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A B S T R A C T   

The Late Pleistocene archaeological record in the Turkana Basin is important for studying Homo sapiens evolu-
tion, but the record in this region is poorly documented, despite a long history of significant paleoanthropo-
logical discoveries. Ambiguity around ages and site formation processes are paramount problems. We 
investigated the chronometric, geological, archaeological, and paleoenvironmental context of GaJj17, a locality 
with an artifact-bearing deposit in the Koobi Fora region. Sedimentological facies analysis coupled with 
micromorphological evidence indicate the depositional environment at the site changed over time from a fluvial 
system to an aeolian one, forming the remnant lunate feature seen today. Caliche caps the site and likely 
mitigated erosion of the site during high lake stands; similar deposits (~25 m2) are found within a 2 km radius 
and are archaeologically sterile. Optically stimulated luminescence dating indicates the deposit and associated 
artifacts and fossils were emplaced circa 52–43 thousand years ago. Small (average length ~ 3.5 cm) flakes 
dominate the stone artifact assemblage and include unretouched triangular flakes on diverse raw materials 
indicating shared affinity with Middle and Late Pleistocene lithic toolkits elsewhere in eastern Africa. Hippo-
potamus, crocodiles, and fish are well-represented in the faunal assemblage, along with a small sample of 
terrestrial ungulate specimens. More taphonomic research to understand the accumulating agent(s) of the faunal 
assemblages is needed. These results contribute to our understanding of Late Pleistocene archaeological site 
formation processes in lacustrine contexts of the Omo-Turkana Basin.   

1. Introduction 

The tectonically active lake basins of the East African Rift System 

(EARS) formed important linkages and barriers along which Pleistocene 
human populations may have lived, migrated, and/or interacted. Lake 
levels fluctuated significantly, over 70 m in the Turkana basin during the 
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Holocene alone (Bloszies et al., 2015). Understanding how local floral 
and faunal communities shifted in response, and how Pleistocene 
humans adapted to these dynamic lake environments, is important to 
building human adaptive capacity to climate change (SDG 13). Much of 
current understanding regarding Late Pleistocene Homo sapiens 
behavior, however, derives from caves and rock shelter deposits 
comprising relatively long stratigraphic sequences at a single locality, 
for example, at Kisese II (Patania et al., 2022; Ranhorn et al., 2023), 
Enkapune Ya Muto (Ambrose, 2002; Leplongeon, 2016; Marean, 1992; 
Marean et al., 1994), Mumba Rockshelter (Bushozi et al., 2020; Mehl-
man, 1979; Prendergast et al., 2007), Nasera Rockshelter (Mehlman, 
1977; Ranhorn and Tryon, 2018; Solano-Megías et al., 2021), and Panga 
ya Saidi (d’Errico et al., 2020; Prendergast et al., 2023; Shipton et al., 
2018.). 

Open-air Pleistocene sites associated with Homo sapiens in EARS 
contexts are less common; variation in and ambiguity around deposi-
tional history and geochronology have largely precluded landscape scale 
time-transgressive comparative analyses. In the Baringo Basin for 
example landscape scale research in the Kapthurin Formation showed 
human technological innovation in stone tool technology spanning 
400+ kyr (McBrearty and Tryon, 2006; Tryon, 2010; Tryon and 
McBrearty, 2002; Tryon et al., 2006). Research near the Omo River 
depicted fossil evidence of Homo sapiens dated around 222 ka (Vidal 
et al., 2022) and diverse manufacture of lithic technology (Shea, 2008). 
Several localities in the Lake Victoria Basin (Blegen et al., 2015; Tryon 
et al., 2014) underscore the significance of lacustrine environments for 
Late Pleistocene human populations, and work in the Nile River Valley 
(Davis, 2019; Garcea, 2022; Vermeersch and Van Neer, 2015) demon-
strate a deep history of human reliance on riverine resources. All these 
examples demonstrate the importance of detailed site-level observations 
for building broader landscape-scale understandings of 
human-environment interaction throughout the dynamic climate 
changes of the later Pleistocene. 

In the Turkana Basin over forty years of geological and 

paleontological research has documented a record spanning ca. 4 
million years of human evolution and behavioral change (Bobe and 
Behrensmeyer, 2004; Isaac et al., 1971; Leakey, 1970; Leakey et al., 
1978). Despite its extensive geological record, the Middle and Late 
Pleistocene (781–126 and 126–11.7 ka respectively; Cohen et al., 2013) 
is not well documented in Turkana due both to preservation bias and 
relatively limited research (Kelly, 1996a, 1996b; Kelly and Harris, 1992; 
Shea and Hildebrand, 2010). GaJj17 (3.96◦ N, 36.30◦ E) is a unique 
locality located in the Koobi Fora region near Lake Turkana (Fig. 1) 
where faunal and archaeological evidence in primary context records 
hominin behavior in a lakeshore environment. In this paper, we combine 
multiple lines of evidence to build a multi-scalar reconstruction of site 
formation processes through time, with a specific focus on depositional 
environment and taphonomy. The geological, archaeological, faunal, 
and dating evidence derived from our excavations at GaJj17 demon-
strate a) hominin presence in a lakeshore environment ca. 52–43 ka and 
b) the need for multi-scalar taphonomy-oriented geoarchaeological 
studies to inform behavioral inferences. 

1.1. Pleistocene geology of East Turkana 

The sedimentary sequence of the East Turkana region provides a 
unique opportunity to investigate geological and ecological change over 
the last four million years. The paleontological and archaeological re-
mains associated with these deposits are marked by transitions attrib-
uted to global and regional climate, tectonics, and lake level fluctuations 
(Cerling et al., 2011; Feibel, 2011). These sediments, referred to as the 
Koobi Fora Formation of the Omo Group, have distinct stratigraphic 
markers with corresponding dateable volcanic tuff horizons forming a 
largely continuous litho-stratigraphic sequence with a high-resolution 
chronostratigraphic framework (Brown and Feibel, 1986; Feibel, 2011; 
Gathogo and Brown, 2006). The Koobi Fora Formation’s 
Plio-Pleistocene record provides crucial contextual evidence for in-
vestigations into the taxonomic diversity and ecological disparity of 

Fig. 1. Late Pleistocene archaeological sites in the Omo Turkana Basin. Digital elevation data provided by the Shuttle Radar Topography Mission (NASA). Inset) 30 
arc-second digital elevation model of the East African Rift Valley (EARV) system, data from United States Geological Survey GTOPO30. 
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several hominin lineages, including Paranthropus, Australopithecus, and 
early Homo (cf. Wood and Leakey, 2011). The lack of documented 
vertically and laterally extensive Middle and Late Pleistocene deposits, 
however, limits the scientific investigation of the latter periods of the 
human evolutionary record in Turkana, including the emergence and 
evolution of H. sapiens in the region. 

1.1.1. Guomde Formation geology and associated fossil hominins 
Vondra et al. (1971) provided the earliest description of Middle to 

Late Pleistocene sediments at East Turkana, which they initially 
described as the “middle unit” at Ileret, disconformably overlaying what 
was later termed the Chari Tuff, now dated to 1.39 Ma (McDougall, 
1985; McDougall and Brown, 2006). Bowen and Vondra later formally 
proposed the “Guomde Formation” (Bowen and Vondra, 1973:392), a 
stratigraphic unit overlying the Koobi Fora Formation with angular 
unconformity comprising tuffaceous siltstones and representing pre-
dominantly nearshore lacustrine and deltaic plain environments. 

In 1971 an expedition led by the National Museums of Kenya (NMK) 
reported the discovery of a hominin femur, KNM-ER 999, and cranium, 
KNM-ER 3884, from deposits then considered part of the Guomde For-
mation (Brauer et al., 1992; Day and Leakey, 1974; Leakey et al., 1978; 
Trinkaus, 1993). Later, in 1986, Brown and Feibel argued to subsume 
the Guomde Formation into the Koobi Fora Formation stating that the 
former lacked laterally continuous deposits, a characteristic required to 
receive formational rank (Brown and Feibel, 1986). 

While the relative context of Guomde fossils KNM-ER 999 and KNM- 
ER 3884 remain unconfirmed, morphological analyses suggest that both 
specimens are more closely related to Homo sapiens than to earlier 
members of the genus Homo (Brauer et al., 1992; Trinkaus, 1993). Direct 
U-series dating of KNM-ER 3884 suggest the specimen may date between 
270 and 300 ka (Brauer et al., 1992). Recent re-dating evidence from 
Jebel Irhoud, Morocco suggests an age of 315 ± 34 ka for fossils that 
some attribute to H. sapiens (Hublin et al., 2017). Additionally, H. sapiens 
remains were discovered within the Omo-Turkana Basin in the Omo 
Kibish Formation, dated to 220 ka (McDougall et al., 2005; Vidal et al., 
2022). 

