain Hanech). Therefore, for now, the workm
ship does not appear to be related to an advap,
technical skill drastically different from the teg
ques of manufacture employed for making O
wan artifacts. In this regard, it is interesting to
that the lithic assemblages at Ain Hanech cony;
relatively numerous spheroids/subspheroids, 3y
the site is dated to ~1.8 Ma, but the materials
still classified into the Oldowan rather than
“Developed Oldowan” (see Sahnouni et al. )
Sahnouni and de Heinzelin 1998).

Protobifaces

According to M. Leakey, “protobifaces” are s
mens that are “intermediate between a biface an
chopper” (M. Leakey 1971, 5). These speci
“are always rare and are restricted in time
from Upper Bed I to the Sandy Conglomerat
lowest horizon of Middle Bed II. They do no
form to any particular pattern or technique ofm
ufacture but appear to represent attempts to achi
a rudimentary handaxe by whatever mean
possible” (M. Leakey 1971, 266). A closer log
some of the specimens identified as “protobi
shows that these are cores/choppers that are
ily-reduced through intensive bifacial flaki
clearly shown in the illustrations provided
Leakey’s volume (1971, 79, 80), the specimen
tified as “protobifaces” from FLK North,
Bed II, are actually heavily-worked cores/chop
(Fig. 1). Such specimens are rare even at Old
Gorge, and are among the tool types unli
have been deliberately designed with a temp

a biface in mind (see also de la Torre and
2005). Therefore, it is difficult to envisio
hominins manufactured such tool forms
anticipation of creating future proper bifac
can argue that the hominins could hav
bifaces if they desired to do so, but the id
proto-form/pre-form at this stage appear
unlikely. Interestingly, there are also insta
artifact types that could be identified a5 ‘
faces” even among the excavated specime
Gona dated to 2.6 Ma, although smaller in
Fig. 2), but the identification of such
worked pieces as “protobifaces” at this €
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g.1 FLK North,
srotobifaces” on lava, levels
9, after M. Leakey (1971)

eavily-flaked cores,
G24, Gona, 2.6 Ma

meaningful. It seems that those were
tked cores/choppers that have attained

hrough continuous bifacial flaking, and
Dot made, as suggested by M. Leakey
ugh the intentional shaping by hominins
rotobifaces” by any means possible.

Awls and Burins

Like the “protobifaces,” the so-called “awls” and
“burins” are probably accidental (Potts 1991), and
according to de la Torre and Mora (2005, 43) some
of the pieces identified as burins are actually
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“knapping fractures.” It seems hard to justify that
these pieces were made intentionally by Early Pleis-
tocene hominins to be used as “awls” and “burins”
(sensu stricto), as their names imply. Further, the
number of such artifacts was insignificant even at
Olduvai Gorge, and difficult to grasp if the “tools”
were indeed part of the tool repertoire of Early
Pleistocene hominins. Therefore, the pieces identi-
fied as “awls” and “burins” probably were not delib-
erately made to be used for elaborate functions as
implied. It is also interesting to note that such ela-
borate tool types did not make the list of artifacts
recovered from any other Early Pleistocene sites in
Africa.

Choppers

As archaeologists, we tend to associate assem-
blages that primarily consist of choppers and
flakes with the Oldowan industry (Mode I).
Observations in the field at Gona (and elsewhere,
e.g., Koobi Fora) have shown that crudely made
cores/choppers and flakes, the hallmark of the
Oldowan, actually are ubiquitous during the
Farly and Middle Stone Age, and persisted well
into the Late Pleistocene. Hominins probably
made crude-looking choppers/cores throughout
the Paleolithic to produce sharp-edged flakes
used as “expedient tools.” Choppers/cores were
produced in large numbers during the Oldowan,
and continued to be made, although in fewer
numbers, well into the Acheulian and later times
(e.g., Clark et al. 1994). Researchers place much
emphasis on “artifact types” and “tool frequency”
to determine the technological/cultural affinity of
archaeological materials, and usually without due
regard to the role that the variable flaking quali-
ties of different raw materials (not to mention
initial raw material sizes and shapes) may have
played in influencing artifact forms, as discussed
above (see Jones 1994; also Stiles 1979a, 1979b,
1979¢). Also, different activities (e.g., carcass pro-
cessing vs. plant processing) probably had a sig-
nificant impact on Early Stone Age assemblage
composition. Therefore, the naming of a variety
of artifact traditions based solely on “tool fre-
quency” (for example, based on the proportion

