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Introduction:

The successful analysis of comet 81P/Wild 2 particles returned by the Stardust mission has revealed that the Wild 2 dust cor
tains abundant silicate grains that are much larger than interstellar grains and appear to have formed in the inner regions of tt
solar nebula [1]. Wild 2 particles include minerals which are isotopically and mineralogically similar to CAls [e.g., 2], chondrules
[e.g., 3], and amoeboid olivine aggregates (AOAS) [e.g., 4] in chondrites. In this study, we have examined the mineralogy of the
Track 112 particle and compared the possible relationships between T112 and AOASs.

Results and Discussion:

Our two TEM grids from T112 are dominated by 4 micron -sized forsteritic olivine. Submicron sized chromite is associated
with the olivine. The olivine from T112 is near end-member forsterite, but shows a slight enrichment of Fe toward the grain
rim. In the least metamorphosed chondrites, most AOAs consist of forsterite. Enrichment of olivine in fayalite component is
correlated with petrologic subtype of a host meteorite [5]. In CV chondrites, Fe-enrichment is distinct in Allende (petrologic type
>3.6). The Fe enrichment on the rim of T112 olivine may have been caused by a minor degree of thermal processing after th
condensation of forsterite.

From EDS analyses, the chromite grains have high Cr203 content (up to 65 wt. %), and yield Al-absent compositions with
intermediate Mg# ; however, it is likely that some Mg detected by EDS is from neighboring olivine and that the grains are
closer to pure chromite in composition. Chromite is a minor phase in Wild 2 particles. Cr-rich spinels have been identified in the
chondrule-like particle Torajiro [3] and associated with Coki-B Kool fragments (T141 [6]); however, these spinels have signifi-
cant Al203.

Three possibilities for the formation of chromite can be considered: (i) direct condensation from a gas; (ii) crystallization from
chondrule melt; (iii) metamorphism/aqueous alteration. (i) Modeling by [7] predicts that Cr-rich spinel crystallizes in mixed va-
por + silicate liquid + refractory solid reactions at high temperatures in dust enriched systems, but always with significant Al203.
(i) This modeling [7] also shows that chromite is stable with silicate liquid at high dust enrichment, but textures of T112 particle
do not appear to be typical of chondrules. Furthermore, the 160-rich composition of olivine in the potted butt sample from (T112)
is more consistent with AOAs than chondrules. (iii) Tiny Cr-rich grains surrounding olivine in type 3 ordinary chondrites were
identified by [8] as products of incipient metamorphism. The T112 chromite might have a similar origin.

The forsteritic, 160-rich composition of T112 olivine suggests a condensation origin. Slight enrichment in Fa-content along
the olivine rim suggests some metamorphism. At this point, we consider metamorphism the most likely origin of T112 chromite.

References: [1] Brownlee D. E. et al. (2006) Science 314:1711-1716. [2] Zolensky M. et al. (2006) Science 314:1735-1739. [3]
Nakamura T. et al. (2008) Science 321:1664-1667. [4] Nakamura-Messenger K. et al. (2011) MaPS 46:1033-1051. [5] Komats|
M. et al. (2001) MaPs 36:629-641. [6] Joswiak D. J. et al. (2009) MaPS 44: 1561-1588. [7] Ebel D. and Grossman L. (2000)
GCA 64:5339-366. [8] Grossman J. N. and Brearley A. J. (2005) MaPS 40:87-122.
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Chondrules are millimeter-sized and spherical-shaped crystalline grains consisting mainly of silicate material. Since chon
drules occupy about 80 vol.% of chondritic meteorites in abundant cases, they must have great information about the earl
history of our solar system. They are considered to have formed from molten droplets about 4.6 billion years ago in the sola
nebula; it is believed that they melted and cooled again to get solidified in a short period of time. They have various solidification
textures that record the solidification process. Barred olivine (BO) chondrules show a unique texture characterized by paralle
set(s) of olivine bars in a thin section. BO chondrule usually has an olivine crystal, which is termed as rim, which covers the
chondrule surface. This olivine rim has the same crystallographic orientation as inner olivine bars, which connect to the rim. It is
considered that the crystallographically continuous structure was formed by morphologic instability during olivine growth, like
dendritic crystals. However, initial process of the morphologic instability that produces the olivine bars has not been investigatec
in detalils.

