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Samples returned from the asteroid Ryugu are similar to lvuna-type
carbonaceous meteorites

1.8

NEOSRS2 I B FET/OI/NERE 20T VB OB ERMAERERNELEL, Yooy
VIXRFERE. FIC Clav kS RENSM I TR RREBAENSECERSN TSI EAH
BALEL = TOEGERIEMIE. Va0V DEREFTKEERNLHEHLE-ZREYTYT . BXRHEK
ROKBRIEL. V20T IR BO-—REWELESE . KBERAHEL THLH 500 HERIC.
CDZRIYERESEFT L. TDORDREL, ¥ 40°CTEAIL 0.06 REULTLE=. D&, &
BET. FHblmo7avu 7 EMIE 100°CULLICMBESh TWVENERDNET , ChoDFERM S,
JaoJoF I CRETROMO>TVSEEZEDH . NEAFICANTLSRAABOENIY S,
EFERBICHMEZL TOED, RUBRHGCRBZEFE TS LDIEEEAFTT . SR Vv I
AME FHLOKBROFREHAMELTERMITERSN T TLED,

2.XX

IZNERE(FEAGTYMENOTETLENEREZFDODNO>TVFER AL NEFPSREIE S B/INKRENE
BEANSTETNAIEZHAOMNICL /NXRZLEREDEZDBEFZRMEZ MO TEIELELT -, CDR
RERRSEAHO. TIEORZ2/F CRPRELEREDBFREEALNICT H-ONERE )10
DDYUTIIE—2FFTWELZ, KX, BESN-—EDONHANTORANOHRETT .
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b= 4ERK (X, 66 JT3& (H, Li, Be, C, O, Na, Mg, Al, Si, P, S, Cl, K, Ca, Sc, Ti, V, Cr, Mn, Fe, Co,
Ni, Cu, Zn, Ga, Ge, As, Se, Rb, Sr, Y, Zr, Nb, Mo, Ru, Rh, Pd, Ag, Cd, In, Sn, Te, Cs, Ba, La, Ce,
Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Hf, Ta, W, Tl, Pb, Bi, Th, U) IZDW\TH T EZR
ELELIZ VT VEBIE Ta@o2)VITEERINTWSIENHIBALEL, RRIEY TS
FRICAWZEU AL EEAIZEDED T BESN TV THY . BANEEICHKIFSINCLEAT
BALTWET , ZOMDITRICDOVTITFERARHONTELT . FEICH)—KETHE A ERY
Fhh TWBIEERLET,

EXRDAHEZ ClAVFFAMDETHRIEIELIZRER 1 ITRLET , FTRDOIESDEF. &S
WIZAWSIENTELRBE (39 30mg) NN EM SO DEBB O —4D=HTT, ZOF
H—4EEETHE. TOFEHEF. 2XRITEYIFFEKFHREOLIZESTEY. Cl aVFS/REELC
BELZFE -S> TWWAILERLET . KFHOLMEMN 1.0 FUDLLEALZDF. KFRHDOTOYRNT
HIZH 5= (BAIFTER) TT,
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Re WH Y TbHoTmTh U NdSmPr TaRuYb Sr Be Pt EuCoFe Si P Li Au K SbNa BRbBiPbTe SeCdIn T H N Kr C He
Os Zr ScGdDy Er Lu Al Ir Mo Ti LaNbCaCeBa V Rh Ni MgPd CrMnAsCuAgGaClGeCs F ZnSn S Br | Hg O Xe Ar Ne

Refractory Volatile

B1:Yao BB ORREFEE, ClAVRFIM O ETHREIELTNS, 1.0 KV E(F)DRIE ClaAVRIMbEYUEE
(LE)IZEFENSBTHR. (OYokoyama et al., 2022 &V)

Cl AVRZArDILZEMALE T KIEREAXRDILFEHRLEEFLVEEZONTWSZH. Yoo T
FHHLEARGEREARDILEEARZEZETDEERROI-RUVBENGRAETHEIEEZAFT .

