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Much of the debate abou the possibility that there is
evidence in ALH84001 or life an Mars will hinge on
determiningthe origin of the carbonate in that meteorite. There
are presenly at leasttwo schods d though conceming the
origin of the ALH84001 erborate. One idea b that the
carborate formed atvery high temperature (-650°C) [1,2].
Evidence usedfor this temperature determination is the solid-
solution chemistry of the carbonates. It was dseved that many
of the ALH84001 erborate anayses coincided wth
determinations of terrestrid carbonate sdid-solutions if the
temperature of depaosition was >650°C [2]. This temperature is
consistent with formation from a fluid with a mole fradion of
CO, (Xcop) in excessaf 85%. These condtions render impad-
driven metasamatism as a likely candidate for the carbonate
formation process. In this case evidence for life in ALH84001
is highly unlikely.

The other propcsa for the origin of the ALH84001 erborate
suggests a much lower temperature of deposition [3]. The
eviden@ suppating this hypathess comes from carbon and
oxygen isaopic analyses. Spedficaly the %0 anaysis shavs
afradioneation between the carbonate and host+ock resuting in
an estimate of hydrothermal deposition in athermally decging
systemwith a maximum temperature ~80°C. Recent reseaich
haspropcsed a naximum temperature of 250°C [4]. The 6°C
values of the carbonate suggest the system was in contad with
the atmosphere [3,4]. This evidence is ae of the pillars
suppating the plausibility of evidencein ALH84001for life on
Mars.

These lines of evidence are contradictory. To test whether
either explanaton is plausble, we hawe conduded theaetical
models o hydrothermal ateration of an orthopyroxenitic rock
using edablished nethods of geochemistry [5-7]. During
agqueous dteration of an orthopyoxenite, there are many
possble outcomes, dependent on temperature, pressue, fluid
composition and extent of equilibration. There are, however,
two endmember posshilitie sthat shoud be easily distinguished.
One path leads to an anhydrous assemblage, the other to a
hydrous assemblage. These two possililitie s @n be generalized
by the @rboration readion

MgS O, (Engtatite) + CO, == MgCO,(Magnesite) - SO, (1)
or a hydration readion sut as

MgSO, + S0,  H,0 = Mg,S5,0,,(0H), (Talc). 2
Talc represents one of several hydrous produds, including
serpentine, that may form depending on temperature. The
alteration of ALH84001 appearto be anhgrous [1-3], so
pathway (1) isof interest. This implies thet either talc (or aher
hydrous ninerds) did nd form or was replaced during alteration
by the reverse d readion 2 a via

Mg,S,0,,(OH), ~ 3CO, =3MgCO, +4S0, rH,0. (3)
As in the caseof readion (1) the extent to which this reacion
proceedsdependson the Xcoz in the fluid.

Figure 1 shavs a Temperature vs. XCcoz diagram for the
system of interest, assuming SO, to be quartz. At equilibrium,

magnesite and enstatite can coexist without talc only in the
field labeled Q-E-M. At 7 kbars and 650°C, this reguires a
Xcoe > 0.75. The invariant point, labeled 1 in the figure,
movesto lower temperature andhigher mol fradion of CO,
a lower pressure, redudng the size of the field where
enstdite is in equilibrium with magnesite and quartz.
Howe\er, if the arborate in ALH84001 dd na form in
equilibrium with the pyroxene, then equilibrium T-X
diag'ams may only provide maximum temperatures

At first glance the lack of hydrous phases in the
alteration assenblage might be thougtt to rule out a low
temperature origin for the carbonate. However, there are
combinations of temperature and CO, partial pressue
(Pcop) that are consistent with anhydrous dteration. Figure
2 showstherdevant systemat 75°C. This figure shows the
adivity of silicain the fluid vs. the ratio of the activity of
Mg?toH*. The solid linesrepresentsaturation aurvesfor
minerals of interest. At eguilib rium without CO,, the fluid
compasition is constrained to plot within the field denated by
the heawy sdid lines. The ddted haizontal lines @A & B)
indicate the sduration stae of magnesite for two different
Pcoz's. In both cases, the range of fluid compasitions is
further congrained. It can be genthatfor a spedfic value
o Pcoz (167 nbars for this case) the magneste saturation
line crosses the point of intersection of the talc and quartz
sdurationlines; this value can be cdled the critical value of
CO, for anhydrous alteration. Any solution in equlibrium
with Pcoe >167 mbars can not read talc saturation, and the
resulting dteration should be anhydrous.

Exploringthe sequence of alteration atlow temperature,
various Pcoz values, and water to rock ratios (WR), can be
accamplishedwith masstrander cdculations for 75°C &
seenin Figure 3A-F. Fgure 3A vs. 3C shows a conparison
of alteration caculations with values of Pcoz bebw and
abowe the critical value. In 3A Pcoz=150 nbars and he
assmblage is dominated by talc. In 3C (Pcoz=200 nbars)
the systam is prevented from reaching talc sauration with
the resultant assemblage daminated by quartz and magnesite.
Figures3B-D show that W/R (from 0.1 to 10) at 75°C has
little effed on the final dteration prodicts; the assemblages
arenealyidenticd. Thismeansthat an anhgrous ateration
asemblage could hawe been poduced in a hydrothemal
systemwith ahighW/R. Figures 3E (Pco2=500 nbars) vs.
3C demonstrate that above the critical value of Pcoz, there
is very little difference in dteration products. Fom these
cdculations it can be seen that at low temperatures the
Xcoz (see Table) can be sibstantially lower than that
neededfor the equivalent anhydrous alteration at high
temperatures.

Figure 3 also shows effeds of temperature on
orthopyroxenite  dteration. Calculations for higher
temperature dteration are shown in Figures 3F-H. Fgure 3F
(150°C) is remarkably similar to 3A; in both cases the Pcoz
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isdightly less ttan the critical Pcoz value atthat temperature.
At the higher temperatures of 350 and 450C (Fig. 3G&H) ewen
large amourts of CO, dona push the system onto the anhydrous
pathway.

In conclusion additional data from saurces sich as isaopes
andtracedements are neededahelp constain the temperature
and pressure of origin of the arboratesin ALH84001. Once
condtions are better constrained, the types of madels described
herewill help identify the fluid composition responsible for the
alteration and povide newawenuesfor exploring the psdble
connedion betveen hyrothemal processes and Ife, including
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providingaframework from which to seach for evdene of
hydrothemal systens on Mars.
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