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Study of the Extraterrestrial Materials at Antarctica, IV. 

On the Yamato Meteorites 

Makoto SHIMA*, Akihiko OKADA* and Masako SHIMA** 

Abstract: Additional mineralogical and chemical studies of the Yamato 

meteorites are under way. The mode analysis and the optical properties 

in thin sections are examined under a microscope. Chondrites occur in all 

of the Yamato meteorites with the exception of Yamato (b). Yamato (a) 

is composed mainly of pyroxene, olivine and opaque minerals (iron phase, 

sulphide phase, etc.). Pyroxene occurs as enstatite (En98) and olivine as 

forsterite (Fo95). Yamato (b) is composed mainly of pyroxene of EnuFs25 

composition. Yamato (c) is composed of olivine and opaque minerals 

containing carbon compounds; olivine has the composition of Fo60 Fa4o. 

Yamato (d) is composed of olivine, pyroxene and opaque minerals; olivine 

has the composition of Fo90Fa10 and pyroxene the composition of EnssFs 1s. 

Some chondrules in these meteorites are distinguished by their particular 

mineral composition. The chemical compositions of the Yamato meteorites 

were determined by the wet chemical analysis. From 0. 5 g aliquots of 

powdered samples, several fractions were taken out by the fractional dissolu­

tion method. Yamato (a) contains much metallic iron, water-soluble cal­

cium sulphide (oldhamite) and only acid insoluble silicates. Yamato (b) 

contains essentially no meta!lic iron or nickel, but is high in Si and Mg. 

Yamato (c) has an extremely small concentration of metallic iron whereas 

total iron is very high. This iron consists mainly of magnetite. Yamato 

(d) is a high iron chondrite group. The trace elements, W, Re, Os, Ir, Pt, 

· Au, Hg, Tl, Bi, Th and U, were determined utilizing a spark source mass 
spectrograph MS7 with electrical ion detection. The abundance · distribu­

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

* :@ft.�1ilf�?,)f. The Institute of Physical and Chemical Research, Hirosawa, Wako-shi, 
Saitama-ken. 
** Max-Planck lnstitilt ftir Chemie, Mainz, West Germany. 
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fied reference meteorites. 

The solidification ages of the Yamato meteorites were determined by the 

K-Ar method. Yamato (a), (b), (c) and (d) are estimated to be 2. 3, 4. 4, 
12. 2 and 15. 4 x 107 yr. respectevely. 

By these results, the Yamato meteorites must be classified as follows; 

Yamato (a) is an enstatite chondrite, Yamato (b) a Ca-poor achondrite, 

Yamato (c) a carbonaceous chondrite (Type III) and Yamato (d) an oli­

vine bronzite chondrite. 

1. "£ X. 7]� � 

*Wf5e0)�3ffl C£fffi, I973b) 'c'¥1H1rLt.:, �i c�Evc--:>1,,-c, -t0)1&ffit.:2, 30) 

*6:��!!:'�fflf!r--t0. �i c�E (a), (b), (c) :toJ:U' Cd) vc�--tQ���l¥JfJ:*5*�· ±� 

1tAt$:5}0) *®'El¥Jh:5ttlr:1:Ji* c, ffi Gh t.:*5=': 'a:' ffl 1,, -c O)��:to J: Lff*z:l:11::�$:5t0)*5=':'a:' 

ffl 1,, -c O)�tttJ: c'iJ�, ±:tJ:tt� c tJ: ,Q • � 3 ¥1Hc:to 1,, -c vi, -r¥1il¥JtJ:tctx:n��iJ� '? t-: 0) -c,, 
4-@Hi, J: 1J !�f:*fflvc, � i c �E 4 '{i0)5}ffi.J:.vc�1�tJ: -r' - 3<' ��oo, � i c �E (a) vi, 

enstatite chondrite, �i c �:fi (b) vi, achondrite, �i c �ffe!E (c)vi, carbonaceous 

chondrite, -tL-C-�i c�E (d) vc--:>1,,-cvi, olivine bronzite chondrite vc5}ffi-c'� 

0 .:. c 'a:' ll}Wfi!� L, k . 

