
86 

m�ic::.:to u· ;s *m��ic::.009 ;s IrJF� (III) 

�I 1=i t c::. � t , -c 

Study of the Extraterrestrial Materials at Antarctica, II L 

On the Yamato Meteorites 

Masako SHIMA, Akihiko OKADA and Makoto SHIMA 

Abstract: Antarctica is thought to be the most suitable place for searching 

extraterrestrial materials. Since 1965, we have been studying microtcktite and 

cosmic dust in Antarctica. In 1969, the Japanese Expedition Team collected 

stony meteorites and brought them back to Japan. Scientific study of these 

samples has just been started. A part of the samples was examined for mineral 

composition, and was also analyzed for chemical composition by means of 
wet chemistry. At the same time, examination of rare gas was carried out with a 

gas mass-spectrometer. The purpose of the study is to know whether these 

meteorites are extraterrestrial materials or not. As a result, they were found 

to be chondrites, which are classified into enstatite chondrite, achondrite, 

carbonaceous chondrite and bronzite chondrite. For the samples we proposed 

the name Yamato (a), Yamato (b), Yamato (c) and Yamato (d), following 

Huss method. They were found on the glacier near the Yamato Mountains 

(70 ° S, 37 ° E) within a small area (about lOx 10km2). 

It is a quite interesting phenomena that different kinds of chondrites are 

found within a narrow area. This may indicate one shower of meteorites. 

Also, it is different kinds of chondrites fell at different times in a small area. 
Or the meteorites, which had fallen over a wide region, have been carried to 

this narrow area by the glacier movement. 
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Fig. 1. The location of meteorites found in Antarctica. 
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�jfEiJ�� 6. 1¥Jffitm:nv:::.tovt 6 �ffil:fiO)�]Ev:t., 3@�v:::. t ntcbh, fH:::. C�@. 1968) 4 @I 

0)95J/!,iJ�� 6 (� 1 ���). 2 {&ilO)iJJffelE (Lazarev �ffelE l Neptune Mountains �jl:fi), 1 

{@10):fi&J�JtE (Thiel Mountains �JtE) to J:: cf 1 {@10):fi��JtE (Adelie Land �JtE) il�-t 

h -c� 6 iJ�, i t�..:Ch 0v:::. --=:>\,, -c O)f4+1¥Jt£¥a15v:t.tJ: 1,, c��fm, 1968). 1¥Jffi:l:{Q:1Jv:::.to1,, t 

vi, �JtE 0)955! O)t:iJij§·l1:iJ��1,, l � .:t, ..:CO)§BJ/!, �� "':) t 1, ,t.:... 1969i=f.O) B *1¥I ffi :l:{Q ti tm 

/13-IJIB*iJ�' {!IJ�' � i C rllll**1¥J:1Jv:::. tn, \ t' �JtE G L � �Jf�95J! L' *� v:::. � 'G 1m "':) t.:.. 

(YosHIDA et al., 1971). :: h G O)�fHi, *�:fb:W:*+f'.::. {5�� � h, ;i'l>11¥Jtd;lf:JEiJ�4*:fb: 

ttv:::.J:: IJfitJ:bht.:... ??z1,,--r-, :i&JLl�tmEI:*+/\;t::fb:ttO)l�v:::.�ttil����ht.:... ::hGO) 

�ti-vi, i ta4+1¥JtdJf5Eil�-t:1J---r-tJ: l, 0) --r-, �JtE--r-� 6 L O)filJ:� � �{tvt 6 ?itf:1Eil��tfl � 

ht.:... $�0v:t., ::tvc{l+*Jinltl, ;m-tr;z.O)t�W�fit£ 5 �j1¥J--r-, �f:40)-iffi� -m_-'j- � h 

t.:... -thGvC--=:>\,,t�Ghtda*O)-t£vil;)l):::.95�Lt.:.. (SHIMA et al., 1973) i);, ..:CO)f& 

0) ?itf 5E � 1Jo ;t , �Jt E --r-� 6 l 0) fill:�� Jffi « 6 . 

