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*Toru MATSUMOTO", Takaaki Noguchi?, Akira MiyakeZ (1. Kyoto Univ. Hakubi, 2. Kyoto Univ.
Sci.)
Keywords : Ryugu

Recent studies of Ryugu samples have reported the presence of sodium carbonates,
chlorides, and sulfates, indicating that alkaline, salt-rich water in its parent body [1]. The
precipitation of sodium salt minerals was likely accompanied by dynamic changes in
water content and chemical composition. These minerals were also found in samples
from asteroid Bennu [2], and provide a unique opportunity to gain new insights into the
chemical evolution of water-rich carbonaceous asteroids. The study of sodium salt
minerals has only just begun, and further investigation is required.

Methods: The surface of Ryugu sample CO071 was investigated by SEM Several sections
from these sodium-rich regions were then extracted using a FIB and subsequently
examined using TEM.

Results: Ryugu grain C0071 is mainly composed of phyllosilicates (saponite and
serpentine), iron- and nickel-bearing sulfides, and magnetite, indicating an aqueously
altered lithology. Aggregates of sodium-rich natrite was identified on the surface of the
phyllosilicates. Natrite also occurs as a vein filling the interface between the Na-Mg
phosphate and the surrounding matrix. Thenardite was identified adjacent to the natrite,
based on electron diffraction patterns. A calcite grain measuring about 1 pm in size is
found in contact with the natrite grains.

Discussion: The sodium carbonates and sulfates may have formed by the evaporation or
freezing of liquid water during the final stages of aqueous alteration. In the evaporation
sequence of alkaline solution, calcite grain can form through incongruent dissolution of
primary gaylussite [3], which is found in Bennu samples. Therefore, the calcite associated
with natrite in the Ryugu sample could have formed during the later stages of aqueous
alteration, whereas the majority of calcite in Ryugu samples formed in an early-stage
product [4]. The similarity in sodium salt mineralogy between Ryugu and Bennu suggests
that their brines may have evolved in comparable ways.

Reference: [1] Matsumoto, T., et al. (2024). Nature Astronomy, 8, 1536-1543. [2] McCoy,
T.J., etal. (2025) Nature, 637(8048), 1072-1077. [3] Toner, J., D., et al. (2020) PNAS, 117.
2.,883-888. [4]Fujiya, W., et al. (2023) Nature Geoscience, 16.8, 675-682.
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4. Grad. Sch. Sci., Tohoku Univ.)
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[R5-13] Bulk Density, Porosity, and Fe/Mg Ratio of Bennu Particle Matrices:
Comparison with Ryugu and Carbonaceous Chondrites.

*Akira TSUCHIYAMA', Megumi Matsumoto?, Masanori Yasutake3, Junya Matsuno?, Kentaro
Uesugi3, Akihisa Takeuchi3, Toru Matsumoto®, Haruka Ohno®, Mingqi Sun’, Tomoyo MoritaZ,
Shogo Tachibana®8, Harlord C Connolly®, Dante S Lauretta'® (1. Ritsumeikan Univ. ROST, 2.
Tohoku Univ. Sci., 3. JASRI/SPring-8, 4. Kyoto Univ. ICR, 5. Kyoto Univ. Hakubi, 6. Kyoto Univ.
Sci., 7. CAS/GIG, 8. Univ. Tokyo Sci., 9. Rowan Univ., 10. Univ. Arizona)

Keywords : X-ray nanotomography. SPring-8. OSIRIS-REx mission. Hayabusa2 mission. Cl
chondrites

