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SCARP HEIGHTS OF MARTIAN CHANNELS FROM SHADOW MEASUREMENTS: B.K. Lucchitta 
and J. Dembosky, U.S. Geological Survey, Flagstaff, Arizona 86001 

The volume of water and sediments transported through the outflow channels remains one of the major 
outstanding questions on Mars. This volume is not only important to assess the planet's water inventory [I], 
it is also needed to shed light on the events that shaped the northern plains and affected the atmosphere. To 
determine channel volumes, channel widths and depths have to be established. The widths can be readily 
measured on available maps, but the depths remain unknown for most channel reaches. Most contours on 
topographic maps are in 1-kmil km increments [2], and thus they are not definitive for small channel 
features. The photoclinometric method of deriving topographic profiles requires areas of uniform albedo and 
has other constraints that make the available images unusable for measurements in many places. Shadow 
measurements give fairly accurate height determinations where illumination is adequate, and the method has 
been tried for many individual localities [I, 3-61, The present study is an attempt to measure systematically 
the shadows on scarps along and within all channels where adequate images exist. 

To implement the study, we devised latitude and longitude blocks containing all major channels on Mars. 
Then we conducted a computer search and inspected all images within these blocks that meet the following 
parameters: resolution less than 250 mixe l ,  incidence angle of 60" -7S0, emission angle of 0"-30°, moderate 
to good quality, clear or red filters. After inspection, we compiled a final list. 

Images in the final list were processed on the computer to level-1 quality (labels were added, reseaux marks 
and noise were removed, and the radiometry was corrected). Then a computer program (TVPHOTOST in 
PICS system) was run that permits the interactive measurements of shadows: a line giving the down-sun 
direction was plotted on each image, the pixels at the beginning and end point of each shadow were registered, 
and the height of the scarp corresponding to the measured shadow was calculated by using the appropriate 
trigonometric functions. Variations of the sun-angle and camera geometry within individual images were 
taken into account. 

Obtaining shadow measurements on level-1 images by computer is better than obtaining shadows on hard- 
copy prints, because it is easier to establish that the shadows are real and not produced by grazing light that 
mimics shadows on scarps. Criteria used to establish true shadows are (1) high density contrast between the 
area in shadow and its surroundings, (2) persistent low-density (dark) values within the shadow, and (3) 
whether the feature and its shadow have the same shape. Shadows cast onto undulate terrain were not used. 
For most measured shadows, the contrast is sharp and the edge of the shadow could be determined to within 
1 pixel. Shadows whose ends could not be determined to within 3 pixels were flagged as unreliable. At a 3- 
pixel uncertainty, errors would be as below. Error values between these end members would vary 
accordingly. Resolution Incidence Angle 

ml~ixel 60" 75 " 
250 i 2 2 h  *loom 
20 i20m + 10m 

We investigated Ares, Al-Quahira, Ma'adim, Nanedi, Nirgal, Shalbatana, Tiu, Uzboi, Kasei, Maja, Mamers, 
and Mangala Valles. Several other, small channels do not have adequate images, and no measurements were 
ohtained. We looked at 326 images, of which only about tw+thirds contain shadows that could be measured. 
The most significant results of our measurements (about 1,000) follow. 

Ares V d e s  (20 images, 62 measurements): The trunk channel arises h m  chaotic terrain and has a fan- 
shaped, grooved intake area. Many tributary channels look like the main channel. The channel walls descend 
gradually through a series of scarps. The floors are marked by irregular grooves and small streamlined 
islands. Upper channel-wall scarps generally do not exceed 800 m in height, and most wall scarps are about 
200 m high. Channel islands are 200 to 500 m high. Grooves on channel floors are mostly less than 100 m 
deep. It is difficult to establish the total channel depth because the gradually descending walls are unsuitable 
for shadow measurements. 

Al-Quahira VPIlio (8 images, 23 measurements): The channel, a modified graben, traverses highlands with 
many old craters. Channel depth is generally 500 to 800 m, but it ranges unsystematically because of the 
irregular topography of the surface. 

