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A B S T R A C T   

We report a newly extended stratigraphic sequence with associated Palaeolithic sites from the area of the extinct 
Kilombe volcano in central Kenya. The extended archaeological sequence runs from Oldowan finds, through the 
Acheulean, and up to the Middle Stone Age. The sedimentary sequences within the Kilombe caldera and south 
flanks of the mountain have been dated through 40Ar/39Ar measurements and palaeomagnetic studies. A series of 
40Ar/39Ar values date the geological sequence from 2.493 ± 0.095 Ma, near the beginning of the Lower Pleis
tocene, through to 0.118 ± 0.030 Ma near the Middle to Upper Pleistocene transition. It includes the first entirely 
new area of Oldowan localities in East Africa south of Ethiopia for thirty years, and the first in a rugged 
mountainous setting. Trachyte lavas of Kilombe mountain were extruded during and after c. 2.5 Ma, followed by 
formation of a caldera and subsequent caldera lake, and sedimentation of a sequence of tuffs, diamictites, 
sandstones, and claystones. Sections in the mid-part of this intra-caldera fill-sequence have produced dates of 
1.8–1.7 Ma, associated with an Oldowan industry and fauna dated precisely at 1.814 ± 0.004, and overlain by 
Acheulean finds at higher level. On the southern outward flanks of Kilombe mountain, a second major sequence 
is bounded at the base by trachyphonolite and a tuff yielding dates in the range 1.58–1.50 Ma. The main 
Acheulean archaeological site (GqJh1) falls within the overlying sedimentary sequence and has an age of c. 1.0 
Ma, on the basis of a new 40Ar/39Ar date for the Three-Banded Tuff and palaeomagnetic reversal stratigraphy. 
Further 40Ar/39Ar dates indicate an age of c. 0.48–0.46 Ma for a marker ashflow tuff (AFT), prominent across the 
area. At Moricho, west of Kilombe, sediments above the AFT have been dated in the range 270,000–120,000 
years and are associated with Middle Stone Age assemblages. In total, these sites attest to hominin activity from 
an Oldowan horizon dated to 1.8 Ma up to Later Stone Age stone scatters within the last 100,000 years.   

1. Introduction 

We report new research in and around the extinct Kilombe volcano 

within the central Rift Valley of Kenya (Fig. 1A and B). The results 
include the discovery of new traces of hominin activity within the Kil
ombe caldera, overall description of the stratigraphic sequence, and a 
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series of 40Ar/39Ar dates which show that the sequence spans the entire 
Pleistocene. The area has previously been best known for its Acheulean 
archaeology, and its setting of major explosive volcanic centres such as 
Menengai and Londiani (Bishop 1978; Blegen et al., 2016; Gowlett 1978, 
1993; Gowlett et al. 2015, 2017; McCall 1964, 1967; Jennings 1971; 
Jones 1975, 1985; Jones and Lippard 1979; Riedl et al., 2020). There are 
two principal volcanic settings in which the sequences were deposited: 
the fill of the Kilombe caldera, and the southern flanks of the Kilombe 
volcanic cone (Fig. 2). 

1.1. Kilombe volcano and surrounding area 

Kilombe mountain is an extinct trachytic volcano, located at the 
western side of the eastern branch of the East African Rift System (EARS) 
(Fig. 1A and B), and exposes mainly trachyte lavas and volcaniclastic 
sediments: its cone is about 20 km across, and it stands to heights of 
~2300 m asl. On the south side, the Molo river descends from the Mau 
escarpment and passes around the southern edge of the mountain. The 
river eventually flows northwards into Lake Baringo, forming part of the 
internal drainage system. The northern side of the volcano has few ex
posures and is not yet explored. The extinct trachytic volcano comprises 
a caldera about 3 km in diameter, which is now drained by a stream 
running out through a gorge on the eastern side of the mountain. 
Erosional downcutting has exposed a series of sedimentary rocks and 
interleaved tuffs of the intra-caldera fill. A waterfall marks the rapid 
descent from the central caldera through to the deepest part of the gorge 
near the caldera edge (Figs. 2, 4 and 5). In the cliff of the waterfall a 
thick tuff of Middle Pleistocene age is underlain by lacustrine sediments 
representing the oldest part of the exposed Kilombe caldera fill. Nearby, 
a trachytic lava is interleaved with this sedimentary sequence and 

appears to represent the final phase of Kilombe eruptive activity. 
The geology of the Kilombe caldera was originally studied and 

mapped by McCall (1964, 1967), and the wider area subsequently by 
Jennings (1971) and Jones (1975, 1985, 1988; Jones and Lippard 1979), 
the latter working within the extensive East African Geological Research 
Unit (EAGRU) project during the 1970s. Acheulean sites have been 
known on the southern flank of Kilombe mountain since the 1970s 
(Bishop 1978; Gowlett 1978) and are the subject of continuing study 
(Gowlett et al. 2015, 2017; Gowlett 2020). 

Our recent research has greatly expanded the range of known 
geological and archaeological contexts at Kilombe volcano, both within 
and outside the caldera. In this paper we describe the newly encountered 
intra-caldera sequence and associated early archaeological (Oldowan 
and Acheulean) and faunal localities; as well as additional exposures 
around the southern flanks, especially towards the west at Moricho, 
where the Middle Stone Age is best characterized and dated. 

1.2. New research and an outline succession 

Prior to the current research, there was only a low-precision chro
nological framework for some of the main volcanic events in the area, 
provided by 40K/40Ar ages. These data indicated Lower Pleistocene 
volcanic activity, and recurrent hominin activity in the Middle Pleisto
cene (Jones and Lippard 1979). Two palaeomagnetic datum points were 
obtained for the three-banded tuff on the Kilombe Acheulean Main Site 
in the 1970s (Dagley et al., 1978; Gowlett 1978, p. 225). They have been 
checked and added to in recent and ongoing work (Herries et al., 2011). 

The age of trachytic lavas of Kilombe mountain temporally con
strains the base of the sequence outcropping in the area (Fig. 3). The 
trachyte units of the caldera rim and cone separate two different 

Fig. 1. Location maps of the Kilombe area, (a) in East Africa, (b) in the Kenya Rift Valley.  
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sedimentary sequences. One sequence is contained within the caldera 
and starts with exposures below the base of the waterfall in the gorge 
(Fig. 5). This caldera-fill sequence can be traced upwards in two expo
sures, termed here by analogy ‘staircases’, which we define here as the 
Upper Staircase, running within the caldera up to a height of ca. 2050 m 
(Figs. 4 and 5); and the Lower Staircase, which runs within the gorge, 
descending along the edge of a small side gorge and continuing right 
down to the waterfall and the stream at the base of the gorge (Figs. 4 and 
5). Together these exposures preserve a sequence more than 130 m in 
thickness. The sections exposed in the staircases belong almost entirely 
to the Lower Pleistocene, as do newly discovered Oldowan and Acheu
lean archaeological occurrences introduced below; Middle Pleistocene 
volcanic units however overlie unconformities in the caldera valley and 
gorge. 

The other, largely younger, sequence is exposed on the outer 
southern slopes of Kilombe volcano (Figs. 2 and 3). Trachyphonolite 
lava forms a spur that projects southwards towards the Molo River and is 
topped by an erosion surface. This trachyphonolite lava underlies most 
of the archaeologically significant sequences outside the volcano, which 
are exposed mainly in a series of gullies started by minor streams 
running off the eastern side of the spur, and eventually joining with the 
Molo River several kilometres downstream. The lava appears to be 
coeval with and correlate to the series of trachyphonolites that include 
the Lake Hannington Trachyphonolite (McCall 1964, 1967; Jones 1975, 
1985), which is extensive in the rift valley floor to the north of the sites 
(Griffiths and Gibson 1980). At Kilombe the trachyphonolite is widely 
overlain by a series of generally reddish sediments, including tuffs. First 
in the sequence, immediately above the trachyphonolite, come brown 

and red claystones which were interpreted as weathering products of the 
lavas (Bishop 1978). The Acheulean Main Site, GqJh 1 (Fig. 2) known 
since the 1970s lies at the top of these, within a local, broad, shallow 
clay-filled gully (Bishop 1978; Gowlett 1978; Gowlett et al. 2015, 2017). 
Above the site level comes the Three-banded tuff (3BT), overlain by a 
sequence of ca 15 m of reddish tuffs, claystones, sandstones and silt
stones (the Farmhouse Cliff sediments), capped by a massive ash flow 
tuff (the AFT – see below). This tuff marks the beginning of the series of 
sediments assigned to the “Menengai Assemblage” by Jones (1975), 
mainly made up of reddish sediments and tuffs up to a thickness of 
15–30 m. These were named the Esageri Beds by Jones, and are best 
exposed at Moricho (Figs. 2 and 3) 3 km west of the Kilombe Main Site 
(GqJh1), and in large gully systems to the east of the research area 
(Fig. 2). 

