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Abstract 

New occurrences of early artefacts ascribed to the Oldowan tradition come from localities 
at high level within the caldera of the extinct Kilombe volcano, located in the central rift 
valley of Kenya.  The trachyte cone and caldera of Kilombe volcano formed at ca. 2.5 Ma, 
and the record of >100m of sediment-fill indicates that the caldera subsequently held a lake 
for long periods during the Early Pleistocene.  The Oldowan artefact localities, dated by 
40Ar/39Ar and palaeomagnetism to ~1.78 Ma, lie east of the centre of the caldera, on the 
west side of an ancient small lake, which later drained away as a gorge formed on the east 
side of the mountain. The artefacts are dominantly made of Kilombe trachyte, and are 
associated with a fauna of large animals including Hippopotamus gorgops.  These are the 
first Oldowan localities to be discovered in a new area of the Kenyan rift valley in the last 
thirty years, and their presence at high level in rugged landscape indicates that the 
associated hominins were exploiting a full range of environments. 
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Résumé 
De nouvelles occurrences d'artefacts anciens attribués à la tradition Oldowayen proviennent 
de localités situées à un niveau élevé de la caldeira du volcan éteint de Kilombe, situé dans 
la vallée centrale du Rift au Kenya. Le cône de trachyte et la caldeira du volcan Kilombe se 
sont formés à ca. 2,5 Ma, et la séquence de plus de 100 m de remplissage de sédiments 
indique qu’un lac occupait ensuite la caldeira pendant de longues périodes au cours du 
Pléistocène inférieur. Les sites d'artefacts d'Oldowayen, datés de 40Ar/39Ar et du 
paléomagnétisme à ~1,78 Ma, se trouvent à l'est du centre de la caldeira, sur le côté ouest 
d'un ancien petit lac, qui s'est ensuite drainé grâce a la formation d'une gorge sur le côté est 
de la montagne. Les artefacts sont principalement constitués de trachyte de Kilombe et sont 
associés à une faune de grands animaux, dont Hippopotamus gorgops. Ce sont les premières 
localités Oldowayens à être découvertes dans une nouvelle zone de la vallée du Rift kenyan 
au cours des trente dernières années, et leur présence à un niveau élevé dans un paysage 
accidenté indique que les hominidés associés exploitaient une gamme complète 
d'environnements. 
 
Mots clés 
Oldowayen; Caldeira; La vallée du Rift; haute altitude; Argon-Argon (40Ar/39Ar) 
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Introduction 

The Oldowan tool-making tradition was first recognised in East Africa, and is known from 

numbers of sites, including Olduvai, Kanjera, East and West Turkana (Leakey 1971; Barsky 

2009; Blumenschine et al. 2003, 2009, 2012a,b, 2020; de la Torre et al. 2018, 2021; Plummer 

et al. 1999, 2009a,b; Roche et al. 1999; Braun and Plummer 2013; Braun et al. 2008, 

2009a,b), as well as various localities in Ethiopia (Braun et al. 2019; Goldman-Neuman and 

Hovers 2009; Morgan et al. 2012; de Lumley et al. 2018; Gallotti 2018; Gallotti and Mussi 

2015), occupying an overall time range of ca. 2.6 Ma– 1.6 Ma.  We report here on new high-

level Oldowan occurrences from the caldera of Kilombe volcano, which represent the first 

discovery of entirely new Oldowan locales in Kenya for some 30 years (Figs. 1, 2).  Their 

extra significance is that they have been found at an altitude some 500 metres higher than any 

others within East Africa, apart from those in the rift on the Ethiopian dome, and are the first 

to lie in rugged landscape away from the rift valley floor. They thus provide direct evidence 

that hominins were exploiting high, as well as low, areas of the landscape early in the 

Pleistocene, and give potential to examine hypotheses about such occupations (Peters and 

Blumenschine 1995; Blumenschine and Peters 1998; Blumenschine et al. 2009, 2012a,b). 

The extinct Kilombe volcano lies 10 km south of the Equator on the west side of the Kenyan 

portion of the East Branch of the African Rift Valley, and at the south end of the Baringo 

Basin.  It sits approximately midway between the Oldowan localities of Olduvai to the south 

and Lake Turkana to the north (Figs. 1, 2).  Following mapping by Jennings (1971), the area 

was extensively studied by the East African Geological Research Unit (EAGRU) in the 1970s 

(Bishop 1978; King 1978).  In the course of that work W.B. Jones found the major Acheulean 

site of Kilombe (GqJh1) which has since been intensively studied (Jones 1975, 1985; Bishop 

1978; Gowlett 1978, 1993, 2021; Gowlett et al. 2015, 2017). 

This site, and others previously known, all lie on the southern flanks of Kilombe mountain.  

In contrast the new occurrences reported here all come from higher levels (~2000 m asl) 

within the volcano’s caldera, which formed early in the Pleistocene (McCall 1964, 1967; 

Jennings 1971; Jones and Lippard 1979; Hoare et al. 2021).  Kilombe mountain is formed of 

trachyte, with its base about 20 km across, surmounted by a cone estimated to comprise 15 

km3 of lava (Ridolfi et al. 2006).  The caldera is approximately circular, and has a diameter of 

around 3km (Fig. 3); in recent times it was largely forested, but it is now mainly occupied by 

small farms. 
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In recent research we have established that extrusion of the trachytes of the volcano began 

from at least 2.5 million years ago (Hoare et al. 2021).  After the caldera formed 

sedimentation began within it, leaving a sequence at present around 150 m(EARLIER WE 

SAY 100m) thick.  For a period in the early Pleistocene there was a caldera lake: laminated 

lacustrine sediments are visible in the very lowest exposures of the caldera fill, at the base of 

a waterfall in the modern gorge, some 60 m below the levels discussed here, where they are 

underlain by mudflow diamictites.  40Ar/39Ar dates show that the lake was extant ca. 1.8 Ma– 

1.7 Ma (Hoare et al. 2021), and probably for considerable periods both before and after this.   

The lake environs appear to have attracted animals and drawn hominin occupation, at least at 

times, and we report here in outline on the evidence of that attributed to the Oldowan. 

 

Stratigraphic record of the staircase exposures 

The sedimentary infilling of Kilombe caldera is best exposed in two series of exposures now 

named the Upper Staircase and the Lower Staircase (Hoare et al. 2021) (Figs. 3, 4, 5).  The 

Lower Staircase is the older, and is exposed within the gorge that drains the caldera in a 

stream exiting eastwards and falling towards the rift valley floor through a gorge.  The Lower 

Staircase exposures extend around 200m horizontally and ~60 m vertically, starting from a 

small side valley at the edge of the caldera and running down to the stream at the base of the 

gorge.  Thinly laminated lacustrine sediments are visible 300m to the west, exposed in the 

cliff of the waterfall at the head of the gorge.  No archaeological traces or fauna have yet 

been found in the levels of the lower staircase, but it provides important evidence of the final 

activity of Kilombe volcano (see below). 

