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... bstr:-ct 

The; studie:d C"Tt.-f1 , i n tb<:l Prec<nbri"n Shibld of wes t e rn 

Etbiopi[l , is chr r [lctori zl..oo by h.w i'l"ThimLite f" r 8de C1.e t'morpb isn 

rond by suprF!cT."ustf"!l roc k s of st:cli"ontnr y <' Dd volc rm i c ori gin. 

Tho c<'stc.J'n p~rt 0f "th"" "1"0<" is conp"'!~~d o f wo l l - pr o s e rve d 

turbicites (\I'rnckes PDd 7)( lit~s) , volcanicl "'stic r ocks , s ilt-

st,')ne s ,nc! chert!'> whi ch "'T' r'! sii lil"l r t'1 s ubaaueous scd i n.cntRry 

Gcnr}sits PSSOCi1t\Jc1 "'lith 'l')do:J r n v(jlc ~m ic fi r e s , "'/h e r e rs the 

WGstl;rn port is 00"'D09,":6 of st:ronr-1y d."'! fo r ned ne tap lutonic 

t',"'cks "'nd sch i st!' lrlrr:"" ly ,I..: riv(;d fro1"l SI11"11 ir.t rusions. 
. . 

ti -:n. Th,~ ,--, rl i e r \'1:1f1 Ti.;spons i bl.J for the r(~Rior.lp l deve l op-

-;0nt of <'In ~Yi["l plflne schist"'sity; t he secoDr.l w[' s re spons ible 

for the d...,voloPMunt of c ylnoitic fo liet i an , i"'lC' inly in t he 

·\·.fOst0 rn p~rt of th0 Drt.:...... Thcl r .... is no dist i nc ti '1n in ne t a -

·" rr.hic fT ..... dc bet\'!cen tb .... -l i n.Jrel pssc"1bl ~ge s f 0r J!led during 

th""s" tllO events. M0tr orphic ,!'~ssurc 1M'S 3.5 kbnr or l ess 

"nd tc :p~raturc of thc.: or de r of 525°~ 25°c , i.c. lotoj'c r 

Sixty cb 'C".!n icnl ""Dolyscs of the n,Jtnvol c ~nic fin d l_ioJ tfl -

intrusive '('ocl{ ip~icAte th-"t tbe y r '¥ sul t froT"] dest r uct i ve 
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1.1 ObjEc:ctiviJS 

E"o r l""ck of d~t:'ilGd Gtud i es , the Pr~ c ~pbri[l n fl:color-y 

,:,f Et~~ i o"p i <' i s st i ll hr r ctly lW cl rstooc. : .. r;0ne r a lizec 

r."Z .i n ctf' l .. ( 1978) thrt curr e n tly y>r ovidus ,... fr c.rlcwork for 

both gc;olOlr i c""l intc r prct.-,ti;,n f1 nd econrnn j.c :"i inc r'1l1 cxpl or.<""tion. 

Th(; [1i1"..3 of the rrCs0 nt Har k i s to p r ovide ntJH d:<> t f"l on 

thL) 'Pct r olory , [,;0oc b01"l i stry 1 str.,t i r;r ~ phy f' nd fcolo p.:ic e;nv i -

r !1n :pt of fOrM;"·tin n of f' sui t~ of P r c.cf'Mbri r'n supr pc r us tal 

rno rnu t <' i ntrusiv, rocks in ','csroJrn ~thiopip pr c:.v i ou s l y 

Pl'I)tvr ozo i c f'f..e (rpZf' lfl <::tpl. , 1978). S+r uctur c <- nd n>...:tl'! -

r,,~rphic .. bf1v ....... '1150 b(;cn stuc1 i cd . nhc~ r esul ts obt :-:. ined (' T O 

co':p::>r3d '-lith traE'.! o f tho:: "djPcent r r8 ~' S , p r e vi o us ly r.:lr pped. 

1 ~2 Loc nti0n , TOp').;-;rflphy , /.cc(~s3ibilit y , Clir:lr: t~ flUd 

This st udy wr>s under t"kc n i n f' n rrtlr> 10k~ west of the 

town of '!3ure , locrted in Iluhrh0 r nd.,in s trpt ive r egion 6AOkM 

' ... ·"st of !dc i s ,b!'b n . (T'i,.1 ) . ~he 'lr>p D.:"~'.R i s bound od by 

0 '" 0 '" ' 0 ,11 
34 56 50 - 35 03 17 lonritudcs end 8°15 - P 24 37 lct itudes. 

~he study 'I f'€? l i us on the wcst...., r n n": r g in of t he nor tb-

ilc:st(.. rn Bth i op i .... n plf'te."u . f'Tlo t h o e."st t h E: p l .... t~eu , uDder-

lr i n !Jfl i nly by subhorj 2'.('\ pt .... l 'Pd r t i t'lr;r b; sol t fl ows , lies ., t 

e l e v <'tions of 1 500-·1700:') "hovtJ sIDr - luvt:l l. Th0 t~ J'r p. iD in 
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thiJ '"r·o.:" i s r ugr;v0 , C .1Jri.rcipr: p-; t r ... nc' inr 1 structurelly 

~('!ltr;_,lL:cl ridr-es ... · nd v~'ll'~:ls " nd irr,)f!;ul..-·r """unt- in nrss,_s , 

ri~inr to ~ 'J,:-,}.i r.lUi ,;lcv~t i or (If 18<)1J"'1 (lot .r1~o). ~he ';~ jor 

rive!r in tl"l .... Bil'bir , 'J'hich f] 0\15 fi'lu th t'lo I'lF. th vt..:st(:rn t~id<.: 

of th o) ":,,~~, f't rn , .... Tlpr01·1"1 . .,t"'" .:lev.., tion of 'SOO- 700Pl. 

Vehicl e; pcc-:.~s?, is I rovidud or,ly b:'1 Or);'; p!ll - ',ref1tbt") r 

r OAr! , the ;n .... i.n Gorc-(;. rnhc ll1 r o :'d ",hieh ppsses th~-:~ u r,h th0 

centr ..... l r"rt of th(; r'I"'. One s,)- ~')n:'l trr-ck , m.'~otirblt3 

nnl;y by ~-\JD v0biclc , cros"'~)s thll mori tinry bps",l t to the 

(.,.: xtrc '1t..; north of the ;'Iru..... . Thv r ost of th ,1 f'TOF' i s ~cc ~9si ­

bl·') fln] y on fo ot. 

Clir.1rtc: of th,! r>rc" is hot -m1 dry'. itt, ~orrenti['l rp i ns 

d llrinpr th0 r:>iny s(>.nson fTOP io - <Tunt:' to 'lid- "C1lpt t!t1 b o".) r , ~ nd 

.~ost of the ~r~~ is sl'pra ..... l~: v;.:~o".)t:'1tL!d ' ith tr~ (.s , th orn 

scrub "nd ul..:-phpnt p:r:!S8 d,ich js hurned by the locrl p~~ople 

b0fcT'o tho;.: fi e ld s ...... ~s".'n. 

1.3 l'r .. !ViOllS nnrl. i TiJr:ent \.":lrk 

The -f'j Tq~ r o".)ccmnr- issrncG llF"ppinp: 0 f thn r.::ri '>D \..Ins dono 

by th0 'Et"iopi {,D Itwtitutu () .f GeoJoricr l Surveys durinr 1"77 

to 1<)80 pt 1: ?;0 , OC0 scrll.:! (T1 •. )J'r:o)sh~ ,in n r <Jss ). orhc " r o" 

\':{18 d ividl:d into thr L:c r",'jor d{)"':'1ins , b~scd on litbolo~ .. nd 

structur e. ~hLS0 n r ',~ , fro '" I"est t::> '~st , B"'r ') , Pir h jr FlDC 

Gcb;: no , .... jn5. 'rh· centr11 Rirhir nf)rv i n , whurt': in the stud i ..Jd 

" r cf' li ~ s, cons i r;ts of f.~ lRic 8D(1 rl.,f ic schis tose r ocks T"Ietn ­

IJ'.' rphosL!d in upner p-rc(;nschist t ·") low ' ~"Dhibol it c r"cjc3 , E!nd 

thc tH'O torderinp (lr'l"!r in s consist of r:D'~is5ic fl nd -' i~ . ..,ti tic 
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r:::clrs of ict~'ll.i ~nn W'l)' r ... "'hit;lit0 f'"lcics r-r"el;! . D4.:: :'i t 

("1Q77b) 1'1"Pf'';O th,~ ro~d G.~cti(\n r- ·t ... ' ....... n PUT'_ "TId Gpilb..:l,q 

(Fi'- .. 1) ~nc (i i virl·.;d the rr,J :::truc~-u r ~ll' 11lto three doraains • 

. c,ntr .... l ~'I).,' in of ')rt:r·, iN~ntly lin~r- r-tv j ntur· .. (;d i .... tc­

f :"lTi c t ct()n i t·~s (\"' 'in2) is rl'-nlic.d to the ~I'st I"nd 

We~t by r1< n"' r t .... ct,)rd t<- ,'(1' " inA (1 , .... nd 3).. r:'hr..:· ttld i cd 

;:>T;J:' l i e s !" i t) in thi.J tJir: t ...... Tn'W.st co"'}:-> i n (1) .. 

DL.l'inp 19G4_1r"8() th(; ('r,· ... \1' 16 "rrrncd by r ore- G" .... h u l ... 

r . . otr r v...; rs0 t ;;;;;.'!T1 , f)f \.:"ich "'r...: '.;ri t r i5 ... "1c"!Ibc r. The 

r. .;· .. tr~v·~rs.J i s <' joint Bthi '1 - Cf'n ' c'if'n pr o ,; c ct, in t0nded 

to rive P f'! l"" und ""~r.ic ftJ r th, :-u1)diviR io~ ~ th..:: Prc c flf"brif'n 

in Ethi o'[li" , ~st:-bl i sh r 'loosibl c l ink h~twcfm thoJ Fre -

cpo 'or i pn in ~t\·.i"'ni "" .. nll th<J t1ozt1rtbiau<Jcsn belt ncl jnining 

s·)utln·r;lToS "'n(l t,) loc:-oto "os!'iible: nin,)r,l occurr .. ,l nc c;s i n the 

;-1. rc~. Pr l. l iri n ; ry T' .isult~ of th f~ G,::otr~v:1'sa p:"'vc bee n r~ ­

port8d (nor.c.: - r;p 'h\. l r G .... otrl"'vt)T'F,. 1c?P4 , 1<t86) 

r-c ol'Wic N'P!11nr- \o r"£" crrri ud nut Gurinf' the pt.:irod 

F-~=ch -Jun~) 1<)85 , rmel bri fly in ro r ly 19[~6 , ?S p:- rt of tho 

r.~- ~-G~'1bl. }. "- G..:ot r rv rSl. nroJ.;ct . ; n ~re·'" of :"bou t ... 16 

SQu"rtJ ~- l"n~ .nn .'o::d by tk: ~'r i ter Po+ th~ sc'"'l...; of 1 :5C ,000 . 

D. t,. 'C1'0 ,~ l (ltt;d or' ov. r l"'·y!.l t') 1 : ~O , C0(, :->~riJ.l P~'ot') fr"'phs 

nc tr"n~ f..: rr...:d to b<>GC! r.f'j'S (;:nl- rp; d fro th .... 1 : ?50 , OOO 

t,"' :of,r[';,r ic -;J'" t:o th 5c-1 of tb ph:>to l rflphs . st~t i ons 

were d ircct l ;'lT loep-ted ')n the l;!",'"'t"s ; sU':~le \';nt"' r :v control 

1;'P,S provid.:;d h~' :11ti,·,tltre. f'k: 'in'! Wf"lS c f' rrl.;(l out by 
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lil..::-ns o f f.)·)t trf'v""rsoJs OT" 1- 6 d ;'ys dur,.-·tio n ."'oc sone dr-tr 

frum ot"ri\.:r r;-rticip nts in ih r()'['''' - ''·''"lbi..:l~ Gt-'ot r "'v.!rzo 

',J'.:r:' :"'If:;(! uf,..:d _ l·"l'·~t "CCLI'l:- "'lnr! -'utcr')n r' t'c ..:yce lL: .. nt 

.... sp .... cipll·{ -'onp' i'~u thu 'irr- j.r riv"" r , tht: ';-:-in r o"' d C' f1d in 

!:: -. 01:):-1 sty ......... · fi ... ldch '1rovidl..![l ."'lnof't c:)ptim.:.uus , fr u::>h 

c.:rp "sur c. Outcr0ns P!'l rl'l' n( .... nt in th ..... irt,-;rv ... ninp: ,'1r'CJf'S 

nc 1)r\"" f-'-I..,;sh , ~ 'c..;:pt on hill .:.:itl ~D H'lch sho,,; poo r rod 

\ ... "1.rC1 t.:ci o<::v-pflsur cs. f",- ...,It S \H;;rd cl'11uc tvc1 \·,'1erev 8r 

c..h;->n. us in l:i t).-, l' or:y oce,'r ~n(~ p'ltr ")p-r rph i c studies on 100 

s'1:wlt.-s ~··<.;re d.-'o...:'" d':;T.l..'r in .... \'~'''''''i ... tion in (' ... · ... osition ~ nd 

t xture. r~('ld0S .... l~r\.,; visur-lly ..;st i mptcd in th in st:ction j 

StrLckc: i!:>cn ' s ( 1C;76 , 19'7Q) cl"'!s,f>ific~tions of plutonic .... nd 

vulcf1 nic :;"'ocks \4er", follmJ..:::d. [-·'jor ?nc! trl"c0 c l cT'1c nt .. 

fn"lysz..s of r.Jctr-v()]c·'nic nna l:1,!t:'intrusiv(. r ocks wl,.; r e used 

to ~0t~r'in0 tuctonic 9~ttin~ 11sinr vrri ous ~ i~frrms . 
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'2 .. 1 . Rogi unnl Ge ol on 

Tht; (I1ut~ lOrnhic c;)fll,l..:' , .. , ... ith itf'. "tt~nd~nt pluton ic 

T0CkF> , thpt l1r>kt::;s up the Prec"1;'hrirn t:·g·[1 nt of Eth io-p ir'. 

structur~l 7.nno str0tcht.inl 1'r01" P07.p;'")bioue to Suder. "'InC. 

'Sftypt ..... nd nrobFlbly O'l<:n to fi~'udi :.t' (1hj!2. In thl; nriFinl'l 

o:l\Jfinition of thlJ n0 7,A~bi'lu,' " .... It !T")lc,.s (1 C C,1) d(..scrib.:.!d 

its inn..;r, hir;i'ly ct ..... ,('J!'ph;:)f..;,)d P'''-rts ~rt;; xTosed on th0 

(1966), but lctt_r Clifford (1'170) cono i dcTcC it C5 o "Vcst i -

~L )syncl ine lt o r '10Li1(.; h It 1,ui't up ,-s cpt i"lly of r Cl'lobi -

lI.OQ .. 7007J.Y. (C~hon, 1Qf,1). Th-.; flosit inn of Ethiopi"> is 

uniqu....; in thf't \·,ithin i ts tcrrit0ry t\.<lO .,~jor structures rrlcot : 

the l=?ed So;, "'81 t which is rn Ul,per Frot r C1.oic r:cosyncline 

nd the t-toz"",riquu 1; ..... 1 t in ,,:h ich oldeT' rocks Und3 r \iiJnt r:tct,, -

"10r""1ist'1 "nd de fo r rntion ""'t p tin .. r'mrhl~' caincidcnt with 

cl 'suro rn0 f0lr:li ng in th...: ""'r,~~ of thL! ~entt c'",y R0d GC"l. 

(K' znin, 1978). 

Prcc~~bri"n rock~ outcro~ in fnur ~ r~ns of ~thiopi~ 

th"" ")os!3 i bl; strrtir;r""'Dhy of th~sL: units , "nc th..:: ir 
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Figure 2 : 
A.rrovl indicates the location of study area . 
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cor~l,,:lption () thes of L"'st fric" ~nd .• rRbi f' , f'r !O:\1nnn -

riz· d in Trhl~s 1 "pd 2 

::!isses pr ~or:in,..t,- , 

lith sub~r~innt~ qL"rtzofuld8p"'thic ~n~isscs ! c~lc- ~ilic: t~s 

rnd ~'1phih{)lit, s. 

Th l.... f1iddL' f.:o I1plvx : is rc;. r .... t: nturt by i;S"'fI1l1it i c nnd 

V~litic n~t~B~~i~~ntG with ~ubnreinrt ~rrblus, c"'lcsjlic..,tcs 

~nd -":t)hib\')l~ Gchists. 

Tn..;, llpp<...:r c" "';Jl\".x : C~n: i!"ts of lQ\f- g,r"'dc rock, in thIJ 

fall J~'inr U~)\"· r':'l r-ucc .'si--n : 0r}1:i()' j ric Y'')cks, "Tlrl 'sitic i"!t_t ... -

v ~ le. nic:..; "lid' r,o<,;oci t d I" t. :;. ci nt, c' .... f..,tic r nc1 r· l..1s':"t.: r 

The 1m;, .. r , ~iddL., pnet {Tpp r C'):'l;:>l(;xcs !'·'or.; int'Jrprctud 

tlo r,JI)r.'fj· nt , r..:;s'f), ctiv,",l~', l]d'~r (rrl.:",t..;r thrn 25001 .y.) 

crst'1nic b' s";'1iJnt, L..:H..;I' t·) r'i<l(11v prott.;-rozr.ic T)ll"tforn cover 

"'nd tTpper Pro··;rozoi~ iel~nrl I r~ .... S! llMhl o !7,cS (Jlrz'1in ot .... l. , 

• 
Th\.. thrl.:._· lith .Flrruct\'r~l ('')Mr in ~ id\..ntificd on th bflD i s 

of r",con)']~is~ncc q~ppinf'" by'" nr ·th .... (in nr css) Pr': sh .... wn in 

Fic-ur03. ~hL c~ntr"1, nirbir ~ · .... iT' c')nsi~ts of fe1r:ic nnd 

,.,ric sel iRto",c roc \os if' "?l.J~r rr:c. n rcl-iflt to 1m: .... r~phirditc 

f"ci(;E:. Th...:y ., ..... u in p .... rt of q r:l.i r.t'r·, 0riFin , ir,cll'c.ing 

v lc<>nic1'"'f'tic f ci D, .... nct 1.ntruddd ~,~T 1'"'r1""1. M~fic to if'ter­

'''' i"tc (tY·'ic' 11:' tr'ln"'litic) lllltons, S·,),""", of which ~r(; 

.' 
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c')osirt of jZ":'h.;i~!"ic ~nd irn"'titic r0C'ks ,..t -'iddl<.= nod Upfll.:r 

sl i1 r rocys to tho...: ~'\,:Jt in th,l n"ro do ,I' in, but "'lu"inuus , 

'~~'fic .... Tl( c ..... J c-gilic,.tlJ p"'r r.nLi~s s ~r" r"IL:.C'h '1or c pro'1io.Jnt 

{'nd If" r r;.r plut'1njc bc;ci\Js. In the Cubn fI nr i n th(:so nro 

'''inly I'1rfic to intu H:di"tu "Inti stronr1y d .... fo~ .d ; in tho 

}! 1'0.-1 ~ in L~ucf)~r"J'"Iit. pr1d()! inrt 5, includiny. 1:>oth e .... rly 

lunticul"'T ~'-.d)r~h)d bf')c,i..:s :--nd 1 t , .,~ssivc , ,lisc or d"'nt 

e,t'·cks. r;lh ... I-tt r nv r]r-p "n~ trl.Jlc"1 the b~ur,d:"ry 

1· ... tw\;~n th l1"'1ro ' nc irtir (l')""ins (r,(lJ'L. - O"'-bl...lf' '1l.:otr ~ v€: r!lo , 

1°85). 

Th r -vJ <"':s!';L nt ir"'lly ctiAtinct f;t It...:rn ivu int(;rpr~ '"'t ions 

(1.... 'sited uncnnf'1J'n"oly :m "ld0 r h~'f',\:C'lo...:J"!t of t}'l c ~r jf'lccmt 

at') r ins , pc r9 ~Ds in "r ir:: tr~'c ... ,...tonic rift (f'-"'~-in <.:t"' l . , 10.78) ; 

nC~5 in ~"t~"Jor',hic r,r .... d'" ro ~(m -l-hl.;:1 , r ... f:ultinf<; fro unkruwn 

c ntT'ol~ , h .... vc ~iv n ri.!:_ tC'l tp,_ ciff .... rt:nc..:s in litholop:y , 

~n' t~ctanic f:tylc. 
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3. Th .... dOrlf'ins h --v"" b\,:t,..:n t ... ctonic1'lly I"Iss .. cr-lud by 

"l)r,j')r tr<'ns l r-tions , thuf: th ir oriRin r> l r_l' tiODE pr ... un­

kr ;\>/D a Th .... ;V l":.<'y '1 11 'H~ of tot:-- lly diff ~ r .... nt n ririDC11 'lgo 

~nd Inc!"l \.,' of orip-in. 

=- . n - n T 5 7 
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2 . 2 G",oloEY of h_ Study Ar ..... 

