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LARGE SCALE COMPRESSION STRUCTURES IN THE ERIDANIA-PHAETHONTIS REGION: MORE 
EVIDENCE FOR POLAR WANDERING. R. W. Wichman and P. H. Schultz, Dept. of Geological Sciences, 
Brown University, Providence R. I. 

INTRODUCTION: Although most tectonic structures on Mars can be associated with stresses due 
to either Tharsis formation (1,2,3,4) or basin modification (4,5,6), some structures in the martian 
highlands appear to be independent of both stress sources. Two major systems of ridges and scarps 
rival the lobate scarps of Mercury in size and indicate that a large, regional-scale compressional 
event occurred in the Terra CimmeriatTerra Sirenum region (7). These structures cannot be ex- 
plained by either Tharsis-centered or basin-centered regional stress models, but may reflect defor- 
mation due to polar wandering as predicted by Melosh (8). If the Tharsis Province was not so interest- 
ing tectonically, the size and isolation of these features would have attracted immediate attention and 
possibly stimulated discussions comparable to those of the mid-1970's for Mercury. In this abstract, 
we use crater deformation to estimate the amount of crustal shortening across these scarplridge 
systems and reconsider the possible sources the causative compressional stress field. 

FEATURE DESCRIPTION: The ridge systems described here are Eridania Scopulus and a system 
of scarps and ridges located near the Copernicus impact basin. The two systems are of similar age 
with crater dates (derived from linear crater counts (6,9)) of -381 A 270 and -341 & 240 N(>5)/106 
km*, respectively. The Copernicus ridge system is at least 840 km in length, whereas Eridania 
Scopulus extends over 1000 km. Shadow measurements indicate typical scarp and ridge heights of 
500-700 m with a maximum relief exceeding 1 km. The systems are thus comparable in size and 
scale of deformation to the mercurian lobate scarps, which are typically several hundreds of 
kilometers in length and range in relief from a few hundreds of meters to one or two kilometers 
(10,11). The martian systems differ, however, in detailed morphology from the mercurian lobate 
scarps. The mercurian scarps are typically more rounded and flatter in profile than the martian fea- 
tures; and while the mercurian scarps occur as long, individual features, the martian systems are 
continuous bands of deformation 100 to 200 km wide containing between 2 and 5 distinct, parallel to 
subparallel structures. In general, these structures are scarp-like with a backslope away from the 
scarp on the uplifted side. Where they cross the floors of large craters (>20 km diameter) or inter- 
crater plains units, scarp expression is subdued and more rounded. in some plains regions the scarps 
then merge into wrinkle ridge systems of the same orientation. Finally, the martian scarp systems 
coincide with or form apparent linear topographic highs (figure 1 ) . Such behavior is not characteristic 
of the mercurian lobate scarps and may reflect the combined effects of uplift across individual struc- 
tures in the martian systems. 

CRUSTAL SHORTENING: The nature and degree of deformation in the martian ridgelscarps are 
best revealed by the modification of craters. Deformation most commonly joins scarps of higher 
relief on each side of the crater with a linear, asymmetric .ridge cutting directly across the crater 
floor. This pattern resembles crater deformation along the mercurian lobate scarps (1 1 ) ,  but differs 
from the typical deformation associated with smaller wrinkle ridges, which tend to curve around a 
crater interior instead of cutting directly across it (4,12). A less common modification along the mar- 
tian ridgelscarps preserves partial craters on the elevated side of a scarp but does not preserve the 
corresponding down-thrown rim sections (figure 1). Three craters appear foreshortened due to 
compressional deformation; one of these also shows an offset rim along the scarp resembling defor- 
mation of the Guido d' Arezzo crater by the Vostok scarp on Mercury (1 1 ) .  For initially circular craters 
with no extension perpendicular to compression, the difference between the long and short axes of a 
deformed crater provides a measure of the regional shortening across the structure. Such measure- 
ments for these three craters indicate on the order of 1.5-3 km of crustal shortening across individual 
scarp features. This is comparable to the values derived by Strom et al (10) for Mercury, where 
approximately 1-2 km of shortening is estimated for individual mercurian lobate scarps. 

