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Abstract

Eleven elements, Ca, Mg, Ti, Si, Co, Ni, Fe, Cr, Mn, S, Cl, and H, were determined by PGA of ten Antarctic meteorites
classified as CM. Of these, chlorine and H showed more than 40% variation as RSD (1s). Comparison of wet-chem and
PGA data for the four meteorites shows differences of more than 15% for six elements (Ti, Co, Ni, Mn, S, and H).
Systematic differences were observed, especially for H, with wet chem/PGA = 1.22 ~ 1.43. 3. The average S, chlorine,
and H contents of the 10 meteorites determined by PGA were found to be significantly different from the compiled values
found in the literature. There was a significant difference between the mean values from wet-chem and PGA in S and H.
These comparisons suggest that the major elemental composition of CM chondrites needs to be reexamined for several
elements. Relationships CI=CYi>CYm>CM for Mn and S contents, and CI>CYi>CM>CYm for chlorine and H contents
were confirmed even using CM means based on PGA values, which reaffirms the argument of the GCA paper. Differences
in correlations between chlorine and H contents were observed between CM and CY chondrites. The extent of aqueous
alteration and subsequent thermal metamorphism in the CM chondrite parent body may have varied greatly locally

Keyword. Antarctic meteorites, Carbonaceous chondrites, Neutron-induced prompt gamma-ray analysis (PGA), Major

element composition, CM

1IXLE®HIC

1969 4RI ZhR F - 7= K E O 7 R v FHEZ L 5 H w0k
DIENY 2 BT, HIERSME DO HIER ~DEIIE 21 il
WA, T FEIHACR->T&ET2, 5 L=,
EERZOMIEEERT 5 5 2T, BBAaOEEMNT
FTETHELSLoTWD, [BAOHFTHLa L T4
NEREA, VD DITFREE S RT7A4 MNIZE DM
RN D, KEGROUIMBRES, KGR KRR
WG T 5 72 D OMEGEL EALE ST TV D,

P 2 W ERPRICEET 5 9 2 C, &Rk
(LR TS T — X —Th D L L big, kb E
HERERTH D, o LRI L b 6T, &
AREHFH O HR S OEHEIZOW IR EEN D72
<, BHEHTELHERD ESBITDRVONRIRT
b5, BAEEOTaaREO2RE kL LT
1x, BRI M (LR, wet-chem) 1E2MEHES T
ELTHASNTE R, BADHTITIZONTE ITHIG
DORRBRDB LT T, BB OOHHEIZ L MEEMED
FEON Tz, W, g 4 —2—0OakE 2RI L,
ST L - TREFZ AT 20T, BEAREEL i
[E DD 2T D BE A B~ 2 B W T,
ZOwEANCK L CIEERHE AL E b, A
FCHIAT BRI o~ 8T (PGA) JEIZH M
B HTiED —TFE T, wet-chem £ & [RIZ DL E
TEEMEEZ O LD, wet-chem iEIZNHVY 9 5
TLHERERTIETH D, PGA TiX Si, Fe, Mg 445,

FEAEDERD THENTEEATETHY, HLS,
Fe L, INAA TIEEEWIZERETERVWIEEDLE
BTX5Z 05, wetchem & FZEDOSIIETH D
EIRIRFIZ, INAA MM FIETH D LS54 D,
ARFFECIE B A O e R % 73 /e Fi R fgg T . -
BN L, ENZRRHAFTERT I AR S AT 2 FEARIE A
BElaL 7 ar0enT, REEaVRTA b
PHEENDREND 10 B2 3R A T PGA £ TR
BRI AT - 70, AFFETHLY B2 10 FRAITE
(LA R SOmE 2 RN AL 2> & CM 7V — 712508
ENhb, CM 222 R4 MIZFORERIK ETKREZE
REZT, BIZEVERE S -2 EnmbnTnd,
L L7enD, ZASOERIC L > CTERELFHK
NED XL LD E WD EICBW T O
TN ORBIRTH D, AR T, KELL, 2N
EROBEDORRD CM 21 I 4 MRIRIZ, PGA
\Z & ZDOERy TR ERD, 84 OFRA DR
BAEBELMNCTDHLE L BT, CM HRERICEBIT 29
BHERIZOWTERTH L2 HE LT,

