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LARGE, ANCIENT, COMPRESSIONAL STRUCTURES ON MARS; Kenneth 
L. Tanaka, U.S. Geological Survey, Flagstaff, Ariz., and Richard A. Schultz, Mackay 
School of Mines, University of Nevada, Reno, Nev. 

O v e r v i e w .  Our search for large compressional structures similar to the 
Coprates rise reveals that the rise is part of a group of about three dozen structures 
(here named the "Thaumasia fold belt") that encircles the southern part of the 
Tharsis region. Similar structures are scattered over Mars. All appear to be 
Noachian or Early Hesperian in age, suggesting that lithospheric-scale buckling was 
a common form of early Martian compressional deformation. 

Coprates.  The Coprates rise, a broad, north-trending, asymmetric ridge 
(higher on the east). south of Valles Marineris, is 900 km long and 2 to 4 km high. 
The rise is recognized as a tectonic structure that has resulted in tilted rock layers [I- 
31. Watters [3] noted from radar profiles that the rise is flanked by broad ridges, 
which he suggested may be periodic lithospheric folds having a spacing of about 400 
krn. Similar periodic spacings have been noted for ridge systems on Earth, and the 
spacings appear to be proportional to lithospheric thickness [4, 51. Our work agrees 
with this fold interpretation and also indicates that the folding was asymmetric 
(east-vergent) and took place during the Late Noachian and possibly Early Hesperian 
16/71. 

Other large compressional structures on Mars. Our conclusions for the 
Coprates rise have raised a related question: Do other large lithospheric folds or 
compressional structures (formed by thrust faulting) occur on Mars? To answer this 
question, we searched for ridges and scarps larger than those typified by wrinkle 
ridges. Furthermore, because large ridges and scarps can also be produced by normal 
faulting or impact, we looked for associated evidence for compression, such as tilted 
rock layers, truncated or shortened impact-crater rims, and large or multiple wrinkle 
ridges. Also, the relative age and geologic context of an individual feature may 
indicate that it is part of a group of large compressional features. 

Results. A group of structures that includes the Coprates rise and other large 
ridges and scarps interpreted to be formed by compression forms a broad semicircle 
centered at Syria Planum that extends from the east end of Valles Marineris to the 
Memnonia region (Fig. 1). Because most of the structures are aligned with the edge 
of the Thaumasia plateau, we name the group the "Thaumasia fold belt." Other 
associated ridges extend west into the Sirenum and Memnonia regions and 
southeast toward Argyre Planitia. Although the Thaumasia fold belt generally 
coincides with the pattern of wrinkle ridges that surrounds the Tharsis region, it 
differs from this pattern in detail. For example, the belt does not extend into Lunae 
Planum, where wrinkle ridges are also abundant. 

Additional compressional structures occur in other highland and lowland 
regions (Fig. 1). At Phlegra Montes, Amenthes Rupes, and Eridania Scopulus, 
compression is indicated by closely spaced wrinkle ridges and high scarps that locally 
truncate or shorten impact craters. In contrast, at Mareotis Fossae, a compressional 
origin for the ridges is uncertain, because broad ridges are dissected by deep troughs 
and irregular scarps. 
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All or most of the features interpreted to be large compressional structures 
appear to be Noachian to Early Hesperian in age; many are embayed by Lower 
Hesperian ridged plains material or other Hesperian (or younger) plains materials. 
Their antiquity suggests that conditions for their formation were more favorable on 
early Mars, when the lithosphere was warmer and thinner and when global and 
Tharsis compressions were greatest [8]. Perhaps, because of thickening and 
hardening of the lithosphere, the mode of compression later gave way to periodic 
thrust faulting or thin-skinned folding that resulted in wrinkle ridges [9, 101. 

Our understanding of and ability to interpret properly these compressional 
features can improve with more detailed study of the features themselves and their 
relations with other similar features and tectonic centers. Moreover, improved 
topographic data provided by Mars Observer is likely to reveal more candidate 
structures and perhaps broad patterns of lithospheric deformation. 
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Figure 1. Large compressional structures on Mars. Approximate highland/lowland 
boundary indicated by dotted line. Note that most structures surround southern 
Tharsis region, forming Thaumasia fold belt. 
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