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3.3-million-year-old stone tools from
Lomekwi 3, West Turkana, Kenya
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Jean-Philip Brugal3,13, Louise Leakey1, Richard A. Mortlock5, James D. Wright5, Sammy Lokorodi3, Christopher Kirwa3,14,
Dennis V. Kent5,6 & Hélène Roche2,3

Human evolutionary scholars have long supposed that the earliest stone tools were made by the genus Homo and that this
technological development was directly linked to climate change and the spread of savannah grasslands. New fieldwork
in West Turkana, Kenya, has identified evidence of much earlier hominin technological behaviour. We report the
discovery of Lomekwi 3, a 3.3-million-year-old archaeological site where in situ stone artefacts occur in spatio-
temporal association with Pliocene hominin fossils in a wooded palaeoenvironment. The Lomekwi 3 knappers, with a
developing understanding of stone’s fracture properties, combined core reduction with battering activities. Given the
implications of the Lomekwi 3 assemblage for models aiming to converge environmental change, hominin evolution and
technological origins, we propose for it the name ‘Lomekwian’, which predates the Oldowan by 700,000 years and
marks a new beginning to the known archaeological record.

Conventional wisdom in human evolutionary studies has assumed
that the origins of hominin sharp-edged stone tool production were
linked to the emergence of the genus Homo1,2 in response to climate
change and the spread of savannah grasslands3,4. In 1964, fossils looking
more like later Homo than australopithecines were discovered at
Olduvai Gorge (Tanzania) in association with the earliest known stone
tool culture, the Oldowan, and so were assigned to the new species:
Homo habilis or ‘handy man’1. The premise was that our lineage alone
took the cognitive leap of hitting stones together to strike off sharp flakes
and that this was the foundation of our evolutionary success.
Subsequent discoveries pushed back the date for the first Oldowan stone
tools to 2.6 million years ago5,6 (Ma) and the earliest fossils attributable
to early Homo to only 2.4–2.3 Ma7,8, opening up the possibility of tool
manufacture by hominins other than Homo9 before 2.6 Ma10–12.

The earliest known artefacts from the sites of Gona (,2.6 Ma)6,12,
Hadar (2.36 6 0.07 Ma13), and Omo (2.34 6 0.04 Ma14) in Ethiopia,
and especially Lokalalei 2C (2.34 6 0.05 Ma15) in Kenya, demonstrate
that these hominin knappers already had considerable abilities in terms
of planning depth, manual dexterity and raw material selectivity14–19.
Cut-marked bones from Dikika, Ethiopia20, dated at 3.39 Ma, has added
to speculation on pre-2.6-Ma hominin stone tool use. It has been
argued that percussive activities other than knapping, such as the
pounding and/or battering of plant foods or bones, could have been
critical components of an even earlier, as-yet-unrecognized, stage of
hominin stone tool use21–25. Any such artefacts may have gone unre-
cognized if they do not directly resemble known Oldowan lithics, occur
at very low densities or were made of perishable materials10.

In 2011, the West Turkana Archaeological Project (WTAP) began
an archaeological survey and excavation in the Lomekwi Member26

(3.44–2.53 Ma) of the Nachukui Formation (west of Lake Turkana,
northern Kenya; Fig. 1) to search for evidence of early hominin lithic
behaviour. Several promising surface artefact concentrations and dis-
persed single finds were discovered. At the Lomekwi 3 archaeological
site, 28 lithic artefacts were initially found lying on the surface or
within a slope deposit, and one core was uncovered in situ. By the
close of the subsequent 2012 field season, excavation at LOM3 had
reached 13 m2, revealing an additional 18 stone tools and 11 fossils in
situ (Extended Data Table 1) within a horizon (approximately 80 cm)
of indurated sandy-granular sediments stratified in a thick bed of fine
silts (Fig. 2). A further 100 lithic artefacts and 22 fossil remains were
collected from the surface immediately around the site along with
two artefacts from the slope deposit (Extended Data Fig. 1). These
finds occur in the same geographic and chronological range as the
paratype of Kenyanthropus platyops (KNM-WT 38350)27, other
hominin fossils generally referred to cf. K. platyops28, and one unpub-
lished hominin tooth (KNM-WT 64060) found by WTAP in 2012
(Supplementary Information, part A and Supplementary Table 1).

