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Summary. 
A number of important problems in Martian tectonics can be addressed using the existing image and 

topography data. Of these, a detailed understanding of the dynamics of extension at Valles Marineris and 
lateral crustal deformation in the Coprates Strike-slip Province to the south will provide an improved basis 
for modeling the evolution of stress states in those regions. 

Valles Marineris. 
The significance of many large-scale structures on Mars, such as Valles Marineris, remain enigmatic 

despite continued intensive study. For example, Tanaka et al. [I] have pointed out the inherent paradox 
between coeval Tharsis-radial structures 1000's of krn long, which are observed, and results of stress models 
of Tharsis tectonism that require more than one scenario to predict the faulting. Recent work [2] indicates that 
much of the normal faulting in the Valles Marineris trough system may be contemporaneous, which makes the 
tectonism there similar to other long Tharsis-radial grabens in the region. One way out of the dilemma is to 
propose a different stress model, which has been done qualitatively by Tanaka et al. Another appealing 
solution is to invoke a number of smaller tectonic centers that are superimposed on regional Tharsis tectonism, 
such as lithospheric uplift and bending as a stress center at Valles Marineris. Thus a comprehensive 
understanding of the structural sequence in Valles Marineris is fundamental to a comparison of stress models 
and observed tectonics. 

Further, as noted by Schubert et al. [3] in their discussion of post-SNC global thermal models of Mars, 
new models of global differentiation and cooling must also be constrained by the observed tectonics. In this 
context the spatial interplay between compressional structures (wrinkle ridges) and extensional structures 
(normal faults in Valles Marineris), including their stress implications, will bear on various speculations on the 
relationship between the two sets of structures and the thermal history of the planet. 

Structurally, many of the rectangular troughs in central Valles Marineris are best interpreted as large 
grabens [4,2,5]. Thus they are indicative of a significant amount of localized crustal extension, but the 
relationship between this extension and driving forces has always been somewhat obscure. A general 
relationship to Tharsis can and has been invoked on the basis of radial orientation and orthogonality to 
calculated stress trajectories [e.g., 6,7,8], but as Tanaka et al. [I] point out, Tharsis models require a two- 
stage, sequential process to form the trough system. This theoretical problem is inconsistent with the 
observation [2] that faulting was essentially synchronous along Valles Marineris (Upper Hesperian), given the 
resolution of crater statistics, unless a rapid evolution of stress states in Tharsis is assumed. On the other 
hand, the available stress models, whch are based on the entire Tharsis load, may have shortcomings when 
used to predict structures formed early in the loading process. Identification of the sequence of faulting in 
places such as Valles Marineris may help document changes in the regional stress state that might be due to 
evolution of the loadtlithosphere system. 

Another concept for producing or augmenting local extension in the Valles Marineris region is uplift 
[6,9,1]. However, this mechanism cannot be easily reconciled with the topography and trends of large 
troughs such as Coprates Chasma. According to this hypothesis, crustal uplift would bend the lithosphere so 
that normal faults and structural troughs would be oriented parallel to the trend of the uplift; this geometric 
relationship is violated by several major structures in Valles Marineris. Notwithstanding these difficulties, the 
proximity of Valles Marineris to hgh regional topography underscores the need to evaluate the contribution of 
uplift to trough extension. 

Strike-slip Faulting. 
Strike-slip faulting is a fundamental mechanism for localizing horizontal shear strain in the upper brittle 

lithosphere of many planets and satellites. Until relatively recently, strike-slip faulting not been seriously 
considered as an important planetary process on bodies other than the Earth. However, examples on Mars 
[10,11] suggest that this deformation mechanism was important on a local to regional scale. Excellent 
examples of discrete strike-slip faults occur southeast of Valles Marineris in association with wrinkle ridges. 
However, the faults are not simple tear faults or accommodation structures [1 11, and not all ridged plains 
show evidence for strike-slip faulting. Thus the exposures in the Coprates Strike-Slip Province are special, 
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particularly in light of a surprising paucity of comparable discrete structures on Venus [e.g., 121. It is 
possible that deformation in this Province was related to the development of the Thaumasia plateau, which was 
apparently a major precursor to Tharsis deformation [e.g., 131. Study of the strike-slip faults will provide a 
more thorough understanding of the tectonics of the south Tharsis region and its development during a period 
of widespread volcanism and contractional deformation [e.g., 14-17]. 

Curiously, very few unequivocal occurrences of stnke-slip faults based on photogeologic observations 
have been reported for Mars. Indeed, strike-slip faults are rare and are prominently developed only in one 
province near eastern Thaumasia and Coprates [18]. Why do these structures occur there, and what is their 
relationship to wrinkle ridges, stress models, and Tharsis evolution? 

Several important statements can be made by inspection of the faults in this region. First, the strike-slip 
faults do not represent tear faults or minor accommodation structures between segments of wrinkle ridges, 
because (a) the strike-slip faults are not orthogonal to ridges, as required by this hypothesis; and (b) the faults 
can extend beyond the ridges. Second, strike-slip faulting is locally younger than the main development of 
wrinkle ridges, so the process of strike-slip faulting was at least partly decoupled from that of wrinkle ridges. 
Third, not all regions that exhibit wrinkle ridges show evidence of strike-slip faulting. Further, the structures 
record multiple, superimposed phases of strike-slip and wrinkle ridge deformation [I 81 that locally suggest a 
consistent pattern of bulk strain [19]. 

Of all the expanses of ridged plains on Mars, only the Coprates Strike-slip Province clearly shows arrays 
of strike-slip faults. One is compelled to ask why th~s  region deformed differently than adjacent areas such as 
Lunae Planum that also contain numerous wrinkle ridges. Discrete strike-slip faults also seem to be somewhat 
rare on Venus, a planet whose surface has experienced considerable horizontal strain (extension and 
compression), making the faults in Coprates remarkable. Detailed mapping and analysis are required to 
explain the dynamics of this special region on Mars. 
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