4-@1¥1±15-t 6 �jl:fivi, � 2 v:::.lf--t J:: 5 v:::., bfiJ, 10km fjJO)[Rtgxl*J'c' 9 @j95J! �ht 

to I) (YosHIDA et al., 1971), �JffiO)'.f_f(}l t, $� G0)*5*7J' G, 41l�O):fiJ/Uji:fi (ensta

tite chondrite, achondritc, carbonaceous chondrite to J:: cf bronzite chondrite) il�-=f.:lj 

jlJ--r- � t.:... ttE*O)!JffilE:5:,\.;:ffjO)��iJ, G�-;t 6 l, :: 0) g[�ifJt:*1, ,v:::.Jtl*O) � 6 Fili�--r-� 6. 

it.:..95J/!,�ht.:..IJ, 1-ir�§��ht.:..IJ Lt.:..!Jjl:fiO)�;f;t�i. Ji�95J!�ht.:..tfil,¢.i,�b��-itG 
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tLG�tltn�cbo c�. 1967) ii�. A,@JO)�!U:i0):1$J�. :J:ti1.@J:.O):J:ti1.,12.0)i;f* t t.t 1,, g�-ecb 

lJ, L1J;t�fi0)£JUj£n���1¥Hc¥eJ!�tL-c1,,00)-c-, i5f*1a:0vtQO) /J� m • -c-cb 0 

t.::.. -J;t, 9eJ'!O)/lJFfvc1ti:1,,, No. 1, No. 2, ······ c i5#vt GtL -Ct, ,t.::.ii�, /\*, 4=*WIT 

�� c ;i:� Gvc J: lJ , Huss O)��vc J: Gfiti51* (1971) vc J: lJ , ¥eJ! � ;ht.::./IJFfvc, LiJ; 

t:J:ti1.@J:.-c--:\1:!Hit,,fit�t.t:J:ti1.15vi�i cl-Ll!l*-e:-cbo.::. ciJ; G, �i c(a), �i c(b), �i 

c (c), � i c Cd) f.t G i;f*vc Lt.::.. .::. O)ftgvc t, 5 {leJO)�fli7�fAJ-:J:ti1.[KiJ, Gfff't:>iffi G;h -c 

:to IJ , .::. tL Gvc 01, ,-c vi, l&*-c-$1H�·-t o. 

2. §� 14 f C 0 \,' -C 

� i c I-Ll!l*:W:1¥JJJvc:rovt o, �j::fi¥eJ!:J:ti1.,12,vc 01, ,-c 0):5}1JHi, 2f EEi Gvc J: 0 -c@ 2 0) J: 5 

vc� � tL -c 1,, G. .::. O)@O) �-c,, fit�vc�fl c 1*�:J:ti1.,12. c 0) ��iJ�-e � o t 0) a, (a) :tu J: 

rYCb) 0) 2 WITt-:H- -e, -t" O){m.O)�:f-Ht, 1*�:J:ti1.,sOts1rJP-C'cb on�, {le1 k 0) ��vtfitiJ,-C't.t 

1, , . * 1 vc vi �j ::fi 15 c , a EEi G vc J: 0 -c ¥Ii E � tL t.::. �;f-J-0) 95 J! B � , :m:I: f .t c.' 1a: Sit tG L -c 2i!> 

Q. 

�flvt, �vc:W:JX�1f ::k$-C·� £�Jr ffl vc -w.JWT � h -c :to lJ , iX 1,, -c·�tw:ii::k$vc :to 1,, -ct 

-$1a:� L Oifrfflvc-w.Jltfr L, ffi:� GvUt, 3<''1--v-:£- :/ F-w.Jltfr�vc-c, 1t$5ltJTfflO)�fM� 

-w.JIJl±l�h. t'Ht��nt.::.. 4{1eJO)�;jBI-O)�x.Gnt.::.:m:l:vi, *l vc�--tJ: :He, *910g -c·2i!> 

o. :±�1t$$:*, �:l:1t$$::5lt.t G tnc;ro-1f .7-. 0)1i}f�1a:fit.t? § B"J-c·, �t-l'1'r§ F 1 -:; 0) 
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Name 

Yamato (a) 

Yamato (b) 

Yamato (c) 

Yamato (d) 

� 1 �i U.wffiO) !J Ar 
Table I. List of Yamato (Antarctic) meteorites. 

I Old N *!Original* IUsed I 0
• weight (g) weight (g) Description 

No. 1 715 23.8 Thick black crust ( 1 mm 
thick) metal phase, 
strong magnetic, chondrule 

No. 2 138 10. 3 Thin crust, 
No chonclrule 

No. 3 150 8. 6 Thick black crust ( 1mm 
thick) chondrules and 
black materials 

No. 4 62 8.5 Thin crust, 
chondrules 

*Reported by YosHIDA et al. ( 197 1). 
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Found 
date* 

