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Sea level since the Last Glacial Maximum
from the Atlantic coast of Africa

Matteo Vacchi 1,2 , Timothy A. Shaw 3, Edward J. Anthony 4,
Giorgio Spada5, Daniele Melini 6, Tanghua Li 3, Niamh Cahill 7 &
Benjamin P. Horton 3,8,9

Constraining sea level at the Last GlacialMaximum (LGM) is spatially restricted
to a few locations. Here, we reconstruct relative sea-level (RSL) changes along
the Atlantic coast of Africa for the last ~30 ka BP using 347 quality-controlled
sea-level datapoints. Data from the continental shelves of Guinea Conakry and
Cameroon indicate a progressive lowering of RSL during the LGM from
−99.4 ± 5.2m to −104.0 ± 3.2mbetween ~26.7 ka and ~19.1 ka BP. From ~15 ka to
~7.5 ka BP, RSL shows phases of major accelerations up to ~25mm a−1 and a
significant RSL deceleration by ~8 ka BP. In the mid to late Holocene, data
indicate the emergence of a sea-level highstand, which varied in magnitude
(0.8 ± 0.8m to 4.0 ± 2.4m above present mean sea level) and timing (5.0 ± 1.0
to 1.7 ± 1.0 ka BP). We further identified misfits between glacial isostatic
adjustment models and the highstand, suggesting the interplay of different
ice-sheet meltwater contributions and hydro-isostatic processes along the
wide region of Atlantic Africa are not fully resolved.

Projections of future sea levels rely on the understanding the rela-
tionship between sea levels with past climate and global ice volumes1.
In particular, reconstructions of relative sea-level (RSL) change from
far-field regions (i.e., located far from extinct ice sheets) since the Last
GlacialMaximum (LGM) provide fundamental constraints to global ice
volumes1,2 and isostatic response of the solid Earth to the large ice-
ocean mass redistribution3,4. Most published sea-level records are
temporally restricted to the Holocene5 (last ~11.7 ka BP) with very few
extending to the LGM2,6,7 (e.g., last ~30 ka BP). Indeed, there is an
absence of quality-controlled LGM data from the Atlantic Ocean
except for the Barbados record (Fig. 1a), which has been central to
constraining the timing and magnitude of the LGM lowstand2,8,9 and
the existence ofMeltwater Pulse events including 1b (MWP1b)10,11. Data
on the spatial and temporal variability of the mid-Holocene sea-level
highstand are also only presently available for the South American and
Caribbean coasts of the western Atlantic Ocean12–14.

Here, we compiled a quality-controlled RSL database since the
LGM from the Atlantic coast of Africa (Fig. 1a), a passive margin
mostly characterized by minor late Quaternary tectonic activity15–17.
We produced 234 Sea Level Index Points (SLIPs that constrain RSL in
time and space with quantifiable uncertainty18) and 113 terrestrial and
marine limiting points (points that constrain the upper and lower
boundary of RSL, respectively18). We clustered the database into 15
regions (Fig. 1b) based on their geographic location19–21 (see Meth-
ods). We quantified RSL changes using an Error-In-Variables Inte-
grated Gaussian Process (EIV-IGP) model22 and compared the
reconstructed RSL histories with GIA predictions from the ICE-6G
(VM5a)23 and ANU24,25 models to: (1) constrain the timing and mag-
nitude of RSL changes during the LGM (~29.5 ka to ~19.0 ka BP); (2)
quantify magnitudes and rates of postglacial RSL change; and (3)
probabilistically define the timing and magnitude of the Holocene
sea-level highstand in the last 8.0 ka BP.
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Results and discussions
Sea-level evolution during the Last Glacial Maximum and the
Late-glacial period
The timing, magnitude and rate of RSL changes during the LGM and
late-glacial period (i.e., from the onset of the LGM at ~29.5 ka BP to the
beginning of the main phase of deglaciation at ~16.5 ka BP24,26,27)

represents a key time period to constrain the progressive melting of
polar ice-sheets27.

