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Introduction. 
In recent years, several papers have appeared in the literature that use the intermediate pressure results 

of rock friction experiments (colloquially known as "Byerlee's law") to infer some kind of "mechanical 
stratigraphy" that controls the deformation style of shallow planetary crusts on Mars, the Moon, and various 
icy satellites [I-31. These inferences were made by comparing certain failure criteria at comparable depths 
for tensile cracking and faulting using assumed values of the strength parameters. However, because 
"Byerlee's law" is not strictly appropriate to shallow near-surface rocks on planetary bodies and because the 
values chosen in these comparisons are unconservative, the published comparisons between tensile and 
shear strengths, as well as the resulting predictions and implications, must be used only with considerable 
caution. 

An illustrative example compares the tensile strength of an intact rock to the shear strength of a sawcut 
sample (which is thought to represent the shear strength of the lithosphere). Extreme values of the strength 
parameters are usually chosen to make the apparent contrast in strength clearer. For example, consider the 
strengths of basaltic rocks at the Earth's surface using this concept. Tests of an intact sample (one with 
negligibly small grain-boundary cracks) typically indicate a tensile strength To of -40 MPa. The shear 
strength of a sawcut sample of the same rock (the basis for Byerlee's law) would be represented in these 
studies by cohesion Co = 0 and static friction coefficient y, = 0.85 from Byerlee's best-fit line to the 
intermediate pressure data (above 5 MPa normal stress) [41. The resulting shear strength at the surface 
would be zero, whereas the tensile strength would be 40 MPa; therefore, only faulting could result from 
typical applied stresses. In order to get tensile cracking of the surface, the shear strength must somehow be 
increased above 40 MPa; this is accomplished by quoting values of intact rock shear strength, with values of 
cohesion in the desired range. 

A mechanical stratigraphy can be derived based on the argument presented above. For example, 
grabens that deform lava flows in the Tharsis region of Mars are thought to represent faulting of a shallow 
stratigraphic unit: presumably the basalt flows [ 5 ] .  This unit must be pervasively fractured before faulting 
could occur, according to the scenario presented above. Although no evidence for extensional failure of 
rocks below the grabens yet exists, it has been supposed that tensile cracks [3] or some other dilatant 
structures such as dikes [61 must underlie the grabens. In this case, the rocks below the faulted layer must 
(according to the argument) be intact, so that faulting cannot occur there. 

Although the above comparison may have some intuitive appeal, it is invalidated both on physical 
grounds, as discussed below, and on the basis of observations of brittle deformation on the Earth. For 
example, Dyer [7] showed that systematic joints can nucleate and grow toward a previously formed set of 
joints, even though the earlier set was optimally oriented for slip according to the Coulomb criterion. On the 
other hand, faults can nucleate in soil and rock without the need for cracks to serve as nucleation sites [e.g., 
8,9]. In addition, numerous cases could be cited that document crack growth in fractured rock and faulting 
in intact rock. These points call into question the mechanical spatigraphies defined on the basis of the 
comparison of predicted strengths of fully intact and pervasively fractured rocks. 

The physical basis for the literal comparison of failure strengths such as that given above also appears 
to be somewhat lacking in rigor. The principal assumptions made in comparing tensile and shear 
strengths of intact and sawcut samples, respectively, are 

(1) Near-surface rocks possess zero cohesion; and 
(2) Fractures cut entirely through the rocks in all orientations. 

It is easy to demonstrate that neither of the above required assumptions is necessarily met for rocks 
deformed under near-surface conditions. 

Assumption # I .  Rock frictional strength for normal stresses less than -3-5 MPa compressive 
(corresponding to vertical stress -q = 3.5-5.8 m a ,  or -280-500 m depth on Mars and -750-1,250 m on 
the Moon) is not well characterized by Co = 0 because of the influence of asperity strength on the frictional 
resistance to sliding [4]. The results for low pressure were stated very clearly in Byerlee's [4] classic paper: 
the intermediate pressure friction law was superimposed on the data for comparison purposes only, not to 
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imply a best-fit. As a consequence, "Byerlee's Law" is not a precise characterization of the shear strength of 
shallow, near-surface rocks (upper few hundred meters) [4,10]. 

Assum~tion #2. Most fractures in nature are discontinuous at all scales [see ref. 111, although the 
scale of the problem also influences the applicability of this observation to the problem at hand. For this 
assumption to be valid for shallow lithospheric rocks, smooth planes of weahess must continue 
uninterrupted through the entire region under consideration. Because only a single set of such planes would 
contribute a substantial anisotropy to the rock strength, planes of all orientations must exist. An invokation 
of "pervasive fracturing" is not -cient unless the fractures traverse all rock strata and are sufficiently 
interconnected that rheologic contrasts due to lithology and stratification become negligibly small. Apparent 
control of erosional and perhaps even structural horizons on Mars by lithologic contrasts [ 5 ] ,  however, 
suggests that this assumption is probably not valid for near-surface rocks. 

Results and Discussion. 
The assumptions discussed above are necessary for a literal comparison of a Griffith strength envelope 

for intact rock and Byerlee's law for fractured rock. An assumption of zero cohesion for Byerlee's low 
pressure friction law implies that tensile failure cannot occur except under uniaxial tensile stress. However, 
because Byerlee's Law is not strictly valid for shallow near-surface rocks (lo,l < 3-5 m a )  and because 
discontinuously fractured rock masses commonly possess some nonzero cohesive strength, as evidenced by 
the common occurrence of joints at the Earth's surface, the use of a separate criterion for failure of 
unfractured rock is considered to be wecessary. 

The occurrence of a faulted layer does not require that the layer be "prefractured" and later faulted. 
Similarly, the formation of joints or other dilatant structures in rock does not require that the rock be 
previously unfaulted or uncracked. Thus, the hypothesis that a faulted layer above a parallel, coplanar 
tension crack [3] necessarily results from some mechanical stratigraphy is not supported by either theory or 
observation. It is possible that the Tharsis grabens terminate downward near some subhorizontal interface, 
but the interface is not required for antithetic faults to form [12], as suggested in numerous papers [e.g., 
13,l-31. Further, if dikes underlie genetically related grabens, as suggested recently by Tanaka et al. [61, 
then the necessity for a subsurface interface disappears completely because mechanical interaction between a 
dilating dike and the planetary free surface [14] is sufficient to produce the surficial graben. 
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