Dec. 2 1  
1969 

Dec. 2 1  
1969 
Dec. 2 1-26 
1969 

Dec. 2 1-26 
1969 

Max-Planck Institut for Chemie vcjIV\ � < O)�jJ�-�ffl-C, tJ, rvcO).r.;:: o iit�iJ�ffl G 

ht-:. its:, -{filO)�fH:t, �1t�Titf�J=i)rvc:toi. ,-c, 5i]1B9ts:�ffi�� c, Xtl@tfrts: c'� 

7- '71 7-VC -!;1J ·-:d-:�f/-0) JWJ!fflvc{t;ff L -c 1., o �50)%ZVX, ;1- / -:JL#O)J:. c'B:i':� < v:tf 

L -c�* L, $,C..,ifilO)�ff.\fts:ifil5t�f..§.fizvcuti. ·ts:. ?xi. ,-e, 31··1 --v 4:" Y F' 4:" - 3? -c·ffiffif.ftvc 

Et� , ;: h ��cf ;1- / -:JL# vc Ah -C , .W\Jlt L ts: iJ � G ffiffi�Ht � fr ts: i. , , 53-tfr� f--1- vc {iffl L 

ts:. -{filffl.f.ftvcuti. ·t���ic', 5fil i IJ 0) ii W20iJ�m J: IJ fl�tti. ,J:.vf, m� L -C, -1Ff-jf 7-

ffl c�:l:1t�J»t%5ttfrfflvcfljffl Lt-:. t:0ut{tO)��ic·, �i c (a) vcv:t4:�f.ftiJ�A--:> -ci., 

o;: c, �i c (c)--C·v:tWit'.l!it��JB-to;: ciJ�!:2-&9 Ght-:. 

3. �tt'?O*HP>t tr.":)\,, --C 

ztJtO)Jrm�ffirO)fi� c, XtJR@ltfrf! c 0)*5*�*'t:�-t o c, vfvf{XO) J: 5 ts:*5* c ts: 

Q. ts::to, W:!lm�l¥Jtdlffiffits:Titf�v:t, 5JljvC/\:;t:��Gvc J: �)-C¥�u�h0-r;Ets:O)--C', ;: ;: 

--c·v:t-=ff�1¥Jts:JE111¥J*5*�f�u-t 0. � 3 vcv:t�ffi!£0)mi�&l�Jfc�3f- L, � 4 vcv:t--l-h G 0) 

X tJR@Jt}rO) -r i' - 1- �jf- L -C 2e> o. 

� i c Ca): ::t:�W:!lmv:t, enstatite --c-, iiJn\G n"- W: 4m c L -C v:t, taenite-kamacite, 

troilite, pyroxene, plagioclase iJ��?goo Gh o. it�, ::i :/ F' ;I,, -1v O)jdiIO) t 0) iJ� �Hl.&:c· 

t g?goo Gh o . 

�it (b): 3:.VC pyroxene iJ,G;f'/in\G�h. 4:�i��::z Y F·1v-1H:tJ!t±l�hts: \.•. 

� i c (c): olivine iJ�� < , plagioclase, Fe-mineral t 8?2.ob Gh 0. ::z Y F'1v -1v t 
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Yamato (a) Yamato (b) 

Yamato (c) Yamato (d) 

� 3 -'? "! UJf75(7)ffil}i��2y.� (ffe:JlliJ�*{* 3. 5cm(7)*� �) 
Fig. 3. Photomicrographs of thin sections of the Yamato meteorites. 

�� < JU:1:J 2' h, c hvi::=E.v:::. olivine --etinx: 2' h L l, Q. ::5�$0-v:::.vt, �§.0)1§·tr�t,0(?) 

G L � 4?o'.N-th�ffiffl!I*�v:::.�tE LL l, Q. 

�i c. (d): 3:.v:::. pyroxene, olivine -ctJnx:2'hL:f-o9, plagioclase, Fe-mineral ti 

hv:::.H�2ib GhQ. 

Ch GO) c c. ��{tvt Q JJi*O)-"':) c. LL, ;1. 7. /� 7 7 -7.-"' !l r ;1,, 0)/JliJ!E��dj.i:.:. � 

�JJi*vi, *0*�l4�ffl1,,, gma_--c- Fe57 0);1.7./�77-3<iJ=*�?J!IJ;ELf:. {tfflLt-:��cJ& 

�vi, Elon Electronic Industries Co. Ltd. tJO) 7.-"' !7 r P ;1. - !J - --c-, r fiilmvi, jfr:ji; 

jjj,jv:::. Co57 ���2'"ttt-:t0)�{1fflLt-:. fflt-:7.-"'!l r11,,��Sv:::.�--t. CO)ifa=*i.J·G, 7 

1�?-Y7r, �ffi�'.71�, �{ffi���tt�L, �0)�*��2Kic.2iDL�Lk. ��. 