S. Semaw ety

of choppers vs. spheroids/subspheroids), Withoy
due consideration to the role that raw matey,
variability may have played in assemblage com.
position, may not carry much weight, particulyy,
for the Early Pleistocene. Studies have clegy,
shown the effect of access (or lack thereof)
good quality raw materials impacting artifaq
forms (e.g., Stout et al. 2008). Therefore, invey;.
gations of the paleogeographic and paleoenvirg,
mental settings of Early Pleistocene sites are ;.
tical for understanding ancestral human stop,
tool manufacture and use behavior, as are stugi
of the flakinig quality and influence of raw ma.
rials (for example, their proximity and availab.
ity), before assigning assemblages into differep
“cultural traditions.” M. Leakey (1971) initially
believed that the various “chopper” forms wer;
the desired tools, but knapping and butchery
experiments have shown that these were probabl;
byproducts generated as a result of the producl
tion of sharp-edged cutting flakes (Isaac 1984:
Toth 1987, 1985).

The Developed Oldowan B

P R

At Olduvai Gorge, assemblages assigned to the

“DOB” began in Middle Bed II, and the earliest ¢
occurrences may date to ~1.5-1.4 Ma. Here, homi- ¢
nins continued making the same classic Oldowar &
artifacts (cores/choppers, débitage, and manu f
ports), but also some crude bifaces, signaling the ”f
emergence of a more “advanced” stone tool tradis :i!
tion. The light duty tools including scrapers, burins. K
awls, outils écaillés, and laterally trimmed flakes &
were also present in the “DOB” throughout Bed 4
up to Bed III. This same lithic tradition also X "
sisted, with some additions, into Bed IV times, 4
was named the “Developed Oldowan C,” although "
it is unclear to us how it differs from the s "
blages assigned to the “DOB.” Nevertheless, ;ﬁ A

the DOB and the Early Acheulian are found it
II-IV and the Masek Beds, and were pen
poraneous for over 1.0 million years.

M. Leakey noted that the bifaces fou
Developed Oldowan show “unskilled
ship,” whereas Early Acheulian bifaces
ger in size and well-struck, and the
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naw et al,

—

without ppeared to have “full mastery of their materi-

materia] s.” Thus she argued that those two traditions

ge com. hould be separated. Accqrding to M. Leakey,

ticularly e “Developed Oldowan” is contemporary with,
cleart ut distinct from, the Acheulian: “...the factor

reof) to hat distinguishes the two traditions is an inability

detach large flakes in the Developed Oldo-
—as in the Oldowan itself—whereas from
II onwards the Acheulean bifaces were gen-
lly made on large flakes” (M. Leakey 1975,
4-486). It is our impression that in the past a
ority of archaeologists have generally agreed
h M. Leakey’s observations on the differences
ween “Developed Oldowan” and the “Early
eulian” (e.g., Barham 1997; Klein 1999).

2 Early Acheulian

bed the Acheulian at Olduvai Gorge, but
dienst (1962) set the criterion that an assem-
should contain 40-60% bifaces to be classified
heulian. Although Leakey did not oppose
dienst’s definition, she pointed out that the
“Acheulian” should also be applied to the
orary assemblages where a low percentage
ces is found in an industry otherwise charac-

Oldo f the “Developed Oldowan” (1976a, 447).
| m Ing to M. Leakey, Early Acheulian bifaces
alin be larger and more numerous compared to

the “DOB.” Further, the spheroids/sub-
s that dominated the DOA assemblages
relatively few in the Acheulian.
L be argued that M. Leakey (1971) did not
lefine the differences/similarities between
B and the Early Acheulian. Initially she
ome of the Bed IT Assemblages (MNK
Lower Floor at TK) to the Developed Old-
‘\ d later reclassified them into the

€ems possible that the industries from two
ed IT (MNK and the Lower Floor at TK),
¢ first classed as Developed Oldowan,
Tobably be included in the Acheulean,
bifacial tools are Acheulean in character
ique of manufacture, although they are

exceedingly rare. These two industries were origin-
ally classified as Developed Oldowan on the basis
that a proportionate abundance of bifaces was a
diagnostic character of the Acheulean (Kleindienst
1962), and that an industry should have 40% or
more to qualify as Acheulean. More detailed work
on the Acheulean and Developed Oldowan indicates
that other features are perhaps more important, in
particular the technique of manufacture evident in
the bifaces. (M. Leakey 1976b, 31)

Part of Leakey’s difficulty with the Oldowan-
Acheulian transition was the initial acceptance of
Kleindienst’s arbitrary 40% threshold (and later
reconsideration), but other problems had to do
with uncertain dating and vague ideas of what
exactly is changing during this transition, summed
up in the somewhat subjective type of “biface.” In
their revision of the Olduvaj Gorge artifacts, de la
Torre and Mora (2005) illustrate that some of the
so-called “bifaces” are not even artifactual. Thus,
we are still uncertain of the answers to such simple
questions as: What exactly marks the end of the
Oldowan and signals the beginning of the Acheu-
lian? When did the Oldowan end and the Acheulian
begin? How long did the transition last? Why is the
Developed Oldowan considered to be transitional?
Further research is needed, especially on the func-
tions of the Acheulian stone tools and their paleoen-
vironmental settings to be able to answer some of
these questions conclusively.

