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Barbados-based estimate of ice volume at Last
Glacial Maximum affected by subducted plate
Jacqueline Austermann1*, Jerry X. Mitrovica1, Konstantin Latychev2 and Glenn A. Milne3

The record of sea-level change at Barbados derived from
the dating of fossil corals1–3 has been used to argue that
globally averaged, or eustatic, sea level during the Last Glacial
Maximum was approximately 120m below present3. This
estimate is roughly 10m lower than inferences based on
sea-level data from other far-field sites4 and, if correct, would
suggest that the Barbados record is a largely uncontaminated
measure of eustasy3. However, these previous analyses1–4 were
based on numerical corrections for glacial isostatic adjustment
that adopted one-dimensional viscoelastic Earth models. Here
we assess the impact of three-dimensional mantle viscoelastic
structure on predictions of post-glacial sea-level change at
Barbados. Our simulations indicate that the predictions are
strongly perturbed by the presence of a high-viscosity slab
associated with subduction of the South American Plate
beneath the Caribbean Plate. The slab suppresses local
deformation and reduces the sea-level rise predicted during
the deglaciation phase. To accommodate this reduction while
maintaining a fit to the Barbados sea-level record requires
an excess ice volume at the Last Glacial Maximum equivalent
to about 130m of eustatic sea-level rise. Given a downward
revision in estimates of the Antarctic ice sheet contribution5

to this excess ice volume, we conclude that a significant
amount of Northern Hemisphere ice at the Last Glacial
Maximum remains unaccounted for in sea-level-based ice sheet
reconstructions.

Estimates of ice volume at the Last Glacial Maximum (LGM)
provide a crucial boundary condition on models of ice age climate6
and glacial isostatic adjustment7 (GIA). The oxygen isotope record
of benthic foraminifera from deep-sea sedimentary cores serves as
an important proxy for global ice volume8; however, uncertainties
in the mapping between �18O and ice volume associated with
the effects of temperature9 and the mean isotopic concentration
of continental ice10 limit the accuracy of this proxy. Geophysical
analyses of sea-level markers at sites in the far-field of the Late
Pleistocene ice sheets1,4 have also provided estimates of ice volume
at the LGM. In this case, the mapping between local sea-level
histories and excess ice volume (or ice-equivalent eustatic sea-
level (ESL) change) is based on numerical corrections for the
contaminating signal from GIA. An analysis of this type, based
on the coral record at Barbados1–3, has yielded an estimate of
excess ice volume at the LGM of ⇤120m ESL (ref. 3). However,
this analysis, like all previous analyses of LGM-to-present far-field
sea-level records7, adopted one-dimensional (1D) (depth-varying)
viscoelastic models of Earth structure. In this paper, we provide the
first assessment of the bias introduced in estimates of ice volume at

1Department of Earth and Planetary Sciences, Harvard University, 20 Oxford Street, Cambridge, Massachusetts 02138, USA, 2Department of Physics,
University of Toronto, Toronto, Ontario, M5S 1A7, Canada, 3Department of Earth Sciences, University of Ottawa, Ottawa, Ontario, K1N 6N5, Canada.
*e-mail: jaustermann@fas.harvard.edu

LGM based on the Barbados coral record by ignoring the complex
tectonic setting of the Caribbean11.

The relative sea-level (RSL) history of Barbados (Fig. 1a) is
noteworthy because of the accurate U/Th dating of the coral-based
record1–3. Although the complete set of observations involves
four coral species, Acropora palmata, Montastrea annularis, Porites
asteroids and Diploria, we focus here on the particularly important
A. palmata record because this species is restricted to a water depth
of 5m in modern oceans3. Various lines of evidence suggest that
almost all ice sheets were at their maximum extent over the time
span 26.5–20 kyr bp (ref. 12), with no significant change in ice
volume, and so we focus on RSL at the end of this time window.
At Barbados, local RSL was ⇤�120 m at this time. Subsequent
sea-level rise at the site was relatively gradual, with the exception
of a pulse of rapid sea-level change during meltwater pulse 1A
(mwp-1A) at ⇤14 kyr.

Numerical predictions of global-scale, post-glacial sea-level
change require models for the Earth’s viscoelastic structure and
the history of ice cover. We begin by reproducing a numerical
prediction of the post-LGM RSL history at Barbados3 based on the
ICE-5G ice model and the VM2 radial profile of mantle viscosity13
(black line, Fig. 1a). VM2 has an elastic lithospheric thickness of
90 km and a viscosity that increases moderately from⇤5⇥1020 Pa s
in the upper mantle to ⇤2–3⇥ 1021 Pa s in the deep mantle. The
prediction matches the coral record, which is expected given that
the ICE-5G history was tuned to produce this match3,14. The
RSL prediction closely tracks the globally averaged, ESL change
associated with the ICE-5G history (red line, Fig. 1a), which has a
value of �123m at 21 kyr; the maximum post-LGM discrepancy is
⇤5m, and it is⇤4m at the LGM (Fig. 1a). This correspondence has
led to suggestions that the net GIA-induced departure from eustasy
at Barbados is close to zero3, although this conclusion is dependent
on the adopted viscoelastic Earth model15.

To explore this issue in detail, we have computed16 the difference
between local sea level and ESL at LGM across the Caribbean using
the ICE-5G/VM2 combination (Fig. 1b). Whereas the difference is
small at Barbados, deglaciation-induced ocean loading produces
a strong departure from eustasy near the coastline of South
America and at large islands stretching from Cuba to Puerto
Rico in the northwest. In particular, the post-LGM meltwater
load drives a subsidence (sea-level rise) of the oceanic crust and
an uplift (sea-level fall) of large land masses, in a process called
continental levering17,18. Moreover, the VM2 viscosity profile is
relatively weak, and this places Barbados at the distant outer flank
of the subsiding Laurentian peripheral bulge3, thus muting the
sea-level rise contributed by this process. The net effect of the
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Seismic data: ~46,000 shear wave travel 
times (multi-bounce S-waves, shallow-
turning triplicated phases, core reflections 
and phases traversing the outer core) 
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Backward Mantle Convection  

•  Backward simulation of mantle convection is done by reversing 
the time in the conservation of energy (advection only) 

•  Boundary conditions are consistent with plate reconstructions in 
the Indo-Atlantic frame of reference 
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Simulation: The U.S. East Coast 
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