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ARTICLE INFO ABSTRACT

Handling Editor: Dr Zerboni Andrea The Middle Stone Age (MSA) is the major chrono-cultural phase associated with the emergence and evolution of
Homo sapiens in Africa. Despite its importance, the MSA has not been evenly investigated across Africa, and West

Keywords: Africa in particular remains poorly understood. Although new research is beginning to fill in this crucial gap of

ESR dating

knowledge, the existing MSA chronologies in West Africa only rely on Optically Stimulated Luminescence (OSL)
dating. In this context, the increasing use of a multi-method dating approach appears essential to strengthen this
emerging geochronological framework. Here, we apply such approach to constrain the age of Bargny locality,
located in close proximity to the modern Senegalese coast (South of Dakar), and which documents one of the
oldest MSA occupations in West Africa. Specifically, we combine OSL and Electron Spin Resonance (ESR)
methods to date the MSA sites of Bargny 3 (BG3) and Bargny 1 (BG1). A mean OSL age of 127+8 ka may be
proposed for the MSA of BG3, which is in good agreement with a mean Ti-H ESR age of 125414 ka from the same
unit. Interestingly, similar ages are obtained by OSL (144+7 ka) and Ti-H ESR (138+14 ka) for the MSA horizon
from BG1. While these results illustrate the great potential of the combined OSL-ESR dating approach to establish
robust chronologies, they also contribute to improve the geographical and chronological resolution of the MSA
record in West Africa. More specifically, they also corroborate the presence of MSA occupations along the
Senegambian coast around the MIS 6-MIS 5 transition. In combination with the associated estuarine environ-
ments and mangrove forest, the evidence from Bargny adds to the known diversity, and likely complex behav-
iour, of early human populations living by Africa’s coastlines.

OSL dating
Middle Stone Age
West Africa
Quartz mineral

1. Introduction emergence of the H. sapiens clade (e.g., Brooks et al., 2018; Deino et al.,
2018; Hublin et al., 2017; Richter et al., 2017). Although the MSA is a

The earliest occurrence of Middle Stone Age (MSA) technologies crucial cultural period that constitutes a major change in our species’
dates to ~ 300 thousand years ago (ka) and is contemporaneous with the evolutionary and cognitive history, vast swathes of Africa such as West
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Africa, have seen less investment in research, in contrast to other regions
of the continent (see Scerri et al., 2018 for discussion). This is the case
for inland regions, as well as for coasts, which are thought to have been
particularly favorable environments for early humans (e.g., Campmas,
2017; Will et al., 2016). In temperate northern and southern Africa,
evidence for MSA occupation of the coastline is well documented in
numerous cave sites, typically preserving not only rich stone tool as-
semblages, but also a wealth of information regarding subsistence pat-
terns and exploitation of marine resources (e.g., Ben Arous et al., 2022;
Campmas, 2017). In contrast, comparable evidence from tropical Africa
is scarce, and probably best represented by MSA occupation from Panga
ya Saidi in Kenya (Shipton et al., 2018).

Multidisciplinary investigations have recently been initiated to
address the spatial and temporal knowledge gaps in West Africa. Over
the last decade, archaeological investigations have revealed a probable
late persistence of the MSA until the Pleistocene-Holocene boundary
(Scerri, 2017; Scerri et al., 2021), with technological continuities
stretching back through time to at least MIS 5e (Douze et al., 2021), and
even to late MIS 6 (Niang et al., 2023). In other words, these in-
vestigations have shown a regional MSA sequence spanning from at least
Marine Isotope Stage (MIS 6) until MIS 2 (~150-11 ka) and doc-
umenting a distinct regional cultural trajectory. In particular, evidence
from continental sites in the current Sahelian savanna biome have also
shown a significant technical diversity (e.g. debitage Levallois, discoid,
bipolar; bifacial tools; use of the pressure technique) from the MIS 4 to
MIS 2 (Chevrier et al., 2018; Lebrun et al., 2016; Schmid et al., 2021).