In an area within a radius of 3 km from the Acheulean Main Site 
(GqJh1), and extending along the southern lower flanks of Kilombe 
Mountain north of the Molo River (Fig. 2), further Acheulean sites have 
now been located within the Farmhouse Cliff sediments (Gowlett et al., 
2015), at higher stratigraphic levels than the GqJh1 site. Middle (MSA) 
and Later Stone Age (LSA) occurrences have also been found above the 
AFT within the Esageri Beds, especially at Moricho (Gowlett et al., 
2015). They demonstrate that the Kilombe mountain flank sequence 
offers the potential to elucidate changes in lithic technology over more 
than a million years, including the transition from the Acheulean to 
MSA, as also seen to the north in the Kapthurin Formation (Blegen et al., 
2018; Johnson and McBrearty 2010; McBrearty 1999; Tryon and 
McBrearty 2002), and to the south at Olorgesailie (Brooks et al., 2018; 
Deino et al., 2018). 

Fig. 2. Map of Kilombe caldera and the southern flanks of Kilombe volcano (based on recent surveys with margins of trachyte following Jennings (1971) and 
Jones (1975)). 

S. Hoare et al.                                                                                                                                                                                                                                   



Journal of Archaeological Science 125 (2021) 105273

4

2. Methods 

2.1. Survey 

Survey has been carried out across the Kilombe mountain flank in 
continuation from previous studies, using standard map recording 
methods, aided by GPS and satellite imagery and photography. Sections 
around the Main Site (GqJh1) and in the caldera have been measured by 
laser theodolite at <5 cm vertical accuracy. Archaeological sites were 
given designations using the standard SASES naming system in accor
dance with National Museums of Kenya registration practice. 

2.2. Sample Collection for 40Ar/39Ar geochronology 

Samples of tuffs and lava flows were collected during field seasons 
from 2011 to 2017. Samples were taken from primary volcanic deposits 
as defined by Bishop (1978), except for the intra-caldera volcaniclastics 
(Kil 2–4 and 2–8) samples, which included both primary tuff and lahar 
deposits. Fresh material for all the samples was extracted following 
removal of surface contamination and any weathered material. Each 
location was recorded using a handheld GPS unit and named according 
to Bishop’s (1978) lithostratigraphy, aside from Kil 2–7. 

2.3. Sample preparation and 40Ar/39Ar geochronology 

A detailed sample preparation routine is discussed by Mark et al. 

Fig. 3. Stratigraphic overview of the two main exposure series: Kilombe caldera and the mountain southern flank. Above: profile from Kilombe mountain to the Molo 
River showing sampling areas. Scale in km. 
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(2010; 2014), but briefly: feldspars (sanidine) were separated after 
disaggregating, washing and sieving followed by magnetic and density 
separations and finally by ultrasonic cleaning in 5% hydrofluoric acid 
for 5 min. Feldspars were handpicked under binocular microscope for 
analysis. Samples were irradiated in the CLICIT facility of the Oregon 
State University TRIGA reactor using the Alder Creek sanidine as a 
neutron fluence monitor. 

40Ar/39Ar analyses were conducted at the NERC Argon Isotope Fa
cility, Scottish Universities Environmental Research Centre (SUERC). 
Details of irradiation durations, J measurements, discrimination cor
rections are provided in appendix file DM1. Irradiation correction pa
rameters are shown below. 

For J determinations three bracketing standard positions surround
ing each unknown were used to monitor the neutron fluence. Eight 
measurements were made for each bracketing standard position. The 
weighted average 40Ar*/39ArK was calculated for each well, and the 

arithmetic mean and standard deviation of these three values were used 
to characterize the neutron fluence for the unknowns. This approach 
was deemed sufficient as, due to the relatively short irradiation dura
tions, there was no significant variation between the three positions in a 
single level of the irradiation holder. This also facilitated high-precision 
measurement of the J-parameter. Note that for all J-measurements no 
data were rejected. 

Samples were analyzed in several batches. Air pipettes were run (on 
average) after every 5 analyses. Backgrounds subtracted from ion beam 
measurements were arithmetic averages and standard deviations. Mass 
discrimination was computed based on a power law relationship (Renne 
et al., 2009) using the isotopic composition of atmospheric Ar reported 
(Lee et al., 2006) that has been independently confirmed (Mark et al., 
2011). Corrections for radioactive decay of 39Ar and 37Ar were made 
using the decay constants reported by Stoenner et al. (1965) and Renne 
and Norman (2001), respectively. Ingrowth of 36Ar from decay of 36Cl 

Fig. 4. Detailed map of Kilombe caldera localities, showing the designated sites (see Fig. 2 for position of this map). Background courtesy Google Earth.  

Fig. 5. Outline section of the Kilombe caldera sediments, dating samples and archaeological/faunal localities. Inset map shows position of section line (which does 
not include the Lower Staircase, cf. Fig. 4). 
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was corrected using the 36Cl/38Cl production ratio and methods of 
Renne et al. (2008) and was determined to be negligible. Argon isotope 
data corrected for backgrounds, mass discrimination, and radioactive 
decay and ingrowth are given in the appendix file DM1 (.pdf). 

The samples were analyzed by total fusion with a CO2 laser and 
measurements made using a MAP 215-50 (MAP2) noble gas mass 
spectrometer. The mass spectrometer is equipped with a Nier-type ion 
source and analogue electron multiplier detector. Mass spectrometry 
utilized peak-hopping by magnetic field switching on a single detector in 
10 cycles. 

Ages were computed from the blank-, discrimination- and decay- 
corrected Ar isotope data after correction for interfering isotopes 
based on the following production ratios, determined from fluorite and 
Fe-doped KAlSiO4 glass: (36Ar/37Ar)Ca = (2.650 ± 0.022) x 10− 4; 
(38Ar/37Ar)Ca = (1.96 ± 0.08) x 10− 5; (39Ar/37Ar)Ca = (6.95 ± 0.09) x 
10− 4; (40Ar/39Ar)K = (7.3 ± 0.9) x 10− 4; (38Ar/39Ar)K = (1.215 ± 0.003) 
x 10− 2; (37Ar/39Ar)K = (2.24 ± 0.16) x 10− 4, as determined previously 
for this reactor in the same irradiation conditions (Renne 2014). Ages 
and their uncertainties are based on the methods of Renne et al. (2010), 
the calibration of the decay constant as reported by Renne et al. (2011) 
and the ACs optimization age (1.1891 ± 0.0009 Ma, 1 sigma) as reported 
by Niespolo et al. (2017), except where noted. The 
optimization-modeled age for the ACs standard has accurate quantifi
able uncertainties and hence is favoured here over the astronomically 
tuned ACs age presented by Niespolo et al. (2017). The reason for this is 
that the astronomical calibration has unknown uncertainty and confi
dence intervals and uses best guess ‘assumptions’ to constrain, for 
example, phase relationships between insolation and climate within the 
Pleistocene. 

3. Results 

3.1. 40Ar*/39Ar dates 

17 samples were 40Ar*/39Ar dated in total, and the geochronological 
data and plots are presented in Appendix File DM1. Age computation 
uses the weighted (by inverse variance) mean of 40Ar*/39ArK values for 
the sample and standard, combined as R-values and computed using the 

method of Renne et al. (2010). Outliers in both single-crystal samples 
and standards were discriminated using a 3-sigma filter applied itera
tively until all samples counted are within 3 standard deviations of the 
weighted mean ± one standard error. This procedure screened older 
crystals that are logically interpreted as xenocrysts. Some young crystals 
were rejected on the basis of low radiogenic 40Ar yields due to analysis of 
exceptionally small or low-K crystals or as statistical flyer. Processing of 
the data using the nMAD approach of Kuiper et al. (2008) has no impact 
on the probability distribution plots for each sample. All ages are re
ported as X ± Y where Y includes all sources of uncertainty as deter
mined through the optimization approach of Renne et al. (2010), using 
the parameters of Renne et al. (2011), and the standard age of Niespolo 
et al. (2017). The 40Ar/39Ar dates are summarised in Table 1. Further 
data are provided in supplementary data file DM1. Below we present in 
more detail the new stratigraphic framework, archaeological occur
rences and their relationship with chronological measurements. 

