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Tho Lorminc p m p c r t y  nrca occupicn tho m r t h  c n o t v n  

p n r t  of tho Duc!rlinr: C r c n k  oycn i to  l o c n t o d  tLt?l in  tho c c n t m l  

pnrt o f  tho TTop;m b n t b l i t h  in n r l t i c h  C911nbin. Tho mcko  of 

t h o  borrnlno n r o p v t y  nrcn cmctiot of urnotv :mnt ic  rynn i tcs f l  

or vfcnitooN f m - w d  by tho n o t ~ c m n t i m  of  t h o  f m c t u r a d  i l a ~ m  

d b r i t o r  Thay a m  boliovad t o  have bocn dorlvod fr33 a hypothot i -  

cnl n lkn l ino  mc\:Sna f o n e d  bonoath t h e  dior2tar Tho racldunl 

mama di f fo t  ontiatod from tlra n lkn l ine  mncqnn, producod loto dykae 

and hydrotiiomol f l u i d ,  

pond t o  both the ninlaum age of tho fonitaa and the  naximm 

ar;o o f  tho oulphida rninoralization a t  the Lorraine pro;lcrtyr 

Aleo, the age may nark the t h o  point dividing tho f irot  
* v 

divlaion and tho aacond d i v i ~ i o n  of the  Rocom batholith,  - / 

Tho charactertotic mlnornla o f  the succocn(lvo ~ t a g e o  

of a l t o r a t i o n  are l r  biot i te ,  2. albite, 3. orthoclene, 

4. quartz, 5. scricito,  6r chlorlte, and 7. epidoto. Tho altar- 

i n 6  f l u i d  contained concentratidno o f  soda, p o t m h ,  EI~Ico, 

hydrogen stalphido, cater, and a minor amunt o f  llmc. 

The pr innry  oulphidos n r o  bornite,  c h a l c ~ p y r i t o ,  and 

2yritc. The Lorraine de;?ooit pocoooeo no noticoable goocan, 

but contains cecondary a o p p m  mincrnla ouch no covollito, 

chalcocite, azurite and malachite. The dopoait ie divldod in 
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- - 
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m d  b o i n s  nssocintcd w i t h  ore mineral(or). 
Thin  i ;cct ion,  crocsod nicalr ; ,  xlOi 73 
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~ h i n  l i g h t ,  x25. 10 5 
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Scopa of  tho Stua? 

Xnrly ~ o ~ l o g i c a l  work indicntod  tho oxiatenco of 

~ o v e r n l  low cmde w p p e r  denotxLto In tho v i c i n i t y  of the 

L o r m i n o  property in north contrnl 3 r i t i n h  Colwbit l (mo Figure 

1, c.2 ,, . It WRO e u ~ g o ~ t d  by 83mo invontigatoro t h a t  the deno- 

~ i t c  are o f  tho  "porphyry coppertt type. Encournsed by tho 

discovery of  oevernl depon i tn  periphornl t o  the Lorraino 7ro- 

perty and by tha  tyge o f  ninerol ization,  goolog.l.ots o f  Kennco 

Explarat iono(V'ontom) Llnited cnrriad out geologicnl invont i- 

cnt iono  ovor a per iod of n w o r n l  yeart. In the ounner of 

1966, Kennco Exploration~(wcstnrn) L i n i t e d  maintained a c m p  

oovernl mi lon northonot o f  tho pronorty. 

&ring t h ~ t  t h o ,  tha arftor o f  thin paner tmk 

nn 3pnortunity  t o  conbino tho y e v i o u n  ~oalogical ~ t u d y  of 

the Lorraino prope r ty  nron c i t h  t h o  rooulto of hio avn f i e l d  

invcoti;yM.on, and ho pracenta nc a t h c o i s  nn nccount of t h i o  

rork along with tho reaultn of h i s  laboratory invarticationc. 





9oforoncea uood in t h i ~  t l i o~ i .0  ntudy are lnd icntod  

by nuqbcrn corrocpmdinr~. t o  thoco givon on individual  refor- 

snceo in uBibliozraphy89(oee pp. 7 8  - 8 1 ) .  

To rurvcy the  Lorrn ino  propar ty  aron of  about 6 

rqumo lilao, two mothods of f i c l d  mnppinc woro c h i e f l y  u m d ;  

ta-po and connclss tmvoroing, and photo,:o~lagy(8, 2 ,  2 9 ,  

The ;oolop;y m a  m ~ p p c d  at  scc lon  of 133 foot  and 7% feet t o  

1 inch. 

Laboratory rocr?nrc!l includc~ tho ctudy of  a b t a l  

of 23> knnd cpoc imns .  b i z t y  f i v e  t h i n  cect iono rora c n i c  

f o r  cxn.r.inetion under :,olarf z ing - i i c r ~ f i c o p o ( l l ,  12, 51, >>). 

Fro3 the point-countc, tl;o m d a l  c m i p x ~ i  t ions wora c a l c u l n t  ?d 

find nvera;~od for t h o  t h i n  ooctiono ahof..cn no rcprocontive 



ing tho r o l i n b i l i t y  of point  counting raoultn fomulatod by 

tho  o m o  authoro, t h e  numbor of points  counted allornod more 

than 95 pcrcont oonfidonce. 

The c o m a s ~ i t i o n  of tho potash feld~pnro(cryptopor- 

tti itol;)  could bo doteminod w i t h  X-ray d i f  f r a c tomo to r  v ith 

n gonlombtor head( g , fO) , following sol la or^ o(G1) dot i i i lod  

g7utlino of the or ig ina l  proccduron, The angle batreon the 

?oak of (101) rof loct ion o f  potn::cium brornato(f(~r3~) and tho 

penk o f  (201) reflection of alkali feldspar voo neasured t9 

~ e t  tho difforonaa, E e which l o  diroctly propor t iona l  t o  or- 

thoclaoe content .  Paroond mnph(33) rno uaod t o  d a t c n i n o  

t h o  conposition. 

For ty  f ivo  n?lic!lcd socLJ.on:, wre  tando for t h o  nincr- 

nlogmphic  axwinntion. Tho ore ninornlr ;  wore i d e n t i f i e d  by 

t h e  exmiination of p h p i c n l  and o r ? t i c a l  proportioo, nnd otch 

toot, w i n g  p o l l ~ h o d  ooctions(7,  111, 33, 42, 49). Tho X-my 

potrder photograph mothod( 9 , p) van dlco wed. 



Tho Corr-akno p ropa r ty  v m  o r i g i n a l l y  or.nsd by C m -  

m o u n t  of nurfaca work, but lator dmppod t h o  pr~perty. In 

In 1949, t h c j  nlrro cnrriad out diamond dri l l in(:  on t h o  Lorraine 

d c p n c i t ( l 9 ,  44). In t h e  coae year, thin nrba had beon r3a?pxi 

by O o a l ~ i c o l  Survay o f  Conada(1). In 1961-2-3, Konnco Fxplo- 

rationn(V!cstorn) Limited uned ~ o o c h m i n t r y ,  ~oaphpsicc and 

dianond drilling along tho valley coutbacct of tho rnain mino- A 

ml body. They &GO d i d  a small mount of surfnco o ~ v l i n g  

and tranching(44). 

Location and Qenoral Character of t h e  Thonio Aron 



The g c n c ~ e l  Rron 3.3 know3 t o  h a ~ e  boon euSjoctod to 

continental glaciation durine tho P l a t  ttocono ':poch(l). Tho 

glociero cnrvod *:-ohaped vrllloys, and nnntlod valloy f loora 

with nomino. Local ridces in recent cLrquo f loorn mar!-, 

r a s i o t a n t  rock fornations t h a t  now f o n  t o p ~ g r ~ p h i c  hicho. 

Tho aritor ~ i s h e s  t o  thank Dr. K a C .  NcTn-[prt and 

Dr. S @H. f fh i to  who su;:ooted ctudy  of t h o  m o a  and alco provi- 

dod vnlunSlo ~ d v i a o  and holp durina lnhoratary ntudp nnd 



Tho critor ic dcoply i n d n b t c d  t o  Dr. J.n. flosnr and 

thio rtudy. f n l r o  n c k n x b d ~ o  grrtcful ly  t h o i r  f innnc ln l   id - \ 

f o r  fiold napping and - 1 n 1  utudy. E.cknmlodgmento aro 

due also t o  many goological invo~ti~atora and authoro i r o n  vhon 

t h e  writer obtained throuali thoir publications much infonnntion 

needed in t M e  ctudy. 

Tho Lorrcino propwty  aroa l a  nltuntod w i t h i n  tho 

rough ly  contrnl part o f  tho Hopn b a t h d i t h  which io tho laryect 

bady of tho outcm;lpod h2inoca b n t h ~ l i t h i c  conplox in n w t h  

c a n t r n l  Brit ioh  Colunbin(r;oa Ftmrc 2, p. 8 ) . The I ? o p z ~  batha- 

l i t h  occclpioc a rolativoly mall  par t  of tho Y o o t o m  Cord i l l e ra  

( E G O  Fieuro  1, p. 2 ). Tho foll.or!inc: d o ~ c r i p t i o n  o f  tho r q i o n n l  

f o d o ~ y  io boaod l a r g e l y  on tho panora of tho provLouc invtcti- 



h 

F I G U R E  2 

R E G I O N A L  G E O L O G Y  
H ogem batholith area ] O i n a  intrusions 

2? . o 2 0  [-I Taklo g r o u p  
8 

m i l e a  1-1 .. ......... Pa leozoic r O C ~ S  
a f t e r  G. S. C. m a p  93214 

( Cache Creek g r o u p )  

\ f o u l  t thesis a r e a  Wolverine compltr~ 
I 



\?oat of tho  Rocky !4ountnino, oucpm7nclinol cod imnto  

and v3lcnnics, mainly of niddle and loto Poloozoic and o n r l y  

Me~ozoic  azoa, conotituto tho suprocruntal rockr, of the bol t .  

These vore much dofornod and invnded and notamorphgcod by 

granitic p lu tons  on a larco ncala during the  Heeozoic t i n e  

(?!e3radnn or Coact rnnco orogony) . 
Tho c k i m c t l c  evolution of  tho Cordillera ans in the 

Hocozoic. Orozony in Me~ozoic t h e  in the  Keotern Cord i l lo rn  

n i g h t  bo tomed continuauc-intorinittcnt throu~hout  an a p -  

rnnco of probably 1% nnll l ion yoaro. I t 16 qenernlly ni;reod 

that t h e  cpon of ap1aco:aont o f  r~;-anitic .rocko i 8  fro3 the 

late Trfaccic t o  tho Cretacooua. 

In tho proviounly cur;cm.jncl.lnnl nronn toward t h e  

 VICE^, t h o  l , m . ~ o n t  nlutonn worn formed in the Coaot Cr;l:;tnllino 

Rolt of the Vmtcrn cord ill or^ in B r i t i n h  Columbin. D ~ r ? l y  



PQ tnxt~;::-;rr,r,n t o n  mn l .n ly  f r m  t h o  m u   tho^ t c?rn 

n r r t  of t!ln " mtcm C w r . l l l t  c r n  in 9 r i t l r . h  C o l m b l n ,  cmbln r . / l  

r.1 t h  c tmticrnphlc  nnd c t r i~c tu r a l  ovidcnco f r m  tho nv t l lp1qr t  -rn 

p r t  indicoto " p u l m t o r y U  $Lutonim nt  lntcrvnls of crudely 

30 x l l l i o n  ycnro oinco ~ ~ p r o s i m a t c l y  200 mil l ion  yearo a50, 

c u l d n n t i n g  at tho tFm of t h e  late Crotncoouc. In connoctlw! 

v i t h  i ~ o t o p i c  dnting,  V hits(53)  emphanized accirrnte and careful 

nppl fcat ion  of  the iootopic  dates t o  gcolo~icnl intorprctntion, 

pa r t i cu l a r l y  in tho Fotstcrn Cordfllorn ns in the followin,: 

quotation; ugcochronologlcnl nothodo undmbtodly will p r w c  

t o  50 ?3xerful additiono t o  tho  ~oologi8t09 reportoiro, but 

ywticnlarly in t h o  Cordillornn ro@on whore n e t m o r ~ h i c  nnd 

~ l u t m i c  evento are cloeely ~ p a c c d  and nuperinooocd thoy g u s t  

50 n ~ p l i a d  with groat enre and r c s ~ l t n  intorprotcd r i t h  cnation. 

i!oecvar, t h o  u;ritor would nzreo tha t  w h ~ l o m l e  plrbl icat im of 

3.lzi.s of i sotopic  aceo, with n3 indication of tho probable 

ammt of v ~ y o u n ~ i n ~ ~  due t o  argon l m a  nnd n9 c o n I i n n t i o n  

froin co-norpatic minerals, nay v:oll l c o d  t o  chaotic cmccptc 

of Cordillornn toctanica% It l o  alco k n o w  that  mnller 

cranitlc plutono aoro omplnccd in v a r i ~ u s  Tortiary aGoD no 

young ao Miocono. 



trendz by d i f  f c r o n t i n t i o n  t o w r d  l o u c o s m n i t o  in tho T o r t - I ~ r : ; ~  

L i k e r i m ,  hypr-rotheno-monzonito in the l a t e  I-'aloozoT,oio a - c  

cuccccdod t h r o u ~ h  a q u n r t z - d i ~ r i t o - l c u c d ~ ~ c t n i t o  oerioa in t h e  

Ncmzoio by largely u y e n i t i c  rockc, monzonite nnd qunrtz-mnm- 

n i t c  in tho rartinry in tho south(l7, 20). Arnonc the g:nnit ic 

roclco of the  Coaot ?nn,fp 'Ml t ,  diorlte  rind qunrtz-dlorlte sro  

zoro abundnnt in the r n ~ t c r n  part  and biotite-granodi3rito and 

quartz-mnzonite in the  enstorn p ~ r t .  ?loot of tho rocks in 

t h e  i n t o r i o r  b e l t  contain hornblonde m d  much naro potoch- 

f c ldraw than t h e  mcks  found on t h e  rcotorn side of t h o  Caost 

?on,:e 9cl t .  The :)ninoca intrusLon i s  concidorod t o  be a p z r t  

of t h e  i n t o r i o r  b e l t  but appears not t o  f i t  this generolizatian, 

Tho Shut- ap and Yolverine mota.iordtic canrplexos lio 

b c t w c n  tho  aiogeosynclinol and su$exypcLinnl areon in the 



Tho r?ckn in t h o  v i c i n i t y  o f  tho  thonls arcn r n n v  

111 n p f m a  l a t o  [ ' r r?cnnSrinn(?)  t o  Cretoccouu. Tho ~ l c l ~ z t  

n u : ,  of rocks in tho  so,ylon in k n o w  nn t h c  Y o l v w i n o  c:xmlsx 

r h i c h  licc in the  n o r t h  nootcrn p a r t  of t h o  raqion.  Tho COW 

quartzite, aicnceous, chlorit ic ,  and gmnctiforous n c h i ~ t a ,  

and crjstnlline l ines tone .  Thece rocke probably l i e  uncon- 

Poloozoic rocko of Pennnglvanion(?) and P c n i a n  in yo, 

tho  Cache Crcok Group, canfiirt eocsntially of a thick 

and derived schisto with minor emountrs of grsywecke and cont:lo- 

V p p ~ r  Triacsic and Uppor Jurnrboic(?) racks k n ~ m  as 

tho  T a k l a  group compriso n sor iea  of intorbedded v.tlcanic and 

scdinentnry rocks, conuf ating o f  ando~itf c and basaltic f l x c ,  

t u f f ,  breccia nnCl arclomcratc, ahalo,  l imntono ,  graywcke, 

Tho OnFnoca i n t m n i o n c  are the  most i n ? o r t a n t  lntra- 

a ivc  rnnsocs in the roeion and bcnra n d i r o c t  relation t o  the 

rocko outcropping in tho theole nran. Thoee bodios vary in 

con~msi t ioa  f r m  ultrabaaic t o  acidic,  



-13- 

"he 'To::m h n t h o l i t h  .In the l n r p x t  k ;nv -n  bwiy qf ti19 

h l n c c n  intruaicnc(:;oc Fi,nl~ra 2, 3 . 8  ), Tho T 1 9 p n  b n t ; h * ~ l L t h  

c ~ t c n r l r ~  frm C!~uchi Ln'ltc! into t h o  ' :cConnsll Crcolt n r m .  f t  .LC 

R c m m o i t c  '?od,y cqmpri.ning n vide ran,:o of roc!r type, nn.1 

cont .qino many n i n o r  Lntruaive bodicc  w i t h i n  t h o  rnnin aocr .  