Geochronological and palaeoenvironmental contexts
The chronological context of LOM3 derives from correlation with the
Lomekwi Member of the Nachukui Formation26 and radiometrically
dated tuffs within it29,30, as well as from magnetostratigraphy of the
site and estimated sedimentation rates. The composite type section of
the Lomekwi Member, 2–5 km east of LOM3, is bracketed by the
a-Tulu Bor Tuff (3.44 6 0.02 Ma) at the base and the Lokalalei Tuff
(2.53 6 0.02 Ma) at the top29,30. Closer to LOM3, two new sections
provide additional context. Section 1 (CSF 2011-1; ,46 m thick,
located 1.44 to 1 km north of LOM3, Extended Data Fig. 2) includes
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still predate the known origins of Homo by half a million years and the
question of what hominin species made them remains.

Online Content Methods, along with any additional Extended Data display items
andSourceData, are available in the online version of the paper; references unique
to these sections appear only in the online paper.

Received 1 November 2012; accepted 13 April 2015.

1. Leakey, L. S. B., Tobias, P. V. & Napier, J. R. A new species of the genus Homo from
Olduvai Gorge. Nature 202, 7–9 (1964).

2. Harris, J. W. K. Cultural beginnings: Plio-Pleistocene archaeological occurrences
from the Afar Rift, Ethiopia. Afr. Archaeol. Rev. 1, 3–31 (1983).

3. Quinn, R. L. et al. Pedogenic carbonate stable isotopic evidence for wooded habitat
preference of early Pleistocene tool makers in the Turkana Basin. J. Hum. Evol. 65,
65–78 (2013).

4. Bobe, R. & Behrensmeyer, A. K. The expansion of grassland ecosystems inAfrica in
relation to mammalian evolution and the origin of the genus Homo. Palaeogeogr.
Palaeoclimatol. Palaeoecol. 207, 399–420 (2004).
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METHODS
Paleomagnetic analyses. All samples from the Lomekwi outcrops were collected
from fresh surfaces uncovered by digging into the exposures for at least 20 cm.
Before each hand-cut block was extracted, in situ azimuths and dips were
recorded on a sample using a compass-inclinometer. Samples were taken typ-
ically at nominal 1 m vertical stratigraphic intervals, or as the distribution of fine-
grained strata allowed. Two sections were sampled, separated from each other by
about 1 km north to south across the landscape (Extended Data Fig. 2).
Overlapping Sections 1 and 2 (Fig. 3a) are each composed of a coarsening upward
succession of mudstones abruptly overlain by gravels and followed by a thick unit
of gravels and mudstones, which likely records a lacustrine regression and the
emplacement of a prograding alluvial fan. Inset in Fig. 3a shows stratigraphic
thickness of composite section plotted against key chronostratigraphic levels
(a-Tulu Bor (a-TB), 3.44 6 0.02; Toroto Tuff, 3.31 6 0.02 Ma; C2An.3n/.2r
boundary, 3.33 Ma31; Lokalalei Tuff, 2.53 6 0.02).

At Section 1 (Fig. 3a), sampling began at about 10 m below the lowermost
stratigraphic level of the a-Tulu Bor Tuff. Sampling continued upwardly from
the a-Tulu Bor Tuff for another 35 m, for a total of ,45 m sampled. At Section 2
(Fig. 3a), sampling commenced at the Tororo Tuff. Sampling started upwardly
from the Toroto Tuff for about 10 m to the level of the archaeological horizon at
LOM3, and then proceeded upwardly for another 35 m for a total sampled stra-
tigraphic thickness of about 45 m at Section 2.

