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Introduction: River deposits record constraints that 
are sorely needed for Early Mars climate models. Alt-
hough there is agreement that atmospheric precipita-
tion (rain or snow/ice melt) was the water source for 
many of the rivers and streams of Early Mars [1-3], 
environmental scenarios for precipitation-fed runoff on 
Early Mars vary widely [4-9]. Lack of convergence in 
our understanding of what allowed rain or snowmelt 
on Early Mars is not the result of any lack of model 
sophistication; rather, what is currently in short supply 
are paleo-environmental proxies (ideally, time series) 
to constrain the models.  Stratigraphic records of orbit-
er-resolved river deposits hold particular promise be-
cause rain or snowmelt must exceed infiltration plus 
evaporation to allow sediment transport by rivers. Riv-
er deposits record climate events on Earth through 
changes in fluvial sediment volumes, channel dimen-
sions, and channel-deposit architecture [10-12]. There-
fore, river deposits could constrain the number, magni-
tudes, and durations of the wettest (and presumably 
most habitable) climates in Mars history. We are re-
covering an analogous fluvial record on Mars by 
measuring paleohydraulic proxies versus stratigraphic 
elevation in the >105 km2 Aeolis Dorsa basin (10° E of 
Gale crater), noted for exceptional preservation of river 

and stream deposits [13-16]. The river deposits are 
eroding out of mappable rock units (Figure 1), and thus 
provide time-resolved climate constraints (river valleys 
provide time-integrated constraints). The range of riv-
er-deposit styles, the high frequency of interbedded 
impact craters, and evidence for major erosional epi-
sodes interspersed with deposition all suggest that 
Aeolis Dorsa’s time series of constraints on climate is 
unusually long and complete [16, 17]. 

Approach: Paleodischarge is constrained by chan-
nel width and meander wavelength [13]; minimum 
runoff duration is found by dividing river-deposit vol-
ume by sediment flux (e.g. [18]); intermittency during 
a wet event is constrained by dividing the duration of 
runoff by the duration of sediment accumulation [16]; 
and the number of wet events is greater than or equal 
to the number of regionally correlatable fluvial pack-
ages. Our goal is to condense 3D paleohydraulic in-
formation in Aeolis Dorsa onto a single dimension - 
that of stratigraphy. However, basinwide postdeposi-
tional deformation [14] and large-scale unconformities 
complicate the use of elevation as a proxy for relative 
time across the basin. Therefore, we (1) identify large-
scale unconformities, and thus place rocks in relative 
time order (Fig. 1); (2) krige between mapped contacts 
to define structure contours; (3) document all paleohy-
draulic proxies [19], tagging each measurement with 
its stratigraphic distance from adjacent contacts; and 
(4) isolate statistically distinct paleohydraulic facies. 

Retrieval of climate change proxy data: example 
of HiRISE-scale results. River dimensions change 
coherently with stratigraphic position, suggesting wet-
dry cycles at both long and short timescales superim-
posed on an overall drying-upwards trend.  

As an example of paleohydraulic evidence con-
sistent with a climate transition, a survey of 376 chan-
nel banks spanning 2 HiRISE DTMs and 250m of stra-
tigraphy straddling the F1/F2 contact (Fig. 1) shows 
that channel width decreases from a mean of 31 m for 
stratigraphic levels below the interpolated F1/F2 con-
tact to a mean of 21m more than 20m above the con-
tact, a significant decline (Fig. 2). Changes in meander 
wavelength (measured using the method of [20]) are 
broadly correlative. Where channel width and meander 
wavelength can be measured at the same point (n = 
44), width/wavelength ratios are usually consistent 

Fig. 1. Basin-scale stratigraphic framework showing context 
for river and alluvial-fan deposits. This study focuses on up-
per F1 through lower F3.  
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with preservation of the original channel width as a 
channel deposit.  

Assuming constant drainage density and drainage 
area, these paleohydraulic changes correspond to a 
twofold reduction in peak runoff production during the 
≳(1-20) Myr  duration of deposition (obtained from 
the frequency of craters interbedded with the river de-
posits; [16]). Based on theory, slow deposition rate, 
and the observation of small-scale cut-and-fill cycles, 
this is unlikely to have been a steady decline (models 
suggest that peak runoff corresponded to orbital optima 
and/or volcanic/impact transients). Because these rocks 
are part of a wind-eroded sedimentary basin in which 
original watersheds are not well constrained, we can-
not rule out an alternative hypothesis in which catch-
ment area changed with time. Atmospheric pressure 
during the time of the rivers probably did not stably 
exceed 0.9±0.1 bar [19]; these relatively low pressures 
are consistent with transient melting of ice or snow 
[19]. 

Using an additional HiRISE DTM, we have found 
that the narrowing-upwards and tightening-upwards of 
river channels shown in Fig. 2 is also found in 
lithostratigraphically-correlative rocks 80km further 
East within Aeolis Dorsa (number of measurements: nλ 
= 69, nw = 126). At the conference we will present ex-
tensions of our paleohydraulic measurements to higher 
(and lower) levels in the stratigraphic framework; these 
levels appear to record additional swings in climate 
(Fig. 1). 
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Fig. 2. Evidence for a drying-upwards sequence rec-
orded by tightening-upwards (top panel) and narrow-
ing (lower panel) of sinuous river channels in Aeolis 
Dorsa. nλ = 102, nw = 188. Best-fitting breakpoints in 
the nominal data are shown by horizontal lines. Verti-
cal lines are mean values. Horizontal error bars corre-
spond to standard deviation in independent re-tracings 
of meanders (top panel) and to width of individual 
channels (bottom panel). Typical stratigraphic error is 
shown by error bar in upper right of top panel. 
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