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Introduction. Rifting hypotheses for Valles Marineris are based upon the idea that tectonic tensional stresses, 
most likely associated with the formation of Tharsis, opened the troughs El]. On Earth, variations in crustal 
thickness and composition, heat flow, and extension rate are known to control rift style [2-41. As the first of several 
quantitative studies of Valles Marineris, we adopt a simple one-dimensional model [41 to test the hypothesis that 
reasonable values of these parameters alone can account for the general morphology and timing of the rift. 

Model. The 1D model calculates the change in vertically integrated strength of the lithosphere after a 
proscribed extensional strain, including time-dependent thennal advection and conduction. The strength of the 
lithosphere is assumed to be controlled by frictional sliding near the slnrface and by ductile creep at depth. The latter 
is sensitive to t e m p e m ,  composition, and strain rate, whereas the former largely depends only on gravity. Rifts 
where extension is rapid and vertical advection of heat dominates over conduction are weakened due to uplifted 
isotherms, resulting in a localized nmaway of deformation. Such deformation is characteristic of the "narrow mode" 
of rifting like the Rio Grande or slightly more complex, anastarnosing structures like East Africa. Rifts where 
extension is slow are strengthened due to the replacement of weak crust by strong mantle at quasi-steady-state 
temperatures. It is assumed that it is then easier for deformation to move outwards rather than continue in the same 
location, where the entire process repeats. Such broad lateral sequences of rifts are termed the "wide" mode and are 
typified by the northern Basin and Range. "Core-complex mode", which is duacteristic of parts of the southern 
Basin and Range, is predicted for narrow rifts in which temperatures are high enough to result in flow of the lower 
crust [4]. 

Application to Mars. A range of strain rate, heat flux, and crustal thicknesses values were tested. A 
minimum strain rate may be computed from the minimum estimated strain and the maximum estimated formation 
interval. A minimum strain rate of 4x10-l8 s-I follows from the two-billion-year formation interval of Valles 
Marineris [I] and a final strain of .25, typical of the stfains in individual troughs such as Ius and Tithonium. A 
minimum extension rate of cm/yr follows for an extending region 100 km wide. Parameterized convection 
models for the global thennal evolution of Mars [5] predict that heat flux varied considerably over the period of 
Chasmata formation (30-100 mw/m2), and indirect mapping of lithospheric thickness around the planet suggests 
that strong regional variations in heat flux were present [6]. The regional crustal thickness around Valles Marineris 
is taken to be 40-60 km [A. The lithosphere was assumed to be composed of a diabase crust [8] overlying a dunite 
upper mantle [9]. 

Different combinations of these parameters will uniquely determine the rift style, but the exact mode for Valles 
Marineris is unclear. The morphology of Valles Marineris is least similar to that of a core complex. Perhaps the 
most intuitive choice is a n m w  rift, due to the great length of the Ius-Melas-Coprates string of canyons. However, 
the possibility that Valles Marineris is a wide rift should not be ruled out, as two to possibly five incipient parallel 
troughs are present. These arguments suggest that Valles Marineris is one of three possible cases: (i) A narrow 
rift, (ii) An incipient wide rift that stopped extending shortly after formation, (iii) A rift that is on the narrow-wide 
rift boundary. Solutions that exclude the core complex mode alone provide significant constraints without 
disaiminating between wide and narrow rift modes. 

Results. Figure 1 shows the calculations for Valles Marineris as functions of crustal thickness H and heat 
flux Q (6. Fig. 12 in [4]). Positive values for the change in vertically integrated strength, representing wide rifting, 
are contoured for different values of extension rate vx . The contours may be interpreted as the maximllm rifting 
velocity allowable at a given Q and H to achieve wide rifting. It is important to note that wide rifting cannot occur 
in this model without a ductile lower crust; therefore wide rifting is easier on Earth than on Mars because of the 
more felsic composition and greater radioactive heat generation in terrestrial continental crust. However, the slow 
extension rates likely for Mars partially offset this. The transition to core complex from wide rift is clear where the 
strength difference changes from positive to negative, but the direct transition from narrow rift is implied from the 
inflection of the strength difference curve, which, for the case vx = 0.01, is shown as a dashed line in Fig. 1. 
Similar extensions of other vx may be inferred. 

Rejection of the core complex mode alone for Valles Marineris constrains the heat flux and crustal thickness to 
lie within QH < 3000 mw/m2-km for vx = 0.01 cm/yr; this agrees well with the expected ranges of Q and H. For 

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



3 0 LPSC m 

VALLES MARINERIS: Anderson and Grimrn 

higher vx, the direct transition from n m w  to core complex mode lies approximately along the axis of the curves 
and is only slightly more restrictive. Taken together, Q < 80 mw/m2 at the time of rifting. If Valles Marineris is 
interpreted as an aborted wide rift, then Q lies in the range 30-80 mw/m2 for vx = 0.01 d y r ;  if it is a narrow rift, 
then Q < 40 mw/m2. A higher extension rate of 0.1 d y r  restricts the wide rift mode to close to 60 mw/m2 and 
the narrow rift mode to less than this value. Wide rifting at rates characteristic of terrestrial extension, 2 1 d y r ,  
are completely ruled out. 

Concluding Discussion. The 1D extension model confirms that narrow rifts can be produced on Mars at 
the expected range of heat flow and crustal thickness and composition appropriate for the time of canyon formation; 
in particular, Q < 60-80 mw/m2. However, wide rifts are more difficult to initiate, and are restricted to extension 
rates < 0.1 d y r .  

This work provides the foundation to address three principal outstanding questions for Valles Marineris: (1) 
Why are the canyons so deep? (2) What was the nature of lithospheric weakness (aquifers, pre-existing structures) 
that localized extension within a presumably more homogeneous regional stress field? (3) Did the rift propagate 
with time, as suggested by the inability of the best stress models to extend at both ends of the canyon system 
simultaneously [lo]? Finite-element modeling in both section and plan view will provide sufficient flexibility to 
answer these questions. 
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Rift mode on Mars. Expected range of heat flow (30-100 mw/m2) and crustal thickness (40-60 km) 
agree with either narrow or wide mode but not core complex. Wide rifting further requires vx < 0.1 d y r .  
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