
TOPOGRAPHIC CONTROLS ON MARTIAN VALLEY NETWORKS: IMPLICATIONS FOR CLIMATE 
CHANGE DURING THE NOACHIAN PERIOD.  R. P. Irwin III1,2, R. A. Craddock2, A. D. Howard3, and H. L. 
Flemming4, 1Planetary Science Institute, 1700 E. Fort Lowell Rd., Suite 106, Tucson, AZ 85719, irwin@psi.edu, 
2Center for Earth and Planetary Studies, National Air and Space Museum, Smithsonian Institution, MRC 315, 6th St. 
at Independence Ave. SW, Washington DC 20013, 3Dept. of Environmental Sciences, P.O. Box 400123, Univ. of 
Virginia, Charlottesville, VA 22904, 4MDA Federal Inc., 6011 Executive Blvd., Suite 400, Rockville, MD 20852. 

 
 
Introduction:  Morphometric comparisons of ter-

restrial and Martian valley networks have noted impor-
tant similarities and differences, which probably reflect 
topographic and environmental controls on their de-
velopment [1].  On Mars, valley networks are wide-
spread, often originate at drainage divides [2,3], and 
required recharge to erode the equivalent volume of 
sediment [4–7], all indicating an atmospheric water 
source.  However, Martian fluvial valleys commonly 
have lower drainage density [6–11], order [9,11], 
sinuosity [6], and length [8,9,12] than their terrestrial 
counterparts.  Longitudinal profiles on Mars are usu-
ally irregular relative to the ideal graded concavity 
[13,14].  These characteristics and the time required to 
form large alluvial deposits [15,16] all suggest a geo-
logically brief epoch of fluvial activity [17,18], which 
crater statistics date to around the Noachian/Hesperian 
(N/H) transition [19].  The lack of dissection of allu-
vial deposits and steep valley walls suggest that fluvial 
activity ended abruptly [18], and subsequent weather-
ing and denudation rates have been extremely low 
[20].  Constraining the ambient Noachian paleoclimate 
(prior to the N/H transition) is less straightforward, but 
the relict valleys did not substantially alter the land-
scape, so the topography mainly reflects earlier condi-
tions. 

We examined topographic controls set by precursor 
topography on the occurrence and length of Martian 
valley networks [21].  Characteristics of this landscape 
place strong constraints on the Noachian paleoclimate 
and climate change. 

Methods:  We mapped major drainage divides in 
the Martian highlands using the Thermal Emission 
Imaging System (THEMIS) daytime infrared mosaic 
2.0 and the  128 pixel/degree Mars Orbiter Laser Al-
timeter (MOLA) grid (Fig. 1).  Nine study areas cov-
ered a wide range of geography and topography, in-
cluding the highland plateau and cratered regional 
slopes associated with large impact basins or the 
crustal dichotomy.  We categorized 54 major water-
sheds as open (draining to the lowlands or Hellas) or 
closed (endoheric).  For each, we recorded the loca-
tion, stem valley length, divide and terminal eleva-
tions, watershed relief and slope, slope orientation, and 
qualitative descriptors. 

 
Figure 1. Major drainage divides (white lines) and 
overflowed basins (blue stars [22]) in the Sirenum 
study area (10–25°S, 180–195°E).  THEMIS day IR 
mosaic with MOLA shading (elevations in meters).  

 
Results: We found differences in the length, relief, 

and terminal elevations of valley networks between 
closed and open watersheds.  Endoheric watersheds 
are mostly less than 300–400 km long and terminate at 
elevations above the MOLA datum, whereas open 
drainage basins range from ~100 to >1000 km in 
length and commonly debouch to elevations well be-
low the datum (Fig. 2).  Slopes of 0.1–1.0° are dis-
sected, whereas lower slopes were likely depositional. 

The dominant topographic features include: 1) the 
macroscale crustal dichotomy, large impact basins 
(e.g., Hellas), and broad rises of unknown origin (e.g., 
Terra Tyrrhena); 2) mesoscale, highly degraded impact 
basins and tectonic features; and 3) local control by 
smaller Noachian impact craters.  Open watersheds 
and most overflowed basins [22] are concentrated on 
long regional slopes that predate the valleys, whereas 
closed basins dominate the highland plateau. 
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Figure 2. Length of the main valley in 54 mapped 
watersheds.  Differences in relief have a similar pat-
tern, with open watersheds reaching much lower ter-
minal elevations below the MOLA datum. 
 

Discussion: The macroscale and mesoscale topog-
raphic features that control Martian valley planform 
are mostly Early to Pre-Noachian in age.  The crustal 
dichotomy’s cratered slopes collected runoff to fill and 
overflow some previously enclosed craters and other 
basins.  Most large basins on the plateau remained 
enclosed throughout the Noachian Period, indicating 
that a humid climate (by terrestrial standards) never 
prevailed.  However, these macro- to mesoscale topog-
raphic features were all deeply eroded before the Late 
Noachian valley networks were incised. 

Implications for Noachian climate change.  Ero-
sion of the highland landscape included substantial 
reduction of relief, with preferential erosion of highs, 
sediment transport down shallow slopes of 0.1–1.0°, 
and deposition in basins.  However, deep valleys were 
not incised (or maintained) through most of the Noa-
chian Period.  These features suggest a transport-
limited landscape, where weathering outpaced weak or 
intermittent fluvial erosion.  Combined with mainte-
nance of closed basins, these characteristics indicate 
prolonged aqueous weathering and erosion in an arid 
to hyperarid Noachian paleoclimate.  

Topographic controls on Noachian precipitation. 
Mesoscale and smaller topographic features did not 
create rain shadows, as closed basin interiors are often 
dissected, but the crustal dichotomy and macroscale 
basin topography should have had an orographic ef-
fect.  The observed concentration of valley networks 
on north-facing regional slopes of the crustal dichot-
omy suggests that evaporation from the northern low-
lands was an important source of atmospheric moisture 
[23] over short timescales.  Moist air masses from the 
highlands or Tharsis would have declined in relative 
humidity as they descended this regional slope. 

The high elevation and multibasin landscape of the 
southern plateau provided a thermal and topographic 
trap for precipitated surface water.  Closed basins re-
tained water at high elevations, while the fewer open 
watersheds returned some water to the lowlands or 
Hellas.  The highland topography and occurrence of 
the South Pole in the highlands would have lengthened 
or impeded the global water cycle.  Storage of surface 
water in the highlands would have reduced the size of 
a putative northern sea, but it may have partially offset 
a continentality effect of the single highland landmass. 

Conclusions: Control of valley network occur-
rence and length by Early to Pre-Noachian topographic 
features is consistent with prolonged weathering and 
weak, intermittent fluvial erosion in an arid to hy-
perarid Noachian paleoclimate.  Stream entrenchment 
around the Noachian/Hesperian transition, forming 
poorly developed valley networks, was due to more 
favorable environmental conditions at that time 
[17,18], sourced in part from evaporation from the 
northern lowlands [23].  However, the highland land-
scape topographically and thermally trapped water at 
high elevations, lengthening the global water cycle and 
possibly facilitating its decline. 
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