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Carbon-XANES spectroscopic comparison of Q-gas rich and depleted fractions from Al-
lende meteorite
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Introduction:

Although the planetary noble gases enriched in the heavy noble gases, Q gases, have been frequently studied, phase Q itse
yet to be identified. Matsuda et al. (2010) has reported that TEM observations did not show clear difference between Q-rich- an
depleted- carbonaceous materials, while the Raman spectroscopic differences were observed between the two. They concluc
that release of Q gases is not accompanied by mass loss but resulted from rearrangement of carbon structure during removal o
(oxidation). Our previous study has revealed that the physically separated Q-rich density fraction may be rich in diamond-relate
sp® carbon. Thus, the release of Q gases and/or phase Q could be related to carbon functional group chemistry rather than c:
bonaceous morphology. This study focuses on the XANES analyses of Q-rich- and depleted- materials from Allende meteorite t
refine carbon chemistry that is likely associated to the release of Q gases. Moreover, Q-rich fractions obtained via the suspensi
and physical separation from Allende, respectively, are analyzed for comparison.

Experimental;

An Allende meteorite was treated with HF-HCI for preparing an acid resistant carbonaceous residue. During the removal of
elemental S from the residue with CS2, One-seventh of the total fraction of the residue suspended in the supernatant was recc
ered (AMD3). The rest of the fraction (AMD1), which is rich in Q gases, was further treated wiBda; to remove Q gases,
yielding the oxidized residue, AMDZ2. Apart from AMD samples, a Q-rich floating fraction (G1), was obtained by the freeze-thaw
disaggregation of Allende meteorite in stainless beaker. All the samples were embedded in sulfur and ultramicrotomed. Carbor
XANES of these samples was conducted using STXM at Beam line 5.3.2, at the Advanced Light Source, Lawrence Berkele
National Laboratory.

Results and discussion:

In C-XANES spectra of AMD1 and 2, aromatic and aliphatic carbons are much lower in AMD2 than those in AMD1. Car-
bonyl carbon is slightly higher in AMD2 than that in AMD1. On the other hand, the peak intensities of 1s-®goaitan derived
from graphene, are not changed between AMD1 and 2. The differences in molecular features between AMD1 and 2 may not b
directly reflected by phase Q, but more likely indicate the changes in major organic macromolecule by oxidization. Nonetheless
the depletion of aliphatic and production of carbonyls probably influence the structural rearrangement related with the releas
of Q-gases. No quantitative change of 1s-sigragciton intensity before and after oxidation indicates that phase Q is unlikely
related to graphene.

Only one clear difference between C-XANES spectra of AMD1 and 3 is a peak at 287.43 eV in AMD 3 is remarkably devel-
oped compared to AMD1. A peak around at this energy is generally assigned to aliphatic carbon, or alternatively, &nother sp
carbon such as -C-CF of fluorinated diamond (Yu et al. 2003). The peak may have an important relation to Q-richness, sinci
noble gas concentrations in AMD3 are 2-4 times higher than those of AMD1 (Amari et al. 2003).

G1 showed a quite different C-XANES spectrum from those of AMD1 and 3. While aromatic carbon is low, two unidentified
peaks are detected. One of the two peaks is possibly derived from diamonds or their related compounds. Such spectral featut
are very similar to those in the Q-rich density fraction. Additionally, C-XANES spectra of different regions of G1 are heteroge-
neous. These spectra are not exactly the same as those of individual density fractions in our previous study. It may be because
individual density fractions show more detailed spectral features that were covered in bulk fractions, or might have been partially
contaminated with Teflon beaker used in the past treatment by Matsuda et al. (1999). To summarize, it is further suggested th
some sp carbon may be related to the release of Q gases and/or phase Q.
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aerogel by impact experiment
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An understanding of shock effects is important to bring out the impact history of the solar system. A shock-induced melt vein
is one of the typical textures caused by impact; the vein is considered to be formed by rapid shear melting and be solidifiec
along the shearing plane in extremely short times. Mineralogy of the shock-induced melt veins have been well studied in highly
shocked ordinary chondrites so far, while there are few studies of carbonaceous chondrites which are usually considered to ha
been experienced relatively weak shock metamorphism.

Efremovka, grouped as a CV3 carbonaceous chondrite, is known to be experienced a strong shock metamorphism classifi
with a shock stage of S4. Although the previous studies on Efremovka mainly focused on the chemical/isotopic properties, the
detailed mineralogical and petrographic characteristics remain to be known. We made a SEM observation of the Efremovka thi
sections with a total area of about 200 frand found distinguish veins or puddles including spherical globules of Fe-Ni metal,
Fe-sulfide in the matrix. In order to clear whether these objects have been actually experienced melting or not, and to clear it
formation process, we undertook a mineralogical study regarding on the veins (tentatively called "melt vein”) compared with
the other area of the matrix (called "normal matrix”) using transmission electron microscopy (TEM) and synchrotron radiation
X-ray diffraction (SR-XRD).

