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Introduction: Silicates are pervasive not only in
our solar system, but have also been detected in a
multitude of other environments such as protostars,
protoplanetary disks, AGB stars, and the diffuse
interstellar medium. Cosmic silicates are therefore
integral in understanding the life cycle of matter. A
lineage between various silicate components in
primitive material has yet to be established, but may
potentially display a gradient of properties outlining the
lives of silicate grains from the time they leave their
parent stars until they are incorporated into a
protoplanetary disk.
Circumstellar silicates that originated in the winds of
dying stars have been positively identified by their
highly anomalous oxygen isotopic compositions using
NanoSIMS [see 1 for review]. Unfortunately, isotopic
studies of other elements in presolar silicates are limited
due to their small size (~250 nm on average) and
analytical limitations. Interstellar grains refer to
circumstellar grains that were partially destroyed,
modified, and isotopically homogenized by irradiation,
supernova shocks, or grain-grain collisions in the
interstellar medium (ISM). Glass with embedded metal
and sulfides (GEMS) are argued to be these interstellar
grains [2]. A competing hypothesis argues that GEMS
formed in the solar nebula by late-stage, nonequilibrium
condensation [3]. In either case, GEMS may also be the
precursors to amorphous silicates in primitive
meteorites prior to parent body processing. Presolar
(circumstellar) silicates, GEMS, and primitive matrix
grains may therefore represent related and consecutive
stages in the lifetime of cosmic silicates. We have begun
a thorough isotopic study of presolar silicates, GEMS,
and Acfer 094 matrix grains with the unparalleled
analytical capabilities afforded by the Chicago
Instrument for Laser Ionization (CHILI) in order to
reveal the ancestral connections, or lack thereof,
between them.
Our first focus is on the Fe and Ni isotopic
composition of presolar silicates. Iron is highly
abundant in presolar silicates, reaching as high as 40
at% in some samples [e.g. 4]. The high abundance of
iron makes it analytically favorable for analysis, but is
also a puzzle of its own: spectral observations of
silicates around various stellar sources and in the ISM
as well as thermodynamic calculations of silicate
condensation predict Mg-rich/Fe-poor compositions.
While secondary alteration may seem like an obvious

explanation for this discrepancy, many presolar silicates
with high Fe abundances show little evidence for
secondary alteration.
Iron and Ni isotopic measurements can also help
refine nucleosynthesis or galactic chemical evolution
(GCE) models. The parent stars influence the neutronrich nuclides but have little effect on the neutron-poor
nuclides, which can then serve as proxies for GCE
(54Fe/56Fe; 60Ni/58Ni). This has been studied in presolar
SiC grains [5]. In neutron-rich Fe isotopes, the largest
compositional changes take place during the asymptotic
giant branch (AGB) phase where the 57Fe/56Fe ratios can
become elevated by as much as 700‰ by the late
dredge-up episodes. Silicates are predicted to form in
earlier episodes before large 57Fe/56Fe excesses develop.
Precise measurements of presolar silicates should probe
this earlier stage of AGB evolution. While stellar
models predict small to large excesses in 57Fe/56Fe,
many presolar silicates and presolar SiC grains show
large depletions in this ratio [4, 9]. Iron-58 has never
been measured in presolar silicates due to isobaric
interferences, but presolar SiC can have significant
58
Fe/56Fe enrichments of up to 500‰ [5].
CHILI is a resonance ionization mass spectrometer
designed to achieve an unprecedented lateral resolution
of 10 nm and a useful yield of ~40% [6]. Because of its
high spatial resolution, improved sensitivity, and ability
to eliminate isobaric interferences, CHILI is far better
equipped than current SIMS instruments to resolve the
true isotopic composition of nanometer-sized grains.
The anticipated ~10 nm lateral resolution will be
achieved using a Ga ion gun that is currently still in
development. The isotopic composition of presolar SiC
grains have instead been successfully analyzed by
applying Nd:YLF desorption laser beam, frequencytripled to 351 nm, focused to ~1 µm [6]. However,
presolar SiC grains are much larger than presolar
silicates and can be extracted from their host meteorite
using chemical treatments. The desorption laser’s large
beam size compared to the size of presolar silicates
would lead to significant overlap of surrounding
material. To avoid this issue, we have developed a
method to fully isolate sub-µm grains for study with the
desorption laser.
Methods: Ten presolar silicates were previously
identified using NanoSIMS by O isotopic imaging of
grain size separates from Acfer 094 dispersed onto Au
foil. Acfer 094 is an ungrouped carbonaceous chondrite
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with a high abundance of presolar silicates considered to
be one of the most primitive meteorites [7]. The
elemental compositions of the presolar silicates were
also characterized by Auger Nanoprobe. Using a
TESCAN LYRA3 FIB-SEM equipped with an
OmniGIS II gas injector, we isolated two of the presolar
silicates using FIB milling. FIB milling has been used
previously to isolate presolar silicates for NanoSIMS
analysis [8, 9]. First, a cap of Pt is electron deposited
over the grain to protect it from further milling and
redeposition. Second, an annulus with an outer diameter
of ~4 µm around the grain is milled away using a low
current (<50 pA) Ga+ ion beam (Figure 1). The Fe and
Ni isotopic compositions were then measured in the two
isolated presolar silicates using CHILI.
Our analyses of Acfer 094 matrix material as well as
silicate standards (meteoritic olivine and pyroxene)
show that these materials can be efficiently desorbed
with the desorption laser. The laser power needed to
desorb Fe and Ni from Pt and Au was found to be
higher than the power needed to desorb from silicates.
Thus, to avoid possible contamination from the Pt and
Au, we maintained the laser power below that needed
for Pt or Au desorption. Nevertheless, subsequent
electron imaging showed that material outside of the
milled region was also desorbed. During analysis, it also
appeared the spoke holding the grain was immediately
lost while still showing a signal.

Figure 1. SEM images of grain isolation. (Left) untilted
and (middle) tilted views of Pt deposit over grain.
(Right) tilted view of FIB isolated grain.
For the remaining presolar silicates, we developed a
method for fully lifting out and sequestering the grains
from the surrounding material (Figure 2). After FIB
milling around the grains, a W needle is attached to the
Pt cap with another layer of Pt via ion deposition using
an Oxford OmniProbe 400 micromanipulator. An area
of the Au foil is “cleaned” by ion milling. The needle
with exposed grain is then affixed to the surface with
another Pt deposit to avoid loss of the sample.
One matrix grain has been successfully lifted out
and analyzed with CHILI. The Fe and Ni isotopic
compositions of this grain as well as the two (failed)
presolar silicates are shown in Figure 3. While the
presolar grains appear distinct in 54Fe, more
measurements are needed to assess any systematic
errors. The other isotopes are within uncertainties. Due
to aforementioned reasons, it is likely the presolar
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grains actually reflect separate matrix measurements.
Outlook: We are now prepared to analyze the Fe
and Ni isotopic composition of the remaining presolar
silicates. The entire presolar silicate grain will be
consumed during Fe and Ni analysis, impeding an
isotopic study of other elements; however, more
isotopic data on the matrix of Acfer 094 is needed and
there is ample material for a multi-element study.
Once the Ga ion gun is available for use, we will begin
measurements on GEMS as described in [10].

Figure 2. (Left) FIB image of W needle prior to
attachment to Pt cap. (Right) SEM image of lifted out
and detached grain.

Figure 3. Fe and Ni isotopic composition in presolar
silicates (red) and lifted out matrix grain (blue),
normalized to meteoritic pyroxene measured in Ornans.
2σ error bars.
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