1.2. Middle and Late Pleistocene archaeological research in Turkana 

Following the initial discovery of KNM-ER 999 subsequent excava-
tions near Ileret by J.W.K. Harris in 1972 revealed limited archaeolog-
ical context for the fossils (Harris, 1972). Later, in 1991 and 1992, Alison 
Kelly (student of J.W.K. Harris) continued the Late Pleistocene research 
and conducted geoarchaeological survey focused on uncovering Middle 
Stone Age (MSA) artifact-bearing deposits. The MSA, according to Kelly 
(1996b), refers to a lithic technological stage in human evolution, 
particular to sub-Saharan Africa, characterized by prepared core tech-
nology and an emphasis on the production of points, blades, and 
scrapers and has been broadly associated with the appearance and 
evolution of H. sapiens. 

Kelly and Harris (1992) described localities in three sub-regions of 
the East Turkana research area: Ileret, the Karari Ridge, and Koobi Fora 
Ridge. FwJi1, FwJi2, and FwJi3 were excavated near the modern town 
of Ileret. Near the Karari Ridge, Kelly and Harris described excavations 
at FxJj61 and 66 (ibid). GaJj17 in the Koobi Fora region was initially 
discovered by Charles Nelson (Kelly field notes, 1991; Nelson, personal 
communication). Nelson conducted a small (ca. 1 × 3 m) geological 
trench at the site, which was still visible upon our arrival in 2015. Alison 
Kelly continued research at GaJj17 in 1991 and 1992. Kelly’s team 
conducted three 5 × 5 m surface collections and excavated a 3 × 1 m 
unit to 20 cm depth and uncovered 463 artifacts and 254 fossil faunal 
remains (Kelly, 1996a). Kelly concluded that the artifact-bearing deposit 
was limited to the upper 5 cm of indurated sandstone. At the time of 
Kelly’s excavations, which lacked dateable tephra deposits, few radio-
metric dating options existed that could extend beyond the radiocarbon 
limit of ca. 45 ka; as a result, the 1991–1992 research lacked a 

chronological framework. 

1.3. Lake level variation effects on human lifeways and archaeological 
interpretation 

Lakes and rivers throughout the East African Rift Valley play a vital 
role in the lifeways of millions of people today, and the dynamic fluc-
tuations of the present extended well into the Pleistocene. For example, 
Lake Victoria, the largest freshwater lake in the world, was completely 
dessicated from approximately 94–36 ka (Beverly et al., 2020). Lake 
Malawi was 200–300 m below present from ~40 to 28 ka (Finney et al., 
2019). Lake Tanganyika levels were > 600 m below present prior to 25 
ka (Scholz and Rosendahl, 1988). Unlike Lakes Victoria, Tanganyika, 
and Malawi, Lake Turkana is considered a closed-basin lake, in a pre-
dominantly arid landscape; it is the largest permanent lake desert in the 
world (Obiero et al., 2022). Today, while northern Kenya faces its worst 
drought in recorded history, Turkana lake levels are extremely high and 
flooding is common (Inwood, 2022). 

Lake-level variation in Turkana influenced both hominin paleo-
environments and the taphonomy of paleontological and archaeological 
assemblages therein. Feibel (2011) described the paleogeography of the 
Turkana Basin throughout the Plio-Pleistocene, from the Apak flood-
plain, Lonyumun Lake, Moiti floodplain, Lokochot Lake, Tulu Bor 
floodplain, and Lorenyang Lake, the lattermost phase being associated 
with KNM-ER 15000. The cessation of the Omo group deposition was 
characterized by significant gaps in sedimentation and included the 
Chari Floodplain and Nachukui Lake phases, followed by the Silbo 
Floodplain, the last recorded fluvial system in the Omo Group (ibid). The 
formation of present-day Lake Turkana and its hydrologic variation is 
recorded in the Turkana Group of the Omo Kibish Formation and in the 
Galana Boi Formation, especially in relict beaches (Bloszies et al., 2015; 
Feibel, 2011). Lake levels oscillated over 30 m between ca. 14.5 and 4.5 
ka (Bloszies et al., 2015) and over 50 m between ca. 8.5 and 4.5 ka 
(Forman et al., 2014), including a 50 m water-level fall ca. 5 ka (Garcin 
et al., 2012). The highly variable Holocene lake-levels were likely 
associated with western and eastern African monsoons and sea surface 
temperatures (Bloszies et al., 2015; Forman et al., 2014). During lake 
highstands, especially in the early Holocene, water levels exceeded 459 
m asl and overflowed into the White Nile drainage system (Garcin et al., 
2012), likely flooding older Late Pleistocene sites, including GaJj17, in 
the process. 

1.4. Current Middle and Late Pleistocene research in the Turkana basin 

Our research in the Turkana Basin, beginning in 2013, has focused on 
a multi-scalar understanding of site formation processes with an objec-
tive toward understanding how humans adapted to the dynamic envi-
ronments of the Middle and Late Pleistocene in the basin. The first aim of 
this project was to identify archaeological sites dating to this period in 
primary context comprising ample sedimentary packages for excavation 
analysis. The GaJj17 locality provided the best opportunity to accom-
plish this, and we focused our initial analyses on a geological and 
depositional understanding of the site. This paper reports the first 
description of GaJj17 site evolution integrating facies analysis, micro-
morphology, optically stimulated luminescence dating, radiocarbon 
dating, zooarchaeological study, and stone artifact assemblage analysis. 
These site-level observations contribute to broader ongoing landscape 
Late Pleistocene geoarchaeological study. 

2. Material and methods 

2.1. Excavation 

Archaeological excavation proceeded from 2016 to 2018 and 
focused on two primary research objectives: 1) understanding the site 
formational and post-depositional geological processes, and 2) 
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uncovering and recording the spatial information of in situ artifacts and 
fossils for archaeological interpretation. Excavations included a 2 × 2 m 
unit (N87E95, based on local arbitrary grid system) that extended to a 
maximum depth of 2 m. This area was chosen for excavation because it 
was located outside Kelly’s 1991/1992 excavation and surface collec-
tion area and therefore was least likely to be disturbed by previous 
archaeological research (Fig. 2). The unconsolidated nature of the sandy 
deposit and high frequency of wall collapse precludes excavation larger 
than 2 m2. To assess the lateral extent of the sedimentological nature of 
the deposit we placed an additional excavation unit (N83E87) 7 m west 
of N97E95, placed within the Kelly surface collection area to preserve 
undisturbed deposits for future research. 

Our excavation procedure used a Leica Total Station laser theodolite 
with a Trimble handheld computer equipped with EDM-Mobile software 
(http://www.oldstoneage.com) (Dibble and McPherron, 1996) to 
piece-plot the x-y-z coordinate provenience information of all artifacts 
and fossils over 1.5 cm. Main Datum was marked at the same location as 
that used by A. Kelly using a 3m rebar pole anchor, the top of which was 
set with an arbitrary x-y-z provenience of 100, 100, 100. We recorded 
two provenience points on elongated objects to capture their orientation 
(bearing and plunge) following (McPherron, 2018). We sieved all sedi-
ment with a 2 mm mesh to ensure the recovery of micromammals and 
beads. We assigned a unique identification number denoted with bar-
coded labels to all piece-plotted objects. We assigned shared Lot 
Numbers to sieved materials, dating samples, and piece-plotted objects 
such that each lot corresponds to a constrained geospatial unit. Exca-
vation units followed natural sedimentological boundaries with a 
maximum depth of 10 cm per lot. 

2.2. Sedimentology and stratigraphy 

We placed two geological trenches within the same stratigraphic 
horizon as the artifact-bearing deposit: GT1 and GT2. GT1 extended 1 m 
wide and 4.2 m long and was excavated in four steps, each of which 
spanned 60–70 cm height. GT2 extended 1.8 m long and 0.70 m wide. 
Sedimentological descriptions were done across the GaJj17 site at the 
geological trenches and excavation units (GT1, GT2, N83E85, N87E94). 
To understand the lateral extent of GaJj17 facies an additional 

sedimentological description was done at an archaeologically-sterile 
locality (NE) which showed similar outcrop features to GaJj17 and is 
located ca. 500 m northeast of GaJj17 (Fig. 2; Fig. 3). A sedimentary 
facies analysis was conducted from the sedimentological descriptions 
following the scheme of Miall (2014) and Feibel (2013). The facies 
analysis was enhanced with digital elevation data of the artifact-bearing 
unit recorded with a differential GPS (dGPS) using an RTK system. 

We sampled sub-surface sediments for petrographic investigation 
(IDs 51800, 51801, 51802, 51803) from the eastern wall of N86E95 and 
additional samples (IDs 1711310, 1711311, 1711312, 1711313, 
1711314) were taken from the northern wall of N83E85 (Fig. 2). We 
collected cemented sediments with a rock hammer and wrapped the 
sample in cling film, noting the upward direction. We sampled friable 
parts of the section by hammering aluminum piping into a cleared wall, 
carefully removing the sample from the outcrop, and wrapping with 
cling film. 