It n r o b n b l y  rcprcconta A pro1on;od gorlod o f  i ~ n o o u n  o c t l v l t y  

by n d i f  f c r o n t i n t i n c  n:?,??3nr btocka,  dykou, m d  uil l .c ,  r:n t o l - l i -  

t i c  t o  the  Hoccm b a t h q l i t h  nro  cbundnnt in t h e  ourrounding 

Tnkln group nnd late Paleozoic rocks, All are relnt ively  c-mll. 

Tho i n t r u ~ i v e  rockc conposing tho Ominoca i n t r u ~ i o n o  

o r  tho  Hotan bctholith have been c l n s ~ i f i o d  in to  tsa divis iono.  

The f i r u t  d iv i s ion ,  o l d ~ t ; t ,  conprisoo c h i e f l y  mafic rockc - r 

containing l i t t l e  or no quartz. Thio divio ion  c o n o i ~ t o  of 4- b * -  pyroxt?nito, biotite-pyroxonite,  hornblenciito, rnoladiarito, 

hwnblcndo-or gymxeno-diorita, manzonite nnd ~ y e n i t e  nnd 
4 4  

s y e n i t e  fonito.  Thone  rock^ a m  bolioved t o  bo oldor thnq :& 
tPk 

those of  the nocond divicion. In plncol;, tho roclto o f  o a r l y  
* 

aEe are Found t o  hnva heon i n t r ~ d c d  by tho  rock* in the l n t o r  qd 
nge. The rocks in t h e  f i rot  div ic ion conprice about om-cixth  

of the exposed aroa of the Hogm batholith and tho relate.? 'f 7 
otoclrc. Tho sscond, dlvicion,  younger, cons ic  ts of rocks that  . 
are l i g h t  in color with lccs than 3 prorcent dark mineral8 

and a i t h  a ~iif;nif icant m o u n t  o f  qunrtz. Granodiorito,  quartz- 

dior i te  nad quartz-monzonite are t h e  p r e d m i n e n t  rock t y w s  

in thi:; div io ion .  Included in t h i o  d iv ia ion oro true gronitan. 

huerouo,  m n l l  irrogulsr bodieo o f  laucogranito, alxn':i to ,  

nnd quartz-nicropcrthih pomatite nnd n p l i t o  cut all t h o  othor 



flogen batholith. Tho syonitr, la a rnodiuq- t o  coarne-crrincd 

rock, in part porphyritic.  A m o t r o n q b  otudy(1) o f  f ive thin 

soctiono revealed thnt scme pnrts of t h e  Chuchi body are found 

t o  bo truo grnnito in conpocition which might have been forged 
\ d k , "  r t l  by ffurthor d i f  f orontintion of the Chuchi ~ y c n i t e  msgna. 

presonce o f  quartz alro indicntoo t h a t  the Chuchl Lnlro ~ y o n l t e  
@to'" 

mcm pas aaturetod or ~liehtly ovcranturatod with rilI.cn, 2nd 

sirnilrlr conditions hold n t  the Duckling Crecir ~ y e n i t i c  cozplex. .)( 

Tho prodalliftent rock of t h e  Chuchi ayonito body 3.81 quartz(5 ;-J, 

ferronagncsian mlnarals(l2 A), and nagnetite, apatite and 

ephone(2 20) (I), 

The Duckling Cree!: ryen i to  about 15 cqunrc a i l o o  in 11 
aren, i s  tho  diroct  c m c o m  of thiG t h c o i s  ctudy. The part - 
tho o y c a i t i c  body underlying tno pronont aron Lc be1.J.ovcd t o  

be a cosalox of umot r \ con~ . t i c  syonitccW or V ~ n i t c s " .  Thin 
rch 

fonit;o body hco been cn l lod  tho  "Lorraina cycnitotV by sox0 
d 

1 

previous inver;ti~ntorl; ,  The bo5y ~ h w s  n trnncitional cantnct / 
with the  adjncent d i o r i t o  ~f the i,bgea bsthnl i th .  A amm o f  

dykee cu t  both t h o  "Lorraine 6genitoM and the dior l tc .  In the J 
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pc:ro;cne~is, sro includod callactivoly in tho 

dy eni t 8". o . ~ 1 i  i ) ~ i e ~ ~ . i  61 r y ~ d  ~ T E  

From the structural relations of the 

o ions  wi th  t h e  beddod fomationrr and groups of 

t h e  oco of tho Oninsca in t rur j ions  wno placed probably botwcon 

7 A. avq,&t? 

All \ tho ccdiaontary and volcanic rocks Intruded 57 

the 3l inoca intrusiono have boon conplexly folded and faul ted  

t o  o v3ryinp; degree. Gonarnl o r i o n t a t i o n  of the fornations i o  

in parallolian d t h  tho northrioatorly-trendink long axis of  tho 

The Pinchi  f a u l t  zono io con~idcrod  t o  ba the  m o ~ t  Fcl?ortant 

ono v i t h  an ovorsl l  lenctll of 1 3  n i l en .  Tho Pinchi f m l t  

Eeol:?r, t o  mnrk the ~ i t a  of intanr:o t h r w t  fau l t ing  fron the w s t ,  

Kecozoic volcenica and intrusivcs.  Tha k i n o c o  intrusions 

n i g h t  have beon wplaced along t h o  weak zone of  t h o  nart:?r.c:.t- 
T 

trondirg ?inch: f2.ult.  Along tho Pinchi f nu1 t zone, tho rockc 

are i n t o n o c l y  chenrod rrnd cruuiiod, R C ~  hy0rothoma2ly nl torcd.  

;:any st noply dipping fnulto are cievoloped within and mijncen t  

t o  th in  mne. T h e m  are p r e ~ u n o d ,  t o  joLn ono thrust f n u l t  at 



FInny plncco in t h o  rcgion nro k n o w  to contnin nr tnlli- 

f e r o ~ ~ r ;  dal~oc.itn. A l l  o f  thono, excepting t h o  cinnnbar c.r.cac l 2 t c d  

frm hydrothonanl aolutiona gonaticnl ly ,  d irect ly  or indirectly 

relntcd t o  the  relatively late phanne of the  Omineoa intrusive 
-* 

LOCAL GEXlLOQY 

The area mapped in detail  l l e o  roughly in t h e  n o r t h  
'7 - 

oectorn part-of the D u c l i l i n ~  Croak oycnita. The rock& of tho 
* 

the-io n roa  cancist of "f onitontl f w m d  by tho netasana t im 

of the  Ilogon d iar i ta .  Thtsro n r o  no rocko of ma,=n,rrtic o r ig in ,  , 1**~Lb'  - 
o:tcopt for  t h e  dykos cutting the feniton. Tho rocks nro d9scr.i- 

bod hcrc in dotnil. Pour transitionnl typoo of fonite can be 

c r i t e r i a  fn tho thooir  nron. Tu rno r  and verhoo&cn(47) doscribc 

Yeni ten  as folloae; "a kind of rrllmli rnctnnomt im f on i t i zn -  t 
hno conmonly of fectod quartz-feldo?nthic country racks 

( ernni t e n ,  gncicoco, candotonoo) around anrbmnte-a l lml ino  



0 y,-c:*L t i c  roc:: c n y ~ o r c r t  o f  7V;nI.I. rc.Ir!: 7.r- # ,, 1-1 - 
/ 

The d l f f n r c n t  phnoan o f  fenite a re  c o a ~ l o t o l y  tranci- 

tianal in comaooltion and tnxtura. Hovrovcr, a r b i t r a r y  doanrca- 

t i o n  r i m  an90 nmonf: thon! c ino ly  f o r  tho yurpooo of field n m p i n g  

and docxA.ptinn!coc Figure 4, p, I 9). The djrkos cutting tho 

f a n i t o o  are n l m  w i d s l y  vorinble,  but ~ e n e r a l l y  cponL,ng, y e l l  

gradational in cornpoaition from sonzonit ic  through ayonit ic  

up t o  granitic. A 1 1  typaa o f  rock diot ingulohsd in the theois 

area are ae followq 

5. Late dykoo 

Dior i to  of the Cogcn b~tholith f?mo t h e  country  

roc!< which occuro wuund t 3 c  t h e o i s  w o n .  Thc dcccript ion of 

tho disrite  io bacod on thc dntn obtntnod l a r ~ o l y  from tho 



3 .  and ~ ~ r t ~ m c . i ~ * : .  - 

In ti:.i.n r t ?c t ion ,  

feldspar. Tho rock oxhibi  La, in plncos ,  norphyrltic tcr turc 

country rock inporceptively graderj i n t o  nonsonLtic fcnito  of - 
the thod .8  nma. The rnonn,onitic f o n i t e  ic found on alrJsr,t all 

aides of  t h e  thosin erca. Tho rock a l ~ o  occurs nc r e l i c t  

obviously scan in the dfor i to  io no longor ons i ly  roco~pizcd 

in tho m n z o n i t i c  fcni to .  Tho nonzonitic fonite oxhiSitr on ly  



t?ct.:wmntiamT Tho  roclr Lo t y p i c n l l y  n t o  nin:: t oh .-rn l ,  

In t h i n  coction, t lp ' fkonzmit la  f r n i t o  concirts of 

potash f oldapnr(l3 %) , p16&xlnoc(71 ; r J ,  mafice, mninly r;rocn 
* 

oodn pyroxene(9 %), and accessory apatite. Tho rock, aa a 

tonturo RB compared t o  othar p h n ~ c 8  of l en i ta .  The rock roveale 

hypidiomrphic, mciU.un-grain08 t oxturo with a ~cnlrly  wbtrachy- 

t o i d d .  armngment chiefly of l a th l ike  grains of p l o g i ~ c l n c o  

(see Photograph 5, p, 84). Uncommonly it shows weakly p w h y -  

r i t i c  texturo with a f om of pln@.oalaae phenocryots(see Photo- 

Potaoh Ieldnpnr(moot1y rnicrscline) occuro mainly as 

onhsdml ,  l n t o r ~ t i t i a l  f ino-~rx ined  crystals and unconm3nly ac 

b' in a l n o s t  a l l  the potaoh f e l d ~ p a r  crnins. The bulk c o 3 y n i -  

t i o n  of c r y p t o p o r t h i t e  oxtrnctod frsm thin rock e n r  found to 

see Figuro  5, p.22). Most of t h e  

potash foldspar p;rzino exh ib i t  m i c r o p o r t h i t i c  toxturo g i t h  

rodc, bondn and r i m i n 8  of a lb i t e .  The avorage 

microcline and a lb i t e  io approxiantely 10/lr 

P1ap;ioclno (An7-,$ occuro me subhedrml 0 
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t h o  frncturee can bo racognizod onoily by o f f ~ o t  of zoncc in 

p w m l n t o d  along grnf n bardors producing numrouo m1cro:;raino 

which rorc casily nlbitizcd. 

Groon coda pyr~xeno(nogfrino) ocouro an nnhe lrn l ,  
C 

fino-zmined cryctala mainly along bnrdoro of f o1:iopnr , ~ r n L n r  

( O C O  Phofogrnph 3, p. 8 6 )  . A few of than m e ,  found t o  bo inclu- 

ded in faldopnr grains, r u ~ r ~ c a t i n g  thnt probably t h a ~  revrecent 

tho  cogl.r'ina p:.-oudomorphouo n f t e r  the grainn of nugits i nhor i -  

tcd frm tho dioritc .  Color  of  tho pymxane grains gmdos from 

s l i ght ly  greonish t o  yellorioh croen. 

From t h e  fmago inc  obcorvntiono, t h o  d i o r i t a  country 

shattcrml n f t o r  c a q ? l o t o  colldificatim. Along tho f r n c t w o n ,  - 
n l i t n l i  c~ntont oao introduced into tho d ior i to  country rock. 

Ao a result, tho glq$.oclnco ~ r a i n o  mainly of andooino corngo- 

s i t i o n  in tho d ior i to  voro replaced by t!lo rolntively f x c h  

o l i g o c l n ~ e  or albite  prefer ably along t h e  frnaturoo, c l o w n - c o  r' 



b e - n  rc h c o d  by nLknli feldcpnr,  nl t t~ouch tth omnt  of qu-rtz 

in the  or1  ginal rack wn3 n o g l i ~ l b l e .  Thorefam, tho ohornctori- 

ntict of the d ior i te  country rock wora muah oblitoratod, and 

t h e  f o n t t e  of aonzonitie compooition rao  lormed. 

