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Study of the Extraterrestrial Materials at Antarctica, I11.
On the Yamato Meteorites

Masako Suima, Akihiko Okapa and Makoto SHima

Abstract: Antarctica is thought to be the most suitable place for searching
extraterrestrial materials. Since 1965, we have been studying microtektite and
cosmic dust in Antarctica. In 1969, the Japanese Expedition Team collected
stony meteorites and brought them back to Japan. Scientific study of these
samples has just been started. A part of the samples was examined for mineral
composition, and was also analyzed for chemical composition by means of
wet chemistry. At the same time, examination of rare gas was carried out with a
gas mass-spectrometer. The purpose of the study is to know whether these
meteorites are extraterrestrial materials or not. As a result, they were found
to be chondrites, which are classified into enstatite chondrite, achondrite,
carbonaceous chondrite and bronzite chondrite. For the samples we proposed
the name Yamato (a), Yamato (b), Yamato (¢) and Yamato (d), following
Huss method. They were found on the glacier near the Yamato Mountains
(70°S, 37°E) within a small area (about 10x 10km?),

It is a quite interesting phenomena that different kinds of chondrites are
found within a narrow area. This may indicate one shower of meteorites.
Also, it is different kinds of chondrites fell at different times in a small area.
Or the meteorites, which had fallen over a wide region, have been carried to

this narrow area by the glacier movement,
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EFH DT, 1965FLK, B TER I ERTE 2 FHHWEOMELHIT TR, 7T
<A 27mnT 224+ (SHMA, 1966) °FEHE (B, 1968; 1969) D& XTI oz,
SlEHEHRER T LG T D2, FHERMOWETH 5 & ORMFMLIIHUCZ LV ET
Hotz. BEAFTELWHAT, RLEEDLZFEWEL, Hizh~c ki (&, 1967)
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Fig. 1. The location of meteorites found in Antarctica,

BA»H 5. @EbFcsd 32BEORE R, BFCLfTibi, Bz (Bft, 1968) 4 (@
DER,rHD (1SR, 2@OgkEA (Lazarev i & Neptune Mountains [BF), 1
@ FAEHEA (Thiel Mountains fAR) 3 X 1 BOREEA (Adélie Land [BR) 7%
NTHDH, TR LI OV TORENLHRE L (B, 1968). FEEMAIZR LT
i, BARORERDOFHEELS N EE L, TOFREREZRE > TAz. 1969F D AAH & it 15 #
BIEX2Y, (@K, ©F LIURFEFHCRE T, BAELLEMHEZERL, AR H biR-7c
(YosHIDA et al., 1971). Zh HLDOREHL, HREHBRFICHE S h, EHENRIFE 4 K%
B X v iTlcbhls. RUT, SEAERF AKREHEZO TICREIBEI L. CALD
ARHT, FOBERARIE TS TV OT, BRTHS & OFENEYEMT BB BE S
iz, EHE O, BTFER L, FHAOHFNET S HIVT, Ato—fx 5 2 A
fz. TRBIZDOWTHE LN AR RO—BIZBLICRE LAz (SBA e al, 1973) 75, ZDH
DHFEEMZ, HATHZ L OEHME RN .

SEETLEAEIR, K2R TLoiE, b 10km SFHOXBATIEER I T
¥ » (YOsHIDA et al., 1971), EADOHEEL, EELOER,? L, 4 BHOLGEEBA (ensta-
tite chondrite, achondrite, carbonaceous chondrite s X ¢f bronzite chondrite) »3¥)
BTEic. HROBASHOHE#ENDELD &, TOERIRNVCARKOLLMBETHS.
FRERIRACD, HETEXEBINCD LEBREOAT, BEERINHELANZTED
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Fig.2. The location where the Yamato meteorites were found (given by Yosmipa et al.).
h2BENHD (B, 1967) 23, SRIOBAEOHE, XN EOMEDLK b 7t W RKITH
h, LI REOREBRANMEFHICRRBINRTHBDT, ZHE2050 N R TH-
fo. =G, FEROIRFZ{EL, No.l, No.2, - AT BTG ens, AK, 4%
#ELEEDIZL Y, Huss oRFIC X a4k (197D kb, BRIALCIEFIC, L
LN FC—FAVHEEL AL E CIURTH L &6, F L), RE L),
L0, RF &) 2B L. Zofticd, 5EOAKRSR—HEI bHBIFE LR T
B0, ThbizonwTit, BB THET5.
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F LWRFEEHCKT2, BRERMWAICOWLWTOLMIL, FHLIKI-TH2DL 5
KRENTW3. ZONOPT, BECRKR EERERME LOBENTE DL DX, (KL
O(b) D 2 AT T, ToMoRBNL, REMAZARMNTSH D2, HsDOBEIXHEI TR
W RICIBEAA L, SHOIRI > THREIALABOERAR, EBAX LYWL LTH
%.

