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2:15PM - 2:30 PM JST | 5:15AM - 5:30 AM UTC
[R5-10] Shock metamorphism of the surface particles of asteroid Ryugu (2)
*Naotaka TOMIOKAL, Masaaki Miyaharaz, Kosuke Kurosawa3, Takaaki Noguchi4 (1. Japan Agency for

Marine-Earth Science and Technology (JAMSTEC), 2. Hiroshima University, 3. Kobe University, 4. Kyoto
University)

2:30 PM - 2:45 PM JST | 5:30 AM - 5:45 AM UTC

[R5-11] Distribution and chemical state of interlayer ammonium in clay minerals from asteroid
Ryugu samples

*Toru MATSUMOTO?, Hayato Yuzawa?2, Mizuho Koike3, Yoko Kebukawa®, Takaaki Noguchil, Toru Yada®,

Hiroki Suga®, Toshiaki Ina®, Hiroshi Sakuma’, Yohei Shirose®, Yuki Kitamura?, Yohei Igami?, Akira Miyakel
(1. Kyoto University, 2. UVSOR, 3. Hiroshima University, 4. Science Tokyo, 5. JAXA/ISAS, 6. JASRI, 7. NIMS,
8. Ehime University, 9. JASCO)

2:45 PM - 3:00 PM JST | 5:45AM - 6:00 AM UTC

[R5-12] Aqueous Alteration Experiments Using GEMS Analog Materials: Toward Understanding
Aqueous Alteration in the Parent Bodies of Ryugu and Bennu

*Akira TSUCHIYAMAL2, Haiyang Xian?, Mingqi Sun?, Xing Ding?, Satomi Enju3, Yuan Xu?, Yao Xiao?,
Shengdong Chen?, Jiarui Lin%, Miaomiao Zhang?, Chenyi Zhao?, Kirika Otono®, Megumi Matsumoto?,

Junya Matsuno®, Shogo Tachibana® (1. Ritsumeikan Uni. ROST., 2. CAS GIG, 3. Ehime Univ. Sci., 4. Univ.
Tokyo Sci., 5. Tohoku Univ. Sci., 6. Kyoto Univ. ICR)

® Invited Lecture

3:00 PM - 3:30 PM JST | 6:00 AM - 6:30 AM UTC

[R5-13] Physical Property Measurements of Returned Samples from Planetary Exploration:
From Hayabusa2 to Future Missions

*Satoshi Tanakal, Keisuke Onodera?, Takuya Ishizakil (1. Institute of Space and Astronautical Science, 2.
Institute for Planetary Materials Okayama University)

3:30 PM - 3:45 PM JST | 6:30 AM - 6:45 AM UTC
[R5-14] Microscale Thermal Diffusivity Measurement of Oued Chebeika 002

*Takuya Ishizakil, Kensaku MoriyaZ, Yuma Enokido!, Ryosuke Sakurai2, Jay Black?, Brandon Mahan?,
Tomohiro Usuil (1. JAXA, 2. The University of Melbourne)

® Student Presentation Award Entry
3:45 PM - 4:00 PM JST | 6:45AM - 7:00 AM UTC

[R5-15] Mineralogical Diversity of Presolar Silicates: Implications for Their Formation and
Evolution

*Hiroyuki Hashizumel, Aki Takigawa! (1. The University of Tokyo)
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® Invited Lecture
4:15PM - 4:45 PM JST | 7:15 AM - 7:45AM UTC
[R5-16] Active Early Solar Activity Recorded by He-rich Schreibersite in Meteorite

*Tomoya Obasel23, Ken-ichi Bajo3, Megumi Matsumoto®, Sohei Wada3-, Hisayoshi Yurimoto? (1. IPGP, 2.
Science Tokyo, 3. Hokkaido Univ., 4. Tohoku Univ., 5. JAXA)

4:45 PM - 5:00 PM JST | 7:45 AM - 8:00 AM UTC

[R5-17] Relationship beteween chemical compositions of GEMS and solar flare tracks in silicate
minerals in CP AMMs

*Takaaki NOGUCHI1, Rikako Matsumoto®3, Minako Takase®*, Takahito Tominagaz’s, Takuya Mitsunari®’,

Noriaki Ohashi®8, Yuki Kitamural-?, Akira Yamaguchil® (1. Kyoto University, 2. Kyushu University, 3. Ine
Town Hall, 4. Fukuoka City Science Museum, 5. Kai Corporation and Kai Industories Co., Ltd, 6. Ibaraki
University, 7. Mitsubishi Electric Software Corporation, 8. NEC Networks & System Integration
Corporation, 9. JASCO Corporation, 10. National Institute of Polar Research)

5:00 PM - 5:15 PM JST | 8:00 AM - 8:15AM UTC
[R5-18] CAl Formation by Melting of Na-bearing Precursors

*Noriyuki Kawasakil, Daiki Yamamoto?, Naoya Sakamoto?! (1. Hokkaido University, 2. Kyushu University)

® Student Presentation Award Entry

5:15PM - 5:30 PM JST | 8:15AM - 8:30 AM UTC

[R5-19] Experimental study of the phase transition from dmisteinbergite to anorthite:
Constraint on the thermal history of CAls

*Yasuaki Tsuruoka!, Shogo Tachibana? (1. UTokyo Sci.)

5:30 PM - 5:45 PM JST | 8:30 AM - 8:45 AM UTC

[R5-20] Constraints on Type B CAl precursors and formation conditions from evaporation and
crystallization experiments of CAl melts in low-pressure hydrogen gas

*Daiki YAMAMOTO!, Michiru Kamibayashiz, Noriyuki Kawasaki3, Yasuaki Tsuruoka?, Shogo Tachibana?,
Hisayoshi Yurimoto3 (1. Kyushu University, 2. The University of Tokyo, 3. Hokkaido University)

5:45 PM - 6:00 PM JST | 8:45AM - 9:00 AM UTC
[R5-21] Petrological, Mineralogical, and Chemical Comparison of a Type B1 CAl in NWA11343
with Experimentally Synthesized Type B1 CAls.