The Upper Staircase is exposed within the caldera, and is most clearly seen where it extends 

400m along a trackway, rising 40 m along its length.  The Oldowan levels occur near its base, 

and can be traced laterally, especially to the north.  Above them, a series of tuffs and 

interbedded claystones crops out up to the top of the slope, where the sequence is capped 

with mudflows containing Acheulean artefacts.  Their age remains uncertain, but from their 

stratigraphic position they can be inferred to be older than the million-year-old Acheulean 

main site outside the caldera (Gowlett et al. 2015).  There is then a major time gap in the 

caldera record until deposition at about 0.48 Ma of an ashflow tuff, emplaced into a 

pronounced proto-gully.  This AFT (Ash Flow Tuff of Jones 1975) is widespread in the area 



5 
Kilombe Caldera Oldowan 

 

both within and without Kilombe volcano (Bishop 1978; Jones 1985; Gowlett et al. 2015; 

Hoare et al. 2021). 

 

Palaeogeographic setting of Kilombe Caldera 

An important feature in the general setting is the presence of an Early Pleistocene caldera 

lake.  From exposures it is confirmed to have occupied the eastern and northern areas within 

the caldera, but its extent to the west is obscured by later sediments cloaked with modern 

vegetation.  The preserved archaeological and palaeontological sites are on the western side 

of the exposed sediments.  Within the 3 km x 3 km dimensions of the caldera, the maximum 

dimensions of the lake are likely to have been about 2 x 1 km, but this is a provisional 

estimate.   

The largest archaeological assemblage described below (GqJh13A) was contained in an 

outcrop on the Upper Staircase.  It and the other occurrences accumulated on a centripetally 

inclined fan-delta apron that was sourced off the caldera rim of Kilombe volcano. By this 

time effusive Kilombe volcanic activity had ceased (Hoare et al. 2021), the last obvious effect 

of that activity a thin trachyte lava flow (Jones 1975), interleave within the Lower Staircase 

succession (Figs 4, 5) (Hoare et al. 2021).  At this stage the caldera floor was still subsiding, 

gradually providing accommodation space for additional caldera-fill.  The fill comprised 

material derived by erosion from the caldera rim, interspersed with externally derived 

volcanic products derived from sources other than the by then extinct Kilombe volcano. 

Figure 6 shows that a variety of fan-delta apron lithofacies was deposited on and interleaved 

with the caldera lake lithofacies. Of the latter, clays were deposited at the GqJh13A site when 

the central palaeolake body expanded and onlapped the fan, to produce claystone and sandy 

claystone lithofacies during lake highstands, sedimented respectively off- and nearshore (cf. 

in the case of Olduvai, Stanistreet et al. 2018a, 2020a).  The succession also records subaerial 

facies, indicating that lake-levels alternately rose and fell pronouncedly. Primary volcanic 

facies include fine to coarse airfall ash tuffs, pyroclastic flow lapilli tuffs and pumiceous 

lapilli ash tuffs, recording variably sized explosive eruptions of one or several nearby 

volcanoes, whose products were repeatedly trapped by the caldera. Thicker units of 

diamictite, resulting from reworking of primary volcanic products are also interleaved, 

typically containing abundant Kilombe Trachyte clasts. They represent volcanic mudflows 

(lahars: for other examples in East Africa see Stanistreet et al. 2018b; de la Torre et al. 2018) 
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incident off the steep intra-caldera rim within the volcanic cone.  Additionally, volcaniclastic 

sandstones represent the deposits of short-headed (maximum length of 1.0-1.5 km) streams, 

also sourcing from the caldera rim. A high proportion of the subaerially deposited lithofacies 

sit on erosional incision surfaces, generated by the rim-sourced streams, particularly at times 

when lake-levels were low. Some of these erosional land surfaces show evidence of rooting 

beneath. 

 

Context and chronology of the artefact and faunal localities 

Finds of artefacts and fauna have been made at several localities near the foot of the Upper 

Staircase, starting with fossil bones found by Mr Philip Kogai during the digging of a latrine 

pit.  Artefacts were first noted in our investigations in 2016.  The known Oldowan localities 

known extend along a front of outcrops of a diamictite and tuffs for about 200 metres, and are 

designated from south to north: GqJh13A, GqJh12B, GqJh12C and GqJh12A.   

The artefact localities are associated with the interface between a diamictite ca 50 cm thick, 

sitting on an erosion surface into underlying clayey surfaces developed over a tuff.   It is 

significant that the faunal remains and tools have been found immediately below one of the 

diamictite units.  The evidence discussed below indicates that the assemblages were rapidly 

covered, preserved and only slightly modified by a mudflow, in a manner similar to that 

described by Stanistreet et al. (2018a, b); de la Torre et al. (2018; 2021) for assemblages at 

Olduvai Gorge, Tanzania. Details of the interface are most clear within the GqJh13A 

excavation, discussed below. 

In terms of vegetation and palaeoenvironment, the preliminary results of the combined study 

of phytoliths and diatoms indicate for GqJh13A locality, immediately below the diamictite 

level, a littoral environment with neutral to slightly alkaline and low water speed (a channel 

or a wetland). This environment would be dominated by sedges and few C4 grasses.  In 

addition, the elevated number of bulliform silicified cells suggests, for this time-period, that 

plants suffered water stress due to increasing drought stress (decreasing precipitation or 

decreasing air relative humidity, or increasing transpiration rates (Bremond et al. 2005, 

Issaharou-Matchi et al. 2016).  

Average values for the Chemical Index of Alteration (CIA), Weathering Index of Parker 

(WIP), and Vogt’s residual index calculated from multiple samples (n=6) representing the 

main artefact horizon are 74, 29 and 4 respectively, which together indicate reduced chemical 
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weathering in the GqJh13A sediments for the Oldowan locality. The magnetic properties of 

these sediments are coarse grained (χFD%= 2.4  and χARM/SIRM 0.4) and the magnetic 

mineralogy is dominated by magnetite with significant contribution from hematite and/or 

goethite (S-ratio values av. 90%). Total organic carbon percentages are also relatively low in 

these samples with average values of 0.13%. Combined these data are also suggestive of 

relatively dry conditions and decreasing precipitation, and/or increased rates of sedimentation 

(Nesbitt and Young, 1982; Evans and Heller, 2003). 