We determined the matrix bulk density, porosity, and Mg# [Mg/(Mg + Fe) atom ratio] of
particles returned from asteroid Bennu by the OSIRIS-REx mission [1], and we compared
them with those of other aqueously altered carbonaceous astromaterials, including
asteroid Ryugu and chondrites. The analyzed Bennu particles (5-50 pm) were picked from
unsorted aggregate samples (OREX-803143-0, OREX-803118-0), either directly or by FIB
extraction from larger particles. At SPring-8 beamline BL47XU, 3D X-ray computed
tomography images were acquired at 7 and 7.35 keV (absorption contrast) and 8 keV
(phase contrast), with a spatial resolution of ~200 nm [2]. Our calculations assumed that
the matrix is composed of phyllosilicates, organic matter, and pores based on the Bennu
matrix mineralogy [1], using the linear attenuation coefficients and refractive index
decrement (proportional to density). The matrix properties of the aqueously altered
samples were as follows:

Bennu (N= 16): bulk density = 1.6 + 0.3 (1.2-2.3) g/cm?, porosity =39 + 12 (16-57) %,
Mg# =0.77 £ 0.11 (0.48-0.91)

Ryugu (N = 72):8 + 0.2 (1.4-2.2) g/cm? 32 + 9 (18-48) %, 0.83 + 0.06 (0.66-0.93)
CI(N=16):1 +0.1(1.9-2.3)g/cm? 22 + 5 (12-31) %, 0.79 + 0.06 (0.64-0.89)
CM(N=7)2+0.2(1.9-2.4)g/cm? 20 + 6 (13-28) %, 0.63 + 0.11 (0.44-0.77)

Tagish Lake (N = 5):1 + 0.0 (2.1-2.2) g/cm? 19 + 1 (19-21) %, 0.84 + 0.06 (0.76-0.89)
Although Bennu and Ryugu samples are similar to Cls and each other [1,2], some Bennu
matrices exhibited lower density, higher porosity, and lower Mg# than Ryugu matrices. Cl
matrices had generally higher density, lower porosity, and lower Mg# than Bennu and
Ryugu matrices, likely due to terrestrial weathering. CM and Tagish Lake matrices were
similar to CIs', except for the CMs' more Fe-rich composition.

[1] Lauretta & Connolly et al. (2024) MAPS 59, 2453-2486. [2] Tsuchiyama et al. (2024)
GCA 375, 146-172.
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[R5-14] A highly primitive asteroid Bennu particle preserving dust from the
early solar system

*Megumi MATSUMOTO", Akira Tsuchiyama23, Masahiro Yasutake® Toru Matsumoto?,
Tomoyo Morita’, Daisuke Nakashima', Haruka Ohno?, Shogo Tachibana® Harold C.

Connolly”82 Dante S. Lauretta® (1. Tohoku Univ., 2. Ritsumeikan Univ., 3. GIG/CAS, 4.
JASRI/SPring-8, 5. Kyoto Univ., 6. Univ. Tokyo, 7. Rowan Univ., 8. Univ. Arizona, 9. American
Museum of Natural History)

Keywords : Asteroid (101955) Bennu. GEMS. Aqueous alteration

Initial analysis of samples from asteroid Bennu, returned by the OSIRIS-REx mission,
indicated the presence of Mg-rich phyllosilicates, magnetite, Fe-Ni sulfides, carbonates,

Mg,Na -rich phosphates, and organic matter’. This mineralogy resembles that of samples

