
Figure 1: Yellow = Samara and Parana-Loire Basins, 
Red = lnternal, Blue = Craters.  Basins on 1/128th 
degree MOLA Topography, Blue is low, Red is high.  
Area shown: 10°S-35°S, 5°W-30°W. 
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Introduction:  Martian valley networks and their 

associated basins have been the focus of a number of 
morphometric studies to determine the dominant proc-
ess, surface runoff or groundwater sapping.  Previous 
studies have primarily relied on the derivation of linear 
and areal parameters to perform morphometric analy-
ses [1,2].  The high-resolution Mars Orbiter Laser Al-
timeter (MOLA) topographic data set is available and 
possesses sufficient resolution to enable quantitative 
assessment of the basin area versus elevation relation-
ships [3-5].  The hypsometric analyses completed using 
these data may allow for a better understanding of the 
dominant processes shaping basin surfaces on Mars. 

Hypsometric Analyses:  The extent of fluvial ero-
sion in a basin can be quantitatively evaluated by com-
paring the basin area to its elevation [3-7].  Integrating 
the function of this resulting curve yields the hypso-
metric index (HI).  On Earth, HI as well as the density 
skewness (DSK) and kurtosis and hypsometric skew-
ness and kurtosis characteristics of the curve assist in 
discerning runoff dominated systems from basins 
dominated by sapping [3-5].  Typical terrestrial HI 
values range from 0.2 to 0.8, with ~0.5 considered rep-
resentative of a system dominated by runoff.  DSK 
relates to the rate of change of the slope and density 
kurtosis characterizes mid-basin slopes.  Hypsometric 
skewness can reflect the amount of headward erosion 
occurring in upper reaches of a basin, whereas hypso-
metric kurtosis expresses the amount of erosion of up-
per versus lower reaches of the basin [5].   

In typical terrestrial analyses, the HI, skewness and 
DSK are variables [3, 5] that establish whether it is 
possible to resolve the dominant process in the evolu-
tion of the basin.  For example, DSK can help distin-
guish between fluvial and sapping systems [3, 5]; sap-
ping dominated systems have DSK values <-1 whereas 
positive values >1 are more indicative of runoff domi-
nated systems.  The ability to determine the dominant 
water source decreases as the value approaches zero.  
Such traditional terrestrial analyses form the basis for 
the current study, which emphasizes comparative 
evaluation of the HI and DSK variables from terres-
trial, lunar, Venusian and Martian basins. 

Martian Drainage Hypsometry:  Previous studies 
of Martian basin hypsometry [3-5] confirm that the 
MOLA data are of sufficient density to demonstrate 
basin properties.  This study focuses on the hypsometry 
of basins in Margaritifer Sinus that encompass the 
Samara and Parana-Loire valles (Figure 1) and utilizes 

MOLA data 
gridded at 
1/128th of a 
degree, more 
than four 
times the reso-
lution (sixteen 
times the den-
sity) of previ-
ously pub-
lished datasets 
[3-5].  Addi-
tional Martian 
basins gridded 
at 1/60th of a 
degree in 
Terra Tyr-
rhena, Lunae 

Planum and one basin in Solis Planum are also exam-
ined and then compared to basins elsewhere in the so-
lar system. 

Martian Basin Settings: In Margaritifer Sinus, 
two large northwest flowing valley systems, Samara 
and Parana-Loire Valles, drain an area exceeding 
540,000 km2 before converging on Margaritifer Basin 
[1, 2, 8-14], a confluence plain shared with the north-
ward draining Uzboi-Ladon-Margaritifer valles meso-
scale outflow system.  Valleys in Terra Tyrrhena are 
also well integrated, draining more than 310,000 km2 
[12, 13].  Geologic and morphometric mapping of val-
ley systems in both regions [1, 2, 12, 14] confirms most 
preserved valleys were incised from the late Noachian 
into the early Hesperian and suggest that both precipi-
tation and ground water sapping contributed to their 
evolution [1, 2, 5].  By contrast, Lunae and Solis plana 
are regions on Mars whose preserved history is domi-
nated by volcanic and impact processes with relatively 
few preserved valleys.   

In addition to Martian basins, the hypsometry of the 
Ohio River system, several Tibetan Plateau basins and 
a portion of the Mid-Atlantic Ridge were also analyzed 
along with a portion of the Venusian Highlands to de-
termine possible scale and/or tectonic influences that 
may influence shaping of the Martian surface.    

Lunar basins within the South Pole Aiken area, 
south of Australe Crater, near Moscoviense Crater and 
southwest of Orientale impact basin on the Moon were 
also examined to evaluate the role of impact in defining 
hypsometric characteristics.  Inclusion of the lunar and 
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Venusian basins ensures consideration of basins devoid 
of any possible fluvial influence. 

