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Laboratory impact experiments of rock projectiles onto simulated asteroid regolith: Im-
pactor fragmentation and capture
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Secondary lon Mass Spectrometry (SHRIMP) U-Pb dating of Chelyabinsk meteorite
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Crystallization and subsolidus processes of the NWA 6704 ungrouped achondrite
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Introduction: NWA 6704 is an unique ungrouped achondrite. It consists of low-Ca pyroxene, less abundant olivine and plagio-
clase, minor chromite and merrilite, and trace awaruite, heazlewoodite, and pentlandite (1, 2). Although its bulk oxygen isotopic
ratio is within the ranges of the acapulucoite-lodranite and CR chondrites, its petrography and mineralogy are evidently differen
from both of them (1). The U-Pb dating of this meteorite give§8"@bP°Pb date of 4563.75 +/- 0.41 Ma (3). To deduce its
formation processes is important to understand formation of its parent body that may have predated the formation of chondrit
parent bodies.

Methods: Polished thin sections were investigated by optical microscopes, electron microprobe analyzer (EPMA), field-
emission scanning electron microscope (FE-SEM), Raman spectroscopy, and electron backscattered diffraction (EBSD).

Results: The most abundant mineral in NWA 6704 is orthopyroxene containing blobs of augite. Both Raman spectroscop)
and EBSD data indicate that this pyroxene is orthopyroxene. The texture of the blob-bearing orthopyroxene is very similar to
Kintokisan-type orthopyroxene (inverted pigeonite) (4). We call it early formed (ef-) pigeonite. There are another less abundant
low-Ca pyroxenes: augite blob-free orthopyroxene, and pigeonite containing sub-micrometer-size augite exsolution lamellae
Here we call them primary orthopyroxene and later formed (If-) pigeonite. Lf-pigeonite occurs as coherent overgrowth of the
primary orthopyroxene and discrete grains in the interstices of large ef-pigeonite. Lf-pigeonite also occur as inclusions in olivine.
Based on the EBSD data, modal abundances of ef-pigeonite, olivine, If-pigeonite, primary orthopyroxene, feldspar, chromite
awaruite are 67.2, 16.8, 3.4, 0.6, 10.9, 0.4, and 0.4 vol.%, respectively. Crystallization sequence estimated based on the petrc
raphy is following: primary orthopyroxenesawaruite =>ef-pigeonite =chromite =>If-pigeonite =>olivine =>augite (quite
rare crystallized from melt) =heazlewoodite >pentlandite =merrilite =>feldspar. Early formed pigeonite (blob-bearing or-
thopyroxene) shows a LPO of the [010] axis. Lf-pigeonite contains complex exsolution lamellae of augite. The thickest lamellae
have "0.2 micrometer in width and 1-2 micrometer wavelength. Finest lamellaed@atenicrometer thick and “0.2 micrometer
wavelength.

Discussion: Because [010] lattice preferred orientation of pyroxene in terrestrial rocks has been interpreted as settling of tabt
lar pyroxene crystals in a stagnant magma chamber (5), ef-pigeonite could have settled in a stagnant magma chamber. Prese
of Fe** in chromite and high NiO concentration in olivine (0.89 wt.% on average) suggest that this meteorite crystallized under
an oxidized condition. About 110CC equilibrium temperature was estimated by using two pyroxene geothermometry and 950
°C by using olivine-spinel geothermometry. These high temperatures suggest that the meteorite cooled rapidly in this range c
temperature. Multiple exsolution lamellae with thickness and wavelength similar to this meteorite were observed in Zagami mar-
tian meteorite. Its cooling rate between 1P@to 950°C was estimated to be "0.0L/hr (6). This meteorite could be cooled as
slow as Zagami did. Further studies are needed to clarify if a monotonous cooling can accomplish both high equilibrium temper:
atures estimated by geothermometers and sub-micrometer-size exsolution lamellae in If-pigeonite. NWA 6704 has petrograpt
similar to that of NWA 6693. However, there is a stark difference between these two meteorites. Blob-bearing orthopyroxene is
the most abundant pyroxene in the former. On the other hand, low-Ca pigeonite is the most abundant in the latter. Therefore,
is possible that NWA 6704 is not mere a pair of NWA 6693.