from asteroid Ryugu2 and represents extensive secondary alteration by aqueous
processes. However, in a synchrotron X-ray diffraction (XRD) and computed tomography
(XCT) survey of more than 50 Bennu particles3 , we found one (OREX-803191-0, ~800 pm
) containing abundant Fe-Ni metal and anhydrous silicate grains, suggesting that it did not
experience significant alteration. Here we present the results of XRD, XCT, scanning
electron microscopy (SEM), and transmission electron microscopy (TEM) analyses of this
particle. XRD and XCT revealed that Bennu particle OREX-803191-0 consists mainly of a
fined-grained, porous matrix material with embedded, relatively coarse (up to ~100 pm)
Mg-rich olivine, pyroxene, and kamacite grains. SEM analysis of cross sections of the
particle show that fragmental grains consisting of Mg-rich olivine and probable Ca,Al-
bearing silicate glass are widely distributed. These grains exhibit a barred olivine texture
and are probably fragments of chondrules. The kamacite grains have thin Fe-oxide
(probable magnetite) rims, suggesting a minor degree of aqueous alteration. TEM
observations showed that the fine-grained, porous matrix consists mainly of GEMS (glass
with embedded metal and sulfide)-like grains entangled with spongy organic matter. The
GEMS-like grains do not contain metal inclusions and show no evidence of replacement
by hydrous silicate phases. Overall, our findings suggest that this Bennu particle escaped
the significant aqueous alteration typical of most of the Bennu samples and preserves
primitive dust accreted to the parent body. 'Lauretta & Connolly et al. (2024) MAPS 59,
2453-2486. 2Nakamura et al. (2022) Science 379, eabn8671. 3Tsuchiyama et al. (2025) 3S
Symposium 2025.
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Keywords : Ryugu. Bennu. Cl chondrite. Refractory inclusions
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Jack Hillsz )Ly : &R L THES RO & LWMERERHIKI0EFEFT O R ME317EH. 4 —
2+ Z Y 7EEBDJack HillsOEB D S I$HI33~44EBFE/ICTER LT-BBMEO D)L O VS
HEDOHB[4,5], JILOAYDOEXRNMALLISEEDBERAMALLICEERTO0.2~1.0% 2 EE
WMEZHFSE. YV MUEROBENTIIHNSRE LIV OBERMELIET> ML
B DERERIGIALLZ KR L TA'80y g\ ow=5.3+0.6%0 (25)DEEICH T B[6]e —/ TIE
B COKEERZZITI-ME HERYMAY) ZRDAARTEEERCITEVEEDEERREN
Rtz FCHSRHETEIIILIVEEVBRERMELE (d'80ysuonw>5.9%0) %D
[71o Jack HillsOBEHESIIL IV Tld. WAEEFROERZTIVILIAVHLS
d'80ysmow=6~7%0 & W\ 5 B WERERMIALLZH DB ONR DN B[5], Chid. LaY
DEENMERETOKEZERERYZEDIAA TR LIEELTH D, D% < CHHI4A3EER
ICIF T TIOEFDNEFEEL. BETOKEZERERYHI KRB TREICEEINTW L
ZTRELTW3,

OV RIL—IL: aY RIL—JLIESub-mmY «f X OBRDOERSIER F T, FRARERMABR TH
BB R A M HAVREFEICERICIIAINTHERL THRLEEZ SN TWS, E<SBENER
(AY RS0 b)) ICR5N37ITTHELS EEEEIPSDBRON>TWS[8,9], AV KRIL—
JVISFERREFICAB O A X E3ENICKRIG L T FERREDORCRTTIRERCERFEALLFER
ZEFBLTVWBREZEZS5NS[10]e AV RIL—ILICIFBETHARRIECTHREZZ1 71 (MgOIZ
BEOHEHRISIY+SEH) . EKIEFPRVHBIEHNRRETHRIERZ1L FII (#HFeO L
THEHREIYICET) i'Hd. KEAZAEZERDFRERERABRETIEIZA ANZHKRT S
AN BRRBIIBZICITENT. HOKZ R TIRRICEIRDTDEENES-CEZ 5N
%, RRBIAVRSA LTIE. RA1ERAANDAY RIL— L TEREAMELEHAERD.
D" OfE(=d"Oyspmow—0.52%d"80yspmow) 1E2 1 FITHI-5%0. 2+ FUTIZHI-2%0 & L)
S REZR T, I5IC. CRAVRI A FPREEHNOAEZC IOV RIL—=ILTIE
D02+1%eZEDHDHEDON>TWVB[9,11], 2+ FNTY RIL—ILDOEEERIGIALIE
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H,OZ FEA & I 3BLRMPDEZRMLTVWREEZSN[11]. BEFABETRON o
247N RIL—ILODVOEDZELI. FARERMBOBEEDH,0KDEERGIALL
DEVERML TWBAREMN S B,

