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Abstract

The prehistoric settlement of the west coast of the Senegalese-Mauritanian basin is established from archaeologi-
cal remains and coal samples collected, sometimes in a stratigraphic context. However, the chronology issued, in
the Before Present (BP) age, does not take into account the taphonomic context of the sites and the local reservoir
age. Therefore, this article revisits the chronologies obtained based on the *C literature and dating(s) acquired.
Changes in time and duration of human occupancy of the area are shorter or longer depending on adequate yields
of local reservoir age (Ndeye, 2008), which is a relevant element for marine samples. Thus, the archaeological
implications observed with the reservoir effect are the rejuvenation or ageing of the dates, the age of the sites,
the duration of occupation prehistoric or historical sites studied. Using the calibration programmes, it is noted that
for the site of Senegal (Khant), without taking into account the reservoir effect, the human occupation is a priori,
from the fifth millennium (Ancient Neolithic) to the third millennium BC (Middle Neolithic). However, if this marine
reservoir effect is applied, the chronological periodisation goes from the fourth millennium to the first millennium.
For the Mauritanian sites, the reservoir age correction is necessary for the Chami site while for the Tintan site is
not required. Therefore, the calibrated archaeological chronologies obtained after the application of the marine
reservoir effect are more relevant.
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1. Introduction exchange between the atmosphere and the ocean have been

proposed for surface waters (0—75 m), thermocline waters

The use of “C ages from samples that grow in marine en-
vironments (i.e. molluscs, fish bones, etc.) requires special
consideration like calibration, which is important for inter-
preting or comparing historical or climatic records. Mixing
of water masses (i.e. during upwelling) may dilute the
amount of '“C in the water. Marine organisms that absorb
their carbon from dissolved inorganic carbon (DIC) typi-
cally have relatively older ages due to the dilution effect
in the ocean, as compared to atmospheric ages. Models of
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(75-1000 m) and deep waters (1000-3800 m) (Stuiver and
Braziunas, 1993). From the model of surface waters, veri-
fied by "*C dates on shells of known ages, one can calculate
a global mean value for pre-AD 1950 marine reservoir age
correction R(t) of 400 years. Some laboratories publish “C
ages without reservoir effect corrections; however, this ap-
proximation is not sufficient for archacological applications
that require calibration using programs such as CALIB7.1
(Stuiver et al., 2013) or CALIBS.2 (Heaton et al., 2020).
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It has been demonstrated that the variability of reservoir
ages at a particular site depends on oceanic water mass
circulation and mixing (Siani et al., 2000; Southon et al.,
2002). In upwelling zones, for instance, mixing of deep wa-
ters with surface waters produces important local reservoir
effects, with AR values of several hundred years or more.
Previous studies (Ndeye, 2008) focussed on the estima-
tion of the mean value for the reservoir effect for coastal
Senegal and Mauritania, western Africa. It has been sug-
gested that the reservoir effect in this part of Africa could
be high because it should be affected by upwelling phe-
nomena (Goodfriend and Flessa 1997). That study area
extends from Port Etiénne (21°01'N, 17°02'W) (coastal
Mauritania) in the north to Rufisque (14°42'N, 17°15'W)
on the Cap-Vert (Cape Verde) peninsula (coastal Senegal).
C dates were calculated from AD 1837 and 1945 using
gastropods from which are calculated reservoir ages. The
weighted mean results of R for Senegal is 511 + 50 Before
Present (BP) and AR is 176 + 15 BP; for Mauritania, R is
421 £ 15 BP and AR is 71 £+ 13 BP. The stations studied
are part of the family-face distribution of archaeological
sites in the West African Neolithic. From this classifica-
tion and dating, the settlement of Khant, Chami and Tintan
stretches from the ancient Neolithic to the historical period.
However, the problem of these chronologies, with periods

of hiatus, is the consideration of the influence of the ma-
rine effect on the samples collected. Hence, the question
of the absolute accuracy of the dates obtained. From the
BP age classification, the sites are ‘old’ and the chrono-
cultural and taphonomic conceptuality of the stations are
poorly defined. Therefore, the application of the local res-
ervoir effect allows greater consistency in the ‘timing’ of
the calibrated samples and occupancy. This article aims to
provide revisited chronology of two human settlements in
Mauritania and Senegal, applying the age characteristics of
the reservoirs previously published from the Mauritanian
and Senegalese coast.