In the area of the Oldowan occurrences in the caldera, the surface of the underlying clays is 

near-horizontal at present.  The distribution of artefact localities suggests a shallowly sloping 

lake margin.  It is possible that quite large areas were regularly exposed to animal and human 

activity, but perhaps inundated seasonally or from time to time, given the evidence mentioned 

above of rises and falls in water levels.  Evidence of fluctuations is seen clearly in clay 

compositions of sediment cores drilled from these levels (Cores 18 and 3).  Used with  

caution, clay minerals can contribute to palaeoclimatic interpretation: Singer (1984) notes 

that abundant smectite, as in this sequence, can form under relatively dry, semi-arid, 

conditions, but also humid subtropical.  Next most abundant is kaolinite which can indicate 

intensive weathering and humid periods; a raised proportion of illite may indicate periods 

when it was relatively dry (Galán 2006; cf Deocampo 2015; Deocampo et al. 2010).  The top 

of the archaeological layer in GqJh13A is composed of 80% silt and 20% clay fractions.  The 

clay minerals are 64.8% smectite, 26.5 % kaolinite and 8.7 % illite.  These levels of smectite 

and illite are compatible with relatively dry conditions as noted above, although there are 

variations through the clays perhaps indicating changes in the lakeside environment.  Levels 

above the diamictite have markedly different clay composition (Fig. 6). 

The levels including the archaeological and fossil material can be traced northwards from 

GqJh13A (on the Upper Staircase) for some two hundred metres, into land currently used for 

growing maize.  As of 2019 four localities are associated with artefacts and or faunal 

remains.  These several localities with artefacts attributed to the Oldowan are all at 

approximately the same stratigraphic levels.  The tuff immediately underlying the finds has 

been dated by 40Ar/39Ar to 1.814 ± 0.004 Ma (Kil-3-2) in the northern locality (GqJh12A) 

and there is a date of 1.762 ± 0.020 Ma (Kil-2-8) for a level immediately overlying the finds 

in the southernmost locality at the base of the Upper Staircase (GqJh13A).  A minimum age 

is further set by a date of 1.761 ± 0.022 Ma (Kil-2-4) on a tuff 11 m higher in the sequence. 

Palaeomagnetism 
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Palaeomagnetic block samples were taken from 14 layers within 10 block samples running 

from the base of the Upper Staircase sequence through the GqJh13A Oldowan locality and up 

to the level of the ~1.761 ± 0.20 Ma 40Ar/39Ar sample, as well as from a single deposit close to 

the GqJh12A Oldowan locality (Figures 5, 6). Samples were oriented using a Suunto magnetic 

compass in the field. After transport to the laboratory in Australia each block was cut into ~2.5 

cm deep layers with 3 subsamples taken from each layer and mounted in standard 

palaeomagnetic cubes for analysis. Samples were subjected to an alternating field 

demagnetisation (AFD) cleaning strategy to isolate the primary remanence of each sample 

using an AGICO LDA5 Alternating Field Demagnetiser and JR-6A magnetometer. Samples 

were also measured for their room magnetic susceptibility (KLF) to help understand the 

magnetic mineralogy of the samples.  

The samples all had an extremely low KLF (8-12 SI) when compared to sediments from 

Kilombe Main site outside of the Caldera (600-1800 SI), indicating that the Upper Staircase 

sequence has a relatively consistent mineralogy in terms of it having a much smaller 

ferrimagnetic content than in sequences outside the caldera. After the removal of a low field 

overprint the underlying Characteristic Remanence is carried in the majority of the samples by 

a stable ferrimagnetic mineralogy that is stable up to around 40 mT. 

Layers close to Oldowan locality GqJh12A that have been 40Ar/39Ar dated to 1.814 ± 0.04 Ma 

record a normal magnetic polarity and suggest that this unit formed within the very later part 

of the Olduvai subchron between 1.818 and 1.810 Ma. Around 200 m further south, deposits 

at the base of the Upper Staircase sequence (KCUS03L, 04 and 05) record a southerly oriented 

declination (196.5 to 210.6o), with shallow negative inclinations (-12.6 to -19.4o). These 

samples have palaeolatitudes (Plat) of between -54.3o and -69.7o indicative of a reversed 

magnetic polarity (Plat>45o). This is then followed by samples (KCUS03U, 06, 02, 13) that 

record a change from intermediate (Plat -8o), to normal (Plat 57.1  and 56o) and back to 

intermediate polarity (Plat 18.7 to 12.3o) with steep inclinations (-65.9o to 70.6o). The lowest 

layers of the GqJh13A Oldowan locality lie below the KCUS13 intermediate polarity layer 

while the upper layers lie between this sample and reversed sample KCUS01 (Plat -88.6 and -

89.5o). Samples above this (KCUS07 and 08) also record reversed magnetic polarity (Plat -

60.6 to -77.8o) (Fig. 6). These reversed polarity layers are consistent with the 40Ar/39Ar date of 

1.762 ± 0.022 from a layer within these levels, suggesting deposition soon after the reversal at 

the end of the Olduvai subchron at 1.78 Ma. A date of 1.761 ± 0.020 Ma for a layer 
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approximately 11m higher (Hoare et al. 2021) suggests that the Upper Staircase sediments 

immediately overlying GqJh13A did not accumulate very rapidly.  

The magnetic field behaviour of this lower part of the Upper Staircase section indicates a 

predominantly reversed polarity with a short normal polarity magnetic period, although the Plat 

of many of the samples is quite low, and just above the threshold used to define a reversed or 

normal polarity (±45o). The GqJh12A Oldowan locality occurs within an intermediate polarity 

period at the end of this normal polarity period. No such normal polarity events have been 

identified within the reversed polarity period occurring after the Olduvai subchron (Singer, 

2014). However, a number of studies have suggested the occurrence of a reversed, or mixed 

polarity period occurring within the very end of the Olduvai subchron, before a final short 

period of normal polarity (Yang et al. 2008), with two such sequences occurring at site 102 at 

Koobi Fora (Lepre and Kent, 2010) and in the Nachukui Formation, West Turkana (Lepre et 

al. 2011). The sequence at Koobi Fora is in too low resolution to define field change during 

this period, whereas the Nachukui Formation (Kaitio Member) sequence suggests rapidly 

alternating field directions followed by a single layer suggesting a short normal polarity period 

before consistent reversed polarity directions occurring post the Olduvai subchron (Lepre et al. 

