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SUMMARY AND RECOMMENDATIONS 

The Whitehorse copper b e l t  has  t r a d i t i o n a l l y  been 

descr ibed a s  skarn-type occurrences developed i n  l imestone 

by metasomatizing f l u i d s  6er ived  and emanating from an ad- 

j acen t  b a t h o l i t h .  Our pre l iminary  examination o f  t h e s e  and 

enom- similar occurrences elsewhere sugges ts  t h a t  the comon d, 

i n a t o r  among t h e  d e p o s i t s  i s  n o t  n e c e s s a r i l y  a p lu ton  of  

p a r t i c u l a r  coppos i t ion  and form b u t  r a t h e r  t h e  s t r a t i u r a -  

p h i c  s e c t i o n  wi th in  which the d e p o s i t s  a r e  s t ratabound.  

This  s e c t i o n  i s  r e l a t i v e l y  t h i n  bedded dolomi t ic ,  b ioc las -  

t i c  and s t o m a t o l i t i c  l imestone i n  a predominately vo lcan ic  

t e r r a i n .  The carbonate  rocks a r e  comparable t o  p r e s e n t  day 

i n t e r t i d . a l  e v a p o r i t i e s  which prograde a l g a l  mats and which 

i n  t u r n  a r e  succeeded hy c o n t i n e n t a l  c l a s t i c  rocks. The 

bur ied  a l g a l  mat decays and becomes s a t u r a t e d  wi th  hydrogen 

. sulphide.  It i s  suggested t h a t  water  r i s i n g  through t h e  

volcanic  and c l a s t i c  rocks t o  t h e  evapor i t e  su r face  may 

leach small  amounts of metal  which may i n  t u r n  be depos i ted  

i n  t h e  reducing environment of  r o t t i n g  algae.  Such primary 

concent ra t ion  of metal  may l a t e r  be r econs i tu ted  by metamor- 

phism accompanyina i n t r u s i o n  i n  t h e  waning s t a g e s  o f  volcan- 

i s m  and u p l i f e .  

Our recommendations a r e  a s  follows: 

1. Petrography of t h e  layered  rocks should be con- 

t inued  i n  an examination of t h e  reasonablness  o f  t h e  above 

suggestion. 

2. I f  t h e  inyor tance  o f  evapori te- type carbonate  



rocks is  s u b s t a n t i a t e d  for t h e  d i s t r i b u t i o n  of  copper de- 

p o s i t s  i n  t h e  Whitehorse copper b e l t  then  the paleoqeo- 

graphy of  t h e  Upper T r i a s s i c  s h o r e l i n e  should be mapped i f  

poss ib le .  

3.  Deta i led  mineralogy o f  t h e  skarn  assemblages 

should be determined t o  s tudy t h e  e f f e c t s  of metamorphism 

on metal  d i s t r i b u t i o n .  

4.  Radiometric age 6 e t e m i n a t i o n s  should he com- 

p l e t e d  on t h e  p l u t o n i c  bodies  of  t h e  b e l t  t o  s tudy t h e i r  

r e l a t i o n s h i p  t o  t h e  vo lcan ic  rocks ,  t h e  n a t u r e  of  t h e  t o t a l  

igneous event ,  and i t s  c o n t r i b u t i o n  t o  metal  d i s t r i b u t i o n .  

5. Recomendations 1 through 5 can be completed, 

a long with a f i e l d  check o f  some s e c t i o n s  by t h e  end of  t h i s  

summer. This  w i l l  provide d e f i n i t i o n  of  t h e  problem f o r  

a p p l i c a t i o n  t o  Indian  and Northern A f f a i r s  f o r  a f u l l  season 

i n  t h e  f i e l d  i n  1975. 

ii. 
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INTRODUCTION 1. 

The Whitehorse copper b e l t ,  Yukon T e r r i t o r y ,  is  2 8  

copper . o c c u r r e ~ c e s  along 12 m i l e s  of  i n t r u s i v e  c o n t a c t  be- 

tween a b a t h o l i t h  of q u a r t z  d i o r i t e  and a  layered  sequence 

o f  andes i t e ,  greywacke, a r g i l l i t e ,  comalornerate, and lime- 

s tone  def ined  a s  t h e  L e w e s  River Group o f  Upper T r i a s s i c  

age (Wheeler 1961). The b a t h o l i t h  has  been &apped a s  p a r t  

of t h e  Coast Range- I n t r u s i o n s  of  Cretaceous aae,  Copper 

occurs  a s  cha lcopyr i t e ,  b o r n i t e  and chaLcocite i n  c a l c - s i l i -  

cate and magnetite-bearing skarn.  Mineralogy and d i s t r i b u -  

t i o n  of  occurrences s u g s e s t  l o c a l i z a t i o n  wi th in  p a r t i c u l a r  

l imestone s t r a t a  i n  c o n t a c t  wi th  t h e  b a t h o l i t h .  .-Whitehorse 

Copper Mines Ltd. hold t h e  known occurrences and opera te  t h e  

L i t t l e  Chief Mine, c e n t r a l  t o  t h e  b e l t ,  

This r e p o r t  conso l ida tes  1973 f i e l d  and l abora to ry  

study of  geologica l  c o n t r s l s  t o  copper depos i t ion  i n  t h e  

Flhitehorse copper b e l t .  Work was done under r e sea rch  aqree- 

ment wi th  t h e  Department of  Indian  and Northern A f f a i r s  and 

the f i r s t  s eason ' s  o b j e c t i v e  was a  pre l iminary  examination 

o f  t h e  layered  rocks s t r a t i g r a p h i c a l l y  enc los ina  t h e  copper 

occurrences,  t h e  a t t e n d a n t  p lu ton  and o t h e r  geologic  v a r i -  

a b l e s  a f f e c t i n g  metal  d i s t r i b c t i o n  and of  p o s s i b l e  s i g n i f -  

icance  t o  explora t ion .  We have drawn heav i ly  on p a s t  work 

p a r t i c u l a r l y  t h a t  of  3.0. Wheeler (1961),  t h e  s t a f f s  of 

Whitehorse Copper Mines Ltd. and of D,B. Craig,  Resident 

g e o l o g i s t ,  Indian and Northern Af fa i r s .  C O G .  Winder of t h e  

Department o f  Geology, Univers i ty  o f  Western Ontar io  helped 

wi th  petrography of t h e  carbonate  rocks and W.A. Marchant 

provided i n t e r p r e  t a t l o n s  o f  t h e  magnetic express ion  of t h e  

p l u t o n i c  rocks. 



The Whitehorse copper belt is 3 miles west of the 

City of Whitehorse and the Alaska Highway (figure 1). It is 

accessable by road from MacRae to offices and plant site of 

Whitehorse Copper Mines Ltd. in the centre of the Belt, and 

by the Fish Lake road which leaves the Alaska Highway 3 

miles north of Whitehorse, and by-a mine haulage road which 
I 

follows the length of the belt from the War Eagle pit in the 

north to the Black and Tan Cub occurrence in the south. 

Rocks of the Lewes River group beyond the confines of the 

belt can be reached in the north part of the map area by 

tote road from the Alaska Highway 4 miles south of Takhini 

thence westward to Jackson Creek and the Ibex River Valley. 

In the south part of the map area access is provided by the 

Klondike Highway to Carcross and the Annie Lake road from 

Robinson. East of the Fukon River a CN teleco~nunications 

is served by a road traversing rocks of the Lewes River 

group on Canyon Mountain. 

REGIONAL GEOLOGY 

The Whitehorse map area (Wheeler, 1961) includes the 

north limit of the Coast Mountains and the west part of the 

Yukon Platform (figure 1). Exposed rocks are Precambrain to 

Pleistocene in aue (Table 1, Wheeler, 1961, paqe 22). The 

former are Yukon group gnesisses and schists of metamorphosed 

quartz arenite, chert, limestone, and volcanic wacke. These 

rocks- are unconformably overlain by Pennsylvanian and Permian 

limestone, chert, and greenstone including scoriaceous and 
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amygdaloidal f lows, p y r o c l a s t i c  rocks ,  and s i l l s  of  t h e  Taku 

group which i n  t u r n  a r e  unconformably succeded by Mesozoic 

eugeosyncl inal  s t r a t a  of  t h e  Whitehorse t rough,  a segment of 

t h e  Tagish b e l t  ( f i u u r e  1 i n s e t ) .  

The o l d e s t  Yesozoic rocks of t h e  Whitehorse map a r e a  
t 

a r e  b a s a l t s ,  andes i t e s ,  p y r o c l a s t i c  rocks,  and poorly s o r t e d  

clastic sedimentary rocks of t h e  Upper T r i a s s i c  Lewes River 

group (Table 2, Wheeler, 1961, paqe 37) . This eugeosyncli-  

n a l  assemblage g ives  way t o  coarse  g r a v e l s  and cobble conglom- 

erate b a s a l  t o  t h e  Laherqe Group of  Lower J u r a s s i c  aqe which 

s i g n i f y  r ap id  u p l i f t  and t h e  s t a r t  o f  an e s s e n t i a l l y  con- 

t i n e n t a l  non-marine succession of sedimentary rocks which 

c o n s t i t u t e  MiZdle and Upper J u r a s s i c  Labarge an6 Tanta lus  

groups. Cretaceous an2 younqer layered  rocks a r e  continen- 

t a l  c l a s t i c s  and a c o n t i n e n t a l  vo lcan ic  s u i t e  of  b a s a l t  and 

r h y o l i t e .  Layered rocks from Precambrian through Cretaceous 

age a r e  in t ruded by b a t h o l i t h s  o f  in termedia te  composition 

which have been mapped a s  Cretaceous Wheeler , l961)  b u t  which 

by f i e l d  r e l a t i o n s h i p s  may be Upper T r i a s s i c  t o  Cretaceous 

i n  age and comagmatic wi th  t h e  T r i a s s i c  volcanism. Pos t  

Cretaceous i n t r u s i o n s  a r e  r e l a t i v e l y  small , ,of in termedia te  

t o  f e l s i c  composition, and probably r e l a t e d  t o  t h e  Continen- 

t a l  volcanism. 

Rocks o l d e r  than Cretaceous a r e  i n  northwest t r end ing  

f o l d s  wi th  s t e e p l y  dipping a x i a l  planes.  F a u l t s  of  undeter- 

mined dtsplacement t r e n d  northwest and n o r t h e a s t  and a r e  

s t e e p  dipping. 



Table I 

Table of E'ormations Exposed i n  the Whitehorse 
May A r e a  (Wheeler, 1961) 

Era 
Periad 

or  
Epoch 

Formation I 
(tL,icknes 

IS feet) i Lithology 

- - 

1 Pleistocene 1 f Glaelal dnft, aIk!viurn, loess, volcanic ash 

1 I 1 Basalt: minor pymchstic rocks 

Unconformity -- 
Cenozoic I Granite porphyry, rhyolite - - 

Tertiary Intnzive into lower pa:i of Skukum grou@ -- 
Skdhrn group I Andesite, hasait. rhyoi::~, and t:achvte brec- / (I,W+) c ~ l r .  tufi, and Rows; 'griii~tlc argion-er~;c' 

Late Lower 
or early Uppu 
Cretaceous 

Unconlbm1ty -- 
1 Pink granophyric quartz rnonzonlte 

Intrusive contact with ~ a n o d i o r ~ t e  

Coast Intrusions 

- -  - - 

I Leucogra~Gte, biotiie granitc, alaskirc, 

I kali-alaskite 

Intrusive contact 

Hornblende-biotite-oligoclase granodiorite. 
biotite-hornblende quartz diznte,  owe 
granite, hornblende diorite. e?Flsilc por- 

. phyritic grznodiorite, pegnatlt~c syen:e 

Intrusive contact 

Angular uncocformity (granitic intrusion ?) 

Hubhi group 
(4.m+) 

1 Peridotite. dunite. sercentinr. and ovroxenite 

Basalt, andesite, porphyriti: andesite, quartz 
latite, and rhyolite flows, breccias, ocd turfs; 
minor greywacke and argillite; ccngionarnre 
locally at  base 

- 
Relations unknown. UltramaSc rocks In contact with Laberge group 

Upper suras- 
SIC(?) and I Tantalus 

formation Arkose, siltstone, conglomerate, aqillite; 
Lower Creta- 

ceous 

I Lower Juras- , Laberge group Conglomerate, greywacke. arkose, quartzite. 
sic and later 1 (9,500+) / siltstone, argiliite, hornhk 

- 

D h n f o r m i t y  (local conformity (3. iocal engular ur,conformily(?), 
local granitic intrusion(?) : 

Relations unknown 

Lewes River 
group 
( l0 .m)  

Limestone, iimestone breccia. cher:; grecn- 
hlwloic / and Permian 1 stone and (9  pyrclastic rocks 

Volcanic greywacke. si!rstone. zrqillite, iiu~c- 
stone, limestone breccia, conyicmersre: ~ o i -  
canic breccia, agglomerate, tuii; xiassite, 
porphyritic andesite, and basalt 

~ppp p- ~ - -  

Relations unknown 

F'rccarnbrian 
a d  later 

Quartz-mica, quartz-ctdoritc, and mica schkk; / quartzite: felds~athi; hornhtmLc fwks, 
yJeG3 pup . amphibolite. epidorc-limflubo;ite, cr>&ii;tna 

limatone; feidscathic gnsiss. i i r -pw-! : t  
gneiss; gneissic porphyritic ~runodiorite m i  
quartz diorite 



Table I1 

Ibex River Section of +he Lewes River Gfoup 
(Wheeler, 1961) 

.................................................. Dark green tuff .................................,...........-........ lo+ 
Division E 

........... Pale grey, massive limestone containirg Spnndylospi, a 1 zwese nris. 500 
Division D. - 

Green and dark purple volcanic greywcctrt, conglome-ate with fragments 
up to a foot across mainly of volcmic, some grani!ic. i ~ ~ k s ;  subor- 
dinate volcanic breccia .............................................................................. 1,000-1,500 

Division C. 
Purple, grey, and green volcanic breccia containing b!c:ks up to 2 feet 

auoss and a few rounded pebbles 1.13 boulders, volcanic greywacke; 
60 feet of purpIe and grey amygdaloidal andesite and basalt flow 
about 700 feet above base; a t  base, purplish congiomerate 49 feet 
thick composed of purple basalt, greenstone, and limestone cobbles 1,500-1.000 

Division B. 
Pak grey and pale pink crystalhe limestone in discontinuous lenses) 

........................................................................................................ (10 feet) I 
Limestone breccia, with a fe:v volcanic fragments 3 to 4 inches across 1 

(5 feet) .......................................................................................................... 
CongIomerate, in lenses 10 feet thick, comprising rounded cobbles 2 to 3 

kches across of purple volcanic rocks (10 feet in Iecses) 
I 

............... 
Limestone breccia, containing corals and b.rchiopods (5 to 10 feet) ....... i 75-100 

Conglomerate containing greenstone, purplish basalt, and feldspar, 
........................................................................................ porphyry cobbles 

Purplish limestone breccia and purplish greywacke grading upward 
.......................................................................... into purple cong!omerate I 

Grey-green, limy greywncke, interbedded with siltstone and argdlite, 
containing Halobia ...................................................................................... 100 

Intcrbedded limy greywacke, in part gritty, and banded greyish green 
argillite, thin conglomerate beds containing pebbles of greenstons. 
nrevwacke. and Limestone: some lexses of limestone about 10 feet - .  
thick ............................................................................................................. 60 

Pntabedded grey-grecn, locally pebbly greywacke and banded argillite 
(lower part contains mors argiHite than greywackej .............................. la0 

(Division B thins northward and pinches out so that Division A merses 
upward with Division C) 

Division A. 
Greenstone, locally contaising phenocrysts of ch!oritized hornblende 

and pyroxene, volcanic breccia of gvxn fragments in a geen  or 
purplish matrix; minor conglomerate and s11ts:one ............................ 200 

Base not exposed 



Precious metals occur  i n  q u a r t z  ve ins  wi th in  rocks 

of t h e  Precambrian Yukon Group and some p l u t o n i c  rocks and, 

c o n t i n e n t a l  volcanic  rocks Cretaceous and younger i n  age. 