3.2. Geochronology and Archaeological relationships 

The succession is discussed here in ascending chronological order, (i) 
in the caldera, and (ii) on the southern flanks of the mountain (Table 1; 
Figs. 2 and 3). As far as can be determined all dates fit in order within the 
stratigraphic sequence, within the ranges of reported 1-sigma 
uncertainty. 

3.2.1. The mountain and caldera sequence 
The two earliest dates in the series are derived from trachyte flows of 

the Kilombe volcanic cone. Sample Kil-2–6 was selected from the eastern 
side of the volcano at the foot of the gorge (Fig. 2), and represents the 
furthest flow of lava to the east of the mountain, with an age of 2.552 ±
0.038 Ma. Sample Kil-3-1 was collected from the caldera rim (Figs. 2 and 
5), immediately to the south of the gorge. The position is high on the 
mountain and had been interpreted by Jones (1975) as the most recent 
flow. The age of 2.493 ± 0.009 Ma compares closely with Kil-2-6 and 
together they are the oldest in the entire series of 40Ar/39Ar ages re
ported here. From the positions of the samples Kil-2-6 and Kil-3-1, it is 
likely that most of the trachyte flows making up the mountain are 
somewhat older than ca. 2.4 Ma. 

Table 1 
Summary of40Ar/39Ar data. Descriptions of each individual age are recorded in supplementary file DM1.          

Sample-ID Age (Ma) ± Ma (1s) Sampled layer Polarity Palaeomag. Constraint  

Mountain Flank Sequence     
Kil 2-1 0.111 0.020 Top Seq. Tuff    
Kil 2–7 0.127 0.030 MSA 200    
Kil 3–5 0.266 0.003 Moricho Tuff 105    
Kil 3–4 0.275 0.011 Moricho Tuff 104    
Kil 3-3 0.248 0.004 Moricho Tuff 103    
Kil 1–3 0.461 0.014 AFT N <0.78 Ma (Brunhes Chron)  
Kil 1–4 0.487 0.011 AFT N <0.78 Ma (Brunhes Chron)  
Kil 2-2 1.032 0.025 3BT R >0.78 Ma (Matuyama Chron)  
Kil 2–5 1.509 0.034 Tuff with grass prints   
Kil 1–2 1.559 0.007 Trachyphonolite    
Kil 1-1 1.580 0.008 Trachyphonolite    
Caldera Sequence      
Kil 1–5 0.469 0.016 Tuff at Waterfall N <0.78 Ma (Brunhes Chron)  
Kil 2–4 1.761 0.020 Tuff in Upper Staircase   
Kil 2–8 1.762 0.022 Tuff in GqJh13A    
Kil 3-2 1.814 0.004 Tuff in GqJh12A    
Trachytes of Kilombe volcanic cone    
Kil 2–6 2.552 0.038 Trachyte flow base of gorge  
Kil 3-1 2.493 0.009 Trachyte flow Caldera rim 

All ages calculated using the decay constants of Renne et al., 2011. 
Ages referenced against the Alder Creek sanidine age of Niespolo et al., 2017 (optimization, 1.1891 Ma). 
Age calculations used the atmospheric 40Ar/36Ar of 298.56 ± 0.31 (Lee et al., 2006; Mark et al., 2010). 
All ages include systematic uncertainty as calculated using the optimization model of Renne et al., 2010. 
Polarity: N = normal and R = reversed. 
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The 40Ar/39Ar ages of ca. 2.4–2.5 Ma are older than the single earlier 
age determination reported by Jones and Lippard (1979): their sample 
(14/1) gave a 40K/40Ar age of 1.90 ± 0.15 Ma. Coordinates which they 
provided for that sample are 35.50E/00.03S, indicating a point on the 
northern side of Kilombe volcano, about 3–4 km NW of our sampling 
points (Fig. 2, sample 14/1). There are two potential scenarios to explain 
the age difference: (1) incomplete extraction of radiogenic 40Ar during 
laboratory heating may have caused an artificially young age constraint, 
or (2) that the sample may be from a unit younger than the trachytes 
sampled in our research. In total, Jones (1975) recognised more than 13 
individual volcanic events. The larger Londiani volcano, a few km to the 
west of Kilombe (Fig. 1B), is a similar trachyte volcano (Jennings 1971), 
and provided a40K/40Ar age of 3.1 ± 0.1 Ma (Jones and Lippard 1979). 
These results are consistent with the interpretation first set forward by 
Jennings and Jones that Londiani Volcano was active in the late Plio
cene, and Kilombe was a centre of volcanic activity during the earliest 
Pleistocene. 

3.2.1.1. Kilombe caldera sequence. The caldera-fill sequence rises to a 
height of ca 2 km, just below the summit of the collar of the volcano, and 
most probably extends over the entire caldera diameter of ca. 3 km 
(McCall 1967; Jennings 1971) (Figs. 2 and 4). The sediments covering 
approximately 10 km2 are largely covered by vegetation but are acces
sible close to the surface and are exposed in a number of outcrop areas. 
The caldera fill comprises a series of horizontally bedded tuffs (see also 
Ridolfi et al., 2006) and massive volcaniclastic breccia and sandstones, 
interbedded with claystones, thin sandstones and siltstones. This 
sequence is currently best exposed in a trackway ascending from a 
dammed pool in the caldera centre, and comprises the Upper Staircase 
sequence (Figs. 5 and 6). Deeper portions of the caldera-fill are exposed 
in a Lower Staircase (Fig. 4) descending into the gorge, and lead down to 
and below the waterfall section. Running from East to West, the entire 
set of exposures in the Upper Staircase rises 100 m along a length of ca. 
500 m. The Lower Staircase runs approximately SSW to NNE along 250 
m, descending from ~1980 to ~1920 m (Fig. 4). 

The first fossil bones from the sequence were found by the farmer Mr 

Philip Kogai during the digging of a latrine pit at a level near the base of 
the Upper Staircase section (This is confirmed to be the same level 
explored in site GqJh 13A, which is a few m south of the latrine: Fig. 5). 
In a striking case of research impact, stimulated by knowledge of in
vestigations in the area outside the volcano he reported the bones to the 
Museums, and they were confirmed as representing mineralised fossil 
material contained within a volcano-sedimentary unit. 

The well-preserved fossils found subsequently at these levels in the 
Upper Staircase sequence, include extinct bovids and hippopotamus 
identified by JB as Hippopotamus gorgops. Since 2012, road improve
ments to the trackway have obscured details of the stratigraphy, but it 
has been possible to clean new sections in the side of the road, and to 
identify within the staircase many successive tuffs, volcaniclastic sand
stones and diamictites resulting from lahars (volcanically related mud
flows), separated by claystone units, which include siltstone and 
sandstone interlayers. The many tuffs indicate recurrent eruption of 
probably more than one nearby (proximal) to distal volcanic sources, 
and the lahars indicate mudflows reworking material within the con
fines of Kilombe caldera itself. Individually, units are 20 cm up to 100 
cm thick, and separated by units of claystone, which exhibit a “waxy” 
texture (cf Hay 1976:42), related to smectite content, indicative of 
deposition in a saline-alkaline lake. 

Three of our 40Ar/39Ar dated samples relate to the lower part of the 
Upper Staircase, and to finds made subsequently at the same levels in 
fields north of the road which exposes the staircase stratigraphy. The 
most precise date comes from a locality (GqJh12A) investigated with the 
help of the farmer, Mr Kogai, 200 m to the north of the Upper Staircase 
(Fig. 4). A tuff sample Kil 3-2 taken here yields a 40Ar/39Ar age of 1.814 
± 0.004 Ma. Hippopotamus and bovids are represented at this locality, 
embedded within the tuffaceous sequence. Sample Kil-2-8, from the 
same horizon in the Upper Staircase, yielded a less precise but 
compatible date of 1.762 ± 0.022 Ma; this came from a thin tuff 
immediately underlying the bone and artefact finds (locality GqJh13A) 
(Figs. 3–5). . A third date of 1.761 ± 0.020 Ma (Kil-2-4) from 15 m 
higher in the Upper Staircase constrains the minimum age of archaeo
logical and faunal finds in this area, the three dates being consistent with 
the identification of H. gorgops in the assemblage. About 30 m of sedi
mentary sequence then overlies the upper dated horizon, culminating in 
a fairly horizontal surface running across the central part of the caldera. 