Discussion
The Developed Oldowan A

Did the Oldowan evolve into the “Developed Old-
owan”? Why do we have artifacts classified as
“Developed Oldowan” at some sites but not others?
Despite years of extensive and systematic field sur-
veys undertaken in the Early Pleistocene Gona
deposits, the archaeology team has found no arti-
facts that can be identified as protobifaces, spher-
oids/subspheroids, awls, burins, etc., the hallmark
of the “Developed Oldowan” tradition. In addition,
no other Late Pliocene site in East Africa has
yielded artifacts identified as these types. Crudely
made handaxes and cleavers found from Early
Pleistocene deposits at Gona have been associated
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with Oldowan (Mode I) choppers and flakes. Gona pieces that would be identified as exhaustively

is not an exception in this regard, and several other reduced cores (bifacially-worked side-chopperg

sites in Africa that contain Oldowan artifacts (either following M. Leakey’s typology, see Fig. 1). The
Late Pliocene of Early Pleistocenc) have not yielded existence of burins and awls during the Eay|
lithic assemblages that can be identified as Devel- Pleistocene (Oldowan and the DOA) is a s(y)

oped Oldowan (sensu stricto). For example, artifact hard to justify (see de la Torre and Mora 2005, ma
forms such as spheroids are unknown at Koobi Potts 1991). While some of these pieces may for- bei
Fora, Lokalale, Omo, etc. mally be assigned to these types (based on their as
Spheroids and subspheroids have been found at shape), it is difficult to conceive of the need by m

Ain Hanech, Algeria, and date to 1.95-1.77 Ma Early Pleistocene hominins for such tools, and if ar
(Sahnouni et al. 2002; Sahnouni and de Heinzelin indeed those pieces were used as such. In sum yi¢
1998). Thessite is contemporary with Olduvai Gorge the DOA is not technologically different enoug},\ fo:
Bed I, and is certainly older than the Developed from the Oldowan to merit a different tradition,
Oldowan levels at Olduvai Gorge. Sahnouni  Therefore, it seems appropriate for the DOA to

believes that artifact manufacture here follows the be dropped, and be subsumed within the Old-

norms of Oldowan technology, and he has classified owan Industry.

the Ain Hanech artifacts into the Oldowan. The

spheroids/subspheroids, the main artifact types of

the DOA, were not universal during the Early Pleis-

tocene, and existed only at sites where quartz and The Develop ed Oldowan B

limestone were the raw materials accessible for .

ancestral toolmakers (e.g. Sahnouni et al. 2002, Why were the DOB and the Acheulian penecontem- ,

1997; Sahnouni and de Heinzelin 1998; Willoughby poraneous for almost one million years? M. Leakey “;

argues that the two represent different cultural

Kurashina (1987) compared the Developed Old- traditions or the assemblages were crafted by two
owan assemblages from Gadeb, Ethiopia, with 64 different hominin groups (species?). Clark (1970)

Oldowan, Developed Oldowan, and Acheulian suggests that the two contemporary traditions may
i.e., artifacts made for

assemblages from sub-Saharan Africa. The results represent activity variants,
of his analyses, based on the «“to0l frequency,” differing functions. Gowlett (1988) also seems to

showed that the Developed Oldowan clusters well ~ favor the idea that differences in function may

with the Oldowan, and Kurashina concluded that explain the variations in the Developed Oldowan/
the Developed Oldowan represents an activity Acheulian. Isaac (1984) indicated preferred homi-
facies within the Oldowan. Gowlett (1988) sees the nin habitats, with the Bed I and Bed TI Oldowan
DOA as “simply a somewhat evolved form of Old-  sites located close to the lake, whereas the Acheu-
owan, in which bifacial working is increased, butin  lian toolmakers ranged widely away from the lake-

which there are no radical ne aborated

1985).

w departures” (p-14). side floodplain, a point which is also el

Following a more detailed study of the Olduvai upon by Hay (1990).
Gorge archaeological materials, de la Torre and Stiles (1979b) argued that the use of different ra¥
Mora (2005, 228) conclude that “...there is no materials was responsible for the variations seet in
such thing as the Developed Oldowan.” the DOB and the Early Acheulian. He carried out -

So, is there an artifact tradition attributable to statistical tests on bifaces and large flakes recover®
ition? As far as Lea- from two Early Acheulian (EFHR and TK Lowef

the Oldowan-Acheulian trans
key’s DOA is concerned, the answer is no. The Floor [TKLF) and two DOB (TK Upper Floof

