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At TK, 113 m2 were excavated in 2010e2012 in the two areas immediately adjacent to the trenches dug
by M. Leakey in 1963. Extensive lithic and faunal assemblages were retrieved from several levels of the
archaeological site. TK is located at the exposed top of Olduvai’s Bed II, recently dated to
1.353 � 0.035 Ma. From a geo-archaeological perspective, the stratigraphic studies have provided a
redefinition of the processes involved in the site’s formation.

This paper offers a geological interpretation that revises and amends previous ones. The new inter-
pretation focuses particularly on the technological and paleoeconomic study of a new lithic assemblage
recovered from the lower occupation level (TKLF). This assemblage comprises 5805 objects in total,
including 3812 items of shatter. We analyse here the chaînes opératoires represented in this level, as well
as the processes implied by the raw materials, management, maintenance and abandonment of the lithic
assemblage.

The character of the site, as well as the activities carried out in it, have been greatly influenced by the
proximity of the sources of the raw material primarily used, which could have been extracted from an
inselberg of a particular type of quartzite located within a few hundred meters of the site. Two different
chaînes opératoires can be identified in TKLF: one based on obtaining flakes from varied blanks, parti-
cularly volcanic rocks and the distinctive quartzite, and the second on the manufacture of large and
highly standardized bifaces that were produced, used and abandoned in the site.

� 2013 Elsevier Ltd and INQUA. All rights reserved.
1. Introduction

The site of TK (Thiongo Korongo) is located within the lateral
hollow of a korongo (gully) running north-south, located on the
north slope of the Olduvai Main Gorge, approximately 2 km east of
its junction with the Side Gorge (Fig. 1). The site was identified in
1931 by L. Leakey, who acknowledged the presence of bifaces made
on quartzite slabs, and the stratigraphic position of the site within
Bed II (Leakey, 1951: 85). However, it was not excavated until 1963,
ntonja).

nd INQUA. All rights reserved.
when two areas, Trench I and Trench II, approximately 46.4 m2 and
40.5 m2 respectively, were dug by M. Leakey (1971: 172e197).

A stratigraphic sequence approximately 5m thickwas described
by Leakey from the exposed top of Bed II of the Olduvai general
sequence (Hay, 1976). This sequence is composed of levels of tuff,
clays and calcareous crusts. Lithics were occasionally found in
levels other than the two main archaeological levels, called the
Upper Floor (TKUF) and Lower Floor (TKLF). At the bottom of the
sequence, 1 m below TKLF, a sandy channel facies (also yielding
lithic industry) was identified. The two main levels overlie what
were considered true clay paleosurfaces, consolidated and weath-
ered by prolonged exposure and sealed by tuffaceous levels. Ac-
cording to the published stratigraphic section, TKUF is located
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Fig. 1. Position of TK in a lateral korongo at Olduvai Gorge (modified by Hay, 1976) and its transversal section at the elevation of the site.
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between 2.80 and 3.15 m below the contact of Beds II and III,
whereas TKLF lies between 3.95 and 4.30 m below this contact. The
average distance between TKUF and TKLF is 115 cm (Leakey, 1971:
Fig. 79). However, M. Leakey locates TKLF only 10 ft (3 m) below the
Beds II/III contact (Leakey, 1971: 172).

The average thickness of TKUF and TKLF was roughly 0.3 ft
(10 cm). According to M. Leakey, TKLF was excavated only in Trench
I (500 ft2; 46.5 m2), whereas TKUF was exposed in both Trenches I
and II (435 ft2; 40.41 m2), that is to say, in a total area of 935 ft2

(86.86 m2). TKLF yielded 147 bone fragments and 2174 lithic re-
mains, while 230 faunal remains and 5319 lithic items, including
manuports (present in both levels), were retrieved from TKUF. M.
Leakey estimated a density of 17.4 and 21.9 lithic and faunal items
per ft3 respectively (Leakey, 1971: 260e261), which would amount
to 614 and 773 items per m3 (in fact, the exact numbers, derived
from the values provided by M. Leakey, are slightly lower: 15.5 and
19.8 items respectively per ft3, or 547 and 699 items per m3).
Although these calculations, especially the volumetric estimations
for TKUF and TKLF, should be considered mere approximations,
some authors have suggested, on the basis of the same parameters
of excavated area, total number of items and volume of sediments,
much lower values, calculating densities of 58 and 73 items per m3

for TKLF and TKUF respectively (de la Torre, 2004: 257; de la Torre
and Mora, 2005: 137). These figures, however, derive from an
erroneous lineal conversion of ft3 into m3: 1 m ¼ 3.28 ft, but
1 m3 ¼ 35.29 ft3.

Quartzite is the predominant raw material in TKUF and TKLF,
presenting dominant values in almost every techno-typological
group (Leakey, 1971: 264): for instance, as regards débitage,
quartzite represents 97.4% in TKUF and 99% in TKLF. Volcanic rocks
were fairly significant only in the group comprising used cobbles,
hammerstones and anvils (55.6% in TKUF and 27.3% in TKLF). The
presence of rock of different type (exclusively gneiss) is purely
incidental and is documented only among nodular tools (1.1% in
TKUF and 2.6% in TKLF). The quartzite originates in the nearby
Naibor Soit outcrops. At a short distance that is commonly accepted
as one of the reasons for the location of TK and perfectly fits Hay’s
conclusions with respect to the procurement area of raw material.
At Olduvai this does not exceed a distance of 2e4 km from the sites
and in most cases, as in TK, it is less than 2 km. On occasion,
however, blanks were transported from a distance greater than
8 km (Hay, 1976: 183).

The main industrial component in TKUF and TKFL was débitage,
88.2% and 90.1% respectively (Leakey, 1971: 174 ff.), with a rela-
tively low incidence of retouched and preformed tools (5.6% and
5.7%) as well as used items (6.1% and 4.1%). Complete flakes
comprised only 4.0% (TKUF) and 4.3% (TKLF) of the débitage group,
in which flake fragments and other items of knapping products
prevailed. Cores per se were virtually unrepresented. According to
M. Leakey, the samewas true for other sites of Beds I and II (Leakey,
1971: 269). Retouched light-duty tools made on flakes (scrapers,
burins and awls, 38.8% and 38.2%) and both spheroids and sub-
spheroids (26.0% and 25.2%) were the most prominent tool com-
ponents. Bifaces were also a substantial component, especially in
TKLF, although the recorded percentages of these tools, 8.2%
(TKUF) and 12.2% (TKLF), did not attain the 50% required to classify
these assemblages within the Acheulean techno-complex (Leakey,
1971: 271).

The lithic assemblage of TK was initially defined as Developed
Oldowan B (Leakey, 1971: 262 ff.), although M. Leakey pointed out
from the start that the TKLF bifaces were close, in both size and
morphology, to those of EF-HR (Leakey, 1971: 271). This viewpoint
soon led to revision of the previous attribution, which was main-
tained only for TKUF, while TKLF was considered Acheulean
(Leakey, 1975: 484, Leakey, 1976: 31, Leakey, 1978), with the claim
that although bifacial tools were not represented in high fre-
quencies in the site, they should be considered Acheulean from
both the technical and the typological perspectives. However, the
environmental hypothesis proposed at that time by some authors
(Hay, 1976: 113; Leakey, 1971: 259) did not support different in-
terpretations of TKUF and TKLF. According to this hypothesis, the
distance from the lake was significant as regards the nature of the
industrial assemblages, given that most of the Developed Oldowan
B sites were located less than 1 km from the lake margin, whereas
the Acheulean ones were situated further inland. Although all
penecontemporaneous TK sites (BK, SHK, MNK, FC West; Leakey,
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1971) that were then considered Oldowanwere indeed closer to the
lake than 1 km, TKUF and TKLF were practically the same distance
from the lake. In the view of M. Leakey, the observations made
throughout the Olduvai Gorge rather indicated that the Acheulean
and Developed Oldowan B shared similar environments and the
sites presented common elements (tools, débitage, fauna) sug-
gesting that similar activities were carried out in different places.
All in all, she concluded that Developed Oldowan B and Acheulean
constituted two independent technological entities that were
produced by two different human species, Homo habilis and Homo
erectus (Leakey, 1971: 272e273).

For M. Leakey (1971: 258 ff.), both TKLF and TKUF should be
considered authentic and barely altered living floors, which origi-
nated from reiterated visits of human groups to the same place in
two different periods. In both landscapes, the presence of water
would have played a key role, especially in the case of TKLF, given
that the occupied area was exposed next to a watercourse con-
taining puddles. Leakey did not distinguish spatial organization
patterns in either of the two occupations, except for the position in
TKLF of some bifaces (six out of 15 items) that were registered as
associated in pairs (Leakey, 1971: 174, 177, Fig. 80). Later, other
authors defended the integrity of the assemblage and its minimal
alteration (Isaac and Crader, 1981), despite admitting that pro-
longed exposure previous to its burial would have affected the
remains, causing displacement of minor items and insignificant
reorganization due to overland flow and downslope displacement
(Petraglia and Potts, 1994).

In recent years, several authors have re-examined the industry
of TK, focusing either on particular aspects (Bower, 1977;
Willoughby, 1987; Sahnouni, 1991) or on one or both of the main
levels (Stiles, 1977; Ludwig, 1999; Kimura, 2002). However, the
most complete revision of the site has been carried out by de la
Torre and Mora, who presented conclusions that diverge in signif-
icant aspects from those of M. Leakey (de la Torre, 2004; de la Torre
and Mora, 2005). As a starting point, they suggest that the entire
chaîne opératoire of TK is consistent with the Acheulean technology
(de la Torre, 2004: 309; Mora and de la Torre, 2005: 174). Some of
the unmodified cobbles lacking percussion marks found in the site
would not have been introduced by human agency but transported
by natural processes (de la Torre, 2004: 264; de la Torre and Mora,
2005: 140, 197 ff.; de la Torre and Mora, 2005a). The percentage of
hammerstones is significantly greater in TKUF than in TKLF. How-
ever, the profusion of anvils (a group inwhich these authors include
slabs with peripheral scars), together with other features, such as
the abundance of debris and angular fragments, attests to intense
percussion activities unrelated to knapping, which would have had
a secondary role, especially in TKUF. The presence of spheroids and
subspheroids has in their view been overestimated by M. Leakey,
given that some of the items thus interpreted were mere cobbles
lacking knapping marks. Similarly, de la Torre and Mora assume
that cores do not constitute a relevant category in TK. This, together
with the low representation of complete flakes, has led them to the
conclusion that débitage was not a primary objective in TK. Like-
wise, they highlight a marked shortage of cores and flakes made on
basaltic rocks, in contrast to the high representation of ‘quartz’
products (Naibor quartzite, see x III.2.1), although there is also a
total absence of cores of this rock that could have produced large
flakes. These observations led them to conclude that, whereas
‘quartz’ was processed entirely within the site (except for flakes
larger than 10 cm, for which no blanks could be recognised), basalt
tools arrived at TK already worked (de la Torre, 2004: 274 ff., 386,
391; Mora and de la Torre, 2005: 143 ff.), a view coinciding with
that of M. Leakey (1971: 264).

Mora and de la Torre (2005: 147 ff.) reduce the percentages of
retouched and shaped tools proposed by M. Leakey. In addition,
they discuss the techno-typological interpretation of bifaces. For
the former group, they accept only the existence of scrapers and
denticulates, ruling out burins, endscrapers and awls. The larger
tools made on flakes, whose number they also reduce, were not
actual bifaces (with a single exception), since only at their distal
ends do these present bifacial symmetry considered to have been
obtained by means of a soft hammer. Moreover, their reduction
process was limited to a single rhomboidal scheme (Mora and de la
Torre, 2005: 157e158). Eventually, however, they concede that the
morphology of the blanks requiredminimal secondary retouch and
consider this reduction process to comprise bifacial shaping,
acknowledging the existence of 11 handaxes in TKLF and 10 in TKUF
(de la Torre and Mora, 2013; Fig. 6A).

The introduction of ‘quartz’ into the site (56 kg in TKLF and
118 kg in TKUF) is considered ‘extraordinary’ in comparison towhat
has been observed in other Olduvai sites. The activity in TK is linked
almost exclusively with the exploitation of the Naibor ‘quartz’ (de la
Torre, 2004: 306 ff.; Mora and de la Torre, 2005: 173 ff.). This
estimation of the quantities, andwhat is considered an uneconomic
exploitation of this rock that is particularly evident in the waste of
raw materials for the anvils, suggests the existence of a very close
extraction point, closer than Naibor Soit today. We estimate the
distance between this point and TK as approximately 2 km,
although the distance to the current closest point of the ridge
(Naibor Ndogo) is smaller (Fig. 1). Volcanic rocks would not have
had a more distant origin either, as they could have been obtained
in a relatively close riverbed. Only the few registered gneiss items
probably had a more remote origin, at Kelogi, some 11 km from TK
(Hay, 1976: 184; Kyara, 1999).

The preservation of the faunal remains and the rounding marks
observed on the ridges of some of the lithic items have led de la
Torre to admit, after Petraglia and Potts (1994), the influence of
post-depositional biases. These could have entailed not only the
disappearance of some of the bone remains but also even moderate
reorganization of the lithic industry, as the entire record of TK, in
both TKUF and TKLF, is linked to low-energy paleosols (de la Torre,
2004, 257).

2. Results

2.1. New excavation seasons (2010e2012)

In June 2010, The Olduvai Paleoanthropological and Paleoeco-
logical Project (TOPPP) resumed archaeological work in TK. Despite
the fact that 47 years had passed since M. Leakey’s excavations,
Trenches I and II could easily be identified, although they were
partially covered with sediment from the slopes (Fig. 2). The site
has been affected by small watercourses that have formed in the
west-facing slope, which feed into a larger channel flowing north-
south to the Main Gorge. Erosion by these streams exposed the
archaeological material that led to the discovery of the site in 1931
and its renewed detection in 2010. A large number of knapped lithic
items were observed on the surface to the north-east of M. Leakey’s
Trench I at the start of our work (Figs. 2 and 3).

