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ESTIMATES OF THE RANGE IN FLOW VELOCITIES ASSOCIATED WITH THE CIRCUM-CHRYSE 
OUTFLOW CHANNELS. Robert A. craddockl and Kenneth L. ~ a n a k a ~ ,  kenter for Earth and Planetary 
Studies, National Air and Space Museum, Smithsonian Institution, Washington, D.C. 20560; 2 ~ . ~ .  Geological 
Survey, Branch of Asmgeology, 2255 N. Gemini Dr., Flagstaff, Arizona 86001 

To know what we're getting out of the Mars Pathfinder "grab bag" landing site it is imperative that the detailed 
geology and hydraulic history of the chum-Chryse outflow channel complex be understood ahead of time. Crude 
estimates of the maximum channel flow velocities can be made simply by knowing the depth and slopes of the 
outflow channels themselves. Although these characteristics have been derived in part by stereophotogrammetry 
[I], they are subject to a considerable amount of error [2]. Fortunately some Earth-based radar data exist which are 
both reasonably accurate and provide the spatial coverage necessary for determining the slopes of some of the 
channels [3,4]. Using these data, the bed shear stress of a flow, or the retarding stress at the base of a flow, zb, can 
be estimated from the depth-slope formula ~b = pghS (1) where p is the density of the fluid, g is gravitational 
acceleration, h is the flow (or channel) depth, and S is the slope of the channel. This is equal to the bottom stress 
created by a flow, T, where z = pcfii2 (2) and Cf is a dimensionless drag coefficient and ii is the mean flow 
velocity. Thus, the mean flow velocity for a channel can be calculated from li = (ghs/cf)l12 (3). The dimensionless 
drag coefficient can be adjustment for gravity by the expression Cf = g(n2/h1B) (4) where n is the Manning 
roughness coefficient (units of s/mln), which has been derived empirically from terrestrial observations. 
Application of an appropriate Manning roughness coefficient, n, to Martian outflow channels is uncertain, so a range 
of reasonable values (0.015 to 0.035) is used [5]. Estimates of the mean flow velocities were calculated from this 
method (Table I), however, at best these represent maximum values. Large-scale geologic mapping indicates that 
most channels were subjected to multiple episodes of flooding [6,7,8], which suggests that the channels may not 
have been completely full of water at any one time (i.e., bankfull discharge). This method is also not directly 
applicable to Simud and Tiu Valles because the Earth-based radar data indicate a positive downslope gradient [3,4], 
which may be due to modification (e.g., slack-water deposition or tectonism) post-dating channel formation. 

An alternative method for calculating lower channel flow velocities may be from Viking [9] and Phobos [lo] 
thermal inertia data. These data can be used to estimate the critical shear stress, T ~ ,  by assuming: (a) the effective 
particle size measured by the IRTM represents the median-sized bed material, D50; (b) the channel bed is planar; (c) 
the sorting coefficient (standard deviation) is 2.0$, implying that the material is poorly sorted, typical of most 
gravel-bed streams; (d) the calculated Dg4 particle size was the minimum sized particle in motion at one time; (e) 
the density of the material is that of basalt (3.3 g/cm3); and (f) the fluid that formed Shalbatana VaLlis was water at 
10°C. The tacit assumption made is that the thermal inertia values measured in the channel represent unmodified 
channel materials. The validity of this assumption is discussed in general by Betts and Murray [lo]. 

Shields [ I l l  derived empirical relations for the dimensionless grain parameter, <*, and the dimensionless 
boundary shear stress, z*. The dimensionless grain parameter is defined below where D is the particle diameter (in 
this case the DM particle size derived from the thermal inertia data expressed in cm), p, is the particle density (3.3 
&m3), p is the fluid density (water at 10°C or -1.0 glcm3), g is the acceleration of gravity, and v is the kinematic 
viscosity of the fluid (1.304 x cm2/sec for water at 10°C). From the assumptions given, <* simplifies to 

From Shields' [ I l l  curve, values for the dimensionless boundary shear stress, z*, can be determined. The 
dimensionless boundary shear stress, z*, is 

where z,, is the critical boundary shear stress needed to initiate sediment motion. This is assumed to be the bottom 
shear stress, ~ b ,  during the waning stages of channel formation and can be used to estimate lower values of the 
channel velocities. The shear velocity, u* (expressed in cmlsec), is 

7 7 

The later relation is obtained by substituting Eq. 1. This relation also allows the depth (h) of the water in the channel 
during the low flood stages to be determined. As Komar [12,131 notes, it is better to analyze the flow in terms of u* 
than u due to the uncertainties in estimating reasonable values for Cf. However, values of a are more intuitive. 
These can be calculated from the relationship 
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V2 -WU* i i = & u r = g  nh (8) 

Of course in order to estimate values of a from the thermal inertiaderived values of u*, reasonable values of the 
Manning coefficient, n, must be used. Obviously these should be the same range of values used to determine the 
channel flow velocities at bankfull discharge (0.015 to 0.035). Table 2 list the possible channel flow velocities and 
depths determined from the available thermal inertia data. They represent minimum estimates because the material 
contained on the surface of the channel floors, if unmodified, was probably emplaced during the waning stages of 
flooding. Actual channel flow velocities probably fall between the two values presented in Tables 1 and 2. 

This research is supported in part by NASA grant NAGW-3365 (Smithsonian Institution). 

Table 1. Estimates of channel flow velocities determined from Earth-based radar derived measurements of channel 
depths and slopes. 

Valles Depth (km) Slope Roughness coefficient, n Flow velocity, ii (mls) 
- - 

Ares 1.01 -0.00052 

Maja 0.61 -0.0026~ 

S halbatana 1.71 -0.0001 

Simud 3.01 4.001 1 

Tiu 2.21 +0.0005~ 

32.1 
19.3 
13.8 
52.1 
31.2 
22.3 
20.5 
12.3 
8.77 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

l ~ a t a  from Downs et al. [3]. 2 ~ a t a  from Lucchitta and Ferguson [4]. 

Table 2. Estimates of channel flow velocities determined from thermal inertia derived measurements of channel effective grain- 
sizes. 

-- 

Valles Thermal D85 n c* 2* Flow velocity Flow Depth4 

Inertia (m) (X lo6) a ( 4 s )  ( 4  

Ares 9.01 0.28 0.015 1.4 0.052 0.51 0.67 
0.025 0.85 
0.035 1.19 

Maja Nl A 
Shalbatana 9.0293 0.28 0.015 1.4 0.052 0.39 3.34 

0.025 0.65 
0.035 0.91 

Simud 8.4293 0.24 0.015 1.2 0.050 0.55 0.25 
0.025 0.91 
0.035 1.27 

Tiu 10.82~3 0.40 0.015 2.0 0.054 0.58 0.99 
0.025 0.97 
0.035 1.36 

l ~ a t a  from Henry and Zibelrnan [14]. 2 ~ a t a  from Craddock [9]. 3 ~ a t a  from Betts and Murray [lo] 4~erived from Equation 7. 
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