For laboratory analyses, samples were cut into standard cube-shape specimens
(,10 cc) using a lapidary saw and sandpaper. All magnetic remanence measure-
ments were made with a 2G DCSQUID rock magnetometer in the shielded room
at the Paleomagnetics Laboratory of Lamont-Doherty Earth Observatory
(Columbia University). The natural remanent magnetization (NRM) of a spe-
cimen was subjected to progressive Thermal Demagnetization (TD) using 14 to
17 steps at 100, 50 and 25 uC increments in the temperature range of 100–700 uC.
Data from consecutive high-temperature steps were used for principal compon-
ent analysis (PCA51) to fit least-square lines tied to the origin for the final demag-
netization trajectories defining the characteristic remanent magnetization
(ChRM) as revealed on orthogonal projection plots (Extended Data Fig. 3a).
Magnetic susceptibility values were determined with a Bartington MS2B instru-
ment for each specimen initially and after each TD heating step to monitor any
laboratory-induced magnetochemical alteration. The virtual geomagnetic pole
(VGP) latitude corresponding to the ChRM direction was used to determine
the magnetostratigraphic polarity sequence. In Fig. 3a, filled black circles joined
by lines (isolated red squares) denote accepted (rejected) data with maximum
angular deviation (MAD) values ,15u (.15u) from principal component ana-
lyses. Characteristic remanent magnetizations were isolated after the removal of a
pervasive normal polarity overprint unblocked by a TD range of 600–670 uC for
the coarse alluvial fan strata (essentially all of Section 2 above the Toroto Tuff)
and a TD range of 400–550 uC for the finer strata (for example, mudstones from
the lower part of Section 1).
Pedogenic carbonate stable carbon isotopic analysis. Sedimentological field
analysis identified eleven paleosols with discernible preserved BK horizons. Ten
paleosols were sampled from Section 2011-1, and one from 2011-2 (Extended
Data Fig. 2). Carbonate nodules were extracted from paleosols .30 cm below the
contact with overlying stratum with vertic features within peds showing slick-
ensided surfaces. Twenty-four cross-sectioned nodules (five from one paleosol at
LOM3, 2011-2) were sampled with a 0.5 mm carbide drill bit (Foredom Series) and
loaded into v-vials for single acid baths (multi-prep device). Forty-seven isotopic
analyses were conducted on a Micromass Optima mass spectrometer in the
Department of Earth and Planetary Sciences at Rutgers University. Samples were
reacted at 90 uC in 100% phosphoric acid for 13 min. d13CVPDB values are reported
in the standard per mil (%) notation: 5 (Rsample/Rstandard – 1)31000, relative to
Vienna-Pee Dee Belemnite through analysis of laboratory standard NBS-19
(Extended Data Fig. 4). Analytical error is 6 0.05%. Using methods of ref. 32,
we subtracted 14% from the d13CVPDB values of pedogenic carbonate to convert to
the isotopic equivalent of organic carbon (d13Com) and used the equation:
ewc 5 {sin[21.06688 2 0.08538(d13Com)]}2 to generate estimates of fraction woody
canopy cover for classification into UNESCO categories of African vegetation.
Categories were taken from White52 and have the following d13CVPDB value ranges
of pedogenic carbonates32: (1) forest: continuous stand of trees at least 10-m tall
with interlocking crowns with greater than 80% woody cover (d13CVPDB: . 211.5