Ground Mass 
Chondrule 

!Olivine (Fo : Fa) 
"' Pyroxene ;(En : Fs) 

Plagioclase 
"8 Glass 
0 

Opaque mineral M 

Unknown 
'Olivine (Fo : Fa) 

ii.) Pyroxene (En : Fs) 
-; 

I-< Plagioclase 
"8 I 

0 Glass 
0 Opaque mineral 

\Unknown 

� 1 � i c �;fiO)-:£- - F'%;ifr 

Table ]. Mode analysis of Yamato meteorites. 

Yamato (%) 

(a) I (b) 
I 

(c) 

81. 3 100 95. 1 

18. 7 0 4.9 

9. 7(95: 5) 50. 3(60 : 40) 

23. 3(98: 2) 99. 5(74 : 26) 

0.2 0.4 8.3 

0.3 0. 1 

65.7 40.4 

I 0.8 1. 0 

I 2.3(95:5) i 87. 4(60 : 40) 

83. 6(98 : 2) 

1. 1 0.3 
I 

3.0 

I 
11. 5 8. 7 

1. 6 I 

I (d) 

99. 1 

0.9 

34. 1(90: 10) 

28. 5(85 : 15) 
6.8 

27.4 

3.2 

? 

I 
I 
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2. ®t!lm&nx:vc -0 \t, --c 

� i c fH=i O)�)t�Jl:vi, � 3 ¥1Hcg�1x; L --C as 0 ii�, Wf�O)ta:�t�, J: rJ JE:l:Ef)vC�ffi-t 

0t::..thvc, mode analysis �fi0t::... �tda=':�i cth0 c, � 1 vctI:.0. if, 1*St� 

*O) 1-73, ::z :/ F'1v -1v0)5f1fi�� 0 c, � i c �JHi (b) K.vi, � < fftE1±f, -f.-O)flE.O) m 

Eve.vi, �yO)�via50il�. ut�vc5t1fiL--C1,,0 . .::.:: --e:im:�t::..::z / F'1v-1vvi, i'H�t
f

f 

O)W1,�--c-�JE Lt::.. t 0)--C·, t 'tJ 61v, ::z / F' 1v -1vO)Mn_.�. 1-73fflHJ�tI:. c:·vc "'.)\,,--ct, � < 

0)52o�il��Gh0il�, .::nGvc--:)1,,--cvi, mf!i--C·¥IH5-t0. 

?J(vc, fftE-t0±�td/1}!tvc":)1,,-c, mode analysis ia:.'fil,,, � l vc�ffiL,f::... ��O) 

ff���4m0)5t{fjO)iUiril�ffi�h-C:tol), {Jti;z.vi, -?icmn (a) vCvi, ::ElC*iEc, 7G 

�§}j�4mil� GMS<:� h --C:tu I) ' -?i C mn (b) vi' ±VC�1J[Et�vt--c·' bfil�vcffe:Eil��w 

�h0vc-t�'fI:_\,,. �i c�ff!E (c) vi, ±VCiJ�1v G1vE c7f�§}j�4m--c·1JSG�h--C:ta IJ, 

?j(1,,--c-, -?i cmE Cd) vi, n�1vG1vEc*11LfitoJ:rY7f�§}jm�4m--c·:tinx:�n--c1,,0.:: c il� 

f!J0. it::.., 13"ih--c1,,0::z / F'1v-1t.,vC"'.)\,,-(vi, �i c�ff!E (a) O)�i;, ::5£0)$5,t 

t_fql�tI:.�4m--C·1JSG�h-c1,,0il�, �i c�j::fi Cc) --c·vt, vic1vc·, il�t\;Gt\;E--c·, --c-� 

-C:tal), 7G�§}j�4mO)iUiril�YtI:.< fI:.0tdlStrJX:5tia'..'�L--C\,,Q. �i c�ff!E (d) O)::z / 

F' Jv -/V 0) 1-73$�1*nx:-t 0 �4mvi, 1� -'Z 0) Mi s13sil�YtI:. � -t �--c, fq!JE-t 0 .:: c il�lli!Ji--C', 4-

@J 0)¥!i-a---C·vt, .bhtI:.1,,. 

