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Introduction: Components of carbonaceous chon-
drites show wide range of oxygen isotopic composi-
tions that keep nearly constant 570/5'%0 ratio of ~1
[e.g., 1] (Fig. 1). This mass-independent isotopic frac-
tionation is thought to be derived from mixing of two
distinct reservoirs (i.e., %0-rich and 780-rich reser-
voirs) in the solar nebula. The nature of these reser-
voirs can be constrained based on the mineralogical
characteristics of the components whose oxygen iso-
topic compositions are plotted in the two extremes.

Fe-rich material showing extremely 78Q-rich
composition (§'180: ~+180 %) has been reported
from the primitive carbonaceous chondrite Acfer 094
[2]. The Fe-rich material consists of nanometer-scaled
symplectic intergrowth of magnetite and Fe-Ni sulfides
and is named “cosmic symplectite (COS)” [3]. COS
grains are typically several to 10 um in size and widely
distributed in the matrix of the Acfer 094 [4]. They
probably represent the 78Q-rich reservoir and are
currently hypothesized to have formed by oxidation of
Fe-Ni metal and sulfides by *"*80-rich water or water
vapor in the early Solar System. However, mineralogi-
cal studies on COS grains are very limited and their
origin is still poorly constrained.

In this study, we performed synchrotron radiation-
based X-ray computed tomography (SR-XCT), trans-
mission electron microscopy (TEM), and NanoSIMS
analysis of a COS grain. The results give new insights
into the origin of COS.

Samples and Methods: First, we observed a pol-
ished Acfer 094 section (~2.2 mm?) using a field emis-
sion scanning electron microscope (FE-SEM) equipped
with energy dispersive X-ray spectrometer (EDS) and
found five COS grains. The COS grains (~10 pm)
show rope-like structure similar with those reported by
Abe et al. (2017) [4]. One of the five grains was ex-
tracted as a block (~25 x 25 x 30 um) from the pol-
ished section using a focused ion beam (FIB) tech-
nique. Three dimensional (3D) images of the block
sample were obtained using a SR-XCT system with

high spatial resolution (~100 nm) at SPring-8 BL47XU.

After the SR-XCT analysis, one cross section includ-
ing the COS grain (~5 um in thickness) was extracted

from the block using FIB. The sample was subjected to
chemical analysis with FE-SEM-EDS and oxygen iso-
topic imaging with NanoSIMS. Then, the cross section
sample was thinned into <100 nm thick and analyzed
using TEM-EDS.

Results and Discussion: SR-XCT analysis shows
that the COS grain has irregular shape with many
topographic depressions on the surface and contains
small inclusions (< a few micron) (Fig. 2). The inclu-
sions are not three-dimensionally connected to the out-
side even via fractures, ensuring that they were origi-
nally contained in the COS grain.

FE-SEM-EDS analysis of the COS grain reveals
that the inclusions have compositions rich in O, Na,
and S. We note that any O-Na-S-rich material was not
observed outside the COS grain.

NanoSIMS analysis confirms that the COS grain
has extremely 17180-rich composition [6170 = +159 +
6 (10) %o, 8180 = +166 + 3 (10) %o] (Fig. 1). However,
it could not be confirmed whether there is an oxygen
isotopic difference between the inclusions and the host
COS grain because the inclusions are too small to ob-
tain their own compositions.
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Fig. 1. Oxygen isotopic compositions of the compo-
nents of the Acfer 094 carbonaceous chondrite. AOA =
amoeboid olivine aggregates. CCAM = carbonaceous
chondrite anhydrous mineral mixing line. TF = terres-
trial fractionation line.

1035.pdf



51st Lunar and Planetary Science Conference (2020)

TEM analysis was performed on an ultra-thin sec-
tion of the COS grain. The ultra-thin section contains
one relatively large O-Na-S-rich inclusion (~2 pm in
diameter) embedded in the host COS grain. Based on
the chemical composition and selected area electron
diffraction patterns, the inclusion was identified as a
single crystal of Na-sulfate (Na;SO4).

Nanometer-scale quantitative compositional maps
of the COS grain were obtained using a scanning-TEM
(STEM) system combined with EDS. The map analy-
sis reveals that the COS grain exhibits multi-layered
structure surrounding the large O-Na-S-rich inclusion
core (Fig. 3). We identified three-types of layers; (1)
inner-most Ni-poor layer consisting of 100-200 nm
size magnetite and pyrrhotite grains, (2) Ni-rich layer
consisting of nanometer-scaled intergrowth of magnet-
ite and Fe-Ni sulfides with symplectic texture, and (3)
outer-most  Fe-(hydro)-oxide layer. The Ni-rich
symplectite layer can be divided into 100-300 nm size
domains on the basis of crystal orientation of magnet-
ite. This domain structure is probably derived from the
precursor Fe-Ni-rich grains currently replaced by the
symplectite.

These microstructure can give new insights into the
origin of COS. Experimental studies on Fe-metal cor-
rosion by Na-sulfate [e.g., 5] have shown that high
temperature (>600 °C) heating events in N2-O2-SO;
gas condition form scales consisting of FeS and Fe
oxides at the contacting surface between Fe-metal and
Na-sulfate. The scales exhibit a symplectic intergrowth
of FeS and Fe oxide in some part. These are similar
with the mineralogy of the COS grain in this study.
This suggests that the COS grain might have been
formed by some heating events in the presence of Na-
sulfate and Fe-Ni metal. Such heating events must
have preceded the incorporation of the COS grain into
the Acfer 094 parent body although we cannot specify
the place at this time. After the incorporation, the COS
grain went through aqueous alteration in the Acfer 094
parent body [e.g., 6]. This process might have formed
the outer-most Fe-(hydro)-oxide layer of the COS
grain.
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Fig. 2. SR-XCT slice image of a COS grain taken at X-
ray energy 8 keV. The COS grain (white) contains
small inclusions (dark gray).
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Fig. 3. (@) A high angle annular dark field (HAADF)-
STEM image of a COS grain, and combined STEM-
EDS maps (b) for S (red) and Fe (blue), (c) for O (red)
and Fe (blue), and (d) for Ni (red) and S (blue). The
COS grain exhibits multi-layered structure. The
boundaries between the layers are indicated by white
dashed lines.



