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ERIE. ABRBENEOBRENZRBERFLIBD . ABREERRES X
U. 2RUBOABRATR I 2RREEZ AT, BA2ERKELTE R,
G, EEARED» G ABOMEANRRE. #Ech, EBROKE—FIEHLE,
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1. MEEBLUSRRN
1) Sixfno AMEE

AMBETHRICH L EZEROGHE, TofMezr¥Hs Table 1
kR L%, Yamato—-79@FE, WFRBBRLWEHZEA2ZTT, TO—K
SRR AR ANEEASRLUALLIY RS T, SEENMED 6L
&@%ﬂE#B,&E%K—E@@Eb%iéﬂThé%@?%é(Yanai
et al., 1981; Yanai and Iéuchi,1981;
Sato et al., 1982a,b). heaAb¥T, 3NE6ETO
%%E%B‘J@{?"O)#@@E(Parnallee ¥ Soko Bangja)
B FUMEBELLIYES Ak (Yamato-74442, —T4646,
- 75258, Allan Hills-77304, -78109, B&¥
Bates Nunataks—78004)KOMT%,EE@E@K%W%
Fhort, CHODOEED. OBLOLLIYFIA MLARIC, ANEE
It ErDBEILZIZEF*E NP BEIPAZTF TS, i, Yamato-
74646%Yémato—75258ﬁ\Table‘1 RLELDIIC.
PREDEWEREZ S AEGORHER 2 2bOTHS (Yanai and
Iguchi. 1978), |

2E. EEEGRELEMHAETRE»S6, Soko BanjaEriRd -3
Y70 4 - VEHALHEWHPSDIFTIRWEDBDTDH S,



Table 1 List of LL-chondrites studied in this work.
Sample Type Petrographical remarks
Parnallee 3 brecciated
Allan Hills-77304 3 brecciated
Yamato-74442 3-4 brecciated stone including K-rich clasts
Soko Banja 4 brecciated
Allan Hills-78109 5
Yamato-74646 6-5 shocked stone showing network of black
: shock veins and "dark-light structure"
Yamato-75258 6. dense, highly recrystallized brecciated
chondrite
Bates Nunataks-78004 6
Yamato-790143 impact-melted vesicular glassy material formed from a melt
Yamato-790345 6 finely brecciated, shock-compacted stone

Yamato-790397
Yamato—790519

Yamato-790723
Yamato-790757
Yamato-790964

impact-melted
impact-melted

(L-LL)
impact-melted
impact-melted

similar to Yamato-790143

similar to Yamato-790143 & -790964 as for .
the major part

heavily shocked, dense black chondrite
similar to Yamato-790964

vesicular glassy chondritic material with
very fine-grained recrystalline texture
formed from a melt
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WSODPDIETIZOWT. AR 74V 70V 2RKROZENTHEN. BLU7T

SP2varvOpHETZ2 =,

Yamato—-74442:
EBEBEISTRAYFE2EZLEATWBZIOEGAHEIBRE. ZOH26EY
y FTHEZBYEREIS VAV FZRVBWIRHAEAESL. 1LBOERE

TS5 Ay b (~14mg) 25 LE (HOBLUTCL) o

Yamato-780964:
Yamato—790§64\74(%2.9g)#éﬂ0&bk%ﬁ(%
1. 6g) #%B7E by TkipE. DOSABRTHLI>BBHRL. 60Xy Y
2 FTeLE. S30wFHE. FrorvEos3wWEHAW. ZET7 2 bICE
b&ﬁeﬁ&5to300vaauT®ﬁﬁm6m7tbyt%ﬁbtwmh
WF(FINE) #MDOBEWE, Z5LTEAE300XAyYa2UTORRE.
300-200XyyadRMEARIC., KAMAICE > THEDHEWEY 2
DRWAR. 7T YHBORMEARBI LS AMETE %R, 300200
AyyaDloDT757yay (F2-M) lzgLTik. E6ic 1 AEEMICE
5leaching#ELE (GhHE. BERBETH»IZALZY S, 14
EHEBICEETCHSORMIELE) s 2DleachingitdoT. ABA
E@k%ﬁﬂﬁﬁbt%waﬁbnéo:n%aﬁbf\Bﬁ%FZ—MS\ﬁ
X%F2-MR¢LE, F2-MSOHEBEZ. 7RZTZIHOKMOEE,S.

BEXDEBLFELIWESDLLE, CREORMEMDHLABED D200 -



300AyYaBLU300Ay Y2l TOBREAWT. JLYFARIZES
ERASGABCOR R, 2O LTRBLEGW IS Vv avsTable 2
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Yamato—-790723:

1. 37g60&EK (Yamato-790723, 81)m05bm1. 2¢g
60 Ay ablFlBnr, —HELEHM (WR-B) b LTRWAR., &
6&200%V?JHTK&5§T%WL&°200—300XV91®%f%_
HOAF UV ESLYFERERNT, BRAMETE %, KA. 33 -
3.35075svay (F2) k. ERWEORFTHALE, Table

SEFBLETIS VY avERLE,

Yémato—790519:

#Wl.37Tg0%EKk (Yamato—-790519, 85) »63HDMNE
K (ED53H5D12FWR-CELE) #MNHEL, %) (1. 28) &EM
SEERAELE, ChEDDSHBTIN2EL HWEBRTERDED 2 S
TARTI50Ay Y2 dTIRLE, 26, TFaYEDOLEZWERANWT. 7%
hyiciBLZ#6, 150-200Ayya, 200-300Ay¥ya2, 300
vanuTDBEﬁtééhﬁﬁbko300%v91U?®%$m6\ft
FUIRBETAHPOVWHNFERDBWER, VA FLYEI VY FERICK
ZEBSHATRE>%2, 150-200XAyYya2DBRIF, 375 VEHE
SEBICED  BEOPBWALEDOTST I vay (ZOHRPEEHIZ, hand—
pickinglckhD 57y aryCOEMYHBLAE) 2D ED, TOED %

HBETH#M LA, Table 4RlHBLEISIVaVERLE,



Table 2 Samples of mineral concentrate and
whole rock from Yamato-790964 analyzed
for Rb-Sr in this work. '

Whole rocks

- WR-A
-B
-C
-D

Mineral concentrates

¢ <300 mesh
-FINE suspended in aceton

-F1-IM less-magnetic
-F1-M magnetic

300 < ¢ < 200 mesh
-F2-IM less-magnetic
-F2-M magnetic
{-MS soluble in IN-HC1
-MR insoluble in IN-HCl
-F2-MM more-magnetic

Density-separates
-FP-HL1 3.47<d<3.72

P2} 3.27<d<3.47

magnetic
less magnetic



Table 3 Samples of whole rock and mineral concentrate from Yamato-790723
examined for Rb-Sr in this work.

whole rocks
WR-A <50mg chip from ¥Y-790723,93
WR-B a portion from crushed powder of ~1. Zg mass of Y-790723,81

Density separates from Y-790723,81
F1  3.18¢d<3.33 .
F3 3.35<d«<3.45
F4 3.45<¢d<3.46
F5 3.46¢d«<3.49
F6 3.49<¢d<3.52
F7 3.52<¢d«<3.77 -

- 300<$<200 mesh




Table 4 Samples of whole rock and mineral concentrate from Yamato-790519
analyzed for Rb-Sr in this work.

whole rocks
WR-A ~50mg chip from ¥-790519,93
WR-B #200-300 mesh-fraction from crushed powder of ~1.2g mass
of Y-790723,85
WR-C ~40mg chip from ¥-790519,85

Mineral separates from ¥-790519,85 (the bulk corresponds to WR-B)
200<$<150 mesh

Cco pale-colored grains hand picked from the less magnetic fraction
Ci d<3.33 A
c2 3.33<d«<3.44

C3 3.44<¢d<3.46 _
o4 3.46¢d<3.47 — density-separates from the more magnetic fraction

(645 3.47<¢<d<3.56
Cé6 3.56¢d<3.64

£<300mesh

F1  3.00¢d<3.22
F2  3.22¢d<3.33
F3  3.33¢d<3.47
F4  3.47¢d .




b)) BESRAMDOIEH

EEEARICOWT, BEaetc LD, SrEUfEkgite . RERME
FREICEZ2ERSIHF (Mg, K, Ca, Fe, Rb, Sr, BabiUHs1H
T#) BT -oE, Fig., 1RChooHAMOERO B 2FIRERLE,
BUTFRIEZE- THEICHA T 5,

HOM-o2RAPEE (LERPNOBSIZ50nghiiE) 2770 vEOH
BERICAN, 4EBRFB LAV KZBRLAEZTHRAABOHN1I0EFI>MR
5. STBULETIJUVERZERERICANTEHRHLERZ. 1 60°COER
BhTHEREAMME®T S, TFIIREIEEE, EXRITIULIRBEFBOEAN
HRRBFEFTHRY P T V- PETEEREEZES, W2~3ml1dD6EN -
HClzmaTEHEHL, BUEEHEPRTMHET S (16 0°C. IFKMEIE) -
ARPIEBPICEEZCEITITWI L2 BALER (BB FS 1 PDEE,
CORETETCEERGHELE, ) . SrEUFEESFHR (M1 ./2) . Rb -
SrofEoA ($1,/3) . K- (Rb=-Sr~-)BabBiU&s#LHETED
EEAWE (91 ,/6) . Ca-Mg-Fex®ANA (5F) 08757y 3
AP RE. TS LTAMLASANRAOREHMAUOERITHI L, €0
—%%£%Table 5 IKELE, SrEMEESKFAZSZVYaviz. 4%
VERAT L (BLATL: AEAMMONA Ly 7 AHTAEDDD o B 7
VEBMBEIZAGSOW X-12 #200-400%2fFHL. M1lml%HE
HUE. F2ATL  AEIMMOARARESN I AH, UL HBA2H0. 2m1FE
Eo)ki%ﬁ%%ZEﬁ&oTSr%EWLEORb,Srﬁﬁ%§%7§7
Yavid. Rb- SrEGANAMI7EZMAEZRZ. —BEgBEZIE3., 2EOD
BERICEB» LAER. BUZEBEZI®3, ThZ20. 4ml@O1N- -HClicEy»

LTe. A FUyXM|MATL (ABELAMMDNA Ly JANT A, BIERIZHW



Analytical Procedure

Powdered sample

— decomposition (HF+HC1lOg4)
'—-evaporate to dryness

dissolve in 6N-HCLl

lst column spike spike
2nd column column
column
Mass spectrometry i
( Faraday cage ) ( Electron multiplier )
Sr isotopic Rb-Sr Mg,Ca,Ba,Sr REE

ratio concentrations K,Rb concentrations

concentrations

Fig. 1 Schematic diagram of analytical procedures.
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Table § Sample amounts used for chemical analyses.
Decomposed (mg)
Sample Crushed Total Sr Comp. Rb&Sr K-Rb-Sr-Ba Ca-Mg*
{(mg) & REE

Parnallee WR 50 47.42 18.20 17.19 4.89

ALH-77304 WR 110 50.86 23.66 19.42 7.78 [o0.8381¢

Y-74442 WR 190 49.78 23.24 19.05 7.49 [1.16 1@
HO 49 - 48.51 21.13 18.21 9.17 (1.15 1@
CL 14 13.08 7.79 4.29 0.788  0.212

Soko Banja WR 300 48.59 25.27 13.78 9.53 [0.58 1#

ALH-78109 WR 50 50.32 25.08 17.76 7.47

Y-74646 WR 302 49.58 26.72 - 12.83 10.03 [0.s51 1#

¥-75258 WR 306 49.13 25.52 14.57 9.04 (0.47 1#

BTN-78004 WR 50 49.34 25.85 16.63 6.87

¥-790143 WR 55 52.6 28.4 14.3 9.91 [0.22 1#

¥-790345 WR 50 50.13 28.61 15.93 5.30 . 0.294

¥-790397 WR 40 40.23 22.95 12.63 4.21 0.441

¥-790519  WR-A 51 49.0 22.2 12.9 5.76 [0.114]@
WR-B 266 51.85 30.74 15.62 5.14 0.343
WR-C 41 31.77 18.21 10.05 3.35 0.161
F1 3.8 3.06 1.63 1.28 0.112  0.043
F2 26 23.88 13.80 7.38 2.54 0.147
F3 96 43.55 23.61 14.18 5.47 0.284
F4 43 40.15 21.73 13.10 5.06 0.259
co 6 6.147 3.68 1.81 0.612 0.044
c1 16 14.82 7.25 5.32 2.11 0.144
c2 11 10.90 5.61 4.10 1.06 0.124
c3. 147 42.67 22.65 15.19 4.55 0.277
c4 97 50.78 26.56 19.95 3.95 0.310
cs 39 36.70 20.04 12.82 3.62 0.223
ol 56 48.04 26.63 16.80 4.39 0.212

¥Y-790723 WR-A <50 45.65 19.40 18.57 7.68
WR-B 77 46.79 28.18 13.88 4.57 0.163
F1 19 17.83 - - - -
F2 13 12.09 6.51 3.90 1.27 0.416
F3 71 57.19 28.24 21.67 6.92 0.354
F4 44 37.35 11.71 9.04 3.79 0.265
F5 64 . 45.98 23.18 17.40 5.23 0.170
F6 150 93.69 45.64 34.89 12.02 1.13
F7 64 44.52 20.71 18.09 5.49 0.232

Y-790757 WR 40 39.29 22.85 12.07 4.04 0.333

Y-790964 WR-A 330 52.00 26.50 14.84 10.66 [0.63 1#
WR-B 58 49.75 22.38 22.08 5.34 [0.499)@
WR-C 72 50.28 23.42 20.05 6.81 [0.651]@
WR-D1 193 50.11 22.01 20.56 7.54 [1.06 1@
WR-D2 50.39 21.38 21.43 7.57 [0.667]1@
FINE 86 48.09 24.29 16.61 7.18 [0.654]@
F1-LM 13 12.0 5.72 5.53 0.73 [0.0201#
F1-M 110 76.1 19.2 20.5 4.19 [0.12 1#
F2-LM 22 21.20 10.06 8.59 2.55
F2-MS 138 75@@ 32.40 32.14 10.47 [2.19 @
F2-MR 138 28.59 14.80 9.52 4.27 '
F2-MM 80 54.13 24.51 21.94 7.69 [1.07 1@
F-HL1 51 51.13 26.29 18.17 6.68 {0.724)8
F-HL2 68 64.60 28.74 29.22 6.64 [1.11 )8
F-HL3 17 16.40 9.09 5.35 1.61 . [0.171]8

* In some cases,; Ca-Mg fractions were subdivided from K-Rb-Sr-Ba-REE
fractions gravimetrically(@) or volumetrically(#).
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0.35ml)Ic@ELT. RbeSroyssyavsal. ANT3. K,
(Rb,Sr,)Baﬁiﬁ%iﬁi%i§ﬁ7ﬁﬁvaym\K—Rb—Sr
—Baﬂé%”%7aﬁiﬁﬁﬁﬂéXN47%MZTi<ﬁﬁéﬁt%\Rb,
SrHEEREATS /Y 2V AWEDOEALAT AT, ERLMARLERL
MAEOEVW2ODT 57y ave LTHBEART 3. EEL. —HOER
(Yamato-75258, Soko Banja, Yamato-790
964NF1-LMEF1-M)IE2oWTlk. AFUXBATLICLET8%ZE
WT. 2OEEMEHFRPELLE, Ca-Mg-FeEREA757¥a v,
Ca-Mg-FeBEANRAIEMAT., E<RE-ZDBOEZTOEFHERAML

L%

AMCAWERER. BEUSHEFLBIKBEIB3RDLESTOT SV I %
Table 6IcR{LE, FHW2LEHA (Rb: 2ppn, Sr: 10pprm )
50mgtﬁb1\ﬁﬁﬁﬁé@fibéﬁﬁi%@fﬁyaﬁ\Rb@%iﬁ
SHETO. 05%. SrOEBARNTO. 1%. STORAMBHEAFTHAMT
0. 07%IciHNST2Y, MEBRZENOKREZIREZEZEAZLEENREZRTEZ V.
LPL. —SMOBBZARICONVWTIZ., O. 5YBREORENSLHDNEIZDLDD
$o7%., Z7.Yamato-790964 F2-MSEREZ. BHIcKD
leaching#fkokzcee . Rb -SraggErBniEdic, FIAMIC
SWTS5ysEBok (RbTHL. 5%) s RbESTOHWER. TXTOH
ﬂtomrﬁ&oto%®@®ﬁ$\%BK\Mg\Ca‘Ba;%iﬁﬁ%K
SNWTIE. TSV IORERBIRs>TwRWY, REGNET 77 OBRIE.

CHIEHEZELID BN N,
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Table 6 Rb and Sr blanks in reagents (1079 glg) and for whole chemical procedures (10~° g).