2.2 .1 str"t igr'\phy 

Th~ r~ck5 of th studiud nrJ~ for~ port of th~ ~irbir 

don~ in, ch ~ rnct~ r izcd by low ~nphibolitQ rr~1, ~~tnoorph-

isr.J :::nd Bu:,r'>cJ"unt"'l rocko of sod i Mt.:;ntl' ry r nd volc.,nic 

ori ~in, Th .... ~"St. 1'n pl1rt of hv r:I~p ,. r un is composed 

'ilr>inly of well PI" !!;,l J"V(;(' m0tfls.ldi'1t;ot"' ry I,nd mtltnvo lcF' nic­

I nstic r ocks intrudud by 1 "' r p;..: plut(1 n~ , 'I/horu"s r" inly 

hor nbh.nc.o- bl.!l'ring schists of unknrnm orip:in pnd n .... t .. intru­

s i v" r ocks pr .. ,H!ol·linf't'J in tho w. Gt ... rn prrt. n"dding/cl..Hwrgv 

(iscor cl'" Dcv '"nd r;rpC"',~ bucls in th_ t".oOdimwots indicn to: 

"'n (;;rstwpr d ciir .... ct i ('lD f y lUnf"i n(~ , but th..;su r .... lptions cf'lulcl 

not bo"l obB\"'rv ... '~ in th J w ... ot b,·c."u!3\J r::Iylonitiznt i on hro thor u 

..:blit'rr>t ... d Much of thl". oriF'iD..--l n~tur .. o f tbu r~cks pnc:' tr .... ns­

p('s,~d th.., (;~ rl i'r "'xirl nl" n l foli .... ti, n . SiTiil"'rily , 1'IlthouE"h 

somu of thG intruoiv~ rocy.s c"'n be ~rc~r ;~ ~ccordinr to tb~ ir 

d\..'~rcJ of C frTI'l.ntion "DC' cont .... ct r ul·'tionsh ips nost of thu 

l..)t~t!l"rphosod '1ll.uto ni c r Dcks ['r<.:.: of unc ~ rt~'in r ll}"tiv..: ngo . 

It is th-Jrl.:f('lrtJ , d iffic ul t to r:iv(: I'l cn"nf'JF,itt..! str~t i r:r '" hy 

fo r th(. Frvcpnbri:"n r ocks of tbu rrt,;:, , noel litholof1ic units 

c(;r>ict.,.,d 011 the r....:o1nf'icrl nap ("'iR .. 4) do not entirely r •. -

pr l..s nt ... str r-t i rT""nh ic ordt; r. 

D:...t~il...:d 'l')l.:tror-rnph i c d ::cript i ')ns I' r F' iv ... n for tho 

tYl.ic.nl T('Ick typ(':s of ... :·ch litho]:')r,ic u nit, flnd l'Ilincr~l 0011-

popitioll of th r0cks cof tb r r .. , "rd f"iv in 'p'P~'nd i" 2 • 

'/huro "'inJ r nl -'odificrG :-o r .... uR~d in r'lCY O .... !·h;S , thC'y .... r o 

