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

Makoto SummMa*; Akihiko Okapa* and Masako SHimA**

Abstract : Additional mineralogical and chemical studies of the Yamato
meteorites are under way. The mode analysis and the optical properties
in thin sections are examined under a microscope. Chondrites occur in all
of the Yamato meteorites with the exception of Yamato (b). Yamato (a)
is composed mainly of pyroxene, olivine and opaque minerals (iron phase,
sulphide phase, etc.). Pyroxene occurs as enstatite (Engg) and olivine as
forsterite (Fogs). Yamato (b) is composed mainly of pyroxene of Enz:Fss
composition. Yamato (c) is composed of olivine and opaque minerals
containing carbon compounds; olivine has the composition of Fogy Fayo.
Yamato (d) is composed of olivine, pyroxene and opaque minerals; olivine
has the composition of FogFa,p and pyroxene the composition of EngsFsis.
Some chondrules in these meteorites are distinguished by their particular
mineral composition. The chemical compositions of the Yamato meteorites
were determined by the wet chemical analysis. From 0.5g aliquots of
powdered samples, several fractions were taken out by the fractional dissolu-
tion method. Yamato (a) contains much metallic iron, water-soluble cal-
cium sulphide (oldhamite) and only acid insoluble silicates. Yamato (b)
contains essentially no metallic iron or nickel, but is high in Si and Mg.
Yamato (c) has an extremely small concentration of metallic iron whereas
total iron is very high. This iron consists mainly of magnetite. Yamato
(D is a high iron chondrite group. The trace elements, W, Re, Os, Ir, Pt,
"Au, Hg, Tl, Bi, Th and U, were determined utilizing a spark source mass
spectrograph MS7 with electrical ion detection. The abundance - distribu-

tion patterns of the trace elements confirm the result of the already classi-

* B{LEBFFAT. The Institute of Physical and Chemical Research, Hirosawa, Wako-shi,
Saitama-ken.

*k Max-Planck Institit fir Chemie, Mainz, West Germany.



92 E R-FHEE-E EF (RItRER

fied reference meteorites.

The solidification ages of the Yamato meteorites were determined by the
K-Ar method. Yamato (a), (b), (c) and (d) are estimated to be 2.3, 4.4,
12.2 and 15.4x 107 yr. respectevely.

By these results, the Yamato meteorites must be classified as follows;
Yamato (a) is an enstatite chondrite, Yamato (b) a Ca-poor achondrite,
Yamato (c) a carbonaceous chondrite (Type III) and Yamato (d) an oli-

vine bronzite chondrite.
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Table 1. Mode analysis of Yamato meteorites.

Yamato (%)
@ ®» | © @

Ground Mass 81.3 100 95.1 99.1
Chondrule 18.7 0 4.9 0.9

Olivine (Fo: Fa) 9.7(95:5) 50. 3(60 : 40) 34.1(90 : 10)
2 | Pyroxene ,(En : Fs) 23.3(98:2) | 99.5(74 : 26) 28.5(85 : 15)
3 Plagioclase 0.2 0.4 8.3 6.8
§ | Glass 0.3 0.1
& | Opaque mineral 65.7 : 40. 4 27.4

Unknown 0.8 1.0 3.2

Olivine (Fo : Fa) 2.3(95: 5) | 87.4(60 : 40) ?
o |Pyroxene (En: Fs) 83.6(98 : 2) |
,g ( Plagioclase 0.3 {‘ 1.1
_§ Glass 3.0
O [ Opaque mineral 8.7 11.5

Unknown 1.6 "
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DEIRIB LR B, ZH IOV, MR THRETS.

