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Introduction:  Valley networks provide compelling 

evidence for a climate on Late Noachian to Early Hes-
perian Mars that supported liquid water on or near the 
surface. The prevailing conditions during this time re-
main a topic of healthy debate. Climate models have 
generally supported a dominantly cold, icy early Mars 
[e.g., 1], while the geomorphological record strongly 
supports conditions that were at least episodically warm 
and wet enough to allow precipitation-derived surface 
runoff [e.g., 2]. The magnitude of this runoff is thus a 
crucial parameter in characterizing the climate of this 
period of martian history. We approach this by conduct-
ing a global survey for interior channels within valley 
networks, estimating flow discharge, and relating these 
values to watershed area to obtain runoff rate.  

 
Previous Work:  Interior channels represent the an-

cient river beds that carved the larger valley networks 
(analogous to how the Colorado river carved the Grand 
Canyon). Runoff is the river discharge (volume of water 
per unit time passing through a given cross-section) di-
vided by upstream watershed area. Watershed area is 
readily mapped, but estimating discharge requires 
measurements of interior channels, which are small fea-
tures that could only be positively identified with the 
advent of high-resolution orbital data beginning in the 
mid-2000s. To date, the datasets compiled by [3] of Late 
Noachian channels and [4] of Hesperian and Amazonian 
channels represent the only two compilations of interior 

channels for Mars. The inventory of these features is 
thus far from complete, particularly for Noachian chan-
nels for which there is now high-resolution data availa-
ble. As noted by [4]: “Given the importance of [runoff 
production] as a constraint on climate models, it is per-
haps surprising that so few measurements relevant to 
Mars’ runoff production have been made.” 
 

Methods:  In ArcGIS we examined 600 of the 
~1300 HiRISE images that significantly overlap a major 
(>50 km in length) mapped valley network [5] and iden-
tified 31 new interior channels (e.g., Figs. 1 and 2). We 
excluded valleys that were downstream of overspilled 
lakes (using the lake database of [6]), as the channel di-
mensions in these cases does not correspond with cli-
mate-influenced runoff. We mapped channel margins as 
a vector polyline and extracted channel both width and 
wavelength. Sinuosity wavelength can be used to esti-
mate paleochannel width. 

Flow discharge was estimated using the hydraulic 
geometry approach [e.g., 3, 7], whereby power law re-
lationships derived for terrestrial rivers relate channel 
width to channel-forming discharge. These are of the 
form 𝑄 = 𝑎𝑊% , where a and c are coefficients that ac-
count for all other boundary conditions, including bank 
strength and fluid viscosity [e.g., 8, 9]. Watersheds were 
mapped manually based on both topography and visual 
identification of feeder tributary valleys. We drew pol-
ygons roughly perpendicular to contour lines to mark 

Figure 2. Valley networks on Mars (black lines, [5]) are widespread throughout the Martian highlands. Preserved 
interior channels within the valley networks are rarer, as indicated in previous investigations: 21 Late Noachian to 
Early Hesperian channels, pink dots [3] and 205 Hesperian and Amazonian aged channels, green dots ([4]). This study 
identified 31 interior channels, yellow stars. Background is MOLA topography between 60° N and 60° S. 

1141.pdf51st Lunar and Planetary Science Conference (2020)



the edge of the drainage divide on the highest resolution 
available DEM, cutting across any young craters. 
 

Results and Discussion:  This work represents the 
first results in a project to document the global distribu-
tion of preserved interior channels and obtain runoff 
production rates for a broad region of the martian sur-
face. We identified an additional 31 interior channels, 
and estimate that our survey covers only ~1% of the to-
tal length extent of valley networks. In all of the identi-
fied valleys we found that the ultra-high resolution of 
HiRISE was not necessary and that CTX images were 
more than sufficient. The identified paleochannels range 
in width from 40 to 430 m (mean 130 m), with estimated 
discharges 130 m3/s to 2350 m3/s and calculated runoff 
production rates of 0.3 to 10 cm/day (Fig. 3). As with 
the results of [3]. These results are greater than what 
could realistically be supplied by geothermal heating of 
ground ice. We are continuing to identify interior chan-
nels and estimate discharges and runoff rates in order to 
provide important constraints on models of martian sur-
face processes and climatic evolution. 
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Figure 3. Comparison of discharge-area relationship for 
valley networks in the pilot study compared with those 
in the datasets of [3] and [4]. 

Figure 2. Examples of paleochannels visible in CTX image data that were identified in this study. All images are at 
the same scale, north is up. Red outlines indicate channels, blue outlines indicate inverted channels. Inverted channels 
form when less resistant overbank material is eroded, leaving the formerly incised channel in positive relief. 
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