Gyonitio fon i te  

Tho con t ro l  p n r t  of tho thouia nraa io cornporod 

zoctly of cyonit ia  fonito.  Tho rock i~ nleo found ns am11 

bodtoe of irragulnr ahnpo. The homogeneity of  r n i n ~ m l  d.! & ; t r i m  

bution in t h e  rock i n  intorruptcd co:xanly  by local  &runt 

incrse-~n in tho mount of croon pymxcne. In con0 placcc, 

directLon so titat eonkly lincnr or  p lana r  otructuroa e m  formi. 
.4 

Veinlcto of groan pprsxano rr,nco f r o 3  a f m  m i l l i m o t e r ~  to 

several centimotcro in t h i c k n o x .  Tho votnlfito of 2;yroxone 

ap;?acrr t o  h a w  fomod prsfor ably  r*13ng o n r l i o r  fractures in f 
t l ~ c  count ry  mck. P o r p h y r i t i c  toxture nnd l i n c a t i o n ( p a r n 1 l o l  

s t n n e l y  in tho d ior i to  c~untry rock and codcly in the n9nz13- 

n i t i c  f cnito,  hnva dionpponrad ~ l n o n t  cmnlctely in tho  cyoki t i o  

fonite.  The rock ~ r a d o o  icnorco-W.bly i n t o  tho n o n m n i t i c  

f e n i t a .  Tho oyanit io  f a n l t o  10 a fino-to modlum-gmincd nnczivo 



In t h i n  cact lon,  t h o  sycnlt ic  f c n i t a  l o  m c n  t3 h ~ v o  

-7 croon r ~ l n  -yr ,:!me ' '0  t ' l~ l l  f O ~ ~ ~ G ~ ~ ! X ' (  >!+a35 -? r * b ~ k ' . : ; ~ ( 4  

- 1  , nnd nccccs?rg ~ 3 , n o r n l c  cuch nc n p n t i t o  nnd ::?!~c?nn(l >). 

felrtcpv nuch broken a lmg  b o r d c r ~  nro not icsd  t o  y i e l d  n w r y  

wcnkly ;lorphyritlo nature in l i m i t e d  parts of  t h e  rock(cc?a Photo- 

ernph LO, p.87). Potash feldopar occure ae highly onhodral, 

graph 11, p. 8 7 ) .  Tho averago ratio betvfoon potach foldcpar 

and n l b i t e  i o  about 8/1. Tho bulk cornymition of cryptopcr- 

r.22). M O G ~  of tho  potash fo ldcqnr  in the microp~rth i to  d ~ c e  

unt~: inncd n l b i t o  g r n i n ~  are  dad:~cad t o  have chnngod I n t o  

o r t h o ~ l n : ~ e  contninine oodn plo~iocla~o in a n o l i d  oo lu t ion  by 

Plngioclaoo(An,) occure nb oilbhodrnl, f lno-cminod 

prltma interstitial t o  or intorlocking r i t h  the  f i n e t o  m e d i u m  



-r+>-i n c l ,  c ? ~ ~ m l . y  n L c r y m r t h  Ltic 0 t v h  f d : : n t v  nr i n c l ~ r + ~ l  j-n 

t:rm. 5 m o  of tho fSnc-:mi.~~r?d ~ l M . t r !  r . c n t t a m d  in the  73tn.h 

f e l - k p n r  n r c  r.qu::rich in t h d r  r;wwrrl r . ! ~ n y  but :YX t l -y  i r r  - -11- 

1 y . r  in , ! I >  n i l  don! ;  t4d.r :)or h r r - .  T h ~ y  nro t l ~ o a f ~ t  t q  bn 

rnl 1 c t  - : w t n c  l c f t  frxn an r4vr;nccd cc.-b.ccvqr\nt of tho YX-c  

c ~ ? . c . i c  v l? r : inc lncc  by tho untwinnad n l b i t o  and r u b z q u c n t l y  

f o l4cpnr  i d o n t i f i o  rock, i. or honor;enizntion of t h o  

c l i f f a r m t  corn:~ooitions o f  t h e  fo ldnpnr in tho diorite  aec t ~ k o n  - 
place t o  c ranto  t h e  alkali feldspar. 

ursen pyroxone(aogirine) occurn ao nnhedral, f l n o -  

grpino or os n ,c~repMon of the ,;rsinm, in clota mainly bctrnen 

tho ernina of  the s l k a l i '  foldeper(coe Photograph 12, p.88) .  

They appmr t o  have rcplacsd nrorernbly tho border& o f  t h o  

a l k a l i  f o l d o p r  r r ~ i n e ,  Color of tho pyroxene ranr;eo fr~m 

and later timn tho alknlizatFon o f  f o l d s p r ,  t h e  coufi t ry rock 

along t h e  f&ture plnnori and hordcra of t h e  alkal i  f o l d n p r  

- rcrplncexent of the  a l k a l i  fe ldspar  by the w r y  fine-grrclnod 
' - .  

green pyroxeno renders a %pon,qyu t e x t u r e  and cauocs a cloudy 

o9;lmamnce of t h e  alkali fc ldspnr  croinc(eoe P h o t o g w h  14, peed) 

In the  oycnitic of the  alkali  foldspar 

by tho greon pymxeno corns n o t  t o  hove @ % f P r o ~ ~ r o o r c 3  an 

much nn in the maflc f e n i t ~  d o c c r i b ~ d  in t h o  i o l l a v i n ~ ,  but 

more lntenae  than in tho nonzonitic fonita.  The orie; innl  



Tho diatr ibut ian  of mnfia f a n i t e s  i o  f ~ i r l y  rmdom 

in the thosio arca. nonovor, tho  large bgd ic s  of t h e  rocka 
Ot 

occur m o s t l y  on t h e  l o r  vdUey floor. Tho rocko are found in . 
plnn 06 elongnted wacooa with irregular projections - o r  ao 

rounded inclusiono. On t h e  ralntivoly high areas, moroly the 
t 

anall bodis0  of the mnfic f en i ten  cnn be found. This fnc t  

may ou~gest  that  in genarnl, feniiization of tho diorlte c o m t r y  

rock c-as nore intansa n t  depth rather t han  at highar levels, 

although the Icnit lz ing front uontro2lcd loca l ly  

by the vcrticnlly davoloped frncturos and thcreforo, in ~ o s a  

places o f  the higher levels,  the,fcnitization anc intcnso nn 

~011. Tho mafia fcnitao hnvc boen c l n c o t f i o d  in to  tco typec- 

rnelnnocrotic and hypcnnelanic phacoo o f  fctrlto, s a i n l y  on tho 

b a a i ~ ,  of  minoral c o n p o ~ i t i o n  and toxturo. The maf lc  f cnitoa 

grsde ixpcrccptlbly fron one i n t o  the other.  

Melnnocratic f onits 

I'lelnnocrntic f c n i t o  in conposed of plnlcich grey 

n l k n l i  f e l d c p n r  ~ n d  Crmn pyroxono i n  n subeqlml &notant in 

plncoo, but p m p o r t i o n  of tho minorale is Boon t o  bo much 

variable. 'Pho rock ie commnly porphyroblnstia with mcdiuw 

grainad porphymblaota of d ~ r k  croon pyroxene set  in a donse, 



Po tnch f cklannr occuro ou nnhedral, f ine- .~rninod 

c r j c t n l o  c h i a f l y  intcr~titial t o  croen pyrmcno. uTnrtnnfl 

t r inn ing  is cncountcrod in snno ernins .  Some d i o p l a y  

microperthitic texture wlth ctrin,?let;e o f  the intcrgrmm 

n l b i t o .  Thc gmLnn of potash fc ldapnr  9 thought t o  have born 

f rac tu red  and shcttered oo i n t o n ~ e l y  t h a t  thoy provided a 

favorable onviroment for rq lacescnt  by green soda pyroseno. 

Tho bulk compooition of c r y p t o p c r t h i t e  i a  doteminad t o  be 

0s7Ab&y X-my mothnd(ceo Figure 5, pa 22) r 

P l a ~ m l n c o ( A n 5 )  occurr; no cubhodral, fino-grninod 

cry6 t n l s  nsoocintsd n i  t h  po tnch  f oldapnr and thoreforo nlao 

intcrotitlnl t o  Eraon pyroxcno. The c r y ~ t n l ~  are concidered 

t o  be probably rel ict  grninn l i k o  thogo ~ttdinod in tho 

cyanit ic  fonito. Horcvor, thoy might have fornod probnbly by 

hycirothe~mnl o l t o r a t i ~ n ~  

Green soda pyroxeno(oc,qirine) occura an rubhcdrcl 

t o  a n h e d r a l ,  medium-to f i n r y a i n e d  cryntnla.  Clot8 of 

nnhodral, moll rraino of th0 grem coda pyroxene are fomxd 

elone tha bordaro and fracturoo o f  allrali foldnpnr. Roslnco- 



Rypenolanic f oni te  

Rypenolanic fenite cons ic t s  mainly of modim-to 

maroeqrained green pjrroxcno with a subordinnte anount of 

straalro of pinlsinh Grcy, alkal i  f ~ l d n p a r .  Propartion of mineral 

c~aponcnto in the rock come fa i r ly  consletont through the 

theois  area. 

In t!lin scction, tho  h ; p m m l a n i o  fcnito i~ nnde up 

of no tach f oldopnr(l0-30 2)  , grmn pyro?:eno( Gl+-?d+ X) , and 
acccccorg s i n o r n l s  G U C ~  RG m n t i t o  nnd cphono(6 7+:). Tt in n 

ccnoral tondoncy tha t  mnng tho rcccrrzory mlnoreln,  a p n t i t o  

fon i to  t o  the hypcmelanio fenitor The toxtura 

m n z o n i  tic 

ahorc nrima t i c  - 
the matrix 



caiiodrol p r i m 6  and or~ao-cectionn,  chm@ng in color fron 
J 

groan to yolloaioh Groan. The ~ r n i n  borders are ucunlly erconor 

than tho coro, c u g ~ a o t i n ~  t h a t  tho border parts of tho indivi- 

2 r i s m t i c  grains of pyroxone Frc a r r an~cd  in n cubparn l l e l  

(ccc  Pnotol:mph 13, p. g ~ ) ,  probably i nd i ca t i ng  n d i r o c t i m  of 

introduction o f  tho f o n i t i z h t ;  f l u i d .  Tho s ize  of  pyroxone 

nL1 pro-cxioting feldopnr grnlno although a very mdll m o u n t  

of clouded f e l d ~ p a r  aurvivoo, 
-;r 



In t h e  previouo doocriptlon,  it io discloood that 

a lka l i  aotocomnt im or fartitication had modifiad the o r l f l n a l  

diorito t o  y i o l d  four kindr; of fcnito  with a completo srodation 

in intonaity i r o n  one t o  tho otherr 

Dy!xoc cut rill tho dif forant $u.mm of f o n i t o  enc! t h o  

d i a r i t a (oac  F i , ~ r o  4, p. 1 8 ) .  Thoy ni3poar t o  ba noro 2bundt.int in 

tho f c n i t i z e d  oroa t h a n  outride of  it. Tho latc d y k o ~  con~iat 

of r ,yoni t ic  p c p n t i t a  and crnnftic aplito. noth hnva a L n o ~ t  

the caaa rtrmtural n t t i t x l o ,  striking alnut north 10 do  :rcos 

onst  n c m m  tho t h ~ a i u  arm. Thc thicknocs of tho  dylros rnncilo 

frm 33 continotoro t o  2 n o t o r n .  Tho  dy::oo nhow cc !~ l l l od ,  nhorp 

con tnc t r .  G o m  of  tlicm appenr t o  bo vain-l ike c t r : ~ c t u r o n .  y 4  c 
On t h o  whola, tho pamati to  i a  comrhat connonor than  tho  -1 hrd** 

a p l i t c .  In many plncoo, tho p e p m t i t o  and aplito f3m ~ o p a r n t s  

and d i a t i n c t  bodion of dyke or vain, but in 0030, both the / 

p o ~ j a t i t i c  and nplitic n a t o r l a l ~  oacur t o p t h c r  in t h o  cam bodyr /' 



bcteoan n l k ~ l i  ieldapnr and pln.yioclnoe corn6 vnriabla so t h c t  

tho c o m m i t i o n  of tho  mck mnKeo fro3 oyonite  t o  monzonite. 

Hovovar, t h e  eyonit io  corngooition 1 s so predoainent thnt the  

p e ~ a t i t o  l o  c o l l d  tho syeni t i c  p o , ~ m t i t e .  i4af3.c ainernlc o t  

most p lnces  amount t o  loria than 5 percont o f  the total  rock. 

In t h i n  raction, the oyonit ic  pomatl te  i o  p m o r n l l g  

s coarce-~rai.nod rock conoirtlng mainly of microc1ine-micropc.r- 

thite(55-70 ;d) and nlagioclaco(2>lr0 4)). Tho rcaainin(: 5 percont 

concist~ of anhodrol gr6aLna of pyroxono, b i o t i t e ,  cn l c i to  and 

magnotito and eufiedral eraine of ~pi iono,  garnot and apntlto. 

Eiicroporthito occuro RG nnhodrnl cacrso-p;raincCI 

cr;mtals. Tho r a t i o  of ple~loclam t o  !nicrocllno in t h e  z~icro-  

p ~ r t h i t o  in npproxir:~n tely frm 1/2 t o  1/9@ Tho avornc;o rntio 

would 50  1/6. Moat of plngioclnco intorgrown with n i c r o c t i n a  ore 

c3:c:nmly nltcrcd, but micrmlino rcmnino ralnt lvoly  froch(sco 

P h o t o p v h  19, p. 9 I ) . Tho bulk comoc i t ion  of c ryp top+ \ r t i l i t o  

l o  ! .otonincrl  t o  bo O%Ab&by X-my mothod(cao Figure 5 ,  ?32). 

Mfcr3perthito i n c l u d o ~  m o l l  1 r r o ~ : l l n r  t rn ino  o f  plngioclnoo 

and io grenulatod along tho cryntal bordorne 



coi.:-~lonly p z r t l y  roplnccd by b i o t l t a .  The r n r ~ o d  gminn  of 

pyroxona a m  cmsldcred  t o  bo xonocrysto acquired froa the 

fenito  Carinc tho dyke  intruoion. The errhadral t o  cubhcdral 

gralna of cccoacory n i n c r a l s  are included in feldogars. 

Granitic ap t i t a  

Grani t ic  a ? l l t o  io chorac terlzcd by fine-gralnod 

cu:-nry taxture, prerjonce of qurlrtz, oacll amunto o f  nrtfic J 
cm:tituectc, and l i ~ h t  grey or p ink  color.  'she leldopcrs 

m y  be v:hite, pink, or l ight  croen. A l l  the quartz eraln~ 

nro grt?;r. Tho nrr.ount 3f quartz v:rr-Lo:: t o  give tho mck a 

cyanitLc t o  p w n i t L c  coapositLon. Tho ~ ~ r a n i t i o  co!nposition 

J 
d m i n a t o s  to allow the  rock to be c a l l a d  the granitic n p l i t o .  

Tho onos Scarinc rolativoly a mall mount of qutartz are 2irlzioh 

and t h o  othoro light grey. Tho n ? l i t o  show8 an even g r a i n  

t h o  tha t  raroly excoodo 2 millimetcro. 

In thin r o c t i o n ,  t h e  granitic ap l l t e  concisto nninly 



p c r t h i t o  g r n i n c  an? r o n l , n c i n , ~  t h o  ~ r ~ i n  b o r d o x  nnd f r - c t u r n n  

o f  t h o  ~ 1 o r o . n a r t h i t o .  Qunrtz grglna alro ro?lnco t h e  air!dlo 

pnrto ~f o m o  rnlcr~pcrtllite ~minn(cer ,  Photo,sreph 21, p. 92). 

Qunrtz  osnocintod with rnicrapcrthite showo, in placas,  t h o  

rraphic testure(oee Photograph 22, p.92).  The quartz graina 

show frrxcturea and undulow extinction and includo all the  

othor rninsrdlm. The above observ~tlon givoo crltoria cupport- 

ing thrt quartz i s  the lnteot mineral monc the mincrnls , 4 
dec.cribed cbove in the  Lurrnine prope r ty  nren, and rt?caivod n 

Id 
otresr: after cryrtnllization, and indicatin6 oome etrosa ap?liod w- 
t o  the thesis arm after the  complotc ~ o l i d i f i c o t i  

Nicroperthltc occurn no ~ n h o d r a l ,  ma11 smino  that --' ' - 7 
hnve m3rc or loan autunl bmandarics w i t h  ebch other; with 

pcrtbi to  of vein and filn typoc, enalocoa a l l  tho o t h c r  n i n e r a l ~  

excepting quartz. Tho ra t io  of tho  albito 1a.sellao to t h o  

nicroclins hont  rnngos npproximn t o ly  Tho 

bulk couipooitfon of cryptoporthito io dotemined t o  be Or,Ab,, 

by X - r a y  mthod(8eo F i g w o  5 ,  p, 2 2 ) .  f t is eocn that ooao 

n l b i t o  lmel lao  in the mlcr9gerthite extend beyond t h e  cryotnl 



Bio t i t e  occurn ao anal1 rnqersd ernins nnd ie included 

in quartz ~ n d  f o l d a y r o .  Magnetite, aphene, apatite and zircon 

are sporadlcnlly scattered through the quartz and foldnpora. 