2. EER
2.1 Rk

oM L TeaBHI ENI A 2T s b AT LT, 15
YeDFBEESRET D202, BRAWNE» S/ lEE
BE LT 1B EH T2 D 0.2~0.4 g 2 3 HTIT V2,
AHFFE TR T FRIE A 22 11277,
2.2 PGA



2024 FFHE HARJFFTINTFEBAFEREAS - B PR AT H FERA SE RS Fis] A JL R ZE

[2024104107]

PGA ZEBRIL JAEA OMFZEHFEF4F JRR-3 @ PGA
TEHEE 2 VTN L7z, [FIZEEIL JRR-3 OF.L
HH9 50m ONEICERE I TV D, L b FfET
HETH &M SN AT 2 RN B ST Ui
SNBRNR T =T & v~ = 7 A E KRR
Za CHIET D, REMIE TORPMEFHITH 1 x 107
n/em2/s C, HEIT Z@LRFBFFHSR F TITo7-, &
BloOZHIZr Ry ML THEMEER TV,
EEERICE L QX120 Z L,
INAROBEAFRE (BEIZE 1 2H) 28 1.5 cm
x 1.5 cm @ FEP 7 ¢ )L ARICPRE LT, 2T
7o U BR TR L—AICEE L, PGA HIELEE
Wty b LT, 7 L—AR0MEEE ONEELT T
T7u M THD, 1 WS ORER T
6000~15000 FVIZEXE LTz, TR DE B EE T T
ST, EAEREREH I bR & H - PR
B Wz, EFEREE AW CER LR ITH,
Mg, Si, S, Cl, Ca, Cr, Co, Ni T, ZHnLF Dt (Ti,
Fe,Mn) OE&IZITXRAEMESE UB-1) (HAH
ERHAFTVER) & Allende FEAMARFE CREA I Y
=7 AEMEEERR) EFIH Uiz, SR uERR o
TERFRFIERT 600 ~6000 FUIZ 3% E L7z,

3. HEREER

AWFGE THFGERI S & LIZFREE CM 2> T
A b 10 & EHZR LT, PGA 12X > T H,Mg,Si, S, Cl,
Ca, Ti, Cr, Mn, Fe, Co, Ni D48l 12 TEDOERME A5
77

X 1 1% PGA TR®7- 12 THEZEDFEE A RT (12
720, AlOT—HTRIINTVRY) , ZIRETW
% E1 Orgueil FEA TIRFEEN LI EFMCI =2 K5
A FDOIEHFEEHER]THREIL LI-FEXFEE T, S
SIZT A FOMETHBIL S TWD, XHIZ i3 E %
DCM 2> K74 FOfEEE, EOYHfEZR LT,
TERDOBHNLITCTE OEEMEIERE D@V H O BIIEIZIF
RENTWS, ST L 10 [BROESEEDIES
1%, Co,Ni,Ca T 16~18% (FHXMEHENR;1s) , S,
Cr,Fe, Ti,Mn T 9~12%TC&H A DIZxt L, CLH TZ#
I 41%, 2% & RERIELOE RO LT,

ST L7z 10 FEA DS B, 4 BBAIZSWTIE wet
chem IZ L 2 &EDTT —Z N E I TWT, KT
F2D PGA E & DL N[ RETH D, 6 st#  (Ti, Co,
Ni,Mn, S, H) T 15%LL EOEWR R 7z, #HZ H
TRBHI7FENNEE D 541, wet chem/PGA T
1/22~1.43 &, wetchem OfEN K& < 72 HAHEAD FL 5
M7, PGA T/INE 2 & 72 D ERIFE 212< <, wet
chem DEELEO T, RRZHALMNITT H T &3k
D OIS, 3F2ICAIFZED PGA Offi CEXIE) |, wet
chem |Z X 2ME ([3],[4]) £ &=, fHIXZCI =2 F
T4 NEKBEAD Si OETHEIL L7-KETH 5,
wet chem @ Ti, S, H DEIXH5HTEIC L » THEZNE
WARLBN D, PGA OfEL O TIE Ti & H T
W GID D, ZNUANDIEHE TIHEWV—EFE
oD, FRC, SCHR[4)OME & O—FEILE W, &
21X CM OEMEIE (= 3o VfE)  ([51,[6)
BB TORLE, O TE 217121 PGA O F-HfE &