Field collected samples were prepared for resin imbedded thin 
sectioning at the School of Geosciences, University of the Witwa-
tersrand, Johannesburg, South Africa obtaining ~30 μm thin sections. 
We identified the mineralogy of grains following Deer et al. (1992) with 
an Olympus polarizing microscope. Photos of the thin section were 
analysed with Olympus Stream software. We analysed the thin sections 
under cross polarised light (XPL) and plane polarised light (PPL) to 
determine micromorphological features (Adams et al., 1984; Bullock 
et al., 1985; Goldberg, 1979; Jongerius and Rutherford, 1979; Karkanas 
and Goldberg, 2013; Stoops, 2003). 

We conducted systematic surface collection in a 6-square-meter area 
(N79-82E79-81) in which all artifacts and fossils were plotted regardless 
of type or size. We also collected and piece-plotted surface objects at 
GT1, GT2, and in the immediate surrounding regions of both excavation 
units to prevent disturbance. All ostrich eggshell (OES), obsidian, and 
bone tools discovered on the surface were collected and piece-plotted for 
the purposes of chronometric dating, raw material sourcing, and tech-
nological analyses. 

Fig. 2. Left: Plan view of the GaJj17 excavation and geotrenches showing Kelly 1991/1992 units. Right: Contour map of the GaJj17 area. White box denotes area 
shown on left. Note elevated nature and crescent shape of locality. m ASL = meters above sea level. KFRTP = Koobi Fora Research and Training Program. 
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2.3. Optically stimulated luminescence (OSL) dating 

2.3.1. Sample collection and preparation 
Five OSL samples were collected from N87E94 at 30 cm intervals 

down section (Fig. 4). Samples were transported in light-tight packaging 
and laboratory preparation was undertaken in subdued red-light con-
ditions. Samples were rinsed in a 10% dilution of concentrated hydro-
chloric acid (HCl) and a 15% dilution of concentrated hydrogen 
peroxide (H2O2) to remove carbonate and organic material, respec-
tively. The potassium (K)-rich feldspar separate was isolated via heavy 
liquid separation using sodium polytungstate (SPT) at a density of 
<2.58 g/cm3. Samples were dried and sieved to obtain the 180–212 μm 
grain size fraction, which was used in all further measurements. 

2.3.2. Equipment and measurement parameters 
Luminescence measurements were made on individual K-feldspar 

grains using a Riso TL/OSL DA-20 automated reader. Optical stimula-
tion of individual grains was undertaken with a focused 150 mW IR laser 
(830 nm, Bøtter-Jensen et al., 2003) fitted with a RG780 long pass filter, 
while simultaneous IR stimulation of all grains was undertaken by the IR 
LED array (870 nm, 144 mW/cm2). Luminescence emitted in the blue 
region was detected by an EMI 9235QB PMT filtered by a 3 mm 

LOT-Oriel D410 glass filter. Laboratory irradiations were made using a 
90Sr/90Y beta source, with a beta dose rate of 0.122 Gy/s. 

Dose response curves (DRCs) were constructed using the software 
package Analyst (Duller, 2015) with an instrumental uncertainty of 
1.5%. DRCs were fit with a single saturating exponential (SSE), double 
saturating exponential (DSE) or single exponential plus linear (SEPL) 
function to obtain the best fit. Equivalent dose (De) values were calcu-
lated by integrating the luminescence signals from the initial 0.15 s of 
the decay curve and subtracting a late background from the last 0.3 s of 
the decay curve. Individual equivalent dose values were only accepted if 
(i) the recycling ratio was within 10% of unity, (ii) recuperation was less 
than 5% of the natural signal, (iii) the error on the test dose signal was 
less than 3 standard deviations, and (iv) the uncertainty on the test dose 
was less than 10%. De uncertainty is reported as 1 standard deviation. 

2.3.3. Dose rate measurements 
Elemental (U, Th and K) concentrations for the bulk sediment sample 

were calculated using high resolution gamma spectrometry measured at 
VKTA laboratory in Dresden, Germany. The concentrations were con-
verted using the conversion factors of Guérin et al. (2011) to calculate 
the alpha, beta and gamma dose rates for each sample. The alpha dose 
rate was corrected for attenuation of less-energetic alpha particles, while 

Fig. 3. Geological setting of GaJj17. A) Digital 
elevation model of excavation area. Imagery obtained 
via uncrewed aerial vehicle (UAV). B) Image of 
GaJj17 from the southeast, total station for scale. Late 
Pleistocene deposits highlighted in yellow. C) Ideal-
ized sketch (not to scale) depicting the geographic 
relationship of sections from GT1, N83E87, N87E94, 
GT2, and NE. D) Indurated sandstone which caps the 
site. E) Artifact eroding out of the site. Image taken in 
2015 of erosional surface. F) Geotrench excavation in 
2016.   
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the alpha, beta and gamma dose rates were corrected for grain size 
attenuation and water attenuation. As sedimentological results show 
below, the modern water content is unlikely to be representative of the 
burial water content, hence a burial water content of 10 ± 5% was 
assumed based on the measured and saturated water contents, and the 
unconsolidated nature of the sediments. An internal K-concentration of 
12.5 ± 0.5% (Huntley and Baril, 1997) was assumed to calculate the 
internal beta dose rate. The contribution of rubidium (Rb) was inferred 
from the K-content using a ratio of 200:1 (Mejdahl, 1987). The cosmic 
dose rate was calculated using equation 2 of Prescott and Hutton (1994). 
All dose rate calculations were made using the Dose Rate and Age 
Calculator (DRAC, Durcan et al., 2015). 

2.4. Radiocarbon dating 

To better understand the age and formation of the site we collected 
all organic material suitable for radiocarbon (14C) analysis including 
bone, charcoal, and ostrich eggshell. All samples analysed for radio-
carbon were approved by the NMK. We tested six fossil bone samples for 
radiocarbon analysis, each from different contexts, including one small 
(0.6 g) broken fragment of a bone harpoon. Although no ostrich eggshell 
was found in situ that could be used for reliable chronological dating, 
several unmodified ostrich eggshell fragments were found on the sur-
face. We dated the carbonate fraction of these OES fragments using 
accelerated mass spectrometry (AMS) 14C analyses calibrated using the 
mixed IntCal/SHCal model (Hogg et al., 2020; Reimer et al., 2020) 
following prior analyses (Tryon et al., 2018) to create a conservative age 
estimate reflecting the proximity of GaJj17 to the equator, and Inter-
tropical Convergence Zone (ITCZ; but see Nicholson, 2018). 

2.5. Faunal analysis 

Faunal analysis was conducted to assess the paleoenvironmental 
context of the site. To maximize the fossil faunal sample, all piece- 
plotted and sieve finds from 2016, 2017, and 2018 excavations were 
studied in combination with all faunal remains derived from Alison 
Kelly’s 1991-1992 excavations. Surface and subsurface collections were 
analysed separately. 

Piece-plotted fossils were categorized by class (Mammalia, Reptilia, 

Actinopterygii). Skeletal elements and more specific taxonomic classifi-
cation were noted for each fragment whenever possible. Analysis on the 
sieve finds from the recent excavation were limited to element and taxon 
only. For all other specimens, additional measurements were noted, 
including the dimensions of each bone (length, width, thickness), frag-
ment completeness (in increments of 25%), and the type of fracture 
(green or dry, following Villa and Mahieu (1991). All fossils were further 
examined for burning marks and other surface modifications (tooth-
marks, cutmarks, percussion marks, trampling, rodent gnawing, recent 
damage, and non-identifiable marks). 

2.5.1. Taphonomic study of fish remains 
We conducted a detailed faunal analysis of the fish remains from 

GaJj17 to assess a) whether the fish assemblage composition resembled 
that of a naturally formed or human-accumulated deposit, as differen-
tiated by Stewart (1991) and b) whether any evidence for human con-
sumption of fish was present (Table 1). We used different proxies to 
assess the nature of the assemblage: taxonomic diversity, density of re-
mains, size bias, deviation from the natural representation of skeletal 
parts (cranial, axial and epaxial), and presence or absence of anthro-
pological modifications (cut marks, percussion marks, burning). We 
compared the taxonomic diversity of the GaJj17 remains to that of 
natural land surface and human-accumulated assemblages. Following 
Stewart (1991), Gifford-Gonzalez et al. (1999), and Stewart and 

Fig. 4. Orthophoto of N profile of N87E94 with plotted provenience of OSL samples. Artifact 1711052 is illustrated in Fig. 8C and artifact 51557 is illustrated in 
Fig. 8A. Photogrammetric orthophoto generated using Nikon D3500 and Agisoft Metashape Professional. 

Table 1 
Summary of expected patterns for naturally and human accumulated fish bones 
assemblages.  