%), (2) woodland/bushland/thicket/shrubland: woodland is an open stand of trees
at least 8 m tall with woody cover .40% and a field layer dominated by grasses;
bushland is an open stand of bushes between 3 m and 8 m tall with woody cover
.40%; thicket is a closed stand of bushes and climbers between 3 m and 8 m tall;
shrubland is an open or closed stand of shrubs up to 2 m tall (d13CVPDB: 211.5 to
26.5%), (3) wooded grassland: land covered with grassland and has 10–40% tree
or shrub cover (d13CVPDB: 26.5 to 22.3 %) and (4) grassland: land covered with
herbaceous plants with less than 10% tree and shrub cover (d13CVPDB: , 22.3 %).
We also calculated percent C4 biomass using a simple linear mixing model assum-
ing 212% and 226% as the C4 and C3 end members, respectively53.
Site scanning. To document the uncovering of the in situ artefacts and fossils
during the excavation, we took frequent 3D scans of the surface of individual
squares with the OptiNum RE handheld device (manufactured by Noomeo
Products, France) with a maximum spatial resolution of 300mm. Additionally,
thanks to a collaboration between Zoller & Fröhlich GmbH and Autodesk, we had
access to a recently developed high-resolution industrial 3D scanner operated by
M. Reinköster. This scanner was able to scan the entire site, registering 500,000
3D points each second, with a spatial resolution of ,3,000mm, and recording for
several minutes continuously. After the laser scan a 3D photo was taken which
can be draped around the scan. The site was scanned in this manner after each day
of excavation. In this way, a high-resolution 3D digital model can be created for
the entire site, and individual squares, showing the evolution of the excavation
and the original context and gradual uncovering of the in situ artefacts and fossils.
Stone tool scanning. A representative sample of the LOM3 artefacts were
scanned at the National Museums of Kenya and the Turkana Basin Institute
facility in Turkwel, using a LMI Technologies R3 Advance portable structured
light scanner (LMI Technologies, Vancouver, Canada), calibrated to the size of
the objects in question, with the calibration grids being accurate to 50 mm. For
colour texture overlay, a Canon 600D/Rebel T3i SLR digital camera was also
calibrated with the scanner and images from this formed the base of the colour
texture. The textured files are saved in .obj format and non textured files (for 3D
printing or similar purposes) are saved in .stl format. These scans and 3-D digital
models are available at (http://africanfossils.org/search).
Sample size. No statistical methods were used to predetermine sample size
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Extended Data Figure 3 | Paleomagnetic data. a, Representative vector end-
point plots of natural remanent magnetism thermal demagnetization data from
specimen Toroto Tuff, tt2, wt59, wt50, wt45, wt36. Open and closed symbols
represent the vertical and horizontal projections, respectively, in bedding
coordinates. TD treatment steps: NRM, 100u, 150u, 200u, 250u, 300u, 350u, 400u,
450u, 475u, 500u, 525u, 550u, 575u, 600u, 625u, 650u, 660u, 670u, 675u, 680u, 690u,
and 700u. V/M 5 10 denotes a ,10 cc cubic specimen. b, Equal-area

projections for Section 1 (left) and Section 2 (right) of the lower Lomekwi
Member (see Fig. 3a). Open and closed symbols are projected onto the upper
and lower hemisphere, respectively, in bedding coordinates. Plotted are ChRM
sample-mean directions for accepted samples only (that is, those with MAD
values ,15u). Overall mean directions were calculated after inverting the
northerly (normal) directions to common southerly (reverse) polarity.
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Extended Data Table 1 | Numerical data on the LOM3 lithic assemblage (2011, 2012).

a

b

a, Initial categorisation of the lithic components. b, Breakdown of lithic raw materials in the LOM3 assemblage.
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Extended Data Table 3 | Comparison of anvils and percussors dimensions found at LOM3 site with anvils and percussors used by non-human
primates in Bossou (wild chimpanzees, Pan troglodytes verus from ref. 41)

Dimensions are in cm, Mass in g. *Denotes significant difference with LOM3 (t-test, two-tailed, P , 0.0199). Given the small sample sizes and potential non-normal nature of stone tool measurements, a non-
parametric test suchas Mann–Whitneywould be preferable but thiswould require access to the rawmeasurement data from ref. 41, access to which is currently beyond the scopeof this work. TheStudent’s t-test is
very robust, however, as deviations from normality do not affect it very much and it is currently the only option when working with published data summaries.
{ N 5 31.
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