
THE EVOLUTION OF MARTIAN DRAINAGE BASIN HYPSOMETRY.  J. A. Grant1 and C. Fortezzo2, 
1Center for Earth and Planetary Studies, National Air and Space Museum, MRC 315, Smithsonian Institution, 
Washington, DC 20560, grantj@nasm.si.edu, 2Northern Arizona University, Flagstaff, AZ. 

 
 
Introduction: Drainage basin hypsometry pro-

vides a means of assessing the relative importance of 
runoff versus groundwater sapping on Martian valley 
formation. Basin hypsometry quantitatively evaluates 
the extent of fluvial erosion in terrestrial basins by 
comparing the basin area to its elevation [1, 2].  Inte-
grating the function of the resulting curve yields the 
hypsometric index (HI) that together with the density 
and hypsometric skewness and kurtosis can assist in 
discerning runoff versus sapping dominated systems 
on the Earth. The HI can be related to the extent of 
erosion in terrestrial basins and typical values for HI 
range from 0.2 to 0.8, with ~0.5 representative of run-
off dominated systems [2].   

Hypsometry on Mars: Pioneering work by Luo 
[3, 4] demonstrated that the Mars Orbiter Laser Al-
timeter data gridded at 1/128th of a degree has suffi-
cient resolution for assessing basin hypsometry. Fol-
lowing the results of Luo’s early work [3, 4], basin 
hypsometry was assessed in Margaritifer Sinus, Terra 
Tyrrhena, Lunae Planum, and one basin in Solis 
Planum (Table 1). The valleys in Terra Tyrrhena and 
Margaritifer Sinus are similar in age, degree of integra-
tion, and coverage [5 6], whereas basins in Lunae and 
Solis plana, which are dominated by volcanic and im-
pact processes, have few preserved valleys. Derived 
values of HI were then compared to lunar basins (de-
fined using lower resolution Clementine topography) 
to evaluate how impact processes may affect hypso-
metric characteristics in an environment devoid of flu-
vial modification (Table 1). 

Table 1. Examples of Hypsometric Indices for Mars 
and the Moon 

Region 
 

Average 
Hyps. Index 

(HI) 

Range 
of HI 

Std. 
Dev.  
HI 

Marg. Sinus 0.54 0.69-0.38 0.087
Terra Tyrrhena 0.66 0.78-0.42 0.103
Lunae Planum 0.56 0.77-0.25 0.163
Solis Planum 0.41 N/A N/A
Moon (Orientale) 0.50 0.56-0.35 0.084

The average of hypsometric indices for basins on 
Mars is ~0.50. Although HI values on Mars are not 
dependent on the presence of valleys (Table 1), there 
are significant variations in HI across both similar and 
different geologic settings. The HI for the lunar basins 
also averages ~0.50.  

Ignoring obvious differences in geomorphic setting 
between Mars, the Moon, and Earth, the HI and asso-
ciated density and hypsometric skewness and kurtosis 
values [7, 8] for Mars and the Moon are in the range 
expected for runoff-dominated terrestrial basins varia-
bly influenced by sapping. Because results for Mars 
and the Moon are often (and sometimes obviously) 
independent of valley presence, direct comparison of 
Martian and terrestrial hypsometric values to distin-
guish sapping versus runoff water sources can yield 
erroneous results [7-10].  

Possible Origin of Martian Hypsometry: One 
explanation for the similarity between basin hypsom-
etry on Mars and the Moon and hypsometry associated 
with terrestrial basins dominated by runoff relates to 
the importance of impact processes in forming basin 
relief on the Moon and Mars. On the Earth, tectonic 
and lesser volcanic processes create most construc-
tional topography, which is generally modified by sub-
sequent fluvial processes throughout the evolution of 
the landscape. Higher hypsometric indices in terrestrial 
basins typically reflect lesser fluvial modification of 
the original tectonic and/or volcanic constructional 
topography [2]. 

By contrast, impact cratering is responsible for 
considerable constructional topography on Mars and 
the Moon and the topography associated with craters 
frequently defines Martian basin divides [11, 12]. Cra-
ter formation produces topography that decays expo-
nentially with increasing distance from the rim [13], 
yielding profiles much like those associated with ba-
sins on the Earth that are subjected to considerable 
fluvial modification (Figure 1). Hence, cratered sur-
faces may be predisposed to relatively efficient trans-
port and discharge of water and sediment, thereby pre-
cluding the need for extensive erosion of basin slopes 
by runoff.  The overall hypsometry of many basins on 
Mars and the Moon (independent of whether they are 
occupied by valleys) and their similarities to values for 
terrestrial basins may be consistent with this scenario 
(Figure 1).  

If correct, impact “preconditioning” of Martian 
basin topography could help explain the relatively im-
mature appearance of many valleys, apparently limited 
incisement of upper reaches near many basin divides, 
and the questionable validity of comparing basin hyp-
sometry on the Earth and Mars [9, 10].  

Discussion: Two-dimensional topography around 
craters on Mars and the Earth resembles longitudinal 
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profiles along selected drainages from both planets to 
some degree (Figure 1), and the possibility that this 
similarity extends across three-dimensional basin sur-
faces is being investigated. Moreover, ejecta rock sizes 
decrease with distance from crater rims [13, 14] and 
may be “pre-sorted” (to first order) for somewhat more 
efficient fluvial transport with changing slope. Results 
to date emphasize the need for the geomorphic pres-
ence of valleys, not just a basin, for the hypsometric 
analysis to be useful and suggests that impact plays an 
important role in shaping basins with topography that 
can mimic fluvially modified basins on the Earth.  

References: [1] Strahler A. N. (1952) Geol. Soc. 
Am. Bull., 63, 1117. [2] Ritter D. F. et al. (1995) Proc-
ess Geomorphology: 540 p., Wm. C. Brown, Co., Du-
buque, IA. [3] Luo W. (2000) JGR, 105, 1685. [4] Luo 
W. (2002) JGR, 107, 10.1029/2001JE001500. [5] 

Mest S. C. and Crown D. A. (2001) Icarus, 153, 89. 
[6] Mest S. C. and Crown D. A. (2002) LPSC XXXIII, 
Abstract #1730. [7] Grant J. and Fortezzo C. (2003) 6th 
Mars Conference, Abstract #3050. [8] Fortezzo C. M. 
and Grant J. A. (2004) LPSC XXXV, Abstract #1647. 
[9] Stepinski T. F. and Collier, M. L. (2004) JGR, 109, 
doi: 10.1029/2004JE002269. [10] Stepinski, T. F. and 
Coradetti S. (2004) GRL 31, 
doi:10.1029/2004GL020359. [11] Grant J. A. (2000) 
Geology, 28, 223. [12] Grant J. A. and Parker T. J. 
(2002) JGR, 107, 10.1029/2001JE001678. [13] 
Melosh H. J. (1989), Impact Cratering, 245p, Oxford 
University Press, NY. [14] Grant J. A. et al. (2006) 
JGR, 111, doi:10.1029/2005JE002465. 

 
 

 
Figure 1. Topographic profiles outside of large craters on Mars, Mars valley systems, and rivers on the Earth (left) 
and between Meteor Crater and small rivers on the Earth (inset). Similarities in profiles suggest that impact proc-
esses create basins preconfigured for relatively efficient fluvial drainage and require little modification for efficient 
discharge of water and sediment.  
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