RiZ, FFEETHEEREMIZOWT, mode analysis #{T\, E 1 FERLE. £ED
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ThaT&ER-. R LEA (©) 13, FELABARLTERLEY THR IR TED,
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Table 2. Chemical composition of Yamato meteorites (wt %).
Yamato meteorites -
(a) (b) (© (D
SiO, 37.98 55. 17 33.26 38.9
MgO 19. 28 26.22 24.42 24.08
FeO 0.48 12. 58 27.84 12.02
AlL;O4 1.55 0.70 2.44 1.93
CaO 0.45 1.21 2.37 1.68
Na,;O 0. 86 0.012 0.46 0.92
K.O 0.085 0. 006 0.039 0.104
Cr,;04 0.42 1.38 0. 56 0.65
MnO 0.25 0.52 0.17 0.30
TiO, 0.075 0.072 0.133 0.082
P;0s 0.46 <0.009 0.22 0.25
Fe 22.18 0.66 0.15 12.69
Ni 1.86 <0.004 1.32 1.52
Co 0.089 0.003 0.075 0.081
Fe 7.20 0.85 2.30 3.38
Ca 0.72 — — —
S 4.71 0.49 1.32 1.94
Total Fe 29.75 11.29 24.09 25.41
Whole meteorite
Powdered sample
CuCl3-KCl indil. Acetic acid
Solln Re;idue
Fe - Ni EDTA in NH4OH
and water-soluble
r I
component Soln Residue
Ca-~-S Ca -~ POg
Mo - S Br,
Sola Residue
Fe-~S
Olivime HCL (B N)
So']n Re‘sidue
Olivin l Na,CO3 fusion
Fe -O
- HCI1 in-soluble Silicate
Cr-0

B 1 SREER X 5 L¥ES RO R
Fig. 1. The scheme of the fractional dissolution.
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B2 ®%LERAD MgO-FeO-(Na,O+K,0)= #rEtEx

Fig. 2. MgO-FeO-(Na,0+K,0) diagram of Yamato meteorities.
Cr;0; & TiO; DEEAMZBATHBZ E, BIV, 7TAHVTE, 7iArY)+HETE
D—MOWMEINTHRICDDTHB. Zhb D = &, B IR TLEINT ORI
HIC L T, TRODEI X OFHENThRIER, BohiboTHhsd. BEEXERTS
ZREOYPDLFRAFR AT HBMEOEXFIATS &, BI1IRTLoE, £75 7 4
VIZEH LT PIEFTLHR R > T 5. flziE, CanBEH 2% L, KITAJE 7 oldha-
mite (CaS) &, KIEREDOHADHIZETh DD Lk, KRFESITNICL 5T, DEELT
EETEDHZ LITKD. TOMDTLRCDOWTHEAITHEFT L, 2 2(F-7. I, 20
BRYACT, K2z fFH L. BFO=AEENT, =821 MgO-FeO-(Na,0+
K.O) t&%.

4. BEAFHRITTDOWT
¥ LEAOHBIFE R DX, AREHRCL, 23—V —2K K X 5 BESHE
(MS7) #Fu-T, HINTENBERGER ef al. (1973) 1t o> ThHth&hi. BoRHERY
SBT3 &, £33k, EBHVIShATLHEIZ, W, Re, Os, Ir, Pt, Au, Hg, TI,
Bi, Th X0 U THs. BHMOBHE G RRIZIARAL ST, WIEZOBMERD DM 2T
by, CHODHEDEICRIT 5 TTROFEEED LR 21T - 7.
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% 3 WEASOSFRER (ppb)
Table 3. Concentration of the heavy elements in ppb.