Between 2010 and 2012, we excavated areas immediately
adjacent to M. Leakey’s Trench I (TI) and Trench II (TII), particularly
two zones denoted Sector A (SA) and Sector B (SB) (Fig. 3). Our work
started in SB between M. Leakey’s trenches, with the aim of
examining the previously obtained archaeological and stratigraphic
results (Leakey, 1971: 172 ff.). In both SA and SB, five levels con-
taining archaeological remains were identified (Fig. 4): from bot-
tom to top, TKLF, a loamy sand channel facies deposit, two tuff
levels (corresponding to M. Leakey’s Intermediate Level) and TKUF.
The area excavated by M. Leakey in TII (Leakey, 1971: 186, Fig. 86),
which is easily recognisable today, is stratigraphically and



Fig. 2. General view of the TK site in June 2010, showing the locations of Trenches I and II (excavated by M. Leakey in 1963) and the seasonal torrents that drain this sector of the
korongo.

Fig. 3. Location of the trenches excavated in TK by M. Leakey (1963) and sectors
excavated by TOPPP (2010e2012), indicating the surfaces occupied by TKUF and TKLF
(in Trench II the area of TKUF is estimated). The eastern zones of all the excavated
sectors have been eroded to different degrees by the modern channel.
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topographically situated in the position of TKLF and hence does not
correspond with TKUF, as all authors studying the TK industry have
come to accept (de la Torre, 2004: 258 ff.). In the stratigraphic
section of the only remaining wall of the outcrop, TKUF can be
clearly identified on the western wall, w30e40 cm above TKLF. In
that position TKUF would represent only a small portion of the
western area of Trench II, and thus the UF items were probably
assigned to Upper Tuff that contained scattered artifacts. This has
some significant consequences, given that in the assemblages
assigned to the Upper Occupation, TKUF materials from TI are
mixed with materials from TII ascribed to TKUF, though they in fact
correspond to TKLF.

In the three seasons carried out between 2010 and 2012,113.1 m2

were excavated in total: 80.5 m2 in SA, 28.6 m2 in SB, and 4 m2 in a
test pit excavated to the east of SA to test whether the site extended
in that direction. Because of the topography of the streambed in
which the site is situated, the upper levels are more seriously
affected than the lower ones by erosion of the slope and the activity
of the channel. Thus, 11.9 m2 of TKUF and 51.9 m2 of TKLF in SA, and
3.5 m2 of TKUF and 9.61 m2 of TKLF in SB, have been preserved and
were exposed (Fig. 3). In SA, we recorded and mapped 3461 lithic
items and 791 bone remains in TKLF, together with 191 lithic items
and 41 bone fragments in the channel in erosive contact with TKLF.
Small lithic (2175) and bone (105) items should be added to this;
these pieces were not mapped. The channel has eroded the top of
TKLF, resulting in the redistribution and redeposition of some of its
archaeological components, particularly the smaller ones. Due to the
difficulty in differentiating between these two levels during exca-
vation, the field stratigraphic assignment was contrasted with the
vertical projection for each 50 cm on the X axis and the Y axis for all
items. Thus, the channel’s remains must have originated from the
erosion of TKLF, a hypothesis supported by the fact that 93.5% of the
lithic items belonging to this category are less than 5 cm long. The
channel’s direction of flow and the paleotopography of the clay,
stone and calcrete level on which the TKLF materials rest, with a
slight slope to the east and south in SA (2.4% and 2.5% respectively),
imply that the items found in the channel were displaced from north
and west to south and east (Fig. 3).

Here, we will deal exclusively with the technological and
paleoeconomic study of the lithic assemblage of SA (TKLF and
channel combined), comprising a total of 5805 items, leaving for
another occasion the overall interpretation of dispersions and the
taphonomic study of the fauna and lithic industry. At present, both
SB and the test pit constitute limited areas in process of excavation.

The site’s topography and the recording of stratigraphic data and
the archaeological materials were documented by a Leica Total
Station. All the data were managed with Access 2010 and Excel
2010 and processed with Arc-GIS 10. The lithic items were



Fig. 4. Stratigraphic section of TK.
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registered with a variable number of points, according to their di-
mensions and shape. Small items with an undefined long axis (i.e.,
with a shape of unknown orientation) were registered with a single
point. Small items with a silhouette suggestive of orientation were
registered with two points on the long axis. The remaining items
were registered with 3e29 points. The orientation and slope of the
items could be recorded more accurately and quickly by this
method than by freehand drawing on graph paper.

2.2. Geology

From bottom to top, the volcano-sedimentary, volcanic and
sedimentary outcrops of TK display a part of Olduvai’s stratigraphy
that corresponds to Beds II, III and IV, according to the stratigraphic
nomenclature of Hay (1976).

The stratigraphic section (Fig. 4) established by our field work in
SA combines the west and north faces of the sections referred to M.
Leakey (1971: 172e174). The maximum thickness obtained is about
8.90 m, 7.25 m corresponding to Bed II, about 1.25 m to Bed III, and
0.40 m to Bed IV.

In this section, Bed II starts with dark gray clays (10 YR 4/1 ac-
cording to the Munsell Soil Color Charts, 1994; revised edition) and
a channel facies of yellowish (10 YR 5/6) sandy clay loam. Above
this appears alternating light brownish (10 YR 6/2) and sandy clay,
eroded by sandy clays with cross-stratification that form a channel
1.5 m in maximumwidth and 0.5 m deep. This channel flowed in a
north-south direction.

The upper sequence ismore complex. Tuffs of several textures are
observed, from clay loam to sandy clay, particularly towards the top,
of light gray (2.5Y 7/2) or pale yellow (2.5Y 8/2) colour. A loamy sand
channel facies is interbedded, displaying planar cross-stratification
with a NW-SE direction of deposition. In the NNE-SSW transversal,
the size of the outcrop section in SA is approximately 12 m, with a
maximum thickness of 0.40 m. This thin channel facies rests upon
and partially covers TKLF, which in turn overlies a very pale brown
(10 YR 8/2) calcrete layer up to 7e8 cm thick.

TKUF lies in stratigraphic discontinuity nearly one metre above
TKLF, between two tuffs. It is marked by a discontinuous calcrete up
to 10e15 cm thick, increasing in thickness towards the east andwest.

The upper sequence of Bed II is constituted by several brown
(10 YR 5/3) or pale brown (10 YR 6/3) clay sublevels with carbonate
nodules and root casts. Avery pale brown chalky horizon (10 YR 8/2),
containing up to 60% calcium carbonate, intercalates in this clayey
sequence. Above this is a light gray tuff (10 YR7/2), eroded by cut and
fill and subsequentlyfilled bypale brown (10YR6/3) sandy clay loam
cross-stratified in a north-south direction. The final part of Bed II is a
deposit of clay with calcium carbonate nodules and root casts.

Bed III is composed of reddish brown (5 YR 5/4) clays and a coarse
sand channel facieswith granules (2e4mm) and cross-stratification.
At the top of the section is an ignimbrite 60 cm thick (Bed IV), eroded
at its top by a rill infilled by gravel in a matrix of sandy clay loam.

TKLF is marked by a stratigraphic discontinuity (Fig. 4) and a flat
topography made up in the west of light brownish gray (10 YR 6/2)
clay, upon which is calcrete that increases in thickness in the east.
TKLF lies indistinctly, from west to east, over both levels and is
partially covered in the central zone of SA (Fig. 3) by a loamy sand
channel facies in which a lamination structure created by low-
energy water flows can be observed. A pale yellow (2.5Y 8/2) tuff
sandy clay covers both the loamy sand channel facies and, directly,
the lithic industry level located in the eastern zone of SA.

The age of TK has not yet been clearly defined. Its stratigraphic
position, at the exposed top of Bed II, can be related to that of Tuff
IID in JK, 0.8 km south-east of TK (Hay, 1976, plate 2; Leakey, 1971:
16e17, Fig. 1). Recently, a new 40Ar/39Ar age of 1.353� 0.035Ma has
been obtained for Tuff IID at BK (Domínguez-Rodrigo et al., 2013).
2.3. Study of the lithic industry

2.3.1. General aspects
Our analysis of the TKLF lithic industry is structured around

the broad concept of chaîne opératoire, in accordance with ap-
plications expressly defined in the context of the European
Paleolithic (Boëda et al., 1990; Inizan et al., 1992, 1995; Turq,
2000: 26), with background in methodologies were designed
from the African sites, which proposed integrated studies about
lithic industry according to the position in the production chain
(Isaac et al., 1981). In this presentation, we will follow the order of
the phases identifiable in the process of production and con-
sumption of the industry, from initial raw material acquisition
through several production phases to the final phases of tool
maintenance and abandonment (Tables 1 and 2). In an initial
general assessment, we will examine the variety of raw materials
used in TKLF and their relative proportions, confirming the pref-
erence for the use of Naibor quartzite and the secondary use of
volcanic rocks, the only raw materials in which the chaînes
opératoires are represented in all their phases.

In contrast with our approach, previous studies have argued for
differential management of the main rocks used in TK, claiming
that Naibor quartzite was directly introduced, while the products
made of volcanic rocks would have been introduced into the site
after undergoing a process of elaboration. Bearing other opinions in
mind (de la Torre, 2004: 257 ff.; de la Torre andMora, 2005: 137 ff.),
we will particularly consider whether the presence of different raw
materials (vesicular lava cobbles, for instance) could be due to
natural factors. While analysing all these issues, we attempt to
determine whether an authentic débitage and raw materials
economy (Perlès, 1991) existed in TKLF, considering its range and
intensity as well as the role performed by some less common rocks
(quartzite not from Naibor Soit, gneiss and flint) in connectionwith
the collection area reflected in the TKLF industry.

We base our study on the technological reading of all the lithic
items and the analysis of their basic physical features, such as raw
material, size, and weight. The identification of raw material is
initially based on macroscopic examination. Because of this, and in
an attempt to avoid errors, we group together compact volcanic
rocks (phonolites, nephelinite, trachyte and basalt; Hay, 1976: 182
ff.; Kyara, 1999) under the general term ‘volcanic rocks’ (VR), with
the sole exception of vesicular lavas, considering the particular
attention they have received (de la Torre and Mora, 2005a). Naibor
quartzite raises a particular quandary. This is a metamorphic rock
whose almost exclusive constituent mineral is quartz (Table 3) with
the shape of phenocrysts and a distinctive lamination that responds
to knapping very differently from the other fine-grained quartzites
present in Olduvai (Jones, 1994), and more similarly to quartz
(Mourre, 1997). Its petrographic qualities contrast with the visual
identification of quartz crystals and even with the above-
mentioned response to knapping, determined by the lamination
and mineral composition. These factors may explain the different
nomenclatures given to this rock, even by the same author. On
some occasions, following Hay’s original classification (1976: 11,
180), it has been identified as quartzite (Leakey, 1971; Jones, 1981;
Feblot-Augustins, 1990; Blumenschine et al., 2008; de la Torre and
Mora, 2013; de la Torre et al., 2013), whereas in other cases either it
has been defined as quartz (Perlès, 1991; Sahnouni et al., 1997;
Mora and de la Torre, 2005; Diez-Martín et al., 2010) or both
terms have been used in the same publication, to the point of
including quartz among metamorphic rocks (de la Torre, 2004: 20,
344 ff.). We retain here the original identification as quartzite,
perfectly justified since we are dealing with a metamorphic rock,
but will add the source (Naibor quartzite, NQ), as this rock should



Table 1
Chaîne opératoire phases identified in Naibor quartzite (a) and volcanic rocks (b).

Chaîne opératoire phases Natural 
elements 

Used, retouched 
or  
shaped elements

Total 

0. Acquisition phase a b a b a b 
selbboC1.0 100 67 167 

0.2 Vesicular lava cobbles   
0.3 Positives of percussion  12 12 
0.4 Cobbles with pits  2 2 
0.5 Slabs with percussion marks  4 4 

Subtotal acquisition phase 112 4 69 4 181 
1. First reduction phase
1.1 Highly cortical flakes (>90% cortex)  43 6 1 44 6 

7 3 109 7 1.2 Cortical flakes (50–90% cortex) 106 
1.3 Cortical flake fragments 79 1 1 80 1 
2. Full reduction phase (ordinary products)
2.1 Decortical flakes (<10% cortex) 327 30 16 2 343 32 
2.2 Partially cortical flakes (10–50% cortex) 130 4 4 134 4 

2.3 Decortical flake fragments 499 55 17 516 55 
sekalfsunaJ4.2

3. Full reduction phase (backed products)
3.1 Flakes and flake fragments with 

débitage back 
66 3 6 72 3 

3.2 Flakes and flake fragments with 
cortical back 

5 2 7 

3.3 Pseudo-Levallois points  
4. Cores

1 65 208 1 
4.2 Cores on cobble  17 4 21 
4.3 Cores on flake 5 5 

4.1 Cores on slab 143 

4.4 Cores on undetermined blank 14 4 6 20 4 
Subtotal production phase 1417 128 121 6 1538 134 

5. Façonnage and retouched items on natural blank 
secafiB1.5 67 10 67 10 

5.2 Trihedral picks  3 3 
srevaelC3.5 3 3 

5.4 Heavy-duty scrapers  1 1 1 1 
5.5 Flakes from biface reduction  
Subtotal façonnage and retouched n.b. 74 11 74 11 
6. Shatter

83sirbeD1.6 4 38 4 
6.2 Slab/cobble fragments 3237 41 3237 41 

074sknuhC3.6 21 470 21 
Subtotal shatter 3745 66 3745 66 

TOTAL 5162 306 199 86 5361 392 
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be distinguished from other fine-grained quartzites originating
further away and also recorded in TK.

From the start, we recognized chaînes opératoires applied to NQ
and VR in TKLF, as well as the sporadic presence of items made on
flint, gneiss and quartzites originating from sources other than
Naibor Soit (nNQ). The latter, 17 items in total, are particularly
distinguished by the fact that they are fairly rounded cobbles that
are similar in composition to those of Naibor Soit quartzite but
whose rounding implies a more distant origin. A small portion of
the NQ knapping products may in fact derive from the knapping of
nNQ cobbles, since in the absence of cortical remains we lack a
firm criterion for differentiation between the two sources. How-
ever, in any case we are dealing here with a very small number of
items that have little influence on the interpretation of the total
count.
2.3.2. Phases of the chaîne opératoire in TKLF
2.3.2.1. Acquisition phase. Unmodified or slightly modified items
comprise 3.8% of the total register in TKLF, with a combined weight
of 83.2 kg. At this level of the chaîne opératoire, volcanic rocks
amount to 82.6%. This is the predominant raw material, a situation
that does not occur in any of the other phases, in which NQ is al-
ways the main lithic component. The acquisition phase includes
46.2% of all the VR items present in TKLF (Tables 1, 2 and 24).

