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Introduction:  Channels of various morphologies 

have been widely observed on the surface of Mars, with 
interpreted origins including water (e.g., 1-3) and lava 
(e.g., 4-7).  Lava channels on Mars commonly have more 
irregular sinuosity than channels formed by water, and 
lava flows or plains are commonly observed in 
association with lava channels as overbank deposits, 
levees, and terminal deposits.  Understanding the 
formation of lava channels requires understanding the 
mode of fluid flow (i.e., laminar vs. turbulent, e.g. 8) as 
well as the erosion regime (i.e., mechanical, [9] vs. 
thermal, [10-12]).  Detailed analysis of channel 
morphology can contribute to estimates of the velocity of 
the lava that once flowed through the channel.  These 
estimates can be used to determine the flow regime that 
was responsible for forming the channel and to determine 
the rates of erosion in both a mechanical and a thermal 
erosion environment.  When compared with predicted 
times of flow duration, these estimates can be used to 
identify which erosion regime was responsible for the 
formation of the channel.  Here, we describe one such 
lava channel observed in an impact crater within Elysium 
Planitia (Figure 1), and infer the conditions responsible 
for its formation. 

Local Geologic Description:  The impact crater 
shown in Figure 1 is centered at 160.6oE, 0.9oN and lies 
within the young Elysium Planitia lava plains (about 10-
100 Myr old, [13]).  These plains cover ejecta associated 
with the crater, flowing up the crater rim on all sides.  
Textures within the lava plains, such as bends in flow 
fronts visible southwest of the crater (a in Figure 1) and 
flow shadows north of topography located northwest of 
the crater (b in Figure 1), suggest that lava flowed from 
the south in this region. 

The crater is a well-preserved complex crater with 
wall terraces and a prominent central peak visible in 
Figure 1.  The crater rim is completely intact except in 
one location on the eastern rim (c in Figure 1), where 
lava from the surrounding plains has breached the rim 
crest and flowed down the wall of the crater (Figure 2).  
This lava cut a channel into the wall of the crater and 
flooded the crater interior, leaving hummocky flows in 
the crater interior with textures that are still visible on 
the crater floor.  The channel morphology is influenced 
by terracing in the crater wall, as material ponded 
behind a terrace scarp and was diverted around and 
between terrace topography.  The channel then extends 
directly down-grade, and its lava fills the crater floor. 

The lava flows cover the entire crater floor, though 
the initial, smoother flows have since been covered by a 
thin, bright coating while the more proximal, rougher 
flows emplaced in the final stages of the channelized 

 
Figure 1a: Impact crater within the lava plains of Elysium Planitia, 
Mars, centered at 160.6oE, 0.9oN.  The crater has a diameter of 15 km 
and a depth of 1.1 km, and it has been completely embayed by the 
surrounding lava plains as evident in textures at points a and b.  Lava 
breached the crater rim at location c and deposited lava in the crater 
interior.  CTX image P20_008713_1791_XN_00S199W, 8 m/pix.  

 

Figure 1b: Schematic of the channel within the Elysium Planitia impact 
crater.  Observations indicate that the lava in the plains has a depth of 
dpl ~ 0.5 km and the lava within the crater has a depth of dlava ~ 0.14 km 
deep, indicating a lava volume of 7.6 km3.  The crater has a radius of R 
= 7.5 km, a depth of dc = 0.98 km, and wall slope of θ = 10o. 