We investigated the initial process of formation of BO texture based on numerical simulation of solidification of chondrule
melt. The thermodynamically consistent phase-field model for a binary alloy based on the entropy functional is adopted here
We adopted MgSiO,-Fe,SiO, binary system in which only olivine is considered as a solid phase. We carried out a numerical
simulation of a molten olivine droplet solidifying from a platy seed crystal at droplet surface. Under an extremely rapid cooling
condition, in which the cooling rate is 5000 K/s, the platy seed crystal overgrew keeping its flat interface at the beginning of
solidification, and then changed to cell-like pattern due to morphological instability. The initial stage before the instability can be
considered as the formation of olivine rim, and the cell-like pattern as that of olivine bars. In this case, the average width of bar:
is about 5 micrometer in numerical result, which is comparable to that observed in natural BO chondrules ranging from 5 to 10C
micrometer. If we consider that the bar width is proportional to a root of the cooling rate, the required cooling rate to reproduce
100 micrometer thickness is evaluated as 12.5 K/s = 45000 K/hr, which is much faster than the canonical value of 1000 K/hi
inferred from traditional experiments. We also found that the rim and olivine bars showed zoning profile in Fe/(Mg+Fe) value,
which was similar to that of laboratory-synthesized BO chondrules.

Our numerical simulation of solidification of chondrule melt suggested that the cooling rate should be much faster than tha
inferred from traditional experiments to produce olivine bars of 5 ? 100 micrometer in width such as observed in natural BO
chondrules.
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Isotopic compositions of terrestrial and extraterrestrial materials are important to understand the formation and evolution of the
solar system materials and bodies, since they are contributed by some processes such as radioactive decay, mass fractionation,
isotope exchange. Noble gases are most sensitive to such isotopic effects because of the extreme depletion in solid materials.
extraterrestrial materials, He and Ne are dominated by isotopes that originate from solar wind implantation, spallation/n-captur:
reactions, and radioactive decay* 232U and?32Th). Heavy noble gases, Ar, Kr, and Xe are mixtures of products from stellar
nucleosynthesis (s-, r-, and p-processes), radioactive déeiy (¢3 139Te, 238U, 232Th, 244Pu, and'?’1), and spallation/n-
capture reactions, in addition to primordial (planetary) gas. Hence, the noble gas isotopes reflect many processes and should
a useful tool for cosmochemistry and geochemistry.

Because of their low abundances in solid planetary materials, extremely high sensitivity is necessary for a noble-gas analyze
In order to measure microgram- or sub-microgram samples returned by space explorations, | have been constructing a new ultr
sensitive mass spectrometry system at Kyushu Univ. The system is a combination of a conventional mass spectrometer th
consists of a magnetic sector-type MS with a Neir-type ion source), and a resonance ionization mass spectrometer (RIMS) th:
consists of a resonance ionization ion source and a time-of-flight (TOF) MS.

The conventional MS is useful to measure all noble gases (He, Ne, Ar, Kr, and Xe) with a detection limit of around 5000
atoms. Helium and Ne in Antarctic micrometeorites (around 0.5 microgram in weight) have been measured using a small resistal
furnace (called Pot-pie furnace). Return samples from asteroid and lunar regolith should contain amounts of solar-wind He an
Ne of which isotopic ratios and concentrations would reflect the regolith history.

The RIMS is designed to measure extremely small amounts of Kr and-X@Q atoms), referring to RELAX (Refrigerator
Enhanced Laser Analyzer for Xenon) developed by Dr. J. D. Gilmour and his colleagues. The RIMS at Kyushu Univ. is equipped
with a dye laser system (T1l Tokyo Instruments Inc.) that generates 3.5 mJ per pulse (8 nsec of pulse width) at 216 and 256 nm c
wavelengths applied for ionization of Kr and Xe, respectively. The power densities of the UV lights are probably high enough to
ionize Kr and Xe with almost unit probability when focused tod@01 cm in diameter in the ion source. lonization efficiencies
and ion transmissions will be investigated. The RIMS enables to apply many radiometric dating (such as I-Xe, Te-Xe, and Pu-Xe
and Kr-Kr dating that will be very interesting for samples experienced cosmic-ray exposure.