[1] Kita, N. T. et al. (2009) Chem. Geol., 264, 43. [2] AR (2016) 5vA & &, 2016(10), 390.
[3] Reimink, J. R. (2016) Nat. Geosci., 7, 529. [4] Wilde, S. A. et al. (2001) Nature, 409, 175.
[5] Valley, J. W. et al. (2014) Nat. Geosci., 7, 219. [6] Grimes, C. B. (2011) Contrib. Mineral.
Petr., 161, 13.[7] Lackey, J. S. et al. (2005) Earth Planet. Sc. Lett., 235, 315. [8] Nakamura,
T. et al. (2008) Science, 321, 1664. [9] Nakashima, D. et al. (2012) Earth Planet. Sc. Lett.,
357-358, 355. [10] Ushikubo, T. et al. (2012) Geochim. Cosmochim. Ac., 90, 242.[11]
Tenner, T.J. et al. (2015) Geochim. Cosmochim. Ac., 148, 228.
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[R5-17] An attempt to identify mineral nanofragmentation as the mark of
multiple low-intensity impacts in carbonaceous chondrites

*Balazs Bradak!, Yusuke Seto? Sena Toyonaga', Akos Kereszturi3, Martin Chadima® (1. Kobe
University, 2. Osaka Metropolitan University, 3. Hungarian Academy of Sciences, 4. AGICO)
Keywords : anisotropy of frequency-dependent magnetic susceptibility. carbonaceous
chondrites. magnetic minerals. hypervelocity impact. multiple low-intensity impacts

Combined rock magnetic, magnetic fabric studies, and scanning electron microscopy were
conducted on three carbonaceous chondrites: Allende, Jbilet Winselwan, and Murchison.
The study aimed to propose and test the hypothesis of nanoscale fragmentation as
evidence for multiple low-intensity impacts by the characterization of the magnetic fabric.
Using a novel method, anisotropy of frequency-dependent magnetic susceptibility
measurements may allow the identification of nanoscale mineral components and their
orientation in meteorites, possibly indicating such processes. As the executed rock
magnetic measurements revealed, FeNi alloys, iron sulphides (pyrrhotite), and magnetite
were the main magnetic contributor minerals. The foliated fabric and the oblate
susceptibility ellipsoid are likely the marks of asteroid impacts and collisions, even though
the shock stage of the studied meteorites suggests unshocked or very weakly shocked
fabric. Multiple, low-intensity impacts may explain such a paradox. Still, due to the lack of
superparamagnetic contributors, no nano-scale superparamagnetic fabric could be
recognized by the anisotropy of frequency-dependent magnetic susceptibility
measurements. Besides such results, using the magnetic fabric parameters, some
observations were made about the possible development and alteration of the fabric due
to hypervelocity and multiple, low-intensity impacts. The former may cause more
homogenic-, and the latter process results in a more scattered magnetic mineral
(re-)distribution.
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Hokkaido University, 2. Washington University)

Keywords : Presolar grain. SiC

1) AV H—NNA kSiCld. BBARICEETZEELR LY —F—KHFO—DOTH3, L
Y —S5—=SiICORED(~93%)F A1 VX B —LSICEEEFN. FORAMEHERD S, EEBE
2 J1~3KBE=E) OMEE THIAGBERRTHZ EISNTWVD, AGBEDED T
o L7=SiClE. HEARESIHAI O XTHH. AGBEDERICED. ERAZTRIS
ERZTTEACEIEND. BERZERICHITRSICOBZERRE L. RUFHGEBMREICELD.
400 FENDSI0BEELHEINTED, TOFRREIF2BETH 5. X1 VR M —LSICH
FISZDILENERBRZBRIZ3FHNAESTATWVWS, TOHEH XIE. NeZ HeDREINIKLL
&D. AGBEI RO THFIEAGBEHeRAXRDHE N ANEEL TWVWBZe&ZRLTL
%0 CNODFERLD, SICHDFAH XIFISICRIFRREICYIENISEA SN ZZB5NT
ED. ZOFEAIRILF—IFH50 keV/nucleonc EHNTWB, LHLAHLS. TOFAL
RILFE—IE. AGBEDERNCAGBENENL LT-ETHAIXREREEFLEDERDEHAIMEX
DIMTUEREL, FEDH o7 Sl FALIE. SICTHIF I E DHeD3IRTEEDH %15
BT CICHINL. HeDFANRZ—VICDWTERL., SICHDFHEH ADIRE EMZERIE
N3 X TOSICOREFEZHTE LT