71 �? - y 7 r vi, �iH��J.)Jv:::. L, 4?oj-{O)J{;Evi, SPRENKEL-SEGEL et al. (1964, 

1970) O)Jzf¥Jk�$:�v:::. L L;E2iDt-:. � i c. (a) --c-v-1, 6 ;zjq:::.71� Lt-: ��L!xtJ;!n}ltfH:::.ttf2ib G 

Ji, � 2 v:::.�-?-H��=*/J· G, ���J!f(v:::.t§�-t Q IJ&J!xO) c0 Q c c. iJ\(Z2ib G:t'L 0. c O){tl.H=-, 
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� 4 -? "i lJjj_::f:=jO) X*t@ltfr�l 
Fig. 4. X-ray powder patterns of the Yamato meteorites measured by means of Fe Ka radiation 

with 30 kV and JO mA (using Mn Filter). 
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3 *O)Jl&JbZb�fm� � tL 0 b�, :1e�ifHc J: 0 JJ&Jt£ c 1Uc "? -n, 0 c. c b�75 x. G:h, ,1. 7' ,,:: 7 7 

-;E�O)H�:V:t-c·�t.tb,-?t-:. �ic Cb) b,Gt:t, 4ffi-=f-5}�tHc J: 03t7··v 7  r O)Jl&JbZb; 

i'f�vcri260 G:h, ,1. 7' ,,:: 7 7 -;E�b· G, *!j[::f=:ivc;t§�-t 0 c. c b�t:J/J, 0. � i c (c)-ev:t, 

::;t7·· v 7 r O)Jl&JbZii�-"J t, =tJffiO)-t:'- -z :/fn�rn Lt-:JJ&�izb;fA��tL. ::;t7·· v 7 r O)g&JbZ 

7J• G1�t-=ff:'.�-c-a, iJ,/v GlvE�frij';f-C·� 0. -e·- -z :/7}/ilffi�Jf�-tll&JbZ!J, Gvi, 2 "JO) ,1. 7' 

,, ( 7 7 -;E�?J�H�-c-�, JJ&Jt£0){3Li'i:t.t t''�75 x. 0 t, mHH1z t l"ffJJE-c· � 07'7�. �oc.ttO) ,� 

iJ, G� 0 c, ::flijifiJ,-C', 4'ff O)f9t�-;j'� £'.,� c Vt\,, 0. � i c Cd) 0) A-"' !l r /vviti*it-C' 
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Yamato (a) Yamato (b) 
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:�,/"'-.,,_ /
.;..

-: 
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-· 
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-10 -8 -6 -4 -2 0 2 4 6 8 
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� 5 � 'i U.ll:fiO) _;( _A/.-: '7 7 - -7-.,..::. :'7 r 1vlisl 
Fig. 5. Mossbauer spectra of the Yamato meteorites at room temperature. 

� 2 � 'i UJf50) _;( _A/.-: '7 7-0)*5=': 
Table 2. Mossbauer data of Yamato meteorites. 

Meteorite Mineral Isomer shift* Quadrupole splitting I Internal magnetic 
Yamato (a) 
Yamato (b) 
Yamato (c) 

Yamato (d) 

Iron 
Pyroxene 
Olivine 
Magnetite( ? ) 
Pyroxene 
Olivine 
Troilite (?) 
Iron (?) 

(a mm/s) 
0 

1. 10 

1. 12 

0.24 

0.72 

1. 10 

1. 12 

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

(c mm/s) field (H KOe) 
0 334 

1. 09 0 

1. 49 0 

0 485 

0.04 455 
1. 09 0 

1.49 0 

=*1 (z) 3(-· f v '.,' 1- c, j;'tJ: < c i =*i<D -e--;' / 0-� L t::ri&ll:'Zn�afll6 Gn o. 3( •• f v '.,' 1- (z) 

l!&Jt'ZiJ, GH� L t-:;E�i'.J> Gvi, iJ,}u G!u::fi c w::fi iJ�55U � v:::.jq)'.@c· � o iJ�, -tt--;, :/7:f'� LI-: 

11&lt'Z<Dsi,0Cvt��1,,f-:ll6v=., .1- A/.-:7 7-JE�<DH�vt-c�tJ:i,,<D-c·, m�vtYfJ:\,,iJ�, l!&ll:'Z 

<D{ftffiiJ, G.7;,,. --c, troilite c ��i�<D lq]J.Evi c· t-l- 5 c·� o. 
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4. ±�1t� $::51 le·'::)\,' --C 