Ak, BBCRFHEBERFECEAEF AN IR TR D, R TIIBERFE TS T
—AF LLEAF R L, EE LTI, £4 vV FOMESRICT, 1EFESTEOREH
goah, fggXhis. ¢AORBOEZ bhi-ERIL, £1TRTI S, #10g TH
%. FELFERSD, BELFERS T OO FEN ADHELYFTIE > BT, RBE2FE A v D
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Table 1. List of Yamato (Antarctic) meteorites.

Original* (Used .. Found

*

Name Old No. weight (g) lweight (g) Description date*

Yamato (a) No. 1 715 23.8 Thick black crust (1 mm Dec. 21
thick) metal phase, 1969
strong magnetic, chondrule

Yamato (b) No. 2 138 10.3 Thin crust, Dec. 21
No chondrule 1969

Yamato (c) No. 3 150 8.6 Thick black crust ( lmm Dec. 21-26
thick) chondrules and 1969
black materials

Yamato (d) No. 4 62 8.5 Thin crust, Dec. 21-26
chondrules 1969

*Reported by YosHipA et al, (1971),

Max-Planck Institiit fiir Chemie 12380, &< DBAELXE T, UTCOXRBERIEDL
i, Fio, —HoREHL, BALEHRANCK VT, A mEERER L, XRaiiic %
Iz -7c.

AS A4 A o RO BEICHE LT B REDORIL, #/ —FO L TEERE T
LTEREL, ROMOFEELMDLMRITFE . RWT, A1 V2V FE— s —THiknC
FrE, ThEBO 2/ —FEKICART, B L bt i T, MR i AL
fo. —EARRIC RGBS T, EE OO0 F 200 AT L DRORIBV LI, BAELT, FHA
R EBMBALER DT RACFIA L. BHFMLOBRMET, % & () KIREBRAA - T
5 &, REL (OTRMARERET S LD LRI,

3. HHEBIT2ONT

BROBEHETOBRE L, XREWELOBRYEEGTH L, BEROLILHERER
5. Tek, PFERITLFEMILRL, BIC/AKEROIC L » THREZh D FERDT, ZC
TRTHOLEEPERLERET 2. N3 BaoRBEEFEYRL, M4 iizthbo
X@gafroF »— tERLTHS.

F & (a): FEYWIL, enstatite T, FIK D 884 & L T, taenite-kamacite,
troilite, pyroxene, plagioclase 23i@®»bh 5. Fi, 2 ¥ FA =L DKKD L DAEET
LiRdHISD.

2F L (b): FiT pyroxene 2 LR IN, 2BV FA— LI RE IR,

2% L (c): olivine p34 <, plagioclase, Fe-mineral $iZH N 5. a vV Far—1
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Fig. 3. Photomicrographs of thin sections of the Yamato meteorites,

RS h, ZhxFEC olivine TR IR TS . AESDCIE, BEOHEHEW(T?)
5L EMASMRIKZREL T 5.

% & (d): FiZ pyroxene, olivine TR I Tk H, plagioclase, Fe-mineral § %
hiZ@EH bR 5.

