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iI\ (1997) 'j:~7Je;oW(J)*li.raJt:S (~* (1980) (J)S 6 

:10 >:; 7) iI\ ~ * 1) ::t 7 V -.:A ~lfc. L "C:to ~, it.:, 
~t-t'~iI\ (1997) ~: J: :ttli, r~~-Bl=(J)-=OOi t.:,;J:~~ 

ilt~iJe:O it L"'C "l ~ t ~.it ~:tt~:s:O t f?1£;- ~. f~ 

:i!!~J£f'Fffl(J)~~'j:~~-Bl=71 'J 7"7 ':I r~(J)5Eft(J)~ 

~~Bl,*': L-C"lQ. j¥j~~f~~J£1Jf~~;-~Eq:.O) 

~~ffl:(J)*-limt t *-li",;J:, ~t=OO~f~~mtl3f 'd:" ~;-~;oq:. 

':iI"~"C ~~fU:iltW~\Lt.:iiJtmtt~~JE"t: ~ ~\,l. J t 
~ n "C"l~. 
ff~:l&~"t:';J:, .: tt i "'(",:3:: t L -rNon-EC..:L'::' ':I r 

(J)7JeJtJt:fi!=p(J)7 :r.:"- ~~ 1 r ':~\,l"CK-Ar$ftiJltlJE 
i1t fi"btt -r ~ "C:to t'), -t-(J)r,t~$ft(J)~ < ,;J:~330-

280 Ma':~q:.;-~ (~EB' IflR, 1970; ~JliH~i1l, 
1997). i t.:, ~~-Bl=(J)K-Ar$ft t L -r315Ma (Shibata 

and Nozawa, 1968) i1t*,Hs'~ tt, B~-Bl=Rb-Sr$ft$ft 

t L "C308Ma, 318Ma (!f.WIH~i1\ 1968), J.\#-Bl=-B~ 

-Bl=-~~Rb-Sr 71 'J 7 0 :..- $«; t L -C362Ma (Shibata et 

aI., 1970) i1tm~~tt"C\,l~. ftili:, i±~'~i1" (2001) 
';J:~ / ~ J:mt:(J)EC..:L'::' ':I r (J)iJeKJt:sill ~ 7 :r. :..- ~"\' 

1 r (J).!1! ~ .ra ~ ~ 1II L , V - off - Ei lI11Jn ~ ,: J: ~ 
4OArp9Ar$ftiJlU~ ~fi""? t.: t .: ~, ~1!f.~342.5±5.0 Ma 
(J)~7r-~ft#~~tt~. i~, ~/~~~~.~ 

ttt.:~~~;oJt:fi (~If~P¥$±i1tI956~':~. Lt.:11 
*(~r, '~11*' t~;-) ~(J)1~*) ~~7:r.:"

~"\' -1 r (J)K-Ar$ftilUJE~rr"? t.: t .: ~343.7±7.0 Ma 
-r: if; "? t.:. 

2 EC~='~ ~O)l6raJ:t~ 

a) J:? [] ~ l' l' ~ ~~Jil~ 
~iI.1i~ :i±~'~iI\ (2000) i1t~c. Lt':.I.7 0 ~"\' 1 
r ';J:~iJeK~~-Bl=~ t L."'C, ~if.J1.2m(J)~!j[£1i:SJl 

t 1..."'C J!" l t.: ~ ttt.:. .: (J) ;m~iI\ c." .I. 7 0 ~ ~ 1 r ,j: 
~~:fi~7:"-~~~(J)~3L.L~77r'::'':I7:10':l7 

~,j:~ <, t t t t~ve.:S':*ittt.:lI~Ji;,~,,\,;t 
v~X~(J)~~U.I.70~"\'1r"t:if;"?-C, ~~.~ 

~.I.7 o~"\, -1 r~(J)~lVtf'Fffl'd:"t:!~L"C\'\~ cJ!~ 
~ tt~. iI / ~J:VfE"t:';J:~-rtlb6Q~E,:~.~~jJe 
~-E t ~ij[£~~0)][1I ml~i1f L li L lim~ ~ tt~ 

(* 4 ~J) • .I. 7 o~"\, 1 r (;J: ~ ~ ':*:"-77 .:A.1i'd:" 
~<~<~;o~~~Jt:sct][~;-~ . .I.70~~-1 
r (EC) ';J:~< ~;oJi~~;oJt-E (GG) ,:.It~'"(, ~ 

~~J£(J)Mg#i1tffi:\'\ (EC=0.41-0,49<GG=0.55). ~ 

:tA£11~'::to\,\"C, ~ < ~:o + *:"-7 7 A.;o~.:c- r 
*1l1Vt (~,:, *:"-7 7 .:A~;O(J).:c- r") ,;J:~~*'lIVt': 

* ~ < ti:;fj ~ tt, ft*"t:70% ,:~ '?;-~. 
.I. 7 0 ~~ 1 r ,;J:.ItfX8~JtJ.!i1f3eJ! Lt.:*lltL(J)~:tA 

£11~"t:if; t), ~ < ~:O(J)m~~.ra (~*~3-8mm) t 

tt~(J)*:"-7 7 .:A.:O (~~f.J2-15mm) i1t~~:o t 
~:ttIv;oillc.,~~il*lt~(J)7 r 1) 7.:Aq:Q:it1£;-Q 

(* 5 ~a. b). .I. 7 0 ~"\' 1 r ffI(J)II.t~*-lil1..g.b-tt'j:, 

~<~:O+*:"-77A.E+~~:o+.:ttIv:O+~~ 

)v + E ~ ~ if; t), J:t J.! (S I ) ~ m JE T Q. Jt l.! (S I) 

':~iOC ~ }j'[D)~0) fi~~~ c .:ttlv~ (J)iit.lt(J)ffljiH: J: 
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m4~ .J.~.0~,o9~1~~ ••• 0EE~U 
~ t' jto .ilt~. i:: l\\'1jJ:;11;11.0KI\!!OOfl\ "'ff-lt~~;a;. 

'<'l&mm~iiiO)l/ii:IX!Ijj§'i.J'Bli'll''"'Ij/;il"i.J'~~'. ~' < ;:,Eli 

'Fi3jf~i.J'0i3jf~"Z', S":f1TI:~mT'<'~:ff~i: L""C 

~~77~.E, ~ME, .h~E, E., ~*~,.. 
~b. ~<;:'E~0)~~77~.Eli.0)~:ff~I:tt 

--<:mf.!L,",': i: i.J'~~'. t" < ;:, EO):::J 71: Ii LI;! L liS, 

I: i1i:3CT os,Jt'!n~.).:!.lltr 0)~:ff~0) ~c9~ (Su) i.J'll!. 

160h, ~~h~E, *'1"11-, E., 7 JvJ'1 1-, 

~f,~Ei.J'~:ff~hJ., . ~~77~.EI:li, Jv*Jv, 

E., ~ME, .h~E"'~:ffT'<'. ~'D~~11-
:I~ 0) $i;~ *II;" il" b-it Ii, !!Ii k '"' ~J3E"Z' =*ff.J '"' 7 Jv J~ 
1 1- , ~J<iItE, 7" 7 1 1-1: J: ? -ctltW! ~ ho. =;~ 

ff.J,",7'*JME#~<;:'EO)~~7~~ - ~~V-

1:ll!.16 0h.<,f.i* t;i' hl:i'HET.<,. ~'< ;:,EliPy"" 

1l.,Alm".,."6.,Spsu.,.nGmI.7 .. '4 .. ,O)*IlJlIt,,, t t:, (~' < ;:, E I: 

m ;"~'5*I1. t :ff'fMnOI:i;bf.i* (MnO=O.23 wt.% , 

11!!0)f.i*li-O.18 wt.% ) "Z'li:::J7 0) MnJlIt5ti.J'f.li< , 

Pyn.I . II .4Alm~7 . 1U>JI.I!SpS(), 1.2u.5GrS21.~-J~.5Q)-mJOC ~ h -? ) (jj; 6 

(gI ) , £*ft:JI:li:::J7i.J'0<'~ I- Jvl:i.J'lt""CMni.J'iAtP 

T.<, ~ JV1tiO)IE~'lff!Ijj§' ",ff-T. ~,< "?i.J'O)f.i*"Z'li, 

') ldti!I"Z'Mgi.J'i~:J.'T '<';!l!:f,'lff!ljj§'", t"? ;i' t~, Cali 

:::J7i.J'0<'"/ I-Jvl:1)'lti~PL, ').4"Z'jlj:(fJj!jiJOT.<,1j/; 

..g-tl:'~Vl. * /' 77 'Ai'-EI;tJdJ7.y-so.IIAe.ul-13.1Di4l1.6-SJ.4(J) 

*II.", t t:, (ii> 7 (gI ) , liH:JiT'<'~' < ;:':0 i: ~"/ 7 

7 ~.:ordlo)Fe'·-Mg5t~1it.l&li 15-181:~~T'<'. 

~' < ;:,:o~r,,:j:oJt'5O)~< Ii, ~"/77~.:O"'?z 

< .: i: H~ltl;!, ~, 0 ~ ~ 1 I- i: liI;tI"l~O)~clt'5 

:o~ft:J'"' •• "'M"? L.L , ~<0:O~M:oJt'50) 

<' ~ ')' ~Ii, ~, o9~ 11-0){-hl:tt--<:""C, iii::i!l 

•• f'j;!IlI: J: '<'jlj:,j5,ll,O)fllJ3Ei.J':k @ "1j/;il"i.J'~~'. ~ 

< ;:,:o~r,~EJt'5I:li, ~.,< ;:'EO)Dl:IX • .l'.i.J' 1 em).:!. 

~1:.T'<'m.,",.O)t~~T'<'. m.'"'~<;:'EO) 

~ ~ 7 ~ ~ - ~ ~ r - I: Ii, LI;! L I;! 7 , * J r,":o -

JW 7r,~:O*Il.0)=;~il~'"'jljr,,:j:O-,\, 7.I"/ ~ ~ 1 ~, 

lIlS (gI lIf jfiilt!!!;<I:ill1T J., ;W; •• il.0l!'iit~~ . (a) • J 
.0~,o9~1~. t"<;:,E (Gn) i::,,"~77~.E (Omp) 
1±~I:il'tJ:IE (Gin) i:::Ili~TJ.,. :t- ~ ~'=:':::J)v . (b) .J 
.0~' 0 9 ~ 1 r. ~;, 7 7 ~.:Ol± i" < ;:,EI::m:,A T oj: 
~1:,"flt'jtO. ,,"-~~'=:':::JJv.illJ.0~,o9~1 ~0 
t:.2j;:1:l.1i''l!'iitiJ 7-~Jlj;1±. Tsujimori el al. (2000b) 0Plale 
8 ",~p.? t' jLt~ P (hllp:/Iwww.ous.ac.jp/rins/geol/iec2001/ J: ~ 
PDF771 )v"':$'?~O- r.J). (0 ) 'i'fifiiJII0it~03£. 
Lt~i"< ;:':Ojljll!l •. i"< ;:':00,"flj!JJi:: V(J <7 ::1"7 1 
~ (Pg) i::,i,dtA-EiJ'ill1T;". (d ) ~n (e) 0l!'iit"t'U~ 
t'jtJ.,i:'3CTo 2 -:00Wlllii§' . >j;Jv ;'7v;' r (Hbl ) 0", 
iolllUIJiJ'JJ!.",T ;"S,it~,... =*tt:I~!!:\~aiJ'JJ!."'T ':;'S,it 
~1:t;JJ "' jL;". 
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a. metapelite 
• EC unit 

- Mg 

b. metabasite 
• ECunit 
o Non-EC unit (Bt zone) 

- Mg 
;fi61i!11 i:"( i?:fi<l.lft"lt,j'j[JiIt (Mn-Fe-MglZIllV'. Ca- (Fe+Mn)-MglZI) . (a) 1£iU''5tp<l.l~'( 
i?:fi<l.lUJiltflliioJ. (b) 1£1i£tt'5tp<l.li:"( i?:fi<l.l,j'j[JiltfliiioJ. (i±~tl;6'. 2001 ; ;±~. *0:1<7'-7) 
ECunil: i!lJ/"fr. ~W"fr.tVlt<l.lf,',\*. Non·ECunil: jlfi/ij'JIIVlt~. ~W"fr<l.lilli* . 

• ~:fi(l)d.#e~~h~. ~<i?:fi.M:OWS(I). 

~~:fiI;ti"(I)~Smdi ocll'R: L"(. Mg#fJ'.:L7 0 'l"\' 1 

i-(I)i"h.l: ~~'" (l/i8 1~J). ~< i?:OI;tPY""·Jn.,Alm".2. 

,..,SPS".7.17.7Grs"."-,,.)(I)!rlld i ~ t,. .:L 7 0 'l"\' 1 i- 1: Ii'l 
t:md~1if(l)/~;' - ;.- iff-i" . 
• ~H. OC~=7i-(I)1£~.SI:I;t • •• ~~<i? 