Reagents ,. Rb Sr
H,0 0.00022 0.00034
HF ' 0.0055 0.021
HCIO,4 0.0031 ' 0.018
2N-HCI* No, 1** 0.00086 0.0057

No. 2** 0.00054 0.0059
12N-HCI* . 0.0015 0.01
Whole procedure (1079 g)***
A : 0.020 0.08
B 0.015 0.071
C — 0.18

*HF, HCIO4 and 2N-HCI (No. 1) were purified by four-fold sub-boiling of commercial special
grade reagents. 12N-HCI was made from HCI gas and diluted to 2N-HCI (No. 2).

**IN-HCl (No. 1) was used for whole rock samples of Soko Banja, Y-74646, -75258, -790143,
-790519 and -790964, and F1-LLM and F1-M fractions from Y-790964. No. 2 was used for
other samples. _

*++A and B represent whole chemical procedures for analyses of Rb and Sr abundances (B is the
case for F2-MS sample from Y-790964), and C for Sr isotopic analyses.



2. EG@&EESF

1) Mg, K, Ca, Fe, Rb, Sr, BaBlU&HITHREOSF

FROBETEORMBEFREBEICIIOWFEREANICNakamura
(1975) Icftork, BESIFIZ. 2REFHUELMI DT ELAFETFHE
EENUEFERESNFIMS-05RBEAWTITZ2 2,

ZHASGHEAZTR o258 IZK, Ba, FLHEARZR2E0WAR LA
CEEPSDITM-2 22D TH 38, ThoOBREVWRFIZTIVAUTRICONT
EFICFAHETHEIL2FEETIL. E<A-HKBLEEAZW., €EIT. E
BEEK-ATERK2RKRDZ2DIC. FHAOWZ2TR>ZHRBIIOWTR., 5
PLH., EN—HESWMLTRKOADER2 T 2%, COKOERRIE. Flic
HELE KOANA7%FRAL. BEFMIZR b, Sr & EMKICHELAZFEMIK

ARAEE Yy -PFinigan MAT2612#AWT{TR-2%,

2) SrEftESIHERDb, SrOEES

a) SrEMELDHEE

 STRABGROWEL. ANS I EMRAEERARNORD &S r ORE

%ﬁ%i%ﬁkﬁ\ﬁMkiﬂﬁW%ﬁ%kvﬁ—@ﬁﬁ%%ﬂ@%%%%ﬁﬁ
Finigan MAT26 1%#ALE, MIERINRT. 7757 -8 (&R
100V Q)Y ka0 THD . MEBERLIOKVTITR2%, BRSITOH
Elx. A Kagami et al. (1982) k#E-2TWaH,
RIZWS EPDOREZMAT NS,

SrEMELEOREICRER Y VIRATF VYR BV VINT 4S5 RXAPELT
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v, #R2E8ET30ICIE. BELAY VY VEBLEDORBMTFLELIO%D Y ¥
&%%?Mkto:@ﬁ&K&?T\ﬂﬁﬁﬂ?%ﬁ%th—AﬁEﬁﬁtb
EoTEERE, BIERIFLDBFICIE. FHEMAKESEME »IT T (3 FHE
'ux>\&anmbérﬁrn<omzmﬁﬁlvm&wiibt%Srz—A
B ENBRETHERE S, COEDICE. RAMST EUTRE20~30ng
EESRE+ATHo k. BIER1IOEDRSF v %170y 7L, BE20
IOy (5~THE) faork. E7uv I ZticEenzANKLOFY%
roT. L%, 87Sr /86S rENM{ELIZ87S r /865 r=0.11%4

(Steiger&Jaege'r, 1977) ELTHEZRZTTR>R. AR
MR EFLTHELAS riERHNBs 98 7087sr /8035 r@
BB HER (Table 7). RERNTH> THRELLEEEFRL
TWao, SEH19EOBENOEHIEZ 0. 71022020, 000014

(2cmean) Thorto CRETIEHSLBEZTATWSENBS 987 Dff.
rHELTD., SHOTEHNRMELE A3, MEFGFZE2 32 AUEREI

Fz2Kagami et al. (1982)b0%HEM 0. 710238+%

0. 00000 8LrHbHEMEAT —HLTWSD,
b) RbBIXUSroxEg

Rthr@%i%ﬁu\ﬁﬂ%ﬁﬁ?%Re7452ybt\Ta@fi
ym74EXyb%mwt:§745xyFﬁﬁ?ﬁ&o%o

XAORDbAMLEHN2E CoRbBEUSRD) L awoT, HESF
ik AAMBLOMETIE, EEANDHRIC LI IHEEZHBRBET S Y
TEBW, ARETIE, ANAI72MABWERADRD /8RR bAMKLZ.
EEOEEANABLARORATDELAEL., BohEAMKLZORD

,8Rb=2.59265 (Steiger and Jaeger, 1977)
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Table 7 Results for 87sr/86gr ratio of NBS 987
Sr standard.

N N NN
sr_ - No. of 87q,/86q,x% O O O O
bate (10-%g)  blocks* Sr/=bsz = N oo
]
Sep. 5, 1983 20 24 0.710220 + 81 ——
Oct. 9 50 10 0.710191 + 95  —ei—
Oct.10 ‘ 13 i 10 0.710250 + 97 ——
Feb. 4, 1984 100 10 0.710320 = 79 ——
Mar.10 50 20 0.710196 + 67 —ei—
May 3 50 20 0.710205 & 23 -
Sep. 8 50 20 0.710220 + 76 —r—
Sep. 9 50 20 0.710210 = 16 <
Sep.22 50 20 0.710206 + 25 -
Oct. 6 50 20 0.710195 = 34 -or
Nov.24 50 20 0.710220 + 33 -
Mar. 4, 1985 50 10 0.710217 + 34 -+
Mar.16 100 20 0.710220 + ' 15 *
Jun.15 50 20 0.710214 + 38 —-
Jul. 6 50 20 0.710226 = 33 -
Aug. 4 ' 50 41 0.710203 = 34 .-
Sep.15 50%%% . 20 0.710256 + 123 ——
oct. 5 50 20 0.710214 + 25 -4
Nov.24 50 20 0.710203 + 58 %
[} 1 [ ]
Mean (19 separate runs) . 0.710220 = 14

(weighted 0.710214 &  3)

* Bach block contains 9 sets. of isotopic ratios.

*% 875r/86sr values were normaljzed to 865r/88g5r=0.1194.
Errors correspond to the last digits and are the 95%
confidence level for the means.

*** 50 ng Sr was loaded on a filament but the most part
was lost before isotopic analysis.



LPHELEBEORK L #RDE, b,
£f=2.59265,/(85Rb/8"TRb)measured
BhoAEOHENS BN ETH#EIE, £=0. 99724 (FEREE
=0.00060) THoroe ANAIIEMEZHKFNERD /R b ALK
el cOTEARLCHEABCRo%, B 10XF v %170y
JEL. 670y JOMEOFH» 5 HEMERD =,
—ﬁ\Sr@%é&4ﬁ®ﬁ&%(MSr,%Sr\er\%Sr)ﬁB
D. STUAO3IEORMBORERLE-FELLUTELIAB L. #2TX
NATAMEARBO 2 >OAMERERNET S LiIck> T, HEFFNOHR
AZRTRORBIEH LTERICHET 5L TE3 (flxif Dodson
1970) « AEREAF Y VEDOF - Y ERTRIZOWT. ZOWEETZS
cenEELWEEbhEY, AWETHEET Oy s e84 r BOsrike
885 1 /865 p WO T HEIH LT OWELTAW. BEE T Oy 7 OWIEE
MBS rEEFRELE, STRED, 670y /TORIERFER, HiEO . 1

%BEEMT, KELTHO0., IBBETH2 2,

3. FHFHRTW

%ﬁxmﬂﬁ@\WMEﬂX%E%E?ﬂOEEﬁﬁﬁtﬁﬁhbto%ﬁ
f&m\Takaoka(1976),Takaoka and Nagao
(1978) IKHELLIABANRENTWVS, ﬁﬁ%ﬁ&jﬁ@Em\Sﬁwﬁﬁﬁ
BLU~ZYamato-79 LLavFZ4h(Yamato-790143,
-790345, -790397, -790519, -790723, -780
964) . 20O 1IHEN (Yamato—-74442 (LL3-4))TH

3. FHIE20-180mgDHEMIZOVWTITR> R, RBETFTNVIFIKBAL
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SOE. ELDTH YT LAY — 2y L. #1150 CT—MESHLER
Bolt., ZHHADWMEIE. TEYIFVEHIHODERAICELLEARARMNEZ,. #1600
CT 20 FHMB. RESETTE %,

BESFHOBEL BRHNGERERD S ED, MEMM s, HERBO
MER 2E TR . 2AOAEDERNAOEEDER. KEVWSDTSH 5 %
HATH) . BBROEELARETE > 2.

TS5y 2. HeeNelzowTik. WFhoRMITOWTH+ahEn
(3%BUT) o L2l KreXeleoWwTlB7SYI70EEPREL, BFIZ
30mgu?®ﬁﬂ(Yamato—790345,—790397)Tﬁ\

132 a3 SR rQELAENT S Y7 ICHY L. BENEATH £o

4. XEBIAIOTFIAF - LB ERATROERSN

EEMF AT S B F Y EFEES (Yamato-790964, 82
-1;Yamato-790519, 73-1;Yamato-780143,
92-2) 2oV T. XBIAIRTFFIAY¥ - ICLBERATXNFEDOERTINZ
-k, SR, BLXEZMERAEARELY-DIEOL JAXS5A
EHALZE, ERT AT, MALELS kY. WHEH20n ADKHDOGL
T.E5 umBl T FBFE - A2 MN, FHRFM1OBMTHE 2%, Ml
EMOWEIZ. Bence and Albee (1968) dFEICHS R,
iz, DABLAFR. BARIZOWTDCa-Mg-FedDBaFM2iTHR > I,
Yamato-79096400ABARE. MA. ¥ I AERFIZOVWTIE. 9
EEBHEZVWIE]L 2EEORSH BT R 2. FIRBHRIOAMTIE. B - A%

BhEWEDIZ, NalkkprZDOoBEENELEZLEDbR S,
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Il ERXRBIUCEE

1., BEEEHLEEIOSRFNNE

——Yamato_-—790964%f§ﬂ<‘:b’c——

1) DABAFR

AN FPERAHLELEZSNIEABOHMPVWPALAGYNZEBICFETS
PEBI. LIELIEXERLYy 7OREVROGNE. MPWHERPALGAR
&i%ﬁﬁﬂﬁb:itio’(@lﬁﬁf%ii*ﬂ#mfifﬁd)%@i)“é‘iﬁ‘@%ég ENHD
BOWEPWEER. ¥SAEWEICL> THDBATWS (Plate 1),
CDESBUBONPALARIE. ANEELLEZTEAMOLLIYFS A FPFO
BEETISTAY FOHIZ, bbfblﬁ:’%ib‘%ﬂ%?ﬁ'?’@lﬁ’@ﬁé (2.
Bhola,. Shiena, Soko Banja--Foder and Keil,1978; Kraehenberg--Wlotzka et
al.,1983; St.Mesmin—-D.odd and Jarosewich,1874 ¥, HEL. Yamat o -
79096 4DHE. PALARONBERIVNEIL AT ZAEWER LD B
9xmﬂrméam5§mwzéo)om?nnﬁxzabﬁﬁ%m\memt
}»b#6f%t%®?%ét%26nhéo

—F. DAV ESA FRRE. LELERE 4 M EOKERDAB AR
EEDTSTAY M HB. chbid. F{DfractureEY41I7KD
BHERERToLN6. BNERICE > TEREZTFELY Yy I TH BT &N
pis (Plate 2)., &b, Bif. PRREAZEENHERODAS
ARDEEVRGNZ M. Thid. BROASAFIVF Y2 - VOBEFZRLN
.ﬁhﬁ%mwvvw7®7iﬁxybfﬁaﬁ(Plate 3), chizk
SPEHBEOIY FY 2 -k, MWEBREREAE2RX TR E&h3Modoc

(L6) (Dodd et al., 1967; Nakamura and
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Plate 2

Photomicrograph of the polished thin section of
the Yamato-790964. This figure shows euhedral
olivines(OL) and pyroxenes(PX) with interstitial
glassy matrix(G). There are abundant vesicles(V).
(open, x260)

-
-
-t A
4

v

[ 8

Photomicrograph of the polished thin section of
the Yamato-790964. There is a large fragment of
olivine crystal(OL) showing mosaic texture.
(cross, x150) :
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Plate 3 Photomicrograph of the polished thin section of
the Yamato-790964. (cross, x150)
A relic of barred-olivine chondrule(BO) is seen
at the center of the figure. This seems to be

significantly metamorphosed possibly by shock
heating.

:Plate 4 Photomicrograph of the polished thin section of
the Yamato-790964, showing zoned pyroxene crystals

(PX) at the center and upper left.
(cross, x260)
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Tatsumoto, 1980) ZYTHBRLHNS,

CHEDPABARBOF agHEIR. 2<OHBE. XKERLV Yy 7OHa&T
27.5-31%. HEO®ERKRT28. 5-34%., #R#EA/ (barred
o0livine) T29-35%DNEHHAICHS. REDHE. LRIV
B FelcE0B%#MEsxTd (Table 8,9, 10),

x5z, FaSHBOLEHIE. DASARORBIEBCKFELTV S, Hb.
HEETORBIOMONE Wb DL HLE, ALHE DICF a gHRHE
ED\¥ﬁLLﬁyF§4F®ﬁEiU\MO§UM?ﬂtﬁ&&&é(Fig.

2) . |

—BIZ. COEIBPABATOREMEIR. EFEIVFTA F B30I,
"R AYRIA FROEEHRTSIAY FRAY Y2 - RBWT &L
BahzorTsHD (flgaiE. Vishnupur (LL6) - Wlotzka
et al. (1983) ; Bishunpur(L3),Chainp'ur‘
(LL3) and Krymka (LL3) -Rambaldi(1881)
. St.Mesmin-Dodd & Jarosewich(1974)),
KEEARMZ, b, XNV 0OBREAICHE->TECERHTBRELEEION
TwWwad,

Yamato-790964 LLIYRSAIREENIDALATSTOD
CaO&HEIE. 0. 08-0. 30Wt%ETOEBEEAETT. P17 4
—BDEBEAYRIAL FOPABARIR. 0. 1Wwt%HUTHOCaOLPEER
wW(Keil and Fredriksson, 1964) %, ¥4730%
BAYKIArFOAYRYa-VOPABAGEDNCald, XKEZRBERLE
HELELTEWSEERR2RToeMAMEATWS (flRAE Chainpur
(LL3) -—.Keil et al., 18964; Shavrps(Hs)—-Dodd,
1968;Tieschitz (H3), Semarkona (LL3)—-Scott

and Taylor, 1983),LEX>2T. Yamato—-780964
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Table 8 Major chemical comp051tlons of porphyritic olivine
of Yamato-790964.

1 2 3 4

core rim core rim
Si0, 37.27 36.80 35.82 35.83 37.30 36.74
TiOo .00 .00 .00 .00 .00 .00
Al,03 .05 .08 .38 .08 .00 .06
FeO 26.54 26.44 24.04 26.92 25.22 27.46
MnO .42 .29 .30 .30 .40 .43
MgO 34.41 35.09 32.47 34.00 36.49 34,20
Cao .28 .23 .17 .24 .24 .30
Na70 .01 .02 .00 .02 .00 .03
K20 .00 .00 .00 .00 .00 .00
- Cr03 - .21 .65 .34 - -
NiO - .03 .99 .04 - -
V505 - .04 .00 .00 - -
Total 98.98 99.23 94.82 97.77 99.65 99.22
Fa(mols) 29.94 29.51 28.83 30.52 27.72 30.77

5 6 7 A Mean*
core rim

Si03 36.74 36.89 37.78 37.27. 37.10 = .37
TiO> .00 .01 .01 .01 .002 + .004
Al503 .07 .06 .88 .50 .21 = .32
FeO 26.47 25.94 25.62 25.15 26.10 =+ .78
MnoO .42 .41 .27 .27 .36 = .07
MgO 36.23 35.88 34.31 35.20 35.23 =+ .89
Cao .26 .23 .29 .30 .27 £ .03
Na»0. .01 .01 .00 .00 .009 = .009
K-0 .00 .00 .07 .02 .012 + .026
Cr203 - - .37 .30 .29 =+ .08 -
NiO - - .12 .03 .06 =+ .05
V505 - - .00 .23 .09 =+ .12

Total 100.20 99.43 99.72 99.28 99.73

Fa(mol%) 28.83 28.63 29.27 28.39 29.36

* Data for No.3 sample were excluded.
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Table 9 Major chemical compositions of barred olivine

of Yamato-790964.