THHEDZ ERBEFIBHED—DL LT, 2 AAYT —AXs P ADHMERRART. E
BRITEL, HARRR TRV, FIRT Fe¥ ox 23y 7 —ghRuBlE Lic., (#R LAERE
&1, Elon Electronic Industries Co. Ltd. o227 + v 4 — & =T, v I, &&
i Co BE IV LORMERLL. BAs bARH5m7RT. ZOKEND, 7
AV =—=>7 b, WERTFHH, AEHESZHEL, TOMRER2 T LD URLIE. ik,
TAV=—o7 MY, SBESGEYHECL, HEOHETIY, SPRENKEL-SEGEL e al. (1964,
1970) DIEREBEIC LTED. PF L (a) Tk, 6KRICHH L RIRATEFTHD b
L, RURTHEAEME,LD, SBICHYST2BRROH S Z Lnildbhd. ZOftic,
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Fig.4. X-ray powder patterns of the Yamato meteorites measured by means of Fe Ka radiation
with 30 kV and 10 mA (using Mn Filter).

SEDBNMREIN D0, REBRPICLIDIBRINEFE L ->TL B EnFEZHR, A XAV 7T
—EHDHFRTE n e, RF L (D) 226k, 4BTFHECLD L7 v, b ORIRH
FECRD DR, A2V 7 —FH 6, MACHY T Ehbnd. & (O)Ti,
E7 vy P ORIRD—D L, ZREEOY — < Vo LTRSS R, £7 vy ORI
HOB/BLERTIL, DHWABARYRETES. ¥ —< AR 73RN 51k, 2050 2R
SNYT —TBEOFETE, RINDORLELEREXD &, B LRETE DL, RELDS
MWHRDE, RHENT, SHOBFYLEL LTV, £FL (d) DARZ FAREMET
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Fig. 5. Massbauer spectra of the Yamato meteorites at room temperature,

x 2 RFLBADA AT T —DOFER
Table 2, Maissbauer data of Yamato meteorites,

Meteorite Mineral (I;og:: /glift* gﬁi%mle splitting g;tlfc:irrzg Hﬁacg)g)etic
Yamato (a) Iron 0 0 334
Yamato (b) Pyroxene 1.10 1.09 0
Yamato (c) Olivine 1.12 1.49 0
Magnetite( 7 ) 0.24 0 485
0.72 0.04 455
Yamato (d) Pyroxene 1.10 1.09 0
Olivine 1.12 1.49 0
Troilite (?)
Iron (?)

*The isomer shift is relative to that of metallic iron.

“HEoxT vy bE, PR ELZHEOE -~ VB LRI RDORDE. £ TV, b D
B> GETE LICER D Bk, A BARLEANFIACRETE B4, €—< vl
RILDBEEILTFT N FeDIT, A AT 7 —EHOFTHE X TE eV T, BIUIDIev2, RIT
DAELBED BA T, troilite EL&BEFDOREXTEZTH>THS.
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4. EBLERTIC2WT

A, BFOR-MESITET, EBERIYEEOVI T2 LBETHZ. BEhE
LT, &Rk, fbihic EDRE LR TH L edic, BEODIMETIE, ThbHD
RAVEEL D, LichisT, 2, 3ORL-RABUBYAZEGE T, BERIZHRE
BRI THALEND 5.

RI|TR, ERCER Y OOk y, BRCRRTHS L 51T, WKL LT, RO 3D
DOHEX G L. (SHMA e al, 1973). +7cdb, (1)Na, CO,-KNO, iy, (20HF-
HCIO, g, ¥ X0, (3)Br,-quaregia DL CTHAEIXZ LR L, BORMERL, 14
VIHEIIR L E R AWT, ELFREE L, BRI X S, EEK, BEE, BTFR
SR EREAERT, ZELELERDI Liz (SHIMA o al., 1973). £HWI(ER LAzR
¥ 0.5~1g TH 5.

BohfEREY, BthoHWcERTEE, £IWLkd. HOoRREL LT, BFOB
BOMCERIA TV L5, 28EYRD, EHPLEBHRELYZETIKHBAELAWT,
FRLTHS.

F L () WTHMEDZ &, 2BBOL AR, SOLHEWZETHD. ¥z, Ca OF

® 3 T LERAOLFMR

Table 3. Chemical compositions of Yamato meteorites (wt 93).

