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Introduction. Comparable moderate to high resolution images of structural 
landforms now exist for Earth, Mars and Venus. The structures when viewed in a 
comparative planetary context, define two distinct spatial categories: (1) narrow orogenic 
belts and (2) distributed low strain regimes. Orogenic belts, studied systematically and 
extensively for more than 2 centuries on the Earth, are characterized by localized, narrow 
zones of high strain. All three classes of plate-margin structures on Earth, including rifts and 
transcurrent fault zones, can be grouped into this category. The other category which has 
thus far not been widely appreciated in its multiplanetary context, is a low strain regime of 
distributed and regularly spaced structures of tectonic origin. These are here referred to as 
distributed low strain (DLS) regimes, and like the linear, high strain, regimes they tend to be 
dominated by either contractional-, extensional-, or strike-slip-related features. They are 
now known to occur on Earth (1, 2, 3), Mars (3, 4), and Venus (5). In this context, one 
could argue that they are the rule, and orogenic belts the exception, as the product of 
planetary tectonism. Examples of distributed low strain fields are specifically described here 
from Mars. Here there are identified contractional, extensional, and strike-slip DLS regimes. 
Here we discuss two contractional, and one strike-slip, regime. These are the Circum- 
Tharsis wrinkle ridge province, the Memnomia scarp and ridge province, and the western 
equatorial transition zone (where it has been argued that distributed strike-slip faulting has 
occurred). 

Circum-Tharsis wrinkle ridge province. Wrinkle ridges are long, narrow 
often segmented landforms that occur in mare basalts on the Moon and in smooth plains 
materials, presumed to be flood volcanic sequences, on Mars, Mercury and Venus. Based 
on morphology and comparisons with terrestrial analogs, particularly the anticlinal ridges in 
the Columbia River basalts of the Columbia Plateau, wrinkle ridges are interpreted to be 
contractional features resulting from a combination of folding and reverse or thrust faulting 
(3). On Mars, the most extensive wrinkle ridge deformation observed within a distinct 
physiographic province occurs in the ridged plains of the Tharsis region. The ridged plains 
extending from Tempe Fossae to Solis Planum alone cover an area on the order of 4 x 106 
km2 (6). the Tharsis wrinkle ridge system consists of parallel to subparallel periodically 
spaced ridges that are roughly circumferential to the regional topographic high (7). The 
horizontal shortening across an individual wrinkle ridge (first-order ridge), of average 
dimensions, is estimated to be between 350 and 660 m. This estimate assumes that all the 
significant horizontal shortening is manifest in the topographic expression of the structure 
and that the fold geometry is approximated by a simple asymmetric or rectangular fold form 
(3). Given an average ridge spacing of 35 km, the horizontal shortening across central 
Lunae Planum, a profile approximately 840 krn long, is estimated to be on the order of 1 to 
2%. This is representative of the estimated shortening in ridged plains material throughout 
the Tharsis region. 

The western equatorial transition zone. Structurally-controlled landforms 
extending from approximately 120 to 200 degrees west along the dichotomy boundary to the 
west of Tharsis (8) define a unique structural province on Mars. The NW oriented swells, 
cuestas, ridges and scarps of the province extends over of an area 2500 x 500 krn roughly in 
an E-W belt along the dichotomy boundary. In the easternmost and westernmost extent of 
the province two major 200-300 kilometer fault zones are exposed (Gordii Dorsum, and 
Apollinaris Fault Zone) and have been described as have secondary features indicative of left 
lateral shear zones (8,9). Topographic profiles suggests a wavelength of 180-190 
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kilometers for the areas' repeating fault-block structure. Extension of kinematic inferences 
regarding the Gordii Dorsum Fault Zone for the province as a whole leads to a suggested E- 
W contraction of approximately 7.5%. While, such strain estimated are highly model 
dependent the distributed nature of the deformation is clear, and higher strains would be 
difficult to reconcile with preservation of large to moderate sized craters in the adjacent 
highlands. 

Memnomia scarp and ridge province. A prominent set of large ridges occurs 
southwest of Tharsis in Mernnonia. Ridge height varies from 1 to >3 km (10) and they are 
considered to be Noachian in age (6). The ridges trend approximately N50E across the 
region and appear unrelated to classical Tharsis tectonism (1 1). Morphologic differences 
between the ridges and normal faults scarps, replacement by wrinkle ridge morphologies of 
similar trend across crater basin deposits, offsets along linear zones akin to the strike-slip 
separations of wrinkle ridges in Lunae Planum (12) and general similarity to thrust fault 
scarps on Earth all argue compellingly for a contractional origin. The magnitude of strain is 
estimated by assuming slip along thrust faults dipping 300degrees (Byerlee, 1978). By 
taking average scarp height to be 2 km, approximately 4 km of contraction is estimated per 
ridge. A profile 580 km long, with 7 ridges, suggest a rough value of 5% contractional 
strain across the region. 

Mechanical considerations. The existence of low strain regimes on Earth, Mars 
and Venus supports a common mechanism for their formation. A number of fundamental 
mechanical questions arise. What is it in the mechanics of planetary deformation that gives 
rise to apparently distinct regimes? Why is the deformation in DLS-regimes apparently 
restricted to low cumulative strains? 

One mechanical consideration is in the nature of the applied stresses. On Earth, with 
plate tectonics, the convection in the mantle provides for continued stresses independent of 
the amount of strain relaxation. Without such a mechanism, the energy to dnve deformation 
of planetary lithospheres becomes finite, and thus plausibly relaxed at low strains. 
Additionally, the manner in which the stresses are applied may be important. While the 
lateral application of stress to a plate edge may, given a sufficiently uniform rheology within 
the plate, produce distributed deformation, it is easier to argue that distributed stresses, e.g. 
body forces, can only be relaxed by local strains. This leaves, however, still some 
mechanism to be found for limiting the distributed strains to low values. This limitation 
draws us into considering two alternatives. Either (1) we adopt a planetary tectonic model 
wherein the existing stresses are relaxed at low strains (i.e. a fixed or finite energy approach; 
e.g. thermal contraction); or (2) that with accumulations of low strain the regime becomes 
strain-hardened. The latter of which would likely produce one of three alternatives: (a) the 
area would become stabilized, (b) the regime would widen, or (c) there would be a transition 
to orogensis. 

The emerging radar data for Venus is likely to shed light on the relation of DLS 
regimes to orogenic belts. While Mars is dominated by DLS regimes, and the Earth by 
orogenic belts, Venus appears to have a broad mixture of the two. 
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