)T BO Ti RALALL. Cr RGL{ALL. O BfGLALLE Cl AVRZAREBU TS ELS I ELTR
SNFELI D TR ORGALEAESILO>TND ML, SEDERZHFL TS,

o ORHOEEEFBEMEBICEEIAMAA—DFR 2 (TRLET U EEIC, Bk
1 BR 18 (AEHL A (Mg, Fe)s;Sio0s(0OH)s= 7R+ k Cap25(Mg,Fe)s((Si,Al)4010)(OH)2n(H20)) M5 TET
WET, TDMDEELIEMITEIRE CaMg(COs)2. FALALRILA(Mg,Fe)COs, HiRRERIE Fer,S.
848k FesO4 TY . CNODIIMITT R TKBERIOODIMEMNTT , VoW TV DBRIENETIEL. K
DB KBRIZKY — RO A ELT. SO ZRIBMIZEDLYEL-, COBRKREKEERK
EREFUET, Jav I oBRANBTIEKEERMERAIEGEIY, —RIEMIIFEALERIFE
ATLTz Tt ClaVRSARERKBITVET,
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. (©Yokoyama et al., 2022 &VY))
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REOMBLNFER A LLESLGLIE, Cl AVRSAMERBRT HMEIX. ERYEED ., FHICL:
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{HFEHETS CEPRENGKTWN=DTYT, Ld, JadJI(E Cl avkSMb&kYHo&MLFRICA
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FYLEZMIZKBROFEERIGENGREZLOEMETAFT . SR Vv T VB, #FiL
WARBEZRDIREFAMELTERMISERSNTLTLES,

3.3 IRER
WX AL
Samples returned from the asteroid Ryugu are similar to Ivuna-type carbonaceous meteorites

EE4A:

Tetsuya Yokoyama't, Kazuhide Nagashima?t, Izumi Nakai®, Edward D. Young?, Yoshinari Abe®,
Jéréme Aléon®, Conel M. O'D. Alexander’, Sachiko Amari®, Yuri Amelin®, Ken-ichi Bajo'°, Martin
Bizzarro'!, Audrey Bouvier'?, Richard W. Carlson’, Marc Chaussidon'®, Byeon-Gak Choi'4, Nicolas
Dauphas'®, Andrew M. Davis'>,Tommaso Di Rocco'®, Wataru Fujiya'’, Ryota Fukai'®, lkshu
Gautam', Makiko K. Haba', Yuki Hibiya'®, Hiroshi Hidaka?°, Hisashi Homma?', Peter Hoppe??,
Gary R. Huss?, Kiyohiro Ichida??, Tsuyoshi lizuka?*, Trevor R. Ireland?®, Akira Ishikawa', Motoo
Ito?®, Shoichi Itoh??, Noriyuki Kawasaki'?, Noriko T. Kita?®, Kouki Kitajima?®, Thorsten Kleine®,
Shintaro Komatani?3, Alexander N. Krot?, Ming-Chang Liu?#, Yuki Masuda', Kevin D. McKeegan?,
Mayu Morita??, Kazuko Motomura3®°, Frédéric Moynier'3, Ann Nguyen3', Larry Nittler’, Morihiko
Onose?3, Andreas Pack'®, Changkun Park3?, Laurette Piani®3, Liping Qin34, Sara S. Russell®,
Naoya Sakamoto®¢, Maria Schonbachler®”, Lauren Tafla*, Haolan Tang*, Kentaro Terada®, Yasuko
Terada®, Tomohiro Usui'®, Sohei Wada'?, Meenakshi Wadhwa*?, Richard J. Walker*!, Katsuyuki
Yamashita*?, Qing-Zhu Yin*3, Shigekazu Yoneda**, Hiroharu Yui*5, Ai-Cheng Zhang?*¢, Harold C.
Connolly, Jr.#”, Dante S. Lauretta*®, Tomoki Nakamura#*®, Hiroshi Naraoka®®, Takaaki Noguchi?’,
Ryuji Okazaki®®, Kanako Sakamoto®, Hikaru Yabuta®!, Masanao Abe'®, Masahiko Arakawa®?,
Atsushi Fuijii'®, Masahiko Hayakawa'®, Naoyuki Hirata%?, Naru Hirata%3, Rie Honda%*, Chikatoshi
Honda®3, Satoshi Hosoda'8, Yu-ichi lijima'®t, Hitoshi lkeda'8, Masateru Ishiguro, Yoshiaki
Ishihara'®, Takahiro lwata'®%5, Kosuke Kawahara'®, Shota Kikuchi®®, Kohei Kitazato®?, Koji