Copper appears t o  be confined t o  skarns  i n  l imestone of t h e  

upper p a r t  of  t h e  L e w e s  River  group of Upper T r i a s s f c  age 

where in t ruded  by t h e  Whitehorse b a t h o l i t h  of  in termedia te  
1 

composition. 

GEOLOGY O F  TEE WHITEHORSE COPPER BELT 

General Statement 

Rocks of t h e  Lewes River group s t r i k e  northwest 

through t h e  b e l t ,  a r e  i n  open f o l d s ,  and moderately we l l  ex- 

posed on s t e e p  h i l l  s i d e s  ( P l a t e  1) and i n  p i t s  on copper 

occurrences.  Kuch of t h e  Whitehorse b a t h o l i t h  is  d r i f t  

covered ( f i g u r e  1) . 
The Lewes River Group 

F o s s i l s  of  Upper Triassic age have been i d e n t i f i e d  

i n  sedimentary rocks i n t e r c a l a t e d  wi th  vo lcan ic  rocks which 

Wheeler (1961) desc r ibes  as t h e  Lewes River Group. The b e s t  

exposures a r e  along t h e  east s i d e  of  t h e  Ibex River canyon 

w e s t  of  F ish  Lake, on Canyon Mountain immediately e a s t  of 

t h e  C i ty  of Whitehorse, and on Needle Yountain south  of  t h e  

Copper B e l t  ( f i q u r e  1). I n  genera l ,  western exposures of 

Lewes River group inc lude  vo lcan ic  rocks limy muds contain-  

i n g  Halobia fauna, v o l c ~ n o c l a s t i c  rocks,  and l imestone wi th  

Spandylospira lewesensis  fauna whereas c e n t r a l  and e a s t e r n  

exposures wi th in  t h e  map a r e a  are t y p i c a l l y  graded beds of 

mud, s i l t ,  sandstones,  t h e  Spondylospira-bearing l imestone 





and minor volcanic  rocks ,  i n d i c a t i n g  a decrease  i n  vo lcan ic  

in f luence  eastward ac ross  t h e  Bel t .  It appears  from prelim- 

i n a r y  examination a s  i f  t h e  copper occurrences of t h e  White- 

horse  copper B e l t  a r e  a s s o c i a t e d  wi th  t h e  Spondylospira- 

bear ing  l imestone which is broadly d i v i s i b l e  i n t o  a lower 

clayey a r g i l l a c e o u s  micritic u n i t ,  a middle b i o c l a s t i c  mass- 

i v e  l imestone,  and an upper t h i n  bedded and c h e r t y  l i m e -  

s tone  appears t o  th icken  from west t o  east ac ross  t h e  map 

, a r e a .  Samples examined i n  t h i n  s e c t i o n ,  p e e l  s e c t i o n  and by 

analyses  f o r  c a l c i t e  and dolomite a r e  l i s t e d  i n  Table 111. 

Most o f  t h e s e  specimens a r e  c o l l e c t e d  from t h e  up?er and 

lower p a r t s  of t h e  l imestone i n  an unsuccessful  a t tempt  t o  

f i n d  conodonts f o r  age de terminat ions  and hence a r e  n o t  

wholly r ep resen ta t ive .  The f i n e  q r a i n  r e l a t i v e  homogeneity, 

and lack  o f  c u r r e n t  s t r u c t u r e  i n d i c a t e s  a low energy environ- 

ment o f  depos i t ion .  

The Ibex River Sec t ion  

The most wes te r ly  s e c t i o n  observed i S  a long t h e  e a s t  

s i d e  o f  t h e  Ibex River. It  i s  descr ibed  i n  Table 2 and 

Figure 2. The lower p a r t  is  n a s s i v e  flows o f  b a s a l t  and 

a n d e s i t e  interbedded wi th  f ine-grained f e l d s p a t h i c  wacke, 

a r g i l l i t e  and t u f f  and.vo1cani.c brecc ia .  Flows a r e  conmonly 

p o r p h y r i t i c  wi th  euhedral  p l a q i o c l a s e ,  d iops id ic -aug i t e ,  and 

hornblende phenocrysts i n  a f ine-grained matrix.  Thin beds 

of f e l d s p a t h i c  wacke and a r s i l l i t e  commonly con ta in  dissem- 

i n a t e d  p y r i t e  in:-a s i l i c e o u s  ~ a t r i x .  C l a s t s  i n  t h e  c o a r s e r  

a r g i l l i t e  a r e  f e l d s p a r ,  d iops id ic -auq i t e ,  hornblende, and 

fragments of mafic flows and t u f f .  The t u f f s  c o n s i s t  of 



Table I11 

Selected Specimens of Pimestone from Spondylospira-bearing horizons 

Units 
Sample# Location Remarks S i 0 2  

Ibex River 
Ibex River 
Ibex River 
Ibex River 
Needle Mt. 
Needle Mt. 
Needle Mt. 
carcross 
Fish Lake 
Fish Lake 
Little Chief 

massive dolos tone 
massive foss. mudstone 
massive foss. packstone 
massive mudstone 
laminated muds tone 
massive foss. limestone 
massive muds tone 
massive mudstone 
thin bedded oolitic dolostone 
thin hedded siliceous mudstone 

Mine 
Little Chief 
Mine 
Wheelers foss. 
loc. 7 
Wheelers foss. 
loc. 9 
Wheelers foss. 
loc. 18 
Canyon Mt. 

thin hedded dolomitic marble 

thin bedded argillaceous 

massive foss. dolostone 

massive mudstone 

massive mudstone 
thin bedded arqillaceous 
mudstone 

130 Canyon Mt. 
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matrix-supported m i c r o l i t e  and angular  fragments o f  an un- 

zoned p lag ioc lase .  Ppward i n  t h e  s e c t i o n  t h e s e  rocks a r e  

massive l a y e r s  wi th in  vo lcan ic  b r e c c i a  o f  a l t e r n a t i n q  purple  

and green colour .  P lag ioc lase  i s  genera l ly  s a u s s a r i t i z e d  

and t h e  mafic minera ls  s l i g h t l y  c h l o r i t i z e d .  The volcanic  

b r e c c i a  becomes i n c r e a s i n q l y  w e l l  bedded and fraqments w e l l  
I 

rounded upward i n  t h e  sec t ion .  There a r e  i n t e r c a l a t e d  l enses  

of arkose,  a r g i l l i t e ,  limy greywacke, l imestone and conqlom- 

erate. The l imestone i s  l e n s e - l i k e  and con ta ins  t h e  Halobia 

fauna ( p l a t e  2 )  p l u s  carbonaceous m a t e r i a l ,  p y r i t e  and s i l i c e o u s  

ma te r i a l .  .Limestone i s  o v e r l a i n  by pink and green coloured 

m a r l ,  r e d  sandstone and conglomerate wi th  vo lcan ic  and lime- 

s t o n e  cobbles.  

The upper p a r t  o f  t h e  Ibex River s e c t i o n  i s  repeta-  

t ive o f  t h e  lower p a r t  and begins wi th  flows and t u f f  over- 

l a i n  by vo lcan ic  b r e c c i a  o f  purp le ,  grey and green co lour ,  

vo lcan ic  wacke and u l t i m a t e l y  l imestone conta in ing  Spondy- 

l o g p i r a  lewesensis  and topped by c h e r t ,  and t u f f .  The b a s a l  

p a r t  o f  t h i s  upper l imestone i s  a grey  coloured., f i n e  gra ined  

a r g i l l a c e o u s  dolostone wi th  calcite c r y s t a l s  from 5 t o  7mm i n  

diameter  and numerous s u b p a r a l l e l  c a l c i t e  v e i n l e t s .  The rock 

i s  homogeneous and micritic. This  is  succeeded by a l i g h t  

grey,  b i o c l a s t i c  l imestone ( P l a t e  3) wi th  a s i l i c e o u s  upper 

p a r t .  The rock has s t y l l o l i t i c  bedding and i s  r e c r y s t a l l i z e d .  

Contact wi th  t h e  over ly ing  ~ a b e r g e  qroup is covered by d r i f t  

i n  t h e  Ibex-River a r e a  b u t  a change i n  a t t i t u d e  of  beds on 

e i t h e r  s i d e  of  t h e  c o n t a c t  sugges ts  an unconformable 





r e l a t i o n s h i p .  Conglomerates o f  t h e  Labarge group a r e  poly- 

m i c t i c ,  con ta in  g r a n i t i c  cobbles  and boulders  t o  4 f e e t  i n  

dkameter (Plate 4 )  i n  a h e m a t i t i c  a r k o s i c  matrix.  

Th'e Fish Lake - Whitehorse Copper B e l t  Sec t ion  

Rocks of  t h e  Lewes R i v e r  group exposed . i n  t h e  F i s h  

Lake a rea  and w i t h i n  t h e  Copper B e l t  w e r e  examined t o  d e t e r -  

mine which l i t h o l o g i e s  of  t h e  group contained copper su lphide  

minerals  a t  t h e  edge of t h e  Whitehorse b a t h o l i t h  ( f i g u r e  3 ) .  

From Fish  Lake east through t h e  Copper B e l t  rocks of  t h e  

Lewes and Labarge groups a r e  i n  open a n t i c l i n e s  and sync l ines  

d i s t r i b u t e d  by block f a u l t s .  Ind iv idua l  u n i t s  within t h e  

Lewes River group a r e  d i f f i c u l t  t o  fol low through t h e  spor- 

a d i c  outcrop of the copper b e l t  b u t  a t e n t a t i v e  c o r r e l a t i o n  

from Fish  Lake through t h e  b e l t  t o  t h e  L i t t l e  Chief mine of  

Whitehorse Copper Mines Ltd. i s  p o s s i b l e  a s  i l l u s t r a t e d  i n  

figure 4. A t  F i sh  Lake, conglomerate of t h e  Laberge group 

appears t o  be conformable w i t h  o o l i t i c  l imestone,  p y r i t i c  

q u a r t z i t e ,  a limy c l a s t i c  and l imestone con ta in ing  t h e  Spondy- 

l o s p i r a  lewesensis  fauna and c h e r t  in t e rbeds .  This i s  nnckr- 

l a i n  by and qrades i n t o  a mot t led  wacke which i s  tu ,  +f aceous 

and c o n s i s t s  of  f r e s h  and a l t e r e d  g r a i n s  of  f e l d s p a r  and 

pyroxene i n  a s r a n u l a t e  ma t r ix  of a c t i n o l i t e ,  chalcedony, 

c a l c i t e  and hematite.  

Immediately w e s t  o f  t h e  L i t t l e  Chief mine a t h i c k  

sequence of l imestone outcrops  s p o r a d i c a l l y  and has been 

descr ibed by Kindle (l904, ?age 5 ) .  Figure  4 i l l u s t r a t e s  

this s e c t i o n  which c o n s i s t s  o f  p y r i t i c  and h e m a t i t i c  
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q u a r t z i t e  under la in  by t h i n  bedded b lack  l imestone wi th  i n t e r -  

beds o f  dolomite s i l i c e o u s ,  o rgan ic ,  f ragmental ,  and a r g i l l -  

aceous ma te r i a l .  S t r o m a t o l i t i c  s t r u c t u r e s  a r e  preserved i n  

some dolomit ic  horizons ( P l a t e  5 ) .  P y r i t e  i s  common i n  t h i s  

s e c t i o n  a s  a r e  r e c r y s t a l l i z e d  calcite and q u a r t z ,  s e r i c i t e  

and a c t i n o l i t e  i n  a r g i l l a c e o u s  seams. The c l a s t i c  horizons 

Appear t o  be t u f  faceous wi th  s r a i n s s ~ f  p laq ioc lase  AngO and 

magnetite r a t h e r  than t h e  hemat i te  c h a r a c t e r i s t i c  elsewhere 

i n  t h e  Fish  Lake-Copper B e l t  a rea .  Our t e n t a t i v e  conclusion 

i s  t h a t  The Fish Lake-Copper B e l t  s e c t i o n  can be c o r r e l a t e d  

wi th  t h e  uppermost p a r t  o f  t h e  Lewes River Group i n  t h e  Ibex 

River sec t ion .  These rocks probably f o r r e d  i n  laqoonal  and 

sabka-like evapor i t e  environments dur inq  a pe r iod  o f  re- 

g ress ion  l ead ina  t o  non-marine depos i t ion  o f  Lower Laherge 

group confflomerates. 

Open p i t s  i n  copper occurrences of  t h e  b e l t  t o  t h e  

nor th  and south of t h e  L i t t l e  Chief mine expose massive 

Skarn, c r y s t a l l i n e  l imestone,  c layey and a r g i l l a c e o u s  l i m e -  

s tone ,  c h e r t  and q u a r t z i t e  a s  sc reens  and i n c l u s i o n s  wi th in  

and a t  t h e  con tac t  o f  the Whitehorse b a t h o l i t h .  Cor re la t ion  

between p i t s  and outcrops  w e s t  of t h e  L i t t l e  Chief mine i s  

d i f f i c u l t  b u t  petrography and petrochemistry of some o f  t h e  

rocks descr ibed  i n  appendicies  A and B sugges t  most copper 

occurrences a r e  i n  t h e  t h i n n l y  bedded l imestones and t h e  

immediately underlyinq more massive beds con ta in ing  t h e  

Spondylospira fewesensis  fauna descr ibed  above. The t h i n  

bedded m a t e r i a l  i s  commonly replaced  by a skarn  assemblage 

and t h e  more massive, nore  pure ly  carbonate  beds a r e  





thoroughly recrystallized. 

The Needle Mountain Section 

Limestone with Spondylospira lewesensis fauna out- 

crops on Needle Mountain south of the Whitehorse Copper 

Belt and consists of 5 feet of limy grit, 2 feet of silice- 

ous limestone with tuffaceous material, 15 feet of coarsehy 

crystalline grey limestone, 15 feet of buff to qrey coloured 

limestone in thin beds, and 10 feet of fossiliferous lime- 

stone. This section is overlain by a conglomerate of vol- 

canic cobbles and cherty matrix. Plate 6 illustrates the 

largest outcrop of this limestone at White Hill on the east 

side of Needle Yountain. 

The Canyon Mountain Section - 
On Canyon Mountain immediately east of the Yukon 

River and the City:of Whitehorse limestone bearing Spondy- 

lospira lewesensis fauna is overlain and infolded with grey- 

wacke, argillite, and black slate containing amnonites which 

may be of Jurassic age (Wheeler, 1961, page 41). The lime- 

stone and clastic rocks appear to be conformable. The lime- 

stone is approximately 1500 feet thick at this locality, 

silceous and fissile with the more massive and cleaner beds 

in the upper part of the section with chert and quartzite 

intercalations. The lower part of the section has clay and 

micritic intercalations. The middle section is light grey 

and bioclas tic . 



Plu ton ic  Rocks o f  t h e  Whitehorse C o ~ ~ e r  B e l t  

P l u t o n i c  rocks o f  t h e  Whitehorse Copper B e l t  can i n  

genera l  be divided i n t o  3 major bodies  ( f i g u r e  5) : t h e  

Whitehorse b a t h o l i t h ,  o r  Copper b e l t  i n t r u s i o n  i s  an ova l  

shaped body of q u a r t z  diori te underlying t h e  Yukon River 

Valley i n  an a r e a  approximately 17 by 4 m i l e s  as i n t e r p r e -  

ked from a i rborne  ~ a g n e t i c  d a t a ;  (GSC Maps 33766, 3377 G,  

11341 G) t h e  Mount YcIntyre i n t r u s i o n  which inc ludes  Mount 

Granger and Golden Porn Nountain and which is roughly 11 

m i l e s  i n  diameter  a s  expressed by magnetic d a t a  and, t h e  

Northwestern i n t r u s i o n  which u n d e r l i e s  Haekel E i l l ,  t h e  

Jackson Creek a rea ,  and Mount Inaram. The magnetic d a t a  

sugges ts  t h a t  only  n o r t h e a s t  of F ish  Lake and a t  Canyon 

Mountain i s  t h e  sedimentary cover more than  3000 f e e t  t h i c k  

over  t h e  i n t r u s i o n s .  