1 2 3 4 Mean

Si0jp 34.73 36.31 36.30 36.00 35.83 =+ .75
TiO3 .03 .00 . .00 .02 011 =+ .014
Al,503 .37 .18 .24 .08 22 .12
FeO 30.60 29.79 28.39 28.50 29.32 =+ 1.06
MnO - .51 .34 .30 .29 .36 = .10
MgO 31.78 31.58 33.07 33.12 32.39 + .82
Ca0o .20 .16 .19 .08 .16 =+ .05
Na»0 .09 .15 .01 .01 07 + .07
K20 .02 .00 .00 .00 .004 =+ .009
Cr503 - .13 .24 17 .18 + .06
NiO - .014 .08 .012 .04 =+ .04
V205 - .00 09 .00 .03 =+ .05
Total 98.33 98.65 98.92 98.28 98.62
Fa(mol%) 34.77 34.38 32.28 32.40 33.68
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Table 10 Results of Fe0-MgO-CaO analysis for olivines in ¥-790964.
FeO MgO Ca0 Fe Mg Ca apparent size(pm) FeO MgO CaO Fe Mg Ca apparent size(um)
(wEs) (mol%) & remarks® (wt%) (mol%) & remarks
30.42 31,27 0.16 35.22 64.54 0.24 barred (10)** 27.56 34.09 0.24 31.09 68.56 0.357 30x40 core
29.94 30.96 0.15 35.09 64.69 0.22 barred (12)** 28.83 33.60 0.13 32.43 67.38 0.19 rim
30.60 31.58 0.19 35.12  64.60 0.28 Dbarred ( 9)** 28.84 32.08 0.12 33.47 66.35 0.18 20x30 core
27.74 33,99 0.22 31.30 68.38 0.32 20x40 28.82 32.65 0.2) 33.02 66.68 0.30 ~ 30x30 core
25.26 34.98 0.14 28.77 71.02 0.21 ? core 25,55 35.81 0.27 28.48 71.13 0.397 80x200u core
26.20 35.14 0.22 29.40 70.29 0.31% core-rim 26.39 35.48 0.11 29.40 70.44 0.16 rim
27.03 34.03 0.28 30.70 68.90 0.40 rim 25.36 35.03 0.17 28.82 70.93 0.257 100x250 core
26.95 33.84 0.25 30.77 68.87 0.36 rim 25.94 34,97 0.22 29.29 70.39 0.32 rim
26.98 34.49 0.27 30.38 69.24 0.397 150x200 core 25.11 35.75 0.22 28.18 71.51 0.31 200%300 core
26.16 35.74 0.25 29.01 70.64 0.35 rim 25,10 35.71 0.20 28.20 71.52 0.28 rim
29.36 32.28 0.18 33.69 66.04 0.277 40x40e core 28.16 33.42 0.19 32.01 67.72 0.27 60x100 rim
29.84 31.99 0.18 34.26 65.48 0.26 rim 26.08 35.04 0.27 29.34 70.26 0.39 250x400 rim
25.95 35.23 0.30 29.11 70.46 0.43 ? e core 25,54 35.28 0.28 28.77 70.83 0.407 60x70 core
27.08 34.21 0.26 30.64 68.99 0.37] core-rim  26.20 35.09 0.27 29.40 70.22 0.38 rim
29.51 31.86 0.29 34,05 65.53 0.43 rim 29.15 32.53 0.19 33.36 66.36 0.28 barred (10)**
25.63 35.37 0.24 28.80 70.85 0.357 100x200s core 28.62 32.96 0.17 32.67 67.08 0.25 barred (20)**
25.85 35.08 -0.25 29.14 70.51 0.35 rim 29,28 32.26 ©0.19 33.65 66.08 0.28B barred (15)**
25.33 36.09 0.20 28,17 71.54 - 0.297 150x200u core . 25.25 35.30 0.10 28.60 71.26 0.147~80x200 core
30.11 32.78 0.15 33.93 65.85 0.22 rim "v25.90 34.73  0.19 29.41 70.32 0.28 rim
26.13 35.21 0.13 29,34 70.47 0.197 150x150e core 29.82 31.10 0.17 34.89 64.B6 0.26 barred (12)**
27.21 34,08 0.24 30.82 68.83 0.35 rim 29.73 31.85 0.19 34.28 65.45 0.27 barred (15)**
26.58 33.63 0.24 30,61 69.03 0.36 30x50 25.28 35,28 0.21 28.58 71.11 0.319 ~200%300u core
25.82 35.85 0.25 28.68 70.98 0.357 400x400m core ' 26.22 35.48 0.25 29,20 70.44 0.35 rim
26.02 35.73 0.26 28.89 70.73 0.37 rim 28,59 33.34 0.17 32.40 67.35 0.25 40x40s core
27.23 33.72 0.27 31.05 68.55 0.40 Dbarred (40)** 26.07 35.53 0.23 29.06 70.61% 0.33 ~50x100u core
27.02 32,96 0.2 31.41 68.29 0.31 barred (18)** 25.43 36.37 0.29 28.06 71.54 0.41] 200x300 core
26.08 33.76 0.26 30.12 69.50 0.38 barred (224)** 26.25 35.16 0.21 29.44 70.27 0.30 rim
26.10 35.50 0.16 29,13 70.64 0.23  20x30i(px) 27.79 34.34 0.10 31.18 68.68 0.157 ~100x120 core
26.48 35.16 0.19  29.62 70.11 0.277 60x100 core 28.65 33.42 0.26 32.35 67.27 0.37 rim
28.20 33.85 0.22 31.74 67.93 0.32 rim 29451 32,50 0.27 33.62 65.99 0.39  30x50 core
26.75 34.75 0.08 30.12 69.76 0.127 600%600 core 25.25 36.45 0.16  27.93 -71.85 0.22 200x300 core
26.25 34.89 0.28 29.57 70.04 0.40 core-rim 24.99 36.69 0.21 27.57 72.14 0.30] 250x350 core
25.94 34.88 0.26 29.33 70.29 0.38 core-rim  25.97 34.31 0.26 29.69 69.92 0.39 rim
26.41 35.40 0.25 29.40 70.24 0.36 rim 26.53 35.13  0.18 29.68 70.06 0.2677~200%250 core
25.37 36.22 0.23 28.12 71.55 0.33 150x150 core 26.81 35.13 0.17 29.90 69.86 = 0.24 rim
26.26 35.13 0.24 29.44 70.22 0.34 ‘rim 24.86 36.14 0.19 27.77 71.96 0.27 70x80 core
25.02 36.30 0.24 27.79 71.87 0.34 ~200x250u core 26.09 35.58 0.14 29.09 70.71 0.2017 80x100 core
25.21 36.28 0.20 27.97 71.75 0.29 ? u core 27.19 34.61 0.17 30.52 69.23 0.25] rim

*

is given in parentheses.

e:euhedral, s:subhedral, u:unhedral, i(px):included in pyroxene, w:showing mosaic texture.
** Apparent width(mum) of barred olivine crystal
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Fig. 3 Fayalite content vs. CaO content diagram for the Yamato-790964.
The envelope with dashed line represents barred olivines.




DPABARX. FagarflagyETshsicdvrrbsd. CagiiEiRo20
TRIFEFEEAY R Y2 - O AY I VADETRICHMLTWS, Dodd &
Jarosew1ch(1976)ﬁ‘St.Mesmin@olivine
microporphyrylcowTFetCallENHM»LZ2ZLEHREL
Eﬁ‘Yamato—790964® CHROBABATBIIEZEDE D &M
Mz RO RN >%E, LU, VYU PaAYFYa-LHOBERPAS
ABTI. BROMPEWINDELFalarE<. CagHENBENWLWD,
FetCaoofEr»RHoh~2(Fig. 3), Miyamoto et
al. (1980)i. BHEAVRSALOPABARDRTHELFTHAL. P
DEPSEBHIcH»o T, Feddglan, Caridbil 23 L55RWHE
. EREAICE>TELIDDOERELE, BREAICIIERICE>T. &
DESIRREBENTEEDORSE, HEONIWHDIT L FAARZMK., D&
NFelcEa. CalcZ L #3534 R"3TEdITH%, Yamato-T7890
964®§RW&BAEM\8%6(:%&@%?5@?%550#€&6\§
FPIRB ZBRPAGARIR. BEMBICIABERFEAXRITILITEPS
TH 3, —FH. BHHXERTAER LYy /HRTIR. FedHEIREN®
IECELESTWADRML. CagHRR. EFHIREN, TRIGTHEHERMHA
AT AROMBEERBNIIRBMLTWELIEHEZALN S,

2) HA

MEDSIE. lathROEKBELTED. brown glass%E
BlIzEoTET S, XEVWHOEM100umiELIKEL, X500 um
BElE®B 3. h&nwbDlik. brown glassHDsROIYRYTA
FELTSBRET S, BBORER. EWTWRERZF > THAEOY I R E
TRYYZREBELTED . REHBEOREMELER o TWEONEETH 3.
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B L M EOENERLES S AR EP > TI TRV T ALY 3y
MEPBT -Vv{ NECOREXEREMART (Fig. 4) . ¥ LADHK
KHEP - TALlOEMBADHENS (Table 11) ., AZBMETIZEIC
RN EH TS LB TR AMENSBERIcb»5 (Plate 4),
COEHELEMEOMRELIZEbDTAELS, Eng sFsysWog 5 95

W o ChEABEICIFLACEENRSTHATT

Enq7_14.5 FSys.47.7 38
(Fig.4)ozﬂ8i<MEﬁE®ﬁ&§mm\H@ﬁﬂ%ﬁ60017¢
77135 (Sato et al.,1982;Tékeda et al.,
1983 ;:Miyamoto et al.,, 1984) PEWEHZREIZL> TH
AW IcEMLELaIYFS4F Ramsdorf (Begemann and
Wlotzka, 1969) TSRESRTWE., MEIBW3Yamato
-7909642. BOARESELOHEHMI., ERHBOFHRLELL DI,
Yamato-790964n, BRI THRINEERFORENA (L
Ty RME) CHETLERLTNS (Sato et al., 1983;
Miyamoto et al., 1984), ¥-aE0#EAIRK. brown
glass4EB->T. RADABRETZILHZ W, COLIZERDPSH
HOMBIZEOLICANIFNEDARICE>TTEEDIDEERX S,
BEOEEOMIc. BifF. MGaY RYa-LOLVYy IRFET 5. HA
AV R a2 - NIEBEPABATIYRY 2 - VIchRTKREL . AP OEE
THIMmICZET AN LH B, ChEDEFEAYF Y2 - VEHBRLTWSOD
3. RMHRESA T THEOES. 5 VWRENGELAGBI O VYA FOHIN
HEEDEETH D, oD LELVYyZavyYa-LhoMAERIIE. 0. 9
W53, 8Wt%ETHCaOWaEh, LELIFAIKTCaOEHEINR
BB, CDEDlZ. CaOltBARE (>1wt%) RAMBE. EAFENIAT
GiTO%ﬁﬂvF§4FTﬁ—&K#Eb&hﬁ(Dodd,1981)\9

{77®Show(L)@E(Fredriksson and Mason,
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Table 11 Major chemical compositions of pyroxene of the

Yamato-790964.

1

core rim-1 rim-2 core rim core rim
Si0sp 53.54 48.78 48.01 52.65 48.62 52.81 50.25
Ti0»p .10 .20 .47 .07 .18 .07 .39
Al,03 .84 6.89 7.44 1.63 6.64 .50 1.72
FeO 15.51 10.48 9.62 14.74 10.07 14.94 9.75
MnO .42 .34 .30 .45 .28 .28 .22
MgO 23.93 17.10 15.18 21.83 16.65 24.83 16.37
Cao 4.68 13.88 16.05 7.57 14.29 ©3.60 16.16
Na03 .12 .37 .64 .15 .59 .10 .44
K0 .00 .006 .009 .00 .011 .00 .00
Cr,03 - - - - - 1.02 1.38
NiO - - - - - .004 .016
V50g - - - - - .00 .03
Total 99.14 98.05 97.72 99.09 97.33 98.15 96.73
En 66.48 51.90 47.27 61.42 51.13 69.36 48.93
Fs(mols) 24.17 17.83 16.81 23.27 17.34 23.42 16.36
Wo 9.35 30.27 35.93 15.31 31.53 7.22 34.72

5 7

core rim core rim
Si0s 52.48 52.10 52.31 50.77 45.58 49.99
TiOy .10 .29 .18 .15 .06 .05
Al1,03 .60 1.55 1.31 2.93 11.85 3.11
FeO 14.69 8.79 10.72 15.23 13.55 14.02
MnO .27 .19 .33 .28 .25 .25
MgO 23.66 16.13 18.06 25.88 23.02 26.36
CaO 5.28 18.00 13.44 .87 1.84 2.01
Na03 .16 .48 .35 .05 .12 .08 ¢
K-0 .00 .004 .00 .02 .008 .005
Cro03 1.14 1.37 - .29 .63 .48
NiO .00 .017 - .03 .03 .06
V505 .20 .39 - .00 .23 .19
Total 98.58 99.31 96.70 96.50 97.17 96.61
En 66.28 47.44 53.54 73.84 72.07 73.91
Fs(mol%) 23.09 14.50 17.83 24.38 23.80 22.04
Wo 10.63 38.06 28.63 1.78 4.13 4.05
No.1-5 : euhedral pyroxene.

6,7 :

radial pyroxene in a relic chondrule.
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Y-790964

Fs
Y-780519-
Fs
Y-790143
En - Fs

Fig. 4 Pyroxene compositions of Yamato-790964,
Yamato-790519 and Yamato-790143.
Solid and open circles joined by a line
represent core and rim within a single
grain, respectively.
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1967; Dodd et al., 1975)%® St.MesminHd
LL7TO7S57 A (Dodd, 1974a) ZBWTHRESINTW B,
—H WG LElow—-CalRAIE YA 73DaAYRIALPICEL. 47T
S ETIHEBABECES (Jobbins et al., 1966) Tt
5. Yamato-790964 &8 EN3NBLAEGORENERELVYY
PAVRY2-NVOBEER. ¥4735530WiE40ar FYa- b, vl
COERIEENTWAZEERLTWSE, ZOZtiE. CaOEREOFEWVWL .
ABAB (>0, 1wt%: %4730 LYw I 7572 bELT.
BEWEL Yy AV Y~ LHOBRRPALBATELTHET ST L L O
MLTWS, cOZ Xk, BEEMTHLUAOYamato—78086 4,

ETEZAVYRSA NPETH2 AT LEZRELTW S,

YA T REME

Table 12!z "Brown glass” REn3T7REWE
(No. 1~6) 2. LUw 2y R a-LthOBRDPABABTIY FY 2 -
wwﬁ%ﬁwrhéﬁﬁxéwﬁb\Imﬁﬁﬁﬁt/wAﬁm%ﬁbto &
MWD, 100%EDMRDNINWILR6RT. S EOHEICIXM
M#%5 (K2 No. 4, 5a, 5b, 6) ., HIZEAMEOHFIE. DA
BAT. HELFARK. HERAMOBFE - AL BANRPERDESOT
5. COREICEANS AEWEOANIE. WAL SN 2 DB A
S RBEERETCLFSE0OT (AR Wilkening, 1978) .
Tablel 2@AiFfIrEnTS. Na, ONERED SR ERSNTY
STEMENTN. Lol No. 20AFMTREENOEEH100 %%
ADEATED. BFLONas ODBAEPTHRAMTERZ N, TERHKO
A3 RRTOTE2TWAEDT. B EHEAMARDVTIHEAIFT
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MEABC BTN, LEN-T. ERZANMEAE 52D, MELE
PERENBEVC L. HEOLEARIHETH B LNLETH 3. LDL,
ETOBEE»bhb»3L5lc. "brown. glass” BHld. 2<D&T
ZEATED ALEHBEFEETHILIIYNUFTELVW, HENETFLE -LDHE
BHRNZWCTLEEZDE, SWHEOHEF RS BZWRED1D2E” brown
glass” ODFRHEXICEDLEXILONS,

LL. SREENBL AW LE2EZATH,. Tablel 208REN»5.
Yamato-790864KEER3NSAENEOWOPOFHEHERET
Ao LN TEB, £F."brown glass” EERPABATIVEY
2-NOMEEDIZEHFHOF T AT, HEKBWIB 3 ebr 3, BB,
MZEEEICKANTAL, O3, FeO, CaOni£<. Si0,, Nay O
DBV, CDED. BEOHI . JIWLHBICEWT. BE. TN FXFSL,
AV EYa-NHOTTAOHMBE L THAERNZLOLZ2 TS, BETH.
/WA:?VVAﬁEoT%b?#TE%@KﬁL\”brOWn giass”
Tk, RTHEBO/ VA VY LVHEESRS, CZOEWEFig. 50
Al-(Na+K) -Ca¥14775hkklcki{EbEhTn3, Hb. ER
PABABIAYRY 2 - VOMAEBEDZHTSAEWEN. ZORT. 7VAVE
G (AD, K-f) ERER (An) #¥EHEMERT Oy FERB3DIIHNL.
"brown glass” BZOHLDEM (ALH) c7ay bEhd, L
HLEEED, MOV OPOEFEIY RSSOV FYa-, HB3WIEE
BEISTAYNHONSIRABLIUN S RAEPEOTF - YOSHHEHBERICH - T
CORTRZMBY . HOAYRIA rHOH I AENELDOEWEIRZW, ALT
-%%S10, tAly, O3 OHKcT Uy FLEDONFig. 6TH2, HO¥
BaY RS54 FEOASATIE. S10, DEWSDEE/ VLIS YT LOH
BHEASWOIHLT,. Yamato-790964MDbrown glass

TM‘Siozﬁ@&<A12O3®%ﬁ§%%hth5§ﬁot§hﬁﬁéo
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Table 12 Major chemical and normative compositions of glassy materials

of Yamato-790964.