References: (1) Irvine et al. (2011), (2) Warren et al. (2012), (3) lizuka et al. (2013), (4) Ishii and Takeda (1974), (5) Jackson
(1961), (6) Brearley (1991).
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Petrologic type from plagioclase size distribution

JUNET B L5 AR & b5 WP =i
KAWASAKI, Takehiro! ; KIMURA, Makoto'* ; NOGUCHI, Takaaki

vt g

LFaculty of Science, Ibaraki University

B RIERHOBRBIC KX > TEBBIY RI4 NIEAENEA T3 —6IcnHEINTWS, TDOHIBEALT5, 6D5%
FHME L U TRIEADORBED RNV ENTED, 24751310 p mUTORTFNREZL, 24761350 p mLd
Lok, EENTWS [1], LM LENS, TOFRETEENTII R L, YA XD HIRET OB e
ENTWiz[2, 2T T, AR TRBELADTE LT A X 0HZIE L. SaFPHNZA T 5 —6 DX ZIHSMC
TBexWIEENE Ui,

A TIEIHE L LL Z)V—T D2 AT 5, 6V RI4 b, 512 6B EBIRL. ZhHICEENIRELDOY
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WK [1] Huss et al. (2005) in Meteorites and the Early Solar System, [2] Kovach and Jones (2010) MAPS, 45, 246-264.
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Systematic isotopic studies of REE, Sr and Ba in eucrites
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19SMOSMB LT PTG GAdDFRINIAS 7 h e & 52 % C LIC K> CTHFEHMIRFEREZM2 D TES, £z, Sr
BXU BalRfiAT—2h51E, &BICKINMEICET 7 VA BB cEZHEICE D 8"RbA7Sr, 13°Cs13°Ba iZE R
OOVl 25T EZ BN S,

AFZETIE. Juvinas, Stannern, Millbillillie, Dar al Gani 380 (DaG 380), DaG 391, DaG 411, DaG 443, Da@®4B®
DIA—=0 T4 bWz, SEAREK 1 g 2hfg. B, fRalk e Ule, &alklisiize —n L. ZOKETIE
FEDA A 2 2372 FHV . Sr, Ba, Ce, Nd, Sm, G&{t22or#E L, K EMAE S IHrEr (Triton-Plug 12 & 2 ks
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#% (Makishima and Masuda, 1991; Boyet and Carlson, 2005; Andreasen and Sharma 2807 1D H 2 iR E S Nz,
F7z, € M2Nd-g "3Nd 71y MCEWTAFIFGIRNI A TR TIRE SN TV A EEL—7 F1 FORAMAT—2 &
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DOILEFEZIT DV TRNATREZ O TEREEICERT S L ZME L THED . 5% STRbS7SrfiZRIC KD < FR
FT— 2 & 138 a-138Ce, 146Sm-112Nd, 117SMAYND AR R 5 N A EH & DFF Ak 2175 & ISR s 21—
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Preliminary experiments on the formation process of lingunite in shocked meteorites
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Albite-rich hollandite (lingunite) has been frequently found in shocked meteorites with other high-pressure minerals (Gillet et
al., 2000; Tomioka et al., 2000). According to the laser-heated diamond anvil cell (LHDAC) experiments by Liu (1978), following
the decomposition of albite (NaAIgSDs) into jadeite (NaAlSjOg) plus quartz (SiQ) at 2-3 GPa, these phases recombine to form
lingunite in the range of pressure between 21 and 24 GPa at aboutCLG0@ then it decomposes again into calcium ferrite-type
NaAlSiO4 plus stishovite at pressures above 24 GPa. Similarly, Tutti (2007) observed NaAlgunite at 21-23 GPa and
2000°C using LHDAC. In contrast to these LHDAC studies, high-pressure experiments using multi-anvil type (MA) apparatus
revealed that the maximum solubility of NaA}&ls component in hollandite structure is limited to 50 mol% at 14-25 GPa and
800-2400°C (Yagi et al., 1994, Liu, 2006). This contradiction has not been solved yet, which makes it difficult to understand the
shock conditions for the presence of lingunite in shocked meteorites. Tutti (2007) suggested that the stability of lingunite might
be sensitive to temperature and could transform back when quenching rate is slow like MA experiments. However, the formatiot
conditions of lingunite has not been well constrained even by LHDAC experiments.

To investigate the formation process of lingunite, we preliminarily carried out LHDAC experiments using a powder of natural
albite as a starting material. The samples were compressed at room temperature, and then heated by the double-sided la
heating method using a Nd:YAG laser. The emission spectra were measured on both side of the heated sample, and used
estimate temperature. Heating duration at the maximum temperature was several minutes. Recovered samples were analy:
by X-ray diffraction method at BL-ARNE7 and BL-ARNE1 of photon factory, KEK. The results obtained suggest that jadeite
and stishovite are present at 22 GPa and 1230rhe assemblage changed into calcium ferrite-type structure and stishovite at
25 GPa and 140€C. Hydrous aluminum silicate (phase egg) was also present in both samples probably due to the effect of
absorbed water in the powdered stating material. We measured X-ray diffraction patterns at several points in the sample, whic
showed changes of the ratio of the constituent minerals due to the presence of pressure and temperature gradients, however
did not observe lingunite in any measured points. Although experimental conditions are still rather limited, our preliminary
results suggest that the formation condition of lingunite is more than 14@0these pressure ranges.
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