2011). However, this part of the sequence is in low resolution and the nature of the record 

maybe influenced by both the low intensity of the magnetic field during a phase of magnetic 

field change as well as lock in depths within the sediment layers. Based on the location of the 

KBS Tuff (~1.87 Ma) in this section along with the base and top of the Olduvai subchron the 

alternating polarity would occur from around about 1.81 Ma and take approximately 27 ka 

based on a suggested depositional rate of 22cm per 1000 years (Lepre et al. 2011). This is 

consistent with estimates of 24 to 31 ka for sequences in the Chinese Loess (L25; Yang et al. 

2008).  

An alternative view of these records is that this alternating behaviour is linked to lock-in issues 

related to the deposits in question and that this variability represents behaviour during the 

magnetic reversal at the end of the Olduvai subchron itself.  Kusu et al. (2016) identify such a 

reversal sequence in sediment cores from Japan and suggest that this variability occurred over 

a much shorter period of time between ~1.796 and 1.780 Ma, during the transition from Marine 

Isotope Stage 64 to 63 and with a polarity transition length of about 16 ka. A similar polarity 

transition has been suggested between 1.781 and 1.776 Ma at ODP Site 983, suggesting a 

shorter duration of ~5 ka. Further palaeomagnetic analysis of the Kilombe Caldera sequence 

may hopefully resolve a high resolution sequence for this period but this preliminary data 
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suggests that the GqJh13A Oldowan layers are dated to the very end of the magnetic reversal 

at the end of the Olduvai subchron at ~1.78 Ma (Ogg, 2020), but certainly younger than the 

normal polarity deposits close to Oldowan site GqJh12A dated to 1.818 - 1.810 Ma.  

 

Detail of the Oldowan Localities 

The Oldowan localities known so far extend along a front of outcrops of the diamictite for 

about 200 metres, and as noted are designated from south to north: GqJh13A, GqJh12B, 

GqJh12C and GqJh12A.   

GqJh 13A : this locality is near the base of the Upper Staircase; initially a bone was found on 

the south side of the road, in the road section (coordinates: 04.526 S 50.750 E).  Further 

bones were subsequently found embedded in diamictite in the roadway.  A small cut was 

made to follow the first bone, and further bone was found, together with a large artefact of 

trachyte.  Following negotiation with the landowners, we were allowed in March 2018 to lay 

out a trench 5 m x 3m for excavation which was carried out in July/August, revealing 

artefacts and faunal remains across the whole area. 

Around 100 artefacts and 12 bone finds were found within the area of 5 x 3 metres, giving an 

average of 6-10 finds per square metre.  The finds are dispersed but with some small clusters.  

The abrasion state of artefacts is varied, with some examples being entirely sharp, and a few 

considerably abraded.  This suggests that the surface stayed open for a considerable period.  

The preservation of fossil bone also varies, but this is partly owing to size and thickness 

variation.  Cancellous bone within specimens has sometimes decayed so that they are 

preserved as hollow shells. 

Within the excavation of GqJh13A the surface is slightly undulating.   In some areas there 

appear to be two thin layers of clay, with distinct surfaces that are dark on top, but it is not 

clear whether this appearance is original or owed to recent infiltration and staining by 

organics.   Artefacts are associated with both levels; the separation is most obvious along the 

road section, and around two small depressions (Fig. 7 ).  It is conceivable that these were 

originally large animal footprints, but if so they are too blurred for definite recognition: they 

were probably no more than shallow puddles.  In places a thin bluey-grey laminated clay/tuff 

about 7 cm thick runs between the two horizons, partly filling the two small depressions just 

mentioned. 
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No finds were made below the lower clayey surface on which the artefacts and fauna lie.  

Many specimens are on that surface (and locally some centimetres higher); others appear to 

have risen somewhat into the diamictite as it was deposited: it appears that the lahar flowed 

over the surface lifting a few of the artefacts, but not by more than 10 cm  (77.7 % of plotted 

finds were concentrated vertically within a zone of 12 cm). 

GqJh 12A : known informally as the maize field site, this locality is about 200 m north of the 

Upper Staircase (coordinates: 04.418 S 50.725 E).  Here there is a small outcrop of hard tuffs 

in the field.  Mr P. Kogai had recognised bone in disturbed blocks of the tuff.  A trial 

sounding made in 2016 was later extended in a 2m broad step trench, taken down to a depth 

of about 1.5 metres.  Fossil bone occurs in the upper 50 cm only, and is directly incorporated 

in the tuff.  Artefacts were sparsely represented, with one in situ in a large piece of diamictite, 

and two or three others found on the surface nearby. 

GqJh 12B : this locality is about 100 m south of GqJh12A, and just inside the northern 

boundary of Mr Philip Kogai’s farm (coordinates: 04.475 S 50.723 E).  A step trench was 

made following the discovery of one bone, and 3 or 4 stone artefacts were found in the soil in 

the area.  Expanded excavation of the tuff at the base of the section yielded at least two 

further bones, but no artefacts in situ.  This base layer correlates with the diamictite at 

GqJh13A. 

GqJh12C: preliminary investigation at this locality was carried out in 2019. A shoulder of 

hard diamictite outcrops into the edge of a field.  An area of the Pleistocene sediments was 

cleared for investigation, following discovery by P. Kogai of a well-preserved bovid bone.  

Around [10] artefacts were then found in superficial sediments, with evidence of in situ 

material. 

 

The lithic industry and fauna 

The artefacts from GqJh13A are approximately 100 in total, and best allow for preliminary 

classification of the industry, with the caveat that its nature may vary between localities. 

The raw material is almost exclusively trachyte lava, suggesting local sources, probably 

within the caldera.  Much of the material is not ideal for flaking, but a few well-struck flakes 

indicate that the tool makers were able to exert a full mastery of conchoidal fracture.  Among 

the tools, the heavy duty component is prominent (following the criterion of Leakey (1971), 
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pieces with diameter >50 mm).  Two examples of choppers are described, but more pieces 

are typologically heavy duty scrapers, or lack a recognisable morphology. 