�i c �ff!E�1tnx:-t 0 ±�tI:.�fl,{JO) 1-73, 2, 3 0) t 0) vt, J't�EfJtI:.ft'ffitO)mlJJE�fi\,,, � 

tjm�fqJJELt::... -?i c�j::fi (a) O)*!Evi, En9sFS 2 (2V==+56°�/!t) O)ffl.S<;0)7LO)i1��� 

< �W1± 0. il�1v Gt\;E--C·vt, Fo95Fa5 (2 V = +86°�/!t) 0) ii 0) i1��1,,. 7f�§}j�4m--C·vt, 

��&�=- 'Y 1r 1vffl c�vc, troilite � oldhamite 0) J: 5 tI:.TiriHt4mtfili�--c-� 0. -f.-O)iUir 

tI:. c:·vt*=JE--c·as 0. *l::fiO)i:pvcvt, �s��tI:.-t t 0) t Wi�--c-� 0. �i c mE Cb) --c·vt, 

*lEO)S<;5fi1�. En74FS25 (2V=-70°�,/Jt) O)i,O)il�]H,. -?i c�ff!E (c) --C'vi, 7f�§}j 

�4mil�� < , �§.4mfi C��4m?) tJJi-vc t, Titt&��il�� < Wi?�--c-� 0. :li���1m--c-a, 

�l vcffe-tJ: 5vc, vfc1vc'iJ�iJ�1vG1vE--c·, -f_-0)*'3_S<;vi, Fo60Fa40 (2V=-85 °�J!t) 0) 

t 0) ii�' -f_-O):k-$53---C·as Q. -? i C �ff!E (d) --C'vi' iln ii� Ena5FS 15 (2 V = -80°�lt) --C' 

JslJ, il�1vG1v::fivi, Fo90Fa10 (2V=-88 °�lt) --c·Js<;). tI:.:to, -?icmnO)�ff.ffitI:.� 

fl,{)�B'J?vf�vi, �tlui�:k���-$/\*���i:p,e,,vcJ:ith Gh --eta IJ, -f.-0)*6=':vc"'.)1,,--cvt, 

BIJO)��vcf&-a--t 0 =fJE--C·Js 0. 
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Si02 

MgO 

FeO 

Al203 

Cao 

Na20 

K20 

Cr203 

MnO 

Ti02 

P20s 

Fe 

Ni 

Co 

Fe 

Ca 

s 

Total Fe 

\ 

� 2 �£ c �:fiQJ{l::�$;5t (!!:I:%) 
Table 2. Chemical composition of Yamato meteorites (wt %). 

I 

Soln 

Fe - Ni 

and water-soluble 
component 

(�:�) 

Yamato meteorites 

(a) 

37.98 

19.28 

0.48 

1. 55 

0.45 

0.86 

0.085 

0.42 

0.25 

0.075 

0.46 

22. 18 

1. 86 

0.089 

7.20 

o. 72 
4.71 

29. 75 

Whole meteorite 

Powdered sample 

I (b) 

55. 17 

26.22 

12.58 

0. 70 

1. 21 

0.012 

0.006 

1. 38 

0.52 

0.072 

:s:;:0.009 

0.66 

<0.004 

0.003 

0.85 

-
0.49 

11. 29 

I CuCl2-KCl in di!. Acetic acid 

Re!idue 

I EDTA in NH40H 

Soln 
Ca-P04 

I 
Solo 
Fe-S 

Ol!vim, 

I 
Soln 

I 

I 
Residue 

(c) 

33.26 

24.42 

27.84 

2.44 

2.37 

0.46 

0.039 

0.56 

0.17 

0. 133 

0.22 

o. 15 

1. 32 

0.075 

2.30 

-
1. 32 

24.09 

I HCl (8 N) 

I 
Residue 

I 

I 

I Na2C03 fusion Olivin 

!!..:..2 HCI in-soluble Silicate 
Cr - 0 

� 1 5t2IJ�Mr:: J: Q1t�5t:ffi}i;;QJ*flt� 
Fig. I. The scheme of the fractional dissolution. 

