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Figure 1. Schematic illustration of the fields adopted within the sea level theory of the text. Panel (a) shows a general configuration of ocean, sediment, ice
and the underlying solid crust. Panel (b) shows the same configuration as that in (a), and highlights the heights of the sea-surface equipotential G and Earth’s
crust R (i.e. solid surface minus sediment and ice). Panel (c) highlights the thicknesses of ice I and sediment H; panel (d) identifies the sea level and topography
fields SL and T defined by eqs (2) and (3), respectively; and panel (e) shows the same sea level field SL, which is defined everywhere, and the ocean thickness
field S, which is non-zero only where there is sea water (i.e. where SL > 0; eqs 4 and 5).

Next, we define the surface mass load, which is comprised of the
oceans, ice and sediments

L = ρW S + ρI I + ρH H, (6)

where ρW, ρI and ρH are the densities of water, ice and sediment,
respectively.

We are concerned with predicted perturbations in the quantities
SL, T, S, G and R associated with isostatic adjustments driven by
surface mass (ice, water and sediment) loading. Henceforth, we
retain the usual term ‘glacial isostatic adjustment’ for this more
general scenario. In this regard, we distinguish between variations
from the onset of loading and between two successive time steps in
the numerical evolution of the system. Let us consider some general
time-dependent field χ j. A perturbation in this field from the onset
of loading, at time t0, is given by

#χ j = χ j − χ0

⇒ χ j = χ0 + #χ j . (7)

If, instead, we consider a variation over successive time steps, we
write

δχ j = χ j − χ j−1

= (χ j − χ0) − (χ j−1 − χ0)

= #χ j − #χ j−1. (8)

From eqs (7) and (8), it is apparent that the total variation since the
onset of loading can be written in terms of the variations between
successive time steps.

#χ j =
j∑

n=1

δχn . (9)

The expressions (7) and (8) may be applied to any of the fields R,
H, I, G, SL, T, S and L. For example, from (2), (7) and (8), we have

#SL j = SL j − SL0 = #G j − (#R j + #Hj + #I j ) (10)
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- Marine deposits from the late Pliocene-Quaternary


- The NAUST-formation + deposits in the North Sea


- Shortest time scale is the last two glacial cycles

Glacial sediment deposits Estimated erosion
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ΔSLGR (sea-level changes) Solid Earth deformation

Total relative sea level changes (ΔSLGR) from erosion and deposition in the late Pliocene-Quaternary 

Geoid changes
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Total relative sea level changes (ΔSLGR) from erosion and deposition in the last two glacial cycles 

ΔSLGR (sea-level changes) Solid Earth deformation Geoid changes
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- Most observations are limited to late 

deglaciation/Holocene


- I am working on comparisons with a 

larger database of paleo sea-level 

markers


- Models with and without sediment 

redistribution are mostly 

indistinguishable in the Holocene 
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Conclusions

- Erosion and deposition has caused a relative sea level (ΔSLGR) fall along the coast 

of south and south west-Norway of 50-100 m reaching upwards of 120 m in the 

northern part of the North Sea in the last two glacial cycles and up to 350 m in the 

Quaternary.  