:0 (jf- icm ) L'!I\¥~-::ilj" ~ h~ SffifJ'ff1:E L (~. < 

i? :OfJ'*JlltJ!: ~Sffi ~ ff1:Ei" ~ ) . :: (I):ltkil!ll;tll'! ~20-

50m(l)ll!t~ 1: L "(*~ 6 km.J,.lI:i!*1ii" ~ (Banno.1958) 

(l/i 3 1lQ ) . EC~= 7 J- (l)i!U~WSI;t. :fJJ!EB'JI: l;t ':fi 

*+/~7:fT1 i-+7.I;'-'l"\'1l-+~'< i?:fi+lvT 

~± •• M:O±70J~1~1l-' (l)mh~b~L'!I\¥ 

• -::ilj"~h, ••• i~<~~.~(I)~.WSI:~ • 

.M:ot •• I:~&f,',\*#~~. ~~L .• !E(I) •• 

~~:o (Mg#=0.46-0.50 ) '\"~' < i?:OI;t=*B'J~~<T<i!E:o 

,\,,7Iv/'1 i-1:jl[jj';~h"("'~~~fJ'~"' . *mf.!t:B~ 

Di 50 Jd 

;fi 7 t:!!I ~ 7 t:l :;"\' -( H: ~"I' JL'<> ;t :-- 7 7 A 11!:fi<l.lft"lt 
,j'j[JiIt. Ae(~:;') :--Jilt?t) =IOOXFe·" /(Ca+Na}. Jd (1t-tP 
Il':fiJilt?t)= 100 XAI " (Ca+Na). Di ( ~Il':oJilt?t )= 100X 
Ca/ (Ca+Na). ( ;±~Il;6'. 2oolb; ;±~. *0:1<7'-7 ) 
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1.5 

! 
~ rr. 1.0 ~_ .. ___ ; _! ____ , ___ ,_, J-, _ 

• EC unit 
::> Non-EC unit (St zone) 
" Nofl.EC unit to'll zone) 

1.0 ~=====::::;---I---' 

0.0 ~---+, -_-.;-_ _ ---.-__ -1 0.0 +, ___ --l_~---.---..L---__1 
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 

AI 'V p.f.u. (0=23) Fe3+ /(Fe3+ + AI) 

If! 8 Ji1I jfj Il:I:tl 0)1t"itl!iliil<:. (a) Naill rtJ:tl O)l!iliil<: ",;f, l toFe"/(Fe" +AI) - Fe"/(Fe"+Mg)~. (b) Najfj rtJ:tl. Ca·Na 
jljrtJ:tl. Cajfj Il:I:tlO)l!iliil<: ",;f, ltoNan-A IIV~ . ( ;±~t"iI" 2001 b ; ;±~. *1;3'<7'- 7) EC unit: il!.J~. 1£LlJ 
~ J:iifE. 7 -{ -lJ' '7 ~ J:iifE 0) m*. Non·EC unit : 1f i~JlliifEjiX. 1£LlJ~O)m*. 

••• *_.~~~tt~ •••• t.~t:~&m*' 
~~ . • mattRt:~~~ .• ill.d~fflt:l~~ 

*5 a'!. t .lf~iI''i l <. 'Jr < Q)m*l± 7 )v/~ -{ hl'=* 

B~ n' t ' 7 n'Q)'fU 1!Jf1i'l!In't' ~ ~. jiI, n' I 11:.. ':o~ + 7 
~/:;1'-{ !-±/~7::tT-{ !-+7)v/~-{ !-+fI"l\i~:O+ 

*7T-{!-±~<~:O±1~.J~-{-lJ'-{!-± ••• • 

Q).h*b~Q)~.~R't'~~. il!/~Q) •• ~~< 

~:OQ)~~t±:O~Q).~ t.~~~~ •• h~r:d. 

l~o>~ ,Q)n''Jro>. iiLlJ~..tVilQ).t:;L~· < ~:ot~ 

M~i~11i~R (J&fTm*) t:' Jiij;f!kQ).~:(7l'IUH· ~ 
.Q. ~. < h E Ij:Pyro.6-9.tiA lmJU-67.f>Spso.5-nllG rs22.\I- ~f>.2Q)~nX: 

t,-t;. :r..1 O:;1'-{ !- tJiijt.:.dll\*Q)/ ~ 7-/tff, 

T (If! 61il1). 7 ~ /:; 1'1 !-r±. Non-EC.:z..::. ·, !- Q)-f 

j'l.r:lt~LSi n'il\'iHlltiOJ1i'~~ ( ~91il1 ) . 

~d~1'-~ ./~..t.t::r..10:;1'1I-a.dR 

t-.tl:;Jij;:ot l~jiI,"t~~n~ . ;j~1i\'t:~W~R:O 

't' ~ ~. ':0 ~ + I) - .r{ "' 7 r,~ :0 + M n ~. < ~:o 

( Pyr<tI.~A lm2.9-1u.2SpS72.9-1IO.f>G rslI,5- 1 5.5Adro. f>..lI.f» + ~~SJ1; ± A 

T 1 )v7.J.:I- v /' Q) ••• h*b~'t'!/l'r.t-:Jlt ~ n~. 

"7:7'~, :/;f I) - X. " 1 r-~:o r±o.4- I.Ow!. % Q) MnO t ~ 

&. :J..7' 1 )v7 /.:1- i/ /r±=;J\B~r:kffi.~Mn ~"<~:O 

O)r., t.~to ~. iIf-~.Q)mJI1IH:d.l ~"~. 

b) .~Jt;\lia • .d;\li 

~~~tt;\li il!/~Q).M:O~RI±. a*~t:I±7~ 

1 ~ 1 I-n'$:j£~~:J<nA,:Ol!f@'~RaQ) ••• h*b~ 

~!/l'jj'j:-:Jtt ~ n~ n'. ;f n t:~!I<:i~:01t l-?-? ~ ~ ~. < 

~:OHU'at L~~&.:t1i'~~. :r..10:/1'-{ I-~ 

~. < ~ :o.r,~:o ~RO)*"I*;t't'~>5a'!.1i''i l "!BSJ-Q)m 
*tl±g~u t-?lt~.:tt±l!In't'~~ . .:n~I±:r..1 

0:/1' -( I-~~'< ~:o.r,~:O~Rn'l!f@'~Ra't'5ii" 
.lf~ t ~>5 a'!. t "it Itt~ , Q) t: a ~ T ~ t elf "- ~ n ~ . 
• .J~Q).r,~:O~RI± .• r,~:o. 7~/:;1'-{ 1-. K:J< 

i~:O Q)j£iOJ~c9IJn'!;!Lj£T ~ ~J.!n' l < #i!T ~ . fl,,1i~ 

:ot7~/:/1'-{!-t:.&.#I±fT~'t'I±.~Q)~~ 

't'~~ n' . • r-~:Ot:.&.#t;ti.!Ult@. t~T ~. '.M 
:o+.nA,:O+.~:O+7~/:;1'-{I-+:O~+7~ 

1~11-+*?T11-' Q) ••• *b~t'-?'Q)n''Jr 

,'n' . :!JM:O t iIf-~.n' ~ ~ ~ ••• *_ (-3mm) 

t~ts~'En'Itl!.~ ~ n. -fQ).#'t'I±Na1lJr,~:OI±.~~ 

:0 't' I± ~ < 1 ° :J.. r,~:o 't' ~ ~ (~7 1ilI). ill; / ~ t: I± . 

• nA,:O.M:O~R.Q).M:O~~~.~71*/M 

:o~~.~n~ •• tff,TRa~!BSJ-~t:~aT~. 

EC.:z..::", I- a;!31\!i t::to "~. Banno ( 1958 ) l;til! / ~ 

0).I:iiLlJ~~.t7-{.7~..tVil~.Q)n~.~. 

r,~:O~R t ~c~ l ~ 0> ~ . 7 -(. 7 ~q)J&fTm*l± 1 
O:J.. r-~:o - "7:7'~':/;f I) -x.", 1 r-~:ot?;h. I) ~ l:iOJ 

n'-:>c?1 /*Ft~:O.dl:~~llJj'i~.dll\*tff,T. 
~iIE ,/( ;\li i!lJ .J ~ t::to "c .f,~:O ~R t KIi'l T ~ i~ 'lot 
~RI±. ':O~+7~/:;1'-{ 1-+7)v/~1I-H:J<i~ 

:O+*7T11-± ••• ±~<~:O±9~/~1-lJ'-{ 

I- ±/ ~ 7::tT -{ 1- ' Q) •• .mh*b~t' -t;. :r.. 9 ° 
:/ l' -{ I- t1i< &i~.~RQ)~*5.ll. t .lf~Q)'i L "!BSJ

Q)r.:* t g ~IJI±l!In't'~ ~tN;.g.n''Jr ' '. 
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1.0 ,--:;-:::-:------,~=:;:=====il 7.0) (~ 5 Iillc). ~. < '? E Q)-eL'Ii!ttJ!:. L.. "n~tf. ~ :I1.NI·ili. 

;-;\i(' . I; ~":;:'"", fBI"""" J\Il-~1iX: ~ - 7 (7)f!j;!ttJ,w.;,,15-b-ltI;t . '~. < '? E H; Iv / 
~ .:: .. 

05 

6.0 

Si p.f.u. (0=22) 
lIl91il! ¥\,ilf.'II(cfi <l' C7)7"-/~i'1 r7).1I'1<7:11-1 r(7) 
jt9t*«1ilt"'~Lt2Na/ (Na+K)-Silili . (;tl!l\. *:'lOi!<7'- 5') 
EC unit: i!} J ii-. jf;ilJii-LiifE(7)r.i* . Non-EC unit: ltiijll l 
iifE~ . jf;ilJii-Q)r.i*. 

3 Non-EC.:z.=·:J" O)16.1'1.Jt!Ef 
a) fij 1}.'!EfffirlJ£!Ef (JlIi\~flJ:~) 

rllAlitt!Ef Wi1ii Il' *iilEl!.t(7)!Ii.~fl):.,: l;t ~. < '? E f

;li,"! ~ -:3""! ~ ".It~Q) ~ < #;i! L.. t~~I.l[~1iEiJ'~iIf.Jt 

E !:.K~ L... '* Iv / 7v / r+!Ii.~fl):+~iIf.E +;f 1) 

::17v - ?- (-7Ivh1 r) +E~+lv,-rlv+1Iv;<1-

1 ~. '(> '* Iv / 7 v / '" Ho1<:I1.A,E Ho1<ilf.E +;f 1) ::1 

7 v - ?, (- 7 Iv;~ 1 r ) ±!Ii.~fl): +E~+m~f!j;· (7) 

f!j;!f;j ,w.;,,15- b -It 7i'-A;: if:J -r ;li, 7.0 . E ~ (7) 'C - '" 7i' ~ < • 

7v/ "+7 ') J :/1-lj-1 ~ +;{7 ::1T1 ~ +E~+lv 

-rlv±7 Iv;~1 ~. -r;li,7.0 . ~jf~(7)~Ii<7i,~~,'~*-r 

l;t. !Ii.~fl): !:.1t!l(7)f!j;!f;jQ)-'l"mr.lli*(7)'fIJJlJi7i'n L.. "7i' • 

.It~(7)#;i!L..t~~*-rI;t. *lv/7v/ "'7i';;!!.JET7.0 

.It ~SI f- ~O') ,: lJJ ? -r. !Ii. ~fl):7i'iIli L.. ".It~s, f-;;!!'JE 

T7.> ( lil5Iilld ) . "!t~. S,(7)!Ii.~fl):I;t~·< '?E(7)i!1\:lI\ 

•• af-~T~h!:.Q);".T7.> .• ill~liX:~ffl(7).L.. 

,'~*-rl;t~'< '?E7i'~iIf.E':I~U~~:I1.7.0. "!t~. * 
~/7v/"' I;t~h~~.?-r77-rJME,w.IiX:~ • 

• T7.> . ~<'?E(7),w.IiX:.~I;t~*~~?-rA~7.>#. 

P y r6. 1- 16. 7 A I m4(i.H~ . 3S pS2.2-24.flG r s 12 .4-~O .8 c:. Pyr4.s-7.9A 1 m B./I · 

M.4SPS4,'.1I.4GrSlJ.,_",,(7) 2 -::> (7),w.IiX:.~7i'ill'.16 "' tL 7.> (~ 

61ill ) . !l*1: ••• (7).IiX:.~(7)~<'?EI;l:~7.",7 

/ ~lvl:iJ'lt-r-t7 HlIiaf-if-L.. . ') h-r;f:/7 r 1) 

- 1iX::K H~1f. L.. t~ m~,",,w.IiX: •• llIia f- 'b t,. EC::L'::' 

':J r(7)~'< '?E~ ~ 'b. MgliX:0'I:~;"Cal:ZL..".1iX: 

f- 'b-::>IIJ;15-7i'~" (lil 6 Iill ) . ;f I) ::17 v-?'Q)7 J

-lj-1 ~ 1iX:0'1;tJit:k27 mole % l:i!T 7.0 (lil lOlill). 

N 
a. metapelite 

10 

Anorthite (mole %) 

~ ~t.HQ'~~*-rI;t. *lv/7v/ "'f-~< ;:!:''b;li,~. N 
' ;'''!c/1.A,E+;'''!dIf.E+;f 1) ::17, v-?, (- 7Iv;~1 

~ ) +7,,-/:!,\,1 r±!Ii.~fl):±~·<'?E+E~ · (7)f!j; 

!f;j,w.;,,15- b -It f- 'b -::> . H~ . !Ii. ~ fl):.': l;t L ll~ (7) f!j;!f;j,w. 

;"15-b-ltQ)I.l[~1i.ltE(7) 1t!l 1:. :ffl.t;l: ~ ~. < '? E f- -:3"tr ~ 

-j ~ftlf,~E u:n. I~'< '?EftlMEJ 1:1If-~ ) 7i'iiT 

7.0 . ;: (7) E;ffiIHto.ttE ;! 7 /:!.:L 't1(:~!lr;L L..t~jlliaEilIl 

I: L..-r'b~~iI.It~:I1.-n'7.>iJ' (f91J;Ui. m*. 1980; 'I'll< 
Ii iJ" 1989). ~iIf.'i!iE!:. K® T 7.> in-situ ~ It!J.1l§ '(> ~ilf. 

'i!iE<P (7) v / ;(;jX!:. L.. -r 'b iiT 7.0. ;: (7) ~ -j ~ ii;jXI;tEC 

::L=- '1 ~ (7).L 7 0 :! '\' 1 r !:. ~iili L.., ~1.l[iIli1iEI;t~ilf. 

~EI:!t~-riHl~1iX: . ¥\,jf~1'i'ffl Q)~'= f- §i!tL -r p 7.>1IJ; 

15-7i'~"'. ~-< '?Eftlr~EI;t. *lv/7v/ ~' . ~.< '? 
E. 7 ')J,/1-lj-1 r. ;f1)::17v - ?' (-7Ivl{1 ~ ) . 

E~. !Ii.~fl): . 1{7::1T 1 ~. 7.I. /:! i' 1 r. Iv-r Iv. 

1 IV;!T1 r. mf:!<Ef--:3"tr7i'. ;:tL", ~c(7)f!j;!f;j7i''l' 

m~i'fT7.0:blt-r~p. !l*1:. 1<7::1T1 r 1:7 ') J'J" 

1-lj-1 ~ Q) 1;1: I: A, l:'I;l:.iE •• lllla f- 'b -::> ~. < '? E Q)-eL'Ii 

!f;j I: L.. -r ii T 7.0 ( ; < 7 ::1 1- 1 r f- -:3""! '"' p l~* 'b Mf T 

20 
b. metabasite 

10 

30 

Anorthite (mole %) 

N 

c. metachert 
10 

o 10 20 30 

Anorthite (mole %) 

lIl101il! Non-EC.:L'::' 'J J- (m.~~ffi') (7)¥\'iilt'fi (WiijJlliifE 
~ jf; ilJii-(7)r.i*) ~~.jL~ •• ~Q)7J - ~1r1ilt~ 
(7) e:?- r 7" 7 1.. (a) ¥\,ilf.'I<\cfi, (b) ¥\'1Ji.;!I;1icfi. (c) ill: 
7- i' - J- (;tl!l\. *:'lOi!<7'- 5') 
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* I) :;17 V - A (- 7 )v' '\ 1 r), 7.:r. ~ -:; ~ 1 r, ~ 
iJe:O , :C~, )v 7- )v, 1)v;( -t 1 r, * )v ~ 7 V ~ r\ 
7~J~1~1r, 7-~-t1r, m~:c, m.:o,_ 
.~, 1J~:O~'2itr. _Jt~~'2itr§*,j:*)v ~ 7v 

~ r·~~ < .: C ~t~"l. "* t.:., 7 I) J ~ 1-+t1 r ~7 
rl) 7 A'':'2itrt;*,j:itt.--c:, 7 1) J ~1-+t1 rQ)'i 
clvc·'j:~*< -?:OQ)'2L1f~C L"C;mT~. 7-~-t1 r 
~ ~~ < -?:C Q)'2L1f~ t L "C Q) ciZ}.imT ~. ~~7Je:O ,j:~~ 

BJ:~1I#!T~=*B9~;m~~t~"l. "*tt.~.:, ~7Je:ot 

~ •• #*~~7v~~~~~T~~*#~~, ~Q) 
~*"'(""j: 7 7' ~ -:; ~ 1 r ~ X <. k=i7Je:o~t~* < -?:O~ 

fI#! t." ~Q)fifl,.:~~.~{J£B: L "C"l~ti* ~ ~~. 
~ < -?:C (j:EC.::L'::' ';I r Q)7JeJtJ:f?5Q)~ tt.,:J:t"", "CkiBtJt 

~ ~ Q)iJtf, <, ~tt. ~ 'j:~~£}~'2L1fT ~.~"'("'* ~ < 
~~ ~. t.: -?iJf, EC.::L'::' ';I r Q)*lI.t~ ~* < -?:o c M. 
iJtw.t.: I) .L. iJt1tkitJJ.:/*Q)*lI.tL (m- 6 mm) ~* < :s:o ~ 
'2itr~* ~ f?1£ L, ~Q) J: -? ~M.Q) ~ < -? :O,j:~~ 

£}~a1fL~"l. * 1):;17 v-A'j:m~~~~~T~* 
c~~~"l~*iJf~~, 1iiJ~,j:7)v''\1 rQ)AJ"ll).L.~ 

~ "? . ~ < -?:C (j: tli* ,.: J: -::> "C A ~ ~ iJfPym.7-15.sAlm'3.2-
6II.2SpSO.3-~O.2GrsI5.3-311.0Q) • .IVt~!1 ~ ~ L, MniJr~1-"T ~ ~ 

)1;~Q)iE~ifWtflJ~~~T. it.:, Ca,j::17C7~ r)v1:

CaQ)I!* a-~T. * I) :;17 V - A Q) 7 J - -+t 1 r J£~'j: 

lft*25mole% '.:ilT ~ (~101~1). 

'~<-?:O+~~.+77'~~~1r+*~~7v~ 

~+*~:;I7V-A+5~+~7-~' Q)~~~JJ.~b 

-tt~ ~ "?tli*':U~ ~ tt.~ fJ!~Q)'2L1fOOilf.': ,,?"l""(~ 

ElT ~ c, ~. < -?:OQ)m~~~ (~- 2 mm) (j:~Q) I) 

A~Q)h~~.a-'2L1fL, 7r~7AQ)~.~<-?5 

(137f~) ,j:J:fJ]!~mJ£T~~~.,.:a1f~tt.~. * 1):;1 
-7 V - A Q)m~~~ (t!- 3 mm) ,j: 7 )vl,\ 1 r Q)1!"l 

I) h ~ ~ ~, * I) :;I 7 v - A Q)MJ£Q)$~'': ,j:, *BItt: 
Q)~.< -?:O (Elff~), m.~tiJ:, 7.:r.~~~1 r~a~T 

~. J:fJ.l c ~fj-':JE(tijft(.9IjT ~ *)1; ~:1 V ~ r·~ 7 .:r. 
~ ~ ~ 1 r ,.: (j:, *lBtiL ~* < -? :Oilt'2L1f ~ tt.~ .: c ~r~ 

~. ~ < -?:c, * I) :;17 V-A, ~ •• , *)v ~ /V 

~ r", 7.:r. ~ -:; ~ -1 r Q)" l -r tt. ~, :0 ~ c )1; 7- )v ~ '2L 

1iT~. 

