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Introduction. A digital elevation model (DEM) of a small part of the Martian channel Ma'adim 
Vallis has been produced using the Frankot and Chellappa shape-from-shading algorithm [ I ] .  
Software developed by the Dept. of Photogrammetry and Surveying at University College 
London uses this technique to extract slope information from the grey levels of image pixels. This 
technique has been applied to a Viking Orbiter image of part of Ma'adim Vallis, and measurements 
of the channel depth and bed-slope of a channel incised into the floor of Ma'adim Vallis have been 
made. These results have been used to calculate order of magnitude estimates for discharge 
rates through the channel. The maximum values calculated are three orders of magnitude less 
than those for N. Kasei Vallis [2], and are similar to values cited for the Missoula floods [3]. 
However, when more realistic values of the water depth are used, discharge rates comparable with 
those for the Mississippi River resutt [4]. 

Ma'adim Vallis 
This channel is approximately 700 km long and 15-25 km wide, and is situated at 182OW, 20°S, in 
the Aeolis quadrangle of Mars. An inner channel, incised on the floor of Ma'adirn Vallis, is clearly 
visible near mouth of the main channel, just before it debouches into the150 km diameter crater 
Gusev. This evidence for a secondary channel forming episode is supported by the irregular 
blocks occurring where the channel flows into Gusev which have been interpreted [5] to be the 
remnants of a debris lobe deposited by earlier water flow. A subsequent flood event, which also 
formed the inner channel, partially eroded this sedimentary deposit, according to Schneeburger 
[5]. He suggests this may have occurred when water ponded in Gusev breached the northern 
crater rim and drained away, changing the base level. Paired terraces further upstream may also 
provide evidence of multiple flooding episodes. 

The area covered by the DEM includes part of the inner channel, and it is discharge rates 
through this that have been calculated. 

Methodology 
The shape-from-shading software uses an iterative procedure, with initial gradient estimates which 
are improved by minimising the differences between the observed grey levels, and those 
predicted by calculations based on the orientation of the sun, and a theoretical photometric 
function (e.g., Lambertian or Minnaert). The gradients are then projected to form an integrable 
surface, with the minimisation being carried out on the adjustments required to produce a 
continuous surface. This procedure is repeated, until a user-defined number of iterations is 
reached. The effects of surface reflectance and atmospheric scattering are allowed for by using 
two reference grey levels, one for the lowest grey-level, representing values of areas of the image 
in shadow, and a second one representing level terrain (based on the modal grey-level, assuming 
that the image contains large flat areas with uniform grey levels). 

Resul ts 
The resulting DEM was used to find the depth and bed slope of the channel. The hydraulic radius 
is the cross-sectional area divided by the wetted perimeter, and is equivalent to the mean depth 
for channels much wider than deep. For this section of the channel, the hydraulic radius is 52m; 
the bed-slope is measured at 0.012 (0.7O). The discharge rates are calculated using equations 
adapted for Mars by Komar [4], using a range of Manning coefficients (from which dimensionless 
drag coefficients are derived) similar to those used by Robinson and Tanaka [2] . The results of 
these calculations are shown in Table1 . 

These values are three orders of magnitude lower than those calculated for N. Kasei Vallis 
by Robinson and Tanaka [2], which is due to the much smaller channel dimensions in the Ma'adim 
Vallis case. Also, the general morphology of the channel and surrounding area does not show the 
characteristic features associated with the larger outflow channels, such as streamlined bed-forms 
and scouring, so lower discharge rates and a less catastrophic mode of formation would be 
expected. 

However, as the assumption of brim-full flow provides only a maximum estimate, similar 
calculations were carried out for lower water depths, with a mid-range Manning coefficient. These 
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results are given in Table 2 ,  and show the effect of water depth on the final discharge rate 
calculated. 

Table 1. Discharge Rates as a function of Manning coefficient for brim-full flow. 

Table 2. Discharge Rate as a Function of Depth 

Q (Discharge rate) 
(m3s-1) 
7 . 1 ~  106 
5.3 x 106 
4.2 x l o 6  
3 . 5 ~ 1  o6 
3.0 x l  o6 

n (Manning Coefficient) 

0.01 5 
0.02 
0.025 
0.03 
0.035 

Discussion 
These preliminary calculations demonstrate the influence of both the Manning coefficient, and 
thus the drag coefficient, and the assumed water depth on calculations of discharge rate. Thus it 
will be important in future to attempt to constrain these two factors as closely as possible. 
Producing detailed DEMs of other parts of this channel will indicate how typical the depth and 
slope values of this section are, and the implications of changes in these values along the length 
of the channel can be examined. More extensive and precise topographic data will become 
available with the MOLA experiment, which will allow improved estimates of maximum channel 
depths and bed-slopes for some areas of Mars. Using estimates for the discharge rates, further 
work can be done to calculate theoretical filling times for Gusev, and comparisons with the 
possible volumes of ground-water or ice available in the source regions may allow for the 
necessity or otherwise for hydrological recycling to be established. 
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Cf (Drag Coefficient) 

5 . 9 ~  lo-4 
1.1 10-3 
1 .6 XI o - ~  
2 . 4 ~  1 0 ' ~  
3.2 x 10'~ 

Q (Discharge rate) 
(m3s-1) 

1 7  
1.1 x l o 6  
7.2 x l o 4  
1.3 x l o 4  

Mean depth (m) 

) 
25 
10 
5 
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u (Velocity) (ms-l) 

62.2 
46.6 
37.3 
31.1 
26.6 

u (Velocity) ( m s - I )  

23.0 
12.5 
7.9 