Olduvai Gorge spheroids/subspheroids are simply [TKUF] and FC West Floor [FCWF] sites from
d that there were

a result of extensive flaking and/or use of quartz Olduvai Gorge. His results showe
as percussors/hammerstones, and the so-called indeed statistical differences in the bifaces and

«protobifaces” probably have very little (if any- whole flakes of the two «traditions,” and that t0¢

thing) to do with a plan of making bifaces. DOB assemblages had significantly higher frequet
o Jones

Instead, Leakey’s “protobifaces” are actually —cies of quartz compared to lava (see als
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94). Stiles argued that “raw material rather than
Itural tradition accounts for the differences
tween the bifaces of the two industries” (1979b,
9), and concluded that “... the observed differ-
aces can be explained by differences in the raw

ig. 1). The

Mora 2005 aterials and primary form of the bifaces, there
2s may fo g no need to call on separate cultural traditions
ed on the n explanation” (p. 29). Hence, Stiles (1979b)
he need b ed that the DOB be dropped. Davis (1980)
ools, and ues against the raw material explanation pro-

d by Stiles, but offers no plausible explanation
the differences in the two assemblages.
According to Jones:

.. there is a small but definite overlap between the two
ypes of collection in that 5 to 10 per cent of the
Developed Oldowan samples consist of bifaces that
re identical to the majority at many Acheulean sites,
and less than S per cent of several Acheulean collec-
ions consist of small bifaces which are morphologi-
ally and technologically similar to the majority at
Developed Oldowan sites. (Jones 1994, 272)

is problematic to accept Kleindienst’s criter-
hat an assemblage should contain at least
handaxes to be classified into the Acheulian
ion. It is clear that the hominins responsible
he DOB assemblages already had the tech-
rical competence and the capability to make
es. Therefore, other factors may explain why
ol frequencies” in the two assemblages
ed. The most plausible explanation is that
ferences in the flaking-quality, proximity,
ape, and availability of raw materials may

ef;;rgdl d nfluenced assemblage composition of the
1 he A s of the two “traditions” (Jones 1994;
?S :neth 979a, 1979b).

ro

r differences include the very variable morphol-
of the Developed Oldowan biface sample, as com-
to the general consistency of the Acheulean
les. The sample sizes of the Developed Oldowan
rences are generally lower than most Acheulean
s; and while the Acheulean collections from any
will tend to be dominated by one maybe two
the Developed Oldowan collections will
¢ roughly equal numbers of each material.
ite, however, has a notably lower occurrence
gloped Oldowan sites than at Acheulean sites,
hat the lj. tends to be the dominant raw material for
’ - (Jones 1994, 273)

xplanations for the differences between
nd the Acheulian include the use of dif-
eohabitats by the makers of the two

assemblages. R. Hay (1976) pointed out that the
Developed Oldowan sites were located within
1 km of paleo-lake Olduvai Gorge, whereas the
Acheulian sites were >1 km from the lake. Com-
pared to the Oldowan, we see more or less similar
habitats (mainly open grasslands/stream channels)
occupied by the makers of the DOB and Early
Acheulian artifacts. Most of the DOB and Early
Acheulian sites are found in more open settings
and located near channels. According to Jones
(1994), the sources for both phonolite and quartzite
were localized, and hominins (both DOB and Early
Acheulian toolmakers) would have had equal access
to stone resources for creating blanks on which to
make large bifaces. Thus, the makers of both the
DOB and Early Acheulian probably started with
the same blank sizes. Jones (1994, 296) states that
there are “...two very important similarities
between these two samples of bifaces: first, both
samples are made in roughly the same manner, i.e.
using the same basic set of techniques, to the same

-basic plan shape. Second, both samples are made in

the same range of raw materials.”

Jones (1994) also points out a number of possible
explanations for the differences between the DOB
and Early Acheulian, and he seems to think

...that the bulk of the Developed Oldowan bifaces
started out as typical Acheulean handaxes, but
through use and the need to renew edges, or a general
need to produce small flakes, they were flaked to their
present shapes and discarded. This applies well to the
phonolite and quartzite samples, but not to the basalt
and trachy and esite collections. There is no evidence
that the blanks for the Developed Oldowan quartzite
and phonolite bifaces started out small; the bifaces in
these two materials started out at the same size. This is
further borne out by re-sharpening experiments on
typical Acheulean bifaces. After three or four phases
of re-sharpening, I was left with what could only be
classified as a typical Developed Oldowan handaxe.
(Jones 1994, 274) '

According to Jones, “the majority of the Devel-
oped Oldowan sample consists of re-sharpened and
re-flaked Acheulean handaxes” (Jones 1994, 296).
Compared to the Acheulian, the DOB contains
more variety of tool types and a higher percentage
of débitage, and Jones concluded that the DOB sites
represent activity areas for maintaining artifacts,
whereas the Acheulian sites represent discard areas
after use. In sum, the DOB seems technically similar
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and appears to be contemporary with the Early
Acheulian, and such assemblages with crudely
made Acheulian handaxes, choppers, heavy duty
tools, and débitage should be subsumed under the
Early Acheulian.

