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Isostatic anomalies and basin
evolution

Local isostasy
» Airy-Heiskanen
 Pratt model

Regional isostasy (more in previous and next talk)
Basin evolution (McKenzie-rifting, cratonic basins)
Process oriented gravity modelling

Backstripping
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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.
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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.

©




Isostatic anomalies

Oise= 9ea"A0150
98A= Jobserved _Agtopo - AgBA Yo

Ag,,,=Isostatic reduction (Model)
vo,=Earth Normal gravity field
Ag,4p0=TOpographic reduction
Agg, =Bouguer plate reduction
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" Concepts of local isostasy
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TODAY, WE FEEL THAT THE ISOSTATIC MODEL IS A COMBINATION OF THE
TWO THEORIES. EARTH'S RESPONSE TO LOADING DUE TO OROGENY,
SEDIMENTATION, AND/OR GLACIATION INVOLVES A COMPLEX MASS-
BALANCING INTERACTION BETWEEN THE RIGID LITHOSPHERE AND THE
'IMPRESSIONABLE’ OR DEFORMABLE ASTHENOSPHERE.
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Continental lithosphere densities Airy isostasy

Ocean Shelf Variscides  Shield Orogen e Collisional orogens

e Rift zones

< Non-volcanic margins (e.g. lberia)
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BG = basaltic, gabbroic in oceanic crust P-wave velocities (km/s): To b [ Be=EONS
GAG = amphibolitic & granulitic in continental crust black numbers |

PE = peridotitic, ultramafic |

D = Dioritic (?), possibly amphibolitic Densities (g/cm?3): |

S =sediments White numbers =rE
GR = granitc gneissic upper crust O

W = water




- Eastern Alps:
Topography and Bouguer anomaly

1075 [m/a?)

Ebbing 2002

- Eastern Alps:

Topography and Moho
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\ i << \ Pratt isostasy

ﬁtﬁlu BA: measured (rad), modelled (black) Im] | e Fennoscandia
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= Volcanic continental margins
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Topography and gravity

o e

Southern

Scandes

F2° 16 Hr 248 26"

Gulf of 0
Bothnia

Topography/bathymetry compilation: Gravity map as compiled by:

Dehls et al. 2000

Skilbrei et al. (2000), Korhonen et al. (2002)

Seismic and gravity studies

phbkkbbbikbhbbibad:

Seismic Moho depth after Kinck et al. 1993,
Mjelde et al. 2005, Olesen et al. 2002
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Gravity map as compiled by:
Skilbrei et al. (2000), Korhonen et al. (2002)
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Pratt isostasy and gravity residuals
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Isostatic high- Gravity residual of
density lower crust isostatic model

Ebbing, 2007

Ebbing et al. 2008
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A) Heat from underplated material = warmer
Ly — T T [T 1

X Origin and extend of LCB?




‘Isostatic state of the margin
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' Origin and extent of LCB?

Mjelde et al. 2008

Ebbing et al. , in press

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




Isostasy and flexural rigidity

Local Isostasy - model after Airy
t () ==To——L—h,(x,y)

m c

topographic
|\ loading

crust n D

mantle )
regional compensation

(Vening Meinesz)

local compensation
(Airy)

Regional Isostasy - model after Vening Meinesz
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Isostasy and flexural rigidity
Vening Meinesz

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

Wi(k)=-—P (1+ 16n’k’D ] H(k)
c (pm _pc)g

m

and

t:(xv y) = _TO _Wi (X'y) “Ming

o ) . crust p D
D = flexural rigidity of the lithospheric —— -
plate
_ ) . mantle o regional compensation
H(k), W(k) = Fourier Transformation (Vening Meinesz)

of topography and deflection

w(x,y) = Inverse Fourier Transformation of W(K)
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\ Gravity field |
after regional 4%
isostatic

correction

" Isostasy and basin modelling

Simple rift basin
McKenzie type ~Airy-Heiskanen isostasy

Extensional margins
Varing-Viking

Cratonic and intra-cratonic basins
Barents Sea

3 30 M 0 Meds
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Olesen et al. 2007
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| Pre-rifting

Extension

Mantle

Sedimentation
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Gravity

Typical rift basin

Bouguer gravity

Gravity effect of sediments




Isostatic response to loading and its gravity signal is depending on:
,,--il)__d_ensi_ty (contrast)
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Isostatic res) onse to loading and its gravity signal is depending on

1) density (contrast) and 2) strength of the lithosphere
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Isostatic réé'_onse to loading and its gravity signal is depending on Isostatic feS‘Fio'nse to loading and its gravity signal is depending on:
1) density (c%ntrast) and 2) strength of the lithosphere _1) density (coh{rgst) and 2) strength of the lithosphere. We can use this for:

a gt . a5 ' Process oriented gravity modelling
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Crustal extension and isostatic response is
connected to stretching factors

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

) Prasant-day cross-section (in depth, km)
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Roberts et al. 1997
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Gravity

Typical rift basin

Gravity effect of Moho
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- Non-typical rift basin, e.g. cratonic basin
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Isostatic anomaly

Gravity
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Gravity effect of sediments
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3D densit)( modelling: model set up from Barents3D

Wienecke et al. 2007

3D density modelling
Gravity effect of Barents50 - Profil

Graviy
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DENSITY .
gmice Possible error sources:
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* Geometry of Barents50
« Densities of Barents50




\, Isostatic considerations
Isostatic vs. seismic Moho

a0* ag*

Moho Depth [m]

Seismic Moho

Airy Moho
(incl. Sediment loading)

Ebbing et al. 2007
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3D density modelling:

Isostati%inverted lower
- crust & mantle densities

Wienecke et al. 2007

a) Lower crustal densities
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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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