Since 2018, new investigations have begun to document the MSA of
tropical Senegambian coastal sites (Niang et al., 2023, 2020), in order to
understand past human interaction with coastal (or sub-coastal) envi-
ronments in this region. In particular, two key localities are critical to
this endeavor, Tiémassas and Bargny. Multiple MSA occupation hori-
zons dated by Optically Stimulated Luminescence (OSL) to between 62
+3 ka to 2641 ka have been reported at Tiémassas 2 (Niang et al.,
2020), while Bargny 1 documents the oldest yet-known dated MSA in
West Africa, initially constrained to 150+6 ka using OSL (Niang et al.,
2023). Critically, this dated occupation was associated with
high-resolution palaeoecological studies, highlighting the estuarine
context of the MSA at the site, and, for the first time, mangrove habitats.
Importantly, investigations within this landscape have also led to the
identification of another MSA site, Bargny 3, reinforcing thus the
importance of Bargny locality for our understanding of MSA occupations
of this coastline. Consequently, corroborating the existing chronological
framework with additional dating results derived from different
methods is crucial for consolidating and refining the timing of the West
African MSA. This will facilitate comparisons with other regions of the
continent, where multi-method dating programs are more frequently
employed (Ben Arous et al., 2022; Caruana et al., 2023; Daujeard et al.,
2020; Duval et al., 2021; Herries et al., 2009; Smith et al., 2018).
However, applying such a dating approach to the West African MSA is
also quite challenging. For example, the use of well-established nu-
merical dating methods that are typically applied to MSA sites elsewhere
in Africa, such as Radiocarbon, Uranium-series, or Argon-Argon, re-
quires suitable materials (e.g., bones, charcoal, shells, calcite, volcanic
minerals) that are often absent from West African sites. In contrast,
quartz is a ubiquitous mineral, opening the possibility for a widespread
application of trapped-charge dating methods such as Luminescence and
Electron Spin Resonance (ESR). MSA occupations in the region have
been traditionally dated using OSL (Lebrun et al., 2016; Niang et al.,
2018; Rasse et al., 2020, 2012; Tribolo et al., 2010), while Infrared
stimulated Luminescence (IRSL) dating has instead never been used due
to intense tropical weathering, leading to the near or complete absence
of feldspar preservation in the sedimentary record. Unlike OSL, the ESR
method has comparatively never been used so far in West Africa, despite
being applicable to the same quartz fraction as OSL, providing thus a
very useful semi-independent age control. Following a combined
OSL-ESR dating approach that has proven increasingly successful over
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the last few years (e.g., Bartz et al., 2019, 2018; Duval et al., 2022;
Méndez-Quintas et al., 2018), we present here new dating results for
Bargny 1, complementing the existing OSL chronology proposed by
Niang et al. (2020), and for the new MSA site of Bargny 3.

2. Bargny
2.1. Context

Bargny limestone quarries are located ~30 km south of Dakar
(Fig. 1). The presence of Stone Age lithic artefacts was first reported in
1941 and further excavations in 1975 have confirmed their preservation
in stratigraphy > 25 cm thickness (Diop, 1976). Subsequent surveys and
excavations have led to the identification of various open-air sites,
including Bargny 1 and Bargny 3 (Niang et al., 2023). Bargny 1 has
recently be presented and discussed in Niang et al. (2023). The strati-
graphic sequence is made of six stratigraphic units number 1-6 from top
to bottom, with limited evidence of later prehistoric archaeology in the
uppermost Unit 1. Below this unit, three archaeologically-sterile hori-
zons were identified (Units 2-4), followed below by a bright orange sand
with gravels (Unit 5) containing a rich MSA assemblage, overlying an
uneven weathering horizon (Unit 6) on top of the limestone bedrock
(Niang et al., 2023). OSL dating of quartz minerals following the Single
Aliquot Regeneration (SAR) procedure constrained Units 4-2 to the Late
Pleistocene to early Holocene time range, while the MSA assemblage in
Unit 5 was dated to 150+6 ka.

