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Summary. 
As part of a larger project to determine the history of stress and strain across Valles Marineris, Mars, 

graben lengths located within the Valley are measured using a two-dimensional window-sampling method 
to investigate depth of faulting and accuracy of measurement. The resulting degree of uncertainty in mea- 
suring lengths (k19 km - 80% accuracy) is independent of the resolution at which the faults are measured, 
so data sets and resultant statistical analysis from different scales or map areas can be compared. The 
cumulative length frequency plots show that the geometry of Valley faults display no evidence of a fric- 
tional stability transition at depth in the lithosphere if mechanical interaction between individual faults 
(an unphysical situation) is not considered. If strongly interacting faults are linked and the composite 
lengths used to re-create the cumulative lengths plots, a significant change in slope is apparent suggesting 
the existence of a transition at about 35-65 km below the surface (assuming faults are dipping from 50" to 
70"). This suggests the thermal gradient to the associated 300-400°C isotherm is 5"C/km to 12OC/km. 

Introduction and Background. 
Statistical characterization of fracture populations is becoming an increasingly important tool in stud- 

ies of jointed and faulted regons. This is, in part, because characteristics of faults, specifically distributions 
of and relationships between length and displacement, can provide estimates of strain across a fractured 
region. As part of a project to characterize stress and strain across Valles Marineris, graben lengths located 
within the Valley are measured using a two-dimensional window-sampling method [I] to investigate depth 
of faulting and accuracy of measuring fault lengths. Inflections in length systematics can, in principle, 
identify the seismogenic depth [2,3]. Thus "small" faults can be distinguished from "large faults" gven  the 
presence of a layer having appropriate properties and boundary conditions. Fault length data are con- 
verted to log-log plots of cumulative frequency vs. graben length. The cumulative number of faults are 
first scaled to a reference area following established conventions [4,5]. l k s  allows for comparison of dif- 
ferent data sets from regions of arbitrary measurement area [e.g., 61. An inflection in the distribution of 
points directly implies the existence and location of a seismogenic layer. From the results, the thermal 
gradient to the 300-400" isotherm [7] can be established. 

Methods and Results. 
Digtal maps generated from Viking Orbiter Images are used to measure the lengths of individual 

faults within Valles Marineris. The lengths of 25 randomly selected faults from the Candor Mensa region 
(area = 62,000 km2) are first measured at two scales, 1:500,000 and 1:950,000. Lengths measured from the 
lower resolution maps are compared to the high resolution measurements and error (difference between 
the two values) calculated. A list of errors is generated, values arranged from smallest to largest, and 
plotted on a histogram which illustrates the distribution of errors. The mean, variance, and standard de- 
viation of the group of errors is calculated, using documented statistical methods and each individual 
error converted to a z-score. From these data, a p-plot is generated which defines the correlation between 
calculated z-scores vs. standard z-scores. A ch-square hypothesis test is computed to verify the results of 
the p-plot and to test the normality of the error distribution. A regression is then conducted to determine if 
scale influences error and if lengths from low and high resolution maps are correlated. 

The standard deviation shows that the length of an individual fault can be accurately stated, f19 km, 
with 80% certainty. Because the lengths of the faults range from 10 to 156 km, this is considered a satisfac- 
tory result. The regression is conducted for fault length vs. error and also for length vs. length (for the two- 
scales). From the values obtained (r > 0.7) it was determined that there is no sigruficant correlation between 
the magnitude of error obtained in measurement and the scale at which the faults are measured. Data sets 
and resultant statistical analysis from different scales or map areas can be compared because the degree of 
uncertainty in measuring lengths is independent of the resolution at which the faults are measured. 

Next, all grabens and faults across Valles, Marineris (area = 2,110,943 km2) are systematically measured 
and lengths recorded. The cumulative length frequency plots (Figure 2, below) show that the geometry of 
Valley faults are self-similar (20-110 km lengths) yet display no evidence of a lithospheric transition. How- 
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ever, faults in echelon configurations, particularly those that are closely spaced, interact with one another 
strongly, thereby influencing individual fault lengths. Numerical simulations 18-101 define the geometries 
of strongly interacting faults (Figure 1). Two adjacent faults with overlap (0) vs. distance between mid- 
points (k) between -0.5 and 3 and separation (s) vs. k between 0 and 0.2 are linked and the composite length 
recorded. Composite lengths used to re-create the cumulative lengths plots show a significant change in 
slope (Figure 2) suggesting the frictional/quasi-plastic lithospheric transition [11,12] is 35-65 km below the 
surface (assuming faults are dipping from 50" to 70'). Thickness is related to down-dip fault extent (w) 
(arrow on Figure 2) by T = (w) cos8, where 8 = fault dip. This suggests the thermal gradient to the 300- 
400°C isotherm, associated with the frictional stability transition, is 5"C/km to 12"C/km. 

Conclusions. 
Previous log-log plots of cumulative frequency vs. graben length (for terrestrial faults in the literature) 

suggest that the statistics are not sensitive to the presence of a mechanical layer. This study, which explic- 
itly considers fault interaction, shows that a transition at 35 to 65 krn below the surface may exist on Mars 
at the troughs. Fault segmentation strongly effects the length distributions. Interaction is therefore consid- 
ered to be an important factor when assessing population statistics. 
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Figure 1. Geometry of echelon faults used to 
determine the strong fault interaction and 
degree of mechanical linkage. 

Figure 2. Cumulative length plot for Valles Marineris 
fault population. Slope change associated with linked 
faults suggests a transition near fault extent (w) be- 
tween seismogenically small faults (L < w) and large 
faults. 
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