~~~~-~ att.Iv:C~'2itr.d7-~-r#~W~ 

~Wffii:J1I#~iG\,lQ)ajH.:ii:T o. WliJlI#if!iG\,lQ)Sm 

Q)a:tt.1v5-:O~J:f?5(j:, ':O~+7)1;/'\1 r (Ant-,,) + 

&Itt.Iv:O + 7 .:r. ~ ~ ~ 1 r (Si=6.3-6.7) + ~. < -? 5 
(Pyr<II.3Alm2.9-IO.2Spsn.9.KO.6GrSJ(l.6-IHAdr<U.5) + mkiJe 5 

(Mg#=O.98-0.99) +$~fJ!' Q)f1l:~.h*b-tt~ ~ 

"? ~UJ~Q)&Itt.Iv:O -:O~J:f:5 Q)#i!f~*';t, Mn:tJ 

(An<l) +*-Itt.1v5+~< -?:O (Pyr<4.5Alm<8.4Spsn.7-
89.oGrS<12.6Adr<17.8)+ Mn:tJ ~ ~ r ~ ~~:o (Mg#=0.93-0.98, 
MnO=5.4-18.2wt. %) + 70 :;11'\ 1 r (Mg#=0.88-
0.93) + 7.:r. ~ ~ ~ 1 r (Si=6.5-6.7) +$~IJtQ)I1k~ 

*D.JJ.~t>-tta- b "? ~Ll.J~Q)~*J:flQ) ~ < -?:o,j: I) .k. 

,.: (tij i1~ -::> "C Al iJfitf1Jn L Fe3+~tiJl1-" L, ~ I? ~: 4! 7 r fI 

~cWtt~Q)~J£*~~£~~t>~-::>~~~"C~~~ 

MlIVt*ifWm:@ a-7FT . 

b) W$fiJII)Q" '.f!J:t~, Mf!J:t~/"f!J:t~*3~i: 
~~ (lslilE:S.) 

i:i!i~~~ Wi¥Jllia\,lQ)~iJe:O~'': ,j:k:IB,JtQ) 777-
J ~:O, ~tt.Iv:O, k=i7Je:O, 7- ~ -t 1 r, 7 )v,'\ 1 r, 

:O~ ~ '2i tr~f!!.J:f~iJt!i!~T ~ ~t, m3t 1tiff:~.: ,j:ji~ 
:ti ~'2iciZ}.J:fJ.lQ)3eJiQ)~\,l~~~11?5iJtiiT ~. ~~~ 
:ti-?1~7-~5, 777-/~5, ~nIv5, ~~5, 

7- ~ -t 1 r, 7)v I ~ 1 r t 5 ~ , 7.:r. ~ -:; ~ 1 r 
(Si=6.2-6.3) ~'2iJJ., i tt.,:, mf!!.Q)*)v ~ / V ~ 

~(Z~~~:O-7?*~**~~:1v~~) Q)~~ 

~'2itr . .:tt.,j:~JL Lt.:./D ';I 7i1~b Ltt.~"l. 

~~.~ ~f!!.J:f?5'': t ~ ~ -? ~J£7Je.:S(;t~tiL-e~ 
~tiJ:~* I) -::t7 V-A ~X <. 7.:r. ~ ~~ 1 r, ~iJe 

:0, :O~, 7)1;,'\ 1 r, 7- ~ -t 1 r, :I#~5, m:fl~, 

1J1W:O ~ '2i tr. 

4 ~';tA,n"'~ 0 mis=a.~ 

~';tA,n"'~ ~UJ~, it7,/\.1I, 7/~~, ;r~~,.:- 1 

kml!T ~ * ~ ~~,j:lvtt.\,l~/D ';I 7 iJtfj:ftT ~ 'l 
1J\ ~m-1t1Om*Q)/J'/o ';I 7~$i;5iJtf?ftT~. ~ 

~~5Q)!tmiJf20cm'.:)lT ~ ~'j:Iv~1.\,l?5Q)~:O ~ ~UJ 

~,.:ft~ ~ tt.~. ~,j: ~tL\,l?5Q)f, < (j: J:fl-*lI.t)tQ)J:f 

.~.~~~T~~~£11~1:-~~, *~~:1v~~ 

':M'triim.ftll t ~ 1-+t 1 r, 7 I) J ~ 1-tt-1 r, l!i 
~5 ,.: 'B; trfi 8 K~ Q).~fI:@i1t3e~T ~ tI;~iJt~" l. 
';U:*)v~/v~ r~i1:.t?t.t:~$~ (:5~) ~f?l£T~. 

)1;7-)v ~ '2itrt&~iJtf,\,liJt, )1;7-)v ~ X ~ 1JfW.:ti t 7-

~ -t -1 r ~ '2itr~* ~ ~ ~. Enami and Banno (1980) 
,j:WifU:itJ1.:blQ)~'j: 1vtt.\,l?5iJ~ ~ 3tf?T ~ '/141' -1 r

-7 I) J ~ 141' 1 r Q) ~ 7" Q)1t~*-H.J£ (PSII- PS4) ~ ~~ 

llt L "C\,l ~. ~,;tIvtt.\,lE'flQ)*)v ~ / v ~ r" ,;tl'~-

ffA~5~~7?*~**~~/v~~Q).J£~~"? 