Proxy Natural assemblage Human-accumulated 
assemblage 

Taxonomic diversity High (>0.63) Low (<0.61) 
Size Greater size range Bias towards medium size 
Skeletal part 

proportions 
Bias from differential 
preservation 

Bias due to butchery 
practices 

Density of remains Low High 
Cut marks Absent Possible 
Percussion marks Absent Possible 
Burnt bone Absent Possible 
Association with 

artifacts 
No Yes  
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Gifford-Gonzalez (1994) we expect a human accumulated fish assem-
blage to have a taxonomic diversity index between 0.42 and 0.61, which 
is lower than the diversity expected for natural accumulations, between 
0.63 and 0.76, and which differs from the taxonomic diversity of fish in 
the lake (0.83); we expect only six species [Lates niloticus (Nile perch), 
Oreochromis niloticus (a species of tilapia), Clarias gariepinus (Nile cat-
fish), Synodontis schall (another catfish), Labeo horie (a carp), and the 
young of Bagrus bayad (a deepwater catfish)] to be present, and cichlids 
to be overrepresented. We calculated taxonomic diversity indices using 
Simpson’s index:  

D = 1 − Σ(p2
i )                                                                                      

where pi is the proportion represented by the individuals in taxon i (Peet, 
1974). We modified the taxonomic diversity indices calculated by 
Stewart (1991) because their study identified taxa to the genus level, 
while we could not identify several specimens past the family level. Our 
calculations use MNI, as NISP is not available for the sites studied by 
Gifford-Gonzalez et al. (1999). 

We calculated the densities of faunal remains from GaJj17 following 
methodologies described in the following contexts: 1) three Holocene 
sites on the West shore of Lake Turkana (Prendergast and Beyin, 2018); 
2) surface collections of natural deposits and modern human settlements 
(Gifford-Gonzalez et al., 1999; Stewart, 1991); and 3) excavations at the 
site of SM1, in Ethiopia (Davis, 2019). Stewart (1991) and Stewart and 
Gifford-Gonzalez (1994) report a fish remains density (NISP/m2) of 0.04 
for fossil natural accumulation and 0.06 for recent natural accumula-
tion. An issue when applying these data to archaeological sites involves 
translating the two-dimensional density of surface collections to the 
three-dimensional density of archaeological excavations. Both Davis 
(2019) and Prendergast and Beyin (2018) used standardized densities 
that consider the depth of excavations. We divided the excavations in 50 
cm layers and compared the densities of each following the three 
methods described above. 

2.6. Lithic analysis 

Stone artifacts were studied both as a proxy for understanding site 
formation and to place the lithic technology in a regional and temporal 
context. We analysed the lithic assemblage at the National Museum of 
Kenya in Nairobi, recording the raw material, tool type, technological 
and maximum length, technological and maximum width, technological 
and maximum thickness, and noting retouch, edge damage, and evi-
dence of burning and/or heat treatment. Qualitative analysis of cores 
and flakes, such as flake scar patterns, platform shape and preparation 
(including on debordánt and overshot flakes) were recorded in notes to 
provide a preliminary understanding of the lithic technology(ies). We 
conducted size sorting analysis of the artifacts following Schick (1986). 
Artifact orientation analysis was done following McPherron (2018). 
Lithic analysis measurements followed methods used in Wilkins et al. 
(2017) and Pargeter et al. (2023). 

3. Results 

3.1. Sedimentology and stratigraphy 

Stratigraphic mapping and facies analysis of local deposits indicate 
that GaJj17 unconformably overlies the KBS Member (Fig. 3). An 
angular unconformity defines the contact between GaJj17, where KBS 
Member beds are dipping 11◦ to the south and are overlain by the 
horizontal deposits of GaJj17. The GT sections are representative facies 
of the excavation and have been correlated as such (Fig. 3). Elevation 
data measured with dGPS indicate that the caliche at GaJj17 is located at 
444.302 m above sea level (m asl). An additional locality (NE) with 
similar geologic characteristics is located 860 m northeast of GaJj17 and 
exhibits a capping caliche at 445.557 m asl and likely represents the 

same unit. 
There are five lithofacies defined in the succession based primarily 

on grain size and sedimentary structures using the scheme of Miall 
(2014) and more specifically by the Koobi Fora Formation as described 
by Feibel (2013). These lithofacies are divided into three main groups as 
designated by grain size; gravel (G), sands (S) and fines (F). 

There is a variety of facies throughout the sequence with the most 
diverse located in the lower-lying channel facies association unit. The 
sequence exhibits minimal change in color between the facies although 
most change is seen in abrupt lithofacies changes. Hand specimen de-
scriptions were also limited by physical and chemical post-depositional 
process that affect observations. However, the detail of the sediments is 
preserved and newly exposed outcrop from the excavations and geo-
trenches conducted have allowed for thorough investigation of the 
sequence. 

3.1.1. Lithofacies 
The lithofacies are described below and shown in Fig. 5: 

3.1.1.1. Gb - gravel, bedded. The facies is very distinct in the sequence 
and identifiable by matrix-supported moderately to poorly sorted, 
planar bedded sediments. The beds are usually thin averaging less than 
4 cm and the sequence is also very thin (<20 cm). The facies lends its 
color to the variable clast lithology with a dark brown matrix. The clast 
shape of this conglomeratic unit are predominantly subrounded to 
rounded. Most clasts are pebble in size and with varied mineralogy in 
the form of green ignimbrite, basalt and quartzofeldspathic material and 
some carbonate nodule inclusion. This facies is associated with open 
channels in times of infrequent, high-magnitude discharge events (Miall, 
2014). The clasts are sourced from in-channel and overbank (as sup-
ported by carbonate nodule inclusion) associated with adjacent soils 
(Feibel, 2013). The bedding in the facies indicates long-lived, sustained 
flows (Wilson et al., 2014). 

3.1.1.2. Sl - sands, horizontally laminated. This is a common sand facies 
present in the sequence. Due to this common occurrence, it has variable 
thickness, as it forms a portion of larger sequence with associated sand 
facies. They are identifiable by horizontal laminae (0.5–1 cm thick) that 
are consistently laminated. It is a moderately to well sorted sediment 
with fine to very fine sands. This facies indicates super-to trans-critical 
upper flow regime conditions representing various part of channels. 
These are associated with moderate depositional rates in areas of sta-
bility where the bedforms can be deposited (Miall, 2014). 

3.1.1.3. Sm - sand, massive. This facies is the most common facies in the 
sequence and is identifiable by a lack of sedimentary structure. The 
facies varies in thickness with maximum thickness of approx. 50 cm. 
Sorting is usually moderately to well sorted of fine to very fine sand 
particles. Feibel (2013) attributed this disturbance to the turbation of 
primary fabrics from the near-surface environment. Most of this 
disturbance is likely caused by bioturbation. 

3.1.1.4. Fm - fines massive. This facies is identified by silt-size sediment 
that lacks any sedimentary structure that occurs widely in the sequence. 
It is characterized by medium to coarse silt grains that are moderately or 
well sorted. There are color variables throughout the sequence from a 
light to dark brown. Due to the fine grained, soft nature of the sediment 
it is very friable; this makes for rapid physical weathering and poor 
exposure. 

This facies is associated with crevasse splay deposits (in upward 
fining sequences) indicating waterlogged overflow from rapid flows that 
are waning, which leads to lack of structure, and representing high 
water content, specifically a high-water table in a floodplain (Miall, 
2014; Wilson et al., 2014). 
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3.1.1.5. Fl - fines, laminated. This facies is identifiable by medium to 
silt-to clay sized horizontally laminated, well sorted sediments. It con-
tains medium to fine grains that are usually well sorted. Each horizontal 
laminate is approximately 0.3 cm thick. The facies indicates sediments 
that are suspended on a planar surface. This occurs in currents that lack 
energy required to transport sediment. This forms part of the short-lived 
ponds on floodplains as seen with the suspension settling (Miall, 2014) 
which has a close association with the water table intersecting the 
surface. 

3.1.2. Facies association 
These five lithofacies have been grouped into three lithofacies as-

sociations with some overlap in the occurrence of facies (Table 2). These 
lithofacies associations represent paleodepositional environmental 
interpretations. 

3.1.2.1. Flf - floodplain. The floodplain facies association is the fine- 
grained fluvial facies association represented by mostly siltstone and 
mudstone facies. Lamination (Fl) is the most common sedimentary 
structure although there is usually no sedimentary structures present 
(Fm). The facies association demonstrate some bioturbation (rhizoliths 
and burrowing). This facies association is usually transitioned with the 
other fluvial facies association. This transition here is stepwise as seen 
by repeated distinct stratigraphic particle changes (sands to muds) 
reflecting a more long-lived change in environment and energy loss. The 
brown colouring of mudstones can be attributed to high organic matter 
present (Smith et al., 2008). 

3.1.2.2. Flc - fluvial, channel. The fluvial channel facies is defined by a 
base characterized by erosion with scour fill (typically about 10 cm 
thick). These scour surfaces are filled with gravel lags with pebble sized 
particles (mostly representing Gm facies). This can happen consistently 
for a few beds but usually grade into thicker, finer grained sand facies 
arranged in a larger upward fining succession. The most distinct of these 

sand facies are Sm and Sl. In addition, the facies association can have 
truncation in a sequence which is overlain by the same sequence 
described. There are overbank flows of fines present in the form of silts. 
The lag deposits are usually overlain localized (small-scale) lamination. 

