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Summary:  The scale of ancient Mars rivers – their 
paleochannel widths and meander wavelengths – is a 
proxy for past river discharge [1-5]. Discharge, divided 
by drainage area, yields runoff production, which is a 
key parameter for selecting between climate models (e.g 
rain versus snowmelt). 
      We will present a new global database of river di-
mensions for Mars rivers. All of the measured rivers 
drain catchments of well-preserved drainage area. 172 
drainage areas are represented. 50.0% of our sites have 
HiRISE anaglyphs or DTMs. Repeated ArcGIS traces 
are merged and analysed in MATLAB. The two main 
biases in the database are as follows: (1) Because only 
well-preserved channels are included, the database is 
biased towards post-Noachian deposits. (2) We measured 
the largest visible channels in a catchment.  
  

 
Fig. 1. Locations of sites measured. 
 

Results. Selected preliminary results are shown in Fig. 2; 
final results will be reported at the conference. 
 

Regional variations and variations with time: Region-
al variations are less significant than the global trends of 
(i) large channels that (ii) increase in size with area less 
rapidly than on Earth. There is a possible trend to smaller 
river size (for a given catchment area) in the Gale-
(Aeolis Planum)-(Zephyria Planum) region relative to 
the dataset as a whole. All but one of the smallest (<10 
km2) catchment areas drain layered sediments in SW 
Melas Chasma. Those layered sediments are interpreted 
as airfall. If they are airfall, then the correspondingly 
small grain size would tend to produce wider channels 
for a given paleodischarge. 
       The ages of the measured rivers range from Noachi-
an through Middle Amazonian. At the conference, I will 
present the results of an ongoing search for trends in 
runoff production (mm/hr) with geologic epoch. 

 
Fig. 2. Meander wavelengths. Discharge inferred using 
Q = 0.011 (λ / 1.267)1.54 (ref. 2; but see also 6), where Q 
is discharge in m3/s and λ is wavelength (m). Paleodis-
charge inferred using channel width shows similar trends 
within scatter. 
 
Do the flat tops of sinuous ridges measured from or-
bit correspond to channel-belt widths, or channel 
widths? Sinuous ridges near Green River in SE Utah 
preserve channel deposits and point-bar deposits (Fig. 3). 
At this site, channel deposits preserved within sinuous 
ridges can be less than the width of the flat top of the 
ridge, and in some interpretations the width of the flat 
top of the ridge corresponds to channel-belt width, not a 
channel width [7]. These Earth-analog data are a warning 
against over-interpreting HiRISE DTMs, because the 
decisive grain-size and bedset-thickness measurements 
are very difficult from orbit. For many Mars river depos-
its, the simplest interpretation of sinuous-ridge width is 
nevertheless that ridge-top width corresponds to inverted 
channel width. This is because (1) sandblasting-away of 
floodplain deposits allows diagnostic bedforms, e.g. lat-
eral-accretion deposits, to be recognized from orbit; (2) 
agreement between meander-wavelengths and pale-
ochannel widths allows cross-checking (but see ref. 6); 
(3) rivers can transition from negative-relief valley floors 
to positive-relief channel floors, which decreases the 
likelihood that either is an artifact. 
 

What causes the large size of Mars channels?: Chan-
nels are frequently too big (relative to their drainage ar-
ea) to be easily reconciled with a seasonal-snowmelt 
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climate. Here are several possible reasons for big chan-
nels:  

 

• Limited image resolution veils smaller channels (Un-
likely to be a severe bias for HiRISE). 

• Postfluvial modification has enlarged paleochannels. 
(Cannot explain wide inverted channels, nor large me-
ander wavelengths). 

• Reentry heating from distal impact ejecta turned the 
sky into a griddle, which flash-melted snow and ice 
[8]. (Cannot transport enough sediment to form alluvi-
al fans). 

• Discharges reflect dam-overtopping, not climate-
driven runoff. (Unlikely for most sites). 

• We see strath terraces or channel amalgamations, not 
paleochannels [9]. (Plausible for some sites). 

• Karst-like modification of paleochannels [10]. (Cannot 
explain large meander wavelengths). 

• Steeper “channels” are debris-flow chutes. (Plausible). 
 
Published work on Earth permafrost-river hydraulic  
geometry does not support a large permafrost correction 
[11-13]. We are actively investigating two alternative 
possibilities: (1) Rivers on Earth adjust their depths to 
just mobilize sediment (see e.g. ref. 14 vs. ref. 15). 
Therefore, if grainsize on Mars was small  [16], then 
modest river depths could transport sediment, so dis-
charge could be small for a given width. (2) Rainfall on 
Early Mars. 
 

 
Fig. 3. 3D view of drone-derived Digital Terrain Model 
(DTM) of SE Utah inverted channel (Oct 2017). Flat top 
is ~20 m wide. No vertical exaggeration. 
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