F i n a l  a n a l y ~ i e  of  averngo modna 

Uaing the  knann avorngc ratio between potnsh f e ldspar  

and rods fe ldspar  in microporthite, the mount of moda fe ldspar 

in microaorthite bas bean inclttdod in t h e  amount of plagioclace 

( a l b i t e )  in the f i n a l  modal analynio of tho M C ~ B  occurring in 

the  Lorralna proper ty  area aa fo l lows;  



Potrogenesie o f  the Lorraine Fonite Complex 

and of the diff  w o n t  p h a s o ~  of rock found in tho  Lorreine 

body exic;ted beneath t h e  pra-exir t ing d i g r i t e  o f  the t h o ~ i s  
C 

- men. It porsibly resulted f ron  diffurentiation of the c n , v n  1s 

f n n  which t h e  diori ta  oountry mci:(first dlvioion)  f o n c d .  

In the ear ly  co l id i f iod  upper  p a r t  of tho dior i te ,  fracturen Y' 
r n i ~ h t  hnvo fonned no a r e ~ u l t  of  nuboidonco on c r y ~ t n l l i z n t i o n  - -. 
end chrinlrn,ce during cgoling, nlthouch an offact  by regional 

tec ton ic  streos rn i~ht  be conoiderod in addition.  
.-- 



f r r c t ~ r c s ,  As n rccu l t ,  t h o  d i o r ? . t c  c m n t r y  roclr r nc  n r t x a -  

n n t l z e d  t o  v n r l o ~ m  dccrccn, nr,xiucinfl  four "Sf f crant ctn-cf; of 
LC 

f c n l t i v t i o n ,  Xntcnc i ty  of the f o n l t i x o t i m  In t h o  l i o r l t o  

n l p e a r r  t o  hnvo bcon c m t r o l l o d  mcinly by t h o  d i c t n n c a  f ro3  

the caurco macm of tho  f c n i t i z i n g  t l u l d o  ond by tho dorroo of 

frncturing. SsmntinLly,  a l l  mincrnla in tho dtorl to  country 

rock vora roplncad gratiually by croen roda pyroxano(acgirino- 

augito or nogirine) and/or a lkal i  feldopas w i t h  minor ~ o u n t a  
-- 

1 
of ncceosory minornlo cuch an ngatite and cphcno. [Thommt 

Tho faulte and jolnts found in t h o  thcsie area b o w  

no o b v i o u ~ l y  c l o ~ o  relation t o  tho fonitixation, o u f i ~ o n t i q  

t h c t  any cnrly formod ncgncopic ctructuml f cnturoc(fr?ultn or 

jointo) in t h o  d iar i te  country rock w r o  probably cony;lotoly 

obccured by tho fonit izet ion,  although it i o  dlocloaod on n 

micro~cop lo  ocnle  that tho ~ O C ~ G  Y:OI.O f rac tur~d  t o  f n c i l f  tnte 

the fonitization more offoctivoly. 

While the f c m i t l z i n ~  proccoo wnn going on, tho nl'za- 

line naLma 'Jolo\v would probably hnvo boon diffcrentlaLing to - - , 

gonerato ovontually a rocidunl  magan which might hnva bcon 

mare aquaouo than the  original  rnnma, nl thwgh it could no t  

approach tho docroe of attenuntion of hy3rothormnl colutionn. 



- 

relation betrcan tho dykoo and the  fonitori wao recognlzcd a t  , 

all ,  a t  learnt in dotai l  on a locol. aorals. ( y  )(cuky 

Sane of the dylcee ohowing vein-like ntrue taros nu ~ g e c t  

tha t  t h e y  might hnvo bocn f o n c d  mainly by roplncenent d o n g  

n favorable, otructuro by nalutions,  but many nuot have boen 

injected more or lese bodily in to  tho praparod or probably 

oimultaneouoly opened fiseurea, roeulting in their chillod' 

In t h e  fo rna t ion  of po&nntito, i t o  contont of v a l n t i l o s  

@pars t o  have rotainod, u n t i l  cryntnll ization was considcr- 

ably progrco~ed rcaulting in tho caorocw~raincd texture. In 

t h e  c a m  of n p l i t a ,  v o l a t i l e  natcrials  corn t o  have been 

doplctod or usod up f o r  t h o  fomxition of the p o p n t i t o  f o r z i n g  

the  oupry-toxturod rock(l0) .  Tho rcnidual ~olution npscnrs 

t o  hove vnriod in cornpo~i t ion  trcndinll; toaard tho g r a n i t i c  

pharo ovoroaturatad with increas ing m o u n t  of quartz, probcbly 

ac n reoult of t ho  further d i f f o r a n t i a t i o n  in t h e  mnnm reccr- 

volr or rJn the ancanding m y  with  the cryst.?llieetion of the 

monzonitio t o  syenitio dykes(4, 43) 4 



The thin a c c t l m  ~ t u d y ,  ho~::evar, v o r i f i c o  t h o t  in 

p l ~ c a s ,  m n y  of the quartz erninn vore f o n c d  by rap lnccwnt .  

r t z  voino are f w n d  t o  be clorely  n c m c i a t e d  with and cut 
I 

the a p l i t e  d f i t h e h a  Retnll of thin r i l l  be - 
doccribod in the chapter on t h e  fl??pdrothcnntll Altorr.tlon% 

Thoralore, a t  loaat tha lnrge portion of quartz mount in 

further  differontinted ca lu t i on  vhich may bo referred t o  a8 a 

hydm-othomal f l u i d ,  although t h e  r m a t n i n g  mall mount of 

quartz in tho  ap l i t e  oould probably cryntnllize fron a melt GO 

Thua, t h o  composition of  the a2 l i t e  before t h e  s i l i c a  

otrsosatim nas in a mngo botseon ayanite  nnd quartz-c:mnite 

( loco  than 10 L quartz in tho rock). Nowovor, the con?oci t ion 

of the a p l i t e  o r i & n n t i n g  fron t h o  cacond divlsion(moct1y 

overoeturetcd) of tho H ~ , p m  b a t h o l i t h  mama sccna un1i::ely t o  

be in t h i o  c a n p o ~ i t i a n  mnp unlocn the onvironrnont of the 

mamatic crgn t a l l i z a t i o n  cnsn :mi under a cortnin circamtance. 

The dykeo of tho thoo i s  nroa are thought t o  have orie;inntod 

from the anma of t h e  diorite country rock. 



- l $ L  

C o ; ~ ! r W e r L n l ~  n.13, tlrn rockf i  of o v l 4 o n  t l y  mniY.ln t i c  

o r i r ; i n  f .wni l  in t h e  t1rnnl.o oron, t h c  o r l y i n n l  mnf;.nn o f  t!aa 

!lo -m d i v l t c  ~ p p ~ n r r ,  t 9  hnve Zo l lw-cd  n rr!rraonnbXy c o n t l n u m c  

L ~ T L C F :  o f  d i f f c r p - q t : L n l i o n ,  1. e. ( 7 )  - diorl.tc(country rx 'd - 
(7) - .-. m z a n i  to(dy"ro) - qnnr", z y c n i t o ( r l $ c ~ )  - 
f o l l o r  in< chnv t c r )  . 
~ r : * n i . t ~ (  tlyl:c) (? )  - d l o c u n o ~ d  in t h o  

The  fenItiz(rrt1on is f i t t a d  in time rolntion convin- 

c i n ~ l y  i n t o  the mmzonltic t o  s y e n l t i c  atngeo Sataoon the 

d i o r l t i c  cnd tho qunrtz ~ y a n i t i o  t o  ~rnnitic ctnqco of diffor- 

e n t h t i o n  of tho intrudod magma, oo t h a t  the  alkalino magno 

respons ib le  for supply o f  the f cnitizlng oolution aao nonzonitic 

t o  s y e n i t i o  in cornpositlon. 

Ar pointod out in the oection on r ae ionn l  g o 3 1 q y ,  

nonzoni to  or ~ j o n i t ~  p o ~ m t i t i c  in plecoo and theroforo  

?robably nbundont in volat i los ,  and ~rnnito intrudod at various 

plncac. Thoso todios  are found t o  bo conrnonly attucintod v l t h  

or in truding  the oaxe klnda of  rock oa tho f sn i tco  of t h o  thss io  

aron. Xnny o f  thorn clios rouchly one proforred os%ent:!tion of 

eiiploce.nont t-anding n m t h  20 dogreoc onct, parallel  to t h a t  

o f  the dykes of tho thecis nrm. Tho dykm ond tho h y ~ ~ t h c t i c o l  

monzonitic t o  c y o n i t i c  mnmn at tile Lorrnino, and t h e  rnonzonFte, 

syen i te  or granite in the neighbowing region are probnbly 

t h o  rime phases of  differentiate formed f r o m  t h e  diorit3.c pnrant 

mgza. 



The potnsoium-arcon ace o f  170% m i l l i o n  yenra also lien within 

an o ~ e  range as old no expcctod from the  late posit ion i n  nge 

of d i o r i t o  n m n c  the f i r n t  d iv la ion of a l l  the phaoss of t h o  

Omineca intrus ions  or  the  Bogom bathol i th.  

I f  it is acuoptad t h a t  the  torraino fsnitaa and t h e  

alkaline nagnnt ic  body r o s w n c i b l o  for  tho fon i t i za t ion  vcro 

fomod as a result of d i f f o r c n t i a t i n g  evolution of a d i o r i t l c  

p ~ r t i o n  of t h e  R o g e ~  batholith mR.Tnn, tho ;)ucicling Crook ~ y a n i t e  

including the "Lormino  syonite1'  can bo concidered t o  rc;)rosent 

first divieion,  o$rceing with tho hyr,othocia of Roo t s ( f r6 ) .  

It i s ,  hov:over, irnprobnble t h ~ t  tho  cyonit ic  bodfor, n r o  auch 

younger than the main n o g ~ n  b a t n o l i t h ,  i. o. t h o  rocha be1onr;- 

in8 t o  t h e  socond divloion,  snd occ l~py inq  concidornbly lnr,jo 

p ~ r t i o n ( i )  of the Hogm batholith ara boliuvcd t o  bo youngor 

then tho  potassiua-nrcon ace of 170+0 mil l ion yoRrsr The 



Faults and jointo ore of  major otructurnl faportance 

in connoction with petro~enaeia  and ninornlization in t h e  t h c n i e  

arm. Nunarouo faulta are mwkcd by ~ l i c k e n c i d e o ,  co:oucc and 

c a t m l a c t i o  rocks. Tho fnulto aro d iv ided  on tho bnrLa of 

a t t i t u d e  and rclative ago in to  f i vo  Croupn and numborod froa 1 

t o  S(eee Figure 4, pr na folloaa; 

The oldoct InuLt, no. 1,. atrikco north 5 docreoc 

o a ~ t  and i s  vertical. The f n u l t  l o  obcorvod t o  bo cut  by faults 

of the othor 3 Groupo nnmod nos. 2, 3 nnd 4, and o f f ~ o t  ~ i t h  

displaccaont of up t o  100 fost locally. No ~pocial r o l n t i o n  

i n  ~ o t i c o d  bctaeon tho locua of tho fnult and tho d l n t r i b u t l o n  

of  f ~ n i t e ~ r  The f n u l t  cut all p h n a o ~  of  fonito, n u c p a t i n ~  

that  the  f a u l t i n g  is In age later than the fonitization. 

Pault nor 2 ,  otrikca suot-west and d i p e  85 do[;rees 

north. It ic cut by the f a u l t s  noor 3, 4 and 5 and of fsot  w i t h  



T;Inlllt no. l+ c t r i k o n  north 10 d o q w m  r -ac t  nnd rli?:: 

70 dccrcno tormrd r m r t h c n n t .  Tho f m l t ~  no, 5 nre of rr lnt i -  

vely '+on11 cjcnlo, c t r i l t t n g  north do:;reas onfit with n lnoc t  

vertical  dip.  No f i e l d  cvidonoe ie svnilable t o  o~tablich t h e  

aEe rolation botvxmn feult~ numjered I+ and 5. Bowevor, i t  io 

ovLdont t h a t  thoy nro a l l  the youn1;ont croup8 of fault  in the 

thes is  nrorr. All tho  f a u l t n  dencribad above ere aeon t o  c u t  

the  late dykes. 

Rcaidoe thono five faults rolntivoly enoily de f ined  

In t h e  field, there are f ~ u l t o  doveloping in other directions 
--C - 
along r:hich t h e  late dykae o c m  t o  have introduced. The fnu l ta  

are p a r o l l e l  t o  onc n n o t h c r  in a  trike of nor th  20 de-sees 

east with almoct v~rtfcal dip.  Since all the  fault^ n m c d  

1 t3 5 cu t  tho  lato dykes, tho f r u l t  u tr ik ing  north 20 ?cyreoc 

east  i s  olclect amn,n the faulta eo fnr known in the  thosin m e n .  

Host  of joints +era ob~cmred t o  atriko nnd d i p  

parellel. t o  tho f n u l t s  and one cct of horizontal jofntc is 

found i n  addi t ion .  In placoc, j o i n t i n g  in t h e m  d i r ~ c t i o n ~  is 

eo intcnso  t h a t  i t  is d i f f i c u l t  t o  find a hand-oizod opocimn 

of  un-fractured nature. Fracture o p ~ c i n g  ~onornlly mnzos 

fron 5 lncheo t o  one foot in the  minorallzed zone, but l oca l ly  



Alterntion ninernls  

The tom nhydrothormal nltnrctiont' used in this 

~ o c t i o n  and a l l  throu~;h t h e  caper ~pocificnlly indicates tho 

alteration khich is conrid6red t o  follow the  alkali notncomc- 

t i c ia ,  wfonit izat ionM of the d i o r l t e  country rock,  and t o  precede 
,- . Tho hydro- 

t hcmal  alteration has been deacribod undcs tho main ho::lfnl 

intimntcly i n t o r r e l ~ t e d  with ore a inorn l i za t ion .  All rockr of 

t h o  theria arm, even the  o m s  t h a t  mo~accoaicnl ly a!:pcar to bo 

freoh, had boaa affected to some extcnt by hydrothsrnal nltcra- 
I 

t L ~ n e  Tho altoration i c  ao pervscivo in o m e  part6 o f  the thesie 

area t h a t  i t  io d i f  f1c:ilt t o  f i n d  oompletoly frosh rocks for 

/ tho lurgoso of compnrntiva ~ t u d y  o f  t h e  ;lost mske. I l t e r 8 t i o n  

n lna ra lo  will be diucu~sed frm tho wrhier t o  the lator  in their 

paragonetic coquoncs. 

niotit~ 

Siot i te  appoaP8 t o  have f o n o d  noat abundantly aqong 



trains, i n c l ! 1 3 i n ~  tho ercina ~f g r w n  ?graucnn and n p n t i t o .  

frncturcs. I t  alco roplecoa potnnb foldcpar r a t h a r  thnn  yroen 

In tho m o l n ~ o c r n t i c  fonite, b i o t i t e  l o  dovolo?cd 

botuean grains of feldopar and greon pyroxene, replacinr: pertly 
) -,*--_I. ---I- 

o r  wholly tho gminc of  thoco minorala(soe Photo~ra;?h 25, 9.94) .  