The largest group is formed by compact VR cobbles, especially of
basalt,whichamount toonehundred itemswitha totalweightofover
32 kg. In general, the surfaces show both chemical and mechanical
alteration, primarily intrasedimentary, which impedes the identifi-
cationof anykindofuse-wear tracesorevenestimationof theoriginal
sizeandweightof some itemsaffectedby fracturesofunknownorigin
or significant loss of material. They present a wide range of sizes



Table 2
Chaîne opératoire phases identified in vesicular lava (c), non-Naibor quartzite (d), gneiss (e) and flint (f).

Chaîne opératoire phases Natural 
elements

Used, 
retouched or 

shaped
elements

Total

0. Acquisition phase c d e f c d e f c d e f
0.1 Cobbles 1 2 5 1 7
0.2 Vesicular lava cobbles 22 22
0.3 Positives of percussion 1 1
0.4 Cobbles with pits 3 3

Subtotal acquisition phase 22 2 2 3 5 25 2 7
1. First reduction phase
1.2 Cortical flakes (50–90% cortex) 1 1
1.3 Cortical flake fragments 1 1
2. Full reduction phase (ordinary products)
2.1 Decortical flakes (<10% cortex) 2 1 2 1
2.2 Partially cortical flakes (10–50% cortex) 1 1
2.3 Decortical flake fragments 2 2
3. Full reduction phase (backed products)
4. Cores
4.2 Cores on cobble 2 6 8
4.4 Cores on undetermined blank 1 1

Subtotal production phase 8 2 6 1 14 2 1
5.Façonnage and retouched items on natural blank 
6. Shatter
6.3 Chunks 1 1

Subtotal shatter 1 1
TOTAL 22 11 4 3 6 5 1 25 17 9 1

Table 3
NQ composition: quantitative analysis of major elements, including loss on ignition (LOI) (%).

SiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O TiO2 P2O5 SO3 LOI

97.97 1.04 0.12 <LD 0.04 0.08 0.06 0.28 0.04 0.02 <LD 0.35
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tending to a unimodal distribution (Fig. 5). Five small cobbles, with
weights between 6 and 29 g and sizes from 2 � 2 to 3 � 4 cm, could
have been introduced into the site through natural mechanisms
(fluvial transport, overland flow, trampling). The remaining cobbles,
with sizes around 10 cm and average weights of almost 400 g, must
have been introduced for some specific purpose, as the sedimentary
agents active in TKLF lacked the ability to transport rock fragments of
such a size. Another component of this group is a quartzite cobble,
perfectly round and hence not from Naibor Soit, and five gneiss
pebbles, two of which are broken (Table 4).
Table 4
Acquisition phase (complete items).

Pieces Length (mm) Weight (g)

N Intervals Mean N Intervals Mean

VR cobbles 94 155/23 76.8 93 2490/6 325
nNQ cobbles 1 68 68 1 163 163
Gneiss cobbles 4 155/79 103.5 4 1524/264 633.2
Vesicular lava cobbles 21 118/31 82.1 20 1674/4 472.2
Cobbles with pits 5 131/55 90.8 5 867/120 436.8
VR hammerstones 62 132/52 90 56 1786/64 564
Gneiss hammerstones 3 83/58 68 3 382/120 274
Positives of percussion in VR 11 92/44 66.9 11 250/29 106.7
NQ slabs with percussion marks 4 95/35 65 4 625/15 201
Concurrently with the previous group, another assemblage has
been identified. It consists of 22 cobbles of vesicular lava, rounded
in shape and similar in size to those of the volcanic rocks described
above (Table 4 and Fig. 5). Among these, items of small dimensions
are very few in number; thus, these cobbles are slightly larger than
those of the other volcanic rocks (Table 4 and Fig. 5). Except for two
broken items, they too lack macroscopic use-wear traces on their
surfaces. The friable nature of this rock raises doubts about its
suitability for use. However, as the presence of grooves or pits in-
dicates that this material was occasionally used, we can justifiably
assume that it was intentionally introduced into the site. On five
cobbles (two of basalt and three of vesicular lava) we observed pits
or grooves in a central location on one of their larger surfaces. These
are cobbles with a flattened section and an average length of nearly
10 cm (Table 4), which can be easily set on the ground or gripped.
Active or passive percussion or repeated friction (Chavaillon, 1979;
Goren-Inbar et al., 2002) could be responsible for the traces
observed: single longitudinal grooves in two cases (58 � 24 and
20 � 7 mm) and pits of sub-oval outline (19 � 10, 30 � 17 and
40 � 35 mm) in the other three items (Fig. 6).

We have recognised clear use-wear traces from percussion ac-
tivities on 67 VR cobbles, as well as three further ones made of
gneiss and four NQ slab fragments. Traces derived from their oc-
casional use as hammerstones have also been observed on a



Fig. 5. weights (g) of VR pebbles and cobbles, VR hammerstones and vesicular lava pebbles and cobbles.
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significant number of cores and slabs. These are not isolated cases,
as has been pointed out for other Olduvai sites (Diez-Martín et al.,
2011), but reiterated uses that indicate the importance of percus-
sion activities on hard materials and the versatility of some blanks,
which were both exploited as cores and used as hammerstones.

The VR hammerstones (Table 4) display a wide and fairly
continuous distribution, with frequencies concentrated on weights
of 200e300 and 400e500 g (Fig. 5). The distribution is similar to
that recognised in VR cobbles lacking use-wear traces (Fig. 5),
allowing us to consider the possibility that both groups reflect the
same aim. The alteration of the surface layer can plausibly explain
the absence of traces in some volcanic cobbles. Hence, all of them
would have been introduced into the sitewith the same purpose: to
be used in percussion activities.

A further 12 cortical basalt fragments have been identified. Their
features, primarily the absence of percussion platform and bulb,
would correspond to positives of percussion inflicted on the ham-
merstone during use. Equally, a quartzite cobble, together with a
cobble of a similar raw material, confirm the introduction into TK
and the use of unmodified nNQ cobbles collected by fluvial means.

2.3.2.2. Production phase: flakes. A total number of 1421 objects
with conchoidal fracture marks, in which the bulbar and dorsal
faces can be identified, have been included in this group. From the
perspective of the chaîne opératoire, we distinguish two sub-phases
Fig. 6. Vesicular lava cobbles with
in the flakes (Tables 1 and 2). The first one, initial reduction, in-
cludes flakes in which more than half of the dorsal face is covered
by cortex, distinguishing between highly cortical (more than 90%
cortex) and cortical (50e90% cortex), and flake fragments with
extensive cortex. A secondary sub-phase of full production in-
corporates regular products as well as those with a natural or
débitage back; in the former we distinguish between those with
10e50% cortex on their dorsal face (partially cortical) and decortical
products, including fragments, flakes without cortex and flakes
with less than 10% cortex.

We identified bipolar percussion in a significant percentage of
cores, in which this knapping mode is relatively easily identified.
However, this is not the case for flakes, in which the frequent
proximal and distal fractures have eliminated the butts and bulbs
that could have provided significant criteria for identification.
When applying criteria established in experimental studies (Diez-
Martín et al., 2011; Sánchez-Yustos et al., 2012), we obtained only
partial results that cannot be generalized. Because of this, we do not
attempt to distinguish between bipolar (BP) and freehand (FHP)
knapping techniques in the flakes; they will be studied in a single
group that undoubtedly includes items deriving from both per-
cussion modes, since both have been recognised in cores and bi-
faces but only BP in quartzite blanks.

Most flakes were detached from NQ blanks (91.8%), followed by
VR (7.6%), while nNQ (0.4%), gneiss (0.1%) and flint (0.1%) have a
groove (a) and central pit (b).
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token presence (Table 5). A single flint flake is the sole represen-
tative at the site of this rawmaterial, which was not observed byM.
Leakey (1971). Among the flakes, 611 are complete and 155 nearly
complete (in which it is still possible to determine the removal
sequence in the dorsal surface), while 655 are minor fragments.
Relatively more VR than NQ flakes are broken (51.9% and 45.7%
respectively). The proportion of complete flakes is much greater (by
a factor of nearly 3.5, including shatter) than those given for the
TKLF flake assemblage by M. Leakey (only 84 complete items out of
2174 flakes; Leakey, 1971: 181) or de la Torre (only 42 complete
flakes in the same assemblage; de la Torre, 2004: 260).
Table 5
Flakes and flake fragments by raw material.

NQ VR nNQ G F Total

Complete 566 41 3 1 611
Nearly complete 143 11 1 155
Fragment 596 56 2 1 655
Total 1305 108 6 1 1 1421
The mean dimensions and weights of complete flakes are
similar for all raw materials (Table 6). NQ flakes tend to be slightly
larger and longer, whereas VR flakes are often wider than they are
long, although thinner than the former with an average carination
index (the long axis, L or W, divided by T) of 3.4 as compared with
2.8 for NQ flakes. Flakes on nNQ present intermediate dimensions
(38 � 30, 39 � 38, 73 � 42 and 85 � 85 mm) and the two flakes on
flint and gneiss a smaller size (36 � 21 and 28 � 33 mm, respec-
tively). The size frequency distributions are similar for NQ and VR
(Fig. 7): in both groups, around 80% of complete flakes are 2e6 cm
long, 11e14% are 6e10 cm long and 2% exceed 10 cm in length (25
NQ flakes and 8 VR flakes, including broken flakes and those
transformed into bifaces or cleavers). Although NQ flakes have the
largest average dimensions of the assemblage, proportionally there
are more large VR flakes (Fig. 7).
Fig. 7. Length distribution of flakes (NQ n ¼ 566; VR n ¼ 41).

Table 6
Size (mm) according to direction of débitage and weight (g) of complete flakes (NQ
n ¼ 566; VR n ¼ 41).

Intervals X/x Mean Standard deviation

NQ VR NQ VR NQ VR

Length 186/12 102/9 42.9 41.9 20.2 17.9
Width 134/11 105/5 38.3 46.4 18.1 20.3
Thickness 89/4 36/2 16.4 15.4 7.9 7.7
Weight 1183/2 311/1 49.2 52.3 96.7 69.6
Length/width 2.8/0.4 2.8/0.5 1.17 0.99 0.34 0.4
The initial reduction phase is represented by 21.6% of NQ flakes
and 25% of VR flakes, while 67.2% of complete VR flakes and 59.7% of
complete NQ flakes either have no cortical areas at all or cortex
covers less than 10% of their dorsal surface (Fig. 8a). In both cate-
gories, these percentages show that the flakes originate from cores
exploited with some intensity. The butts are similar for both raw
materials; more than three quarters of the assemblage have plain
striking platforms, while the items with facetted or dihedral
striking platforms are infrequent, proportionally more numerous
for VR than for NQ (Fig. 8b). Cortical or natural butts are signifi-
cantly present in both rock types.

In order to establish the relationships between the production
schemes reflected by the core assemblage and the organization of
the dorsal surfaces of the flakes, we have categorized the polarity of
the scars in accordance with the following model (Fig. 9):

- Monopolarity: dorsal faces with scars of a single polarity
following the flake’s technological axis.

- Bipolarity: dorsal faces with at least one scar whose polarity
does not coincide with the flake’s technological axis.

- Multipolarity: dorsal faces with two (multipolarity 3) or more
(multipolarity 4, 5, etc.) scars whose polarity does not coincide
with the flake’s technological axis.

These polarities have been determined for the dorsal faces of
completeflakes: 475 onNQ, 24 onVR, three on nNQand one onflint.
In the broken flakes or those bearing scars with unidentifiable po-
larities, some polarity could be defined in 397NQ items, 43 VR items
and three nNQ items. In the first group, more than half of the flakes
reflect exploitationof threeormoredifferentpolarities (65.7% forVR
and 54.9% for NQ), implying that they originate fromcores thatwere
rotated to some degree during their exploitation. In the entire
assemblage (Fig. 9), the relative percentages are similar; flakes
presenting three or more polarities represent 46.8% for NQ and
65.7% for VR,which areminimumfigures ifwe consider that someof
the flakes of the second groupwith two or more polarities may also
belong to this assemblage. Flakes with four or more polarities
constitute a significant percentage, especially among flakes on VR
(25.4%; 16.3%onNQ).As for thedegreeof rotation, 32.2%of theflakes
come from cores that were rotated up to 90�, 24.8% up to 135� and
26.7%up to180�; only16.3% experiencedaminimumrotationof 45�.
This relatively intense rotation, more marked for VR than for NQ,
shows that a significant number of the original coreswere exploited
with particular intensity. This observation conforms to the fact that
the dorsal face of complete flakes bears an average of three scars for
NQ and four scars for VR, while 10.8% and 21% respectively bear five
or more scars. The flint flake has four scars reflecting five polarities
and thus alluding to a long reduction sequence, perhaps of a tool that
was not found in the excavated area.

The dorsal faces of 14 NQ flakes and one nNQ flake display
percussion marks. In one specimen they are close to the edges, in
another close to the butt, in seven they occupy the interior of the
scar and in six they are grouped on the scar ridges cut by posterior
removals. Taking into account the small size and limited
morphology of these marks, the most likely scenario is that the
traces stemmed from use of the original core as a hammerstone
before the removal of the flakes.

2.3.2.3. Production phase: cores. In TKLF, we have recorded an
outstanding frequency of artefacts of this kind, a category in which
we include items that in previous studies have been considered as
choppers, polyhedrons, subspheroids, spheroids, blocks with iso-
lated removals or anvils. This can explainwhy the presence of cores
in this site and in TKLF in particular has been accorded little signif-
icance by other authors (Leakey, 1971: 183; de la Torre and Mora,



Fig. 8. (a) Cortex percentage in complete and nearly complete flakes (C, cortex); (b) Types of preserved butts (C, cortical; P, plain; D, dihedral; F, facetted).

Fig. 9. (a) Polarity of previous negative scars on the dorsal face of flakes: 1, dorsal faces with scars of a single polarity following the flake’s technological axis; 2, dorsal faces with at
least one scar whose polarity does not coincide with the flake’s technological axis; 3, dorsal faces with at least two scars whose polarity does not coincide with the flake’s
technological axis; etc. The broken flakes or with undetermined polarity scars are represented with � symbol because they have at least the polarities identified (1e6); (b) Scheme
applied to the representation of polarity.

Table 7
Cores: distribution of raw materials and blanks.