The production of a suite of SLIPs (n = 4) and marine limiting
points (n = 5) collected from the continental shelf of Guinea Conakry
(region 8), Ivory Coast (region 9) and Cameroon (region 10) constrain
RSL change in the Atlantic Ocean between ~29.5 ka and ~16.5 ka BP

−240 −180 −120 −60 600 120 180 240

a

Relative sea level (m)

Barbados

Sunda shelf

Papua
New

Guinea

Bonaparte Gulf

Great Barrier Reef

Tahiti
Atlantic

Africa

−30˚ −20˚ −10˚ 0˚ 10˚ 20˚ 30˚
40˚S

20˚S

0˚

20˚N

40˚N

South Atlantic
Ocean

−100−120−140−160−180

Relative sea level (m)

North Atlantic
Ocean Region 1

b

RSL data n.

10˚S

10˚N

30˚N

30˚S

Region 2
Region 3

Region 4
Region 5

Region 6 Region 7

Region 8

Region 9 Region 10

Region 11

Region 12

Region 13

Region 14

Region 15

1-15

16-30 46-60

31-45

SLIP TLPMLP

−20

−40

−60

−80

−100

−120

Re
la

tiv
e s

ea
 le

ve
l (

m
)

0 5 10 15 20 25 30

Age ka (BP)

20 c

0

Article https://doi.org/10.1038/s41467-025-56721-0

Nature Communications |         (2025) 16:1486 2

www.nature.com/naturecommunications


(Fig. 2). During the LGM period (~29.5 ka to ~19.0 ka BP), RSL fell from
−99.4 ± 5.2m at 26.7 ± 0.6 ka BP to −103.1 ± 3.2m at 24.2 ± 0.9 ka BP
(Fig. 2). Between ~24 ka and ~20 ka BP, RSL is constrained by a single
marine limiting point above −111 ± 2.4m at 22.1 ± 0.8 ka BP while a SLIP
shows RSL was at −104 ± 3.2m at 19.1 ± 0.8 ka BP. The EIV-IGP model
indicates rates of RSL fall of 1.0 ± 4.3mm a−1 between ~27 ka and ~24 ka
BP, and 0.8 ± 4.4mm a−1 between ~24 ka and ~19 ka BP. In the Late-
glacial period (19 ka to 16.5 ka BP), SLIPs and marine limiting
data indicate RSL rose from above −99 ± 1.2m at 17.8 ± 0.7 ka BP to
above −89 ± 1.2m at 16.3 ± 0.7 ka BP at a maximum rate of
9.0 ± 4.7mm a−1.

The lowering of RSL from ~26.6 ka to ~19.8 ka BP indicated by
Atlantic coast of Africa data suggests a sea-level minimum at the end
of the LGM (~21 ka to ~20 kaBP), which has also been inferred from the
records collected in the Indo-Pacific regions6,7,28. This lowering sup-
ports an increasing ice volume driven by the eastward and southward
expansion of the Scandinavian ice sheet as well as the southward
advance of the Laurentide ice sheet24,25. The lack of data between 22 ka
and 20 ka BP did not allow the identification of an abrupt ~40m drop
in RSL at ~21 ka BP that was recorded in the Great Barrier Reef7.

These data represent the first Atlantic Ocean evidence of the sea-
level lowering trend during the LGM. Previously, the Barbados record,
was the single LGM dataset available for the Atlantic Ocean2,8,10 but its
accuracy in defining the timing and magnitude of the LGM was deba-
ted for possible tectonic influence8 aswell as for the potential presence
of allochthonous datedmaterial fromdownslope transportation of the
coral sea-level indicators29.

Rates of sea-level rise during the main phase of deglaciation
Amajor phase of deglaciation and consequent increase in globalmean
sea level occurred between ∼16.5 ka and ∼7.0 ka BP24 from a reduction
of land-based ice volume of ∼45 × 106 km3.

The presence of numerous SLIPs (n=42) from Senegal (region 7),
northern Gulf of Guinea (region 9) and Congo (region 11) enabled the
quantitative assessment of magnitudes and rates of RSL change along a
large portion of the Atlantic coast of Africa. In Senegal, RSL rose from
−53.6 ± 3.5m at 14.8 ±0.2 ka BP to −39.2 ±4.0m at 11.5 ±0.2 ka BP and to
−1.24±0.7mat 7.0 ±0.2kaBP (Fig. 3a). The24SLIPs recordaprogressive
increase in sea-level rate rising at 9 to 11mma−1 between 11.5 ka and8.5 ka
BP and decreasing to <7.0± 1.0mm a−1 after 8.0 ka BP (Fig. 3b).