Tho mount of b i o t i t e  in t h e  rack nttaina up t o  15 porccnt of 

the t o t n l  rock volume. Feldapar gminc aopcnr t o  havo been 

mare favarnblo f o r  roplacenont by bio t i t e  than grcon pyroxcno, 

as in t h o  hypomelanic fenita. Pyroxene ~ r n i n n  reveal only 

incipient re?lncmont by biotite nlong gmin  baundnries, clenvc- 

.-as and frnoturear Commonly n , ~ ~ r a g a t i o n  of mora or loss pr imat ic  
3 

------- 
/ 

o n a l l  g ra in0  of biotite'cnn - - -  -- - - be found a l m g  a direction probably 

i n 2 l c n t i n g  t h e  pre-ox ing fracturoa which acted as channelmy 7 
/\ 

favgmble for the introduction o f  f enitizing or hydrothomal 

In tho clyonitic and rnonzonitic fonitoo, b i o t i  to forms 

up t o  5 pcrcont of t h o  t o t a l  rock only in a for  instances. 

The a l t e r a t i o n  mineral roplacee, in pmaml, only the ?arts of 

fold~pnr and grem pyrroxono mainly nlong grain  bordors or 



fmcttrrcn, nnd accnntonnlZy a fo17 pof.l:illtic crnine of tho 

mineral nro found(ooe Photgg~aph 26, p e s 5 ) .  In canoral, t h o  

b l o t i t l a a t i o n  in no t  n?ticaabl.a in thc  nycn i t i a  and monzonltic 

fcnitcs ne conpnred t o  tho  mnfic foni tca ,  

r r v y  of f o n n t i o n  of tho nncond~ry b i o t i t e ,  ?l iot it izad tcnitca 

nre cut by the late dykoa and qunrtz voinri. Biot i te  c r n i n ~  

are reolncod by oro r l n c r n l ~  nnd a l l  of the othor a. l tam.t ion 

minerals. In plnooe, b i o t i t o  han been introduced along fractures 

in the fenitee t o  ?om veinlota of ooarscgralned crystnle of 

t h e  mineral. From the above deecriptian, it  i s  evident that 

b i o t i t e  waa fonned after t h e  main' part of the fsnitization. 

The edgos of b i o t i t e  ohow highly irreaalar and nostly 

cow-tooth-like ehapao. ft io pleochroio  from dark groen t o  

. yellow or yellowish green. The amount of  b i o t i t e  varieo with the  

t y p  of fenito. Ac describod alroady, tho mafic fenites are 

more biothtizcd than the o the r  fenltee. The rnafic fanitos, 

although irromlar in tho dotni lo i l  ~ h ~ p e t 3  of thoir outcropc, 

lorn  a halo around the central minoral zone deocrfbod intar,and 

m a l l  bodiea of tho mnfic f enitao occur within  the contrnl and 

intoqm.edinte minornl zanoa. All thono nafic fenitos aro equally, 

highly b io t i t i zcd (noo  Ficuro 6 ,  p.47). nened on tho oxmtinn- 

t ion  of rr few thin ncsctims, t h e m  appoaro t o  ba no noticeable 

b i o t i t i m t i o n  and chance in the  mount o f  biotite in all 

placos within t h e  monzonitia and syenit ia  fcnites. 
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Albl t e 

t i o n  rcfcrrod t o  a6 a l b l t i z n t i o n  horo i o  conflnad only t o  t h a t  

which occurrpd con toi~pornncoutly * i t h  or af tw  l n t r u o l o n  of 

tho laLo dylroo, c loco in t im t o  mlneral izot ion,  olnao wrly 

alSit5.zntl.m in t h e  rocko of tha t h o s l e  area an8 acco?lptinh~d 

a duriqz the fan i t l zn t ibn  nnd obvlouolg before intrusion of  the 

The a l tore t ion  appears t o  be intenoe in tho part of 

the t h a s i e  area whphore the  l a t e  dykea are abundant* The l n t o  

dykolj thomaelves were a lb i t i zod  moat intensely. Thia e u ~ p o t s  

that  the late dykea wore norrost t o  the ahannelvay cnrrylng 

a lb i t i z ing  f l u i d  or probably the whole alterins f luid.  In tho 

dykas, feld~par has been albitizod along cryotal bordoro and 

fracture8 t o  form miompartUte or zoned grain(soe Photograph 27, 

p. 9s). 

In the dirt  eront phaseo o f  f cnite, a lb i t i zat ion  

nppoars t o  have been fac i l i ta ted  mainly d o n g  tho gra in  borders 

and fractures of feldapar(cee Photograph 23, pass). The rolati- 

velp more intonne albitization ie seen in tho oyonitia fenite 

among the fenStes, 

Orthocla~e foms pink voinlots  commonly one aentirno- 
Y .' 

ter or leso thick, mainly in tha central part o f  the thonis'trroa. 

The mineral 16 found t o  cut the  aplite dykoe. 
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QunrEny 

Quartz v o h o  have boon found in tho thnoio nrou, 

m i n l y  in tho c u n t r n l  and w o t o r n  p n r t .  Thcoe ucual ly  n * m m l * o  

Soma of t h e  qu~rtz voinn are noon t o  cub tha o r t h o c l a ~ e  

vainloto and tho granitic aplite, but moat of than occur adjacent 

t o  the granitic aplite and lie parallel t o  the apl i te ,  implzing 

a cloee genetic ielation. 

9eriuite 

Sorieite ie relntively abundmt I& the altored ~ W k 8 ,  

being intkjately nsaociated with sulphidoor This altsrnt ion 
$ 

mineral oocure mainly as very fin&roinod ocalea pseudornorp3oue 

af tor f eldopor, biot i to ,  green pyroxene and even ~ o m e  quartz. 

Sericitization occurred moat preferably alone grain border and 

fraature, although in placee. it dovelopad in tho middle part 

of graino. Feldepar grains are seen t o  have sumrived the 

serioit izat ion in the a l b i t i z e d  rim, but t o  have been highly 

eucceptibla t o  oaric i t izat ion i n  tho unalbftized(~zore cnle ic)  

corea(ocle Photographo 29 and 30, p.g6andg7), ~uggoarting a close 

equilibriura etato bctwoon the two altoration m i n e p l s ,  albite 

end ~ e r i c i t e  in tho condition of formation, Anhedml, f i n c -  

grained muocovite i a ,  in placae, nacociatad with scaly sericlte  

( m e  Photo~rnph 31, 9. particularly along grain bordezo of 

foldspar, biotito or pyroxene. Some o f  the srricit iaod minorela 

are again partly replaced b:j chloriter Beriait. gralns show 



my).. 

cc~.?c :~lonct i roim fr~m vory f n i n t  sronn t o  colorlann. Dovol?p- 

ncnt of ccnly ~ c r i c i t o  cnucon turbld nppmranco i n  t h i n  emtiona 

bf t\10 t t l t ~ r b d  T ~ C J ~ Q ~  

Chlor l to  

Chlorite La vridonprcnd in tho n l to rbd  and mincrnli- 

zod me:ro. Chloritiaation occurrcd profofrsbly nlong pain 

boundarioo and frncturoa of fold::pnr, p e e n  pyrwono ~ n d  b i o t i t e  

(coo Photo$rnphho 32 and 33, p. gel, althou;;h soma of the  chlorite 

grnins roplnaa the rniddlo pnrt of t h e  rock-fomin~ minoralo. 

Thio mecn dltoration minerd i 0  intimately ac~oc ia ted  vdth 

sulphtde rninerala and aommonly toms anheslral to subhedral, 

lo editm-sized grainer 

Q i d o  t e  

midote  can be found in a vary minor amount in the 

thaoio area. Subhodral, mnll ~ r a i n e  a r a  found t o  roplaco along . 

&rain bnrdora of fcldo>ar and pyroxene. Mfcroscopically t h i n  

films of opidate lia almo~t  invariably betweon ore minorale and 

other diteration ninerala, augl~esting that in the  thosio area, 

epidoto La noat olonoly rcslntod in thine to the ore minoralc 

Xatars of altoration 

The poriod of hydrothomal altoration muot have 

followad fomntlon af all tho fenittzod rocks in tho Lorraine 

property aroa. The highor dcgroe o f  biotitization in the  nnfic 

fenitce than in tho othor feni tea Qrnao attention t o  the clone 

gonetio reletionnhip betwon the blot l t izat ion and tho fenitiza- 

tion, Probably t h i o  fnat  i r ,  simply beaauaa the mafia fanitos 
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rcra ovcm:!luningly moro f nvmnblo for t h e  bloti t i z a t i o n  t?mn 

It 5.0 n o t  h p r o b n b l c ,  hov:uver, t h a t  tho b i o t l t i z i n g  f l u i d  car  

dcrlvod ac a product of tho  waning utaco from tho'ome courco 

no t h e  f c n i t l z i l i ~  f l u i d  cmd d i sn ipntcd  pralcrxmbly t h r o u d ~  the 

moct highly f cn i t i eod  rocko, 
* 

Tho altoration other than b iot i t izat ion  nne contampo- 

roneouu with or imnodiatoly followed e r y ~ t a l l i z a t i o n  of the  

t h e  dykoo are tho youngost rock of the Lorraine complox, the 

altering f l u i d ,  probably oxoluding the  U o t i t i d n g  phauo, i n  

considared t o  have boon tho 'Last ~ ~ I O E O  of magiatia crystall i-  - 
zatfon o f  the unoxpucsd a lka l ine  magim. The source f o r  the 

4 Y 

hydrothermal a l tor ing  f l u i d  i a  thought t o  have boon olooo t o  the  

dyksc. Intense albitizatlon,  orthoaleoe voinleta, and quartz 

veins are very cloooly related l~patially t o  the dykeo in Zhetr 

distribution. The dykoo show, holrover, rolntivoljr mdller 

mounts of altoration minorale exoopt for albite* Pooolbly 

thoy wero clooer t o  equi l ibr ium with hydmthormal f l u i d  than 

other rnumbom of the Lorraino complex. The apl i to  dyke, conposed 

of a lka l i  Ialdnpnr and quartz, formed probably by tho further 

diffarentiation than tho pematitic p h a ~ e  of the residual 

solution appears t o  have beon OOFQ in8~6aoptib18 t o  hydrothanal  . 

alteration than tho pegmatite dyke. 

The f l e l d  refat i~nqand patroe;raphiu evidances make it 
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p w x i b l a  t o  M x  t h o  ralntive tlmo of t h e  poriode of f n u l t i n g  

and n1iornt;ion. Most of fnu l to  c ~ i t  tho  pargnctito and nnllto ., 
d $ ~ c ~ .  i'hoy cu t  tho nltarod rocko nnd nrn not; genotic:\lly 

i' 
related t o  tho nltorntion in t h o  thnulo area. Hovnvcr, f o u l t c  

or joint6 t r c n d i n c  north 20 doqreco cnot apponr t o  havo b o m  

ro!~oaled and oblitorntad by altoration and hnvo aloo control led 

t h o  davolopmant of  Gone alteration eonao, Thus, it rnny be 

concluded thnt tho time of major nlto~~tion 3.a la tor  than tho 
\ 

faulto or joints trending north 20 degrees aaat and carlier than 
* .  - 
all of the other faulte and Joint& 
/ 

Since the groatest davelopont of relatively more 

altored rocks i s  in the c o n t r a  part  of the  thesis area, the 

main contre of alteration was pnbably  in that Zone* Thie 

suqgseto that the  main altoration zone was l imi ted  t o  a parti- 

cular area. In general, altered zone i r r  muoh smaller than the 

f anFtized zoner, 

T'ns preservation of pseudonorphs vdth increasing 

alteration indicatee that a major portion, i f  not all ,  of the 

alteration han taken ploce at  constant volume, In general, 

ferromagnosian rninoralo and plaeioolose were by far the moet 

suscept ib le  t o  altoration, and gotaoh feldspar, quartz and 

epatito, relatively reoistant. 

A otudy of the  product8 of nlteratton gives aone 

Indication aci t o  t h e  nature of the altering f lu id .  The hydra- 

thermal altoration in t h e  thcaie area appsars t o  have occurred 



in n d n t i n i t o  ooqucnco. Tho dominnnt n i n e m l o  charnctorintic 

of tho succconivo otncoo o f  nltnrntion aro na followor 

1. biot l to (? ) .  2, n l b i t o .  3. orthoclnm. 4. quartz. 

5. e-ricite. 6 .  chlorite.  7. apidoto. 

f: 
$ :  
C:; 

tn tor  minernln overlap end roplnca tho onrlicr anan, 

oc~ it ie very d i f f i c u l t  t o  d o l i n i t  i n d i v i d u a l l y  tho Aztailori 
i 

! 
5 Natribution o f  them on nnpa of tho ecnlo cnplayod. It l a  

q u i t e  probable t h a t  they reflect t h e  aharactor of the altering 

f lu id .  I3eaidae the a l k a l i  content pwarning the fomation of 

alkal i  foldopnrs, e l b i t e  and orthoclam in alteration xonco, 

t h o  f lu ida reoponoible fur the  othor otagos muct have carried 

water, s i l ica  and ;limo. 

Tho prsnenoe o f  hydrogen oulphido or some sulnhur- 

bearing compound in t h e  altering f l u i d  would be tho eaoiest 

w a y  t o  account for the fomation of pyrite in the altered rocks 

of the  surrounding(rnmrginal) part of the mineral body. The 

ferroaagne~ian minorale ouoh ae pymxona, and b i o t i t e  could 

thus be replaced by an iron-riah ohlorite and by iron eulphfdo. 

Xn summntion from tho  forocoing doocription, the 

activo f l u i d  a t  tho  timo of hydrothonnl  altaration probably 

cont~nod.concsnErationcp of soda, potmh, s i l i ca ,  hydropn 

culphide, water ond a minor amount of l ine .  Altoration vnrios 

t o  croae oxtant in intonnity, but thore l a  no ei@ficant change 

in tho typoo of hydrothermal mineral f r o m  place t o  place. 

Thie fact eignifieo that  the oonpoaition of the altarins f l u i d  



1. probably did n o t  w r y  g r c ~ t l y  fron tho hichly  nltarad rm3-.o t o  

tho  da;:roo o f  ci)al:inc, or tho m o m t  of n l t c c i n ~  n a l ~ i t i m c  t o  

rhCch t h e  rock van e?qmcc?d. Again, tho f r n c t u r m  and tho other 

p o r ~ o n b l e  routoe i n  tho mcke m y  hhav boon tho important 

conduita for the control o f  the  amount of the  eltaring f l u i d e r  

A sample w a ~  aolleoted from outcrop of  the hypome- 

l a d o  fenite in t h e  -_. north __ contra1 -- - _ _  __ part - of  the Lorraine property 

aron aftor ranoval of the v:eathcred ourfaoo. Biotite io the  

moot abundant, secondary ninertal in tlw mafia phases of tho 

Lorraine fenite. It  %a oo~ciderod ao a mineral formed in the 
0 

snrlioot otage of the hydrothoma1 alteration.or the l n t e a t  

eta,ne of the foaltization, Constante, data and calculation of 

K-Ar dating o f  ,tha extracted biot i t e  are ae follons, and the 

significant meaningo suggoetsd by t h e  result are discusoed 

reepeotivsly in the portinernt plnoea a t  the theeis(l8, 22)r 

* A g e m a l l  + 1 a 17028 million yearo h+J+y~ J ( ~ O W B C  Juraseiol 





aro, r ~ l t h  only a f om oxcoptions, imnsdlntoly nasoclated v l t h  

tho attcratlon ninrrrnlo, r;ul;;;oatln~ both altoration and o r a  

Tho ore nincrnlr roplace in plscoo tho a l t o r a t i o n  

n inern luJ  soe Photo;grap!i JG, pa lo,).  The ultorot ion minerds 

aim f m a  h n l 0 ~  or rim around the  ore mineralo(oes Photogmph 

34, p.99). It is thorefore knawn' that  the  tirae range o f  the  

alteration was longor than that of the prinary ore roinerall- 

eation. Atso, thu front of dltor ing f l u i d o  waa alrcaya ahead 

contea2oraneoue with the primary oro mineralization or ended 

shortly before tho primary oro minamlization, bocauoe sono 

g m i m  of tho primary ore ainercile are found alono without eny 

a l t o r a t i o n  mineralo immediately aooooiatedr Chlorite, and more 

conmonly opidote rin tho ore minem2e. The ore minoralo are 

diuemiaatod mainly along l;hs srcdn bordors o t  the  wclc-loamfug 

ninornlo(ooe Photograph 37, ?.loo), Hotwvor, it ie noticeable 

that Ln some of thoue cuaoa, the prh~nry  ore miuerals corrode or 

replace t h e  contact part of t h e  rock-toruing minerals(sce 

Photograph 38, p.101). Furthermore, s g n e  of them penetrate t h e  

raiddlo parts of crjstulo o f  tila :-ocir-i'onaing rilinerale(sce Photo- 

~ r a p h  39, g.101). This evidonae vez%floa t h e  i d a n  that t h e  
t 

4 

m i n e r ~ l n  aro metaoomatid or o p l g e n e t i ~  in origin. 

