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SHALLOW CRUSTAL MATERIALS ON MARS 
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A wide variety of structures on Mars have been interpreted as tension cracks or resulting from the 
modification of tension cracks (1, 2). Tension cracks form perpendicular to the tensile least principal 
stress and typically open up as vertical sided cracks (similar to joints on the Earth). Tension cracks form 
in rocks or surface materials that have a non-zero tensile strength and are depth-limited due to 
overburden stresses (3). They are distinct from grabens that result predominantly from shear failure in 
which the faults form at an acute angle to the maximum principal stress direction and motion occurs 
along the fault plane (normal faults). Shear faults can form in completely fractured materials without 
tensile strength. It is not uncommon to have tension cracks at the surface grade into normal faults at 
depth. Knowledge of the depth of this transition can be used to constrain the tensile strength of near- 
surface materials. Some tension cracks appear as grooves that are widened by mass wasting, 
exemplified by structures in and around Kasei Valles. The structures are generally narrower (a few 
hundred meters wide) than simple grabens and have no discernible flat floor. The interior is made of 
two inwardly directed slopes that meet in the center. In this abstract, a simple erosional model is 
developed that can be used to estimate the extension across mass wasted tension cracks, and the widths 
and derived depths of shear failure of simple grabens are used to constrain the tensile strength of shallow 
crustal materials on Mars, thereby allowing a determination of the mechanical properties of planetary 
surface materials from orbital images. 

Determining the extension across unmodified tension cracks is straightforward. The width of the 
structure is, in fact, the amount of opening or extension. Few tension cracks are unmodified and given 
the efficiency of mass wasting in reducing normal fault scarps on Mars (from 60' to 5'-20°, 4, 5) ,  it is 
expected that the initial vertical scarps of tension cracks have been substantially reduced by this process. 
Given the lack of detailed morphologic and geometric information on these martian structures, a number 
of assumptions must be made to model their degradation with time and derive the extension across them. 

The simplest model assumes a rectangular crack with vertical sides in which material mass 
wastes from the upper walls of the crack to fill the void (Fig. 1). In this model, the original width 
(extension, E) of the crack is assumed to be between 10-40% of the void depth d. The slope of the mass 
wasted depression @, is assumed to be close to angle of repose (-30°), and the volume of material mass 
wasted from the upper part of the wall, B, is equal to the volume of material filling the lower part of the 
void, A times v, the bulk dilatency (assumed to be between 0 and 30%). This geometry results in A = 
x~/2-~'tan$/4 and B = (d-~)~/2tan$. Setting A=vB results in a family of solutions for E versus the final 
mass wasted width w=(2d-2x+Etan$)/tan+. Solutions were generated by assuming d, and then 
systematically varying E and v for a given + (represented by the patterned areas in Fig. 2). As a result, 
for a given mass wasted tension crack width measured on an image a range of extension values can be 
estimated from the graph. 

Results indicate that the extension across mass wasted tension cracks is between 0.1 and 0.3 
times the observed width of the feature, in contrast to the roughly 0.1 factor for simple grabens. 
Variations in assumed surface slope of 5" result in only 10% changes in computed E. An advantage of 
this graphical solution is that uncertainties in void depth can be easily accommodated. Specifically, 
tension cracks are believed to be much deeper than they are wide (6), but because of their generally 
perceived triangular cross section (7-), most of the lower narrow portion of the crack is effectively too 
narrow to accommodate much mass wasted material. The rectangular crack shape assumed herein 
ignores the lower narrow portion of the tension cracks, but the graphical solution allows estimation of 
the extension across a given width structure for a variety of crack depths, thereby accommodating this 
difference. Application of this method across 17 northeast trending mass wasted tension cracks of 0.3- 
1.5 km width in a 272 km northwest oriented traverse through southeastern Tempe Terra (36.9N, 
64.6W to 32.8N, 62W) suggests extension of 60-300 m per structure for a total of 2.7f 1 km. 
Application of this method across 7 mass wasted tension cracks of 0.3-1 krn width in a 86 km northwest 
traverse through southern Tempe Terra (from 31.9N, 77.1W to 31N, 76W) indicates extension of 50- 
200 m per structure for a total of 760f280 m of extension. This extension must be added to the 
extension estimated across Tempe Terra (21.2 km) obtained by Golombek et al. (1994) by measuring 
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normal fault scarp width (bounding grabens) for a total of about 22 km of extension across this region 
on Mars. 

The observation that a large number of structures on Mars are tension cracks argues that, to first 
order, shallow crustal materials possess some tensile strength. Careful photoclinometric measurements 
across 665 simple grabens throughout the western hemisphere of Mars (4, 5) were corrected for 
widening of grabens due to mass wasting to accurately estimate the depth below the surface at which 
faults bounding the graben intersect. The number of fault intersection depths exhibit a sharp drop off at 
shallow depths above 0.6-1 km. This drop off is not an observational bias, because the narrowest 
simple grabens measured are wider than the narrowest graben that potentially could be discerned and 
photoclinometrically profiled in available Viking Orbiter images. 

The minimum depth at which normal (shear) faults can initiate is the maximum depth at which 
tensile failure can occur, which is limited by overburden stress and the tensile strength of the material. 
This depth is given by 3Tdpg(l-h) in the Griffith failure criterion, where To is the tensile strength of the 
material, p is density, g is the gravitational acceleration and h is the ratio of pore pressure to lithostatic 
pressure (3, 8). This relationship suggests that at shallow depths, tension cracks form instead of narrow 
grabens, thereby explaining the sharp drop off in very narrow grabens with shallow fault intersection 
depths on Mars (1). If this is the case, the minimum intersection depth of faults bounding grabens on 
Mars can be used to bound the tensile strength of the crust at these depths. Note that if the shallow crust 
had no tensile strength, shear failure could initiate at depths right up to the surface, and the minimum 
width of grabens would not be limited. In this regard, a similar estimate of the tensile strength using the 
empirical Hoek and Brown (9) failure criterion was not made (lo), because in order for pure tension 
cracks to form (perpendicular to the minimum principal stress) with this criterion, all three principal 
stresses must be equal to the tensile strength, which would result in tension crack formation in all 
directions. Using the Griffith criterion, minimum depths of shear failure of 0.6-1 km indicate shallow 
crustal material must have tensile strengths of at least 1.8-3 MPa under dry or 1.2-0.7 MPa under 
hydrostatic conditions. These tensile strengths are well within the range of expected tensile strengths for 
shallow crustal materials on Mars (1). The fact that the sharp drop off in narrow grabens with shallow 
fault intersection depths is evident throughout the western hemisphere of Mars argues that tensile 
strengths of this magnitude are prevalent for shallow crustal rocks over most of the red planet. 
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Fig. 1 Geometry of mass wasted Fig. 2 Extension versus mass wasted tension crack width for 
tension crack. different depth cracks. 
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