In the northern Gulf of Guinea, RSL was stable at −61.6 ± 3.0m
between 14.0 ka and 13.0 ka BP (Fig. 3c). RSL rose to −44.9 ± 4.0m at
12.0 ±0.2 ka BP and to −37.2 ± 3.0m at 11 ± 0.2 ka BP. Younger SLIPs
indicate RSL rose to −6.1 ± 0.2m at 8.0 ±0.2 ka BP and finally to
−1.6 ± 0.7m at 7.0 ±0.2 ka BP. The 9 SLIPs indicate twophases ofmajor
acceleration with rates of rise up to 25.2 ± 11mm a−1 between 12.6 ka
and 12.1 ka BP and up to 11.6 ± 11mm a−1 between 10.0 ka and 8.0 ka BP
(Fig. 3d). After 8.0 ka BP, RSL rates were <7.0 ± 2mm a−1 at 7.5 ka BP.

In Congo, RSL rose from −70.7 ± 3.9m to −24.7 ± 1.7m between
13.3 ± 0.2 ka and 10.0 ±0.2 ka BP (Fig. 3e). Younger SLIPs indicate RSL
rose to −4.3 ± 2.0m at 8.0 ±0.2 ka BP and reached present sea-level at
7.0 ka BP. The9 SLIPs show sea-level rose at rates from13.4 ± 3.4mma−1

at 13.0 ka BP to 14.8 ± 1.8mm a−1 at 11.4 ± 0.2 ka BP (Fig. 3). This was
followed by progressive decrease in rising rates from 10.3 ± 1.4mm a−1

after 9.0 ka BP to 6.0 ± 1.0mm a−1 after 8.0 ka BP, respectively (Fig. 3f).

Fig. 1 | Geographical and chronological extent of the Relative Sea Level (RSL)
dataset used for our analysis. a Spatial distribution of the Last Glacial Maximum
(LGM) and Late-Glacial sea-level records from far-field regions presently available in
the literature (Barbados2, Bonaparte Gulf6, Great Barrier Reef7, Sunda Shelf28,
Tahiti92). The dotted green line indicates the extension of the coastline investigated
in this study. Bright green outline with white shading represents the extent of ice
coverage at the LGM in ICE-6G, b Geographical distribution of the sea-level

datapoints for Atlantic Africa. Numbers indicate the location of the 15 regions.
c Total plot of the RSL datapoints along the Atlantic margin of Africa. RSL source
data are provided as a Source Data file. SLIP is the Sea-level Index point, TLP is the
Terrestrial Limiting Point, and MLP is the Marine Limiting Point. Dimensions of
boxes and lines for each point basedon 2σ elevation and age uncertainties. The scale
bar in panels a andb is the RSL predictions at the LGM (i.e., 26 ka BP) from the glacial
isostatic adjustment model ICE-6G. Source data are provided as a Source Data file.
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Fig. 2 | Relative Sea Level (RSL) datapoints and EIV-IGP model prediction
between 28 ka and 14 ka BP. Datapoints are from the continental shelf of Guinea
Conakry (region 8), the northern Gulf of Guinea (region 9), and Cameroon (region
10). The shaded grey and shaded brown areas indicate the extent of the Last Glacial
Maximum and Late-Glacial periods26,27. The dark grey area indicates the timing of

the sea-level drop recorded in the Great Barrier Reef7. The blue solid line and
shaded envelope denote the EIV-IGP model mean and the ±1σ uncertainty. SLD
indicates the timing of the Sea Level Drop recorded in the Great Barrier Reef7.
Source data are provided as a Source Data file.
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The postglacial records from Senegal, the northern Gulf of Gui-
nea, and Congo offer the opportunity to investigate the evidence for
MWP events including MWP1b, the existence of which has been
debated10,11,29. MWP1b is a rapid acceleration of sea-level identified in
the Barbados record between 11.5 ka and 11.0 ka BP10,29. Evidence for
thismajor acceleration, however, is not recorded inSenegal (Fig. 3b) or
Congo (Fig. 3f). An acceleration is recorded in the northern Gulf of
Guinea (Fig. 3d), but its timing (12.6 ka to 12.1 ka BP) is ~1.0 ka older
than the reported occurrence of MWP1b derived from the Barbados
record10. This reconstruction, however, isbasedon a limitednumberof
SLIPs (n = 6) between ~15 ka and ~10 ka BP, some with large temporal
(i.e., ± 0.6 ka) and vertical (i.e., ± 1.7m) uncertainties. Our interpreta-
tion of rapid increases in sea level during this period are, therefore,
restrained until further evidence is found.