For gas extraction from samples, the analysis system is equipped with a pulse Nd:YAG laser in addition to the furnace (Pot
pie). The Nd:YAG laser produces 200 mJ per pulse (10 nsec) at 1064 nm. The focused beam has a diameter of 50 micromet
and will create the plasma plume. The plasma lights have wavelengths that depend on the chemical composition of fused area
the sample, and are measured using a LIBS (Laser-induced Breakdown Spectroscopy) system. Using the LIBS system, the fus
mass can be calculated by measuring the major element abundances. Also, potassium contents will be determined for micro-at
K-Ar dating.

The RIMS and LIBS systems are now under construction, and the progress will be reported.

gogoob:0bbooogoo,bog
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The JAMSTEC NanoSIMS 50L: Imaging mass spectrometry at the sub-micron scale for
meteorite and biology samples
The JAMSTEC NanoSIMS 50L: Imaging mass spectrometry at the sub-micron scale for
meteorite and biology samples
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On November 4, 2011 the Cameca NanoSIMS 50L ion microprobe was delivered to Kochi Institute for Core Sample Research
The NanoSIMS ighe-state-of-the-aiihstrument for microanalysis by a secondary ion mass spectrometry. The strong ability is
to analyze extremely smategions-of-interestachieving lateral resolutions down to 50 nm and small sputtering depth) while
keeping very high sensitivity at high mass resolution. This derives from the new coaxial optical design of the primary ion sources
and secondary ion extraction system, and from a new design of the magnetic sector mass analyzer. The capability of simult:
neously measurement up to 7 masses, achieving more precise isotopic ratios from the same small volume, or better ion ima
superimposition in a imaging mode. This allows the comparison of images of the distribution of different measured isotopes ol
elements. This ability for imaging with sub-micro meter spatial resolution is very unique to the NanoSIMS and provides a hew
approach to the analysis of the isotope and/or element distributions in variety of samples. Faraday cups are also installed in
the NanoSIMS, enabling to achieve the precision and external reproducibility of isotopic measurements down to the sub-perm
level. Therefore, the JAMSTEC NanoSIMS will be the centerpiece of the ion imaging and geomicrobiology laboratories at the
Kochi Institute for Core Sample Research and will be used to investigate extraterrestrial, terrestrial and biology samples (e.g
meteorites, oceanic crusts, deep life) explored by a scientific ocean drilling and sample-return missions from extraterrestrial lo
cations opportunities.

The NanoSIMS instrument is in a clean room with class 10,000. Temperature {€& &8und a magnet) and humidity level
(+-2% in the room) are well controlled. Currently the specifications of beam size (Cs+: “30 nm, O-: 180 nm) and beam stability
in 10 min (Cs+: 0.2 %, O-: 0.7 %) were achieved. We have done with Si and O isotopic measurements using electron multiplier:
and Faradays cups for Si wafer and quartz, respectively (Table 1).

Some initial results for O and Mg isotopes in meteorites and terrestrial mineral standards, and isotope images of microbiolog!
sample will be shown at the meeting.

Acknowledgements: Funding for the JAMSTEC NanoSIMS ion imaging laboratory was provided by the Leading-edge Re-
search Infrastructure Program of the Ministry of Education, Culture, Sports, Science and Technology and Japan Society for th
Promotion Science.

