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GEOMETRY OF STRESSES AROUND THARSIS ON MARS; 
M. P. Golombek, Jet Propulsion Laboratory, Caltech, Pasadena, CA 91 109 

A variety of workers have attempted to use the location and orientation of tectonic features 
in and around the Tharsis province on Mars to constrain the geometry of the causative stress field. 
In particular, Tharsis is characterized by an enormous radiating system of grabens that extends 
over one half of the planet and a sweeping circumferential system of wrinkle ridges. Because the 
orientation of these structures is a result of the geometry of the stress field, traces of grabens and 
normals to wrinkle ridges can be used to test the true radial nature of the causative stress fields and 
to see if different tectonic features and episodes had geometrically similar stress fields. 

Wise, Golombek and McGill(1979) first tried such a test by plotting the traces of the most 
strongly developed grabens and normals to representative wrinkle ridges on the upper hemisphere 
of an equal area net, centered on Tharsis. The lines were fit to great circles on the net, and the 
density of the great circle intersections was contoured. A similar analysis was done by Plescia and 
Saunders (1982) using a comprehensive data base of grabens and normal faults, except that they 
did not contour the great circle intersections. Finally, Watters and Maxwell (1986) used a 
comprehensive data set of Martain wrinkle ridges to test their circularity. There are problems with 
each of these studies however. Wise et al. (1979) used a very small data set, Plescia and Saunders 
(1982) did not contour the great circle intersections, and Watters and Maxwell (1986) made a net 
manipulation error in their analysis of the wrinkle ridge data. As a result, a quantitative test of the 
stress fields responsible for the radial grabens and concentric wrinkle ridges has not been done 
using the large data sets now available. 

Part of the reason for the lack of quantitative analysis of the tectonic data sets is that the 
number of intersections of great circles on a net is n(n-1)/2, where n is the number of great circles. 
Contouring by hand therefore becomes impossible for any but small data sets. However, the 
analysis of the intersection points of traces of great circles on a net is identical to the beta analysis 
of lines produced from the intersection of planes on a net in structural geology, for which computer 
contouring programs exist. For this analysis a published FORTRAN program (Beasley, 198 1) 
was modified for operation on a personal computer. The program takes the information defining 
the planes and iteratively counts their intersections on a net with the percentage density of 
intersections in finely divided 1.0% counting areas. 

Note that this analysis implicitly assumes that the trace of a graben represents the trace of 
the intermediate principal stress, S2, on the surface of the planet, and that the operative stress field 
had a vertical maximum principal stress, S1, and a horizontal minimum principal stress, S3, 
perpendicular to the fault trace. As a result, the great circle of a graben over an extended distance 
on a planet's surface is represented by the S 1 - S2 plane, which is everywhere vertical at the 
planet's surface (along the grabens trace) and if extended would intersect the center of the planet. 
For a wrinkle ridge, the analysis assumes that its normal represents the S 1 - S3 plane, which is 
perpendicular to the surface of the planet along its entire trace and if extended would intersect the 
center of the planet. As a result, this analysis has a physical basis in terms of the inferred 
orientation of stresses within the lithosphere of the planet. The pattern of the contoured 
intersections can then be used to gauge how well the set of tectonic features is radial about a point, 
For example, a circular "bull's eye" pattern with one central concentration of high density is a good 
indication of a radial distribution, whereas an asymmetric pattern with a number of smaller density 
concentration maxima indicates a non-radial system. 

For this analysis we have used the graben data compiled by Plescia and Saunders (1982), 
which includes only those faults that extend over several degrees of the planet's surface to 
represent truely regional events during the two main Tharsis faulting events: the earlier Syria faults 
(n=83) and the slightly later (or possibly partially coeval) Pavonis faults (n=60). We have used the 
wrinkle ridge data (before the net manipulation error) from Watters and Maxwell (1986), which 
represent 10°xlOO length-weighted means of 1850 ridge segments. The long faults and the length 
averaged wrinkle ridges most likely represent regional fault sets, indicative of regional stresses. 
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Contoured intersection plots for the data sets show significant concentrations with single 
maxima intersections of circular to slightly elongate bull's eye patterns. The 3403 Syria fault 
intersections define a slightly northeast-elongate single maximum pattern with a maximum 
concentration of just over 25% per 1% area, centered at -lo0, 101". This is very close to the Syria 
center (-8", 100') defined by Plescia and Saunders (1982). The 1770 Pavonis fault intersections 
define a circular bull's eye pattern with a maximum concentration of about 40% per 1 % area, 
centered at -5O, 113", which is very close to the center (-4O, 110") defined by Plescia and Saunders 
(1982). It is remarkable that these results are so close to those of Plescia and Saunders, given that 
their centers were picked by hand. Furthermore, to a first approximation the quantitatively 
contoured plots support Plescia and Saunders' assertion that these centers of faulting are areally 
distinct, being separated by over 180 on the planet's surface. The 1225 intersections of normals to 
wrinkle ridges define a slightly west-elongate single maximum pattern with a maximum 
concentration of about 16% per 1% area, centered at -6O, 101°, which is virtually indistinguishable 
from the Syria center. This result is contrary to the results of Wise et al. (1979), based on a very 
limited sample, as well as those of Watters and Maxwell (1986), based on incorrect data 
manipulation on the net (note also that the concentration of intersections in Watters and Maxwell's 
contoured Fig. 3 are only between 1% and 4% per 1% area and thus not statistically significant). 
This suggests that the regional stress system responsible for the Syria grabens around Tharsis is 
very similar in orientation to that responsible for the wrinkle ridges. These results are intriguing, 
given that Watters and Maxwell (1986) place the formation of the ridges after the Syria-centered 
faulting and thus both have resulted h m  similarly oriented stress fields, although the relative 
magnitude of the principal stresses must have changed. 

Contoured intersection plots of combinations of the data sets also show single center 
intersection patterns. Intersections (10,153) of 143 faults from both the Syria and Pavonis fault 
sets define a northeast-elongate single maximum pattern with a maximum concentration of about 
2W0 per 1% area, centered at -6", 105", roughly between the centers of the individual fault sets. 
Thus, although individually the two Tharsis fault sets appear to define different centers, taken 
together over the time during which both fault sets formed, which are only slightly different in age, 
they also define a radial center of faulting, as has been suggested since the study of Tharsis began. 
This implies a broadly radial stress field and that the difference between the stress fields 
responsible for the Syria and Pavonis faults is small. The 18,528 intersections of both fault 
systems and the wrinkle ridge normals (all totaling 193) define a northeast-elongate single 
maximum pattern with a maximum concentration of about 14% per 1 % area, centered at -5", 106". 
This center is close to that of both fault sets together as well as the centers defined by the Syria 
faults and the ridges individually. 

In conclusion, careful consideration has been given to the gross geometry of the regional 
structural features around the Tharsis province on Mars using comprehensive data sets and a 
computer program for quantifying their great circle intersections. This data analysis technique has 
a direct link to the stress state that produced the structures over a hemisphere of the planet. 
Contrary to various analyses done previously, the normal faults and compressional wrinkle ridges 
around Tharsis define a radial system, with minor changes over time, and directly indicate that the 
causative stress field is radial to a region north of Syria Planum in the area of Noctis Labyrinthus 
near the maximum elevation of the Tharsis plateau. Although the relative magnitude of the vertical 
and horizontal principal stresses must have changed to form the grabens and the wrinkle ridges, the 
orientations of the horizontal principal stresses did not change substantially. 
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