2.2. Bargny 3 sequence

New excavations were conducted at Bargny quarries in 2018 (Fig. 1)
in direct response to the threat from quarrying of this important heritage
resource in the Bargny landscape. Bargny 3 is located approximately
450 m in south-east of Bargny 1, with both sites exposed and accessible
as a result of ongoing quarrying activities. Investigation of the archae-
ological deposits at Bargny 3, which spans a total surface of 72 m?
(12 m*6 m, Fig. 1), was naturally divided into two discrete sectors
(Sector 1 and 2) due to recent incision and reworking of the deposits.
Disturbed deposits were not excavated. Both sectors showed a compa-
rable stratigraphic sequence, and the deposits can be directly correlated
to those previously observed at Bargny 1. In Sector 1, the uppermost
deposit (Unit 1) is a ~30 cm thick dark brownish-grey silty sand pre-
serving evidence of protohistoric occupation, including burials, ce-
ramics, and marine shells, directly underlain by an archaeologically
sterile mid-greyish brown silty sand (Unit 2; ~70 cm). The Unit 3 is a
~20 cm thick mid-greyish silty sand. The presence of carbonate powder
and fine nodules increases within Unit 3 towards the base with more
dense and larger carbonate nodules (5-10 mm diameter), with a sharp
contact with underlying deposits. Unit 4 is composed by a pale
brownish-grey silty sand, typically ~35cm thick, with carbonates
showing some lateral variability of facies and higher density closer to
the limestone bedrock. The main archaeological horizon, Unit 5, is
characterized by a ~45 cm thick orange silty sand with presence of
ferre-gravels and some carbonates and associated with a large number of
MSA lithic artefacts (n > 6000). Preliminary technological analysis
shows that the artefact assemblage from Bargny 3 includes classic MSA
technologies such as Levallois and discoidal reduction sequences and
sparse retouched flake tools (Fig. 1). The lowermost deposit (Unit 6) is
made of angular bedrock fragments supported by fine sediments similar
to the fine orange sands from Unit 5 mixed with banded clays exposed in
the underlying bedrock horizon. The apparent thickness of exposed
bedrock locally reaches >1 m.

3. Material and methods

Six ESR/OSL sediment samples were collected from Bargny 3 by
inserting opaque metal tubes into the sections. The sampling was
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Fig. 1. Geographical location of the MSA sites presented and discussed in this work and Bargny 1 and 3 sequences. a: Location of the sites at west African scale and at
b: regional scale; c: Location of Bargny sequences; d: View of the main sections of Bargny 3 without and with the OSL-ESR samples; e. Plan of Bargny 3 presenting the
location of the dating samples in this work; f: Example of MSA artifacts from Unit 5 of Bargny 3; g: Stratigraphic sections of Bargny 1 and 3, and associated dating
results. Data in (a-c) from ALOS (JAXA), GEBCO 2023 Grid, WorldClim 2.1 (biol2; Fick et al., 2017), and WWF (Dinerstein et al., 2017; Olson et al., 2001).
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initially carried out in 2018, prior to the complete destruction of the site
through quarrying activities, and no in situ measurements of the natural
radioactivity was performed at that time. Consequently, no field gamma
dose rate was available for the trapped charge-dating study initiated a
few years later (Table S1).

Samples are stratigraphically distributed as follows, from top to
bottom (Fig. 1): one was taken from each Unit 2, 3 and 4, while three
samples originate from the lowermost Unit 5. The multiple sampling
from the MSA horizon (Unit 5) aims to account for possible lateral
variability of the ages and to evaluate the potential influence of post-
depositional formation of carbonates that dominate the overlying Unit
4 deposits. Additionally, one prepared quartz sample (Shfd19083) from
Unit 5 of Bargny 1 was also selected for ESR dating. The corresponding
OSL age of 150+6 ka initially constrained the MSA Unit 5 to the latest
part of the Middle Pleistocene (Niang et al., 2023).

The carbonate content of the six Bargny 3 samples has been deter-
mined at CENIEH (Burgos, Spain) using a Petron Calcimeter on ~5 g of
dry, ground and homogenized sediments in order to quantify their
impact on the dose rate and OSL-ESR ages (see Supplementary Material
S1). Additionally, one thin section was made from sample BG03-04
(Unit 5) following the protocol detailed in Supplementary Material S2.

