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Introduction:  We have studied chemical and
isotopic zoning in two small (2–8 mg) grains of sam-
ple ALH 84001,287. These contain carbonate rich
areas up to 200 µm in diameter often intimately asso-
ciated with feldspar and fragments of rosettes ~70 µm
across [1,2] similar to those we and others have stud-
ied previously [3,4].

Experimental:  Chemical analyses of carbonates
were acquired using the Manchester electron micro-
probe [1,2]. Isotopic data were acquired using the
Manchester VG Isolab 54 ion microprobe [3] with a
spatial resolution of ~10 µm.

Results:  Electron probe microanalyses reveal Mg-
rich inner core carbonates surrounded by Ca-rich car-
bonates which increase in Mg content towards pyrox-
ene [1,2]. Ion probe analyses shows the rare Ca-rich
regions have very low δ18O values of –4‰ ± 2 (one
spot –10‰ ± 2) zoning to 14‰ ± 2 adjacent to pyrox-
ene. The inner Mg-rich regions have a δ18O of ~22‰.

Discussion:  Two models appear petrographically
feasible in explaining the observed chemical zoning:
remobilisation of existing carbonate and deposition of
a later generation of carbonate.

A first scenario considers that the Ca-rich carbon-
ate may be carbonate remobilised by the shock event
that fragmented the rosettes. Ca-rich carbonate and
feldspar would then have formed together from a car-
bonate-silicate melt. However, this model cannot ac-
count for the low δ18O values of the Ca-rich carbonate.
The average isotopic composition of ALH 84001 car-
bonate is ~19‰ [5]. Remobilisation of this carbonate
and no isotopic exchange with silicate cannot produce
the observed zoning from –4‰ to +14‰ by Rayleigh
fractionation in a closed system. If temperatures were
sufficiently high during the shock event to equilibrate
the remobilised carbonate with the host silicate (py-
roxene of 4.6‰ [6]), high temperature formation of
carbonate would yield a lower limit of ~7‰. This
cannot explain the negative δ18O values.

The second scenario postulates that the very low
δ18O carbonates were precipitated from a later pulse of
fluid, possibly induced by the shock event that frac-
tured the rosettes. In this case the carbonate would
replace maskelynite. The isotopic heterogeneity be-
tween the inner Mg-rich region of 22‰ and the Ca-
rich region of ~0‰ only 10µm apart (the other sample
contains –4‰ carbonate) implies this was not high
temperature deposition. If the isotopic composition of
the source remains fixed, the linear increase in δ18O

from –4‰ to +14‰ requires a gradual decrease in
temperature. For example, assume a cold formation
temperature as implied by the isotopic heterogeneity.
If the highest δ18O carbonate formed at the lowest
possible temperature (0°C for a water rich fluid) then
the lowest δ18O carbonate (Ca-rich cores) formed at
75°C. The δ18O of the source fluid required at these
temperatures is –25‰. This fluid is significantly
lower than –2.4‰ water from planetary outgassing
estimates [7]. A meteoric component could satisfy the
requirement for a low δ18O source fluid.

Fig. 1.  carbonate isotopic zoning with molar %
Mg. Note the inner Mg cores at 22‰ (solid circles
upper right) adjacent to Ca rich area (solid circle
lower left). Note also the linear trend to negative δ18O
with increasing Ca (squares) extending the trend be-
yond previous rosettes [3] (triangles) and Leshin [4]
(crosses). Finally note anomalously low ankerite from
our previous work [3] (hollow circles) which corre-
lates well with the new data.

Work continues to extend the chemical composi-
tion range of the standards. This may cause minor
revision of the δ18O values but does not alter the dis-
cussion.
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