(f91J X. 'i, J:fl 7,/\. 'l iJ\, 1989). Wi¥Q) ~ (j: Iv tt. \, l?5 ,j: 
(~f*8~ t.:) EI mllQ)j@j\' lfJA~*1lJJ..g.t>-tt1Jt-~8~ ~ t~ 
~, ~Q)~d~ftfQ)~JE,j:m.--C:~ilt, ')v7-)v + '/1 

41' 1 r (-7 I) J ~ 1-+t 1 r) + *)1; ~ 7 V ~ r·' Q)~ 
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4t*-H.ciZJ.*ib-\tliNon-EC.:z.=- ':J I-- Q)~ ~15ff1~JVtg ~ * 
lmT.Q. 
ilif •• ~ WmJIIif}"lQ)@15=~Jtg ,: Ii, L. Ii L. Ii 
fJ]~Q) 70.L. A ~~, )ln~~ffT.Q (m~, fL-fg). iI / 
~ LmQ)tEttg ,: Ii, JtJll!Q) A < 3ell L. t.: 7'./ r -1 ::I 

71 I--Jt15i)fff:1£T.Q. Yokoyama (1985) Ii ';RI¥~ 

~.' ~~1£T.Qm15=~.15Q)~~~~~.~~.L. 
~.wm~~Q)m~~.15Q)~~*~~L~, 7'./7 

::1711--+11:0', '7'./7::1711--+ I-- V-C7~~+ 
it;o', '~JVti"'Iv;Iv~+ I-- v-c7~~+it~', '7 

/7::171 I-- +it~+9t.fAflt~' ~ifG" Lt.:. 

5 I6raJ:t~,(!>1!'1A.n" \~':lJ!fi ~ n .Q=~MJ~3C 
ttf1:Jl.J 
W~J"iB'''lQ)~~ C L ~, =*09t.t3C1tf'Fffl a-i.t-::> 

t.:*if~Jtgi)f L. Ii L 'l~~'t ; tt.Q. 3C1tf'Fffl a- it-::> 
t.: ~ < ~;o~ ~:'5~Ii 7 T;I. 7 I) 7 JjJRi)t3eii L., 7 T 

.:L7 1) 7 c-~':K':1itr (-2wt.%) I) ~ ?-~:tii)t 

~tVt L ~Vl.Q. 7-7 -1 './1't Lt.:*)v './ 7v './ 1--"Q)7 

- 7 -1 './~, ':J 7 Q) rdJ ~ K ,: .. tr 1) ~ ~ - rJ!J:ti i)tjJIb!) t.: 
t), ~ < -?:ti i)t A r -1 )v 7" / ;). 1; './ ,: fl1f! ~ tt.Q C V l 

-?, K a-'2i"trflt4tQ)=*09 t.t1f~JVti)t~.~ ,:mb!); tt 
.Q. ~ C~d:, i1EJiJt:'5Q)IEH.. ~ Ji L t.: ~ ~, ~~Q)~" 
< -?;o (Pyn.3-7.6Alm41.1.62.3SpS2.1-22.IIGrs2I1.1-34.9) J.l~Q)flA4t 

i)t~~,:fft!Q)flt!Jt (~.~, ~ C~-?~, r{7 I-- 71 I-
t.t C .. ) I: til! ~ ttt.:i1EJiJt:fi~iW.Q) 0 7 -1 /:'5 ~ ff:1£ 
T.Q. ~.~Ii rtT,,\.~~~a-2-10mol. %'2i"tri)t, 
'::0)~Q)07-1 './:fili~~~?\.< (t.:t':L, fJ]~~< 

-? ;o~:q: li:ti~~~~i)tf~Ht ~ tt ""(,,\.Q.). ~Ii Ivtt 
\(\~O)/J' 70 ':J 7 ,:j:3,,\""( Ii, ~tt~ C O).:JlA!$i)t= 

*89 t.t x1tf'Fffl ,: J: -::> ~, rtT" \$;0, ~jIjI~, ~ 0 
~.:L 7 -, ~ ~ -? ~, r{ 7 I-- '7 1 1--, k~71E;o, 70::1 

I~ 1 I-- ,:trll! ~ ttt.: t), i-tt; Q)1JA~i)tIDR C L ~~Ii 
Iv;h. " l:E a- W -::> t.: t) T.Q (Seki et al.. 1963). 

6 ~Rtf1:Jl.Jt7?~'='?~ 

1:1I1I1i ~~nX:13f~':~G1i~ttt.:~JVtIlll!Ii, EC.:z..=. 
':J r C Non-EC.:z..=. ':J r ~* ~ < ~t.t.Q. EC.:z..=. 'J r 0) 
:r... 7 0 V' ~ 1 I-- 'i~i1.Iv~W'€SJt~~\;:r... 70 V' ~ 1 
I--~~Q)~~ •• ~ffla-E~T.Q .•• ~tt:EQ)~< 
-?1J ~:t / 7., A j!J:tili , *~550±50t,:j:3",~~,f:J 

1.3GPaQ)ii:f5:1±:t.J a-lf;t, RileW:'5Q) fJ]~89 t.t J ~ 7 ::I-j-

1 r Q);g:1£li*~2.0-2.4GPaQ)m:~1±:t.J a-lf;t.Q. ~ L? 

':, •• ~-7 O)f~t:li:r... 70 V' ~ 1 r ffI~\;~ttlv 
1J.~Jt:E~Q).~.~~ma-E.L""(~t), ~.~ 

Jlt:J!;t.Q :'5:OQ)~ < Ii, f~~.IVt· .ff~f'Fm a- J!""( 

v\.Q iiJfm1ii)t~.Q. .: tt~:~'.t L, Non-EC.:z.=. ':J I-- (m. 

~m:w=) Q) ~ < -? ~~~:'5'i, ~ttlv:O~ ~:'5~~~; 
~~g~~Q)~iJa~JVt1'Fffl ~~GtiT.Q. ~':, 'J~7::1 

~1~+*~'./~v'./~+~<~:ti+7~/~1~1 

r' ~ '2i"tr (to~(f.J ,:) EI E8J3fQ)~"\f1t~MiciZJ.*ib-\t 
Ii, .It$fB9~J± (-IGPa~J3f) ~jft L (Konzen and 
Hoinkes, 1996 ; Molina and Polio 1998), :t 1) ::I 7 v - A 

Q)~JVt~~ ;,1f.)550±50tQ)i1].lJ:i)t~JE ~ tt.Q. ~ t.:, ~ 

nx: ~ - 7 0) f~ ,: ~'€S Jt:'5 ffI ~J3f Q) f~ ~ ~ JVt f'F ffl C $Jf t.: 
t.tJt~Q)~nx:a-~1~-?~R~~~-::>""(j:3t), ~<Q) 

15E'i~nX: ~ - 7 ~ fJ f~Q)ffl. L i?\~Gti L ~ v\ t.t \(l. 
7.L. / V' ~ 1 ~ Q)K-Ar$ft CAr-Ar$ftQ)jftT L~~~ 
$ft'i, EC.:z..=. ':J r Q):ni)t1i~':o"\ ()±~, 2001). 
.:: tL'iEC.:z.=. ':J r i)fNon-EC.:z..=. ':J r ~ fJ ~!f. < L~~ 
~L.~iiJ~1i~jftL., ~.:z.=-':JrQ)~7~'./~Q)~J3f 

J±:t.JIlIl!~f~T~.~..t~ C J]~(f.J~ ~.Q. 

!te.~;C '7:,,:J.:L *BrraJt:E~~'ilvtt\(\~Q)-fiIH: 

jlb!); tt.Q =*89 t.t3Cft1'Fffl Q)ruEt~H;J:, ~tt:5;). '7 ;.

:';;I. q:q:-it(f.Jt.txftf'Fffli?t, *6rraJt~~.'ilvtt"\ 

:5a-mlVt Lt.:~JVt1''Fffl t 'i~IW~Q).~~~.Q':: t ~ 
jft~T ¢. W~Q) ~tt:fi ,: Ii fJ]!EB9 ~ 7 0 .L. A ~~, )v 

i)fJiff: L ~ j:3 fJ, m15=~Jt~';J:~t.t < C ~ jij~nx:lt:E 

i)fE1i L. ~ \(\.Q J: -? t.t ~1Vt ~ - 7 i1ffi.13fQ)~lVtf'Fffl 'iit 
-::> ~,,\ t.t ,,\. .:: Q)':: C Ii, lkttt:5;( 7 './ V' ;I. Q)~JVt ~ , 

*if rraJt:'5~.lilvtt"\:'5 ~~nx: L t.:.JVtf'Fffl C li~ml 
~Q).~ ~ ~.Q .:: t a-~~T .Q. 

1 WjfiJII*~;Q"\ UI:n:~~-{~fJ";:it:IlI1!:i-m1t) (]) it. 
W iB.ti&i~'U: j:3 't .Q iEtt:'5 ;). 7 './ :.; ;I. ~ Q) ~ J£ ~'fH'iR Q). 

mfWtlTI:£-::fv\t.:iI!tbfiQ)fgllYJli, J!~W=Q)r 7 I--'=' 
7 A a-:lt~T .QL~m:~~~~Hm~~.Q. ~,:, -.ii*1i 
~ Jt:'5 ,: Ii, l!S1i ~\ L? JlPe:tt ,: v \ t.: .Q 114 t.t ~~/J,~j! 
~t3£ii L "'( j:3 t), i- tt L? ,;J:~:lSJl!S1iJ3f~t~JUJ t t ~ ,: 
fg; rT .Q ~ftJ: ~, ~~ ~ tt t.: .:: t ~fajj L? ~\ ,: ~ ;h. ~,,\ 

.Q (Uemura et aI., 1985) •• ff'~Q):lt;t (Uemura,I98I) ,: 

£--:1" \ t.: • ~~iijf i)t, -Wm*6 rra Jt :'5i?tB W T .Q ifiB.t 111 * mE 0) 1 )v - r ~ 7 ~ 89 ,: ~ ciZJ. ; tt t.: (17 Z Pi , 
2000b). *5rraJt~li, i1EJt-Itf(Jt:fi (ItJtlWlI C ile 
~~~Q)~li~), ~~.Jt:'5, ~£ttJt~, ~~u~ 

nL?O)lil!~\;t.t t), 7EjoH;J:NNw-ssE13\tij~, rb1E 
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• 

1J!1J1;t:llt iij{ *t .t me 1l!JIHli fr,ll ~H' iF T Oi, 1 l lill aJ. ItU~ 

tJ' ~ b J.,jt!! .'i!: it jfr I:: -t-;/1. J: IJ .t me Q) fdt!!.9. '(' , NNW 1J 
~~~.S~~.T6. iij{.~~b6.~itjfrQ)~. 

Sf-t'H:, rmElI!WBanno (1958) ~:J: 6 MkiJH'i'ffi'Q), 
.tmE1I!~tJ';\\\i!i;e'ffi'Q)*6.'l.JtS7D -:J '/ '('<l?6. 

2 l!I:M'IIH: ? ~ \ l 
J;). r, ~M;f§Q)'f;t (Uernura, 1981; tiO:;fi", 2000) 

~M;/1.l~<, ~B;f§I;t, •• ~~E.I;/1.~~BQ) 

