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The style and amount of extensional deformation varies considerably around the Tharsis region 
[I-31. Valles Marineris concentrates considerable extension on just a few main structures, whereas a 
similar total amount of deformation is distributed over numerous graben near Alba Patera and in 
Tempe Terra; in still other areas, there is little extensional deformation. These regional variations are 
likely to be controlled by the physical properties of the lithosphere, which we assess using a model for 
terrestrial rifting developed by Buck [4]. This model was applied to Valles Marineris by Anderson and 
Grimm [5]; we generalize the approach to the Tharsis region as a whole. We find that concentrated 
deformation is favored by a thick crust and low moho temperature, whereas distributed deformation is 
favored by a thin crust and high moho temperature. The lateral variations in crustal thickness and 
moho temperature required to explain the variations in extensional style around Tharsis are consistent 
with those inferred from an inversion of long-wavelength gravity and topography data [6]. 

The Tharsis region of Mars contains numerous extensional structures oriented roughly radial to 
the center of the Tharsis uplift. The extensional strain in Valles Marineris is estimated to be 16 krn 
[I], localized on a just a few main structures. In the adjacent Tempe Terra region, there is an 
estimated 18 km of extensional strain [2], distributed over numerous narrow graben. Near Alba Patera, 
there is about 8 km of extensional strain [3], also distributed over numerous graben. In Sirenurn, the 
extensional strain is much lower, about 3 km [2], again distributed over a number of graben. We seek 
to use these regional variations in extensional style and magnitude to probe the regional variations in 
the lithospheric properties around Tharsis. 

Rifting of the lithosphere will be strongly controlled by the strength of the lithosphere, 
particularly the location of weak zones [7]. Following Buck [4], we assume a lithosphere that is 
locally uniform in strength except for infinitesimal perturbations. Our rheological model incorporates 
both frictional sliding on fractures (Byerlee's Law) at low temperatures and viscous flow at higher 
temperatures. Flow law parameters are based on basalt in the crust and olivine in the mantle. Our 
initial geotherms are based on thermal conduction and radioactive heating and are characterized by the 
temperature at the crust-mantle interface. Once extension begins, advective heat transport is also 
included using a one-dimensional (vertical) finite difference technique. When the applied extensional 
stress exceeds the vertically-integrated strength of the lithosphere, horizontal extension begins, localized 
where the lithosphere is weakest. As extension proceeds, the strength at this location may either 
decrease or increase. Lithospheric thinning due to upward advection of heat tends to decrease the 
lithosphere's strength. This is opposed by thermal conduction, with the applied strain-rate controlling 
the balance between these two effects. Crustal thinning increases the overall lithospheric strength 
because weak lower crust is replaced by stronger upper mantle. The topographic buoyancy force 
caused by development of a topographic low also acts to resist further extension at the initial location. 
If the balance of all of these effects is that the total strength decreases, then extension remains localized 
at the initial site of deformation. This is termed the narrow rift or concentrated deformation regime. 
On the other hand, if the total strength at the initial site of deformation increases, then the extension 
will move on to another, weaker region. This is termed the wide rift or distributed deformation regime 
[4]. In these terms, Valles Marineris is in the narrow rift regime and Tempe Terra and the region near 
Alba Patera are in the wide rift regime. 

Our results are summarized in Figure 1, which shows the transition between the two deformation 
modes as a function of initial crustal thickness and initial temperature at the crust-mantle interface. 
The solid line is the transition between the two modes at an applied strain-rate of 10-'~sec-', and the 
dashed line is the transition at an applied strain-rate of 10-l7 sec-'. In general, the narrow rift mode is 
favored by thick crusts and low moho temperatures, whereas the wide rift mode is favored by thin 
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crusts and higher moho temperatures. Because low strain-rates enhance the relative importance of 
conductive cooling and hence strengthen the lithosphere, the transition line is displaced downward at 
low strain-rates, so that the wide rift mode occupies a larger fraction of parameter space. 

Based on the observed styles of extensional deformation, Figure 1 indicates that the Alba and 
Tempe regions have higher moho temperatures and thinner crusts than the Valles Marineris region. 
Independent constraints on these parameters from an inversion of long-wavelength gravity and 
topography data [6] support this view. Although Sirenum, like Tempe and Alba, appears to be in a 
wide rift mode, the low total amount of strain in Sirenum suggests that the vertically-integrated 
strength of the lithosphere in that region was higher than in Alba or Tempe, so that the applied stress 
was unable to produce much deformation. 

Much of the extensional deformation in Tharsis appears to have occurred in a few major episodes 
[8,9]. This is probably a manifestation of time-dependence in the underlying mantle convection. Such 
time-dependence is a consequence of thermal boundary layer instabilities from the deep mantle rising 
to the surface in Tharsis, causing episodes of increased convective stress and high strain-rates. As such 
instabilities dissipate, the convective stress and strain-rate applied to the base of the lithosphere decline. 
Regions that are in the narrow rift mode but close to the transition line at high strain-rates can be 
shifted into the wide rift mode at lower strain-rates. Most of the total deformation is likely to 
accumulate when the strain-rate is high, so such regions should show predominantly a concentrated 
deformation style along with a lesser amount of distributed deformation. Anderson and Grirnrn [5] 
noted that Valles Marineris is not a single structure but rather several closely spaced troughs. This 
may indicate that Valles Marineris, although primarily a narrow rift feature, has some aspects of 
distributed deformation associated with. Anderson and Grimrn suggested several possible reasons for 
this. The time-dependent convection mechanism described here provides a natural explanation for the 
pattern of deformation observed in Valles Marineris. 
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Figure 1. Transition between narrow-rift (concentrated deformation) mode and wide-rift (distributed 
deformation) mode on Mars as a function of crustal thickness and the temperature at the crust-mantle 
interface. The solid line is for a strain-rate of 10-16sec-' and the dashed line is for a strain-rate of 

- 
- 
- 
- - 
- Wide Rift 

Narrow Rift 

/ 
I I I I 

Crustal Thickness (km) 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