In Senegal and in the northern Gulf of Guinea we observe peak
rates of sea-level rise preceding the 8.2 ka cooling event triggered by
North Atlantic Freshwater Input following the collapse of North

American proglacial Lake Agassiz/Ojibway and of the Hudson Bay Ice
Saddle30–32. The low temporal resolution of our sea-level data, however,
does not allow for a clear identification of the rapid sea-level accel-
eration preluding the 8.2 ka event as identified in the Netherlands33,34,
Scotland32,35, Chesapeake Bay36, and the Mississippi delta37.

Indeed, the quantitative reconstructions from Senegal and
northern Gulf of Guinea clearly identify a major deceleration of rising
rates after ~8.0 ka (Fig. 3b,d), whose timing is consistentwith the global
decrease in rates between 8.2 ka and 6.7 ka BP consequent to the final
phase of North American deglaciation24.

Timing and magnitude of the sea-level highstand
In far-field regions, the coupled activity of ocean syphoning (i.e., the
migration of water from far-field regions into areas vacated by fore-
bulge collapse and subsidence at the periphery of deglaciation centres
to maintain dynamic equilibrium3,12) and continental levering (i.e.,
vertical land motion of continental margins due to the increasing

M
W

P1
B

8.
2 

-10

0

10

20

30

Ra
te

 (m
m

 a-1
)

N
AF

I

b

-10

0

10

20

30

Ra
te

 (m
m

 a-1
)

d

M
W

P1
B

8.
2 

N
AF

I
0 2 4 6 8 10 12 14

Age (ka BP)

M
W

P1
B

8.
2 

N
AF

I

-10

0

10

20

30
Ra

te
 (m

m
 a-1

)
f

0 2 4 6 8 10 12 14

-60

-40

-20

0

-80

Re
la

tiv
e s

ea
 le

ve
l (

m
)

Age (ka BP)

e

-60

-40

-20

0

Re
la

tiv
e s

ea
 le

ve
l (

m
)

a

Region 7

0°N

15°N

15°S

Region 9

0°N

15°N

15°S

Region 11

0°N

15°N

15°S

Intercalated SLIPs

Basal SLIPs

Terrestrial limiting point

Marine limiting point

EIV-IGP model mean and the 1σ uncertainty

Barbados record model mean and the 1σ uncertainty

-60

-40

-20

0

-80

Re
la

tiv
e s

ea
 le

ve
l (

m
)

c

Fig. 3 | Quantitative reconstruction of Relative Sea Level (RSL) position and
rates of RSL changes during themain phase of deglaciation. a, c, e RSL data and
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(region 11). The pink solid line and shaded envelope denote the Barbados record
EIV-IGPmodelmean and the ±1σ uncertainty.MWP1b is theMeltwater Pulse 1b. The
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(NAFI) and of the 8.2 ka cooling event27,32. Source data are provided as a Source
Data file.
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ocean loading caused by rising sea levels, which induces subsidence of
offshore regions and an uplift of onshore regions3,12) result in the
emergence of a sea-level highstand. Understanding variability in the
timing and magnitude of highstand formation is fundamental to con-
strain Earth and ice model parameters in GIA modelling3,38.

The dense concentration of SLIPs (n = 203, Fig. 1b) in all 15 regions
of the Atlantic coast of Africa during themid- to late-Holocene enables
a quantitative assessment of magnitudes and rates of RSL change as
well as comparisonswith predictions from the ICE-6G andANUmodels
(Fig. 4 and Supplementary 1).