Matsumoto®’, Moe Matsuoka'®§, Tatsuhiro Michikami®8, Yuya Mimasu'8, Akira Miura'®, Tomokatsu
Morota?*, Satoru Nakazawa'®, Noriyuki Namiki®?, Hirotomo Noda®’, Rina Noguchi®®, Naoko
Ogawa'®, Kazunori Ogawa'®, Tatsuaki Okada'®%°, Chisato Okamoto®?}, Go Ono'®, Masanobu
Ozaki'®%, Takanao Saiki'®, Naoya Sakatani®'!, Hirotaka Sawada'®, Hiroki Senshu®®, Yuri Shimaki'®,
Kei Shirai'8, Seiji Sugita®*, Yuto Takei'®, Hiroshi Takeuchi'®, Satoshi Tanaka'®, Eri Tatsumi®?,
Fuyuto Terui®?, Yuichi Tsuda'® Ryudo Tsukizaki'®, Koji Wada®®, Sei-ichiro Watanabe?®, Manabu
Yamada®®, Tetsuya Yamada'®, Yukio Yamamoto'®, Hajime Yano'®, Yasuhiro Yokota'8, Keisuke
Yoshihara'®, Makoto Yoshikawa'®, Kent Yoshikawa'®, Shizuho Furuya'®, Kentaro Hatakeda®,
Tasuku Hayashi'®, Yuya Hitomi®*, Kazuya Kumagai®*, Akiko Miyazaki'®, Aiko Nakato'®, Masahiro
Nishimura'®, Hiromichi Soejima®, Ayako Suzuki®4, Toru Yada'®, Daiki Yamamoto'®, Kasumi
Yogata'®, Miwa Yoshitake'®, Shogo Tachibana®®, Hisayoshi Yurimoto0-36*

EE5TRE:

'Department of Earth and Planetary Sciences, Tokyo Institute of Technology; Tokyo 152-8551,
Japan.

2Hawai'i Institute of Geophysics and Planetology, University of Hawai‘i at Manoa; Honolulu, Hl
96822, USA.

3Department of Applied Chemistry, Tokyo University of Science; Tokyo 162-8601, Japan.

“Department of Earth, Planetary, and Space Sciences, University of California, Los Angeles; Los
Angeles, CA 90095, USA.

SGraduate School of Engineering Materials Science and Engineering, Tokyo Denki University;
Tokyo 120-8551, Japan.

8Institut de Minéralogie, de Physique des Matériaux et de Cosmochimie, Sorbonne Université,
Museum National d'Histoire Naturelle, Centre National de la Recherche Scientifique Unité Mixte
de Recherche 7590, Institut de recherche pour le développement; 75005 Paris, France.

"Earth and Planets Laboratory, Carnegie Institution for Science; Washington, DC, 20015, USA.

8McDonnell Center for the Space Sciences and Physics Department, Washington University; St.
Louis, MO 63130, USA.

%Guangzhou Institute of Geochemistry, Chinese Academy of Sciences; Guangzhou, GD 510640,
China.

0Department of Natural History Sciences, Hokkaido University; Sapporo 001-0021, Japan.

"Centre for Star and Planet Formation, Globe Institute, University of Copenhagen; Copenhagen, K
1350, Denmark.

2Bayerisches Geoinstitut, Universitat Bayreuth; Bayreuth 95447, Germany.

BUniversité de Paris, Institut de physique du globe de Paris, Centre National de la Recherche
Scientifique; 75005 Paris, France

“Department of Physics and Astronomy, Seoul National University; Seoul 08826, Republic of
Korea.

5Department of the Geophysical Sciences and Enrico Fermi Institute, The University of Chicago;
Chicago, IL 60637, USA.

8Faculty of Geosciences and Geography, University of Gottingen; Goéttingen, D-37077, Germany.

"Faculty of Science, Ibaraki University; Mito 310-8512, Japan.



8|nstitute of Space and Astronautical Science / Jaxa Space Exploration Center, Japan Aerospace
Exploration Agency; Sagamihara 252-5210, Japan.

®Department of General Systems Studies, The University of Tokyo; Tokyo 153-0041, Japan.

20Department of Earth and Planetary Sciences, Nagoya University; Nagoya 464-8601, Japan.

210saka Application Laboratory, Rigaku Corporation; Osaka 569-1146, Japan.

22Max Planck Institute for Chemistry; Mainz 55128, Germany.

23Analytical Technology Division, Horiba Techno Service Co., Ltd.; Kyoto 601-8125, Japan.

24Department of Earth and Planetary Science, The University of Tokyo; Tokyo 113-0033, Japan.