(d) 

38.9 

24.08 

12.02 

1. 93 

1.68 

0.92 

0. 104 

0.65 

0.30 

0.082 

0.25 

12.69 

1. 52 

0.081 

3.38 

-
1. 94 

25.41 

_
) �;fSj-0)3:.�t.dr.�nlt5t�i, BIJit�fffi5t C 1iz:�fffi5tvc 0\, ,--c, J: IJ �tmtc1:�W�fi '? t-.: • "'t:' 

/ .ti�"icbbQc, �2vctc1:Q . .::.0)��1. ffi3¥� CBhfm, 1973b) vc9B�L-t-.:tO)c.1Ju;:t--c, 
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Terrestrial Materials 

Rock Series 
a ··· Basalt 
b ··· Andes·1te 
C····Dacite 
d ···· Lipa rite 

,..=:.:; Pultonic 
L ---' Rock Region 

0 

T·····Tektite 
M ·· Microtektite 

(Antorct i c) 
•····· lmpactite 

Glass 

Fe 0 4\Fe O Extra-tcrr�:;trial Maierials 

o Apollo Rocks 
0 o Lunar Rocks 

Meteorites 
Lunar 1 G O w-03, Achandrite 

i.!LJLl (Basaltic) 
0 

UITITO ft���t\\1ci 
,,� Chandrite 
o::..'0;'-;;:, (L-iran Group) 
� Chondrite == (H-iran Group) 

am �i�
b
n°tr�f:

ous 

0 .. · Yamato Meteorite 

x Microtektite (Yellowish) ( Ocean Floor) 
• M·1crotektite (Glassy) 

} 
• Micratektite (Greenish) 

I&) 2 �"i UllfiO) MgO-FeO-(Na20+K:iO):::_:_fi{:.J�ffi� 

Fig. 2. MgO-FeO-(Na20+K20) diagram of Yamato meteor ities. 
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0)-$0)tm.1EiJ�fibht.:. t o y-ec5 0 . ;:. ;h G 0) ;:. c vi, �� 1 vc.�-t1t�n'-;Jfr0) *�1¥.Jt£15' 

�vc. .J: � -c, 5c*0)5}@2to .J: clH�iJifibhtda*, �- Ght.:. t O)c'cE> 0. !WfE�:winlt-t 0 

�f'lO)��f00)1t���vc.xf-?-0?GMJ!tO)��fUffli"0 C, �g I vc.�-t .J: 3 vc., �7 7 !7 '/ 3 

:/vc.mlli L-C < 01t�5c*iJ\JUJ: � -C < 0. i7UxJi, Ca 0) :l:�d;,1-0 c, 7JOc. PJmts: oldha­

mite (CaS) c, 7Joc.�m0)*1ffuO)r:pvc.1J;"i;h0?bO)cvi, **�5J-;jfrvc..J:-:;;-C, 5}1jL-C 

5:E:l:c' � 0 ;:. c vc. tJ: 0 . --t O)ftg 0)5c*vc. "'.) 1,, -ct 118' � vc.f�i:;- L, :tz 2 �ft� t-=.. t?Zvc., ;:. 0) 

M*� J:§1,' -C, � 2 � 11: � Lt.:.. jm1/tO)-=:jEJ�ffi�c-, .:::nlt5J-vi MgO-FeO-(Na20+ 

K 20) -c-c50. 

4. �:i:1t�JtZ:5tvc01.,-c 

� i c ��nO)iJl:l:1t � nx: 1t vi, �J\i2l-�*5J*vc. L, ;;z,. ,,{ _ ::,1 '/ - ;;z,. � vc. .J: 0 �ii1ttRH 

(MS7) �J:§1,,-c, HINTENBERGER et al. (1973) K.J: �·t7tt)r�;h.,f-:. �0.:hi.:M*� 

5fffli"0c, �3v:::.tJ:0. AE::l:5J'-tJr�ht.:.5c*vi, W, Re, Os, Ir, Pt, Au, Hg, Tl, 

Bi, Th to .J: U' U "c'ct> 0 . INJ�OO) ��E 1b f€Jlf!tvc.lqJ�tJ:1J� t·, §Ug�O) ill::1:$:1t0) n'-tJT�fi 

l,, .:::: tL GO)f{H[O)FdJvctovt05c*0)1¥tEJ.!tO)Jt��W�rr 0 t.:.. 
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w 
Re 