OSL dating of the six samples from Bargny 3 was performed
following the Single Aliquot Regenerative (SAR) Dose protocol (Murray
and Wintle, 2003), which is the same procedure previously used to date
the Unit 5 of Bargny 1 (Niang et al., 2023). ESR dating was performed on
three quartz samples (BG03-04 and BGO05-06 from Bargny 3, and
Shfd19083 from Bargny 1) using the multiple-centre (MC) approach
(Toyoda et al., 2000), with the dose evaluation based on the Multiple
Aliquot Additive Dose (MAAD) method. Three radiation-induced ESR
signals (Al, Ti-mix and Ti-H) were systematically evaluated in each
quartz sample. OSL and ESR dating analyses were carried out at CEN-
IEH, following the procedures extensively described in Supplementary
Material S1.

4. Results and discussion
A detailed discussion about the evaluation of the equivalent dose and

dose rate for ESR and OSL methods, as well as of the reliability of the age
results may be found in Supplementary Material S1.

Table 1
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4.1. Comparison of OSL and ESR dating results

4.1.1. Bargny 3

The final OSL and ESR results are presented in Table 1 and displayed
in Fig. 2. The OSL ages range from 187+14 ka to 9+1 ka and are
stratigraphically consistent. More specifically, Unit 5 shows two samples
with close results around 130 ka (12647 and 12848 ka), while the third
age is significantly older (BG03-05: 187414 ka). Since the three samples
show very close OSL D, values (103+4, 110 + 6 and 108+5 Gy), the
apparent age scatter is most likely related to the dose rate evaluation
(See Supplementary Material for an extended discussion). We do
acknowledge that the absence of in situ dosimetry for Unit 5 may induce
an intrinsic uncertainty on the gamma dose rate calculated for these
samples, which can, however, hardly be quantified with the existing
data set (see Supplementary Material). For example, one sample
(BG03-04) is located within 30 cm of Unit 6 and has likely received a
contribution from that unit and the bedrock. Moreover, sample
BG03-05 shows the lowest total dose rate (586+26 uGy/a) of all sam-
ples, which systematically return values > 800 pGy/a (Table 1, Fig. 2).
Interestingly, this sample not only shows the lower radionuclide con-
centrations (Table S4), but also a significant disequilibrium in the U-238
decay chain (Table S5) and by far the highest carbonate content (59 %;
Table S6). Taking into account the disequilibrium may lead to the
evaluation of a much lower dose rate, resulting in an age of 156+11 ka
(Table S7; i.e., 30 ka younger than the initial age estimate of 187+14
ka). Moreover, micromorphological study of sample BG03-04 indicates
that the formation of these carbonates is most likely post-depositional
(Supplementary Material), which may potentially bias the dose rate
evaluation (Nathan and Mauz, 2008). Dose rate modeling using RCarb
software (Nathan and Mauz, 2008) suggests that the presence of car-
bonate may induce a dose rate overestimation of about 14 % if not taken
into account Supplementary Material. An extended version of the dis-
cussion may be found in Supplementary Material S2. Consequently,
there is evidence indicating that the older age initially obtained from
BG03-05 is most likely strongly overestimated.

To sum up, the age of Unit 5 from Bargny 3 is therefore best esti-
mated by the other two samples, from which a mean OSL age of 127+8
ka may be proposed, correlating the deposits to around the MIS 6-5
transition (130 ka, Lisiecki and Raymo, 2005).

MC ESR ages obtained for two samples from Unit 5 show the usual
pattern indicating that Al and Ti-mix signals have not been fully reset

Detailed OSL-ESR ages estimates and dose rate components. Errors are displayed at 1 sigma. The dose rate and OSL age of sample Shfd19083 have been recalculated to
ensure a direct comparability with the ESR age (see text in Supplementary Material S1): the dose rate initially calculated by Niang et al. (2023) is given in brackets.

Final OSL and ESR ages are in bold.

