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Introduction: Did Mars ever have water? To find out,
NASA scientists sent the Opportunity Mars Explora-
tion Rover (MER) to Meridiani Planum, a region with
a high hematite concentration. Data and images of
cross-bedded sediments containing hematite spherules
returned by Opportunity have led MER Team scientists
to propose these sediments were formed in a wet dune
environment [1]. Were the sediments at Meridiani
Planum really formed in the presence of surface water?
Knauth et al. [2,3] have proposed the Meridiani
Planum sediments were formed by a ground surge re-
sulting from a meteorite impact(s) into a volatile-rich
regolith and that this mechanism may explain another
mystery of Martian geology – fluidized ejecta blankets
surrounding Martian rampart craters.

Martian rampart craters are unique in the solar sys-
tem [4,5,6]. They are characterized by fluidized ejecta
that hugs topography and terminates in a distal rampart
about 1 to 2 crater radii from the rim. Martian rampart
craters have a global distribution with no apparent cor-
relation to target age or composition [4].
There is currently a debate as to what mechanism is
responsible for the emplacement of the fluidized ejecta
and whether the process is controlled by the interaction
of ejecta with the atmosphere, subsurface volatiles, or
both [4]. Pyroclastic flow [7] and ground surge models
[2,3] have been proposed by previous workers.

I propose a model for the emplacement of fluidized
ejecta on Mars. In this model, the rapid decompression
of carbon dioxide contained within the regolith causes
an increased degree of fragmentation during the exca-
vation stage of impact cratering. This results in an in-
creased proportion of fine materials causing the ejecta
to be emplaced in a fluidized fashion. The size of the
largest blocks is decreased overall. Large blocks are
emplaced ballistically, forming secondary craters
within one-crater radii of the rim. However, these sec-
ondary craters are covered by a ground surge and/or
finer materials collapsing behind an advancing ejecta
curtain (explaining why rampart craters typically lack
secondary craters within the ejecta blanket). I will test
this model by conducting experiments in the volcanic
fragmentation lab at the University of Munich.
Background: During the contact/compression stage of
impact cratering, target materials can experience tem-
peratures up to 10,000°C near the impact point and
from 500° to 3000°C in the surrounding rock [5,6].
Rocks near the point of impact are shocked to over 100
GPa of pressure [6]. Pressures decrease away from the
point of impact to about 10 - 30 GPa about one-crater
radii from impact [6]. These high pressures are rapidly
released within less than a second. At this point, the

excavation stage begins, during which rocks are frag-
mented and typically are ballistically emplaced as
ejecta [6].
Methods: University of Munich has an experimental
facility for the investigation of rock fragmentation by
rapid decompression (Alidibirov and Dingwell 1996a).
Using this facility, I will test the effect of rapid de-
compression of carbon dioxide on the fragmentation of
basalt.

The experimental apparatus consists of a high-
pressure, high-temperature section separated by a dia-
phragm from a low-pressure, low-temperature section
[10]. The high-pressure section can reach pressures of
500 bars (50 MPa) and temperatures of 950°C [12].
The high-pressure, high-temperature section can be
adapted for high-pressures and low-temperatures.
When the diaphragm separating the two sections is
broken, the pressure in the lower chamber rapidly
drops. A release wave propagates through the sample
at the speed of sound [12], generating dynamic tensile
stresses in the sample. If the dynamic tensile strength
of the sample is exceeded by the release wave, frac-
turing and fragmentation will occur. Compressed gas
contained in the pore spaces of the sample will expand
and accelerate the fragments.

Temperatures and pressures experienced by rocks
during impact far exceed those of the experimental
facility. However, this study is not intended to simulate
the exact conditions during impacts. Rather, the pur-
pose of this study is to investigate whether the rapid
decompression of carbon dioxide increases the degree
of basalt fragmentation.