The two 40Ar/39Ar ages for Kil 2–4 and Kil 2–8 are in stratigraphic 
order, but considering their uncertainties they are statistically indistin
guishable. With the third 40Ar/39Ar age (Kil-3-2) they demonstrate an 
Early Pleistocene age for the fossil localities, approximately contempo
rary with the part of the sequence at Olduvai including the Bed I/Bed II 
boundary (Hay 1976; Blumenschine et al., 2003; Deino 2012; Stanistreet 
et al., 2018). The precise age for Kil 3-2 specifies the bone assemblage 

Fig. 6. The Upper Staircase of tuffs and sediments visible in Kilombe Caldera. 
Arrows indicate the positions of sites GqJh13A, Oldowan, and 
GqJh15A, Acheulean. 

Table 2 
Main archaeological and faunal localities of Kilombe mountain (surf. =
surface finds, exc. = excavated).  

SASES 
Locality 

Area Character Artefacts 

GqJh1 MSA S Flank, Kilombe Main Site MSA 14 exc. 
GqJh3W-200 S. Flank, Kilombe West MSA 17 exc., ~100 surf. 
GqJh20 S. Flank, Moricho, central MSA 5 exc., 20 surf. 
GqJh3 KW S. Flank, Kilombe West Acheulean 14 surf. bifaces 
GqJh2 S. Flank, Kilombe SE Gullies Acheulean 15 exc. 30 bifaces 
GqJh1 S. Flank, Kilombe Main Site Acheulean 2000+ exc.    

500+ surf. 
(bifaces) 

GqJh15A Caldera, Upper Staircase Acheulean 75 exc., 7 surf. 
GqJh13A Caldera, Upper Staircase Oldowan ~100 exc. + fauna 
GqJh12A Caldera, N of Upper 

Staircase 
Oldowan 1 exc. + fauna 

GqJh12B Caldera, N of Upper 
Staircase 

Oldowan 3 surf. + fauna 

GqJh12C Caldera, N of Upper 
Staircase 

Oldowan ~15 exc. + fauna  
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here as equivalent to slightly older than Tuff IF at Olduvai in topmost 
Bed I. 

Stone artefacts have been found from four localities at these levels, 
all of which also contain fauna (Table 2). They are Oldowan-like in 
general character, consisting of cores, core-tools and flakes, and are 
mainly made of trachyte. Their significance is discussed further below. 
At locality GqJh13A, at the base of the Upper Staircase, there is proof of 
multiple bones in situ, associated with around 100 excavated stone finds 
(Fig. 7); smaller numbers of finds come from localities GqJh12 A, B and 
C (Fig. 4, Table 2). A large core was also found at an isolated exposure on 
the south side of the gorge, at an elevation of ~1985 m. 

The Upper Staircase ascends approximately 40 m along a length of 
200 m, and is mainly composed of a series of interbedded mudflows, 
tuffs and claystones. Towards the top is a series of mudflow units. These 
contain artefacts of undoubted Acheulean character, including several 
bifaces and biface flakes. Artefacts are found scattered within the 
mudflows and are also found concentrated at one interface in a clayey 
lens. All the main elements of early Acheulean assemblages are repre
sented, including ~6 bifaces (Fig. 8), several cores and probable heavy- 
duty scrapers, and a number of flakes. Some flakes indicate simple 

working of a core, but one is interpreted as a handaxe trimming flake. 
The significance of these finds is discussed further below. Further 
Acheulean finds in the caldera were made in 2019 and the complete 
assemblages will be reported on separately. 

3.2.1.2. The Lower Staircase and gorge development. Tuffs and other 
sediments can also be traced at lower levels in the gorge leading out of 
the caldera. They can be followed in the Lower Staircase (Figs. 4 and 5) 
which descends along the western face of a small side gorge on the south 
side of the main gorge, and then along the spur between the side gorge 
and main gorge down to the level of the stream. Exposures can also be 
traced westward intermittently along the south side of the main gorge to 
the point where it terminates with a vertical rock face, over which the 
stream descends around 25 m in the waterfall. At the waterfall a far 
younger very thick tuff fills and covers a deeply incised unconformity 
surface that cuts down into horizontal thinly laminated lacustrine de
posits, in places displaying ripple marks. These and underlying lacus
trine sediments appear to represent stratigraphically the oldest exposed 
levels of the caldera-fill sequence. A trachyte lava unit at a slightly 
higher level extruded within a succession of diamictites deposited by 
mudflows, and is interbedded with that oldest sequence, probably 
recording the last event in the history of the activity of Kilombe volcano 
itself. Further dating and palaeomagnetic studies may give added 
chronological resolution to events between the early lavas of the vol
canic cone at ca 2.5 Ma and the dated tuffs of the caldera-fill at ca 1.8 
Ma. 

Within the caldera area modern streams cut down through the 
caldera-fill, joining to make the modern gorge. However there have been 
earlier phases of gorge development. At the waterfall a proto-gorge in
cises deeply through the older caldera-fill sequence and this incision is 
filled by a thick coarse lapilli ash tuff Kil 1–5 which has been 40Ar/39Ar 
dated at its base to 0.469 ± 0.016 Ma (Fig. 5). 

This Middle Pleistocene age shows that the tuff is far younger than all 
the tuffs and interleaved lacustrine units just described. We deduce that 
the pronounced unconformity, on which the tuff sits, cuts down deeply 
through the older sequence. The lacustrine sequence underlying the 
massive tuff exhibits reversed magnetisation (thus an age >780 ka based 
on the date of the Brunhes Matuyama transition: Mark et al., 2017), 
whereas the sequence above and including the tuff exhibits normal 
polarity, emphasizing the magnitude of the erosional break at the base of 
the tuff. Jones (1975; also Bishop 1978) identified an Ash Flow Tuff 
(AFT) in the region which he placed as the basal unit of his Menengai 
Series, since he linked the sediments with the earliest eruptions of 

Fig. 7. Oldowan artefacts of trachyte, site GqJh13A. Left: simple core, showing 
detachment area of a single main flake. Right: flake, dorsal and ventral views. 
Scale 3 cm. 

Fig. 8. Left, Acheulean handaxe of trachyte from Kilombe caldera site GqJh15A; centre, handaxe from site GqJh2 on the southern flank of the mountain; right, a 
handaxe found less than 1 m below the AFT in the same GqJh2 area, and hence the youngest biface yet known from Kilombe. Scale in cm. 
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Menengai (or a proto-Menengai in his terms). Menengai volcano lies 
about 20 km south of Kilombe, and the tuffs are more thickly developed 
approaching it from the north side (Jones 1975). The Ash Flow Tuff 
occurs extensively on the southern flanks of Kilombe, and was also 
mapped by Jones as occurring in the calderas of Londiani and Kilombe: 
in 2018 it was observed on the north side of the stream channel within 
Kilombe Caldera. The date of the incision-fill tuff in the gorge is statis
tically indistinguishable from those for the Ash Flow Tuff (see below), 
and we correlate them provisionally. 

In places lower down the stream course within the gorge remnants of 
tuffs and mudflows are visible. From this evidence it seems likely that a 
stream was already draining the caldera and cutting through caldera-fill 
sediments that were deposited during the Matuyama Chron prior to ca. 
470 ka. 

In summary, the current research has established the presence of 
extensive early Pleistocene sediments within Kilombe caldera, and 
temporally constrained them to between ca. 2.4 and 1.7 Ma, with ex
tensions to that time range possible. Previously the entire caldera-fill 
was mapped by Jennings (1971) and Jones (1975) as far younger sedi
mentation. It is now possible to state with certainty that two different 
units are involved, separated by a considerable time interval. The 
bedded tuffs are far older than the massive tuff, which has an age 
indistinguishable from that of the AFT outside the caldera (see below 
dates Kil 1–3 and 1–4). The late Pleistocene Menengai Tuff (Jones 1975; 
Blegen et al., 2016; Blegen 2017) is also present within the caldera to the 
south of the main drainage way, also sitting on an unconformable 
incision surface. 

