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STRUCTURAL MAPPING AND INTERPRETATION OF VALLES 
MAR1 N ERIS, MARS. Richard A. Schultz, Geodynarnics Branch, NASA Goddard Space 
Flight Center, Greenbelt, MD 20771. 

The Valles Marineris (VM) canyon system on Mars is a spectacular planetary 
rift. The erosional history of the canyons has been studied extensively [I-41. In 
contrast, very l itt le is known about original canyon structure beyond some early 
pioneering studies [1,2,5,6]. Detailed mapping of the VM canyons reported here 
clarifies their structure and evolution and provides needed constraints on geophysical 
models relating VM to Pharsis tectonic activity. 

Topography of the canyons and vicinity is inferred from UV spectrometer data 
[7], stereophotogrammetry of central canyons [8], and scattered measurements from 
earth-based radar. Downs et al. [9] found that former USGS elevations were several 
km too high relative to radar measurements, with larger errors occurring over more 
rugged terrain. The latest USGS topographic map [7] agrees reasonably well with 
the radar data. However, the detailed Coprates topographic map [8] shows 
excessively high elevations of VM plateaus relative to both radar [9] and new USGS 
global topography [7]. Thus, canyon topography remains poorly constrained. 

The plateau just north of VM slopes gently east between 80 and 65 W from 
6.5-6 km (radar) or 10-8 km (USGS [8]j. The southern plateau stands a t  5-6 km 
(radar) and features a broad trough 0.5 km deep extending SSW from Melas 
Chasma. The topography south of the canyons is di%tinctly different from that to the 
north. Radar,elevations of plateaus between 50-90 west dongitude average 2-3 km 
north of 10 N (Lunae Planum) and 4-6 km south of 5 S. In contrast, western 
canyon plateaus locally reach 7.5 km (radar) and plateau elevations appeab quite 
variable close to  the canyons. The average gradient between 6 0 S and 10 N is 
only 2 m/km, or 0.2%. The regional elevations show that VM does not lie a t  the 
crest of a regional dome, as inferred originally from Mariner 9 topography, but  
instead deforms a moderately high plateau. Hence, the revised topographic data do 
not support an uplift-bending stress mechanism for localizing the canyons or 
producing near-canyon relief. 

lntercanyon plateaus (e.g., Ophir Planum) vary nonsystematically in  elevation, 
standing as high or higher than surrounding plateaus. Although canyon floors deepen 
from west to  east, extra-canyon plateau elevations also decrease. Cross sections 
derived from [8 show that maximum canyon relief (not elevation) is a relatively 1 constant 5-7 m along strike. This implies that ,  t o  f i r s t  order, d ip-s l ip  
displacements of canyon-bounding normal faults may have been insensitive to position 
in the central V M  canyons. Short wavelength topography close to the canyons is 
probably related to  dip-slip faulting instead of more regional processes. 

Detailed structural mapping on enlarged 1:2 million scale photomosaics confirms 
that the original structural canyons are march narrower (factor of 3) than the present 
canyon width. Some canyons are controlled by 2 long, mutually parallel, inward 
dipping normal faults (lus, Tithonium Chasmata). Other canyons are defined by one 
continuous fault scarp faced by several discontinuous, echelon scarps (Coprates). 
Structures forming one or both graben walls can be inferred in  Ophir and Melas 
Chasmata only by extrapolating along isolated spurs and massifs on canyon floors or 
by examining canyon terminations. These wide canyons are probably composed of 
several parallel grabens. 

Many structures found on plateaus surrounding VM now appear to  have formed 
during early stages of canyon faulting [lo]. For example, graben arrays on Ophir 
Planum may be related kinematically to faulting along the Planum's western margin, 
which produced 5-7 km of structural relief. This idea also supports the view that 
landslide headscarps were controlled by plateau graben locations and trends [3], 
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rather than the reverse. Abundance of grabens, pit crater chains (PCC), and wrinkle 
ridges varies considerably around the canyons. The distinct change in trend between 
Coprates and Capri/Eos Chasmata is actually reflected in the trends of plateau 
grabens and PCC more than 500 km to the west. Mapping shows a variety of PCC 
trends east of Melas Chasma. Some PCC are independent of (not parallel to) VM 
grabens, whereas others follow the canyon structure. This implies that the stress 
state associated with growth of PCC varied spatially along the canyon system and 
differed locally from that associated with VM grabens and canyons. Crosscutting 
relationships suggest that PCC south of Coprates formed before at least some 
canyon-related grabens. Thus, pit crater chains may record a set of early, pre-VM 
regional stress states. 

Recent work [ lo ]  suggests that growth of wrinkle ridges and parallel graben sets 
near VM was not influenced by canyon proximity. Most grabens crosscut wrinkle 
ridges, so a sequence of ridges first, then grabens, then VM canyons was suggested. 
This sequence is consistent with mechanical models of fracture growth. Small 
grabens south of Coprates are separated by a few 10's of km, whereas longer graben 
sets and VM canyons show regular spacing of several hundred km [lo]. How did 
parallel grabens grow, and what controlled their spacing? Two mechanisms can 
operate. Growth of shorter faults in  echelon arrays can be stabilized by the 
influence of neighboring faults, which can impede fault growth. However, this effect 
becomes negligible for spacings > fault length [Ill, so parallel faults can grow. The 
longer wavelength spacing may be controlled by a mechanism analogous to  joint 
elimination [12,13]. Thus, as VM canyons grew in length, they impeded further 
growth of smaller parallel grabens. 

Several important questions remain to be addressed. The above sequence of 
faulting implies that VM canyons are younger than Lunae Planum-age ridged plains. 
Does canyon growth reflect new faulting or were canyon locations influenced by pre- 
hunae Planum-age stratigraphy or structure? Why are the central canyons so deep? 
What controls the variations in width and structure of the canyons? What is the 
relationship between VM faulting and nearby volcanism in Lunae Planum? Answers 
to these questions are necessary before we can understand fully the relationship 
between Valles Marineris and Tharsis tectonism. 
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