Chaloopyrite 
I 

Chalcopyrite oucura ao anhodral grsino widoly d i ~ o e i d -  



nntod t h r n c h o u t  nlnaat nll of tho hydrothcnally ~ l t n r o d  

p!mcen of  rook. The crnino any ocaur nn cluataro of n fcrd or 

r;c~vor-.l dicsmtnn l e d  ~ r a  h n ,  l m i n ~  ncaocintod cm+:only v i t h  n 

v:?rinblo mount o f  barnito(ooo Photofpph 1 0 ,  ~ 0 2 )  , or loco 

C ~ Y  :i3111~ with n minor m o u n t  of pyrito(ooo Photocmph 45, p.104) 

Chnlcopyrlta occuro oa very thin, mall flakoo oncructin(: - tho  , 
I - 

frncturd plnnaa of tho  hont rocko. Rarrov maooive a t r l n p r s  
h 

~ 4 t h  or  without bornite occur alone the  fmctureo(8ae Ph~tograph 

41, p.102). Aim, aluttora ,of m a l l  cmina implnntod in quartz, 

vain8 are ascociated with boxmite or pyrite.  The grains of 

d i f  forent accurrencea rangc in size fron a fm tenths t o  n few 

millinetero* Tho fine-grained nature o f  chalcopyrite roquiros 

high ponor mognifioetion in rniaroocopio exmination. I t  ie 

soon t h a t  the  contaats between the greioo of chalcopyrite and 

bornite are omooth with a fan irregularitias. T h i s  mutual 

boundary relation in controt displays t h e  contmpornneous growth. 

Dornito oocure in the nlmoat smo mount ao, or a 

l i t t l e  l e ~ B  than, chaloopyrite a t  t h e  Lorraine dagx4.t.  It io 

found conmonly as anhodral, dlssminatod ~ r n i n ~  - i n  the h l c h l y  

hydrothornally altered rockc, mnging in size fron a few tcnthe 

t o  a few nil lime tor^ acroso. Tho mineral i c 3  closely nscocinted 

with tho discainated ~ r n i n n  of chcrlcopyrite~ and in placos, 

interr;ro~;n with the  exmlved ernins of  ohelcopyrite( aec? Photo- 

graph 40, p. 102) @ Orient cd oxaolution intergrowtho r p l  th  chnlco- 

pyr i te  lomollae along t h e  octnhodrnl planoo of bormito have 

been recognized a t  high magnificntion in oome ~rctins of bdrnite 



M r n i t o  f o n o d  aloo no :aoorivo c t r lnscro  nlonr: tho fracluraa 

( c m  Phgto5rnpho 4 and 43, p.84 nnd103). It io ununlly ncmclntod 

p i t h  n n i n ~ r  mount of chalcapyrita. Tho ntringcrc vary in 

width from n fow millimatara t o  abut two cantiaotara, such 

bornito l o  crloooly aseociatod ~ i t h  the abundant w i n e  of quartz 

and aplite, Thie type of mineralization oaaurm, in alose aaoocia- 
c 

t i on  with high ~ n b e  dioseninated ara mineralsr 
, 

Pyrite 

Pyrite occurs oxaapt whore bornite l a  abundant. It 
. 

foms a loen or barren zone a0 a part o f  the ovcrall nincralized 

araa. The mineral occuro manly ns dicnemianted cubic e;raina 

0.1 t o  3 millimotere across in c i t o ,  and tiloo ao mbhadral t o  

nnhedrd. grmine due t o  fmcturin&(oeb, Photograph WI, p.104) or 

replacoaont by chalcopyrito(ooe Photograph 45, p . d  and tho& 

foro dccrenoed in aizo, particularly when i t  i e  aooaciatcd ~ i t h  

rolativoly abundant chalcopyritor Mooeainntod pyrite forming 

up t o  9 peroont of t h e  total  rock in volmo aocurs conmanly as 

euhodral cubee without erssoclnted bornite and ohaloopyrite. 

TeinXota of  pyrite a few cslnillimeter~ thiak are found in t h e  

high grade pyrite zone. 

Pfa~natita oaoure as an!aodral, f inwto rnodium-grainad 

cryetnls moctly along t h e  train b~rdere of the  rook-foming 



ni!lcmlo nn!! l a  in rnro l nntnncos ncoocintad with f I n ~ - ~ ~ r l w d  

?yr,Lte. %ha minoml nlao fame vcino n w ~ . n r w i n l :  nbaut 2 Inchon 

dorod in tho d e c c r i p t i n n  of p a t r 3 l o ~ y  t o  bo n o o ~ r e m t i o n  of 

tho f onlt . lz ing f l u i d .  Ao~ociotlon a t  ouhedr:rl, conrco-~rnlnacl - k 

mn :nr?tito with the pyroxana-vain cugi;ootn tho contmparnnoouo vps'v' 
no::ra,;ntion of  the  two minerals. Thin furthor su~geoto  that @ryp:.* 
magnotito nhould be p l s ~ e d  in the onrlfoat pooition of pnmzo- >' -) 

netic sequenos o f  the primary rknarde oince t h e  mlnaralization (bbj 

p - 

of all the primary sulphideo nt tho lorrafno woo lator than the bwflw 

I 

fonitization. The amount of the mineral i a  negligible in t h e  
- @' w 

araa* 

Load, zinc, gold and ni lvor  

flo cryatal l ins  crnina o f  ore rninernle of theno metals 

have b ~ 0 n  found in tho thasia aroa. Load and zinc analyoom have 

been made on some eamploo f r o m  the contra1 part of  the t h o e i ~  

aroa, Avorage ~ o c a y s  aro 20 ppm for b a d  and 90 ppm for zinc. 
w---- - -- -̂ . - -,.* - - -. -"LC- ..--- .c- -2- -- ----""""'"'''''''''''''''''''- ".-- - --- - 

Low but poreiotont go ld  and silver valuea oocur thmughout t h e  

contrnl part of the thosie area. Avaraee gold content io 0.05 _ -. . .. 

ounces par ton, and t h e  avorage silvor content 0.35 ouncco(l9). -_--- ". --- - - -- -.- ----I- - -' - .--- - ---me *"a- - - 

It hae beon also reported that  the enmplee crontained only a 

trace of molybdonurn(l9) 

The mlnoral depoeit pososmea no noticeable gaamn, 

Aoaever, einoe fsir mounts of limonite, malachite and t o  a 



l ccnor  cwtcnt azurite occur e t  tho doymit ,  i t  l a  emnront - 
'L t h a t  t h o  nulahidoa hnve icnchcd out t o  a oortnin o x t a n t  n t  t h o  

curfnca. Locally, l imonito nnd m a l n c h i t ~  nre abundant pnrt icu-  

l a r l y  nround t h o  bane of olope of tho 6,700 foot rnauntnin.. 

Socondnry ninora lo  r i l l  ba dccoribod in their approximate m d o r  

o f  abundnncs* 

Covalli t a 

Covelllta i e  goan t o  be t h e  f i ra t  nta.70 of tho altcra- 

t ion  of cholcopyrito, bornlte and pyrite t o  azurite or nalachite,  

and ucunlly oocupiea an intenadlate  pooltion betwean t h e  tvo 

minerals. Fracture0 and train bordora of the  priaary coppbr 

minerals e?poar t o  have boen favoreble for t h e  in i t i a t ion  of 

moet commonly thin films coating tho primary copper loineralo, 

and appear8 t o  have replaced easily the whole bod%eQ of fine- 

grained cryetnle o f  the  primary copper su l~h ideor  

Chalcoclte 

Chalcocito roplacee bornite, chalcopyrite and cooellite 

along fractureo and grain bordora. Exoolution l m e l l ~ a  of d t W  
L'I cod4? ) 

\* chalaopyrite in bornite ounrive in places the roplaaonent by QFPTe& 

covcll ito,  but not by chalcooite(f;ee Fhoto~:raqh 49, p. ~os) ,  

indicat ing  that  a condition with the fornation o f  the  cocondary 

chalcocLte wno more f nvorable for advanced mupergene nbnornli- 

zation. Chalcocita occurs, homavor, in a w r y  minor amount 

conpamble with the athor nocondary copper minerale and nuccoets 

that eupergene enriaboat  ie unimportant at  the Lorraine prepertya 

Azurite 

Azurite occurs ao miorocryetrilline film8 on frncturee 



H~lctctri t a  

Halnchito occuro no t h i n  films nnd no onrthy contlnes 

on f rrc tws  planen with azurite but aeldm with l lnoni tor  I t  

In plaaao, the upper part of the hoet rock contains a 

considerable amount o f  onrthy mrmes of limonite with minor mounto 

of aocondary copper minerale, Most grains of the primary 

oulphidoe in tho rock8 exmined are found t o  be eu~roundod by 

limonite ~ h o d n g  a rim texture(aee Photograph 50, p.107). Some 

of the  hand specimsno otudiod disclooe that  about 30 percont 

of chalcopycite and bornite ie e~ l tba tcd  t o  have been roplaced 

by oecondary ltaonite. It l a  unknown how deep thirr extender 

The ga~wgonotic ralationa o f  both altoration and ore 

minorale , . aro s u n m ~ z o d  and roprcsented in a graph on the 

basis  o f  t h e  already rnontionad r e ~ u l t s  o f  petngraphio and 

Mineral Zoning 
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The bmn;!.?ricc of t h o  minorat  aonea hnvs boon d ~ t ~ ~ r -  

ninad  n t  tho  L o r m i n o  tlopc)oit(ooe Ficure 8, p e 6 4 ) r  On o lnrco 

ocnla, the d c p m l t  do:mnotrates a zoned pnttcrn acoord.ing t3  

t h e  prlnnry nulphide minaraL a o c a ~ b l a y ; ~  nc follo~nt 

In tho control  zone, tha aulnhido a o n s l ~ t o  mninly of  

chalcopyrite ond b ~ r n i t o  in oub-aqua1 m ~ u n t r  Very l i t t l e  

pyrite can be found in t h i e  zone, The ninoralization in t h i e  

zone i a  relatively uniform. In plan, the central zone haa 

rou(gh1y the  shape of a circle or e l l ipso.  The dimenalona of 

larr;oot zono in a horlzontnl plane ere ontimated t o  be 1,230 

by 1,000 feet. The rninoralization in that  particular zone 
LUrr* 

occura ovor a maximum vartlcal range of 950 feot as oxpoced 

the 

in outorop, A anallor one i c  located about 1,000 f ee t  northwest 
M I -  

of tne large one. f t  about 300 by 233 f o o t  in horizontal 
~ _ * U U ~ ~ J * c I . I w - ~ -  

area. In places, the  central zone hao been proved t o  bo tho  

most prornieins ore zone for more iktenoive prospecting at  tho 

Sn the  intomodiate zona, the sulph3.de ooneiots 

mainly of chalcopyrite wi th  oubordlnnto mount of pyritor 

Pyrite oocura mainly ae partly corrodad cryc t~ l8r  The rninornli- 

zation. i o  not hamogoneoue and o f  too low g r ~ d e  to be oro nt 

prooentr Thie zone gradee into barren rock via the  peripheral 

In t h e  peripheral zone, pyrite i r r  the otlly oulphide 
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I .-- dincminntiona of ~ c l l  dafinod cubio crnino, T h i o  zona 10 

! & dovolopod e i t h e r  in continuity with tho in tanad ln te  zono or 
1 L 

in raant CICIGCS alone in tho bnrron aons f o r  out from tho inter- 

Tho eradc of minornlizntion hnn boon obocrvod t o  vary 

rapidly xithin tho  cpwo o f  a few foot.  The rocks in the control 

zone nrs noet intenosly fractured3 the fracturco - 8trikinp;north 

20 da~roes eant in the aentrnl mineral eono, many o f  than 
-- - -,-- --------- -a -- --I-- 

b o i n ~  bottor mineralized with bomLite and ohalaopyrfte than 

freaturoe with other attitudoo. Commonly, the f a n i t o  on either 

sido of the fracturs zonae has boon highly altered nnd ninerali- 

zed with mlphides ,  so Prficre tho fraoturcs aro oloeely opaoed -- - . - _ _ __ _ _ -- . "-- -- . - - -  , ---. - 
the mck appear& t o  have boon highly mineralizodr Manoivo ---- --_ _ -- - - -  -,- 

stringer oro has been controlled clearly by frncturing, the 

disnoainated ora found on bath sides o f  it fading .vadually  on 

either aide, This Implie8 ito introducrtion fmm tho fracture 

chnnnelaaya, It is known that the activated Invading particlea --- ---_.A --4 

of an ore solution aro dapooitod La t h e  direction of minimum 

otroos(45) Evidently the  permeable, fractured zoneo offering 

u n u ~ u a l l y  eaoy acaeao of the ore f l u i d  are the moat important 

controls for  replaoernent by ore in the thecie area* 

Pegmatite and apl ito dykcr, have the  gonorel trend 

parallel  t o  this attitude o f  the  fracturee striking in north X) 

demeos met in the oentral mineral zoner Pegmatite and eplite 



dykco nra only ~pnrcc ly  ralnernlizad cith diccminntcd roplncq- 

moat of bornito and chclcopyri t o r  Ao nmtionod boforc, hmavor,  

por;tati  t o and a Q i  t o  d:~lrc?a nppenr t o  hnvo boon ralnt ivoly  

unrecoptivo t o  cappor rninornlizntian.  Tho phnnos of fanito 

i m o d i n t o l y  nrtjncont t o  t h e  l n t o  dykoe, are in gcncrnl, n o r e  

ia tonnoly  fractured and bottar ninorsl izad.  The mtnornliacd 

frncturecl are can~idered t o  !lave beon f o n o d  no fcnt f ier  jointo 

of tho najor jointa and fewlta,  moot of which ware Z i l l o d  wi th  

tho late dyke@. liorno of thsm were formed probably aimultnnoously 

a i t h  intrueion of the dykes. 

