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EROSION; Ted A. Maxwell and Robert A. Craddock, Center for Earth and 
Planetary Studies, National Air and Space Museum, Smithsonian Institution, 
Washington, D.C. 20560 

Abundant morphologic evidence in the form of ancient valley networks, 
outflow channels, and lobate craters suggest that the ancient atmosphere 
of Mars was dense enough to support Earth-like erosion and deposition 
[e.g., 11. Based on chondritic abundances and presumed early solar 
conditions, this early atmosphere has been suggested as being as dense as 
10 to 20 bars, and to consist primarily of C 0 2  albeit with enough water 
to support the needs of channel formation [I]. In the absence of samples, 
some constraints on the timing of atmospheric loss can be gained through 
analysis of crater frequency and morphology. 

Two general types of craters exist in the equatorial highland of Mars; 
relatively fresh craters with distinct ejecta patterns and little 
degradation, and older craters that occur in a variety of states of 
degradation [2]. Based on the published 1:15M geologic maps of Mars, we 
limited our study to two materials: the Noachian cratered plateau unit 
(Npll) and the Noachian dissected plateau unit (Npld). Although it is 
obvious that other highland materials contain impact craters in various 
stages of degradation, the interpretations of these materials include 
resurfacing by processes we feel are separable from the global, more 
extensive process discussed here. For analyses of crater frequency and 
morphology, photomosaics of these materials were binned by latitude, and, 
using published 1:15M topographic maps of Mars, by elevation. 

Results indicate that the degradation processes ceased in Npll 
materials before the dissected materials, suggesting that ancient valley 
networks (i.e., runoff channels) represent the waning stage or a change in 
the resurfacing process. Degradation occurred over a long period of time; 
from the the Middle Noachian to the the beginning of the Late Hesperian. 
This agrees with observations suggesting that highland degradation 
occurred through the end of late heavy bombardment [ 3 , 4 ] .  

No correlation between the timing of degradation and latitude was 
observed in either geologic material. However, a strong correlation with 
elevation was observed (Fig. 1). With the exception of the highest 
elevations of these two units where counting areas are not as extensive, 
the ages of surface stability as recorded by the frequency of fresh 
craters indicates that degradation ceased at earlier times at higher 
elevations than at lower elevations. This result supports fluvial 
resurfacing over volcanic [5] or mass-wasting [6] degradation processes, 
both of which would be independent of elevation. It also permits some 
speculation as to the history of fluvial resurfacing, which may have been 
coupled to a gradual loss of the early martian atmosphere. 

If fluvial degradation were the result of an endogenic process, such 
as a release of groundwater to the surface through sapping and seepage, 
then with time the aquifer should become depleted. The result is a 
gradual desiccation of the water table with migration of volatiles to 
lower elevations, and with any recharge to higher elevations necessarily 
driven by internal heat. This scenario also supports the absence of 
ground ice or water in the upper kilometer of the equatorial highlands 
[I]. If fluvial degradation were the result of an an exogenic process, 
such as rain or snowfall, then cessation of this process becomes dependent 

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



564  LPSC XXIII 

EFFECTS OF ATMOSPHERE IDSS ON MARS; Maxwell T.A. & Craddock R.A. 

upon the rate of atmospheric degassing. Initially, precipitation would 
occur throughout the highlands, but as the atmosphere became thinner,cloud 
condensation, and thus precipitation, would occur at progressively lower 
elevations. In either scenario, the effect is to isolate the higher 
elevations from degradation with time. 

Such a systematic decrease in age of surface stability with decreasing 
elevation is also consistent with the shift of a kinder and gentler 
martian atmosphere to one in which glacial and periglacial landforms were 
favored. Initial channels formed by water were later modified by 
glaciers; initial water-lain sedimentary deposits gave way to periglacial 
modification; and initial fluvially-eroded landforms were later dominated 
by aeolian processes. Based on various crater chronologies, the observed 
shift in process took place over about 0.5-1.0 by, resulting in denudation 
rates within the range presently observed on Earth, and requiring that 
recharge occurred in the highlands. A monotonic decrease in a subsurface 
water table would not provide the age range or morphology that is 
observed. 

Npll - Fresh Craters 

Fig. 1. Age variations for fresh craters in the Martian equatorial 
highlands. N(5) ages are shown, but similar relationships hold for 
N(2). Highest elevations (4-5 km) have the least counting area. 

220 

180 

160 

140 

Npld - Fresh Craters 

REFERENCES : [I] Carr, M.H., Icarus, 68, 187-216, 1986. [2] Craddock, 
R.A., and T.A. Maxwell, submitted to Lunar Planet, Sci., XXIII, 1992. [3] 
Arvidson, R.E., Icarus, 22, 264-271, 1974. [4] Gurnis, M., Icarus, 48, 
62-75, 1981. [5] Arvidson, R.E., et al., Rev. Geophvs. Space Phvs., 18, 
565-603, 1980. [6] Grant, J.A., and P.H. Schultz, Lunar Planet. Sci., 
XXII, 487-488, 1991. 

:IN(6)1 1 1 
- 

- 1 
t 

240 

200 

120 

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

0 1-2 2-3 3-4 4-5 

Elevation (km) 

- 

I I +  

1 6 0 - t ,  , , . , ,  , 

I 
0-1 1-2 2-3 3-4 4-5 5 - 6  

Elevation (km) 