writt(;" in ord..;-r (If incr<.;M1inp- "rllnO'"lnco . f;oflcor d .... ncy pnd 

~~~ __ ~ ______ ? .... ~7 .. ~F .. ZE .... 7 ................. 
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!" igure ll- : Geo lofJ'icktl 1flp . 

The area is bounded by 3l~o56 ' 50 ' ' - 35°03 ' 17 " lon~itudes 
o T O ' , , 

and 8 15 - 8 24 37 latitudes . See next pa~e for leg~nd . 
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diECOJ"r'''nc~' T'.yf . .:r to t:h. T'uf!:irm, 1 fo]i~tion ~ir,~ction. 

".2.2 .1.1 FL)rnbl(: [).d c~-b(;nring sr.bists ('bhe) 

P ,') rnbl v ndu , l'i·"')ti tu-hornblvnru I hornblcnde - biot i tc I 

biotite schists rnd qur'rtz-rich lryors outcrop unst of the 

:I1utrtoD"lit e ("tn). !~Gr;oc i ted ""ith th~sc f'ru int e rlnye rs 

of r",cornizl'l.blc 1"h.Jtpintrusiv0 J"0cks nc d r:lf'fic m,,'t~volc"'''nic s 

nnd/or shnllow intrllsiVvG 

D~rk /-:r .... y , fim. - r::rt'lin,'d h')rnbl~ncc -b'J:'Tin~ l"'ycrs "re 

prcof)"linnnt. In the scuthL.:rn "'nrt nor h ..... rn p"'rts nf thd ""' r r, " , 

t
I1.JSC 'r..? fino - f':J':' inud hOr'nhl·.mc't;, bioti e:-hornbhmdc ("nd 

h yrnbl·..:n(l2 - b i ot i tv schir-:tc , tynic .... ll:v intcrll'y..:ro,:.)d ~n c ... nt i­

'.ll..'tr..:; to n~i;r ..... 5e r l ..... . Ijlhrf)ugh."Out I th nIJforr-:wti" D h:-s obsc u­

r .... c' "uch of th..: ")ri r:iDo"'l nrtuT(..! of these r")cks. .~~rroJp;:>t:Js 

('If biotite ,"'nd hOTnhl_DGt! .... DC 'iotito sch istt"!sity ~~fino tho 

f 'li"'tion. tJjthin th Sl.' schiutn 'lra "'innr iptodrll'Y.:.:rs of 

fin,.; - to r.()(;i"i - p;rn ino" , h'nticul'1r I,! 't ... intrusiv~ hnrii .... s of 

"ioritic ",0' f''lbor1<t' c cnnositio n with relict i gpeou B t exture . 

"hcl"'....; . r!J ;'11so continuous , 1- 2.., \ i(lu rnr. Lmt icul "' r , f ow 

ccpti~0tr~s wir~ .... n~ fuw o~trcs long IpycTs of fiD~ -~r~iDe~ 

""!."'fic ·;et~volc""nics .. nd/or sh .... ll'J\! int-rusivcs. 

Th \olholCl fluccnsslc.n ir- cut b~' DU ;"'IO rf)Us fin "' - F(r - inad 

n.nfic ~;Vk,Js , r!J.r' str:::n'lf;ly f')li'tt;d t·, ~y:"llnitic t::r"lnitic 



- 18-

In t ' ,,:. c ntrnl pt'J't 1f '":hu Qutcr')p, int rl Y'..:rl!c. \lith 

rich sch i sts j h0J'o...! lry~,rinp' r~nr:....:~ fro- '1 - 5c-' uptp 2-~."i .. "'t'y-pi­

c"'lly E-1 0C"1. I.t p).,cus, v ry fip - p;r-in(.c biotite schists 

.... nd qU'-rt z-ri ch schi!"'ts . T\.: int.,rl l"'ycr. d . 

"'i-f;b horl'1hlendc schists , nr·' finl... - to rh:cl i u"ll- r;r'1.inect , Mrss i vc 

. r-r:>phi tic 1 "yer .. ,r ~ ohsoarved 

in the no r th adj-"c....::nt to th0 Qllf"rt? n.Jt'''~OD 7.0n:i to ('l1flZ) . 

This llnit nIs:'> cont~ins r> f~w silvvrs of ultr1'r;J,,;fic , 

ch10ritc- octinolit, s chists. 

ti'D h·'"15 tot"lly nhlit·~r .. tt,..:d thu o rif!'in~l n"ture 0f tbt..: rocks) 

'r~ of unl:T'2l101D ·'1 T' ir:in. '"'.u"'-rtz- r ch l"'y~rs c:m10 b(;l Ollc.:t11Stld ri.. -

ID.;nts "nc/or vc..;ry finE..-r,:rpin...:0 t~ct(mitl!s d0ri vcd fr~r, once 

C0 rS0!' r'1cks, pc.. r h...,ps (.ven fro;, e:r'-'nito i cl ro cks. 

~n(l '_'1dt"'p(;l i tl.s , \:ith grf'in- p'T' ~c!;"t-ion . c r oss- l .... .,in"'t i on :>nd 

cl · .... v .... po / bcdc ing cisc.:1rr .... nc-.! . 'lithin t"use "' r c- minor intcJ r ­

l .... ycrs of i ntl'r.,~cintc to [\.-lsic ,.: ..... t:""olc~nics , gr .... pbit i c 

schists, PDC c.'"'rhOD(1tL' "')cks. Th-.) UI" i t Gutcrups H,.;s t of tho 

~ Jt,"'volc,...picl .... stics (",ss2) in tll\.; v"'llcy b uDdcc by th(.': two 

li"'rge ·'lutnns ?f l"1i'1tit\J rLtfltonrlitt..) (131 rJtn) rnc. qUf'rtz 

:'et'-l':onzonite ("",7.) 'Inc! d y t...:n(ls t:o tht.. Routh ""·.;;st of the 

the ~iot i te rlet r ,t ()nn]ito (qr ntn) 



• 
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1!~ t ""fr0Y\':r-ckes' "' r lifht rrcy "'nc occ u r in l-cds 15- 50cw 

thick , :--It\;rn:-,tinr' \oJith .'~t~w;lit.-~s~ ,",1,;7:1 for'" .... Iilinor p r o-

i'ortion of tt,<.; t\l :rhi d~t.}s , ... :hur(; flllly d, v\10pcC' 11'1=T ~ ­

'10U'; .... f' •. qu .... nccs (ROt'..,~ , 1q62) HLJ"C 0hs(! rv~c ."'t tbu ;~u l"cti () n 

by cl " st;i(~ f .... ldsprrn 1- 3l"ln , ~nd tr' is int rv"1 r,rrdl1c to 

of BO<.P"'~, (1 962). This in turn is o v .::rlpin b~' rn int~rv"l 

sil iCI,;'~)UE b..:ds t;vpi c r-lly of It - 5CfJ . I n tt- pl'-OVoJ r. ... nt.ion·,;d 

l()c .... lit~f they oVOJ r lic n .... tDgr~Y1 "'ekes cQrresr'onc.ing t o b 1th 

T
4

=Trl.-c i nd/or T5=TC \-le r o the cn ly obs,; r vl:d iJ"ltcT\'rle i n IlI l 

oth" r ')utc r ops. .....he fllUt:-T'dlit ..... s cont""iI1 c o xisting por phyr o-

bl .... sts ')f r f' ncir.r!"jly nri(';nt,;c hi ot it ...: 1- 2'"1n , wh i t ... t o '('ink 

pnd,lusite , \lith sq1..w r e c!'oss- s c~ l ons of 2 - 3cr:'l th<'t h ," v~ 

cl,-," r ly e; r o\'n (lCJ'OSE: b l) tr b,,;dd i n p- rnd sch i stosity ; r <..:dd i sh 

1.- 'I.5c1". ~gG!,,;ptQS wh i ch .,1"'(. poss i bly ps..!udonorphs ('I f cordi­

.Jrit.:: porrhyrnblf'sts. III tht.' "[\OVL ror ph y r obl "'sts "J'IJ 

s(" ttcrc,d in roth tb! r-ic'lcuotlS !"nd z iliceou s b~ds of tb~ 
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o 0 
B-add i nr i ~ c lnsl.. (1;- 25) or p~ r~l l ~l to roli~ t ion , 

t:}.'l,)r ;:;sscd by [;c n i s t os i t y , ind i cf't inp- t h:'t str:1 i n W'lS ex t r t::ne 

,-nd th-~t fold ing \'}['5 close tn iSl"lc li n:"l. 

t;11ipt i CEll C0Dc r at i ''''m ')f Jni rl(lt; i zad c" r boD"te r ("'l cks ( .. 

occur ... ;i t'rlin t h i' Tj.:..: tRgr0 :,rhlr. ckcs t' t the j unction of Chck f' ~nd 

Sur i r iv,.;ors , These fi r e U'{l to 30- 40c m l onl"" " nd r>li~n(.:d pr r "' llc l 

to th..:; hJdd i nfl; . Ca rnr)flr>t ..... r '"cks .., l s() oc cur " 5 thi n l ":v~rs 

':lithin t h;.; rLtr>p01it0s fl t t'! f..:.w plf'cl:s. Gr~phj t ic l"'Yvr s 

occur f~}')nf! t h., or in r Jr,d . 

s:nt:: r., ..... t :wolc ,-. nic ro cks i nt e rl ::O Yl.. r ed ... Ii tl'l t hl.; tur b ia i cs 

"Tv 4-6~' th i ck , ligb t rr..:y , f in0 - g r p iTl l.d , \o i th r ... lict 

to f.;ls i c i n compos i tion . 11\.) ? i llows were obF;cr v.::d but , 

-:..;tf'Il0dSitv \\I' i th qu"'rtz e OYf!:d~ lc s outc r ops i n pl ~o cs . 

Th.J r·enu r "· l o c c urI' lJnc e .... nd c hr T1'ctc r of t hl s unit f, u~pe st 

.'? shc-llo'" u' rin(; 3nv iron'1:mt , f u..-th(; r sup ·or tcd b y occurr ence 

af :~Lly.,c"l...::s i n th<1 "'1o t ;> vo l cr n i cs. Gr "' i n s i z·) p.nc. thic kn..:.ss 

incic."tivl; of d i st .... l r'1cie·s (Pett i j()hn , 1975) . j bunr." nce () f 

l"t"'"""I.~ li tcs f'lso iJld ic ~t (:s that df.lpos i tion ~f1S qui to on the; 

';," fbn r (Petti john, 1Q75). 
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r.rb, GO I'('cks (lutcr0p ..:~st of thD 'll.t..,S d i rh nt~' ry rocks 

(r!sS1) "nc.: o...; Xi; (; DC Jd to th,:; south t') th0 ~lr'i n r o--:d wh~rc t-hI..Y_ 

f" T' '':: t:r"locf't;,·d by thJ l-iot i to r:;l;t..,ton~litc (RI ."t ). Th..;;-,' "'l r {; 

C""TDOS-.;d nr _d0f'J in ~ ntly of '-l; t '1 volc ~ nicl <'stic r ocks "'ith I .. nses 

of :'l\;. tr c onr,lcHlL.'r .... t l) <' no lL.ns ... s "nd l r y , .. rs I f '~"'i.nly intcr­

-:,.J,' i ,.,t .. _ t ,,) f01s ic ~;)t!"vl)lcrnic s pnd ,'lr fic to f ) lsic dyk<3s 

: nei l )T sills . 

u(; t:"'v "'l J.c :"niclpstic r'1cks .... r \J ill-t·., w(;ll - sortod , v . ry 

f in <..: - to ,cdiuPl - E!: r .... i n0d I:'TId ) i F!:ht to dfl rk P: T' 0Y. ITll'h..:y <' r~ 

rich ~pc' "'licl'-T'ich l"y(; rs, ... lith f"ir!y c''' I'' tinuou s laycrinr 

t'ith 0l:hccr"'1 ... nd hrok,Jn fr" ,,",:' nts 0 f fcldsD" r !1 , p:-I rtiFllly 

!:rr \I'helJ.:, Cnio 0t i zcd, C.5- 3ml"" pno ..,nfic ·lin·'r .... l s (r~rc) is 

c,~1')sid:.:r .... d tl"l hnvc bee n 0urivcrl fro '":'l c rYDt" l tuff(?). In 

rr<>in_·d schists ( I . t~""ud stoncs) , \lith ~ f .:w sc.,ttc:!'cd f elsic 

rc:.ck fr ?r,n1i~ nts a re ev .. .:D , 1- 3c r"J p-r"'d0d b,;c~ ,:itt: t'1pS tOl,-'., rd 

th~. n :-.... therst . 

P,.:.t."'1cof.'10'1or"tc l ~ nsus iot ,rc[\l"'t ')d w,it h the r:jc; t"'voc:1ni­

clrstic r''''ck~ rr..:;o h..:.turolithjc , nl1r) r ly s·) rt Ii "'nd .,.,trix -

DC "I f .l: l:'v' r s A.re gJ'f'!d, . .r" n t tho b('s(;. ThL:Y pr l.) .. ·.,iD1y 
" 
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~lr.r:~·" ti'"m ·,)f cl-rts pnd bi0titt.) sC:1if.t"lnit. Cl nt s r~ne:u 

fr)·1 7x9 _2~x/'Ccr.: ! [V r'"'r;~ siz.;) b~iI1g 5710c:' , 'rI1d! c nstitut.: 

3Q- 4Qj of th\V 0utcr'>p. 7hcy -r...: sub""'f)llnCcd to ",'..::ll - r und..:d , 

or sh-.llo"· intrusiv~ r;')ck~ "rel vF' r ying in co~pos itinn fro., 

rLC".sitt: L:-> rhyolit",. 'Pine foliptinn , dif'cl')rd"nt to the 

", tr i y (rcGi0 m' 1 ) schi st-'s i ty , "'ps [1..l0n in nnlv tHO of the 

co· .... -.un icroti(\!' I 1986) 

t.") d"'rk f.rt1Y bIu..:: , v r ;f fin~ -to f i n~ -fl,rrdn d rnd of'ssiv\..' to 

Of "" l[>bibolcs unto 3n'l. 

r~._:trv.)lcpnicc. , clyk,-;s :-,nd/or sills .., .... ,;- I __ ms ... s r-nd th i n 

11"',y\....I';.; int rr-tJdd'..Jd with the .... bovc rl)ck typ~~S. ~h",y ~roJ 'if,h t 

~ ,,' 

"J?inly inte r T1odi[-\te to f,'lsic in coonos i t i on . Ph :J'lncrysts 

. 1'1.; subb<:..;dr."l to cllhL:drF' l plariocl S,J (f:()m;. ~;l"Ii~l')ti2'.ed) IlDd 

l ::J nne outcrnp . 

Th" ~"et:-,volc::,niclrfttic r :cks hp'vd thw ch"'lrt>ct .ri~tic '1f 

.:;~ub""0u 0US (lep0sit8 : ill t') ... ·ell sort::d , "")r{'d,)!,"n~ntly ver y 

finu-to ;'irQ - /:':rrin~c.! , puor beddinr, nnd r")ccurr' nec of thin 

• 
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rr,~(l.;d .... udstr·r\v 1 r Yl.irs (i'iskt.:: f'J1Q ppt~['ut:- , 1961~ j y ....... 7pki 

.:..t ·~1 .. ,1Q73)~ ~his i s fl11'th(: r sum:ort t::c'. bv the; .Jccurr..:DCt.: , 

of :-.:t, conr:l"l 10 I'f't..JS '""hich h"vc; the ch'-r[' ct .;; rstic f ~f't ur-..!s 

( .ulti;" <:''''' 1 cl ~~st s i ze c~ist ribut i oJ"l , po()r £lortinp: "'nc! , .... trix 

sun nrt:... d) of .sub '1"'rinl.. d..:; bris flow dcpCJsits (Pr> r~::ms , 1969 ; 

F i sh", r, 1971 j iI ,'1[ap t on , 1972 '"Ind Gor~ - (',pf1bl,; I F! G.::ot r pv;,...rse , 1986). 

"'bc l:G ight 0f the evi denc e in the mctnconp-lo""1t: rfltus fl lso 

5ion o 

This unit consict s of f"lct .... si l tston"'s, l1~ti"'ch -.; rtc, c .... r bo-

nnto rocks r nd 1'1~ tnvolc::onic! :"'stic r,' cks.. It flutcropo "'t th0 

f')0t of thIJ 0sc"'rp '...:nt Wes t o f the ~,_tr'lr r :'l"'x!io:nitc ( BI 't n) , 

in t;h...: 0~,[,r0rn DF! J't of th~ study r r JP -nd tc r ,jn<'t0s '1F!~inst 

Th(; ,?ruc.n"Ji)1p nt r ock tYj),' i s lip-ht to d"' r k r:r.JY , vrJ ry 

fim.: - r.;r:,in: .. :d , sl i f\ht ly m"'p'DIJ tic , fin. .. ly f ol i 1" t .d nc t i1s ilt -

stune G It is 0vcn, rn r nllvl - boddLd 3nT1- 1c"'1 thick , r v ,; r rgc 

b,.,.; inf· ll- 6"1n . R(..::c!d in~ i s p, r pl l c l to th.::: foli "t i on v.xpr wsscd 

by biotit~ sch i s tosity. 

I n the: o .... st0rn prrt of tho outcrop int>J r bcddcd \-lith the 

rj£t""s iltst ~n<J s Dr...: finl~ ly l. rrainRt..::d , v-:ri:-b10 colo r t.d , non­

r"li' gn", t ic "!~ trche rts . Thl.: ;Y COT'}n(1 SC 5- 10cQ thic}t;: l "'y"rs 

!1t."!lC1.inr <,-bove the surr ound i nr; rnck5 riue to c ifL~rt:nt i pl 

"10' tb" t'ing. The ''l1t 1'l Cnurt s ...;xtond t o the !,J"'st ""nd r're f ound 

2S t..;OC€"OS or x e noliths with in th<J rdj""c0nt plllt::m . 
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C"'rbun,.t" rocks OCCur ns T'~inor in+:· rl ""'y-.:rs 'I'ithi n the 

>;(;:;F:ch~rts, pod ro1"U f('!]dt.;~ togeth, r with th .~ . I"'lhis f 8tU]"'1..: 

WD,S int(;rnr ..Jt<.d 1'5 pri1"1." ry s (J(HT"~mt'\ ry fJldint- flS nnn of tb~ 

~XDS c.:)inc i d(~ in ori c ntf'tion ',.fith tht...: r .fl;Lm" 1 lillc"'t ion 

tr";<1d. 

f1"'t,'1 iJ olct' nicl .... s tic ,r'1cks occur n:- inly 'l"i thin tbr..:: hi r")t] t, ... 

118t.'=1tonnl it .J ( BI n tn) llnd "Iso ,"s int~rl'y,J rs \~ith the '11 tf' -

siltst'::n08 in t he "'".:ste:rn 'Pprt of th ,' utcrop . 'rhC:l "1"c 

lir;Lt t.::> c." rk r;ray , fin<.. -r:rrin~d biotit~ -h0rnbl. .. nd u schir.tf. 

1 -i tli tl.i.n lry", r s ~nd l LnslJ s cf fin .. - rrF'indd f .. Jdcprr- rich 

schists "nd v _ ry fin,, - (,:l' - in ... d ourrtzof .lrisn"'thic 1 yc r F; 

order .... f - f...;w c t: nti"'lct r i..;s se..,!,.; i s ciscontin' UR , (.;v...:n nnd 

<'ggr-.:get;.;s of biotitlJ rnc. hornbl..;ond~. 

Th", lith ~,1'1bic rssc)cipt]on of tmis l'nit is ruv~vst iv\,; 

0ccurrcnces of c~rbon~tc l ~y_ rs ~ith in this unit. 

2 2 0 2 P to "ynt' ct' °n ' c ~ ntrn::i V0 TC'lck s • _ .. L a r ...: - V .,; ._' ..L ..L 

This l'o('y outcr ops in t' c w.:!st.:-rn p .... r t of t'~u study "'r~1. , 

\"h .... r 0 it.s " .... ·n-.ills forr- -)rooin, nt PTE treTl~ i Df" rirf"..;s bounding 

c: r..,J..?tiv ..... ly dcpr-.;ss",d cunt r "l rr r t unt. rl [' in l,y thL! Sl"r)~.: 

r'lck. It hr's f' 'J00f..:: - sh~p, 'd Qutcr-::>p nr' tt-.:rn , '-,j rchinfl' ,'ut 

both to th~ n0rth rod oQuth. 



• 
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r!'Ih.;" r'lck v ."' ri l:s fror~ l i p'ht t'J (ip r k pr\,;.y "nc: fin.J - t') 

CY"TS...; - fT''1 in<-'d jthrmr-h it is r-n..;; r .... lly In..:d iuLl.- F!'Tiin ... d . T"ol i n­

t i on i s g n~!'; lly w~ ll G~v...:l')p.)d -nc i s cX')r l..s6cd ry hornbl _ 

nd..:.: r.nc ('iotitc "r-r;ruf.; . .,toJc j ip:n~ous tc ~.rtur~ is ...,el l pr,J .... \,;Tvcd 

~t r 1 [;C05. I .o c '1 11y , dvfor "[ltioD br.c rJl1VB intJn5~ "'8D'Vcirtl ly 

·.,t tt:c ;-:~;- rGiDs , 1Jlh .J:r,) COnC"lr0"' nt ,=,yl " 1'.it iz 3d 7()n~S r PD[t' 

fro·,1. r. [....-\,1 c C' ntir:1ctrc s t f) r !"L: trl;) rnd f' h."llf in .... idth l1nd 

;; xt,mc. f:- r tl,.ns of ov trvs fl nd nor ..; in lcnr:th . COl1positi,...,"'''''' 

i t is l~\j n ~ r::-' lly unifor!1 but tLn0S t o bll 'lun r t7. d i ,>ritic to 

th(; W(;;st. 

The tmi t i s cut by f i n(,. - r,r"' in":d C'1Dcordl"l1t ($or._ discor­

cC"!!1t) '":pfic pnd gr"'Y" itic dyk..:s , ttJDS of cJntin<...tr(js tl') fuw 

';],. tr..Js i i r'c. ..ngul ~ r to '-1 11insoid pl , finc-hr~in '0 ""lfic 

schi 2t xen,~li ths p'r0 f ound in Mf) St plflccs , but pr0 ch" r nc tori· · 

st ic:olly concontrfltud .., I ang it s contftct '::ith ~dj"ct1nt units , 

su,~G.)st ing th::lt i t i ntrudoJd th e surr ')und inr !,(lcks. 

I"7ic T')Scrlp i c t ..::yturoJ fmct fi 0In rcl~t i on s , i.a t(.yturrll 

rf'np", fr om \'/\J ll 'Pr0~~0 1'V0d to nylonitic ind i c ... tu p r v- or 

synt ._ ct ,.:on ic intrusion. 

'Ph .... sl:')p,,-, "fvst of the ,._. t"gr~!'ite (nrt) co!"'p r iso;.:s p r ,J ­

jO'.lin:--ntly ou~rtz n",t p: ..... bbr o , wh rc~s in tb.J s")utb\> r n ~nd 

nn=thcrn p" rt of the outcrop ["I inor int .... rl "'y,· r s ar ... IJb::;" r voJd . 

Thuse <' re .finC' - ~rp inl;)d h·,rnb l c nn c - b i otito f'nd biotit ... -

h'J rnbl c.:rdL. sch i st s "nd ,cc.iu':"l - to co .... rst.. - r,r ... in .... d "J,J t lltonr!litu 

Nith , .... u c;<m of pl"'gi ocll"s(> 2- 4r'll'?1 • 
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'Ph,: rock j s i!1.ho :of0J"'1<Jous , v"-ryinp from (lul'rtz ~."'bbroic 

to qu-rtz cliorit i c in co~position , lJ']d iU'1- to cor-]"'sl..' - p:r"incd , 

'"'nr.. -.:Fss ivc ".rith r elict I f<: Tl E..OUS texture to ft'" i"t .:.:d , the 

c1.isseMim t .:d 5ulphic\)s nt plr c~s . 

Tho SQuthwlJ15tcr n contrct :i s l1~rkcd b" c'1ncord.nnt lcuco -

birtito rr"pit ~) ctykcs r'nd xenol ith of f i oe - Grl"inod T.lr'fic 