 

Gq Jh13A   Tools Debitage 

Flaked cobble – Chopper                           3 

                            Heavy duty scraper        3 

                             Other                             2 

Heavy duty scraper on flake                      2 

 

Flakes                                                       20 

Core                                                           4 Angular debitage                                     14 

Flaked cobble piece                                   7 Angular fragments                                  15 

Polyhedron                                                 2 Flakes, broken                                          5 

Flake, split                                                1 

 Cobble piece                                             4 

Total                                                         23 Total debitage                                          59 

 

Several cores or core pieces are present.  These have a simple form, but show that the 

hominins had the ability to strike flakes up to 10 cm long.  In comparison with other Oldowan 

industries, one feature may have influenced the makers: this is the easy availability of raw 

material in a range of sizes in the form of block-like clasts of hard, almost unweathered, fine 

grained and compact microphyric trachyte lava.  In places there was flow-lamination in the 

lava, producing tabular pieces which were then used as cores.  In contrast with Olduvai or 

Kanjera South (Leakey 1971; Lemorini et al. 2014), there was no use of quartz and quartzite, 

although specimens made on a hard tuff may be present; nor were there ready supplies of 

rounded cobbles.   

In addition to this large component, there were numbers of smaller whole flakes and angular 

debitage.  The industry is discussed more generally below, following a description of 

representative pieces. 
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Selected artefact descriptions 

GqJh13A/01 Large chopper. 

This is the largest shaped tool from the series (123 x 98 x 67 mm), a chopper of trachyte in 

fresh condition (Fig. 8A), though covered with a thin layer of calcareous concretion 

characteristic of this site.  In plan view the specimen appears bilaterally symmetric, but the 

thickness section shows that the tip is not pointed (i.e. the lateral sharp edges do not connect 

as in the pointed end choppers of Leakey (1971)).  A quite close match to the piece is given 

by a two-edged chopper from Olduvai FLK illustrated by Leakey (1971: Fig 11.1); the largest 

specimen in that category had measurements of 115 x 79 x 62 mm.  One face is more heavily 

worked than the other.  The face that was uppermost in the ground appears to retain cobble 

cortex over an area approximately 4 x 5cm.  The trachyte is somewhat coarse grained, and the 

working of the edges has resulted in a degree of step flaking.  Nevertheless, both edges were 

flaked bifacially with flake scars extending around 3 cm from the margins.   

Weight: 830 grams. 

GqJh13A-41 Core 

This piece is technically a core (124 x 104 x 80 mm), although there is only one major 

detachment (Fig. 8B).  This would have released a flake ca 90 x 50 mm in size.  A possible 

interpretation is that a large core piece was selected opportunistically to produce a single 

flake for a particular task. 

An artefact found on the surface around 100 m east of GqJh13A, and physically at similar 

level, has a similar main detachment, but rather smaller.  Its find-spot is on a slope facing the 

Upper Staircase, to the east of a modern pond.  

GqJh13A-23 Heavy-duty scraper 

112 x 79 x 58 mm.  This specimen retains cortex on one face (reminiscent of the large 

chopper above) over an area of ca 30 x 60 mm (Fig. 8C).  In plan view it somewhat 

resembles a heavy-duty scraper illustrated by Leakey 1971 (Fig. 29/1) from Olduvai Bed I.  

No 91 is of similar size and weight (370 g). 

GqJh13A-91 Heavy-duty scraper 
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This piece is made on a thick flake or cobble piece, with a scraper edge on one side; the 

opposite side is thicker and blunt (96 x 57 x 52 mm) (Fig. 8D). 

GqJh13A-40 Flake 

Flake (66 x 30 x 22 mm) (Fig. 9B).  Broad short flake terminating in a hinged truncation. 

Dorsal face preserves one sizeable and two small scars.  This flake may have been formed 

during the shaping of a larger artefact. 

GqJh13A-43 Utilised flake  

Large triangular flake (69 x 44 x 23 mm), preserving platform, with apparent utilisation along 

right dorsal margin (Fig. 9A). 

GqJh13A-60 flake 

Flake of trachyte with narrow platform and broadening towards distal end (46 x 40 x19 mm; 

platform width 14 mm) (Fig. 9C). 

GqJh13A-100 flake 

Small trachyte flake, truncated distally (26 x 32 x 10 mm).  Preserves curved platform 

indicating series in flaking (Fig. 9D). 

GqJh12A-e  Discoid 

Small discoid of trachyte found in diamictite, from backfill of the original trench.  The piece 

is considerably abraded/weathered, but its form and flaking area clear.  With a size of 62 x 55 

x 31 mm, it resembles specimens illustrated by Leakey (1971) from Olduvai DK, FLK and 

MNK (Figs 12, 14, 59) (Fig. 10A).  At East Turkana there is only one discoid in the Oldowan 

levels, but several in the upper industries aged ca 1.6-1.5 Ma (Isaac et al. 1997). 

GqJh12-d Cortical flake 

Flake made by heavy impact from side of a smooth cobble (105 x 54 x 31 mm) (Fig. 10B).  It 

is not certain whether the flake was made intentionally, or whether it indicates breakage in 

use of a hammerstone similar to that from GqJh12B, but the piece shows micro detachments 

around its thinner end which suggest that it was used as a flake tool. 

GqJh12B Hammerstone 

This find was made in the field ca 15 m to the W of site GqJh 12B.  As it was a surface find, 

its context in the sediments cannot be absolutely guaranteed, but there is no reason to think 
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that it is intrusive.  It is a smooth cobble showing evidence of use as hammerstone (78 x 70 x 

44 mm) (Fig. 10C).  The cobble or pebble is flattened and slightly ovoid).  It bears evident 

traces of use on its perimeter.  Some of the marks suggest heavy striking.  Two similar 

examples have been found outside the caldera, on the main site (c.f. Acheulean GqJh1 

example, EH2033, 81 x 69 x 28 mm), and the other to the south of the main site.   

 

Nature of the stone industry: debitage, cores and core tools 

The number of finds, and their presence from several localities, are sufficient for a 

provisional description and characterisation to be given, although larger samples will allow 

better definition in the future. 

The artefacts include the range of technology and forms found on most early (Oldowan) sites.  

Debitage forms around 70% of the assemblage.  This is a substantial but fairly low 

percentage: several factors may reduce it relative to the proportions in an industry as 

knapped.  Firstly, there may have been limited knapping in the areas investigated; then the 

mudflows may have differentially entrained smaller pieces; then in the context of the hard 

matrix of diamictite it is hard to separate small clasts and artefacts.  The debitage does 

however include sharp flakes and complete flakes.  These are mainly end-struck, and can be 

as much as 9-10 cm long.  The bulbs and other flaking characters testify to competent 

working of a difficult raw material, although most flakes are relatively thick. 

The larger artefacts can be fitted without difficulty into categories used and discussed by 

other authors (e.g. Leakey1971; Toth 1985; Isaac et al. 1997; de la Torre and Mora 2014, 

2018; Stout et al. 2010) but there are some features which – provisionally - appear to be 

distinctive to the industry.  Both cores and core tools are represented.  Broken cobbles also 

occur. 