2. Material and Methods

2.1. Description of the Studied Sites and excavations

2.1.1. Khant site (Senegal)

Ravisé discovered the site of Khant in 1968. It is a depres-
sion located at 22 km (16°04'02.8"N; 16°2025.7"W) of the
city of Saint-Louis (Fig. 1). Human occupation of the coast-
line at the beginning of the Holocene is facilitated by the
availability of coastal resources (molluscs, fish and marine
mammals). This is the archaeological essence (shellfish) of
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Fig 1. Sampling sites for reservoir ages calculations and the studied archaeological sites.
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the Khant site (excavated in 1970 by Ravisé¢) whose dura-
tion of occupation begins between 5650 £ 140 BP (Ly 990)
and 5248 + 177 PB (Ravisé ef al., 1975; Hebrard, 1978).
Similarly, radiocarbon dating on Anadara Senilis shells
of 5340 = 120 BP (Ly 988), 4352 £ 123 BP (Dk60) and
4225 £ 119 BP (Dk69) were obtained. In addition, a char-
coal sample, taken at a depth of 150 cm (Ravisé, id.) is
dated at 1751 £ 13 BP.

Other dates obtained in the vicinity of the Khant depres-
sion, despite the inaccuracy of their location, range from
5000 BP to 1500 BP (Table 1; Mbow 1987). On this site
remains of burials of a Negroid type subject have been re-
ported. Therefore, based on calibrated ages (Ravisé ef al.,
1975), the settlement of Khant stretches from the ancient
Neolithic to the protohistorical era (1000 BC to 1500 AD).

The Khant site has delivered polished bone axes, har-
poons, hooks and ceramics whose properties match those
of the Atlantic coast’ (Ravis¢, 1970). The ground shell and
its derivatives were used as technical elements (tool shap-
ing) and as a basis for dating the site.

2.1.2. Tintan and Chami sites (Mauritania)

Tintan and Chami integrate into the entire Mauritanian
coast (Fig. 1). These two sites have affinities with Khant in
Senegal. In the seventh millennium, human occupation af-
fected part of the coastline. From the fifth and fourth mil-
lennia, the coast, entirely occupied, encompasses Tintan
and Chami. Tintan and Chami integrate into the entire
Mauritanian coast. Traces of prehistoric settlement (epipa-
leolithic and neolithic) are found in the area of Foum Arguin,
in Chami but novelties, heralds of the Neolithic make their
appearance—arrow frames, often bifacial, polished axes, ce-
ramics, grinding equipment (Vernet, 2004). The Tintan site,
on the Tintan peninsula, is 7 km from Foum Arguin, north
of Banc d’Arguin. It is part of the Senegalese-Mauritanian
coastal strip from Saint-Louis to Nouadhibou. Tintan is lim-
ited to the north, from Cap Blanc, by Nouadhibou-Cansado,
the Banc d’Arguin to the south, to the East Foum Arguin and
to the West the Atlantic coast. Tintan, ‘older’, like Khant are
Neolithic stations. Thus, the dating obtained in this region,
by J.P. Charbonnel are in the intervals from 6020 + 150 BP
(on shells) to 5670 £300 BP (on Arca Senilis), at 4270 £ 100
BP (on cymbium) and/or 3530 + 130 BP (on Arca Senilis).
Fonte obtained a date of 4860 £ 160 BP. Thus, in the evolu-
tion of the occupation, the culture of Tintan slips into the
peninsula of the same name and the Tasiast.

2.1.2.1. Chami site

Chami is a «Hasi'», (20° 03'03"N; 15°58'0.3"W) gate-
way to the Banc d’Arguin, located on the Nouadhibou-
Nouakchott axis, east of Cape Tafarit. In addition, while

"awell

18

Chami does not have a real food discharge area, there are,
however, many deteriorated shells on the surface of the oc-
cupied dunes (Farida, 2013). Consequently, Petit-Maire in
1979, who searched the site, collected the following dates
on cymbium: 2360 + 100 BP, 3220 £+ 110 BP, 3950 + 80
BP. While J.P. Charbonnel collected in Chami Tafarit, on
Arca Senilis 3570 £+ 120 BP. Most of the population lived
on the inland dunes (Chami, Tijirit, etc.). Chami is pre-
sented in the form of wind mounds specific to the dune in-
dustries that outcrop on the whole great coast from Dakar
to Banc d’Arguin. As a result, the lithic industry is carved
on flint. The industry is made up of flash nuclei. The tool-
ing is composed of scrapers, collectors, scales and dentic-
ula, geometric pieces (segments, trapezes and triangles),
common to the dune industries of Senegal. Arrowhead
reinforcements are preferentially pedunculated (Vernet,
1993). Traces of prehistoric settlement (epipaleolithic
and neolithic) are found in the area of Foum Arguin, in
Chami but novelties, heralds of the Neolithic make their
appearance—arrow frames, often bifacial, polished axes,
ceramics, grinding equipment (Vernet, 2004). This lithic
production is associated with ceramics, with many deco-
rated shards.