Keywords: NanoSIMS, lon imaging, sub-micron spatial resolution

Table 1. Reproducibilities of Si and O isotopic measurements.
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16 points (within 10 points (5 10 points (within 10 points (5
EMs ) . FCs ] K
1 inch sample) | sample locations) 1 inch sample) |samples locations)
*Si/*Si Si wafer +- 0.7 permil +- 0.9 permil “Si/*si Si wafer +- 0.07 permil +-0.13 permil
*Si/*Si Si wafer +- 0.7 permil +- 1.1 permil “Si/*Si Si wafer +- 0.17 permil +-0.26 permil
%0/"°0 Quartz +- 0.6 permil +- 0.5 permil
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Space weathering is the term used for color alternation of asteroid surfaces from light to dark. This results from micrometeorite
bombardment and cosmic-ray exposure, which generates metallic Fe nano-particles in the outermost layer of mineral particles
the asteroid surfaces. Because of space weathering, reflectance spectra of ordinary chondrites slightly differ from those of S-tyj
asteroids that are parent bodies of ordinary chondrites. Therefore, when we establish the asteroid-meteorite connection bas
on the reflectance spectra, we must consider the effect of space weathering. Regolith breccia Tsukuba H chondrite is affecte
by space weathering on the asteroid surface of its parent body and shows characteristic dark-light structure. The dark portion
heavily weathered because of exposure to solar winds on the asteroid surface, while the light portion is not weathered because
was buried inside of the asteroid. Therefore the dark portion contains large amounts of cosmogenic and solar-wind derived nob
gases, but the light portion is depleted in such noble gases.

In this study | compared dark potions and light potions of the Tsukuba meteorite in terms of mineralogy and reflectance
spectra and investigated space weathering effects on this meteorite. Electron probe micro-analyzer (EPMA) analysis reveale
that mineral chemistry of the dark potions and the light potions are the same. | applied the reflectance spectrometer for obtainin
diffuse reflectance spectra of both dark and light potions. For comparison of the reflectance spectra, MGM (Modified Gaussial
Model) is used. The results indicate that the band strength and areas of spectra derived from the dark potions are much low
than those of spectra from the light potions. Using the band strength and areas as parameters, we evaluate space weathel
rates of S-type asteroids based on changes in reflectance spectra and cosmic-ray exposure ages of the Tsukuba meteorite.
use calculated results of cosmic-ray exposure age of the Tsukuba meteorite reported in a previous work. Applying the spac
weathering rates determined in this study to the reflectance spectra of S-type asteroids, we may be able to obtain surface ages
the asteroids only from reflectance spectra, which will greatly contribute to decipher the origin and evolution of asteroid belt in
the solar system.
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in meteorite parent bodies
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It is suggested that life on Earth could have been seeded by the delivery of organics from outer space during the intens
bombardment period of primitive Earth. A large number of amino acids and their precursors have been detected in the extracts
carbonaceous chondrites, but their origins and original structure in the chondrites still remain controversial. Numerous simulatior
experiments have also suggested that these bioorganic compounds were formed from possible interstellar media by irradiatic
with high-energy particles or ultraviolet (UV) light. Furthermore, organics including amino acids and their precursors in inner
part of comet and meteorites are safe from UV light, but organics in interplanetary dust particles (IDPs) are fully irradiated with
strong solar UV as well as high-energy particles near Earth orbit. Thus, itis of interest to investigate how these organic compound
alter or survive against UV radiation. In this study, we examined the stability and photolysis products of hydantoin (Hyd) and
its 5-substituted molecules, such as 5-methylhydantoin (M-Hyd), 5,5-dimethylhydantoin (DM-Hyd), 5-ethylhydantoin (E-Hyd),
5-ethyl-5-methylhydantoin (EM-Hyd). When 5-substituted hydantoins (EM-Hyd, E-Hyd, DM-Hyd and M-Hyd) were irradiated
with UV light, Hyd (a precursor of glycine) was formed as major photolysis products. Therefore, it is assumed that 5-substituted
hydantoins in extraterrestrial bodies were possible glycine precursors. Considering the photostability factor, EM-Hyd (precurso
of isovaline) was less stable than isovaline aginst UV, though EM-Hyd is generally more stable than isovaline aginst radiation. It
is due to the fact that isovaline has larger abosorption coefficient in UV region than EM-Hyd. The present experimental results
may point out the potential importance of the photochemistry of isovaline, glycine and their precursor molecules (i.e., hydantoin
and 5-substituted hydantoins) in Solar System bodies.
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