3.2.2. The succession on the southern mountain flanks 

3.2.2.1. Basal trachyphonolite. On the southern side of Kilombe Vol
cano, Pleistocene sediments cover an area of at least 6 × 3 km, mantling 
its lower slopes (Fig. 2). At the base is a greenish-grey, feldspar-phyric, 
trachyphonolite lava (Bishop 1978), in places flow-laminated, which 
forms a spur extending from the south side of the mountain. Although it 
is largely covered by younger sediments, the trachyphonolite is wide
spread and exposed in many places, and usually has an irregular un
dulating top surface. A direct stratigraphic relationship with the 
trachytes of Kilombe mountain has not been observed (Bishop 1978; 
Jones 1975), but it is certainly less altered. It has yielded two dates at 
localities about 1 km apart, the first close to the archaeological Main Site 
(GqJh1), and the second at the Kapsigat road junction nearer to Kilombe 
mountain (Fig. 2). Dates yielded are 1.580 ± 0.008 Ma (Kil-1-1) and 
1.559 ± 0.007 Ma (Kil-1-2) respectively. The two 40Ar/39Ar dates 
overlap within 2 standard deviations. A previous 40K/40Ar age on the 
trachyphonolite published by Jones and Lippard (1979) had given the 
age of 1.70 ± 0.05 Ma (their sample 14/369). Its coordinates 
35.52E/00.09S (Jones and Lippard 1979) put the sampling point close to 
the Molo River about 2 km NE of Rongai, and some kilometres SW of our 
research area. 

As noted above, no contact has been detected between the trachy
phonolite and the trachytes of Kilombe mountain (Bishop 1978; Jones 
and Lippard 1979), and the stratigraphic relationship has been unclear. 
Jones (1975) correlated them to the Lake Hannington Trachyphonolite. 
The new 40Ar/39Ar dates show that the trachyphonolite substantially 
postdates the trachytes of Kilombe volcano itself, and substantially 
altered the landscape. 

The new trachyphonolite ages provide the earliest timings for the 
archaeological and environmental sequence on the southern flanks of 
Kilombe mountain. It is worth noting that they are also similar to ages 
for lavas at the base of the Kapthurin Formation 70 km to the north, 
which are dated at ~1.57 Ma. (Deino and McBrearty 2002; McBrearty 
1999 Tryon and McBrearty, 2002), and represent part of the same 
general set of volcanic lava outputs within the Rift. 

The trachyphonolite lavas outcrop at the present surface in 

substantial outcrops, but are usually overlain by several metres of red 
and brown claystones, occasionally containing faunal remains (Bishop 
1978; Brink in Gowlett et al., 2015), and which have been previously 
interpreted to represent accumulated weathering products from the 
basal lavas (Bishop 1978). Bishop noted a yellowish fine bedded tuff 
with grass prints occurring within the brown clays on the Acheulean 
Main Site (GqJh1). This is about 1.5 m below the main artefact horizon 
and has now been dated to 1.509 ± 0.034 Ma (Kil-2-5). 

3.2.2.2. The Acheulean Main Site (GqJh1) and Three-banded Tuff (3BT). 
The Acheulean Main Site GqJh 1 (Figs. 2 and 3) is exposed in an ancient 
broad shallow gully close to the top of the claystones. The Three-banded 
Tuff (3BT) (named by Bishop 1978) then occurs as a widespread marker 
on the eastern side of the trachyphonolite spur mentioned above. The 
3BT is located about 1 m higher in the sequence than the main Acheu
lean archaeological horizon and comprises three tabular ash fallout 
layers, each approximately 30 cm thick. 

The 3BT was previously suggested to record a reversed magnetic 
polarity, indicating that the main Acheulean site layer (GqJh1) was 
older than the age of the Brunhes-Matuyama boundary (Bishop 1978; 
Gowlett 1978). However, Dagley et al. (1978) were cautious on this 
point because the three samples were very strongly magnetised, and 
possibly represented an IRM induced by a lightning strike. The two 
samples from AH excavation were certainly reversed, but one from EH 
excavation gave a westerly direction. Our more recent measurements of 
the 3BT confirm that the high magnetisation, along with a reversed 
polarity, occurs at a number of different exposures of the 3BT spread 
over hundreds of metres. These findings indicate that the high mag
netisation does not result from a lightning strike. The 40Ar/39Ar age from 
a sample of the 3BT taken from the main site area is 1.032 ± 0.025 Ma 
(Kil 2-2). 

On the basis of the reversed polarity and the new 40Ar/39Ar age, the 
3BT is likely to have formed shortly before or after the Jaramillo Sub
chron which extends from 1.072 to 0.988 Ma (Ogg, GTS2012, Chapter 
5). Below the 3BT the archaeological horizons also record reversed 
magnetic polarity except for a layer at the very base of the Pale Pumi
ceous Tuff, which records normal polarity (Ashton, 2013). This change 
in polarity likely relates to the reversal at the end of the Jaramillo 
Subchron at 0.988 Ma. This would suggest that the 3BT and the main 
archaeological horizons are younger than the Jaramillo Subchron, with 
an age between the upper reversal of that subchron at 0.988 Ma and the 
younger limit on the age of date Kil-2-2 on the 3BT of 0.982 Ma. Within 
uncertainty, the 40Ar/39Ar age for this unit fits exactly and suggests that 
the 3BT was erupted very soon after the archaeological layer was 
deposited between 0.988 and 0.982 Ma. This age is similar to dates and 
correlations made for a tuff in Member 1 at Olorgesailie at 0.992 ± 0.39 
Ma, which is also underlain by the upper Jaramillo reversal (Deino and 
Potts, 1990; Durkee and Brown, 2014). Durkee and Brown (2014) used 
correlations of volcanic ashes dating to 992-974 ka to refine the chro
nology of three other major Acheulean site complexes in Kenya – 
Olorgesailie, Isinya and Kariandusi (Isaac 1977; Potts et al., 1999; 
Gowlett and Crompton 1994; Texier 2018). The dates and their corre
lations suggest that the Kilombe main site (GqJh 1) (Figs. 2 and 3) is 
older than the Kariandusi sites, and the group of Acheulean sites in 
Member 7 of Olorgesailie (Isaac 1977), but of a similar age to the group 
of sites from Olorgesailie Member 1, and probably Isinya, which could 
however be somewhat younger (Sano et al., 2020). The site Garba XIII at 
Melka Kunturé also appears to be of similar age (Gallotti et al., 2014; 
Morgan et al., 2012). Work on other deposits at Kilombe and refinement 
of the polarity sequence is ongoing, including study of the fauna-bearing 
claystones underlying the main archaeological horizon, and the yellow 
tuff with grass prints (Bishop, 1978) mentioned above, now dated to 
1.509 ± 0.034 Ma. 

3.2.2.3. The Ash Flow Tuff. The three banded tuff is usually overlain by 
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around 15 m of reddish tuffaceous sediments (the Farmhouse Cliff Beds: 
Bishop 1978; Gowlett et al., 2015), capped by a brown, massive 
non-welded lapilli-ash tuff with thickness of some 7 m. The latter is a 
unit of the “Lower Menengai” Tuff series mapped by Jones (1975) (see 
also Jones and Lippard 1979), and like the 3BT, it is widespread in the 
area south of Kilombe mountain. According to Jones, to the SE, closer to 
Menengai caldera, the tuff units are developed with a great thickness of 
pumice which he states passes laterally into waterlain reworked tuff. 
Bombs within the pumice tuff become larger towards Menengai, indi
cating an origin from that source, rather than from Kilombe or Londiani 
volcanoes. The pumice-bearing unit is followed by the characteristic 
massive unwelded ash flow tuff (AFT) unit which is prominent in the 
Kilombe area. Main components are pumice clasts, compact obsidian 
and trachyte clasts, and feldspar crystals. Jones and Lippard (1979) 
describe it as ‘a succession of pumiceous tuffs capped by an unwelded 
ignimbrite’ (p. 699). As a resistant layer it has been largely responsible 
for the preservation of the underlying softer sediments. It is breached by 
erosion in the area of the Main Site (GqJh1), forming cliffs that face 
north into the Kibberenge valley. To the south it can be traced contin
uously into the valley of the Molo river, which it mantles. In sequences 
the AFT is usually the capping horizon, but in the area of Moricho 2 km 
to the west of Kilombe it is overlain by a succession of younger Middle 
Pleistocene sediments now also dated (see below). 