(wt%) 1

5a

"Brown Glass"

2 3 4 5b 6 7 8 - mean (No.1-6)
Si0jp 60.18 52.58 61.24 46 .51 45,57 47.05 49.87 67.07 69.59 51.86 +6.50
TiOp .58 .33 .46 .24 5.14 .21 1.01 .54 .41 1.14 +£1.79
Al503 24,89 37.06 22.95 39.26 27.56 27.38 24,25 17.08 15.73 29.05 +6.47
FeO 2.70 4,58 2.80 .63 5.74 1.87 6.26 - 1.81 1.27 3.51 +£2.07
.MnO .05 .05 .012 .03 .06 .015 .013 .020 .001 .03 =+ .02
MgO .87 1.15 .71 .25 .29 .65 1.55 .82 .48 .78 + .46
CaO 3.55 2.36 3.43 2.27 1.97 7.64 3.09 2.29 1.45 3.47 +1.94
Na,03 6.33 5.92 6.46 5.24 4,34 4,13 5.10 6.88 8.07 5.36 + .92
K0 .12 L1 .13 .15 .15 .19 .10 L1 .12 .14 £ .03
Cro03 - - - - .00 .007 .02 .04 .012 010+ .012
NiO - - - .016 .009 .02 .04 .08 .016 £ ,007
Vo055 - - - - .25 .07 .15 .68 .53 .16 = .09
Total 99.27 104.14 98.19 94.58 91.09 89.22 91.43 97.38 97.74 95.93
Norm*
0 12.2 7.1 13.0 10.4 15.6 4.0 7.0 20.0 18.2
C 7.9 22.0 6.1 27.9 18.4 7.3 1.1 1.5 -
or .7 .6 .8 .9 .9 1.2 .7 .7 .8
ab 53.9 48.0 55.7 46.9 40.4 39.2 47.3 60,2 70.3
an 17.7 11.3 17.3 11.9 10.7 42.5 16.8 11.8 6.5
di - - - - - - - - . .8
hy 6.3 10.4 6.3 1.5 3.2 5.3 15.0 4.7 2.7
cm - - - - - .0 .0 <1 .0
il 1.1 .6 .9 .5 10.7 {4 2.1 1.1 .8
Atomic .
Fe/Fe+Mg .63 .69 .69 .58 .92 .62 .69 .55 .60

=

1-6 : glassy and micro-crystalline materials;so-célled "brown glass".
7,8 : isotropic glass between barred olivine grains.



Fig.

5

‘ Ca-Px
Na"'K Ca

Al-(Na+K)-Ca triangular diagram for glassy materials.
Solid circle and triangle represent "brown glass' and
rather isotropic glass among barred olivines in ¥-790964
respectively. Dots represent glass and glassy materials
in ordinary chondrites(Kurat,1967; Van Schmus,1967;
Fredriksson & Kraut,1967; Binns,1971; Graham et al.,
1976; Foder & Keil,1976; Dube et al.,1977; Wilkening,
1978; Ikeda & Takeda,1979; Kimura et al.,1979; Rambaldi,

1981; Bischoff et al.,1983; Wlotzka et al.,1983; Takada
et al.,1983).
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I ] B |
Glass & glassy materials in ¥Y-790964

O "brown glass"; norm-C bearing
isotropic glass;norm-C free

@

% "brown glass"; norm-C free

‘ : (Takada et al.,1983)
@) Glass & glassy materials in-O-chondrites

VYV norm-C bearing

0O
e norm-C free
|
oo . .
o v.e 9
°. O %v \Y%
= [ 4 Lot v. v v —
M 3
o® e . *v.' vv
« 3 e °

| u ;
50 .60 70
Si02 (wt®ho)

Al,03 vs. SiO, diagram for glass and glassy materials
in the Yamato-790964 and other ordinary chondrites.
References for ordinary chondrites except for Yamato-
790964 are the same as quoted in Fig. 5.

Open symbols represent glass or glassy materials in
the Yamato-790964(0) and other ordinary chondrites(v),
in which normative corundum(norm-C) is present.
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L Lzds, Takeda et al. (1983)icksYamato-
k7909640)”mesostasis”d)ﬁ}ﬁf%%(:}%%‘5<\ »Blown
glass”tﬁ%?%k%bﬂéﬁﬁm\broad beamick 3454 dE)
k. AEICES " brown glass” OGWEICKERT. HE60IC
SiO0 B Al 034280, TOED/ VLT Y AGHERT .

OUABRMPABARBIYRFY2-VOHOTZX (Tablel2®dDNo. 7,
8)KMtﬁﬁ%ﬁoThéoED@E¢®£%6<ME&®ﬁ5X§%§tﬁ
TEAMEOMO D LS BER. WS AAPBEOFYESIKHKLTWS B0
tEbNB, broad beanTOSHERI-—EEHOTOMKEEID &
CHETBZLIIWE,. Yamato—-7909640mric, Tablel?2izR
LEEIBALRECHROT I REWEIEET S LREBFVE N, T0
Tiir. Yamato-79096402ARNOMLEMMRS ., MOBFEEML
“Yamato-79LLaYFI4Lb&DDdH Al, O3 ERREATWS

(Haramura etal., 1983)CLLBRBEIEHEIDOPIBANTN,
4) FOA4S4FBEUFe-NigR

ha4 S bHWEPTSIS AP Fe~-NiIigBOESLEZgrain
. LT, sizedWhEL AEoABELAEDDONZ N, FLAEDHS.
ER LT REWENEN S ADMALHBORIICBNT. BEF TR,
ERLEROMOTT AERS. B WkERPIcELTwWAfracture
DS AEBERTICET S (Plate 5), L»L., VUYwZaryFya-Jb
HTI. FO4T4 FDFe-Ni4BOgrainsAELD PP %
OHFRBEIZ. bLLLOMBERMLTIWAHEHH% (Plate 6),
AVWKELEIOLTIA . Fe-NigBiE. ChH—BEFEAL 25

REhZEzoeA RLTW3 (Smith & Goldstein, 1977 ;

-37-



Plate 5

Photomicrograph of the polished thin section of
the Yamato-790964. Rounded troilite(T) and metal
(M) particles are set in glassy matrix(G).

Texture indicates that these crystallized from a
melt. (reflected light, x1040)

Plate 6

Photomicrograph of the polished thin section of
the Yamato-790964. At the center of the figure,
a relic pyroxene-chondrule occupying about half
area of this figure can be seen. Metal and troilite

particles are abundant within this chondrule fragment.

(reflected light, x150)
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Begemann & Wlotzka, 1969),
2. K,Rb, Sr, BabBiU®LHERTHE

AEF TN ELT. GEBEHMLEABEGOR» 5 8H. ZOMOEEOLL
YRS bOF»S3EOLARMERAT. ANGFHFREICLI S LRTLRD
EEFWETR >R, B ICHAROSHTEZ. Yamato-790964061
DHLAE2O2OT7IZ7yavitonTdTa-k, EHI2. ¥ 7Nk - TR
CatMgbRAMEEREICLISIEREFWETR>%E, Tablel321 41T,
AAEIE39WERE2RTLEARIC. ChETikESNRTWAYamato-
T9UNDLLIY RS POFEHE (Nakamura and Okano,
1985) &. Shimizu and Masuda (1982)Ic&k3
Yamato—-7901430FHlERLE. ERMOTRFERIE. LLI

VESA FPOEHBTHEBILL., TEONY -V FFig., T~12KFRLE,
1) —#oLLavRF3A4F

Fig. TRRLEFLHETROSRHEO—HIE. BOEHBNY - D5
EFNBOONH BN, EOEESEEERO LS BAELORECS S LR
nB. cho3EORME. EORBERRD . ¥4LI hu-F4v7c ks
Kk (ANLIEMAERRZ. A A VERATATHRETICEBET 1T AY
Mo T3) 2HAVWE, COFETR. HOTHROGEART b FHT
FZOHBARI PV EERZREOWELOBEL. FERMIBR I LHTE
B EAERIEEL 5. COBARE. ERZNEMNE6REN, Fig,
TR, COZ LA EELELTORLHEREFEENY -V ERLE, LL

AVERS AL FPOEHEICHLT. Yamato—-T7T5258/NMERENDEUE
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Table 13 Analytical results for K, Rb, Sr, Ba and REE abundances in LL-chondrites.

Soko Banja Y-74646 Y-75258 Y-790143  Y-790143,94* Y-790345 Y-790397
WR WR WR WR WR WR WR
K 285 745 585 967 - 630 868
Rb" 0.618 2.56 1.045 5.41 3.93 1.70 2.79
sr’ 10.18 10.95 10.67 . 12.43 10.03 9.98 9.01
Ba 3.00 3.62 3.59 4.90 5.28 3.46 . 3.34
1a 0.307 0.326 0.300 0.390 0.409 0.237 0.262
Ce 0.919 0.888 - 0.960 1.016 0.633 0.670
Nd 0.649 0.650 0.592 0.676 0.696 0.477 0.487
sm 0.199 0.212 - 0.214 0.208 0.158 0.157
Eu 0.0755 0.0873 0.0844 0.0841 0.0834 0.0737 0.0681
cd 0.278 0.295 0.248 0.286 0.277 0.217 0.215
Dy 0.320 0.339 0.341 0.335 0.343 0.262 0.261
Er 0.212 0.228 0.232 0.228 0.219 0.184 0.180
Yb - 0.230 0.250 0.234 0.229 0.196 0.186
In - 0.0364 - 0.0382 0.0354 0.0305 0.0295
Mg(%)  19.3 18.9 15.7
Ca(%) 1.73 1.70 1.30

Abundances are expressed in ppm unless otherwise stated.

Errors of REE abundances are estimated to be less than 2% in most cases.
* Data were quoted from Shimizu and Masuda(1982). '



Table 14 Analytical results for K, Rb, Sr, Ba and REE abundances in whole rocks and

mineral concentrates from LL-chondrites

Y-790519  Y-790723,93 Y-790723,81  Y-790964  Y-790964  Y-790974  Y¥-790964  LL-chondrites*
WRA WRA WRB WRA WRB F1-M F1-LM
K 1084 613 1379 1220 890 1139 525 900
Rb 3.80 0.721 10.43 3.67 2.56 3.47 1.52 2.5
Sr 10.87 10.26 10.30 12.04 11.63 11.26 10.15 11.2
Ba 4.77 4.36 3.85 3.35 5.45 4.06 3.58 3.32
Ia 0.370 0.292 0.282 0.349 0.378 0.378 0.329 0.331
Ce 0.947 , 0.780 0.755 0.923 1.02 - - 0.865
Nd 0.724 0.586 0.551 0.695 - 0.753 0.716 0.700 0.623
Sm 0.225 0.195 0.177 10.223 0.243 0.235 0.249 0.200
Eu 0.0825 0.0785 0.0774 0.0794 0.0883 0.0879 0.0846 0.080
cd 0.303 0.264 0.244 ©0.306 0.326 0.309 0.363 0.274
Dy 0.353 0.325 0.304 0.346 0.396 0.364 0.462 0.338
Er 0.237 0.218  0.204 0.236 0.257 0.235 - 0.313 0.226
Yb 0.241 0.217 - 0.228 0.257 - - 0.232
Lu 0.0379 0.0342 0.0345 0.0359 0.0390 - 0.0403 0.0358
Mg (%) 14.41 15.29
Ca(%) 1.55 1.25

Abundances are expressed in ppm unless otherwise stated.

Errors of REE abundances are estimated to be less than 2% in most cases.

* Average values for LL-chondrites were quoted from Nakamura and Okano(1985).
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Fig. 7 REE(rare earth element) abundance patterns for
Soko Banja, Yamato-74646 and Yamato-75258.
Abundances were normalized to an average of
LL-chondrites(Nakamura and Okano,1985).
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Fig. 8 LL-chondrites normalized trace element patterns for

impact-melted LL-chondrites.



ppm) k. coCcHREIZAWALLIAYFSAPOFEHBE (3. 32ppm)
D, OLAEBEIAVYIFSAFOEHE (4. 14ppm; Nakavmura
et al., 1982)zfin, LFFHICAWABABEOLLIY FF 1 OB,
EHHEABEHTIORLTLIFDERVWARWIL2FET S L, SE@EEL
TOBaRENE) BRED LT SHIEHATER N,
CCITHETHALELIARFHIE. SXRFERORIVAREWI L LR
iz, FTHERFZENY-UMNEURERDIEDT. £FL LT ETIIHIHE. D
FNHENRIELTH S, b, Yamato—-790964B&Yamato
-7903978&LUYamato-790345. Yamato—-790
1432Yamato-790723A. Yamato—-790723B¢&
Yamato-790519A8k0Yamato—-—790964ADFNRTIX.
BEELOBAEICEENHENTHS. L2L. K, Rb, Sr, BalZonwT
. CRAEDRFETICBIFARHEEIZ. BLAEYZW, TRATHERT LIEHE
MERle2FE L LTRAE. ZHF R Z0HSICLTEBazRWTHENE WA
5. MEDEHMIX. chb0EEEMLEBREY I ODOELRICHERT Z3HOT
HoTReWOHBELFAMITH S,
Yamato-790143 (Fig. 9).Yamato—-780723
(Fig. 10). Yamato-7980964(Fig. 11)®D&T-9D
sl 6B LS. ALEREEZIBAITH>TH. IS MAFLHEATRKRFE
ENY -V ETT. LENST, BHRRIE. B<OBE50ngBEEOTFY
TERCELDOTHS b6 T. REMTREELICHTZM) . SEEI L
OHBMERLTWSLES A5, SroRLATRL AR EEEZ L ICIEE —E
LTWwa#. K, Rb, BakoWTHEA—FEATH> THRZ R/ TH NI,
EERBIFEICXEXETHD., 2FED. Sre#F1YTROESHEN, BEARE
ﬂ?ﬂt?hfﬂéﬁgTﬁéwkﬁb\7»%Uﬁﬁ(K,RB)M\EU@

FEATH-o THEATLICEREICREETH 3.

—45-



° Y-790143

® Y-790143( Shimizu &
Masuda, 1982) B

1.0F

KRbSrBa LaCe Nd SmEuGd Dy Er

Fig. 9 LL-chondrites normalized trace element patterns for Yamato-790143
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Fig. 10 LL-chondrites normalized trace element patterns
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Fig. 11 LL-chondrites normalized trace element patterns for the Yamato-790964.
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Fig. 12 LL-chondrites normalized trace element patterns for
the Yamato-790519, Yamato-790397 and Yamato-790345.



B THLLBRBZ IS, ChboEHEEMLEYamato~-79LLOY
Fo4hME. TR, —2OBEULEA (BEE) KHXTZLEIONB, L2
. COHEERAKELT. BEOLLIYFS 1 M abR3b EickS
BELHMATRUROEEDE %, TONBIOoTWAEZLIEE B, E512. {L
HUBORHEEZOSTY . FLETZOBAICE. SEERNOXZE»LR
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aRnmmt - ¥ -53WEETHUTOEBBEETEL TWA I EHHEREIND,
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SALPMCEONZEHEAEIDBBBLTRENWLWIFER, TOEFD1I DL
LT, BEBBICESTROSEP B A e TREES, Yamato-
7901439Yamato-7909640EGEMMIX. HBRMMBICE> T,
FORFSN. —BEFECLERLTWAY, COLIRERLKIIHES L
SHREMMN. SLALBIPMFITHRTRZOSILEZFIESEBILAELFTASILIE.
RLUTAERTREVWES S,

EEEMLEYamato-TOLLIYKSA FD35. ROBEOYE
BPhEneEISNS5Yamato—7907 23WR - ADFH KT HMEH.
HEEHTEF > TWEAEHWARZIHETRZTHAREAKERTIIOLREL T, @
WMREASTONABAG. BAFEAE. Bilg., BRAOBEMEZIHETSL . &
Aao)z")?‘z» (~1%) BSEBLTEUEAAN FORMB ZVWIEEDITES T,
KEPTEHAD. ENY-VEBRATAZLHTETH S (Fig. 13),
biiﬁb\ COERLLEEDIC. gﬁd)?ﬁiﬁiﬁ%”@—)%\ TARTIDED
BEEICE TSRS ERSBERICET I ZLIETERN, ZER
5. 2 TRELEI IO ZFLHERBCHLUTTLHL2EIBHIBEZ 2026,
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Fig.
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13 Comparison of REE patterns for impact-melted LL-chondrites and
those calculated as follows:
Patterns drawn by dashed lines represent the residue and mixture
of "bulk" rock(Yamato-790723 WR-A) and a melt formed by 1%-partial
melting of the Yamato-790723 WR-A.
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Fig. 14 Variation of Sr concentrations among impact-melted
LL-chondrites. Data are arranged in the increasing
order of degree of impact-melting for the chondrites.
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Table 15 Results of Rb-Sr analyses for whole rock samples.

