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Introduction: Mid-latitude valleys (MLVs) form
long (∼ 10s of km) sparsely branched networks and
are heterogeneously distributed within the southern mid-
latitudes of Mars. Crater density measurements of val-
leys 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 out-
flow channels may also have been active during the pe-
riod of MLV formation [3] suggesting that regional or
global climate conditions may have facilitated a period
of wide-spread fluvial activity. By simulating fluvial ero-
sion using a variety of channel depths and grain sizes,

Figure 1 : a) Shaded topography map of northwest Newton
basin with red lines indicating locations of valleys with inci-
sion depths indicated by the colored dots. The thin black
line gives the location of the topographic profile given in (b)
using MOLA PEDR data. The box gives the location of a
portion of a CTX image where valleys terminate in alluvial
deposits (white outline) as channels encounter the break in
slope between the wall and floor of the basin.

we constrain the timescale and water volumes involved
in MLV formation. This method, previously applied to
gully formation [4], can potentially provide constraints
on the plausible water sources responsible for incising
MLVs.

Observations: Based on the number (∼10) and
length (up to 75 km) of MLVs in Newton basin, their
braided or distributary channel morphology, and their
valley width to meander wavelength ratios, a significant
volume of liquid water must have been released near the
basin rim during the late Hesperian to Early Amazonian
(2 - 3 Gyr ago), and flowed into the interior - perhaps
forming a lake [1]. 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]. These valleys ter-
minate 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 basin floor and extend toward the basin
center (Figure 1a,b,c). The alluvial fans deposited at this
break in slope are 3 km long and exhibit an opening angle
of 60◦ (Figure 1c).

Method: An estimate for the minimum timescale
required for a channel to incise a valley and deposit an
alluvial apron can be given by

T =
Vs(1− λ)

∆Qs
(1)

where Vs is the total volume deposited in the apron, λ
is the pore space volume fraction which usually takes a
value between 0.2 and 0.4, and ∆Qs is a change in the
sediment flux over a particular reach of channel that re-
sults in deposition. The sediment flux itself is Qs = qsw
where qs is the sediment discharge per meter of channel
width, and w is the channel width. A number of inves-
tigations involving flume experiments (e.g. [5; 6]), field
observations (e.g. [7]), or both (e.g. [8]) have developed
quantitative predictors for the water (qw) and sediment
discharge rate. These studies quantify the relationship
between qs or qw and median sediment grain size (D50),
channel depth (h), and slope (S). Examples of these pre-
dictors (refs. 5-8) are shown in Figure 2a which plots qw
and qs against slope for h = 1 m and D50 = 1 cm.
Empirical relationships in terrestrial channels between
the water discharge rate and either channel width or me-
ander wavelength have been applied to ancient martian
channels by scaling for martian gravity [9]. Howard and
Moore, 2011 applied these methods to MLVs - giving the
range in water discharge rates indicated by the error bar
in Figure 2a.

Application to MLVs: In order constrain the forma-
tion time scale for MLVs using the discharge estimates

1728.pdf43rd Lunar and Planetary Science Conference (2012)



2

Figure 2 : a) Predicted water (qw) and sediment (qs) dis-
charge rates based on terrestrial empirical studies that have
been scaled to martian gravity. b) Deposition rate (contour
lines) for a channel encountering a break in slope from 5◦ to
1◦ plotted versus channel depth (h) and median grain size
(D50) [6]. Thick solid and dashed lines indicate the stress
conditions for incipient bed-load and suspended transport,
respectively for a 5◦ slope.

shown in Figure 2a and equation (1), we first need to
know the sediment volume and the channel widths. Our
estimate for Vs came from a numerical model which
determined the shape of the alluvial deposit formed as
deposition occurs at the break in channel slope and is
spread out over a fan surface. Because the qs curves in
Figure 2a have a similar dependence on slope, they pro-
duce nearly identical fan profile shapes. We found that
4 × 107 m3 of material is required to form a 3 km long
alluvial deposit with a 60◦ opening angle. Future topo-
graphic analysis of DEMs generated from stereo imaging
will help refine this estimate.

We assume a channel width of 30 m on a 5◦ slope [1].
However, because our calculations assume that water is
conserved as it flows over the break in slope and is not
lost to infiltration, freezing or evaporation, the width of
the channel on the 1◦ slope must increase to accomodate
the incoming water from the 5◦ slope. The water dis-
charge rate in a steeply (> 5◦) sloping flume is given by

Smart, 1984 as qw = 4.5
√
hgsin(S) where g is grav-

ity (see Figure 2a). Smart’s expression for qw gives an
increase in channel width from 30 m to 67 m as slope
changes from 5 to 1◦, respectively. Having estimates for
the channel width, we can then calculate the rate of depo-
sition using the expression ∆Q = qs5w5 − qs1w1 where
the numerical subscripts indicate the slope to which the
variable applies.

Results & Implications: In calculating the
MLV formation timescale, uncertainties in h andD50 in-
troduce the most error. The deposition rates predicted
from Meyer-Peter and Mueller, 1948 are contoured over
a wide range of values for h and D50 in Figure 2b result-
ing in ∆Q values which span four orders of magnitude.
The conditions for incipient bed-load transport according
to the Sheild’s parameter is indicated by the line labeled
‘τc’ whereas grains in the parameter space above the line
labeled ’τsus’ are transported via suspension [10].

Using the results shown in Figure 2b, the timescale
for fan deposition can be easily attained using equa-
tion (1). Before accounting for the pore space of sedi-
ment within the fan, T in years is roughly the recipro-
cal of the deposition rate contours in Figure 2b because
4 × 107 (the fan volume in m3) is close to the number
of seconds in a year. Dividing this answer by 0.7 to ac-
count for the pore volume gives an estimate for T rang-
ing from 70 to 0.007 yrs for the contours in Figure 2b
read from bottom to top. Conditions akin to terrestrial
streams would give a formation timescale of roughly 0.7
to 7 yrs. This timescale assumes constant flow condi-
tions, and therefore only represents the cumulative time
in which a water-filled channel occupied the valley floor
and not the total time over which the valleys and fans
formed.

From this work we can also determine the volume of
water (Vw) involved in MLV formation. Vw = 0.7 km3

over much of the parameter in Figure 2b away from the
τc line. This volume increases rapidly to> 1.5 km3 close
to τc. By constraining both the timescale and water vol-
ume involved in valley formation, limits can be placed
on the potential sources of water which formed MLVs.
Our future efforts will focus on determining these limits
for various potential water sources.
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