The AFT has been dated at two places in the zone south of the 
mountain, both from the Farmhouse Cliff which overlooks the main site 
(GqJh1): Kil 1–3 is 0.461 ± 0.014 Ma and Kil 1–4 is 0.487 ± 0.011 Ma. 
At the 2-sigma confidence level these ages are indistinguishable and, 
taking into account the uncertainties, these samples define a weighted 
mean age for the AFT of 0.474 ± 0.009 Ma. 

These deposits have a normal magnetic polarity, confirming that the 
AFT formed during the Brunhes Chron at <780 ka (Mark et al., 2017), 
consistent with its Middle Pleistocene 40Ar/39Ar age. Jones (1979) 
termed this marker “Lower Menengai” Tuff and mapped it as occurring 
within Kilombe caldera (as noted above). 

Also within the Menengai assemblage is a trachyte, which was 
40K-40Ar dated by Jones and Lippard (1979) from a trachyte boulder in 
Menengai caldera to ca. 0.30 Ma, although they commented on the 
unreliability of this age, and the context is also unverifiable. It was 
placed at the base of the Lower Menengai series, and was hitherto the 
only direct dating evidence available. 

Leat (1984) argued that the AFT, visibly capping Farmhouse Cliff, 
was of Upper Pleistocene age, relating to a later eruption of Menengai 
thought to be at about 30 ka, and which has now been 40Ar/39Ar dated to 
ca. 36 ka by Blegen et al. (2016). Jones (1985) regarded Leat’s inter
pretation as a misidentification, perhaps a confusion with later 
Menengai ashes which occur in the direction of Rongai. The stratigraphy 

at Moricho, the archaeology, and the new sequence of 40Ar/39Ar ages 
combine to show definitively the Middle Pleistocene age of the AFT. One 
or two Acheulean handaxes occur within the Farmhouse Cliff sediments 
as high as 1 m below the AFT: they would have an age of ca 0.5 Ma 
assuming a reasonable sedimentation rate, and are the youngest ex
pressions of the Acheulean known in the area so far. 

The new 40Ar/39Ar ages demonstrate that a major volcanic eruption, 
Fig. 9. Sediments at Moricho site GqJh20, indicating the dated units 105, 104 
and 103 (see text) exposed in a low outlier allowing investigation. Kilombe 
mountain is in the background. 

Fig. 10. Top: bifacially worked flake and MSA bifacial point, both obsidian, 
from site GqJh20 dated to ~0.248–0.266 Ma. Below, two points from Site 
GqJh3 W 200; lower view is of casts showing greater surface detail. Scale in cm. 
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possibly on the scale of a caldera-forming event took place during the 
Middle Pleistocene, ca. 0.5 Ma. Jones (1975) on the basis of mapping 
close to Menengai mountain interpreted this as activity of a ‘proto-
Menengai’, but there is also evidence of an eruption of Eburu volcano at 
a similar age (McCall 1967). In places surfaces of the AFT exposed by 
erosion may be overlain directly by a recent tuff, the Rongai black ash, 
mentioned by Bishop (1978), Jones (1975) and Jones and Lippard 
(1979). 

3.3. Esageri Beds 

Usually the AFT is present as a capping feature, as at Farmhouse Cliff, 
where it can be traced along two or 3 km of north-facing scarp. Further 
east, however, and to the west at Moricho, where there were lows in the 
ancient topography, the tuff is overlain by suites of younger sediments, 
mainly the Esageri Beds, the main component of Jones’s Menengai 
assemblage (see Fig. 3, stratigraphic overview). At Moricho these are 
exposed in spectacular cliffs of 10–20 m height (Jennings 1971), 
fringing natural amphitheatres extending for more than 1 km along 
stream channels. They contain Middle Stone Age artefacts, including 
typical Levallois points of lava and obsidian, but usually the contexts of 
these cannot be defined because of the steepness of the exposures: the 
artefacts occur in scatters at the foot of the cliffs. In the area GqJh 20 
(Figs. 2 and 9) a small low outlier of sediments was selected for 
archaeological investigation, as contamination from higher levels could 
be ruled out and the sediments are relatively accessible (Fig. 9). This 
area is a few metres above the AFT, although this is not locally visible, 
and three closely spaced tuffs have been dated from the lower part of this 
sequence. In ascending order the dates are 0.266 ± 0.003 Ma for Unit 
105 (Kil-3-5), 0.275 ± 0.011 Ma for Unit 104 (Kil-3-4) and 0.248 ±
0.004 Ma for Unit 103 (Kil-3-3) (Table 1) (see Fig. 9). 

The three tuffs are separated by thin layers of sediments containing 
MSA artefacts at the sampling point (Fig. 9). The pieces initially found 
included one small flake of obsidian, several flakes of lava, and a simple 
core on a cobble. Specimens found more recently confirm that bifacially 
worked obsidian points of MSA type occur within these levels (Fig. 10). 

The finds occurred at low density in brown silty claystones which are 
very compacted. The tuffs are separated by ~2 m vertically (Fig. 9), 
suggesting that they reflect different volcanic events. When considering 
the uncertainty reported, the mean 40Ar/39Ar ages for Kil 3-3 and Kil 3–5 
are indistinguishable. Together they place early Middle Stone Age evi
dence at ca. 250–265 ka. Similar ages are known for early MSA in the 
Baringo area, as well as at Olorgesailie (Johnson and McBrearty 2010; 
McBrearty 1999; Blegen 2017; Blegen et al., 2018; Deino et al., 2018; 
Brooks et al., 2018). 

3.4. GqJh3 West area 

The Esageri Beds were cut into by later incisional surfaces, visible at 
the north end of the Moricho exposures, and also apparent in the Kilo
mbe (GqJh1) main site area (Bishop 1978). At the locality GqJh 3 
West-200 (Fig. 2), about 1 km west of the main site area, and investi
gated from 2011, a long modern erosional ‘amphitheatre’ trending E-W 
exposes most of the local sequence in sections about 8 m high. Trachy
phonolite is visible in places, overlain by brown claystones and then the 
Three banded Tuff. Above the 3BT is an unconformity (cutting out the 
3BT at the eastern end of the exposures), and a succession of younger 
beds about 3 m thick. A thin yellow-brown tuff (Kil 2–7) in the in-fill is 
associated with in situ MSA artefacts (Fig. 10) and has been 40Ar/39Ar 
dated to 0.127 ± 0.030 Ma. 

The artefacts at site 200 include long MSA points of obsidian (Hoare 
et al., 2020). The majority were found on the surface, but several 
obsidian flakes were recovered in situ just above and within the tuff. The 
40Ar/39Ar age indicates that the incisional event and filling took place 
during the last interglacial sensu lato (MIS 5). A similar finding is sup
ported by a further date of 0.111 ± 0.020 Ma (Kil-2-1) for a pale 

gritty-textured tuff occurring at the top of the fill of an incised feature on 
the main site GqJh1. It contains a few MSA artefacts in its basal layer. 

The 40Ar/39Ar age is important for defining the continuation of 
Middle Stone Age human activity. Together with the 40Ar/39Ar age for 
the AFT and the early MSA, this places the neighbouring Moricho ex
posures within a bracket of ca. 0.47–0.12 Ma. 

4. Discussion 

The 40Ar/39Ar ages and stratigraphic settings detailed here repre
sents a significant step forward in establishing a chronology for events in 
the central Kenyan Rift Valley, and also provides chronological resolu
tion to archaeological sites or faunal localities at various points in the 
stratigraphic succession. In its two main parts, the described sequence 
provides a new major Pleistocene record. 

The stratigraphic evidence, and the series of 40Ar/39Ar dates, 
coupled with the palaeomagnetic record, demonstrate that a major part 
of the Pleistocene is represented by volcanics and sediments forming 
Kilombe volcano, within its caldera (>100 m), and on its flanks (>50 m). 
The dating evidence has also established approximate chronostrati
graphic relationships between the two areas of sedimentation within 
and outside Kilombe volcano. Archaeological traces are included within 
this record almost throughout its length, in at least ten discrete levels. 