2.1.2.2. Tintan site

The Tintan site (16°24'0"N; 10°10'0"), on the Tintan
peninsula is 7 km from Foum Arguin, north of Banc
d’Arguin. It is part of the Senegalese-Mauritanian coastal
strip from Saint-Louis to Nouadhibou. Tintan is limited
to the north, from Cap Blanc, by Nouadhibou-Cansado,
the Banc d’Arguin to the south, to the East Foum Arguin
and to the West the Atlantic coast. Tintan, ‘older’, like
Khant are Neolithic stations. Thus, the radiocarbon dat-
ings obtained in this region, by J. P. Charbonnel are in
the intervals 6020 + 150 BP (on shells), 5670 + 300 BP
(on Arca Senilis), at 4270 = 100 BP (on cymbium) and/or
3530 £ 130 BP (on Arca Senilis). JC Fontes obtained a date
0f 4860 = 160 BP. Thus, in the evolution of the occupation,
the culture of Tintan slips into ‘peninsula of the same name
and from Tasiast to the region of Chami. Further south, the
Nouakchott region and the Aftout es Sahili region are at-
tracting more and more men’ (Vernet and Tous, 2004). In
addition, the geological configuration of the region allows
the outcropping of raw materials, of rocks suitable for size.
Thus, the Tintan deposit is of great lithic wealth and collec-
tions of Senelia, which greatly contribute to the activity of
specialised groups (Vernet et al., 2004).

2.2. Methods
2.2.1. Literature data

We used archaeological reports (Vernet, 1998), articles
(Delibrias and Evin, 1980) which allowed us to collect 18
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dates for Chami, 27 dates for Tintan. Radiocarbon dating
was mostly carried out on marine shells in the 1980s. Only
21 dates are out of continental macrorests (Human bones;
Pottery degreaser; charcoal sand).

A few rare dates were given with the corresponding
isotopic fractionation 8"*C. With regard to sea shells, the
hypothesis put forward is that for 8"°C close to 0%o then
the correction to be applied of 400 years is compensated
by the apparent age of the oceanic surface waters, which is
about 400 years except in very special cases of deep water
ascents.

2.2.2. Radiocarbon laboratory new data (IFAN Ch.A.Diop,
Dakar)

Since 2003, a new dating system has been installed at the
Carbon 14 laboratory of the IFAN Cheikh Anta Diop of
the University Cheikh Anta Diop of Dakar. It is equipped
with a liquid scintillation meter (Tri-carb 3170TR/LS) with
BGO tube (Bi4GeO12) to reduce background noise in su-
per low-level mode.

The performance of this dating system (background,
merit factor) and the calibration were evaluated by the
use of the standards of the International Atomic Energy
Agency (IAEA) but also by the age known samples from
the University Paris VI (France). The counter is supported
by software called Quanta Smart for the Windows operat-
ing system (Packard 1999). Counting is programmed for
100 min per cycle.

In the energy range 13-85 keV, the efficiency of
the meter is 68% and the background noise is 0.2 cpm.
The E?/B merit factor is 23.400. This clearly shows
the high performance of the counting system. In super
low-level counting mode using BGO tubes, the back-
ground noise is reduced considerably and goes down
to 0.1 cpm for the same output. The newly renovated
laboratory has had its first date with a new laboratory
code DK.

2.2.2.1. Physical and chemical pretreatments

Before determining the age of a sample, it undergoes
physicochemical pretreatments that depend not only on the
nature of the sample but also on its degree of pollution.
These pretreatments reduce the level of pollution. Once the
samples are pretreated physically, that is, cleaned, stripped
or crushed, a chemical pretreatment is usually performed
in a conventional way by making acid-base-acid attacks to
eliminate any pollution.

For this study, the collected marine samples are chemi-
cally pretreated. The sample is immersed in 8% HCI for
about half an hour and then rinsed with swapped water.
Since the sample is a shell, after a good rinse to a neutral
pH, the pretreatment is completed and the sample is ready
to be synthesised.

20

2.2.2.2. Benzene Sample Synthesis

After the pretreatments, the samples are placed in an oven
at an appropriate temperature and for a time which allows
to dry depending on the type of the sample. The synthesis
of benzene is carried out by means of a device whose oper-
ating procedure is as follows: first of all, a primary vacuum
within the synthesis bench is made, thanks to the pumps
installed on the bench.

The sample is then attacked by ortho-phosphoric acid
(H,PO,) to give carbon dioxide (CO,). The CO, is sent to
the lithium-containing furnace and the carburation starts at
800°C to give lithium carbide (Li,C,) and lithium oxide
(Li,0). Acetylene (C,H,) is obtained by hydrolysing the
obtained lithium carbide. Finally, the trimerisation of acet-
ylene in the presence of catalyst (vanadium—chromium) at
50°C makes it possible to obtain benzene. The benzene ob-
tained at the end of this synthesis is put into the counting
chamber of the liquid scintillation counter (Tri-carb 3170
TR/LS with BGO tube) produced by Packard in 1999,
which makes it possible to obtain, after a few days (15
cycles), the activity of the sample necessary for the deter-
mination of the radiocarbon age.

