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There has been a continuing discussion in the literature regarding the 
importance of uplift relative to volcanic construction for the origin of 
the great elevation of the Tharsis region of Mars, but there is no 
information that would unequivocally rule out either process. For example, 
 hilli ips et al. [I] and Plescia Saunders [Z] have argued that the 
presence of v z y  old and cratered terrane high on the Tharsis rise, in the 
;icinity of ~iaritas Fossae, suggests structural uplift of an ancient 
crust. Solomon -- and Head [3] have pointed out, however, that there is no 
reason that this terrane could not be of volcanic origin and thus part of 
the constructional mechanism. 

Sleep and Phillips [4] have argued that much of Tharsis must have 
formed under isostatic conditions (see also [5,6]), which dominated the 
stress regime, and other tectonic processes, such as flexural loading and 
planetary expansion, were secondary. If the isostatic hypothesis is 
correct, then flexural uplift models for the origin of topography can be 
ruled out [3,5,7], but isostatic uplift is a viable mechanism. Volcanic 
construction can also be an isostatic process [8], so isostasy alone does 
not seem to distinguish between uplift and constructional modes. 

We here discuss the results of a theory for isostatic uplift 
associated with partial melting processes in regional magmatic systems. In 
contrast to the well-known transient effects associated with thermal 
isostasy [9,10,11], we are here interested in the phenomena associated with 
both compositional volume increase and lateral transport of volcanic 
products, and the resulting "permanent" uplift. While the results of our 
theory are fairly general, they are applied specifically to Tharsis in this 
work. 

We use the concept of open and closed systems as applied to lateral 
mass movement. A closed system is defined as one in which there is no loss 
of original mass in a volume containing a mantle source region for volcanic 
materials and extending from the surface to the bottom of this region. 
Topographic elevation is gained by constructional processes in a closed 
system [8]. Conversion of high density mantle mineralogy to lower density 
by partial melting to produce garnet-free gabbroic melt products can lead 
to an elevation increase by intrusion into the crust, and extrusion onto 
the surface as basalt. This process will not alter a pre-existing isostatic 
state in the sense that no new mass is added or subtracted from the system. 
In detail, isostasy will also depend on the mechanical state of the 
lithosphere, radial variations in planetary gravity, and membrane stresses. 

Open system models allow movement of some fraction of volcanic 
material across the vertical boundaries of the source volume. If 
isostatic balance is to be maintained in this configuration, then 
unmodified mantle material must flow to the base of the column beneath the 
source region and isostatic uplift will result. Mass is also conserved in 
the open system, but not all of it is part of original volume. Details of 
isostasy depend on the same factors as the closed system. 

Structural uplift of the crust overlying magmatic systems thus depends 
on how much intrusive material resides in the crust and what fraction of 
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igneous products are removed laterally. Since it is likely that all of the 
processes described above were operative at one time or another in the 
history of the Tharsis rise, then neither a genesis that is purely 
structural uplift, nor one that is purely constructional seems appropriate. 
It is likely that Tharsis is a mix of the two processes. 

In the mathematical expressions derived for elevation gain in a 
magmatic system [12], it is clear that positive elevation increases are 
associated explicitly with the density contrasts in the residuum and the 
crystallized melt products, as compared to original mantle material. 
Additionally, it is seen that, despite the accompanying isostatic uplift, 
lateral loss of igneous material leads to an overall decrease in column 
height. This is simply so because for every unit mass of fractionation 
product that moves away from the source column, isostatic balance replaces 
this loss with a unit mass of unmodified mantle material of higher density. 
For either constructional or isostatic uplift processes to result in 
elevation gain of the surface, there must be density decrease in the 
system. Sf this is not so, then isostatic uplift alone does not lead to 
elevation gain, only the internal rearrangement of mass of the same 
density . 

For the Tharsis region, our models show that if little more than about 
10% of the fractionated igneous product is lost laterally, then isostatic 
uplift is the major cause of topographic elevation. This result holds over 
a broad range of partial melting. Some of the mechanisms that might 
produce this mass loss are: (1) Due the hypothesized low viscosity of 
martian lavas [13], high eruption rates and very long flow lengths are 
quite plausible. (2) If the (early) martian mantle was volatile-rich, then 
very abundant pyroclastic volcanism was possible [13]. 

An interesting consequence of magma movement towards the surface from 
the source region is that, despite the conservation of mass, about 10% of 
the transferred mass will become superisostatic. As magma moves upward, we 
suppose that it is mechanically uncoupled from the lithosphere, When solid 
igneous products subsequently form, membrane stress support becomes 
important. Isostasy requires that the mass deficiency at depth formed by 
the magnesium-rich residuum be balanced in the crust by new volcanic 
products whose mass magnitude is only about 90% of the deep mass 
deficiency. The amplitude of the resulting flexural stress from the mass 
excess seems to agree with the level required to induce the outer radial 
fractures associated with.Tharsis 141. 
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