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Discharge Estimates for the Venus "Outflow" Channel; G. Komatsu and V.R. Baker, Lunar 
and Planetary Laboratory, University of Arizona, Tucson, AZ 85721 

The "outflow" channel at lat45-52's long.19-32"E has a range of morphology similar to that of Martian 
outflow channels [I]. It has a collapsed source, and its anastomosing reach is suggestive of an extremely 
high discharge rate. It is highly likely that the channel was formed in a relatively short time scale by 
catastrophic mechanical erosion, as in the case of Martian outflow channels. However, radar bright terminal 
deposits suggest genesis by a channel-forming lava rather than by water. The channel's size dimensions are 
shown in table 1. 

Table 1 Size dimensions of the "outflow" channel 
Length 1200 km 
Width 3 -15 km 
Depth 17 m (at lat.48.S. long.19.5, width is 3 km, slope is 0.0005) 
Area of terminal deposits 1 . 1 ~ 1 0 ~  km2 
Regional slope 0.0005 

The channel seems to have been formed by highly turbulent flow as suggested by the shape of stream- 
lined islands. For a highly turbulent flow, velocity can be approximated by a Chezy equation of the form 

where d is flow thickness, Venus gravity (g) = 8.87 m/s2, and slope (a) = 0.0005. We assumed that 
friction coefficient (Cf ) = 0.001 and = 0.05 (range of Cf appropriate for calculation of water discharge). 
We calculated the velocities for a range of flow thickness (d=l, 10, 100 m): 

Table 2 Parameters and discharge rates for the "outflow" channel 
slope(a) thickness(d) friction velocity(v) discharge rate per 

coefficient(Cf) unit channel with 
-- - -- - --- 

Minimum 0.0005 l m  0.001 2.98 m/s 2.98 m2/s 
0.05 0.42 m/s 0.42 m2/s 

Moderate 0.0005 10 m 0.001 9.42 m/s 94.2 m2/s 
0.05 1.33 m/s 13.3 m2/s 

Maximum 0.0005 100 m 0.001 29.78 m/s 2978 m2/s 
0.05 421 m/s 421 m2/s 

The range of discharge rate (3-D) is estimated as lo3 - 4x10~  m3/s, since the range of width is about 3-15 
km. However we can narrow the range by evaluating the depth measured from the radar layover effect (C. 
Weitz, personal communication). 

The range of peak discharge rates can be estimated from channel geometry, assuming flow thickness was 
equal to the depth of the channel. In the case of terreshal catastrophic flood channels, the high water marks 
come close to the edge of the banks. If the venusian outflow channel's morphology is a result of similar 
flow processes to that of catastrophic flood channels on Earth, we can justify the use of flow thickness 
equal to the depth of the channel. 

The only available depth measurement was unfortunately as a straight segment near the source, which 
may be controled by the tectonics. The anastmosing reach shows the best evidence of a high discharge rate 
but depth could not be determined. Since the slope is 0.0005, the velocity for a 17 m thick flow would be 
about 12.28 m/s (at Cf = 0.001) and 1.74 m/s (at Cf = 0.05). Since the width is about 3 krn, discharge rate 
(3-D) would be aboutbxld m3h (at Cf = 0.001) i d  9x104 m3/s (at Cf= 0.05). 

For the anastmosing reach, the width of the channel is significantly wider (15 km). This may be a 
response of the channel to a steeper local slope, although we do not know the paleoslope of this segment at 
the time of formation. The current slope is about 0.0005. The channel depth is also unknown, but appears 
to be in the same range or slightly shallower than the straight segment The velocity for 10 m thick flow 
would be about 9.42 m/s (at Cf = 0.001) and 1.33 m/s (at Cf = 0.05). Since the width is about 15 km, the 
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discharge rate (3-D) would be about lo6 m3/s (at Cf = 0.001) and = 2x10~ m3/s (at Cf = O.OS).The range of 
peak discharge rate is about lo5-lo6 m3/s. The error associated with the depth measured is about 25 m. 
So the discharge range could go up as suggested from the table 2. If lava solidified on the channel floor, 
the depth may not really represent the flow thickness. Indeed, the depth/width ratio of the channel is much 
smaller than typical for terrestrial and Martian outflow channels. Moreover, the slope may have been 
significantly different at the time of formation, because the draining of a large quantity of lava could have 
caused a subsidence of the region. Our estimate is subject to the above problems. 

The estimated discharge or effusion rate is comparable to some maximum scale volcanic and fluvial 
processes in the solar system (table 3). 

Table 3 Discharge rates of major volcanic and fluvial events in the solar system 
2-D 3-D ~ f e r e n c e ~  

Volcanic process 
Lunar channel forming event 

Lunar flood basalt event 

Terrestrial flood basalt event 
Terrestrial komatiite flow 
Fluvial Drocm 
Martian outflow channels 
Mississippi River 
Missoula Floods 

We also estimated range of power per unit area CW) of the flows. The flow power is given by the 
formula, 

W = yQa/w, 

where y = pg is the specific weight of the fluid (23949 ~ / m 3  for silicate lava) and w is the width of the 
channel. For the flow of 10 m thick, and slope (a) = 0.0005, the range of W is 1.6~102 w/m2 (at Cf=  
0.05) - 1.1~103 w/m2 (at Cf = 0.001). This range of W is equivalent to powers of some terrestrial floods 
[9]. This high power is strongly suggestive of mechanical erosion. The mechanical erosion played a 
very important role for the formation of this channel. 

The total volume of the "outflown channel is about 10~0- lo1  m3, which represents the approximate 
volume of eroded material. The terminal deposits are probably a mixture of eroded material and flow 
material. The maximum thickness of the deposits is estimated to be 500 m based on the topography of the 
region. At this thickness, the calculated volume of the terminal deposits is about 5.5x1013 m3. In this 
case, the amount of eroded material is insignificant compared with terminal deposits, hence the terminal 
deposit would be mostly channel-forming lava A time for the channel formation can be estimated to be for 
the "peak" discharge as, > l 0 ~ - 1 0 ~  s. If the terminal deposits are much thinner (-lm), the volume of the 
terminal deposits would be l.lxlOll m3 and the volume of the eroded material occupies larger fraction. The 
time for the channel formation is thereby estimated to be > 1 0 ~ - 1 0 ~  s. 

This tentative estimate of the formation time scale is strongly subject to the estimate of the terminal 
deposit volume. Moreover, we do not know the channel-forming fluid. Sulfur, for example, could evaporate 
into the atmosphere, making it difficult to estimate the original volume. 
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