�itEa, Ji�0)1i£�:til0"'tlr$-c-, ::t�1t�nlt5t�JEii5Hfr-t o c. c vtffillc'cis o. �EB c 

vnt, ����, Wit:1t&Jdi: c'O)�tE Lt-.:�ti--c-cis o t-.:covc., Ji�0)5J-tfri*c'vi, -i:-.h GO) 

B::�Uil�ffill c tJ:.. o. L t-.:il� '? --c, 2, 3 O)�tJ:.. '? t-.:�t/-M� �ffl.di-1s'-t:t"--C, *1t1s'El'J v:. *s*� 
��-t Q �,�iJ�cis Q. 

is:¥R-c-vt, ::t�tJ:..1t�J'»t5t0)5J-tJTi*�, !H::.JZt�--c cis o J: :H::., M�r* c L --c, ?XO) 3 0 

0):1]$�1tf-fflLt-.: (SHIMA et al., 1973). -ttd?'t>, (l)Na2 C03-KN03 �FM!$, (2)HF

HC104 0-Mr*, tu J: 0:, (3)Br2-qua-regia 0-M$-c-�f4'a:·M� L, ffi G.ht-.:m�vi, -1' * 

:/3(�fiJEIUJ:..c'�ffi\,,--c, �5G*�5t� L, R$�v::.jzt�t-.:J: ?v::., :i:ii$, �;E$, �-=f!l& 

�$tJ:.. c'�*fl.di-1s'-t:t"--C, �)G*�!Eii5ttfr Lt-: (SHIMA et al., 1973). �0-::ifrv::.{fffi Lt-:� 

flvt o. 5,....., lg -c-cis o. 

ffi G.htda*�, �1t4efoO)ID-c-*�-t o c, * 3 v::.tJ:.. o. &�O)*�i* c L --cvt, Ji�O)�jl 

:60-tfrv::. {!ffl � .h --c 1,, o J: :> v::., �&�:l:�>J<co, Wit:1t4m���&�ii��5 l < IDA� ffi 1,, --c, 

*;f- L --C cis o 

�i c (a) v::.--C§.:s'[0c. cvi, �&�ji0)3',,\,,,12'�, S0)3',,1,,c_ c-C-00. it-:, Ca O)ff-

Silicate phase 

Total 

Metal phase 

� 3 -? it �Jffi0)1L$*'3.Jvt 
Table 3. Chemical compositions of Yamato meteorites (wt %). 

Yamato meteorites 

Y-(a) I Y-(b) I Y-(c) 

Si02 37.98 55. 17 33.26 

MgO 19.28 26.22 24.42 

FeO 0.47 12.58 28.03 

Al20a 1. 55 0.70 2.44 

CaO 0.45 1. 21 2.37 

Na20 0.864 0. 0124 0.46 

K20 o. 096 0. 0084 0.039 

MnO 0.247 0. 515 0. 173 

Fe 29.75 11. 29 24.09 

Fe 21. 18 0.66 0.15 

Ni 1. 861 �o. 004 1. 32 

Co 0.089 0.003 0.075 

r 
7.20 0.85 2.30 

Ca 0.72 

s 4.71 0.489 1. 32 

I Y-(d) 

38.9 

24.08 

12.02 

1. 93 

1.68 

0.92 

0. 11 

0. 302 

25.41 

12.69 

1. 52 

0.081 

3.38 

1. 94 
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tEi:k: f1f� fl$;};J:Jr$/J, Gffi5c-t 6 c ,  Yc 0):;k{ffi7}/J� oldhamite (CaS) "c'cf) 6 c�x_ G:h 

t.:. , 5t-" i C ( b) c' vi , Si , Mg 0) 11'?J "2t'iI , {g,1si[O) Ca iJ�  § \I � ,  Fe � Ni to J: rJ' S iJ�:@i 

co -c {g, 1, ,,(@:c'db 6 i�n��*db 6 .  {l$J$::5Hc J: 6 {!l:*O)BJE5frnr±� v=- J: :hvi , � :h vi , Ca

poor achondrite v:=. t§�i- 6 {i 0) c ,[1-b:h 6 . � i c (c) vi , {g,�jtO) Si, i%1s:i:O) Feo) 

{@:IJ; § :ll'."'.:l . 1�J�i\:O)FeiJ;0 6 '/1:tU vc v:t ,  j£��IJ�Y t� l · iL Ni c Co 0) ,3jt0) ,#J d:'��-lt 

"t 6  c , 'tt*O) carbonaceous chondrite 0)7}�1J"  G, � ll �vct§�-t 6 .  1, , -f';h, , �t�ft:7 

O)"i3'j[�JE'.�;:HJr L -C , TitJE'.-t 6 t; ,  J}ltEvi , � ill :litc'd'S 6 5  U l!E L -C l · 6 . �i c Cd) 

vi , 4�F�d1 4�� t tJ:. < , ;::' < -fil:\Hr:J tJ:. , high-iron chondrite vc5HJic � 6 fl$fJliJ-IZ�*S L 

-n , 0  t �-x_ -n , 6 .  