3.1.2.3. Aw - aeolian, wind-blown. This is a thick unit from the upper 
part of the sequence. It is represented by homogenous sands that are 
moderately sorted. The petrographic analysis mimics the texture 
observed in the section (Fig. 6B). The unit is sandy, consisting mostly of 
quartz (monocrystalline) with some feldspars (present in the form of 
albite and microcline) and some lithic fragments as biotite and chlorite. 
The grains are subangular to angular and non-spherical (Fig. 6B). The 
unit is clast-supported with no interstitial material. 

Fig. 5. Stratigraphy of GaJj17.  

Table 2 
Facies associations of GaJj17.  

Facies Associations Lithofacies 

Flf - Floodplain Fm, Fl 
Flc - Fluvial, channel Gb, Sl, Sl 
Aw - Aeolian, wind-blown Sm, Sl (convoluted)  

Fig. 6. Photomicrograph of aeolian blown sands in the upper part of the 
sequence showing (A) cementation of grains which create a caliche and (B) 
surrounding uncalcified section showing moderately sorted sands with angular 
to subanglar grains. (single column width). 
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The sandy unit is associated with indurated (poorly sorted) calcar-
eous nodule characteristic of caliche. Microscopically, the nodules 
comprise polymictic angular to subangular grains (Fig. 6A). The 
mineralogy is like that mentioned above but includes polycrystalline 
quartz grains. It is also matrix supported and contains calcite as inter-
stitial material cementation. 

The facies associated with this deposit are Sm with some convoluted 
lamination present. The consistent grain size with good sorting suggests 
wind transport. The lack of sedimentary structures (Sm) and the 
disturbed laminations can be attributed to bioturbation or other post 
depositional disturbances like calcification. 

3.2. Geochronology 

3.2.1. OSL dating 

3.2.1.1. Equivalent dose measurements. Initial tests on the OSL signal 
from quartz were hampered by a dominant infrared stimulated lumi-
nescence (IRSL) signal from feldspar inclusions within the quartz grains. 
Attempts to measure the post-IR OSL signal produced decay curves with 
low signal intensity dominated by either 1) a blue-stimulated feldspar 
OSL signal (Thomsen et al., 2008) or 2) a medium or slow component in 
the blue-stimulated quartz OSL signal (Singarayer and Bailey, 2003). 
Therefore equivalent dose (De) measurements were made on K-rich 
feldspar grains using the post-infrared infrared stimulated luminescence 
(post-IR IRSL) technique at an elevated stimulation temperature of 225 
◦C using the modified protocol of Colarossi et al. (2018) with a test dose 
of 30 Gy. Suitability of the protocol to these samples was assessed using 
a dose recovery test. Grains were bleached in a UVA Cube 400 solar 
simulator for 4 h. A residual signal of 5.09 ± 0.29 Gy (n = 74) was 
measured from two single-grain discs. An additional three discs were 
irradiated with a 122 Gy beta dose, the De values were measured, and 
the residual subtracted. A measured/given dose ratio of 1.02 ± 0.01 (n 
= 135) was calculated for sample L-EVA-1734 (acceptable results fall 
within the range 0.90–1.10). For natural De measurements at least three 
discs were measured per sample, with ~35% of the measured grains 
passing the acceptance criteria (see Section 2.3.2 and Table 3). The in-
dividual K-feldspar grains produced bright luminescence signals with 
well-defined dose response curves and minimal sensitivity change dur-
ing measurement (Fig. 7a-b). 

The natural De distributions are similar for all samples (Fig. 7C), with 
overdispersion (OD) ranging from 32 to 37% and mean De values of 
~115 Gy. Low OD (4%) measured during the dose recovery test implies 
most of the variation observed in the natural De distributions is likely 

Table 3 
Analysis data for single grain equivalent dose measurements.  

Sample ID L-EVA- 
1732 

L-EVA- 
1733 

L-EVA- 
1734 

L-EVA- 
1735 

L-EVA- 
1750 

Total number of grains 
measured 

300 300 300 300 300 

Signal indistinguishable 
from BG level 

91 128 113 137 65 

Grains producing a dose 
response curve 

209 172 187 163 235 

Number of saturated 
grains 

0 0 1 1 0 

Grains that failed 
acceptance criteria: 

82 78 74 70 103 

Recycling >10% 22 23 21 8 35 
Recuperation >5% of the 

Natural signal 
15 14 10 15 17 

Maximum test dose error 
>10% 

45 41 42 47 48 

Excessive sensitivity 
change mid-sequence 

0 0 1 0 3 

Number of grains in ED 
distribution 

127 94 112 92 132  

Fig. 7. A) A typical dose response curve for a single grain of K-feldspar from 
sample L-EVA-1734, inset shows the natural signal for the same grain. B) the 
Tx/Tn plot recording the amount of sensitivity change during the post-IR IRSL 
measurement cycle. C) The De distribution for the same sample (n = 112) 
shown as a radial plot (Galbraith, 1990), the grey bar denotes the 2σ region 
around the Average Dose Model (ADM) De value of 143 ± 4 Gy. Shaded 
datapoints fall within the 2σ region. 
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due to extrinsic factors (i.e., the depositional environment). Partial 
bleaching is generally not considered a major source of OD in aeolian 
environments (e.g., Carr et al., 2016; Lomax et al., 2007). Furthermore, 
the OD values reported for samples in this study are comparable to 
values reported for well-bleached single grain post-IR IRSL De distri-
butions (e.g., 21% (Reimann et al., 2012), 37% (Carr et al., 2019). More 
likely potential sources of OD in the Koobi Fora region include beta dose 
rate heterogeneity (e.g., Mayya et al., 2006; Smedley et al., 2020), 
variable K content in feldspar grains (e.g., Smedley et al., 2012), and 
post-depositional mixing (e.g., Carr et al., 2016) given the broad dis-
tributions and lack of an obvious leading edge (Fig. 7C). Therefore, the 
reported ages were derived using the Average Dose Model (ADM) of 
Guérin et al. (2017). 

3.2.1.2. OSL age calculation. The OSL ages (Table 4) range from 43.3 ±
2.5 ka to 51.8 ± 3.0 ka and appear to increase with depth, with the 
exception of L-EVA-1735. However, when considered by facies, the ages 
are stratigraphically consistent (Fig. 4), with the upper aeolian facies 
ages ranging from 43.3 ± 2.5 ka to 47.0 ± 2.6 ka, and the lower fluvial 
facies ages ranging from 46.3 ± 2.6 ka to 51.8 ± 3.0 ka. Furthermore, 
when considering the associated errors, the uppermost 4 ages are 
indistinguishable from one another. Such overlapping ages have been 
reported for dune environments previously by Burrough et al. (2007), 
Lomax et al. (2011), and Thomas and Shaw (2002). The overlap makes it 
difficult to separate distinct depositional events in broad-scale OSL 
studies and nearly impossible in a small-scale study such as this. 

3.2.1.3. Fading measurements. Fading measurements were undertaken 
on two samples using the procedure described by Huntley and Lamothe 
(2001) with the preheat step completed directly after irradiation and 
prior to storage as per Auclair et al. (2003) and a maximum delay period 
of 78 days. Mean g-values of 2.09 ± 0.43%/decade and 2.05 ±
0.52%/decade were measured for samples L-EVA-1734 and 
L-EVA-1750, respectively. Low g-values have been interpreted as labo-
ratory artifacts (Thiel et al., 2011), therefore fading of the natural signal 
is negligible in nature and fading corrections were not applied to these 
samples. 

3.2.2. Radiocarbon dating 
We generated one AMS 14C date from surface OES (Table 5). Of the 

six fossil bone samples tested for radiocarbon analysis, all failed the 
initial %Nitrogen testing. Three samples contained 0.00% N, two gave a 
result of 0.01% N, and one 0.03% N. The threshold needed for radio-
carbon analysis is 0.5% N; thus, the GaJj17 bone samples failed 
dramatically indicating their extremely poorly preserved nature. No 
charcoal was retrieved. 

3.3. Site formation and paleoenvironmental reconstruction 

We excavated ca. 10 m3 area (Fig. 2) resulting in 321 piece-plotted 

artifacts and fossils. 106 artifacts and 66 fossils were piece-plotted and 
collected from the surface. In GT1 85 artifacts and fossils were discov-
ered derived from a thin (7–8 cm) layer of consolidated orange sands in 
association with a pebble conglomerate. Excavations in 2016, 2017, and 
2018 included units N83E85 (2 × 1 m) and N87E94 (2 × 2 m, also called 
Main Excavation). We used sandbags to support the excavation walls in 
between field research seasons. Main excavation exposed the largest 
surface area of the deposit enabling detailed sedimentological analysis. 
Stone artifacts were recorded predominantly in the upper 50 cm of the 
deposit, like results reported by Kelly and Harris (1992). 

