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. . forces must not correlate. 
The former is (in isostatic equilibrium) a function of the 
integrated densities of the lithosphere (it is linear in thickncss 
the latter is a function of thc vertically vcrtieal stresses 
(it is quadratic in thickness). While these foundations for 
both parameters havc bcen known for somc time, thc rela-

betwccn surface elevation and force often con-
fused in the I iterature in that thev are often assumed to correlatc 

Some of this confusion is evidenced by our intuitive understanding 
(and misunderstanding) of vcrtical motions of the surface: We are 
weil-fami liar with thc fact that - during continental extension - the 
surface may move upwards or downwards: the formcr is known 
to us from the subsidence of many sedimcntary basins, for example 
the Pannonian basin, the latter is known to us from uplift of rift 

for example thc castern Afriean highlands, or thc 
Auslnllian Great Dividing Range. In contrast, i t  is much lcss intui
tive to us that both directions of surface motion may also occur 
du ring lit.hospheric shortening: Most earth scicntists would assume 
that the isostatically-supported surfaee elevation gocs upwards, 
i.e. a mountain belt will  form, when the lithosphere is thickened. 
This contribution serves two aims:  Firstly, wc wil l  discuss the 
thickening geometries under which isostatic surface subsidence 
and sedimentary basin formation occurs dming crustal shortening. 
Sccondly, we will show that lateral buoyancy forees must not 
correlate with surface elevation. That is, sedimentary basins may 
not only exJend because they arc act.ively being stretched, but 
may also form }tue to gravitational collapse of a topograohic low 
into a topographically high er region I In order to 
relationships. we present a simple one-dimensional model. 
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In om modeL we assumc a simple model orogen which undergoes 
simultaneaus thickening due to convcrgcncc and sedimentation or 
erosion at the surface dcpcnding on whether the surface uplifts or 
subsides. Using this rnodel it can be shown that, for reasonable 
thickening rates, surface elevation may subside or uplift 
time (depending on the initial thickness geometry of crust and 
mantle lithosphere), while the lateral buoyancy forcc changes from 
positive to negative (Fig. 1 ). This counter-intuitive 
that: i n  the early orogenic evolution tnr"'"'r"r>hi''" 
exert a lateral buoyancy forec on tOf)OJ-!:raJJhicall} 
later in the 

extension i n  the 
belt. is caused by a 
hinterland onto a 
but possibly of lower potential energy. 
(This study was supportcJ by FWr' projcct P1 2846-GEO to KS and by 
FWF project 1\1547-GEO to DC). 
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Fig. 1 . : (a) The isostatically supported surface elevation (dahsed l ines) and thc lateral buoyance forces (continuous lines) i n  thc fc-fl 
plane . .fc is  the thickcning strain of the crust; j7 is the thicekingin strain of the lithosphere, so that the region left and bciow fc=jl= 1 
indicates crustal and lithospherie thinning and the rcgion above and to the of.fc=fl= l indicatcs crustal and l ithospheric thickening. 
the shaded region shows thc region where topographic lows, for example basins, have a h ighcr gravitastional potential 
energy than their surroundings and thus extend towards them. (b) The surlilce elevation and (c) the potential energy (per unit  area) of an 
orogen undergoing sirnultaneous thickening and erosion at the surface, both plotted as a function of time. The potential energy per unit 
area mav also be interpreted as the horizontal buoyancy force, Fb, pcr meter length that acts against the teetonic driving force. 

on (b) up to about 20 my, the effectivc driving force decreases and will wane. After 20 my the effective 
force increases again and a 2m1 coaxial deformation phase may thus take place. in this model run, the crust is •h;��r�-M 

factor of 2 .2 and the total l ithosphere is thickened by a factor of about 1 .8 after 30 my. The differcncc arises from the 
thickening. Much after 40 my the model becomes gcologically unrealistic because of the great 
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