Is There a Transitional Industry Between
the Oldowan and the Acheulian?

The main task of Oldowan toolmakers was selecting
fine-grained cobbles with good flaking quality for
making sharp-edged flakes needed for processing
carcasses and other cutting needs. The flakes were
struck from cores with the hand-held percussion
technique. In contrast, Early Acheulian to olmakers
were concerned with selecting large cobble blanks
and/or boulder cores of sufficient size for the
removal of large flake blanks (>10 cm). Ethno-
graphic (Stout 2002; Toth et al. 1992) and experi-
mental (Toth 2001) evidence strongly suggests that
the latter would have been done with the core Sup-
ported on an anvil or the ground, rather than in the
hand. Large flake production in the Early Acheu-
lian thus involves different objectives, different raw
materials, and different means of support, as well as
much greater force, possibly involving different per-
cussive techniques such as throwing (Toth 2001).
This mode of flaking is qualitatively different from
the production of Oldowan flakes and clearly repre-
sents a novel technological invention. The chal-
lenges of properly positioning and supporting larger
cores, and of delivering larger amounts of percus-
sive force to precise targets further reflect an
increase in required motor skill over Oldowan
flaking.

Early Acheulian toolmaking further differs from
the Oldowan in the subsequent shaping of the flake
or cobble blank. This introduces an additional stage
in tool production as well as an additional level of
hierarchical action organization. Flake removals
must be organized with respect to an overarching
goal, and properly related to one another on this
larger spatiotemporal scale if success is to be
achieved. Early Acheulian bifaces are quite crude
compared to later forms, yet examples from Gona
clearly show the deliberate creation of bifacial cut-
ting edges and shaping of distinct points. This istrue

of bifaces on large cobbles as well as flake bla
and reflects invariance at a higher level of hierarg
ical organization.

Whereas the neural demands of Oldowan to
making pertain primarily to sensorimotor coordi
tion (Stout and Chaminade 2007; Stout et al. 2008
the higher-level organization of Acheulian toolmak.
ing places demands o
et al. 2008), a region g8
central role in coordinating flexible and goal-dire
ted behavior (Ridderinkhof et al. 2004). La
Acheulian toolmaking in particular is associat
with activation of the right hemisphere homolo
of Broca’s area, a region implicated in languag
processing as well as the more general coordinat
of actions as § j
hierarchically-
chlin and Jubault 2006). Broca’s area has bee

focus for hypotheses relating to manual object cor
bination, hierarchical action organization, and la
guage evolution (Greenfield 1991). The earli
paleoneurological evidence of expansion in t
region comes from KNM-ER 1470 (Hollow
1999), dating to ~1.9 Ma. 3

In sum, qualitative technological, behavid

and cognitive differences between the indust

make a “transitional”
Essential neural, somatic,
tions must have been inplaceto afford the inventx
of this new technology; however, the technology
itself represents a clear discontinuity. In addi
at Olduvai Gorge, the “Developed Oldowan”
sisted side-by-side with the Acheulian industry.
about one million years (1.5-0.5 Ma). The conts
poraneity of the Developed Oldowan and
Acheulian itself casts doubt on the validity of
Developed Oldowan as & transitional industry-
Outside of Olduvai Gorge, the Karari Industry
Koobi Fora has been described as similar t0 !
DOA (Isaac and Harris 1997). Emerging at abo
1.6 Ma, the «Karari” is a distinctive artifact tra
tion with a preponderance of single platform ¢
that overlapped with the “Developed Oldowa
Olduvai Gorge, Early Acheulian at West Tur
and other sites. Given its standardized form
technique of manufacture, « it would seemt p
able that the idiosyncratic features of the K2
industry are best regarded as due to stone-wor
habits that were adjusted to local raw ma
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rms” (Isaac 1984, 164-165 [original emphasis]). In
final analysis, it seems likely that the Karari
dustry will prove to be an alternative technologi-
response to some of the same behavioral changes
g., different habitats, increased mobility [Braun
d Harris 2003; Rogers et al. 1994]) that prompted
invention of the Acheulian, rather than a “tran-
ional” industry in the conventional sense.