Yamato meteorites
(a) | (b) | © ()
w 320 93 250 260
Re 63 <3 68 99
Os 1400 - 20 1240 1620
Ir 900 4 850 1030
Pt 1820 <5 1880 2520
Au 490 <1 150 360
Hg 510 1540 1280 640
Tl 240 45 16 33
Pb 2240 190 610 94
Bi 280 5.6 38 3.7
Th 45 4.9 73 57
U 14 % <0.4 18 17

(Analysis----- HiNTENBERGER ¢f al., 1973)

5. & 2%
HHPROBBROKR, L LEAE (@), (©) IV (d) oy, BRCERR= v
FA—AnRes s tnb, Sholk, 2 TRERECRT2 - to¥s. 2% L BA
(b) w1d, 2V FA— A0 T, MECERO—MEE bEL LRBH, #H3H
(B, 1973b) TG LA X 54T, ## ARS DM, cosmogenic nuclides T& % *He,
“Ne o L 08 %A 2%, Lo 350 % LEA EFEFCHINSh TW5Z &7 5, achondrite
THBH T LTS,

TEFERD O WRER BIk, B IMTBEN LS RS DN THH Z ez T,
MgO-FeO-(Na,0+K,0) o 3 s v Al (Fs & (M2 8K), % LBA
23, EEMOBBEAHPICSELIC A - T 5Z EX¥S. - O=MAEERIT, HESHLED
SR &, BEMO BA O S L 2 LT b o A S h TE b O (SHiva, 1966;
Bfl, 1972) T, BAOHMAEL, MgO-FeO o<, b s ofivrd. o
T, WEWEE, FHEMOWELOKICL, HHREFMATES. i, MEDO LR
2, RS O BIRIIERIC X - TR LT B RPTOEBAFETROTI 4 EY T
EHRTLHSD. TOZ ERBERELTELSL. BEOBAY, FDC—EDRMEH HAR
SRTERLTBE, TOMREE, BERCHENLBI L VBETES. THL, 4O
WA ERENTL DBEOEEELROTEN, B TELZ LTdbinsd. FEDSKHE
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12 5—2H - T, FHEMT T35 PRMIERY, HEROEADHE L ERICHET LT
LEZBUDBELHD. COZODRENSELLET S E, FEFRSEFHELTEL R
h Tk, MgO iZgEAX achondrite DX 5 HRBEBEELIIRELD - T, ZhRED
BT FXGEMT Y, A 7 H = FEfRogaEoc, MgO-FeO Wic#-7T, FeO
CEUHMCBH TS L5 lNoFBOBAXHMILLTE I LEXLLRD. IbDHA, ¥
BRS OFERES, HADIDEMONT L EX M TERT B, Bcinho X 5
te—20 A BIBHIERLZT T, fERMOA TV 3 X 5 aRIVOBEOBAESHE S v it
Ex, BEOMMLOBEEEY ML —2OFHIICX AL EEXL TS, Libh, ©F
EBEADL T, BMOBADOHHNCAZZ &, st LEA (D) 26, IHKMgO
-FeO 50ic % » T, KE—FNcEA T, FeO ICELH R HMLT2Z L1k, REICH
BRIEWZ L THB.

BEBILERS T OV T, RIICTRLICEBOTLROFIEEY, BEMORADTH L L
Wtaf % 2= Abee [BF (enstatite chondrite), Johnstown [BF (achondrite),
Allende BA (carbonaceous chondrite, Typell) 3 X Orgueil B4 (carbonaceous
chondrite, Type ), ##- Allegan [§7 (bronzite chondrite)  OBENH % FHEITFTL,
MABEOLE LBAORBR LB L. Fo/R, iicoBabE, L LEA (), (b)),
(©) BIV (D) i, ThThIEULAELrE LR, FC, LEEBEA (o 1k, AL
carbonaceous chondrite ®J¢3, Allende HEEK&E&YCJ:L\SE{QUME#;@ RT3,
e, ¥ LEA () Tix, W, Re, Os, Ir 3s L Pt 7c & D siderophile elements
RS BIEERSR IR, TR BITOWVTIt, HINTENBERGER ef al. (1973) 12X -
T, L ORGSR ThRIC. SR T LICMER Y DHF Tk, Au & Hg 2%, B4
BAHELE LEAEOMT, 3EAL—HLTOABCEULCHFEEYRLTW5.