*Joris LEONARD?, Yasuaki Tsuruoka®, Shogo Tachibana! (1. UTokyo Sci.)
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[R5-10] Shock metamorphism of the surface particles of asteroid Ryugu (2)

*Naotaka TOMIOKAL, Masaaki Miyahara?, Kosuke Kurosawa3, Takaaki Noguchi (1. Japan Agency for
Marine-Earth Science and Technology (JAMSTEC), 2. Hiroshima University, 3. Kobe University, 4. Kyoto
University)

Keywords : Ryugu. shock metamorphism. microfault. high-pressure phase transformation. shock
melting
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5|AXER [1] Scott et al. (1992) GCA, 56, 4281-4293. [2] Tomioka et al. (2023) Nat. Astron., 7,
669-677. [3] Miyahara et al. (2024) MAPS, 59, 3181-3192. [4] Noguchi et al. (2023) Nat. Astron.,
7,170-181. [5] Nakahashi et al. (2025) EPSL, 668, 119559. [6] Tomioka et al. (2025) Amer.
Mineral., 110, 945-955. [7] Kimura et al. (2024) Nat. Commun., 15, 3493. [8] Kurosawa et al.
(2025) Nat. Commun., 16, 3608.
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[R5-11] Distribution and chemical state of interlayer ammonium in clay
minerals from asteroid Ryugu samples

*Toru MATSUMOTO1, Hayato Yuzawa?, Mizuho Koike3, Yoko Kebukawa®, Takaaki Noguchil, Toru Yada®,
Hiroki Sugae, Toshiaki Ina®, Hiroshi Sakuma’, Yohei Shirose®, Yuki Kitamura?, Yohei Ilgamil, Akira
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Keywords : Ryugu
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Reference:
[1] De Sanctis, M. C. et al. (2015) Nature 528,241-244. [2] Pilorget, C. et al. (2024) Nat. Astron. 8,
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Astron. 8, 1536-1543.

©2026 Japan Association of Mineralogical Sciences
-R5-11-



2026 Annual Meeting of Japan Association of Mineralogical Sciences (JAMS)

[ Oral presentation | R5: Extraterrestrial materials ]
Thu. Sep 24,2026 2:15 PM- 6:00 PM JST | Thu. Sep 24,2026 5:15 AM - 9:00 AM UTC | Room C (287)
RS5: Extraterrestrial materials

Chairperson:Megumi Matsumoto, Toru Matsumoto(Kyoto University), Daiki Yamamoto(Kyushu University)
NALT)y RERXTHRELE T, 7051 TBNINIBEIE 72051 VRBICBM 20 v LTLLIEEL,
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[R5-12] Aqueous Alteration Experiments Using GEMS Analog Materials: Toward
Understanding Aqueous Alteration in the Parent Bodies of Ryugu and Bennu

*Akira TSUCHIYAMAl’Z, Haiyang Xianz, Mingqi Sunz, Xing Dingz, Satomi Enju3, Yuan Xuz, Yao Xiaoz,
Shengdong Chen?, Jiarui LinZ, Miaomiao Zhang?, Chenyi Zhao?, Kirika Otono?, Megumi Matsumoto>,
Junya Matsuno®, Shogo Tachibana® (1. Ritsumeikan Uni. ROST., 2. CAS GIG, 3. Ehime Univ. Sci., 4. Univ.
Tokyo Sci., 5. Tohoku Univ. Sci., 6. Kyoto Univ. ICR)

Keywords : Carbonate~phyllosilicate interaction. Amorphous silicate. Organics. Redox conditions.
Cl chondrites

Ryugu and Bennu samples are similar to Cl carbonaceous chondrites. Most are aqueously
altered and consist mainly of phyllosilicate-rich matrix with magnetite, pyrrhotite, and
carbonates. Minor porous particles dominated by minimally-altered amorphous silicates also
occur. As they resemble cometary dust and primitive carbonaceous chondrite matrices, they
are likely parent-body protoliths. Thus, GEMS or GEMS-like materials mixed with organics and
ice probably accreted, where water from melted ice drove alteration.

We conducted experiments using GEMS analogs of Cl-like or average GEMS-like composition
by condensation using an induction thermal plasma furnace. The products are submicron
spherical amorphous silicate particles containing FeS and (Fe,Ni) nanoparticles, resembling
natural GEMS. About 20-30 mg of analog was reacted with pure water (water/rock =5 by
mass) in sealed gold capsules or Teflon vessels at 200 C for two months. Some runs included
organics or HMT and ammonium bicarbonate. Products were analyzed by XRD, Raman,
SEM/EDS, and TEM/EDS.

Poorly crystalline phyllosilicates (M-S-H) formed from amorphous silicates. Teflon-vessel runs
produced hematite and anhydrite, indicating that H, from Fe-water reaction escaped while

H,0 was retained, causing Fe-S oxidation. Such assemblages are absent from Ryugu and
Bennu, suggesting H, retention during parent-body alteration. In contrast, gold-capsule runs
produced phyllosilicates with magnetite, Fe(-Ni) sulfides, and carbonates, reproducing
Ryugu-Bennu minerals. With increasing CO,, carbonates changed from Ca carbonate to
dolomite and magnesite, and saponite increased relative to serpentine; thus carbonate
formation controlled phyllosilicate mineralogy, consistent with Bennu analyses. Products
also contain two Ryugu-Bennu-like matrix textures (porous and less-porous), implying

accretionary-texture preservation. Diverse magnetite morphologies were not reproduced
except for framboidal-like magnetite.
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® Invited Lecture
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[R5-13] Physical Property Measurements of Returned Samples from Planetary

Exploration: From Hayabusa2 to Future Missions

*Satoshi Tanakal, Keisuke Onodera?, Takuya Ishizakil (1. Institute of Space and Astronautical Science, 2.
Institute for Planetary Materials Okayama University)

Keywords : Sample Return. Hayabusa2. Physical Property Measurements

Sample return missions provide a unique opportunity to directly investigate extraterrestrial
materials using state-of-the-art analytical techniques available on Earth. In addition to
mineralogical and chemical analyses, measurements of physical properties—including
density, porosity, elastic wave velocity, mechanical strength, thermal properties, electrical
properties, and magnetic properties—provide essential constraints for understanding the
physical processes that governed the formation and evolution of planetary bodies.