Itis probable that hominin behavior does change
the Early Pleistocene, but it is difficult to equate
ese changes to a transitional stone tool industry.
r example, compared to the Late Pliocene, stone
ol use became more “habitual” and sites were
peatedly occupied during the Early Pleistocene.
1.8 Ma, intensive flaking of cores, a larger num-
of retouched pieces, and high density concentra-
ns of artifacts were documented across many
es in Africa, as well as more cutmarked bones in
¢ archaeological record (Toth et al. 2006). How-
iér, the same techniques of Oldowan artifact man-
acture (hand-held/bipolar technique) lasted for
out a million years (2.6-~1.7 Ma). Major
anges in the hominin plan and aim of stone tool
ufacture, i.e., the conceptual and physical abil-
o remove large flakes from boulder cores and
ose form and symmetry—tasks that demand
plex operational sequences—emerged with the
y Acheulian ~1.7 Ma.

saac, years ago, suggested that:

.the seemingly abrupt initiation of the early Acheu-
an may relate to the discovery of how to strike large
akes consistently. What is not yet clear is whether
ifaces at the moment of innovation represented new
vols for performing long lasting tasks (such as butch-
1y) or whether new tasks were added to the beha-
ioural, adaptive repertoire. To resolve this we will
ced better information on function before, during,
nd after the beginning of the Acheulian. (Isaac 1984,
0 [original emphasis])

etter information is now accumulating, albeit
/1y, as discussed below.

Emergence of the Acheulian

arliest appearance of the Acheulian has long
considered to occur 1.7-1.5 Ma (e.g., Clark
Klein 1999), but the earliest in situ occurrence
een difficult to document securely, leading to

some confusion in the literature. For example, while
Klein (1999) cites West Turkana as documenting
the earliest Acheulian site (from Roche 1995),
Clark et al. (1994) cites Konso (from Asfaw et al.
1992), Lieberman and Bar-Yosef (2005) refer to
Peninj (from Dominguez-Rodrigo et al. 2001), and
Klein (2006) cites Kokiselei at West Turkana (from
Roche et al. 2003) and Gona (from Quade et al.
2004). Despite these various hints, full reports of
the artifacts, their age, and context have yet to be
published. At Konso, Early Acheulian artifacts that
are ~1.7 Ma have been reported by Beyene (2008,
2004, 2003; see also Beyene et al. 1997; Suwa et al.
2007), but this should await a full report by the
researchers. Roche et al.’s (2003) brief report indi-
cates the presence of an Early Acheulian Industry at
Kokiselei (KS4), West Turkana, Kenya, dated to
~1.65 Ma. The artifacts consist “of handaxes or
proto-handaxes, picks, and of flakes, some of them
very large, as are some of the cores” (Roche et al.
2003, 665). Some technologically complex Oldowan
stone tools are also reported from Peninj dated
between 1.6 and 1.4 Ma (de la Torre et al. 2003),
but these assemblages lack bifaces and the large
blanks known to occur at this time. Although for a
long time the Early Acheulian from Peninj was
believed to be ~1.4 Ma, recent publications by de
la Torre et al. (2008) and Dominguez-Rodrigo et al.
(in press) have reported an age around 1.2 Ma for
both the Oldowan and the Early Acheulian of
Peninj.

Systematic survey of the newly designated Busi-
dima Formation at Gona (Quade et al. 2004, 2008)
has yielded Early Pleistocene Oldowan, and Early-
Late Acheulian, Middle Stone Age, and Late Stone
Age archaeological sites (Semaw et al. [in prep.]). A
number of these sites have been excavated, yielding
stone tools in situ. The presence of a more than 100
meter-thick Plio-Pleistocene sequence in the Busi-
dima Formation has provided an opportunity to
assess whether any lithic assemblages existed to
mark the Oldowan-Acheulian transition. Our
recent fieldwork at Gona has shown the presence
of abundant Early Acheulian crudely-made bifaces
and picks estimated to be ~1.6 Ma (Quade et al.
2004, 2008; Semaw et al. 2008 [in prep.]). However,
there are no lithic assemblages that are attributable
to the Developed Oldowan, and the evidence from
Gona appears to favor a rapid technological
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transition from the Oldowan (Mode I) to the
Acheulian technology (Mode 1II), much in the
same way that the earliest sites at Gona mark an
abrupt transition from no archaeological record to
the presence of an archaeological record (see Rogers
and Semaw [this volume]).