T FHIRER &, \LEDTORKREEEL, Lt BEAMOBAEOEULEBDO LD L
DB B b, % LBA (a) (%, enstatite chondrite TH b, & LBA (b)
i¥, achondrite, ®°% L[8FA (c) X, carbonaceous chondrite, # LT, ®% +BH (d)
i%, bronzite chondrite IZ#8243%. ZDHMEIX, X SICHINETS Z LLATHET, Bz
i, % LBA (@) 1%, enstatite chondrited D AFHZARND Z &3 TEBHL, TF L
BH (b) %, Ca-poor achondrite IZHINETE%. % LBA (c) 1% carbonaceous
chondrite ®P, Typell @35z &icich, % LBA (d) 1 high-iron group @
FHEACHIZATES. Lo LW TLil~ L 51, ROERNMROFE &4 < [
i, BROEEZD, RIUORAESLEMPREIA TS, Lrd, WThOSREIRD
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Wb D TH B0, ERREOMTHL—F L T igvr. 5T, BEHEFZ, WTbHIT
MM S NI BRRAEE RS XD b, REDCHRECE CLEHToEY LT, #iE
L.

Wiz, B (SHIMA ef al, 1973a) TR LUICHFF ARSI ON, “Ar oB¥HWT, Kl
nE20 K 0&FELZFIHTA L, BFDO K-Ar JRic X 52 HADRELERNFHETE
5. ZoFEIE, HLOMETNELAENRIUS D, WTRIERHTF2ED RIS,
SENL, T EHUT, ©Ar 2, EREOGO YK ik o ToRERI W ERE L TEHE
Lic. TORERRZIECT S L, RELHEA (@), (b), (o) kXU (d) 1k, Th¥th,
2.3; 4.4; 12.2 K X 15. 410" E L 7% . ZOBILERE, BHEALGETEETS
&, PELEAEOABEO DO, PF LIURFTC, BANE LT, —BI&ET LEBELET
X\ EE R BHCHRT — 2 RBRELTWE. WFhoBARG, Ric - HBEICEILL,
Rico LFHEETORBYET, MR ACET LD EELDbIRD. 5T, Th
SOEAD, BRBEOCERACH 2 CHET Lich DAy, Fioid, BIRCHE Ltk 5z, X
FIOETITHEL S, EfEIh T & T, AHEBO X5 2RO KIRcHEP L LoTHES . H
H, KT OEINCAE S HBEOEMOHEHIIL, KUORECE -7cF TOHT, FHRICERD
ha L H 528, BAED LS LWEE, Tv— vtk bhb ko, KiEEDERY
FIES3 5 E FOEE) D X 5 e B BRI EA L, KFEOXKEBOWER, Kibldhiz & h ik
FRTLES Z &L L, Floms, XKoo E», REGECHZATLES Z &
mELHNEEZ DD, ZOX 5 EMIERIDE O o C, Ko7 E-Liith
M B ETH L, WL, AR ORETIEFEA ISR C, KEOFAUEE, A
Erp LI T2HE L, RIEMTFT ARSI, ELLTEDRL5THS.

T ULICBAD, KUORMZHEE - RIET TR, BT XsmEbInb b, ki
DHEEL RORAILZ LA HH 5. O LS FBHETI, FOKFORmGENE IS
TEbHAHAHL, Fh, TOF EKFONIORRC B LT, KEOHAELITT
BH S Is o TS b sy,

Ebdh, AFEDL ST, RigoLBHOEAL, IRE I AICEBEACTEIR S hic
Bk, REBETHRL, MDODTHTHHZ LIXFFETHS. L b EROKAOREET T
AHZ R LORGEIR L L2/ sy, sutkiodicd, < oARMREIA T
B EbHAHS.

Kima s & LIcBAOEECHE Y, SEoMMTH o, oL ITEd HoH A, db
@A e LCRE T, JRIMoBAX I TE 2 WEEAS L EELLRS. T, 4
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