
A COMPARISON OF TERRESTRIAL AND MARTIAN GRAVITY CONDITIONS ON THE 
BEHAVIOUR OF CO2-DRIVEN AQUEOUS FLOW.  Xinli Lu1 and Susan W. Kieffer1, 1(Both at Department of 
Geology, University of Illinois at Urbana-Champaign, 1301 W. Green Street, Urbana, IL 61801;  xinlilu@uiuc.edu; 
skieffer@uiuc.edu)  

 
 
Background:  The so-called “streamlined mesas” 

in the Cerberus Plains on Mars could have been made 
by multiple hydraulic pulses in a single flood, or could 
indicate multiple discrete floods [1].  We discuss here 
a new mechanism for producing pulsing flow in 
floods: exsolution of dissolved gases from an emerg-
ing column of water.  Recent investigations [2], [3] 
suggest that the most likely dissolved gases on Mars 
are CO2 and CH4.  Currently there are no data on vola-
tiles in the Mars hydrosphere, but it has been specu-
lated that deep H2O may contain CO2 initially trapped 
as bubbles in H2O ice [3], or that CH4 is produced by 
fluid rock interactions [2],[3].  We show here how 
expansion of fluids containing even small amounts of 
dissolved gases can produce hydraulic pulses, i.e., 
geysering.  

 Aim of Study: The aim of this study is to formu-
late a general model for hydrothermal flow on Mars 
based on our understanding of analog conditions on 
Earth.  Specifically, we ask if the flow discharging to 
the surface would be steady or unsteady, i.e., geyser-
ing, and, if there are geysers, would they be similar to, 
or different from those on Earth?  A numerical simula-
tion has been carried out in this study to analyze some 
characteristics of a CO2-driven geysering flow under 
Earth and Martian conditions.   

Numerical Model:  The numerical simulation 
model used here was based on the model that devel-
oped for a low temperature CO2-driven geysering well, 
located on North Island of New Zealand [4], [5].  The 
geothermal well is vertical, 70m deep, and is cased 
almost to the bottom with 100mm bore casing.  Nor-
mally this well is closed, but when the well is open, it 
intermittently discharges an aqueous solution of car-
bon dioxide (3,000 ppm, 0.00123 mole fraction) with 
low dissolved solids.  The geysering period is ap-
proximately 12 minutes.  The measured fluid tempera-
ture in the well is 87ºC at the bottom, and 73ºC on the 
top.  Pressures and temperatures at different depths of 
the well were measured, and an interpretation of the 
details of exsolution and migration of the bubbles was 
formulated [6].  Based on the measurements, a one-
dimensional numerical model of two-phase transient 
flow was formulated and the simulation was validated 
with the field data.  

Scenarios Investigated:  In this preliminary study, 
only the effects of gravity and conduit length have 
been studied.   

In scenario one, the same New Zealand geothermal 
geysering well (70m deep) was numerically simulated 
assuming that it was under Martian gravity (3.7 m/s2) 
only.  Pressure variations and void fraction at different 
depths were calculated and the results at depths of 
20m, 30m, 40m, and 50m (marked Mars) are shown in 
Figures 1 and 2.  The simulation results for New Zea-
land geothermal geysering well at corresponding 
depths (marked Earth) are superimposed for compari-
son.  The cyclic pressure variations (Figure 1) on Earth 
indicate the geyser cycles – low pressures are the dis-
charging phase; high pressures are the recharge phase. 
For Martian conditions, after an initial transition phase 
of about 2500 seconds, the pressure variations on Mars 
at each depth become constant, showing the flow be-
coming non-geysering.  The void fractions (Figure 2) 
show a similar behavior.  On Earth, the void fractions 
change cyclically, reaching a maximum during the 
discharging phase of the geyser activity.  However, 
after the 2500 second transition process, the void frac-
tion on Mars at each depth approaches constant value, 
indicating that the flow is a continuous gas-liquid two-
phase discharge. The void fraction is, however, greater 
for the martian analog because of the lower gravita-
tional pressure. This simulation shows that, the geyser 
with cyclic discharge on the Earth has turned into a 
continuous two-phase discharge on Mars.  The calcula-
tion result can be interpreted qualitatively as follows:   

Geysering is a unique phenomenon of transient 
two-phase flow with intermittent discharge characteris-
tics that happen only when some key parameters have 
particular values [4]-[7].  In this case, the key parame-
ters are gravity and inflow rate.  Gravitational pressure 
suppresses bubble formation below a certain level  
("the flash point") and the inflow rate from the bottom 
is not sufficient to provide gas up to this level before 
the eruption stops [4]-[6].  As the gravity on Mars is 
only about 1/3 of that on Earth, the hydrostatic pres-
sure on Mars decreases proportionally, which results in 
(1) more CO2 being released from the solution at dif-
ferent depths in a upward flow; (2) the same mass of 
gases in fluid occupies more volume than on Earth and 
hence a bigger value of void fraction as shown in Fig-
ure 2.  As a result, the intermittent discharge (geyser-
ing) on Earth has turned into a continuous two-phase 
discharge on Mars. 

In scenario two, the model in scenario one was 
modified to simulate a deeper well (210m deep) that 
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would have the same hydrostatic pressure at the bot-
tom of the well.  The simulation results of pressure and 
void fraction variations at different depths are pre-
sented in Figures 3 and 4.  In this case, the geysering 
cycle appears on Mars but the period is now about 37 
minutes instead of 12 minutes.  This indicates that the 
increased hydrostatic pressure matches the given CO2 
concentration and the inflow rate, and hence causes 
geysering to happen again.   

 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The change of periodicity in scenario two can be 

interpreted as follows.  Comparing the results on Earth 
(in Figures 1 and 2) with those on Mars (in Figures 3 
and 4) and by noting that the hydrostatic pressures at 
60m, 90m, 120m, 150m on Mars are almost equal to 
those on Earth at 20m, 30m, 120m, 150m, we can see 
that the shapes of both pressure and void fraction 
variations are very similar in each case.  The only dif-
ference is that the time scale is enlarged about 3 times.  
Since this flow is gravity-dominated, the rate of 
change of hydrostatic pressure is about 1/3 of that on 
Earth.  The time for the whole changing process in 

each cycle (period) is mainly depends on the rate of 
change of hydrostatic pressure.  The lower rate of 
change in pressure results in a longer cycle period.    

Conclusion: Stable pulsing, i.e., geysering, of dis-
charges on Mars should be considered as a possible 
mechanism for producing the layering in the stream-
lined mesas in the Cerberus Plains. 
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Fig. 3  Simulation of pressure variations on Mars 

(scenario 2) 
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Fig. 4  Simulation of void fractions on Mars 
(scenario 2) 
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Fig. 1  Simulation of pressure variations on Mars 
(scenario 1) – in comparison to Earth 
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Fig. 2  Simulation of void fractions on Mars 
(scenario 1) – in comparison to Earth 
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