Sequence Bargny 3 Bargny 1
Sample BG03-01 BG03-02 BG03-03 BG03-04 BGO03-05 BG03-06 Shfd19083
(Unit 2) (Unit 3) (Unit 4) (Unit 5) (Unit 5) (Unit 5) (Unit 5)
Depth (m) 0.62+0.1 1.154+0.1 1.5540.1 1.9540.1 2.34+0.1 2.34+0.1 3.1+0.1
Measured water (MW) content (dry weight %) 3.24+5 2.84+5 2.24+5 2.6+5 1.6+5 2.845 2.54+5
Internal dose rate (pGy/a) 30+1 30+1 30+1 30+1 30+1 30+1 30+1
Alpha dose rate (uGy/a) 7+5 9+6 6+5 6+4 4+3 6+5 12+9
Beta dose rate (pGy/a) 311+21 424+28 349+21 283+19 189+13 301+20 317+23
Gamma dose rate (uGy/a) 406+25 469+28 349421 343421 213+13 357421 379429
Cosmic dose rate (uGy/a) 191419 173+17 164+16 156+16 149+15 149+15 136414
Total dose rate (uGy/a) 946+39 1104+45 839+35 818+34 586+26 844+35 874441
(840+33)
OSL D. (Gy) 8+1 6442 8445 103+4 110+4 108+5 12642
OSL Age (ka) 9+1 58+3 100+7 126+7 187+14 128+8 144+7
De (Gy) Al 140+17 148+14 185+16
De (Gy) Ti-mix (SSE W—1/I% Dmax=2.5 kGy) 130+6 130+6 201425
De (Gy) Ti-H (SSE W—1/1% Dmax=2.5 kGy) 110+11 97+10 110411
Age (ka) Al 171+£22 175+18 212412
Age (ka) Ti-mix (SSE W—1/1% Dppa=2.5 kGy) 159+10 154+10 230+31
Age (ka) Ti-H (SSE W—1/12, Dpax=2.5 kGy) 134+15 115+13 138+14

Unit 5 OSL mean age of 127+8 ka
Unit 5 Ti-H ESR mean age of 125+14 ka
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OSL and ESR chronologies of Bargny 1 and 3
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Fig. 2. Overview of the OSL-ESR data (ages, dose rate and equivalent dose) collected from Bargny 1 and 3 sequences. Numerical values are given in Table 1. Errors
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during transport (see complete discussion in Supplementary Material
S1), and the ages should therefore be regarded as maximum estimates.
Consequently, the true age of the samples is best estimated by the Ti-H
signal, which yields two 1c-consistent results of 115 + 13 ka (BG03-06)
and 134415 ka (BG03-04). These results are also in close agreement
with the paired OSL age estimates. A mean Ti-H ESR age of 125+14 ka
may therefore be calculated for Unit 5.

In summary, a robust chronostratigraphic framework may be
established for Bargny 3 through a combination of OSL and ESR dating
methods. OSL yields a stratigraphically-consistent chronology for the
sedimentary sequence ranging from 9+1 ka at the top to 127+8 ka at the
bottom, while the results obtained for lowermost Unit 5 (12748 ka) are
confirmed by the semi-independent age control given by the ESR,
providing a very close age of 125+14 ka.

4.1.2. Unit 5 from Bargny 1

The new dose rate evaluation carried out for Shfd19083 from Unit 5
at Bargny 1 yields a revised OSL age of 144+7 ka (Supplementary Ma-
terial S1), i.e., slightly lower by 6 ka than the initial age of 150+6 ka
(Table 1; Niang et al., 2023). The limited D, overdispersion (OD) of
11 % suggested that the sediment has been well bleached and limiting
the risk to overestimate the true OSL age of the Unit 5. As for Bargny 3
samples, the ESR data indicate that the Al and Ti-mix signals have most
likely not been fully reset, providing thus, in accordance with the MC
approach (Toyoda et al., 2000), maximum age constraints of 212+12 ka
and 230431 ka, respectively. In contrast, the Ti-H signal returns a
younger age of 138+14 ka, in excellent agreement with the
semi-independent OSL age of 144+7 ka. In other words, both dating
methods yield highly consistent ages of around 140 ka, confirming the
deposition of Unit 5 at Bargny 1 may be correlated to the end of MIS 6
(191-130 ka; all MIS age boundaries used in this work are from Lisiecki
and Raymo, 2005).

4.2. Chronostratigraphic interpretation

Our study documents and dates evidence for protohistoric and MSA
occupations at Bargny 3, and fits the previously reported MSA occupa-
tion at Bargny 1 into an extended multi-methods geochronological
framework based on OSL and ESR dating methods.