~;f§f-, -t-;/1.~;f§Kf-~~I~.-n~~~T6~~ 

~: •• 1;/1.~'Q)'('<l?6. ~%Q)~;f§f-~~T6~~ 
l;t, .&, .~, ~.~, m.z~, Z~.&~~Q) 
~ J:Ii IZiI ~ ~ I:: S Il Q) 1ii;!ftJ klili'Z , f t 'it klili'Z , *il & klili'Z , 
1liI*6&, 3'CJ;\!!&, ;\\'i!;jj(il J: V'ilii~k 777') -:J '/ Q)JE(I;j 

~~~~Q)!ftJ.~~~'('<l?6. l~~?l, ~MQ)~ 

JIm, ~:IJl~~~tt:~~:~H 6!ftJ.~~~<t~Q)Jt,~ 

Q)*6*l::ll~~T6~1::~'('16. ~1i'Z;f§1;t.SQ) 

ft 'itklili'Z ( !ftJ.~~) I::iJii&I::~~ mv~~~) ~:J: 

? l~.~.i6~, ~B;f§I;t.taQ)J:i~: •• ~~ 

~,(,I;I;.i ~~~'. ~JI~;f§H!l.$IJT6m.g.~~~I;j;fl! 

.g.lIl{~'('<l?6 r}j£l1& ( JEl1n~:I;I;, SIltJ'fl.tJ1!T6 

~ I::~ < ~Jlni 6"~~ ) J ~:J: ?l3'iT~ 1::tJ'~!ll'(' 

~IJ, -t-Q)*6*, ~B;f§~, .:IJl~~~=.~}j£I1. 

1::!ftJ.~~~=}j£I1& •• Q)2?Q) • .g.m.Q)~JE~ 

J:?lrem'('16~1::~:~6. -.~:~Bf-~~t6S 

Il 1;1; , }j£11.Q)A~6~.~~6~~*,(,~6. ~~ 
'('~, i .~}j£I1&I;t}j£I1. ~A~: i' 6 ~Ii ;r,Q).~~'J 

~}j£I1.'('~IJ, }j£11 ••• I;I;~~*~.1i'Zi'6~1i 
Q)}j£I1&Q).f-3'ib l H'6 .• ~}j£I1&Q)j'ili, 1[\:1;1;, 

~B.Q)., fif-, }j£11& •• Q);f§.I;I;, ~;f§~A~ 

6~IlQ)~B;r,~Jf-iFT~ I:: ~:~6. 

\ 

0!/~~~(\';~~ vrf'j\p~ , , 
t 

" 

. ,: 

, • Pl!lIUc· ellk;oous .,h"" 

;' r-11nt~rbeds or bo5k and P5IImmltk: · 
/ L.2..J peUtlc ac:1lbta 

~ UasIc achlN 0111111 ~u 

~ &sic IChlM (dark ~ 

m--
_ Seruenllnl~ 

!l'illl1!1a Wi~JlI*iilEi~h' 1:1I;lli i' .., *liJl,Jt;gO);g~~ I: ~ 
%/H,lJiilEO)~.~iFi'lv-I-""·77. 

~Q)J: i~~B;f§Q)'f;tf-~AT61::, ~JI~~f-. 

.~}j£I1&;f§, fi.~}j£I1&;f§I:~~ u~ IJ, I"lJE' M 
!t. ~'ffi'~~f-~Ti ~l::tJ''('16 (Uernura, 198 1; 

Uernura:md Yokota, 1981 ; t'rzi"J, 2000 a , 2ooob ) . 

a) Deformed minor structures 
Deformation wnlng 

1--c":::=;':::':;;"'T"7.;'~"';;-;--l b) Phase A 
I : II III IV 

(Om) 
H [Il[] Intn.loIaJ told (bocllnal-t!ght) 

F7r:1. htrafollal told {()pen, Rdattve W_an:I dJm:ud. normal dlp. 
!:ill sUP ~nt f;I. hanS1na WlIl!)and CrerUatlDn de&va.a;e 

[liJ CrwUation deayap (al h1nae pan of IlItrefoilN folc1l 

~ CnrUation deavap ($yInlIlCIl1c:aI. p;naI MIC) ~ ~. 
[I]] ~~IlI=:nTto~=~~~r:~m ~ ~ 
l11'l'[I Cl'el'Uadon c1eavace ~lI'Ietrical descn:te type. : : 

Phase B Phase C 

IllJ ~I to uJal plane Of Int'rafollal fok!) : r---! 
M B ~:':'i,.,":~~I","J.,"'.i".:1~ ,=~" .,.,., i -_, ,-- iIDj-- tuf -i1~f~~' !illjii "[iif 

l l§f~:::: ==:::;:::--;':= : oo!~iii=;i~ 
~J!~~~~~~'OOb::'''~~~'~~~fW~'~ ____ ~~~,~~, ~~, ~~L-L~~~-L __ ~~~ ____ ~ ____ --J 

Type of strain:ij Layer 1)arn.llel shear. ~ Layer oblique shear. ~ Layer oblique conlrnctlon. .go Layer parullel contraction. ~ Layer normal contraction. 

Om: Mean ductility. H:HIgb. M: Moderate. 1..: low 
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Zone I Zone ll------------. 

(]lIJ N 

Q D(s)b 
-+ AD -+ AxIs of mtcrafold 

• Axial phme • Cleavase 
-+ AD • Fault DIane • Faultphmc 

D
N

• 1II0··: 
o +.~ • + . . . 

• KInk plane (left-l4ten11) 

o KInk DIane (rtght'!atenll) 

3 ~m/J\.mt~m~. 

• Faultphmc 

~~~wlj:, 1t!1.ft1ttQ:gafl ~ ttt.:~ff~.Ij,.:@:Q)~rdJ 

~~H:.t Q. ~ff~~w~ (.1100 a) c ~~~ffi=~ 

(~Hl~ b) ':7F~ttQ.t 1 £:, W~JlI*VfE1:'j:, Iffi=

Ivffi=(J)~~~iffi~fPJfm1:~ t), ~ff~/j,mm'j:, ~~~ 

ffl(J)~ffi= c b ~:IS]~tt1.l~f~OO C C b £:fg;r L -r\,\ < 
~ftf1:~nt ~ tt -r \,\ -::> t.:': C ~f:b~~Q. ~m~1W C ~ 

nt~ffl(J)t.f~a-J!Q c, 11WcIIIffllj:~iJe:fi1W£:, IViffi= 

,j:~~"ffl:w':, lIiffilj:jitijifff£: l:I:iJJ!T .Q. J-l r, ~iffi'::- C 

,: ~m/j,.~ a- aa;!T .Q. t55111ti:*Ij:ff~ntJ!lJU~ ~ 7FT. 

I iii (l)ItiWiJtJl [I-Sl], (2)1 / "77 * ') -, )vmdb 
(iltjfjJJ:Q)$iIJ~b-?, .lU1jfj,j:$~-~1 ") Cl~~7 

1.--'::';1. 1.-- - ~ :r /~mJ [1-S2] (/l';m~~, IfHUiiJtJl C 

:b-r~~ ,:~~ L, ~:fi ~f~q: 3e1l), (3) 7 1.--'::';1. 1.--

~:r/~mJ (~~~, ~jfj~Q)~~b~, ~~~1-

2mm), (4)71~71.---4j-1 ",~/ "., (5)':\=-/7'~/ ". 

(tljjfjJJ:(J)fdI ~ b -?, jfj~), (6).:\=- / 7'~ / ". (lr~;mm 

~) C Ij'WTII. n. (1)~iiiiJtll [II-SI], (2)1 / " 77* 1) -, )vm 
db (~jfjijfQ)fItl~b~, J!ru:tjfj'j:~~-~1 "), (3) 

71~71.---4j-1 ",'\/ "., (4).:\=-/7''\/ r (iltjfjijf(J) 

fm a- b -?, jfj~), (5)/j'Itff~. 

miftF (1)JliiiiJtJl [III-Sl], (2)1 / "77 * 1) -, }vm 
db (.ra'jfj';J:~~-7' 1 ") C l~~7 1.--'::';1. 1.--- ~:r / 

~mJ [III-S2] (/l';mm~, lliiiiJtJlc :b-r;6~,:~~x L, 

E:O~f4q:3e1l), (3)1 / "77'* 1) -, )vmdb ct.t~ 

71.--.::.;1. 1.--- ~:r /Bim [I1I-S3] (/l';mrt~), (4)l;f~ 

7 1.--'::';1. 1.-- - ~ :r /~mJ [III-S4] (/l'ilm~, [11I-S3] 

':iOCx), (5)U-~-rt)mdb (ilt~ijf(J)fIk~b-?) c~~ 

t.t~7~'::';1.1.---~:r/~1m (~il~~, u-~-rt)m 

dbQ)~$), (6)~-"~/ r (C'~), (7)71 ~ 7 1.---4j-1 

" '" / " .. , (8).:\=- / 7 ,~/ ".. (jfj~), (9)/j,ltffll. 

• Axial phme 

D 
N 

.== 

IV. (1)lIiiiJtll [IV-SI], (2)1 / " 77,* ') -, )vm 
db (fltjfjJJ:Q)*HI~b~, ardJ'Hj:~~-7'1 ") ct.f 

ft.7 1.--.::.;1. 1.---~ :r /~Im [IV-S2] (~llrt~, mdbQ) 

~ms), (3)t.ff;t.7 1.--'::';1. 1.---~:r /~Im (;m~~, fg;jfj 

J.l(J)fm~ b -?, =¥-~~1-2mm), (4) 1 / " 77* 1) -, 

)vmdb (firs,jfj Ij: * -'1' /, J:.~rw~~tjrt.Q lEWT 
lItt(J)~ /;q C~~t.tf$7 1.--'::';1. 1.--- ~:r /~Im [IV

S3] (il*lt-~lIRft~, mdbQ)$!II~), (5)u-~-rt)mlDl 

(t-~jfj1.lQ)$!II~b-?, J:fi#.~.~TQ~~~tt 

(J)~/A), (6)71 7' 71.---41"1 ",'\/ r, (7).:\=-/7" 

/ r (P:]~), (8).:\=- / 7 "/ " .. (/l'il~~) -/j'lfJfll. 

4 ~~~.'b\ S m~ ~ h Q 1I11J1I 
!kt:*X~;( 7 /~;1.~Q)*S.raJ:r15':'j:, *6.raJt~~~ff~ 

lit L, i-(J)f~, tt:*Xg,: ~1i ~ tt -ritl!m:~~':J:1J.T 
.Q ~~Q)~~~~Baifk ~ tt -r \,\.Q C ~;t t:> ttQ. J-l r, 

~~/j,tftm:i1~ t:>:ffEJE ~ ttQ lIth!1 a-;!~.Q. 
~*~~1ii£:.t .Q C, 1 / " 77 '* 1) -, )vmlDl (~~-

7' 1 ") t :t;ff;t. 7 1.--'::';1. 1.-- - ~ :r / ~ 1m [S2] Q)~.lf 

:t£.1~ttijf~ C 71 ~ 7 1.-- - 4j-1 ",~ / "., .:\=- / 7 ,~/ r·, 
Ij'lfJfllQ)f~~~~1i.lf~1Uj:, I-IVifff,:~;m L -r~Q~~, 

ff~ ntJmBq: 1:) \, \ -r, i- tt t:> ,: ,j: ~ ~ tt t.: 1 / " 7 7 * 
1) -, )vmdb, 7 1.--'::';1. 1.--- ~ a /~Im, U- ~ -r t) mIDI, 

~-, ,~/ "·(J)~-1~~:IS]~tt.lffIHj:, ~m':~1it.h3E 

jl~7R. ~ ~ L "'l \, \.Q (~Il ~b). .: tt t:> Q):if'~J( t.h ~ 
~/J,tf4i§(J)~1I~7R.~r~mmIfJIH:.t t:> t.t\,\': C ,j:, 1 

/ "77 * 1) -, )vmdbQ)l\»~ff~wr':.t Q~m~71 7' 

7 v - ~ 1 ",~ / " .. ~.:\=- / 7 J'\ / ,,", Ij'lfJfll Q)JI~x 

(J)!jyWf~*~~~, ~ifff C b l: l:I:iJJi L -r \, \.Q .: C i1~ t:> b ~ 

t:> ;6\-e-~.Q. L t.:i1~-? -r, .: Q)~m~w,j:, ~wQ)~ 

~RlIft ~ {- Q) ~ ~ ~:b L"'l" \.Q C :?Jt ;t t:> tt.Q. 

1£*~7tw ~\ t:> , 3 -? Q) ~~~~ ~r~5JU 1: ~.Q (~11 
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OOb). T~b-;, ~W~lm':~i) t~d1.~~m~~A, 
~~':!M=~t.t~m,j,ml§:~fW;Q.T ~ ~~~IIB, lI}r1 

~~~lml~~i)~n~~~~~C~~~. ~~~~ 

Ate ~(j:, WJlT ~ ~~,j,.l§: t ~ tL t., ~t7FT~JJ. 
? l' :1,j:~itif';t'i'~imT~1.1t, ~~~~B~(j:, WJJ. 
T ~~~,j,tfll:i!,;;I:~w~~~, ~n':i~Lt It.:~dj.? 
l' :1~~tl~~~. 
~iftfQ)~m,j,t1~1.1t~1Dl t t ~ ':!!Z1S]g1ilJf~tf!tr 

L "( \,"' < ~f!f ~7f~J£ ~ tL "( \,"' ~ .: t (;;I:, ~mt'd: iHt 
~.IJfQ).r, ~~.~Q)gr, Lt~~IJfQ)~~~~ 

tL;Q)~~~~~T~. W~~~~EQ)~~, OO~~ 

l;;l:;lflf. ,:}...nt.t < ~ J: \,"' t ~ x..; n~ Q)~, ~~jJ.~ 
O)itr (;;I: , iE!llQ)fltr t t ~ ':*B.ra~E1.1tit!!nl~$7.p 
~~$"'1:~ Lt.:': t ~7FT t;lf x.. ~ tL~ (Uemura et 

at., 1985). -1], 1:':~ It.:ttttEJi:lQ)---:>Q)*S~~ 

g7"c '/ -7 '::t::Ht~~~~w';;I:, /iij-Q)~~~~:~,? 

t.:*B.ra~'Ef*1.1t, tt~'E':-?1.1f ~ nt.:{&, ~ItJfW~il 

~ tL t.: \,"' < --:>;6~ Q) ,j, 7' c '/ -7 ,: 7t;6~ tL ~ 1: ~ L, ~$ 
~~ItJfW~~*BL~*B., 7"C'/7~f*#lI}r1~-Q) 

~m~~'t ~ J: ~ ,:t.t '? t:., t \,"' ~ .milt}] ~,OC1Jjt L 

"( \,"' ~ t;Jt x.. t., n~. Wi¥-i!*it!!f9l~'j:Q)tbttEQ)1: 
~(;;I:, =fI:~t;;~ 7~Ji:lMQ) 2 !ru1.1t~t.,tL~\,l~ 

(lJ,1t,;t 7.P, 1985). ~Jfa.li;]:ffi B t C (;;I:, ~ tL ~ 2 !ru Q) 

tbttEQ)1:~':IW1*L~\,"'~t:?fx..t.,tL~. it:., ~ 
ff~li;]:~ A (;;I:, *B Efa~ E1.1f tbttE £: -eL:ff ~ tL ~ j.j.fIj Q) '1T 
7"¥-7 ~ 3 :/iftf~$Q)lfiJ!frr~wr~~L~\,",~Q)7.P~ 

LtL~II1. 

1 1::~~~J!.i! 

Jl1f, *,~.JII . W~it!!~(j:K t it t ~ ,: B +rui-Q) 
~A l' ~:ltkt L"(~~tL-C\,l~. ':Q)it!!~O)~A 1'1.1t 
,IJ ffl ~ tLtza i) t.: Q) (;;I: f.J 5000~ WI Q) R:Il Jt li;]:ftlliHVH& ll7.p 
~~~~ . .:tL(;;I:A.1.1t~A l' ~flJffl Lt.:"tltgffttJQ) 
~ O)~~ t), i t:., ~ A l' (;;I: B *A1.1{mJ;b'? t:.fttJQ) 

~;o~ ~ ~ ~. R:IlJt~1t-tJ1:Jt~1tQ)lIM:7,}~ ~ (;;I:, ~ 

A l' ~Q)*~, :iL~, ~:E:t.t t~1.1t~J! ~ tL ~II1~ . .: 
tL ~ Q)~~~:l&0)11lH#7J\ ~ W± T Q ~ A l' (;;I:, *'~. 