Slab Cobble Flake Undetermined Total

NQ 208 5 20 233
VR 1 21 4 26
nNQ 8 8
Gneiss 1 1
Total 209 29 5 25 268
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2005: 138,143). Our study of the cores is based on the identification
of the débitage scheme through the reading of the removal se-
quences and the identification of hierarchized or equivalent (inter-
changeable) exploitation surfaces. The type of blank, the raw
material and the size and intensity of the exploitationhave also been
taken into account. The knapping mode, bipolar (BP) or freehand
(FHP), constitutes another important criterion in the analysis of this
group of artefacts (Diez-Martín et al., 2009, 2010). In addition, we
recorded a considerable number of mixed items in which transfer
between the two technical knapping strategies can be observed.

Out of a total amount of 268 cores, NQ is the most frequent raw
material (86.9%), followed by VR (9.7%), while the presence of other
rocks is negligible (Table 7). There are no cores of vesicular lava,
proving that this raw material was not employed in the knapping
process and coinciding with our observations for the products
(flakes and shatter). Among blanks, slabs are the most common
(86% of identifiable items), much more frequent than cobbles
(11.9%) or flakes (2.1%) and clearly reflecting the fact that the pre-
dominant resource, Naibor quartzite, was available exclusively in
the more abundant format.
Fig. 10. Bifacial core (Group III.1) on a rounded nNQ pebble with SSDA (surfaces of alternate
2.3.2.3.1. Cores exploited by freehand percussion (FHP). This
knapping mode implies the use of mobile hammerstones, which
have been clearly identified in the assemblage despite the use of
other artefacts (particularly cores) in percussion. In FHP blanks, the
following débitage schemes have been identified (Table 8 and
Figs. 10 and 11): Group I, cores of opportunistic exploitation (oc-
casional, monopolar and bipolar); Group II, multipolar (elemental,
polyhedral and facetted subspheroid); Group III, bifacial; Group IV,
peripheral monopolar (with a natural or débitage initial surface);
and Group V, discoid and centripetal bifacial. Cores with
débitage) scheme, presenting traces of use as a hammerstone in the unknapped zone.



Fig. 11. Exploitation schemes of cores on NQ. Group IV.1, 1, 2; Group IV.2, 3, 4 and 6; Group V.1, 5.
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hierarchized removal and preparation surfaces have not been
observed. In 20 items, it was impossible to determine the exploi-
tation scheme, since they were found incomplete, broken or at a
very advanced stage of exploitation.
Table 8
FHP cores: composition of débitagemethods (rawmaterials: a: Naibor quartzite; b: volcanic rocks; c: non-Naibor quartzite; d: gneiss; e: flint; Blanks: 1: slab; 2: cobble; 3: flake;
4: undetermined; Intensity of reduction: A: low; B: medium; C: high; D: exhausted).

Conceptual scheme Total Raw material Blank Intensity of reduction

a b d e 1 2 3 4 A B C D

I.1: Occasional 22 20 2 19 2 1 18 4
I.2: Monopolar 11 8 3 9 2 4 4 3
I.3: Bipolar 21 17 3 1 16 4 1 3 14 4
I.4: Monopolar þ bipolar 8 6 2 6 2 5 3
II.1: Multipolare elemental 12 9 1 1 1 7 2 3 1 9 2
II.2: Polyhedral 37 30 6 1 22 5 1 9 2 33 2
II.3: Facetted subspheroid 10 9 1 5 5 10
III.1: Bifacial 8 4 1 3 4 4 3 1 4
IV.1: Peripherical monopolar cortical 25 24 1 23 1 1 11 14
IV.2: Peripherical monopolar débitage 18 18 18 2 16
V.1: Discoid 17 15 1 1 13 2 2 8 9
V.2: Bifacial discoid 15 12 2 1 9 2 4 2 12 1
0/Undetermined 20 17 3 15 3 2 3 14 3
Total (%) 84.4 11.6 3.6 0.4 74.1 13 2.2 10.7 14.3 34 50.4 1.3
Total 224 189 26 8 1 166 29 5 24 32 76 113 3
Group I (Table 8), representing 27.7% of all the FHP cores of TKLF,
comprises cores showing an opportunistic exploitation that is
adapted to the blank’s morphology, with single removals or isolated
ones where there is more than one. In general, they were exploited
from natural percussion platforms. In the monopolar subgroup, the
removals are almost parallel and in the same direction, while in the
bipolar subgroup the removals are not parallel or are in opposite
directions. In both subgroups there are items with two independent
exploitation surfaces, one monopolar and the second bipolar. NQ is
the most common raw material in Group I slabs are the predom-
inating blank. VR cores are represented (ten items, 16.1%), as well as
one nNQ cobble with bipolar removals of low intensity (isolating
removals). The exploitation is sometimes ofmedium intensity (series
of short chained removals), especially in the bipolar subgroup.
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Group II, multipolar exploitation, is recognised in almost one
third of the cores with an identifiable scheme (Table 8). We
distinguish a first subgroup (Group II.1) with a minimum of
three surfaces exploited through linked removals in which the
negatives of scars serve as percussion platforms for the
following removal. A similar but more intense exploitation de-
termines polyhedral shapes (Group II.2), and finally, when the
removal facets cut each other out, the shape becomes sub-
spherical (Group II.3), although true spheres with facetted
ridges erased by percussion have not been recorded. All but one
of the items included in Group II.3 show signs of use as ham-
merstones. In Group II, the dominant raw material and blank
form are once again NQ slabs (81%), while VR and cobbles (13.6%
and 16.7% respectively) appear in minor frequencies. As in the
two other subgroups of Group II, subspheroids are dominated by
NQ (90%) rather than VR, an observation that has led other au-
thors to consider that polyhedrons and spheroids reflect inde-
pendent reduction processes (Jones, 1994; Mora and de la Torre,
2005; contra; Sahnouni et al., 1997). However, the weights of the
items belonging to Groups II.2 and II.3 (minor in the polyhedral
cores) are completely different (Table 10), hence ruling out a
suggestion that they correspond to the same reduction
sequence. It is noteworthy that in one case a medium-sized
Naibor quartzite flake was used as a blank (48 � 40 � 38 mm)
after being intensely exploited. An item made on an nNQ cobble
was also observed. The intensity of exploitation in the II.2 and
II.3 groups as a whole was high, with some items being nearly
exhausted.
Table 9
FHP cores: length and weight by raw material.

N Length (mm) Weight (g)

Intervals Mean Intervals Mean Total

NQ 189 215/45 88.5 5508/44 632.5 119,551
VR 26 178/62 95.2 2639/125 773.8 20,120
nNQ 8 87/60 72.8 660/124 283.2 2266
Gneiss 1 90 90 670 670 670
Total 224 142,607

Table 10
FHP cores of NQ: length and weight by débitage method.

Conceptual scheme N Length (mm) Weight (g)

Intervals X/x Mean Intervals Mean Total

I.1: Occasional 20 190/57 108.6 4782/157 940.4 18,809
I.2: Monopolar 8 162/64 97 1438/196 579 4632
I.3: Bipolar 17 187/61 97.6 2957/126 732.2 12,448
I.4: Monopolar þ bipolar 6 74/45 66.8 465/60 265.3 1592
II.1: Multipolareelemental 9 215/55 102.9 5508/96 1307.7 11,769
II.2: Polyhedral 30 120/45 69.3 1354/76 339.4 10,182
II.3: Facetted subspheroid 9 138/65 93.4 2410/369 1099 9891
III.1: Bifacial 4 130/82 98 964/488 630.8 2523
IV.1: Peripherical

monopolar cortical
24 152/57 90.2 1453/148 586.2 14,070

IV.2: Peripherical
monopolar débitage

18 155/48 93.9 2369/58 754.1 13,574

V.1: Discoid 15 180/47 91.6 5200/60 708 10,620
V.2: Bifacial discoid 12 128/47 74.3 1321/44 293.8 3526
0/Undetermined 17 143/51 80.4 1528/99 347.9 5915
Total 189 119,551
Group III, cores with successive bifacial removals from one or
more ridges, are infrequent, although we should bear in mind that
extension of this exploitation scheme results in the discoid cores
included in Group V.2. In this group we include items that
correspond to the ‘choppers’ category of other studies. Three of
them (Fig. 10) conform to the SSDA (surfaces of alternate débitage)
scheme (Forestier, 1993). In half of the cases the blank is a cobble,
mainly of nNQ (Table 8).

Group IV, peripheral monopolar cores, represents a distinctive
scheme that has not previously been recognised at the site despite
its significant percentage among cores with an identifiable scheme
(21.1%). This group (Fig. 11: 1e4 and 6) is characterized by the secant
or perpendicular exploitation of a main guiding surface, which may
be cortical (Group IV.1) or débitage (Group IV.2). The exploitation is
carried out continuously around the initial surface. This is funda-
mentally a Quina concept (cf. Turq, 2000: 316) characterized by the
production of flakes of asymmetrical section with thick cortical
(Group IV.1) or even flat or dihedral (Group IV.2) butts. These flakes
were especially selected for the shaping of retouched items in small
formats. In both subgroups, the production is almost exclusively on
NQ slabs, exploited with medium to high intensity (Table 8).

Group V consists of cores exploited by centripetal schemes
(Mourre, 2003a). It constitutes 15.6% of the TKLF cores displaying
an identifiable scheme. This group comprises cores in which the
main production surface is organized by centripetal and chordal
removals (Fig. 11: 5), in planes oblique to the blank’s main plane of
symmetry. In one case, the ventral surfaces of a flake are exploited
by a non-Kombewa centripetal scheme (Tixier and Turq, 1999). In
Group V.1 the exploitation is generally carried out from cortical
surfaces (Fig.11: 5), and only in two cases are there some peripheral
removals that functioned as occasional striking platforms, although
these did not constitute a differentiated and specific percussion
surface. There are two cores with double removal planes (inde-
pendent, equivalent and not hierarchized). The removals are
frequently quite uneven; in some cases, a major first removal was
clearly not predetermined and was cut out by subsequent scars.
Peripheral removals are sometimes inverted, produced from the
main exploitation surface. The extension of this system gives rise to
Group V.2 (connected in turn with Group III) with bifacial shaping
from the ridge of the intersection plane of exploitation surfaces
resulting in two centripetal designs (Fig. 12: 1e3). Besides the
dominant blanks (NQ slabs), we registered items on VR and on nNQ
cobbles in both subgroups. Cores of Group V were exploited with
medium to high intensity, with some specimens being exhausted.

In sum (Table 8 and Fig. 13), the cores of TKLF generally display
simple schemes e Groups I (30%), II (29%) and III (4%) e as opposed
to those presenting a complex organization e Groups IV (21%) and
V (16%) e, though no hierarchy of the removal surfaces or signs of
predetermination are discernible in the large sample examined.
This tendency is more evident in VR (the total of Groups I, II and III
amounts to 82.6%) than in NQ (59.9%). Except for Group I, the cores
could have produced flakes with dorsal faces displaying two or
more polarities. The absence among the flakes of neat pseudo-
Levallois points, which could have been produced by these cores,
may be related to the difficulty of reading the dorsal faces of flakes
on both NQ and VR. Most of the flakes derived from these cores
have butts that are flat or cortical and only occasionally dihedral or
facetted, especially those from cores belonging to Groups III and
V.2. Both the dorsal faces and butts of the studied flakes correspond
well with these results (Figs. 8b and 9).

In contrast with what has been observed at other Olduvai sites,
in which NQ slabs were preferentially exploited by bipolar knap-
ping (Diez-Martín et al., 2009, 2011), FHP had a major incidence in
TKLF. The most commonly used raw material and blanks in this
percussion mode were NQ (84.4%) and slabs (74.1%), although
basaltic rocks and cobbles are also present in noteworthy fre-
quencies. The exploitation has rarely exhausted the blanks
(possibly only in Group II.3) but presents a medium to high in-
tensity of the same order (around 80% of the items) in NQ as in VR.



Fig. 12. 1e3. Bifacial discoid cores, Group V.2 1 and 3, NQ: 2, VR.
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Both NQ and VR cores are quite similar in average weight and in
maximum dimensions (Table 9). The eight cores on nNQ cobbles,
however, are slightly smaller. In the various schemes distinguished
in NQ (Table 10), the average dimensions are also similar, except for
Groups I.4, II.2 and V.2, which are smaller.

When analysed by raw material, the average and extreme
values, as well as the size distribution of the scars observed in the
cores (Table 11and Fig. 14), fit well into the range observed in the
flakes (Table 6), especially in the best-represented rocks (NQ and
Fig. 13. Exploitation schemes of cores by raw material.
VR), and bearing in mind that the measured scars always corre-
spond to the last removals and are hence the smallest. Small sizes
coincide well in both groups, better in NQ (13 mm in scars, 12 mm
in flakes) than in VR (15 and 9 mm respectively), a fact suggesting
that the smallest VR flakes stem not from core exploitation but from
reduction of artefacts, namely bifaces. Modal values are also in
agreement, being entirely in the 20e40 mm range. As would be
expected, the same is not the case for maximum sizes, since they
are substantially larger in the flakes, especially in NQ (56 mm su-
perior to the largest observed in the scars, and 27 mm in VR).
However, in both cases (Fig. 7) this imbalance affects a small pro-
portion of items. On the other hand, the maximum sizes of the
same cores, 215 mm in the case of NQ (Table 10) and 178 mm in VR,
allowed the first removals to reach similar sizes to those registered
in the flakes. Consequently, from the viewpoint of the sizes
observed in cores and flakes, it cannot be ruled out that all of the
TKLF débitage originated from the cores documented in the site.
Table 11
Sizes (mm) of complete negative scars observed in FHP cores.

RM N Length (mm) Larger length or width

Intervals X/x Mean Median Intervals Mean Median

NQ 287 130/13 40.6 36 130/16 45.1 41
VR 38 75/15 33 33/32 88/21 39.9 37/35
nNQ 22 43/13 26.5 23 45/13 31.2 29/34



Fig. 14. Maximum sizes of complete scars observed on nNQ, VR and NQ cores.

Table 12
FHP cores with limited BP.

FHP conceptual scheme C1 C2 C3

I.1: Occasional 2
I.2: Monopolar 1
I.3: Bipolar 2 1
II.1: Multipolareelemental 1 1
III.1: Bifacial 1
IV.1: Peripherical monopolar cortical 2
V.1: Discoid 2

Table 13
Size and weight of BP cores.