schists SU~f.'".cst ing th~t it i ntrud ed the rock unit bhs. 

s:'t.: cur"'l vf1rintion fron ~IGll pr...:st:":Tvt)d to f ()li~t...!d su~g ets 

pr(. - or synt"ct 'nie intrusion. 

Ir tho' c~ntrrl p'" -t of t he fire"' , .... thin p ro ... in ... nt r:idg~ 

is totrl ly cOl,lpnSed of nr... t !Jgr"'nit"" th;lt pincb~s out to the 

']1'!- i s "'!\.. t''''Gr~n i to i F; 1',"l10 pink b. ... -c0nJ.inr; Mo r e p inkish 

Q"stloi.? rds. It i s fint. - to ":h;diun - rr.n in ... c , f't r ongly fali "ltud 

'-ith ['up;"n of qua rt z .... nc f..; l csv'r 2- 511'71 'wr~pp~d in l .... nticlcs 

~,f l:iotitt-: \'hich dclf inc thE: folit'tion . 

Its e"'st:.:: rn cont:1ct \-Jith un it (bhs) i s cL rrly i trll~iVe , 

'rk..;-cl b:7 l < rg~ yc.: "~Ol iths of rocks of (ohs) \/}'Icru"'s the n~tur.!! 

of th..: C'-,IY :;['ct 1N' i th the qurrt7. ni,.. tr:~r-,bbro (!:'1gb) '.If'S not cle,..r. 

Gtl'nncl;y d(!v~lopod M"I71onit i c fol i at i on throu hout the 

unit su§,p. .... sts ,'" pre - to s;vntcctonic intrust ion. 
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':' ) ~ .2.4 Fo .... nhl ... Dd <, - biJtit \.It tnnnlit ... (p-_nr tn) 

lj.lhi~· '.(,.v cutera!)e in th cvnt!"ll~rt , w .... s of (llhs) , 

. nc t,:;)psists o f fl. t-tO~H lit lfit-h f l!;jc t·., "i"fic (hy os. 

r_t:·t0n f lit.: is inh ')no~.n"ou9 in c)"posi .i ')n , t ... xtur., 

nc dcf"T'o...:o.: ,..,f d~f()r-,pti"'n . It is lir:ht to ~ 'rk ~rt:y , fin\.; ­

Gr . ...,in -.:rI n~'J()nitic 't. 'ng~..:n p;nOiSB j "up- n r 'l'lch ?CfI but 

tyri c"'lly ''Til ll - 5nl'l cnd pr 'dol~in"'ntly p l"pjnc1""s \. ',lith r " r~ 

T _ f 1(1 :;VT. ,t r 1 "l C \.; S th (lU~ n r r ,. 5 t:r'utchuo. in () l e nsb r- • 

Cr::r .... p:r-t R of b i oti t .... , hf) rnhl...: ndoJ , .. ~ f .. ldsp· r d. riol;) 

f'.li,.,tio n . I.(lc·'lly , d...:fo rl"1"tion b CO"h.,r int n ~ j tho rock 

c:mt"ins copcord:"nt nyl onitjc ?,nn' G tY'''lic~'lly 1- 20c'1 widu , 

'v...: r <'F .. b"inO' ? - 3C'1. COT"lr)os iti ::mr l v ri .. ' tioD A",' .. WfI tn b~ 

irr r:;ul r hut th T,-, i s r .... nu r '11 t od ' flC:! ("I f rr: inr, t o 

,4i ..... rit to thl! ~': ... st "n<" T:'!nocJiaritu to the tr.t. 

'-:\in'~-r:t'p.in,-d dy1-: ...:5 "l"inl' .,r.r ic !'l nd f lsie with 5U1;\0 i­

n't.: iI.ten .Ilir,t..., c 111position cut thl.' unit in uvory f'lutcrop . 

"Ph .ir y.rirlth r:'"nE"~ fro"" 5cl"' -1.~ '-'nr ty 'l") ic~lly ? C- 30crn . 

T" .... y c, nf'H. :iltut •. un t ~ 7,(1" of th . ..! outcrop , thu PV r' p:~ b~ing 

10; .• IrT_fW1"'r, discord"'nt (lu."' rtz v'ins cut both thl.. T:'J ·tal. 

t;(([''''lit_ "5 ... 'c l l ns thv dyklB. 

~,npll"' r to o..: ll iposi~ ~ I , fin.!- r'" inod , rnfic ~chist08G 

x.;n,.'liths r r c f f'lund rl"1ost in :111 'lu t;cI'!"Ipn , cl")OCl.:ntrfltCG n 

ccrt"in p l ~c~s rD<:' c·"mt"cts surp' stinr t h :"'t th ... ~ 'k tl'too"'litc: 

ir;truc' rt "djr'c. nt r ock t:nits (bhs) "'nc (j S61 ) ~ 

.it. .. l~ ~'(; l- tLlns -od T"I i Cr(lSC1) ic t Jxturc il'!(~ic..,t n pr ... -

or s"'mt)ctor ':'c j nt rusirm. 
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~.2.2.2.5 eu'rtz t-", bbro, 

r" tlring Lchi~tn (n. th) 

•. h .... w [,,+ rn ,"'rf'in f)i'" l-h s+u<'Y·... ., c n j .)ts of in r -

. , ' hr, , ., t· ',n,.,l itc "nc' T"cks of (1-n5) • 

t1...:tI" !?/')'br os r .. c!r:>rk Cr uY, lh.:ciUM-l7r: i!u.:c 1"1'" Bivv t.., 

\!,;",kly fc,l"; ~t...:d. 'PhJ~' "'r.' thu or; d ""'ir.<'nt rock tyno in th~ 

n.jrth I1l1th f"Iinor int0r lr-yuTs of livht rrey, fin·. -tn -:])(\ Ufl­

rr ""in.~d I\,.; t,.,ton"'litl.), ""n~ fim.:-pT~ in' d , d .... rk rr y h"rnblundu 

scllists. Th.:.. G(llttb.~rn p~t't of th ... outrrof1 i s p r udon innntly 

CW"'""'IC's...:d of hC'lrnblt.;nc1u - n, "rinr ,chiR'-O "r unit (lh~) with 

liDor 1~y0rz of , tpt'lnplit. Foli:tion in ~ll c 5 R is 

yprcsRcd by .... r{"'rl!l!.·t(;S nf hiotitl:: flnd hnrnb1(;noc. 

2.2 . 2.3 Syn- t('J 1 t .... t\,.:ct'1nic iptr1v;;v T')cks 

.2.2.3.1 r~ t~hnrn~l 'nditL ( hbt) 

rrh.....:s(': ~rll tl (\ rr 11 cllil'tic"1 boc'li·(; within the "utn.­

t'"'[1 lit ..... (mtn) in t\'l ': st rnd "n ST; 11 t~bulf' r b'ldy vithin 

tb,..: }'ornhl~.ndc _ hir'Jtitl <:lr.:t·t"ln"lit<.: (1TP-- RI, tn) in tho 

c nt!'·"'l '(.:~rt. 

Th:..;V :. r'"' bl:'ck , Cf"ll'r' ... -+: .) v ry CO" 'SI...' - p:r in.A , \'ith "ub­

('U nt blo:..ky h'Jrnb1 nd ... fa th~ '-,Jor c r.~titu \"It .. '11, ru"'S 

tl' t .... o ...:lliptic"l outcTI1'!s .... r ., .. sivc t" +:"bul:"T b,-'c1y in 

l u'kly f'n i"'t(.;C I X}!' Sr' rt hv '!" robl nd..: "'frT y-rt Ca 

Bi,/titt. r.1etrt ',nrlit .... ccur"i ... s trh .. s·" ,lTh :::it rn qu->, r t r 

of tl~ ... rr,;,11 ',')"Iun.: it for1S'" .ajor fl·t - to.nl,:~ ri(~£ s , "'nd 

pT"d .... s to f( r '""N'Idiorit; to tho \,;"'ct I ") t n inr: to tht. r r b 
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"'C~0S the Gor ..... -(',t>I.h 1:'"' o"d. 

"'kly 

f~li~t .... d ... t its 1'1·<>1 in~ ~'nd r:l"':Jsiv~ "'itt: 11 pr_~ rv· d if,n.ouE 

~,,;~·tHr<,.; in its c tmt r "'l pn rt. "1inlr"'l r~,:~rLp"l't s, . rt.icu1 rly 

':}f bi0t it J , express thc fo li"'ti · n. 

TbL: ]'0ck i c ('ut by r :" nd~nly- ori nt~:d - l;1.lld e fo r T1·d ~p) it ..;s , 

l)L:~·>'1."'~; it .~s ro od c!urrt" v ... ir.s. 'SQurnt xeD lithe 3-1.0c 1 lonp; 

.Jf fin(.;-tt) 'Jt..:d iur ' -p.;r~ im: d , lirht to c\'"rk p:.r~y schists r r u 

f:"lund ? l,)Jlg itA c mtrcts oup.:r. st ing thpt it if"ltrudr:d th 

surr,')undin£; r ocks . 

T!-.~ c ('l nt~ct CYll"lS d on tho..! Mnin Tf'Jt".rl tT''.lf'lC'lt··S ) "y ' rinF" 

'-nd schistos ity in t.hl .:-mc l C'lP inf" '''L t- · ... sod i '- nt ~ ry )' ,)ckR , but 

the,; H;.:s t aiel...: is bounc'..:d hv r' I'W J onit_ 20"'...... In th..l cr·a t 

th .... cr.ntpct is not cl~"'r ; i t c"Iuld r..: thrt t:h ..... body t,ZT dl,;6 

.;'" [')tFI I'd t o gri'o\)d iorit c.: . 

Th o..! f r:-ono ,-) i or jt ,-: iG nink i Eh, ~,o::diur -t (l c()"'r~·..! - fr' iD (;c! 

~)cCl)r'ing -'01'0 pinki',h to \'1P"'cts tho..! 1fust in thl.. I:o rth () rn n ,..rt 

cf th ........ utc:;'f'Jp. /,n~ ulrr to l..; nticul n.r , riT!c - r,r"'in"d )C,.no­

I i t hs of n f ic fch ists occUr' thr )Up; ..... out th .. 'hody "'lnd th"dr 

conc',)p tr -ti" n in th0 0utc rop C..;c r..,! f'50S ~'-stw," rdr:. This 

..)t:"gr t'nod io:'ite is -"It ~kly f olir>t...:d ,.. t plf>ct.!B but "I"s tly 

", .... ssiv .... , with r vlict if,n,,;ou s t...:xtur~. "'olif'tinn is oy.~r,Jssed 

by ':!inc r [' l ~P'f""ug~t.,::., TlP rticul r rly bijtit\:. Itt pl .... c·~s 

"ligm H ... nt of Yd~''''litbs \trithin :"}' sfj ivc true "Dodi~rit ..:,; W1!S 

oos .... rv""d ~ nd :i nt , r pr t..:t ... d rs dut.: tn T''''rnrtic flow . Thu north­

wL.st,;rn c ont"ct is "')UN;l? in tT"lls iv ·.: , ",prk""d l):' lr>rp;u ,....,..t,, ­

ch".,;rt x(;nolith.s. 'Piflv - f"r~ in, ci intvrT1udin. .... to ful!"ic 
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-1Vk(.5 (-:» UC to ?O' 'folic,; , "'ith r..:lict f l,lsnpr :,h .. r: C1c r:n .tc 

C',.lt tl'if:> '!'" ock. in...:d 

F-i,..:ld r..:lpti;.ns . nrl 'l lCroscopic t";7turu inric .. t th t 

th"" h iotite int"tonrlite unit (nl tn) ie "'yJ'l- 0 l .. t·.tcctonic , 

'wwinC celin t..;·'plrcort "lfte r foldiflB in th· 'f.:tF':~C'd.i"l,;ntB ~nd 

b...;f()r~ the c1JssJ'lti'in of 11f',ior l""yloI'litil:'.?tion. fa Birrn nf 

contrct 1(ct."'nor ph i c eff...:ct 'Irs f:iv c n OlOl'f '1] contf'ct.S b· tWIlun 

this unit f'fl(1 tho,) e nclosinl1, rocks. 

Thj s bop:v ('IutcT'onl3 in th~' north·,'uAto rn hirhly 01 vQtcd 

:->r\Jf1 lJ"clucling t:t .~· .... ()(1f·('I1") , thl.l hi rh st Th.Jlr- in hv rl 

u:;rk foli"'tion ~r.rt'uSS<.it1 by ~'n~J·<.;:E'~tus of biotite ,.t its 

'rr.-:;in ..... nd ru'ss i V<;.'l ir its c<..:ntrrl 'O""l't, with w.:Jl1 prysoJTvud 

i~fh..:OUS tcxtuJ'U. Tc' .;;: t;::trv.ltl w .... At(;rn ""'I"'rp:;in if': ch~r"'cti..'ri z..ld 

1):/ "9r,~s ..... ncu of c(wccrd prt fr.(;"r 7·ones !'" f .... w c~nti' _trl,.;e:; wide 

cxtvndinr for tt.: 5 ')f rl. trvs "1''''1 Dore! "nd ~t its I"'lost ,~[>stern 

t'""l t~c <'1!1in fn1if'tioD ('ir..:cti'1D is int .. rnr ... tcd:"'8 ,.,.p-:'"' tic 

if' orir;in. rr"b i s rock nt plf'cCS is au",rtz- rich , gr"ciI"lF". into 

gr~lnitc • 

cut this rock. 

ntrusiv() rclntionr.hi p. 
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ton::-litc (FJ ;· tn) , ·"5 it cuts th~. 8'1'"':" .ylonit~ ?,On(~ 'tlhic h 

ofL.cts thl) '·\)s t .:.: rn ~ "-n~in of th,.; l:>tt ~ T bony . possihll.: _~ I 

furth~';r ~vi0"ncc of this Of,,, r cIrt ion is thu occurr ... nC l: of 

ur( f')rH~c PT-'=' nitic dyk....:s (cQrr01"hv,-, \-rith ( 11'1Z )?) "'ithin 

t'1·.; hi.,tit,-- ton"'lit ,.; b (1d:v. Po f;jfin of c~nt~ct nt...tnnorphic 

cf[·...:c1:" \,'Pg S Ln ['long nIl cont:'cts b .. t w0cn this uni"' r nrt the 

.nclosin~ rocks. 

2.2.3 TJrtmry rocks 

2~2.3.1 Volc'"'nic rocY's (Tv) 

is undcr)"in by 

fl'"'t-lying F'pbyric t ""sf"l1t nOt/s. l'T "i~he re w .... s thu b,sl.l :.' th0 

l .... v,., s een , hutl th(.'r" l.! ~ no ~;vidcnc J of d0P()sits int \;,Tv l.l n i ng 

h .... t1v(;en the:: Ir\': r~irry h"s"'lt ['TId th t) Prs-cf'T"briPTl r()cks. 
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STRUC':'trRE kli'D r-Th'r]j;ORFHI3M 

~ .. 1 ctrur tu rc 

Plf'n? r f:-hr'ics f',']I'c r ;-: lly ~trik in tttc.. r~np"\; ~~5° ·020° 

wit') st:.bv ..... rtic<Jl d i ps , <'nd lin":;.I'1r fpbrics "r.:: -:ostly :,;uhppr"-

11..:1 tr. strikv with sh~11ow l·lnnf...:s ( !:"lastly l.,;Sf t"'''g 300
) to the 

porth ""nd 50uth ( F i S - 6) . r::-lhv '""Ir,l(' in d i vided into two strucu-

r'1 ,-l:)""ins ("Fie;. 7), tb...; I)' (it DorJrin r.nrl th ..... l:vst Donnin • 

. n'·J'.. Z."st D '~"~' in is chrrqcti~r' iz cd by .., 15° _250 discf)rdrncu 

·,t.r- ..;TIt f. ,'I""' the \...'<Js t DO'1:-- in 

B8c0inp; "\5 W011 ? S oth ... r prim1' I'Y structurDS n.r>J \'(';11 

;>I'_.3cy-vt.-d in this d noin. DtJtn il s on pri "Jf' r y struc+:uI'-.lO ('ro 

: .. sin!!le T'l~ in foli:'tivIl , 81 , i z obsurvl.d throurhl)ut thu 

"S-st D'~ln"in. 'l'his fiDli . .,t i on i s <.;v.~ry\-.. h0r·) r lJpr cse:nt0o by ~ 

8cr~Eto"'ity C\ •• ::f in...:0 hy th,: plrn" r pr0fcrr IJd ori;ntf'ltion of 

r.l~ty ·~in~r1'ls. "Iso prJsc:nt in some ;,l~c .... s 1'1r-.; f ... lsic v<Jins 

""F.re.llel to 3 1 , 

1 ' f b ' d"f1'n.,'ci b', ' the linc~ r prtJfl.!rrurl or i t"m-.. ~ ~n~ ~r fl ~ rlC , .... 

;j1 r ~ .., ~''T'.; strike F.nr £lUbv, rticp I d i ~s. Iirh ... ~tions 

tr.~r:(' sub0....,r.,11cl to thl: strike of S1 "'nd h~vt: shrllow pluD£Z;,s 

tJ both north rmel south . 
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FJ gure 7 : Structural map of the study area showing selected 
foliations(?ig . 6) , bedd ing, folds , faults , lineaments and 
structural domain boundary . Fold symbols do not denote 
ve r gence . Geological contact s from Figure 4. 
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r,-,sC'sc.~pic folds in b.:;(lc i ng PT'e pr es-cnt ;-1h i cb plunge to 

tho..:: n0rtb, tho ~yipl ~l < nes ~rc p~r?ll~l t o 81" The folds 

pr .... in ~x::n':!rf'l S- sh!'>pcd. 

Tt:e: pzi',;uth of ':k:ddin!<~ is loc "' lJy 15°_25° 8M'lia r thAD 

the: zi-~:uth of f'o li r ti nn. Fo e.r tho \'I-.; st b'Htnd"ry of the 

dO"lr-ir., b .::::dd inf! strikes northc,rly, ~ nd folif'tion strikl.1G 

rort~c~stl:rly. ~h0 F'z i 'Gutb of both d02crt..~scs towf1rd the 

.,::,"'!:t, so th[!t in the 'Jl'I stc ;'n prrt of the E~st Don !J in , bt...'dcliD~ 

st:--ik..; S "lor...: north- rorthwcstcrly , \-,hCr0ss fol i .,t i on str i kes 

porth-nor.thw~st~rly . 

Pcdd i nl!/schist osity d i scor d.rnce in this r.~1~l"! in ind ic "l te 

th,t f()l~in' -.rf'S clostc t 'J isoc liT' ~ l. T~P in(iic p.tr~rs indi -

cn~-(; ~_!1 ..... f'St~l:v f~cing (syncl ine ) m.1 j or fole. 

'lcfol'; in~ of 8
1 

by s~f'll l e t c f oles (>71) i s only 10ce11y 

('lb~,crved, v.litr r sporC'c. ic i1 11y d0vclopcd crcpulption c10"v
p

gC! 

(G:"1) 0 Thi..-s,: pre chvvron styl.J fol~s up to D l1<,;;tru in \l'W0-

lcnfth , ":ith st~(..p c"'s t - l.,;st s trikiDf, ~xi r l St' r f f' Cfl S p. nd st ~s p 

3 .1 .. 2 .. 1 P l [1. nflr nnd lin,.;p r fcrt uJ"GS 

'0
"'1'0"0 l'n l'S" s b 'o r b ' l t co.,n,rl' Sl' n<r nun..:r.lus ":::Iylonitc 

~.' ;::> ~. r.::~ n \.!. \.i ,... P 

, d cks vylonit ic fJl i pt i on 
Z0fl.:n s~p' rf't t.; d by 1 0.::::55 strr-ln<;. ro , • J-

S..." (;xpr csst::d bv sl ic~d rock f rl'f.'r:J 1'lts , :-rd biotitt; , pr:obibolt.; , 
~ , 

ful(lsp."lr r' nd Qu:'rtz pggr 0g!'lte s find 10uticl t: s h flS (\ F;vnur "' l 

~1iE tT'~.nd wit h at '0P d i p s prcdor'linf'l ntly' to the "'cst . The 
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li ne :' r 

is f:1Jt::iJ. r"ll ..... l to t h IC. strik~ of the r y )onit i c fill5.~ti f)D " DCl 

is ,., stT'i-ching 1 inG~tion . 

~, sOf'c ,'~i'~ ft'.:rtl;I"~<:: '. ·j· ... -r b n" s t t " h l' "' ~ •• t.,· P ~J , r f) r "'; l ; por n yrohl fl st c , 

.... n(l \r2r ... D CId o f s:lf'l l l {"olds in 1llylonih.c f o l iflt i on fi ve: R 

:: iD i r,tT 1 :"' .. ;TISC o f rJ OV0~ m t whe r", v .;H0d ')0 hori zont"' l nuv" 

crop surf"'c~c~ r h 0 S 9 f Ctl turc s ;o r e cons i ' t ent to t he was t PS 

f-' r ' 2 th..: ;'1C tr>g:r'"n it0 ( mgt) " nd furtbur \'h:: s t DO obscrvf1 tioDS 

.,}(: r..: :.1"c'.c , hut kincc~t ic i nc ic,':;tors g i ve p dcxtdll ncnSd of 

i,-l, ... nt ify "'1[1 0v", r - "' 11 d ispl pcement sense f or the e ntir e b.; lt . 

r;od~r.'t81y ( 40°_GOo ) nor t h-or snut b- oJ unF(ing opt:n to 

t ir,ht Minor folcis , Fn , it! r'lyl onitic f oli "'t i on \-lith s teeply 

t",:;st-r'ivping Dxi :"" l s urf F' c c s occur i nf r cQu IJ n t l v in this don" in. 

c th-.!r t hf'1l th...; t", .... . j or duc t i l ..; t r nr.;:c urr e nt ~ove!'1ent 

i!Ylic~t,:r b y thl. pU'lb-: r ol1s r1yloni t c zonus , 'D:' DY steep 

:1 st ...... rly .. str i k i nr. PfI iJl" r b ri t tl e fF'u l ts with dis~l"cl.'nan t 

(-10st ly d,,: :: tr!' l) of f v\" c0nti '1c tr{:;s oc cur in both d011n i ns . 

c\:uld be:.. r<.~1"'t0d to 0 ~st" rly- tr..: ndinp' lin~r.., .... nts 

t · nr n0rtb- tr~~nd i . 1 

7) trp\I, :rs in .... , "ttl,) C' r oJ l" rod i nte; r rU? 1. . 

1. yc :'in:·-c:1ntrol l..:c. foJ~.tur(:s in both 00n" i 11S. f<1'"jor o i s -

" 1 , hI ' nt s h. " 5 not b(..:1n vcr ifi~ d oJ xcc t :' ..,c....:~··u nt ,'"' _nne t,;-0 lDCf'f:..; . 

1 P'.rt of the .... r e n (rob .... '~ed 
lor'~lit io s i ll thu ccntr? 

b B ]'of i , rerson~l 
bdusnlpT:l :,nrl ~ ·' n('...,nf,-Y f"\ kl1 0 • 
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COTT'L icf'ti on , 1986) I"nd in r:ldj"'lccnt loc"lities (Gorc-

Gf' " :be l1 p G·:)o tr"'vc rs :.: , 1986)', 'n 'Doth ... c"ses th~ l'Jf)vr~']cnt i s 

dext:rr l ~ 

' . • 1 . '~ ~t t 1 t ' ") ..;. rue 'ur;-. 1. i1~ s.;qucnc..:: "nd tine r clp,ti ons of 

doJ forr;rtion to iGDGOUS i ntrusion 

o:'p "rL"' e ?} "~ (:~ rl i .... r of theec: , D1 , "'IPS rcpo!.lsiblo f or the 

p-.' r v siv ~ :;:' r ionr' l d t v ·~l,')p;-jen t of "y.i~l pl." nc schistosity, 

It \ :'".5 follow:.:d by "":~ e E"cond ph"sc of defnr c 

-:i""'t io~ D . ." r(.; sp ()n ~ i 'b l l:J f ..) r t .... ·'" r:;:ll"mitic foli;,t i on , 82 , 

:,!," jnly i n \; .. s t D~-l "'in. 'T.'h0 (RI --ltn) ~' nd (,--1Z ) ,)D fl D:'P se"}e 

r.> t 1 .. C'rt , C -:'ISG cut the nr' jor f ol d 'lS well f'S ligbolo··ic 