The copper occurrences a r e  a s soc ia ted  wi th  t h e  upper 

l imestone of  t h e  Lewes  River  Group where it o v e r l i e s ,  is  

enclosed wi th in ,  and in t ruded  by t h e  w e s t  s i d e  of t h e  C o p ~ e r  

B e l t  i n t r u s i o n  o r  Whitehorse b a t h o l i t h  ( f i g u r e  5 ) .  The 

copper occurrences c l u s t e r  i n t o  a nor thern  group (Group 1) 

near  t h e  pos tu la ted  junct ion  o f  t h e  Whitehorse b a t h o l i t h  

w i t h  t h e  Northwestern i n t r u s i o n ,  a c e n t r a l  group (Group 2 )  

nea r  t h e  con tac t  between t h e  Whitehorse b a t h o l i t h  and the 

Mount McIntyre i n t r u s i o n ,  and a Group 3 i n  t h e  southern 

p a r t  of  t h e  Whitehorse bathol i th . .  A l l  t h r e e  qroups a t  l o c a l  

magnetic highs (G.S.C. Maps 3376 G,  3377 G ,  11341 G.) 



J. War Eagle.. ........... .CUB Fe. Ca. Au 
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Petrography 

The Whitehorse b a t h o l i t h  is  e s s e n t i a l l y  a quar t z  

d i o r i t e  i n  whichhornblende predominates over  b i o t i t e .  The 

rock i s  massive, mesocrat ic  and mott led wi th  white  and dark 

green coloured pa tches  caused by aggregates  of  hornblende 

and p lag ioc lase .  The t e x t u r e  i s  hypidiomorphic inequi-  

g ranu la r  wi th  anhedral  g r a i n s  o f  q u a r t z ,  b i o t i t e ,  and sphene 

i n t e r s t i t i a l  t o  i n t e r l o c k i n g  subhedral  g r a i n s  of p l a g i o c l a s e  

and hornblende. Larqe p l a a i o c l a s e s  a r e  zoned from andesine 

t o  oligocene. S r n a l l a r a i n s a r e  unzoned and of s i m i l a r  compo- 

s i t i o n  and they  coalesce  i n t o  c l o t s  lcm. i n  diameter.  Horn- 

blende occurs  a s  s o l i t a r y  g r a i n s  wi th  green t o  brown pleo- 

chrism t h a t  a r e  randoply o r i e n t e d  and evenly d i s t r i b u t i o n  

throughout t h e  rock. A few outcrops a r e  p o r p h y r i t i c  wi th  

coarse  hornblende phenocrysts.  Orthoclase may be a minor 

component and i s  f requen t ly  i n  myrmekitic intergrowth wi th  

quar t z ,  it may he a l t e r e d  t o  sericite, e p i d o t e  and c l a y  

minerals.  Magnetite i s  t h e  most abundant accessory mineral  

and i s  disseminated through t h e  rock. 

Var ia t ions  a r e  noted as i n  sample G-25h- which i s  a 

hornblende d i o r i t e  with r e l i c t  a u g i t e  and only 4% i n t e r -  

s t i t i a l  qua r t z .  Specimen-G-36 had 10% a u a r t z  and 10% horn- 

blende. Trace element con ten t  does n o t  vary apprec iably  

however and f r e s h  rock s e n e r a l l y  con ta ins  about 20 ppm Cu, 

15 ppm Pb, and 4 5  ppm Zn. F r a c t u r e s  a r e  commonly coated 

wi th  potash f e l d s p a r  and, c h l o r i t i c  and s e r i c i t i c  a l t e r a t i o n  

along f r a c t u r e s  i s  c h a r a c t e r i s t i c .  Potash f e l d s p a r  r e p l a c e s  

p lag ioc lase  i n  a n t i p e r t i t i c  intergrowth (Specinen G-35) and 



i n  t h i s  i n s t a n c e  t h e  rock con ta ins  anomalously high copper 

and z inc  values.  

Age o f  t h e  Whitehorse b a t h o l i t h  is  problemat ica l  

u n t i l  some radiometr ic  de terminat ions  a r e  completed. The 

rock has been mapped a s  Cretaceous and of Coast Range a f f i n -  

i t y  (Wheeler, 1961).  I t  could however be as o l d  a s  Upper 
1 

 hass sic and co-mapa t i c  wi th  t h e  vo lcan ic  rocks of  t h e  

Lewes River group. - 

The Mount McIntyre i n t r u s i o n  is  a d i s t i n c t i v e  red  

brown coloured q u a r t z  rnonzonite which i s  i s o t r o p i c ,  homo- 

geneous, and medium grained.  The e s s e n t i a l  minera ls  a r e  

c o l o u r l e s s  and smoky a u a r t z ,  p e r t h i t i c  potash f e l d s p a r  

s l i g h t l y  kao l in ized ,  and a s o d i c  p l a g i o c l a s e  t h a t  is  normal- 

l y  zoned. ~ c t i n o l i t i & h o r n b l e n d e ,  and ep ido te ,  a r e  less 

abundant and magnetite and p y r i t e  a r e  accessor i e s .  Rock 

s i m i l a r  t o  t h e  Mount McIntyre i n t r u s i o n  were observed by 

Wheeler c r o s s c u t t i n g  f o l i a t e d  g r a n o d i o r i t e  and Hutshi aroup 

volcanic  rocks and he i n f e r r e d  a mid-Cretaceous age (Wheeler, 

1961, p. 99) .  

The Northwest i n t r u s i o n  exposed on t h e  south  s i d e  of 

Haekel H i l l  and i n  t h e  Mount Ingram a r e a  i s  t y p i c a l l y  a medi- 

um t o  coarse  gra ined  b i o t i t e  g r a n i t e  bu t  some phases a r e  

b i o t i t e  granodioki te .  B i o t i t e  predominates over  hornblende 

and t h e  rock may be e i t h e r  p o r p h y r i t i c  o r  equigranular  and 

f o l i a t e d  o r  non-fol ia ted.  I s o t r o p i c  specimens Save hypidio- 

morphic g ranu la r  t e x t u r e s  wi th  euhedral  and subhedral  g r a i n s  

of  p l a a i o c l a s e  and mafic minera ls  and anhedral  g r a i n s  of  

quar t z  and potash fe ldspar .  The p l a g i o c l a s e  i s  commonly 
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zoned, and s a u s s a u r i t i z e d  and t h e  potash f e l d s p a r  i s  t u r b i d  

with c l a y  minerals.  The mafic minera ls  a r e  s l i g h t l y  chlor -  

i t ic.  Accessory minera ls  inc lude  magnet i te ,  z i r con ,  leuco- 
I 

xehe, sphene, a p a t i t e  and l o c a l l y  a l l a n i t e .  The more lecocra-  

t i c  v a r i e t i e s  may c o n t a i n  muscovite, smoky q u a r t z  and f l u o r i t e .  

Porphyr i t i c  specinens have potash  f e l d s p a r  phenocrysts randomly 

o r i en ted  i n  a medium t o  coarse  gra ined  hypidiomorphic granular 

matrix. Where a  f o l i a t i o n  i s  p r e s e n t  it i s  def ined  by a l igne-  

r e n t  of mafic minera ls  and smal l  l e n s e s  o f  quartz .  

Rocks o f  t h e  Northwest i n t r u s i o n  a r e  comparable t o  

rocks descr ibed  by Wheeler from a  l a r g e  a r e a  of  g r a n i t e  i n  t h e  

w e s t  p a r t  of  t h e  Vhitehorse map a r e a  (Wheeler, 1961 )  , pages 

92 & 100).  A potassium-arqon age de terminat ion  of  s i m i l a r  rock 

i n  t h i s  a r e a  gave 223  m i l l i o n  y e a r s  (Gabr ie lse ,  1967, p. 2 8 6 ) .  

F i e l d  r e l a t i o n s h i p s  are n o t  d e f i n i t i v e  a s  t o  age. Contacts  

between the i n t r u s i o n  and t h e  vo lcan ic  rocks o f  t h e  Lewes 

River group on t h e  n o r t h  s i d e  o f  t h e  Ibex River ac ross  t h e  

v a l l e y  from Mount Inqram a r e  renarkably pass ive  suggest inq per-  

haps a  r a t h e r  c l o s e  r e l a t i o n s h i p  between t h e  outpouring of t h e  

volcanic  rocks and emplacement o f  t h e  b a t h o l i t h .  

Contact phenomena 

Skarn of l i m e - s i l i c a t e  m a t e r i a l s ,  with o r  wi thout  

magnetite,  and copper su lph ide  minera ls  occur  s p o r a d i c a l l y  

a t  the  c o n t a c t  of  t h e  Whitehorse b a t h o l i t h  wi th  l imestone of 

t h e  Lewes River group bea r ing  t h e  Spondylospira lewesensis  

fauna. P l a t e  7  and f i a u r e  6 i l l u s t r a t e  skarn  development 

i n  t h e  War Eagle p i t ,  where a  r e l a t i v e l y  t h i n  bedded 





sequence of quartzite and marble had been hornfelsed and 

selectively replaced by skarn minerals adjacent to the 

quartz diorite of the Whitehorse batholith. Apophyses of 

the batholith crosscut the layered sequence and the batho~ 

lith includes zenoliths and rafts of the layered rocks. 

Andesite dykes crosscut both the layered rocks and the bath- 

olith near the contact. Marble and dolomitic marble contain 

minor tremolite, diopside, wollastonite and lesser maanesite 

and periclase. Where the carbonate rocks have been corn- 2: 

pletely replaced the assenblage may be diopside-garnet,e~i- 

@*garnet, diopside-enidote, qarnet-diopside-tremolite, 

and garnet-diopside-wollastonite. Massive skarn is often 

very inhomogeneous and contains irregular patches of mono- 

mineralic uarnet, epidote, and diopside. Such rock often 

contains pyrite, chalcopyrite, bornite, chalcocite, and 

magnetite intergrown with quartz and calcite. The skarn 

may be fractured into a stockwork pattern and fractures 

coated with garnet-tremolite and quartz-calcite-epidote. 

Fractures may also contain sulphide minerals and magnetite. 

Quartzite members always contain disseminated pyrite and in 

some instances chalcopyrite. 

In general through skarnification the carbonate - 

rocks tend to become very coarse grained and characterized 

by large monomineralic masses of pyroxene, garnet, serpen- 

tine, magnetite and sulphide minerals. A tentative pro- 

gression of skarn development in calcic (A)  and dolomitic 

(B) Strata is as follows: 





d iops ide  d iops ide  
marble+ + + - + 

vesuv ian i t e  unzoned g a r n e t  

zoned g a r n e t  massive g a r n e t  
+ zoned g a r n e t  + + + + 

copper-iron min. minera l i za t ion  

/ p e r i c l a s e  s e r p e n t i n e  magnet i te  
dolomite b r u c i t e  + + 

-* dolomite maane ti te  copper min. 
(B) marble calcite 

P l a t e  8 i l l u s t r a t e s  t h e  replacement of carbonate  by 

massive s e r p e n t i n e  skarn i n  t h e  L i t t l e  Chief P i t .  Grabher 

(1973) desc r ibes  the mineralogy and sequence o f  even t s  f o r  

t h e  L i t t l e  Chief m.ine a s  fol lows:  

"Most o f  t h e  snassive skarn  is be l i eved  
t o  have r e s u l t e d  from a major b ine taso-  
mat ic  ( a f t e r  Korz inski i  and o t h e r s )  event ,  
caused by t h e  d i f f e r e n t i a l  miara t ion  of  
Mg, Fe,  S, Cu, S i  and A 1  i n t o  t h e  lime- 
s tone  and t h e  migrat ion of Ca, X and M a  
outward. This  caused t h e  formation o f  
a zoned skarn i n  t h e  c o n t a c t  zone with 
t h e  followinq sequence: 

Zoned Skarn Sequence 

1) Marble + pyroxene 
2) ~ 1 i n o ~ y f ; o x e n e  + minor g a r n e t  and 

m a c p e  ti t e  
3) Clinopyroxene + g a r n e t  (+ g a r n e t  ve ins )  
4 )  Clinopyroxene + z o i s i t e  T g a r n e t  

(+ garne t  ve ins )  
5) ~ Z s p a r  + p l a g i o c l a s e  + q u a r t z  + - magne- 

t i t e  and ep ido te  
6)  Granodiori te  t o  d i o r i t e  (+ - g a r n e t  and 

ep ido te  ve ins )  

Boundaries between zones a r e n ' t  always 
d i s t i n c t ,  and i n  p a r t i c u l a r  t h e  K-spar 
zone i s  no t  continuous. Thin s e c t i o n  evi -  
dence p o i n t s  t o  t h e  presence of an e a r l y  
clinopyroxene (Di?) and Orthopyroxene 
being replaced by l a t e r ,  q ranu la r  c l inopyro-  
xene ( H d ? )  and andrad i t e  a a r n e t  , i n d i c a t i n u  
Mg skarn  minerals  be ina  superceded by l a t e r  

. Fe-rich skarn. 



O r e  minera ls ,  from a v a i l a b l e  evidence,  
w e r e  introduced i n  two s t aqes .  P r e s e n t  
i n  magnet i te  c m c e n t r a t i o n s  near  o r i g i n a l  
l imestone boundaries a s  i n c l u s i o n s  a r e  
cpy and cpy-bor o r  cpy-digenite g r a i n s ,  
g e n e r a l l y  m i t e  s m a l l  (.l - . 0 1  rm) i n  
s i z e .  These are bel ieved t o  be e a r l y  
g r a i n s  with chalcoci te -bor  o r  bor-cpy 
in terarowths  s i n c e  a l t e r e d  t o  cpy and d i -  
g e n i t e ,  i n  p a r t  by la ter  minera l i za t ion  
involv ing  f r e s h  eu tec t i c - type  in tergrowths  
o f  bor-chalcoci te ,  which are l a r g e r  i n  
s i z e  and rep lace  e a r l y  magnet i te  q r a i n s  
o r  are molded on to  then ,  and a r e  m o s t  a- 
bundant i n  t h e  pyroxene-rich zones 2 and 
3. A l a t e r  minera l i z ing  event  i s  chosen 
t o  exp la in  t h e  massive and vein-type cpy, 
py and p y r r h o t i t e  minera l i za t ion  cross-  
c u t t i n g  o r  r e p l a c i n a  o t h e r  skarn  phases 
and a s s o c i a t e d  wi th  t h e  c o n t a c t  zones be- 
tween g r a n o d i o r i t e  a rd  skarn wi th  qa rne t  
and ep ido te  ve ins .  Granodior i te  and dio-  
r i t e  nea r  t h e  c o n t a c t  a l s o  con ta ins  d i s -  
seminated p y r i t e ,  w i th  cpy i n  c l o t s ,  
while  a t  r o r e  d i s t a n t  l o c a t i o n s  t h e  qrano- 
d i o r i t e  holds  d issewinated  magnetite.  

Both ore events  a r e  a s soc ia ted  wi th  a 
hydrous Fe a l t e r a t i o n  assemblage which 
inc ludes  a c t n o l i t e  , b i o t i t e ,  c h l o r i t e  
and e s p e c i a l l y  epidote .  Veins of  bor-cpy 
are surrounded by a h a l o  of  e p i d o t e ,  and 
bor  occurs  wi th  e p i d o t e  c r y s t a l s  c u t t i n g  
pyroxene skarn a long f r a c t u r e s .  A few 
quartz-cpy-epidote ve ins  wi th  a l t e r a t i o n  
ha los  o f  a m h i b o l e  and c h l o r i t e  a l s o  occur.  

The f i n a l  even t s  i n  t h e  c o n t a c t  zone w e r e  
\ 

hydrous a l t e r a t i o n  of p re -ex i s t ing  skarn ,  
poss ib ly  wi th  t h e  a d d i t i o n  of Mq, t o  ser- 
pen t ine ,  t a l c ,  c h l o r i t e  and s p i n e l ;  a l s o  
seemingly c o n t r o l l e d  hv c o n t a c t  o f  skarn  an3 
g r a n o d i o r i t e  and assoc ia ted  wi th  t h e  form- 
a t i o n  of  c a l c i t e  ve ins  which c u t  a l l  u n i t s  
i n  p i t .  Occasional ly o r e  minera ls  occur  
i n  t h e s e  v e i n s ,  b u t  t h e i r  c o n t r i b u t i o n  i s  
minor. 

