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SUBAQUEOUS LANDSLIDES ON MARS?; Philip J. Shaller, Bruce C. Murray and 
Arden L. Albee, Division of Geological and Planetary Sciences, Caltech, 
Pasadena, CA 91125. 

Previous Mars studies noted the huge volumes of many martian 
landslides and compared their morphologies to terrestrial subaerial 
landslides of comparatively small scale (1, 2). Giant landslides have 
also been discovered in Earth's oceans, where they have been described 
from bathymetric, seismic reflection and imaging sonar data (3, 4, 5, 6). 
These studies indicate that large martian landslides (>I00 k g )  have 
terrestrial analogs in volume and morphology in Earth's oceans. Recent 
studies using GLORIA side-scan sonar imagir~g (5, 6) have further revealed 
unusual debris apron morphologies restricted to subaqueous classes of 
deposits. These unusual morphologies are also observed on a small number 
of Valles Marineris landslides, suggesting that debris from these 
landslides may have entered small bodies of standing water in Valles 
Marineris at emplacement. 

Giant martian landslides have been calculated to have involved up to 
8800 km3 of material (2) for the largest observed martian landslide, 
centered at -6.760, 87.000. The huge size of martian landslides can be 
attributed to the development of large-scale relief due to faulting (2) 
and cratering in the absence of significant fluvial or aeolian erosion. 
An analogous situation exists in Earth's oceans, where conditions are 
typically depositonal or non-erosional. Many large landslides in Earth's 
oceans involve slumping or block-sliding and fluidization of large volumes 
of waterlogged sediments on mildly sloping continental margins (4, 7, 8). 
One such deposit off southeast Africa was calculated to contain 20000 km3 
of sediment (4), more than twice the volume of the largest martian 
landslide. Mars-scale rotational landslides in bedrock materials have 
also been discovered off of many oceanic volcanic islands (5, 9, 10). One 
such deposit, off of Mauna Loa volaano, Hawaii, has been estirmted to 
contain 600 km30f basaltic breccia (5). 

Several deposits of similar volume on Mars and in Earth's oceans also 
have similar morphologies. Morphologies are defined by headscarp form, by 
the relationship of the headscarp to the fluidized debris apron and by the 
texture of the debris apron. Three sets are discussed as examples: 

1) Mars landslide "18" (2, 11, 12) which lies at -6.790, 85.200, in 
Ius Chasma, a portion of Valles Marineris, and a deposit which 
formed by collapse of the northern portion of Molokai island, 
Hawaii, at 220N, 157W (5, 10). Both have multiple rotational 
headscarps which grade into fluidized debris distally. Their debris 
apron textures are characterized by ridges and troughs oriented at 
right angles to the movement direction. Both have headscarps 
approximately 40 km wide and both display up to 2000 m of relief on 
their aprons. Slide 18 has an estimated volume of 3500 km3 (2) 
while the Molokai slide involves approximately 8000 km3 (10). 

2) Mars landslide "24" (2, 11, 12) which lies at -4.160, 87.560, in 
Tithonium Chasma, part of Valles Marineris, and the "Lobate-Terraced 
Debris-Slide Deposits" component of the Alika slide complex at 190N, 
156.25V. This deposit probably originated as a slump from the 
southwest quarter of Hawaii island (5). Slide 24 definitely 
originated as a slump; both landslides were fluidized distally and 
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both develcped the lobate-terraced texture. Slide 21 has an 
estxnated volume of 2000 kd ( Z ) ,  the Hawaiian example 1400 km3 (5) 

3 )  Hars landslide "4" (2, 13) which lies at -7.13O, 44.90°, in Ganges 
Chasm and the Alika slide at 19.250N, L56.000W, off the southwest 
coast cP Hawall lsiand (5). Both Landslides have m~:tlple 
rotatiorla1 headscarps that grade into debris aprons, and both debris 
aFrons display a low, rolling topography that grades dlstally into 
isvlated gilde blccks. The Alika slide has a vclume estimated at 
200-600 km3 (51 ,  while Slide 4 has a volume of approximately 100 km3. 

Extensive investigation of the literature of terrestrial subaerial 
lanbs?ides reveals that tvo of the debris apron textures described above 
are not observed on subaerial debris aprons: the lobate-terraced and the 
distal gllde blocks textures. They appear to farm only when a debris 
n p r m  is eaplaced subaqueoualy Additional terrestrial subaqueous 
exampies of b ~ t h  textures can be cited, lndicatlng that these textures are 
not unlque ta the two discussed terrestrial examples (5, 6, 14) 

Both the "subaqueous" textures are quite rare on Mars. Slide 24 is 
t h e  only example of the lobate-terraced debris apron texture observed on 
the planet. Also, only Slide 4 and a nearby neighbor ("A5,"-6.83*, 44.83O) 
clearly display the distal glide blocks texture. The local gesmorphology 
of these deposits as determined from stereo images and topographic maps 
(11, 12, 13) is also unique, as they appear to border on shallow basins in 
isolated embayments of Valles Marineris; two basins have been observed, at 
the southwest border of Slide 24 and to the east and south of Slides 4 and 
AS, respectively. Taken together, this information suggests that these 
landslides may have been emplaced during one of the perhaps many pluvial 
periods when standing lakes existed at places in Valles Marineris (15, 
16) Distal reaches of the three large landslides may have entered these 
restricted lakes, moldlng their unique morphologies. 

Conclilsivz proof for the postulated restrictgd lakes I n  Valles 
Marlceris awaits additional detailed research on the local and regional 
stratigraphy and geologlc hlstory of the chasm system t o  deterrnlne 
whether the proposed tlming is plausible. Further geologic and mec?~sniza? 
studies of debris apron behavlor in water are also requlred to deterrmne 
whether the subaqueous textures discussed above could form on an apron 
that runs into a body of water from dry land 
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