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Carbonate and phosphate minerals in ALH84001
are minor but significant constituents.  Previous in-
vestigations [1–6] were concerned with the origin of
the carbonates, their O and C isotope  compositions,
and their potential as biomarkers of ancient life on
Mars.  Phosphate minerals received less attention than
carbonates.  Because whole rock hydrogen isotope
data on ALH84001 [7] indicate the presence of a high
temperature hydrogen component, we investigated the
hydrogen isotopic composition of the carbonate and
whitlockite in this meteorite [8].  In view of the low
δD values of whitlockite and carbonate relative to the
whole rock, there was concern that epoxy contamina-
tion may have contributed to the measurements.  In
this investigation, we report additional ion microprobe
analysis of the carbonate and whitlockite in
ALH84001. We measured the C/H ratio on the epoxy
and on the minerals and corrected the δD values for
any possible contribution of the epoxy.  To maximize
the correction, we assumed that all carbon counts in
whitlockite analyses are derived from epoxy.  The
analyses were performed at 12.5KV with oxygen pri-
mary beam of 2nA.  The analyzed area was ~5 to 25
µm, and an amphibole standard was used. Based on
the H count rates measured in two amphibole stan-
dards, and assuming that all H (after epoxy correction)
in the samples is present as water, we have estimated
the water contents of the whitlockite and carbonate.
The results are given in table 1 and are compared to
our previous analyses using a Cs primary beam.

The δD values of whitlockite from ALH84001 are
much lower than those reported by (9) from Zagami
(δD + 4000%ο) which reacted with crustal waters that
equilibrated with the Martian atmosphere.  They are
also lower than the δD values (~ +1680 to +3570 %ο)
in apatite from the shergottite QUE94201 (10).  There
also is a positive correlation between δD and water
contents of the whitlockite and carbonate, contrary to
what was observed by (10) in apatite from the sher-
gottite QUE94201.  The δD values of the carbonate
and whitlockite show that there is an extraterrestrial
hydrogen component in ALH84001. The report by
(11) of  phyllosilicates in ALH84001 adds credence to
the notion that extraterrestrial water was present in
this meteorite.  This is consistent with the presence of
a high temperature hydrogen in the whole rock (δD +
800%ο) reported by (7).  Because there is a low tem-
perature terrestrial hydrogen component released

during stepwise heating of ALH84001 whole rock (7),
it is possible that there is also a terrestrial component
to our measurements of whitlockite and carbonate and
that the indigenous δD of whitlockite and carbonate
are heavier.  The δD of +800 %ο of the whole rock
high temperature hydrogen constrains the upper limit
of the δD of whitlockite and carbonate; however, dif-
fusive fractionation of D/H ratios during stepped
heating may also bias the whole rock δD to high val-
ues. If the hydrogen component in ALH84001 is
magmatic, this would imply that hydrous magma with
a low activity of water may have existed in the Mar-
tian mantle ~ 4.5 Gyr ago.  Alternatively, the hydro-
gen signature may represent an interaction of
ALH84001 with crustal fluids that equilibrated with a
primitive atmosphere that was much less fractionated
than the present day Martian atmosphere.
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Table 1. Ion Probe Analyses of Hydrogen Isotopes of Whit-
lockite and Carbonate in ALH 84001

Mineral O Beam Cs
Beam

δD δDCorr* Water δD
%ο %ο ppm %ο

Whitlockite +477±17 +500 1600 +287±12
+270±22 +280 1100 +216±12
+166±20 +181 800 +201±14

Carbonate +209±22 700 +313±5
+175±23 400 +185±10

+165±11

* Corrected for possible contribution from epoxy.
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