Patterns of core-working can be compared to those of a number of sites including Olduvai, 

Peninj, Kanjera South, Melka Konturé and Hadar (Leakey 1971; de la Torre and Mora 2014, 

Domínguez-Rodrigo et al. 2014; Braun et al. 2008, 2009a; Goldman-Neuman and Hovers 

2009, 2012; Hovers 2012).  The more complex procedures of core-working, such as those at 

Lokalalei (Delagnes and Roche 2005; Roche et al. 1999) are not evident, perhaps because 

trachyte was readily available in blocks that allowed simple knapping solutions.  Several 

cores suggest that pieces were sometimes selected for the production of a single flake, and 

then discarded.  The flake would run the complete depth of the core, somewhat like a bread 
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slice, except that it would be on the side or corner of the piece (Fig. 8B, Fig. 13).  A similar 

practice of using tabular pieces to yield one or two flakes is recorded for Nyanzian 

andesite/dacites at Kanjera, where all the other raw materials occur in rounded cobble form 

(Braun et al. 2008, 2009a). 

The well-worked discoid (Fig. 10A) can be matched by similar examples from East Turkana 

and Olduvai (Isaac et al. 1997; Leakey 1971: Fig 12 (DK)).  At E Turkana they are much 

more common in the Karari industry, which includes a few early Acheulean bifaces, than in 

the earlier Oldowan material (Isaac et al. 1997; Isaac and Isaac 1997, Appendix 6).  This 

specimen has every appearance of being a shaped tool, rather than a worked-down core, since 

numbers of very short but wide flakes have been detached in the final stages of working and 

there would be no advantage in choosing this form of blank for their production. 

 

Metrical comparisons 

Although numbers of Oldowan assemblages are made from lavas, relatively few of these are 

trachytes (although trachyte was used at Olduvai Bed I more than formerly thought: 

McHenry and de la Torre 2018).  Accordingly, an especially interesting comparison is with 

Hadar A.L. 894 (Goldman-Neuman and Hovers 2009; Semaw 2006; Stout et al. 2005), as 

three lavas are found side by side – trachyte, basalt and rhyolite.   Despite the 700,000 year 

difference in age, the trachyte length distributions from Hadar and Kilombe share three 

notable features: paucity of small flakes and debitage, a component of larger pieces 60-90 

mm, and presence of larger pieces >100 mm (Fig. 11).  This pattern contrasts strongly with 

the profiles for basalt and rhyolite at Hadar, which have sharp peaks at 20-30mm (as in many 

Lower Palaeolithic assemblages), and very few pieces >70 mm.  There appears to be a weak 

selection in favour of trachyte, compared to its occurrence in gravels.  At site EG10 Semaw 

(2006) found that rounded trachyte cobbles from a nearby gravel were chosen preferentially.  

Although the loss of small pieces may well be owed to taphonomic factors, the similarity 

between the two trachyte series, and the contrast with the other lavas, suggests that selection 

by the hominin tool users may also have been operative: possibly trachyte was favoured for 

heavier tasks.  Weight distribution strengthens this suggestion: at Kilombe there is a peak of 

moderately heavy pieces at around 300 g-400 g, but with a representation of four pieces > 1 

kg. 
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Faunal associations 

All the artefact localities have a representation of bone.  At GqJh12A the late James Brink 

identified Hippopotamus gorgops, and determined that some bones had been fractured in 

butchery.  His conclusions are supported at least indirectly by the close physical association 

of artefacts and large bones on the GqJh13A site.  Butchery is well attested to on broadly 

contemporary sites around East Africa (Bunn 2007; Blumenschine et al. 2012a; Bunn and 

Gurtov 2014; Bunn and Kroll 1986; Domínguez-Rodrigo 2009; Domínguez-Rodrigo and 

Pickering 2017) and therefore is not a contentious point, but it is useful to have the 

information that hominins had access to large carcases in this lakeside environment.  

Regardless of the evidence for butchery, the faunal remains, which include largely complete 

long bones, e.g., of bovids, testify to the presence of a variety of medium to large sized 

mammals close to the lake shores.  The varied weathering stages of artefacts suggest that the 

land surface remained open for a considerable period, although taphonomic considerations 

would suggest that faunal remains probably belong to a short period before the deposition of 

the overlying diamictite. 

 

Discussion 

The localities described here are the first examples of an early industry in East Africa (Kenya 

and Tanzania) from a high-level environment outside the rift valley floor.  In Ethiopia, the 

Melka Konture sites are at similar altitude, but topographically set within the rift (Chavaillon 

and Piperno 2004; Morgan et al. 2012).  The closest site complexes for comparison are Lake 

Turkana (450 km north), Olduvai (350 km south) and Kanjera South (200 km to the west), all 

at altitudes at least 500m lower than Kilombe Caldera (Roche et al 1999; Delagnes and 

Roche 2005; Braun et al. 2008, 2009a; Isaac 1997; Bishop et al. 2006; Plummer and Bishop 

2016; Plummer et al. 1999, 2009a,b; Leakey 1971, 1975).  A major question would be, who 

are the hominins operating at this high level?  But in the absence of hominin fossils, it is 

possible only to note that Homo habilis, Homo rudolfensis and Homo erectus are all possible 

candidates present in the region (Spoor et al. 2007, 2015; Bilsborough and Wood 2020).   

Australopithecus boisei, found 100 km to the north at Chesowanja (Carney et al. 1971; 

Gowlett et al. 1981) is also a conceivable candidate as tool maker, although its demise as late 

as 1.3 Ma (Domínguez-Rodrigo et al. 2013) appears to have no impact on artefact records 

elsewhere.  Early Homo is known from a maxilla in the Chemeron Formation 70 km to the 
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north of Kilombe, and dated to 2.3 Ma (Deino and Hill 2002; Sherwood et al. 2002); two 

mandibles of early Middle Pleistocene Homo were found in the nearby Kapthurin Formation 

(Deino and McBrearty 2002; Tallon 1978).  The large size of some stone cores, and the 

ruggedness of the landscape, are possible clues that the hominins involved were substantial in 

body size.  We discuss here first the stone industry and then the use of landscape which its 

presence implies. 