Secondary replacement of  o r i g i n a l  Cu-sul- 
f i d e s  has  occurred t o  a minor e x t e n t ,  wi th  
secondary cpy, c h a l c o c i t e  and d i g e n i t e  
occur r ing  i n  s e r p e n t i n i z e d  a r e a s ,  a l o n s  
wi th  v a l l e r i i t e - p y r i t e .  V a l l e r i i t e  s u r r -  
ounds b i t s  of hor-cpy i n  s e r p e n t i n e ,  and 
where t h e  whole rock has gone t o  serpen- 
t i n e ,  v a l l e r i i t e  occurs  w i t h  p y r i t e . "  



DISCUSSION 

Copper occurrences o f  t h e  Whitehorse copper b e l t  and 

occurrences of s i m i l a r  c h a r a c t e r  elsewhere,  p a r t i c u l a r l y  i n  

t h e  T r i a s s i c  of  t h e  Canadian C o r d i l l e r a  (Eastwood, 1965, 

Sangs ter  1969) a r e  g e n e r a l l y  a t t r i b u t e d  t o  metasomatism of  

l imestone by hydrothermal f l u i d s  emanating from an i n t r u d i n g  
/ 

magma. Metal, su lphur ,  and t r a n s p o r t i n q  f l u i d s  a r e  be l ieved 

der ived  from and concent ra ted  i n  t h e  magma dur ing  l a t e  

s t a g e s  of  m a v a t i c  d i f f e r e n t i a t i o n  and c r y s t a l l i z a t i o n .  

Deposit ion o f  su lphide  minera ls  from t h e  t r a n s p o r t i n g  f l u i d s  

is i n  response t o  decreas ing  temperature and p r e s s a r e  and, 

chemical changes upon meetinu t h e  r e a c t i v e  l imestone. 

However, i n  t h e  occurrences of t h e  Whitehorse copper 

b e l t  and o t h e r s  of  t h i s  n a t u r e  which w e  have examined, t h e  

immediately ad jacen t  p lu ton  may be q u i t e  v a r i a b l e  i n  compo- 

s i t i o n  and form b u t  t h e  su lph ide  mineral  d e p o s i t  i s  invar f -  

ab ly  s t ra tabound i n  r e l a t i v e l y  t h i n  bedzed, dolomi t ic ,  bio- 

clastic and a l g a l  l imestone wi th  i n t e r c a l a t e d  limy s h a l e ,  

and m i c r i t i c  mudstone. These s t r a t a  a r e  under la in  and over- 

l a i n  by red  v o l c a n o c l a s t i c  and c l a s t i c  rocks i s o l a t e d  geogra- 

p h i c a l l y  and s t r a t i g r a p h i c a l l y i n  a predominately vo lcan ic  

t e r r a i n  in t ruded  by p lu tons  which are probably comagmatic 

wi th  t h e  volcanic  rocks. The carbonate  rock enc los ing  t h e  

depos i t s  is  a  common denomenator t o  t h e s e  d e p o s i t s  and i s  

comparable t o  p r e s e n t  day sabka o; s u b a e r i a l  evapor i t e  mud 

f l a t s .  Forming along t h e  edges of  some r e g r e s s i v e  s e a s  

(Renfro, 1974) . These merge seaward i n t o  i n t e r t i d a l  mud 



f l a t s  and a l q a l  m a t s  ove r ly ing  an ooze o f  decaying a lgae  i n  

which hydrogen su lphide  is generated.  I n t e r s t i t i a l  brine,  
I 

wdich can l each  minor amounts o f  metal  from t h e  underlying 

volcanic  and v o l c a n o c l a s t i c  rock,must rise through t h e  re-  

ducing environment of decaying a l g a e  t o  reach t h e  evapor- 

a t i o n  sur face .  Sulphide minera ls  may be depos i ted  i n  s t r a t a -  

bound conf igura t ion  w i t h i n  t h a t  reducing environment. IA-, 

i t i a l  metal  concent ra t ion  may t h e r e f o r e  be dependant upon 

sedimentat ion and l i t h i f i c a t i o n  and secondar i ly  on recon- 

s i t u t i o n  through metamorphism by an i n t r u s i o n  which fol lows 

c l o s e l y  on t h e  h e e l s  o f  t h e  volcanism. 

Perhaps t h e  orthonacynatic node1 of  genes i s  has  been 

overemphasized i n  exp la in inq  d i s t r i b u t i o n  of skarn-type 

copper depos i t s  and t h e  t i m e  has  come t o  cons ider  t h e  i m ~ o r -  

tance  o f  t h e  t o t a l  geoloqy t o  l o c a l i z a t i o n  and hence, t o  

exp lo ra t ion  f o r  a d d i t i o n a l  depos i t s .  



APPENDIX A 

Volcanic %cks in the 
Ibex River, Fish Lake 
and Little Chief Mine 

Area. 

Petrography by N.A.  Duke 



Sample - WH - 17 Andes i t ic  Tuff 

Petrography 

A f ine-grained yellow-green c l a s t i c .  The matr ix  
i s  a u i t e  che r ty  and supports  f i n e  s a u s s a u r i t i z e d  f e l d s p a r  
g r a i n s  and black magnetite f l e c s .  This  m a t e r i a l  surrounds 
rounded and d i f f u s e  z e n o l i t h s  of more p o r p h y r i t i c  rock of  
s i m i l a r  composition. The t e s t  wi th  HC1 is  negat ive.  

I n  s e c t i o n  t h e  rock is  composed of euhedral  i n t e r -  
mediate f l e d s p a r  c r y s t a l s  and subhedral  t o  subrounded pyro- 
xene (d iops id ic-augi te )  i n  a very f i n e  c r y p t o - c r y s t a l l i n e  
quar tzo-fe ldspath ic  matrix.  Feldspars  a r e  zoned and a r e  
more o r  l e s s  a l t e r e d  t o  e p i d o t e  and c l a y  minerals .  Zeno- 
l i t h s  a r e  vaguely o u t l i n e d  by an inc rease  i n  ep ido te  a l t e r -  
a t i o n  and magnetite near  t h e i r  borders.  They a r e  cornonly 
composed of euhedral  f e l d s p a r s  i n  randorr o r i e n t a t i o n  w i t h  
i n t e r s t i c i a l  aua r t z .  Others conta in  fragmented hornblende 
and pyroxene phenocrysts which may show herca t i t ic  borders .  
Rarely q u a r t z - c a l c i t e  ve ins  a r e  observed c r o s s c u t t i n g  
matr ix  and c r y s t a l s .  

Mode 

f e l d s p a r  60% 
quar tz  20% 
diopsi3ec-augi te  10% 
i r o n  oxide 8% 
hornblende 22  

Comments 

The rock i s  of p y r o c l a s t i c  o r i s i n ;  poss ib ly  der ived  
by sedimentary canabalism of  c r y s t a l  t u f f  horizons durinq 
weathering. Much of t h e  m a t e r i a l  depos i ted  was q u i t e  
s i l i c e o u s  and s i v e s  rise t o  a f i n e  impalpable matr ix  sup- 
p o r t i n s  l a r g e r  z e n o l i t h i c  fraqments of  t u f f  and p o r ~ h > ~ * -  
The rock has been ex tens ive ly  h y d r o t h e m a l l y  a l t e r e d  wi th  
f e l d s p a r s  going t o  c l a y  and ep ido te  and t h e  mafics show 
moderate c h l o r i z a t i o n .  





Sample - IW - 25 H e m a t i t i c  Tuff 

Petrography 
I 
I Fine-grained red  rock con ta in ing  h e m a t i t i c  c l a s t s .  

Lsotropic  and honoqeneous wi th  a few pyroxene c r y s t s .  
S l i g h t l y  magnetic and very  s l i g h t l y  calcareous.  

I n  s e c t i o n  l a r g e  (5mm) pyroxene g ra ins .  show varying 
degrees of replacement t o  e p i d o t e  and hematite.  Often 
hemati te  r i m s  r e m a n t  pyroxene (d iops id ic-augi te )  . The 
matr ix  c o n s i s t s  o f  a f i n e  fraqmental  t o  c l a s t i c  in tergrowth  
of  angular f e l d s p a r l h a r d s  somewhat a l t e r e d  t o  c l a y  and c a l -  
c i t e .  Hematite occurs  throughout t h e  matr ix  however i s  
concentrated near  r e l i c t  pyroxene. 

Mode 

quar t z  
f e l d s p a r  
pyroxene 
hemati te  
ep ido te  
calcite 

Comments 

The rock i s  tu f faceous  i n  o r i g i n  - poss ib ly  an 
accummulation of ash i n  o r  ox id iz inq  environment (emergent 
land  mass). Zoned pyroxene and f e l d s p a r  i n d i c a t e s  changes 
i n  magma composition d u r i n a  c r y s t a l l i z a t i o n .  The r i m  re- 
placement of pyroxene by hemat i te  may s i g n i f y  c i r c u l a t i n g  
ground waters .  



Sample-WH - 48  C r y s t a l  Tuff 

Petrography 

A f ine-grained purple-red rock conta in inu  i r r e g u l a r  
patches o f  hemati te .  A few black c r y s t a l  fragments a r e  
v i s i b l e  i n  hand specimen. Q u i t e  maanetic and very s l i g h t l y  
calcareous.  

I n  t h i n  s e c t i o n  t h e  rock i s  composed of  s l i g h t l y  
o r i e n t e d  euhedral  zoned-feldspar,  a e n e r a l l y  kao l in ized ,  and 
f r e s h  euhedral  pyroxene ( d i o ~ s i d i c - a u q i t e )  'o f ten  twinned 
and showina hour a l a s s  s t r u c t u r e .  There i s  much evidence 
f o r  l a r a e  i r r e g u l a r l y  rounded c a v i t i e s  wi th in  t h i s  mat r ix  
( c r y p t o c r y s t a l l i n e  q u a r t z - f e l d s ~ a r )  which a r e  now f i l l e d  
wi th  hemat i te ,  chelcedony and c h l o r i t e  ( p e n n i n i t e ) .  

Mode 

quar t z  5% 
f e l d s p a r  65% 
pyroxene 15% 
hemati te  10% 
ep ido te  3% 
c h l o r i t e  2% 

Comments 

A c r y s t a l  t u f f  composed of f e l d s p a r  and pyroxene 
which was r a t h e r  loose ly  consol ida ted  before  quartz: and 
hemati te  ce~en tec?  t h e  c r y s t s  and miarated i n t o  m i a r o l i t i c  
c a v i t i e s  and causing hreakc!own of t h e  f e l d s p a r s .  



Sample - WH - 87 Tuff 

Petrography 

A medium-grained mot t l ed  rock com~osed  of  euhedra l  
f e l d s p a r  c r y s t s  (1-21rrn) i n t e r s p e r s e d  wi th  rounded dark-srey 
c l a s t s .  Q u i t e  s r a n u l a r  i n  t e x t u r e .  The rock is  s l i g h t l y  
magnetic and e f f e r v e s c e s  moderately when t e s t e d  w i t h  d i l u t e  
HC1. 

I n  s e c t i o n  t h e  rock e x h i b i t s  f r e s h  t o  completely  
a i t e r e d  f e l d s p a r  and pyroxene i n  a s r a n u l a t e d  quar tz - fe ldspar -  
c h l o r i t e  ma t r ix  i n  which a c i c u l a r  a c t i n o l i t e ,  chalcedony, 
ragged c a l c i t e  pa tches  and hemat i t e  occur.  

Mode 

f e l d s p a r  35% 
pyroxene 20% 
ma t r ix  30% 
a c t i n o l i t e  5% 
hemat i te  5% 
q u a r t z  5% 
e p i d o t e - c h l o r i t e  5% 

Comments 

Th i s  rock i s  Likely a t u f f  t h a t  was reworked 
through sedimentary processes  and l a t e r  s u b j e c t e d  t o  thermal 
metamorphism. 



Sample - FJH - 88 Tuff 

Petrography 

A f ine-grained brown-grey c l a s t i c  showinq small  
white  c r y s t s  i n  an inho~oaeneous ly  coloured and fraqmental 
matrix.  There appears t o  be a concent ra t ion  of hemati te  
near  t h e  borders  o f  f r a m e n t s .  The rock i s  non-magnetic 
and non-calcareous. 

I n  s e c t i o n  t h e  rock c o n s i s t s  of  fragmented f e l d s ~ a r  
g fa ins  which a r e  zoned and q u i t e  f r e sh .  These a r e  suspended 
i n  a green-yellow c h l o r i t i c  r a t r i x  conta in inf f  granula ted  and 
h ighly  a l t e r e d  hornblende wi th  i r r e g u l a r l y  d i s t r i b u t e d  hemo- 
l i t e .  

Mode 

q u a r t z  ' 2% 
f e l d s p a r  70% 
hornblende 10% 
hemati te  5% 
c h l o r i t e  15% 

Comments 

The rock i s  a t u f f  wi th  an i n t e r e s t i n q  matr ix .  
There i s  a s l i a h t  suqaes t ion  o f  o o l i t i c  qrowth wi th  c h l o r i t e  
a s  t h e  predominant c o n s t i t u e n t .  Perhaps a rock derived from 
winnowing o u t  of t h e  mafic c o n s t i t u e n t s  a s  very f i n e  d e b r i s  
by oxygenated groundwaters dur ing  ash  f a l l .  



Sample - Wk - 89 Tuff 

Petrography 

1 Somewhat similar to WH-87. A liaht grey fine- 
grained rock corposed of dark rounded clasts in a licht 
grey matrix. The rock is non-magnetic and very calcareous. 

In section this rock is similar to wH-87 with much 
sparry calcite growth. The fraqmented feldspar fraqments 
have extinction angles indicating a plagioclase content of 
An44. 

Mode 

quartz 
- calcite 

hematite 
feldspar 
pyroxene 

Comments 

This rock has a similar origin to TGT-87. Likely a 
reworked andesitic tuff deposited in a chemical sedimentary 
environnent and metamorphosed. 



Sample - WH - 9 2  Reworked Tuff 

Petrography 

A yellow-grey n o t t l e d  rock which is  f i n e  t o  medium- 
gra ined  with rounded f e l d s p a r  c l a s t s  (2-3mm) i n  a f ine -  
grained urey matrix.  The rock i s  i s o t r o p i c ,  horrogeneous, 
non-magnetic and s l i g h t l y  ca lcareous  along f r a c t u r e s .  

I n  s e c t i o n  t h e  rock i s  composed of l a r g e  f e l d s -  
p a t h i c  z e n o l i t h s  of  c r y s t a l  t u f f  ( s i m i l a r  t o  WIT-17). The 
matr ix  between roundect c l a s t s  a r e  f i l l e d  w i t h  spa r rv  c a l c i t e ,  
penn in i t e  ( i n  r a d i a t i n q  growths) and very f i n e  c r y p ~ a c r y -  
s t a l l i n e  quar t z ,  

Mode 

q u a r t z  
f e l d s p a r  
pyroxene 
hornblende 
ep ido te  
c h l o r i t e  
hemati te  

Comments 

This  rock f o m e d  bv sedimentary canabalism of 
unconsolidated tuf faceous  ma te r i a l .  I n t e r s t i c e s  and cavi -  
t ies w e r e  i n f i l l e d  by q u a r t z  ( a s  chalcedony) and c a l c i t e  
p r e c i p i t a t i n g  o u t  of p e r c o l a t i n g  f l u i d s  which a l s o  cawed 
hydrothermal a l t e r a t i o n  of t h e  e x i s t i n q  mineraloqy. 
Metamorphism caused r e c r y s t a l l i s a t i o n  and porphyrob las t i c  
g r a i n  arowth . 



Sample - WH - 98 Impure P y r i t i c  Chert  

Petrography 

A very  f i n e l y  laminated rock showing development of 
spa r ry  c a l c i t e .  The rock is  p a l e  grey i n  colour ,  d i s s e r -  
i n a t e d  wi th  p y r i t e ,  non-magnetic and non-calcareous except  
i n  a r e a s  showing spa r ry  c a l c i t e  arowth. 

