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Objectives

* To determine crustal stress and its secular rate
change due to ongoing GIA process and mantle
convection in Fennoscandia using gravimeric
approach (sub-crustal stress determination)

* |Isthe GIAis the origin of earthquakes in
Fennoscandia or not?
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Glacial isostatic adjustment (GIA)
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© GF2 The Earth’s structure: mantle convection and land uplift
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Ice model ICE-6G: Historic status
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How we model the land uplift?

Global land uplift model obtained from ICE-6G (VM5a) model

45'S
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© Sjoberg and Bagherbandi 2017 according to the model presented by Peltier et al. 2015. Vertical velocities from GPS reSU|tS,
Global land uplift model (vertical motion) obtained from synthetic (Kierulf et al. 2014).
model and ice model ICE-6G (VM5a) using SELEN software. Unit: Unit: mm/year
mm/year
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GIA concegences

e \ertical & Horizontal crustal motion
* Sea level change

* Gravity field change
* Crustal stress
* Earthquakes
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How to model sub crustal stress due
to mantle convection and GIA

* Runcorn (1967) presented the stress between
two different Earth layers using the Navier-
Stokes equation.

e Large mass distributions and irregularities in
the Earth’s layers (mantle convection /GIA)
can be studied by long-to-medium
wavelengths of the Earth’s gravity field.
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Crustal horizontal stress determination

Absolute part
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Temporal change
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Estimation of crustal horizontal stress using gravimetric-
isostatic crustal model: Isostatic disturbing potential

Vening Meinesz isostatic model
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GRACE mission

« GRACE (the Gravity Recovery and Climate Experiment) is a joint US-German mission
to map both the static and a time-variable parts of the Earth’s external gravity field.

« ltincludes two satellites following each other on the same orbital track.

 GRACE will obtain a gravity field map by looking at how the Earth's mass varies from
place to place on the surface as the twin satellites pass over.
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Satellite to satellite tracking in the low-low § 410 km altitude
mode (SST-lo): the GRACE concept

* The positions of the two GRACE satellites change in response to variations in Earth's gravity field.
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How GRACE works

 The positions of the two GRACE satellites change in response to variations in
Earth's gravity field.

« When the two spacecraft pass over the ocean, the distance between them is
unchanged (first panel).

 But when the lead spacecraft encounters a change in gravity over a denser land
mass (second panel), it pulls away from the trailing spacecraft, which is still over
water.

 The lead spacecraft moves back over water (third panel), but now the trailing
spacecraft changes position in response to the greater pull of gravity over the land

Mmass.

Source: http://www.csr.utexas.edu/grace/publications/fact_sheet/4.html
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Secular rate of the geoid

Ice mass change

mm/yr

45

45 S

90 S
The secular rate of the geoid change for the time period of the data between
April 2002 and October 2016 obtained from linear regression for each point,
(Sjoberg and Bagherbandi, 2017).
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Correlation analysis

 The problem is to find the relation between the gravity
potential signal and mantle convection/GIA in Fennoscandia

* Which part of the gravity field can sense the present glacio-
isostatic relaxation of the Earth?
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Absolute horizontal stress due to GIA/mantle
convection in GPS stations
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Secular rate of the Geoid change & horizontal stress
due to GIA/mantle convection using GRACE data

Arrows shows Hz velocities
Due to land uplift
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Secular rate of the Geoid height change Secular rate of the horizontal stress due to GIA and mantle
obtained from GRACE. Unit: mm/year convection obtained from GRACE 2003-2016. Unit: kPa/year
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Temporal changes in horizontal stress and earthquakes

Earthquakes from FENTEC
Plate
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Secular rate of the horizontal stress due
to GIA and plate tectonic obtained from Fennoscandia.
GRACE 2003-2016. The data set was compiled by

Dehils et al. (2000).
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End

Thank you
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