Carbon dioxide and water are the most abundant
volatiles in the Martian regolith. These volatiles vary
in relative composition and phases present with lati-
tude and depth [13]. Surface temperatures range from
150 – 230 K [16]. On the surface, carbon dioxide ex-
ists as a gas making up 95% of the Martian atmos-
phere. Carbon dioxide gas is contained in regolith pore
space at or near surface conditions. With increased
depth (increased pressure), carbon dioxide will occur
in a solid or liquid phase, depending on latitude. Water
will occur as ice near the surface and as liquid water at
depth (increased pressure).

Most impacts will produce high shock pressures at
depths of about 8 km [6]. At depths of 50m or more,
carbon dioxide occurs as a solid or liquid. Water oc-
curs as a solid and may occur as liquid at depths
greater than 5000 m. Therefore, it is reasonable to as-
sume that regolith containing solid, liquid, and gaseous
carbon dioxide and solid and liquid water will be sub-
jected to high shock pressures during impacts.



Previous studies suggest that, under peak impact
temperature and pressure conditions, carbon dioxide
may occur at a liquid or solid phases [17,18,19] and
water may occur at solid, liquid, or supercritical fluid
phases [20,21,22,23]. Regolith containing solid, liquid,
and gaseous carbon dioxide and solid and liquid water
will experience high shock pressures within a few sec-
onds. This sudden increase in temperature and pressure
will instantaneously drive carbon dioxide into solid or
liquid phases and water into solid or liquid phases.
During the transition from contact/compression to ex-
cavation, these extreme pressures will be instantane-
ously released, driving carbon dioxide and/or water to
gaseous or liquid phases.

Only the effect of rapid decompression of carbon
dioxide will be tested in this experiment. The frag-
mentation effect of rapid decompression of water and
the interaction of various concentrations and phases of
carbon dioxide and water may be the subject of future
research. In this experiment, lower chamber conditions
will simulate the solid and/or liquid phases of carbon
dioxide and/or water under peak impact conditions.
The upper chamber will be pressurized to average
Martian atmospheric conditions (0.007 – 0.01 bars)
using 90- 100% carbon dioxide. Breaking of the dia-
phragm will create a sudden release in pressure similar
to what occurs during the transition from con-
tact/compression to excavation. Temperature condi-
tions in the excavated ejecta are not precisely known.
Therefore, the upper chamber will have two tempera-
ture regimes to cover the solid and gaseous phases of
water. This will facilitate comparison with the results
of future experiments using water as a volatile.

Rock samples will be prepared according to the
procedures outlined in [24]. The lower chamber will be
cooled to average Martian surface temperatures (160 –
200 K). While in this temperature range, carbon diox-
ide gas (90 -100%) will be added to the lower chamber
until average Martian atmospheric pressure (0.007 –
0.01 bars) are reached. For each experimental setup,
the lower chamber will be cooled to starting tempera-
tures. Additional carbon dioxide will be added to
maintain average Martian atmospheric pressures.
When both temperature and pressure conditions typical
of Mars are reached, argon gas will be added until
starting pressures are attained. Control tests will be
setup the same way with the exception that no carbon
dioxide will be added to the lower chamber. Three to
ten replicates will be run for each set of conditions.

The temperature and pressure conditions between
the contact/compression and excavation stages of im-
pact cratering are not precisely known and may vary
with distance from the impact point. The six P/T re-
gimes were selected to test rapid decompression of
carbon dioxide between the following phases (1) solid
carbon dioxide (within solid water phase) to gaseous
carbon dioxide (within liquid water phase);

(2) solid carbon dioxide (within solid water  phase)  to
liquid carbon dioxide (within liquid water phase);
(3) liquid carbon dioxide (within solid water phase) to
gaseous carbon dioxide (within liquid water phase);
(4) liquid carbon dioxide (within solid water phase) to
liquid carbon dioxide (within liquid water phase);
(5) liquid carbon dioxide (within liquid water phase) to
gaseous carbon dioxide (within liquid water phase);
(6) liquid carbon dioxide (within liquid water phase) to
liquid carbon dioxide (within liquid water phase).

Although no water will be used in this study, the
upper chamber and lower chamber conditions have
been selected to fall within the solid, liquid, and gas
phases for water. This will facilitate comparison to
future experiments using water or a combination of
carbon dioxide and water.
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