4.1. Significance of the Kilombe caldera-fill sequence 

Although Early Pleistocene localities with fauna and/or hominin 
occupation have become more numerous in recent years, they remain 
sparse along much of the Central Rift Valley. Within the Baringo Basin 
they include Chemeron 70 km to the north in the Kapthurin area (Deino 
and Hill 2002; Deino et al., 2002; Sherwood et al., 2002), and the 
Chemoigut Formation on the eastern side of Lake Baringo at Chesowanja 
(Bishop et al. 1975, 1978; Gowlett et al., 1981). But Chemeron does not 
have archaeological sites, and Chemoigut is not established to date 
earlier than ~1.5 Ma. There is a gap of ca. 450 km to the north to the 
sites of East and West Turkana (Roche et al., 1999; Delagnes and Roche 
2005; Harmand et al., 2015; Lepre et al., 2011; Isaac et al., 1997), and of 
180 km to Kanam to the SW (Braun et al. 2009, 2010; Plummer and 
Bishop 2016; Plummer et al., 1999). Olduvai Gorge lies 350 km to the 
south (Leakey, 1975; Leakey and Roe, 1994; Deino 2012, Blumenschine 
et al., 2003, 2009, Blumenschine et al., 2012a, 2012b, Dominguez-Ro
drigo et al., 2013; Diez-Martin et al., 2015; Uribelarrea et al., 2017; 
Stanistreet et al., 2020; Deino et al., 2020). The Kilombe caldera setting 
stands out from all these other sequences through its high altitude of 
around 2000 m – about 500 m more elevated than any other early East 
African archaeological locality (Olduvai Bed I is at 1400–1420 m, about 
1500 m below the summit of neighbouring volcanoes Olmoti and 
Lemagrut), and perhaps even more important, it presents a steep and 
rugged landscape for which there has not previously been evidence of 
early hominin occupation from elsewhere in eastern Africa. The great 
majority of early Pleistocene hominin localities are preserved adjacent 
to lake, wetland or stream settings, all well away from the nearest major 
volcanic centres. 

Biases in the representation of early sites on the landscape were 
made a focus of interpretation by Glynn Isaac (e.g. 1986). He noted the 
low likelihood of upland sites being preserved. More specific focuses on 
the issue have come from the work of Blumenschine and Peters at 
Olduvai, and from studies of tool transport at Kanam and Kanjera. Peters 
and Blumenschine (1995) examined land use potential around Olduvai, 
and in a succession of papers (e.g. Blumenschine and Peters 1998; Blu
menschine et al., 2003, 2009, Blumenschine et al. 2012a, 2012b) sought 
to hypothesize and make tests of optimal and less optimal palae
oecologies and palaeoenvironments (affordances), in which early 
tool-making hominins (such as Homo habilis) would have exploited areas 
of the African Rift System and associated volcanic highlands, consid
ering also their possible seasonal basis (Blumenschine and Peters 1998). 
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The Olduvai area was used as a test case, and it was deduced that 
optimal conditions would have been river-flanked areas high in the 
volcanic highlands, with access to fruits and rootstocks of those forested 
areas, as well as carcasses for scavenging. By contrast, settings more 
typically preserved geologically, and subsequently excavated archaeo
logically, tend to have been located at lower levels, where affordances 
for hominin exploitation were more ephemeral and marginal. At that 
time it was considered that environmental settings high on the volcano 
and its flanks were unlikely candidates for preservation. 

The caldera setting at Kilombe, however, shows how a lacustrine 
sequence with fluvial and fan sequences prograding into a centrally 
situated lake can be preserved high on a volcano. A good modern 
analogue is Ngorongoro Caldera, which formed through major eruption 
and subsequent cauldron subsidence (Hay, 1976) ~2 Ma ago, and which 
still hosts saline-alkaline Lake Magadi with surrounding freshwater 
wetlands. Fan sedimentation proceeds off the caldera rim and fluvial 
input via the River Munge, provides analogue lateral settings where in 
the past hominins might have thrived. 

Thus the occurrences discovered in the fill-sequence of Kilombe 
Caldera present an extremely rare opportunity to explore sites exploited 
by early hominins that were set in highlands, and potentially to contrast 
their archaeological characteristics with those in better-known lowland 
settings such as FLK Level 22 (Leakey, 1975; Blumenschine et al., 2012a; 
Dominguez-Rodrigo et al., 2007) and HWK E Level 1 (Leakey, 1975; 
Blumenschine et al., 2012b). 

As of now artefacts are known from at least two stratigraphic zones in 
the caldera. The lower, dating to ~1.8 Ma, appears to have Oldowan 
characteristics in a generic sense. The presence in low numbers of 
choppers and flakes is entirely compatible with an Oldowan designation 
(cf. Hovers and Elias, 2012; Toth and Schick 2018). Currently locality 
GqJh13A has produced ~30 heavy-duty artefacts, including several 
choppers, heavy-duty scraper forms, and a discoid, as well as ~50 flakes 
and other debitage: Gowlett et al. in prep). Locally sourced trachyte 
appears to be the dominant raw material. It does not usually give high 
quality conchoidal fracture, but was adequate for providing robust sharp 
edges. The artefacts are found in a similar size-range to Olduvai Bed I 
(Leakey, 1975), with the core element appearing somewhat larger than 
tools characteristic of E. Turkana and Kanam (Isaac et al., 1997; Braun 
et al., 2009). Acheulean artefacts in some numbers come from a zone 
about 30 m higher in the sequence near the top of the Upper Staircase. 
They have been found in situ both on the surface embedded in sediment, 
and in step trenches. About 75 specimens have been found in total, 
including six bifaces or biface flakes. The date of the finds at the top of 
the Upper Staircase is not yet closely fixed, although they are younger 
than ~1.76 Ma. Like the Oldowan finds, they are made almost entirely 
of trachyte, without signs of the trachyphonolite that was widely used 
for bifaces outside the caldera, and which was deposited at ~1.56 Ma 
(see below). The specimens within the caldera could be older than this 
date, but further work is necessary to clarify this issue. The biface 
element includes both handaxes and biface flake blanks, with specimens 
up to 180 mm in length. They appear to have been entrained and 
redeposited within the mudflows, but without strong size-selection since 
some small elements are preserved, including a handaxe trimming flake. 

4.2. Significance of the Kilombe mountain flank sequence 

The southern mountain flank sequence includes Acheulean sites 
which have been known since the 1970s, but the new work greatly ex
tends the sequence and improves its chronology. The dates for the tra
chyphonolite lava establish a base of ca 1.57 Ma for the main Kilombe 
sequence on the flanks of the mountain – shared approximately with 
basal dates for the Kapthurin Formation at Baringo, Kenya (Deino and 
McBrearty 2002). As the earliest dates obtained for the Acheulean in 
East Africa are older than this (e.g. West Turkana, Konso Gardula, and 
Olduvai (Lepre et al., 2011; Beyene et al., 2013, 2015; de la Torre, 2016; 
Diez-Martín et al., 2015, Gallotti 2013; Gallotti and Mussi 2017), an 

Acheulean presence would be possible even down to the base of the 
southern flank sequence in the Kilombe area, but outside the caldera no 
Acheulean traces have yet been found at levels lower than the main site 
(GqJh1, Figs. 2 and 5), now dated to ~1.0. Ma. 

The extensive Acheulean of the Main Site (GqJh1) thus remains the 
oldest at Kilombe outside the caldera. Its date of around 1.0 Ma is very 
close to that for Kariandusi, 80 km to the SE (Durkee and Brown 2014; 
Gowlett 1980; Gowlett and Crompton 1994). Dates at Kariandusi appear 
to be slightly under one million years for the Upper Site localities con
taining many obsidian handaxes, and certainly >~0.8 Ma on the basis of 
the palaeomagnetic evidence. In a tuff correlation study Durkee and 
Brown (2014) argued for a similar date for Isinya, although this is 
queried by Sano et al. (2020), while the oldest dates for the Olorgesailie 
Formation, just above the artefact horizons of Member 1, are also around 
0.974–0.992 Ma (Durkee and Brown 2014; Isaac 1977; Potts et al., 
1999). These dates coincide with a long-lasting wet phase in the Rift 
Valley emphasized by Trauth et al. (2005). 