Our continued archaeological field investiga-
tions at Gona show that the main artifact types
found in the Early Pleistocene deposits (i.e.,1n addi-
tion to the typical Oldowan cores/choppers and
flakes) include crudely made Early Acheulian han-
daxes, picks, and cleavers. These are the new artifact
types unknown in the Late Pliocene/Earliest Pleis-
tocene stone assemblages of the Oldowan tradition.
The Early Acheulian assemblages consist of numer-
ous large flakes (blanks) and crude bifaces that were
made on large cobbles as well as on large flakes
>10 cm (e.g., Fig. 3). Interestingly, a common
form at these eatly sites (e.g-, 0GS-12 and BSN-

Fig. 3 Early Acheulian
biface excavated from
0GS-12 (Gona), ~1.6 Ma

17) is a pick (sometimes trihedral) made on large
cobbles, perhaps similar to the early sites at Konso.
Although the Acheulian is usually associated
with Homo erectus (and Homo ergaster), their first
appearance datum (FAD) not contempOraneous.
Fossil hominins in Africa attributed to Homo erec-
tus date from at least 1.65 Ma (see recent review in
Suwa et al. [2007]), and the earliest Eurasian homi-
nins from Dmanisi (Republic of Georgia) and Java

~ (although with less-secure chronological placement)

are also known with dates of ~1.8 Ma (Gabuy;
et al. 2001; Larick et al. 2001; Lordkipanidze et 4
2007, 2005), although Acheulian artifacts are abse
from these localities. The relationship between {
appearance of Homo erectus and the origin of t,
Acheulian tradition s unclear; from the prese
evidence these events may be separated by at le
100,000 years.

Hominins ¢. 1.7 Ma began producing crug
bifaces and picks (and probably cleavers as well
from large cobbles and large flakes. The making o
large iti
cally different from
sharp-edged cutting flakes produced during t
Late Pliocene, the main purpose of which was pro
ably for processing carcasses. As stated by Isa
(1969), the discovery of how to knock off lar
flakes (blanks) used for making bifaces appears
be the novel strategy that heralded the appearan

of the Acheulian Industry. Substantial differend
exist in the entire cognitive processes involved in
two traditions. Late Pliocene hominins were P!
marily after fine-grained cobbles used for the Pr
duction of small sharp-edged cutting flakes. Pr_g
minary observations indicate that during the init
stage, Early Acheulian toolmakers (e.g.» at Go
were after large size raw materials irrespective
their fine-grained nature. This does not meat
hominins were not interested in fine-grained f
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terials, but simply that clasts that were large as
1l as fine-grained were quite scarce, and the homi-
s utilized whatever large cobbles/boulders were

between th, essible for producing large blanks. Such consid-
Tigin of th tions likely explain the recently noted (Sharon
the presen| 08) tendency for Large Flake Blank tools to be

ade on relatively coarse-grained materials through-
t the temporal and geographic range of the Acheu-
At Olduvai Gorge, Oldowan, “Developed Old-
/an,” and Acheulian toolmakers occupied different
leogeographic landscapes, i.e., close to paleo-lake
duvai Gorge during Bed I times, and more inland
er; the composition of the raw materials also chan-
d from lava during Bed I to quartzite during later
(see review in Kyara [1999]).

he case regarding the quality of raw materials
ed at Olduvai Gorge, according to de la Torre and
a (2005, 209), may be different from Gona, with
ominins selecting (e.g., at TK) for “large quartz
ks without irregularities that could be turned
large cutting tools, anvils, etc.” This contrasts
Bed I sites where small lava cobbles of “irre-
quality” quartz fragments were used for mak-
he Oldowan artifacts. During the Late Pliocene
I, sharp-edged cutting (Oldowan) flakes were
uced by hand-held percussion, throwing, or
P ar techniques, but the large blanks produced
' e makers of the Early Acheulian would have
difficult to produce using these hand-held per-
on methods. The large implements produced
arly Acheulian toolmakers are known to be
tive for cutting, digging, and woodworking,
hese tools’ functions are not yet clear.

is arguably more difficult to make a handaxe
a cobble than from a large flake; therefore, we
ot consider those made of cobbles as primitive
ss advanced. Flaking and shaping a large cob-
to a pick or biface may be difficult, and experi-
tal work should throw light on this issue. None-
ss, both types (bifaces on cobbles as well as on
akes) were made by the makers of the Early
ulian, and most likely hominins had figured
t first obtaining a large flake makes it easier
1aking handaxes and cleavers.

e timing and circumstances of the technologi-
ap from the Oldowan to the Acheulian stone
adition in Africa is still among the most
ant but least understood questions in the
f paleoanthropology. Why the Acheulian