Rb Sr 87Rp /865y * 875r/86gr**  model age***
, (ppm) (b.y.)
Parnallee 2.80 10.48 0.776 0.749364 + 41 4.44
ALH-77304 3.77 10.55 1.039 0.745782 + 60 3.11
Y-74442 21.50 ' 12.26 5.245 1.050290 +150 4.57
Soko Banja 0.618 10.18 0.176 0.710991 + 28 4.71
ALH-78109 2.69 12.66 0.617 ©0.738126 + 31 4,35
Y-74646 2.56 10.95 0.680 0.744829 + 35 4.61
Y-75258 1.05 - -10.67 0.284 0.717796 + 46 4,56
BTN-78004 2.49 11.22 0.644 0.740691 + 34 4,43
Y-790143 5.41 12.43 1.271 0.794832 + 34 5.13
Y-790345 1.70 9.98 0.494 0.730161 + 62 4.33
Y-790397 2.79 9.01 0.901 0.753047 + 19 4.12
Y-790519 WRA 3.80 10.87 1.016 0.754462 + 27 3.76
WRB 2.87 10.58 0.786 0.741869 + 50 3.75
WRC 2.31 11.13 0.601 0.729439 + 96 3.50
Y-790723 WRA 0.721 10.26 0.204 0.712105 + 14 4.45
WRB 10.43 10.30 2.987 0.903593 + 36 4.67
Y-790757 3.04 11.21 0.788 0.740631 + 31 - 3.64
Y-790964 WRA 3.67 12.04 0.885 0.747221 + 66 4.77
WRB 2.56 11.63 0.639 0.743553 + 53 4.77
WRC 2.31 8.60 0.780 0.747203 + 51 4,214
WRD1 2.01 8.98 0.650 0.745782 + 22 4.91
WRD2 2.02 - 9.07 0.649 0.770054 + 36 7.33

* Errors are less than 0.6%.
** Ratios were normalized to 806Sr/88s5r-0.1194. Errors correspond to
the last digits and 95% confidence level.

*%% Model ages were calculated using the bias- adjusted Allende initial
875r/865r=0.69884(Gray et al.,1973).
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Fig. 16 87Rb-87sr evolution diagram for the eight LL-chondrites.
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Table 16 Results of Rb-Sr analyses for fractions from Y-74442

Rb Sr 87Rb/86sr 875r/86sr
(ppm)
Y-74442 HO 16.53 11.94 4.108 0.971432 + 49
CL 7.36 13.10 1.641 0.808968 + 39

HO: host material-rich fraétion, CL: dark colored clast
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Fig. 17 B87Rb-87sr evolution diagram for the Yamato-74442.

Three data points represent whole rock(WR), dark clast(CL) and
host material-rich portion(HO). The insert shows:

aY 87c. /86
Sr/®bsry

where subscript m stands for the measured value and a the value
adjusted through the least-square program.
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Fig. 19 87Rb-87g5r evolution diagram for the impact-melted

LL chondrites. Yamato-790723 WR-B is not included
in this diagram because of its large value of
87Rb/865r ratio (see Fig. 18).
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Table 17 Results of Rb-Sr analyses for fractions
from ¥Y-790964
Rb Sr 87Rb/86Sr 87sr/86sr
(ppm)
FINE 3.23 12.04 0.780 0.745024 =+ 32
F1-LM 1.52 10.16 0.435 0.739087 +=.59
F1-M 3.47 11.26 0.895 0.746516 + 44
F2-LM 2.12 10.32 0.596 0.741913 = 30
F2-MR 7.04 26.46 0.773 0.744917 + 32
F2-MS  0.0428% 0.701* 0.177 - 0.734043 = 56
F2-MM 4.17 13.23 6.916 0.747503 = 50
F-HL1 2.30 4,83 1.381 0.754%65 + 54
FZHL2 3.82 13.76 0.806 0.745510 = 25
F-HL3 2.58 11.15 ;6.671 0.742998 + 31

* Concentrations were calculated for the sample of assumed
weight of 75.0 mg.
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Fig. 20 87rb-87sr evolution diagram for the Yamato-790964.
Age calculation was performed without the data of WR-B, WR-C, WR-D1
and WR-D2 because these were sampled from portions whlch were next
to but different from those of WR-A and mineral concentrates.
The insert shows the relative deviation of the points from the best
fit line, in 10-4 units(see Fig. 17).
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Table 18 Results of Rb-Sr analyses for density-separates
from Y-790519.

Rb Sr 87Rb/86Sr .87Sr/863r
(ppm)
F1 4.84 34.38 0.408 0.731875 + 63
F2 4.04 19.48 0.602 0.736852 + 58
F3 2.91 10.98 0.770 0.742175 = 22
F4 1.91 3.84 1.442 0.753493 + 29
c1 3.59 14.32 - 0.728 0.737157 = 26
c2 3.65 22.11 0.479 0.730690 =+ 41
c3 2.97 14.59 0.590 0.737288 + 38
c4 2.61 10.15  0.746 0.740716 = 23
cs 2.62 7.16 1.061 0.745660 + 27
Cé6 2.40 6.12 1.141 0.743093 + 27
co™ 5.37 8.21  1.900 0.748988 + 63

* The fraction was prepared by hand-picking.
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Fig. 21 B87Rb-8738r evolution diagram for the Yamato-790519.
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Table 19 Results of Rb-Sr analyses for fractions from density-
separates from Y-790723.

Rb Sr 87Rrb/86sr 87sr/86sr
(ppm)
F1%¥ L — — 2.679 1.014300 = 28
F3 11.10 12.99 2,505 0.841962 + 51
F4 15.11 18.58 2.392 0:872208 + 31
FS 9.03 11.53 . 2.298 0.850006 + 27
F6 6.06  7.75° 2.288 0.823036 = 50
F7 3.18 4.85 1.914 0.793069 + 46

* Rband Sr>concéhtrations_cbula not determined because of
partial loss of the sample solution during the analytical
procedure.
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RbDBEEICIZ. EoED e LEEXELTLEDS, BELHLK.WR-D2O
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BoTULEDREDTHSDe ZDEIBRTINAVICEAENE (FHET S
FR2AYRM) B, 12BEMNOEESHOBRIC. ARI»HEA-TEEZOTEZL.
HULOPEEERNTWELEILZAVERTHA D, COEFNIZEINIE.
Yamato-7905190fFWATLDOWRREMN T I I a . gHL
TWAHEHD ., PVAVCELEREI SV AV PO HERSHICLEDOL
LT\%@¢<ﬁ%dH6ﬂétﬁ%bﬂéoYamato—790519ﬁ\
45F$$Nﬁ®EMkuTh5®m\ AROBICSrXEAPLLEEZDO»B LN
BWe BANIEES. OBSTERLERDY, COBFRAMNADORD DEIL
25EBLEOPBLAB N, Yamato—-790723084. 2[H0LE
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respectively.

WR and MC represent whole rock and mineral concentrate
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Fig. 24 Log plot of K/Rb vs. Rb for LL-chondrites. The

data except for the Antarctic LL-chondrites and one
sample from Soko Banja are those by Wlotzka et al.
(1983). The envelope represents the region of H-, L-
and E-chondrites(Wlotzka et al.,1983). The lines
represent two-components mixing lines of Y-790723 WR-A
and K-rich clasts from Krahenberg and Bhola.
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DA LT, Kraehenberg., 550, Bhola®KIZEAZE
TSTAYMRORVIBAFOMEICEATWS, TOFLVYFIE. Soko
BanjasdwiiSt. SeverindfBicikoansanI L2l sn
ThHB. 2RIZ. CORVYRY, BIRELEIOIZREHKELTIHBMTES

CEERLTWS,
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1) #=E

Table20icHe, Ne, Ar, Table21licKr, Table
221X e EELAMKHAKERLZ., AMUGLKEAKORE (10) &,
#plrcalibrationDMEISGEELE, EFEOHER, IXTOD
HPNDKre, Yamato-7903458&UYamato-790397
®Xeu%Tﬁ‘EElO%EEMW&E@BﬂéoYamato—79034

5rYamato—-79039 7. RHMLBRKAHEHNRAREDBEWEDIT, ¥
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Table 20 Concentrations and isotopic compositions of He, Ne and Ar.

Sample Weight dhe*  3Sge/%He  20Ne* 20Ne/22Ne 21Ne/22ye  36pr* 38pr/36ar 40p,/36pr
(mg) (x1074)
Y-74442,6 181.4 1490 70.4 2.61 0.852 0.885 2.06 0.359 5556
2.0 +.005 +.013 +.006 +73
Y-790143,84 40.81 427 787 10.4 0.873 0.952 1.32 1.157 469.5
+22 +.006 +.009 (10%) +.054 +10.0
Y-790345,84 23.78 381 797 9.05 0.845 0.929 1.20 1.317 355.1
+24 +.005 +.009 (17%)  £.119 +6.5
Y-790397,81 27.26 320 962 10.1 0.866 0.946 1.72 0.881 403.1
+27 +.006 +.009 (11%) +.045 +7.1
¥-790519,85 124.6 414 781 9.86 0.840 0.940 1.76 0.811 301.5
: +22 +.005 +.009 +.010 +1.3
Y-790723,81 47 .11 410 875 9.51 0.841 0.931 .1.83 0.897 561.8
+25 +.006 +.009 +.026 ;9.7
Y-790964,74 117.7 428 845 10.7 0.865 0.941 1.33 1.030 613.7
+24 +.005 +.009 +.018 +6.9

* Concentrations are given in unit of 10”8cm3STﬁ/g. Degrees of the blank correction to the
measured values are given in parentheses when exceeding 10%.



Table 21 Concentrations and isotopic compositions of Kr.

84gr« 78gr 80xy 82gr 83kr 87kr
Sample 84 =

; Kr=100
Y-74442,6 1.25 0.685 5.26 21.0 21.1 30.4
‘ (8%) +.026 +.16 +.3 .3 .2
Y-790143,84 2.89 0.910 6.67 21.5 21.1 30.5
' (15%) +.084 +.29 +.6 +£.3 £.3
Y-790345,84 <0.75 0.97 5.30 21.3 21.9 28.6
" ( 100%) +.10 - £.29 +2.0 £.5 £1.2
Y-790397,81 0.046 0.86 1.7 23.6 21.2 29.4
(94%) +.11 +1.6 +1.0 +.6' +1.0
Y-790519,85 1.35 0.851 10.10 23.4 21.9 29.6
(11%) +.051" +.12 +.4 +.3 +.6
Y-790723,81 0.92 0.986 9.08 22.7 22.5 28.8
- ‘ (32%) +.057 _  x.71 +.5 +.7 +.6
Y-790964,74 0.76 0.914 7.82 22.6 22.4 29.7
(18%) +.038 +.50 .6 +.4 +.5

* Concentrations are given inunit of 10'10cm3STP/g. Degrees of the blank
correction to the measured values are given in parentheses.



Table 22 Concentrations and isotopic compositions of Xe.

12430 126y, 128,, 129%¢ 130xe  131xe  134ge  136xe

S 1 132y %

ample Xe 132302100
Y-74442,6 1.65 0.473 0.438 8.20 214 16.14 81.4 38.5 32.6
(1%) +.020 +.020 +.17 +8 +.03 +.6 +.5 +,2
Y-790143,84 2.05 0.601 0.496 7.65 107 15.4 79.0 38.3 32.4
(4%) +.083 +.022 +.11 +2 +.2 +2.1 +1.5 +1.1
Y-790345,84 0.1 1.08 1.10° 8.95 132 16.2 81.8 38.6 32.1
: : (54%) +.32 +.23 +.49 +2 +1.4 +1.6 +3.3 +1.3
Y-~790397,81 0.11 0.87 1.03 11.9 116 15.7 82.1 38.3 34.1
_ (51%) +.27 +.28 +1.6 +3 +.6 +2.2 +2.9 +.6
Y-790519,85 1.08 0.534 0.628 9.36 130 16.0 81.0 38.3 32.1
(2%) +.033 +.025 +.24 +4 +.5 +3.0 +.6 .7
Y-790723,81 0.94 0.58 0.620 9.51 141 16.6 83.0 38.8 32.2
(7%) +.10 +.051 +.22 +2 t.4 +1.4 +.6 *.7
Y-790964,74 0.40 0.650 0.827 ..8.62 116 16.2 82.4 38.6 32.8
(6%) +.034 +.071 +.24 +2 +.4 +1.3 +.7 +.2

* Concentrations are given in unit of 10’10cm3STP/g;
measured values are given in parentheses.

Degrees of the blank correction to the



KEr. XelloWTR. 7S5V IDEZEPRERTHD. TOEENRFEE.
Table2l, 22 RRUARELDRAPLASSREOT. 202 RED
KriXedF-%ik. UTOBRBTR. FALRWL,

EEHFONeld. —fIcKBEENe (Fig. 25®0B) (%E%8Ne (AU
CA) . FEH#HEHENe (ALS) O3KADOEEMELTRETEDZIN, K
MEATHTHLAETHOBERR. £ETEFHARRFEREENe» 62> T3,

Arld. FHEAEKE. BEEEE. F—Z'l\y7“&:<k53ﬁ£§3‘0)A r@aE&ELE
HYDTHD,. aFNI33RTOBR2EEHTEDIC. ROLDH2EMEL (FI21F.
Takaoka et al., 1981) %2R=ELE,

FHMREERS

(3He,/ %He), =0. 2
(*%Ne ?WNe), =0.85, ?'Nes22Ne), =0. 92
(38ar /36ar), =1.55
NS w TS
(4He/20Ne)t =330
(ZONe/ZzNe)t =8. 2, (21Ne/2'2Ne)t =0, 03

(38Ar /3%Ar), =0. 187

Table 23k¥#REENEAME - - 3Hec2'Nec 3BAr: -
-DEER. ERE. FESBHERETR LA, $2. 84K r 3% e, W
ChEBEZOEE PSSy TRAELE,

FEMENIcLS 3He, 2WNe, Barosm®EPs | P21, PBOSH

. Cressy and Bogard (19786) LR, $0bb,

P3=F3{0.0174[Ti,Cr,Hn,Fe,Ni]1+0.0266(100-[Ti,Cr,¥n,Fe,Ni]}

P21=F21{0.0248 [Mg]+0.0467[S5i]1+0.0033[S]+0.0093[Ca]+0.000233[Fe,Ni]}
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P38=F38{0.143[K] +0,.0203[Ea]+0.0045[Ti,Cr,Mn]+0’.0018{ [Fe,Nil}

F3, F21, F381k. ERDFRHT.
F3 =2.385-1.224(22Ne/2MNe) oo
F21=38.27-62.532 e/ *Ne) cor+26. 1(*ANe/ 2 o)l
F21=1.181((%2e/? Ne) o £ 1.08)
=0.818((%Ne/%MNe) oo 2 1.20)
F38=38.0-61.3(22Ne/2We) o +25.2 @2Nes 21Ne) &or
F38=1.189((?Ae/% Ne)gor < 1. 08
=0.728((*2Ne/% Ne)cor S 1. 20
EEL. |

(22e/21Ne) o, = (P2le /2 Ne) g / 11.122-0. 224 [Hg] /[S11+0. 09 g1/ [531°)

([ JRERFOEEXDGE)

EXEDOEEIX. Haramura et al. (1983)IIC&3MiE
ELLavFS4 OBk EHmsAwE, Table 241Cid. REHEE
BoORk-—- 4He, £*0Ar, - -2 KOBEBIVU. U, Th-Hei
LRE-ArElck3ER%ZRLE. REEEREDO Held. XKORXK LD KD
(Mz1¥. Takaoka et al., 1981),

