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Introduction:  For many years, the nature of em-
placement of large ‘flat-topped’ sheet flows on Mars
has puzzled planetary scientists. Large terrestrial ba-
saltic a’a flows may extend for tens of km and tend to
exhibit significant viscosity increases (up to several
orders of magnitude) along the path of the flow due to
incipient cooling and crystallization.  The change in
viscosity usually causes a thickening of the flow with
distance and this relationship often serves as a basis
for developing inferences about Mars flow emplace-
ment and comparisons with terrestrial analogs.

There are many flows on Mars, particularly on the
plains, that extend for hundreds of km with modest or
non-existent thickening with distance in contrast to
highly characterized terrestrial flows like those at
Mauna Loa, Hawaii, or Mt Etna, Italy.  One possible
explanation for the flat-topped sheet flows on Mars is
a style of emplacement we do not see on the Earth.
Specifically, a balance exists between the formation of
the cooler crust and the transfer of the cooler compo-
nent to embanking levees, stationary margins, and
overspills [1, 2].

Another possibility that deserves consideration is
a loss of volatiles that masks an increase in viscosity.
The importance of volatile losses in determining the
final dimensions of a lava flow has been recognized
for many years [3, 4, 5]. In recent years, there have
been field studies documenting how the loss of vola-
tiles affects the density of the lava between the source
of the flow and its terminus [e.g., 6, 7]. The data avail-
able suggests that density may change by a factor of  2
or greater. 

Recently, we proposed an elementary quantitative
model to investigate how longitudinal thickness pro-
files would be altered for different types of volumetric
flow rates, (i.e., Newtonian and basal glide) and differ-
ent types of viscosity changes with distance [8].  The
intent of the model was simply to assess the impor-
tance of degassing on the dimensions, morphology,
and advance rate of lava flows. We noted that actual
degassing rates are unknown and used two different ad
hoc forms for the loss rate from the surface of the flow
during emplacement. 

Because this process could be an important factor
in explaining the dimensions of the sheet flows ubiq-
uitous on the Mars plains, we have begun to develop a
more rigorous formalism for the influence of volatile
losses on the thickness and density profiles.

Governing Equations: We consider a vertical
columnar control volume in the advancing lava flow to

consist of lava and a volatile component that migrates
to the surface and escapes.  We assume that the lava
component of the flow is conserved during transit.
That is, there are no losses to stationary margins or
levees and there is no significant assimilation of pre-
existing solids along the path of the flow. Here we also
take the width of the flow and the underlying slope to
be constant. Thus the generic local governing equation
for the lava is  
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where h = h(x,t), Cl = Cl (x,t), u = u(h,x,t), x, and t are
the thickness of the flow, the volume concentration of
lava, the flow velocity, distance from the vent, and
time, respectively. One can also show that as gas is
lost from the upper surface,  the conservation law takes
the form
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where α is the exit velocity of the gas from the upper
surface and Cg = Cg(r,t) is the volume concentration of
gas within the flow. Here we take α as a constant, al-
though it could depend on a host of factors such as the
surface area available for exsolution, the temperature
of the lava, and the degree of internal stream line dis-
ruption.  At all points along the flow path, we also
have
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and therefore
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     Eqs (1) and (2) cannot be solved explicitly without
a prescription for the flow rate or an independent mo-
mentum equation. We have explored the consequences
of the formulation above using the Newtonian flow
rate per unit width
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where ν = ν(x), g, and θ are the kinematic viscosity,
gravity, and slope.
     Eqs (1) - (5) can be used to rigorously obtain the
explicit form of the gas loss rate function in the steady
state. By (1) and (5)
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Using this with (3) and (4), we find
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where the right hand side is the gas rate loss function
for any arbitrary spatially dependent viscosity change.
Eq (7) can be integrated analytically to give
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with the length scale defined by the natural choice
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that shows the competition between the flow rate and
the loss of volatiles.
     Example: We have used the formulation above and
parameters similar to those of the 1984 Mauna Loa 1A
flow to illustrate the influence of various degassing
scenarios on the flow thickness profile (Figure 1).
Several concepts emerge with most reasonable combi-
nations of parameter sets.  First, the predominant den-
sity change occurs in the proximal regime, i.e., gas is
lost at the highest rate near the vent where the flow is
most fluid and thinnest. This is evident from (7).  The
yellow curve features a two order of magnitude in-
crease in viscosity that, given natural irregularities in
the field, would be hard to distinguish from the con-
stant viscosity case.  Finally, in comparing these
curves, we note that we pick up the viscosity increase

trend only after the degassing has occurred and then its
magnitude tends to be underestimated. Because there
is such a sensitivity to flow thickness, similar compu-
tations of the total emplacement time vary by as much
as a factor of five for parameters similar to the Mauna
Loa 1A flow.

   
Conclusions:  The general conclusions of [8] re-

main intact in spite of the ad hoc nature of the as-
sumptions about the rate of degassing. Specifically,
when there is a large density change along the flow
path, it will have a significant influence on the thick-
ness profile of the flow. This influence in turn can
mask significant changes in viscosity and cause a
marked change in the advance rate of the flow. We
conjecture that degassing during emplacement may be
an important process for explaining why long sheet
flows on the Mars plains show such modest increases
in thickness with distance from the source. 

Our new rigorous formulation produces an explicit
form for the rate of degassing in the steady state.  This
sets the stage for deriving the exsolution velocity in
simple cases by considerations of bubble ascent and
extending the model to include bubble production
during emplacement. Such simple theoretical ap-
proaches cannot account for the internal disruption of
stream lines in flows over natural topography or the
irregular sealing of the upper surface by the formation
of crust. However, field studies can be used to place
limits on these processes and serve as a new basis for
developing more realistic constraints on Mars flows.
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