111 . 1fi¥i&~ii t ~ x.. ~tL-C\,l~. ~ A l' (j:~a~1t 

j.j.~~,: ~ ~ t **~~*~,: ~ ~ 8 "tlt~!:pij{Q)f'F t ~ 
tL~¥~ijI~ftiQ)~~':-N!;btL-CII1~ ~A l' ~m:{& 
,: i '? t:. < 1~;btLJd: < t.t ~ . .: Q):if'~m~Uil':1t;b 
tL -C \,1 ~ ~ A l' (;;I: --t- Q)7f~f*7J\ i? tJtl~ft ':J!!f'F ~ tLt:. 

~ Q) ~~ D.~ft ':N,Uffll t.: ~ Q) c ~ x..i? tL ~\,l~. 
~A~ft':i:Ht ~ ~ A -1 Q)1JDI(;;I:iiijg~ tL ~\,l~\,l. 
~ A 1'1.1t~~~1tj.j.~,:~;bn~ < ~ '? t.:J]!E13 t L 

~, fLfto){~* C *~WJJ!:Q)~OOftilJEE1.1t~ x.. ~ n ~\,l 
Q. --:>"£ t), ~ A l' ~~,::m:~fJ! L Jd: IIl*~Q)#f~Jt 

ftQ)~. t ~tL~m:A, 1:t:. Ji:I~i1l:*i1.1f': tL"£ ~ ~ A l' 
~Itm L -Clllt:.itlrnQ)~~ ~~~r':tltlllt:.': c-r!', 
~ A 1'1.1{~;btL~ < Jd: t), ~.~': ~ A l' ~Q) ~ Q)~~ 
it!!"£ ~1.1{~n~ ~ n ~\ll,? t.:Q)~~ ~. l7,}~ L, lti': 

151! b tL Jd: < Jd: ':) t.: t!.. 't ~ , ~ n i ~ f.J4000$ Q) rdl, !J; 

£ ~ n ~ \llt:. ~ A l' ~~Q)~it!!1.1{flijlti':~tL~ ~ tL ~ 
L i -? ~ Q) t!.. 7;> -? 7,}~ t \,1 ~ ~rl:l' ~ ~ ~. *~$})J!:~1L 
ft~1*~7,}\ ~ Q)~jJ1.1{~ t), ~ffilJB9 ,: ~ A l' Q)1f:ffl1.1t 

~.1l: ~ tLt:. Q) ~ (;;I: Jd: II 1 7,)\ t Q)ililO ~ ~ ~. .: Q) J: -? ,: 
~ A l' ~{Jd: -tff5l!;b tL Jd: < Jd: '? t.: Q);6~ ,: --:> \, 1 ~ ,;;I: (;;I: '? ~ 

t) L ~ \,1.9:1.1{~ \,t11.1{, *~.JlI· W~it!!f9lQ)i¥.i¥~ifiJ 111 
':ii-; ~ III t:.~ l \,l~~*i!BAQ);o~~.E!~ftj.j.~, 
BB~tJWl i ~at-At L -C ~n1.1{~ A l' t!.. t 'j:.I[!I,:b~ 

7.P'?t:.Q)';;I:.~~~~. BAi5j.j.~~,;;I:, B*':'j:~A 

-1 Q)&:it!!l;;l: ~ \,1Q)-r!', ilWF7,}\ ~ lli±T ~ ~ A l' 'j:T~ 

~*~;6~ I? iJf* l t.: ~ Q) t ~tJ~~t.: -; 'j:~ x.. ~ J: ~ 
,: Jd: '? -C \, 1 t:. . 

1938~, *fii2!Ji!.j§jt~m'J,~;ft (;Q.;(£Q)*,1!Jllm,j, 
~) ,:11: Iv ~ III t:.#f"gBi~iI:6t'J'~JlI xVftQ) ±i"?R.-r!'~ 
'f!!.Q);o~3eJ! L t.:. ~$ 6 fL .: Q)~fJ.1.1t*,~.JII(pg~ 
~~~~ '? t:,'J'#f€-a~~lm t.: -c.mtQ)*~t*~J.I~ 
$EiJ1:ft~ Q)jiiJJf~~L"'*- ~ tLt:.. ifiJJf';t~ft*ftt~ 

~~ ~ fiIIj$~*li7,}tpJTiii l-C \,1 t.: ~ ~ :/ 7- imQ) ~ A l' 

C ,j,~;ft ~~~fJ.t~ ~ gf!fltfm~ C 1t~7t;t1f £: J: ~.It 

~~M t Jlit!!~jf~rr\ll, ,j'i;JII±~?R7,}~ ~36Ji ~ n 
~.'f!!.iJ1:~#B*tJ&:tt.t~~A1'.E~~~.:t~ 

aA;;6~,: LEfJ.t~~at':3e~Lt:. <?iiJJf, 1939). it.:, 
/iijft1%:Q)*~~-(;;I: ~ A l' *,EQ)J't~!f.J1i~~BA i?7J\ 
,: L- t.: (*~, 1939). iiiJ!f ,: J: ~ ;Q.it!! JJ?Jt ,: J: '? -C ,j, 
liJII Q)-ilIH: ~ A l' Q).g!m1.1f~m L t.:tiPJf1.1{~ ~ .: t 
1.1{Il,ij ~7J~': ~ n, Jl1f, I@m~Q)~~~c~~~~~,j, 
li ~ A l' ~ (IE~~f*c;t'J'liJllii!~;m:f&) t t.t '? "( \,l 
~. fiE *, B * 7,)~ ; (;t;m L- ~ II 1 t ~ tL "( 11':1 t:. ~ A 1'1.1t 

:k;":3eJ! ~ tLt.:': t ';;I:~tJ~B~n: ~ £~Jd:': C ~~ 

'?~~ ~.Q)~~B9~~&cit!!~~t~~~Q)~. 

B~ ~ xmE 1.1t 1nj: 7J~ '? t.: t.: cY) , 8 * 7J~ ~ ~ A 1'1.1t 3e.J! ~ 
tL-Clllt.:': t ~~ < Q)~~~~t:.-;1.1{~~ J: ~ ':Jd:~ 
Q)(;;I:~{&,:~ '? -C7,}\ ~ ~~ '? t:.. 

~f~, *-~.JlI--e ~ A 1'7,}{3eJ! ~ nt:.': t 1.1t-~m~ 

,: ~Jti IJ, *,~.Jllm~mEn~~JlI~*,~.JIIQ)j§~t: 

~ ~ .~ror Q)WiiJlI ~ t~Q)iiiJ}l1 ~*,!I.JII- Wi¥t: 7,}\£t 
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"'( (7)~i¥'1: b ~ A 1 ilt~J! ~ tLQ J: -J ,: t.t"':> t.:.. W~ 

lIITa1f~.It ~(7)W*m:~ ,: J: t) .i*JII~SnL '1: S 1S(7) ~ 

A 1 t:> L ~ ~~ilt~fli L "'( \,lQ tiPJTtlt~Jt ~ tL, 1Ji"~ 

*~(7).~-&~J:t)~A1 (~A1.~~) t~~ 

~ tLt.:. (~M{,1958) • .:. (7)timlj:OOm~(7)7R~G2.~!fm 
t t.t"':> "'(\,lQ. ~~, lfiiJllmE~(j:JIt:g*~J]!~$i& 

.~a~(7)~~': J: t) ~Ni~Jt(7)~:i:i&~ t t.t"':> "'(\,l 

t.:.ilt , fst1l:(7)WiiJllpiJ*,:~",:> t.:. *:1: (7) s1S ~ A 1 (7) 
*~ (ft b * ~ \,l b (7) (j: 100t~iH~ Q) ,: Cj:~~ < .:. 
t iltt.t il""':> t.:.. .:. tLlj: ~ A 1 ilfT"" ",(~~'1:~ -? t.:. t.:. 

~~~(7)M~tt.tt:>t.t~"':>~~~'1:~~-J • .:.tLi'1: 
*,~.J11 . Wiii&tiil" ~ Cj:*:m:(7) ~ A 1 ilf~jt ~ tL -r \,l 
Qilt, -ttLt:>,j:\,l-rtLb~~'1:~ t), iijiil"~iF!~~ 

A 1 ilti*l& ~ tLt.:. .:. t Cj: t.t \, l. 

2 1::;;(1'II=5tl::;;(1' 
~ A 1 (7) 3:: 1£5tf&!JtJilt ~ A 1 .:0'1: ~ Q .:. t Ij: J: < 

~ t:> tL "C\'lQ. ~ A 1 jjJi~(7);m~,: lj:, (1)*$5tilt~ 

A 1.~ (7)~.g.1* t t.t"':> -r \,lQ;m~ t, (2)~JVt:5q:. ,: 

~ A 1.:Oilt:o~ t ~ft L "C ~:i:'2i i tL "C \,lQ g~(7) 

2mllilf~Q. 3i~c L"'(m\,lt:>tL*,~.JII· .iii&:l9.t 

t: gT Q (7) lj:r.r~'1: ~ Q ilt, ~nX::5~:O!!f:'1:m:~tJ! ~ 

tl "C ~ t.:.(7),j:f~~'1:~ Q. JJ.ElHj:, .~~-~ A 1. 
:0 +:o~ t \,l -J .&~ilfitJJ.j6#iffi=,:~~a91j:j'l:jprr~(7) 
~ 1£ ~ ftJ: '1: (7) JJ.1I. ill'IJ\ t? ~ ill t: ~ tr 7Jl t? '1: ~ Q • ~ \, l 

f!~ tt.lf~ A 1.~ C :O~ilt3tftT Q ~nX::'5Cj:, iM!~ 

(7)i;t#;jbJJ.~(7) "ft~" (JiI~, 2000t.t c~) c J!t.tT':' 
C 'lJt-r: ~ Q (7) '1: ~ Q . 

W ft~ilt ~ A 1.:0 t ~~ ,: 5tmT Q .&~ilt~ i t) 

,: t iN16'1:~ Q t':'~7J\ ~ A 1 (7)ifJ'1: ~ A 1.~ c ~ 
~ilf~ff L "C\,lQ ~ (7) t;lf ~ -r\,lQ Ailf~\,l. L7J" L, 

~MH:,j: ~ A 1 (7)ifJ ':~~Ij: i"':> t.:. < fj:1£ L "C\,lt.t\,l. 

.:. tLCj:*'!UII . Wiiitkbl(7) ~ A 1 t':tt'1:t.t <, itt!(7)i& 
bl7J" ~ ~T Q ~ A 1 ,: '? \,l -r ~ ~lm L t.:.~1I'1: ~ Q . 

• ml (1987) (i, *,~.JII. wm:t&bX(7)~A.-{(7)~IDt': 

,?\,l-r1f~~(7)5tfW'&£t.': J:"':> "C ~ A 1.~ t ~*ilf 

~nX: Lt.:.1~, ~~t.:'tilt)J!iRl~11H:I*~ ~ itt.:. c Lt.:.. 
L 7Jl L t.tilt I?, ~ A .-{ q:q: i "':> t.:. < ~~ilt9tff L -r j3 

~-r, :O~(7)~iR~t.t~~(7)ifJOO~t.t~~~~Tt(7) 

ilf1j: \,l':' t, ~~ilf~~ ~ tLt.:. t .~.t>tLQ :f.iM:iltt.t\,l 

.:. C, mJ rm (7) t.E*.t:'5;( 7 ;; ~ ,: ~ A .-{ t: J!.g. -J t.: It (7) 

~~(7)E~iltt.t \, l':' t t.t t" 'd:';If ~ Q t, ll~:O (7)5tm 

&JZ.c: J:"':> -r ~ A 1 ilt~JVt Lt.:. t \,l-J asH:¥irl:J' 'd:'~7Jl 
~~Q 'd:'t~t.t\,l. 