In Mauritania and Senegal (regions 5 and 7), the probability of a
highstand ≥ 1m is ≤ 50% while along most of northernmost sector of
Atlantic coast of Africa (regions 1 to 4), the Sierra Leone and northern
Gulf of Guinea (regions 8 and 9) and the southernmost sector (regions
11, 13 and 14) the probability of a highstand ≥ 1m is ≥ 50% (Fig. 4). Both
GIAmodels predict the formation of a highstand above present level in
most of the Atlantic coast of Africa (see Supplementary Figs. 2,
S2_1 and S2_2). However, both the timing and magnitude of the high-
stand show differences between the ICE-6G and ANU predictions. ICE-
6G predicts a singlemaximal highstand followed by a continuous drop
in RSL for the remaining part of the Holocene. Themaximal highstand
is generally predicted at ~6.0 ka BP and itsmagnitude is≥1m inmost of

the regions with the exception of the northernmost portion of Atlantic
coast of Africa (northern Morocco, region 1 and northern Atlantic
Sahara, region 3) where the highstand is predicted above present level
but ≤ 1m and in the offshore archipelagos of the Canary Islands and
Cabo Verde (regions 2 and 6) where no highstand is predicted. ANU
predictions, however, show a more variable pattern of RSL change. At
latitudes higher than −25°N (e.g., region 1 and 3) and in the offshore
archipelago of the Canary Islands and Cabo Verde (regions 2 and 6),
themaximalhighstand is predicted at ~2.0kaBPandalways <1mabove
present level. The remaining regions are generally characterized by a
highstand at ~6.0 ka BP, which is followed byminor fluctuations in RSL
until a second highstand which formed at ~2.0 ka BP. The elevation of
the highstand at ~6.0 ka BP is ≥1m above present level only in Maur-
itania, Senegal, southernNamibia and SouthAfrica (regions 5, 6, 14 and
15). The highstand at ~2.0 ka BP is always ≤ 1m and its maximal ele-
vations (0.5 to 0.7m above the present datum) are predicted in the
coastal sector between Senegal and Cameroon (regions 7, 8, 9, 10).

Our RSL reconstructions indicate the establishment of mid-
Holocene highstands ≥ 1m in the northernmost sector of Atlantic
coast of Africa at latitudes between 35°Nand 26°N (Fig. 4). Both ICE-6G
and ANU model predictions show misfits in both the timing and the
magnitude of this highstand formation (Fig. 4). This misfit may be due
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to the neglection of 3D (i.e., lateral heterogeneous) Earth structure,
which is important for continental-scale studies of GIA39,40. Notably,
the potential lateral viscosity variations inferred from shear velocity
anomalies in seismic tomography model across the Atlantic coast of
Africa are significant41. Alternatively, it might be an underestimation of
the ice-equivalent sea level contribution from North America which is
not compensated by an Antarctic contribution in both of the GIA
models (Supplementary Figs. 2, S2_1 and S2_2). This underestimation
of the ice-equivalent sea level contribution would result in the for-
mation of a mid-Holocene highstand in the northernmost sector of
Atlantic coast of Africa whose chronology is comparable with the
highstand observed at lower latitudes (−8° to −5° N; Guyana and Sur-
iname) and South America13.

Between −15°N and −0° (Regions 6 to 10, Fig. 4 and Supplementary
Figs. 1, S1_2) data indicate RSL reached itsmaximal elevation above the
present sea-level in the late Holocene (~2.0 to ~1.7 ka BP). The emer-
gence of this highstand is not predicted by ICE-6G while ANU model
predicts a late Holocene highstand in all these regions but at elevations
always ≤ 1m (Fig. 4). However, the probabilistic analysis (Fig. 4) sug-
gests this highstand exceeded 1m in Cabo Verde Islands (Region 6,
highstand ≥ 1m=92%), Sierra Leone (Region 8, highstand ≥ 1m= 77%)
and Gulf of Guinea (region 9 = highstand ≥ 1m=91%). With the sole
exception of the volcanic archipelago of Cabo Verde, the current ele-
vation of this highstand is difficult to explain solely through post-
depositional vertical ground movements, given the low Quaternary
tectonic activity observed along the Atlantic coast of Africa15,16,42.