The samples returned from asteroid Ryugu by the Hayabusa2 mission represent the world's
first comprehensive physical property measurements of carbonaceous asteroid materials.
Prior to sample return, an interdisciplinary physical property measurement team was
established to develop analytical techniques applicable to the extremely limited amount of
returned material. As a result, sixteen physical properties in four categories—mechanical,
thermal, electrical, and magnetic—were successfully measured. These measurements not
only verified interpretations derived from remote-sensing observations, such as thermal
inertia and surface mechanical properties, but also led to new insights into the surface
evolution of Ryugu, including the possible contribution of fine-grained regolith to its thermal
and mechanical characteristics. Furthermore, the measured physical properties have
provided fundamental input parameters for numerical simulations of asteroid formation,
impact processes, and thermal evolution, thereby serving as an important bridge between
spacecraft observations and theoretical models.

Planetary sample return missions are now expanding beyond near-Earth asteroids to include
the Martian moons, comets, and the icy satellites of the outer planets. In these future
missions, integrated analyses combining mineralogy, geochemistry, and physical property
measurements will become increasingly important for maximizing the scientific value of the
limited returned samples. Moreover, integrating laboratory measurements of returned
samples with remote-sensing observations and in situ physical measurements will enable
local sample-scale information to be extrapolated to the scale of entire planetary bodies,
providing a new framework for planetary science.

In this presentation, we will review the physical property measurements performed on the
Hayabusa2 Ryugu samples and discuss how these results have contributed to planetary
materials science. We will also present future prospects for the role of physical property
measurements in upcoming sample return missions and their integration with in situ
exploration techniques.
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| 3:30 PM - 3:45 PM JST | 6:30 AM - 6:45 AM UTC
[R5-14] Microscale Thermal Diffusivity Measurement of Oued Chebeika 002

*Takuya Ishizakil, Kensaku Moriyaz, Yuma Enokido?, Ryosuke Sakurai?, Jay Black?, Brandon Mahan?,
Tomohiro Usuil (1. JAXA, 2. The University of Melbourne)
Keywords : Thermal diffusivity. Oued Chebeika 002. Carbonaceous chondrite

The thermal diffusivity of materials derived from primitive bodies in the Solar System is a
fundamental physical property governing the thermal-physical reaction process that
occurred during the formation and evolution of their parent bodies, and is therefore an
important parameter for understanding their origin and evolution, both physical and
chemical. The Hayabusa2 and OSIRIS REx missions explored the primitive bodies C type
asteroid Ryugu and B type asteroid Bennu, respectively, and successfully returned samples to
Earth. Characterizing the physical properties of samples recovered directly from primitive
bodies is of great importance because they have not experienced terrestrial weathering and
their provenance is well constrained. Moreover, such measurements have high scientific value
because they can be directly compared with data acquired from asteroid surfaces through
remote sensing observations.

In contrast, the amount of material available from returned samples is limited, making it
valuable to complement their characterization using Ivuna-type carbonaceous (Cl) chondrites
with mineralogical compositions similar to those of the Ryugu and Bennu samples. However,
reported measurements of the thermal diffusivity of Cl chondrites remain extremely limited
and are restricted to those conducted by our group. Even in our own studies, the analyzed
samples are limited to only five particles in total, consisting of three particles from the Ilvuna
meteorite and two from the Orgueil meteorite (Ishizaki et al., JpGU Proceedings, 2025).
Furthermore, the Ivuna and Orgueil meteorites fell 88 and 164 years ago, respectively, and
have been reported to have experienced terrestrial weathering compared with the Ryugu
samples (Yokoyama et al., 2022). As a result, their thermomechanical properties may have
been altered through compositional modification. For this reason, the present study focuses
on Oued Chebeika 002, discovered in 2024. Although its fall date is unknown, Oued Chebeika
002 has experienced minimal terrestrial weathering and has been reported to be the most
pristine Cl chondrite identified to date, exhibiting a bulk chemical composition remarkably
like those of the Ryugu and Bennu samples (Broussard et al., 2026). In this presentation, we
report the thermal diffusivity of Oued Chebeika 002 and its relationship with local mineral
lithologies, as determined using the lock-in thermography periodic heating method (Ishizaki
et al., 2023). This enables the analysis of local thermal diffusivity heterogeneity at the
submillimeter scale. The obtained thermal diffusivities are also compared to that of more
altered meteorite samples, as well as those from returned asteroid samples, allowing us to
begin constructing a framework of understanding for this important emerging research field.
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*Hiroyuki Hashizumel, Aki Takigawa! (1. The University of Tokyo)
Keywords : Presolar grains. circumstellar dust. silicate. TEM. AGB stars
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TEMICK 2B ER T ZH B o T,

REZ > RS+ kDominion range (DOM) 08006 (CO3.0) EE # W, LY —5 —HFEHEE
NEWCHFETNS, ERADECHRDIE>E D LARVLT ) I IEFHIC DL T[5], CAMECA
NanoSIMS50L (ARIM)E AW CRIMHABIE R & Z A& o 7. LZ10 um DFEIHICCsTE — Li(~0.9 pA)
#BE L 4 > (12, 13, 1807, 1707, 180, 2855, 2TAILCO ) g2 RBS ICEB L 1. E &L T
CICBERGHAL(L70/00 £ 7213180/100) 2 5B L, KIEZMB L BEICRR B (KT Y UDH
TD4OULE)DDZ LY —F—HFE L. BRELEILY —FHFDIEDOV DI EER
A4 > E—L(FIB)EIC K DHID H L (FEI Versa3D Dualbeam, TF Helios5 Dualbeam, R R AZ),
TEM (JEOL JEM-2800, R R A )% AL T RAE1E L LB % DT L 7-.

< RO XMEE 19,670 um? (XS B EME DT DFER, SEDTL Y — S —BIME L VTHED
LY —S—H#IE (Group E1A'1ME, Group 15581, Group 3h%111E, Group 4H'91E) ZEE L
7=. TEMfZAT L 7580 F D 5 B 1K F(AREA06_20_Si_PG47)IdGroup 3(1EE £, EE£EEAGBEILT
B)ICHEET NS, Mg/(Mg+Fe) ~ 0.9M#71400 nm D BfE&olivine TH o 7z. TN idGroup 3IC9348
SNBTLY—F—HEIED,BADEDHEDITICKL 2D TDTEMDEFH TH .55 540 F
IEFWVWIFNHGroup 1(IEBEAGBERIR)ICHEIN, S B3 FIEMg/(Mg+Fe) >0.7DolivineT
& > 7=. IR F(LCMO1b_Si_PG07)IFFellE #Caz BT, (Mgg 5oFeg g3Cag 28)Alp 09Si03 75 DHE L
*HOEREHEBIETH o fo. KR FIFFeB LV CaAlCBEL—ATAUCZ LWER %R L . Cald
Al ERRICHIBRETR TH D D 5, Feb LU CaDRIEFEE L AlDXR Z = B—D R EBEED
AHTEHT B3 ZCIIBZ TIE%A <, REDHEKIZCaz ST HEHREIEDKRER ICFeDEX D AH & #
SEEEAR Y, EHEBOTMR, Et 7O XDAEEEZRET S. ER TIIHMOKRFDTEM
ITERDED, TLY — 7 —EHRIEOILYAE - tFEBROSHRMZ LB L, DR - Ebid
REOBERICOVWTERT 3.