Results:  Table 1 presents the average, range and 
standard deviation for HI values calculated for Mars, 
Venus, Moon and Earth.  The mean HI on Mars is 
0.50, but separate regions illustrate significant varia-
tions in HI for dissimilar geologic settings.   

The mean HI values on Mars do not appear to be 
dependent on the presence of channels.  Results using 
both the 1/60th and 1/128th degree MOLA data from 
Margaritifer Valles are comparable to those for Lunae 
Planum, which has no discernable drainage system.  
Similarly, the HI averages from the surface of Venus 
and Moon, where there is no drainage, are suggestive 
of values typical of a runoff-dominated system.  The 
Ohio River system, Tibetan Plateau and Mid-Atlantic 
Ridge areas combined to produce the lowest average 
HI value suggesting large amounts of materials were 
displaced from these basins by surface processes. 

  Interpretations of these results without considera-
tion of setting yields several potential trends.  The 
mean values of DSK (Table 2) for Mars suggest a 
strong sapping influence in Solis, and runoff influence 
with Hesperia.  For Lunae, and both the 1/60th and 
1/128th degree Margaritifer areas, the average is closer 
to zero, which, when interpreted blindly, imply a mix 
of fluvial and sapping processes shaped the surface.  
The range and standard deviations of all of the Martian 
areas indicate a wide array of values and suggest a con-
fusing mix of fluvial and sapping processes has oper-
ated across Mars. 

The Venusian and lunar values are variable and ter-
restrial values are consistent with runoff dominated 
systems.  The Mid-Atlantic Ridge DSK value, 0.03, is 
not typical were either sapping or runoff were active. 

Discussion:  The hypsometric index is often related 
to the amount of uneroded material remaining within a 

basin and, on Earth, can be equated to the extent of 
erosion in the basin.  Fluvial processes displace more 
material than sapping, which tends to be a more local-
ized [3].  While at first glance, the Mars values suggest 
a combination of fluvial and sapping processes has 
been active; this interpretation is complicated by the 
absence of preserved valley systems in many regions.  
In addition, water-driven erosion processes on Venus 
and the Moon are non-existent, yet the HIs are sugges-
tive of efficient runoff dominated erosion.  While these 
contradictions do not diminish the significance of the 
HI calculated for basins with channels on the Earth, it 
does suggest that other processes influence the results 
on Mars and other planets. 

One possible explanation for the values derived for 
Mars and the Moon is that impact processes are re-
sponsible for initial formation of the basins.  On Earth, 
tectonic processes dominate topography with little in-
fluence by impacts.  The typical decay of topography 
associated with impact craters on the surface of the 
Moon and Mars may give yield surface area/elevation 
ratios that are essentially pre-conditioned to give a 
hypsometric signature similar to those evolved in flu-
vial environments on the Earth [16].  Nevertheless, the 
tectonics dominated Venusian surface is not influenced 
by fluvial or impact processes but also has values simi-
lar to the Moon and Mars.  This emphasizes the need 
for the geomorphic presence of channels, not just a 
basin, for the hypsometric analysis to be useful and 
suggests that a complicated set of processes on other 
planets can lead to values that mimic those evolved in 
terrestrial fluvial settings. 
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Table 1:  Mean, 
range and 
standard devia-
tion of the 
calculated 
hypsometric 
indicies for 
Mars, Venus, 
Moon and 
Earth. 

Mean HI Range Std-Dev
Solis 0.82 NA NA

Hesperia 0.37 0.24 - 0.71 0.13

Lunae 0.47 0.19 - 0.77 0.17

Marg 60 0.57 0.40 - 0.74 0.10

Marg 128 0.49 0.34 - 0.67 0.07

Venus 0.45 0.21 - 0.62 0.10

Moon 0.45 0.26 - 0.59 0.09

Earth 0.34 0.15 - 0.51 0.14

 
Table 2:  
Mean, range 
and standard 
deviation of the 
calculated 
density skew-
ness for Mars, 
Venus, Moon 
and Earth. 

Mean DSK Range Std Dev
Solis -1.09 NA NA
Hesperia 0.57 -0.75 - 1.33 0.56
Lunae 0.36 -0.91 - 1.84 0.69
Marg 60 -0.16 -0.86 - 0.47 0.40
Marg 128 0.11 -0.37 - 0.68 0.27
Venus 0.05 -0.55 - 1.42 0.43
Moon 0.26 -0.27 - 0.87 0.34
Earth 1.24 0.03 - 2.20 0.65
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