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Introduction: Characterizing H>O contents in
meteorites can help to constrain the origin and
source(s) of water on their asteroidal parent bodies.
Since carbonaceous chondrites (CC) are one of the
major potential sources of water to Earth [1],
measuring the water concentrations in their various
components is essential. Although the water content in
the hydrated CC matrix has been well characterized,
water in the nominally anhydrous minerals (NAMs)
from chondrules remains debated. Recent studies have
attempted to quantify water concentrations in
nominally anhydrous minerals (NAMs) like olivine
and pyroxene using SIMS, e.g.: [2,3]. A wide range of
~10 ppm to ~12000 ppm (1.2 wt%) has been reported
from CC olivines [3,4]

The primary difference between the various studies
is the sample mounting and preparation protocols
observed for analysis. For instance, [2] and [3] have
employed epoxy (resin) mounts for the in-situ SIMS
analysis for water in olivines. Other studies like [5]
have employed the use of Indium mounts. Some have
also used thin sections to measure water contents in
NAMs [4]. In this report, we focus on the water
concentration in olivines from CM and CV chondrites
and the importance of sample preparation and
mounting media in these analyses of water in NAMs
using SIMS.

Samples and methodology: Four CCs- Murchison
(CM2), Murray (CM2), Bali (CV3) and Allende (CV3)
were studied. Small chips of Murchison and Allende
were crushed and olivines were isolated and mounted
in Bi-Sn alloy, a new mounting method developed for
trace water measurements in NAMs. Although this
removes any spatial context, it helps to minimize
contamination from the surrounding matrix during
water measurements. The mounts were polished using
diamond paste without introducing any water during
the process. We also mounted chips of Murchison and
Allende in epoxy for comparison. Thin section of CM2
Murray was obtained from the Australian National
University meteorite collection while that of CV3 Bali
was loaned from NMNH, Smithsonian Institution.

In situ water contents were measured with the
Sensitive High Resolution Ion Microprobe Stable
Isotope (SHRIMP SI) at the RSES, ANU. Cs" primary
ion source and an electron gun were used to sputter

~25 pm spots in the olivines and to acquire '°O" and
1°O'H- secondary ion species. They were collected
simultaneously in multi-collection mode using Faraday
cups equipped with a resistor (°0O") and a capacitor
(*O'H). A 100 um collector slit was used for adequate
resolution of 'SO'H" from '7O" species (M/AM = 4500).
Samples were stored in vacuum for a week and gold-
coated before analysis. Qualitative chemical analysis
was performed using a JEOL JSM-6610A SEM at
RSES, ANU prior to SHRIMP SI analysis to identify
target areas for analysis.

Raw 'SO'H/'SO ratios were converted to water
abundances wusing multiple reference materials:
Suprasil Glass (SUP, 1 ppm water, obtained from
Heraeus Quarzglas), San Carlos Olivine (SCO, 15+2
ppm), Russian Cr-diopside (100+10 ppm) and ND70
basaltic glass (9980+100 ppm) [6]. Each sample mount
(BiSn and epoxy) had a SUP and SCO to account for
any sample-related effects during measurement.
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Figure 1: '*O'H/'°0 vs water content (ppm) calibration using
four reference materials with their water contents mentioned
above. SUP is used to monitor water background at
1°QIH/1%0 = 2 x 107,

Results and Discussion: 44 olivine grains were
isolated from Murchison ranging from 30 to 250 um
on their longest axis. Qualitative analysis shows FeO
content varying from ~0.5 wt% to ~40 wt% which
roughly encompasses the entire compositional range
seen in olivines from Murchison. We also measured
triple oxygen isotopes on these grains to confirm the
entire isotopic range seen from Murchison olivines.
The A'7O range was observed at -6%o to -4%o for the
Mg-rich olivines (FeO; < 5 wt%) and -3%o to -2%o for
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the more fayalitic olivines (FeO; > 10 wt%) which
shows a representative population of olivines from the
meteorite after physical separation. The olivines have
sampled a variety of type I and II chondrules and likely
isolated olivine grains (IOGs) scattered around the
matrix which are proposed to have originated from the
chondrules [7]. Similarly, olivines from Allende were
observed to have typical oxygen isotope compositions
as seen in chondrules. However, the Allende olivines
are more commonly seen as broken chondrules with a
mixture of olivines and mesostasis rather than solitary
olivine grains.

H>O concentrations measured using the '°O'H- ions
in Murchison and Allende olivines isolates mounted in
BiSn show ~10-30 ppm water (~70 spots across 44
isolated olivine grains in Murchison and ~45 spots
across 9 isolated olivine grains in Allende) using the
linear calibration method in fig. 1. However, it should
be noted that the 'O'H7/'°O variation seen is the same
as that in SCO (~40 spots across 4 grains). This wide
range is likely due to minor sample chamber pressure
fluctuations leading to variable '*O'H- contributions
from the vacuum. This variability is reflected in the
1°O'H/'*¢0 ratios from SUP which is used to monitor
the water background. The changes observed in the
water background are reflected in the SCO and CC
olivines. After correcting for these fluctuations, these
CC olivines show water content similar to SCO.

CM2 Murray and CV3 Bali thin sections yielded a
wide range of water concentrations with Murray
olivines having ~70 to 200 ppm water (27 spots across
15 grains) while Bali olivines with ~1000 to 1500 ppm
water (15 spots across 8 grains). The physical
characteristics, chemical compositional and oxygen
isotopic range of olivines from these two chondrites
are like the ones found in Murchison and Allende.

The epoxy mount with a chip of Murchison and
Allende each yielded a water concentration of ~800 to
1000 ppm (~10 spots across 5 grains each). The
observed water background from SUP was O'H/'°O
=~ 1 x 10*, up from 2 x 10 seen in the BiSn mount
session. Figure 2 shows the water measurements across
different chondrites and mounting media.

There is considerable difference between the water
measurements from BiSn mounts and thin
sections/epoxy. Epoxy is known to constantly outgas
in vacuum and is likely to be the major contributor to
the '®*O'H counts from the CC olivines and the
reference materials. The outgassing is also reflected in
the pressure in the sample chamber which rose by a
factor of ~2 after introducing the epoxy mounts/thin
sections (from 7.5 x 10 to 1.5 x 10"* mbar). The nature
of the outgassing is not well-constrained, and the water
background is also raised considerably as seen in SUP

18Q'H/!'%0 ratios. Murray and Bali thin sections show
variable measurements likely due to the outgassing
nature of the thin sections. Murray section outgassed
less and thus showed a lower background than Bali,
which showed a water background similar to the epoxy
mount. Thin sections particularly do not have
standards on them normally and make it difficult to
constrain any sample-related effects.
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Figure 2: Water concentration in ppm from different
chondrite olivines mounted in BiSn, epoxy and thin sections.
The number represents the grains that exhibit the range of
water content.

Conclusions: CM2 Murchison and CV3 Allende
olivines hold water comparable to SCO in their
structure, i.e., ~15£2 ppm. This low concentration of
water contrasts with previous studies [2,3] and it is
likely due to different sample preparation and
mounting protocols.

Our results indicate that thin sections and epoxy
(resin) mounts show much higher water concentrations
than metal mounts like Indium and BiSn in NAMs and
make it difficult to resolve between low level water
concentrations. Different thin sections made using
variable methods and gluing media can further
complicate analyses. Epoxy outgassing is the primary
contaminant in these analyses.

The low concentration of water in the olivines from
CM and CV chondrites have major implications on
their volatile inventory and provides constraints on the
formation and subsequent alteration conditions in the
early solar system.
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