*~.JlI . Wl¥:it!!islQ) ~ A 1 Q)~nX:~mt:,?\,l-r, iff: 

~, gea (1998), Miyajima et al. (1999), ff:I~'~7Jl 

(2000) ,: J: "':> "C$Jft.:. t.t;lf ;ttltl!~ ~ tLt.:.. g Ii!; (1998) 
Ci ~ A.-{ Q)q:q: "~fpJ" (7) J: -J t.tms~ilf~ t), i-(7)1=fl 

,: "j - ~Bf;~':~1f ~ tLt.:.~~t.t 13 ~*Bd1 ~~T ~ A 

1.~~Q.:.t~, ~.~"j-~~~t.tt~.I3. 

Q) ~ A 1.~'lJlt:> Jl-Q ~ A 1 'd:'~J! L, .:. (7) J: -J t.tg 
~(7) ~ A .-{.~ (j: mJ~.&£t. '1:~ t t.:. b (7) '1: ,j: t.t <, ~ 
JVt~1*(7)J:-Jt.tl3m~OO'1:I£~L~t(7)'1:~Qt~~ 

t.:.. -~,: ~ A .-{.~lj:jijJ±-e~ t, m;~lilj:«tJ±'1: 
~ t QfIA!fm'1:~ Q t \,1 -J En~ilf~ Q ilt, fi!ij~ilt~~ L 
-r\,lQ (7)'1:~ ~. "J - y~~ t 13~ ~ A 1.~'lJl t:> t.t 

Q.raiFaJ(7)~mHi.I3*~Q) ~ A 1.~7Jll? t.t t) it> t) (7) 

riwrt.t ~ A .-{.~(7).ft."ifJT#a9':~ft L -r\,l < (7) 
'1: , .:. (7) ~ A 1 *':0 ilf~I£T ~ HiM ,: 13 ~ ~ A 1 .:0 tit 
~ tt.:. t Q) t~~ t:>tLQ. it.:., ':'Q) ~ A 1 ':Ci~~~T 
Q fJTl&!fm • :kdllJll:O (0 - "j ;;:0 (7) A r 0 ;; -r '7 A tlf! 
1*) ~'2itrIDittlf~ t), -t(7)JlIR(7)flnX:fIA~lj: ~ A 1.:0 + 
*,1!JII:O+"j-~$~'1:~Q. ':'Q)IDRQ)ifJQ)~A1.~ 

t~d.1*ifJ~t?~WL~b(7)t~~l?tLQ. 

~ I? ':*~.JI' . Wii,id&bX'1: ~ A 1 t ~ it "C \,l t.:. t (7) 
':'i, ~ A 1.:0 + 1f..m::07J"1? t.t Q b Q)ilf~ Q. ~ A 
1c~.~~*.t:5;(7;;~(7)~~~=7~~07~t 

L -rl3'i tl~ W..m:~'i, w~:o + ~ A 1.~(7) t Q) t, 
ll~~ + :O~(7) t (7) ~:*glj'1: ~, ~~'d:''2itrV~~~: 
lj: B~f5:~ ~ < ~ :Oilt'2i i tlQ .:. t ilta;; ~. tr~m!'~7Jl 

(2000) lj:, Si02 - H20 - NaAISi04(7) =nX:5tlf~ '1:mM;tJf 
~ j3.:. t.t \,l, *~.JlI . wm:it!!i9l(7) ~ A 1 ~:J! I? itQ ~ 

A 1.~+ "j- ~~~~ ~ A 1.:0+ •• :0 t \,l -J fI.t 
.m.g.t>~#, •• ~-~A1.~+:O~(7).&£t.~~ 
J: t) t fltJ±1IDJ'1:, '1J A ~ :0 + ltl~~- 2 ~ A 1.~(7) 
.& $ db *,i J: t) b ~ ~ 7ilj J± fJ.!J (7) ~ ftJ: 0) ""f'1: IE m .&JZ.,; lj: 

t.t<~nX:.1*~I?~WL-JQ~t'd:'~L~. 

'7 ;( 1) '1J Q) '1J 1) 7 * )v = '7 rl" ~ :/ ~ = r WClear 
Creek ,: jt I? tLQJlIR* ~ A 1.~~(7)tl.i15-'j:, ~~(7)fftJ 

tL § ~ i~ t.:. L t.:. ~ JVt lifE 1* J:fl7J\ I? ~ A 1 • ~ ilf ~ t t.:. t 
~ ~ ~ it "C\,lQ (Coleman, 1961). .:. (7) J: -J ,: ~ A 1. 

~~t~IDt.1*ifJ7J"1? iR~, raWT Q .:. t tlt~ Q':' t C;1 

.l-j.WI7J"I?Fa~ ~ tL -r \,1 t.:.tlt , ~ A 1 (7)3::~t.t~nX:.m 
'1: 'i t.t \, l t j! t.t ~ it, .:. tL i -r: -t (7) ~~tt ,: '? \, l "C (;1 

ml ~ ~ tL "C \, l t.t \, l . L 7Jl L t.t il~ I? , 8 * f': 't '1: ~ < ~ 
"\" :/ '? - , '7;( 1) 13, ~ '7 ~ '? 7', 0 ~ '7 ~ Q) ~ A 1 

(~A 1.~E) (7)ifJ ':~~ilf~fj: L "'(\,lQf§lJ~t~"':> t:. 

< ii \, l t \, l -J .:. t Ij:, ~ t.t < t t 1ft -rr-ifJ Q) ~ A 1 ilfWl 

~~-~ A 1.~ + ~~ t \,l -J 1it*4!t.t .&£t.t.: 't-r:~ t 
f.:.Q)-r:lj: 1j: \,1':' t 'd:' ~ L -r \,l ~. Clear Creek(7).IIJR~ ~ 

A 1.:O~Q)fllVtili:~ 1;1 ~ A 1.:0 + l!i~:O + n~~ 
-e~ t) (Coleman, 1961), *~.JII· Wi¥:lt!!~(7)mJJI:flL 
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-e-~ ~ (Coleman, 1961), *f;{I.JII. 1f~:l&~Q)wf/H:f~ ~ Q . .: tL';t~fg$~~mffltT Q f1i:!Jti1t8fg$~ ~ffIi 

tRT Q ~JfUit-/J'~#~itI!i&~imQ) ~ A 1 tifCc;s~W Q ntT Q f1t~ J: fJ ~ *VfE~lij;.~: J: Q i-l1k':~"l': c ~ 

~ A 1.:O~Q)IDRQ)ti1!i,;t, ~ A 1.:0 + lf~:Oi1ftl 

df1t~~~~. ~A1*~.:O-~A1~:O+:O.c 

,,\? mlffl'&lZ -e-~J£ 1., t.:. }:: "\ -J [Si~: l;twrl!i!Q) J: -J ,:~ 

r~,.g:i1f~ ~ i1f, m~~~*!J.J11 . ~~i&:liQ) ~ A 1 Q) 

T~~*.J£._~;~WL~~Q)~~~c~~T~ 

Q) r;tiUi ~ -tt ; tl ~ . ~ A 1 Q) q:q:. ntvtL _i1 l ~ .ra W 
Lt.:. ~ A 1.:Oi1f~ ~ Q) l;t.~~Q)~, .ftli1f~ A 1 

Q)~nt~mQ)~~~~Q)~Q)~, .ftlc~~~~Q)~ 

IDtfl.i1r~~ Q)i1\ .: tli1l; Q)~~Q)~m c Lt.:."\. 

