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Background
The Geopotential Energy (GPE) (the vertically integrated pressure) is the source of 
lithospheric geopotential stresses. To quantify these stresses the lithospheric density 
structure is required. We present a global inverse modelling approach to derive such a 
model in the presence of a sub-lithospheric pressure and temperature anomaly, creating 
dynamic topography. We investigate the North Atlantic region and Europe in more detail, 
as it is situated relatively remote from major convergent plate boundaries and other stress 
sources and is therefore well suited for the application of this approach.  

North-Atlantic Region
The region is clearly influenced by an anomalous mantle (e.g. the Iceland anomaly), but 
the extend and the exact influence on the lithosphere and topography is matter of 
discussion. We test our approach and investigate the interrelation of lithospheric structure, 
mantle pressure, dynamic topography and gravitational stress.

Global Lithospheric Model
 

Geopotential Stress
The GPE/Geoid can be related to resulting horizontal stresses through the equations of 
stress equilibrium. The differential equations are solved by a spherical finite element code 
with triangular thick shell elements.

Lower Mantle Pressure & LAB depth
Sub-lithospheric pressure as well as LAB depth are more uncertain parameters, as 
compared to the crustal structure We calculate variations in order to correct some of the 
isostatic topography error. A variety of different models are tested, which are described by 
spherical harmonic expansions each of different degree (wavelength) and amplitude. The 
models are evaluated by means of the misfit of the modelled principle stress directions.

Figure 6: Geoid [m]. a) modelled Geoid, b) filtered modelled Geoid (λ<800km), c)  
filtered observed Geoid (λ<800km)

Figure 1: Best fitting sub-lithospheric pressure anomaly [MPa] and LAB depth [km]
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GPE & Geoid
The GPE is the source of the gravitational stress field. The GPE is, in theory, linearly related 
to the Geoid, we therefore can compare and evaluate filtered versions of modelled and 
observed Geoid. Clearly the sub-lithospheric pressure variations and the thickness of the 
mantle lithosphere (~LAB depth) influence the Geoid height.

Figure 3: Model in the North Atlantic cross sections a, b, c and 
d from left to right.

Discussion
What causes dynamic topography?

●Pressure variations?
●Temperature variations?
●Density variations?
●Active upwelling?

Change 
CRUST2.0
+thermal 
parameters

output: 
Elevation

T(z)

output: Surface 
heat flow

Inverse modelling

Future Work
●Higher resolution (CRUST1.0)
●Use topography, stress and Geoid to evaluate the model
●Couple tomography (velocity perturbations) with pressure/temperature models
●Further investigation of the effects of pressure, temperature and LAB variations on 
the stress field

Figure 2: Stress. a) modelled effective stress and most compressive stress directions, b) 
comparison of modelled and observed stress directions

LAB depth Pressure anomaly Dynamic Topography

Geoid/GPE Stress Field Stress misfit

What is the exact dynamic topography?
●Shape, wavelength, amplitude

What models/methods can we use?
●Tomography?
●Geodynamic modelling?
●Gravity/Geoid?

How can we evaluate those models?
●Topography
●Stress Field
●Geoid
●Seismic Tomography (relation to pressure & 
upwelling)
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