cont "' cts in tho E ~ 6t D0r.nin ."..nct ..... nth ::l r c rffe ctec by "yloni -

tit, ' ~ i('n ; in 'l drli t i0TI OCCLlJ'r ...:nc·') of islrnd of T'Q cl.ylcnitiZe,() 

sc (li r,cnt '."l ith b.:: r1cing/sch i stosity ciscord"ncc with i n the 

TJyl con it c z.Jn ; (t;,\~ stt.rn DOT'):o> in, F1trt i on 017 ) r r c evi~ences for 

D" t o b,; Int0- tb" n D1 " 
c. 

The. nin'J r ev~~nts, FTJ ['nd Pn , \-l ith ~ spor;;dicf1]ly dlJv\,; ­

] rlT'..; c cT'2nul"tion [ol i"tic)TI could not r -~ r e l n. tj v --~ ]y dr-.ted j 

v tend nn D1stdpt~5 
} ~ ~~ s 1 t ur I ~~n D1 sinc~ Sn discrup 5 ~1 ~ - ~ 

:!.il"c ul tiD ~ H'l S f t 'Dn ~n th-J study 
t'i1C If'tcst phf'sC of de o r np' 1 ~ 

" . fc ....... ur o r. in both 
thc f f' ult;s offse t Tl'1rth- trcn f - l n r: , '" ~ .., 

.:~ll i n trusiv() roc1-:s pr e dof lrood r>nc1 'lct,, ·~ () r'PhaSJd , l'>nd 
, t ' f r or.l p..:nl.'tr ."t i vu 

ind ic ~t ing vn r~P ~ on . 
fro· 

!"'ly .. oc ;- l s tr .... in. 
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pInec tl Tl~cc with:in .... f' in~~l c hody , thus f' o'"',e ir.trus ivc bl')<!ios 

c,"!t'l' pr·~ t ctcnic ~'nn inho:-:oQ::·.;~cClus ly defcr :::.ed . 'T".;oth thJ 

bi.ltit" ;~t t")p~l i.te ( ~I T"It n) ['I1~ oun r tz 'ut ..... :"lfmzrmitc (-"T\1) 

cr'-'ss ellt tr,o;-J '''j'lr folr "'lS 1-1.:.:1 1 ns lithologic c"' ntl"cts in 

~ft(;:r ,!'r")l.dinr: f)f tb.') t,w t ..... scdi went s , rod ," r oJ syn- to 

l " .... · _ r 
. ..,\,;.1. 2' 

tb() c..:.:ssntion of tbc nl'"'jo r l'lyloni tizl"t i on wh i ch ..... f f ec ts t he 

\~cst ..;rr: "'rc:i~' ,f thiE hody ~nd the qU:'Lrtz 1"1ct~!10nzonitc ro t 

trr..! 1 "st st ..... fi,,; Clf 1"",,1 'mit iz -'1 t i on , sinc~ i t d i d not ... se -pc 

l('c 1 c::tr i_no Th __ ·1..:t:"'h(\l'nblu~0 it~s "Ire syn- to l"'tct ,~ct~ f'ic 

~r€! :-r;;; - t'J ~;-'D-D2G tl~ny cyk~G in iolcst DO·.1lt i n "' r lJ r c l .... t i vt:ly 

'<!..~(";f0r,.~;(1 -nd cut s";,:'I il "' r , but nor\;; hif.bly !';t r ~ ined , intr usi-· 

"ms. ntis id rtif i es dyk~ cr.,:plpCOr:lot!t 'rs J"lso syntuctonic to 

d'~''''ins (ir. th ... , centrf'l nr::,t ('I f the 

~r-L::. offset C'- ..... ulct bo...: du') to ' f <" ult ( ?) h"vi r.e- t he 8,., "'} \3 sense 

of displ'~ c cn(;nt ."15 tho Yincr.l!' t i c ind i cJ"tor s , but n(l offset 

of th...; lit"ol ;f"ic units "?l'l seen. 

'r' A "'rv · .. ..;trnor phOs ::d 
i,lJ"p . \...-c < • 

1 
"c:.st.!,,1hl:'UI,; , r>ccordinp;: to 

"n ",quilib r i u'" ~' i n , .. ,r" ~ ~ 

.,' .'l brock " ,' th e "ch o ther . 
, nour\.;.'lr~l ;:;()f'~; h·_,r\,; in t 0 

iT'OxturdS 



i.r n....r'J.~ t·~ tur..:.:s in f ~v; s.""pl •. s. IJ,""br"dJri t ..... i f' T'1.Ltn!",,"bbr os 

. nd rli:- f)r:lr')' ... .JTI·..,: rs inclusion i n h:::>rnbl c ncc in "l ..... t""hornbl..;n-

f)VT S'" ',.-:1026 .~h0 rl: chInrit .:; occurs FlS P r c troe;r .... d0 product. 

Chlori t..-... "'Iso occurs HS F" pr ogrrdc ;··, in-.: r :--I , !"l fl inly ip \thitc 

nr .... : (50<.:::-\, ~endix1 R<JY to !'line r fl I ~bbrcv~t ions1 

Pll-11I-~Z-OL c:!;r,y ) 

EF~ Ol,-lIB (+ r,Z) 

'lI- EF- I't'- KF- r;Z- OL 

<lI-KF- ~",- CL ( :!: ',:I' ) 

llI-F:Fj , Z- CL ( :!:Im) 

~Z- ":P-BI-OL (:!:eo) 

i':l- S-" - '!!l- BI- OI,-(Z ( :!:OR end/or (7) 00) 

t thnt th~ r0cks underwent 
dCl"1o nstr F' " 

1 
n~n,bibcl itc f"cics of 

r0~,LlTI:--l ';].::: t.""lor1)h iSl in the Doe r , 

l 't foc i cs of tliyrshiro (1973) 
IJlun~ r (1921) , Gp i dote: - f'7'1ph i bO l I) 

or ,:c1iu'l- [,r!'cc n.:: trnorphis ' of 'Tinkl e r (1976) . 



- 41 -

-"" co .. yir.t pel..: af st"'uT..:>lit "n~ r' lu i ( nd 

l" i 1y corel'rjt ) inr!ic .. t c th t th rocks r of -
su" int r;lL'di~t .. ,r',u:' f"ci 0 8 d, B .n h 8th 

) 'j :,'. 3 iro (1061), d .. v, lon\;c " p " 1. r .GBur f .~ 

b- e W 1 so . " ("oln \',''''y , 1971) '-no ~rp,~r"t\lrl of th" rd r 

• f ~'::)r:O .~r;,Oc (r.."1rPlch"" ... l , 1978 ; I'inkl 1Q'"/6 j ~I; Fi~. ) 
7c ' ± , , 

'.?1 Ti )"" rol ... tion of "n\,;tn'~orphiB" to , f ..,. ien 

D;:;, Th f "owth of "nc"lu:1itv porl hyr'" In t fie r, Of! b) I 

t ., PB . nc' !"chi~.1 <:ity in th, '1 ... t tT it r it t n "Vn-to 

I ' t. ctonic \'Iith r ap ct to D1 , ~h J w s 1 0 r hi 

·ytl 
, e, r,ic "i HI r Iyl ")1" i t ir "ti("\n , xuc ~ tl • In Ire r 1 

• 1 + ~d 112 ' wh",ro horr't11 "A , nd b tit h v ov r "O\JIr 

ritic foli- ti"'n. ~,~ c'if incti 'fl w F- al TV ~ l- t" n 

. , ..... tl'l r ,. for ,.ct durin~ D "n~ D2, lh u r hie c~r. -

" 1 

'i 1,i nr; r Pl,...: .... r to hrVt, ru rin..:d • f. r n r th lr .k throu h-

I • uel! of the hi!'tDry of . rl" d for ntinn (D.), • pl eU" 

" f 'tiotitl..' t ... t~>n lit -n~ Clu"rtl t on. 01' n 

i 
iciti pt~ H • 

1 n of c )nt~ ct ct' r;-tlic ff ct 1" \.n 'h i • "U 1\' 

t i • nd .... lusi !'''hYl')b. s· b - it , "1'1$ au n. < 
, 

" r!Jtcrn ('luter' s of ho " i' 1" ie ir.~ 

, 
t t ., r ... not r:>Cucts of c""rt c t %"'"'~i 
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v.ry ~ low low medium high 
Ir __ g_r~~d_'~ grQde grade grad!! 

r 'I~r--Jr---'---
100 200 )00 400 500 600 700 '00 

~~--~~~~~~~~~.m ,. 
2 

, 

6 

8 

" 

roo 200 300 

AndlJu, itt 

Ky." lte 

400 500 600 700 eoo 
'c 

Figure 8 : P- '!.' condition of the study area 
with stabil it y fields of cordie rite and 
staurolite ~fte r \, inkler(1 976) and A1 2Si 05 
polymorphs after Holdaway(1 971 ) . Dashed 
line shows p- 'J.' field of the study area . 
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4. qEOCHZMISTR'Z 

rh~ C3<.:! ic~l :-oplys<}s U50 1n this dj)".cussion .... r ..::l of 

5 ", l.;f c'}ll.ct _d hy P"trici'" L. ,·~llen, one of the ry rtici oro nts 

in tr,';: r;ort.:: - G~' h,;J l p; Gc otr- v, ' rsc 0urin~ tb" first fi -.; ld st.-pson 

in 1904. Eoth; <'jor ::-nd t r :"1CO ~lC:-10nts 1:!(: r c duter in~d by 

X_ J""'~,r~ . .flul1r ');:::c0 nce {It tt l,_ Ottf'vu: - C!'Irlcton G0 nt~iL' f or Gco-

sc i (:nc,- tudi.. .. s !pbor:"tory. t~,"jor ood tI:.-') Ce c l o..-:c nt vf' ~uas bpve 

-'\::1 ,t.i-. ...: pr .. :cision ( co0fficL:n t of v ~ ri .... t i on) of 1~6s th:'D 

f our lLrc ·;.; nt" . I oc.,l itic s , n~tro i r"ph ic c0script ions , r nd 

uC'inr ,...s~u c.:d Fd
2

0,/T"CC r '1t ios (If 0 . 11 or 0.20 (s~e 'ppcndi x ~ . ) 

1: .... (, C0n-+_ nt \,' .... s <..;~ ti·T t Cc.l by subtrllct inc the ,..u·· of " "jor pnd 
c 

('r ' :i1 un,-'1r.c' thi rty four rocks h,'1'\'':': hCEon : n .... l:iscd r :J 

" Out o f tlJl: r-tuc.;;: , nel !>(' lA.ce nt r ror'S of tlJe Birbir dOf)'nn . 

thJst.-, £ixty, i d ..... ntificd "5 ~1<J t p i r;nc"ltls , \l'Jrc scl~ct<Jd on thu 

b h " studl·n s <:IbC'f,..! ',' 
~SiD of field r~ lntions ~nd p~t ro~r~n lC ~. ~ 

',o'ere (1iv i tl~ d into retpvolcf1nic r: nd ""l ..: t fl intrusivc r (lcks . 

:1(..ciu:' t: ... co"' rsc- r r :>in_d rocks with l.:.mticul"r ~Dcl r ..! lict 

intr,ls i v-.: t <.;xtur us ... .'...; TC cV' ssifi,jd 1'1 5 r"~ t(intrus ivc , '.!hor ... as 

f i n -- i.,. r !'ir:0d rocks ,0stly "' i th r...;lict porphyritic t~ytur .. 

rocks or sh - llow iDtru siv~ s. 
cl' ~.s ifi~ d "s ···,',:! t Rv (') lcl"nic 

Both t he 
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c1" rific,·t i ons of -lutonic "n~ volc"nic rocks. 

~ orflhis'" 

:'If ' o' 

nl: p,') <.,;n l1 r u ~vi~ .... nt on r lk"li vs silic-, c!i'" ('I "S. Jt is 

cl" r uev Fi~Hr~s 9 ,"nd 10 th"t l)C'ints nrIJ rl1nilo' ly oc"tt r~d 

jp:"1ic .... tinr; t:h"'t th\.~ r upobilia f'tio n of (11knlicrs . 

';(Jst of the r ')cks "re qu~rtz-nnd-hY1J .r sth n-... - n'Jr r iv ... 

·'.ld h 'f" high ~]u in .... cont,~nt , sbol,'ing '1 ~ub"'lk"linu tffinity_ 

.. c:i~·ic ~t,:"if'trus ivlJe:; ~r .. '-11 cO~'runrlu - D)r ... ivu (C . 60-?'n 

... ie t·'v"lc .... nicf: r-r.; n ... ph linu- rnd olivine - n 1r ~tivo which 

In ord tJ r t,,) r 0C0F!'li n\: th\.: pl~t0 -t0ct"mic f·..;ottin,r in 

"'}lich th.; rnkcs 1'".: r c f'"lr 'cd , v"'rious dil'icri ifl"nt di""ll r nr-s 

1 D I,s r.r- jor <..: l c"'cnt ;Ibund;-o nc(!s , ,,;bieh 1i$cri .in r t "fC""r 

ty ~f ir.. T\..cent rocks, .... rE; v· ry susccptibl;J to or1 ific'" tiOD 

. . t h' (,,' ch . -s rrnvolc1 to hf'vo (Urlng ?"'- tl,..r~,tion ron '-'I; n' orr: ~3' I 

. d ' t d ) ny .,' -,"r-- U-. l'n~ --jor l"'.n B • 1 )I,..nc 1n the 5 U Y ~re" , " \,;, 't" " I:> 

2. 

su~)plc-i.!nt,··ry c!iscri io"nt. 

Studies of th~ effects of nlt~r~tiQn -od 

.~l~ ,,,;.:nt ":'uncl"'oc(';s in 1 nei nt rC"ckn ( , • 

... or his1 

G nn , 1Q?Oj 
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Figure 9 .: Alkali- Si0
2 

diagram . CO l'lposi tions of meta 

metavolcHnic and metaintrusive rocks for s t udy 
a re a are denoted by croses and triangles respectively . 
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compositions of me ta­
Fi Eure10 : K o- siO') dia~ram . 

. 2 . L.. • ve roCKS for study ar ea 
vocanlC and metalntruS l , . 1 re spe c tively . 
are denote d by croses and tr~ang es 
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~ . ~Ty el i' fT""~ us inr Cr "nd Ni i ~ f'vf'lid\,d , b C tlU~..; of 

th ir v ry }'i~)-' co.;ffici0nt f)f v"ri"ti on v",:lu 's in thl; "+ n"' ly2' rl 

f"'" 1 S (::':1.. Hpn ...... Drlix 3). 

t 'tCtnvolcFlni c9 : th....; Ti-"",r di .... f;r'l1' '1f PI.:[' rc .:: (1C\8?)f'nd 

'fIi-~:T··Y ~i'Tr'1t of P ~.<lrc () [l nd G"'nn (19?3) indi~' t l th~t th.o ... 

"·'.C' nie 'T'(,ck~ ', /Cr(! nrob .~bly f,..:m. rrt ..:-d withi['l " c~structiv ... 

rFin ~r,v ir 'i:r :..:nt (L(" . rbov(; f' 5ubductinr r.lrlb) 

('j ..... 11"nd 1 2); in th~ ,'.Pit di g r .'1r · of Irvino f'n<" P:"r ~r.f' r 

(1S71) (r:'ir.13 ,,~ th.; dptr plot \'1011 If!i thin th ... c"lc- f'lk"lin 

fi. ... le" • 

r ... t· i ntrus iv.,s : thes~ rIot in thu fi.]d of volc ..... nic t 

le, ~;yrocollisi:· n {;r~nitcs on thL: llb- Y d if'fr .... ' , 'nd in v' lc ~-

r-ic rc r' ni'C(;s on t.l! 'J Rb - Y+ITb d i ~gr""J of pl.:~rc, "t - l. 

(1 C:24 ) ("i"s .14" nd 15) • Tlli.: j' .<> lso d isnl""y volc"rdc "rc chpr fl -

• ' , 1 I'" ( 1' 1' ~, . 16) ' nd th.ir c'lc-e .:'~", ies by vi'T'tu<.: of th o.;l r ow '-u t' 

1;' "~ _'..:r tr0nc. , \"h.JD plott0d on the /~Fr ~i:'rre'" (FiF . ·13b). 
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~~ip;u re1 1 : Ti - Zr ci:wrflm wi th . ielda of within plAt.O 
h~salts , mid- ocea n r idru bnsoltn ond ore lOV88 from 
pear ce ( 19U2) . COMposit.ion!'; of I:It't.nhflr.nl iC-fI,ndoa1 aa 
nnd mct~b3sRl ts for !' ud,v flfl'rI ore de olod hy crosee . 
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!-"'ir:ure 12: Ti - Zr- Y discriminar: diAfT rAm aft:cr fearce 
and cann(1973) isl~nd erc b9S~1 s in fieldS A and F, 
calc - alkal i basalt.s in fields R nnd C 8nd wi hin 
plate basalts in field D. Co~oo~i ions of e ab88Al 1c­
andes i tes snc metsbnspltf' for fi.!:udy IIreR nre deno~ed 
by c r ose!> . 
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F 
ill 

"" : .', 

" " " 

AL-__________________ ~ 

F 

---. 
" " ( . , . , , , ", 

, " , 

., , 
'" " 

A 

. F ~~ure1~ : AFM diar:rorn a) for the Cle 8volc"nics 
b ) for the me t aintrusives . D8~hed line is the 
division between tholeiitic ond calc- alkaline 
cha racte r istic s after I vine and Raragar(1~ 1) 
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VAG+. yft-CO LG 

, 4 6 e 10' 

y pp m 

• .. 
• • • • • •• • 

, 

WPG 

• 

ORG 

6 8 til" 2 • 

.Figure14 : }fu- Y discriminant diagrams for syn- collis
ion 

(syn- COLG') , volcanic arc (VAG) , with i n plated(WPG) a nd 
normal and anomalous ocean ridge (ORG) gr anites , after 
~earce and others(1984) . compositions of felsic to . 
lntermediate metaintrusive rocks for study area are 
denoted by triaD~les . 
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• 
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5yn- CO lG 
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6 

, 

, 

• 

VAG 
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, , B \0 ' , 

F~gure15 : Rb- (Y~ Nb ) discrimi nant diagram fo r syn­
collision (s:vn- COJ,G) , volcanic arc (V AG ) , within 
pla te( I:JPG) pnd n or l1 [1 ] .nnn flno l'lalous oceFin ridp;e 
(ORC) }T DHite s , afte r Pe nrce nnd ot.hers( 1,)84) . 
Conpositions of I"e l sie to i nt ermediate metn i ntrusive 
rocks for st.- IJdy lIrep ~re rip-noted hy t ri an p: les . 
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--------~- ... 
\ 

WITHIN PLATE MAGM"S 

\ 
\ 
I 

--------
--- --

, 
~ 

-~ 

", - -- ----" ( ..... --- - -, 
" ,,' .......... -VOLCANIC ARC ...... GMAS \ 

0( \.. I 
/ • .... .1 •• .. J 

I .A\ .... '\ ,. .t / 
\ .. l • • -~ 
\ 
\ 

.-

F.igure (16;Nb- Sid .? ~i~gram , , .. ith ~ields . from Pearce and 
Gale(1977 ) . c ompOsltlons of me t alntruslve r ocks for 
study area a r e denoted by triangles . 
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5. r::r ...;cUSGI0~S '~l\!D RECOMrEND:\TIONS 

:. ~ 1 .. 1 Li tho l oFY 

r,ss ? n .... 8 p ·.Ore proxJ.:: ,q l ch{1r .... ct ~; r (thp t sugfZ:c s t s t he pr c ­

fh,n c...; 0f on C"'ct i v<J vo le'nie s ource during depos ition) , 'lnd 

uni + .5S
3 

Gonsists of sh~ llO\'1 l" qrine: sod i~··c nt s : ;It.! t ~silt ­

st0nos "'ml f...:r· ch <... rts . iT\h c so 1'ni ts ("",,55 1 , :15 52 "'nd r 5S;) 

r.o:r .... si il'r teo suo,squ~')us vol c ~ nic lr8t ic flno '1ssoc i ptcd 

L ... S!' r 'ntill .... s ~rc : S iGurdsson ,.; t ~ 1 . , 1980). It i s no t 

cl~!'r fro' th .... lithol.')gic dr t ... wh J tlh; r t he vo l cf"l nic :'1 T'C w,"s 

:~h\) ,reo o f surr .:" cr"lu';t'11 r ocks in t he E~stc:rn Donr i n 

i s tlnvnc . .;d: r.. the \-lest by r Sh0<, r zone C:icstcrn DC)!}fl in) . 

IJIhcc('ntir.u!'t i o n of th~, su:)r~ crust." 1 units \'Iithin, I"'nd we st 

vf, th,.; shc"'r ,.on ..... b : s no t b,~ n j'f')s i t i ve:ly i di:ln-:-- i f i ...;d. Th~ 

01 j 1 
. d " led . t!"'scdi "cnts , occur 

'8l0S; 5",iI f r r r cks , VI) c ,~ n~c- ..)rl 1 ~ 
. of Kcz- in , '972). 
~n ;' .. f,:;osr, ~r..:[' (p"rt of th i;.; "Rirbir Group 

d to ty c.o '.lit ,(1977b) 
thJ unit (bb s) \>f r< S r -.: fD rrc 

; t (I.CluS Dot nosSwS the 
dyke co-oph')x , .... 

~S r "Jossibl .: 

f ... , ... tur .... s of cl"ssic :- l Sht:0tc d dy}~c S (dy1";:e i ntrudinF= dyke , 

" ,_. n the t:n i t (bhS)) . ror~-
~.ross cu!-t in~ d:kus uhicb ;11"'0...; r r- I'0 

of th~ cl~s si crl ophiolit~ 
otb.)r ,.,o,-,b .. r s ov .... r, 

6uit:() 

rr)TI(;: of th e 

1)"sf'lt5) "r ..:: fl r cs.] nt in 
r ocks , r i llo"" r' 
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::.i;.:~ i fic~J"It qu r nti ty e :1 ..... fic Cykl!5 't1\,;J'\,; v"pl"c~d durin ..... l'! 

subst"nitr:l p8rt of the pur i 'Jd of ~.yJ()nitiz .... tion (SCI,. 

","tr. 'uctUI ' "). T" 11 f ' ..... 'Ie OV,,; r p, r:'1 lC co IpoE'ition of this unit 

i~, '" r...:-fl~Gtion of " 1[' r g0 p·]rc,:mt ~gc of n·"'fic dyko.:.:s. Thl.: 

..... (;1r'c..; ul'"'t of thes') dykes \-'ns synchroJ"l0us with trronscurrl,.:rlt 

T"th..;r th"n d i vI. r r:ent -'ovvlcnt . 

The ,:.:.:tav')l cpnlic rnd rwtr-plut-:>nic r "lcks in the 'lr u" 

r ':Q)l)<.:d h~v(: th ..) gcochc:: ic f1 1 s i @-:n r- turcl o f d(.:structivc pIntu 

~'~r~-:in ·· .... r';t is.,.' "nd ," r e cnlc- nlYRlj ne . ~hus y .... zr'in tJ t " I. ' s 

(1C:78) int..;rprtJtrtiOD o f the Birbir 'qelt ns f1 volc"nic l' c\~ 