Ma'adim VaUes (21 images, about 60 measurements): Beginning where tributaries merge, the channel 
increases gradually in width and depth and debouches into an old crater near the h i l a n d  boundary. For 
most of its length it has a well-defined trunk with only minor tributaries. The walls are steep and locally have 
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scarps; the floor is generally flat but has terraces in places. The upper part of the channel is 300 to 500 m 
deep, the main part, 1500 to 2000 m deep. Terraces on the channel floor and on a dissected mesa at the 
channel mouth inside the crater are 100 to 300 m above the floor. 

Nanedi Vallis (7 images, 14 measurements): The channel has two merging branches, which are deeply 
entrenched, flat floored, and meandering. The shape of widened sections appears to follow exhumed small 
craters. The steep channel scarps measure less than 200 m high in the V-shaped upper reaches and are about 
300 m high throughout most of the flat-floored reaches. 

Nhgd Vallis (9 images, 21 measurements): The meandering channel is deeply entrenched and has dendritic 
tributaries similar to channels on'Earth. An upper V-shaped section gives way to a lower flat-floored section. 
The gradual increase in width is accompanied by a gradual increase in depth from about 400 m to 800 m. 

Sbabatana and Simud VaUes (4 images, 23 measurements): Shalbatana has two distributaries: one is 
entrenched and flat floored in its wider sections and lacks meanders; the other merges with a chaotic section 
of Simud Vallis. The scarps in the entrenched section are 1300 to 1400 m high. The mesas and knobs in the 
chaotic section of Simud Vallis gradually decrease in height from over 1000 m in the south to less than 500 
m in the north, toward the channel mouth. 

Tio V d i s  (13 images, 90 measurements): The channel originates in chaotic terrain. I t  has chaotic sections 
like Simud Vallis and grooved and scarped sections like Ares Vallis. The channel-wall height also decreases 
northward. Scarps facing the chaotic terrains or located nearby are over 2000 m high in places. Channel 
walls in the upper reaches measure 1600 to 1800 m high, but in the main part of the channel the walls are 
generally 800 to 1000 m high and decrease gradually to as Little as 400 m (on interior-mesa scarps in the north 
near the channel mouth). 

We have compiled the measurements of the remaining major channels on 1:W 000-scale maps and, for 
Mamers Vallis where no such maps exist, on a mosaic compiled from images. We are in the process of 
analyzing these channels in more detail. Eventually we will combine height and width measurements to arrive 
at cross sectional areas of the channels and volumes of water or ice that may have moved through them. 

References: [I] Carr, M.H., Wu, S.S.C., Jordan, Raymond, and Schafer, FJ., 1987, Vdumes of channels, 
canyons and chaos in the circum-Chryse region of Mars, Abstracts of papers submitted to the Eighteenth 
Lunar and Planetary Science Conference, pt. 1, Houston, March 1620,1987: Houston, LPI, 155-156. [2] U.S. 
Geological Survey, Topographic maps of the polar, western, and eastern regions of Mars: U.S. Geol. Sun .  
Misc. Inves. Series Map 1-2160. [3] Chapman, M.G., and Scott, D.H., 1989, Geology and hydrology of the 
north Kasei Valles area, Mars, & Lunar and Planet. Sci. Conf, 19th, Houston March 14-18, 1988, Proc.: 
Cambridge University Press and Lunar and Planet. Inst, 367-375. [4] Lucchitta, B.K, 1982, Ice sculpture 
in the Martian outflow channels: J. Geophys. Res. 87, no. B12, 951-9973. [q Lucchitta, B.K., 1984, Ice and 
debris in the fretted terrain, & Proceedings of the Fourteenth Lunar and Planet. Sci. Conf., pt. 2, J. Geophys. 
Res., 89, Suppl., B409-B418. [a Robinson, M.S., and Tanaka, K.L., 1990, Magnitude of a catastrophic flood 
event at Kasei Valles, Mars: Geology, 18, 902905. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