3.3.1. Stone artifact analysis 
The lithic technology at the site (Table 6) trends toward smaller (<4 

cm) stone tools on a diverse array of raw materials, including crypto-
crystalline silica (CCS), basalt, and quartz. Preliminary lithic analysis on 
both surface and excavated artifacts indicates the presence of prefer-
ential bifacial hierarchical core technologies (Shea, 2020; see also 
Boëda, 1995) on both CCS and volcanic raw materials (Fig. 8). The 
co-occurrence of objects like points and blades on various raw materials 
align these tools with the African Middle Stone Age (McBrearty and 
Brooks, 2000; Shea, 2020; Shea and Hildebrand, 2010; Tryon and Faith, 

Table 4 
Summary of OSL results.  

Sample ID Dose rate Equivalent dose 

Modern WC 
(%) 

Saturation WC 
(%) 

U (ppm) Th (ppm) K (%) Cosmic dose rate 
(Gy/ka) 

Environmental dose rate 
(Gy/ka) 

n OD 
(%) 

De 

(Gy) 
Age (ka) 

L-EVA- 
1732 

0.3 25.7 0.74 ±
0.18 

1.63 ±
0.14 

2.04 ±
0.14 

0.22 ± 0.02 3.14 ± 0.15 127 33 136 
± 4 

43.3 ±
2.5 

L-EVA- 
1733 

1.2 24.7 0.77 ±
0.20 

2.01 ±
0.15 

2.06 ±
0.13 

0.20 ± 0.02 3.16 ± 0.15 94 37 142 
± 5 

45.0 ±
2.7 

L-EVA- 
1734 

0.9 26.9 0.72 ±
0.21 

1.73 ±
0.13 

1.99 ±
0.13 

0.18 ± 0.02 3.05 ± 0.15 112 32 143 
± 4 

47.0 ±
2.6 

L-EVA- 
1735 

2.6 28.9 0.71 ±
0.18 

2.40 ±
0.20 

1.77 ±
0.12 

0.18 ± 0.02 2.90 ± 0.14 92 33 134 
± 4 

46.3 ±
2.6 

L-EVA- 
1750 

1.0 29.4 0.56 ±
0.15 

1.62 ±
0.14 

1.95 ±
0.15 

0.17 ± 0.02 2.96 ± 0.15 132 32 153 
± 4 

51.8 ±
3.0  

Table 5 
Radiocarbon (14C) date from GaJj17. Measured from the carbonate fraction of 
ostrich eggshell, calibrated using Calib v.8.2 software (Stuiver and Reimer, 
1993) and a mixed SHCal20 and IntCal20 calibration curve with equal contri-
butions (Hogg et al., 2020; Reimer et al., 2020).  

Context Laboratory Code 14C yr BP (±1σ) calBP (95.4%) 

Surface UBA-40187 2806 ± 24 2785–2960  

Table 6 
Lithic artifact assemblage description. CCS = cryptocrystalline silica and in-
cludes jasper, chert, and similar materials. Volcanic category includes basalt and 
ignimbrite. Obsidian pieces are highlighted separately here.    

Count 

Raw Material  
CCS 314 
obsidian 5 
quartzite 6 
volcanic 194 

Completeness  
complete 227 
fragment 297 

Tool type  
blade/bladelet 26 
core 29 
flake 454 
grinding stone 1 
hammerstone/minimal core 2 
point 12  
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2016; Will et al., 2014). 
Size sorting of the excavated finds indicates likely winnowing from 

fluvial action (Fig. 9A). Fig. 9B shows the relative abundance of artifacts 
and fossils relative to depth, indicating an increased abundance in the 
frequency of finds between 30 and 40 cm below the surface. Fig. 9C–E 
demonstrates artifact orientation data following McPherron (2018): the 
plunge and plano-linear orientation of finds could indicate some settling 
from fluvial movement. 

3.3.2. Faunal analysis 
With few exceptions, the bones are highly fragmentary, with most 

being broken, embedded in a matrix, and/or rolled to some extent. A 
total of 1306 fragments could be identified to class: 893 were fish 
(68.4% of total assemblage), 381 were mammalian (29.2%), and 32 
were reptile (2.5%) (Table 7). Siluriform cranial fragments were the 
most abundant identifiable specimen to order due to their characteristic 
appearance. The mammal fossils of the excavation notably contain a 

Fig. 8. Stone artifact examples from GaJj17, illustrated in Adobe Illustrator following the STIVA method (Cerasoni, 2021): A and C) triangular flakes associated with 
bifacial hierarchical cores (VI.C.3; Shea, 2020) (CCS), B) distal point fragment with edge damage (CCS), D) radial core (CCS). All artifacts except for D from sub-
surface context and recorded with total station. 

Fig. 9. A) Size distribution of stone artifacts from 
GaJj17 relative to experimental sites described in 
Schick (1986) (size class 1 = 0–1 cm, size class 2 =
1–2 cm, size class 3 = 2–4 cm, size class 4 = 4–8 cm, 
size class 5 = 8–16 cm). Flaking experiments from 
Schick (1986):27 Table 3.1 (total proportion). Site 22 
refers to Schick’s experimental site located on a 
channel bank at Koobi Fora. Before: distribution 
when Schick placed objects for experiment. After: 20 
months later following localized flooding. B) Fre-
quency of faunal and lithic finds relative to depth of 
excavation; y axis in m in relation to Main Datum at 
the surface (100, 100, 100; Fig. 2); height (z) was 
measured with a total station following Dibble and 
McPherron (1996). C-E) Analyses of two-shot 
archaeological orientations using R source code in 
McPherron (2018).   
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mixture of terrestrial and semi-aquatic species. They include a Pha-
cochoerus sp. unerupted dental pillar; a partial right maxilla with the 
second premolar intact belonging to Oryx beisa, an unspecified distal 
phalanx; one femur shaft belonging to a micromammal, and multiple 
Hippopotamus amphibius teeth and bone fragments, including one 
cuboid, one metapodial, two intermediate phalanges, and many dental 
fragments consisting of broken tusk, partial post-canines, and enamel 
fragments. The reptile fossils were extremely fragmentary and rolled. 
We identified several Crocodylus teeth and one osteoderm, one phalanx 
from Trionyx triunguis, one testudine vertebra and two plastron or 
carapace fragments. 

Of the fragments mentioned above, 431 came from surface collec-
tions and yielded an NISP of 246. Of them, 134 were from ray-finned 
fish, with all major skeletal elements represented broadly; crania, 

teeth, vertebrae, dorsal spines, and ribs were all present. Surface fossils 
may not be ecologically associated with the excavated specimens 
described above. Fifteen fragments belong to reptiles, with only one 
further identifiable: a partial Crocodylus tooth. These specimens include 
a partial vertebra, a proximal phalanx, and multiple tusk fragments. 

3.3.3. Fish analysis 
Generally, the fish assemblage was very fragmentary and not well 

preserved (Fig. 10). A greater proportion of the identifiable remains 
from the subsurface (in situ) materials are fish (77.4%) than in the case of 
surface finds (51.7%). Reptile remains are even scarcer in situ (1.5% vs. 
4.4%). Mammals also represent a smaller proportion in situ relative to 
the surface (21.1% vs. 44.6%). Surface materials were examined sepa-
rately from the rest of the assemblage. This analysis focuses on the in situ 
finds. 

In our taphonomic analysis of the fish assemblage, different lines of 
evidence lead to somewhat divergent conclusions (Table 8). No 
anthropogenic or carnivore bone surface modifications were observed 
on any fragment, regardless of class. No bones showed signs of burning. 
The lack of anthropogenic modifications, which are very difficult to 
identify (Archer and Braun, 2013; Willis et al., 2008) and very high 
taxonomic diversity are in line with estimates of natural accumulations. 
On the contrary, the very high density of faunal remains suggests that 
they may have accumulated during one—or multiple—human occupa-
tions at the site. In all three analyses the density of faunal remains from 
GaJj17 is particularly high in the first 50 cm, and in the subsequent 50 
cm (Supplemental Table 1). The size data showed a bias toward medium 
size, which is within the size range of fish captured by humans today at 
Turkana. The data for skeletal part proportions yields ambiguous results. 
If the epaxial elements are included when compared to data from natural 
accumulations, GaJj17 data suggest a deviation from natural skeletal 
part proportions and could possibly indicate butchery practices; how-
ever, if epaxial elements are removed, then there is no obvious deviation 
from the skeletal part proportions of natural accumulations for Silur-
iformes. For Perciformes, the cranial-to-axial ratio could indicate human 
butchering activities. 

Fig. 10. Clariidae neurocranium fragment (A); Clariidae prevomer (B); Cichlidae precaudal vertebra (C); Latidae dorsal spine (D); Clariidae operculum (E); Perciform 
pectoral spine (F). Scale = 1 cm. 