4.2.1. Units 1-4
The OSL results obtained for Unit 2 of Bargny 3 and Bargny 1 se-
quences are consistent, with similar ages of 841 ka (this work; Table 1)

and 941 ka (Niang et al., 2023; Fig. 1). This suggests the modern
configuration of the sedimentary landscape at Bargny was established in
the early Holocene, which was subsequently occupied by later prehis-
toric and protohistoric populations as evidenced by shells, human
burial, numerous charcoals and pottery fragments from the upper Unit 1
at both sites.

The sharp sediment boundary between Unit 2 and 3, as well as
coarser sands in Unit 2 identified at Bargny 1, likely points towards an
erosive event, that may have reshaped the contemporaneous landscape
at Bargny, though the destruction of both the Bargny 1 and 3 sequences
prohibits any further detailed assessment. The OSL age estimates for
Unit 3 span 35.3+1.4 ka at Bargny 1-58+3 ka at Bargny 3, suggesting
little change in depositional environments during much of MIS 3 (57-29
ka).

The age estimates for the underlying of Unit 4 of 100+7 ka at Bargny
3 falls within the range of the OSL results from Bargny 1 (134+5 ka and
90+4 ka). While we cannot exclude that the age scatter may partly result
from the uncertainty on the dose rate evaluation (e.g., absence of in situ
dosimetry at both sites; no data on carbonate content or about a po-
tential disequilibrium in the U-238 for the Bargny 1 samples), these
results nevertheless show overall good consistency across sites, and
enable to roughly correlate Unit 4 to MIS 5 (130-71 ka).

4.2.2. Unit5

There is approximately a 10-20 ka age difference between the nu-
merical dating results obtained for Unit 5 at Bargny 1 and Bargny 3.
While this may be partly explained by some minor uncertainty related
with the dose rate evaluation of the Bargny 1 sample (i.e., the carbonate
content and disequilibrium in the U-238 chain could not be assessed), or
with the absence of in situ dosimetry at both sites, it may also naturally
result from the non-negligible time span covered by sediment deposition
of Unit 5. Regardless, it should be emphasized that the combined ESR-
OSL dating results from the two sites are consistent at a 26 confidence
level. Based on the current data set available, it may therefore be
reasonably considered that Units 5 at Bargny 1 and Bargny 3 may be
coeval and represent the same depositional episode, with an age centred
on 136415 ka (20). This result provides an indirect age constraint to the
associated MSA lithic assemblage, corroborating the occupation along
the Senegambian coast spanning the MIS 6-MIS 5 transition. Conse-
quently, the association of the MSA artifacts with estuarine and
mangrove environments in the Senegalese coastline that was initially
identified from the palaeoecological study of Unit 5 from Bargny 1
(Niang et al., 2023) may be reasonably extended to Bargny 3.
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5. Conclusion

Together with Tiémassas sites (Niang et al., 2020, 2018), Bargny
offers a unique opportunity to further evaluate the importance of the
coast to Pleistocene populations in West Africa, which has been barely
investigated so far, unlike in other parts of the continent (e.g. see syn-
thesis in Ben Arous et al., 2024; Kandel et al., 2023). The results of the
present work contribute to geographically and chronologically extend
and enhance the resolution of the MSA record in West Africa, with sites
located from the Senegalese coastline to inland regions such as the
Ounjougou and the Falémé Valley sites (Chevrier et al., 2018; Rasse
et al., 2020, 2012) and dated from the earliest MIS 5 to MIS 2. Inter-
estingly, our results also bring additional complexity to our under-
standing of the early human dispersals into West Africa by suggesting
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that Bargny MSA occupations chronologically overlap with those at
Ravin Blanc I (Falémé Valley sites, Fig. 1 and Fig. 3). The latter has
indeed provided a very distinct lithic assemblage made of a mixture of
MSA with Acheulean handaxes, which has been dated from 124412 ka
to 128412 ka, and is associated with an open and humid environment
(Douze et al., 2021).

Finally, the present work may also have significant methodological
implications. First, the results confirm the great potential of the Ti-H
ESR signal to date late Middle to Late Pleistocene quartz samples.
Moreover, the excellent agreement obtained between the two semi-
independent methods shows the usefulness of the combined OSL-ESR
dating approach to establish robust chronologies for the MSA record
of West Africa.

Chronological comparison with West African MSA sites
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