4Her = 4Hem—-5*3HeC —330*20Net

(r, m, c, tixzhFh, REEEHE. WEE. FERER. +ov 7
ORATHHCLEERT S, )

Maexnzariz, BERNEERLAZZEATWEOT, EEZTED
TrchegattgErsoar (0ar. ) Uk,

U, Th-HeDERDHEIRSE>T, BEIV KIS FOPHEELT
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Fig. 25 20Ne/22Ne vs. 2'Ne/22Ne diagram.
A, B, S and Air represent planetary, solar, spallogenic
and atmospheric neon compositions.
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U=13ppb. Th/U=3. 6 (Morgan, 1971) QOfizRELE
2) Ar, KrBkUXedbIvT7TkyT

Fig. 26 REMED Iy TEAD Ket Arsiv’ KroRg
ODHEETLE. SEOEDIc. Marti (1967) k35473 ~60
E@EIAVRIAPOTF - Y DEBEEEGEDETTRL Zo

Yamato-744421 %474 (Yanai, 1879 ;Mason
and Yanai, 1983) 55WwWiE¥y1473~4(Ikeda and
Takeda, 1979) bzﬁiﬁéﬂéLLE‘/F:}"f FPTHBHP, Marti
(1967) DHEHNADTF-INBRBL. BESAT 50TV FTA Fizild
LTws, Takaoka et al (1981) k. @EICkD5EFHIR
DRK-ArE{X%52L43Y PS4 ¥, ArEFTHEXedFLIBAR
LTWaAZEEZHRELTW D, bf:z’ﬂ-o’c\ Yamatc;—744420)Ar,
Kr, Xelk2WTd, ARICHEEICIEMAANB o LEERENE. ZOM
HAE. BLTHRNBE-ArEKX» 5. 40 BEMURICEZ > ZdD L
EENDo |

Yamato—-790519¢Yamato—-790723Fk. Marti
(1967)DF—HlcLEMNRIE. 1476 1ICHETHH. Yamato—7
90964ﬁ;%ﬂiU%éBK%ﬁXLTM%QﬁEﬂﬁ%Rb—Sr%&84
PHHET. Yamato—-790964F, MHICENZEEHERICKDSBEN
EDAREWOT, Ar, Kr, XelcBi}3BnWE. TOZILEZRMLTWNWED
PHLALZWVW. LML, Yamato—-790143i., Yamato—-790
964 AEEPTAMER. HECLIBEEZIITWECLPPDET, 4
@@Yamato—79:yF§4F®&WT@\MKrtBiUB§et%ﬁ

Eﬂiﬁ%r—%b\o
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Fig. 26 DPlots of 36Ary vs. 132%et and 84Kry vs. 132Xet.
The envelopes represent the regions for ordinary
chondrites of each petrologic type(Marti,1967).
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Fig. 27 36Ar/132xe vs. 84Kr/132Xe diagram.
This dlagram were presented by Ott & Begemann(1985)
Data shown in this figure except for Antarctic LL-
chondrites are those by them.
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. Yamato-79LLavYFI3A4bDTF-P%270y bPLEDIDTH D,
Yamato-7901437ZF2. Ottt and BegemanndirlL
ESNCUNOBEOHE»SIRTATED ., Thid. 30ArdPbR2nzdTh
BB, EHICHETRENSZK-ArEROF -4, Yamato—~7
901437F3d, it Yamato~-79LLaVFIA MIEXTAr®Y
BRNWIEERLTWS,. H@. Yamato~-790143ikftdYamato
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Yamato-7444202Wer3BAricsis5FEaBuERE. bR

BE<—%LTWws (Table 23)°mNeKi%6OOF$@¢ﬁ@\

LLay RSA4PEDTERL, & i*‘;"f FEFEELTLHEBHEDS
WoHmaEE (flZlE. Nagao et al., 1983)IKKEENZIILDT
HBo

—~%.Yamato-T9LLIYFIA Pz, W¥hRs LLIYESA
FELTIERDPHENWL 800 FEFZNDLLS 25022 WNebsku38Aaricks
HREHEKERLTWS, LPL. SHelkk B3ERE. ThHTXTOME
‘EKOMT\¢u0i<%50150\wﬁmNeﬁiU”ArtiéﬁﬁiU
LEHMICE N, COTLiR. ARRLAWESEED ( 3He /2N e ),
X, aYRFS54 rPOEH (Nishiizumi et al., 1980
Nagao et al., 1983) KD HbHAMITBENWIEAERMLTED.
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Table 23 Spallogenic 3He, 21Ne and 38ar and cosmic-ray exposure ades.

Production rate* Cocmic-ray exposure
Sample 3He "21Ne 38ar Py Py P3g age (m.y.)

(10~8cm3sTP/9) (10~8cm3sTP/g/m.y.) T3 T21 T38

Y-74442,6 10.5 2.7 0.403 2.4 0.453 0.0607 4.4 6.0 6.6
Y-790143,84 33.6 11.4 1.46 . 13 20 18
Y-790345,84 30.4 9.94 1.54 12 17 19
Y-790397,81 30.8 11.0 1.35 - 2.60 0.571 000795‘ 12 19 17
Y-790519,85 32.3 11.0 1.24 12 19 16
Y-790723,81 35.9 10.5 1.48 14 18 19
Y-790964,74 36.2 11.6 1.28 - : 14 20 16

* Production rates of 3He(P3), 21Ne(P21) and 38Ar(P3g) were calculated after Cressy and

Bogard(1976) using an average chemical composition of Antarctic LL-chondrites given by
Haramura et al.(1983).



Hed—SnebRECEETELTWS. WIFRICE L. HESR B30,
Yamato-T79LLaAYRS A, 27, BEAROTHABHERER
D ETHEB. COT L. CHENMRIEET T AU DOBETH > 2

CEEWMPE--TWS,
4) U, Th-He. B&U K-Ar&#{

%Kﬁ&T%E&ﬁE\Yamato—74442ﬁ,45.3i0.4%
EOHEZRD-SrEKARIMEETHS. U, Th-He®EK (35.5
EE) EE-ATER (39, THEE) . WFhbdRb-SrEREE8-T
EZWERERLTWS (Table 24) ., 202tk BEHH BN
MO EEER FoTArdHe DEENELEEDERESRS. LBL,
COEEIREAEE . RD-SrR&FLTIELHBCB P2 ELER D,

—%.Yamato-78 LLay k51, 5. 5~8. 4BEDU,
Th-Heffer. 10, 3~13. 2@FOK-ArERERLTED . 0T
RYEEIEE N, U, Th-He#®Efik. U, ThiBEOFHNEEHELT
RDELOTHHEDERELZLWSOD. 6 HOEENS> 55 HETH8E
ENROPR) —ELAERERT I LIREBICET 3, 5ic. K-ATER
M{Yamato—790143®10.Bﬁﬁéﬁﬁﬁ\12.6~13.2
BERESLTED . ChoOERY. A—OBARHEZLSELLOTH
ZorEWMCTRELTWS, Yamato—790964m12. 620, 218
EOK-Arf#EflZ. Rb-Sri#Eicks12. 020, 5MELBEMEALE
E?ﬂﬁd&bfhéoéBK\6@@K—Ar$ﬁ®¥%ﬁ12.5i1.1
BEH-ORD-STERL—KTS. LHL. LD2EFREHAEERER
+Yamato—-790143%2DFWAFEHELIZ2. 9+0. 3EEEFX.RD

S SrERED LD LEL RS, COK-ATEKLRD - S rEROBNI,
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Table 24 Concentrations of radiogenic 4ge and 40ar

and gas retention ages.

S y 4Her 40Arr K Age (b.y.)
ampLe (10-8cm3sTP/g)  (ppm) U,Th-He  K-Ar
Y-74442,6 1438 11420 2033 3.55 3.97
+210
Y-790143,84 259 619 1152 0.84 1.03
+37 :
¥Y-790345,84 229 426 599 0.75 1.26
+45
Y-790397,81 166 693 913 0.55 1.32
+46
¥790519,85 253 529 706 0.82 1.31
+ 9
Y-790723, 81 231 1026 1377 0.76 1.31
’ +41
Y-790964,74 247 817 1156 0.81 1.26
+20
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DfractureREHF A 7M. 757 AV MELEDABARDREED L
Yy 272y FYa-LVOEE. BREESHKEA. KILOEBRRZEY, BEICE
D CHELESORMBNE WS . CRETHEPRTERMROEES LU
M OVWTOEREITLTW S,
DABATFNDTractureldf10GPa (LI -_FHEEMBRICHLY)
~25GPadERENTHEL S, TS 7HBOHR. KL, shock
Vvein®DERIZ2Z0GPallEOENTEL, >50GPaTHHBME A TW
B0 |
ERAHBRTAITELYTHAPALAR. B, RACHBRFASES
BRI, W45GPallETRINBD. EHLELEDIRZTDEEI G RBI L
N, .HW1I00GPazTOHOBmMATHSLATWEY (Carter et al.,
1968 ; Stoeffler, 1972 ; Reimold and
Stoeffler, 1979; Ahrens et al., 1976).
fEEhTtdPmelt pocket Z25~45GPadENHEATIHELS
5LW(Dodd, 1981), L2La2s, HFEHEWENHMETEREIRS
HBELENLORBFLABERIE. RROMMEEFIEIZIEVWDIRES . #L
W ERbPo2TNAEN, wghictk, Yamato—-790964%%
LHeT32—HMOLLAYFS A I, FOREIPEMDINVWIIHEERLTSE
D.HONTWABREOH THLRIEWERENE2ZIFTEAEED1IDTH %,
HNERWE, 44GCGPallETRYAT Y FA FHAIWEHNTRAICE>TLESD
T. EhEeLTEYTHS (Flz1F. Dodd, 1981) , Yamato-
79096 4TRHMBERREIRTHAIAELLTINWS. LEN>T, ZOEHEREN
S BLH45GPall b Rfioh%, Stoeffler (1971) i
Fhif. FE-BEREERIcH$T350-60GPanEHRENICL>TET S,
FHEEBOEBEIZ1300~1500CTH3. %?ﬁ&éﬁ\Yamato

~-790964N0EHEERDEELBEOL I EARLEEDLDRLIOT. 2O
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faciesd LTHEBSITLSNTWS) ITHELTWS,

a) DPALARFDFe. BLUY Ca

Yamato—-790964CEERTVWEAPALAGDONELFeiREL
OBIZIZHEE2HERES3, b, ERHROMEFAZEER (2T LD) 100
LMEEIDKRERDPALARATIE. EF. Fa27. 5~30. 5§%THD.
BAMREHELLOY RS FPO#EAN (Fa26~32, 5%——-—-Dodd
(1981))IcH b0 —FH. 100 umBEIDVNEN NZWEFa2T7. 5
~35%8&U\mﬁLLnyFﬁfbmﬁﬁ%ﬁi%%@ﬁ&ﬁ?é°$%b
T. FagHBREBVWNELBZBICULEN > TAREL 23MEMETRT . F72.
ROE» S ANRICH P TF e BN 2RFEHEZTRT. COLIBRTH
Bk, BAGAENAL L 0D BET SRETOKRIEANS RHWED | B
ERICESAIRESLIVWREORERBEICLIAERICE>TELED DLES
AbNd,

HEMMBTECEAN PP BRELENABATE. LYy 7OBRDPAS
Af(barred olivine)iZetdic. Fe&dFRIIMPALTIIAE
KHLT—EOPLYRERT (Fig., 2) Icd»2hsF. FartCalOn
ME(Fig. 3) 2R3t @EOBEICEVWHE GRS, I, BRPABASA

TRFelCEATWABDEECalcZLhwolzaHL., AV RHLEESE
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FONSERERPABLAGTI. FeCanHicg&HAXR 6N Z W, &
Db, 12EBEMOFHEEEREF LD BOAEREAICLIILRESFT XS
2. ROEDOFERBABELEERIS L LARICEETSH S,
DABAROF e BHHEIZ. EFEHI VR Y2 - VB WEERET ST
AYh(lithic fragment) FOPABABRBVWTIREICRES
NA3-LTHD (FlalF. Mezoe Madaras (L3) -—-Kurat
(1967).Binns (1968) ; ALHA77278 (LL3),
ALHA77299 (H3) --Miyamoto et al. (1984))
, NI KREANREEHELEAANTWVWS, Yamato—-790964
@ﬁ%ﬂi%%»b#B%&bk@ABAE@Fe@%é%\Zﬂtﬁb<\ﬁ
&@ﬁﬁ?%tkk&ﬁ%%&ﬁﬁ?%&éhﬁ%%%ﬁ?%é5yzmté\
ﬁﬁ?m%otvUvﬁjyFU:—»*@@K@ABAE%\§§M%t%b
HOBRHOBIZIP R D OBERETIIAEAZLRBBETSH D, 2. BRPABA
E&X»bbB%tt%&Lt%ﬁ#kBAE( porphyrictic
oclivine)?. NERLFatHEBEOHRBRILBWIALAROHMERTD
Z.EBb5ELLHMEOEURBETINL SR FengWrERENEI LR
RELTW3., LENST. BEOHNEWNZLBIRIONTERPALGAED
Fed@Z< asmMazrndnik. AIBicm»> TFellBO LIICR 5 RWHE
Brrylz, HEROBRNUMIZETLEFeDELICk2dDLEAIALENS,
Kk CanBeREATABCLITS, FeOBALAMI, Calon
BEL P ABARONELOMEAEIERLE (Fig. 28) . BRPABA
FTl. Ferliic, HEFNEWSDEFEL0. 27250, 15wt %ET
CaO%ﬁEﬁ@(&é@m%E%o —F . HRDPABARTE. 2DEI53%R
HEZRESAT. CaOBEIZ0. 08wWt%»560. 29wt %DEBHATIES
SNWTWB, . BIRLZRIC. BRDPABAFNFatCaOEHEOHD

AOHEERTOLHLT. HRPASABTIE. 1 2OERKOF LI L FLE
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Fig. 28 Apparent lenghth of minor-axis or width of olivine
grains vs. CaO content for Yamato-790964.
Symbols are as follows; solid circle:core, open circle:
rim, open square:barred olivine. Data points joined by
a line represent points within a single crystal.
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DETEz&L ToRKEMHEMAV RS ZW (Fig. 3),
ZZT.Yamato-790964MULAMOLLIYFIA FOD
ABAREDHEN» S, ZODFEEO)ZJ\AJBAEO)%EE?&WK’)MT%‘KT&%o
ARESEHLLELLIYFSA PELTELHASNTWSS L., Mesmini
ZFh3do0livine microporphyryﬁ\WABAE(58%>
\ﬁE(18%;ﬂﬁﬁE\E?ayﬁEtﬁfﬁwyvﬁi—ﬁvfb)\E
K-FYVITIVAREHTNS X (22%) 6D, Fe-NigRgtbua4>4
P2 BWIEZRFELLIYFZ S FOMEKER>TWS (Dodd &
Jarosewich, 1876), 2AHARRFaga10~50%DEWN
HkFEEE2FH. Ca0 (0, 1~0., 4wt%)EMnO, Cr, O3 &t&d
b:Fe%%ﬁtiﬁlﬁiﬁ*Eéo:5b7‘34§‘fiﬂi\ Mg—Fef»/LfSA/EO)_*E—TFﬁi
(Bowen & Scheirer, 1935) »o#ETSIE. YFFAU
FOBETERRBFELLIYES A FHEAL P 6D, B3EEP>LD
&bﬁﬁﬁﬁﬁtﬁhfﬁﬁéﬂt%wbﬁieﬂzoﬂB\%ﬁ@%%&&i
U%ﬁfﬁ&h%ﬂ%%%bfh&otlaﬁ\Yamato—790964®
%éﬁ\%HEU@VUVOBVFUJ—W%§MME%797XVbﬁwa
EHEFELTWAZENIZ-oEDLTEY. St. MesminDolivine
microporphyryik)dMBARBEREI>7Z (UFFIAUT) EIT
$%., Nagahara (1983) k. BRavyFYaz-Ld HIEIOH
BABRELULTHMABIC®<DELARM(<10°C/hr) TTERTWIL
ARLE. COZEIZ. MBAOAI=_XLIFE->TH, Yamato-79808
64% St.MesmindDolivine microporphyryl
RENZERHBIIOWTDHTIREDZITHS5. BESHL,. Yamato—-7
9096 4DHREPABARIZ. HEDOIRANWF - ITLDIBICY FFREEIE
CETHELNTROMICETI 2B, BUBRIDEERLLTHIER®-LKD