Types N Length (mm) Weight (g)

Intervals X/x Mean Intervals Mean Total

C1 4 246/76 137.2 2922/124 1125.5 4502
C2 19 205/57 134.8 3204/156 1198.0 22,761
C3 9 250/51 128.4 3891/85 1446.4 13,018
C4 6 158/61 108.2 1430/126 735.8 4415
Oval 6 199/64 135.7 1885/109 979.2 5875
Total 44 250/51 130.2 3204/85 1149.3 50,571
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We should also take into consideration the ratios of flakes to
cores. If we consider the total amount of FHP and BP cores, there are
5.6 flakes per core in NQ and 4.2 in VR (Tables 5 and 7). These
values, especially in the former group, should be considered
minimum estimations, since during the knapping process a num-
ber of flakes are reduced to small fragments or shatter. This, how-
ever, cannot have affected the numbers of VR flakes, since we have
not identified waste of this raw material. The shaping of large tools
would provide an undetermined number of flakes. Traces of an
average of four scars were recognised on the dorsal faces of VR
flakes, higher than three on NQ flakes. This array of observations
points to a possible under-representation of flakes at TKLF, espe-
cially those on VR, although this is not conclusive in view of the
possibility that part of the production process may have been car-
ried out outside the site or, at least, outside the surface analysed.
The presence of cortical and full reduction flakes of all categories, in
similar proportions for NQ and VR (Fig. 8), makes it certain that VR
cores, like NQ cores, were exploited in situ. Hence the slight under-
representation of flakes recorded could be due to preservation
factors related to the site’s prolonged exposure to streams derived
from overland flow.

2.3.2.3.2. Cores exploited by BP. Bipolar knapping, consisting in
the percussion of a blank resting on an anvil, is a variant of the
direct knapping identified since the beginnings of the discipline,
often going hand in hand with the exploitation of quartz slabs
(Brézillon, 1971: 75e76; Inizan et al., 1992: 37). In Olduvai, it is
commonly associated with NQ, available in the slab format (Jones,
1994; Diez-Martín et al., 2011). As far as TK is concerned, we have
never observed its application to VR. The incidence of this knap-
ping mode in Olduvai has recently been a matter of discussion.
Some authors consider that the peripheral removals, perpendi-
cular to the larger surfaces, that are frequently observed in NQ
slabs in both TK and other sites of Beds I and II are due mainly to
percussion activities unrelated to knapping (Mora and de la Torre,
2005; de la Torre et al., 2013). However, in our view these pe-
ripheral removals present technical features clearly derived from
BP (Diez-Martín et al., 2011), which in TKLF would not have been
exclusively applied to specific blanks, so that in cores with
dominant FHP we also observe BP, and vice versa. In both cases,
the blanks are always NQ slabs, with a generally sub-rectangular
but sometimes sub-oval edge, exploited in one or more peri-
pheral planes. In agreement with other authors, we identify the
larger surfaces of the slabs as surfaces A and B, and the perpen-
dicular and peripheral planes as C, indicating (C1, C2, C3, C4) the
number of them with BP (Diez-Martín et al., 2009; Diez-Martín
et al., 2010).

Out of 189 Naibor quartzite cores with FHP, 13 were also
exploited by BP (Table 12) in one, two or even three planes (C
surfaces) perpendicular to the larger surfaces. In one case, intense
friction traces can be seen on a BP-knapped surface.
Only among NQ slabs is it possible to identify a group of cores in
which BP knapping dominates, although among them are items
with some FHP exploitation as well. Most of them (Table 13) display
BP on two sides (43.2%), and only in seven specimens (16%; six C4
and one oval) is it present on the entire edge. The low intensity of
exploitation and the average sizes of these cores, appreciably larger
than those of FHP cores, reveal a clear unconcern for economizing
on the Naibor quartzite, as has already been pointed out (Mora and
de la Torre, 2005: 173).
Additionally, 48% of BP cores present FHP knapping, mostly of
low intensity, on the sides (C surfaces), although in two cases there
are broad and isolated removals on the A surface. In two specimens,
a single C surface (one C2 and one C3) was exploited by FHP in a
bipolar direction. These examples, together with the above-
mentioned combination of FHP and BP, imply a clear interconnec-
tion between the two percussion modes. These are in no way
segregated or exclusive techniques. In a way, this combination
strengthens the hypothesis that the peripheral removals reflect the
intentions of the knapper rather than being by-products of per-
cussion conducted with different aims.

2.3.2.3.3. Use of cores in percussion. The importance of percus-
sion activities in Olduvai has been discussed from different points
of view, resulting in divergent conclusions with regard to their aims
(Mora and de la Torre, 2005; Diez-Martín et al., 2011; de la Torre
et al., 2013). The identification of cores bearing traces of use as
hammerstones on hard raw materials, approximately one third of
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the FHP cores (Table 14), seems to highlight the importance of
knapping within the site, as already suggested by the copious
presence of cobbles used solely as hammerstones.
Table 14
Percussion marks observed on FHP cores: percussion marks made before knapping
(a), after knapping (b) and undetermined with regard to knapping (c).

Possible use Blank

NQ slab VR cobble nNQ cobble

a b c a b c a b c

Hammerstone 2 22 3 1 1 2 3
Anvil 1 21 9
Hammerstone and anvil 3 2 1 1

Table 15
Larger dimension and weight of cores possibly used as hammerstones or anvils.

Use Length (mm) Weight (g)

Intervals X/x Mean Intervals Mean

Hammerstone 178/50 85.3 2475/113 643.8
Anvil 190/57 85.8 4782/170 557.1
The location of the traces observed in the FHP and BP cores al-
lows us to propose a preliminary assessment of whether the mark
derives from active or passive percussion, or both. Bearing in mind
the conclusions of the above-mentioned studies, and considering
the position of the traces on the blank, we distinguish a group
formed by items showing the results of active percussion (ham-
merstones) from another including items that appear to have been
the recipients of percussion (anvils). In particular, whenwe observe
the traces on the periphery, especially on the ends and on zones
suitable for striking, we believe that they may be the product of
active percussion on rocks or other hard materials, allowing us to
view them as mobile hammerstones used in knapping. We regis-
tered this kind of situation for 18% of the FHP cores (Table 14), both
NQ slabs (32 specimens) and VR (five) or nNQ (four) cobbles. In 26
cases we observed that the percussion marks affected previously
knapped areas; in these cases themarks would have been produced
either during exploitation as cores or after this process had ended.
Two NQ slabs with BP show traces of use as hammerstones, indi-
cating that the hammerstone/core role transfer occurred in such
items as well, albeit at lower frequency. The study of the flakes
revealed 15 specimens (fourteen NQ and one nNQ) in which per-
cussion traces are discernible on the dorsal face, indicating the
probable use of the origin cores as hammerstones.

On other occasions, the percussion traces are dispersed over the
largest surfaces (A and B) or are associated with the ridge of contact
between Surfaces A/B and the perpendicular surfaces (C). This
distribution pattern has been linked with the use of the item as an
anvil, either in bipolar knapping (Diez-Martín et al., 2011; de la
Torre et al., 2013) or in the battering of organic products of
various kinds, especially for traces discernible on the edge between
Surfaces A/B and C (de la Torre et al., 2013). In FHP cores (Table 14),
these situations are observed in 38 specimens (17% of the total),
including seven complex cases in which the marks we have
attributed to use as hammerstones can be recognised as well.
Hence, these items may have undergone successive uses as core,
hammerstone and anvil. In most of these postulated anvils, the
traces are clearly posterior to the knapping.

Percussion traces dispersed around one of the larger surfaces
can be observed on only two BP slabs. This small number suggests
that the presence of such traces is barely associated with the
exploitation of slabs by bipolar knapping, but caused by a different
process.
Table 16
Mean size (mm) and weight (g) of tools on complete flake with length <100 mm (Bk, B

Total (n ¼ 27) Bk (n ¼ 7) Awl/Bec (n ¼ 4) Sc

Length 51.3 (30/91) 58.7 (46/91) 57.3 (44/70) 52
Width 43.6 (19/96) 53.6 (32/96) 55.8 (49/71) 36
Thickness 18.6 (8/36) 19.1 (10/31) 25.8 (18/30) 16
Weight 57.9 (6/175) 88.9 (23/175) 89 (50/126) 38
One of these BP cores clearly experienced additional use at
higher intensity as an anvil, producing oval pits (30 � 25 mm)
comparable to those on the VR cobbles mentioned above, all of
them related to repeated battering (Goren-Inbar et al., 2002; de la
Torre et al., 2013).

The characteristic dimensions of both hammerstones and anvils
(longer length and greater weight) are similar and do not form
separate clusters (Table 15). In both groups the sizes are within the
ranges observed in NQ cores (Table 9) and close, especially the
medium-sized ones, to those of VR hammerstones (Table 4).
2.3.2.4. Consumption phase: light-duty tools on flakes and small
pebbles. The presence in TKLF of retouched items permits us to
recognise the consumption phase and the eventual recycling of
other blanks. Identifying human-made retouch on the edges of a
material such as NQ is a difficult task, since the coarse-grained
crystalline structure of NQ may produce pseudo-retouching and
post-depositional damage and result in the inadvertent modifica-
tion of natural edges (Diez-Martín et al., 2009). We accept as
intentional retouch the regularisation and modification of edges
through removals of small dimensions presenting continuity and
sufficient width for us to consider that their intention was the
making or finishing of tools on the origin blank. They have been
analysed following an analytic methodology (Clarke, 1968) which
describes the localization, mode (morphology and angle), width,
direction, and shape of the retouched side as well as its appearance
(Inizan et al., 1992: 67). Finally, the typological concepts that we
have managed correspond to those defined by F. Bordes (1961). We
have accepted to retain backed knives in the group, although, in the
absence of traceological confirmation, we are dealing with theo-
retical tools, blanks selected to be used according to their
morphology and not shaped through retouch.

The number of retouched artefacts recognised is not large: 45
flakes, two small slabs and one core, to which eight backed knives
must be added. In our assemblage, retouched flake tools amount to
only 3.8% of the NQ flakes (50 items) and 1.8% of VR flakes (two
items). One flint flake must be added to this. In sum, they amount to
3.7%, reduced to 3.2% if backed knives are discounted. A clear size
selection is observed: the average dimensions ofNQretouchedflakes
exceed by 14.9, 7.6 and 4.4 mm and 50 g respectively the average
values of L,Wi, Th andWe of the totalflake assemblage (Tables 6 and
16). An additional tendency can be observed: the selection of flakes
with a smaller proportion of cortex on their dorsal face (55.2% with
<10% and 6.9% 10e50%), as well as backed products (27.6%). The two
retouched flakes on VR also seem to show similar tendencies. Two
retouched flakes on NQ slabs are smaller than the medium-sized
retouched flakes (35 � 25 � 15 mm and 15 g and 47 � 31 � 15 and
36 g) and the NQ core is larger (115 � 73 � 33 mm and 270 g).
acked knife; Rf, Retouched flake). Intervals shown in brackets.

raper (n ¼ 5) Notch (n ¼ 5) Denticulate (n ¼ 2) Rf (n ¼ 4)

.6 (33/78) 50 (41/69) 41 (36/46) 37.5 (30/41)

.0 (26/46) 41.8 (19/78) 25 (21/29) 35.3 (25/61)

.2 (13/22) 20.6 (16/25) 12.5 (8/17) 13.8 (12/15)

.2 (13/69) 54.8 (20/56) 18.5 (6/31) 20.5 (13/36)



Fig. 15. Retouched items. Single scrapers, 1 and 2; double scraper, 3; denticulate, 4; awl, 5.

Table 17
Types of retouched pieces according to F. Bordes (1961).

Total %

Single scraper 12
Alternate scraper 1
Inverse scraper 3
Double scraper 1
Convergent scraper 2
Convergent scraper þ retouched notch 1
Subtotal 20 35.7
Denticulate 2 3.6
Awl 2 3.6
Retouched flake (Rf) 10 17.8
Direct notch 4
Inverse notch 2
Retouched notch 1
Subtotal 7 12.5
Bec 5 8.9
Tool fragment 2 3.6
Backed knife (Bk) 8 14.3
Total 56 100,0
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Among the tools in which the retouch entails clear shaping
(Fig. 15), we find mainly scrapers (20) but also denticulates (2) and
well-defined awls (2). Together with these, there is another group
(Fig. 16) with less intense retouch, constituted by retouched flakes
(10), not retouched (6) and retouched (1) notches, and becs (5), as
well as backed knives (8) (Table 17). The scrapers are the largest
component of the group, one of them on a slab and the other on a
bipolar core; in this group, the retouch is semi-abrupt or abrupt,
always continuous, and often shapes convex sides. One of the
denticulates, of small dimensions (36� 21 �8 mm and 50 g), is the
only piece of flint registered in TKLF. The other denticulate is on NQ
and shows inverse retouch on a plain face. One of the awls was
made on a distal flake fragment that displays a thinning removal on
the bulbar face; the other is medium-sized (59 � 19 � 18 mm and
50 g) and was shaped by wide retouch on a edge of the flake blank.
Items with partial retouch affecting limited sections of the edge,
always on a single side, are considered to be retouched flakes: 60%
of them are broken. Another category is formed by notches, all of
them single except for one double specimen, well-marked and
wide. Becswere shaped by alternating notches on one side in distal
or lateral position, in one case on a small slab fragment. Six of the
knives present a débitage back and another two a natural one. All of
them show traces that can be interpreted as pseudo-retouch on the
natural edge opposite the back.

Except for two items longer than 10 cm, a double scraper on VR
(111 � 77 � 24 mm and 212 g) and a simple scraper on NQ
(186 � 111 � 67 mm and 1183 g), backed knives and awls are the
largest retouched tools, followed by scrapers and notches, while
denticulates and retouched flakes are smaller (Table 16).

2.3.2.5. Production and consumption phase: preforms on cobble and
on large flakes. We focus here on the production and maintenance
of tools produced from a natural blank or a large flake by a spe-
cific knapping sequence, with the aim of producing a unique
object (Inizan et al., 1995: 43 ff.). In TKLF, we find bifaces, trihedral
picks, cleavers and heavy-duty scrapers (Table 1). Most of these
tools are bifaces (90.6%), whereas trihedral picks, cleavers and
heavy-duty scrapers are barely present (3.5%, 3.5% and 2.4%
respectively).