[1] Nittler, L. R. and Ciesla F. (2016) ARAA 54, 53., [2] Takigawa, A., et al. (2019) ApJL 878, L7.,[3]
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Seifert et al. (2022) MAPS57,1119., [4] Takigawa, A., et al. (2014) GCA 124, 309., [5] Hashizume,
H. (2026) M.Sc. thesis, U-Tokyo.
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® Invited Lecture
4:15 PM - 4:45 PM JST | 7:15 AM - 7:45 AM UTC
[R5-16] Active Early Solar Activity Recorded by He-rich Schreibersite in

Meteorite

*Tomoya Obasel*23, Ken-ichi Bajo3, Megumi Matsumoto®, Sohei Wada3», Hisayoshi Yurimoto? (1. IPGP,
2. Science Tokyo, 3. Hokkaido Univ., 4. Tohoku Univ., 5. JAXA)

Keywords : Schreibersite. Solar energetic particles. Pre-main-sequence Sun. Helium. Isotope
imaging

EVABREEEOSRIN S, FIETRIBHOABIIBELOBIIBZNTTERTH . WEDI
BIOETZLSAT IS VI RDABEIRILE—HF (solar energetic particles: SEP) % &
HLTWECHESINTWS[1l, COLSBRERBRARGEENICOVWTOYMEREHLIZIZFEALCR
DH2>TUVWAEWVWD, TEFE. CMOY RS FRO—EOHERMILYICH T 2 ER RFHIFER
2NeTZEN. BRAERBINIAV BN BABFERICE >~TERIN SO L BIRE N,
ERBRBEIBARROIEHLE L TRESINTWS[ 2]

—fRIc. BHHATERITEWVERES KEENARAEED . BEIYFICIFIZFEACER
nNEW, —A. KBRICEZ 1AV EADKER. B/ NREREBOL I IYEICIIZEDK
BRAEH AN TEATNTWVWDS, TDH. ZEDABRGH AT —EOERAIF. BXE
LOdUZXYBICHFK TR EZS5NTWVD, MIL090657 (CROV RS k) 1. BREERER
DRERPKEEZEZIFLACREBRLTULAL., REMNEATH D, £f-. KBRFEHRICZ
LWl eh s, BREERZBRORKGRBREZEEL TLWARWVW3L, C0kd. b LEBXREERE
I A AKEE/SEPBREAH o Lics. EDERZEMIL090657THDYEHL S B B ATEE
MHH B, SE. Laser lonization Mass Nanoscope (LIMAS) % UV =*HeBIMA1 X —2 >
JIZ& 5T MILO906STHA SHelZBEL L a4 N—H 1 FEBLEERI S I M EHIC
KR Lo ARRTIZ. TN 5 X SOIYENEBEE LUHeNHICEDE. HedRFL R
AAEEBICDOWVWTERT Do

ARl LT MILO9065TDMREER ZER L. BEZEEREEICK > TEHBEREICKH1I0Nm
BEQ&A—T4 I % LT, D%, ILBEAFOLIMASZAWT, *He. 24Mg. 325, 8Ni
DREMEA XA —J VI %1T o120 HeZ 4 723N (20keV. 3 X 1012 atoms/cm?) Li=H>
SYREESEHEAVTRELTET 2 2 L THeBEDER 5T o7=[4]. LIMASHH#E. *He
ICBET YT X DRSS % SEM/EDSE KU TEM/EDSZ AW T L 7=,

AETH6 X 10umDZ 5 Z M. MIL09065TOMAIY k1w o XRICEBEINTED,
 LTEABLRS/ERESIK (porous aggregate of nanocrystals: PAN) hS# TN TUL
(K1) PANDEFERBAILYIFKI0—30nmODFLHETH D, VPEDIYT 21 FHELUNIIC
BEURLYHEENT W a5 N—H+1 MERE (R&K2um) O—ERIZPANFRICEE TN
THEDH, ZOMIII ST X FEBEBICHFBL TV 75X MNAKBSRICIE. #¥BFEoErO—4241
MMESE (RA3um) R HELTED. —BE>P a7 N—H 1 MERZEDBEATUW,
LIMASOHDIER. a5 N—H 1 MERDICITEEED*He (193 X 1012 atoms/cm3) At
EENTVWE (B1). —A. PANBLU¥BEFEO—421 hH SIFHeRIFEACBHENS
M otce TBIC. #9400 NMDBLEEDREETORMIEA X —2 VT DRER. 2umy 1 XD
S aSAN—H A1 MERREBICIE HeMS—ICHHE L TVB Z EHBESMCAE > T

PAND ZFL B 4B & SEHERL IE. PANDMEICZ LW R F U 14 FOBDRICL o TEMRIN
Tl CETRET S5l CORFUFA ME FeNIEREHIIFILMPKELZEEREZITT
ZULIEHDTHZEZOEND, ¥BFEO—21 bbb FE. KBEEZEBERICK>TERS
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NICEREMEDE Ve S aSAN—Y o ME. BEEHIPTPANFIERME & t BICEE I NI
EZ25N%
HelcBLYaSAN—HA FHPAN® EFUF A FRICABINTWVWRZEIE. 251
N—H A1 FADHeDEID AHNKELZEERDRNICRI >/ ZRLTW3, CRIVEKS
A FDKEEZEERIZABRTAD SBERERICES 2706l ZOBEOARBIZHI TR
EDBMEICH > 1=FREMAZ WV 1o 2umt 1 XD 251 N—H 1 FHROE—A*He DT Id
SEAREIHH20 nmOIREDABE He (04 keV) ZIZEESLEV. CD*HeDfIE. 1 MeVidL
FOITRILE—ZFDOSEP-HeDSFATNI=C EZTERLTWVWS, 510, ‘HeBEN SHE S
NBYUBDOSEPT S v Rid. REOARR L LRTEITED o7ce UELD, *HellBEL a5
A N—=T A ~E. FRABRIEZISEHNTH D, SREDOSEPEREL TV I L ETRTE
BRI TH 3,

