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Evidence for slope failures exists on Mars, the Moon, Earth and Venus, but the processes 
involved in the transport and emplacement of large mass movements (> 106 m3) remain poorly 
understood. The majority of models proposed to explain the long travel distances and low 
coefficients of friction of large mass movements are based on the concept that debris were fluidized 
either by internally or externally derived processes. The mass movements categories G l  & G2 
[llwith the longest runouts on Venus are of particular interest since they are large (table 1) and 
appear to have been highly mobile, tending to travel further for a given vertical drop than mass 
movements on Earth, Mars and the Moon. This mobility may be explained if a fluidizing agent or 
lubricant enhanced the locomotion of the debris, but in the absence of water on Venus another 
medium must be postulated. Likely influences and controls on the transport and emplacement of 
debris masses on Venus can be divided into those resulting from the geological and 
geomorphological conditions and those that result from environmental conditions. Having examined 
the geological and geomorphological influences on the transport and emplacement of debris masses 
on Venus it appears that neither the nature of the rock mass, the site of the slope failures, nor its 
travelled path can adequately account for the tendency of mass movements on Venus to travel 
further for a given vertical drop than mass movements on the other terrestrial planets. The effects of 
atmospheric conditions on Venus seem likely to be the important factor in explaining the apparent 
mobility of large rock masses over the surface of the planet. 

It has been stated that there is a general correlation between the volume of a mass movement 
and the distance over which it travels, and that the H/L ratio generally decreases with increasing 
volume. Rock slides and avalanches <I06 m3 tend to have coefficients of friction near 0.5, whereas 
larger rock slides and avalanches (> 106 m3) tend to have H/L ratios below 0.1. Attempts to explain 
the characteristics of gravitationally induced long run-out mass movements have resulted in a host of 
mechanical models being proposed. These models have attempted to explain the variety of unusual 
phenomena displayed by long run-out mass movements and can be placed into four categories. 
These include: (i) bulk fluidization and flow, (ii) basal lubrication, (iii) mass-loss mechanisms 
coupled with normal frictional sliding, and (iv) individual-case mechanisms (table 2). Models 
developed to simulate mass movement phenomena tend to use back analysis of known events and 
require knowledge of the small scale characteristics of deposits which cannot be determined for 
debris aprons on Venus using the Magellan data. As a result, much key diagnostic information is 
unavailable (such as pre-failure surface morphology, composition, and geometry of the material) 
and any analysis of the transport and emplacement of debris masses on Venus has to rely primarily 
on morphologic and morphometric data. These data, although limited, allow for qualitative and 
restricted quantitative evaluation of the feasibility of different mechanisms of transport in the Venus 
environment. 

Currently postulated models for long run-out mass movements are unable to conserve 
sufficient energy to adequately account for the long run-out debris aprons G1 and G2 the furthest 
of which travelled 80 krn and covered over 2000 km2. However, considering existing models of 
debris transport I suggest that a process allowing for the ingestion of atmosphere resulting in bulk 
fluidization, or a process of frictional melting to produce a basal lubricant, provide mechanisms that 
may explain the long run out distances and low coefficients of friction (table 1) of G1 and G2 debris 
masses on Venus [2]. If the debris masses moved as granular flows then atmosphere could be 
ingested into a moving mass reducing the overburden pressure of the mass. This, coupled with the 
increased buoyancy in the Venus atmosphere, would enhance the mobility of a debris mass. 
However, a large volume of atmosphere would need to be ingested and the mechanism by which this 
might happen is unknown. If the debris aprons moved as slides, at least until they became 
significantly brecciated, the long travel distances of debris in groups one and two can be explained if 
the rock masses were lubricated by melted rock produced through frictional heating at the base of 
the moving mass. Due to friction along the basallsubstrate interface, high temperatures could be 
derived sufficient to melt a thin layer of rock at the base of a debris mass. There is evidence that 
melted rock can be formed during the transport of large rock masses on Earth [3,4]. Such a process 
is likely to be more efficient on Venus due to the high ambient temperatures. The advantage of this 
model is that an abundant supply of lubricant is available during transit and the greater the thickness 
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of a debris mass, the greater the heat derived through friction, which in turn should provide more 
lubricant and result in lower H/L values. 

Using the limited stereo coverage of the aprons an attempt is being made to derive changes 
in the thicknesses along the length of aprons. These data coupled with variations in width and length 
will be used to constrain the rheology of the 'flows' using existing flow models. Apron thickness 
data will also be used to determine the volume and material involved which is a critical parameter in 
determining the transport mechanism. 

References;[l] Bulmer (1994) PhD Thesis, Univ. Lond.[2] Bulmer (1996) in prep.[3] Erismann 
T.H. (1977) Mat. Tech. 4, 190-199.[4] Heuberger H. et al. (1984) Mtn. Res. Dev. 4, 345-362. 

Group Range in Range in Range in Range in Range in Total 
area (km2) length (km) width (km) height (km) H/L 

GI -2138. 3 2 
G2 :$;.I-145:.7 ?4. 11 

Mean area Mean length Mean w~dth Mean height Mean H/L 
(km2 ) (km) (km) 1 

G1 805.4 41.5 3 2 
G2 626.7 44.1 ::: 2 i:: ::E 11 

Table 1 Morphometric characteristics of morphological categories G1 and G2 of debris aprons 
associated with modified domes. 

Bulk Fluidization 
Kinematic Flow (Heim 1932) 
Air Fluidization (Kent 1966) 

Grain Flow in Fluid Medium (Hsu 1975) 
Grain Flow without a Fluid Medium (Davis 1982) 

Acoustic Fluidization (Melosh 1983) 
Air Fluidization and Aerodynamic lift (Krumdieck 1984) 

Computer Simulated Flow, Bi-viscous Rheology (Dent 1982, Trunk et al., 1986) 
Computer Simulation of Grain Flow (Campbell 1989) 

Bingham Plastic Rheology (USCE 1985, McEwen 1989, O'Brien et al., 1993) 
Computer Simulated Flow, Power Law Rheology Eread 1988, Potapov & Ivanov 1991) 

Basal Lubrication 
Dissociated Rock and Melted Rock Lubrication (Erismann 1979) 

Air Layer Lubrication (Shreve 1968) 
Earthquake Fluidization (Solonenko 1972, McSaveney 1978, Hazlett et al., 1991 

Basal Lubrication by Vaporised Pore Fluids (Habib 1975, Goguel 1978) 
Distributed de~osition and Basal Lubrication (Shaller 1991) 

Low-Viscosity Mass Loss 
Low-Viscosity Mass Loss (Van Gassen & Cruden 1989) 

Individual-Case Mechanism 
Basal Lubrication by Weak Stratum in the Landslide Debris (Watson & Wright 1969, 

Johnson 1978) 
Basal Lubrication by Overriden Snow (McSaveney 1978) 

Basal Lubrication by Ovemdden Mud (Evans 1990) 

Table 2 Mechanical models proposed to explain the transport and emplacement of mass movements. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


