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Kasei Valles is one of the largest outflow channels on Mars [ I ,  23. It is located 
-2000 km north of Valles Marineris (25ON, 70°W). A fortuitous combination of stereo, 
low sun angle (INA > 70°), and high rcsolution (45 m/p, orbit 665A) Viking images 
has allowed us to investigate the topography 01 the channels in Kasei Valles. 
Integration of stereogrammetry, shadow measurements, and photogeology permit 
the production of a three dimensional model of a late stage, major flow event in 
Kasei Valles. We have calculated average vclocity and peak discharge based on 
hydraulic equations [3] modified for Martian gravity [4]. 

Stereogrammetric profiles were laken parallel and perpendicular to the 
center of the main northern channel. Profile A (fig. 1) was taken to examine the 
bottom of the channel to determine if any anomalous high or low points were 
present. We have found that as the channcl makes a sweeping turn to the East, the 
channel bottom rises (C Fig.1) at leas1 350 mctcrs [5]. Five additional profiles were 
taken across this anomalous "rise" to conlirm its existence, and to constrain its 
magni tude .  

The "rise" is  significar,t becausc i t  allows for the measurement of a minimum 
cross section across the flow. Determination of the origin of this "rise" is critical to 
measurement of the flow event. The change in floor relief could be the result of 1) 
post flow infilling, 2) post flow tectonic warping, 3 )  difference in physical strength 
of rock units or  4)  turbulent flow. One observation important in identifying the 
origin of the "rise" is a set of striations etched on the floor of the channel that veer 
up and out of the main channel coincidcnt with the bottom "rise" (Fig. 2). These 
striations are interpreted to be a markcr of the path of the flow event that was 
measured. Thus, if the "rise" was caused by dcposition after the flow event, the 
striations would be covered. Alternatively, if tcctonic warping of the channel floor 
occured, then deformation of the two main stratigraphic horizons [5] (pre-flow 
event in age) in  Kasei should also be dcformcd, which they are not. If a change in 
the physical strength of rock units making up the floor of the channel at the "rise" 
actually exists then the "rise" could have formed as a result of differing erosional 
rates. Lastly, turbulent flow and erosional plucking from roller vortices could have 
erode 'potholes' and uphill gradients in a catastrophic flow; Baker has discussed 
similar features of  the Channeled Scablands in E. Washington, caused by the 
catastrophic Lake Missoula flood [2, 61. Based on these arguments we interpret the 
"rise" to be an original feature of the channcl flow event. 

The high resolution irnages show that thc striations are continuous from the 
lower reaches of the channel up to thc 'high water mark' where they are deflected 
around streamlined bars. We interprct the continuity of these striations to indicate 
that the flow was a continuous event. If a subscqucnt flow later eroded the channel, 
the striations would be cross-cut at thc lcvel of thc later flow event. 

Using the striations as a markcr, an estimated minimum depth of flow was 
obtained. We use the striation that occurs at the highest point on the bar (A Fig. 2) 
(measured by a stereo profile) as a marker lor the minimum vertical extent of the 
peak flow. From the channel floor profile (B ' Fig.1) across the "rise", and the 
elevation of the highest striation on thc strcamlincd bar, a minimum cross section of 
the flow event was estimated. From this cross scctional area an estimated velocity of 
the flow was made using standard hydraulic equations [3] adjusted for martian 
gravity [4]. The maximum and avcrage deplhs of the flow cross section were 
measured as 1280 and 374 meters, respcctivcly. The possible velocities for this peak 
flow event were calculated to be in ~ h c  rangc of 40-50 m/sec. From the measured 
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cross section and calculated velocity a discharge has been estimated by the following 
equation; (Q=A x V, where Q=discharge, A=cross section, V=velocity [3,4].). Due to 
insufficient coverage at high resolution, it is not possible to determine whether 
striations occur at the southern edge of the channel "rise", thus it is not possible to 
determine if erosion of the channel in this area has occured after the peak 
discharge event. Therefore we calculate discharge for a number of depths to allow 
for erosion of this 'unseen' region (up to 400 meters). 

Water Level (m) 0 -100 -200 -300 - 4 0 0 
Discharge (m3/s x lo9) 1.4 1 .O 0.9 0.7 0.6 

Table 1: Change in calculated discharge as a function of decreasing flow depth 
compared to peak discharge, within the main north channel of Kasei Valles. 

From Table 1 it is evident that peak discharge in Kasei Valles could have ranged 
from 1.4 to 0.6 x 109 m31sec (discharge could have been greater, it is not possible to 
constrain the flow event above the highest seen striation). For comparison, peak 
discharge .of the Lake Missoula flood has been estimated to be 2 x lo7 m3/sec [2]. Our 
calculations show the peak discharge to be 1 to 2 orders of magnitude greater than 
the Missoula flood. 

The next step in our analysis will be to apply the calculated discharge values to 
the estimation of the carrying capacity and erosional rates for Kasei Valles, using 
techniques developed by Komar and Carr [7,8]. From these calculations we will be 
able to make an order of magnitude estimation of the volume of the source area 
needed to  support the flooding event. At this stage, however, i t  is clear that 
extracting elevation information from Viking images allows for  a quantitative 
approach to the study of channeling and water on Mars. 
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Figure 2. (below) High resolution Viking 
mosaic (21 1-5882) showing striations and 
streamlined bars in northern Kasei Valles. 
Letters indicate locations referred to in text. N 
, towards top (1" = 14 km). 

Figure 1. (above) Northern Kasei 
Valles, Viking image 5 19A10. Letters 
indicate locations referred to in text. N - 
towards top (1" = 70 km). 
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