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VALLES MARINERIS LANDSLIDES: EVIDENCE FOR MECHANICS OF LARGE 
ROCK AVALANCHES; A. S .  McEwen, U. S. Geological Survey, Flagstaff, 
AZ 86001. 

The mechanism of transport of large rock avalanches has been 
the subject of considerable interest and controversy in recent 
decades. On Earth, the observed runout lengths (L) for large rock 
avalanches, relative to the height of drop (H), are much greater 
than can be explained by either sliding or dispersive grain-flow 
mechanisms. Most natural rock types have coefficients of friction 
(either sliding or internal friction) of 0.6 or higher, so movement 
is expected only over terrain with an average slope of at least 
30" (or H/L at least 0.58); this expectation is confirmed for rock 
avalanches of relatively small volume and for other flows of dry, 
granular material. However, as rock avalanches increase in volume, 
H/L decreases to values as low as 0.1 or less, and a log-log plot 
of H/L versus volume shows a linear correlation [1,2]. 

Planetary comparisons under different conditions of gravity, 
atmospheric pressure, and volatile inventory may prove essential 
to resolving this question of mechanism. Mars is the only 
planetary body other than Earth known to have long-runout 
landslides; they are abundant in the equatorial canyon system of 
the Valles Marineris. Were the Valles Marineris landslides "wetn 
or Itdry"? (ttWetm is taken to mean that the mass was saturated with 
water, thus eliminating or greatly reducing grain-to-grain 
contacts. ) Lucchitta [3] thought that they were probably wet, 
whereas McEwen [4] concluded that they were probably dry. It has 
even been suggested that the landslides were subaqueous, collapsing 
into lakes [5]. However, the landslides are among the geologically 
youngest features on Mars [ 6 ] ;  they clearly postdate the interior 
layered deposits (of possible lacustrine origin), and there is no 
evidence for liquid water on the surface of Mars at the time of 
their formation. 

Landslide properties were measured in three regions of Valles 
Marineris, where 1:500,000-scale topographic maps with 200-m 
contour intervals are available: (1) the Tithonium and Ius Chasmata 
region from about lat -9" to -4', long 83' to 88' [7] ; (2) an 
additional part of Tithonium Chasma from lat - 7 . 5 "  to -4 ' , long 80 " 
to 85"; and (3) a region including Ophir Chasma and part of Candor 
Chasma from lat -7.6' to -3", long 70" to 75.1'. (Work on maps of 
the last two regions is in progress by the U.S. Geological Survey. ) 
Within these regions, 25 landslides having identifiable source 
locations and avalanche deposits were studied. All of the 
relatively high resolution (200 m/pixel or better) Viking Orbiter 
images of these areas were utilized. 

Landslide volumes were estimated by two methods. For the 
large landslides with well-defined slump scars, the volume missing 
from the scars was estimated. For the smaller landslides, the 
scars are too small relative to the topographic data for the 
missing volume to be estimated, but the deposits appear to have 
uniform thicknesses; thus the volumes were estimated from the 
landslide-deposit area times the estimated height of the Elow 
front. The errors in the volume estimates are small compared 
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with the variations in landslide volume (more than 5 orders of 
magnitude. 

If we assume a Bingham rheology for the avalanche and uniform, 
steady flow conditions, then the yield strength, K t  may be 
estimated by K = pgDsinB, where p is the flow density, g is the 
gravitational acceleration (3.72 m/s for Mars), D is the height of 
the flow front, and B is the ground slope at the flow front. For 
p, 2000 kg/m3 was assumed, which is characteristic of terrestrial 
rock avalanches. Yield-strength estimates range from lo4 to 10' Pa. 
Terrestrial dry-rock avalanches are characterized by yield 
strengths near lo4 Pa, whereas water-saturated debris flows have 
yield strengths typically from f o2 to lo3 Pa. Therefore, even with 
an uncertainty in the yield-strength estimates of an order of 
magnitude, the values are clearly consistent with the yield 
strengths typical of dry rock debris. 

Trends of decreasing H/L with increasing volume are obvious 
from both the terrestrial and the Valles Marineris observations. 
Least-square fits to the datasets give linear correlation 
coefficients of 0.82 for the terrestrial points and 0.90 for the 
Valles Marineris points. The slopes of the two trends are nearly 
identical. These relations are very different from those seen in 
wet debris flows, where H/L is almost always less than 0.1 
irrespective of volume. If the Valles Marineris landslides were 
either wet debris flows or subaqueous flows, then the points would 
be expected to plot below the terrestrial values for dry rock 
avalanches. Instead, the Valles Marineris trend plots above the 
terrestrial trend, 

Although the slopes of the terrestrial and Valles Marineris 
trends are nearly identical, there is clearly an offset between the 
trends. At a given value of H/L, the Martian landslides are 
typically about 50 to 100 times more voluminous than the 
terrestrial counterparts, or, at a given volume, H/L is typically 
about two times larger on Mars, The offset might be explained by 
the effect of a lower g on flows with high yield strengths. 
Although this explanation does not answer the more fundamental 
question of how friction is overcome in large dry-rock avalanches, 
it does suggest that the correct model should be consistent with 
the presence of high yield strengths in the moving flows. 
Fluidization by a gas, for example, eliminates the yield strength 
in an active flow and is not consistent with the evidence presented 
here. 
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