5. :fl -}f' 7-- W:% f C � \, \ -C 

ilJ:t:f4tJ� , +'ili�Fi=i94'?o�c'db 6 tJ,i!ftJ, � ,  B'JuUcf!JJE'.c' � 6 77$: t L -c , :ffi. ;ff .A 0) �H.s'L{:,fkg 

nx:�t��1-t 0 JJ$:il� , :!ltE O)fflc' v:ti& iL fl:ht.:. t O) c'J0 6 . A-=f: Lt.:. 4 1@J O)�f4 v=-"":)1, , -c ,  

���itTtf 7' ffi�:i:n-lfrH� ffi 1, ,iit�i=J=i v=-1s� � :h 6 ;'ffl' tf  .A 0)£-lfr�fit£ "::> t.:. . :$:�WIO)� 

� vi , l;H=-��-C db I) ( HINTENBERGER et al., 1 968) , !f9: v=-Bffi!Effl v=-�H � :ht.:. {i 0) "(' , 

�� < O);}:f:Jrn�fi tJ: n:h -c � t.:. . 

� G:htda::'l�� 4 v=-�-t. n\.:f:Jr Lt.:. 4 "":)O)�f4vC 7'  /�  - j/ - './ 3 Y vC J: "::> -c 4: $; L k 

3He, 2 1 Ne , to J: rf  38Ar �t�t±:I L -C l • 6 . � O) � c vi ,  4 "":) 0))3,\� C 'b ,  +'df�Fi=i9 vC ici' l · 

t , +'Etir!l'J!:O) �M� :Ht-C l , t.:_  � c �rul:1¥! L ,  +@�Fi=i94to�c'db "::> -c , :ttg�O)fIJ�c-tJ: l ,  � 

t v=- tJ:. 6 .  i t.:. , ;mtf7' 0) 1s�:i:tJ�� < ,  � O) �  t tJ , G t ,  4 "":) 0)t:i:tf4n�+@�Fi=i94'?D� , -_t 

�n �mEtdb 0 � t �ru1:oo t � 0 .  

?Xv=- ,  :$:Bffi!Eil;+'Etr�Fi=i9c·�M� 5 vt t l · t.:.4'-1-\'.: C� . 1967) , -t tJ: b � �!t4'-�� .  � 3  

c�  4 � ffi \,  · -C§- j- 'J>t 6 c ,  � 3 O)r7Jv=-��-t 6 *5::'lt��' G:h 6 . 4 {ffiiJO)BJiEO)��M4'-� 

vi , � -c !WJJ: 6 � c vC tJ: I) , BlE-BJ:{*O)�fJ: I) �1�� L -c l ,  6 *5::'l c tJ: 6 .  L kiJ�  "::> -C , �.fl 

1=i 7]\.1jJO):jxb"ciJ, G O):JtJE'.c· , BlEffi O)riJ�§'l� {i � x_ G:h 6 iJ� , � 0) � c vi , i!fkITTfJ:*5� c 

tJ: ;s 5 . tJ: to ,  :m· ·H .A fPJ{.s'L{*O)Ifx IJ t&l , vc "":) \, , -c vi , fUtac,� L < �� -c db 0 O) c·��,?& � :h 

t.:. \, , ( SHIMA et al., 1 973) . 

6. fYJx!t1t� ltZ:51 i c  � l \ --c 
:$:�t4i=J=ir:::.trtE-t 0 �ii1t$n<:5-Hi, .A .,,� - !l 'J - .A i*v=- J: 0 ffif::i:n\.tJ1·$:�f1Jffi L ,  4§-t! 
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� 4 -'\" i U.wffi 0) :ffi" tf 7-nx: 51 
Table 4 .  Rare gas in Yamato meteorites (Concentrat ions in cm3 STP/ g). 