I t  is soen tha t  copper-grade and oeemblage of the 

primary sulphidoe vosioe ae a functlooa o f  the  diotance from the - - ---.---_.-I ---.-. ;&it 
pegmatite and ap l i tg  d;tko~r The e;rado of tha prhary copper -_-- -- - --- -- . --- -- - a A - - - - 

eulphidoo ia increasing near the  dylr~se  Throe different ansew - - -  - _  ---- --._-- 

blagos of the primary atalphidoe could be recornzed in ordor 

in t h e  fenito host rock from contaots with the dykes autmrda; 

1. predominant b o r a t e  with a subordinate amount of ohnlcopyrite. 

2. predominant chafcopyrite with a trace mount of  pyrita.  

3. a negligible amount o f  p y r i t e  in a barron rack(ooe Flmro 9 ,  

P.67). It $8 i ju l j~e~i tod tha t  the main crhannelray of t h o  intro- 

duccd ore f l u i d  rae  clooost t o  the dykoe* Tho socondnry coppor 

oxidor; nay hnve boen mod;tflsd by many othor faotars which nre 

of later origin. Ilowovor, the  nnaondary ninarnllp usually show 

the  sane relationship t o  the dykos ae t h e  primnry minernlization. 

T U B  may further indicate that tho dyke8 actod ao a 
C - - - _- I- _ - r  

dam. against ore f lu id@ which ecunped from the dykco and depositad 
----- - - 4 
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t h o  o m  ~ i n o r n l n  in tiha fract~arad f cn i toc .  In ~t!lrar vordr,, 

t h o  innjor p t w t  of  tho oro f l u l d o  found chnnnol.wyn other  t h n n  

t!lrou(;h tho dylrco. It i o  n l o o  unclcmtmd t h n t  tho f o n t h r  

 joint^ aoro dovolopod in pooitlonn cloce t o  tho major  f ~ u l t a  

or jointa bottnr than may from them, Ginco n i n o r n l i z ~ t l ? n  i o  

cmtrs l l od  p a r t l y  by frncturlnc, bottor f r x t u r e d  rockn m o t  

hava bosn introducad more oro f l u i d s  and b s t  tor minsr~lized. 

fIonovnr, exccpt for tho dyke- i l l l ing  faulto and thoir  fonthcr 

joints,  all the  faults and t h o i r  related jointo are knorn'to 

have formed loter thnn the minera2ieatim, sinco frnctured or 

'pulverized oro minerals and no altoration minerals are devolqped 
* 

on their piano& rherafora no control, on the prharp sulphide 

minerelLeation hae beon offered by them, 

controlled partly the sulphido mineralization in combinntian 

with t h e  fractures, The, high grade di~eexinated sulphides 

occur u n i f o ~ a l y  throughout t h e  mtall(comnon1y oevdrnl f oet across) 

discmnoctxd lonses o f  t h e  b io t i t i zod  mafia f~nitoe in the 

c c . n t r ~ 1  ninerisl zone. Alao tho mineralization co~aonly occurs,/ 

fol lnwing the  planar or l i n e a r  8Lruatures txhich.nre usually 

definod by the  aligmone o f  t h e  clafic minerals in tho fonites. 

Evan in hand specimen, the are minorale are fcwornbly concon- - --- -FCD *-C---- 

tratod in the mafic-rich part o f  the heterogeneous fonites. 
*U- -VI -- __CI 

It is alga oboomred undor the mlcronaope that the ore minerals 

are clooely acoooiatod with the mafia ninorala. Ao t t a t e d  
v 

alroady, t h i o  ir, perhape becauee t h e  mafic-rich rocko are more 

looeely bonded, oaeily omshsd and altored, mb\Wn$ the rocks 



1 noro p c n c n b l e  or fnvarnble for roplncanont. In contnct s l th  

hcnt, cruohcd, nnd n l t v o d  t o  bo rolnt lvoly  l o o m  n c , z r o v t o o  
i 

1 of small craino of chlori te  in mony plncan. Tho ferrornnyno~inn 
* n 

\ 

. i l inamls  in tho fenitca npponr t o  havo actod as numerous local 

qtreplncammt contarofl(3) which nsre poxmeable t o  admit the 

altering nnd mineralizing  fluid^. 

Oenosis of Deposition of the  Ore Hinerrla 

In the  Vestern Cordilleran region in B r i t i s h  C~lumbia, 

matallifcrow deposit6 era genetically asooaiated ~ 5 t h  plutonia 

activity, and the intrueion& directly reopansible far the 

formation of  ore minorale are alrayo sepamteed from the vory 

large plutonic oornploxss(~l+) The mineral1zntf;lon at  the  

Lorrain@ deposit  would be oonsidcred ao ouoh a case; tho ainerali- 

zatioa ocouked at3 a last phase of afferentiation o f  the d i o r i t i o  

portion of the Hogem batholith mama whiah was a part of tho 

Olnineca plutonio activity. 

It has boon postulated in the previous sootions that 

an alkaline nalpna body, posaibly mwunnitio t o  oyenitic in 

conposition existed beneath the early s o l i d i f i e d  d i o r i t o  of the 

mogom batholith. Vhile the metasorne f m n  the alkaline mn,pa 
.-.5 - - 

d i f  fuoeb i n t o  the  fractured diori te, f onitization m e  bmue;ht 
-- - 

about t o  form four difforant phaose o f  fcniter The magma in a 

L closed syetan nuat have romalned f l u i d  as sol idi fying parts o f  

it migrated down( 38). Then, through the pmcsoeee o f  dif feron- 



t i n t i o n  thc ra  nuti t  havo beon dovclopsd whnt h m  boon roforrcd 

t o  ctn an aquoouo m a ~ n a t i c  rouidl~a.  The and oE fonltizntion l o  

plncod at t h o  tima whan the rositlunl mappa had bean fornad, 

nnd tharefore t h e  rnotncotantic rluLdo since then were oolo ly  

from tho rooiduo. For t h i 6  reanon, the  rniner~la created by 

t h e  m t a ~ o n ~ n t i m  of tho EluLds wore considerod ae the  

hjrdrothcmnl ninorels. Tho rooidual m q g m  and tho hydrothor- 

an1  fluid^ w o  believed t o  ba coll lnear doooendanta o f  the 

already doscribod alkaline rnalgna(2). 

From the nature of t h e  Lnrrnine altering f l u l d c ,  

i t  l a  known that  as 3,ong as alkal i  fsldspare were oryetalli- 

zit in$ out in the early etagets of altoration - the stages of  

albit izat ion and potan~~c(orthocleee) alteration, the magmatio 

residue waa undoubtedly  alkali^ in character and reaotion. 

In latolr etae;es r i t h  the faldapars cryetnllized out, 

t h e  reniduo became t h e  ore salutions consistin$ mainly o f  netor8 

silica, eulphur, and the metals of the  oree. It seeme reason- 

able  t o  aacume t h a t  in a closed oystem r i t h  a dacreasine ratio 

of alkaline t o  acid  concstitusnts, tho residue may have eventu- 

a l l y  bocone neutral or possibly a d d  in chareeter(43). Quartz 

ans cryotallized fo l lor ing  a lkal i  feldspnre from the cooling 

phase o f  the reaiduat rna@ar Coneequently tho hydro thomal 

~olution bacme more concentrated with the other conertituents 

of metallio minerale by producing large asrounte of biotite(?), 

a l k a l l  feldspar, and quartz* 



It hno been nlrondy natcd that  tho ore no lut imo 

found t h o i r  m y  i n t o  fructuroo in tho hor:t mclco. Thcrofmo,  

I tho concontrntcd ara f l u i d  io knoan t o  hnve f o l l ~ c o d  f i r o u r e c  

in t h o  s o l i d  hood, then n ~ c o n d e d  t o  nanr aurfnce zoneo w h o m  

they dcnaaited t h o i r  mineral l m d ( 1 5 ,  24). When t h e  volntilized 

constituents roached a zone I n  nhich proaouro wnu euddonly 

roducad, n t n b f l i z ~ t i o n  o f  minornle may hmvo been l i k a l y  t o  
I 

4 

onmo( l3 ,  16, 21, 311). A t  the Lorrnins property, faultr;,  joint^, 

and cryatal boundaries, PrncEuroe and oleavage plane8 of mineral@ 

provided conduits through whiuh mobilized or volati l ized consti- 

tuents  might readily travel. 

The early oulphur emanntiono of the  ore f l u i d  could 

rsact with the  hooO rocks t o  give pyrite, nhioh reacted with 

t h e  later ore f l u i d  t o  precipitate the  other sulphidee(27). 

A t  the Lormine, pyr i t e  rao t h e  firet oulphide t o  be deposited. 

Deconpolsitioa of  formma~nesian minerale in the mafic-rlch 

fanLtoe may have eupplisd iron that  combinod with s u l ~ h u r  f r o m  

tho mineralizing(or altoring) f l u i d e  o f  the  early stazo t o  fum 

pyrite .  Tha further alteration of the wall, rock may aluo have 

reduced tho sulphur ratio. Therefore, the oro f l u i d  rney have 

been trending toward the cornposition favoring depooition of the 

combined coppels-iron sulphidee,  chalaopgrite and bornlto(37, 38). 

Tho exnolution texturs of  chnlcopyrite in bornite indicates 

that  tho.@ulphide f lu id  roe cooling relatively olorly. The 

absence of pyr i te  in t h e  bornite-chalcopyrite r iah  zonos and 

C -  t h e  r e p h a e d  diesdminated grain8 of pyrite  aucgent tho d e p l e t i a n  

or roglacment of at loaet, aomo amount o f  pyr i te  by other 
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c ~l;.hicIc mlnernlc. :'uah .n o r t ~ h  mny at lmft  in --art, n c x w n t  

$3 for  tho  mnod pnttcrn o r  tho L o r m i n e  ilaymit. Nov:ovar, thn  

zming mny have beon controlled in 0thr.r m y  by t h e  i n t c n - l t y  

of  fmcturl fig(>) In hnnnony with tho o f f o c t  of b o i n ~  d o c 0  t~ 

t h o  rn: crv7ir of the n n ~ ~ n t i c  residue or tho ora a o l u t i m .  

A t  tho L o r r n i n e  property, t h e  zonin~ and pnrngonsoie opTenv t o  

be cor?;cnatic, bocn~~na thoy nre only two different ncpecto of t h e  
I a m e  phenoaenon(31, 32). A t  the Lormino, tho hgdrotharnal 

eolution also romovod the l i g h t  ~ i l i c a t o c  and oxidoa(n1ng) early 

and the progreooively honvier eulphidea later(l5, 16, 2% 

Tho age epan of  emplacesent of the ieolated intrusions 

in the V:ostorn Cordtllora are known t o  be from 200 t o  perhape 

50 mill ion years ago(53). The compilation of ages of t h e  

onclosing country rockr, end monbor of depooits using the 

avai lable  data related, indicatee that a l l  o f  the  major depoeits  

in B r i t i s h  Colmubia are included in the group o f  Lowor Jurassic 

and older, and mnny nunbors(up t o  20) of oro depos i t s  occur In 

intrusive rocke ranging in probnble age f r o m  l a t e  Upper Trimsic 

through Lowor Juraesie(28). The* K-Ar age of 170t8 million 

ycars indicntee that  the poscible age of the rninor~lizntion a t  

t h e  L o r r a i n e  propcrty nhould bo a l i t t l e  younger than or 

opproxinately anno as 179i8 mil l ion yoare. Since the  cia-ilar 

phaseo o f  alkaline intruoive nasaen oocur in places thlmughout 

the rcglon and are commonly rolatod t o  copper minerale, perhnpe 

th ie  range of ago indicate8 one ~~Coppa~Motallogenetio Epochw 

-P of t h e  wOaineca Metalloeenatio Provincenr 



I 
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grnde. l ! inornl ixnt ion wnm f n c i l i t a t o d  in frocturod nnd 

I, 

T 
h y d r o t h o n m l l y  altered hoct rocko. Tho lato dykes o r  vcino 

t 
I aro snntlnlly and w n u t i c n l l y  rolntod t o  tho n i n e r o l i z n t l o n ,  

Tho intrusion of t h e  l n t e  dyboa marked the end of tho  lgnoous 

act iv i ty  of t h e  d i o r l t o  mama. Tho m t n l l i z o t i a n  prooeaa took 

plnce durlnc the last phaoa of hydrathenal  ac t iv i ty .  The 

grade of ore l a  dopandent upon tho de~reo of fracturing and t h e  

sueceptibility t o  altoration of the  host mcko, which in t u n  

pore functiano of the  physical and chemical propert ies  of the  

hott rocker The ore6 are dis tr ibuted zonally. All thoso 

fcaturee are common t o  moet of the  prophyry copper depooits in 

the  woetern part of Horth herioa(4G) 

'Phe majority o f  porphyry ccppor dcpmits have axten- 

~ i v o  leaching underlain by chnlcocita-onriched zoneo( 52), 

wherene at tho  Lorraine deposit  there io neither deep surface 

l a m b i n g  nor ouporgene enrichnont poesibly because t h e  looatIan 

of tho  d o p o s i t  on a ridgo has a1lov:ed mechanical reathering 

rather than chemicdl wenthoring. However, t h i s  may be an 

effaot  o f  climate an woXl as minornlogy, the ore boing low in 

both pyrite and caloite. Nsvertholeoe, there i s  considerable 

near-rurf a-ce  oxidation^, 

Llndgren(24) claoai f ied the disominatod copper dcpooits 



I h t o  tho n e o o t h m : ~ n l  dapocito, which ho thoncht f ~ n a d  n t  , 

c c l l y  rolntad t o  intrucive rocks. tindgren bclioved tho depth 

of covor overlying masothcmal do?ool tn  a t  the  time o f  rnincrnli-  

zn t ion  r a n ~ e d  from 4,000 t o  12,0130 f ~ o t  nnd thnt teqwrntureo 

of fonmtion rnncod from 175°C t o  90°C. No typically hypothor- 

mnl or op i tho rna l  mtnorolo nrt3 found n t  t h e  Lormino. Ore end 

alteration mlncrnle are f i t t o d  t o  those c h o r ~ c t ~ r i f i t i c  o f  the 
t I 

aooothonal  depooit or probably the  outar fringe of it. 

Howover, it ha8 been pointed out that tho Testern 

Cordilleran mineral dopooita o f  porphyry type ara clooely 

associntod a i t h  and ooninonly in e;ranitic bodier, intruded a t  

rolativoly high l~vel(54)~ In tho thooia aroa, the Hogan dior i ta ,  

older than 170t8 million yonrs in age, ie sean t o  haye intrudod 

the Uppar Triaooic and Upper Jurassic(?) T&Oa group, indicating 

that the diorita oao 4 high lave1 iatrmoion. hraolution 

intergrowth o t  chnlcopyrite with bornite was found t o  suggoot 

a minimum temperature of deposition of 475OC in the previous 

section. Theretore, the b e ~ t  ~lacsif;L~atfon for the Lorraine 

ciepooit tar perhaps xenothamal(6) 4 

SW4ARY AND CONCLUSIONS 

Tho writcr has coordinated mincralagio, petrologic 

and structural fonttares attmpting t o  otudy the geological. 

h i ~ t o r y  a? the  Lorraine property area and pnrtioularly t o  ohed 



Tho roclc~  in t h e  violnity of tho h r r n i n o  propor ty  

nrcn rcn::a in nco from I n t o  Procnnbrinn(?) t o  Crotncooun, 

c o n s i ~ t i n g  of tho  l'olvorlna complox, tho Cncho Crcolc croup, 

tho  To!tla croup, and tho blainaca intrumlono. 