(1) The stone industry.  The Kilombe Caldera industry represents the first occurrence of 

Oldowan in an entirely new area of the eastern Rift Valley for thirty years, and is the first in 

its area to be found at high altitude.  The 40Ar/39Ar dating, combined with the 

palaeomagnetism is sufficiently precise to show that the finds described here have an age that 

correlates with the reversal at the end of the Olduvai subchron at ~1.78 Ma. The same 

transitional behaviour with a final short normal polarity zone is noted in the Kaitio Member 

of the Nachikui Formation at West Turkana, ~5m below the oldest known Acheulean from 

Kokiselei 4, estimated to date to ~1.76 Ma (Lepre et al. 2011). As such, the Kilombe Caldera 

Oldowan  is beyond the age of the oldest known representation of the Acheulean (Lepre et al. 

2011; Beyene et al. 2013; Diez-Martín et al. 2015; de la Torre and Mora 2020; de la Torre et 

al. 2021).  It is however a very late Oldowan industry, and it contains traits which may 

presage the Acheulean such as well flaked discoids albeit in single example (cf Leakey 1971; 

Gowlett 1986; also Duke et al. 2021 in relation to the technology of Kokiselei 6, West 

Turkana, a site of similar age). 

On present evidence, we attribute the Kilombe Caldera industry to the Oldowan on the 

grounds that: 

(i) The core and flake technology corresponds to the Oldowan 

(ii) The finds fall within the established temporal and geographic range of the 

Oldowan 

(iii) The size range of pieces corresponds to Oldowan 

(iv) The typological forms and their range correspond to Oldowan 

(v) No artefact forms yet found are inconsistent with the Oldowan as previously 

described. 

A significant feature of the assemblage is the consistent use of trachyte blocks (contrasting 

with the apparent use of very smoothly rounded cobbles as hammerstones). Although it is 

very difficult to test this point further through sourcing studies (owing to the widespread 
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similarity of the trachytes), the appearance is that hominins used rocks from within the 

caldera for their toolkits. 

In Kilombe caldera, however, trachyte may have been selected as raw material because it was 

readily available, rather than a preferred rock. At Lokalalei, West Turkana, there are 

indications that phonolite was more selected than trachyte (Harmand 2009); at Olduvai too, 

trachytes appear to be somewhat underselected compared to other lavas (McHenry and de la 

Torre 2018), but at Hadar as mentioned above, trachyte was sometimes selected preferentially 

(Semaw 2006).   

The size of the heavy duty artefacts ranges larger than on some other Oldowan sites, and the 

hominins were able to strike flakes on occasion up to 10 cm long.  This capability to use large 

artefacts, the signs of butchery of large animals, the high level of the finds, and the rugged 

environment, combine to suggest adaptable hominins who were capable of ranging through 

all parts of the landscape. 

(2). Landscape. In recent years it has become apparent that hominins were widely distributed 

around the Old World by two million years ago {Lordkipanidze 2019; Zhu et al. 2018; Yang 

et al. 2019) or even earlier (Malassé et al. 2016), but overall the record remains sparse and 

biased taphonomically, despite the concentrations of research in certain areas, especially in 

southern Africa and along the Rift Valley from Tanzania in the south to Ethiopia in the north 

(Leakey 1971, 1975; Blumenschine et al. 2003, 2012; de la Torre et al. 2018, 2021; Gallotti 

2018; Herries et al. 2020; Potts et al. 1999; Toth and Schick, 2004, 2018; Braun et al. 2019).  

The hominin occupation beside the Kilombe Caldera lake therefore adds significantly to the 

general picture, and allows hypotheses about ranging and land usage to be addressed with the 

benefit of direct evidence.  

Following very detailed studies of landscape around Olduvai, Blumenschine, Peters and 

colleagues have offered a useful hypothesis that hominins would have exploited both low 

level and high level environments, possibly with seasonal movements between wet and dry 

seasons (Peters and Blumenschine 1995; Blumenschine and Peters 1998).  They presented 

evidence of modern resource distribution in support of this.  The transport distances of 

artefacts in the Oldowan are frequently in the range 3 – 5 km, with examples of 10 km or 

even 20 km (Blumenschine et al. 2003, 2009, 2012a,b).  General considerations of hominin 

group size and range based on this and other evidence (e.g. Marlowe 2005, 2010) make it 

highly unlikely that a hunting/scavenging and gathering group could have subsisted entirely 
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within Kilombe caldera, given its limited area of ca 10 sq km. Modern African hunter 

gatherers provide useful if limited insights: they need far greater territorial ranges for a group, 

and within the range may transport food for considerable distances.  In the case of the Hadza, 

however, carrying times for transporting meat from kill sites to camp are rarely more than 

one hour (90 mins max) (O’Connell et al. 1988).  As return journeys in and out of the caldera 

would take longer than that – and the caldera rim was probably steeper before erosion (and 

the gorge formed later) – it seems likely that hominins would be based within the caldera at 

least for some days at a time.  In the caldera, the rising topography would mean that hominins 

could make use of viewpoints and perhaps choose times of descent to the lake margin for 

their exploitations there, including animal butchery. 

This interpretation of localised activity accords with the predominant use of Kilombe 

mountain trachyte as raw material, but we do not yet know what other rocks might have been 

available in the region (the trachyphonolites now blanketing the area south of the mountain 

and favoured later in the Acheulean had not then been extruded).  At Kanjera, highland sites 

are not preserved, but raw material sourcing also suggests that hominins spent time at higher 

altitudes in the mountains (Braun et al. 2008, 2009a).  The evidence from Kilombe is 

sufficient to indicate more than trips for raw materials: at least for a period around 1.8 Ma 

there was substantial exploitation at this high level, with the multiple occurrences of artefacts 

with bone and, the varied state of artefacts indicate a significant duration for these 

exploitative activities.   

Useful insights into the ecology and environment are provided by the presence of 

hippopotamus within this small enclosed basin as well as by the phytoliths and the diatoms 

that suggest an open landscape with sedges and C4 grasses and water.  Hippopotamus 

normally reside in water during the day and forage nocturnally on land.  Harris et al. (2008) 

indicate that the diet of early Pleistocene hippopotamus around Lake Turkana was largely C4 

plant based, implying an even greater degree of grazing than in modern hippo.  A strong 

preference for grass is seen in present day contexts, with an estimate from the Luangwa river 

in Zambia of around 6 hectares of grazing area needed per animal (Chansa et al. 2011) and 

similar ranging figures for other rivers in the region (O’Connor and Campbell 1986; Stears et 

al. 2019).  Although knowledge of hippo spatial ecology is limited (Stears et al. 2019), and 

projection to past species demands particular caution, it is clear that the caldera context 

would need to provide both deep water and adequate grazing.  Assuming perhaps 6 sq km of 

land in the caldera relative to ~3 sq km lake, this could translate very roughly to a population 
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of 50-100 animals, on the basis of 50-100% grass cover.  Such figures would fit with a local 

community, probably coupled with migrations back and forth from the nearest river, perhaps 

a proto-Molo less than 5 km to the south. Bovids also appear to have been common in the 

caldera. A diverse hominin diet is feasible at this period (Braun et al. 2010), but we have no 

information on whether animals were scavenged or hunted. 