i:::; support d. It j s not c1 E:<1 r fror: the gcocboJr:!ictry ,,,hc:pthe r 

t-hc -rc 't'1 s oco~ r..Ji: c or cnsi "'lie. 

Th~ follm.:inr tWI) quest i ons I' r i.: l'\T".onll' thos·. not yut 

1 .. Could tb0 r;r F'phitic r nd c :'1 rbon~t~ lr-y r s in unit 

(b1 ,s) be: ~~;vloHiti zcd s.:di'1cnts rl;::-r i vt)d fr ,')f'l th...: f=;up r r'c rustnl 

r' C'kr ? 

2 ~ Do th~ "ylnl' itJ zon0S in the "Ri r hir r.') ''''iIi. rEpr, sent 

tr"'ns(' u rr ... f't f~ult !=i , IIhich r1~y ho:>vl,; bl!\' n r ... £r.,1f'sibL; for the 

i;rrns ")rt .... tjon o f s live rs of volcrnie "res , S ~ r~sult of 

, f t" th? (co--,"r' b1e to (;onti!J,!nt- cortin0nt c~llis~on ur /Jer 8('1U . 

P:'":OI)os(.d by :,vn b, ,to f.lDd d~ Hit , 1980 ) . 



, 

~'lT:lI!iJi:X 1 

"Q 'lbita r,. _ \ p;.'-"' rnet .,~ 

C ctinol i te HIl hor nbLmdc 

D !'net-sine KF k - f e l d"p< r 

.~ "'ll:"nitc LR lr br~d '}ri t c 

.I .I-! ~nd"l ~lsito or ol i vocl f se 

.r [lr·.-,t i t..; CZ OT) f'quc 

B1 b ictite PC pl,r-il)c l~se 

CC c - rh')J"i"te 0", st..,u .... f) ] i te 

CH ch l orit e> "' I ti t r ni tc 

CO c,'):;"c itritc 'ro t()urr."1 rl ine 

C" ., cJ inc'7'lyr 0Xt:nc 1m \.Jh i t.J i c ns 

Sf u;>i(1('1t, Z:r z i r on 
.. ). 

Cf'lnp o C ~.., ):, ,,':'1 t i on 

" b " l~.:i.to.,; Il il:""en i te 

Ln ~""rt .. ite Nt ~"'Gnl.,;t ite 

" ·'''.",titv ITo ncphc lin0 

0 
c('YUf'd u:-'! 01 ol i v i ne ,. 

Cc c lc i tc Or or thoclrsiJ 

C' c i,r:.J it~ fy pvrite 

r~ •• d.' Tsidv Q au~rt:. 

Hy hy. .J rrth~ne ,(, zi rcon 
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.TcENDIX 2 

rocy. 

f ;t>(.; J.-i'.8n in ord~r "A- , '- t for A.nphi bolc ./ - J f nr b i otit<.: , 

chl"rit,] 'nc :st r u:::'o l i t e, ood nUT'l b c r s in hr ,.-. ckct r efer to 

(bbs) 

so 

25 

15 

10 

trr-c .... 

1\..:xtur,,; : 

,0 

2C 

Hor nble nde schi s t (066B) 

l"Jine r pls 

P.ornbl~Ddt:; : yellow p-r c .... n , ')livc r'rc n to rr .... an , 

f in: - Fr : i ncd ~ l i ~Dcd ac icu l~ r 

oricntun subhcd r~ l pris~s . 

with qun rt7i ~ 

~'nd ."' l so f1S i' t hin ve in . 

(w rtz: 

\'1 i th ol i gocl r s0. 

71. i otittJ , c" r bun<1t0s , t i t"ni tc , O!)."qucs ancl 

f in ..:.: - r;rr i ncc , nen tob l F'st ic - p; r rn('lbl."Ist i c . 

niotit" sct. i s t (005,~ ) 

(' li ,'oel r s D; v er y f in.) - g r "in.;d i rr p:ul.pr .... r s~ ic 

wi t h Clu ~ rtz. 

YelloWi s h t ~ C"r elJnish browD , V{;ry , 

fi n~- grp incd , well nliC"nlJd Dlrt~s. 



15 

10 

5 

T~ytur ·~ : 

r 

3 

~ 
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jO 
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vr~ ry fi ne- E!r ninec' sctltter .... d """nul f"" .. s . 

ve ry f inv -~rr in~d j rrccul nr Mosr i c 

with ol i p:ocl r- s c. 

fi ne- f r " i nod se cond~ ry rin0r~ls 

(vein) • 

very fine - f.r~iD0r , l apidobl ~8tic-rr~n0bl ostic . 

r U!1r t z v~ ry fin ~- r,r ? in0d strr i ned lunticl ~ 8 . 

V0 ry f i ne-t r~ iD&rl Mos ',i c with 

ou?rtz. 

"h i t,. -l c .... s : t}; in cont i nuous l cye r s. 

T(ioti t l} 

f in~ -rrr incd flAke s 

"" 0rbon" t c s : f i nc - p:r ' in crl r nhcdr pI scatters . 

OP.'"'(1 ULS , (m i d ot lJ "' nd 9:r~ tit c . 

vvry f in'..l - Fr<, i n <.: c ; str r in <:::d l]unrtz l J nt iclcs 

. PC \-,h it · :i c "'s dl~ f ino ,"y ] 0nitic f ol i .... ti on. 

"~ t cf:rcywr ckG (032 c) 

CU .'Ttz 

F ioti t 03 

vc r .. 

f) l i ". ('clps~ • 

, 'n ~ ~ C:" 5~ic 't'ith v,;r y fl :f1 J- ro: r Pl ,,;1,.;. .-

"nd c- r ?I"'lllrt .3d r-o r:-·~" r o-
QUf' rt r. . t: 

c l['~ t s 1; 1') t o 1.5'1r • 
",'J 11 ,, 1 i f.D ~ d I 

l i r bt t o d·"r ll' br own , 

f i nc - r; r .... ino0 pI '1 t ~~ s. 



Chlo"itc 
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1 OV'<lUl. S 

tJ'F'C0 

'!: y'tur '.. : 

30 Hiotite 

7 

5 

3 St'"'llroli t e 
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c )l'Jrl os(' t o lir:tt r r ".;, c , fine ­

rr"'in00. subh0~ r~1 njJr phyrc-

ole st. (?) 

f i)"l ~ - r:r"lincd suhhedrpl cr:vstals 

finc- fr~ ined J p ph edr~ l . 

f1c t epe litc (032.1) 

v0ry fin.J - gr r' in<:!c r)s~ ic vi th 

olirncl'1se 

lirht to nF rk brm'n, very f iD t.:. -

p, rc- in~d w~ ll :-lif,ned pl ., t cs . 

c opc e;ntr,"ted Fith chlorite pr f)und 

~nd 'iii thin <lnd <Jlus i to pl)r phyr o-

l'l"sts. 

co lorless to li~ht r r ee D, v~ry 

fine - prJ'liI!c: d n"'kcs ( I-li th '·,hi c 

.,ief's ) prl)un~ rnd ¥ithin r ndro lu­

sit~ por~hyrobl~stsJ ppd ~s fiD~­

F:r:' i m"d !":uhfiecrc>l crys t nls . 

c .,llorl,)ss to ligbt ye ll oW , ,cdiu'1-

~r"'inJd poikilitic por~hyr~bl~sts 

. 1 ' ons of qurrtz upto 2!"~ Kith lDC USl 

nnd ol i rocl rse • 



tJ'~ C <J : 
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20 
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tr"C0 
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nd .... lusi tG '. porphy-obl t ,- ~s B r7cp t cr t hOD ~nn . 

:.p "-l:". i t ,,-" :"lnd o pr.C U(J S . 

J'Io rDhyrobl ~~tic 

f'i __ t l"lv) lc t:'l niclnst ic (0781.) 

;~lbite-Olir,ocl 1\ s~ : ve ry fin,J - p:r~inod ros .... ic 

"Ji tb qur rt z and f' nhedr pl, 

rrrnul ~tcd , s ~ ricitizcd 

r i otita 

~u" rt z 

~pi" ti t: fI nd bi;,tito i nclHsioDs . 

y t:: ll oHisb to ct' rk brow'n , ve r y f i na ­

gr fl incd u,)11 a lli lZ:oed pl ... t cs I"I nd 

sone clus t f: r s . 

voJry fi na- grp inE-;;d T'osp i c wi th p l (1g i '-

cl r> s l.' . 

1}b i tc f'l ic ps : thin cc-nt i nous V'Yt; r s . 

C ~ rbon ... t 0S : finc -gr ~ iD~d , subhedrpl , ,,nin ly 

Op <' que s 

:-pi rJo t e 

pssoci~ted wi th biotite clus e rs . 

v ry f i m: .. - gr rdned s ubh.Jct r a l crystal R 

v<.J ry fio <J - grf'l ind , anhod r fl l. 

Jcpi clobl nstic- gr"monl p..st; i c , wi t h poiki lit i c por ­

phyrocl f's ts of pl '1Fi ocl.Rso . 

rt: t ~s i lst;one ( 0511. ) 

01 i gcc l"',sc : V ~ry fjn -c - p'rnin",d '10s"' i c wi th nu." rt z 

p~d sn""!c ?nh0d r "1 t ,) 5ubhud r !>1 ~rnr'" 

l .... tud, ;'Lrici tizcd "nd s,"'ussuri tiz~c 

por ph;yrobl "'csts u to 1.,0 . 
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qu~rt z 

? i ot i tu 

"Spi c1ntu 

OU ~<lUC S 

CFrbnn"t .5 

:'P~ titc 

VI.:~ T"V fine - gr ' l· TI"d ~ " _.... r i1f,l11 f' r nos pic 

pi th ol igocl r se ~ 

li~ht br 'Y'n t o f!: r ecnish hr o\"1D , 

v r -::r finc- r.r t::' i ncd , ..... e ll ... l i gnod , 

c l Jn~~ tod pl~ te s . 

ve r y f ine - gr.~ ind , we l l - f:c ptter,)d 

[" r r nul os ['; no s or-:c c lust,; r c; " ft >3 r 

t o s ubhudrp. l ""cdiw''' - PT I' inr. d . 

Yc llm'1 ~rcen , ol ive hr Jcn t o 

h ;.d r n l n r i 50 5 . 

ve r y fine - ~rn in\:.. ct , l .-~n i{' '")b l ~ s t i c . 

f1c t pch. ,r ts (082;. ) 

Hornbl e n~e 

ED idot n 

ver y fine- r.r? in~r irra~l~r ~osp ic. 

ycllO\/ p:r ec n , I j @:ht gr~&n to bl ua 

f or d ng hornh le ndG - r i ch t h i n V' yur s 

sepF-r~t~d by qU" r t z l~y~ rs . 

v~' ry fin0- tn f in...: - f:; r r in \,d se 8 t l,:; rt~14 

f t' f' Dul cs . 

Gl'1rn( ~ ts (i ir!n r - DeBe- r i cb ( 'l )) : f i nc - grl"inec sub-



30 
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11d t , v 'l l c rnic1 "stic (<'80!)) 

li,ornb1 ,'nrl" ', y .. 110\· l ' ht ~ "" ... ~ ~r(. c: n , i f . p-rccn to 

~ ciculvr pris~s pnd S0~G subi J~ r11 

<md S ~t1f~ su t' iti zed por phYT"0cl'1sts 

UP +0 1. 6'11] 

rUo"lrtz 

fi De. C lu Gt ~] r S [lft Gr 'J li g')c } " Su . 

v ,'! ry finc -gr ~ i ned r cct" Dp11ar 

f'l i r n .. ~ d Rr " ins. 

T ..... x tur t: : TI0'-J.,tobl s tic \" ith ~ I") rnblc nc' c I" Jl d oliF.'"c l :- s e 

52 

8 

5 

Oli r; , ) cl ~ s ~ : "s j(1triY, r nd s,Jr icit i zed And 

Br ussuri ti zed :-:U;::t)D t o 1 rT1 :>"I ud 

Biotit0 

J1o t'Tl"h l c ndc 

l;b i te n i ('.os : 

~ ~~~r :) h[' t cs t o 3f1~ 

"'5 strpio..:rl ' IF t rix r-rr i Ds 

l i f"h t to c:-- r k b r ol;m , r "'p:f'icd pl ~toJ 5 

y ..: llm! l1' t'ce o , olive fr~c · 0 

b 
' ht I7r c,;D, i N!,-u i r T'PDu] " r 1.58 r 'r, 

t h1'n 50 ~dc rnn t :"l in:! 

f i no- rJ',rpin ..;d , r l"' l'cioG v ,ry r. 

ol i p"oc l:~ s '..! in p...,rch"£ f\Dd v~i ns. 
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~id')tc v .r " f i n ·;- gr '1 inod , ~ f tcr o]i~ocl[lsd . 

',i' ,.t i t D, c ~rbon, t 8 s, OJ)' aue s <, nd K- f e l dspf' r . 

f i n-.; - to r,Jr iun- ;.'T~ in'3 c, .,yl nn itic 'lith r UF!'cn of 

o li~ ,:, clr.:-;~ wrapp .... d by l..: nticl c s of hornbl conl; "od 

bi ~t i t,;; c(:!'ininF tb o f l")l i r tiOD. 

0U1 'rtz net l'ls~bbro (OG7r ) 

Fl "'(2; i 0 cl,,~e : b oth F'S 1) r'l.)diur:- r.; r"incd , r e lict 

n, i ot i to,;,; 

r:Uf' rtz 

Ch01orit.:: 

subh )~ r f' l t o rnhc~r,l 8cric itizcd 

I '1 brodorit ..: cr~'st"1l s ( sro' in!; .. 

nor~ ~l zoning) , rnd ?) ~ inor 

fin c- prA- inee r- :>t rix 

'C:~ iun- gr '1 inl:d r r nCl ~r lY- 'lT h. ntod 

EubhcrJ r " l nri s{"Is . 

Ii t t ') rr t'k br f)wn , fin ..: -r' r .... incd 

v r y finc -~rr incd gr~Dulos 

cnl or l bes t o liv.h t f"r...;~ , finc ­

gr 'l in .• d fl"t s a f t..! r bi otit t.: . 

j,.V~ tit ..) . cFl rboJ1flt l~ s f' nd ODC'IlUQS. 

r-..:c j. n ~_ Fr l'l i n 0d, .subb vd r 1' l _ ~rnrlUI F' r 

1l.;tPp:r p nit" (06BA) 

'16 strS' iIl ~d OF't riY. with f·:;lc.'sp,. r s . 

uT" t~:inn .J d "Dh, dr 'l l v r y fi ol. - to 

fj..;rl i w _r r "in .d "'f', fl~trix 1'11d 
erqDul ~tJd r~~ S ' rcitiz~d "U~~ D. 
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spr rs . 

~i0.ot ;) fin iJ - p:r ~ in,-,d ~r('tnu1 0 s 

Oprqu •. s fi nd ti t pnito 

y}onif: i c j str~ incd qu ?rt? l -.; nticl _s t: od t", icns 

Fior nbh.nfc- hiotit l.,; ., ... tp ton~litu ( G-p 26. ) 

HornhLw cle : 

J ' 

b ot h ? 5 1) I'"l i c t subbodr~ l t) 

nuh. ~c r f! 1 "' u l1..~ n o. 5- ;'l",,!'~ , crowe ,-,d 

2) Iv nB~s of fi ou ~o~~ic pssoc i -

rt~c' "l i t h qup r tz ['ud pn r t l y ~n­

c10 sinr l ~r~,-, r c)ystp ls. 

str .... i ned sutured 'Tr no'hlps t i c 

f' r r-r g .... t .)S t yn i cp l ly 1n!1 l onf<; 

pnG. 0 . 1- 0 . 2' '1 (Yr~in5 . 

ye l lOW r r o0n , r r 0dD to blu~ Fr ean, 

i r r .;("ul pr ... r:P.':rof,"t .... s of subb.Jc'lrql 

'wi r.ns (UT- to :?r:'1) ~ssoc i .,toc with 

bi oti t0. 
.o' .. 
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trrc~ 
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fin .. f'T:""rluLJS i n r t rix "'no fir.u 

priSl.!l S i n 01 irocl :",s(: . 

fTPG i ssose , :.'lith ~ur n of (')1 irocl psc \' 'r '''pped by 

r n t l'ork of ' .~ i 1 1 i r .t L: r-th i ck b i nt i to- ."' ncl horn-

T'l-:wi "lC 1.'" sc : both "':3 1) relict subh·:.ri r .... l to 

, .. :uh"c' r ' l l:-:br<'c')""'itt; C·Yfit~]S 

Chlori te 

OpP.Cl U 0 S 

f-' .... ric it i zvd ;nc ShOl'iflp: n rT T'''l 

rw trix 

y ...: 11 0\ , Fr eclD , l. i rt t to dA r k r rOIlD , 

_:' c1 iUT.' - rrB ill- d !'= ul)hccir:-l T) i c'1s . 

r-r rnul .... s ~ft~r pll'!7- i o-. 
cl" Sc: o 

y -... ll 'wi sh br:'wn to br "w·rn , V,H'Y 

finJ - t'T ir:!~C short pl··t..:s 

col orl ess to ljrht f.r.)~n , VO'! ry 

finl. - l2;r"'in,~d fl~k"t1S "ft ..... r ..,. fic 

~~dium-gr~ inod, subhedrnl - gr anul ar. 
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F'1 ~f'i(l('. I ;:>:c : 

l-:':> irl :') t e : 

Chl')J"i tl.J 

On."qucs 

y .; ll ow f T'v0n , olive f!I'c .... n , eorrsc ­

~rr in::-0 :-ubhetll'.-:> 1 poik il i t ie with 

inclu El i tms of hr-rr!bL; ndc , cli no-

f r"'c turc "nd el~"'v "'!2;\;; tr~e .:!s in 

SO.1\.; cr;vstr' ls . 

(· s fin~ ~nt. r st; i l' l ~.l ;>ins 

rs finJ inc lu ~ i .JDS \' ithin hr>rn-

l- 1...mdo f" nd 1"1S0 r.::(;diu'" s i ze f.!r'""i n ,_ 

co l orl ,,; s s t o li,-ht E.':r..:~D , f inc -

l)lr-cin r-; b ornbl.~ndc. 

Co:->rS(: - f~r" in .... d , :: ubh,.;rl r "'l - f~r[1Du l"' r, pol l-i) i tic. 

Mt. t ~ton" Ii tv ( CTJ 501.) 

l ' 1 b'th os 1) r~lic t s uhh_d r Pl l to C'_lP:OC "'f,(; . r, 

'\ /h i t tJ n ic['s : 

"' n.l"J <" r ro 1 cr~'str l s , lo,i~h ly 

s 0dciti 3t;d " Dc' Sl'ussuritiz\Jd , rnd 

2) lon~cs of fiDe ~0~" ic ~S60-

ei l1tod Hith (1ur r tz 

, • fl' n ,~ - ""r-,' n~·d 1..;ntic 1cs 
1'5 Rt r nln .... I' . h 
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7 'i.,t i t.:: : lirbt t n d " rk br~)I,om , f inc - CI' ''l. i n 'Jd pl rot ... s 

4 >:' ,) i '; (l t~ : VI,.. ~'Y finJ ·-p.,r'"' i~cd:)~:i.sn s -,., i th i n ,,} i c-oc l sc • 

,- 'rr."hl...:-:c!··' ·, ye l lo" " r ' ''' ' " ht t 1 k '-' -' r, ... ... ~ , --1.[. ~ ( pr gr een , 

Or"qucs " nd T-·· f ..::: ldspF' r 

r1ctf'gr r noc i nri t o (038_~ ) 

L~C' 01 if--;c l "'s tJ : ':'.: r icit i z<Jd ,"'nd s '111 r suri tizod 'cc iu- -

r r .... i nc~ cubh i dr:- l to :-nh ·err l c "'ys t r l s 

f:t J' !> int.d h ;nsE:s of f i ne ",: .? t rix "lith 

1 ..... l fl s pf' r 

15 Y· - f ....,lc',sD·' r ( 'l i c:]"'oc l i nt: f nd ;10rt h ite ) : s t.l ric i tizJ:d 

.-
I 

5 

Chl·JT.' i tv 

0p':o ues 

hcdr r l to f' rh urr~ l cr ys t pls ~ nd f' S 

'1r t r ix. 

, d l'r ' s!"'!s cr"w(!d \ -i t hin ',r'ry fine - r r :> H h.: .L 

fcJ~ spP.rs . 

, h -rn~n t o r qrk br o"'n I yoll:) ;'/l S \I.H' 

v "J ry fiIW- ~,t' '> in0d nl f' t t: 5 

C 0 1.~):r l c ss t <'" lif,r+- frt::~m , f ine - ,-:r ", io.::!d 

i t r b ' nt ite . f l r k0 s '1 e .L 
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( ,"rnz) 
G.Uf'lrtz ""':0t"Qon?onite «(;.T 102 ) , 

50 0U.f olclpSt~ ; ·,vdiuCl- to cOfl r su - r-rflir d , E:ubh •. d r f'l 

'C r- ~ 01~fP)r>r (. iCT<)clint r-nct pc r thit.:l) : 'lcdiUl -to 

7 

3 

1 

tr ~cc 

Chlorite : 

rh .. 'C iU!1-~rf'int.:c , rnht;!dr 1 CTyctr-J (l 

' )i i 'tb slirht Wf'vy ~xtiDction. 

Yt.:llo\!iRh . T.en to ~L.mish hl,:ck , 

Vt~r:y "int.:<.:rf1incd fl"'}- 5 "'ftw r bioti o. 

~""r?~ul tion of .s'TC of tp; h"lr(~ .r~ of ~rrins of 

1)1~''''l'"'t?, [lDd fl..'lc1sTlf'TS !'I ud ~inkcd ~lhit ... twiT's in 

01if' cl' S:J testify to sJivht -yl ,)Diti z~tioD. 



TABLE • Hil"lE'ral assel'ltllllges of anples studied In thin section 

SytTtIo Is: X 25 

X 5 . 251 d I t:-3 

" xenoll 
x 1-5f. 

~ , . concreti on .. 
(xl ret rograde 

S~p l o Nurrtler Rock Name Textur e QZ PC ~. KF 61 H6 EP WM CH TI CC AP rf) CA ST AN Ott'ors 

( bhs ' ner.'latob l as t I c-

0666 HB Sch i st granob I ast i c X X OL X X 

nematob I as tic-

0 15A HB Sch i st gr anoblastic X X AD X 

088A HB Sch ist granob lastlc x X OL X x 

0898 HB Sch i st gr anob I asti c X X OL X x 

095A HB- EP 
Sch ist banded X X A6- 0L X X (x) X 

nemato b last! c 

096A HB Schist granob I asti c X X OL X x x 

lOlA HO Sch i st granob I 6sti c X X OL X X 

1036 61-H6 
Sch i st g ranob lastlc X OL x X X 

120A HB Schist nematob lasti c X X AD X 

GW55A HB Sch ist nematob 1 ast! c X X OL X x x TO 

005A 81 Schi st lepidobl astlc X X OL X X x x x 

0058 Qz - rich 
Sch i st Mylonitic X X OL X x x 

066A " " X X AB-OL - x X 

• 

. .-



(bhs l I07A QZ-ri ch 
Schis t ~,.,lIon I ti c X X AB-OL X x x 

GrISO Oi- ri ch 

Schis"t granoblasti c X X OL x X X 

087 A" metagra-

nite ""Ylonltlc il: X AB-Ol X X x AL 
089A rre t agra-

ni te mylonit i c X X AB-OL X X x AL 
009A moti!! Qz s ubhedra l-

d iori te Sranu ll e r X X OL X X 

Gw55c me ta Qz· 
gab bro paki l ob l ast l e X X OL x X x 

I 

Gp75A metagabb ro $ubhedral - ~ 
granu lar X QL X X (x) I 

mss i-

f l!.,. 61 Sch i st mylonitic X X OL X X x 

0 188 HB- BI 
