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ANALYSIS OF MARTIAN LAVA FLOW PROPERTIES USING THREE 
COMPLEMENTARY MODELS Rosaly ~opes-Gautier (Jet Propulsion 
Laboratory, California Institute of Technology, Pasadena, CA 
91109); Barbara Bruno (Dept. of Earth Sciences, Open University, 
England); G. Jeff Taylor (Planetary Geosciences, University of 
Hawaii) ; W. Smythe (Jet Propulsion Laboratory) ; and Christopher 
Kilburn (University of London Observatory, London, England). 

Studies of lava flows on Mars must still rely largely on 
imaging data obtained by the Viking mission. Therefore, flow 
morphology remains the prime data from which effusion and magma 
characteristics must be inferred. This study uses three 
complementary lava flow models to infer emplacement characteristics 
of several of martian flows. We have previously used these models 
to study some of Alba Patera1s younger flows (1). Here we extend 
the scope of the work by analysing flows from the Elysium Planitia 
and further examining the sources of uncertainties in the models, 
including the effect of flow margin erosion. We will discuss how 
the models can be used together as a powerful analysis tool for 
extra-terrestrial lavas in general. 

The models: Our study focuses on three .models which 'were developed 
specifically for planetary application and, as such, use 
morphological parameters that can be measured from many currently 
available planetary images. The flow field growth model is based on 
the study of a large number of terrestrial aa and blocky lavas 
(2,3), which show that the overall emplacement of these lavas is 
systematic and that a general, normalized relation can be 
established linking final dimensions of a flow or flow field to the 
underlying slope and the duration of flow emplacement. Using this 
model, the duration of flow emplacement (and hence the average 
effusion rate) can be calculated from measurements of flow length, 
maximum width, average thickness, and underlying ground slope. The 
flow margin crenulation model is able to distinguish between 
basaltic aa and pahoehoe lavas by means of fractal dimension 
measurements ( 4 , 5 )  . Flow margin crenulations can also give some 
indication of lava composition, as flows more silicic than basalt 
are, in general, not fractals.  his breakdown of fractal behaviour 
may be related to the andesiticldacitic flows1 higher viscosities 
and yield strengths which may suppress small-scale crenulations. 
The distal flow lobe model (6) is based on the Bingham model which 
was first used for lava flows by Hulme (7). This method uses the 
widths of distal lobes of lava flows are representative of the 
rheology of the lava, assuming that the lobes represent the arrest 
of free-flowing isothermal Bingham fluids on a slope. The model 
predicts a correlation between distal lobe width and silica content 
which can be normalized for martian conditions. 

Measurement Requirements: Application of the flow fields growth 
model requires a well-exposed flow for which the vent area can be 
identified or inferred. Since this model is not applicable to 
pahoehoe lavas, which have a fundamentally different growth from 
that of aa and blocky lavas ( 8 ) ,  we first examine the martian flows 

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



772 LPS XXVII 

ANALYSIS OF MARTIAN LAVA FLOW PROPERTIES: Lopes-Gautier, R. et al. 

using the margin crenulation model to establish that they are not 
pahoehoe. Measurements of margin crenulations require flow margins 
to be sufficiently long, clearly exposed, and unaffected by large- 
scale topographic controls. Distal flow lobe measurements have to 
be made on slopes which are sufficiently steep relative to flow 
thickness (slopes > 0.5 degrees for the flows examined), to ensure 
that the dimensions of the distal lobes represent flow rheology 
rather than minor topographic irregularieties. 

Major constraints and uncertainties: All mo9ls are based on the 
behaviour of terrestrial lavas and their application to martian 
flows assumes that flow emplacement and growth patterns are similar 
on Mars and Earth. The effects of the lower martian gravity are 
taken into account in the flow field growth model and the distal 
flow lobe model. So far, the only evidence that gravity is not 
affecting the outcome of the margin crenulation measurements is the 
agreement between these results with those obtained using other 
techniques (1,5). Another major uncertainty is how the erosion of 
flow margins can affect margin crenulations. We have examined a 
terrestrial basaltic flow to make a preliminary assessment of the 
effects of margin erosion. 

Strengths: The application of several complementary models to the 
same extra-terrestrial flows can strengthen and test the 
conclusions drawn by the use of any individual method. The three 
models presented are particularly suited for the study of extra- 
terrestrial lavas using imaging data. Conclusions drawn from one 
model can be tested by the use of another, thus reducing 
measurement uncertainties. Limitations of the applicability of a 
model can also be taken into account: for example, the margin 
crenulation model complements the flow field growth model, as it 
can identify pahoehoe flows for which the flow field growth model 
is not applicable. 

Conclusions: We have found the three models to give consistent 
results for all the flows examined. Flows on Alba Patera are of two 
types: 3 of the flows examined are consistent with basaltic aa, 
while 13 flows are consistent with a non-basaltic composition, 
though the possibility of eroded basalt cannot be completed ruled 
out. Flows on Elysium are consistent with basaltic composition and 
the margin crenulation results indicate both pahoehoe and aa types 
types are present. 
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