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Introduction: We report on the rheologic proper-
ties of young lava flows on the large volcanoes Arsia
Mons, Pavonis Mons, and Ascraeus Mons, which are
located on the extensive Tharsis bulge [1,2]. We ex-
pand on our previous study of the rheologic proper-
ties of lava flows on Ascraeus Mons [3] in order to
investigate possible similarities and differences
among the late-stage lava flows of the Tharsis Mon-
tes. From previous studies it is known that in princi-
ple, the dimensions of flows reflect rheologic proper-
ties such as yield strength, effusion rates and viscos-
ity [3-13].

Data: For our investigation we made use of high-
resolution images obtained by the High Resolution
Stereo Camera (HRSC) on board ESA’s Mars Ex-
press spacecraft in combination with with Mars Or-
biter Laser Altimeter (MOLA) data. In these data we
measured the dimensions and slopes of the investi-
gated young lava flows in order to constrain their
rheologic properties. We utilized several HRSC or-
bits with spatial resolutions of about 10-20 m/pixel in
order to measure the length and width of the studied
lava flows. The heights of the lava flows were meas-
ured in individual MOLA profiles and gridded
MOLA topography was used to measure the slope on
which these flows occur. Compared to earlier studies,
MOLA data and HRSC images that are favorably
illuminated to recognize subtle morphologic details
allowed us to identify and map a larger number of
late-stage lava flows and to measure their dimen-
sions, as well as to describe their morphological
characteristics in greater detail.

Method: Like in our previous study, we modeled
the investigated lava flows as a Bingham plastic con-
trolled by two parameters, the yield strength and the
plastic viscosity. As the method is described in detail
in the literature [e.g., 3,4], we only provide a brief
discussion. Moore et al. and others [e.g., 5] related
the yield strength t of lava flows (Pa) to the flow
dimensions by the following equations

T=pgsinah (D
t=pgh’w ()
T =p gsin’o 2w, 3)

T=p gsin‘a (W-w,) 4)

where p is the density (kg m~), g is the gravita-
tional acceleration (m s?), o is the slope angle (de-
gree), h is the flow height (m), w is the flow width
(m), w, is the total levee width (m), and w, is defined
as the width of a leveed channel (m).

The effusion rates Q (m® s™) can then be calcu-
lated as

Q=G,xxwh (®)]

where G, is the dimensionless Graetz number, K
is the thermal diffusivity (m”s™), x is the flow length
(m), and w and h are defined as above [e.g., 4,6].

The viscosities 1 (Pa-s) were calculated using the
relationship given for example by [7,8].

h=@Qn/p )" (6)

Jeffrey's equation relates the viscosity of a flow to
its effusion rate and its dimensions [e.g., 9-11].

n=(p gh®wsina)nQ (7)

In this equation n is a constant equal to 3 for
broad flows and 4 for narrow flows.

Results for Ascraeus Mons: Our estimates of the
yield strengths for flows on Ascraeus Mons range
from ~2.0 x 10 Pa to ~1.3 x 10° Pa, with an average
of ~2.1 x 10* Pa. These values are in good agreement
with estimates for terrestrial basaltic lava flows. The
effusion rates are on average ~185 m’ s, ranging
from ~23 m’s™ to ~404 m’s”'. While these results are
higher than earlier findings that indicate effusion
rates of 18-60 m’ s, with an average of 35 m’s’,
they are similar to terrestrial effusion rates of Kilauea
and Mauna Loa and other Martian volcanoes [sum-
marized in 3]. Viscosities were estimated to be on
average ~4.1 x 10° Pa-s, ranging from ~1.8 x 10* Pa-s
to ~4.2 x 107 Pa-s. On the basis of our effusion rates
and the flow dimensions, we calculated that the time
necessary to emplace the flows is on average ~26
days.

Results for Pavonis Mons: The flows of Pavonis
Mons are characterized by an average yield strength
of ~3.4 x 10° Pa, ranging from ~4.3 x 10* to ~1.3 x
10* Pa. The average effusion rate is ~242 m*s™, rang-
ing from ~168 m®s'to ~449 m’ s Viscosities are on
average ~1.6 x 10° Pa-s, ranging from ~1.7 x 10° Pa-s
to ~5.7 x 10° Pa-s.

Results for Arsia Mons: For the flows on Arsia
Mons we find that the average yield strength is ~2.2 x
10° Pa, ranging from ~2.7 x 10 to ~9.3 x 10° Pa. The
effusion rate varies from ~76 to ~1455 m®s™', with an
average of ~567 m’ s™'. The average viscosity of the
Arsia flows is ~2.5 x 10° Pa-s, ranging from ~1.7 x
10* Pa-s to ~9.3 x 10° Pa-s.
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Fig. 1 Diagram of [12] showing the relationship between
effusion rates and eruption durations for lava flows on Ely-
sium Mons (black). Superposed are data for Arsia Mons (red
dots), Pavonis Mons (blue dots), Ascracus Mons (grey cross).
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Fig. 2a Maximum flow lengths versus slopes of terrestrial lava
flows and b: Maximum flow lengths versus discharge rate of ter-
restrial lava flows (black symbols) from Kilburn [15]. Superposed
are results for Arsia Mons (red dots), Pavonis Mons (blue dots),
and Ascraeus Mons (grey cross) Data corrected for Martian condi-
tions are shown as open circles and dashed grey crosses.

Conclusions: On the basis of our study we con-
clude that our results for the yield strength, effusion
rate, eruption duration, and viscosity are in good
agreement with previously published results for Mar-
tian and terrestrial flows. Flows on Ascreaus, Pa-

vonis, and Arsia Mons show very similar rheologic
properties. The strength of our investigation is that
we studied a larger number of flows than in previous
studies [e.g., 5,6,8,12-14,16-20]. This provides a
more complete foundation of our understanding of
Martian lava rheologies. In a next step, we are plan-
ning to date the investigated flows with crater size-
frequency measurements in order to study whether
the rheology of the Tharsis Montes lava flows sys-
tematically varied with time.
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Fig. 3a: Maximum flow lengths of terrestrial rhyolits, andesites,
and basalts from [19] compared to the studied Martian flows; b:
Flow lengths and effusion rates of 84 Hawaiian lava flows (black
squares) from [20] compared to our calculations for the studied
Martian flows. Data corrected for Martian conditions are shown as
open circles and dashed grey crosses. Color scheme as in Fig. 1.
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