2.3.2.5.1. Bifaces. We will start with the technological concept
of bifacial shaping (Inizan et al., 1992: 41 ff., 1995: 43 ff.), ac-
cording to which it is possible to divide the bifacial façonnage
into two consecutive phases: draft and finishing. The former is
primarily related to the issue of bifacial conformation and the
latter to bilateral symmetry. In TKLF, NQ slabs were the most
accessible and the most commonly utilized blanks for the
manufacture of bifaces. The selection of a slab fragment of



Fig. 16. Retouched items. Retouched flake, 1; notches, 2 and 3; retouched notch, 4; bec, 5; tool fragment, 6; backed knives, 7 and 8.

Table 18
Biface inventory by blank type.

Blanks NQ VR Total

Slab Flake Undet. Cobble Flake Undet.

Complete bifaces 46 2 1 2 3 2 56
Biface tips 1 4 1 6
Biface basal fragments 1 1 2
Biface preforms 11 2 13
Total 59 2 6 2 3 5 77
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appropriate thickness markedly diminishes the necessity for
reducing thickness, so that the task of shaping is fundamentally
limited to the bilateral finishing phase. This constitutes the most
important configuration phase of elaboration, being almost
entirely responsible for the tool’s final appearance. The partial
knapping that can be observed on almost all TK bifaces on NQ
slabs is therefore not particularly significant, since the chosen
blank, in the case of a flake, already conforms unretouched to the
final tools.

Together with complete bifaces, there are tip and basal frag-
ments and preforms corresponding to items in an intermediate
phase of shaping (Table 18). These preforms constitute a substantial
group with important implications, given that they attest that
bifacial shaping was carried out on site. The bifaces represent 4.1%
of the assemblage (excluding shatter) in NQ and 3.1% in VR and are
the largest category among the TKLF tools, comprising 76.9% in VR
and 52.8% in NQ (Table 1). Wewill first deal with the basic schemes
of bifacial shaping, taking into account the raw materials and the
size and weight of the blanks. Subsequently, we will examine the
form attained by bilateral finishing and the alterations produced by
the processes of maintenance and use.
2.3.2.5.2. Bifacial shaping. The availability of NQ in slabs in the
vicinity of the site determined the use of bifacial shaping for all the
bifaces, except for two cases in which flakes were used. VR bifaces
were knapped on flakes or cobbles, although there is a similar
percentage of undetermined blanks due to the greater intensity of
bifacial reduction that these required (Table 18).

In the specimens on NQ, bifacial reduction affects only part of
the item, in most cases exclusively the distal third, the rest being
configured by bilateral knapping. Essentially, in TKLF bifacial
reduction applies to the functional design of the piece, whereas



Fig. 17. weight distribution of bifaces (kg).

Table 20
Mean size (mm) and weight (g) of bifaces (NQ n ¼ 49; VR n ¼ 7).

Intervals Mean Standard deviation

NQ X/x VR X/x NQ VR NQ VR

Length 327/141 284/119 231.9 197.5 44.3 54.5
Width 166/79 129/72 112.9 99.4 18.9 17.8
Thickness 86/30 36/71 52.7 53.8 13.6 12.5
Weight 3115/618 2085/391 1686.9 1119.2 560.5 577.1
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bilateral configuration focuses on accommodating prehensive sec-
tors (Böeda, 2001). The absence of the need to reduce the thickness
of NQ slabs in most of the volume of the selected blank favoured
greater corticality. Only in 12 specimens, 24.5% of the complete
bifaces on NQ, does cortex cover less than one third of the main
surface (A), whereas in 16 specimens (32.6%) the cortex takes up
more than two thirds, a proportion that increases to 57.1% (28
specimens) in the case of Surface B. Bifaces made on VR, beingmore
intensively shaped, present less extensive cortex (Table 19).
Table 19
Cortex on bifaces by raw material (a, more intensively knapped surface; b, less
intensively knapped or unknapped surface).

Extent of cortex NQ VR

a b a b

Decortical 2 3 2 2
Cortex <1/3 12 1 1 1
Cortex 1/3e2/3 19 17 3 2
Cortex >2/3 16 28 1 2
TKLF bifaces are large, up to 3 kg in the sample made on NQ and
2 kg in those made on VR (Fig. 17). Their dimensions are highly
concentrated: thickness and width clearly show unimodal distri-
butions, 40e60 mm for thickness and 90e130 mm for width, while
length presents high values, 80% being above 20 cm (Fig. 18). Un-
doubtedly, the ease of finding slab fragments of practically any size
permitted the manufacture of items in standard formats. This
standardisation was deliberate, judging by the similarity of the
dimensions of items made on the two raw materials (Fig. 19); VR
bifaces, in which the size is fundamentally determined by the
reduction process, are very similar in width and thickness to NQ
bifaces, the average length being only 3.4 cm smaller in VR
(Table 20).
Fig. 18. Size distributi
The five flakes employed as a blank, two of NQ and three of VR
(Table 18), present similar dimensions and mass in both raw ma-
terials (L ¼ 141e187 mm; Wi ¼ 82e113 mm; Th ¼ 36e58 mm and
We ¼ 618e943 g). Only one NQ specimen (244 � 127 � 64 mm and
2.123 g) clearly exceeds the maximum size of the expected pro-
duction from the core assemblage (see above), perhaps pointing to
its introduction from outside the excavated area as either a natural
blank or a shaped tool.

2.3.2.5.3. Bilateral shaping. Bilateral knapping was decisive in
the final appearance of the TKLF bifaces. The sectors modified to
obtain bilateral equilibrium sometimes received exclusively mon-
ofacial knapping, while monofacial and bifacial knapping were
combined from time to time; in other cases, it was the object of
bifacial reduction of different intensity. The employment of slabs as
a blank favoured the presence of a thick base in 38.7% of the group,
although it is significant that in 32.6% of the items the base is
defined by a dihedral angle consisting of the intersection of two
natural planes of the slab blank (Fig. 20: 2 and 3). Among the seven
complete bifaces on VR, only onewith a thick base can be observed,
two are dihedral, four are knapped with cutting edges, and one is
pointed (Fig. 20: 1). Among the complete bifaces, 40% (22 out of 56)
include one or two backed items, natural or prepared by bipolar
knapping. This characteristic is relevant to the definition of pre-
hensive techno-functional sectors.
on of NQ bifaces.



Fig. 19. Correlation between length and width of bifaces on NQ (a) and VR (b). Complete items shown with black dots and preforms with red dots. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this article.)

Table 21
Mean size (mm) and weight (g) of cleavers.

Type (Tixier, 1956) Length Width Thickness Weight

0 163 124 60 1549
II 150 91 53 835
V 188 92 65 1017
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2.3.2.5.4. Maintenance and use of bifaces. A significant number
of the TKLF bifaces present alterations in their distal third, precisely
in those items thatweremore intenselymodified. Inmanycases, the
alteration particularly involves the tip: in 22 out of 56 bifaces the tip
is broken and in another 24 the tip was reconditioned by special
sharpening, carried out mainly vertically from the opposite side of
the tip, producing a small bevel (Fig. 21: 1 and 2), and occasionally
through a lateral tranchet blow (Fig. 21: 3 and 4). On one of the NQ
bifaces there are percussion marks on the unknapped parts of the
base that weremade either before or after the shaping of the biface,
repeating the transferof functions that is observed incoresandother
elements of the chaîne opératoire.

2.3.2.5.5. Biface preforms. The studied assemblage includes 13
items displaying enough shaping elements to be considered bifaces
in preparation, not finished tools (Table 18). The blanks, apart from
two in VR that cannot be determined, are slabs. They show large
reserved areas, in 40% between one and two thirds of the surface
and in 60% more than two thirds. FHP is generally limited to a few
large removals and, in at least five cases, is combined with BP
(Fig. 23.2). All these objects are shorter than 220 mm
(180 � 90 � 59 mm and 1251 g on average; L ¼ 97e219 mm,
Wi ¼ 52e120 mm, Th ¼ 32e96 mm and We ¼ 219e1848 g). Thus,
they could be included in the assemblage of smaller bifaces. There
is only one exception, one of the VR specimens, which is as thick as
it is wide (296 � 95 � 96 mm and 1669 g), representing a process
that had to be abandoned as the central part of the item could not
be reduced.

Almost half of these preforms were broken during knapping,
probably explaining why they were abandoned. In three cases, the
fractures are lateral (Figs. 22.2 and 23.1); in two, they are mesial
(one equatorial, Fig. 22.1); and in another case, the fracture is
proximal. All of these fractures follow the schistosity planes present
in the slab blank.

2.3.2.5.6. Trihedral picks. Three NQ items have an elongated
shape, a pointed tip of triangular section and a massive opposed
base, knapped or natural, which conforms to the trihedral façon-
nage concept (Inizan et al., 1995: 51). They were shaped by limited
removals carried out in two planes and affecting mostly the tip:
seven for the largest item (174 � 80 � 82 mm and 1375 g) and five
for the smallest (103 � 79 � 29 mm and 372 g). In the intermediate
item (133 � 63 � 42 mm and 414 g), the knapping extends in the
two lateral planes around almost all of the perimeter, spreading to
the base in the proximal zone (Fig. 24). Two of these show fractures
in the tip that possibly derive from use.

2.3.2.5.7. Cleavers and other heavy-duty scrapers. In the studied
assemblage, there are three NQ cleavers made on a cortical flake in
one case and an ordinary flake in the other two, with natural edge
and lateral retouch. They correspond to Types 0, II and V of Tixier
(1956). They are identical in thickness and are slightly smaller in
length and width than the average for bifaces (Table 21), charac-
teristic sizes for tools of this kind (Mourre, 2003). The blank flakes
display lateral percussion in two cases and oblique in one. These
three cleavers were shaped by bifacial or unifacial retouch on both
sides (deep bifacial in the case of the Vetype item) creating sub-
rectangular or open silhouettes in a V-shape, with thick (Types
0 and V) and cutting (Type II, Fig. 25) bases.
In addition to this, two heavy-duty scrapers were documented,
the larger one on NQ (153� 87�61mm and 730 g) and the smaller
on VR (102 � 90 � 33 mm and 311 g). The first is a flake showing
large retouch on its largest side, opposite a mixed cortical and
débitage back (Fig. 26). The second of these items was shaped by



Fig. 20. Most common biface shapes: 1, unbacked; 2, with one back, 3, with two backs;
4, with two backs and straight cortical base.

Fig. 21. Maintenance of biface tips by vertical (1, 2) or lateral (3, 4) sharpening.

Fig. 22. Biface preforms with lateral fracture (1) and equatorial fracture and hinge
removal (2).
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three large removals on a recycled flake, which displays two
rounded scars.

2.3.2.6. Undifferentiated products: shatter. Under the term ‘shatter’
we group all the by-products derived from knapping activities that
are part of the chaîne opératoire but are not specific to any particular
phase. They are mainly angular detached products lacking basic
diagnostic attributes (Diez-Martín et al., 2009). Three categories
can be differentiated:

- Debris without a defined butt or bulb, produced during knap-
ping. They can derive from any point of the production or
shaping chains.

- Angular fragments of NQ slab. They show very few discernible
signs of modification. The knapping of NQ slabs generates a
large number of uncontrolled fractures, especially in bipolar
knapping, which results in polyhedral fragments of all sizes.
Percussion activities related to the processing of organic mate-
rials can also produce residues with similar characteristics.
Hence, it is impossible to recognise the origin of the remains by
simple visual examination (Diez-Martín et al., 2009, 2011; de la
Torre et al., 2013).

- Chunks: core waste on which it is possible to identify only
removal traces that cannot be assigned to any category of cores.

The 3812 items assigned to this category represent 65.7% of the
studied assemblage of TKLF and 57.6 kg, which amounts to 11.7% of
the assemblage total weight (Table 22). Among them, 98.2% are on
NQ (3745 items) and only 1.7% on VR (66 items), in addition to one
chunk of nNQ (Tables 1 and 2). The high frequency of shatter may
partly be a consequence of bipolar knapping, confirmed for TKLF
cores and bifaces on NQ, as recent experiments on these blanks
have showed (Diez-Martín et al., 2011; Sánchez-Yustos et al.,
2012).



Table 22
Mean sizes (mm) and weight (g) of fragments of slab at TKLF.

N Intervals Mean Standard deviation

NQ X/x VR NQ X/x VR NQ VR NQ VR

Length 3224 16 140/5 37/10 21.9 15.4 16.00 8.02
Width 3223 16 112/5 31/6 18.1 12.6 11.17 6.83
Thickness 1104 4 104/4 14/4 17.7 10.0 9.64 3.74
Weight 3143 40 1338/1 16/1 16.1 3.7 54.43 3.31

Table 23
Mean size (mm) and weight (g) of chunks (NQ n ¼ 470; VR n ¼ 21).

Intervals Mean Standard deviation

NQ X/x VR X/x NQ VR NQ VR

Length 95/9 57/18 28.4 31.9 9.30 9.68
Width 50/8 43/12 27.3 23.4 6.94 7.96
Thickness 41/4 41/7 14.6 15.3 5.62 7.15
Weight 138/1 108/3 13.6 18.5 14.92 23.43
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Slab fragments represent 86% of the shatter. The NQ fragments
are heterogeneous in dimensions, with lengths between 5 and
140 mm (Table 22); 65.4% less than 20 mm, 31.5% 20e60 mm and
3.1% more than 60 mm. Those on VR are smaller, with only two
items being longer than 20 mm. Such small sizes make it difficult to
attribute them to the fragmentation of anvils, and it seems more
likely that these are true flakes or knapping residues. The latter
hypothesis finds support in the flake dimensions; in both raw
materials, the length of the flakes exceeds that of the fragments,
since only 6.8% of the flakes in VR and 4.8% in NQ are less than
20 mm long and 80% fall in the range of 20e60 mm (Fig. 7). In any
case, one cannot dismiss the possibility that some of the fragments
derive from diverse percussion activities, especially if we take into
account the average dimensions of the by-products originating
from experimental work carried out on this kind of quartzite (de la
Torre et al., 2013).

