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Introduction: Correlated TEM and SIMS investi- onto the TiC surfaces. Figures 1b and 1c showémag
gations of presolar graphites have shown that gieph and diffraction data from such a TiC/SiC grain &gl
is very effective at capturing and preserving inéér  1d is a dark-field image formed from one of the SiC
grains of other more refractory phases during its diffraction spots in Fig. 1c, with the bright suéa
growth, with a single graphite often containing Hun coating indicating the SiC’s location. This iddiot-
dreds of internal grains [1]. From isotopic andME  tion is confirmed with EDXS, wherein the SiC edge
measurements of such grain assemblages, one can ré€gion shows a 2x higher Si/Ti ratio than the T&hc
construct a grain’s formation history, which campr ter. Such a SiC coating on TiC was evident on gearl
vide important tests of supernova (SN) nucleosysithe every TiC (111) face that was examined. Otherarefr
and grain condensation processes. Here we presentory carbides had large distinct SiC regions of pam
TEM results from an Orgueil SN graphite that comsai  rable size to the TiC (Fig. 1e). The inset daelefi
internal TiCs with various epitaxial refractory gea,  (DF) image formed from a SiC diffracted spot shaws
including kamacite, nickel silicide (d8i) and SiC. SiC domain with several stacking faults that cosgsi
Internal grains of SiC and kamacite/iron silicides a ' ;
also found independent of TiC. The grain micrastru
tures suggest primary formation of each of theseseb
directly from the gas, in some cases heterogengousl
nucleating on existing solid surfaces of the meiffeacc-
tory TiCs. This single graphite contains all okth
phases that equilibrium thermodynamic calculations
predict will form in C-rich SN layers [2], confirmg to
some degree the applicability of such calculatieven
to complex SN environments.

Experimental Methods: Graphite OR1d3m-18 (7
um diameter) from the OR1d density and size separate
(1.75-1.92 g cm-3, >um) of the Orgueil meteorite [3]
was identified as a SN graphite based on NanoSIMS C
O, N and Si isotopic measurements. This graphite w
picked from the mount, embedded in resin, and then
sliced into ~70 nm ultramicrotome sections, 11 of
which were suitable for TEM study. The slices were
retrieved on holey carbon-coated copper TEM grids
and examined in a JEOL 2000FX analytical TEM
equipped with a NORAN Energy Dispersive X-ray
Spectrometer (EDXS).

Results: Graphite g18 (Fig. 1a) show&C, N,
®0 and ?®Si enrichments that are characteristic of
grains originating in a SN (isotopic ratios 6€/*°C =
75.9 £ 0.4,N/®N = 230 + 14,'°0/°0 = 286 + 5, e
5%Si = -89 +9, and™’si = -102  11). Many internal ~ 2e L
titanium carbides (TiCs) were found, wit0 nm av- I
erage diameter and constitutirg00 ppm by volume.  Fig.1. a) Bright-field (BF) image of g18 graphite with
V and Si were also present in the TiCs (avg. atomic internal TiCs indicated by blue dots b) bright-field
ratios of V/Ti~ 0.08 and Si/T# 0.40). No evidence of  image of TiC and c¢) microdiffraction pattern taken
s-process element enrichments were found (Zr, Mo no from edge of 1b showing SC coating phase grown
detected), which is consistent with results forvjires onto TiC face. d) DF image from SIC spot revealing
SN carbides [1]. The abnormally high Si contemt, €  SC coatings (bright) on opposite (111) TiC faces €)
ceeding that which is normally found in solid saat BF and DF images of TiC/SIC composite grain includ-
can be explained by the presence of SiC layersmgrow ing diffraction patterns and f) EDXS from each side.
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about half of the carbide. EDXS (Fig. 1f) of both
gions in Fig. 1e show very low Ti content in theCSi
region, but still significant Si in the TiC possgildue to
SiC coatings surrounding other TiC faces. Thre&esSi
were also found independent of TiC.

This graphite also contains 3 TiCs with attached
Ni,Si-rich grains and one with attached Fe,Si-rich
grains. Electron diffraction patterns of three tbé
larger Ni,Si-rich grains (40-50 nm in diameter) atk
consistent with the known p8i phase (orthorhombic;
a =7.10A, b = 5.15A, ¢ = 4.08A), and numerous high
symmetry zones were indexed, including [111], [112]
and [110] zones. Fig. 2a shows a TiC with an httdc
Ni,Si grain and microdiffraction patterns from each
which show alignment of low index zones from each
phase. Another instance of a TiC/8li composite
grain was found with separate,Ni grains on opposite
faces of the same TiC. Both microstructures irdica
epitaxial growth of nickel silicide on existing TiC
grains. EDXS of three Bbi grains all agree with the
known phase stoichiometry, showing {Me,),Si with
0.05<x<0.1.

A TiC was found with Fe,Si-rich grains attached to
two separate faces (Fig 2b). The [011] TiC zons wa
found parallel to [001] kamacite zones (2.9A BCE) i
both kamacites. The Fe,Si-rich grains have composi
tions of FgsNi4Sip; and FeggNigSirs, which is an ab-
normally high Si content for metallic iron. Wegboss
in the kamacite [001] diffraction patterns, neas for-
bidden (100) BCC kamacite spot, suggest presenae of
second iron silicide phase in solid solution witma-
cite. Another FeSi-rich grain is found independeht
TiC (Fig. 2c) and consists of three separate diysta
domains all with a composition neargi¢i;Si,;. Dif-
fraction patterns taken from the lower domain ame-c
sistent with [001] and [112] kamacite, but contaddi-
tional weak spots at a 3.29A spacing. These sSpots
the [112] zone are consistent with {111} planes of
FeSi (cubic, 5.7A, Pearson CF16). The extra forbid-
den diffraction spots in the Fig. 2b pattern asoaon-
sistent with cubic E&i. A solitary 30 nm grain of
composition FgNi;Siz,Als was also found, with a dif-
fraction pattern consistent with [011] kamacitet bu
this case no indications of the cubigEephase.

Discussion: Many features seen in g18 have been
discovered previously in other SN graphites [1,bdi
g18 is unique in that it contains all of the phages
dicted to form in C-rich SN zones [2]. Observed mi
crostructural features (e.g. separatgSNgrains hete-
rogeneously nucleated and grown onto differentface
of a single TiC) demonstrate a phase condensation s
qguence of TiC, followed by MN&i, Si-rich kama-
cite/FeSi, SiC (with relative order undetermined) and
finally graphite. This is roughly consistent wjghedic-
tions [2], although at the high C/O ratios of untid

C-rich SN zones, graphite would condense firstemath
than last. Iron and nickel silicides have alsorbes
ported within SiC-X grains [5], but in that casepapr
to form secondarily at grain boundaries between SiC
domains rather than being direct condensates frem t
gas. Presence of Fe-Ni silicides, SiC, and Si-kiah
macite within graphite all suggest higher Si cohian
the SN environment from which g18 condensed, possi-
bly due to a greater contribution from the Si/S eon
(which is also consistent with tR&i enrichment).
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Fig.2. a) BF image and microdiffraction patterns of
TiC with Ni,S attached to its (1 -1 0) face. b) BF im-
age of TiC with 2 attached kamacites and diffraction
pattern from upper kamacite with extra Fe,S spots c)
BF image of FeS-rich phase consisting of 3 crystalline
domains and diffraction pattern from lower domain.
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