PEHLEEPANZIENE, %%, Yamato-79096408RNMA
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BAEDGCaOH. FeolEr MNETABIED T30, F+70EH
ko THUEANIPODOEREATTEEEDIC, Calld2W TIEHETRD
WEOHBKOZREE2S P AL AT FHWEO2D LAL W, —F . FER
KEN-> TFelRET LIRS RHHEL. REWNSINWELEFe kBT LWL
SHERAGNZFeDBHIZ. AHOMOBRIEA L TNITTH &5 < #BEKIE
BIESELHIE> TERENEDTHES S AN IPRODAGAREEGINHE
&?étﬁﬁt‘%HEU%%%@%@T&%VUV?jVFUa—w¢®§ﬁ
v&é&ETﬁ\:®§%m%tﬁﬂ®ﬂﬁéﬁDfﬁﬁﬁﬁﬁéﬁﬁfhéo
FOER. BEDPALARR. ANVEPEGHULERKPASGARTBLALE IR
FeDFBAETILODICR2E2DTHSD. ZD&I%, CabFedDFEHOD
Ehﬁ\wABAE¢K£Héﬁ%®ﬁﬁ%§®%(FeMCaRE&T%2ﬁ
LHBREPKRENW) K> TETHLELFERZALENS,

XCZoT. BEDPAGAFDCadEFHORHITO>WT LB ZMA
é:ttbi5o FTTICRNERIC. BERPABARCaORFe b EHMD
MRHD. BEXNSWELEWELET., COMEE Dodd and
Jarosewich (1976)%»,St.Mesmin®Polivine
microporphyryd»AbARTRWELEZFek Canfre kxt
DEDTHBo LENST. St. MesnindDHERPABARGRETHELGN
3FetCadii». Yamato—-7909640BRMALARDERE
(WASEEMOIYRFY 2 - VERRE) KOELTWELTZ256E. BRER
EREBRPABAFDFet CadHiEMIZTOZOBEIIEWTERIRE
Tl B, ¥R, BRPALAFTOERFICFe CalcfisHEAMVERES N
TWwiahoRELTH, CRHERALZILEVERS. Ho2dTZDFelCadi
M+ 8E25@BAE2526F. HREEZZIHIUA»LHEZOBERPALAR
HEOTWEFegHEN, TELIIEREZVEROTOEIRMES AT

ZEFRODBLARN, LELBY6, KDHEENICHES 2BRPASASR
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RRBN5Ca0EHERBLES LT A5 61, 6702 KB EMKIEA
(?) #2FBREHZ2/B W,

;ﬁﬁ\#ﬁﬁﬂ F?4F¢®Wﬁ6k6ﬁ~m~iémwﬁ%@ DI
CaOgHEE»PEW (flxlX. Dodd, 19689 ;Kimura et al.
L 1978) 0 —F. BEEILTA~BOTHE AV KT FTIk. F & AEH
0. 1wWt%MUTTHS (Keil & Fredrikssoﬁ,1964)o
che@E#ic. Yamato—T7909640EERPALAFTHNCadEER
EREAICIILRICE>T. BRONMOFE» S5 H5BERLPLELEZILN
B RUELRL. BRVPASLABODEEPNZIWEECaPD2L20nWhro6THD .
FLT. COERMEADI. L2EEFMIIBI ARLWEREME ThIZD DL

BHOBMEICEZI > ABERTHILERIDRE. ELDTHARILEE DN S,
b) @&EE

Nagahara (1983) ki, avFYa-LoRBE. Hica
VRY2-NVHERIAEZLEOESEERAELXEZTRATWS ., HRE.
porphyriticH#l#RBRASRRBETAMEYEIBHALAEBAICTES
T, MASEEERYSFYRABENT BB, 1500CTUTTHEILHR
bh3, Yamato—-790964TREBETEEZaVFYa-NPT7S5TA
VRBEEL. AN IS RBLENALbAGEPEAGIRPOorpPhyritic
RHEAELTWS. LEM-T. Nagahara (1983) %2y RYa-
WOMBIZOWTARBLEZ LR, BREMERITZYamato-78086
ADBB/ITHB S TIEEFALEZLS. Wlotzka et al., (1983)
. Kraehenberg (LLS) 6mDHELE LLY I XY k%
L\%1250@?%%%mﬁ%§0\1280~1350@?ﬁ@@%mﬁﬂ

e W1l420CTERIHMLEC LABRELT WS, SRIZLEHNZIE.
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Yamato—-789090964TRGNIFELRBALRILOERIE. FHEINZL
ko TELAEEN1280~1350CTHo2ARBELTWS,

c) IRAHEE

Yamato-7909640V Yy 73y RFYa-)bid, @EMMBICHEL
BHOHMMEITICE 2D TH B, CORSINLRPREREZITTH
BRI THB. CORHANYMETD, BATHDH 3FRFHMP TOFEEMLARE
LIS brRIE., CORMICELAFH. 2F D EHOHAFEENEL N
B3IEICB B, FIT, LVYwIavRYa-LhOBRPABARBIEEL T,
FDFe, CanE#H»roRillEZEDOARENZRBEIERADIILICT S,

DALARRFeHitlcoWTIEMisener (1972) (8300~
1100C) . Buening & Buseck (1881), Fujii
& Takahasi (1980) 2YOERNMENSS, 22T, Fell
S2WTlH.Buening & Buseckizkd. DABARDOCHE AR
D2WT1125~1200CHREBRBTHESNELRERE. Calcon Tk,
Morioka (1981) ALK CH#MAMIIONT1I200~1400CH
HERHTROEERBREAWAZLICLE, ERTF -0 2WEEMAICH
LTHZheZ2AMUAE2AWSZEICLT. 130025900 CETODHN
HEBMTOWLBAEEEBELEZ, 1B, 900~1300°CIEBWTRKRD L SICHHER
%ﬁ%ﬁibho

Dpe = 5.59%10 ~2 exp(-264000/RT)  [cmi/sec]

Dcy-=-71.5. exp(-416000/RT) [cmi/sec]

- C. REFNZAEMT. R=8.314 Jmol 'K, TimeanE

(KE) THB0 LEH-ST, 1300CH5300CETOD—ERFEHEERK

ETHE. CORHYMICE T 5 EHEHEBHERIE.
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Dea =0. 13%107 1% cm/sec
2%

Wi, BRDPALARPFTHELEZFet CaDuaiRILiBERA QRN & H#E
T3. PALARK. %ﬁ# icoN T, &UFe#@MLCa#ﬁQ?Q&
Sicnb, FedBa., RdbhE @/J\éb\(w‘JIO#m)%:{kﬁ‘AB/\/ETrw
FeErEm<. TOES—ELTWS (Fa35%) Jenb, TOKEXT

BIFELAETRHIEL. &5 I"]T@iﬁ}gﬂ.ﬁb‘ BEIEFEREIhEEFSIGNE, £
.fz!s

SRIZHOLBEALEOHEDOF e BEOHBAN IS U EICELEZLRE
T5. BB,
cFe _ cle
> 0.95 - - - - - (1)
cke -c

DERARITZo81F 3, CoTCECIR. BERSERAMEDOALRICBIT3
FeiBfT. —% (Fa~35%) L35, CICRBMAIET 3MORBD. #
RHBOFeEE (Fa<30%: LZEZ6  BEHBFellZL0WERDAGAR
TFa~30%T53) . CCClRfir A THSORLEBICB I AF e iBET
55

CaniBd. HRPABAREZLEDEPABARLETOCaODNEH
(0.08-0.30wt%) MmBAT. CT2S0. 30wt %eRETH. &
. CSlEonWTiE. 9474 -6DFHIAVFIA PFOPABARNCaO
548 (S0. 06wt%;Dodd, 1981) »5. =0, 06wt%
A RETHC LT B, Tablel 0BLkUFig, 2806h23&dIc,
W10 umOMOBEPABATOFLAENCaOSHEIX. ~0. 16wt

T RTHAEPH,

cta _ 2 0.16 - 0.30

2 <
cs? - cf? 0.06 - 0.30

U

-101-



EFHEIND, (1) &2 (2) OXHF*HREATOLBRET N (Crank,

1956%38R) THEAD L.

D L D -t

Fe Ca

———— > 0.4 —— < 0.16
r2 - ' r

EB B, (riZRzRELLEEEDFE)

-10 12

pFeppfapc. 0. 17%10 % cni/sec. 0. 13%10 '~ cmf
/sec ZFhThExse. HR. FHEtiE.
1.6hs<t<90h L2 5%,

LE#-T, 1300CHH5900CETHOPEIAEERLIEZ4-250C he
RGN 3, |

EiicLT. AEEES1280C. 1350 CELTERRBENBIE.
%ﬂ%ﬂB%—lQOT/h,13@—500@/h@¥ﬂ$ﬂﬁﬁﬁﬁ§$ﬂ
BDT. THEAET_TEDSE. 3~500°C,/ haTiwa s LTHET
23, |

Yamato-790964konT@enz?Ne, / *Nelbos-»
(~1.08)F. $TCICBRAZLSICZOBAPH20m. yHIBIES R E
LEAPS530cnUEOEZ RS> TFHBOBHATHFAEAZILERLTW S,
LEM->T. 20m. yHIICCOERY., LLBEXE»bEYHI AL THIE.
LREAMUFAISB3I 0O cmU LOEIRZEFZFoOTWARETTHS, €£IT. 12
BEMOHEEHEZOANBEL LT, LLEXAKLOEX30cnicsl}d
1280~1350C»H 900 CETOHRRAZEZE RS LT, BRRDIE
HEEDLBHEA5 25221225, COMLED. PALATHRDCatFe
DEBOBGLEAROFEHETEZIAILNTES, AHBOZEHDOEERZO0OCLT
2. BREZFM»S30cnY EOFEITCOIOREMAD FLI B AEEIX.
$300°C/ hUTFERB,

—F%.Nagahara (1983)iE.aYFYa- VoK KR
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DERZERZWHAB L EBRHLE, ThICEhE. BROEREKNTES
BORHEEIF. 10°C/ hMTlefiEds, Yamato—-790096 42k,
BATCESHGumcbEISEROEAHERKN AN F26HZGRELTVS
OT.Nagahara?dayRYa-LOEE»6EA. 10C/hUTOR
 HEEEFDIEFEEATAILNTESLETHS 3,

uhw%%%itwét,Yamato—790964®ﬁ§%®ﬁﬂﬁ§ﬁ\
3-10C/hOBEETHELEAZALNBE, STITHLHNERWERICIRE X
ﬂt@ﬂﬁﬁ@Bﬁt\Yamato—790964@6@@%%@@&@%3
#R#EH2.0.5-1. 2meWwSfEELGRSE, WFhicL 3. 2TOKERIZ
Yamato-790964%, LLEXGETOERICE->TTEAZLLYEH

DANWFPEREOILKEBTHHABMAMLADIDOTHAIZIEZTRLTWS,
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V. #&&

@i%ﬁégﬁthamato—’lg LLaY R34 FlzcoWwWwT, Rb=-Sr
% K-ATHR.ATHTEHKR. FHVRMER. EWOERITHFREAREFHAXRD
Tl Eo T, ZOBEBEBFEIZOWTKROLIRBERMVEBON A,

1) HmEER

Yamato-790964DRb-SrAR7AVI7unry»56, ZOLL
IYRIAMIE, 12, 020, BEEFMICHRLWEREXTITSILIRE>TH
BMLEBOTHZIZ Wbz, THhHE—HOWS 2D Yamato-78
LLavy K514 FrdYamato-790964,dicl3@HEMEDLLE
5oEK-ATERERLTED . TALGHIRTEALHREEZZERL 22 &Ik
Bwawn, E51, .‘_’O)fﬁ’féli\ St.Mesmin (LL) aYF54rhOD
HAEFETISIVAVINTEGLNENLABENK-ArERK (Schultz

and Signer) 0HlFEIcBWT., FHEEIN S,

2) =FEHEHRBHER

“neNYamato—-79 LLavFkEI4rix. 2WNer38aricks
FHEBHERLIZBWT., 18m. YHIBZBOEBICILL R LA@EEF>TWS,

LEXN-T. TREDERIR. #%2<eHH18m. v. R, #IKICETT
Zai W1 ODOBETH>ELEEILNS,
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3) EEEMLEBREORWE

ChENEREOFICE., HEKEIZRAZT I 6LB I TIcHE-> 2BR
PABABAY R 2 -V KRERRFOT IV AY MHEETZ. ThH5DH
CIETEHRLEHBRE R S DA ARBPHAYEEATWE —F T, £FL
LT, PABARPHEAIBIF 3 LSEROHERINEZ > TWEI L bk
EDELTWA, £, TLVAYRELTII VAV D, BLHLEEFATHLE
tBbhd., Uk kix. Z @FEE%*%%?E‘E&?%L;{E&%W&D WaWnwsi7
STYRAVIPEEBALLIAYFSA FPEOANEESZVWRLVIYRTSH- -

TEATRBLTWS,
4) 12FEFEFOEENIZLZILERNTL

Th5ik. ALEEO-RTHoRicbprbs Y. HROBEEZRI LR
EIClE. z)*&’)d)éiﬁ?fséo BMLULLBMMPEZ>AZHD (FMIXIE. Yamato
-790964, —790143) TiZk. BFANEZANIOBHICE>TSro
FEPECTWS, ChAICHE->T. ZHLHEXTRODLIHIBEEELCEZLEEDN
5., FEU. DA FOBENZARMTEBIZ AT A LICE2>TWELE
bﬂ%oﬁﬁw%gfméh%wTﬁ(ﬂi&\Yamato—790723\
-790345) . BMiEHENEZ-oTESLY (Yanai et al.,
1981), LEXNSTZIOLATEOTILIEIWIRBDDZZIENTERW, —F.
FIUHYTBRTIE., BHBEICE- T, ghdiadh, BEIPEZ-ELBRDRS,
UL, HROBEORDETNAY OREOMICIZFICRUERZ S, LS
FEEFICEENRETNVAVICEAEERETI ST AMDBZEALICE 2T, ThbB

FERO7NVAYEEMERAIRTWS 6L W,
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5) MWEICHESEE -EN - RAEE

R HEEMLT WY amato-T7909641Z0WTRERG,
PR EH50GP Al LOBRENESIALERABRD, £, HEDHI
L BEEATEATH A LS. HEKCE> THELERBEBEE 130 0 CHI
% (1250C-1350C) THo ke HEXNS, UEDESBEE - EN
S, BEASFAEEI Y FIA P TINETRMORTWSEE - ENE
HLLTREDEVWHO (Ffizl¥. Ramsdorf (L3) -Smith &
Goldstein, 1977; Walsh and Lipschutz,
1982) YT B, BHAEER. LY IarRYa-ILFORABARD
Ca Feilf. BEENMBORMBENS, 3-10°C/ hERLEEL

3o
6) HERIKBITIEAOERFEEBLITARES

Yamato-790964NHLEEMBOEREET. MBOHEEROW
HEEDPS. 0. 5-1. 2miEETH>RLEEINS, LEN>T. ZNE
ERLLIYKIA FBRBORBWEZOLDOTHE>RLEEXO6NE. EF,
mmm R nEOMER (2 WNee /2Necg<1.08) k. COEFWELH
z%ﬁﬁuﬁté6#@%t&ofﬂf@@%ﬁ#6ﬁbwéﬂTE%BOcm

EENFOREICR A EEWE>TWS,
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AMEERTT RS 22T, MAREEERPRTIH AR LR, HR
LOBEWSRICELT. RIBENZ2HBEBL HEEEBbo 2, L2 SBHO
BxEbLET, |

AMELETLDZLBELT. BAWHBEHLBHELOSELZ TE o EMFAX
MM EERREE LI ECBLERLETET,

Bk EHRMEAEL Yy - HBEEAMUKELE. DI EROERE2E
ZATLEXD, X5 HPOZHRELAPSATE o2, OO SBILHL LW
29,

MR AEE SRR H L. AU BREREE— L, WAL
MEESEREIc . AWELELDARBELIH OUBSLDEILOEES
Hwrk, BEZRHRFLUABREE. MFASEARMNERAMZRFARIIZ. £<
PHEHLAHSAEWE, BEASESRMRBEHETORREOH 212,
AMEABRTTIRECOXEIERATAE BB IB > 2. HEDOHF XL
PEEBELET .

BRlz. AMEARFTALT. 5603HEHIEB I3 BENE Lo THEEEX
ATLCREEESICLEDEHLET,

-107



REFERENCES

AHRENS, T.J., TSAY, F.-D. & LIVE, D.H. (1976)

Shock~-induced fine-grained recrystallization of olivine
Evidence against subsolidus reduction of Fe?t,

Proc. Lunar Sci. Conf. 7th, 1143-1156.

ARNOLD, J.R., HONDA, M. & LAL, D. (1961)
Record of cosmic ray intensity in the meteorites.

J. Geophys. Res., 66, 3519-3531.

BEGEMANN, F. & WLOTZKA, F. (1969)
Shock induced thermal metamorphism and mechanical
deformation in the Ramsdorf chondrite.

Geochim. Cosmochim. Acta, 33, 1351-1370.

