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DOHAINS OF REGIONAL PURE SHEAR ON THE TERRESTRIAL PUWETS. 
Thomas R. Watters and Michael J. Tuttle, Center for Earth and Planetary 
Studies, National Air and Space Museum, Smithsonian Institution, Washington, 
D.C. 20560 

Tectonic domains where major fold and thrust fault trends are transected 
by conjugate strike-slip faults have been documented within fold-thrust belts 
on the Earth (1,2). The geometric relationships between the structures is 
best explained by a pure shear mechanism because of the limited extent and 
lateral displacements of the strike-slip faults (see 2). Given a N-S 
directed compressive stress, the system of structures possible includes E-W 
trending first-order folds and first-order right-lateral and conjugate 
left-lateral strike-slip faults with an angle B to the primary stress 
direction. The angle B is constrained by the Coulomb-Navier criterion 
where B is related to the coefficient of internal friction p .  For 
typical values of p between 0.58 and 1.0, B is in the range of 
22.5"-30". 

Yakima Fold B e l t ,  Columbia Plateau, Earth 
The anticlinal ridges in the continental flood basalts of the Columbia 

Plateau (or Columbia Basin) are long, narrow, periodically spaced structures 
with broad relatively undeformed synclines. The anticlinal ridges are 
believed to be the result of initial buckling in response to a horizontal 
compressive load followed by dominantly reverse to thrust faulting (3). 
Numerous strike-slip faults have been mapped in the southern portion of the 
fold belt (4). The lateral displacement along the most extensive faults is 
typically small (< 1 km). The strike-slip faults can be classified as either 
tear faults, faults of limited extent or regional faults (5). As part of 
this study, over 80 lineaments have been mapped, 73 of which are located in 
the southern portion of the fold belt. Many of these correspond to 
previously mapped right-lateral strike-slip faults. The mean direction of 
the known and suspected strike-slip faults in the southern portion of the 
fold belt is N37"W. Taking the normal to the mean direction of the 
anticlines to be the approximate direction of the principal compressive 
stress, the mean direction of the known and suspected right-lateral 
strike-slip faults is within the range for 8 .  The anticlinal ridges of 
the Columbia Plateau are good analogs to first-order ridges in wrinkle ridge 
assemblages that occur in the ridged plains material on Mars (6). 

Wrinkle Ridge Assemblages, Mars 
Wrinkle ridges occur in smooth plains material that is inferred to be 

volcanic in origin. These ridges are also believed to form in response to 
horizontal compression with reverse or thrust faulting developed as a result 
of buckling (flexure-fracture) or buckling the result of reverse or thrust 
faulting (fracture-flexure) (6,7). If the ridged plains material has 
deformed in a similar style to the basalts of the Columbia Plateau, then 
strike-slip faults and their associated secondary structures may be common on 
Mars. Lineaments that transect wrinkle ridges have been found in medium and 
high resolution Viking Orbiter images. Some are comparable in scale to 
strike-slip faults associated with the anticlines on the Columbia Plateau. 
Lineaments of limited areal extent that sharply truncate both en echelon 
stepping and individual ridge segments are interpreted to be tear faults. 
Crosscutting lineaments of greater areal extent (2  100 km) occur near or 
within the expected range for B and are interpreted to be strike-slip 
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faults consistent with a domain of regional pure shear. Like their analogs 
on the Columbia Plateau, the strike-slip faults accommodate a portion of the 
relatively low bulk strain apparent in the ridged plains. Other evidence of 
strike-slip faulting on Mars has been recently reported by Forsythe and 
Zimbelman (8) and Schultz (9). 

Ridge Be1 ts , Venus 
Parallel to subparallel ridges form the prominent ridge belts identified 

in Venera 15/16 images. Although the role of extension (10) and compression 
(11,12) in origin of the ridge belts is under debate, the similarity in 
morphology of the ridges to wrinkle ridges suggests that they are the result 
of horizontal compression. Frank and Head (11) describe some of the ridges 
as broad arches and compare them to arches associated with maria wrinkle 
ridges. Crosscutting lineaments are common in the ridge belts (11,12). 
These lineaments often occur in conjugate sets and evidence of strike-slip 
motion has been reported (11,12), however we observe little or no apparent 
displacement along the lineaments studied thus far. The areal extent, 
limited apparent displacement and the estimated values of 8 determine for 
the lineaments are consistent with the development of strike-slip faults in a 
domain of regional pure shear. Based on the assumption that the morphology 
and fold geometry of the ridges is similar to that of wrinkle ridges, crude 
estimates of the bulk strain within the ridge belts in the Pandrosos and 
Ahsonnutli Dorsa regions are as high as 7% (see 6), as compared to a maximum 
of roughly 2% estimated bulk strain for ridged plains of Tharsis and 5% for 
the deformed basalts of the Columbia Plateau. 
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