The veins are often observed near chondrule-matrix boundaries, and sometimes penetrate into the adjacent chondrules or n
trices. For site-specific samplings, the melt veins and the normal matrix were lifted up from the thin section and were trimmed
to feasible shapes for SR-XRD and TEM experiments using a focused ion beam (FIB) technique. The SR-XRD and TEM ex-
periments show the clear differences between the melt veins and the normal matrix, especially as to the constituent olivines. Tt
unit cell volume data from SR-XRD and the TEM-EDX analyses consistently indicate that the olivine of the melt veif$s(Fo
poorer in Fe contents than that of the normal matrix.0A clear difference is also seen in the grain size; the olivine size in the
melt veins is significantly larger ("300 nm) than that in normal matrix ("100 nm). Moreover, appearances of lattice defects in the
olivines is different; from TEM observation, dislocation densities in the melt vein’s olivines are much lower than those in normal
matrix in spite of the evidence of the heavy shock impact.

These results indicate that the melt veins have certainly experienced a different formation process from that of normal matrix
which are apparently affected by melting and quenching processes. During these processes, olivine in the veins grew larger
size and become poorer in Fe contents than those in original matrix. On the other hand, as for most parts of Efremovka matri
escaping from melting, the shock wave effect can be found in compaction of matrix and high dense dislocations in the constituer
minerals. The present study reveals that chemical and mineralogical disproportions are caused by melting and quenching proce
Such shock-induced process may be one of the factors generating a diversity of meteorites.
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[1] Nakamura T. et al. (2011) abstract in 42nd LPSC. [2] Abe M. et al. Science, 312, 1334-1338. [3] Tsuchiyama A. et al.
(2011) abstract in this conference.
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Conditions of aqueous alteration of C-type asteroids deduced from mineralogy and oxy
gen isotope ratios of CM chondrite G

Conditions of aqueous alteration of C-type asteroids estimated from oxygen isotope ratio
of carbonate in CM chondrites
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CM chondrites have undergone prevailed aqueous alteration that changed mineralogical and isotope signatures of water-bear
C-type asteroids (Zolensky and McSween,1998; Clayton and Mayeda 1984). In the present study, we studied a CM chondrit
GRAO06172 that has never been studied in detail in order to estimate the degree and the conditions of aqueous alteration occurr
on a meteorite parent body. A polished section was observed by a SEM/EDS and analyzed by an EPMA/ WDS. A small piece
(200 microns in size) of matrix was analyzed by synchrotron radiation X-ray diffraction to identify minerals, since matrix min-
erals are too small to identify by using a scanning electron microscope.

SEM observations suggest that approximately half of the meteorite consists of primary rocks (Metzler et al., 1992) where
chondrules were mantled by thick fine-grained rims and aggregates of PCPs occur on the rims. The other half is clastic matri
that was produced by fragmentation of the primary rock. This observation indicates that the meteorite is a breccia. Mesostas
glasses in both type-lI and ?Il chondrules are aqueously altered but most of anhydrous silicates such as olivine and low- an
high-Ca pyroxenes are unaltered.

The results of the X-ray diffraction analysis indicate that matrix is composed mainly of serpentine and tochilinite, which
suggests that matrix has undergone aqueous alteration. The presence of tochilinite limits the temperature experienced by tt
meteorite to be lower than 245C. (Gooding and Zolensky, 1992). In addition, sharp diffraction peaks from low-Ca pyroxene were
detected. This indicates that some of anhydrous silicates survived aqueous alteration.

The EPMA analysis suggests that most of matrix composition fall within the area enclosed by composition PCP and two
serpentine compositions on a Si-Mg-Fe ternary diagram as was reported in the McSween (1986). The average matrix compx
sition changes with progressive alteration (McSween, 1986) and suggests that the degree of aqueous alteration experienced
GRAO06172 is similar to or even higher than that for Murchison.

In addition, the mineralogical alteration index defined by Browning (1995 ) (when the number of oxygen of serpentine is nine
,the index is calculated by 2- (Fe3 +/ (2-Si)) ) is approximately 0.65, which indicates that the meteorite altered to a degree highe
than Murchison (1.57). Based on the CM chondrite classification scheme (CM2.6-2.0) defined by Rubin (2007), the average
value of FeO/SiO2 in PCP (2.8) and mineralogical and other characteristics of the meteorite suggest that it is classified to CM2.
that is the same as Murchison. These results suggest that the extent aqueous alteration on GRA06172 is intermediate similar
or slightly higher Murchison, although small gaps are present between estimations from different models (i. e., McSween, 198t
vs Rubin, 2007).

There are many carbonate with sizes up to 100 microns in the matrix. Oxygen isotope analysis of the carbonate and co-existir
serpentine is in progress using SIMS at Tohoku University (CAMECA ims-6F) so as to estimate water temperature and water
rock ratio during aqueous alteration.
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