The central Rift Valley region in Kenya provides very rare opportu
nities for comparing penecontemporaneous Acheulean assemblages (cf 
Isaac 1977; Gowlett 2015). At Kilombe itself, the stratigraphic range of 
the Acheulean established so far is from the main horizon below the 3BT 
up to a point immediately below the AFT – covering a period of about 
0.5 million years. Metrical and morphological comparisons are possible 
between the main horizon and two sets of bifaces from the Farmhouse 
Cliff sediments: around 20 bifaces from Kilombe GqJh3 West (KW) come 
from layers up to 5 m above the three banded tuff, and so somewhat 
lower than another set from the northeastern gullies (Fig. 2, Kilombe 
GqJh2 South NE). These last correlate with higher levels of the Farm
house Cliff sediments, close to the position of the Brunhes-Matuyama 
boundary. The comparisons of bifaces made so far suggest that the 
basic pattern of Kilombe bifaces generally made of trachyphonolite, and 
having a mean length of ca. 150 mm, was maintained between 1 million 
years and the B/M boundary 200 ka later without obvious change 
(Gowlett 2015). A similar pattern may be maintained because of the use 
of the same raw materials, perhaps encouraging a similar mean size of 
the large flakes used as biface blanks (cf., Sharon 2007). 

The AFT has importance as a stratigraphic marker, and also poten
tially has great use chronostratigraphically, as its time point of 0.474 ±
0.009 Ma is in a range often difficult to date at high resolution in 
archaeological sequences except when 40Ar/39Ar geochronology can be 
applied. Boxgrove in Britain is one of the few sites that can be pinned to 
this period outside Africa (Roberts and Parfitt 1999; Pope and Roberts 
2005). There is, however, widespread interest in the dating of techno
logical changes which may begin from around this time in Africa, and 
which culminate eventually in expressions of the MSA (e.g. Barham 
2013; Basell 2008; Blome et al., 2012; Brooks et al., 2018; McBrearty 
and Brooks 2000; Pleurdeau 2006; Wendorf and Schild 1974). Johnson 
and McBrearty (2010) highlight the early presence of stone blades at 
Kapthurin at this time, and according to Wilkins et al. (2012), major 
technological change can also be detected from this period at Kathu Pan 
in southern Africa, where projectile points suitable for hafting were 
dated by use of OSL on sediments. On the Kilombe southern flanks the 
Acheulean occurs very sporadically in the upper part of the levels be
tween the Main Site (GqJh1) and the AFT. One handaxe was found just 1 
m below the tuff, just north of GqJh2 (Fig. 8). Also in GqJh2 area, a 
double-pointed biface was found, close to the AFT level. This distinctive 
form is reminiscent of later Lupemban forms, but can also be matched by 
one earlier example from Olorgesailie (Isaac 1977, Figure 73, p.221). 
Until now no handaxes have been found above the AFT, although the 
lower levels at Moricho at ~280-250 ka are demonstrably within a 
time-range where both Middle Stone Age and late Acheulean facies 
might be found. The fullest sequences for comparison are Kapthurin, 70 
km to the north and Olorgesailie, 180 km to the south. At Kapthurin an 
Acheulean industry with Levallois flakes occurs as young as ~0.4 Ma, 
but MSA features are also evident around this time, and in industries 
with transported obsidian before ~200 ka (Blegen et al., 2018; 
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McBrearty 1999; Tryon 2006; Tryon and McBrearty 2002, 2006); at 
Olorgesailie from the same period similar occurrences of both 
Acheulean-like and MSA industries are found (Brooks et al., 2018; Deino 
et al., 2018), and the Moricho finds appear consistent with this picture, 
although the zone immediately above the AFT is not easily accessible for 
investigation. 

The upper sequence around Kilombe is complex. There was further 
sedimentation above the AFT, especially in depressions, as at Moricho to 
the west of Kilombe, and to the east of the trachyphonolite spur where 
the small Kibberenge valley descends parallel to the River Molo (Fig. 2). 
These are the thick red beds noted by Jennings (1971) and named by 
Jones (1975) as the Esageri Beds. Channels, sometimes containing tuffs 
in their fill, cut into the upper levels of these beds, both at Moricho and 
at Kilombe. The most important locality to date occurs about halfway 
between Moricho and Kilombe, 2 km west of the Kilombe Main Site 
(GqJh1). This is the Middle Stone Age locality of Kilombe GqJh3 West 
200 (Hoare et al., 2020), now dated to 127 ± 30 ka. The date of 111 ± 20 
ka from the main site GqJh1 confirms sedimentary events and human 
presence at about the same time. Geochemical analysis undertaken on 
obsidian points from this locality suggests the use of multiple sources 
and the long-distance transportation of high-quality obsidian from over 
80 km away in MIS 5. The outline sequence of Middle Stone age local
ities presented here is now relatively well-dated, but more work will be 
needed to elaborate it archaeologically. Artefacts, mainly of obsidian, 
occur at low density in the known localities. Where there are denser 
obsidian scatters, they tend to have accumulated at the base of steep 
cliffs, making further exploration challenging. There are however places 
where overlying levels have been eroded away, and the relevant local
ities are more accessible. The finds already add to the regional picture of 
a MSA deeply established in time (Basell 2008), probably from around 
300 ka, and with transport of obsidian materials from distant sources, as 
established by Blegen et al. (2016) at Baringo. 

5. Conclusion 

The new investigations across Kilombe volcano, on its flanks and 
within its caldera, coupled with the palaeomagnetic evidence and a 
series of new 40Ar/39Ar dates, demonstrate a major new sequence of lava 
flows and tuffs, fluvio-lacustrine sedimentation and archaeology 
ranging through almost the entire Pleistocene. It is one of the more 
complete of such sequences, and the only one which was generated in a 
highland context, significantly demonstrating early hominin presence at 
highpoints in the rugged landscape. The dates confirm that the major 
feature of the landscape, Kilombe volcano itself, assumed something like 
its present shape ~2.5 Ma years ago. Bedded tuffs and lake sediments 
accumulated within its caldera and evidently, at times between erup
tions, the area surrounding an intra-caldera lake presented an attractive 
environment to animals. These included large mammals such as 
hippopotamus (the extinct Hippopotamus gorgops) found in new faunal 
localities of an age corresponding to Olduvai Bed I. The presence of early 
artefacts at multiple localities proves for the first time that early homi
nins regularly exploited these topographically upland settings. 

The lack of trachyphonolite artefacts within the caldera might indi
cate that Acheulean artefacts there are likely to be older than those 
known outside the mountain, but further research is required to test this 
point. 

The Acheulean occurrences on the lower flanks of the mountain are 
now documented to occur through most of the time range 1.0–0.5 Ma. 
The oldest remain those of the Main Site (GqJh1), about 1 m below the 
approximately million-year-old Three-banded Tuff (3BT); the youngest, 
immediately below the Ash Flow Tuff (AFT), is around half that age. The 
AFT represents a cataclysmic eruption in the area, probably from the 
Menengai direction, and it, together with its underlying unconformity 
surface provides a benchmark for chronostratigraphic studies in the 
region. Further work will be needed to determine a full chronology for 
the later Middle to Upper Pleistocene deposits of Moricho and Kilombe 

overlying the AFT, but key points are already established, through the 
dates for early MSA sites in the range ~250–270 ka at Moricho (Figs. 2 
and 3), and in the date for the Middle Stone Age MSA site GqJh3W-200, 
which belongs to the beginning of the Upper Pleistocene, approximately 
120,000 years ago. Later Stone Age surface sites complete the sequence. 

Above all, the Kilombe sedimentary archive records the repeated 
presence of early humans in the one area. The evidence from Kilombe 
mountain includes traces of well-watered environments at several times 
in the past, with hippopotamus featuring in at least three levels. Early 
and later hominins may have exploited these environments in the 
repeated way that we observe partly because of the ecotonal aspect that 
a variety of resources were available within a few kilometres at very 
different altitudes. The Kilombe record therefore now provides excep
tional opportunities for further research on landscape and its varied use 
by hominins through the entire duration of the Pleistocene. 
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