2.2.2.3. Calculation of sample activity by liquid scintillation
Two grams of synthesised benzene is mixed with mixed
scintillator, Bis MSB + Buthyl PBD in proportions of
6 mg cach. The scintillator converts the energy of the
incident particle, the B-radiation released by benzene,
into photons. The incident energy carries the atoms or a
molecule of the scintillator in an excited state, and their
return to the ground state is accompanied by the emis-
sion of photons. These photons are received by the pho-
tocathode of the photomultipliers that emit electrons that
come to hit a dynode and re-emit several electrons to
another dynode.

Each time a photon reaches a dynode, it triggers a pulse
or strokes. All the electrons are collected by the anode,
which is the output signal of the scintillation detector. This
signal is proportional to the energy released by benzene
and makes it possible to determine the total number of
strokes recorded over a longer or shorter period of time.
The calculation of the average activity of the sample
makes it possible to determine the corresponding radio-
carbon age.

The radiocarbon age is calculated not only assuming the
constancy of the C content but also the consideration of
isotopic fractionation ('3C). During the photosynthesis pro-
cess, plants proportionally absorb less '*C and “C isotopes
than what is available in the carbon reservoir, resulting in
fractionation reflected in the consumption of living beings.
14C is half as absorbed as *C. Thus, the 'C/"*C ratio can
be used to compensate for the initial exhaustion of the “C.
Radiocarbon dating must then be corrected for this isotopic
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fractionation: this is normalisation. Radiocarbon age is cal-
culated using the following equation:

A
T =-8033Ln| N
AON

with A, and A, respectively, the normalised sample
activity at -25%o and the normalised standard activity
(Stuiver and Polach, 1977). The carbon14 half period
used is 5568 years. The year 1950 is automatically used
as the base age, and the ages are given in units BP, the
present being the year 1950 AD (year Domini). These
calculated ages take into account the isotopic fraction-
ation corrections due to the difference in isotopic veloc-
ity in various environments.

Age calibration processes by appropriate programs such
as Calib 7.04 and Calib 8.1 can then convert the radiocar-
bon age into real age, that is, BC units or AD units.

For the samples in this study, failing to be able to cal-
culate the ?C/"3C ratio by mass spectrometry, an isotopic
fractionation correction was not made. We consider that the
correction (400 years) is thus compensated by the appar-
ent age of the surface waters. Most of the samples (DK-1
to DK-39) were analysed in the radiocarbon laboratory of
IFAN Ch.A.Diop of Cheikh Anta Diop University of Dakar
(Sénégal) and the rest by the Lyon dating laboratory (Ly-
988, Ly-990) in France.

2.2.3. Calibration

The previously estimated reservoir ages (R) have been
determined using the marine mollusc shell of histori-
cally known age from 1837 to 1945 AD (Ndeye, 2008).
However, it has been demonstrated that R changes over
time in response to changes in ocean circulation and cli-
mate conditions (Druffel and Griffin 1993; Dunbar and
Cole 1996; Stuiver et al., 1986). Unfortunately, there are
no published R values from archacological (marine/ter-
restrial samples) in our sampling sites for the determina-
tion of the past reservoir age. The archaeological sites in-
vestigated in our study are under the NW African coastal
upwelling system characterised by a complex and hetero-
geneous oceanographic pattern that extends south to Cape
Verde in winter and north to the Iberian Peninsula in sum-
mer (Wooster ef al., 1976; Laiz et al., 2000; Pelegri ef al.,
2006). Some studies on the determination of the past reser-
voir age have been done in Cap Verde (Soares et al., 2011)
using pair samples show that the reservoir age is preserved
(70 £ 70 BP). Taking into account these comparisons, we
applied the previously estimated modern reservoir age in
the Senegalese and Mauritania archaeological sites for this
study. We present the tables giving the calibrated ages for
each archaeological site using three types of calibration
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curve (Reimer et al., 2013; Heaton et al., 2020), and the
CALIB program has been used for these calibrations. To
highlight the importance of the reservoir effect, the use of
chronomodel 2.0.18 (Lanos and Philippe, 2015) with the
option « phase » was made for the dates of the different
sites. Then, four results from the calibration curves have
been obtained in this chronomodel: the phase modelling
results using IntCall3; the phase modelling results using
Marinel3; the phase modelling results with local reser-
voir age applied on Marinel3 and the phase modelling re-
sults using Marine20 (Heaton et al., 2020) with local AR
applied.

We applied the local reservoir age of 71 + 3 BP for
Mauritanian sites and 176 + 15 BP for Senegalese site for
the marinel3 calibration curves (Ndeye, 2008). These res-
ervoir values have been recalculated and became 27 + 56
BP and —75 + 42 BP for Senegal and Mauritania, re-
spectively, based on the new calibration curve Marine20
(Heaton ef al., 2020). The duration of the phase is symbol-
ised by the bold line, and the probability distribution of the
beginning and the end of the phase is also shown.