51Xk : [1] Feigelson E. D. et al. (2002) Astrophysical Journal 572:335-349. [2] K6op L. et al.
(2018) Nature Astronomy 2:709-713. [3] Obase T. et al. (2021) Geochimica et Cosmochimica
Acta312:75-105. [4] Otsuki Y. et al. (2025) Journal of Analytical Atomic Spectrometry 40:1505-
1517.[5] Harries D. and Langenhorst F. (2013) Meteoritics & Planetary Science 48:879-903. [6]
Jilly-Rehak C. E. et al. (2017) Geochimica et Cosmochimica Acta201:224-244.

“He on BSE

B1. 295X FORFEFER () LUV, 77X D Hen® (B) .
Pyh: ERB—#&A bk, Scb: a5/ /3—H1 K,
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[R5-17] Relationship beteween chemical compositions of GEMS and solar flare
tracks in silicate minerals in CP AMMs

*Takaaki NOGUCHI1, Rikako Matsumoto?3, Minako Takase®*, Takahito Tominaga2’5, Takuya Mitsunari®’,
Noriaki Ohashi®38, Yuki Kitamural-?, Akira Yamaguchil (1. Kyoto University, 2. Kyushu University, 3. Ine
Town Hall, 4. Fukuoka City Science Museum, 5. Kai Corporation and Kai Industories Co., Ltd, 6. Ibaraki
University, 7. Mitsubishi Electric Software Corporation, 8. NEC Networks & System Integration
Corporation, 9. JASCO Corporation, 10. National Institute of Polar Research)

Keywords : CP AMMs. GEMS. Solar flare tracks

F% /8 B T[alYN & 115 chondritic porous (CP) IDPsi&, sub-umdlow-Ca pyroxene, olivine,
pyrrhotite, GEMS (Glass with embedded metal and sulfide) ZZFICEST [1], MEBOEFIC
|ZCP IDPsH#ZR (CE)3ZE L 7=CP Antarctic micrometeorites (CPAMMs) h& N3 [2], CP
IDPsigEWT LY — S5 —HFHEE CHappm) ®, EEEETERSINI-EXYICER T
B6DPSPNDRY hRRy hEF O NS, HERROERIE, EEDIHKELHHGE
ERDSFNRELRBOECEZEZSNTWVWS[1],

CP IDPsi&#95~15um L h\7%& <, TEBEYE OIYZNSECEEEARICOVWTHE BT —4&
RHBEIFVWIHRL. TOLIEBRRAT, GEMSOIEE (e.g.,[3,4]) ¥, VAZR - KBEE
BRIERAZZTOY RS54 A ZUGEMSEIFRBEEHREIE C GEMSOER (e.g, [5],[6]) &
TNTW3,

T, HRIIZHDODCPAMMsZ DML, ESEDOMEZRRT S CICLice KRBEIZEARIC
BEELRMBAZZITCPAMMSIZRIEE S, ¥I30EDCPAMMs (2ED Y 5 X Z—IDPsz &)
ICDWTTEMER - DM Z1To7co BFERER - DHTIEFEI Tecnai F20. £E#%%Z S L GEMSDHE
5ol IEJEOL ARM-200F %= B UL\ T=o 2000 E DB HFED 518 7-GEMS®DSi-Mg-Fest&LED 5, 2D
D ECHASMNIE 2T VD EDIE, DA DHELRMEMZIFDOMg-rich GEMSD &% L CP
AMMSHEHET 3 C X TH Do GEMSOAZEE, Mg-rich GEMSX D #E 4 HIREEICMgh R L
TW3, UTF, COARZH%E HHBGEMSD Z ¥ % Mg-poor GEMSE MR, £ L T, CP
AMMs/IDPsi&, Mg-richGEMSZZ < L H D ¥ Mg-poor GEMSZZ < ELHDD2E I H N
Do

MgDRZDERA L L TFHERFHN BTSN S [T, FHEEEREF TIESIICEERTMg, S, Ca, Feh'
RZ9d3, LHrL, Mg-poor GEMSTSIIC® L TSIFEASMIRZLTE ST, BEHFMgRZD
FREIFZZIC< W, F7, Mg-poor GEMSZ%Z < FLCPAMMsTIE, olivine*®low-Ca
pyroxeneHh'>10104&/cm2D AR I L7 FSwv oS, CORBEIZAL I X TH2SFED
BREAMICHEY T 3(8], 415, Mg-poor GEMSZZ < L CPAMMs|E, A5 EENICREAR
BRESNHMIERICFERZELECCZTRT. COILiF, KEHLSEVWKELSKE SNEHME-
poor GEMS%2Z< EU e #T"M®Y %, —4, MgrichGEMS%EZ < L CPAMMsICIE T v o
FIFIFREINT, BULEREHBTHIKICERZELI-CEZA BN B,
JWSTSSTIC K 2 RIEXRERABROERAIE, AROPREEHICEREERIENZ <, HBENE
MICHEREEBIEN TV ERLTWS, Chid, EREEHINERBERAETERIN, B%
MNFICER SN ZTET 3 9. RIRABRABRTHREKO Z EHAEE, HD, Mgrich
GEMSHEBETH I CRET DL, LBDBERIFUTOLSICHIRTE 3, (1)FEWBARBICH
AL HITET L TV o 7Mg-rich GEMSH R ARG AE CTEB 2V IC#ES1E LolivineZ & H L Mg-
poor GEMSt %A o7z QEBO—ERIIFRLED 7T b 7 O—FIC&L > TRIBABRIMNEERICE
W, BREYEOKPEERBEE TERINI-EEYEDKEGRNGBOME L £ HICER
LABRANGEREZER Lo Q)ABRABRECENSZRIRLE T2XREATHIERAREE
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DoBREThIEIRBBAREENICEBE SN THIERICHEEL 7.