BENCE, A.E. & ALBEE, A.L. (1968)

Empirical correction factors for the electron microanalysis

of silicates and oxides.

Jo GeOl., 76, 382"‘4030

BINNS, R.A. (1971)

Chondrule groundmass in the Parnallee meteorite.

Chemie der Erde, 30, 21-31.

BOWEN, N.L. & SCHEIRER, J.F. (1935)
The system MgO-FeO-5iO,.

Am. Jo SCi., ser. 5, 29’ 197_2170

-108-



VBUENING, D.K. & BUSECK, P.R. (1973)
Fe-Mg lattice diffusion in olivine.

J. Geophys. Res., 78, 6852-6862.

CARTER, N., RALEIGH, C.B. & DECARLI, P.S. (1968)
Deformation of olivine in stony meteorites.

J. Geophys. Res., 73, 5439-5461.

CRANK, J. (1956)
Mathemgtics of diffusion.

Oxford Univ., Press, pp.347.

CRESSY, P.J.,Jr. & BOGARD, D.D. (1976)

On the calculation of cosmic-ray exposure ages of stone

meteorites.

Geochim. Cosmochim. Acta, 40, 749-762.

Recrystallized chondrules in the Sharps(H-3) meteorite.

Geochim. Cosmochim. Acta, 32, 1111-1120.

DODD, R.T. (1969)
Metémorphism of the ordinary chondrites : A review.

Geochim. Cosmochim. Acta, 33, 161-203.

DODD, R.T. (1974)
Petrology of the St. Mesmin chondrite.

Contrib. Mineral. Petrol., 46, 129-145,

-109-



popD, R.T. (1981)
Meteorites : A Petrologic-chemical synthesis.

Cambridge, Cambridge Univ. Press, 21, pp.368.

popp, R.T., GROVER, J.E. & BROWN, G.E. (1975)
Pyroxenes in the Shaw(L7) chondrite.

Geochim. Cosmochim. Acta, 39, 1585-1594,.

DODD, R.T. & JAROSEWICH, E. (1974)
Olivine microporphyry in the St. Mesmin chondrite.

Meteoritics, 9, 335-336.

DODD, R.T. & JAROSEWICH, E. (1976)
Olivine microporphyry in the St. Mesmin chondrite.

Meteoritecs, 11, 1-20.

pODD, R.T. & JAROSEWICH, E. (1979)
Incipient melting in and shock classification of L-group
chondrites.

Earth Planet. Sci. Lett., 44, 335-340.

popD, R.T., VAN SCHMUS, W.R. & KOFFMAN, D.M. (1967)
A survey of the unequilibrated ordinary chondrites.

Geochim. Cosmochim. Acta, 31, 921-951.

popD, R.T., MORRISON-SMITH, D.J. & HEYSE, J.V. (1975)
Chromium-bearing olivine in the St. Mesmin chondrite.

Geochim. Cosmochim. Acta, 39, 1621-1627.,

-110-



DODSON, M.H. (1970)
Simplified equations for double-spiked isotopic analyses.

Geochim. Cosmochim. Acta, 34, 1241-1244.

DUBE, A., FREDRIKSSON, B.J., JAROSEWICH, E., NELEN, J.A.,
NOONAN, A.F., O’KEEFE, J. & FREDRIKSSON, K. (1977)
Eight L-group chondrites : A comparative study.

Smithsonian Contr. Earth Sci., No.19, 71-82.

FODER, R.V. & KEIL. K. (1976)
Carbonaceous and non-carbonaceous lithic fragments in the
Plainview, Texas, chondrite : Origin and history.

Geochim. Cosmochim. Acta, 40, 177-189.

FODER, R.V. & KEIL, K. (1978)
Catalog of lithic fragments in LL-group chondrites.

Spec. Pub. Num. 19, UNM Inst. Meteoritics, pp.38.

FREDRIKSSON, K. & KRAUT, F. (1967)
Impact glass in the Cachari eucrite.

Geochim. Cosmochim. Acta, 31, 1701-1704.

FREDRIKSSON, K. & MASON, B. (1967)
The Shaw meteorite.

Geochim. Cosmochim. Acta, 31, 1705-1709.

FRICKER, P.E. GOLDSTEIN, J.I. & SUMMERS, A.L. (1970)

Cooling rates and thermql histories of iron and stony-iron

meteorites.

Geochim. Cosmochim. Acta, 34, 475-491.

-111-



FUJIi, T. & TAKAHASHI, E. (1980)
Experimental determination of interdiffusion coefficient of

Ca in magnesium olivine.

GOPALAN, K. & WETHERILL, G.W. (1969)
Rubidium-strontium age of amphoterite(LL) chondrites.

J. Geophys. Res., 74, 4349-4358.

GOPALAN, K. & WETHERILL, G.W. (1971)
Rb~Sr studies on black hypersthene chondrites : Effects of.
shock snd reheating.

J. Geophys. Res., 76, 8484-8492.

GRAHAM, A.L., EASTON, A.J., HUTCHISON, R. & JﬁROME, D.Y. (1976)
The Bovedy meteorite ; mineral chemistry and origin of its
Ca-rich glass inclusions.

Geochim. Cosmochim. Acta, 40, 529-535.

HAMILTON, P.J., EVENSEN, N.M. & O’NIONS, R.K. (1979)
Chronology and chemistry of Parnallee(LL3) chondrules.

Lunar Planet. Sci. X, 494-496.

IKEDA, Y. & TAKEDA, H. (1979a)
Petrology of the Yamato-74191 chondrite.

Mem. Natl. Inst. Polar Res., Spec. Issue, 15, 38-58.

IKEDA, Y. & TAKEDA, H. (1979b)
Petrology of the Yamato-74442 chondrite.

Mem. Natl. Inst. Polar Res., Spec. Issue, 15, 123-139.

-112-



ITO, A., NAKAMURA, N. & MASUDA, A. (1980)
Examination of effects of shock and weathering for the
Antarctic L6 chondrites, Yamato-74190 and Allan Hills-769,
by the Rb-Sr method.

Mem. Natl. Inst. Polar., Spec. Issue, 17, 168-176.

JOBBINS, E.A., DIMES, F.G., BINNS, R.A., HAY, M.H. & REED,
s.J.B. (1966)
The Barwell_meteorite.

Mineral. Mag., 35, 881-902.

KAGAMI, H., OKANO, O., SUDO, H. & HONMA, H. (1982)
Isotopic analysis of Rb and Sr using a full automatic
thermal ionization mass spectrometer.

Pap. Inst. Thermal Spring Res., Okayama Univ., No.52, 51-70.

KANEOKA, I. (1980)

40Ar- 3%r ages of L and LL chondrites from Allan Hills,
Antarctica : ALH 77015, 77214 and 77304.

Mem. Natl. Inst. Polar Res., Spec. Issue, 17,177-188.

KANEOKA, I. (1981)

40por- 39%r ages of antarctic meteorites : Y-74191, Y-75258,
Y-7308, Y-74450 and ALH-765.

Mem. Natl. Inst. Polar Res., Spec. Issue, 20, 250-263

KEIL,. K.. (1982)

Composition and origin of chondritic breccias.

LPI Technical Rep. No.82-02, 65-83.

-113-



KEIL, K. & FREDRIKSON, K. (1964)
The iron, magnesium, and calcium distribution in coexisting
olivines and rhombic pyroxenes of chondrites.

J. Geophys. Res., 69,3487-3515.

KEMPE, W. & MULLER, O. (1969)
The stony meteorite Krahenberg.

In : Meteorite Research (P.M. MILLIMAN ed.), D. Reidel Publ.

Comp., 418-428.

KIMURA, M., YAGI, K. & ONUMA, K. (1979)
Petrological studies on chondrules in Yamato-74 meteorites.

Mem. Natl. Inst. Polar Res., Spec. Issue, 15, 114-133.

KURAT, G. (1967)
Zur Entstehung der Chondren.

Geochim. Cosmochim. Acta, 31, 491-502.

KURAT, G. (1967)

Einige Chondren aus dem Meteoriten von MezBfMadaras.

Geochim. Cosmochim. Acta, 31, 1843-185T7.

MARTI, K. (1967)

Trapped xenon and the classification of chondrites.

Earth Planet. Sci. Lett., 2, 193-196.

MARVIN, U.B. & MASON, B. (1980)
Catalog of Antarctic Meteorites, 1977-1978.

Smithsonian Contr. Earth Sci., No.23, pp.50.

~114-



MASON, B. & YANAI, K. (1983)
A review of the Yamato-74 meteorite collection.

Mem. Natl. Inst. Polar Res., Spec. Issue, 30, 7-28.

MINSTER, J.F., & ALLEGRE, C.J. (1979)
87Rb-87sr chronology of H-chondrites : Constraints and
speculations on the early evolution of their parent body.

Earth Planet. Sci. Lett., 42, 333-34T7.

MINSTER, J.F. & ALLEGRE C.J. (1981)
87Rb-87sr dating of LL chondrites.

Earth Planet. Sci. Lett., 56, 89-106.

MISENER, D.J. (1972)
Interdiffusion studies in the system FeZSiO4—MgZSiO4.

Ann. Rep. Geophys. Lab, Yearb., 71, 516-520.

MIYAMOTO, M., MCKAY, D.S., MCKAY, G.A. & DUKE, M.B. (1984)
Chemical zoning and homogenization of olivine in ordinary
chondrites.

Meteoritics, 19, 272-273.

MORGAN, J.W.(1971)

Uranium.

In : Handbook of Elemental Abundances in Meteorites

(MASON, B. ed.), New York, Gordon & Breach, 529-548.

MORIOKA, M. (1981)
Cation diffusion in olivine-II. Ni-Mg, Mn-Mg, Mg and Ca.

Geochim. Cosmochim. Acta, 45, 1573-1580.

-115-



NAGAHARA, H. (1983)
Texture of chondrules.

Mem. Natl. Inst. Polar Res., Spec. Issue, 30, 61-83.

NAGAO, K., OGATA, K., TAKAOKA, N. & SAITO, K. (1983)
Rare gas studies of sixteen stony meteorites from

Antarctica.

Mem. Natl. Inst. Polar Res., Spec. Issue, 30, 349-361.

NAKAMURA, N. (1975)
VRIS FNEEHOFIHERAROFEEICH T 2 MR FHF A

Thesis Univ. Tokyo., pp.331.

NAKAMURA, N. & OKANO, O. (1985)

1,200-Myr impact-melting age and trace-element chemical

features of the Yamato-790964 chondrite.

Nature, 315, 563-566.

NAKAMURA, N. & TATSUMOTO, M. (1880)

A 4.0 b.y. impact metamorphism age of the Modoc L6 chondrite
determined by the Sm-Nd methdd.

Meteoritics, 15, 334-335.

NAKAMURA, N., UNRUH, D.M., TATSUMOTO, M. & HUTCHISON, R. (1982)
Origin and evolution of the Nakhla meteorite inferred from
the 8Sm-Nd and U-Pb systemtics and REE, Ba, Sr, Rb and

'K.abundances.

Geochim. Cosmochim. Acta, 46, 1555-1573.

-116-



NISHIIZUMI, K., REGNIER, S. & MARTI, K. (1980)
Cosmic ray exposure ages of chondrites, pre-irradiation
and constancy of cosmic ray flux in the past.

Earth Planet. Sci. Lett., 50, 156-170.

OKANO, O., MISAWA, K., NAKAMURA, N., HONMA, H. & GOTO, H. (1984)
A preliminary study of Rb-Sr systematics and trace element
abundances on impact-melted LL-chondrites from Antarctica.

Mem. Natl. Inst. Polar Res., Spec. Issue, 35, 285-297.

OTT, U. & BEGEMANN, F. (1985)
Are all the ’'martian’ meteorites from Mars?

Nature, 317. 509-512.

RAMBALDI, E.R. (1981)
Relict grains in chondrules.

Nature, 293, 558-561.

REEDY, R.C. & ARNOLD, J.R. (1972)
Interaction of solar and galactic cosmic-ray particles
with the moon.

J. Geophys. Res., 77, 537.

REIMOLD, W.U. & ST5FFLER, D. (1978)
Experimental shock metamorphism of dunite.
Proc. Ninth Lunar Planet. Conf.,

Geochim. Cosmochim. Acta, Suppl. 9, 2805-2824.

~117-



RUBIN, A.E. (1985)
Impact melt products of chondritic material.

Reviews Geophys., 23, 277-300.

SATO, G. TAKEDA, H., YANAI, K. & KOJIMA, H. {1982a)
Impact-melted LL-chondrites of Yamato-79 collection.

Pap. 7th Symp. Antarctic Meteorites, 19-20 Feb. 1982, 9-10.

SATO, G. TAKEDA, H., YANAI, K. & KOJIMA, H. (1982b)
Electron microprobe study of impact-melted regolith

breccias.

LPI Technical Rep., No.82-02, 120-122.

SCHULTZ, L. & SIGNER, P. (19786)
Depth dependence of spallogenic helium, neon, and argon in
the St. Severin'éhondrite.

Earth Planet. Sci. Lett., 30, 191-199.

SCOTT, E.R.D. & TAYLOR, G.J. (1983)
Chondrules and other components in C, O, and E chondrites
Similarities in their properties and origins.

J. Geophys. Res., 88, Suppl., B275-286.

SHIMIZU, H. & MASUDA, A. (1982)
‘REE characteristics of Antarctic eucrites.

Mem. Natl. Inst. Polar Res., Spec. Issue, 25, 145-152.

SMITH, B.A. & GOLDSTEIN, J.I. (1977)

The metallic microstructures and thermal histories of
severely reheated chondrites.

Geochim. Cosmochim. Acta, 41, 1061-1072.

~118-



STEIGER, R.H. & JAGER, E. (1977)

Subcommission on geochronology : Convention on the use of
decay constants in geo- and cosmochronology.

Earth Planet. Sci. Lett., 36, 359-362.

STOFFLER, D. (1971)

Progressive metamorphism and classification of shocked and
brecciated crystalline rocks at impact craters.

J. Geophys. Res., 76, 5541-5551.

STOFFLER, D. (1972)

Deformation and transformation of rock forming minerals by
natural and experimental shock processes, I. Behavior of
minerals under shock compression.

Fortschritte der~Mineralogie, 49, 50-113.

TAKAOKA, N. & NAGAO, K. (1978) .
Rare gas studies of Yamato-7301(j), -7304(m) and -7305(k).

Mem. Natl. Inst. Polar Res., Spec. Issue, 8, 198-208.

TAKAOKA, N., SAITO, K., OHBA, Y. & NAGAO, K. (1981)
Rare gas studies of twenty-four Antarctic chondrites.

Mem. Natl. Inst. Polar Res., Spec. Issue, 20, 264-275.

TAKEDA, H., MIYAMOTO, M. & ISHII, T. (1983)

Mineralogical comparison of lunar and chondritic vesicular

melt.

Lunar Planet. Sci. XIV, 771-772.

-119-



VAN SCHMUS, W.R. (1967)

Polymict structure of Mezo Madaras chondrite.

Geochim. Cosmochim. Acta, 31, 2027-2042.

WALSH, T.M. & LIPSCHUTZ, M.E. (1982)

Chemical studies of L chondrites-II. Shock-induced trace

element mobilization.

Geochim. Cosmochim. Acta, 46, 2491-2500.

WILKENING, L.L. (1978)

Tynes Island : An unusual clast composed of solidified,
immiscible, Fe-FeS and silicate melts.

Meteoritics, 13, 1-9.

WLOTZKA, F., PALME, H., SPETTEL, B., WKNKE, H., FREDRIKSSON, K.

& NOONAN, A.F. (1983)
Alkali differentiation in LL-chondrites.

Geochim. Cosmochim. Acta, 47, 743-757.

WRIGHT, R.J., SIMMS, L.A., REYNOLDS, M.A. & BOGARD, D.D. (1973)
Depth variation of cosmogenic noble gases in the ~150kg

Keyes chondrite.

Jc GeOphys. RES., 78’ 1308-1318{

YAGI, K., LOVERING, J.F., SHIMA, M. & OKADA, A. (1978)
Mineralogical and petrographical studies of the Yamato
meteorites, Yamato-7301(j), -7305(k), -7308(1) énd ~-7303(m)
from Antarctica. .

Mem. Natl. Inst. Polar Res., Spec. Issue, 8, 121-141.

-120-



YANAI, K. (1979)
Catalog of Yamato meteorites.

Natl. Inst. Polar Res., Tokyo, pp.188.

YANAI, K. & IGUCHI, M. (1981)

Photographic catalog of the selected Antarctic meteorites.

Natl. Inst. Polar Res., Tokyo, pp.104.

YANAI, K., TAKEDA, H., SATO, G. & KOJIMA, H. {1981)
Large lithic materials of LL-group chondrites in the
Yamato-79 meteorites.

Meteoritiecs, 16, 407.

-121-