Table 7 
Distribution of faunal remains from GaJj17 per taxon.  

Taxon Subsurface Surface Total 

NISP % NISP % NISP % 

Mammalia 41 10.4 97 39.4 138 21.6 
Oryx beisa 1 0.3  0.0 1 0.2 
Bovidae sp. 1 0.3 1 0.4 2 0.3 
Hippopotamus amphibius 1 0.3 16 6.5 17 2.7 
Micromammal 1 0.3   1  
Mammalia sp. 37 9.4 80 32.5 117 18.3 

Reptilia 12 3.0 15 6.1 27 4.2 
Crocodylus sp. 9 2.3 12 4.9 21 3.3 
Trionyx triunguis 2 0.5 1 0.4 3 0.5 
Testudines sp. 1 0.3 2 0.8 3 0.5 

Actinopterygii 341 86.5 134 54.5 475 74.2 
Cichlidae sp. 31 7.9 12 4.9 43 6.7 
Latidae sp. 12 3.0 1 0.4 13 2.0 
Perciformes sp. 24 6.1 6 2.4 30 4.7 
Clariidae sp. 121 30.7 53 21.5 174 27.2 
Siluriformes othera 6 1.5   6 0.9 
Siluriformes sp. 12 3.0 11 4.5 23 3.6 
Tetraodon lineatus 2 0.5 3 1.2 5 0.8 
Labeobarbus sp. 2 0.5   2 0.3 
Actinopterygii indet. 131 33.2 48 19.5 179 28.0 

Total 394 100 246 100 640 100  

a Due to the available comparative materials, some Siluriform remains could 
only be identified as non-Clariidae, with family otherwise unspecified. 
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4. Discussion 

4.1. Summary of GaJj17 geoarchaeology 

Our investigations at GaJj17 revealed evidence for the presence of 
humans in the region 43.3 ± 2.5 to 51.8 ± 3.0 ka. The site underwent a 
series of different depositional regimes. The ages reported here derive 
largely from aeolian depositional regimes with one age derived from a 
fluvial regime. These ages represent only a sample of the deposits 
studied here; continued geochronological work at similar localities and 
older sediments, along with refined sedimentological analyses, are 
ongoing to understand these findings in broader landscape context. Post- 
depositional processes, most notably caliche formation, cemented the 
deposit, thereby protecting it during lake level variation throughout the 
Holocene. The formation of caliche incorporated stone artifacts and 
fossils and is currently invariably eroding, leaving behind a palimpsest 
of Late Pleistocene and Holocene surface archaeology. Micromor-
phology and sedimentological evidence indicate that the sub-surface 
deposit is in primary context. Artifacts associated with Late Pleisto-
cene humans elsewhere in eastern Africa (see Shea, 2020) are associated 
with the OSL samples (Fig. 4). The sharp edges of these stone artifacts 

Table 8 
Summary of GaJj17 fish assemblage.  

Proxy GaJj17 Indicative of natural- or 
human-accumulation 

Taxonomic 
diversity 

High (0.8) Natural 

Size Bias toward medium size Human 
Skeletal part 

proportions 
Overrepresentation of 
epaxial elements 

Human? 

Density of remains High Human 
Cut marks Absent Natural 
Percussion marks Absent Natural 
Burnt bone Absent Natural 
Association with 

artifacts 
Yes Human  

Fig. 11. Depositional evolution timeline of GaJj17. 
A) (2.1 Ma) Low topography; dominated by a large 
lake; highly sinuous rivers on floodplains feed the 
lake at deltas; fluctuations of lake water volume cause 
changes in lake level, resulting in transgressive and 
regressive shorelines (Feibel, 2011). B) (1.86 Ma) 
Volcanic eruption; ash is deposited forming the KBS 
tuff (Feibel, 2011). C) (1.86 Ma) Low topography; 
highly fluctuating lake due to quick lake water vol-
ume changes; large transgressive and regressive 
shorelines; highly sinuous rivers on floodplains feed 
the lake at deltas (Feibel, 2011). D) (53 Ka) Low 
topography; lake shoreline is 3–5 km to the west; 
highly sinuous rivers on the floodplain deposit sedi-
ment on pointbars; erosion of the floodplain occurs at 
the cut bank (facies Flr. E) (49 Ka) Sand dunes 
migrate over floodplain and fluvial channels; lake 
shoreline is 3–5 km to the west (facies Flc); Middle 
Stone Age occupation leaves associated artifacts in 
eolian deposits (facies Aw). F) (46 Ka) Ground water 
table rises and caliche lithifies artifacts with eolian 
deposits. G) (~10 Ka - present) Holocene occupation 
leaves associated artifacts on surface of lithified 
archaeological deposits; considerable erosion leaves 
behind only an isolated deposit with in situ stone 
artifacts.   
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coupled with orientation analysis (Fig. 9) further establish their asso-
ciation with the sub-surface deposit and OSL ages. Some degree of 
winnowing affected the archaeological assemblage which we posit may 
be characteristic of Late Pleistocene localities near the eastern shores of 
Lake Turkana. The relatively low density of artifacts and fossil fauna is 
also seen in other regions with complex aeolian depositional histories, 
such as the Western Cape of South Africa, and highlights the need for 
continued landscape-scale archaeological study especially work that 
increases excavated volume across space (Braun et al., 2013). The 
location of the site, coupled with abundant aquatic taxa, suggest humans 
utilized lakeside or near-shore environments, suggesting a need for 
continued zooarchaeological research in this time period and region. 

4.1.1. GaJj17 site evolution 
We provide a five-phase simplified model for understanding the 

evolution of GaJj17. We note that the model described here began 
sometime post-Early Pleistocene, marked by a substantial unconformity, 
although the precise initiation point is currently unknown. Phase 1) 
Low-energy fluvial transport of massive sands and polymictic 
conglomerate, Phase 2) Aeolian formation of dune field during time of 
low-lake stand, Phase 3) Late Pleistocene site occupation by humans and 
further accumulation of aeolian-transported sand, Phase 4) Gradual 
formation of caliche via percolation of groundwater, Phase 5) Holocene 
occupation by fisher-pastoralists, high-lake stand inundation erodes 
surrounding region; irregular dissolution of caliche at less-calcified 
points (Fig. 11). We emphasize the simplified nature of this model and 
the possibility that the phases outlined above may have overlapped, 
rather than occurring as distinct phases. Additional sedimentological 
characterization is needed at other localities to better calibrate and 
understand the evolution of this landscape throughout the later Pleis-
tocene (see Fig. 11). 

Comprehensively, our results suggest that GaJj17 represents the 
remnant of a paleosurface that was formed predominantly by aeolian 
processes during an extensively erosive time (see: McLaren, 2011). The 
erosional forces occurred predominantly during what we call Phase 1 via 
medium to high-energy fluvial processes as evidenced by upward-fining 
sequences with conglomeritic units and massive sands (Miall, 1996). 
During Phase 2, a time of low-lake stand, nearby sandy lacustrine beach 
deposits were exposed. Winds likely originating from the lake carried 
these sands in a predominantly easterly direction, forming the crescent 
shaped lunate landform seen today (Pye and Tsoar, 2008, 236); these 
aeolian processes varied with local climate conditions including wind 
direction and vegetation. As a result, repeated saltation and deflation of 
sediments was likely. We predict that the aeolian formation and ongoing 
deflation of the dune likely occurred over the span of several tens of 
thousands of years, but this remains to be further verified with addi-
tional fieldwork focused on landscape scale sedimentological de-
scriptions. While this reconstruction is based on observed facies 
associations and micromorphological work we emphasize that the 
observed feature is an erosional remnant shaped by many processes and 
more research on aeolian deposition in the Turkana Basin is needed. 

Based on the presence of sharp-edged artifacts and fresh fossils 
(weathering stage 2, Behrensmeyer, 1978) in the upper ~ 50 cm por-
tions of this primary sandy deposit, it is likely that stone artifact discard 
(Phase 3) occurred during the time when the aeolian deposit was still 
forming. The unit comprises a sandy, unconsolidated loose sediment 
thus there was vertical movement of sand grains and to some extent, 
fossils and artifacts (Cahen and Moeyersons, 1977). As a result, at this 
junction we refrain from drawing conclusions that rely on a strict 
depositional relationship between fossils and artifacts. As demonstrated 
through the facies analysis and petrography describing syn- and 
post-depositional processes this site today can confidently be regarded 
as being in its primary context. The OSL evidence indicates that the 
sands were deposited between 52 and 43 ka. 