References[1]Bradley 2012 In Treat. on Geochem., Vol. 1, 287. [2]Noguchi+ 2015 EPSL 410, 1.
[3]Keller & Messenger 2011 GCA 75, 5336. [4] Bradley+ 2022 GCA 335, 323. [5]Nittler+ 2019 Nat.
Astron. 3,659. [6]Ohtaki+ 2023 GCA 310, 320. [7]Jager+ 2016 ApJ 831 66. [8] Keller+ 2022 MAPS
56, 1685. [9]Sameshima+ 2026 MNRAS 548, 1.
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[R5-18] CAI Formation by Melting of Na-bearing Precursors

*Noriyuki Kawasakil, Daiki YamamotoZ2, Naoya Sakamoto! (1. Hokkaido University, 2. Kyushu University)
Keywords : CAl. chondrite. partial melting. ionimaging. SIMS

BERICEFNDIABRETDERACA (Ca-Al-richinclusion) %, KBHEROIELFERICEITEE
mATEYIICHR T B (e.g.,Grossman, 1972), ARZRER L 7cType BCAID X ) 51 MIEIT

BZNaBHBEN S, CAIDFIERYE (FEYDESHE) MAER L7 X)L ~IIE, NadtgEhTun
feRTREMEDMRIET U TWLW 3 (MacPherson & Davis, 1993; Simon et al., 2005) s —/A T, TypeB

CAIDARREFICIE, Mg SIDERREHETTVWrINd (LEXs@FtEy>aY). TR,

Type BCANCHITZNaDEHZHSMNMZT S ZLid, CAIRIBRIBEDOEEL S8R - ZRICED
—EOTOCXDERICEETH D, LHL, EROFEITHRRICEITIEFRIATIE, B
RESLUVEEMDRENTELTED, BEABXALORRAERICHSINAIRAZRATET,

BBREAKIFFESNTUVEAED 2Tz AT TIX, ZRA A VEEDME (SIMS) ZAHWVW A F
SAA—TUHIZED, TypeBCAID A Y S MMoHIFZNaDZERDHEEBESAICL, AU
1 MERRERONaBZTLE X O ROHEEER LT,

AFAX=J0J1F, LBEKRFDSIMS (Camecaims-1270e7) & ZRitA 74 U H&HES
(SCAPS) ZHWTEML o BREDINDID, 130nADI0 BEFR K1+ —L%EH

W (e.g.,, Sakamotoetal.,2026), # 7 I VOV ERDBEETENA R L D1 F VIS E S
L7co Na,OEHBIHIDER A 54 SR (Kawasakiet al., 2021a) #1ZEHM E LT,

23Na*/40CattEh 5 CAIX ) 51 R DNa,0B %R T,

H > 7ILICIE, Golfballe &t 57T > TRRAEDTypeBCAl (e.g., Simon et al., 2005;
Kawasaki et al., 2021b) =R UL\ 7z, GolfballidEE A4 Type B CAIL D /NIL VL EER % B
DO, T7yHAMNIBEIVRMILEX)SA MIBECOATEHSHZFELEREZ RS, O
TEOBRA Y S+ MMES (~20-50pum) OHDERICIE, AUICECHF (Aks_j5) HERICRE
5h, TNSREREBEETTA ST ROF—N—I0O—2 (Akgg_70) KEENTW S,
AUCBT X ) 54 FRIFIE, Golfball&E X737 EDILEHEMEZHDOXIL EDSEH LA
HETHD, ARDOA—N—JO—R DMK (AkfE) ZEHRELTHZLH5, BOE
NAMTOCRZEZTRKOIAITHRD THD eEZXS5NS (Simon et al., 2005; Kawasaki et al.,
2021b),

BIRX ) ZA4 MERDNa1 F URZEELTce XUSA MDA —N—JO—-XIZELTNA,0
213, AKEDEMICHEL, 9200 ppmw (~Akss) H 5851400 ppmw (~Aksg) F TEFEICE
ELT W o BT D BB DNa,0213#50 ppmwTH D, AkfE X EHkIC, Na,08H 4 —/N—
JO—RCIFFERRICENLL TV —AT, TR (x7)>XJ0v>a7—71RK)
ZEULNA U TIENa,0£(33000 ppmw%Z LBl o7ce CNHEDRAVIEXU FA bDF—/N—
JO—ZREBENIEEZRIABITERDTBRZEY >TEETZIH, RATVEABDX)Z1 EAD
NaDRAIXI UM TICERSNT W, 2D, 7TV TERABXELOZRERICHE S Na
RIS K 2T T4 MER (~20-50mm) FONaBHmEHAER I N IFERICCL, F—
N—=7O—XHFDNa,OEDNELIFERRAREDOILEY —Z VI EZRMLTVWE ZEETET
Do
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Beckett and Stolper (2000) IC& DEEEMICKD SNT=X U T4 b X)L ~DNap Rz B
W3, XUSA rOA—N—JO—XFDXIL ~ZIE, BEppmwA —H —DNa,0WF £
TWeRBEBHHENS. CONaEld, AbDZHNET 7/ —H 1 NERREL FIERMEFIC
BWtHIEES ENE Z E THARRETH 5. MacPherson & Petaev (2025) OBAFEFHEICK
38, KGHEBAZADSIETAINATSAREDEHET /=1 FDBDHOITHRBRASZETERES
%, NEAICHEDADEDHEDIAEFNEF S Z & (Yoneda& Grossman, 1995) # B * x 3
¢, Golfball CAIONazn L, 7AIINRT 54 MCEUCEBEILAEERD & L TMHBHIIS,
Naz BT 7/ — 1 FEREGAD Type B CAIRIBFMEARDAFTFN TV -AIEEZTET 3,
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® Student Presentation Award Entry
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[R5-19] Experimental study of the phase transition from dmisteinbergite to

anorthite: Constraint on the thermal history of CAls

*Yasuaki Tsuruokal, Shogo Tachibanal (1. UTokyo Sci.)
Keywords : CAls. polymorph. phase transition. thermal history. protosolar disk

[EAEHROHIFERMAEY (CA) I, RBRABRABTHERINEEREOMETHD, REKEGR
A OAMEECDBRENEHRINTUVS. XA TBCAIFEIZCAERIL, XUSA b+, &R, 7
J =AM Dh5BBZNEEBERL, Al BRIEZRBRLILCEZASNTVS [eg,l]. BFE
D7/ =44 LR LM (CaAlSi 0g) FIFDEZERZIHND—D L LTRIXZA NI

