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CANYON STRUCTURE IN THE HEBES-JUVENTAE-GANGIS AREA, MARS. Steven K. Croft, Lunar 
& Planetary Laboratory, University of Arizona, Tucson, AZ 85721. 

A re-analysis of canyon structure and the mechanism(s) o+ canyon formation in and around 
Vallis Marhens is being canied out based on local high-resolution geologic mapping (primarily 
in Hebes and Juventae Chasmata), regional geologic analysis, topography and stability analyses, 
and regional spectral analysis. Several different types of canyon-related depressions exist in this 
area, including: closed, rough-floored canyons (Hebes), open, flat floored canyons (Echus, 
Gangis), closed sinkhole-like depressions (Ganges Catena), and rugged, closed depressions in and 
around pre-existing impact craters (Coprates Lx and Ku). Geometric relationships tie these 
multiple canyon types together into long (order 1000 km) "strings" related to the E-W regional 
tectonic structure (e.g., Echus-Hebes-Ganges Catena-Coprates Lx-Juventae). At least three major 
tectonic 'strings"paralle1 each other through the entire Coprates quadrangle: Echus-Juventae, 
Candor-Gangis, and Ius-Coprates, with several smaller parallel branches. Each of the strings 
includes an obvious outflow channel, generally at the topographically low east end. These 
strings run along the crest of a topographic ridge extending eastward from the sub-circular 
Tharsis uplift. A few large N-S faults apparently cut through the area, e.g., the east wall of the 
box-like Ophir Chasma aligns with the west wall of Juventae. Three modes of slope failure have 
been identXed(1) as having been active in widening individual canyons: 1) surficial debris slides 
(tens of km3 off the steep walls of the rugged spur-and-gully type walls that comprise most of 
the canyon walls; 2) sapping channels that cut deeply into the surrounding plateau, frequently 
along small pre-existing grabens; 3) large debris slides (100's of km3) that form sheer arcuate 
segments of wall tens of km long that cut 5 - 10 km into the plateau. A fourth mode has been 
documented through the detailed mapping in Hebes: coherent subsidence blocks (100's of km3) 
with horizontal block dimensions up to several tens of km. (Gradational morphologies between 
the last two types exist) 

Several mechanisms have been proposed for formation of the overall canyon system, all of 
which have drawbacks(2,3). None of the simple observed modes of slope failure can account for 
the formation of the canyons, particularly the closed depressions like Hebes. Models invoking 
failure in ice-saturated soils and subsequent dispersal of the desiccated dust are untenable because 
such frozen soils cannot support the observed topography: the multi-kilometer high walls 
generate shear stresses of hundreds of bars that would drive plastic or shear failure on time 
scales of hours to days(41, incompatible with the great age of Vallis Marineris. Further, the 
observed failure surfaces of the large debris slides and block slumps cut several kilometers down 
and back into thawed zone of the pre-existing wall, which is extremely unlikely if wall cohesion 
and strength were provided by ice. Even assuming such slip surfaces could form, new scarp faces 
should show some form of flow or seepage, which are not evident, at the level in the wall (about 
one km down) where subsurface temperatures reached 273 K. 

Spencer & Croft(5) proposed that the canyons formed at least in part as collapse structures in 
massive deposits of carbonate rock-"real" karst as opposed to "thermokarst". The competent rock 
could support the observed topography and produce the collapse structures. The original 
drawbacks of this model were the lack of any direct evidence for carbonate rocks and the 
extremely large volume of water that must be circulated to remove the observed volume of the 
canyons. However, the recent spectroscopic detection of a carbonate derived rock, scapolite (6) ,  
has now provided direct evidence for the existence of extensive carbonate deposits, and 
calculations using groundwater containing dilute sulfuric acid that probably exist on Mars reduces 
the required circulated water volume to reasonable levels (7). In addition to the karst-like 
collapse pits, there is evidence for tectonic subsidence as well. Blasius et.al.(l) noted post-wall 
faults in Melas-Coprates. Lucchitta (8) has argued for differential subsidence in eastern Ophir 
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based on floor deposit patterns. Mapping in Hebes indicates chaotic terrain at two distinct 
topographic levels 4 and 5 km below the plateau level. AU other occurrences of chaotic terrain 
are associated with surface layers that have been disrupted by near-surface subsidence. The 
implication is that the floor of Hebes has been tectonically dropped by several km. This is 
consistent with the more direct evidence of subsidence provided by the above noted block. 
Similarly, a 20 by 20 krn block of plateau material sits at the bottom of Gangis Chasma, 
indicating tectonic subsidence. Thus the preferred model here is a combination of the 
carbonate-tectonic models: tectonic fracture and graben formation along the axis of the 
topographic ridge during its formation formed the basic canyon structure and probably most of 
its apparent volume, including the subsidence blocks in Hebes; dissolving of carbonates due to 
caustic ground waters moving primarily along the major subsurface faults undennined the 
graben walls, causing wall slope failure, the chains of collapse pits, and the collapsed craters. 
This combined model can account for the "stringsn of mixed depression types and is consistent 
with the regional setting. 
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