3. Results and discussion
3.1. Khant Site (Senegal)

3.1.1. Comments 1

Looking at the four phases, we see a chronological shift
towards the youngest phases. All beginnings and ends of
occupation are rejuvenated. Thus, a comparison between
the results of the calibration curves gives between Intcall3
and Marinel3 with AR = 0 a difference of rejuvenation
of the occupation at the beginning of 459 years. This dif-
ference is 62 years between Marinel3 with AR = 0 and
Marinel3 with AR = 176 + 15 BP. The comparison be-
tween Marinel3 with AR =176 + 15 BP and Marine20 with
AR =27 + 56 BP gives a gap of 38 years, 5119 years for
Intcall3, 4660 years for Marinel3 with AR =0, 4598 years
for Marinel3 with AR =176 £ 15 BP and 4560 years for
Marine20.

With the Marinel3 calibration curve (Fig. 2), the be-
ginning of the human occupation of the Khant is around
4660 BC or the second half of the fifth millennium BC.
Therefore, based on the established chronology, the dy-
namics of the establishment extends to the Khant beyond
the protohistoric epoch, the beginning of history. In ad-
dition, with the application of the local reservoir age on
Marinel3, occupation begins in the fifth millennium BC
(4598 BC), therefore a 521-year rejuvenation. The infor-
mation provided by comparing the Marine13 and Marine20
calibration curves with the application of the local reser-
voir effect shows a 7-year rejuvenation 4044 BC to 4037
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Fig 2. Calibration of the marine sample collected from Khant site using chronomodel 2.0.18 with phase option.

BC (Table 1). The end of the occupation, despite a relative
extension, coincided with upper, and 175 AD ageing limits
on lower limits of Khant samples (238—513). In filigree, the
procedural reconstruction of the Khant settlement, based
on the three approaches used, shows that the occupation
extends from the fifth millennium BC to the birth of the
Age of Metals. In addition, the duration of occupation of
Khant ranges from 5119 BC to 118 AD or from 4560 AD
to 513 AD with caesura phases. The occupation is contin-
uous since the ancient Neolithic and extends beyond the
Protohistory (dates AD, early antiquity). The taphonomy of
the site raises, despite the ‘doubts’ about the dating issued,
the problem of the construction (occupation), deconstruc-
tion (abandonment) and reconstruction (reoccupation) of
the Khant station.

3.2. Chami Site (Mauritania)

For the Chami, the collections of the samples were made by
Petit-Maire in 1979 and the dates by the laboratories of Gif
sur Yvette (France) (Gif-1856 and Gif 2524) and only one
(Ly-346) by the laboratory of Lyon (France).
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3.2.1. Comments 2

The first 3 phases (Intcall3, Marinel3 + AR = 0 BP,
Marinel3 + AR =71 £ 13 BP) show a chronological shift
to the youngest phases while with Marine20 taking into
account reservoir effect the phase is aged. A comparison
between the results of the calibration curves gives between
Intcall3 and Marinel3 with AR = 0 gives a rejuvenation
gap of the beginning of occupation of 507 years. This
difference is 103 years between Marinel3 with AR =0
and Marinel3 with AR = 71 + 13 BP. The comparison
between Marinel3 with AR =71 £+ 13 BP and Marine20
with AR =-75 £ 42 BP gives a gap of 88 years. For the
duration of the occupations, they are 2988 years for
Intcall3, 2481 years for Marinel3 with AR =0, 2378 years
for Marinel13 with AR =71 * 13 BP and 2466 years for
Marine20. From the Intcall3 curve to the Marinel3 curve
with the consideration of the reservoir effect, we have
a decrease in the duration of occupancy of the site. But
Marinel3 with AR =71 £ 13 BP, the sample ages 88 years.
Nevertheless, the prehistoric occupation dynamics of the
Chami at the Marinel3 base ranged from 2481 to 629 AD
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Fig 3. Calibration of the marine sample collected from Chami site using chronomodel 2.0.18 with phase.

(Fig. 3). The occupation extends from 2481 BC to 2378
BC the third millennium BC, while the lower limits of the
dates obtained confirm the long period of settlement of
Chami, from the third millennium until the beginning of
antiquity, with a period of interruption Gif-2487 and Gif-
2164 [930 BC-153 AD] (Table 2). The marine calibration
13 provides a beam dated between the third millennium
(Middle Neolithic), hence a hiatus extending from 1500
BC to 500 BC. Hence the complexity of interpretative con-
siderations of the curves (GIF 1856), including the chron-
ological wasteland, in Mauritania, is the first period of
the ‘Protohistory’ coinciding with the Bronze Age, in the
West. From Ly-346 to Gif-2487, the developed culture is
linked to iron metallurgy. Sample GIF-2164 is of historical
age, birth of ancient ‘kingdoms’. Thus, the population of
the region ranges from 2481 BC to 1500 BC. From there,
Chami was abandoned for more than a millennium, pos-
sibly because of the drying up of the region. From there,
Chami was abandoned for more than a millennium per-
haps because of the drying up of the region. The revival
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will occur with the rise of iron metallurgy in Africa, in
469 AD. From the lower limits, 462-629 AD, the settle-
ment of Chami begins with the end of the Neolithic, first
period of Protohistory and continues until the appearance
of'the first historical texts. The dates obtained by Marine13
rejuvenate Chami by just over a century: from 2481 BC to
2378 BC.

