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One of the fundamental pieces of information required for determining the thermal and 
tectonic evolution of a planetary body is an understanding of the mechanical structure of the 
lithosphere. On a regional scale, direct constraints on the mechanical structure can be obtained from 
the geometries of tectonic features on the surface. Wrinkle ridges are tectonic features that commonly 
occur in martian smooth plains units [1,2]. Some of these features likely formed due to compressive 
stresses related to the response of the lithosphere to the Tharsis load [3-51. In many areas the ridges 
exhibit either a linear, parallel trend or a nearly concentric pattern with an approximately regular 
spacing of 25-50 km [4,6-91. In areas where the ridges exhibit such a pattern, their spacing can be 
used to infer the shallow structure of the lithosphere at the time the features formed. 

A number of previous attempts have been made to ascertain the structure of the martian 
lithosphere on the basis of ridge spacing by applying models for simple rheological structures [7- 
101. In the present study, we have developed a suite of compressional mechanical models of the 
lithosphere that incorporate a broader range of possible rheologies than did previous models, as well 
as more detailed vertical strength stratifications. Mathematically, we consider the regular spacing of 
the ridges to correspond to the dominant wavelength resulting from the growth of instabilities in a 
horizontally-compressing multi-layered medium. We invoke a continuum approach to the problem, 
on the assumption that deformation prior to ridge faulting controlled the development of the regular 
length scale. The baseline representation of the lithosphere includes: (1)a thin, competent surface 
layer that corresponds to the ridged plains; (2)a weaker underlying layer that has been inferred to 
correspond to an unconsolidated megaregolith [7]; and (3)a competent substrate that we interpret as 
basement. In all models the spacing of the ridges [7,9] and the known thickness of the plains units 
[12 km; Refs. 7,11,12, R. Kuzmin, pers. comm.] constitute the primary constraints on the rheological 
structure. 

The first model consists of a strong layer underlain successively by a weak layer and a strong 
halfspace, all of uniform strength. The entire lithosphere is free to deform in response to an imposed 
uniform horizontal compressive stress. This model represents a situation in which stresses of 
sufficient magnitude to induce deformation penetrate deeper than the base of the megaregolith. 
Figure 1 illustrates how the dominant wave number (kd) and the dominant wavelength/surface layer 
thickness ratio (Xdhl)  vary with the ratio of the thicknesses of the weak subsurface layer and surface 
layer (h2/hl) for a range of values of the strength contrast between the surface and subsurface layers 
(R1). The strength contrast between the surface layer and substrate is assumed fixed at  0.5. Note that 
a parameter range that includes h /hl?l and large R1 produces values of Xd/hl that are compatible 
with the observed ridge spacing. f o r  example, a 1 km thlck surface layer requires 25<Xdhl<50. This 
can be achieved if the subsurface layer (megaregolith) is twice as thick and a factor of approximately 
1000 less competent than the overlying ridged plains. A thicker megaregolith would permit a lesser 
strength contrast, while a megaregolith with a thickness less than that of the plains unit (h2/hl<l)  
would require a much larger strength contrast to account for the ridge spacing. A thicker plains unit 
would be compatible with smaller R1 and/or h /hl. These results are not particularly sensitive to 
other details of the subsurface density or s trengh stratifications. If the boundary at the base of the 
megaregolith layer is rigid rather then deformable, corresponding to the case of thin-skinned 
deformation, then values of R1 and h2/hl that are larger than those shown in Figure 1 would be 
required to explain the ridge spacings. 

In the second model the lithosphere consists of a surface layer of uniform strength that 
overlies a substrate. The strength at the top of the substrate is less than that of the layer and increases 
exponentially with depth. This corresponds to a scenario in which the megaregolith and basement 
represent a continuum, in which the megaregolith becomes increasingly compacted with depth and 
grades into the crustal lithosphere. The length scale that describes the thickness of the megaregolith 
in this case is the e-folding length of the substrate strength (c).  Figure 2 shows kd) and Xd/hl VS. 

the parameter a(=(/hl) for the limiting case of a "strong" surface layer in which buoyancy forces due 
to variations in topography do not play a significant role in influencing the pattern of deformation. 
In this case, a parameter range that includes a l l  and large R1 yields values of Xd/hl that can explain 
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the ridge spacings. For example, a 1 km thick surface layer and an e-folding length of the 
megaregolith of 2 km (a=2) requires a strength contrast (R ) of on the order of 1000. A thicker plains 
unit would permit smaller a or Rl .  In the less likely case ot]a "weak" surface layer in which buoyancy 
forces significantly influence the deformation, somewhat smaller strength contrasts are allowable. 

These results quantitatively illustrate that compression of a lithosphere consisting of a surface 
plains unit, underlying megaregolith, and basement can explain the regular spacings of the martian 

ridges. Results of a third model, illustrated in Figure 3, which consists of a weak megaregolith layer 
that is underlain successively by a strong lithospheric layer and a weaker lithospheric substrate, 
demonstrate that the wavelengths of the ridges can also be explained if the surface plains unit is 
absent. This is interesting in light of the fact that the ridges most commonly occur in areas where 
plains units are present, and suggests the possibility that while the mechanical strength of the plains 
unit may have facilitated the nucleation of ridges, it may or may not have strongly influenced the 
spacings. However, for all models the mechanical properties of lithospheric basement significantly 
influence the predicted geometry of deformation. 
References: [llchicarro, A.F., et al., Icarus, 63, 153-174, 1985. [2]Plescia, J.B., and M.P. Golombek, 
GSAB, 97, 1289-1299, 1986. [3]Banerdt, W.B., et al., JGR, 87, 9723-9733, 1982. [4]Maxwell, T.A., 
JGR, 87, A97-A108, 1982. [SISleep, N.H., and R.J. Phillips, JGR, 90, 4469-4489, 1985. [6]Wise, D.U., 
et al., Icarus, 38,458-472, 1979. [7]Saunders, R.S., et al., LPSC XIV, 660-661, 1981. [SIWatters, T.R., 
NASA TM 4041, 473-475, 1988. [9]Watters, T.R., Conf. on Early Tectonic and Volcanic Evolution of 
Mars, 63-65, 1988. [lOIWatters, T.R., NASA TM 89810,481-483, 1986. [ll]DeHon, R.A., Third Int. 
Colloq. on Mars, 59-61, 1981. [12]Frey, H., et al., Conf. on Early Tectonic and Volcanic Evolution of 
Mars, 24-26, 1988. 

2 I I I I I I I I I Figure 1. Plot of dominant wave number 
MODEL 1 kd) and wavelength X hl  as a function of P - 

4 h2/hl for a range o R1. Parameters are 
deflned in the text. The model assumes a 
Newtonian (n=l) viscous lithosphere. . 
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Figure 2. Plot of dominant wave number 
kd) and wavelength Xdh, as a function of 
the dimensionless e-foldlng thickness a of 
the substrate for .the limiting case of a 
lithosphere with a "strong" surface layer 
(i.e. buoyancy effects unimportant). The 
results are shown for a range of R1. The 
model assumes a non-Newtonian (n=3) 
viscous lithos~here. 

MODEL 3 

Figure 3. Plot of dominant wave number 
kdy and wavelength Xdh as function of 
lithosphere thickness (h 5 normalized by 
megaregolith thickness ( i2)  for a range of 
megaregolith/lithospherestrengthcontrasts 
(R2). The model assumes a perfectly plastic 
(n-oo) lithosphere. 
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