I n  s e c t i o n  t h e  rock c o n s i s t s  of c r y p t o c r y s t a l l i n e  
brownish-colourei! qua r t z  d i s s e ~ i n a t e d  by p y r i t e .  Near 
sga r ry  c a l c i t e  l a r q e  p o i k i l o b l a s t s  of  ac t ino l i t i c -hornb lende  
occur  i n  random o r i e n t a t i o n .  P y r i t e  may a l s o  show porphyro- 
b l a s t i c  tendencies  and i n  p laces  coalesce  i n t o  ragaed cubes. 
Laminations a r e  discont inuous and defined by brown colcur-  
a t i o n  and v a r i a t i o n  i n  p y r i t e  content .  Layers devoid of  
p y r i t e  show s e r i c i t e  urovth i n d i c a t i n a  t h e  matr ix  is a  very 
f i n e  clay-quartz .  

Mode 

quar t z  60% 
c l a y  20% 
p y r i t e  l r 3 %  
c a l c i t e  5% 
hornblende 5% 

Comments 

Th i s  rock i s  a  c a l c i - c l a y  c h e r t  which o r i g i n a t e d  
under reducina condi t ions .  I t  was l a t e r  metamorphosed which 
caused r e c r y s t a l l i z a t i o n  and porphyrob las t i c  growth of  p y r i t e  
and ac t ino l i t i c -hornh lenee  nea r  areas of s p a r r y  c a l c i t e  
growth. 



Sample - WH - 99 Impure Tuff 

Petrography 

A medium-qained, arey-white r~ot t l -ed  rock composed 
o f  white  f e l d s p a t h i c  c l a s t s  i n  a dark grey matr ix ,  Small 
f r a c t u r e s  e x h i b i t  i r o n  s t a i n i n g .  The rock i s  non-magnehic 
and non-calcareous, 

I n  s e c t i o n  fraqmented zoned f e l d s p a r  a r a i n s  occur  
i n  a f i n e  quar tz-c lay  n a t r i x ,  The matr ix  m a t e r i a l  has under- 
gdne ex tens ive  porphyrob las t i c  r e c r y s t a l l i z a t i o n  t o  a c t i n -  
o l i t ic -hornblende  and t h e  rock o f t e n  appears  wi th  fraamented 
f e l d s p a r s  enclosed by amphibole. W i n s  i n  f e l d s p a r  a r e  
o f t e n  deformed and many q r a i n s  a r e  unzoned. Twin rneasure- 
ments i n d i c a t e  a  p l a g i o c l a s e  con ten t  of  Fn30. 

Mode 

q u a r t z  20% 
c l a y  20% 
f e l d s p a r  50% 
a c t i n o l i t e  10% 
opaques acc. 

Comments 

This  rock i s  a h igh ly  r e c r y s t a l l i z e d  quartzo-clay 
t u f f  a s  may he produced hv winnowina of a very f ine-grained 
ash f a l l ,  Metamomhic r e c r y s t a l l i z a t i o n  i s  r e s t r i c t e d  t o  
t h e  matrix.  



Sample - WH - 101 Myrmekitic Tuff 

Petrography 
I 

I 
A l i g h t  reddish-brown f i n e  t o  medium-grained rock 

showing l i s h t  and dark coloured c l a s t s  i n  a f ine-grained 
matrix. I t  i s  p a r t i c u l a r l y  i s o t r o p i c  an2 homogeneous i n  
appearance. The specimen i s  q u i t e  maanetic and non-cal- 
careous . 

I n  s e c t i o n  equant and euhedral  zoned f e l d s p a r  s r a i n s  
a r e  suspended i n  myrmekitic quar t z - fe ldspar  intergrowth.  
Often t h e  borders  of  t h e  f e l d s p a r  q r a i n s  a r e  sca l loped wi th  
mymekite.  Act inol i t ic -hornblende  a l s o  occurs  a s  an i n t e r -  
s t i c i a l  phase and sore t imes  a s  a c i c u l a r  porphyroblasts .  

Mode 

q u a r t z  10% 
f e l d s p a r  85% 
a c t i n o l i t e  5% 
magnetite acc. 

Comments 

This  rock could be a  c r y s t a l  t u f f  s i m i l a r  t o  W7-99 
however cons is ted  of c l o s e l y  packed f e l d s p a r  g r a i n s  and 
l i t t l e  matr ix  ma te r i a l .  During metanorphism t h e  quartzo-  
f e l d s p a t h i c  components r eac ted  t o  r e c r y s t a l l i z e  a s  mymekite .  
I n  a reas  of  minor c a l c i t e  ac t ino l i t i c -hornb lende  qrew as  
porphyroblasts.  I t  i s  a l s o  p o s s i b l e  t h e  f e l d s p a r s  and myrme- 
k i t e  a r e  iqneous i n  o r i g i n  and t h e  rock is  a s i l l  o r  flow. 



Sample - WH - 115 Q u a r t z  Hornblende D i o r i t e  

Petrography 

1 A dark green and whi te  mot t led  rock wi th  inhomo- 
geneous d i s t r i b u t i o n  of  f e l s i c  and mafic c o n s t i t u e n t s .  
It  has a gabbroid t e x t u r e  where t h e r e  is  a concent ra t ion  
of fe ldspar .  The mafic r eg ions  a r e  q u i t e  f ine-gra ined ,  
very magnetic and has a p o s i t i v e  r e a c t i o n  t o  HC1 only  along 
minute f r a c t u r e s .  

I n  s e c t i o n  t h e  rock c o n s i s t s  of medium and f ine -  
gra ined  a r e a s  of  interarown euhedra l  hornblende and subhedral  
t o  anhedral  zoned f e l d s p a r  and quar t z .  Amphibole i s  gener- 
a l l y  f r e s h  and una l t e red  excep t  where it i s  c o ~ p l e t e l y  
replaced by penn in i t e  and c a l c i t e .  Feldspars  a r e  usua l ly  
a l t e r e d  t o  c a l c i t e ,  e p i d o t e  and c lay .  

Mode 

f e l d s p a r  
hornblende 
quar t z  
maqneti t e  

Comments 

The rock is a q u a r t z ,  hornblende d i o r i t e  showing 
what could be i n t e r p r e t e d  a s  e f f e c t s  of  complete a s s imi l -  
a t i o n  which r e s u l t  i n  t h e  heterogeneous n a t u r e  and varying 
t ex tu re .  



Sample - WH - 197 P o r p h y r i t i c  Andesite 

Petrography 

A dark n e l a n o c r a t i c  porphyry wi th  l a r q e  (.5cm) 
phenocrysts o f  pyroxene occurinq i n  a dark s l a t e -q rey  
matrix.  The rock i s  non-maanetic. 

I n  s e c t i o n  l a r g e  a u g i t e  and, more r a r e l y ,  hornblende 
c r y s t a l s  l i e  i n  a f ine-urained matr ix  of  i n t e r l o c k i n a  s u b  
hedra l  p lag ioc lase .  The mafics sometimes occur  i n  polycry- 
s t a l l i n e  aggregates  and a r e  usua l ly  anhedral  and rounded i n  
shape. Borders of  phenocrysts a r e  ragged and show a concen- 
t r a t i o n  of  ep idote .  Penn in i t e  o f t e n  develops along f rac -  
t u r e s  ac ross  t h e  mafic a r a i n s  and ch l inoch lo re  occurs  i n  
v e s i c u l e s  wi th in  t h e  matr ix .  

q u a r t z  
f e l d s p a r  
ep ido te  
a u q i t e  
hornblende 

Comments 

The rock i s  a p o r p h y r i t i c  a n d e s i t e  which shows 
c h a r a c t e r i s t i c s  which nay he expected i n  a th.ick flow. 



Sample 204 P o r p h y r i t i c  Tuff 

Petrography 

i A mesocra t ic  porphyry wi th  l i q h t  green phenocrysts 
(i cm) and dark green c r y s t s  ( - 3  c m )  occur r ing  i n  a  brown 
f ine-grained matr ix .  The rock i s  q u i t e  magnetic and moder- 
a t e l y  calcareous.  

I n  s e c t i o n  l a r a e  phenocrysts  of  f r e s h  p o i k i l i t i c  
d iops ide  and s f i a l l e s  completely a l t e r e d  f e l d s p a r  occur  i n  
a very f i n e  aua r t2o- fe ldspa th ic  matr ix  i n  which hemati te  
and maunetite a r e  disseminated. Borders on t h e  pyroxene 
q r a i n s  a r e  sharp.  C a l c i t e  and an enerald-areen ~ i n e r a l  , 
poss ib ly  a  c h l o r i t e  o r  an o r g a n i c  i r o n  compound occur  
l o c a l l y  i n  t h e  around mass. 

Mode 

matr ix  50% 
pyroxene 20% 
f e l d s p a r  20% 
I r o n  oxide 10% 

Comments 

This  rock i s  problematic  i n  o r i g i n  a s  it shows 
t r a i t s  a t t r i b u t a b l e  t o  both  i n t r u s i v e  and p y r o c l a s t i c  pro- 
cesses .  The l a r a e  unf rac tu red  $iopsid-e and f e l d s p a r  a r a l n s  
sugges t  an igneous o r i u i n .  The f i n e  c l a s t i c  n a t u r e  t o  t h e  
matr ix  and t h e  occurence o f  ground xnass hemat i te  i n d i c a t e s  
a tuf faceous  o r i s i n .  



APPENDIX B 

Petrography and Chemical Analyses of Se lected  
Spechens  from the  Vhitehorse Copper B e l t  

Petrography by N.A.  Duke 

(sample locations are plotted on map inside of back cover) 



Sample - G - 1 Quar tz  D i o r i t e  

Petrography 
I 

I I n  hand specioen t h e  rock i s  f i n e  t o  coarse  s r a i n e d  
wi th  l a r g e  ( .5cm) hornblende a r a i n s  and smal l e r  ( -2cm) 
white  f e l d s p a r  c r y s t s  inhomoaeneously d i s t r i b u t e d  i n  a 
l i g h t  grey q u a r t z i t i c  matr ix .  Garnet is an accessory 
observed i n  t h e  hand specimen and occurs  wi th ih  t h e  matr ix  
mater ia l .  The rock i s  m i t e  nagne t i c  and shows good 
c h l o r i t e  a l t e r a t i o n  wi th  disseminated p y r i t e  along f r a c -  
t u r e s .  

I n  s e c t i o n  t h e  rock e x h i b i t s  an a l lo t r iomorph ic  in- 
equigranular  t e x t u r e .  P l a g i o c l a s e  g r a i n s  a r e  normally 
zoned An40 - An20 wi th  the more c a l c i c  co res  commonly 
a l t e r e d  t o  c l a y  ~ i n e r a l s  an2 s e r i c i t e .  The l a r g e r  plagio-  
c l a s e  g ra ins  tend t o  be subhedra l  i n  shape, however g r a i n  
boundaries a r e  s e r i a t e  and polygonized. Hornblende occurs  
i n  l a r g e  p o i k i l i t i c  s r a i n s  and i n  p o l p i n e r a l i c  aggregates  
wi th  bioti te, ,sphene, masne t i t e ,  a p a t i t e  and c h l o r i t e .  The 
ground mass is  composed of a polyqonal aggregate  of  quaxtz ,  
f e l d s p a r  and b i o t i t e .  

Mode Descr ip t ion  

p l a g i o c l a s e  
hornblende 
quar t z  
b i o t i t e  
c h l o r i t e  
sphene 
a p a t i t e  

ga rne t  
magnetite 
p y r i t e  

Comments 

50% subhedral  - anhedral  
25% subhed-ral - anhedral  
15% i n t e r s t i c i a l  ground mass 

5% anhedral  i n  ground mass 
2% a l t e r a t i o n  of  hornblende 

acc,  
a c c  . a s s o c i a t e d  with mafic agg- 

r e g a t e  i n  q u a r t z i t i c  ground 
acc,  

3% 
acc. 

mass 

The rock i s  a q u a r t z  d i o r i t e  t h a t  has  l i k e l y  been 
s u b j e c t  t o  contamination by ass imi la ted  w a l l  rock. I ts  in-  
equigranular  n a t u r e  and inhomogeneous mineral  d i s t r i b u t i o n  
is  i n d i c a t i v e  of  l o c a l  va r i ance  i n  t h e  composition of  t h e  
m e l t  from which it formed. Xuch of  t h e  q u a r t z  mat r ix  may be 
a t t r i b u t e d  t o  metasomatic processes  and on in t roduc t ion  the 
q u a r t z i t i c  m a t e r i a l  r e a c t e d  wi th  e x i s t i n g  f e l d s p a r  g r a i n s  
causing_embayed borders .  The a l t e r a t i o n  of  t h e  f e l d s p a r s  
to  c l a y  and s e r i c i t e  p l u s  t h e  occurrence of c h l o r i t i z e d  
f r a c t u r e s  i s  l i k e l y  hydrothermal. 



Sample 0 7  Dacite Porphyry 

Bulk Chemical Analysis 

sio2 

A1203 
Ti02 

Fe203 Total 
MnO 

I 
M g O ;  
CaO 
Na20 

KP 
'2O5- 
L.O.1, 
Total 

Trace Elements 

Petrography 

A light grey, fine-grained porphyry consisting 
of chalky-white,euhedral feldspar phenocrysts and 
dark green, subhedra1,chloritized amphibole pheno- 
crysts in a quartzitlc matrix, Small concentrations 
of chalcopyrite arc observed associated with the 
chloritized amphibole. Moderately magnetic. 

In thin section the rock consists essentially 
of quartz-feldspar; minor minerals include chlorite, 
hornblende, sphene, epidote, biotite, chalcopyrite, 
magnetite, sericite and clay minerals. The texture 
is porphyritic with zoned feldspar phenocrysts 
in an annealed quarzitic matrix. 

Mode - 
quartz 

feldspar 

chlorite 

hornblende 

sphene 

epidote 
biotite 
chalcopyrite 

magnetite 

Description 

55% strained anhedral grains with 
sericite borders 
35% zoned phenocrysts, highly 
altered to kaolin and sericite. Twin 
measurements give An20 
4% pale green chlinochlore, secondary 
after hornblend + feldspar 
3% green brown pleochroism - highly 
altered to chlorite 
1% unaltered subhedral grain associate 
with magnetite 

alteration product of feldspar 
1% associated with chlorite alteration 
anhedral grains associated with 
ferromagnesian minerals 
subhedral grains with sphene and 
anhedral grains with chloritic 
alteration 

As indicated by both its chemical analysis and petrographic nature this - rock is dacitic in composition. The specimen shows a great deal of alteration, 
probably due to hydrothermal alkali metasomatism causing breakdown of the normally 
zoned oligoclase to andesine phenocrysts to clay minerals, sericite mica epidote 
and chlorite. Much of the quartz matrix may also have been introduced meta- 
somatically, in some cases reacting with the borders of the feldspars and developicg 
a mortar texture between feldspar and recrystallised quartz. The anhedral altered 
aggregates of ferromagnesian minerals suggests these crystallized with quartz. 
Evidence suggest a late stage intrusion which' has undergone hydrothermal alteration. 



48. 

Sample 0 8  Diopside-Garnet-Skarn 

Bulk Chemical Analysis 

sio* 1 
A1203 

TiO* 

Fe203 Total 
MnO 
Mso 
Cao 
Na20 

K2° 

'2'5 
L.0,I. 
Total 

Trace Elements 

Petrography 

In hand specimen t h i s  rock i s  buff-brownish-green 
and composed of la rge  inter locking zoned garnets 
separating i r regular  phases t h a t  a r e  garnet f r e e  and 
c a l c i t e  r ich.  Commonly the garnet cores a r e  a 
dark green-brown and t h i s  is  surrounded by l i g h t  
buff brown zone which may be .rimmed by dark brown outer 
zone. The rock i s  non-magnetic. Accessory amounts 
of va l l e r i t eand  chalcopyrite occur i n t e r s t i t i a l  t o  
t h e  zoned garnets. 

Microscopic observation confirms the highly 
inter locking tex ture  of the  zoned garnets. Diopside 
pyroxene i s  l i b e r a l l y  disseminated throughout with 
no indicat ions  of local  concentrations. Calcite,  
t he  only other  mineral observed i n  t h in  sect ion occurs 
i n  i r r egu la r  patches between intergrowths of zoned 
garnet. Accessory opaque minerals a r e  associated 
w i t h  calcite. 

