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Overview

We apply the spectral finite-element code VILMA (VIscoelastic Lithosphere and MAntle
model) solving the sea-level equation in the time domain accounting for gravity, moving
coastlines and mass conservation on top of a 3D viscoelastically deforming Earth
(Hagedoorn et al. 2007, Martinec 2000, Klemann et al. 2008).

1. We consider viscosity structures (geodynamically constrained by geoid, heat flux, Haskell average)
which are derived from seismic tomography and mantle dynamics based on Steinberger (2016)
and Steinberger & Calderwood (2006).

2. We predict the relative sea-level (RSL) during the last deglaciation applying a standard glaciation
history (ICE-5G, Peltier 2004) but elaborate the impact of lateral heterogeneity in viscosity.

3. We compare the results with 1D model results and validate them with relative sea-level data
(example for Central Oregon Coast).
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1. Variability in 3D Earth structure
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1. Variability in 3D Earth structure

a) Lithospheric thickness b) Asthenosphere (wscosﬂy)
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2. Variability in predicted RSL
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*considers global

» Significant variability in RSL between 3D models mean structure

GFZ

M. Bagge, V. Klemann, B. Steinberger, M. Latinovi¢, M. Thomas HELMHOLT?Z
Dependence of late glacial sea-level predictions on 3D Earth structure 5

Helmholtz Centre
Porsbpam



GERMAN
(Mo @
INITIATIVE

C) logqo[Visc. (Pas)]
3. Example - Earth structure 0 o
Central Oregon Coast
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» Highly heterogeneous Earth structure with strong viscosity contrast mean structure of Cratons
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3. Example — RSL

Central Oregon Coast

a)

» Underestimated RSL predictions for 1D models, improved fit for 3D models
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3D models
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*consider global mean structures

In agreement with results from Clark et al. (2019)
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Conclusions

1. Conversion from seismic velocities to viscosity causes significant variabilities in viscosity
(more than one order of magnitude) and lithospheric thickness (tens of kilometers).

2. Considered variability in viscosity can cause deviation in predicted RSL during deglaciation
of more than 100 m at loading center. At 14 ka BP, the variability amounts to 22 m for Ross

Sea, 20 m for Central Oregon Coast, 7 m for Patagonia and mostly less than 5 m for far-
field.

3. Example: The Central Oregon Coast is characterized by large lateral heterogeneity
(Cascadian subduction zone). RSL predictions of 3D and 1D models differ significantly. While
1D models underestimate the RSL, 3D models can improve the fit to sea level indicated by
geological data.
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