Meteorites 

2oNe 

21Ne 

22Ne 

.a6Ar 

asAr 

40Ar 

21Ne sp 

P21 (Production rate) 

T21  (E xposure age m.  y . ) 

Ta (Exposure age m .  y. ) 

Y-(a) 

2. 62 . 1 0-s 

4 .  74.  1 0-5 

3 .  63 . 1 0-s 

7 .  89. 1 0-9 

1 1 .  60. 1 0-9 

3 .  69 . 10-7 

6 .  97 . 1 0-s 

7 .  22 . 1 0-5 

7 .  8 .  10-9 

0. 46 

1 .  7 

1 .  3 

Y-(b) 

7. 1 3 .  1 0-7 

6 .  65 . 1 0-5 

1 .  90. 1 0-1 

1 .  91 . 1 0-1 

2 . 04 . 1 0-7 

1 .  1 2 .  1 o-s 

1 .  1 9 .  1 0-s 

1 .  oo. 1 o-6 

1 .  9 1 . 1 0-1 

0. 62 

3 1  

35 

Y-(c) 

4. 6 1 . 1 0-7 

1 .  55 . 1 0  ·5 

1 .  1 5 .  1 0-1 

1 .  20. 1 0-7 

1 .  27 . 1 0-7 

2 .  77 . 1 o-s 

1 .  92 . 1 0-s 

1 .  83 . 1 o-s 

1 .  20. 1 0-7 

0 . 48 

25 

23 

Y-(d) 

1 .  056 . 1 0-1 

1 .  069. 1 o-s 

2 .  1 0. 1 o-s 

2 .  26.  1 0-3 

2 . 45 . 1 0 -s 

7 .  1 3 .  1 0-9 

4. 1 0. 1 0-9 

6 .  08 . 1 0-5 

2 .  26 . 1 0-s 

0 . 52 

4 . 3 

5 . 5 

Productions rates P 2 1  in 1 0-s cm3 STP 21 Ne per/g. 1 06 y ;  P3 = 2 .  0. l 0-8cm3 STP 3He/g. 1 06y. 
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0):5G* , t� c x. vi ,  Ru , Os , I r, Pt , Au , Hg , Mo , Nb , Ta , Bi , Pb ,  Tl tci: c' O) :;}o :;}o  

J: � 0) *5*��-n, , 6 iJ� • .:f.5Efta"Jv=.�x. --c , -'C h l:> 0) 5c�� O)tftEm'.iJ, G i , �Jl:fJ O) ,,� 3< -

:/�if- L t l , 6 . i t� .  fPJ�vc ,  jJliJ5E-C- � Q j& O) fPJ {ft #: J:tvc "':) l , --c , -::::· < 5E·l1B"J vct�i1 L 

--c t , *itJ-l vi , -'C n ..f n JJMatJ 0) 1@ � if- L --c l , 6 . � n �) 0) *5 * 0) J: rJ � iHl tci: ia 'ff vi , 

HINTENBERGER et al. vc J: 0 --c ,  ,glj vc $R'a- � ;h 6 =f-5£-C· cb 6 .  W{ft)r;t5)-0)tftEJ:tO) ,,� 3< -

:/ � , sE8 0) fPJ (ft{* J:t 0) f@LsVJ , G i , 4 {@ 0) �*4 iJ � �l E c' 2D �) � c � IDE 1>711 "".5 vt --c l , 6 . 

7. ;ff; 

;m ;if .7- 0)5J"-;tfr*5*1J, G ,  _7, ,,� - v - -:,,, 3 :/ f i=z !i' !l !- O)f'?tEiJ� . l , f;h, 0)�*4iJ, G t i�e0 

G;h, Q . � ;hvi , 4 "':)O)BJ\f-t c t ,  �'Ea�ii,IHCtftE L --C l , t� � c �131.JvCxfif-t Q t  0) -C' , 

:!t!f�0) 4fo�-C- vi , � 0) J: 5 fJ: ;m- 7f 7' 0)*J:l.nltvii�ilo Ghtci: l , .  Lt�iJ� -0  --C , �'Ea�i1c,M , GliT 

L t��w.ivt7G§J3 c·2D 6 vc L --c t ,  :J:tg�vc� T L t��l:fic·2D �) � c �filf1>711"".5vt --c l ,  6 .  

