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Introduction:  Catastrophic outflows are one agent
responsible for the redistribution of martian surface
material.  The late Hesperian, Maja Valles outflow
stretches 1200 km from Juvenate Chasma into western
Chryse Planitia [1].  The initial outflow ponded on
Lunae Planum before spilling across Xanthe Terra
highlands to debouche into the Chryse basin.  The
material moved by the outflow is dependent upon the
sediment transport rate and the flow rate.  This paper
examines the probable grain-size moved in channels
across Xanthe Terra.

Method:  Equilibrium Sediment Transport Theory
[2-4] postulates that an equilibrium stream achieves the
minimum ratio of stream power to sediment load, i.e.,
that the greatest possible proportion of stream energy is
employed in the transport of available sediment load and
that the maximum sediment transport rate is achieved
for the flow rate.  In achieving this equilibrium, the
stream adjusts its channel geometry until the channel
hydraulics achieve the ideal balance between stream
power and bed mobility to maximize the transport of the
available sediment.  One of the most critical factors in
this balance is the grain-size of the bed material.
Although this theory was developed for channel design
in engineered systems [4], it can be applied to the
analysis of natural channels created by high paleoflows
assuming that the channel hydraulics can be sufficiently
constrained.  The acquisition of the MOLA data has
provided the needed data to constrain the channel
hydraulics for the Maumee and Vedra channels.

Using equations for sediment transport [5, 6], White
et al. [4] showed that sediment concentration, X, could
be expressed as 

         D Ggr D      V     n

X =  -----------  (----) (1)
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 where D is the grain-size, the transport parameter Ggr =
C (Fgr/A - 1) m  with C and m being coefficients that
depend on grain-size, particle density, and fluid material
parameters and Fgr being a sediment mobility parameter
with a threshold of A, D is normalized sediment density
(i.e., density of sediment relative to density of water),
Zavg is the average depth of the stream, V and V* are the

average flow velocity and shear velocity, respectively,
and n is a parameter depending on the grain-size and
density and fluid material parameters (i.e., density and
dynamic viscosity).  This relation allows for the varia-
tion of a single unknown parameter until a maximum
value for X is achieved.  Of course, this requires that the
remaining parameters are already known for the system.

For the Maumee and Vedra channels on Mars, the
channel hydraulics have been constrained by application
of another consequence of Equilibrium Sediment
Transport Theory - the constraint on possible equilib-
rium channel geometries [7].  That analysis allows for
the determination of the water surface during excavation
of the channels using MOLA data [8].  By integrating
the resulting channel hydraulics into the sediment
analysis, only the grain-size is left as a variable for the
analysis of sediment concentration.  By solving equation
(1) with a series of different grain-sizes and the hydrau-
lic parameters of the two most equilibrated channel
cross-sections for each of the channels, maximum
sediment concentrations were found.  According to the
theory, the grain-size for this sediment concentration
maximum is the equilibrium channel grain-size for these
channels; it has been suggested [4, 6] that the values
may be slightly large (ideal for a channel design equa-
tion), but these values nevertheless represent a first
approximation.  

Results:  The discharge determined for the Maumee
channel is approximately 1.93 x 106 m3/s and for the
Vedra channel is approximately 1.33 x 106  m3/s.  The
grain-size determined for the Maumee channel range
from � 7.4 to � 8.1N (17 to 27 cm).  The grain-size for
the Vedra channel range from � 5.3 to  � 7.9 N (3.8 to
23 cm) [9].  

Terrestrial analogs of the sedimentary load carried
by catastrophic outflows include similar rapid outbursts
in the form of jokulhaups in Iceland, massive discharge
associated with Pleistocene ice dammed Lake Missoula
[10, 11] and Lake Agazzi [12], and spillover through
Red Rock Pass from the highest level of Lake Bonneville
[13].
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Figure 1.  Grain-size determination for Maumee
Vallis along orbit transect AP10900.
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