The high level hominin occupation of the caldera may give some insights into the multi-

species problem of the early Pleistocene.  Over a long period authors have postulated the use 

of high level sites by hominins as long term refugia during drier phases (e.g., Foley 1989; 

Trauth et al. 2010; Cuthbert et al. 2017). Although such refugia may have played a part in 

creating geographic separations of populations thus promoting evolutionary change (Foley 

1989; Lahr and Foley 2016; Louys and Turner 2012), very long separations would be needed 

for speciation. This is not likely on the landscape scale of Kilombe, where high and low 

levels are quite close together.  But it may be noted that Australopithecus boisei, has not yet 

been found at high level, whereas the Kilombe setting is strong evidence that at least one 

hominin species (by inference Homo) was well adapted to montane environments.  

Renewed work in the area of Kilombe mountain has greatly extended the stratigraphic record 

in Central Kenya, so that it now runs through almost the entire Pleistocene.  The older 

sediments are preserved in the caldera of the extinct Kilombe volcano.  Sedimentation within 

the caldera extends beyond two million years, but the best-dated part of the sequence is in the 

time range ca 1.8-1.7 Ma, and it includes the Oldowan archaeological sites described here.  

The sites and artefacts have value as the first discoveries for thirty years of Oldowan artefacts 

in an entirely new area of the Kenyan rift.  More importantly, the finds are the first 

occurrences of Oldowan set in a rugged landscape as well as at high level.  They show that 

early hominins were able to exploit the shorelines of the caldera lake of Kilombe volcano, 

seemingly frequenting these areas repeatedly and possibly intensively. We prove for the first 

time that hominins were occupying high level settings that have been postulated as refugia 

during protracted Milankovitch-driven phases of drier palaeoclimate. This supports ideas that 

isolated sub-populations in such refugia might have propagated hominin evolutionary change.  

The capability of hominins to adapt to diverse parts of the landscape is also relevant to their 

dispersal across much of the Old World (Agusti and Lordkipanidze 2019), seen to have 

occurred by the date of the early Kilombe occurrences. 
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Figures 

1. Position of Kilombe volcano in the Baringo Basin, central Rift Valley of Kenya. Rectangle 
indicates position of Figure 3. 
 

2. Oldowan sites in East Africa. 
 

3. Kilombe volcano: map of the caldera and southern part of the mountain showing 
archaeological sites. 
 

4. Above: Oblique view of Kilombe Caldera showing Oldowan localities (courtesy Google Earth); 
below: outline section along the line indicated by white dashes. 
 

5. Stratigraphic Column of Kilombe Caldera, indicating (left) the stratigraphic range of the Upper 
Staircase, and the position of GqJh13A. 
 

6. Section of locality GqJh13A near the base of the Upper Staircase, showing palaeomagnetic 
record, stratigraphic column, and clay composition, with artefact vertical range marked as a 
black triangle.  The magnetism graph indicates reversed, intermediate and normal (R, I, N) 
magnetisations based on the Palaeolatitude of the samples (in degrees) at the end of the 
Olduvai normal SubChron within the Matuyama reversed Chron (see text) 
 

7. Plan of finds in GqJh13A excavation, indicating in photoview the original find of a chopper and 
associated bone. 
 

8. A, Chopper, B, core and C, D, two scrapers from GqJh13A (see text for detailed description) 
The arrow indicates direction of striking of the main flake on the core (B). 
 

9. Four flakes from GqJh13A (see text for detailed description).  Arrows indicate direction of 
striking as evident on ventral faces. 
 

10. A, Small discoid from GqJh12A;  B, cortical flake from smooth cobble, and C, hammerstone on 
cobble, both from GqJh12B area (see text for detailed description). 
 

11. Length distribution of artefact finds from GqJh13A compared with Hadar A.L. 894 (Hadar data 
after Goldman-Neuman and Hovers 2012), and debitage from the Kilombe Acheulean Main 
Site area EH.  Finds from Hadar and the Caldera are of trachyte, those from Kilombe EH mainly 
of trachyphonolite. 
 

12. Weight distribution in numbers of stone finds from GqJh13A. 
 

13. Schematic diagram of the way that flakes were struck from tabular trachyte cores in the 
Kilombe Caldera Oldowan.  Sometimes a single main flake was detached.  Arrows indicate 
direction of striking. 



Figures

Fig 1: Position of Kilombe volcano in the 
Baringo Basin, central Rift Valley of Kenya.



Fig. 2: Oldowan sites in eastern Africa



Fig 3: Kilombe volcano: map of the caldera and southern part 
of the mountain showing archaeological sites.



Fig 4:   Above: Oblique view of Kilombe Caldera showing Oldowan
localities (courtesy Google Earth); below: outline section along the line 
indicated by white dashes.



Fig. 5: Stratigraphic Column of Kilombe Caldera, indicating (left) the stratigraphic 
range of the Upper Staircase, and the position of GqJh13A.



Fig. 6: Section of locality GqJh13A near the base of the Upper Staircase, showing palaeomagnetic record, 
stratigraphic column, and clay composition, with artefact vertical range marked as a black triangle.  The 
magnetism graph indicates reversed, intermediate and normal (R, I, N) magnetisations at the end of the 
Olduvai normal SubChron within the Matuyama reversed Epoch (see text).



Fig 7: Plan of finds in GqJh13A excavation, indicating in photoview the original find of a 

chopper and associated bone.



Fig 8: A, Chopper, B, core and C, D, two scrapers from GqJh13A (see text for detailed 

description).



Fig. 9: Four flakes from GqJh13A (see text for detailed description).



Fig. 10: A, Small discoid from GqJh12A;  B, cortical flake from smooth cobble, and 
C, hammerstone on cobble, both from GqJh12B area (see text for detailed 
description).



Fig. 11:  Length distribution of artefact finds from GqJh13A compared with Hadar A.L. 
894 (Hadar data after Goldman-Neuman and Hovers 2012), and debitage from the Kilombe
Acheulean Main Site area EH.  Finds from Hadar and the Caldera are of trachyte, those from 
Kilombe EH mainly of trachyphonolite.



Fig. 12:  Weight distribution in numbers of stone finds from GqJh13A.



Fig 13: Schematic diagram of the way that flakes were struck from tabular cores 
in the Kilombe Caldera Oldowan.