3.3. Tintan Site (Mauritania)

For the Tintane site, the excavations were made by
Carbonnel in 1979 and the dating by the laboratory of Gif
sur Yvette (France), Lyon (France). J.C. Fontes from the
Dynamique de Paris VI geology laboratory analysed most
of the samples by, but it did not adopt a laboratory code —
reference ‘FC’ according to the inventory studies by Vernet
(1998) was adopted.

3.3.1. Comments 3
For Tintan, there is also a chronological shift to-
wards the younger phases for the first three
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Fig 4. Calibration of the marine sample collected from Tintan site using chronomodel 2.0.18 with phase option.

calibration curves (Intcall3, Marinel3 + AR =0 BP and
Marinel3 + AR = 71 = 13 BP) and an ageing phase with
Marine20 + AR = =75 + 42 BP (Fig. 4). A comparison
of the results of the calibration curves gives between
Intcall3 and Marinel3 with AR = 0 a 428-year rejuve-
nation difference of the start of occupation. This dif-
ference is 116 years between Marinel3 with AR = 0
and Marinel3 with AR = 71 + 13 BP. The comparison
between Marinel3 with AR =71 = 13 BP and Marine20
with AR =—75 + 42 BP marks an increase of 170 years,
or 5666 years for Intcall3, 5238 years for Marinel3 with
AR =0, 5122 years for Marinel3 with AR =71 = 13 BP
and 5143 years for Marine20 with reservoir effect. From
the Intcall3 curve to the Marinel3 curve, taking into ac-
count the reservoir effect, we have a decrease in the dura-
tion of occupancy of the site. However, with Marine20,
we have an increase in site occupancy time compared
to the previous two Marinel3 curves. On the Marinel3
base, without application of the Tintan Reservoir Effect,
the period of occupancy ranges from 5666 BC to 629 BC
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with an interruption period of 1620 BC to 900 BC. This
gives, with the local reservoir effect on Marinel3, the in-
tervals [5238 BC—680 BC].

Consequently, taking into account the ‘local reser-
voir’ (Marinel3 or Marine20) rejuvenates the duration of
Tintan’s occupation by 116 years and 184 years at its lower
limits (813 BC and 680 BC). The marine20 calibration
curve makes Tintan a site of the sixth millennium BC. This
long human occupation of Tintan ended at the beginning
of the Iron Age in West Africa. The lower limits or end of
occupancy are, according to Marinel3, 813 BC and 629
BC if the local reservoir effect is applied, i.e. a rejuvena-
tion of more than a century and an ageing of 21 years with
Marine20.

According to the Marinel3 curve with AR =0 (Table 3),
the calibrated ages are the intervals [4658 BC—4338 BC]
at 1o and [4845 BC—4173 BC] at 2c. This chronocultural
periodisation of Tintan is confirmed by the intervals of
Ly553 of AR =71 £ 13 BP: [4588 BC—4261 BC] at 16 and
[4756 BC-4068 BC] at 26. This long human occupation
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Table 3. Continued

Marine calibration® (BC/AD)

AR =-75+42 BP

Marine calibration¢ (BC/AD)

AR

Marine calibration® (BC/AD),

AR

Atmospheric calibration® (BC/AD)

Age (BP)

Sample type

Sample
code

Sample

71+13BP

0BP

location

1o: [cal BC 4343: cal BC 3700], 1 1o: [cal BC 4187: cal BC 3522], 1

1o: [cal BC 4433: cal BC 3782], 1

1o: [cal BC 4857: cal BC 4230], 0.94
20: [cal BC 5229: cal BC 3937], 0.98

ArcaSenilis 377 A 5670 + 300

FC-14

Tintan

20: [cal BC 4694: cal BC 3365], 1 20: [cal BC 4500: cal BC 3136], 1

20: [cal BC 4802: cal BC 3473], 1

1o: [cal BC 4588: cal BC 4261], 1 1o: [cal BC 4384: cal BC 4034], 1

1o: [cal BC 4658: cal BC 4338], 1

1o: [cal BC 5074: cal BC 4724], 0.93
20: [cal BC 5301: cal BC 4581], 0.99

6020 + 150

Shells TAPES, 717

Ly-553

Tintan

20: [cal BC 4756: cal BC 4068], 1 20: [cal BC 4581: cal BC 3865], 1

20: [cal BC 4845: cal BC4173], 1

Pécheur

Note: The calibrated ages chosen are those with the highest probability density.

