ODHAD HRUBKY LITOSFERY Z VERTIKALNYCH GRADIETOV
MERANYCH DRUZICOU GOCE A MODELU CRUST1.0

ESTIMATION OF LITOSPHERIC ELASTIC THICKNES FROM IN-ORBIT
GOCE-BASED VERTICAL GRADIENTS AND CRUST1.0
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Abstrakt

Elasticka hrubka litosféry (Te) je parameter predstavujtci litosféricka pevnost’ vzhl'adom na
zatazenie. Tieto miesta s velkymi hodnotami elastickej hrubky sa ohybaju menej. V tomto
prispevku sa na urCenie hrubky litosféry v Afrike pouzivaji gravitaéné gradienty merané
druzicou GOCE. Vypoctova metoda bola odvodena na zaklade teérie podl'a Vening Meinesz-
Moritz (VMM) a teorie ohybu izostazy na najdenie matematického vztahu medzi druhymi
derivaciami tiazového potencidlu meraného druzicou GOCE a mechanickymi vlastnostami
litosféry a je zalozena na priamom modelovani. Topografia a batymetria bola modelovana
pomocou modelu DTM2006.0. Efekty zatazenia sedimentov a krystalickych hmot boli
odhadnuté z modelu CRUST1.0. Z rovnakého modelu boli odhadnuté lateralne zmeny hustoty
horného plasta, hodnoty Youngovho modulu a Poissonovho pomeru. Druhé derivacie
gravitaéného potencialu boli generované z modelu kory a réznej hodnoty elastickej hrubky
litosféry, aby sa zistilo, ktory z nich zodpoveda gradientu GOCE na obeznej dradhe. Tato metoda
bola odvodena v tvare sférickych harmonickych funkcii a pouzitelna v akomkol'vek bode
pozdiz orbity GOCE bez pouzitia akejkol'vek rovinnej aproximacie. Nase hodnoty Te nad
Afrikou ukazuju, ze vnatrozemské hotspoty a sopky, ako s Ahaggar, Tibesti, Darfur, sopecna
linka Kamerun a Libya, s spojené koridormi nizkeho Te. Vysoké hodnoty Te st prevazne
spojené s kronickymi oblastami Konga, Cadu a zapadnej Afriky.

Abstract

The lithospheric strength with respect to the loading is represented by a parameter called elastic
thickness (Te) and places with larger value of Te flex less. In this contribution, we use the in-
orbit vertical gravitational gradients measured by Gravity field and steady-state Ocean
Circulation Explorer (GOCE) satellite for determining the elastic thickness over Africa.
A forward computational method is developed based on the Vening Meinesz-Moritz (VMM)
and flexural theories of isostasy to find a mathematical relation between the second-order
vertical derivative of the gravitational potential and mechanical properties of the lithosphere.
This method is developed in terms of spherical harmonics. Loading effects of topography and
bathymetry, sediments and crystalline masses are calculated from CRUSTL1.0, in addition to
estimates of laterally-variable density of the upper mantle, Young’s modulus and Poisson’s
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ratio. The second-order vertical derivatives of the gravitational potential are synthesised from
the crustal model and different a priori values of elastic thickness to find which one matches
the GOCE in-orbit vertical gradient. Our map of Te over Africa shows that the high values of
Te are mainly associated with the cratonic areas of Congo, Chad and the Western African basin
while the intra-continental hotspots and volcanoes, such as Ahaggar, Tibesti, Darfur, Cameroon
volcanic line and Libya are connected by corridors of low Te.
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