 
Figure 2: The channel that cuts the wall of the crater within Elysium 
Planitia shown in Figure 1a.  The channel has a length of 5.8 km, an 
average width of ~ 200m, and a depth of ~ 60 m.  Hummocky lava 
deposits from the channel are observed at the base of the crater wall. 
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Figure 3: Resulting flow velocities for a lava channel, assuming two 
possible flow geometries within the channel, one with 100 m width and 
6 m depth and one with 50 m width and 3 m depth, for various lava 
viscosities.  For the smaller lava flow, flow switches from turbulent to a 
transitional flow at a viscosity of 150 Pa-s and from a transitional flow 
to a laminar flow at 375 Pa-s.  For the larger flow, flow switches from 
turbulent to a transitional flow at a viscosity of 450 Pa-s and from a 
transitional flow to a laminar flow at 1050 Pa-s.  Lava density is 
assumed to be 3250 kg/m3, similar to Gusev basalts [15]. 

flow event still display distinct flow textures.  These 
textures, especially at the distal flow fronts, confirm that 
the floor lava deposits originated from the channel even 
though lava is no longer visible within the channel.  As 
the flows thin near the distal flow fronts, they are 
increasingly concealed beneath the bright coating.  
Assuming from crater depth-diameter relationships that 
the actual depth of a 15 km-diameter crater should be 
1.11 km [14] rather than the observed depth of 0.98 km, 
the channel emplaced a lava deposit with an average 
depth of ~140 m, and an approximate volume of 7.6 
km3 on the crater floor.   

Lava Channel Flow: We must determine the flow 
regime of the channelized lava to determine whether the 
channel formed due to mechanical or thermal erosion.  
The flow regime, indicated by the Reynolds number Re 
= ρvD/μ, is dependent on lava density ρ, depth H, 
viscosity μ, and flow velocity v.  The first three 
parameters can be assumed based on both field and 
remote measurements, but the velocity must be 
calculated based on the geometry of the channel and 
crater floor deposits as well as on the composition of the 
lava flowing through the channel. 

Observations of the images in Figure 1 and 2 
indicate that the channel has a length of 5.8 km and 
flows down the crater at a slope of 10o.  The observed 
channel has a depth of ~60 m and an average width of 
200 m, though because it is likely that lava filled only 
part of this channel at any one time during channel 
formation, we assume smaller depths and widths for our 
analysis.  The lava is assumed to have a density of 3250 
kg/m3 and a viscosity of 2-50 Pa-s, similar to the 
composition of Gusev basalts identified by Spirit [15].  
Although these inferred viscosities are small compared 
with those of most terrestrial lavas, unusually fluid lava 

is consistent with the scale of the Elysium Planitia lava 
plains and the erosion of a deep canyon on the crater 
interior. 

These parameters can be used in the model of [16] to 
determine flow velocity v and Re.  Velocity is given by: 
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 [where Re < 500]            Eq. 2 
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, Eq. 3 

where g = 3.7 m/s2, H is the depth of the lava within the 
channel, θ is the slope in radians, Cf is a friction 
coefficient, and Re is the Reynolds number, with Re < 
500 defined as laminar flow and Re > 2000 as turbulent 
flow.  The equations are solved iteratively to find self-
consistent solutions for Re, Cf, and v.  We confirmed 
that this model matches previous estimates of flow 
velocities in various channels (e.g., 17-19). 

Results shown in Figure 3 indicate that turbulent 
flow dominates in the large channel at viscosities 
smaller than 450 Pa-s and in the small channel at 
viscosities smaller than 150 Pa-s.  The model has two 
possible solutions in a transitional regime between 450 
and 1050 Pa-s for the large channel and between 150 
and 375 Pa-s for the small channel, where flow may be 
laminar or turbulent.  A fully laminar flow develops at 
higher viscosities.  Viscosity would be expected to 
increase as the lava crystallizes. 

Conclusions: Our initial results suggest that 
turbulent flow is predicted for the viscosity range we 
expect in this channel, as velocities of 20-40 m/s in the 
channel at a viscosity of ~50 Pa-s correspond to Re of 
6200-15,700, depending on lava depth in a small and 
large channel, respectively.  We plan to explore whether 
mechanical or thermal erosion is responsible for the 
formation of the crater channel by calculating erosion 
velocities and times required for channel formation in 
each regime and comparing results to predicted eruption 
durations.  We can also apply similar techniques to 
other channels of debated origin to constrain the 
viscosity and velocity of the flowing fluid. 
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