TJARDBHSNTED, KERUKEZERICEDERINIRIIZA URNILTADN—EBDKA
CAINSHRBDON>2TW3 [eg,2,3]. £z, RIXEAURILTAIFCaALSIHOGBMICEL X
JLRRCABER XL b S fERIET D EHERINTED [4,5,6], RIAZAIURILITED
57/ —HA CADHEEBEUEZRET S ETCAIDRFICHWEESEZ SNBETREMUN D S.
LHL, RIREAIUNILITADREM ZRIE L - 5/THZE [7,8] Tl, CAIXJL AHRD
CaAl,Si,OgD 1) F 4 X (~1260°C [1]) ITEVWEB TORBBOMEBIXITHONTE 5T, 7./ —1
A4 FADOBAMEFEOLEVEERICOVWTHDICEREINATULAL. KIFETIE, RIXZ21Y
NIV BEDOMBAREZITV, 7./ —H A FADHEEBEEECAIOBFICDOWTERL .
RIRRAIURNILITAOMAEREZ Y 7ILFZAVWTAKKETTITo7. KADRKRIXZA
URIIAE (BRAFREMEEYE) 2O05AMTHRICLIE-DOEZEEMBEE L. ©
HYBE3-5mgxE AL MIC AN, 1000,1100,1200°CTISERIMBL L 7=. HFEWE £ RERE DR
EHCDWT, XEREIFEERE (XRD) ZAWVT, HHRIEZTo 7.
EEMEICIERIZZAURILTIBETASHA b (CaAl,Sif0152H,0) BEFN TV D (K
1), 745H1 MIMETHD, RRICIIKSKEELLBVWEEZR SN S. 1000°CT 15K/
ML DOXRDANRY MLICIERIRZAIURIVIRET /-1 rOE—OHRESH, R
SRARAIRNINTED—EHN T/ —H1 MG LIcEEZ5Nn%. —F, 1100°C& 1200°C
TISERIMB L 122K TIE 7/ — 1 FOE—JDANRREN, RIXZAUNILITAHET
HERBLI-CEZONS.

ANEER CHRERHHESE T N1-1000-1200°Cid, & 7B CAIDAHIREHMEE (~0.1-0.5°C hr1
[9]) TH o HFIKITNTUWVSBIED, CAIDREREICH R S 1 dWark-Lovering rim*>accretionary
NMICEENZ T AILRAT T A~ (ME,Si0,) DEHEEBE (~1050-1200°C [10]) L FIEETH D,
24 TBCAFCRISDOEREEIAVWEEZIBNS. EDYD, 41 FBCAIDASHBIET, X
KOS RIZZAURNILTADERIL L TH, CAFERBEDBERICT ) — 1 FADIEERH
BCAAREMENTVL. —A, NBEDORIXZAIURNILIFEEZZOCAI] 1F, SREEDEVE
IMTMBAERERLI-AEMENEZ BEND.

4[E, 1000°CALTOREBBRIOMBICEID RS XA UNILTADNSBT /) —H 1 EADIRERE
RELCLBZezBASHCLE. 5%lF, BE - BEZREBENICELTEL-EB%Z{TV, BER
FHERETZLT, RIABRABTOCAIORAEDOFINEBIET.

[1] Stolper, E. (1982) GCA 46,2159-2180. [2] Ma, C. et al. (2013) Am. Min. 98, 1368-1371. [3]
Fintor, K. et al. (2014) MaPS 49, 812-823. [4] Abe, T. et al. (1991) Phys. Chem. Miner. 17,473-484.
[5] Abe, T. & Sunagawa, |. (1995) Mineral. Jour. 17,257-281. [6] Tsuruoka, Y. et al. under review.
[7] Borglum, B. P. et al. (1993) J. Am. Ceram. Soc. 76,1354-1356. [8] Gorelova, L. A. et al. (2023)
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GSF 14,101458. [9] Yamamoto, D. et al. (2021) GCA 314,108-120. [10] Ebel, D. S. (2006) In
Meteorites and the early solar system Il, pp. 253-277.

1200°C, 15 hr | WP =t
* FEAFA w8

T PNA B
0 a T T i lii =

1100°C, 15 hr

BE+ A7k

10 20 30 40 50 60 70 a0 a0
20 (%)

B, HROWNEURBEOEEOXRDAAZ Rl 1000 CORBHBICRFEAF A RN ITREF/ —H1 |
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KGR EREICH R S M- R U HEY (Ca-Al-rich inclusions; CAls) D5 5. A FECAIIE.
AREICFEAABRABROKRICECEEARRETICEVWT, XILEDS5DOMgH K TUSID
EEEZREBLILEEZX 5N 3 (e.g,Clayton et al., 1988; Richter et al., 2002; Mendybaev et al.,
2006, 2013; Kamibayashi et al., 2021), Aﬁi‘fﬂ’fﬁ%%ﬁ?TypeBCAlti\ SFISER LX) 54
E<> bILZHDTypeBlE. XUSA Y MLZFEWType B2ICHEIND.
Kamibayashi et al. (2021) Tl&. Type B CAIQFISFBEHEMD—D L TE X 5N 3 HERK
(Grossman et al., 2002) % 1 L 7= HFEMEERL (CAlY) E BVWTEEKEZEHRESD (Py) BETT
DERERIEEBEE B oTco TORBR. Py ~1PaziER L L TE Py AITType B1EKkAEE.
B P TType B2ERMERATER INZ e B ApDEVWHEEDEBHNEREZDB S LE
OREMZEEL TV, —AT. COMBNERIIEYT T2 THROFEBRMERKDEVZ K
L TWBAETREMEBIERE TN TV S (e.g, Simon & Grossman, 2006), AT TIIEARED
P& K URIBRYIE M DZE WD, Type B CAIEY 72« TRIDIEHHN - ERANEVICE D
LOICRMENBZ D ZREL . KERERRVAOMEELEREZFNTZIcZBNCL
T, CAIXHERR C IFE A B HIEREERZ AV B RET TOERRGERIEEREZEML
7o
HREYEICIE. CAIKERRICH L TL DMg - SIICE T RIEFY Bz ##EER (6%2/; Grossman et al.,
2002) =¥ L 7= B HEYM B (CAIS) Z UL\ oo ZRBERIEERICIE. Hy2AAHGRZRAE
ZEE R INER (e.g., Kamibayashi et al., 2021) Z L\, Py =0.1,1, 10 PaDIRET T, HEH A