During Phase 4, an increase in lake level increased the localized 
water table, likely providing the groundwater that formed the caliche 

deposit; no pedogenic features were observed in the aeolian sands 
though pedogenic calcrete formation sourced from underlying facies 
may have also been possible. The post-depositional incorporation of 
artifacts and fossils into the sandstone explains why the density of these 
objects is much higher in the caliche relative to underlying sands as 
observed in both Kelly’s 1991/1992 excavations and in the excavations 
described here. The artifacts and fossils found in the horizon can be 
considered as part of the syn-depositional formation of the primary 
sedimentary package under investigation. The caliche observed in the 
package is a post-depositional feature and represents the presence of 
near-stagnant water in the primary deposit, such as that of a phreatic 
zone, which we considered in the OSL burial water content calculation. 
This phreatic activity can only occur if there is already a host sediment 
present and has limited energy thus minimal particle transportation can 
occur. Considering this depositional history, the artifacts found can be 
regarded as in situ, minimally affected by the near-stagnant phreatic 
water that later caused the caliche to form. In addition, the lack of 
pebble-sized clasts equal to those of the artifacts eliminated the possi-
bility of hydraulic deposition of these tools. There is also a lack of 
overlying Holocene sediment lithology (unconsolidated reddish fine- 
grained sands and fines of the Galana Boi Formation) in the artifact- 
bearing horizon, which would have alluded to scouring and percola-
tion for an introduction of more recent artifacts to the sedimentary 
package. 

The fifth and final phase is characterized by continuous lake level 
fluctuation throughout the Holocene, including high lake stands which 
may have submerged GaJj17 which sits approximately 440 m asl 
(Fig. 2). During this time of extensive lake-level fluctuation, the indu-
rated caliche deposit likely buffered the underlying artifact- and fossil- 
bearing sands from erosive cycles that would have taken place when 
lake levels receded. The irregular nature of the caliche is likely due to 
variations in calcification. GaJj17 represents the remaining in situ 
sandstone. In places where the sandstone eroded fully, however, the 
underlying sandy unit became exposed and was subsequently eroded 
during rapid lake transgressions and regressions of the Holocene. 
Although Galana Boi sands are no longer present at the site we posit that 
the site was re-inhabited by fisher-foragers, possibly fisher-forager- 
pastoralists (Beyin et al., 2017; Prendergast and Beyin, 2018) based on 
the presence of a surface fossil bone harpoon dated to 2785–2960 cal BP 
(Table 5). We report this age to underline the necessity of considering 
both site formation and erosional processes in interpreting behavioral 
conclusions from biocultural archaeological remains. This direct date 
also underscores the palimpsest nature of the surface collection and the 
necessity of ruling out depositional mixing before drawing behavioral 
conclusions that imply sedimentological association. 

Future work at and around GaJj17 is needed, including structural 
geological work. Stratigraphic understanding within a tephra strati-
graphic framework will also be beneficial and is underway. GaJj17 
represents the first dated Late Pleistocene occurrence of human occu-
pation in the Lake Turkana region and the only currently known Late 
Pleistocene locality within the Koobi Fora region. Our surveys of the 
surrounding area yielded no evidence for additional primary deposits 
similar to GaJj17. It is possible that the general lack of similar deposits 
near Koobi Fora is related to the proximity of this area to the lake and 
Holocene erosion, but we note that we have yet to survey beyond Area 
104 and similar deposits may well be discovered elsewhere around 
Koobi Fora. 

4.2. Synthesis of GaJj17 evidence with previous findings 

As our work highlights, the behavioral and ecological association of 
finds needs to be demonstrated rather than assumed. Instances of surface 
artifacts considered to share affinity with dated Late Pleistocene artifacts 
[e.g., bifacial hierarchical cores and associated triangular flakes (Shea, 
2020)] are common in Turkana (Kelly, 1996a; Shea and Hildebrand, 
2010). Despite their common occurrence, very little research has been 
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conducted to determine their stratigraphic provenience and the depo-
sitional history therein. 

Kelly and Harris (1992) described multiple sites in the Ileret 
sub-region (FxJj 1, 2 and 3) and in the Karari region (FxJj 62 and 66). In 
Alia Bay, Kelly’s field notes and our own observations from walking 
survey indicate the presence of MSA stone artifacts, but no evidence for 
in situ evidence currently exists. On the western margin of Lake Turkana, 
Shea and Hildebrand (2010) reported multiple occurrences of MSA sites, 
including Nakechikchok and Kadokorinyang (Fig. 1). Expansive expo-
sures considered Late Pleistocene in age occur in this region and chro-
nological refinement is ongoing (Wright personal communication, Shea 
personal communication). 

Facies analysis, structural measurements, and elevation data ob-
tained from dGPS have enabled our investigation of the broad strati-
graphic and depositional history of landscape evolution at Koobi Fora 
with a focus on Middle and Late Pleistocene deposits within the Koobi 
Fora Formation and its interaction with underlying geology. Preliminary 
results from these investigations, in conjunction with our excavation 
results, point to the presence of a laterally continuous Late Pleistocene 
paleosurface in the eastern Turkana Basin. While current results record 
its presence only at Koobi Fora, it is likely that these deposits formed 
across the ancient Turkana Basin landscape. Additional sedimentolog-
ical and stratigraphic work is ongoing to confirm this, particularly near 
Karari, and at Post-Chari Member near-shore localities such as those at 
Ileret. 

Poor surface preservation of the bones, high fragmentation, small 
sample size, and lack of comparability with published datasets hinders a 
more complete understanding of the GaJj17 fish assemblage. Archaeo-
logical assemblages differ in species representation from both modern 
naturally occurring sites as well as modern human-accumulated as-
semblages (Stewart, 1991) due to processes related to site formation (e. 
g., attrition). At human-accumulated sites a smaller diversity of fish 
dominates due to preferential selection by humans (Gifford-Gonzalez 
et al., 1999). Modern non-human accumulated fish assemblages also 
differ from the taxonomic diversity of the modern lake today, as Stewart 
(1991) shows, with several species of ray-finned fish overrepresented 
and others underrepresented in comparison to the relative abundance of 
species in the lake; this differential relative abundances of fish species, 
Stewart (1991) suggests, may be explained by an overrepresentation of 
littoral taxa at the sites she excavated, as well as the fragility of the bones 
of some taxa and a size bias. While our analyses were not conclusive 
regarding the accumulating agent of aquatic faunal remains at GaJj17, 
our results contribute to the limited literature on fish remains from 
archaeological sites in the Pleistocene. We hope our study will be useful 
for future research interpreting early fishing practices and the role of 
aquatic resources in the evolution of Homo sapiens. Furthermore, as 
Joordens et al. argued, “the default assumption (…) should be that 
omnivorous hominids who lived in (…) habitats with catchable aquatic 
fauna could have consumed aquatic resources” (2009:667). Hominins 
have been opportunistic feeders through most of their evolution (Archer 
and Braun, 2013; Archer et al., 2014; Braun et al., 2010; Erlandson, 
2001; Joordens et al., 2009; Steele, 2010), and it seems unlikely that 
Late Pleistocene humans living by Lake Turkana would have ignored the 
availability of such resources. 

5. Site formation and later Pleistocene archaeology in the Omo- 
Turkana Basin 

The scale of our behavioral questions is conditioned on the scale of 
environmental and temporal variation represented in the sediments 
available for study. The lack of radiocarbon dating options at GaJj17, for 
example, reflects the nature of working in arid regions with poor 
collagen preservation and the importance of continued sedimentological 
work integrating OSL, tephrochronology, and other geochronological 
methods. The unconsolidated nature of the sands, which overlie dis-
conformable surfaces and are overall patchy in nature, can be studied by 

expanding laterally and sampling patches at different places in the basin. 
By describing the depositional and archaeological formation processes 
at GaJj17 we contribute here toward reconstruction of later Pleistocene 
site formation, preservation, and visibility in Turkana; these data are 
crucial for future site prospecting and paleolake modeling research in 
Turkana, both of which are necessary for understanding more broadly 
how humans utilized, and adapted to, dynamic ecologies in the Rift 
Valley. 

It remains unclear whether the archaeological evidence at GaJj17 is 
the result of a short pulse of human habitation or was part of a longer 
more extensive occupation history obscured by a lack of a high- 
resolution stratigraphy. While GaJj17 alone cannot answer this ques-
tion, it does emphasize the significance of this region and period for 
understanding the evolutionary history of human adaptations to lacus-
trine environments. Multiple lines of evidence indicate that Lake Tur-
kana underwent extensive and sometimes extreme lake fluctuations 
throughout the Holocene. The Late Pleistocene record is less clear and 
may have been characterized by similar lake-level fluctuations. A 
landscape-scale sedimentological understanding of Middle and Late 
Pleistocene archaeological sites, building on the work of Vondra et al. 
(1971), Bowen and Vondra (1973), and Brown and Feibel (1986, 1991) 
will enable better contextualization of the occurrence of these Late 
Pleistocene sites across space and their stratigraphic relationships. 
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Guérin, G., Christophe, C., Philippe, A., Murray, A., Thomsen, K., Tribolo, C., 
Urbanova, P., Jain, M., Guibert, P., Mercier, N., Kreutzer, S., Lahaye, C., 2017. 
Absorbed dose, equivalent dose, measured dose rates, and implications for OSL age 
estimates: introducing the Average Dose Model. Quat. Geochronol. 41, 163–173. 
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