Sch i st lep i dob lastlc X X OL X X X 

0 18C Bi - HB lepidob lasti c-
Sch i s t nemat ob last i c X X OL X X x x 

" 

0 180 phy I l on l te my lord t i c X X OL X X x x 
, 

0 18E ~IM Sch i st my l onitic X X OL x X x 

027A me ta- ande- b lastoporph y-

site r itl e X X OL X X ex) 

I • 

,..--~ -



, I"SS I ) 

028A net&osedi - porphyroblas-
MOnt tic X X OL X X x 

0288 metasedl - lepldoblastlc· 

"",nt granoblastic X X OL X x (x l x TO 

0308 metagray-

wacke nernatob I as t i c X X OL x X X x 

030C metape II te lap i dob I ast I c: X x OL x X X x CO 

0300 metl!lpe llte porphy rob l astlc ) X OL X x x x x X 

031A it meta- Igne- blastoporphy-
aus (rhyo- .... . X X I-S-Ol X X li te- Dacite) r l I1C x 

I 

032A metape II t e porphy cb I as-
C' 

'" I 
tic X X OL X X x • x x 

0328 " " X X OL X ~ X x x x 

032C metaprey- lep i dab I asti c -

wtlcke granob l astic X X OL X x x y 

0320*"' * Qz- Ep gr tlnob l ast i c 
rock 

X . , x OL X X x x X 

033A met ape! i te J:O.-phy rob I as tic 

granob I asti c X X OL X X x x 

056A metahyo- blastopor phy 
rite 

r itic X X OL X x 

0566 metape rite por phyrob r a,ti c ~ X OL X x x x x x x CO 

056A meta- an de- n0matob 1 ast i c ... 
si ta granob I asti c X X OL x x X x x 

;e 



52) 
022A netll- voI canll- Icpldoblastl c X X A/l-OL - X X X x 

last l e (nice-
Schist) 

023A me ta-vo I cana- l ep idoblastl c 

'astl e porphy r oc I ast Ie X X OL X X x x • 
024A Mta- vo lcanlc b l astopor phy r l -

(dacltc - ande- t i c X X 
s l t o) 

OL x X X x 

0246 meta- vo I cane- l ap ! dob l asti c 
clas t i c por phy r oc I as-

tic X X OL X X x 

025A meta- vo lcano- l ep i dob l ast i c ... 

c l a!"it l c gr anobl as ti c j( X OL X X X 
I 

X " 0 
025e meta- ande- b l astoporphy- I 

s i ts r i T i c X X OL x X X x x 

0250 met a- va I canc- l ep i dob l ast i c 

clast i c por phy roc last i c X X OL X X x x 

025E meta- andes i te b 18S t oporphy-

meta vo lcan ic r i t i c X X OL " X X A 

039A (sha I I C1N nematob I as t ic X X OL x X x Ix) x 
int r usive} 

040A " lepidoblast i c 
b I astoporphy-

ri t i c x X OL- AD - X X x 

043",* Meta Igneaus Icp idobl ast i c 
I f;. lyal j te-

b 1 astoporphy-
dacit,J) 

rlti e .~ X OL X x x X x 

• 

, 

-- ....... -
- ~ t- L = -:? ' _ _ ~ == " .-II _ _ , -



• 
( ..,.5

2 
) 

052A ~ rret~ l gneaus b l ~stoporphy r lt lc X X OL X X X X 

(dltci t e ) 

054.1\ mate- vo l c~In~ ' l ep i dobl astlc X X OL X X X X 

c l astic 

077A mo t a- ando r 'te b I astopor r hyrl - X X OL- AD - X X AL 
ti c 

0778 motavo lcanl - l ep i dob last l c X X OL X X X x 

c l a:ltl c por phy roc I as -

(GA - Bl t i c 

Sch i s t 

07BA met avo I can 1- l ep i dob lastl c X X OL X X x x x , 
'" c lasti c porphy::oc l as t i c -" , 

084A metavo lcanl- ne matob las tl c X X OL X X X ( x l x 

c last i c 

(mss3 ) 
OS I A me t as I I t s tone lep i dob las t l c X X OL X X x x x 

082b me t asl lt sto ne l ep idobl astic X X OL X X x 

080A met avo lcanl 'it nemat ob l ast ! c _ 

c l asti c granob l astlc X X OL x - X X ( xl x 

OB08 " " X X OL X X x 
-

OBOC " granob las t i c X x x X x 

OBOO " " R X OL " X 

082C metoo ndes i t e b lastoporphyri t ic X X OL X x x 

082A mo ta- che rt nemat ob last l c -

g ranob l ~st i c ~ X X x 

, 

~ 



SMllle Numbe r Rock N8II'1e Textu re QZ PC Cor!> . KF BI HB EP ~·I 01 TI CC Pi' OQ AC CX Others 

(mtn) GH 57A HB-BI rret~tona- ny-O I ri tl c X X OL X X x x 

tlte 

108,'\* * HB- Sch I st gr anoblastlc X OL x X (x) x 

, mgb ) 067A quartz met<3- - subhed r al - gr anu- x X LB x X x (x) 

gabb r o 

12 1A me t at ona lite my l on iti c X X OL X x 

( mgt ') 068 A metaqr an l te my l on i t I c X X OL x X x X 
, 
" I\) , 

, HB-B I 
mt n ) OC 9A metagranod io-

r ite 
my l oniti c X X OL X X X 

Gp 18A quart z me t ad io- rrry lonitic X X O~-AO x X x (x) 

ri te 

Gp 18C CH- AC Sch I st nematob I ast l c X X 

Gp 25A metag r anod lo- my lonitic ~ X DL X X x x 

rite , 
Gp 26A metatona lite my lonitic X ,( 8L X X x (x) 

Gp 26B Ii" rreta-i gnioos po l ki Ii tic X X OL X X x x 
(inte rmedl~Te; 

GJ 48b HG-BI SchisT nematob last l c-
I cp ido b l llls .,.I c 

•• 



I mgt" j , . 0938 quartz metagabbro 

0908 " " 
0598 quartz metagabb ra 

II ZA ., 
" 

o90A metatonalite 

059A " 
li SA " 
090C Qz - rl ch Sch i s t 

093A HB Schi st 

Ow SeA Qz-Pc Sch ist 

GH 23A HB Schist 

("bt ) 062A metahornb lendlte 

019 A " 

l BI mtn) GJ 50A 8 1 rrs t ato' ell te 

038A me t agranod i 0-

rite 

Q75A* 8 1-HB Sch i st 

0 50A* EP- HB Sch I st 

( ~, ) 
GJ I02A Qz me t emonzonlte 

~ 

-----~ 

subhedra~granular x 

" x 

nematob I astl e- x 

granoblastlc 

" x 

mylonitic X 

gr anob last! c X 

myloniti c X 

.granob I as t' c X 

nematob I astt c .. X 
granoblastlc 

granoblastlc X 

nematoblastlc ~ 

granoblastlc X 

subhedra I granu lar 

poiki '!tlc 

" 

subhedra I.gr anu I sr X 

" X 

g ranob l as t! c X 

" X 

s ub hed r e l - g r an u l ar X 

" I I 

• 

X 

X, 

X 

X 

X 

X 

X 

x 

X 

X 

X 

x 

X 

X -
X 

X 

X 

x 

L8 x X X - ,I (x I 

OL x X X 

"" x X (xl 

AD x X X (x I 

OL x X X 

OL x x x (x) 

OL x X x 

OL x x x x 

OL X x X 

I 

'" OL x x (x) x '" I 

OL X X 

OL X (x I + x " 

OL x X x (x I x 

OL X x x x X 

OL X x X X (x) 

OL x X x 
, 
;. -

P x X X 

OL X x ( x) 

.. 
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., 

x x 

x 

x 

x 

x 
x x 

'x , X 

.J .J .J 

0 0 0 

'x , x 'x , 

x x x 

, , 
ro ro , 
L L ,.. 
0> '" ~ , , ~ 

L 
ro ro 0 
L L ~ U 
~ L ~ L 0 

• ro • ru ->- ->-
~ ~ ~ 
~ 0 ~ " ro L 

" C " C 
~ ~ ~ 

• ->-
C 
0 ~ • 
N " ->-
C 0 • g , • C ~ 

ro '" ~ T 

~ 
, L 

• • T ->-
N ~ 

C 

0 

ro - « • 
0 '" • 

~ '" , « ill 
G '" 0 

,.... 
N 

~ 



> 

• 

• 

16' 

' 69.170 ",( 
/ 6 8W, 168 (1) _ lu3 

17 3,17S.n G:' 

, I I 

I2B 

'l1,1Z7 

1366,/37 

, I 
I :11.8 

142,143 
139.140, 1'./ , 

i .. 1, /4B 

N 

t 

94,98 

I 
I L __ I 

1 6 1. :-'.16 1,e,t6~ 

-lL.L_ g"OB. \90 _________ =-o!-'_-:-_ -_ 7:.. -_- _- _-\2,,' Km= 

p' . lvure 17 : Loca l ity rnRp of enflly zed samples 



Tabl a 4 

Mine ra l ossembl aFes of @nqlyzed se~nl es studied in thin section. 
symbols : 'iC 25% , x , 5- 25,r , x : 1- 5% , . 1'Y- , ( x) , r e troprade 
• clast in met e conglomer a te 

semple 'Rock I'!D'1e Texture Cl Z PC COtlp. l"F 1lI HB EP W~, CII TI CC ;:1' 00 I .C 
",TO. 

lepidoblflstic-43'- met~rhyolite rr r anoblJlstic it X OL it X x X 

98 r.etarhyolite blastoporphyritic Z X OL Z x x X 

124 t:.Je tarhyolite le~~l!a8brmlc Z X OL it x X 
4- ' metarhypdacite blastopor nhyri t ic ~, '" (lL X Y- "' u. ~ • 
52~ metarhyod Dcite gr C> Doblast ic it it OL X x x X 
91j net<:l rhyoda c i te b l Astoporuhyritic j{ v , 

" OL X x x X '" "' 88 me t ad Acite b lastoporphyritic Y X OL x l[ J[ 
, 

102 me t ode.cite b l as t opor phyritic X 7- OL x X X • 
63 me t andes::ite bl~stororphyritic X y OL X It • -
67 i'letanndc site blastoporphyritic X it OL Jr. it T x 
?9 ITletaandesite lep i doblastic -

granoblastic X ~ OL .. it x x 

80 me t aandesite blastopor phyritic X X OL X X • 

33 >.1etaa nde s it e blBstoporphyritic X it OL X X x 0 

84 tiletFlElDdesj te b18stopor phyritic X i[ O~ X X x 0 

• 87 t;letaandesit e lep i dobla s tic -
sranoblastic X it OL X x x 

100 mc t fla ndesite blAstoporphyritic X & elL X X 0 

'_''':;''.'''' i· _ ... ' . - . ...... _ .... 



122 l!letElandes it e g r fl Dob l astic X Z OL X X X ( x ) x 

128 metaandesite b l astoporphyritic X ~ OL X X x • • 
62 L'letabRselt ic - p:;ranoblastic ~ e ndesite x OL X X x ~ x 

101(1) metabasalt ic -
a ndesite blastoporphyritic x it OL X it 

101(2) U'letebasaltic -
I' ndesite blRs~oporpbyritic x it OL X x X (x) • • 

106 me tabe sr. ltd.c- amygda loidal X Z OL it it (x) x a ndesit e 
136B me tabllMH3:te nOgi'-tH8bf ~~Hc X 2 OL X X • I 

1 37 r.lC tabasal tic - --.J 
gr anoblost ic X X OL x it (x) X --.J 

fl. ndesite I 

147 metab?salt i c- ncn~tobl ?stic ~ . x j( OL x X X andesite gre.Dobl a.s1; l.c • • 

154 metabasa ltic- blastopor phyritic it OL li' X 
. x x x -andes ite 

10 0 netabfosalt i c - blastoporphyritic x li' SL x X X andesite , metabasalt blBstoporphyritic x li' OL x X X 

163 T'Je t flhRsal t nemetoblast ic- X 8L li' x X 

173 metabasal t Gr 8noblpstic 
nematoblast i c - X OL x X Jl • 



57 netagrani t e granoblastic it it OL it • • x • 

145 I!le t agrenite nylonitic ii X OL it x it 

158 t:l.etagranite c ylonitic it X QI, it x * ~ " • -
140 metagr a nadiorite mylonitic it ii 'OL X x x X • 

164A metElgreD8o.ior i te mylonitic ~ it OL X X x 

164B metegr anudiorite myl onitic 2 ~ OL X X X • 

1 41 mete-tonalite mylonitic X 2. 10L • x • • 

1 53 metatoDFI lite myl onitic X X OL x x x • 

157 rnetatonalit e gr anoblastic X ii OL x X X • 
I 

160 me t Cl t onalite mylonitic it g OL X x • -G 

'I' 
161 metetonel ite I'!ylonitic X X OL X x X x • 

162 I!le t atonalite g r anoblast ic X 2 OL x X X • 

16 5 m~taton8 1ite Mylonitic X 2 OL X x x W x • 

166 me tatonalite g r anoblastic 2 X 01. X X x - ( x ) - • x 

139 I!!etad iori te nenatoblastic - x it OL x ~ X x 
gr anobll1st ic 

" .. ,. 

• 



-148 me t adiorit e granoblastic x X 01 x X X • 

1 l"9 oetadiorite Mylonitic x ~ OL x X x 

151 met adiorite Myl onitic x It OL x X x 
152 metad iorite granoblastic x X OL x X x x 
155 1!le t adiorite mylon i tic x X OL x X x x 

129 oetagnbbro decussate • ii OL X X (x) -
142 oetag":'lbbro decuss e. te • ~ OL x X x 
143 l1etegabbro granob lRstic 1 OL x X X I • '" 168(1) :let~g8bbro gr BDobl flsti c X ii: '" x • I 

168(?) metpgf'lbbr o gr e. noblatic X x • X 
169 rr:e t a~8.bbro decussate x it x 
, 1 70 me t agabbr o decussate X OL ~ x X X T V T < 

175 r:.etag~bbro granobl Rstic " • X 
176A P.le t ;:~gabbro nematobl as tic-

X OL ii X x granoblestic 

176B met agabbr o Decussate • • X x • x 
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TClbl e 5 
ilccuracy ('TId pr ec iD i on of fels ic stand ?rd E. 'l--2( syeni te) 

b,-'50C on 10 fusion~ of 8Y- 2, 0:>.11 run once. 

~[:.j or €;let1ent s Trf', ce 

oxide n. 10 elenents n=10 

8i02 
~ 60 .18 8 

- 0 . 017 L leY 

s "d" .. O. 58 s . d'. 0 . 012 

c .. v .. 0 . 28 c . v . 10 . 6 

v .. v. 60 . 10 r ove 0 . 01 

A1203 12. 23 BR 467 

0 . 103 5. 17 

0.84 1 . 1 

12 . 12 460 

FC20
3

(';') 6 . 25 Cr 9 . 8 

0 . 036 8 . 1 

0 . 58 82.6 

6 . 30 12 

MgO 2 . 69 Zr 269 

0.047 3.67 

1 . 75 3.36 

2 . 70 280 

enO 7. 96 s r 256 

0 .059 7 . 15 

0 .74 2 . 8 

7.98 275 

Na20 4.37 Rb 222 

0 .067 3. 92 

0 .88 1 . 77 

4 . 34 220 

1'20 4 . 52 Y 123 

0 .040 2 . 53 

0 . 88 2.06 

4 . 48 130 



fmO 

x : i!leun 

- 81 -

0 .14 

0 . 005 

3.6 
0.14 

0 . 43 
0 . 015 

3 . 5 
0 . 43 

0 . 33 
0.000 

0 . 0 

0.32 

zn 

Ni 

239 
31 .66 
13 . 25 

250 
2.1 

3. 2 
152 

10 

~ .. d o= stEtud[!.rd deviat i on 
c .v . : coefficient of vpri ~t ion= s . d · X1 0C. x 
r~v ,, = ReCOf!lr:10nded v fl. lue froo Geoloficp-l s urvey of 

Can8dc, (studies in I1 sti3nd ~rd s ElMpl es " of s ilicf'te 

roc..ks nnd T'l inernls , pape r83-1..5 , 1983) 
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Table 6 • 
Pr~c ision of Ch~t1ic:11 :.n 11yses 

l---EL,-~-:}nt-'- C·,;~c~~t;:tion ;-;"F:; (~ll- ~n- rt;l:~iVC-';:)i 
I 

c ' '''' ~.l~2 

J 12(i3 

1'°20 '1 

11f,0 

c..,o 
F<120 

1(00 
c 

TiO .... 
< 

s 

;-- - --"1 1 
0.1 - 1 i 0.1 - 21 

, 1 
; I 

+10 
• -

~ 5 

~25 

.3:5 1 
i +15 
1 -

~ 5 

+? 
- < 

+10 

+10 

+10 

1 
I 
1~3 

-_._-- -.......,....- -_.- -_.-- _. --_.-
Tr:.'c0s I • , 
(rnn ) ; /_10 i 1C-30 ~ ,3C I 

. ' I 
1 F50 1 , 1;-' B? 1 , 10 I 

Cr 
, 

< 10 , : 50 1:10 : 
1 

7.1'" I <.1 0 i ~50 : ~10 1 , 
8 r I ' 10 I ~ 50 : ~10 
Rb I < 

10 ' +50 I +10 1- -
'{ ! t'10 I ~ 50 +1C , 
I'll I 10 I ~50 +10 

Zn 1 
~10 ~50 , +10 

~< . <.10 1 ~ 50 1 ;10 _1 

1- ~o (S d I " ) x 100. rel-+2 . /'0''' ., .• 
1 -

. " ' lV..: 
J 



-, 
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Tabl~ 7 
M~:.:'or cl~r!cnt cO;I'ositioJ:!s (oxidcs , Ht.%) "' nd CIP.J norr') 

of ""'n'-',lyzeQ S"'!1pl')s . 5 
Synb?ls : Ii '1ndcs~te , B bfls~lt , Ell bi'd.~ltic- "ndu5ite 

~A (I ...... Clt€: , R r~yol l~7 ' ~D r hyod!;c itc, D diorito , G rr~njte 
(,0 l .-bbr o , GD br""n~)Qlorlte , T ttfn"lite 

S:OO-"ple nUI:!bers '.nth "'sterix h"'ve Fe 20 '!"eO"" 0 . 2 whorvs 
tho r ost hove 0.11 . 3/ 

S"'r1ple 1'70 0 

Si02 
Ti02 

A1203 
Fe2 03 
FeO 
I"nO 

MbQ 

C;oO 

UEl20 

'J: 2<i' 
P205 
S 

H20 

Q 

C 

Or 

Ab 

lie 

Di 

By 
C'l 

~it 

Il 

Ap 

Co 
Z 

Py 

'"3(n) 
71 . 16 

98(R) 
70 . 11 

1~' ;R) 'f6(R~) .. 52(F) 94 (RD) 
72 . 93 76.5, 70 . 77 69.35 

0 . 4lL 0.57 0. 16 

15 . °" 
0 . 20 

2.39 
0 . 06 

0.62 

2.99 

" . 28 
1 . 71 

0 . 0 0 

0 . 02 

0 . 76 

15.5? 1'" . 27 
0.31 0 . 24 

2.77 2 . 15 

0 .06 

0 . 75 
1 AO 

4 . 73 

3 .. 19 
0 .16 

0.27 

30.8"- 24.81 
fl.74 2.01 

10.11 18 . 87 

36.17 39 . 98 

0 . 02 

. 6 

0.34 

3 . 2'1 

5A1 
0.03 

0 . 71 

30 . 51 

2 . 4lL 

32.00 

27.38 

0.52 0 . 39 
18 . 74 15.75 
0.23 0.24 
2 . 11 2 .17 
o . ()ll 

0 . 72 
}.01 

5. 12 
~ . 05 

0.12 

0 . 59 

20.24 

2.74 

12 . 13 

43 . 27 

0.04 

0.77 
3 . 10 

3.05 
2 . 51 

0.03 

0.98 

34 . 10 

2.30 

14.85 

25 . 78 

14 . 74 6 . 17 1.71 14 . 59 15.56 

5.11 5.87 4 .41 

0 . 29 0. 4 5 0.35 
0 . 8"- 1.08 0 . 30 

0.21 0 . 38 0.07 

0.0iL 0 . 05 0 . 0iL 

O.OiL 

4 . 69 5.14 

0 . 33 0.35 
0'. 99 0 . 74 
0.28 C . J7 

0 . 05 0 .04 

0.56 
15.33 

0 .35 
3.14 
0 . 06 
0 . 91 

1.64 

5.20 
2.60 
0.13 

0 . 58 

99 . 85 
22 .45 
1.19 

15.38 
43 . 95 

7.54 

6 . 93 

0 .51 
1 . 06 

0 . 31 

0.05 
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S,,; r.::· l~ rro e 88'(llA) 102' (Dt.) 63' (A) 67(1.) 79 ' (A) 80 ' (A) 
Si02 62 . 40 60 .87 57.81 59.43 58 .19 <;0 . 53 
Ti 02 0 .84 0 .82 0. 87 0.84 0.81 0.86 
1,12°, 16 . 26 17 .38 18 a ~6 17 .94 17.70 19 . 22 
Fe2O, 1.30 1.14 1.39 0.69 1.86 1.84 
FeQ 5.22 4 . 55 5. 58 6. 17 7.46 7. 37 
~lnO r . 13 00 .1 2 0.10 0. 11 0. 16 0 .19 
M[,O 1.92 2. 56 2.'>5 2.78 3.21 4.67 

C',C 4 .35 3.99 5.24 4.13 2.74 7. 58 

lTf'20 4.08 5.55 l~.44 5. 23 3. 53 1.44 

K 0 2 2 .72 2.07 2.61 2.15 3.72 3.38 

P205 0.36 0.28 0 . 39 0. 31 0. 30 0.19 
c 
c 

H2O 0 . 23 0.51 0.14 0.13 2.55 

Totr-l 99 . 81 99 .84 99 .78 99 . 78 99.81 99 .82 

Q 13 . 95 6 . 54 4 . 55 4.14 8. 41 1 ·56 

C 0.06 3.47 

Or 16 . 09 12 . 24 15.44 12 . 72 22.00 19 .99 

JIb 34 . 48 46 .91 37 . 53 114 . 20 29 .83 12. 1 ~ 

An 17 . 9fl . 1,6 . 36 23 . 50 1R.92 11.96 35 .93 

Ne 

Vi 1 . 35 1 . 59 0 . 35 0 .62 

By 11.47 11 .88 13 . 78 16.51 19. '; 2 22 .29 

01 
t-;t 1.89 1 .65 2 .02 1 .00 2. 70 2.67 

II 1.60 1.56 1.65 1 .60 1.54 1.63 

,- 0.85 0.n6 0.92 0 .73 0 .71 0 .45 
",-
C:J 0 .01 0.01 0 .01 0.01 0.02 

0 . 01 
Z 0.04 0 .04 0.03 0 .03 0 .01 

0 .03 
Py 
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Sampl e No . 83* ( 1. ) 84~ ( A ) 87 ( A) 100* ('. ) 122( 1< ) 128*(A) 

Si 0 2 
58 . 14 59 . 39 59. 21 59. 09 53. 80 58 . 75 

Ti0 2 0 . 89 0 .74 0 . 79 0 . 85 0. 98 0 .95 

1. 1
2

0
3 

1B . 76 16 .72 l B. 16 17 . B9 17. 99 17.00 

Fe
2

0
3 

1 . 26 1. 36 0 . 69 1. 30 1 . 04 1137 

FeO 5 . 02 5 . 46 6. 23 5. 19 9. 32 5. 49 

Mno 0 . 14 0 . 20 0 .1 3 0 .1 2 0. 15 0 .1 2 

:t-lgO 2 . 21 1. 72 311 0 2.72 4. 15 2. 64 