The chunks, items that we presume derive mostly from core
fragmentation, are found both on NQ and on VR (Table 1). The items
on NQ predominate, although their relative proportion (22:1) can
be explained by the proportions of these raw materials that are
observed in the cores (9:1) and the strong tendency of NQ to
breakage. The chunks on VR are larger than those on NQ (Table 23),
showing consistency with the fragments, which are also larger on
VR (16.4 � 10.7 � 5.2 mm and 14.7 g) than on NQ
(6.4 � 9.1 � �3.1 mm and �2.4 g).
Fig. 23. Biface preforms. 1, left lateral fracture following the plane of schistosity; 2,
unifacial knapping on the distal and right side and bipolar knapping in the left mesial
zone.
The presence of debris in the series, with average dimensions of
17.6 � 14.7 � 6.7 mm and 1.7 g, is very limited (Table 1). The sparse
representation of these items in TKLF, where the presence of cores,
flakes and the rest of the shatter shows that knapping activities,
especially in the north-west, were intense, suggests that the site
may have been affected by washing processes that could explain
the striking deficit of debris.
3. Discussion

Our study of the sedimentary environment that determined the
stratigraphic sequence of TK confirms the absence of major erosive
Fig. 25. Cleaver on ordinary flake preformed by partial bifacial retouch on both sides,
corresponding to Type II (Tixier, 1956).

Fig. 24. Trihedral pick on NQ.



Fig. 26. Heavy-duty scraper on NQ with wide monofacial knapping and basal fracture.

Table 24
Total weight (kg) in Sector A by raw material and chaîne opératoire phase.

NQ VR nNQ Gneiss Total

Acquisition phase 0.8 78.8 0.2 3.4 83.2
Production phase (flakes) 40.2 4.0 0.04 0.02 44.3
Production phase (cores) 170.1 20.1 2.3 0.7 193.2
Façonnage 104.3 11.7 116.0
Shatter 57.1 0.5 0.05 57.6
Total 372.5 115.1 2.6 4.1 494.3
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processes capable of providing the TKLF unit with debris of centi-
metric size. Despite this, overland flow and/or erosive contact of the
channel with TKLF (see Fig. 4) would have caused partial reorga-
nization and displacement of archeo-paleontological remains,
which would essentially have affected the lithic material of sub-
centimetric size, producing the rounding marks that we docu-
mented, as well as the light-weight faunal remains (Petraglia and
Potts, 1994; de la Torre, 2004: 257e258).

Other modern erosive agents havemore intensely affected some
areas of the site, to the point of making them practically disappear.
These processes can be observed in the eastern part of the areas
excavated in 1963 (TII) and in 2010e2012 (SA and SB), and are also
responsible for the disappearance of the TKUF unit in the greater
part of TII (Fig. 3). The assemblage obtained byM. Leakey in TII may
correspond almost entirely to TKLF. This would explain the simi-
larity between the lithic industries attributed toTKLF and TKUF that
is pointed out by some authors (de la Torre, 2004: 267; de la Torre
and Mora, 2005: 141), as a significant portion of the latter assem-
blage should be assigned to TKLF.

Comparing our results exclusively with those of TKLF in M.
Leakey’s TI, there are obvious differences between them in the
density of the lithic remains. In the area that we excavated in SA
(51.9 m2), 5805 lithic items were registered (Tables 1 and 2),
amounting to a density of 111.8 items per m2 or 38.4 per m2

excluding shatter. The respective values for M. Leakey’s TI (46.4 m2)
were 46.8 items in total per m2 and 11.7 m2 without broken flakes
and chips. The differences are also evident in the weight: 53 kg of
quartzite in TI in comparison to 494.3 kg in SA (Table 24), a value
that exceeds the accumulated total of NQ in both TKLF and TKUF in
the two sectors excavated by Leakey, and even the total of all raw
materials, 167 kg and 205 kg respectively (de la Torre, 2004: 346).
Although these differences may partly be due to the excavation
methods of the expeditions, the observed imbalance in the density
of large-sized elements (more than three times greater in SA than in
TI) undoubtedly reflects real differences between the two zones. If
we consider, for instance, specific artefacts such as bifaces, 15 were
collected in T1 and 77 in SA (including bifaces, fragments and
preforms). Moreover, it is interesting that TKLF bifaces in TI have
extreme (L ¼ 279/94 mm) and average (156 � 93 � 50 mm) di-
mensions that are significantly lower than those of SA, and in the
assemblage attributed to TKUF, which corresponds in part to TKLF,
the reported sizes are also smaller (L ¼ 262/84 mm) than those of
the assemblage studied here (Leakey, 1971: 175, 189). This situation
in a site such as TK, inwhich there has been no redistribution of the
heavy material, may reflect differential use of the space. This
highlights the need for particular caution when comparing sites or
lithic assembles from small excavated surfaces, which may be only
partially representative of the whole site.
The presence in TK and other Olduvai sites of VR cobbles lacking
either knapping or obvious signs of use e elements equivalent to
the ‘manuports’ of other authors that we have included in the
acquisition phase (0.1 and 0.2, Tables 1 and 2) e has occasionally
been attributed to natural mechanisms (de la Torre, 2004: 266; de
la Torre andMora, 2005a). In TK, although doubts remain regarding
the smaller cobbles (2e4 cm), the sedimentary processes that
affected the site did not have the capacity to introduce debris of
such dimensions. There is an almost complete lack of elements
lighter than 100 g, which can be explained only by intentional se-
lection (Table 4). The strong similarity between the weight fre-
quency curves of the cobbles without percussion marks, the
vesicular lava cobbles and the cobbles with percussion marks
(Fig. 5) may suggest that the selection criteria were similar in these
three cases and that the absence of traces on some of them may be
the result of differential use or a lower intensity of use. Moreover,
post-sedimentary alteration processes that affected the exterior
layer of VR items may have eliminated superficial traces.

The raw materials of the TKLF lithic industry, such as the pre-
dominant NQ and VR and other less well represented quartzites,
were in general introduced into the site unretouched, though
possibly in certain cases (see above) as elaborated products as well.
The origin of the tabular quartzite, a major lithic resource in TK, has
been located in the inselberg ridge of Naibor Soit (Hay, 1976; Kyara,
1999; de la Torre, 2004: 348e349; Blumenschine et al., 2008). The
only uncertainty concerns the distance from which it could have
been obtained, estimated at around 2 km. It is in the relief nearest
to Naibor Soit (Naibor Ndogo) that quartzite with macroscopic
characteristics identical to that found in the site can be observed
today. This quartzite differs from that appearing at other points of
the inselberg (Kyara, 1999: 116 ff.), for instance on the slope of
Manyata Hill 1 km to the west, which is more irregular in grain and
less suitable for knapping, although it has frequently been assumed
that quartzite is homogeneous in quality along Naibor Soit, using
precisely this point to establish distances between sites and sources
of supply (Blumenschine et al., 2009, 2012). A projection of the
present-day slope of Naibor Ndogo down to the site’s elevation
(Fig. 27) positions this relief at a distance of only 750 m from the
site. Moreover, if we take into account not only that quartzite
fragments currently extend up to 400 m around the inselberg
(Jones, 1994) but also that a closer outcrop (now hidden by Pleis-
tocene sediments) may have existed, there could have been access
to the quartzite within a hundred meters of TK.

The original source points of the VR present in Olduvai are the
Olmoti, Ngorongoro, Sadiman and Lemagrut volcanos (Hay, 1976;
Jones, 1994; Kyara, 1999: 114), from which the river courses
running towards the lake would have redistributed these rocks in
the form of pebbles and cobbles (Hay, 1976: 344; Feblot-Augustins,



Fig. 27. Projection of the present-day slope of Naibor Ndogo down to the elevation of the TK site.
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1990; Kyara, 1999). The total weight in SA of TKLF of these raw
materials, about 115 kg of which only 8% corresponds to shaped
products, suggests that the source, if not as immediate as that of
NQ, was at least fairly near. For the last section before the lake of
some of these river courses, especially those coming from Olmoti,
the route is close to the current eastern sector of Olduvai Gorge and
therefore to TK (Blumenschine et al., 2008, 2009). The presence of
the minor rock components undoubtedly reflects different cir-
cumstances. The origin of nNQ seems to be in the western part of
Olduvai Gorge, although it could also be obtained from riverbeds
situated towards themiddle of the collection area (Hay,1976; Kyara,
1999: 117) at a distance of several kilometres that explains its low
frequency in TK.

Gneiss and flint are meagrely represented elements for which
we do not need to seek a direct source of supply. In the case of the
gneiss, which may originate at Kelogi about 11 kmwest of TK (Hay,
1976: 184; Kyara, 1999), we may be dealing with items displaced
from other activity zones along the gorge, perhaps for very specific
purposes (cf. Feblot-Augustins, 1990). Flint, of which only one item
is documented, is infrequent in Olduvai. Hay (1976: 184e185)
mentions the sporadic presence of grey to brown flint of unknown
origin in Bed II, as well as in the Ndutu and Naisiusiu beds. The
dark-coloured item from TKLF is most probably a retouch flake that
may derive, for instance, from a biface or another retouched tool
that was introduced and used within the site, although it was not
abandoned in the site itself, or at least not in the excavated areas.

In the TKLF lithic industry, the component bearing obvious
percussion traces that corresponds to cores, hammerstones and
perhaps anvils implies that knapping activities took place in the site
and that they were intense. The techniques used and the degree of
integrity of the chaînes opératoires of the débitage and façonnage are
discussed in the following, as is the importance of different per-
cussion activities performed on organic materials.

Direct freehand percussion with a hard hammer is the pre-
dominant knapping mode observed in cores and shaped tools. In
NQ cores, direct bipolar percussion is also recognised, albeit to a
minor extent. Some large flakes, such as one 24.4 cm long on NQ,
may have been obtained by knapping on a fixed anvil off-site.
Although the possible use of a soft hammer has been suggested
for the macro-tools (Mora and de la Torre, 2005: 157e158), we
registered none of the effects that can clearly be connected to this
knappingmode, such as a slightly pronounced negative bulb, a bulb
longer than it is wide, or the presence of very flat retouch at the
distal ends of bifaces. The variation in the weight of cobbles with
percussion marks, and even the possible use as hammerstones of
massive or light cobbles of vesicular lava (the only rawmaterial that
is not knapped), can explain all the knappingmarks observed in the
TKLF industry.

Knapping activities in TKLF focused on the production of flakes
from cores and their occasional transformation through retouch, as
well as the production of large tools from cobbles, slabs and, in
some cases, large flakes, a process that would also produce other
flakes. Products derived from the reduction of macro-tools have not
been identified for quartzite and rarely for VR, while the observed
imbalance between the sizes of flakes and the measured scars on
cores suggests that the flakes less than 15 mm long (Tables 6 and
11; Fig. 7) could be the result of façonnage. Moreover, no criterion
was found for the systematic separation of the flakes obtained by
FHP and BP, and they have therefore been studied as a single group.
Taking these considerations into account, not only part of the
shatter, but also an undetermined percentage of the production
flakes, may well derive from the process of preforming through
façonnage or the maintenance of macro-tools, particularly bifaces.
One can recognise in the flakes all the typical phases of the chaîne
opératoire (Tables 1 and 2), from highly cortical flakes to full pro-
duction flakes through all the intermediate categories. A significant
number of flakes are backed (5.7% of the total of flakes and frag-
ments), although neither pseudo-Levallois points nor flakes with a
double ventral surface have been registered. The number of flakes
and fragments, 1421 items excluding shatter, amounts to 71.3% of
the assemblage, a similar percentage to that registered in the 1963
campaign in TI in both M. Leakey’s initial interpretation and that of
de la Torre (78.2%). The results are different, however, if we exclude
the fragments and focus our attention on the percentages of com-
plete and almost complete flakes, 38.4% of the assemblage analysed
here as opposed to 16.4% of the 1963 assemblage (de la Torre, 2004:
260). The lower frequency of flakes, together with a lower inci-
dence of cores, has contributed to an interpretation of the TK in-
dustry in which the influence of débitage is weaker than that
suggested by the current results.

Given that what we consider to be FHP cores have been classi-
fied in other studies as choppers, polyhedrons, subspheroids,
spheroid blocks with isolated removals or anvils, the proportion of
cores in SA (4.6% of the total assemblage and 13.4% excluding
shatter) is slightly greater than that registered in TI, either 1.8%
(Leakey, 1971: 183) or 1.4% (de la Torre, 2004: 260) of the total, or
7.3% excluding angular fragments and fragments under 20 mm (de
la Torre, 2004: 260).

The exploitation of TKLF cores is basically opportunistic: single
surfaces that show either monopolar or bipolar removals; systems
of linked multipolar removals; discontinuous removals on secant
surfaces; bifacial removals; and surfaces with centripetal removals
that are somewhat recurrent in nature. Cores with percussion sur-
faces and differentiated removals, whose presence has previously
been observed in TKUF (de la Torre, 2004: 278e279), were not
recognised. With the exception of Group IV (the peripheral
monopolar scheme, infrequent in VR), all the recognised exploita-
tion schemes are registered in both NQ and VR in very similar per-
centages (Fig. 12), constituting another argument in favour of the
unified nature of the débitage management in both raw materials.

The production of flakes with an asymmetrical cross-section,
made on cores by an exploitation scheme similar to the European
Quina concept (Group IV), is a peculiar TKLF characteristic that has
not previously been recognised. This is especially true for Group
IV.1, as it presents a scheme comparable to that of Karari scrapers
(cores) (Ludwig and Harris, 1998), with a slab surface functioning in
a manner equivalent to the ventral surface of flake blanks in Karari
cores. Bulbar double-sided flakes have not been identified,
although they are observed in flakes exploited as cores, about 2.2%
of the identified FHP blanks (Table 8).
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As far as the prevailing percussion mode of cores is concerned,
FHP clearly predominates over BP, comprising 83.6% and 16.4%
respectively. There is a significant connection between the two,
since 48% of the BP cores also display FHP removals, and in 7% of the
FHP cores BP percussion can also be discerned.

The transfer of technological roles can be seen in the use of FHP
cores as hammerstones and anvils. Of these products, 17% present
percussion marks that in seven items imply their use as both
hammerstones and anvils as well as cores (Table 14).

To evaluate the integrity of the knapping processes represented,
wewill examine the data obtained from SA, althoughwe should not
lose sight of the fact that other zones of the site may provide
complementary relevant information. The interpretations of the
assemblage from the 1963 excavations in TI presented above are in
agreement on the existence of an economy of differential produc-
tion for NQ and VR. In these interpretations, the NQ objects were
entirely produced at the site while VR products were elaborated
prior to their introduction (Leakey,1971: 264; de la Torre, 2004: 274
ff., 386, 391; Mora and de la Torre, 2005: 143 ff.). The almost total
absence of shatter on VR in all Olduvai sites (DK is the only
exception mentioned by M. Leakey), a phenomenon also observed
by her in TKLF, reinforced the impression that these rocks were
knapped at the sources of supply (Leakey, 1971: 264). Our results
generally agree with these conclusions as regards the management
of NQ, although we disagree in connection with VR.