Mode - Description 

garnet (Andradite-Grossular) 85% zoned and anomalously 
birefr ingent  

diopside 12% rounded anhedral grain 
c a l c i t e  3% la rge  op t ica l ly  con- 

tinuous grains poikiol i t -  
i c a l l y  enclosing diopside 
and opaques 

OPaque accessory 

This rock i s  a diopside-garnet skarn with l i t t l e  evidence remaining which 
is suggestive of the  parent rock. The nature of the  rock would suggest a f a i r l y  
homogeneous l iquid of the  composition a s  shown. Small (.5 mm) diopside grains 
c rys ta l l i zed  and these w e r e  later p o i k i o l i t i c a l l y  included i n  large garnet,  c a l c i t e  
grains. Local f luctuat ions  i n  t he  chemistry of t he  metasmatic  f l u i d  caused 
zonation of t he  garnets. 



Sample 0 9  

Bulk Chemical Analysis Petrography 

sio2 

*'2'3 
Tiof 

Fe203 Total  
Mno 
MgO 
Cao 
Na20 

K2° 

'2'5 
L.O.I. 
Total  

Trace Elements 

Comments 

This rock i s  a very inhomogeneous, composed of 
l i g h t  buff-grey and dark green-brown phases, The 
green-brown areas a r e  essen t ia l ly  similar t o  
sample 0 8  however here the  diopside garnet skarn 
contains la rge  (1  cm.) bornite,  chalcopyrite 
concentrations i n t e r s t i t i a l  t o  zoned garnets. 
Contacts between the  garnet r i c h  skarn phases and 
the  l i g h t  buff grey areas  a r e  i r regular  with diopside 
garnet skarn projections in to  and apparently 
replacing the  l i g h t e r  rock. 

I n  t h i s  section the rock shows two stages of - 
metasomatism. The l a t e r  s tage of diopside-zoned 
garnet skarn i s  replacing diopside-unzoned garnet- 
vesuvianite skarn with which s l i g h t l y  more c a l c i t e  
i s  associated. The mode of the  l a t t e r  i s  given below. 

Mode - 
garnet unzoned 

diopside 
vesliviani t e 

quartz 
opaques 

Description 

60% many minute diopside, epidote, vesuvianit  
inclusions 
25% generally small i r regular  shaped grains 
15% unzoned, low birefringence, small 2v. 
a l t e r ed  t o  diopside + garnet 
acc. observed rimming opaques 
acc. l a rge  anhedral grains  

The re la t ionships  between d i f f e r en t  skarn assemblages a r e  obscure however 
it w u l d  appear t h a t  the  skarn having la rge  zoned garnets and the  copper mineralizatio 
i s  l a t e s t ,  o r  a t  l e a s t  the  most a l te red  with respect t o  t he  parent rock which has 
been replaced. This would indicate  t he  diopside-unzoned garnet-vesuvianite 
skarn r e f l e c t s  t he  or ig ina l  composition c loser  than the  diopside zone-garnet- 
skarn and may ind ica te  a clayey limestone a s  a source f o r  metasomatic f l u ids  
(ie. such a s  could be originated from stoped and p a r t i a l l y  o r  wholely fused 
sedimentary r a f t s  by the  igneous intrusion.  



Bulk Chemical Analysis 

"l2O3 

TF02 

Fe203 Total 
Mno 
MgO 
cao 
Na20 

K2° 

'2'5 
L.O.I. 
Total 

Trace Elements 

SO. 

Sample 0 1 0  Grey Marble 

Petrography 

A slategrey, crystalline, medium-grained rock 
composed of calcite. No relict structures are 
observed. 

The texture is crystalline, with interlocking 
elongate crystals giving a dimensional preferred 
orientation (granoblastic-elongate texture). In- 
dividual grain boundaries are irregular to sinuous. 
Accessory minerals are disseminated throughout and 
consist of minute granules of diopside and possibly 
a few srnall grains of zoned vesuvianite. A minute 
veinlet of quartz crosscuts the preferred orientation 
of the calcite grains. 

Mode - Description 

calcite 98% granoblastic-elongate 
diopside 2% small rounded grains 
vesuvianite acc small grains of high relief and 

low birefringence 

This rock probably formed by completely recrystallising a limestone with 
no addition or loss of material apart from a very late introduction of quartz 
along minute fractures. It is interesting that the rock should have a preferred 
orientation of the calcite grains. This may reflect a directed pressure 
variable during recrystallization or possibly original campositional inhomogeneities 
of the limestone controlled the recrystallization, i.e. the elongate calcites 
grew preferentially along bedding. 



Sample 0 1 1  Marble 

Bulk Chemical Analysis 

SM2 I 
1 

A1203 ' 
Ti02 

Fe203 Total 
Mno 
Mgo 
CaO 
Na20 

K2° 

'2'5 
L.O.I. 
Total 

Trace Elements 

Petrography 

A fine-grained, white, crystalline rock crosscut, 
into angular zones, by irregular grey phases and minute 
intersecting fractures. The rock is composed of 
calcite, is non-magnetic and has trace amounts of 
chalcopyrite (one small grains,was observed). 

Texturally the rock is similar to G-10 however the 
calcite grains do not show such a preferred orientation. 
Minute granules of epidote are disseminated throughout. 
Both the calcite twins and cleavage traces show minor 
deformation (bent) particularly near grain boundaries. 
Rarely faint lines of opaques are observed on minute 
intergranular fractures. 

Mode 

calcite 99 
epidote 1 

This marble possibly recrystallized from a more massive and slightly purer 
limeston than G-10. Evidence suggests that the opaque minerals are introduced 
into the rock as intergranular phases or perhaps were reconstituted as inter- 
granular pore fluids during the recrystallization of the calcite. 



Sample 0 1 5  

Bulk Chemical Analysis Petrography 

sio2 

"l2O3 
Ti02 

Fe203 Total 
MnO 
MgO 
cao 

52O 
Na20 

'2'5 
L.O.I. 
Total 

Trace Element 

In hand specimen the rock is medium to coarse 
grained, inequigranular. Large plagioclase grains 
have a tendency to coalesce forming aggregates up 
to 1 cm in diameter. Hornblende occurs as large 
solitary grains in random orientation and disseminated 
throughout the rock. Quartz and biotite occur 
interstitial to the plagioclase and hornblende grains, 
The rock shows slight chloritic alteration along 
fracture surfaces. 

Microscopic observation confirms the hypidio- 
morphic inequigranular texture observed in hand 
specimen. Plagioclase grains are normally zoned 
An42 (core) Anla (rim). These grains, particularly 
core areas are altered to sericite and epidote. 
Subhedral hornblende grains may or may not be 
completely altered to chlorite. Quartz and biotite 
anhedra occur interstitial to the plagioclase and 
hornblende. 

Mode Description 

plagioclase 70% euhedral-subhedral 
hornblende 8% euhedral-subhedral 
quartz 10% anhedral 
biotite 5% anhedral 
chlorite 5% alteration 
magnetite 2% associated with all ferromagnesian 

silicate 
sphene accessory subhedral 

Comments 

This rock is a quartz-diorite exhibiting classic textures for this rock 
type Olypidimorphic inequigranular). The high felsic and low ferromagnesian 
content plus the texture indicate a quite viscous magma of low ionic mob-ility - 
the grains tending to nucleate in clusters. This rock shows definite similarities 
to the quartzose porphyry G-7 which may represent a latter differentiate of the 
same magma. The alteration of the plagioclase and ferromagnesian is very likely 
deuteric. 



Sample 6-17 Ap l i t i c  quartz-diorite 

Bulk Chemical Analysis 

Si02 

A1203 
TiO* 

Fe203 Total 
MnO 
MgO 1 
Cao 

K2° 
Na20 

'2'5 
L.O.I. 
Total 

Petrography 

A fine-grained phanerite mottled by l i g h t  and 
dark minerals. The dark t o  l i g h t  mineral r a t i o  i s  
about 1:2. The rock i s  shot through by a stockwork 
of minute ve in l e t s  with associated pink colouration 
probably indicat ive of potass ic  metasomatism. Near 
these ve in l e t s  the  ferromagnesian minerals appear 
t o  have been a l te red  t o  ch lo r i t e  and the  feldspars 
a r e  a chalky white i n  colour. The rock i s  qui te  
magnetic and the  ve in l e t s  show reaction to  EC1. 
The rock i s  ch lor i t i zed  along fractures.  

I n  t h in  sect ion the  rock i s  composed of in te r -  
locking anhedral grains giving the  rock an 
allotramorphic granular o r  a p l i t i c  texture. The rock 
is  e s sen t i a l l y  composed of plagioclase and hornblende. 
Minor minerals include quartz, magnetite, ch lo r i t e ,  
sphene, epidote s e r i c i t e .  

Trace Elements Mode Description 

plagioclase 

hornblende 

ch lo r i t e  

magnetite 

s phene 

epido t e 
s e r i c i t e  
quartz 

75% zoned ol igoclase  everywhere a l te red  t o  
s e r i c i t e  and epidote 
15% green t o  buff pleochroism generally 
f resh  with l i t t l e  ch lor i t i za t ion  
3% a s  a l t e r a t ion  of hornblende and to  a 
lesser extent of plagioclase 
2% subhedral t o  anhedral grains  disseminate6 
throughout rock 
1 rare subhedral grains generally with 
opapue 
ace. a l t .  of plagioclase 
acc. a l t .  of plagioclase 
4% s m a l l  anhedral grains 

Possibly a f i n e  grained border zone o r  dike rock associated t o  quartz-diorite 
(0.15). Rock probably has undergone hydrothermal a l t e r a t i o n  near f rac tures  - 
t he  hydrothermal f l u ids  r i ch  i n  potassium. The rock c rys ta l l i zed  quickly with 
no w e l l  developed gra in  habi t s  f o r  any mineral species. 



Bulk Chemical Analysis 

Sample G-18 

Petrography 

I 
Si02 i 61.50 This rock i s  s imilar  i n  hand specimen t o  G-17. It 

18. OO* 
is  a massive f i n e  grained phanerite, l igh t -  grey green 

"2'3 ' i n  colour. The rock i s  non-magnetic and pyr i te  i s  
Ti02 .58 disseminated throughout. There i s  well developed 

3.91 
c h l o r i t e  on f r ac tu re  surfaces, 

Fe203 Total The rock i s  s imilar ly  textured to  specimen G-17 
MnO .05 however shows more pervasive a l t e r a t i o n  of 
N30 1.25 both plagioclase and hornblende. 
CaO 3.80 
Na20 5.30* Mode Description 

K2° 
1.55 plagioclase  80% highly a l t e r ed  to  s e r i c i t e ,  show 

'2'5 
.202 prominent a l b i t e  twinning 

3.38 
hornblende 5% a s  r e l i c t  grains  i n  ch lo r i t e  

L.O.1. c h l o r i t e  10"/, a l t e r a t i o n  of plagioclase and 
Total 99.25 s e r i c i t e  hornblende 

opaques 1% disseminated 
Trace Elements c a l c i t e  3% disseminated 

68 
sphene acc. associated with f erromagnesian. 

Cu 

This rock i s  an a l te red  va r i e ty  of 0 1 7  which has undergone intensive hydro- 
thermal a l terat ion.  The fe ldspars  a r e  s e r i c i t i z e d  and a lb i t i zed ,  the  hornblende 
chlorit ized.  The chemical analysis  shows the  rock increased i n  81203 and Na20 
content while it dropped i n  Si02. The hydrothermal f l u i d s  were probably r i c h  
in  alumina and soda and leached s i l i c a  from t h e  rock, p rec ip i ta t ing  out sulphides 
as the  plagioclase and hornblende underwent hydration. 



Sample 019 Dolomitic Marble Recamend Probing to 

Bulk Chemical Analysis 

Si02 2.69 

A1203 0.20 

Ti02 -04 

Fe203 0.30 

MnO .07 
Mgo 21.30 
CaO 30.80 
Na20 0.10 

K2° 008 

'2'5 ,112 

L.O.I. 45.30 
Total 100.99 

Trace Elements 

Cu 12 
Pb 66 
Zn 14 
Ag 2.0 
Au ,0035 

Comments 

This rock is very 

identify minerals 

Petrography 

In hand specimen this rock is similar to G-10- 
light grey, crystalline, carbonate having a less 
violent reaction to dilute HC1. The hand specimen 
exhibits a planar structural feature defined by 
small parallel lenses and stringers of calcite. 
These are transected by minute calcite veinlets. 

In thin section the rock exhibits a granoblastic 
polygonal texture with iridividual grains generally 
having sinusoidal to straight borders and in triple 
point junction with other grains - a near equilibrium ' 

texture. The specimen is composed essentially of 
calcite and dolomite with minor minerals including 
magnetite, brucite and diopside. Magneslte occurs 
as irregular phases intergrown with dolomite 
(where incipient alteration is intense these grains 
appear brownish), and as discreet grains.Brucite 
occurs as scaly aggregate which appear fibrous under 
cross nicols. 

Mode 

calcite 
do lomi t e 
magnesite 
bruci te 
diopside 

Description 

60% 
30% 
9% untwinned high birefringence 
acc. scaly aggregates 
acc. mall rounded grains 

likely a recrystallized dolomitic liaestone. Compositional 
differences in the original Eock give rise to ' boudinouged' ? high calcite lenses 
and stringers which define a planar feature to the rock. The rock shows a 
variety of magnesium bearing minerals which nucleated during recrystallization 
of the dolomite. 



5 6 .  

Sample 6-23 Magnetite Serpentine Skarn 

Bulk Chemical Analyses 

Ti02 

Fe203 Total 
MnD 
MgO 
cao 
Na20 

K2° 

'2'5 
L.O.I. 
Total 

Trace Elements 

Petrography 

A fine-grained, massive, yellow and black 
layered rock which is highly magnetic. It shows 
a moderate reaction to HCl , There is some antigornite 
plated out on fracture surfaces. 

In thin section the rock 'shows a pronounced 
granular texture with rounded grains of serpentine 
(antigorite) occurring in a framework of inter- 
stitial magnetite and minor calcite and epidote. 
Dolomite occurs as rare remnant grains, 

serpentine 66/.  
magneti te 30 
calcite 5 
epidote 3 
dolomite 

This rock possibly represents a metasomatised variety of 019. During the 
metamorphic period calcite was nearly totally leached from the rock; silica + 
iron was introduced, The dolomte recrystallized under these circmstances 
as serpentine and the iron was deposited interstitially to serpentine and 
preferentially along zones high in calcite (where there was less dolomite to 
react to form serpentine). There is no apparent quartz associated with the 
magnetite suggesting there was abundant Mg present and all the silica was 
used in the recrystallization to serpentine. The remnant dolomite would 
suggest that not enough Si02 was introduced to totally react with the dolomite. 



Bulk Chemical Analyses 

sio2 

2'3 

Ti02 

Fe203 Total 
mo 
mo 
Cao 
Na20 

K2° 

'2'5 
L.O.I. 
Total 

Sample G-25k ~ i o r i t e '  Dyke 

Petrography 

This d r i l l  core specimen i s  a grey green, very 
f ine  grained phanerite. Accessory amounts of 
sulphide, pyri te ,  possibly chalcopyrite i s  observed 
disseminated throughout the  rock. The sample i s  
non magnetic. 

The texture of the rock i s  intergranular to  
subophitic with randomly oriented subhedral plagio- 
c lase and a c t i n o l i t i c  hornblende. Minor minerals 
occurring i n t e r s t i t i a l  t o  the plagioclase and 
hornblende a r e  opaques (sulphide), epidote, ch lor l te ,  
sphene, r u t i l e ,  c a l c i t e  and quartz, The major 
minerals a r e  highly al tered,  plagioclase t o  s e r i c i t e  
and epidote,hornblende t o  ac tonol i t ic  hornblende 
and chlori te ,  

Mode - Description 

Trace Elements plagioclase 6 5 h o n e d  andesine 

64 
hornblende 30% pale green pleochroism - ac t inol i te -  

cu 
Pb 24 

s l igh t ly  feathery 

75 
ch lo r i t e  a l t e ra t ion  of hornblende 

Zn epido te a l t e ra t ion  of plagioclase and hornblend, 
Ag -65 s e r i c i t e  a l t e ra t ion  of hornblende 
Au .OOO sphene 3% anhedral patches disseminated i n  

i n t e r s t i t i a l  areas 
r u t  i l e  zcc.-1% accicular needles 
c a l c i t e  acc . 
quartz acc. 
sulphides acc. 