Os 

Ir 

Pt 

Au 

Hg 

Tl 

Pb 

Bi 

Th 

u 

Ji1; � • Wu EB aH � • Ji1; 1Ff 

� 3 ffi/l:i:n\t,tO),ttJT*s* (ppb) 

Table 3. Concentration of the heavy elemerJ,ts in ppb. 

Yamato meteorites 

(a) I (b) I (c) 
I 

320 I 93 250 I 

63 <3 68 

1400 20 1240 

900 4 850 

1820 <5 1880 

490 <1 150 

510 1540 1280 

240 45 16 

2240 190 610 

280 5.6 38 

45 4.9 73 

14 I <o.4 18 
I -----· 

(Analysis······HINTENBERGER et al., 1973) 

5. �- � 

I (d) 

260 

99 

1620 

1030 

2520 

360 

640 

33 

94 

3.7 

57 

17 

�41o&n\tO)ti,�O)*a=*, �ic�Jffi Ca), Cc) �J:U Cd) O)q:tv::.a., �iU::iv::.�,fftce:::z:/ 

F1v-1viJ�J!l±\-l±"QC. tiJ,G, chGvi, -@:--C:fi��j;fiv::.m&-toc ciJ�flJo. � i c � E  

Cb) v::.vt, :::z :/ F1v-1viJ�Jll±\-l±-t.t1,,,0)--c:·, :ifil*O)B:fiO)��tt t�x. Ghot.J�. � 3$11 

C�{tl!., 1973 b) --c:·1fH5Lf-.:l 5 v::., ;m-1f7--J$t5}0)17'J, cosmogenic nuclides --c:·so 3Hc, 

21Ne � l cf 38Ar iJ�, @O) 3 ---::>O) � i c �ffelE c [p'Jt*v::.ti /:11, � h, --C \,' o C c i.P G, achondritc 

c· SQ C c iJ�flj -0 --C \,' o . 

1r.�n\t5t0)5t:tfi·*6*n, Gvt, � 3 ¥&--c:·Jzt«t-.: 1 5 t.tW�'*s 0 :5}1r1--c:·s o.::. c v::::. 1J�1 x. --c, 
MgO-FeO-(Na20+K 20) 0) 3J»t:5t�ffi1,,,f-.:.::::fl:J���{'F0 t (�2$WD, �i c�ffelE 

n�. J;t%JO)�ffelE:5tmP'Jv::.:,t-@:vcA0 --c1,,,0 c tn�flJ0. c. O)=:fl=J��@vt, :i'tl!.*BEt.t c·O) 

5tmi!mlffl t, R%JO) �E 0) 5tmi!mlffl t � .it�-t o t-.:ch v::. {tffl � n --c � t-.: t 0) csmMA, 1966; 

�fill, 1972) c·, �;,fi0):5}mtz:�vi, MgO-FeO O)jllK.:ilr<, *134)o:5tm��-t. vf:0 

--t , :i'tl!.*41D� t , � * � r�, 0) 41o� c 0) g JJIJ v::. t , s 0 �Jjf f lJ m --c:· � 0 . i t-.: , :i'tl!. * 0) B E 

b�, £3:B�iJ, G:5t531Jla l±\f'Fffl v::. l -0 "t iNi 1±\ L "t < o �i=pc·O)±.�tdr.�5c�O)fiiJJ��JMic· 

� o@c· i> So. c 0) c c �tltr\ c L "(�-x_ 0. ��O) l�Et.J�, {.& IJ v::.��0)£3:,($1.J, G1:.J-»t 

� .tL "t � t.:. t -t 0 c, -rO).fJHt�, £3:Bt!rHc:to � t.J,x. 0 c t t �5£--c:· � o. -to c, �'ff!O) 

l�Et.J�1:.J$t� tL "t < o�-ftO)±.�fr.�5c�O)fitM�. Jflfi1i}Jic·� 0.::. c vc t tJ: 6. {BlJ£0)�{-t 
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fi t ? -"".)� -0 -C , �@�FJ39 vc :fovt o 5J-5JIJ s't l±l ft J-tM� , Jt!!�O)!s:fi 0) �i, c fA'.Jtfacjlfi L k. 

c :;-;t 0 �'� t � 0 .  .:. 0)="".) 0) �1iilFiE U, , l -?- o c ,  ±�1t�J»G7J\.� f!Jffl L -c:;-*. o �! 