i ILRINESE R

ar A IUEE DL ADETORLT, S,CLH & k&
<R THEHMEHE X 90%NT—HT 25, —HEDE
WS, Cl, HD9 b5, SIZOWTIIAMNIED PGA @
il & SCHR[4]D wet chem DIl & —F T 5, a2 /31 L
E[5, 61l EBLLHEINEDEL Y b RE L, BIER
VEETHA D, CLIZOWTIE, PGA DfEN 2 DD =
VA NVBEORNIA S, MBEA X% FRICHEEK
b CRYL DO EEZ T, TDOT-DI CLIBENEE L
TWAZERREINTWA[T], L~L, CY 2 F
T4 D PGA DGR % iEam LT imL[8] Tk ~7= il
D, CY a2 RIA Kakk, (M2 R4 D LD
\CEBHZIEE A EE ERWIEA TIEE DRI/
SWEEZOND, LIEN-T, KFED PGA OfE
ZCM a2y K74 MOV E T2 2 L1324 T
B [AkOFE®RIIHEZAREIZOWVTHED LD,
ARHFFEDOEIE wet chem (2 & 2 8EH XV ZHEAIITIE
WZ bk, EmKETORILIC X DR EIT/ NS Do
722 EERIET S,

AWFFRIZHET > T, Cl 2y R4 MTEET 5%
FHEa R4 M PGA Tk s ko, # ok
RIZESE, Z2nb0ar R7 4 MICITHCM T
LR, LW RIA RN A—7 CY ITET 5
ZEEHLMNTLES], £ 2 TOEMIZIE, CM =
¥ RTA NOTHRERMEAE E LT A A5, 6]%
A=, K2 1345 ERD7ZCM 2> K7 A4 FOSHT
EOTHEEFAWVWT,CY 2> KT A FOfEE i L
72D THD, CY & LT, CLIZEZCYi &, CM T
7= CYm IZXHI L TR LTz, THLRE I,
Mn & S IZOoWTX, HFEEOKX XIC C =
CYi>CYm>CM @ &4, Cl, H [ZoW T,
CI>CYi>CM>CYm OBENRBO b, Zih DR
FRIISCHR[BI CHRM L= D LR TH VD, AHFZE TR
D7 LU CM FRERAE A FVC b STRR[S] TR L 7=
CY =2 FI7 A4 POTHEMRICET 2@EmICETE %
INZ B MENIRNT ENALNE o7,

Tk X 91T, C & HIZEg KRR ToE ko
R ZITROTWIEETH LN, AFETHN LT
CM REFTIXZEDOHEII N R D /NSNS EZ BN,
—7F, ZHDOILFERITFHIEFRNERECHE IS
MHah, Bk B52 25070, £/, CM =2
R4 MIFREIZBWOKEEREZZ T2 &0
BHONIENTEY, HOGHBEIZFDEELZ T
7-ATREMEIL B, [FIERIZ, CY 2 KT A4 MZBWWT
HIKBEERSCE R DB EZ T2 L +n&E %
5L, FHHE, CY 2> K74 D PGA OFER, £
AIELAS R & u72[8], X1 3 1 PGA ([ZHl> T L
7ZClEHOEREDEGREZ CY 2 K74 FECM
ay R4 FTHELEZLDTHSD, Cl, H DfEIX
Clay 74 FOflE, ROSi G AR THBIELEZD
DTHD, CY OFZ 73T H5IHLL DT
HD, CY 22 RT74 FTILCl & H & DORICHKE
EOMBERBEGEA RGNS, —FH, CM a2 R4 RZ
BWTH, Cl & HOGHEEOBIZIZECHENR S
50, HEOREIL CY 2 TEY, FERIK E
TOKEZERE, TR BV DA X2 R,
RERIRBE R >, FEORENY—IZEZ 7



2024 FE HAJF - ST B RS -

[2024104107]

HOTIH L, N RFTCB 254X e L
TR ST EZ2RBT S, FHESOMEND,
CM =22 KT A NEEOWEIL, KGR 0omE &
L CIRL ERANIEN > THIELTZb D EEZ BN
TWTC, ZORRIKIIRKEN-7=ETIE, FEEKR
HE BB —ThholzbT5EX LEAET D,

SE Xk

[1] Osawa T. (2015) Development of an automatic prompt

BAFHEABARITE B SRR i s 2 [F e
i ILRINESE R

Table 2 Comparison of PGA data with wet-chem values and
compiled values

Al Ca Ti Si Co Ni Mg Fe Cr Mn S Cl H

(2]

(3]

(4]

(3]
(6]

[7]

(8]

gamma-ray activation analysis system. J. Radioanal. Nucl.
Chem. 303, 1141-1146.