R V—FVURREBALDSICHF DB LIKGOERN S, SICRIFZEY I T Y
L. ItBERFO P MHRIFESDITEELIMASICK D, SICRIF1RFDHeX £ TT
ROIXRTEEDHZAE LT

BREER  REPMMALLED. KRR TRE L ISICRIFIZE T VA M) —LRIFICH
BEINTo 3XTHHED, HeldSICRIFOMRFKRE (RE F300 nmLi%X) HSEHEINT.
A3 DDSICKLFH S5 IFE. FEET50~100 NmDATICHEREDE— I RH I NTze CNSDHE
RiF. HeH'2~4 keV/nucleonD T RILF —THFREADSFA TN eEZRLTWVWS,
DEAIRILF—IBIIREREEFOETHAINIERRECFE LAV, AEINHe
TILITYZ(1x1012~2 %101 atom cm™A) & D FH ZFADRE C o 1357 & SiICHI T A i
HIDEE SNTco BIESNIEX A VX M) —LSICKIFIF. AGBENREREZEFLEICE
1t 2510BLEEOHMICAGBEDED THEMEIN. LKDABIDERZEFBACEIINTWL
T, XEREZDH LN S503~30FEDEHD Y CATREREERLEDERICEEINT:
5L W,
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[R5-19] An experimental simulation of the destruction processes of presolar
SiC grains under low-pressure conditions

*Daiki YAMAMOTO, Aki TAKIGAWAZ, Lily ISHIZAKI2, Ryosuke SAKURAI3, Yuki INOUE", Junji
YAMAMOTO", Sota ARAKAWA?, Shogo TACHIBANAZ (1. Kyushu University, 2. The University
of Tokyo, 3. Japan Aerospace Exploration Agency, 4. Japan Agency for Marine-Earth Science
and Technology)

Keywords : Presolar grains. Silicon carbide. Evaporation. Reaction kinetics. Protosolar
disk

WBEMEAPRICEEND LY —F—xIbT 1 & SiC) fiFid. Bt RIBARGRMAESN
ZARTIFRANENARLETH DEREZFL T (Larimer & Bartholomay, 1979), WX IC. &
BABRABANTOR A NOEBUBIORBREZECIRT 2B NRIERELRDES
Menydybaev et al. (2002) Tld. A GEREFHT T BREIEZFHLIASIEDREAH R
qJTSiC@?iF&?%}iFG%%ﬁ%EC?&thw LA LAENS., TS5 LIE1TETESNIEERMN
T—RIE. BEEOPBEZHGICITERATEITRVARYLNH D, T5IC. RIEABRAZHTD
7’1/‘/ 5 — SlC@ﬁ%ﬁ—Tﬁ Mz, tHOBEOTLY —F—HF BRI BENEBAFTSE
ICIEETBILY —5—3ERE T 1 BIERH T, Floss and Haenecour, 2018 and references

