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Isostatic anomalies and basin 
evolution

1. Local isostasy
• Airy-Heiskanen
• Pratt model

2. Regional isostasy (more in previous and next talk)

3. Basin evolution (McKenzie-rifting, cratonic basins)

4. Process oriented gravity modelling

5. Backstripping



Isostasy is a term used in geology to refer to the state of 
gravitational equilibrium between the Earth's lithosphere and 
asthenosphere such that the tectonic plates "float" at an 
elevation which depends on their thickness and density. It is 
invoked to explain how different topographic heights can exist 
at the Earth's surface. When a certain area of lithosphere 
reaches the state of isostasy, it is said to be in isostatic
equilibrium.

http://www.discoverourearth.org/student/topography/isostasy.html

Isostasy is a term used in geology to refer to the state of 
gravitational equilibrium between the Earth's lithosphere and 
asthenosphere such that the tectonic plates "float" at an 
elevation which depends on their thickness and density. It is 
invoked to explain how different topographic heights can exist 
at the Earth's surface. When a certain area of lithosphere 
reaches the state of isostasy, it is said to be in isostatic
equilibrium.

In general, the following types of isostatic concepts exists :
• Airy-Heiskanen isostasy
• Pratt isostasy
• Vening Meinesz isostasy

Isostatic anomalies represent in most cases Airy-Heiskanen
compensation.



gIso= gBA-ΔgIso
gBA= gobserved −Δgtopo - ΔgBA - γ0

ΔgIso=Isostatic reduction (Model)
γ0=Earth Normal gravity field
Δgtopo=Topographic reduction
ΔgBA =Bouguer plate reduction

Isostatic anomalies Concepts of local isostasy



Continental lithosphere densities
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Rock types:
BG = basaltic, gabbroic in oceanic crust
GAG = amphibolitic & granulitic in continental crust
PE = peridotitic, ultramafic
D =  Dioritic (?), possibly amphibolitic
S = sediments
GR = granitc gneissic upper crust
W = water

P-wave velocities (km/s): 
black numbers

Densities (g/cm3):
White numbers

Airy isostasy

• Collisional orogens

• Rift zones

• Non-volcanic margins (e.g. Iberia)



Eastern Alps:
Topography and Bouguer anomaly

Ebbing 2002

Eastern Alps:
Topography and Moho

Ebbing 2002



Ebbing et al. 2006

TRANSALP
Pratt isostasy

• Fennoscandia

• Volcanic continental margins
– mid-Norway



Topography and gravity

Topography/bathymetry compilation: 
Dehls et al. 2000

Gravity map as compiled by:
Skilbrei et al. (2000), Korhonen et al. (2002)

Seismic and gravity studies

Gravity map as compiled by:
Skilbrei et al. (2000), Korhonen et al. (2002)

Deep seismic reflection and refraction experiments
Seismic Moho depth after Kinck et al. 1993, 
Mjelde et al. 2005, Olesen et al. 2002



Pratt isostasy and gravity residuals

Isostatic high-
density lower crust

Gravity residual of
isostatic model

Ebbing, 2007

Mid-Norwegian margin

Ebbing et al.  2008



A) Heat from underplated material = warmer

B) Underplated material = larger lithospheric thinning = warmer

C) No underplated material = cooler

Origin and extend of LCB?



Isostatic state of the margin

Isostatic MohoSeismic Moho

Origin and extent of LCB?

Mjelde et al. 2008
Ebbing et al. , in press

New interpretation: magmatic
underplating (yellow) + eclogite (red)



Isostasy and flexural rigidity

Local Isostasy - model after Airy
)y,x(hT)y,x(t i

cm

c
0i ρ−ρ

ρ
−−=

Regional Isostasy - model after Vening Meinesz

Isostasy and flexural rigidity
Vening Meinesz

Flexural models or models of a thin elastic plate use the
transfer function

and

D = flexural rigidity of the lithospheric
plate

H(k), W(k) = Fourier Transformation
of topography and deflection

w(x,y) = Inverse Fourier Transformation of W(k)  
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Gravity field
after regional 

isostatic
correction

Olesen et al. 2007

Isostasy and basin modelling

Simple rift basin
McKenzie type ~Airy-Heiskanen isostasy

Extensional margins
Vøring-Viking

Cratonic and intra-cratonic basins
Barents Sea



Extension

Sedimentation

Pre-rifting
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Typical rift basin



Karner et al., 2005

Isostatic response to loading and its gravity signal is depending on:
1) density (contrast) 

time-constant Te:
water loading

time-variable Te:
Sediment loading

time-constant Te:
sediment loading

Isostatic response to loading and its gravity signal  is depending on:
1) density (contrast) and 2) strength of the lithosphere



Karner et al., 2005

time-constant Te:
water loading

time-variable Te:
Sediment loading

time-constant Te:
sediment loading

Isostatic response to loading and its gravity signal  is depending on:
1) density (contrast) and 2) strength of the lithosphere

Isostatic response to loading and its gravity signal  is depending on: 
1) density (contrast) and 2) strength of the lithosphere. We can use this for:

Process oriented gravity modelling

Karner et al., 2005



Karner et al., 2005

Crustal extension and isostatic response is 
connected to stretching factors

Kusznir et al. 2004

The Te distribution we apply to create the present-day
gravity signal can be used and tested in backstripping



Roberts et al. 1997

Basin modelling: backstripping
Typical rift basin

G
ra

vi
ty



Non-typical rift basin, e.g. cratonic basin

G
ra

vi
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….or after thermal post-rift subsidence

Depth to basement Depth to moho

Bungum et al. 2005; Ritzmann et al. 2007 

The crustal structure of the Barents Sea



3D density modelling: model set up from Barents3D

Top Basement

Lower Crust

Topography
&
bathymetry

Moho
• UiO
• Norsar
• USGS

Ritzmann et al. 2007 

Wienecke et al. 2007 

3D density modelling
Gravity effect of Barents50 - Profil

W E

Possible error sources:
• Geometry of Barents50
• Densities of Barents50



Isostatic considerations
Isostatic vs. seismic Moho

Seismic MohoAiry Moho
(incl. Sediment loading)

Ebbing et al. 2007 

• Gravity
– Regional 

trend/offset

• Isostasy
– Moho is not 

compensating for 
loading by 
sediments & 
topography

=> Isostatic density
inversion

Isostatic density inversion



3D density modelling:
Isostatic inverted lower
crust & mantle densities

Top Basement

Lower Crust

Topography
&
bathymetry

Moho

Ebbing et al. 2007 Wienecke et al. 2007 

Isostasy vs.  seismic tomography

Isostatic densities
lithospheric mantle

Lithospheric mantle velocity
perturbation (Faleide et al. 2006)



Summary

• isostatic concepts allow to model lithospheric
structures

• isostatic modelling allows feedback on internal
mass distribution and evolution

• concept oriented gravity modelling allows to 
evaluate different scenarios for basin
development

• A careful selection of the isostatic concept
(Airy-Heiskanen, Pratt, Vening Meinesz) has 
always to be made

• Flexural isostasy can also give information on
crustal rheology (not covered here)
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