While discussing the integrity of the chaîne opératoire of the
débitage in TKLF, we need to bear in mind the ratio between cores
and flakes in the assemblage, which can be assessed by considering
the number of products per core and the relationship between the
dimensions of the scars on the cores and those of the flakes. In the
case of NQ, there are approximately 5.6 flakes per core, a number
that seems consistent with the core’s estimated yield in view of the
small sizes of scars on cores and flakes and the modal values
(Table 11 and Fig.14). If we take into account the number of possible
flake fragments included as shatter (Table 1) this number will be
higher, though some of these items may derive from the pre-
forming of tools. The dimensions of the scars on the cores correlate
with the flakes: less than 1% of the flakes are larger than the largest
scars observed on the cores (as regards this small percentage of
flakes, we may conjecture that they were introduced into the site
from the nearby quarry). In VR, there are 4.2 flakes per core, which
could be increased to more than five items per core by including
shatter, although some of these undoubtedly correspond to the
shaping and maintenance of 11 shaped items (Figs. 7 and 14). An
argument in favour of the direct relationship between the scars of
cores and flakes on this raw material is that in both categories the
products tend to be wider than they are long. However, the pres-
ence of 2.3% of VR flakes that are larger than the largest scars on the
cores, twice the percentage identified in NQ (Tables 6 and 11), as
well as the lower minimum thickness of VR flakes (2 mm as
opposed to 4 mm for NQ flakes), implies that some of the VR flake
originate in the preforming and maintenance of macro-tools.

The corticality of the flakes is another element of significance
to the integrity of the débitage processes. Flakes corresponding to
all the phases of reduction are observed in both NQ and VR
(Table 1 and Fig. 8a). However, while in 21.6% of the NQ flakes
cortex occupies more than half of the dorsal face, in 19.0% it covers
10e50% and in the remaining 59.7% less than 10%. In VR, the
respective percentages are 25.0%, 7.7% and 67.2%, showing a
striking difference in flakes of semi-full production, which are less
well represented in VR. The important point is that these figures
represent all the phases of reduction. The deficit observed in VR
cannot easily be explained, given that the initial and final phases
of the process are present and the sizes of the (theoretically)
missing flakes would, in any case, be intermediate among the
preserved ones. The possibility that some flakes were transported
to another place would be reasonable if these were full-reduction
flakes. However, we cannot dismiss the possibility that the diffi-
culty of identifying cortex in some VR flakes has affected our
reading of the dorsal faces.

Together, the existence of products corresponding to all the
phases of reduction and cores with similar characteristics in both
NQ and VR attests, against previous conclusions (Leakey, 1971: 264;
de la Torre, 2004: 275 ff., 386, 391; Mora and de la Torre, 2005: 143
ff.), that the débitage took place in the site. The presence of only
three highly cortical flakes on VR raises the possibility that initial
testing of suitability was carried out on the blanks at the source of
the raw material, or at least outside the excavated sector. There are
no other elements that clearly allow us to presume significant
spatial discontinuities in the production process. As for nNQ, the
eight cores on this raw material and the six registered flakes (all of
them with cortical remains, as without them nNQ cannot be
distinguished fromNQ), permit the conclusion that at least one part
of the exploitation of these blanks took place in the site.

Regarding the importance in TK of percussion activities unre-
lated to knapping, rated highly by some authors (Mora and de la
Torre, 2005; de la Torre et al., 2013), a first element to evaluate is
the presence of anvils: 40 cores and four slab fragments with per-
cussion marks compatible with this use, either in BP or in the
battering of organic material. Some of the 3237 slab fragments
recognised may derive from anvils, a fact that could significantly
raise their number. For some authors, such fragments have a great
significance. In the assemblage from M. Leakey’s excavation, de la
Torre (2004: 274) considers the quantity of NQ debris and
angular fragments to be too large in comparison to the number of
flakes, and connects them with percussion rather than knapping
activities. There are 2.5 shatter products (excluding chunks) per
flake in the assemblage analysed here. This proportion does not
seem so high as to rule out their relationship with one another, and
hence with lithic knapping. The dimensions of the NQ slab frag-
ments found in TKLF present values that fall partly within those
observed in some experiments (de la Torre et al., 2013). There are
333 items (10.3% of the fragments) corresponding to the ranges
described for the bone-breaking experiment (exp. 10), and 300
elements (9.3%) corresponding to those in the plant-processing
experiment (exp. 9). However, only 29 fall between the range of
sizes produced in the bone-marrow extraction experiment (exp. 8),
18 in the meat-tenderizing experiment (exp. 2), and none in the
nut-cracking experiment (exp. 11). The creation of some of these
fragments could be compatible with the processing of organic
material on anvils. However, this is a limited percentage showing
that these were not the most important activities carried out in
TKLF, and the results are difficult to verify without complementary
analysis. The pits or grooves observed in one BP core and five VR
cobbles could be related to nut-cracking activities (cf. Goren-Inbar
et al., 2002).

Modification of the flakes’ edges by transformative retouch
affected 43 items on QN and 2 on VR (3.2% of the flakes and frag-
ments or 5.9% of the complete or nearly complete flakes). For M.
Leakey’s data, the value including fragments is similar (2.9%) but
rises to 24.5% for complete products, as a very low number of these
was recognised (Leakey, 1971: 183). Later revisions of Leakey’s
assemblage accept that 6.5% of tools are retouched, a percentage
very close to ours, and reduce the typological variety to scrapers
and denticulates (de la Torre, 2004: 260); this is slightly extended
in our assemblage to include notches, becs and awls (see Table 17).
In agreement with our observations, this study points out that the
production of retouched tools would not have constituted a major
objective in TKLF. On the other hand, the presence in our assem-
blage of eight débitage or naturally backed knives also hints at the
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intentional production of flakes of asymmetrical section that would
allow the immediate use of natural edges.

The façonnage in TKLF, however, is a substantial component,
with a total of 85 items, heavy-duty scrapers as well as true bifaces,
trihedral picks and cleavers, whose presence in TK has not always
been clearly signalled in the past. The technical characteristics of
the TKLF bifaces led M. Leakey to consider this level Acheulean
(Leakey, 1975). However, de la Torre and Mora (2005, 2013) later
judged that true bifaces barely existed in TKLF and that the greater
part of those mentioned by M. Leakey would have been made by a
special technique that they called ‘the rhomboidal reduction
method’, operations that in reality would correspond exclusively to
the bilateral shaping phase of these items and, more specifically, to
the creation of prehensive techno-functional sectors (cf. Böeda,
2001). Analysis of the elaboration process of these items shows
that the bifacial shaping carried out in TKLFwas simply adapted to a
special type of blanks, the NQ slabs. Despite the difficulty of
detaching large flakes on NQ, the presence of three typical cleavers
(Fig. 25) confirms the assumed existence of these tools in TKLF
(Leakey, 1971: 179, Fig. 82; Mourre, 2003: 110) and their attribution
to the Acheulean techno-complex.

The proportions (Fig. 19) and dimensions (Table 20) of bifaces on
VR and NQ present matching values. This demonstrates that,
despite the different shaping processes e adapted in each case to
the nature of the blank, cobble or slab e the desired objects were
products with a similar format, in which the distal third received
intense reduction focused on shaping a functional zone, while in
the rest of the blank the knapping seems to have been directed
towards shaping a back suitable for grasping in the hand. On many
occasions, bifaces have been defined as devices expressly conceived
to be able to switch function or status (Turq, 2001), for instance
from biface (sensu stricto) to core or from biface (sensu stricto) to
biface tool blank. These bifaces, however, do not seem to have done
this or to have experiencedmobility; they rather seem to have been
conceived for a specific function related to the location in which
they were abandoned.

Although the peculiar flaking characteristics of VR do not
facilitate identification of typical elaboration flakes or biface
maintenance, the smallest flakes, for which traces of equivalent
sizes are not registered in the cores, may derive from bifacial
reduction. The presence of preforms in either NQ or VR constitutes
the best possible proof that bifaces on both raw materials were
processed at the site, although one cannot rule out that some of
them were introduced already elaborated from nearby Naibor for
NQ, or from other unknown locations, such as river courses, for
VR. As for flakes employed as blanks, only one such item, on NQ,
has been recorded; its dimensions clearly exceed the maximum
size of the expected product of the cores of the assemblage, an
indication of its possible introduction into the excavated area from
outside as either an unretouched blank or a shaped tool. The only
flake on flint, an exotic raw material in Olduvai, derives from a
long reduction chain and may reflect the presence of a biface used
and reconditioned in the site but not abandoned in it, at least not
in the excavated area.

Distal fractures on several bifaces and the registering of similar
fragments (Table 18) permit the conclusion that they were used in
situ in SA. Moreover, the reconditioning of the tips by lateral and
distal sharpening (Fig. 21) reflects the necessity of extending their
functionality and suggests a repetitive and prolonged use, after
which they were abandoned. The observed standardization of
biface sizes, with two clusters in the length around 20 and 26 cm
(Fig. 19), reinforces the impression that these larger bifaces were
elaborated for specific purposes, given that quartzite slabs of any
size and shapewere available and hence that the size of these items
was unconnected to constraints imposed by the raw material.
4. Conclusions

TKLF is located at the exposed top of Olduvai’s Bed II, strati-
graphically related to Tuff IID, which has recently been dated to
1.353 � 0.035 Ma (Domínguez-Rodrigo et al., 2013). The TKLF
occupation took place on a flat surface of clay stone and calcrete, in
the vicinity of a quartzite ridge and most probably close to water
collection points. The accumulation of remains left by the activities
that occurred there was exposed long enough to be affected by
overland flow and other erosive agents before being buried by tuffs
and a channel facies (Fig. 4), which in turn caused minor
displacements.

The study of the fauna present in TKLF is under way. Previous
studies have shown that faunal remains are scarce. Among them,
Equidae are the best represented (Leakey, 1971; Potts, 1988) and
Alcelaphinae dominate the bovid assemblage (Gentry and Gentry,
1978). Owing to the poor preservation of the cortical surfaces, no
cut marks could be identified, although fracture surfaces made
when the bone was fresh were observed (Egeland, 2007). Human
intervention has been recognised in a hippopotamus jaw situated
in TI (Hill, 1983), whose remains seem to extend to TII. On the
other hand, the incomplete patterning of skeletal parts suggests
that carcass parts were transported off-site or otherwise scattered
after their active accumulation. Moreover, parallels have been
established between TK and the Hadza hunting blind (Egeland,
2007).

Our results are exclusively concerned at present with the study
of the lithic industry. The processes of bifacial shaping and the
presence of large flakes used as blanks for shaped tools allow us to
attribute TKLF to the Acheulean techno-complex, confirming some
of the first (Leakey, 1975) and also more recent (de la Torre, 2004;
de la Torre and Mora, 2005) attributions, although we should point
out the presence in TKLF of unquestionably characteristic bifaces
and cleavers.

In TKLF, we have documented the acquisition, production and
consumption, phases and sub-phases of the chaîne opératoire of the
débitage, applied to two main categories of blanks, slabs and cob-
bles, the first of NQ and the second of VR and occasionally of nNQ,
knapped in bipolar mode and by direct freehand percussion with a
hard hammer. These raw materials were fundamentally unre-
touched at the moment of their introduction into the site. NQ was
brought from very short distances, to a few hundred metres. There
are no indications of the distance from the VR collection point,
probably located a little further away. The FHP exploitation
schemes identified on the blanks of these two rock types are
basically unified, with some exceptions, such as the specific pro-
duction of backed flakes of asymmetrical section from NQ slabs,
although there is no real débitage economy (cf. Perlès, 1991). The BP
observed is specific to NQ, although certain frequencies of cores of
this raw material exploited by both modes, BP and FHP, are
registered.

Only in the acquisition phase is VR dominant, while NQ is
marginal. The main function of these VR cobbles was to serve as
mobile hammerstones, although one must emphasise the frequent
use of cores as hammerstones as well, to the point that sequences of
use as core, hammer and anvil are registered for the same blank.
The schemes applied to the cores are simple, opportunistic
monopolar, bipolar and multipolar, basic Quina and bifacial,
adapted to the exploited volumes of raw material. By means of
multipolar knapping, almost-spherical shapes were attained,
especially on NQ, of sizes that imply discontinuity with polyhedral
cores in which fully spherical shapes were not attained, perhaps
because of the constraints imposed by this raw material (cf.
Sahnouni et al., 1997). Discoids display the most complex schemes
observed, although they do not achieve the defining of hierarchical
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surfaces. Nor did we observe a core that could be related to a
Levallois concept. The products obtained may largely have been
consumed unretouched, judging by the low rate of transformation
by retouch that is registered in SA. This rate appears similar to that
observed in M. Leakey’s TI (de la Torre and Mora, 2005: 147 ff.),
although this conclusion would need to be compared with the re-
sults from other sectors of the site.

Façonnage and débitage constitute distinct processes in TKLF and
are managed in a totally independent manner. There is a real econ-
omy of raw materials and façonnage, characterised by a technology
specially adapted to the blanks in the case of NQ, which achieves
results comparable to those obtained on VR cobbles through con-
ventional bifacial reduction. The presence of preforms on both NQ
and VR unequivocally shows that processes of initial shaping took
place at the site, although obviously one cannot exclude the intro-
duction of some finished items. Some features, such as a flint flake,
led us to suspect the former presence of a flint biface that had been
removed from TK, or at least from SA, to somewhere else.

The thickness of the bifacial tools in SA and their elaboration
in the same space are probably related to a short distance from
the raw material sources. Nonetheless, TKLF is not merely a
workshop; it is also a consumption site, as attested by the
presence and reconditioning of broken tips from bifaces. The
presence of water and other resources, probably dietary, in which
the procurement of heavy-duty bifacial tools would have played
an important role, would have been crucial in relation to the
location and functionality of the site (cf. Feblot-Augustins, 1990).
Concentrations of remains like those observed in TKLF, where
moreover differential uses of the space can be recognised be-
tween the excavated sectors, run counter to an undifferentiated
landscape (Blumenschine et al., 2009, 2012) and in favour of an
organization based on the existence of focal points that were
highly attractive for occupation.
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