The torraino property arm i s  lacntod r i th in  rour;hly 

t h e  o e n t r ~ l  part o f  t h e  Bop;em batholith nhloh is the l n r ~ c s t  

body of the Omlncca bnthol l th iu  complex, The nogaa bathol i th 

has boon c lann i f i ed  into two divioione. Tho first div io ion,  

older, compriseo ohief ly maflc rocka containing l i t t l e  o r  no 

quartz. The occond c i i v i ~ i o n ,  youngor, aonoiste o f  mcka with 

l o ~ a  than 3 percent dark mincmle and with a oignlficant 

m o u n t  of quartz. Two main sycsnltia bodies, called t h e  Chuchi 

take syenite and the Duckling Creek eyenite belonging t o  t h e  

f i ro t  divieion, oucur in the  Bogem batholith, 

The thonie area l i e s  r o u ~ h l y  in the north aaotsrn part 

of tho ihaokline; Craek eyanitc  conprieing both magmntio and* 
b 

. . m e t a o o m t l c  tsyenitas. The rocko of the thos i s  area consint of 

%eta~oaatio eyonitosw or "fenitea" fomsd by the rnetasomatim 

of the fractured Hogan diorfte. Metasorno is believed t o  have 

boon dorlvod from a hypothetioal alkaline magma formed beneath 

the diorite. 

While the  fenitization ran going on, the alkaline 

nta(3na probably oould have been differentiating t o  generate 
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ovcntnnlly n rnoldunl  nnmn, n p a r t  of vhich ceuld mcnpo ond 

f o n  po,mntite and n p l i t o  eithor In tha f o n i t i s e d  mclm or 

I n  ndjncont unfonitizod oountry mck,  following tho prapnro.3 

f rncturo~ .  

yonra corresponding t o  Lower Jurnnola nay indicnta tho m l n i m u r n  

age of the  fenitos and t h e  maxinum ago o f  tho ~ u l p h i d o  nlnernli- 

cation a t  the  Lorraine proparty, The Duckling Croek eyenite 

ineluding the Lorraine %etaeonratia eyenite* oan bo conoidored 

t o  reprcncnt e phase of the  Nogem batholith,  m d  i t  i8 improbable 

that  the ayctnitlto bodiee are much youngor than tho main Bo(r;om 

bnthalith. The age may indieate t h e  time point sepctrating t h e  

. . 
first divieion and the ~ o o o n d  division o i  the Hogan batholith. 

Faulto and jointe found in the  theeie area have been 

divided on the bade  of att i tude nnd reXative age into five 

r n U P @ e  

The major period o f  rook eltoration wae contet.,pmmeoua 

with or irsneUately followed crystall izntion of the dykes. 

The alterin6 f l u i d  is conaidorad t o  have been the fast phase o f  

magmatic cryotallization of t h e  unexpoeed alkaline mama. 

Tho dominant minaraLe characterlotic of  the succesoive otagee of 

alteration are ee folloas$ 1. b i o t i t e ,  2, elbite, 3+ orthoclaoo, 

4. quartz, 5. sor ic i t ,  6, chlorite, and 7. epidotet. The active 

f l u i d  at  the  time o f  hydmthbnnal altaration ctontainod concon- 

tratlone o f  eodn, potash, o i l i oa ,  hydrogen eulphide, water and 



1. a ninar amount of U n o r  

Tho prirnnry aulphidae rccognizad at  the  Lorreina 

deposit n r o  chnlaapyrita, bornito  and pyr i  ta. Tho n l n e r n l  
I' 
i doponit  poooossoa no noticanble goman, but the 6~con3nry copper 
I' 

minoralo euch an crovallite, chal.cocite, azurite and malnchlto 

occur at  tho  depooit. 

The depocit danonatratoe (i zoned pattern aoaording to 

the primasy aulphide mineral aoeemblage. 

The bykee, mafia rioh rocko and fractures were the h 
main control factors of mineralization, 4' 

\ 

The hydrothoma1 ~ a l u t i a n  concentrated with the consti- - 

tuonto o f  ore rpinsrale by rcaaving lare;o parto o f  b i o t i t e ,  

a l k a l i  faldopar, and quartz, followed fractures in tho host rock, 

I then ascended t o  nem-surface ~0nati3r The sulphur cwaanatione 

of  tho minorpllizing f l u i d  could react with tho  iron generated 

by docomposition of the malic minornlra in the boat rock t o '  

form pyrite .  Tho reduced sulphur ratio may h a w  provairad t h e  

composition of the ninercilizing f l u i d  favoring dapoeltion of  

bo-te and chalcopyrite which replaced eome of  the aarly fomed 

pyrite, The paragenoah and zoning appear t o  be cogonetic. 

The beat claoeification for the Lorraine $@posit is 
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Photograph 1. a, A helicopter uood in t h e  investigation of , 

the tormine property area( thccio area) 

Photograph 1. b. Aerial view of the Lorraine property area. 



Photograph 2. Tdlue blooku covering the  main mineral body. 

Pho togrnph Quarts vein containing ore minerals. 



Photograph 4. Bornite ~osoc ia ted  with a nihor amount of chalc9- 
pyrite foms veinlete along fracture6 in the 
main mineral body, x 1 6  

Photograph 5. Wonkly oubtrnchy t o i d n t  nrrangemont c h i e f l y  of 
olontnte foldnpar ~ r n i n o  along a proferrod 
orientation in tho manzonitia i an l te ,  Thin 
section, crossed nicolo, x4. 



Pho togreph 6. YlenkZy parphyr i t l c  texture with a fen o f  fe ldnpar 
phonooryets broken along rnnr~in in the  monzonitio 
feniCs4 Thin Soation, croseed nioolo, x 10. 

Photograph 7@ Faintly twinnocl or untrinned nlbito replncing 
~pgroxLmately half  partion of an oligoclrtsa 
grain in the tnonzonitie isniter Thin section, 
crooeed aicolo, x 40. 



Photograph 8. Orninm of nlbi t - twinnod o l l ~ o c l n c a ( o  ) , untvinned 
albite(a) find microcline(m) in the monzmlt lc  
fonite psoudoaorphouo after probably a fractured 
grain of andcoine which m e  i n  t h o  diorite. 
Thin ~ a a t i o n ,  oroused nicolo, x46. 

Anhodral, m a l l  crainn of aoglrino(px) mainly 
alonc tho  borders or fracturoe of feldspar 
grains in t h e  aonzonitia fenlte. Thin section, 
aroseed nieole. x 1 0 ,  



Photograph 101 Weakly par?hyx$.tic texture with a few o f  
crainbdT microcline eraino muah broken along 
bordere In a l i n i t e d  part of the eyenitiu fenlte. 
Thin nection, croened nicota, x 10. 

Photograph 11, Hl&$ l y  nnhodml , fino-to modiun-,gninod po taah 
. f eldopar c~mmonly intore;rorn with 8 trin:;cr- 

ohapod s l b i t e  in tho eyonitic foniter Thin 
Section, crosced nicole, x 1 t L  



Pho togragh Aagi:irlne(px) occ~trring no nnhodral , mal l  ,:rains 
or ao clse;ro@ion o f  t h e  grains in c l o t  nninly 
botwoon the graino of alkali foldopar In the 
syenit ic  fenitoc Thin scbotioa, croseed nicola, 

x 10. 

Photograph 13, Aggrogutlon of fine-grained nogirine(px) 
forming a veinlot along a fracture plme in 
the  ~yoniticr fenlte. Thin section, arosaed 
niaole,  x 1 0 .  



Photograph 14, Replacanent of alkali  f oldapar( f )  by nmeroua 
fine-grainod ao~i:irLne(px) ohowing a spongy 
toxture and carzeing a cloudy nppcnrnnce o f  
C i k a l i  f ~ l d o ~ a r  in tho nyonitio fsnite. 
Thin aection, open nicolo, x 1 0 .  

Photograph 151 Anhodral t o  su3hwIr~I, nadltxm-grninaci acr:irinc(px) 
forming porphyroblnota in t h o  rnel~nocro t i c  
f mite. Small relict  rains of feldspar( f) 
ecattored in them. Thin section, crosoed nicals, 

x 1 0 4  



Photo~raph 16. Tho cars and pllbitizod rim of a potanh fcldopar 
grnin(f) remain rnlatively freoh in the  hypor- 
mslanio fenite. Thin section, cmneed niools ,  x 1 0 .  

Photol~raph 17. Cloudy potash f oldmnr( f) lat or hydrothanal ly  
altcrod t o  oericito( s) in aosociation w i t h  
copper rcinoralo(or) in the hypenelania  f enito. 
Thin section, emseed e l ~ o l s ,  x 1 0 1  



Photograph 18. Prioma t i c  p a i n 8  o f  ae~l:lrine( px) nrmnfe3 in 
n aubpnrallel orientntion in the  hypemelnnFc 
fenlte. A very ~ i m n l l  mount  o f  clouded potash 
feldspar( f) compxios the  1nterstj.tinl pnrte  of 
t h e  mek. Thin sootion, onon nicols,  x 4. 

Photograph 19, Altered. alic~;oclooo(o) replacing microcline(m) 
In the fractured or sh~ttcrod nyani t fc  pegm~t i to .  
Thin arction, omseed nioola, x 4. - 



Photograph 20. Albi to(  a) replacing tho border of oligoclaee(o) I 

remains froah in tho  ~yoni t i c s  p o g ~ a t l t e ~  
I 

Thin coction, cmsoed nica lo ,  x 4. 

Photograph 21, Anhodrnl ~ r a f n e  of quortz(q) replacing t he  
middle perto of or alonr: the ~rnin borders and 
fractures of rnlcropnrthite in the aplito. 
Thin eeotion, eroesed nicols, ~10.0, 



Photograph 22. Anheiirol grnino of quartz( q) mainly a l o n , ~  t h e  
grain bardern of tho  fractured microperthite 
forming qmphic texture in part in the aplite. 
Thin section, croeeed niaolo, x 101 

Photograph 2). Albi to  ex tun din^ beyond the  crystal botln iary 
of nicracline in microporthite of t h e  g r ~ n i t i c  
apl i te .  Thin section, oroesod nicsat, x 10. 



Photograph 24; Biotit ization(b) in the hypemolanla f eniter 
Thin section, crossed nioole, x 10; 

Photograph 24, Biotite(b) roplacinq fino-greinod faldspnr 
.- * matrix and a ?henocryat o f  aogirine mainly 

talon@ the ~raln border and frnctura, in tho 
mctlsnocratio fenite. Thin eeotlon* open 
Oieole, x 4. 



J 
Photograph 26, A p o k 2 l i t i o  wain of biotite(b1 roplncing 

f eldnpnr( f) and negirind px) mainly d o n $  ~ r a l n  
borders or frncturs~l  in the  monzonitic fenite. 
Thin aectlon, crosoed nfool8, x 1 0 ,  

Photograph 27, Small l n t h l i k e  grains of albite(a)  ronlncing 
micmcline(m) are a8 Ercsh a8 the albite(a) 

.- - rimming the  altered oligoclnoe(o) in tho  
eyanite-pegmatite* Thin section, aroesed nicole, 
x 4 r  

3 



Photograph 28. Albitization facil itated along grain borders 
and fmcturas o l  the feldogar ,gmlna in the  
eyonitic fsnite. Thin section, croneed nicols ,  
x 10, 

Foldspar grain@ surviving the turbid n o r i o i -  
t ixation in the a lb i t i zod  rim in the  oyenit io 
toniter Thin m c t l o n ,  open nloolo ,xXb 



Photograph 301 Close-up of an elbite rlnr ouwiviac t h e  ocricl t i -  
zntion in a io ldopnr gmin. Vory fine-grained 
scnlee o f  ooricfto peeudomarphous aftor n ~rnin 
of feldspar., Thin section, croeeett nlcolo, x 4 4 6  

Photograph 



Photograph 32. Chlari te( c) replacing mainly b i o t i t d b )  and 
b a n g  aseoohted with ore minera'l(or) r 
Thin saction, crooesd nicolo, x 1 0 ,  

Chlorite( c) replncin,rr f oldspar( f )  and being 
asoociated with a t h i n  film of epidoto(e) and 
a grctln of ore mincral(or). Thin ceotion, 
~ r o ~ a e d n l a o 1 s . x ~ .  



Photograph 346 Epido t o (  e) and cericit  o( a) surrounding two grains 
of ore minoral(or) and aseaoiated chlorite( o) 
pooudo;oorphouo rf t cr b iot i te (b)  Thin section, 
croesed nicole, xw. 

Photograph 3 3 r  TPra gmins of  ora minaral(or) not  in c m t n c t  
with alterntion mineral, and two annllar ,mine 
of  oro rnincml(or) penetrating serioite( a ! 
and a lbi to(n)  raanoctively. Thin section, 
amseed nicols, x 10, 



Photograph 36. Oro minaml(or) roplnoing biott te(b)  whioh 
replacod aegirine(px)r Thin eeation, crossed 

, nicole, x 40, 

Photograph 37, Ore minernl(or) disamlneted along the grain  
bordors of rock-fonning ainerals. Thin scotion, 
amonmi nicole, x 10. 



Photamaph 38. Ore minarale diecminatsd along t h e  grain borders 
of the  rook-forming minerals corrade t h e  aontaat 
part, Thin mation, oroaeod nioolo, x 40. 

Photograph 3 6  Oro mineral penstrnting the middle part of  rock- 
forming minernlo, f eldopar( f) and aegirine(px) 
Thin eection, aroeeed nicola, x 40. 



Photograph 40, Chalcopyrfto(ch) intorerom with borni tdb) .  
Covellite(cv) replacing t h e  erain border. 

L Polieired eeation, reflective l i g h t ,  x 320. 

Photo gra?h 4 Maofjive stringar o f  chalcopyrite( ch) including 
a grain of boraitar(b) aZong a fracture. 
PolL8hed eection, re f lea t ive  l i ~ h t ,  x 25. 



Photograph 42. Excolutian l m e l l n e  of chnloopyrite(ch) in 
bornite(b) . Covcllit e(cv) roplming bornite 
but not eomo o f  the chaloopyrite lam el lee^ 
Polished eection, reflective l i g h t ,  x 3% 

K n ~ s i v e  etringer of  bornite(b) inoluding a grrtin 
of chnlcopyrit e( oh) a l o n ~  a fracture. PoUehed 
section, refleotive l ight,  x 25. 



Photograph 44r Frnaturcd pyains of p rite in a shearod rock 
(aut by s quartz vein Poliehed section, reflee- 
 ti^ l i g h t ,  x 40. 

f 

Photograph 45, A subhabra1 grain of p y r i t d p )  partly reolaced 
by chalcopyrite( ch) Poliehed eection, reflective 
l i g h t ,  x 400. 



Photograph 46, Magnetits(mg) f o n i n g  a vein and rimmed by and 
including se~regatsd aegirin~(px)* Plain l i g h t ,  
x 23. 

Photograph 47, Vcinloto of aeglrine(px) a lons  f mcturos, 
brsnching from t h e  aogragatad aegirins botwsen 
the nagnotitc(m6) and the host rock, Plain 
l i g h t ,  x 2% 



Photo~raph 48. Covellite(cv) replaolng borntte(b) along fractureer 
Polished eeotion, ref1 ective l i g h t ,  x 80, 

Photograph 49. Chalcoci t o( cc) replecint; acav~llite(cv) nnd 
chalcopyrite lanellne(ch) which probably 
ourvivod replocament by covellite. Polishod 
rseotion, refleative l i g h t ,  x 32% 



P h ~ t ~ g r ~ p h  50. Limonite(1) forming a r h  texture around cu- 
ain@ral(or) e Thin section, open nicole, x 40. 
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