The emergence of this highstand is most likely driven by hydro-
isostatic processes (including ocean syphoning and continental
levering), whose timing and magnitude is mainly controlled by the
deglaciation history and Earth (i.e., viscosity) structure38. For example,
the meltwater input from Antarctic ice sheet diminished over the last
~7.5 ka, although the exact timing and relative contributions are not
fully resolved23,43,44. The timing of the Antarctic ice-sheet melting
represents a major difference between the models employed in our
analysis. In ICE-6G, the Antarctic contribution to meltwater input is
minimal in the late Holocene while for ANU the contribution lasted
until ~2.0 ka BP (Supplementary 2, Figure S2_3). The isostatic response
of the far-field regions of Atlantic coast of Africa supports that ice
volumes were still changing in some regions of Antarctica in the late-
Holocene44–46. In particular, the Antarctic Thermal Optimum47,48 sti-
mulated melt of the western Antarctic ice sheet until to 2.0 ka BP24,
although increased ice accumulation rates in the interior of western
Antarctica from warmer temperatures and higher precipitation had
implied an ice mass expansion49. Our data imply that the dynamic
contributions from Antarctica may be missing (for ICE-6G) or under-
estimated (for ANU models) from the ice histories used in global GIA
models in the mid to late Holocene50,51.

Methods
Compilation of a deglacial sea-level database for the Atlantic
coast of Africa
The Atlantic Africa database of SLIPs and marine and terrestrial limit-
ing points was assembled following protocols described by the Inter-
national Geoscience Programme (IGCP) projects52, and INQUA project
HOLSEA5,53. A SLIP estimates the unique position of RSL in space and
time with corresponding vertical and temporal uncertainties18,21.
Where a suite of SLIPs exists for a locality or region, they indicate
changes in RSL through time and allow the magnitude and rate of RSL
change to be estimated19. Limiting points provide an upper (terrestrial
or upper limiting data points) or lower (marine or lower limiting data
points) bound on the past position of RSL at a given point in space and
time52.

The sea-level datapoints were extracted from a wide range of
published studies carried out along the Atlantic Africa coasts since the
1960s54–77. Awide range of sea-level indicators characterize theAtlantic

coast of Africa (Supplementary Tables 3, S3_2). These can be sub-
divided in: i) low-energy sea-level indicators derived from cores or
exposures found in coastalmarshes, sebkhas and lagoons54–57,77; ii) low-
energy sea-level indicators derived from off-shore coring performed
along the continental shelf58–60; iii) high-energy sea-level indicators
derived from beachrocks or loose beach deposits including beach
ridges61–64,77 and iv) sea-level indicators derived from fossil
bioconstructions65,66. The indicative meaning of SLIPs (i.e., the quan-
titative relationship between the dated facies and the contemporary
tidal frame52,53) were estimated using published data relating the
modern elevational distribution of faunal assemblages54,67,68 and/or
basedon the sediment bedding architecture (for beachrocks and loose
beachdeposits). Detailed descriptions of the indicativemeaning of the
different sea-level indicators are provided in Supplementary Tables 3,
S3_2. Marine limiting points were mainly from samples found in
infralittoral (subtidal) sedimentary facies59,69,70 while terrestrial limiting
points were from samples found in facies dominated by freshwater
plant macrofossils as well as dune and fluvial facies66,71,72. Samples
provided by archaeological middens from prehistoric coastal
settlements73,74 were transformed into terrestrial limiting points with
the exception of a suite of data from the Banc d’Arguin (Mauritania)
which have a quantitative relationship with the former tidal frame and
were transformed in SLIPs75. Data from Namibia and South Africa were
extracted from the recent database produced using the Holsea
guidelines76.

We subdivided the SLIPs derived from cores into basal and
intercalated categories to assess the influence of sediment
compaction78. Basal samples are those recovered from within the
sedimentary unit that overlies the incompressible substrate and are
less prone to sediment compaction. SLIPs derived from beach
deposits, beachrocks and vermetid reefs are classified as basal because
they are compaction-free78. Where stratigraphic information was
unavailable for a SLIP, we conservatively interpreted it as intercalated.

We calibrated the age of all samples in the Atlantic Africa database
using CALIB 8.2 with a 2σ range and employed the IntCal2079,
SHCal2080 and Marine2081 calibration curves for terrestrial samples
andmarine samples, respectively. Where available, information on the
necessary reservoir correction was taken from the Marine Reservoir
Database81. All SLIPs are presented as calibrated years before present
(BP), where the reference epoch is 1950 AD. A concern with old
radiocarbon ages is the correction for isotopic fractionation82. This
became a standard procedure in most laboratories by the late 1970s,
but some laboratories have only applied this correction since the mid-
1980s18. In the database, a significant number of sampleswere analysed
before 1990 and, therefore, we followed the procedure of the HolSEA
protocol5 to correct for isotopic fractionation. We finally discarded 87
SLIPs and limiting points because of the following reasons: (i) diffi-
culties in definition of the indicative meaning, (ii) difficulties in defin-
ing the elevation of the sample, (iii) major compaction of intercalated
samples, (iv) anomalous RSL when compared to coeval data from the
same region.