3 l::~-{O)@.t.418 

~ A 1 l;t c"Q) J: -J ~tt~i1l; fftnt ~ tl "( I"l ~ Q) t!. ~ 

-J 7Jl. ~ < Q)ft~. (f§JJit'f, i!£UJ. ]982; i&~Eil1* 

~~~*'i'JIti:i&~$A •• ~fi~, ]996 ; W~ . ?.i)£, 

1972) ~I;t, ~A1 C"\-JSt:o,;t~A1j!J:Oi}l;~Q 

c ~ tl. ~ t.:., ~ A 1 *IJC51;tSt:o ~ A 1 Q)~~tlRX:fIA 

~ c ~ tl ~I,,\~. -Rt':I;t ~ A 1 ,;t~fSQ):i::O C "l-J 

~~i1r~m"'i1f, ~f!j.:J.;ti.,: ~ ~1!~~~f!~Q) ~ Q)i1f 

a; ~, ill: ill (1982) ,: J: tL 'lk:;}{S Q) ift~ . B . "1t . 
~·~~·~·W·.*·.~~~~~. ':Q)-J~* 

!J.JlI . i!f~:i&Ja7Jl; l;t~-~**1fj.:J.;ti.Q)f!ilJQ) ~ A 1 

i1fiiWT ~. * !J.JI I . ilfili::l&bl,:im-t ~1t~B9~ ~ A 

1 Q) f! ~ ~ ~ s . k:l . i~* . W .• (J) 5 f! ,: -?" \"(' , 

i"Q)f!Q)~1Zi1 c fIA~ftQ)IMJ1*': -?I"l~l!i!~~. 

fli:~Q)~15,.:,;t, (I)iI#5C*':J: ~jJffS, (2)717-

-l! ;" ~ - ,: J: ~ ~f!, (3)iiti1ffQ)#tb ,: J: ~ .f!!., (4):7t 

Q)T$': J: ~ ~f! ~ C"Q)JJj(~i1f~ ~ (~*;, 1975). 

~A1Q)~f!Q)JJj(IZi1~~#5C.Q)-.~~~DQ)~~ 

7Jf~1Zi1 c T Q¥X~.:J.fFI;t~I,,' (f1!]it If, i!i:UJ, 1982 ; i&~ 

f!Hf*~~~*'i'n&i&~.A.~~ jl~. 1996). a I"l1f!.;l 

~ C ~ A 1 Q)~f!!.$$7t~.RX:T Q Iit~I;t 70.L. ~~ 

~ A 1.:o-e-~~ c "\-J': c ,:~~. Li1l L, ~f!!.Q) 

~~*~~~~~c-t~¥X~~~~~ (~it~,fi 

i.T! • ?.i.T!. 1972). -? ~ fJ, ~fSI;t ~ A 1 Q)ft ~ *ffl¥-J 
~ fS ~ ~ ~ ,: ~ i1l7Jlp; -rft~. ,: J: -::> ~f!!.Q)mtl15l~: 

-? I"l~ Q)acl!J!i1f-Ji 1.,"(' I"l~"l(J)~ ~ ~. 

815 t&f!O) l:: ~ -( *!J.JII. Wi¥:i&jiiiQ) ~ A 1 ,: 

l;t, 8 f!!.Q)$7t':~~15 ~ 1E T ~ $7ti1t:iFtMJIU ':1ttif 
T Q ~ Q)7Jf~I"l. m"""F~I;t~Im~sf!Q)$7tl;t*~O.l 

mm-2mm(J).~~M-?~~-.tt~-~tt~_~~ 

~ ~, ~1Il~kif!!.Q)$7t,;ti":ttJ: ~ ,;t,;t~7Jl':*'Hti:~ 

~ ~. iifij~Q):tJt § ,;t.tt'~B~aJ.lIl1t~ a; Q. ~ t.:., S fS$ 

7t C ~f!OO7ti1riJtl£ L"(, I"l ~ ~ A 1 Q)~:o~(;t, ~f! 

$ 7ti1f ~ :b t) Q) 8 f! oo;t J: ~ ~' L ~ .:. Iv ~ I" .. Q .: c i1~ 

~ L ~ j3 ~, jifij~~mJVtT ~fIA!Jtfti1r~~ -::> "t"I,,\~': 

C ~~~ L "('''~~. 
~ A 1.:OO)l.I~1t~*H.J£,j:A~5C~Q)#i1\ ~ ~ Q 

NaAlSi206~~~Q)~, *'1!~~~A1.:Oi1~;~~ ~A 

1 l;t~f!!.~~I,,\Ij:815-e-~~. ~~, 7t11r1.,"('~~ c 

Sf!$7tl;tJt~tt-J~~':i!i:I,," ~ A 1.:O~~ t), sf!!. 

lm7t(J) ~ A 1.:0 Q)ft3!(B~5i::il:;t11rfI! (wt. %) l;t, 

Si02 59.26, AbO) 24.88, FeO 0.06, MgO 0.12, CaO 0.28, 

N820 15.32~~ ~ t.:. • .: tL';tJJ.~1t~*1ldQ) ~ A 1. 
:Ci1~M-? Si02 59.45 wt.% • AbO) 25.22 wt.%, NmO 15.33 

wt. % ':ill:"\ii!~~ ~. -1], ~fS(J)OO7tQ)flAfJt,;t ~ A 

1.:O~';t~ < *;"7 7' A.:O~, .fQ)ft3!(I¥-JJEii7t 

tJrii! (wt. %) l;t, Si02 57.60, AbO) 13.08, FeO 0.38, 

MgO 8.61, CaO ]2.31, Na20 7.79~~~. jiiJlf (1939) 

(i sf! c ~f!(J) ~ A 1 ':-?I"l~~~7tt1f~ j3': ~I,,", 

sf!~;t~';tMgO 0.78, CaO 0.98 wt.%~~Qi1f, ~f! 

~7t~I;tMgO 1.70, CaO 1.58 wt. % c I"l-J *B*~7F L 

t.:.. ~~ (1987) ~I;t ~ A 1 (J)EPMA;t11r~ j3.: ~" .. , 

~~Q) ~ A 1 i1f CnO)a-0.91-1.61 wt. %'2itr ~ A 1.:0-
C "\ -J _* ~ 7F L t.:.. .::tt; Q)Jtiit~ (;t ~ A 1 ,: '2i ~ 
tl~ *:/ 7 7' A.:OQ)ff~Q)m~(;t~"l. Yokoyama 

and Sameshima (1982) (;tEPMA7t11rr: J: t) *!J.JII . W 
~:l&jiQ) ~ A 1 r: ~ A 1.:0 c * ;" 7 7' A jiJ:Ci1f:Jtff 

L "t" Vl Q .: c ~W~ ~~; i1l ,: 1., t.:.i1f, ~1Ii ~Q)fS c 

flt~~Q) 001* r: -?I"l ~ (;t~ 1i 1., ~ "l ~ 1,,\. Oba et al. 

(1992) (;t*!J.J1I1P/J'ifaJl I J:.mE 3 ~*if8rVfEQ) ~ A 1 Q) 

aciftlf1t~~ ~ j3.: ~ 1,,", *;" 7 7' A _:0 c ~ A 1.:0 
Q):Jt:ff: ~ IJIl ;;;l ,: L t.:.. ~*-lQ)~ic7J\; 15 c fIA~ft ~ 

~il L ~ I"l t.:.':' c i1f -J i1 l i1t it ~ i1f, ~1Ii ~kdkf!Q)$7t 

i1t *;"7 7 A.:O~~Q C "l-J ~lil~icl!i!I;t~"l. t:E *, Cd:m-tr ~ A 1.:5 c ~ tl "t"I,,'t.:.*!J.J1I . Wmi& 
~Q) ~ A 1 Q)~f!oo;t,:, :;f './ 7 7' A.:07Jt~ ~.: C 

~ ~Iit ,: acifil1., t.:. Q) ,;t8' ~ (1996) i1fftW~ ~ ~. ~ 

itkJiQ):;f:/ 7 7' A.:o,;t~ < Q)ti1!i, Cd;t~tfHi~j.:J. 

r-e~~. ~~ (1987) l;t ~ A 1 Q)iIHifS$7t(;tcr~ 

~lvt': ~ A 1.:0 (CnO) 0.91-1.61 wt. %) c 1., ~I"l 

Q i1f, *!J.J11 . 1f~itkb.lQ) ~ A 1 (J)kif!!.!57to) 3:.~. 

ntfli:~(;t ~ A 1.:O~I;t ~ < *;" 7 7' A.:O~~ ~, ki 
f!I;tFeQ)~* c;Jf it; tl~. .: tl i ~iI]~t.:.~ t) ~,;t~ 
~ (1987) (J)J: -J ~Cr'2i~~A1.:o,;t*3tJt~~~. 

)'~~f! 0) t::: ~ -{ i~*fS (J) ~ A 1 (;t -At t: (;t '7 ~ ;" .y 

- ~ A 1 c IJif!lftl ~ \,lQ. i~*f! ~ A 1 (;tWmit!!:lit: 

~~Q) ~ Q) (~~, 1987) c ~ tl"(' 1,," t.:.i1t , Oba et al. 

(1992) ,: J: ~ "(' IJ'iiJII i1\ ; ~ .f (J) ffl£i1fmmi ~ tl, iff 
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m.~~~~~~.~ .. ~~~1~~.t~h~. 
L i1~ L, :kd~UII • 1fmi&~': 11 tr 1:: ~ 1 ~t=f~t.: ~ ,: 

J:hlf, ~}lI, "J'iiJlli1~~~ •• ~~~1~f~.~h 
~ .:: t {;t 1970~fti1~ ~ ~ ~ h"'C \,\ t.: t \,\ 1. ..ts 1:: 

~ 1 ~fI!~Ut, mRX:~f.j:IU:-::>\'\"'Cl;t, ~m.: (1987) 

l;tmt.m.RX:~Q).¢.i:-e';t~1,}ft.t\,\ t L "'C\,\~1,}f, ~ba et al. 

(1992) -e,;tTi~~;ft"~m~ L, iiR.~Q)Ji~~fTH:~ 

~ t ~ ~ "'C \, \ ~. ,.J, fqi }II :m ~ iiR. ~ ~ ~ 1 ,: -::> \, \ "'C 

EPMA -e7}:t1f L t.:: t .: -?, 8 ~ t •• ~ $7}l;t t ~ ,: 

~~1'~~~~~~~ 8~M7}~1::~1'.~~TI~ 

l;t#iWm~j.J.ti1~~~"'C~f.JO.l wt. %-e~~t.:Q)':t.t 

L, •• ~$7}~ 1:: ~ 1'.15,:,;tTi02~fO.6-1 wt. %~ 

i h"'C:a t), 8 ~$7t J: ~ fIJI ~ 1,}\':TH:a-Iv-e\,\ ~. 

il35C*~-ft-e~~Ti1,}f1:: ~ 1'.~,:~:fit-e~~i 

h "'C\'\:h.lf~~~ml~ ,: t.t t) 1 ~. i!R.~ ~ ~ l' ~jf 
fgml~ t L"'C, 1:: ~ 1'.~':.iU:'2ii h~ 7-? ";/~ 

~.-e~ ~ t ~;t I? h~ (8" a, 2000) ••• fg 1:: ~ l' 
,: l;tfflf*lll t.t m":~A~ ~ 7- ? ";/ 15 ~ }v 7- }v , ~}v:J";/ 1,}f'2i 

i h "'C\'\~': t ~f~\,\ • .: h ~ ~~~l;tk:Jkfg 1::.A l' ,: 

(;t 'i t Iv t"t.t <, 8 fg ~ ~ l' ,: l;t i h -e ~ ~. 1:: ~ l' 

Q)~E-eQ)Ti~iit (.!ji1li:wt. %) ~ .It~T ~ t~fg 1:: ~ 

1'1,}f O.Ol - 0.09 (.if:t!.J0.03) t!. ~ t.: ~ ,: t.t L, iiR.fg 1:: 

~ l' ';to.04-1.55 (.if:t!.JOAt) -e~ t), ~l?ip':TH:-m

Iv -e\'\ ~ ('8" ea, 1999). i~.fg 1:: ~ l' ,: l;tf~i!I!T ~ ~ 
m~Srl&!fm ~"2itr ~ ~i1f~ t), ~}v:J";/, }v 7-}v, 7-

? ";/~a-'2iIv-el,,\~': t1,}f*lBi-e~~. 

W@.O) l:: ~ -{ i!ffg~ ~ ~ l' l;t*,~.JlI • Wi¥i&Jj-el;t 

:J /'\)v }- ~ ~ l' t -A~,:IJi]!'fh"'C I,,\~. .: ~:J /'\JV }

l;tfg a-~,* L, ft!!jtmlVt~~. ~i:,*T ~ ~ ~-el;t t.t 
1,,\. ~mt (1958) l;J:*,~.J1115~=I'7lij{lIM:1,}~ ~ W± L 

t.:1ifg=F~fIJI~ 1:: ~ l' ,:jil3 L, E~ac .. t x.~* 
7}tfil:J: t) 1::~1'.15tIiiJJELt.:. ~m.: (1987) l;tit 

ts 1:: ~ l' ~EPMA7}:t1f~:a.: t.t 1,,\, 1tfg 1:: ~ 1 (;tMg, 

Ca, TiQ)RX:7}':~~'Mtr 1:: ~ 1'.~-e~~ t L "'CI,,\~. 

sl\\ 'I i1~ (1997) l;t ~~JII W D 1t ili ~~ J! ~ h t.: wts 1:: 

~ l' ':-::>\,\"'C7}tfi L, Wfg~ml~ t t.t ~ "'CI,,\~~~{;t 

TH:-m-tr*";/ 7 7 .A.~-e~~.: t a-mtrti Lt.:. Wts 

1:: ~ l' Q)*$7t';t~tsQ)Ti'2i;ft" ~ ~ 1'.15-e~ ~ 1Jt , 

~1ll{1:wts ~~T$7},;tilt1:i~WtsQ)~tsfi~~T 

7-? ";/'2i~*";/ 7 7 ~.~1:~ ~. m: ~TH:'Mtr*";/ 
7 7 ~.15~*'lpJtl;t, Si02 57.07, Ti02 6.55, Ab03 7.07, 

FeO 2.84, MgO 8.36, CaO 9.25, NruO 8.75 (wt. %) 't"'~ 

~. Ti a-'2itr * ";/ 7 7 ~ .~~ ;m1:l:H;tJ~ L <, .:: ~ 
Ti02'2i1iil:';ltit~ftjij~1:~~. TH: .. tr*";/ 7 7.A 

.15 (Ti02 5.46wl. %) l;l -)] -j- ¥~ 7 -:17 }-... }v~iai1~ I? 

Curtis and Gittens (1979) 1,}fms L "'C" \ ~ 1,}t, BJ:E l;l ~ 

pJtf'J:ffl~~'tt.:7 }v"h 1)E (agpaitetlJi]!'fh~NatFe 

l:-mtr"h ~ ~ ~~~E~-.) ~Wts ~ ~ l' t ';J:~t.t 

~. 1fts 1:: ~ 1 I: ,;J:f~:i!fiT ~ ~tt~SrilA~ ~'2itr ~ ~ 

~f~ t), ~)v:J";/, )V7-}v, 7-?";/;o ~'2i Iv -e\t\ ~ .: 

t~f*lm-e~~. 

mfS(/)l::~1' *,~.JII. Wmi&ijG1,}~~~fg-9(~ts~ 

~~1'1,}qflH:~.~h~. flt~';J:~~~~tL~~13 

~Q)*4!~':ifrl,,\rtTI,,\.;o~f*$7t~ 6¥J, ~10,um 

@JlQ)!tmB t.t/Fl!fIJlfU:~1Jftti1'£ L"'C \,\ ~. mts ':J!;t 
~ rnt~ ,;J:': Q)/F:i!a~~~Q)ff1'£ L"'C \,\ ~ t':¥J-e, ~ ~ 

l' *,~I31*,j:~ts -e~ ~. /Fl!ijijfJA~';J:EPMA7}~ L 
"'C(,NaJ: t)m:t,:I,,\J(;~,;J:#iW~hir, 15.~~~iiT~ 

ft~tjWj\,\. 

4 l::~-{~**h~~.~t~~.~ 

WmJII~VffitJlJ~~!kE~E7-7";/~S:P~7"7}-=-'J 

7-:10'J7-e~~~±~-~'J7~E •• g~;, 2m 

~ii'f&~ t 3 f1Q) 8 *ffi:mf1t~~t~J! ~ h"'C 1,,\ ~. T 

t.tb~, ffif1t~,;J:Komatsu et. a1. (1973) ,:J: ~1f~;o 

(ohmilite So (Ti, Fe3+) Si4012 (0, OH)'2-3H20)t Chihara et 

al. (1974) ,:J: ~~JltRJII;o UJU~~ ~ 0 ";/7-'7 ~~:n~ a 

7 ~ ";/ 15) (strontio-orthojoaquinite Na2+xBa4Fel.s (Sr, Ba, 

REE, Nb) 4-xTi4 (0, OH)4 (Si4012) 4 ·2H20). 8 *ffi~fI! 

~ ,;J:Komatsu et al. ( 1973) t Sakai and Akai( 1994) ,: J: ~ 

1) .:L - :J .A 7 z ";/ 15 (leucosphenite BaNa4ThB2Si 10030) , 

~=- }- ~ (benitoite BaTiShO",), ~ ~ 0 ";/ 7- '7 ~ 1:l,*~ 

(strontium-apatite Srs(P04)3(OH, F) ~~~. \'\Th~!* 

~i1\t.tfg~-ej1:J1ll{1¥-J t.t* ~ ~ ~~-;, ~':1lltR}lIE,;J: 

~ ~ 15mm,:i!T ~*1i~ ~~TfJff1t!Jm~~ ~ t.:t.:N.>fU:!Jm 

~~~~fHI1:* ~ t.ti!m t t.t ~ t.:. L 1,}~ L, -t-~f~, 

~\'\rdl*,~.JlI . Wmi&bl1,}~ ~ l;J:fJfilA~,;J: ~ ~ -? lv, fffl 
~f&~ ~§£. ~ $fli3- ~ h "'C I" \ ~ 1,}~ -? t.:. 

19971F, WmlBTi£11~IJ(JlI~1Ji1,}~~~ LI,,\~~~iIA!fm 

Q)~m~~'tt.:i'it~Ji :J6 t i\i*~i$~': J: ~"'C, .:: ~fI! 

~1Jf8 * 2 fJlj 13 t t.t ~ :J ~.:c 707.;0 (kosmochlor 
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