This is  probably a f ine  grained d i o r i t i c  dike rock o r  c rys ta l l ine  andesite 
containing minor sulphide mineralization. The rock shows extensive hydrothernal 
a l te ra t ion  however there i s  l i t t l e  evidence f o r  introduction o r  leaching of 
materials. 



Bulk Chemical Analy ses 
I 

Si02 ' 53.20 

Ti02 88 

Fe203 Total 
8.92 

MnO -13 
Mgo 4.90 
cao 9 .go 
Na20 3.40 

LeOoIo  1.76 
Total 101.04 

Trace Elements 

Cu 18 
Pb 14 
zn 57 
As -65 
Au ,000 

58 .  

Sample G-25h Diar i te  

Petrography 

rock 
A medium t o  coarse grained inequigranular/mottled 

white and dark green by aggregate concentration 
of hornblende and plagioclase. The rock i s  moderately 
magnetic. 

I n  sect ion the  texture exhibited i s  hypidio- 
morphic inequigranular with anhedral grains of 
quartz and sphene i n t e r s t i t i a l  t o  strongly interlocking 
aggregates of subhedral plagioclase and hornblende. 
The plagioclase grains a r e  very cloudy due to  incipient 
a l t e r a t i o n  t o  clay minerals and minor epidote. 
The hornblende, pleochroic from green t o  a buff 
brown may show r e l i c t  zones of pyroxene (augite). 
Minor hornblende i s  a l te red  t o  chlor i te ,  

Mode 

plagioclase 

hornblende 

clay minerals 
sericite 
epido t e 
quartz 
sphene 
ch lo r i t e  
magnetite 

Description 

60% zoned oligoclase - may be to t a l ly  
a1 tered 
30% intergrown with augite and 
generally unaltered 
2% augi te  i n  r e l i c t  grains i n  
hornblende 
a l t e ra t ion  of plagioclase 
a l t e ra t ion  of plagioclase 
a l t e ra t ion  of plagioclase 
4% i n t e r s t i t i a l  
19, i n t e r s t i t i a l  
2% a l t e ra t ion  of b rnblende 
1% associated with ferrornagnesian 
minerals 

This rock is of similar chemical composition and mineralogy a s  0 2 5 k  
however i s  coarser grained and the mafics a r e  l e s s  altered. Similar to  
sample G-15 the magmatic source w a s  l i ke ly  qui te  viscous causing the hetero- 
geneous dis t r ibut ion of the  f e l s i c s  and mafics. A l l  minerals observed appear 
primary except the a l t e ra t ion  products. 

' 



Sample 0.26 Quartz Dior i te  

Bulk Chanical Analysis 

sm2 

*l2'3 
Ti02 

Fe203 Total 
Mno 
Mso 
Cao 
Na20 

'2'5 
L.O.I. 

A medium grained, white and green mottled rock 
s imi la r  i n  appearance t o  G-25H. The mafic con- 
s t i t u e n t s  a r e  more homogeneously d i s t r ibu ted  and 
t h i s  gives the  rock a graphic o r  mortar texture  
appearance with the  hornblende out l ining the plagioclase 
concentrations. The rock i s  weakly magnetic. Near 
f r ac tu re  surfaces fe ldspars  a r e  chalky white, 
f r ac tu re s  are chlor i t ized.  

In t h i n  sect ion the  euhedral t o  subhedral 
fe ldspar  grains  b u t t  up against  one another i n  
random orientat ion.  Subhedral hornblende generally 
occurs intergrown with anhedral sphene and quartz 
i n t e r s t i t i a l  t o  the  feldspar. The texture  i s  
hypidiomorphic granular. 

Total  100.29 Mode Description 

Trace Elenent 

cu 12 
Pb 14 
Zn -41 
Ag -70 
A u  .0006 

plagioclase  

hornblende 

c h l o r i t e  
b i o t i t e  
quartz 

epido t e 
sericite 
magnetite 

60% zoned ol igoclase  - very cloudy 
t o  inc ip ien t  c lay a l t e r a t i o n  
25% - may be completely a l te red  t o  
c h l o r i t e  and epidote 
4% - a l t e r a t i o n  of hornblende 
2% 
8% i n t e r s t i t i a l  t o  plagioclase and 
hornblende 
1% i n t e r s t i t i a l  t o  plagioclase and 
hornblende 
a l t e r a t i o n  of plagioclase and hornbleadr 
a l t e r a t i o n  of plagioclase and hornblende 
associated with highly a l t e r ed  
hornblende 

Crystal l izat ion of the  hornblende was s l i g h t l y  l a t e r  than the  plagioclase 
but preceded quartz-sphsne c rys ta l l i za t ion .  The rock has undergone extensive 
hydrothermal a l t e r a t ion  part.cu&arly near rock fractures .  There i s  l i t t l e  
difference e i t he r  compasi t ional ly~ t ex tu ra l ly  among G-15, G-25H and G-26. 



Sample 0 2 7  Quartz-dior i te  d ike  

Bulk Chemical Analysis 

SU)2 I 

"2'3 
I 

Tia2 

Fe203 Tota l  
mo 
MgO 
Cao 
Na20 

K2° 

'2'5 
L.O.I. 
Tota l  

Trace Elements 

Petrography 

A f i n e  grained,  l i g h t  grey-green phaner i te  which 
i s  massive i n  appearance. The rock has a very weakly 
developed porphyr i t i c  o r  amygdoloidal appearance 
wi th  b leb- l ike  occurrences of epidotized fe ldspar  
in te r spersed  i n  t h e  mott led fe ldspar ,  quartz and 
maf ic  mineral  groundmass. The rock i s  non-magnetic 
and shows a moderate reac t ion  t o  HC1. 

When observed i n  t h i n  s e c t i o n  a l l  t h e  minerals  
show extreme a l t e r a t i o n ;  t h e  fe ldspar  t o  c lay  
minerals and s e r i c i t e , t h e  mafics completely t o  
c h l o r i t e  and epidote. Quartz and c a l c i t e  a r e  t h e  
most connnon minerals  observed i n  i r r e g u l a r  patches 
i n t e r s t i t i a l  t o  t h e  a l t e r e d  plagioclase  and hornblende 
however l a r g e  a g g r e g a t e o f  ep ido te ,ch lo r i t e  sphene 
and opaque mineral  a l s o  occur. 

Mode Descr ip t ion 

p lag ioc lase  4 5 h l t e r e d  t o  s e r i c i t e  cu 10 hornblende completely a l t e r e d  t o  c h l o r i t e  
Pb 11 

55 
c h l o r i t e  35% p a l e  green, low bi ref r ingence  

Zn quartz 10% 
Ag .H) calcite 5% 
Au .001 2 sericite a l t e r a t i o n  of f e ldspar  

ep ido te  5% 
sphene 19, 
opaque 1% 

Comments 

This  i s  l i k e l y  a d ike  rock which has been highly  a l t e red .  The i r r e g u l a r  
occurrences of quar tz -ca lc i t e  and t o  some ex ten t  c h l o r i t e  and opaques may suggest 
these  minerals  w e r e  introduced a t  t h e  t ime of a l t e r a t i o n .  



Sample 0 3 1  Dolomitic limestone 

Bulk Chemical Analyses Petrography 

sio2 

2'3 
Ti02 

Fe203 Total 
Mno 
MgO 

I 
1 

cao 
Na20 

K2° 

'2'5 
LOO. I. 
Total  

Trace Elements 

rock 
A dark slate-grey / aphanitic i n  hand specimen. 

Small white s t r i nge r  and blebs define a planar 
s t ructure .  The rock i s  non-magnetic and reac ts  t o  
d i l u t e  RC1. 

I n  t h i n  section the  rock is  composed of in te r -  
locking grains  of c a l c i t e  and dolomite. Generally 
t h e  rock i s  highly carbonaceous with carbon and 
r a re ly  hematite f l e c s  ou t l in ing  small i r regular  
grains  of t he  carbonate minerals. Occasionally 
coarser grained phases of granoblastic polygonal 
dolomite and c a l c i t e  f r e e  of carbon i s  observed. 

Mode Description 

c a l c i t e  50% twinned 
dolomite 40% generally untwinned 
carbon 5-10% 
hematite t r a c e  

This rock is  a carbonaceous dolomite limestone which has not  been subject  t o  
intense thermal metamorphism o r  metasomatic ac t iv i ty .  The few coarse phases of 
carbonate may be due one of these secondary e f f e c t s  however on the  main the  rock 
i s  unaltered. 



Bulk Chemical Analysis 

62.  

Sample G-33 Dolomite Marble 

Si02 

A120 

Ti02 

Fe203 Total 
MnO 
MgO I 
CaO 
Na20 

K2° 

Petrography 

In hand specimen the rock is a buff white 
colour and has a somewhat sugary texture, White 
blebs and stringers define a planar structure. 
Fracturcsparallel to the planar feature have associated 
rusty iron sulphide. The rock is non-magnetic and 
weakly responds to dilute HC1, 

In thin section the rock is granoblastic polygonal. 
being composed on rounded equant grains of calcite 
and dolomite, 

Mode 

'2'5 0.21 calcite 40 

L.0.1, 46.41 
dolomite 60 

Total 100,21 

Trace Elements 

This rock is a thermally metamorphosed variety of 6 3 1  with the carbon 
content removed. 



Sample 0 3 5  , Quartz Dior i te  

Bulk Chemical Analysis 
I 

Si02 r ' 64.00 

Fe203 Total 
MnO 
Mgo 
CaO 
Na20 

K2° 

'2' 5 
L.O.I. 
Total 

Trace Elements 

Petrography 

A white and black spotted coarse grained rock. 
Large,,rounded,, composite hornblende grains a r e  
randomly i n t e r ~ ~ e r s e d f e d i i m  grained f eldspaq] quartz 
and b i o t i t e  giving the rock an inequigranular 
appearance. The rock i s  moderately magnetic. 

I n  sect ion the  rock is hypidiomorphic granular 
with inter locking grains of subhedral feldspar and 
hornblende and subhedral t o  euhedral b io t i t e .  Quartz, 
sphene, b i o t i t e  and magnetite occur i n t e r s t i t i a l  
t o  t h e  fe ldspar  and hornblende. The plagioclase shows 
m i m r  inc ip ien t  a l t e r a t i o n  t o  c lay minerals. 
Hornblende shows a l l  degrees of a l t e r a t i o n  to  c h l o r i t e  
and i n  t h e  w e n t  where it has t o t a l l y  gone to ch lo r i t e  - 
t h i s  c h l o r i t e  may be intergrown with b io t i t e .  Sphene 
i s  sometimes observed pa r t l y  rimming hornblende grains. 
Orthoclase was observed i n  one location a s  a patch 
a n t i p e r t h i t e  i n  plagioclase where a chlor i t ized 
hornblende grain  crosscut the  feldspar. 

Mode 

plagioclase 

hornblende 
b i o t i t e  

quartz 
sphens 
c h l o r i t e  
magnetite 

or thoclase  

659. zoned ol igoclase  s l i gh t ly  
a l t e r ed  a few grains of unaltered 
unzoned ol igoclase  
16% green t o  buff brown pleochroim 

59. deep brown t o  pale brown t o  
neut ra l  
10% i n t e r s t i t i a l  
2% 
a l t e r a t i o n  a f t e r  hornblende 

associated with ferromagnesian 
minerals 
tr. metasomatic replacement 

This rock is  s imilar  t o  o ther  quartz d i o r i t e s  described howwer may represent 
a s l i gh t ly  later crys ta l l i z ing  phase a s  t he re  i s  more abundant K20. The 
r e s u l t  of t h i s  i s  the  occlrrrence of b i o t i t e  which in  some cases may be primary. 
Generally b i o t i t e  is associated with c h l o r i t e  and probably the  r e s u l t  of a 
late deuter ic  a l terat ion.  The or thoclase  would also f i t  i n t o  t h i s  secondary 
process of l a t e  a l k a l i  metasomatism possibly during the  period of quartz 
crysta l l izat ion.  



64.  

Sample 6-36 Quartz diorite - Granodiorite 

Bulk Chemical Analyses Petrography 

sio2 

A1203 
Ti02 

Fe203 
LlnO 
Mgo 
Cao 
Na20 

K2° 

'2'5 
L.O.I. 
Total 

Trace Elements 

A fine to medium grained, black and buff spotted 
rock. There is a weak fabric defined by the dis- 
tribution of felsic and mafic minerals. The rock is 
weak to moderately magnetic and there is accessory 
pyrite mineralization. 

In thin section the rock is hypidiomorphic 
granular. The feldspar grains are not so well 
developed as in other coarse igneous rocks described. 
The plagioclase is zoned oligoclase generally, 
however unzoned oligoclase showing fine albite 
twinning is canrmon. Twin measurements normal to 
(010) on unzoned varieties give Anl2. Orthoclase 
is also a constituent and generally occurs as anhedral 
grains associated with quartz. Quartz occurs as 
small anhedral aggregates interstitial to plagioclase 
and hornblende. Biotite anhedra are also interstitial. 

Descriptions 

Cu 26 plagioclase 65% zoned and unzoned oligoclase 
Pb 16 orthoclase 5% 
Zn 48 quartz 10% 
Ag 1 biotite 10% dark brown to buff 
Au .OOO hornblende 10% fresh subhedral grains 

apatite acc. 
opaques acc, 

Mineralogically this specimen is slightly different than the "more common 
quartz diorites" described. It is approaching granodiorite in composition. 
The foliar fabric observed in hand specimen may suggest its near a border 
zone and they're more susceptible to contamination which may account for its 
textural and mineralogical differences from other rocks. 



Sample 0 3 7  Quartz-monzonite 

Bulk Chemical Analysis Petrography: 

Si02 

A1203 

Ti02 

Fe203 Total 

MgO ' 
cao 
Na20 

K2° 

'2'5 
L.O.I. 
Total 

Trace Elements 

A medium to coarse grained inequigranular rock 
composed of white euhedral plagioclase, dark green 
anhedral hornblende grains and interstitial quartz 
biotite and orthoclase, The plagioclase shows a 
tendency to form composite aggregates causing an 
uneven distribution of the earlier formed and later 
formed minerals. The rock is moderately magnetic. 

In section two types of plagioclase are observed: 
(1) highly altered zone oligoclase and oligoclase 
showing fine albite twin lamellae generally unaltered. 
The texture is hypidiomorphic granular with quartz 
and biotite and perthite interstitial to the plagio- 
clase and hornblende. The hornblende is somewhat 
altered to actinolitic hornblende and chlorite. Spene 
sometimes occurs as blebs in chlorite or is 
associated with magnetite, 

Mode - Description 

plagioclase 45% (20% unzoned pligoclase) 
orthoclase (perthite) 15% 
quartz 20% 
hornblende 10% 
biotite 5% 
chlorite 5% 
sphene acc . 
magnetite acc. 

The amount of late differentiate, quartz and perthitic orthoclase and 
the increasing amount of unzoned alkali feldspar would suggest this rock 
represents a more acidic phase of quartz diorite. The early formed minerals, 
zoned plagioclase and hornblende were probably altered during the crystallization 
of the interstitial material to a mineralogical composition which is now 
present. (Little evidence of a late hydrothermal alteration). 



Bulk Chemical Analysis 

66.  

Sample G-38 Quartz-diorite 

I 
sio2 

A1203 
Ti02 

Fe203 
Mno 
MgO 
Cao 
Na20 

K2° 

'2'5 
L.O.I. 
Total 

Trace Elements 

Petrography 

A medium grained, green-white mottled rock 
composed essentially of hornblende and plagioclase. 
The hornblende sometimes occurs as large ( .8 an.) 
grains giving the rock an inequigranular texture. 
The rock is quite magnetic and has a clayey odour 
due to breakdown of the feldspars. 

