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Introduction: Water and other volatiles play
an important role in partial melting processes in
the source regions of primary magmas.  Vola-
tiles in Martian meteorites may provide clues to
the crystallization history of their parent mag-
mas, their eruption and degassing history.  [1,2]
determined the volatile abundances and H iso-
tope signatures in nominally anhydrous minerals
and melt inclusions in the nakhlites Y000593,
Nakhla, Mil 03346, and the shergottite Zagami.
As a continuation of our investigations of vola-
tile abundances in Martian meteorites, we extend
our investigations to the chassignites
(NWA2737 and Chassigny) and ALH84001.

Experimental:  The abundances of H2O,
CO2, F, S, and Cl were measured by a Cameca
6F ion microprobe using the techniques de-
scribed by [3].  A charge compensated Cs+ pri-
mary beam was used, and the negatively charged
secondary ions were collected.  Routine detec-
tion limits measured by this method determined
on synthetic forsterite were H2O 2-4 ppm, CO2

<3 ppm, and F, Cl, and S <1 ppm.  Glass stan-
dards with appropriate concentrations for all the
analyzed volatile elements were used.  SIMS
operating conditions for H isotopic measure-
ments were 15 KV Cs+ primary beam of ~2nA,
5KV secondary accelerating voltage, a 50eV
energy window, a mass resolution of ~400 and
an electron flood gum for charge compensation.
Polished thick sections of NWA2737 and ALH
84001 were prepared without epoxy and pol-
ished by alumina.  In the case of Chassigny, the
lending museum insisted that the sample be pol-
ished using ethyl alcohol, and the abnormally
high CO2 concentrations we measured are likely
due to contamination and are not reported here.

Results: The volatile abundances and H iso-
tope signatures of the melt inclusions, olivine,
and orthopyroxene in NWA2737, Chassigny,
and ALH84001 are reported in Tables 1 and 2.

In general, melt inclusions in NWA2737 are
more enriched in most volatiles relative to oli-

vine.  In Chassigny and NWA2737, some oli-
vine grains show abnormally high water, ac-
companied by CO2, S, and Cl concentrations
much higher than the normal detection limits.
For volatiles other than water, CO2 and F are
more enriched in melt inclusions than in olivine.
The dD is generally low in both melt inclusions
and olivine and overlaps with the terrestrial
range (-350 to +100‰).  Orthopyroxene in
ALH84001 has positive dD values ranging from
+90 to +512‰.

Discussion:  The large range of CO2 concen-
trations in melt inclusions suggests entrapment
of the inclusions at a wide range of depth be-
cause CO2 solubility increases with increase of
pressure [4].  The abnormally high water, CO2, S
and Cl abundances in some olivine grains are
probably due to either preterrestrial alteration or
terrestrial contamination.

The dD values of the melt inclusions and oli-
vine are lower than those we reported for the
nakhlites [2].  These low values suggest that the
parent magma was D depleted.  Degassing of the
magma normally lowers its dD value due to va-
por-melt equilibrium isotope fractionation .If the
H isotope signatures of olivine and melt inclu-
sions are primary, then the initial D/H ratio of
the parent magma of chassignites is similar to
those of  primary magmas on Earth.[5] however,
reported fractionated H in melt inclusions, apa-
tite, shocked plageoclase, and glassy inclusions
in Chassigny which suggest mixing of a frac-
tionated Martian H with low D magmatic  com-
ponent or a terrestrial contaminant. Orthopyrox-
ene in ALH84001 shows an extraterrestrial hy-
drogen isotope signature, suggestive of partial
equilibration with a fractionated water reservoir
on Mars or also mixing of a highly fractionated
Martian H isotope component with a low D
magmatic component or a terrestrial contami-
nant.  It is interesting that  ALH84001 the oldest
Martian meteorite (4.5 byr) is more depleted in
volatiles relative to the much younger chassig-
nites.  This depletion would imply that either the
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source region for the ALH84001 magma was
depleted in volatiles or the parent ALH84001
magma was degassed.  This degassing may have
occurred at an early stage of Martian evolu-
tion.[6] suggested that an early magma ocean on
Mars which outgassed followed by atmospheric
erosion and a second stage of mantle outgassing
can explain the xenon isotope systematics of the
known Martian reservoirs. The outgassing could
have occurred as early as 4.55 byr.
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Table 1.  SIMS analyses [ppm] of volatiles in nomi-
nally anhydrous minerals and melt inclusions in chas-
signites and ALH84001

Sample NWA2737 Chassigny ALH 84001
Melt incl. Olivine Olivine OPX

H2O 365 – 1135 250 – 1157 220 – 998 70 – 118
CO2 6.2 – 5412 6.2 – 25.7 -- 13.6 – 166.5
F 91 – 506 2.1 – 22.6 1 – 6 <1 – 1.4
S 47 – 119 <1 – 6.6 0.3 – 17.1 <1 – 20.4
Cl 183 - 1419 <1 – 8.9 0.1 – 3.5 1.4 – 3.8

Table 2.  SIMS analyses of H isotopes in nominally
anhydrous minerals and melt inclusions in chassig-
nites and ALH84001

Sample dD‰

NWA2737
Melt incl. -113 – +31
Olivine -80 – +6
Chassigny
Olivine -30 – +30
ALH84001
OPX +90 – +512
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