The Atlantic Africa has a N-S orientation except for the northern
side of the Gulf of Guinea (e.g., from Ivory Coast to the Niger delta),
which runs W-E. We clustered the RSL data into 15 regions based and
on their distance from the palaeo-ice sheets19–21. A detailed description
of the tectonic, geographic, and climatic setting of these regions is
provided in Supplementary 3.

Statistical modelling and GIA predictions
In each of the 15 regions, the quantitative reconstruction of RSL evo-
lution was performed by applying the EIV-IGPmodel22. The EIV (errors-
in-variables)83 accounts for error due to radiocarbon age uncertainties,
and the IGP (integrated Gaussian process) is useful for modelling non-
linear trends in data. The EIV-IGP model evaluates RSL and its rate of
change over time by assuming a prior Gaussian process specified by a
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mean function and a covariance function that smooths the RSL
reconstructions. The model is flexible, capable of accommodating
missing data, and enables probabilistic inferences about RSL change
over time22. We modelled RSL changes every 150 years and the final
accuracy of our reconstruction is dependent on the number of SLIPs in
a given timespan and their vertical and horizontal uncertainty.

To better examine the spatial and temporal variability of the sea-
level highstand, we used the EIV-IGP model to analyze the probability
of RSL being ≥ 1mwhich is the average elevation predicted by the suite
of GIAmodels along the Atlantic coast of Africa (see supplementary 2).

The GIA predictions were obtained by solving the gravitationally
and topographically self-consistent Sea-Level Equation (SLE)84. The
SLE, which describes the spatiotemporal variations of sea-level asso-
ciated with the melting of late Pleistocene ice sheets, has been solved
numerically using the SELEN4open-sourcecode85,86. SELEN4 assumes a
laterally homogeneous, spherical, incompressible, and self-gravitating
Earth characterized by a Maxwell rheology. It includes the effects of
rotational feedback on sea level87 and accounts for horizontal migra-
tion of shorelines88. We have implemented in SELEN4 realizations of
three differentGIAmodels: i) the ICE-6G23 spatio-temporal evolution of
ice sheets, coupled with a five-layer approximation of the VM5 visc-
osity profile88, in which the thickness of the elastic lithosphere has
been kept constant to 90 km, the upper mantle and transition zone
viscosities have been set to 5 × 1020 Pa·s, while the lower mantle has
been approximated with two homogeneous layers of viscosities 1.5 ×
1021 Pa·s and 3.2 × 1021 Pa·s89; (ii) two versions of the ANU global GIA
model, corresponding to the “high-viscosty” and “low-viscosity” solu-
tions obtained by Kurt Lambeck and collaborators24, in which the
thickness of the elastic lithosphere and upper mantle viscosities have
been set to 60 km and 1.5 × 1020 Pa·s, respectively, while for the lower
mantle we considered both the low-viscosity (2.0×1021Pa·s, ANUlv) and
the high-viscosity (7.0 × 1022 Pa·s, ANUhv) values. In all the figures of
the manuscript, we only show the ANUhv predictions which showed a
better agreement with the suites of sea-level data. For all the con-
sidered GIA models, the present-day topography has been prescribed
according to the bedrock version of the ETOPO1 global topographic
model90, integrated with the Bedmap2 relief91 in the Antarctica region
(i.e., below 60°S latitude). The numerical solutions of the SLE have
been obtained on a global geodesic grid with spatial resolution of
−40 kmand include harmonic terms up to harmonic degree LMAX = 512,
corresponding, by Jeans rule, to the minimum wavelength of ~80 km
over the Earth’s surface.

Data availability
The RSL database generated in this study and the outputs of the
quantitative reconstruction of RSL evolution are provided in the
Source Data file. The database of Atlantic Africa sea-levels is also
available at https://github.com/matteovacchi/Sea_levels_Atlantic_
Africa. The output of the GIA models are available by request. The
present-day topography used for GIAmodels is available at www.ncei.
noaa.gov and www.bas.ac.uk/project/bedmap-2/. Source data are
provided with this paper.
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