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FAULT GEOMETRIES AND EXTENSION IN THE VALLES MARINERIS, MARS; 
D.J. Chadwick and B.K. Lucchitta, U.S. Geological Survey, Flagstaff, AZ 86001. 

The central troughs of the Valles Marineris system on Mars are generally regarded 
to be of tectonic origin because they are linear and bounded by faults [1,2]. Their radial 
orientation to the Tharsis rise suggests that at least their incipient formation was influenced 
by the formation of the rise [3], but the exact role of Tharsis is not yet well understood. 
Collapse and erosion may have significantly modified the original tectonic troughs 141. 

To better understand the magnitude and mechanism of crustal extension across the 
Valles Marineris, we have studied the attitudes of trough-wall faults that parallel the long axes 
of the troughs. Our results will help to determine if the extension is related to the Tharsis 
rise, to a local arch along which the troughs lie, or to other mechanisms. 

Fault-plane attitudes were obtained by performing a photogrammetric study of fault 
traces in the walls of Candor and Melas Chasmata. If the exposed wall faults in this study 
are not major trough-bounding faults, we assume that these major faults are buried at the base 
of the walls and-have similar geometries to the exposed faults. We have obtained three- 
dimensional coordinates of several points along each fault trace and constructed three-point 
solutions to their geometries (Table 1). As expected, the results show that the faults dip 
toward the interior of the troughs, suggesting that they are indeed normal faults associated 
with trough formation. 

We have measured eight fault geometries thus far, and all but one have an average dip 
of over 70" (Table 1). The average value of all the dips is about 75", which is significantly 
higher than the 65" predicted for deep faults by Byerlee's law [5]. A pre-existing, vertical 
joint fabric may have caused the graben-bounding faults to form at steeper angles near the 
surface [6]. Such a joint fabric has influenced graben-bounding faults in Canyonlands 
National Park, Utah [7]. We are still investigating other possible causes for the unusual dips 
on the Martian faults. 

If the graben-bounding faults are planar and typically dip at about 75", extension 
across six faults in the widest part of the Valles Marineris is about 16 krn. This value was 
calculated by using a structural displacement of 10 km for Ophir, Candor, and Coprates 
Chasmata that was based on observations and inferences concerning downdropped plateau 
rock [8]. If 60" dips are assumed, as suggested by Schultz [8], the amount of extension 
across the troughs would be about 35 km. Thus, the strain across the Valles Marineris may 
be considerably less than previously estimated. 

The Sirenum province on the southwest side of the Tharsis rise occupies a wedge of 
about 45" azimuth around Tharsis [9, Figure 11. This region has about 30 grabens that are 
oriented radially to the center of Tharsis and are considered to be a consequence of Tharsis- 
centered tectonism. The extension across these grabens is estimated to be about 1 km [9]. 
If Sirenum is an indicator of the amount of extension produced solely by the Tharsis rise, and 
if a simple model is assumed in which similar amounts of strain occur all around Tharsis, 
then the 90-degree wedge of azimuth on the east side of Tharsis that is occupied by the Valles 
Marineris province would be expected to have about 2 km of strain. (The strain in this wedge 
is concentrated almost entirely within the Valles Marineris and their immediate vicinity.) 
Therefore, an additional 14 krn or more of extension across the Valles Marineris would have 
to be the result of other processes. 

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



264 LPSC XXIV 

VALLES MARINERIS FAULTS: Chadwick, D.J., and Lucchitta, B.K. 

A 4-km-high arch associated with the central Valles Marineris troughs has been 
invoked as the source of much of the extension in the troughs [6,10]. However, we 
calculated the increase in circumference (and extension) due to the arch when superposed on 
an initially spherical Mars to be only about 1 lun. 

Overall, it appears that regional and local uplift may account for less than a quarter 
of the extension across the Valles Marineris if the bounding faults typically dip 75". 
However, regionally inhomogeneous stresses associated with the Tharsis rise may concentrate 
additional extension in certain areas, such as the Valles Marineris. This situation requires 
further investigation. If Tharsis-centered stresses are not sufficient to account for all of the 
observed extension, as our preliminary results suggest, then an active mechanism--such as 
rifting due to mantle upwelling--may be invoked for much of the observed strain. 
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