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Introduction:  Hesperian to Amazonian aged 
Valleys (HAVs) form long (~10s of km) sparsely 
branched networks and are heterogeneously distributed 
within the equatorial to southern mid-latitudes of Mars. 
Crater density measurements of valleys in Newton and 
Gorgorum Basins (40°S, -159°E and 36.5°S, -171°E, 
respectively) suggest valley formation occurred in the 
Late Hesperian to Early Amazonian [1] and could be 
contemporaneous with the last stages of fluvial activity 
in Margaritifer Terra (e.g. Eberswalde Delta) [2]. 
Furthermore, some or all of the Tharsis outflow 
channels may also have been active during the period 
of HAV formation [3] suggesting that humid regional 
or global climate conditions may have permitted water 
to be redistributed as snow which melted to produce 
wide-spread fluvial activity.

Observations:  A topographic hillshade map (con-
tour interval of 200~m) of the geologic units in north-
western Newton crater is shown in Figure 1a with the 
dark grey and pink regions representing Noachian and 
Hesperian units,  respectively [4]. The red lines give the 
locations of large valleys and the colored dots indicate 
the valley incision depth measured from adjacent 
points in MOLA tracks. The topographic profile shown 
in Figure 1b (associated with the black line in Figure 
1a) gives a slope of 5° for the crater wall which 
abruptly shallows to 1° on the basin floor. 

Fluvial channels incise roughly 10 m deep into a 
background slope of 5° along the crater wall forming 
valleys 30 to 55 m wide [1] (Figure 1a). Despite being 
somewhat degraded by impact processes, observations 
from CTX images indicate that small-scale channels 
initiate at many locations within the drainage basin and 
collect to form networks which cut valleys when the 
slope is large enough for fluvial activity to do signifi-
cant work (Figure 1c). This dendritic morphology is 
rare on Mars and suggests a distributed water source 
such as a melting snowpack or rainfall.

These valleys terminate in alluvial deposits at the 
basin floor after which a second set of valleys incise a 
few meters deep into the 1-2° slopes at the crater floor 
and extend toward the basin center (Figure 1a,  c). One 
of the largest alluvial fan complexes in Newton basin 
(highlighted by the white line in Figure 1c) has an es-
timate a total volume of 7x107 m3. Drainage areas 
measured above 6 alluvial fans using HRSC data in the 

northwest portion of Newton crater range from 50 to 
390 km3.

Quantitative Analysis:  In order to place 
quantitative constraints on alluvial fan formation in 
Newton crater, we applied terrestrial sediment 
transport theory to the conditions found on Mars.  Our 
approach to this problem is to incorporate several dif-
ferent sediment prediction functions (only one of 
which is highlighted here - Ribberink [1998]) and use 
a large range of values for the channel depth and grain 
size in order to calculate the plausible range of dis-
charge rates while highlighting results associated with 
a the most likely conditions. We assume that most 
HAV channels involved flow depths of between 0.20 
and 1.3 m (shaded region in Figure 2) based on the 
observed valley widths and a width to depth ratio of 58 
[5]. Grain size constraints are more difficult to deter-
mine, but we selected a range between 1 mm and 10 

Figure 1:  a) Shaded contour map with geologic units 
giving the locations of large valleys (red lines) with 
incision depths given by the colored dots.  The 
locations of the topographich transect in b) and CTX 
image (c) are given by the line and box in a).
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cm based on the size range used to calibrate the predic-
tion functions we utilize [6].

Sediment Transport.  The calculated rate of sedi-
ment transport is specific to the prediction function 
used. The Ribberink [1998] predictor was carefully 
calibrated on a large amount of data in currents, waves, 
combined flow, mostly sand but also gravel, and in 
conditions near the beginning of motion and far into 
the sheet flow range. Compared to three other transport 
functions we analyzed, Ribberink [1998] tends to give 
the largest discharge rates, and therefore provides a 
lower limit on the alluvial fan formation timescale.

The predicted sediment deposition rate for a chan-
nel 40 m wide is shown in Figure 2a. The combination 
of h and D50 required to initiate sediment transport via 
bed load is given by the line labeled τcr, and the pa-
rameter space in which suspended transport dominates 
(and these calculations cease to apply) lies above the 
dotted line. 

Results: Using the results shown in Figure 2a,  the 
minimum timescale for fan deposition can be easily 
attained by dividing the porosity-corrected fan volume 
by the deposition rate. Figure 2b gives the minimum 
timescale (assuming constant flow conditions) for fan 
formation assuming a fan porosity of 30% and the 
aforementioned fan volume. This timescale only repre-
sents the cumulative time in which a water-filled chan-
nel occupied the valley floor and not the total time 
over which the valleys and fans formed. Despite using 
different sediment discharge prediction functions, the 
results shown in Figure 2b are similar to the timescales 
calculated using other predictors - giving a range from  
0.1 to 10 yrs over the likely range of h and D50.

Water Volumes.  The water discharge rate (Qw) was 
calculated using the Darcy-Weisbach equation in com-
bination with the White-Colebrook roughness predictor 
[7]. Using these equations, one finds that the water and 
sediment discharge rates share a similar dependence on 
h and D50. As a result,  the total water volume involved 
in incising valleys and depositing alluvial fans is only 
weakly dependent on h and D50 - as shown in Figure 

2c. This result comes from multiplying the formation 
timescale (T ~ Qs-1) by Qw. However, some discrepan-
cies between the different sediment transport predictors 
gives a range in total water volume of 1.8 to 5.7 km3.

Assuming each of the (~10) large valleys in New-
ton crater required 2 km3 of water to form, the floor of 
Newton crater would be filled to the dotted line shown 
in Figure 1a if all this water flowed from the rim to the 
center of the crater. This level roughly matches the 
blue region in Figure 1a, which is a mesa that has been 
interpreted as an inverted lacustrine deposit [1].

Runoff Rates.  The runoff rate resulting from a wa-
ter source distributed equally over a drainage catch-
ment (in the form of liquid precipitation or from a 
melting snowpack) can be calculated by P = Qw A-1 
where P and A are the runoff rate and the drainage 
area, respectively. The value of P is, therefore, inde-
pendent of the sediment transport calculations because 
it is determined using the water discharge rate. Assum-
ing the channel depth given by the left y-axis in Figure 
2d, h / D50 = 50, and that no water is lost to evapora-
tion or percolation as it flows over hill slopes and 
through channels, the estimated runoff rates in cm/day 
are given by the contours in Figure 2d for the range of 
drainage areas measured in northwestern Newton cra-
ter (x-axis).  These runoff estimates span roughly two 
orders of magnitude (from 0.4 to 40~cm/day) over the 
likely range of channel depths and grain sizes.

Spreading out the total volume of water (assumed 
to be 2 km3) over the drainage area given by the x-axis 
in Figure 2d gives the equivalent water thickness 
shown by the dotted line and right y-axis.
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Figure 2: Deposition rate, formation timescale, and total water volume for an alluvial fan forming at the base of a 5° 
slope are shown in a), b), and c), respectively as a function of channel depth (h) and median grain size (D50).  d) 
Runoff rate (solid contours) given as a function of channel depth and drainage area assuming a total water volume of 
2 km3. The equivalent water thickness (for the total water volume) is given by the dashed line and right y-axis.
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