In thin section the texture is hypidiomorphic 
inequigranular. Large subhedral grains of plagioclase 
are completely altered to clay minerals and sericite 
and large subhedral grains of hornblende are now 
altered to epidote and chlorite. These grains are 
scattered and locally concentrated in a mass of 
medium size grains of partially altered,well- 
twinned oligoclase of subhedral shape. Quartz 
and biotite occur interstitial to these grains. 
Sphena is partially associated with opaque in the 
interstitial material or with opaque in altered 
hornblende grains. Sphene was also observed 
mantling hornblende. Epidote is a product of 
altered hornblende. 

Mode 

plagioclase 

hornblende 
chlorite 
quartz 
sphene 
epidote 
biotite 
magnetite 
apatite 

Description 

(1) altered grains 25% 
(2) twinned oligoclase 35% 
30% altered to chlorite 

1% 
39. 
2% 
1% 
1% 
acc . 

Comments: 

This rock is an altered quartz-diorite that possibzy had an interruption 
of its crystallization causing inequigranularity, the differing types of 
plagioclase grains and very likely the high degree of alteration of the first 
crystallized minerals. 



Sample 6-46 Quartz-Hornblende-Diorite 

Bulk Chemical Analysis 

Fe203 8.33 

Mno 
MgO 1 2.45 
CaO 6.53 
Na20 4.33 

K2° .70 

'2' 5 -249 

Le0.I. 1.30 
Total 

Trace Elements 

Cu 171 
Pb 28 
Zn 94 
Ag 1.5 
Au -0023 

Petrography 
to 

An inhomogeneous,fine/medium grained rock composed 
chiefly of hornblende. The inhomogeneous nature is 
caused by local concentration into irregular shaped 
phases of the felsic and ferromagnesian constituents. 
The rock is non-magnetic. There is one large horn- 
blende of 1.2 an in diameter. 

In section the texture is hypidiomorphic granular 
with intergrown subhedral feldspar and hornblende 
grains. Quartz occurs interstitial to these minerals. 
Chlorite and epidote are alteration products of 
hornblende, opaques(su1phide) are sometimes associated 
with these intergrowths. The cores of the plagioclase 
is generally altered to clay minerals, sericite and 
epido te. 

Mode 

hornblende 
plagioclase 
quartz 
chlorite 
epido t e 
apatite 

Description 

65% altered to chlorite and epidote 
15% altered to sericite and clay mineral 
20% 

acc. 

This rock may represent a contaminated quartz diorite or a mafic rich 
differentiate with a high quartz content. The occurrence of segregated mafic 
a d  felsic rich phases.and large individual grain indicates that the chemical 
and physical conditions of crystallization was not uniform. There is no evidence 
to suggest later metasamatic activity. That the rock should be so mafic rich 
but does not contain any magnetite is interesting. 1t is however enriched in 
Cu over other samples of diorite. 



Sample G-50 Crystalline Limestone 

Bulk Chemical Analysis 

sio2 

A1203 
Ti02 

Fe203 Total 
Mno 
MgO I 
CaO 
Na20 

H2O 

P2°5 
L.O.I. 
Total 

Trace Elements 

Petrography 

This hand specimen is a dark grey, fine grained 
finely laminated rock. The laminations are defined 
by minute stringers and blebs of lighter colouration 
as well as slight changes in composition of wider 
banding (up to one cm.). The rock is non-magnetic 
and reacts violently to dilute HC1. 

In thin section the rock is composed of calcite 
and has a granoblastic elongate texture, giving rise 
to a well developed foliation. Much carbonaceous 
material occurs along the grain boundaries. A few 
grains of dolomite occur and do not appear to be 
concentrated in a particular band. 

Mode 

calcite 95 
dolomite 2 
carbon 2 

The banding observed in hand specimen is probably due to variation in carbon 
content of the original limestone. The rock has undergone recrystallization 
and the diversion of the calcite grains was controlled by the original bedding. 



Bulk Chemical Analysis 

sio2 

*l2'3 
Ti02 

Fe203 Total 
M n o  
MgO 

I 

cao 
Na20 

K2° 

'2'5 
L.O.I. 
Total 

Trace Elements 

Sample 6-82 Diorite-porphyry 

Petrography 

A green-white, medium-grained mottled rock 
with large (2 a) poikilitic phenocrysts of 
hornblende. The rock is quite magnetic. The pheno- 
crysts appear to have very diffuse outlines and 
grade into a normally textured intergrowth of feldspar 
and hornblende. 

In section the rock is composed of euhedral to 
subhedral plagioclase An32 that is highly altered to 
clay minerals and epidote. The plagioclase is intergrown 
with subhedral hornblende or may be poikilitically 
included in irregular areas of optically continuous 
hornblende. Rarely augite pyroxene is also observed 
in the same fabric relationship as plagioclase quartz 
occurs as angular anhedra interstitial to the other 
minerals. 

Mode Description 

plagioclase 40% altered andesine 
hornblende 50% 
pyroxene 5% 
chlorite alteration of ferromagnesian 
epido te alteration of plagioclase 
quartz 5% 
sphene acc. 

This rockmay represent an older differentiate of the diorite. It is comparatively 
lower in quartz and higher in ferromagnesian content. The plagioclase is slightly 
more calcic than usual. That the hornblende nucleated in large irregular grains 
does not in this case represent a9 earlier crystallization or change in rate of 
cooling but only that in some cases hornblende grew from one nucleation center 
instead of several as was the case with the large composite aggregates of other 
samples (for example 25-H). 



70. 

Sample 0 8 5  Augite-Ca-plagioclase porphyry or porphyritic diabase 

Bulk Chemical Analysis 

Si02 

A1203 
Ti0 

Fe203 Total 
Mno 
MgO 
CaO 
Na20 

K2° 

P2°5 
L.O.I. 
Total 

Trace Elements 

This rock is an augite feldspar porphyry with 
large ( , 6  cm) plagioclase grains and rare augite 
phenocrysts set in a grey, fine-grained matrix. 
The phenocrysts are euhedral to subhedral and randomly 
oriented. The rock is moderately magnetic. 

In thin section the large feldspar phenocrysts 
are observed to be completely altered to clay minerals 
sericite, calcite and epidote. The large augite 
grains are essentially unaltered (a few minute chlorite 
inclusions) and commonly twinned. The matrix material 
has an intergranular texture developed among sub- 
hedral grains of zoned and untwinned plagioclase, 
uralized pyroxene, magnetite, and sphene and 
anhedral grains of quartz-chlorite-epidote, Apatite 
is an ubiquitous accessory mineral. 

Description 

plagioclase 15% phenocrysts 
45% groundmas s 

pyroxene (augite) 5% phenocrys ts 
3% groundmas s 

magnetite 3% 
sphene 2% 
epido t e 5% 
quartz 5% interstitial granophyre 
apatite 2% 
chlorite 5% 

Comments 

This is an augite-Ca-plagioclase porphyry showing no affinities to the quartz- 
diorite rocks.It is gabbroic in cmposition but has quartz-granophyre as an inter- 
stitial constituent, i.e. shows affinities to porphyritic diabase. 



71. 

Sample G-87 Diopside skarn 

Bulk Chemical Analysis 

sio2 

*'2'3 
Ti02 

Fe203 Total  
MnD 
MgO 
cao 
Na20 

K2° 

'2' 5 
L.O.I. 
Total  

Trace Elements 

A massive, fine-grained, l i g h t  green phanerite. 
The rock i s  homogeneous and crosscut by a p a r a l l e l  
set of f i n e  dark s t r ingers .  The specimen has a high 
spec i f i c  gravi ty ,  i s  non-magnetic and shows a weak 
reac t ion  t o  HC1. 

I n  t h i n  sec t ion  t he  rock exh ib i t s  a decusate 
polygonal t ex ture  with subhedra1,elongate diopside 
+ wollastonite? randomly or iented i n  rounded diopside 
granules. Rarely t h e  granular diopsidegives way t o  
i r r egu l a r  masses of f i ne ly  intergrown t remoli te ,  
quartz and ca l c i t e .  

Mode Description 

diopside 80% 
wollas toni te  10% low birefringence b i ax i a l  neg. many 

cleavages 
t remol i t e  5% 
c a l c i t e  3% 
quartz 2% 

This rock i s  a metasomatic skarn with possibly no evidence of i t s  o r ig ina l  
nature  ( the  black s t r i nge r s  i n  t he  hand specimen may be control led by t h e  o r ig ina l  
compos i t iod  bedding??). The wol las toni te  i s  only t en t a t i ve ly  i den t i f i ed  and should 
be probed o r  x-rayed f o r  pos i t ive  iden t i f i ca t ion .  The t remol i t e ,ca lc i t e  and quartz 
appear t o  be trapped o r  segregated phases i n  t he  metasomatic f l u i d  o r  possibly 
represent mall areas t h a t  has no t  t o t a l l y  reacted with t h e  skarn material. 



Sample 0.117 Quartz-Diorite 

Bulk Chemical Analyses Petrography 

TiOp .SO 

Fe203 Total 
4.46 

M n o  
/ 

-07 
MgO 2.01 
CaO 4.30 
Na20 5.29 

K2° 
1.45 

Le0.I. -56 
Total 100.99 

Trace Elements 

Comments 

In hand specimen a medium-grained white-black 
mottled rock. It is slightly inequigranular with 
larger (-4 cm) hornblende and plagioclase in a finer 
grained (-2-.3 an) mass. The rock is moderately 
magnetic. 

In section the texture is hypidiomorphic granular 
with subhedral plagioclase and hornblende randomly 
oriented. Biotite quartz and sphene form anhedral 
grains interstitial to the plagioclase and hornblende. 
The plagioclase is zoned and generally fresh with 
only a few of the calcic centers showing clay mineral 
and sericite development. The hornblende is generally 
altered to actinotlitic-hornblende and chlorite. 
The biotite appears fresh and unaltered. Sphene and 
magnetite are associated with both hornblende and 
biotite. 

Mode Description 

plagioclase 65% zoned oligoclase generally fresh 
hornblende 10% altered to chlorite 
biotite 8% 
quartz 12 % 
sphene 2% 
magnetite 3% 

e 

This rock is similar to other diorite samples mineralogically and texturally. 
It appears to have a simple cooling history with oligoclase and hornblende followed 
by quartz and biotite. The interstitial minerals show a slightly higher proportion 
in this specimen. 



73. 

Sample 6-120 Magnetite Skarn 

Bulk Chemical Analysis 

sio2 

*'2'3 
Ti0 

Fe203 Total 
Mno 
w I 
cao 
Na20 

K2° 

'2'5 
L.O.I. 
Total 

Trace Elements 

A hand sample of fine grained magnetite ore 
containing chalcopyrite bornite and valerite 
copper mineralization. Along fracture surface sme 
of the copper mineralization has been oxidized to 
malachite. 

In section the rock is composed of finely 
intergrown magnetite grains and muscovite and quartz 
aggregates. The copper mineralization occurs as 
blebs and stringers in the magnetite or may be spatially 
associated with the silicate gangue (i.e. bordering 
silicate inclusions). 

Mode 

magnetite 
quartz 
muscovite-sericite 
chalcopyrite 
bornite 
valerite 
malcachi t e 

Description 

80% 
4% 
6% 
3% 
2% 
1% 
alteration 

Thh rock is composed of a metallic skarn assemblage that includes a little 
silicate material. The occurrence of muscovite is unusual - the chemical analysis 
suggests it has a high paragonite content. The copper mineralization appears to 
be concentrated in blebs and stringers within the skarn. 



Sample 0128 Quartz-Diorite 

Bulk Chemical Analysis 

sto2 

A1203 

TF02 

Fe203 Total 
MnO 
MgO 
CaO 
Na20 

K2° 

p2° 5 
L.0.L 
Total 

Trace Elements 

Comments 

A medium-grained rock with coalesing mafic and 
felsic aggregates which imports a mottled-inequigranular 
appearance. The rock is weakly magnetic. 

In section the rock is composed of large (.3 cm) 
zoned and untwinned plagioclase that is highly altered 
to clay minerals and sericite and twinned and zoned 
plagioclase(andesine)which is also commonly altered. 
The twinned plagioclase is of subhedral habit and of 
smaller grain size (.I cm). The subhedral hornblende 
grains shows all degrees of alteration to chlorite 
and biotite. Quartz and sphene occur interstitially. 
Magnetite is generally anhedral and is associated with 
the ferromagnesian minerals. 

Description 

plagioclase 60% zoned andesine - twinned oligoclase 
hornblende 10 
chlorite 15 
biotite 5 
quartz 10 
sphene acc. 
magnetite acc. 

A typical quartz diorite whose history of crystallization is best told by the 
plagioclase grains: normal differentiation with interrupted cooling. 



75. 

Sample 0140 Calc-silicate Skarn . 

Bulk Chemical Analysis 

Si02 

A1203 
Ti02 

Fe203 Total 
MnO I 

w 
cao 
m20 

K2° 

'2'5 
L.O.I. 
Total 

Trace Elements 

A brown-green fine to coarse grained rock showing 
a heterogeneous mineral distribution. Calcite occurs 
in large pegmatitic grains and along minute stringers. 
Brown garnet, epidote and green diopside are intimately 
intergrown with calcite to give the typical skarn 
assemblage. Pyrite, chalcopyrite and magnetite form 
segregations interspersed throughout the rock. 

In thin section large garnet grains poikolitically 
enclose calcite, epidote, diopside and quartz. Zarge 
epidote grains may have this same occcurence. The 
diopside grains are generally small and included in 
garnet. The occurrence of quartz and calcite in 
garnet is commonly crystallographically controlled, 
The opaque minerals occur similarly to the silicates. 
Large irregular patches poikolitically enclose the 
silicate minerals or the opaques may be caught up 
in gangue minerals, Often the opaques distribution 
in garnet is crystallographically controlled is was 
the calcite and quartz. Chalcopyrite and magnetite 
are intimately associated with islands of one mineral 
occurring in the other. 

Mode - 
garnet 45% unzoned 
epidote 15% 
diopside 9% 
calcite 15% 
quartz 10 % 
&&copyrite 4% 
magnetite 2% 

Copper mineralization in a skarn assemblage which shows no evidence of the replaced 
rock. 



Sample 0 1 5 1  Quartz-diorite o r  porphyri t ic  quartz andesite? 

Bulk Chemical Analysis 

Si02 

2'3 
Ti02 

Fe203 Total  
Mno 
MgO 
CaO 
Na20 

K2° 

'2'5 
L.O.I. 
Total  

Trace Elements 

I n  hand specimen t h i s  rock i s  a l i g h t  grey green 
aphanite. It has rounded white blebs in terspersed 
throughout. The rock i s  weakly magnetic and shows 
a moderately vigorous react ion t o  HC1. The sample 
has a d i s t i n c t  c lay  odour. 

I n  t h i n  sec t ion  t he  rock proves t o  be highly 
a l tered.  Intergrown subhedral t o  anhedral fe ldspar  
l a th s  a r e  a l t e r ed  t o  s e r i c i t e  and epidote. Anhedral 
gra ins  and aggregates of quartz,  c a l c i t e ,  c h l o r i t e  
and sphene make up t he  r e s t  of t h e  ground mass where 
they occur i n t e r s t i t i a l  t o  t he  fe ldspar  where it 
shows c r y s t a l  form. In  these  instances t he  t ex ture  
i s  intergranular  but more usual ly  the  t ex ture  i s  
allotriomorphic. Large (1-2 mm) gra ins  of plagio- 
c l a se  (andesine) whose borders a r e  strongly corroded 
and a l t e r ed  t o  c a l c i t e  and epidote a r e  rare. Banded 
grains  of quartz (.5-1 mm) a l so  occur. 

Mode 

plagioclase 
c a l c i t e  
c h l o r i t e  
quartz 
sphene 5% 
epidote 5% 
magnetite 3% 

Comments 

A very unusuaI rock type, quartz d i o r i t e  i n  canposit ion however has volcanic 
character is t ics .  Fkrhaps tuffaceous (c rys ta l  fragments), poss ibly  a fine-grained border 
zone of a dike  however i t s  hard to  explain t h e  occurrence of rounded quartz gra ins  
unless remnants preserved by quick cooling, 
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