Type B CAID R EEERBE TH 3 1420°CT IR L 78, —E D/SELEE (R.=5,50°Ch™1)
TAHAH Lo MBEWE L. SFEME (SEM-EDS, EPMA-WDS) TOEMBEERS L OTTEDF
EHTRoT

Py =0.1PaTid. REMEEICL S THMABXAD 1 FHEBSEICS VA LICEHE L. Type

B2#kiAMi Z R L7co Py =10PaTIFREREICESTERLIEXA U S FI Y MLAER SN
oo Pyp=1PaTld. R.=5°ChITRELABX) 5S4 hI > MILA. R=50°Ch I TIEFRTEL A X
US4 b MILHEEINT. ChoDIERIE. CAlXEMRZAVWIEBRERCEENTH

D, YT 21 TOMBNERE H7-5 T BB PLERMIFRIBRMERICAT CRELBEWV I LA
BASHh R DTco £IIDILIE. BY T XA TRIDBMAIERICIZAREED P HREDEL
HNEEARREERILTICERLTWVS, BONTENILIERELUX) 51 FOHERDTHE

KA Type B CAIL LEER L 7=#ER. Type Bl CAILiCAbe‘f)% ULNMECAISHERE ICIE W BIBRM B D 5 LEBR
IR WV P& T T Type B2 CAIKCAISHER £ 7 1d & 5 IZSIOLCE ORISR E D 5 LLEBVE L

PHzxffFTﬂ/ﬁi*hﬁ_ (- (\: b\Tuﬁ—khéo
FHRMEIER (e.g., Grossman et al., 2000, 2008) Tld. Type B CAIDRIEFEMEMKIZ. £EH &
CBEDETICHESTSIOICED CEHRINTWS, Lih>T. BIsAKBRAZOEET
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NAHEEEERT S . HEAICED S IC DN THIBRE C 4 - 7o 5@ Type BLCAIZ FERR S
3L 5B STYype B2ZHM T B &L D BHEMACEILLIEEERAONS. CDKDRIFE.
Type B1 CAUSARBISEVW BN S 2 EBEICE VT, BN EETHEL BB %R
L TR TN, —A. Type B2 CAIIAREH S & DiEVLEERMNESEEFICEVT. EEBRHIER
TR LRI EZERE L TR SNIAREELH S, D& S5 TypeBl - B2 CAIDSA
B - HREDE VWA BB ABRARICEIT22E0HRTARDEVE. FAICHIE L 515K
YMEHERDEWVNE KM L TVWBABEEN TR IND,
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Calcium-Aluminum-rich Inclusions (CAls) are the oldest known solids to have formed in the
Solar System (4567.30 £ 0.16 Ma; Amelin et al. 2010; Connelly et al. 2012), composed of
refractory minerals. Type B CAls are coarse-grained and are thought to be the result of the
melt crystallization of CAl precursors. Type B CAls are texturally divided into two sub-groups:
Type B1 with a pyroxene-rich core and continuous melilite mantle and Type B2 lacking a
distinct melilite mantle with homogeneous distribution of phases(e.g., MacPherson 2014).
Kamibayashi et al. (2021) experimentally reproduced Type B CAls in the presence of low-
pressure hydrogen gas and demonstrated that a melilite rim of Type B1 CAls can form
through enrichment of Al and Ca near the melt surface through the effective evaporation of
Mg and Si. In this study, for better understanding of CAl forming environments through
comparison between natural CAls and experimental analogues, we performed mineralogical
and petrographical observations of a Type B CAl (~5 mm in diameter) from a carbonaceous
chondrite CV3, NWA 11343 (Gattacceca et al., 2019).

Textural and quantitative elemental analyses of the CAl were performed using a scanning
electron microscope (JEOL JCM-7000) equipped with an energy dispersive X-ray spectrometer
(JEOL DrySD30) operated at an accelerating voltage of 15 kV. To determine the bulk
composition, a manual grid of 861 points (spaced at ~142 um) was acquired across the
inclusion (Tachibana et al. 2003; Tsuruoka et al. under review). The data were divided into four
representative subsets to evaluate uncertainties, confirming that the bulk elemental
composition of the CAl falls well within the compositional range of Type B CAls (e.g., Simon &
Grossman, 2004).

The core of the CAl is predominantly composed of anorthite (55%), pyroxene (20%), melilite
(20%), and spinel (5%), surrounded by a melilite-dominated mantle (melilite 85%) with
pyroxene (10%), spinel (3%), anorthite (1%), and traces of metal (<1%). The melilite mantle,
ranging from 0.5to 1 mm in thickness, accounts for approximately 45% of the CAl’s volume,
placing the CAlinto Type B1. Also, the CAl is surrounded by the Wark-Lovering (WL) rim (1-10
um in thickness) consisting mainly of diopside. The mantle melilite is enriched in gehlenite at
the rim and shows the increase of dkermanite towards the inside, similar to other Type B1
CAls. This suggests that the melilite mantle began to crystallize from the rim to the interior.
We also note that spinel occurs as isolated grains or clusters in the CAl, aligned across a few
phases in the core region, and also concentrated between melilite mantle and the WL rim.

Although details will be presented at the meeting, the texture and mineral compositions
suggest that this CAl experienced multi-stage melting events before incorporation into the
parent body and weak parent body alteration as indicated by the presence of sodalite.

The bulk elemental composition of the CAl shows higher SiO, content than those of synthetic
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analogues (Kamibayashi et al. 2021; Tsuruoka et al. under review), which likely causes the
difference in the abundances and chemistry of mineral phases: pyroxene is far more abundant
and larger in the synthetic samples, while anorthite is more abundant in the CAI. The melilite
mantle in the CAl exhibits similar thickness to that of experimental analogues, but the melilite
mantle in most of the CAl analogs are more enriched in gehlenite than the CAl mantles.
Moreover, the CAl doesn’t contain any grossite, whereas the experimental analogues exhibit
grossite beyond the WL rim, most likely formed through evaporation of the melilite mantle.
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