1S WerIe

~1.7 Ma? While there is some evidence of African
climate change about 1.8-1.7 Ma (Cerling 1992;
deMenocal 2004), there is no clear link between
environmental change and the origins of Homo
erectus or the Acheulian. The Oldowan-Acheulian
transition is important because it marks the first
time that our ancestors created tools (handaxes,
cleavers, and picks, among others) that probably
required a preconception of form before their man-
ufacture—tool forms that persisted for over 1.3
million years. This transition is poorly understood,
though, because of the paucity of well-dated Acheu-
lian archaeological sites that are older than 1.4 Ma.
As we have discussed, some preliminary investiga-
tions in East Africa suggest that the Acheulian
appeared in the geological record about 1.7 Ma,
and probably coincided with the expansion of
Homo erectus into areas unoccupied by earlier
hominins (Beyene 2008, 2003; Beyene et al. 1997;
Roche et al. 2003). However, the emergence of the
Acheulian at ~ 1.6-1.7 Ma has yet to be unambigu-
ously demonstrated both archaeologically and
geologically. The timing of the appearance of the
Acheulian is geologically poorly constrained by
only a few sites, and the environmental background
for the behavioral changes in hominins near
the Pliocene/Pleistocene boundary is poorly
understood.

With regards to the “transition” between the Old-
owan and the Acheulian, Isaac long ago stated that

the sharp distinction between these new Acheulean
Industries and the Oldowan or Developed Oldowan
is related to the appearance in the former of large
flakes which formed the blanks on which tools were
made. A “quantum” jump or “invention” may well
have been involved in this changeover. (Isaac 1972,
409)

His suggestions still hold, and we agree with his
conclusions, although we feel the “invention” may,
in fact, be more complex than it sounds, as we
suggest below.

Conclusion

Along held consensus view among archaeologists is
that the “Developed Oldowan” is transitional
between the Oldowan and the Acheulian, but this

—



188

is not apparent in the archaeological record. For
Paleolithic archaeologists, having a clearly transi-
tional stone tool tradition seems orderly and con-
venient, but that does not appear to be the case with
the “Oldowan—Developed Oldowan—Acheulian”
transition, and the relationship of these three “tra-
ditions” actually appears to be more complex. Cur-
rent evidence suggests that the so-called DOA/DOB
and the Early Acheulian began at about the same
time, i.€-, ~1.7 Ma. Hence, even if they were con-
sidered to be viable traditions, the DOA and the
DOB cannot both be precursors to the Acheulian,
and they cannot be transitional between the Old-
owan and the Acheulian. Further, the DOB and the
Acheulian at Olduvai Gorge appeared at the same
time and then overlapped for about one million
years (1.5-0.5); therefore, both traditions are con~
temporary- Further detailed research on the age and
paleoenvironmental settings of these occurrences is
warranted to sort out the meaning of the differences
in these traditions. Most archaeologists seem to
accept the validity of the «Developed Oldowan” as
a stone tool tradition, but at this stage it seems o US
reasonable to assign the DOA to the Oldowan, and
the DOB to the Early Acheulian, as others have
suggested before.

Moreovet, Our discussion above and our work at
Gona have led us to consider that the way the “Old-
owan-Developed Oldowan—Acheulian” transition
has traditionally been conceived may be conflating
separate cultural/technological/ecological changes
occurring in the Late Pliocene/Early Pleistocene
that may or may not be interconnected, such as:
(1) the ability to knock off large flakes, (2) the
ability to flake invasively and shape tools purpose-

fully with predetermination or preconception of

form, (3) the standardization of tool shape and/or
technique, (4) changing diet and ranging patterns,
5) possible changes in group size and/or organiza-
tion, and (6) possible changes in learning styles and
abilities. Early Pleistocene hominins may have
“experimented” with these developments initially
until all elements came together with the classic
Acheulian. For example, in our opinion, the Karari
Industry at 1.6-1.5 Ma definitely shows the ability
to knock off large flakes and standardization, but
lacks clear evidence for predetermination of form or
shaping or invasive flaking (such as seen in later
handaxes). Early Acheulian artifacts such as those

S. Semaw et

found at 0GS-12 at Gona may demonstrate al]
the technical factors except invasive retouch a
perhaps standardization (we would need a lar
sample to identify true standardization). The
dence from Kokiselei 4 and from Konso may als
consistent with this idea, although we await
analytical reports On the Acheulian assemblag
from these sites. The major point here is not th
the Karari or other assemblages are transition
but that at the very beginning of the Acheulian’
expect to find some variability depending up
paleogeography, availability, and size and type
raw materials, as well as what appears to be 56
“experimentatio‘n” (although this “experiments
tion” need not have been conscious), that is, a s
native technological responses to similar sele
pressures. More research will be needed to di
what this variability means (what these select
pressures were) and whether or not the ea
Acheulian forms, again in Isaac’s words, “repr
new tools for perform'mg long lasting tasks (sucl
butchery) or whether new tasks were added to
behavioral, adaptive repertoire” (Isaac 1984, 1
Given the initial variability in the Early Ache
record, we suspect the latter.
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