25School of Earth and Environmental Sciences, The University of Queensland; St Lucia QLD 4072,
Australia.

26Kochi Institute for Core Sample Research, Japan Agency for Marine-Earth Science and
Technology; Kochi 783-8502, Japan.

2Department of Earth and Planetary Sciences, Kyoto University; Kyoto 606-8502, Japan.

28Department of Geoscience, University of Wisconsin- Madison; Madison, WI 53706, USA.

29Max Planck Institute for Solar System Research; 37077 Gottingen, Germany.

30Thermal Analysis Division, Rigaku Corporation; Tokyo 196-8666, Japan.

31Astromaterials Research and Exploration Science Division, National Aeronautics and Space
Administration Johnson Space Center; Houston, TX 77058, USA.

32Division of Earth-System Sciences, Korea Polar Research Institute; Incheon 21990, Korea.

33Centre de Recherches Pétrographiques et Géochimiques, Centre National de la Recherche
Scientifique - Université de Lorraine; 54500 Nancy, France.

34School of Earth and Space Sciences, University of Science and Technology of China; Anhui
230026, China.

3Department of Earth Sciences, Natural History Museum; London, SW7 5BD, UK.

36|sotope Imaging Laboratory, Hokkaido University; Sapporo 001-0021, Japan.

3Institute for Geochemistry and Petrology, Department of Earth Sciences, ETH Zurich, Zurich,
Switzerland.

38Department of Earth and Space Science, Osaka University; Osaka 560-0043, Japan.

39Spectroscopy and Imaging Division, Japan Synchrotron Radiation Research Institute; Hyogo
679-5198 Japan.

40School of Earth and Space Exploration, Arizona State University; Tempe, AZ 85281, USA.

41Geology, University of Maryland, College Park, MD 20742, USA.

42Graduate School of Natural Science and Technology, Okayama University; Okayama 700-8530,
Japan.

43Department of Earth and Planetary Sciences, University of California; Davis, CA 95616, USA.

“4Department of Science and Engineering, National Museum of Nature and Science; Tsukuba 305-
0005, Japan.

45Department of Chemistry, Tokyo University of Science; Tokyo 162-8601, Japan.

46School of Earth Sciences and Engineering, Nanjing University; Nanjing 210023, China.

4’Department of Geology, School of Earth and Environment, Rowan University; Glassboro, NJ
08028, USA.

48Lunar and Planetary Laboratory, University of Arizona; Tucson, AZ 85705, USA.



“SDepartment of Earth Science, Tohoku University; Sendai, 980-8578, Japan.

S0Department of Earth and Planetary Sciences, Kyushu University; Fukuoka 819-0395, Japan.

S1Earth and Planetary Systems Science Program, Hiroshima University; Higashi-Hiroshima, 739-
8526, Japan.

52Graduate School of Science, Kobe University; Kobe 657-8501, Japan.

53Department of Computer Science and Engineering, University of Aizu; Aizu-Wakamatsu 965-
8580, Japan.

S4Faculty of Science and Technology, Kochi University; Kochi 780-8520, Japan.

55The Graduate University for Advanced Studies, Sokendai, Kanagawa 240-0193, Japan

S6Planetary Exploration Research Center, Chiba Institute of Technology; Narashino 275-0016,
Japan.

S’National Astronomical Observatory of Japan; Mitaka 181-8588, Japan.

S8Faculty of Engineering, Kinki University; Higashi-Hiroshima 739-2116, Japan.

S9Academic Assembly Institute of Science and Technology, Niigata University; Niigata 950-2181,
Japan.

60Department of Chemistry, The University of Tokyo; Tokyo 113-0033, Japan.

61College of Science Department of Physics, Rikkyo University; Tokyo 171-8501, Japan.

82|nstituto de Astrofisica de Canarias, University of La Laguna; Tenerife, Spain.

63Graduate School of Engineering, Kanagawa Institute of Technology; Atsugi 243-0292, Japan.

64Marine Works Japan Ltd.; Yokosuka 237-0063 Japan.

85UTokyo Organization for Planetary and Space Science, University of Tokyo; Tokyo 113-0033,
Japan.

*Corresponding author. Email: yuri@ep.sci.hokudai.ac.jp

TThese authors contributed equally to this work.

IDeceased.

§Present address. Laboratoire d'études spatiales et d'instrumentation en astrophysique,
Observatoire de Paris; 92195 Meudon, France.

#1855 : Science

D O 1:10.1126/science.abn7850