?XV=- , :±.tdu/ji,0fJ:i.nlt c ,  1t$=Jr;t5)-0)�WiJ,  G , � i c (a) a , enstatite chondrite vc.7}� 

-c- �  6 .  � i  c (b) vi , Ca-poor achondrite, � i  c (c) vt carbonaceous chondrite, � 

i c  Cd) vi bronzite chondrite c tci: 6 .  �Jl:fl 0)5:J"-1JU1di ,  �� < tl!� � tL--c l , 6 iJ: ,  JKi1t 

vi, J:.tcvcif- Lt� J: 5 td§lm'.c·+5Hcfljffl -C· �  6 .  t 'l:::> 0 ,Z, . � � -c·5)-ffi Lt� carbonaceous 
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chondrite vc L --c t , I , II , III tJ:. c' l ,  � 0 VC$Hl5t11:: � h 6 0-ffii* t � '? , 5$ 1, ,  --c 0-ffi 

--thvf , 11::$nlt5JO)M*h· 0 vi ,  · rn �vc tJ:. 0 .  

*�Ji.Eh� , �! Ght-: 10km 5¥:1] l=J[*JO)[K�·-e¥e5! � ht-: .: c vc 01, , --c vi , 11 k 0) �lzslil�� 

.x. Gh 6 . t-: l .x.vi , �Ji.Effi e  L --C ,  -lfJI= vc��O)�j:E"iJ�!Wr:r--t 6 �ii"il�� 6 0)c· ,  .: 0)11 

0) �lzsliJ�� x. G h  6 .  Lil• L ,  �Ji.E°ffiO)�ifvc vi , ::kf*lq]-11ffiO)�Ji_E iJ�0:rn L --c 1, ,  6 O)i)� 

jjm-c-� ":) --c ,  4 0 O)JUJ:. "'.) t-:11ffi O)�Ji.E ii� , *¥1i0) J: �i vc0:rn L --c 1, ,  t-: .: c vi , A,jtvc¥1i 

n-iJ�tJ:. \, ' . t L ,  �Ji.Effi c L --c-�vqir Lt-: c --t 6 c ,  4 00)1lffi O)�Ji.E 0)7J:ffl�m§l3 --t 

0 0) vC ,  ?JZO) J: ') tJ:. .: l t �x.;b.vitJ:. G fJ:. \, , . �Ji.E-BJ:-f*iJ, G ,  :e-110)�Ji_Evc011:: L00*:tt!! 

t,g)Hcfir Lt-: .:  lKtJ:. '? , �Ji.E 0) cll1 1±1011::f'pffi 0)�11=1
1'JiJ�11=1i� c tJ: 6 .  i t-: ,  �11::if-���,�M 

if.�O)�fJ: '? tJ: c�iJ .  G ,  lqj--BJ:f*il• G011:: Lt-: l � x. 6 .: c vimJt-c-� '? , �Ji.Effi c L --c 0) 

¥irvi , H c A.,, c''riJ§�14:il� tJ: \, ' c�x. 0 .: c il�* �-c-� ;s '5 .  tr L 6 , 4 00)�tJ: "'.> t-:1lffi 

O)�Ji.Eil� , 5JU k vc , *:l:t!!�[*Jvcfir L ,  1�?!,'; 10km 5.JZ:1J.tAl*J vc0;m Lt-: c�x. 6 :1JiJ���8'9 

-c-� 6 '5 . .: O)�ifc· t ,  fir Lt-:�vc vi , ¥BJ! � ht-: 10km 5.JZ:1J[K:tgx;5i- vc � ":) --C , t§� vc 

�\, ,ig�iJ�� ":) t-:iJ�� 1 VC dj. G h 6  J: '5 vc , 7j(foJO)JIJM� . r@J:i:t!! J: I; $)'¥VCJP]iJ• "'.) --CifJ \, , --C 

1,, , 6 fl{J!JJ*a*il�� 6 J: '5 vc , J](foJO)JIJ)Jvc1f ":) --c *:tih�vcJivf:ht-: l t � x. Gh J: '5 .  

tirif.� O){J!Jj5EiJ�c- � hvi , J: '? ;jqlf*tdl81¥6 t c' � 6 iJ� , m::aO)RJrc' vi ,  7j(foJ O)Jlif]vc1f 

"'.> --c ,  �1, ,*:tt!!�r*JvcJlviht-: l �x. 6 .: c il� .  -J& t *11.J tJ:�x.:1Jc·� 0 .  

?XK , ��� i c ��#�tJ!l±l � hk .: ;h, G O)��il· G , �O)ffiffiJ](�:tt!!:1Jt t ,  lq]m 

tdJi.E 0)5J-:n=f il�� x. Gh 0 0) -c- , J: '? t¥: L 1, ,  �1Eil�&f� l tJ: 6 '5 . 

8. *� 17 /( 

��O)JJ{c·JZt�t-: J: '5 vc , 1,'il?i�A =f· L t-:�f-}iJ� , :a-11 O)�Ji.Ec' � ":) t-: .: c �filf §13 L t-:iJ��Ji. 
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