Anders E. and Grevesse N. (1989) Abundances of the
elements: Meteoritic and solar. Geochim. Cosmochim. Acta
53, 197-214.

Kimura, M., Imae, N., Yamaguchi, A., Haramura, H, and
Kojima, H. (2018) Bulk chemical compositions of Antarctic
meteorites in the NIPR collection. 15, 22-28.

Jarosewich, E. (1990) Chemical analyses of meteorites: A
compilation of stony and iron meteorite analyses.
Meteoritics 25, 323-337.

Wasson, J.T. and Kallemeyn, G.W. (1988) Compositions of
meteorites. Philos. Trans. R. Soc. Lond. A325, 535-544.
Lodders, K. (2021) Relative atomic solar system abundances,
mass fractions, and atomic masses of the elements and their
isotopes, composition of the solar photosphere, and
compositions of the major chondritic meteorite groups.
Space Science Reviews 217:44.

Langenauer, M. and Krahenbiihl, U. (1993) Halogen
contamination in Antarctic H5S and H6 chondrites and
relation to sites of recovery. Earth Planet. Sci. Lett. 120,431-
442,
Ebihara, M, Shirai, N., Osawa, T. and Yagaguchi, A. (2024)
Chemical characteristics of the Yamato type (CY)
carbonaceous chondrites. Geochimica et Cosmochimica
Acra 289, 200-210 (2025).

PGA mean 1.08 1.12 =1 0.80 0.82 0..82 0.96 0.68 0.33 0.37 0.37
wet-chem-1  1.26 1.14 1.78 =1 0.79 0.81 0.99 0.91 0.92 0.76 0.42 0.71
wet-chem-2 0.15 1.13 1.32 =1 0.88 0.84 0.95 0.89 0.89 0.72 0.33 0.51
compiled-1 1.13 1.09 =1 0.96 0.90 0.91 0.95 0.71 0.44 0.19 0.57
compiled-2 1.04 112 =1 0.90 0.92 0.89 0.94 0.69 0.39 0.54 0.46
PGA/com-1 0.96 1.04 0.85 0.92 0.90 1.01 0.96 0.77 1.97 0.64
PGA/com-2 1.04 1.01 0.90 0.91 0.92 1.02 0.99 0.86 0.69 0.80
wet-chem-1: Analyst: Haramura (from Kimura et al., 2018); n = 13.
wet-chem-2: Analyst: Jarosewich (from Jarosewich, 1990); n = 6.
compiled-1: Wasson and Kallemeyn (1988).
compiled-2: Lodders (2021).
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Fig. 1 CI and Sl-normalized abundances of the elements
quantified by PGA in this study. Data are presented for both
individual meteorites and CM means.

Table 1 CM chondrites samples analyzed by PAG

Meteorite Recovered Sample Classification
name mass (g) mass (mg) (MetSoc)!

A 12437 123.36 241.4 CM

A 09474 119.2 331.9 CM

A 12236 93.65 427.1 CM
Y-984044 93.65 355.5 CM
Y-793321 279.73 188.1 CM2
Y-791198 179.8 223.5 CM2
Y-82098 94.5 342.1 CM2
Y-791191 70.1 385.0 CM2
A-881655 36.6 160.0 CM2
Y-82042 37.1 324.8 CM1/2

1 Classification recommended by the Meteoritical Society.
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Fig. 2 Comparison of CI, Si-normalized elemental abundances of
CM with those of CY. As CY values, both CYi and CYm
abundances [8] are shown. All these data including those of CY
are obtained by PGA.
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Fig. 3 Comparison of CI, Si-normalized abundances of chlorine
and H for CM and CY chondrktes.



