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Ass~jmming that the same physical laws pertaining to the entrainment of sediment on Earth applies to Mars, 
the minimum paleoflow conditions of a specific Martian outflow channel is characterized using empirical 
relationships, developed from terrestrial river systems whose slopes are similar to the martian channels, between 
median grain size (dSo) and channel slope (S) and between dgO grain sue (i.e., the grain size which is larger than 90% 
of the channel material) and flow shear stress (7) [I]. This approach assumes that channel slope (a measurable 
paramter) can be used to infer a characteristic median grain size (dso, an unknown parameter) for the channel bed. 
Once grain size is known, the minimum flow dynamics required to entrain the grain can be determined. This 
technique is used to model the minimum flow conditions of the Martian channel, Maja Vallis. 

For the martian outflow channels, channel slope is the only known, reasonably measurable parameter. Since 
the basic premise of this analysis is the determination of grain size from channel slope, the following empirical 
equation was developed [I], based on 130 data points fiom 5 individual data sets from terrestrial gravel-bed river and 
channel systems whose gradients are comparable to those of the martian outflow channels: 

where median grain size (dSo) is measured in mm and channel slope is in d m .  A second equation relating dgO grain 
size to flow shear stress, r, was also developed and is represented by equation (2): 

A statisitical evaluation of (d9ddso), = 2.25, based on the same terrestrial river systems used to develope equations 
(1) and (2), is used to determine dgO from d50. 

The determination of martian channel paleohydraulics employs some basic equations of channel flow 
hydraulics. Flow competence is characterized by DuBoy's equation: 

z = p g m  
where z is shear stress (N/m2), pfis the fluid medium density (kg/m3), g is the gravitational constant (cmlsec2), R is 
the flow depth (m), and S is the channel slope. The effectiveness of a flow in initiating sediment entrainment can be 
represented by the dimensionless shear stress, z*, defined as the ratio of the fluid forces acting on a grain to initiate 
motion, to the gravity force tending to keep the particle at rest. This is represented by Shields' (1936) equation: 

z* z 
t 

(PB - ~ f ) g d  
where p, is the grain density (kg/m3) and d is the grain diameter (m). 

Use of these equations to model martian paleohydrology assumes: 1) Mars possessed a more temperate 
climate in its past, allowing liquid water to exist on the surface for appreciable lengths of time; 2) flow was not deeper 
than channel depth; 3) the energy slope was equivalent to the channel slope, 4) particle composition is either basalt, 
quartz, or volcanic ash based on Viking lander measurements; and 5) grain size distributions on Mars are similar to 
those observed in terrestrial channel systems. This appears to be a reasonable assumption since grain size distribution 
within a channel is governed by the efficiency of a flow to move sediment, which is a dimensionless parameter. 

The paleohydraulics of Maja Vallis are analyzed along selected reaches of the outflow channel, in order to 
model changes in flow conditions as a function of changing channel slope. The objective is to determine the grain 
size (dgO and dSo) that is likely to comprise the channel floor, based on the measured channel slope, using equations 1 
and 2. Thus, the ensuing paleohydraulic calculations are based solely on the measured slope and inferred grain size. 

Channel slopes for Maja Vallis were measured off of three United States Geological Survey (USGS) 
topographic maps fiom the Coprates Northeast Quadrangle of Mars (scale 1:2,0OO,DOO)[2]. The three quadrangle 
maps used were: MC-18NE (1987), MC-1OSE (1988), and MC-1ONE (1988). Slopes were measured between the 
lOOOm contour intervals from Juvantae Chasma to the western edge of Chryse Planitia. Controlled photomosaics at a 
scale of 1 :500,000 [3] were used to locate the boundaries of Maja Vallis on the topographic maps and to measure the 
channel widths. The course of Maja Vallis drops 4000m in elevation over a total distance of 1290km (3mh-1) 
resulting in an overall channel slope of 0.003 1 to the north. 
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DISCUSSION OF RESULTS 
The results presented in TABLE I indicate that, for the channel slopes investigated (assuming grain densities 

for basalt (2900 kg/m3), quartz (2650 kg/m3), and volcanic ash (1300 kg/m3)), yielded a characteristic median grain 
size for the channel of 48.3 to 80 mm and a minimum flow depth of 2.9 to 4.9 m at the time of channel formation. A 
characteristic value of d90 for the channel bed material is between 108 and 180 mm in diameter. By comparison, the 
average grain size estimated at the Viking-1 lander site in Chryse Planitia was greater than 20 mm for 25 percent of 
the material observed [4]. Corresponding shear stress values for entraining the d90 grain sizes range from 36.11 to 
77.43 ~ / m ~ .  In a martian gravity environment, flow depths of 3 to 5 meters will generate these levels of shear stress 
according to DuBoy's equation. These represent the minimum flow conditions for Maja Vallis at the time of 
formation. Analyzing r* for basalt grains using Shield's equation yields values that vary from 0.047 to 0.061, while 
calculations conducted for quartz yields an average of 0.059 and for volcanic ash, 0.488. The average for the 
channel is 0.0514. Performing this analysis on an Earth model, using quartz instead of basalt, with the same channel 
slope, yields a dimensionless shear stress of 0.021 to 0.027. 

The empirical technique presented here provide results that appear reasonable for the minimum flow 
conditions that may have occurred during the formation of Maja Valles, and thus another approach to determining 
minimum paleoflow conditions for the outflow channels. 
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TABLE I 
MINIMUM FLOW PALEOHYDRAULIC PARAMETERS FOR MAJA VALLIS, MARS 

Channel Feature Grain Size Shear Flow Flow Flow 'C* (d9o) 
Stress Depth Velocity Discharge 

Slope Width, d5& d90, ~ / m ~  m m/s xlo5 m3/s Basalt Volcanic Quartz Quartz 
km mm mm Ash (Earth) 

0.0029 80 55.98 125.96 45.16 4.19 2.38 7.96 0.0507 0.4819 0.0584 0.0222 
0.0071 100 79.95 179.88 77.43 2.93 3.1 1 9.12 0.0609 0.5786 0.0701 0.0266 
0.0020 13 48.29 108.64 36.11 4.85 2.12 1.34 0.047 0.4467 0.0541 0.0205 
0.0033 150 58.93 132.6 48.8 1 3.98 2.47 14.7 0.0521 0.4948 0.0600 0.0227 

Average Along Channel Length 
0.003 1 90 57.49 129.34 47.01 4.08 2.42 8.89 0.0514 0.4885 0.0592 0.0225 -- 
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