therein LB TZ T, LY —F—SiICOMEMNAGEREENHETOR X NABEZ R
TH B3N H 5. AAETIE. RIEKGRABANTOSICOEERIGEBS KU

RERBZHSMIL. LY —F—SiICOEMHNLRZFEFEEZEENICFTET S 2B
LT, BEKZ-KEZEEH AP TOSICRFEEREITo 70

EEIZ. HyH,OREH REEHREZRATCEEZEEMBFZRHA VT, 2F (P 0.5 LUV
2.5 PaDKFR-KEBTUEEGH AR TRIM L 7oo sEHI. ZHERD 3O-SICOTL— b 5H10D
B L7c#94 x (4-5)x 0.6 mmODF v T2V, RRIZFUTD3IDRETE SR o7 (1) Pot
= 0.5 Pa, Hy/H,0 ~52 + 5, (2) Pio¢ = 2.5 Pa, Hy/H5,0 ~140 £ 17, (3) Pt = 2.5 Pa, Hy/H,0
~75 + 4, Hy/H,0ltlE. SEH LT TEIEAIL b EORNENTERGE DRE LTe Ch
5 DEALETTRM . RIBKBRABOSRM (KBERTREFEEICN L TH0REEHD1-10
f&. i.e., Hy/H,0 ~200-2000; Lodders, 2003; Cuzzi and Zahnle, 2004; Ciesla & Cuzzi,
2006)) L[ERE. 2 WVIFCPEIENTH S, W< 2D DY > FILICEE L TFIBYIA Z 1ERL
L. &EBEEFIEME (STEM-EDS; JEOL JEM-2800) TEREZE ZHofce X1 ZO5YX VN
FREIC K D RREDHERESEHEL 7o

STEM-EDSH#rDFER. sHRloFREICIFEILYB ISR INTUW AL > fce —HF T—ERDE
BERREICIE. ZAETRERICECBIERIN . COBRIZ. STUDHATEICEK DS
REHEEHNTH S, BERMDSHELILEEZE IS VI () IE. ~1610-1670 KK D FRET
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ITREKRFEEDNNSTV—A. KDEEEIE TIIEERREKEFEZ R, SEEFETD/D
PuooffF . BEERMG TSICGRANDKESEEENRICERERE THDI L ZTET

%0 —A. EEEFETIE. REATOILERIL 7O IDNRICERERE TRIEMDH D, EE
B TESNISERIE T RILE — (E,) 1Z~775-1141 K mol ' TH D, KITHEL DIEH T

A EFLNKIm, 1987: ~460 k] mol~!; Mendybaev et al., 2002: 556 k] mol™"), AEERDELE
TTREZZERT D L. *ﬂﬁ&DTnL\E DI Slozﬂ/ﬁi%ﬁ:’)ﬁ?%limtf#bﬁb\m%‘}im

DEBRREICEARLTVWBREEZZI SN, 4 X MDA LERIGEZERD ANT-EEEEH
#&ET )L (Ishizaki et al., 2023) Z BBV T, FERELDEFSNITL Y —F—SiICRFDFERFR
AEMZ . ABKEKA R DERBMAERBRICE DRMENFEEELRS LY —5—IFRE
A BIERIFDEE (Yamamoto et al., 2020, 2024) L tbE L1z EDFER. LY —5—
SICRIFDIAE LR ZFIE~1200-1400 KTEITL. LY —F—3FERBET 1 BB FIF~600-
800 KTEEERMAR B E LS C e RE Tz, 600-800 K& DEREIS Tld. #FHEAME TR
BILLIe T LY —S—r A BI8/SICRIFR DX, KEH S DR (r) DB L & H I
L. r>4-5auTI30.7-0.9DMEISEL Too RERIE(IDP) D FL Y — 5 —7 1 BI8/SICLED
~6THD (Leitner et al., 2012). CDEHNYIHBETH % LIRE L 1-FS. IDPTHIE S NT1A
FREBEEFDZEDLEXIZ~0.15-1 58D, 8WTLY—F—F1815/SiCtt (>~0.7) =R 7
PEHA (e.g., QUE 99177, DOM 08006) (. EICAHBEH~300 KKREDAEH 5~4-5 auld
EOEIRICHR T AMEZERLI-CEZ 5N,
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