BP, Before Present.

2Atmospheric calibration curve: Intcal13.*C (Reimer et al., 2013).

®Marine calibration curve with world marine reservoir age: Marine13.“C (Reimer et al., 2013).

“Marine calibration curve with estimated marine reservoir age: Marine13.2*C (Reimer et al., 2013).

4Marine calibration curve with estimated marine reservoir age: Marine20.**C (Heaton et al., 2020).
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of Tintan ended at the beginning of the Iron Age in West
Africa. This chronology (second—third millennium) is con-
firmed by AR = 0, [624 BC-1302 BC] at 1o and [1799
BC-1125 BC] at 26 and AR =71 £ 13 BP with intervals
[539 BC-1212 BC].

3.4. Comparison of Archaeological Sites

We use the Marine20 calibration curve for each site in case
the reservoir effect is not applied (AR = 0) and in case it is
applied (AR #0).

3.4.1. Comments 4

The use of the Marine20 calibration curve taking into ac-
count the reservoir effect shows a rejuvenation of the be-
ginnings of human occupations (a gap of 10 BC) but also of
the ends of occupations (a gap of 92 AD) for the Khant site
On the other hand, for the two sites of Mauritania, taking
into account the reservoir effect causes ageing of the oc-
cupation phases. (Fig. 5). In a phylogenetic approach, the
phylogenetic data (cymbium, Arca senilis, oyster) dated
confirm that the end of the occupation of Tintan coincides
with the beginning of the occupation of the ‘populations’
of Chami. Tintan is the oldest of the three stations studied.
If AR = 0, occupation begins in 5238 BC, followed by a
period of hiatus [1268 BC—1870 BC], 578 years before the
start of the Khant stand (4660 BC), based on samples col-
lected. The long period of abandonment lasted less than a
millennium (860 BC). The reoccupation of the site, start-
ing from 500 BC, is contemporary, in its upper margins,
of the Chami station whose human occupation dynamic
covers the phase [2481 BC-1500 BC]. Thus, the begin-
ning of the occupation in Chami, by the dating obtained,
suggests a transition or migration of the populations from
Tintan to Chami. Indeed, the abandonment of Tintan coin-
cides with the displacement of isohyetes, or aridity, from
north to south of Mauritania, corresponding to the marine
transgression of 2200 BC. Long period of climatic dry-
ing involves migration of populations around the Tintan
Peninsula.

This period of aridity will be followed by a probable
recovery of the isohyetes, as the region repopulates [2000
BC-685 BC] until the beginning of the first phase of the
age of metals. Moreover, the contemporaneity between
Tintan and Khant goes from the fifth to the fourth millen-
nium BC. The period of interruption in Khant is long [3200
BC—400 BC]. This is likely the result of the sample col-
lection context (Tables 1 and 3). Thus, in its upper layers,
Khant is contemporary with Chami, if AR = 0, during the
phase of protohistoric occupation. This raises the question
of the contextualisation of the samples and the probable
reoccupation of Khant. Then, the phase of interruption of
Tintan, with the aridity of the region linked to the transgres-
sion of Nouakchottien. The ‘revitalisation of the people’ of
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ChronoModel 2.0.18

Phase : Chami-Marine20+AR =0

Begin (posterior distrib.)

MAP = -1817 ; Mean = -1821 ; Std deviation = 307
Q1 =-1943 ; Q2 (Median) = -1813; Q3 = -1681
HPD Region (95 %) : [ -2408 ; -1254] (95%) BC/AD
Credibiity Interval (95 %) : [ -2397 ; -1260 ] BC/AD

End distrib.)
MAP = 147 ; Mean = 120 ; Std deviation = 286

Phase : Chami-Marine20+AR =-75 +42

Begin (posterior distrib.)

MAP = -1930 ; Mean = -1919 ; Std deviation = 332
Q1 = -2063 ; Q2 (Median) = -1914; Q3 = -1763
HPD Region (95 %) : [ -2567 ; -1282] (95%) BC/AD
Credibility Interval (95 %) : [ -2554 ; -1285 ] BC/AD

(95 %) : [ -573; 645] (95%) BC/AD
aedbitymmd(ss%) [-550; 661] BC/AD

Phase : Tintan-Marine20+AR =0

Begin (posterior distrib.)

MAP = -4273 ; Mean = -4250 ; Std deviation = 351
Q1 = -4456 ; Q2 (Median) = -4278 ; Q3 = -4097
HPD Region (95 %) : [ -4922 ; -3657 ] (95%) BC/AD
Credibility Interval (95 %) : [ -4934 ; -3671] BC/AD

End (posterior distrib.)