The linear nature of deformation in crater interiors and the preservation of uplifted partial craters 
are consistent with compression by deep-seated thrust or reverse faulting. Consequently, the ob- 
served scarp relief helps to constrain fault models for comparison with the observed crater shorten- 
ing. For a reverse fault with a dip of 60° and a scarp 500 m in elevation, we would expect -290 m of 
shortening, a value some 5 to 10 times smaller than that indicated by the deformed craters. Alterna- 
tively, a thrust fault with a dip of 25O and scarp relief of 500 m would indicate -1000 m of shortening, 
consistent with the estimated crater deformation. Therefore, a thrust fault model for these scarps 
appears consistent with the observed deformation, and the parallel scarps in the Eridania and Coper- 
nicus-Newton systems might represent systems of associated thrust sheets. If the shortening over 
each thrust Is on the order of 1-2 km, in keeping with the crater deformation, such systems could 
accomodate up to 5 to 10 km of regional shortening perpendicular to the scarp trends. 

DISCUSSION: The timing of this compressional event can be derived from the crater ages of the 
two systems and is broadly correlated to the time of Tharsis formation (figure 2). Due to the large 
error bars, however, these age determinations encompass both the time of ancient Tharsis faulting 
and the later main phase of Tharsis radial fracturing. Although coincident in time with Tharsis-centered 
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deformation, the scarplridge systems occur over 70° from the center of Tharsis. Of the Tharsis load 
models developed by Banerdt et a1 (3 ) ,  only the isostatic load model could provide compressive 
stresses at this distance from Tharsis. Based on the observed deformation east of Tharsis, however. 
Banerdt et al argue that this model only applies to regions less than 40° from the Tharsis center. 
Furthermore, the two scarplridge systems occur at a distinct angle to each other; neither trend is 
consistent with the Tharsis stress orientations. Because the systems are well removed from the 
nearest recognized large impact basins (Hellas, Isidis), basin-centered stresses also seems negli- 
gible. Even if a large buried basin did exist in the region, current models of basin-centered deforma- 
tion (6) could not account for the observed pattern of regional compression. 

Some significant regional stress field inde- 
pendent of both Tharsis and basin-controlled 
deformation thus appears responsible for the 
formation of these ridgelscarp systems. The 
global contraction mechanism proposed for 
Mercury (10,11) seems unlikely on Mars given 
the early timing and regional scale of the 
ridgelscarps as well as the widespread contem- 
porary extension associated with Tharsis. Polar 
wandering, however, can simultaneously 
produce regions of compressive and tensile 
stress at the several kilobar level (8), thereby 
producing the scale of deformation indicated by 
the crater shortening data. The location and 
orientation of the scarplrldge systems are con- 
sistent with polar wandering in response to Thar- 
sis development (7), as is the correlation in age 
of ridge formation with initial Tharsis activity. 

CONCLUSIONS: Large ridgelscarp systems 
in the Terra CimeriaITerra Sirenum region ap- 
pear to reflect a major regional event of com- 
pressional deformation with regional crustal 
shortening of up to 5-10 km. Although contem- 
porary with Tharsis fracturing, ridge system for- 
mation appears to be independent of Tharsis 
stress fields and Is more consistent with defor- 

Figure 1. Parts of the Copernicus system (a) and Eri- mation expected in the polar wander s~wla r io  of 
dania Scopulus (b) . Arrows indicate craters modified by S C ~ U ~ Z  and Lutz (7).  
scarp formation. 
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Figure 2. Crater a es derived from linear c r a t e r  c o u n t s  

(6) f o r  the scarp/rigge systems compared to the Tharsis 
tectonic h i s t o r y  o f  Wlse et at (1). 
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