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Background
Gravitational Stresses are a major contribution to the Earth's stress field and a plate 
tectonic driving mechanism. These stresses are caused by lateral changes in pressure 
of a vertical lithospheric rock column. The measuring quantity is the Geopotential 
Energy (GPE) which is in theory related to the Geoid contribution.
We present an approach to obtain the gravitational lithospheric stress by solving the 
equations of equilibrium of stresses. The Geoid/GPE, forming an input parameter is 
calculated from a global lithospheric density model, previously adjusted by an inverse 
method to fit topographic elevation and surface heat flow in isostatic compensation. 
Lower mantle pressure and temperature anomalies are part of this model.

Geopotential Energy & Geoid
The Geopotential Energy is define as the integral over a vertical pressure column. The 
GPE difference is defined with regard to a reference density column. Furthermore the 
Geoid contribution is linearly related to the GPE.

North-Atlantic Region

Lithospheric Model
A lithospheric model [1-2] is adjusted by an inverse approach [3] to fit observed 
topography and surface heat flow. The forward modelling involves:  

Steady state heat equation:

Thermal expansion/compression:

Isostasy :

Geopotential Stress
The GPE/Geoid can be related to resulting horizontal stresses through the equations 
of stress equilibrium and must be corrected with the lower mantle pressure. The 
differential equations are solved by a finite element code with triangular thick shell 
elements [4].

Lower Mantle Pressure
Pressure variations in the lower mantle cause dynamic topography and is included in 
the lithospheric model. These anomalies are estimated in order to explain a part of 
the isostatic topography error of the lithospheric starting model. The maximum 
dynamic topography for this model is 500 m  for this realization.

Figure 6: Lithospheric Geoid contribution. a) Lithospheric contribution [m] b) 
Lithospheric contribution, corrected with lower mantle pressure, as used in the stress 
calculation [m]

Figure 7: Filtered Geoid (λ<800 km). a) modelled; b) satellite measurement. The 
satellite Geoid clearly consists of lower mantle influences, which have to be corrected

Figure 10: Modelled stresses
White: Extensional stress; 
magenta: Compressional stress; 
background: Effective Stress 
[MPa]

Figure 11: Principle 
compressional stress directions
black: modelled; red: smooth 
World Stress Map [5]; 
background: modelled 
compressional stress [MPa]

Figure 1: Modelled lithospheric columns
Left: geotherms; right: density; 

Figure 2: Modelled Moho depth [km]
 

Figure 3: Modelled LAB depth [km]
 

Figure 4: Lower mantle pressure 
anomaly
 

Figure 5: Dynamic topography
 

continental regime: 

oceanic regime: 

Figure 8: Modelled Stress
Compressional stress directions; background: 
effective stress  [MPa]

Figure 9: Comparison
Difference between WSM [5] and 
modelled compressional stress direction [°]
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