MAP = -1306 ; Mean = -1299 ; Std deviation = 391
Q1=-1471; Q2 (Median) = -1293 Q3 =-1110
HPD Region (95 %) :[-2070; -524] (95%) BC/AD
Credibility Interval (95 %) : [ -2059 ; -527] BC/AD

Phase : Tintan-Marine20+AR =-75 42

Begin (posterior distrib.)

MAP = -4355 ; Mean = -4323 ; Std deviation = 362
Q1 = -4538 ; Q2 (Median) = -4358 ; Q3 = -4173
HPD Region (95 %) : [ -4960 ; -3730 ] (95%) BC/AD
Credibility Interval (95 %) : [ -4999 ; -3767] BC/AD

End (posterior distrib.)

MAP = -1386 ; Mean = -1393 ; Std deviation = 416
Q1 = -1575 ; Q2 (Median) = -1384; Q3 = -1194
HPD Region (95 %) : [ -2213 ; -565] (95%) BC/AD
Credibiity Interval (95 %) : [ -2173 ; -536 ] BC/AD

Phase : Khant-Marine20+AR =0

Begin (posterior distrib.)

MAP = -3906 ; Mean = -3883 ; Std deviation = 357

Ql = -4071 Q2 (Median) = -3897 ; Q3 = -3721
(95 %) : [-4573; -3217] (95%) BC/AD

Cked)ity Interval (95 %) : [-4559 -3217] BC/AD

Ql--Sl Qz(Medm) =34;Q3=120
FPD Region (95 %) : [ -328 ; 336 ] (95%) BC/AD
Credibility Interval (95 %) : [ -311; 395] BC/AD

Phase : Khant-Marine20+AR =27 56

Begin (posterior distrib.)

MAP = -3857 ; Mean = -3851 Std d:vnauon 382
Q1 = -4050 ; Q2 (Median) = = -3686
HPD Region (95 %): [ -4530 ~3l40] (95%) BC/AD
Credibility Interval (95 %) : [ -4586 -3159 ] BC/AD

End (posterior distrib.)
MAP = 63 ; Mean = 53 ; Std deviation = 240
Q1 = -45; Q2 (Median) = 66 ; Q3 = 175
Region (95 %) : [ -391; 502] (95%) BC/AD
Credbiity Interval (95 %) : [-375 ; 510 ] BC/AD

ChronoModel 2.0.18

Fig 5. Calibration by Marine20 curve of the marine sample collected from the 3 sites (Chami, Tintan, Khant) using chronomodel 2.0.18 with phase

option.

Tintan [2880 BC-629 BC] is clear evidence of its prece-
dence on other sites whose dates obtained vary from 1100
BC to 118 BC for Khant and from 1500 BC to 462 BC
for Chami. Thus, taking into account the reservoir effect
with marine20 does not affect the calibration of the marine
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samples, even if there is a «longer life expectancy» of the
samples, but confirms the rejuvenation of the dates of a
few centuries. Therefore, the application of the ‘reservoir
effect correction’ shows that Chami is more historical than
Tintan.
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4. Conclusion

This study shows the need and importance of applying res-
ervoir age to the chronology of Senegalese-Mauritanian
coastal sites. In general, the application of the marine res-
ervoir effect to the different Senegalese-Mauritanian sites
shows a rejuvenation of the samples if Marinel3 is used.
However the calibration curves of Marine20 of the chrono-
logical phases cause the ageing of the samples of Chami
and Tintan.

From the simplified synthesis, the interpretations made
on the samples taken, taking into account the chronological
phases of the local reservoir age (Marinel3 and Marine20),
confirm that the dynamics of the human settlement at
Khant is a process that extends from prehistory to histo-
ry from the fifth millennium BC (4598 BC for Marinel3
with AR = 71 + 13 BP and 4560 BC for Marine20 with
AR =27 + 56 BP) at the beginning of history or even be-
yond (medieval) with prolonged interruption phases. As a
result, the dates are relatively young.

By using Marinel3 with AR =71 £ 13 BP, the Tintan
site is rejuvenated (5238 BC to 5122 BC) despite this there
remains an older site than Khant. Tintan is the oldest of the
Neolithic sites studied (5143 BC with Marine20), despite
a phase of abandonment. The end of its occupation was at
the beginning of the early age of iron metallurgy in West
Africa (629 BC, Marine20). The displacement of the occu-
pation dynamics of the Mauritanian coastline from Tintan
to Chami, after the transgression of the Nouakchottians
led the populations towards the southwest of Mauritania.
The settlement of Chami is attested to in the third millen-
nium BC (from 2378 BC with Marinel3, to 2466 BC with
Marine20). It ends in medieval times (from the 5th to the
15th century AD), therefore, the passage from Marinel3
AR =71 £ 13 BP to Marine20, AR =75 = 42 BP, shows an
ageing of the samples collected. This raises the problem of
reviewing the dates obtained.

In turn, in its lower limits, Chami is contemporary with
Khant. In filigree, the ‘markers’ taken and dated provide
information on the duration of human occupation of the
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