Yamato meteorites
Y-(a) Y~(b) Y-(c) Y-(d)
Si0, 37.98 55.17 33.26 38.9
MgO 19.28 26.22 2442 24.08
FeO 0.47 12.58 28.03 12.02
Silicate phase | AlO3 1.55 0.70 9.44 1,93
CaO 0.45 1.21 2.37 1.68
Na,O 0.86, 0.012, 0.46 0.92
K,O 0. 09 0.008, 0.039 0.11
MnO 0. 24, 0.51; 0.17, 0.30,
Total Fe 29.75 11,29 24.09 25.41
Fe N 21.18 0.66 0.15 12.69
Ni 1.86, <0.004 1.32 1.52
Co 0.08, 0.003 0.075 0.081
Metal phase | po 7.20 0.85 2.30 3.38
Ca 0.72 — — —
S 4.71 0.48, 1.32 | 1.94
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TERER (L BHERET 2 &, ZOKE/r 28 oldhamite (CaS) TH25 L% 2 bh
fo. =¥ & (b) Tix, Si, Mg 0E 4, (K&48D Ca »HrH, Fe > Nik LS 2
DTENETDH % 82 F KD % . (LFHINC X BFEROEAMREC LU, 2hux, Ca-
poor achondrite \Z#iM4F2 DL Bbhs. £F & (O, KEED Si, HEED Feo
[E23A 5. maEOYeni s 2, @EH Db, NilCo OFED M ExHE
T5 &, GEFD carbonaceous chondrite DA S, HMEICHNS T 2. T, Ay
DEB/BHLERITHLC, WAET D2, Bk, FNETHAS LHET LTS, 2% & (d)
i, BB E L M, I —il 7, high-iron chondrite 14T & AL A L
TWBEEZTD.

5. AW AT ITONT

kY, FHERMYETH 220E2%Y, WEECHIETE S HkE LT, 4 A0RMER
% Wiat 3 5 S, BEO TRELENLDOTESD. AF L4 Mokhiz oL T,
BEER T AREEROIE 2 BRI GBI L5 P ADGW R ITiR ot AREB O
B, ik~ TdH b (HINTENBERGER et al., 1968), FHIPRAMICEREI S izl DT,
85 D fTiIs bR TE o

HBonfERER4TTT. DL 2ORRHCAR— v =Y, VIZX o THER L
SHe, *Ne, X0 ®Ar 2L TW5. ZOZ Lk, 4203k E D, FHEMICK
T, FEHBOBHEY ST I L, FHEEMPYETH - T, MEOHHATIL W C
L. Fh, BEFADEHENEL, 2O Enbh, 400 ATEHEMYEA, T
hbEATHD Z XM TE 5.

Wi, ABRAVRFHEMTRHAL 513 CORERGE, 1967), ThbbReHERE, £3
EERAXBCCEET L L, E3OTHLERRTAHERIE 6N, 4 MOFEADRGENR
X, &TELDLZ LTk, BARFEORL I FIFRL TV IHERELD. Licni-T, B
RAmORIL HORHEE T, BMAROTREELE L2 bhshy, C0Z Lk, BELM® &
55 Ik, FHAABMEEOTIR YT ITONTIE, BIRTH LB THHDOTERI R
72\~ (SHiMa et al., 1973).

6. BRI IT OV T

ARBFCHFET 2 REBATRINE A=y — AKX 2EESEEFAR L, &
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Table 4. Rare gas in Yamato meteorites (Concentrations in ¢m3 STP/g).

Meteorites Y-(a) Y-(b) Y-(c) Y-(d)

He 2.62.10-8 7.13.1077 4.61.1077 1.056.10"
‘He 4.74.107 6.65.107 1.55.10° 1,069,103
20Ne 3.63.107¢ 1.90.10~ 1.15.10 2.10.1078
2Ne 7.89, 1079 1.91.107 1.20.10~7 2.26.10-
22Ne 11.60. 109 2.04.1077 1.27.107 2.45.107
EUNS 3.69.10~7 1.12.1078 2.77.1078 7.13.10-®
BAT 6.97.107¢ 1.19.10° 1.92.10-8 410,107
NS 7.22.107¢ 1.00.10-6 1.83.10-5 6.08.107
%Ne sp 7. 8,107 ‘ 1.91.107 ' 1.20.10-7 2.26.10-
P, (Production rate) | 0.46 | 0.62 [ 0.48 0.52

Ty, (Exposure age m.y.) ‘ 1.7 31 ‘ 25 4.3

T; (Exposure age m.y.) [ 1.3 35 ‘ 23 5.5

Productioas rates Py in 1078 cm3® STP 2 Ne per/g. 108y; Py=2.0.108cm? STP 3He/g. 10%y.