CaD 3 . 79 6. 40 3 . 117 4. 51 6. 36 8 . ' 7 

Na
2

0 5 . 90 4 . 51 4. 77 4. 21 3. 114 4. 25 

K20 3 . 16 2 . 23 2. BO 3. 19 1. 80 0 . 60 

P205 0 . 40 0 . 27 0 . 35 0. 36 0. 19 0. 31 

, S 

H2O 0 . 12 0 . 80 O . 1 1 0 . 34 0 . 08 0 . 22 

-... . ... - To t a l 92 · 72 29 . BO 22 .81 29. 77 9,2. 80 22.87_ 

Q 7 . 81 5. 08 6. 20 0. 66 10 . 49 

c ~ 1. 66 

Or 1B. 69 13 . 19 16. 56 18. 87 10. 65 3. 55 

h b 49 . 86 38 .1 2 40 . 31 35 . 58 29. 07 35 . 92 

Jo n 15 . 33 18 . 75 15. 29 20 . 45 28 . 28 25. 50 

No 
9 . 86 0 . 01 4. 11 11 . 0 1 

Di 1 . 05 8. 70 
Hy 5 . BO 7 . 35 17 . 54 14. 06 23 . 20 

0 1 ll . 56 1. 99 
1. 00 1. 89 1 . 51 

Ht 1. B} 1. 97 
1. 62 1. 86 1. 1 

Il 1. 69 1. 41 1. 50 
0 . 83 0 . 85 0 . 45 0 . 73 

Ap 0 . 95 0 . B4 0 . 0 1 
0 . 01 0 . 0 1 

Cm 0 .03 0 .03 
0 . 03 0. 04 

z 0 . 04 0 . 03 

Py 
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• • Samnle No ~ 62 (RA) 101(1)(B') 101 (2 )(BA) 106 (qA) 136(S(qA) 137(S') 
Si o2 52:7 1 52 .10 50 . 65 52 .79 53 . 96 52 . 69 
~ . 

- ~ o2 1 . 14 1.02 0. 85 1 . 01 0. 94 0. 9'< 
11126 3 17 . 85 19 . 77 19 . 2 3 17 . 58 16. 66 1 . 54 
Fe203 0. 81 1.74 0.94 1. 92 1.08 1.05 
Fee 7. 30 6. 98 8. 49 7.68 9.68 9.41 
Mno 0 .1 4 0.17 0.20 0. 17 0. 18 0. 32 
Hgo 5. 29 3. 93 2.93 4. 61 3. 39 1.08 
C,.tQ 6. 30 5. 83 10.48 8. 96 10.47 15 . ~~ 

Na ... O 4. 73 5. 64 3.1 9 3. 58 2.84 0.15 
<. 

K20 1. 34 2. 89 1.81 0 ."6 0.13 0.02 

P205 0.33 0. 30 0. 22 0.34 0.09 
s 0 . 09 

H2O 1 . 81 0.75 0. 96 0.45 1.99 

Total 99 . 84 100 . 37 99 . 76 99.86 99.87 99 .8:.-

.. . , Q 3.13 6.66 16.'~ 

C 

Or 7. 93 17 . 63 10. 71 1.54 0. 77 0. 12 

, Ab 39 . 98 29 .5) 26.50 30.26 24 .00 1.27 

An 23 . 48 19. 78 32 .81 31.09 32 .29 44 . 35 

Ne 9.81 0.25 

Di 4.82 6. 28 15.42 9. 43 16. 34 29.33 

Hy 6. C9 18 .00 15. 85 2.86 

• • 01 11 .48 12. 31 9. 92 
1. 36 2. 78 1. 57 1. 52 

'It 1 • 17 2. 52 
1. 94 1. 62 1.92 1. 79 1.79 

Il 2. 17 
Ap 0 . 78 0. 71 0.52 0.80 0. 21 

Cm 0 . 01 0.01 0.01 
0.02 0. 01 

0.02 0.02 0 .02 
Z 0 . 02 0 . 03 0. 03 

lOy 0 . 17 



...... ~ ., ,. 
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I 
147CB» 154Co:,) • Sample No . 190CBA) 104 C 8) 163CU) 173(8) 

c·o _1 2 54.18 52 . 54 53 .01 51. 91 50 . 67 47 .34 
Ti02 

LQ1 0. 95 0. 9" 1. 00 1.14 0. 54 
A1203 17 .83 17 . 33 18 . 88 18.51 16. 59 17.85 
Fe203 0 . 94 1.08 0.94 1.89 1.05 0.15 
Feo 8.44 9.65 8. 44 7. 54 9. 39 10.36 
HnO 0 . 16 0 . 18 0.1 6 0. 19 0 . 2" 0. 19 
HgO 3.00 5.00 3.69 3.83 6.92 5. 91 
CaO 9.83 9.59 8. 81 8.28 10.61 13.33 
Na20 3 . 36 3. 14 3. 41 3.05 2.85 2.37 

K20 0 . 53 0. 52 0. 89 1.10 0 .4 1 0. 46 

P205 0 . 23 0. 12 0.16 0.28 0.07 

s 0 .. .... 1 

H2O 0 .35 0. 51 2.26 0.37 -- -
To tal 99 .86 100 . 10 99. 84 99 . 84 99. 92 98 . 88 

Q 4 . 92 0. 76 1.65 3.48 

c 
Or 3 . 1 , 3.08 5. 26 6.51 2 . 43 2 .72 

Ab 28. 40 26. 54 28 .82 25.78 24 .09 15. 17 

An 31.96 31.62 
Ne 

33.54 33 .52 31.22 36.66 
2.64 

Di 13 ~ 14 12. 87 7. 92 5.04 17. 38 24 .74 

Hy 14 . 19 21.64 18.64 18 . 01+ 13 . 71, 

01 7-c 25 15. 35 

1.36 2 . 71, 1.52 0.22 
Ht 1. 3£ 1.57 

1.81 1. 79 1.90 2.17 1.03 
n 1. 92 
Ap 0 .54 0. 28 0. 38 0.66 0. 17 

0.08 0 . 01 0.04 0 . 01 
Cm 0. 02 

0.02 0.02 0.02 0.01 
Z 0 . 02 0 . 01 0.02 

.' . Py 



, 

I 
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I 
I Banplc lTo ~ 57(G) 1"5(G) 158(G) 1"0(GD) 164:.(GD) 164R(GD) 

I 
SiC2 79.45 58 .62 70:12 70.77 109 . 23 63 . 32 
Ti 02 0 . 12 0.40 0.41 0.35 0 .44 0.64 

• I 1.12°3 12.31 22 . 76 15.00 14 .76 15.33 16.00 

I 
Fo 20

3 0.05 0 . 37 0 .1 7 0.32 0 . 39 0 .62 
FeO 0 .42 3.31 1.78 2.92 3.67 5.60 
!'InO 0 . 01 0.06 0.03 0 .06 0.07 0 .09 
I'lg0 0 . 20 1.12 0 .48 1 .08 1 . 53 ~ . 40 

c£'.o 0 . 66 1 . 90 1.45 2.01 2. 68 3. 56 
N"2l' 5 . 01 3'.40 / f .64 3.95 4.49 3. 
h2l' 0 . B8 5. B5 3. 61 2.90 2. 32 2.01 

P205 O. OB 0 .05 0 .09 0.08 

s 0 .04 
H2O 0 . 79 1.B8 1 . 37 0 .61 1.95 

Tot~l 99_0 90 99 .lZ5 99 . 7" 99 . v.c: 100 . 23 99 .P 
- --~ .. -- --- ._-- . -

II, 44.94 8 . 38 24.97 28 . 80 23.9~ 18.Q 

C 1 . 84 7.40 0 . 78 1.55 0. 60 1 . ,2 
• , Or 5. 21 34 . 60 21.35 17.15 13 .72 11 .89 

Ab 42 . 3'4 28 . 74 39 . 22 33 . 38 37 .95 30 .93 

An 3. 47 9 . 33 7. 28 9 .72 13 .14 17 .94 

Ne 

Di 
• 14 .B6 

HY 1 . 01 8 . 01 3.62 7. 32 9. 64 

01 
!'Itt- 0 . 07 0 . 54 0 . 25 0 .46 0. 57 O.~o 

Il 0 . 23 0 . 76 0. 78 0. 67 0 .84 1 .22 

l.p 0 . 19 0 .12 0 . 21 0 .19 

Cm 0 .01 0 .01 

Z 0 . 02 0 . 05 0 .07 0 .03 0 .04 0 .03 
, 

Py 0. 08 

, . 
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s,m;.10 No . 141(T) 153(T) 157(T) 160'(T) 161(T) 162(T) r' ·o 64 . 38 69.49 l.."') l 2 62 . 28 61 . 61 61.71 55 . 70 
TiO~ 0.56 0 . 45 0 .74 0 . 52 0 . 65 0 .76 
~1203 16 . 80 15.~, 16 .94 17 .62 15 .83 1 . 50 
Fe 2 0

3 0 . 52 0.'>3 0 .66 0 . 58 0.63 0 .90 
FeO 4.65 3 . 88 5 . 92 5. 19 5.61 8 .90 
i":nO 0 . 07 0 . 07 0 . 12 0 . 11 0 . 11 0 . 15 
ngo 1 .78 1.43' 2 . 23 2 . 47 2.51 4 . 40 
GaO 4 . 01 3.47 5 . 23 5 . 10 5.66 7 . 77 
NU20 4 . 48 4.77 3. 89 4.11 3.72 3.05 

1.2° 1 . 76 1 . 12 1 .73 2 .02 1.97 1· 51 

P205 0 . 13 0 .06 0.24 0 . 13 0.08 0.05 
S 0 .01 

1'20 0.71 0 . 35 1. 32 0.92 

Totnl 99 . 85 100 . 40 99.98 99 .81 99 .80 100.62 

0. 17 . 26 25 . 24 15 .04 12.03 14 . 26 5· 54 
C 0 . 41 
0".. :}O .. 41 6 . 62 10 . 23 11 .95 11 .65 8 . 93 

Ab 37 . 86 40 . 31 32 .88 34 . 7't 31 .44 25 . 78 

An 19 . 38 16 . 81 23 . 61 23.62 20 . 64 26 .83 

Ne 

Di 0 . 22 0 .95 1.00 6 . 11 9 .76 

Hy 11 . 75 9 . 60 14 . 41 14.05 12. 11 19.23 

01 

l' t 0 . 75 0 . 62 0 .96 O. 0.91 1 . 31 

Il 1 . 06 0.86 1.41 0. 99 1 . 2/1 1 .44 

l,p 0 . 31 0 . 14 0 . 57 0 . 31 Q .19 0.12 

C'" 0 . 01 0 . 01 0 .01 0 . 01 0 . 01 0 .01 

Z 0 . 03 0 . 05 0. 03 0.04 0.02 
0 . 05 

Py 
0 .02 



I + 
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S8m-;.)le No . 165(m) 166(T) 139(D) 148(D) 149(r) 1<1(D) 
8i02 63.71 59.17 56.93 56.53 55.PO 54. ~5 
Ti02 0.€1 0 . 67 0 . 69 0 .85 0.88 0.87 
1.1 20

3 
16.28 16 . 94 18.34 18 . 08 18.86 16 . 65 

}'" 203 0.63 0.75 0 . 78 0.80 0 .84 0 .9 
;"e O 5.65 6.69 7 . 04 6.98 7 .59 8.76 
TlnO 0.09 0.13 0.12 0 .12 0.14 0 .16 

r:gO 2Q62 3.55 2 . 07 3. 03 2 .83 4.80 

CaO 4.64 6 .43 8 . 65 6.(,0 7.44 8 .03 

N&20 4.29 3A5 4.43 3·71 3.98 3. 67 

L20 1.31 1.96 0 .32 1.48 1.3;> 1.15 

P205 
0.11 0.12 0 .08 0 .16 0.19 0 . 14 

8 0 .01 

H2~ 0.39 1.51 c. "'7 

Toto1 99.94 99.86 99.84 99 .85 99 .88 qO .83 

" 16.28 0 ~ 24 6 .19 6.77 3.73 1 . 

C 
....•. ----- .. __ .-- - --.-

Or 7.75 11 . 59 1.8n 8 . 75 7 . 81 6.80 

. ----- ". . -'. -- -- l,b 36.26 29.16 37 .44 31.36 33.64 31.02 

j,n 21.26 24 . 90 29.18 18.26 29 . 5 25 . 52 

"' 
l'Te 

Di 1 .14 5 . 42 11.50 ,.15 5.39 '1 .'" 
Hy 14.98 16.94 10.67 16.95 16.36 20.4 3 

01 

l"it 0 . 91 1.09 1.13 1.16 1.22 1.42 

11 1.16 1.27 1.31 1.62 1.67 1.(5 

0.26 0 .28 0.19 0 .38 0.45 o. ~3 
l~p 

0.01 0.01 0 . 01 0.01 0.02 
C, 0.01 

0.03 0.04 0 . 05 0 .C5 o.O? 
z 0.03 

0.02 
Py 
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S[\n~le 152(D) 155(D) 129(r.ll) 142(GB) 1"-3(GR) 168(1) No . 
(GF) 

Si02 5" .1 5 53 . 02 51 .70 52 .62 51 . 25 49 .05 
Ti02 0 . 87 0.96 00 .97 0 .93 0.97 0 ."0 
,.12()3 17 . 01 19 .09 17 .22 17 . 61 17.00 8 . 33 
li'G 20

3 9898 O ~ 93 0 .86 1.01 0. 08 1.10 
FeO 8.81 8 . '8 7.70 9.08 9.86 9 . 91 
nne 0 .17 0 .16 0.17 0.17 0 .1 0 . 22 
t"!gO 4 . 70 3.43 5.61 4.88 5.00 14 .25 

, enG 8 . 44 8 . 79 11.41 9 .01 8.63 14.30 
~:ra20 3 · 57 4 .1 1 3.32 3.0 3.36 O. ?>,! 
100 

< 
1.03 1.03 0. 18 0.05 0 .95 0 •• 2 

P205 0 . 17 0 .17 0 .16 0 .16 0.18 
S 

E~O 0 . 54 
,; 

0.45 0.'>7 1.57 

TotElJ 99 . 90 100 . 07 99 . 8" 99 . 8'1 99 .73 99 .(.9 

<: 1 .20 1.19 
C 

Or 6.(\9 6 .09 1.06 5.03 5.62 1.30 

Lb 30.17 34.74 28 .06 26.03 28.40 2.87 

l.n 27.31 30 .55 31.51 31.67 30.91 20 . 53 

He 

Di ~1.45 10.34 20.05 10.23 9 . 19 40 .RO 

Hy 20.26 9.50 112 . 27 21 . 71 1" .66 23 ."5 

01 5 .. 34 2 .94 &.85 6 .7" 

Nt 1.42 1.35 1.25 1-"6 1."2 1.60 

Il 1 . 65 1.82 1.84 1. 75 1.84 0 .76 

i~p 0.40 0 .40 0.38 0 . 38 0 ."3 

0 .03 0 . 01 0 .01 C.411 
Cr:; 0 . 02 0.01 
Z 0.02 0.02 0.02 0 .02 0.02 

Py 



i 
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R ~'''ipl e 168( 2) 169(GB) 170(GR) 175(G~) 176h 176R I'~O 0 (r,R) (Gil) (Gn) 
SiD') 48.75 48.39 49.58 50.99 52.21 50 .29 , 
l' iO ;> 0.44 0 . 99 0 .63 0 . 20 O. }'! 0.5~ 

h1? 03 9 . 50 9 . 35 10.34 4 .43 8 ."8 8.!l2 
F0 203 1.10 1 . 23 1.08 0.85 o 0,1 1.13 
FeO 9.83 ' 11 . 06 10.69 6.71 8 . 13 10 . 16 
finO C.25 0.24 0.23 0 .17 0.21 0.26 
MhO 12.14 13.18 11.86 21.75 12 ."8 13.70 

CoO 15 . 87 12.30 12.39 11.06 13.45 12.46 
}\! '1 2O 0 . 08 1'. 15 1.48 0 . 23 1.63 1.06 
; 20 0.08 0.26 0.43 0 . 03 0. 18 0. 25 

P205 0 . 12 0.03 
S 

H2O 1.58 1.57 1.10 3.35 1.50 1. 05 

Tot al 99 . 62 99 . 84' 99.84 99 .77 99 .82 99.82 

Q. 
c 
Or 0 . 47 1.54 2.54 0.1 1.06 1.48 

Ab 0.68 °.72 12.51 1.94 13.78 8 .96 

~'1.n 25 .30 19 . 56 20.27 10. Q 5 15 . 27 18.55 

l'e 

Di "3."9 33.06 33.46 )4.87 41.58 35.06 

Hy 24 . 78 18 .54 15.68 "0.61 23.58 24. ·4 

01 0.83 11.8£\ 11.42 6 .1 5 1.04 7.05 

rit 1.60 1.78 1.57 1.23 1.32 1. 64 

n 0 . 84 1.88 1 . 20 0.38 0 . 65 1.05 

i~p 0 .28 0.07 
0 .16 0 . 53 0 . 23 0.22 

c" 0 . 50 0 .16 
0 .01 0 .01 

Z 0 . 01 0 . 01 0 . 01 

p"J 



':Iable 8 

Tr pco elccent co~positions(in ppm) of analyzed BO':"1P' es 
(See flF!:jor eleme nt coc!,os itions :for rock types! see Table 7) Soople 6, 67 " " 79 80" 8~ 84" 8';' 1001 122 128 tJo . 

B' 868 1359 858 492 1113 74 5 626 114 9 f>61 284 Cr 27 29 "4 73 22 21 21 2~ 37 51 Zr 182 164 139 56 179 154 148 195 143 142 Sr 857 51 7 l~ 50 605 518 828 568 61 2 755 54 7 I 
'0 

R'1 52 40 100 78 50 34 ~6 65 40 5 '" I Y 33 32 21 26 31 29 23 31 31 30 Nb 8 8 7 0 9 6 9 7 0 8 Zn 90 68 176 170 77 71 107 107 95 73 Ni 0 6 3 0 3 0 2 0 0 5 V ~24 137 151 261 116 130 156 109 208 183 Ratio 
l/Rb "16 . 53 457 . 77 311 . 60 359.60 535.71 560 . 36 485 . 08 "07 . 81 373.44 1001.66 Rb/Sr 0 . 06 0 . 08 0.22 0.13 0.10 0 .04 0.08 0 . 11 C.05 00.01 Ba/Sr 1.01 2.63 1.91 0 . 82 2 .15 0.90 1.46 1.88 0.88 0 .52 . 

------ ----- ------



S~ r:rpl~ 43 98 124 52 46 94 88 102 62 101(1) 
1'10 . 
BR 1421 903 871 1293 11<)1 74 3 938 707 346 950 Cr 10 16 16 10 17 16 23 37 109 33 ',;r 204 235 197 218 -231 2L~3 151 185 110 173 I 

'" 
Sr 606 2'>4 146 329 589 2<)0 492 481 518 629 " I 
Rb 27 87 128 38 29 63 47 35 24 "9 y ;:9 37 25 24 29 41 35 33 21 31 Nb 10 15 8 12 11 11 3 11 5 8 Zn "4 65 34 22 42 53 110 66 244 134 Ni 0 0 0 0 0 0 0 3 4 3 V 24 12 14 27 52 12 66 65 190 1<)2 Rf'tiO 

-/ Rb 544.43 304.43 353 . 85 547.96 586.17 342.74 480.54 505 . 69 L ~64 0 91 1188 . ,,5 Rb/Sr 0. 01, 0.36 0.88 0 . 1 2 0.05 0.22 0.10 0 .07 (; . 05 0.08 Br,/ Sr 2 . 35 3. 72 6.01 3 . 93 2 . 02 2 . 57 1 .91 1 .47 0.67 1 · 53 

• 

t : ~ 



.s· Ie 102(2) 106 136" 137 147 154 19C 1()lc 163 17~ "TO. 
~." 826 169 66 87 271 212 372 332 96 190 Cr 30 61 38 17 10 74 37 38 1% 41 
~r 1'<9 121 85 79 95 74 77 114 78 28 I 

'" Sr 9il7 721 750 91 3 617 611 ':"36 733 381 ')JIg '.n 
I Rb 28 1 10 0 4 12 22 24 3 1 r 28 24 26 22 23 24 22 29 28 17 No 4 6 2 5 33 1 4 7 0 0 Zn 85 77 82 338 101 107 99 126 108 71 lJi 0 12 10 0 C' 6 0 7 64 17 Y 232 208 265 313 262 297 257 216 209 316 'Ratio 

r /Rb 555 . 21 999 . 99"999 . 99 999 . 99 1105.10 362 . 34 334 . 96 380 . 54 1141.08 999 . 99 Rb/Sr C. 03 0 . 00 0.00 O. OC 0.01 0 . 02 '0 . 03 0.03 0 . 01 0.00 B<>./8r 0.84 0.23 0 . 09 0.10 0.44 0·35 O~51 0 .45 0.25 0.35 

·· ~99.99 is giv0n if rtb O~ Sr is 5. 00 in the ?nnlysis . 

-------- - -



Saople 57 145 158 140 16U/l 164B 141 153 157 160 1\0 . 

B:1 660 1572 1475 1153 1?42 652 534 488 867 814 Cr 10 20 1 22 34 , 3.J 28 32 30 38 Zr 98 224 326 157 188 161 229 159 230 129 Sr 177 315 352 ~'10 338 411 657 425 497 616 b 7 157 176 66 45 54 52 26 32 48 I 

'" Y 23 20 1 3 17 13 23 25 20 22 21 'I' TJb £8 g 6 7 2 '6 6 7 4 6 Zn 0 59 103 66 29 57 77 51 79 90 !T ' 00 0 0 0 0 11 0 '0 I, 6 
.1 

" 4 74 0 51 65 129 90 76 105 100 Ratio::: 
K!Rb 121" . 02 309 . 10 171 . 19 365 . 24 437.21 308 . 91 286 . 61 357.21 11.49.33 348 . 84 ilb!Sr 0 . 04 0.5 0 · 50 0.21 0 . 13 0.13 0 . 08 0.06 0.06 0.08 B,,! Sr 7, "t.; 5.01 1+.20 ' 3. CJ 2 3.67 1.59 0 .81 1.15 1 ,., C; 1,,32 

:; G , ... 

• J _ 

l 



.... ",':Iple 161 162 165 166 139 1"8 149 151 152 155 !!o . 

3a 1052 737 809 5"5 199 422 E01 519 432 550 ']r 47 43 36 51 32 43 61 72 70 26 Zr 176 100 146 129 178 238 273 82 80 75 Sr "71 562 449 509 84 3 689 701 607 6?0 752 1 

'" 
Rb 45 31 zq ;4 1 44 27 22 23 21 '" 1 Y 23 25 22 25 25 25 28 25 25 22 Nb 5 7 4 t' 5 5 4 1 0 4 Zn 68 113 97 8Lc 77 111 88 94 114 101 Iii 2 9 1 0 0 7 13 6 a 0 ~ V 128 238 124 174 276 1.£'-4 150 247 254 252 Rptio 

FIRb 363.48 404- . 21 387 . 98 307.59 999 .99 28G . 54 406.75 435 .46 3r.9 . 84 407.26 Rb/Sr 0 .10 0 . 06 0.06 0.1 1 0.00 0.06 0 . 0"- 0.0/, 0 . 04 o 0.C3 B[l / Sr 2024 1~3G 1.81 1.17 0 . 2
" 

0.61 0099 0.86 0.7(' 0.73 

._--
~~- = 
-~ 

~ =~ 



Sar.tple 1?9 142 143 168(1 ) 168(2) 169 170 175 176/. 176B No. 
Bo 74 367 300 8989 4848 94 11'0 50 11.~0 147 Cr 153 57 68 2037 2317 731 731 24 54 1078 1008 Zr 95 86 8 7 20 26 68 41 12 26 31 Sr 8 76 657 6t\1 217 ' 4 55 157 2'a ' 79 21 l~ 135 I Rb 0 17 24 " 4 3 3 0 0 1 '" CP 

I 
Y 23 26 28 12 20 .2ll! 22 16 17 22 No 5 5 4 3 0 7 0 0 0 1 Zn 90 86 116 120 156 134 105 70 121 206 Ni 120 11 88 4 78 571 162 109 468 117 167 V '158 246 266 202 181 266 241 105 223 237 Ratio 

K/ Rb 999 . 99 416 .40 34·1 . 85 465 . ?6 230." 1 715.10 1201 . 28 9°9 .99 999.99 999.90 Rb/Sr 0.0 0.03 0.04 o 02 0.01 0.02 0,02 0 . 0 0.0 0.0 Bn/Sr 0.08 0 .. 56 0 ." 8 0.41 0.11 0.60 0.85 0.60 0.(5 1 . 10 

-..; -..::..-...= 
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~EF'ERE!lCES 

ThL: G(;OChrlnolor~' of .. Jnu.,tori~l 

~''!'-" ,J~R_,1q7('_ "Rb , Sr , Y, Zr FInn ~Tb i n SO"l\~ occ"'n floo r bl'sr· l tic 

T",cks~' }"r th ?ond Pl "n.:otprv Sc i vncc L0t t c r s 10 : 7 - 11 • . ------.~-~ ~ - ------- , 
c. i,'~ ~GPEI , T)~I"'. , 1978. " f"'at" ' l,>rphic rr>t"07.0nCS 'Ina '="'th'H'-r"dI,lB : 

'" • :t...:r sure Qf the depth of ',ost - .,~~tf''iorphic uplift "I;c! 

,J':~f;d0n on :"" r qzion"l l sc"lc H , 'TcrJ .q:.!l_}"our n<>l flf ScLn.£;:,. , 

278 : 769- 7')7. 

Ct..I-T:'O-'-D , 'l' 4F . , 1970. mhc structut"r'l f r o"'f;t'ork of ",fric:' , in 

fI-.l':-icf'n r"h C:Y'lr>t ~ sl_~ "nd "'cctnni cs ", Ol i v, r ".nc. :lo1d , 3dinbur~h. 

C( 10E ,P: •.• 6 , 1977 . II OC(; ~n f l oo r .", t : nor ph i s1' i n t hv F.~ ttfJ Con, 

(,lhioli te , ~"Iewfound - l rnd 1l, Contrihuti ons t o f'in<3 r lDVY rod 

P.tE."l.:.u., 60 : 2:'5- 270 . 

d..:- ',;i:: , ' . , 1(.'77b . 1I J1~Ot0 S on the.: C00 1 0r;:y of pr> r t of lfc- 3C- 16 

(rorE::) !', sth-iopit~n Insti tute of G(;o l ogi cpl Surv_E ' '>'ote 51. 

T'I';~P~ , F 0 V 0, 1971 . nF(..{>tur(;s of cor r S.J - f, r "'in Jd , hirh- c,)Dcuntr'"' ­

ti,\~., flui ds 2nd t h • ..; i r CulH"si te ", ,J'lu.I'P.:!. of [eli cr.t'rv 

.~'" tr·JL·'f~t , 41 : 9 16 --027 
l;"T T_" P ~ 0 d -'" !1 '~TlJJ T 11164. !l 3ub!.'","'rin~ 

""'>.j, .... , • ..; . ;D IJ •. ,) .• , . , 

t · n Joon " , flows in the Toki\-J~s F0r .,,,, 1 0 , < 

.. ,f 3c i_CllCC, 262 : 76- 106 
. 1 ..I r ... ,ocrlJ 'ic"l rc..~ul s 

?~~,'":;'f , F . .i • • , c t ~ l . , 1973 r'p utr n10f11C'" f1nl. J _ 

for brspl ts froI'l DSDP l egs 2 rnd 3", r:'r."ns"ction of 
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