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Summary. 
As part of a larger project on the history of stress and strain across Valles Marineris, an analysis of the 

lengths of small grabens was conducted on the west Candor Plateau. The lengths of individual grabens from 
three distinct sets are analyzed by a two-dimensional window-sampling method to investigate scaling 
relationships and depth of faulting. Length distributions are influenced by fault growth and coalescence 
processes, image resolution, window size, and the post-faulting geologic history of the region. Cumulative 
length-frequency distributions can be linear, with slopes (on the area plot) of -2, suggesting self-similar 
growth of the graben array. Existing measurements of vertical stratigraphic offset (throw), along with newly 
measured graben lengths, imply either that throw and length are unrelated (if depth of faulting is proportional 
to graben width and nearly constant) or that throw and graben length scale directly, implying variable depth of 
faulting. Fault-length statistics are apparently not sensitive to the presence of mechanical layers in the 10 to 
100 km depth range of the lithosphere. 

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

jointed and faulted regions [1,2]. Distributions of fracture lengths, combined with quantitative relationships 
between length and displacement [3-6], can provide estimates of strain across a fractured region [7-91. 
Examination of displacement vs. length plots can, in principle, identify mechanical layering by its effect on 
length and displacement systematics [9,10], similar to its effect on seismic moment [11,12] that also scales 
with fault size. Thus "small" faults can be distinguished from "large" faults given the presence of a layer 
having appropriate properties and boundary conditions. Fracture populations are known to strongly influence, 
or control, the strength and deformability of rock masses [13,14]. Fracture spacings are critical to assessment 
of rock-mass properties [15] and well-developed methods from rock engineering [16,17], adapted for regional 
structural studies [18], can document changes in rock-mass properties with progressive deformation. 

Structures found between west Candor Chasma and Ius Chasma on the plateau, located in the central 
western part of the trough system, include wrinkle ridges, normal faults, and grabens having a variety of 
relative ages. Three main generations of normal faults and grabens can be discerned, based on orientations 
and cross-cutting relations between members of a set. Most grabens are partly filled by smooth material; 
transection relations are unusually unambiguous because this material forms a new surface that is displaced by 
later faulting. Older grabens thus appear to terminate at younger ones. North-south and northeast trending 
grabens are oldest, east-west trending grabens are intermediate in age, and northwest trending grabens are 
youngest. East-west trending grabens parallel the troughs but all faults have contributed to the structure and 
morphology of the troughs in the study area. Plateau rocks cut by these faults are Upper Hesperian in age, 
based on crater counts [19]. 

We focus here on fault length statistics from three successively younger sets of grabens from the Candor 
Mensa plateau. Population statistics are interpreted using both histograms and log-log plots of cumulative 
length vs. frequency. In common with previous work, we note challenges in preparing and interpreting these 
diagrams (e.g., censoring, truncation, and comparison between regions having different counting areas) and 
plausible solutions. Cumulative fault-length statistics are used in particular to test the hypothesis of 
mechanical discontinuities in the subsurface. Lastly we discuss possible scaling relationships between 
displacement and graben length to correlate the data from Mars with other data sets obtained from diverse 
locations and settings from Earth. Our results are important given current efforts to quantify extensional 
strains on Mars [20-221 and to estimate current levels of seismicity [23] in preparation for design and 
emplacement of seismometer arrays on the planet. Because high-quality imaging and (in some cases) 
topographic data exist for a variety of planets and satellites that exhibit relatively uneroded fault sets, 
interplanetary comparisons of fault-population characteristics will promote a more comprehensive 
understanding of scaling relationships and fault mechanics [24] under a wide range of environmental 
conditions. 
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Methods and Results. 
Grabens and faults were systematically numbered according to orientation and cross-cutting 

relationships. Discontinuity length and nature of the termination point were recorded. Many discontinuity 
lengths are truncated by the limited area of the map sheet, by pit or impact craters, or by ambiguous ends. 
Plots of incremental number of faults vs. length were created for each data set, raw and censored. Cumulative 
length-frequency plots were created for each fault set by normalizing to a standard lo4 km2 reference area. 

We find no support in the cumulative length-frequency plots for mechanically significant layering in the 
Candor Mensa area. Fault lengths in the 1-4 km range occur in the small length (rollover) part of the log-log 
distribution so the presence or absence of the proposed layer cannot be testing using the fault population data. 
However, another suggested "discontinuity" 5-10 km deep should be, but was not, resolved by our data. It is 
possible that not enough strain had accumulated for sidcant length systematics to become noticeable or that 
the faults penetrated through the caprock without greatly changing their statistical characteristics. We infer that 
modest lithologic changes oriented at high angles to faults may not be easily resolved by log-log plots of 
cumulative length data. 

Conclusions. 
Fault populations from Candor Mensa are analyzed statistically and compared to those from Earth. 

Biases affect both the short and long ends of the fault-length distributions obtained from the window sampling 
scheme; these biases arise from window size and, more importantly, from modification of fault-length 
statistics by later, post-faulting geologic processes. In spite of these complexities, power-law (fractal) 
distributions of graben lengths are permitted by the data for all three fault sets examined. However, the two- 
fault, symmetric graben geometry introduces additional complexity into the scaling relationships between 
length and displacement or throw. Mechanical interaction within the graben increases throw relative to an 
isolated fault. Although the topographic data are not sufficient to resolve details of the along-strike variation in 
throw within the small grabens, available measurements are permissive of either constant throw (independent 
of graben length) or throw that scales proportionally with strike-length. Comparison of fault-population 
statistics between planetary bodies having different surface gravities is possible by evaluating the respective 
stress states and rock-mass properties. 
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