DI, f&xiE, Ru, Os, Ir, Pt, Au, Hg, Mo, Nb, Ta, Bi, Pb, Tl & Dkk
L EOREREET5H, ¥YEBMCEL T, ThOLOTEOFEE,L LD, BAD- L —
VERLTS. i, A, WETE 5480 M AAHCOWT, I EEANCHRE L
Th, AREHL, ThEhFIRROELRL T 5. ChHLORRO X DM e # & 1L,
HINTENBERGER et al. IZ X »C, FICHEINZ2TETHS. HMERD ODFFELD <2 —
v, SWORMAELROBES B, 4EORKIBAETHS Z ExAEMST T %

7. % 2=

FHADHHFERNG, AR—v—va VT r &7 FOFED, T ORI HLLEED
bhb. ZhL, 420038 EL, FEEMCHFEL VI EEENCEFETHLOT,
WEOHETIR, TOXHHEH AOABITED b, Lo T, FHEMMLOET
LRI TH 212 LT, HRICET LIBEATH S Z &l T 5.

wi, ERHWARE, LFRS OB, S, % L(a)id, enstatite chondrite 124348
T 5. 2% (b)), Ca-poor achondrite, £ F ¢ (c)it carbonaceous chondrite, %
% & (d)iz bronzite chondrite &7¢%. FRAEDHEEIL, HESREIR TS, BE
3 EERICR L X S BETTAORFATE 2. 4 bAHA, 2 2 THHE L carbonaceous
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chondrite w LTd, I, I, I w&&, Sncifbshangkd sy, B THoRA
TR, LFERDORER» LI, MECR5.

AEAA, B okl 10km SEHLHORIRCTER I Z S22 TiE, &4 DFEEHE
2bhb. oz, MARE LT, —HICEKOBANETTAHANDSHDOT, 20
DERNEx bRD. LhL, BAROHEGIZIL, KER—EEOEALDH LT 5DH
HETHoT, 4 2DRGHIEHADEAN, ABRD IS EHML T2 LiX, 5EICH
E07cv. L L, BANE L T—RHIET LLETR L, ¢ >OBEDOEADHHZiAT
HOIZ, ROX 57 tbFEz R big\w. ARG, DL, FREOBAICHIEL>OAM
BT Loz &ieh, HADOSHAIIEROMEIMBE L 5. i, ELFROMET
FROELD I ENLD, A—BELDOME L EELDZ LIXRETHD, BRANELTO
ETE, BEAETREENRNEEZ2DZ EREZYTHAS. LA, 4 D2DR-
DA, Flziz, AHIBPCET L, BA 10km SEHLUARICH MR Lic & 2 5 F 2 HE A
THAHH. TOFETL, %HF LRI, BRI 10km SFEHRIBICH - T, #2412
HCEEEER D o e L IR b s X 51T, K DOEE 2, Stk 0 #BRICED > TEHWLT
WHBARER DD X i, K OEENTH - TABIBIGE I hicEbEL bR LS.

HTHEROMENTE Y, X VEE iEn b TE 528, BEDH T, X DOEBHT
5T, BROAHIBRAOBE TR EEZD &0, RABANRELHTHS.

Wi, BT LIURMETREShczh boERy S, MomEBkEmETL, ik
HEAEDOHTNEL ORDDT, IVELLAEINELLAS.

8 # h . Iz

ZEBEOF TR/ X 51, BAAF LR, FBOBEAETH -2 %MW L2
BONHOREL B, KOTADEHTHX IR RIC, BEMELAFD L, XD
BAPERTE2WEENRSES. Lich T, SEOBBHRCIE, Z0EDT —<%nz
HLEERBEL T 5.

Hoi, AREOAFCIHIT I, BERFESD \RE=5E2, Lo ER
HERFEEMERERLSICRS T 5. T, EBSEERYEYS S hic i RS
RBERZBELCE# T 5 LT, APFROBEL®E5 2 CTF & 574 Max-Planck Institiit o
Prof. H. HINTENBERGER |24 % .
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