1) --C-n. , MgO vc"IA!v t.:. achondrite O) J:  5 ts:. BJ!tH1t i l.:. n  .. BJ1*tJ�� 0 -C ,  .:. ;htJ�iffiJ./JtO) 

{1£ r i tdit%!Pvc{f 1, , ,  ;t..1r 7 -Jf - ,_..£-f*O)�i,O) tffev-=. , MgO-FeO JlJJC -t -0 -C , FeO 

K%tr:1:Y�K8�� o J: :i �m�O) �&O) m:fi�M� L-c � k t :;- x. Gno . t � 6 1v . a 

:1:�Jt O)#=tE:I:� , !/9'§. � o iJZ4o/.JO) 71\.,(p ts:. c· � # H ,  -c:;-�·-t o �i, v:: vi , J�.itv:: frJ;m O) l. 5 

ts:_-"".)0) 71531J rfs l±l ftffl t-: vt --c· , v):*to Gh -c 1, ,  o l 5 ts:.iRllJ O)fimO) Bffi1EtJ�%nx; � ht-: l vi 

:;- *.JJ1,  , tJ� ,  mE 0) 5J-1t 0) @ ��93J o -"".) 0) -:f.� IJ v:: vi ts:. ·Q t:;-;t -C 1, , o .  c t �h.  � i  

c Bffi1E O)�-C iJ� , ret93JO) Bffi1E 0) Jti(p F9 vc J-. 0 .:. c ,  :fo l. v�� i c Bffi1E Cb) iJ )  G ,  /IW{?X MgO 

-FeO ;mc ..f- -0 -c ,  :k1*-JUvc�lv --c· , FeO vc�tr:1:Y �K:.Jt,(p L -c 1, , o .:.  c vi: , :k;J[v:::!J!! 

'*�\, , .:. t --c-� o .  

a:1:1t�nx::B-vC "".)\, , -c vi , � 3 vc� Lt.:.4};fi0)5[;*0)fr{Ell � , ret�OO) Bjl:fiO) ..f-;h G c Jt  

l!B(�tt-?- o t.:.oo vc Abee mE (enstatite chondrite) , .Johnstown Bffi1E (achondrite) , 

Allende Bffi1:fi (carbonaceous chondrite , Type ill )  :fo l. 0� Orgueil Bffi1n (carbonaceous 

chondrite , Type I ) ' i t.:. Allegan Bffi1E (bronzite chondrite) . O)a:1::B-tir� fA'.1!1$vCfi\, \ '  

mffi£ 0) � i l Bj:fi O)*s* c Jttc L t.: .  --f- 0) *5* , fr:rtcO) mfEi G c .  � i  l Bj:fi Ca) ,  Cb) , 

Cc) :fo .J: lf  Cd) vi , -th.7ch l < JlrfrJ. L td@tJ�ffl Ght.:. . WHc ,  � i  l Bffi1E Cc) vi , fA'.J t.  

carbonaceous chondrite 0) l*J--C· t ,  Allende Bj:fivcffioo -C l. \, ,JlrfJ;).O){@:iJ�ffl Gh -C \, ,  o . 

i t.:. ,  � i c Bj:fi Cb) '1:' vi , W,  Re, Os , Ir :fo l. cf Pt ts:. c·O) siderophile elements 

v·=-!Jl!*� o #=tE:l:iJ�� � ht.:.tJ� , .:. h G vc "".) 1, ,  -c vi , H1NTENBERGER et al. ( 1973) v:: l. -0 
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