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SUMMARY AND RECOMMENDATIONS 

The Keystone and Rover Project areas are  located in the 

Ni cola Mining Division (92HIllE) approximately 64 kilometres southwest 

of Merritt,  B . C .  The property consists of 15 claims to t a l l ing  114 

units (2,850 hectares).  The area has h is tor ica l ly  undergone an active 

period of base metal exploration. 

The project areas f a l l  within the Intermontane Tectonic 

Be1 t where Eagle intrusions ( L .  Cretaceous) have been bisected by Tertiary 

calc-alkal ic  bodies and intrusive breccias. Base metal and molybdeni t e  

mineralization have accompanied these events. 

On the Keystone Project area, the main geologic feature i s  an 

ell iptical-shaped breccia complex tha t  intrudes a quartz d io r i t e  body, 

the Keystone stock. The geologic events such as brecciation, stock and 

dyke emplacement, a l terat ion and mineralization are  coaxial and related to  
. , 

osci l la tory magmatic ac t iv i ty  within a deep seated intrusive.  

The breccia complex, occupying the southern portion of the 

Keystone stock, i s  a steeply-pl ungi ng,pipe-1 i ke feature with an outer  

zones containing remnant crackle-brecci ation and an inner zone containing 

pipe-brecci ation. Two phases of pipe-breccia have developed: a f i r s t  

phase, Quartz Breccia with s i l i c a  matrix and a l a s t  phase, Pebble Breccia 

with se r i c i  t e  matrix. Quartz Breccia occurs only as fragments i n  Pebble 

Breccia. During brecciation, c l a s t s  of phyll i c and s i l i c a  a1 tered rock 

along with pyri t e ,  molybdeni t e ,  and sphaleri te-gal ena-chal copyri t e  were 

incorporated. The hydrothermal ac t iv i ty  continued a f t e r  brecciation w i t h  

the dispersion of Fe-Zn-Mn-Si02-Pb-Ba-Cu. During readjustment, the 

brecci a complex, undewen t di agenesi s where by metal 1 i c sul phi des were 



par t ia l ly  remobil i  zed in to  carbonates and oxides. The rock geochemical 

resul t s  r e f l ec t  t h i s  phenomenon. 

Molybdenum mineral i  zation was deposi ted pr ior  to  Pebble Breccia 

b u t  a f t e r  Quartz Breccia. Ri bbon-1 i  ke molybdeni t e  occurs w i t h  quartz 

and pyri t e  (pyrrhoti t e )  as pebbl es randomly di s tributec! throughout the 

Pebble Breccia. Several events of heavy pyri te -s i l  ica  flooding have 

occurred. Zinc-rich mineralization had a prolonged period of emplacement. 

A s igni f icant  portion of the sulphide system i s  s t i l l  preserved a t  depth 

as indicated by the annular I  . P .  response peripheral t o  the breccia complex. 

An envelope of propyl i t ic  a l te ra t ion  and Cu-Mo mineralization 

flanks the northwest end of the Keystone stock. The hydrothermal ac t iv i ty  

i s  probably related to  the events centred i n  the breccia complex b u t  

occurred pr ior  to the intrusion of the Keystone stock. The mineralization 

is  sporadic, I  .P .  response i s  not sulphide related and geochemical Cu-Mo 
. , 

so i l  anomalies are low order. I t  is  doubtful t ha t  economic concentrations 

of Cu-Mo accompanied th i s  ac t iv i ty .  

Continued exploration of the northwest area (El Paso - Blue Gold) 

i s  not recomended since sui table  targets  were not developed. The 

geologic events tha t  a re  associated with the deep seated magmatic ac t iv i ty  

centred on the brecci a complex requi re additional tes t ing .  The molybdeni t e  

mineralization encountered as pebbles i n  the Pebble Breccia gives impetus 

to  ongoing exploration. Deep d r i l l i ng  peripheral t o  the Pebble Breccia 

i  s recommended. 

The Rover Project area i s  centred on a re la t ive ly  small breccia- 

intrusive complex consisting of an annealed rock breccia of Eagle 

granodiorite intruded by bodies of quartz d io r i t e  and quartz-eye porphyry. 



Crosscutting these rocks i s  a len t icu lar ,  f inger-like body of  vuggy 

quartz veins referred to  as Quartz Stockwork breccia. The complex 

emcompasses a propyl i t jc  zone of a l te ra t ion  containing quartz veins of  

molybdeni t e  and chal copyri te-molybdeni te .  Detai 1 ed prospecting , geo- 

chemical so i l  Mo-Cu sampling and deep penetrating I .P .  surveying fa i led  

to  locate su i tab le  exploration targets .  Further work is not recommended. 
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INTRODUCTION 

During the summer and f a l l  of 1978, an explorat ion program 

of geologic mapping, geochemical and I . P .  surveying and diamond 

d r i l l  i ~ g  was ca r r ied  out  to  eval uate the  economic potent ia l  of  moly- 

bdenum mineral i zation on the Rover and Keys tone Project  areas .  

Suf f ic ien t  encouragement was obtained from the 1977 f i e l d  work conducted 

by W .K .  Livingstone to warrant f u r the r  work as recommended. 

The 1978 f ie1  d work was conducted by L. W. Saleken, Project  

Geologist and B. Downing, Assis tant ,  Western Mines Limited, on behal f 

of the Rover and Keys tone Joint-Venture. The Joint-Venture is managed 

by Western Mines Limited and includes Amax Minerals Exploration, a 

division of Amax Potash Limited a s  partner.  

The fol 1 owing repor t  summarizes the  past  exploration 

a c t i v i t i e s  on the claims and documents the work of the  1978 . , f i e l d  

season. 

LOCATION, ACCESS AND PHYSIOGRAPHY 

The Rover-Keys tone Project  areas a r e  located 64 kilometres 

southwest of  Merri tt, i n  the  Nicola Mining Division (92H/llE). The 

claims a r e  s i t ua t ed  6 kilometres north of the Coquihalla Lakes along 

the  west s i d e  of the Coldwater River a t  an e leva t ion  of 1060 to  1670 

metres A.S.L. The claims s t r e t ch  f o r  10 kilometres i n  a northwest 

d i rect ion from the west-bend of Coldwater River to  J u l i e t  Creek (Figure 

1 )  - 
Access to  the property i s  e i t h e r  from Hope (53 ki lometres) ,  

o r  from Merr i t t  by good gravel road. The main access i s  from Merr i t t .  

Roads s u i t a b l e  f o r  a l l  wheel driven vehicles provide access to  various 

par t s  of the claims. A r a i l road  (C.P.R. - Kett le  Valley Line) i s  



si tuated 15 kilometres to the north and the claims are crossed by Trans 

Canada and West Coast Transmission o i l  and gas pipe1 ines. An emergency 

a i r s t r i p  i s  close-by. 

The claims are heavily timbered with f i r ,  spruce, pine and 

cedar with the timber r ights  he1 d by Ni col a Val ley Sawmi 11 s (Bal co 

Industr ies) .  Parts of the claims are  being actively logged. Water 

i n  ample supply f o r  d r i l l i ng  and future mining and milling requirements 

i s  available throughout the year from J u l i e t  Creek and i t s  t r ibutar ies ,  

Dry Creek and Coldwater River. Relief on the property i s  moderated b u t  

extreme along the creek drainages. Outcrop on the claims varies from 

to ta l  exposure along the creeks and bl uffs to nil in timbered and valley- 

f i l l  areas. The network of old and new logging roads on the claims 

has unearthed addition rock. 

PROPERTY AND CLAIM STATUS 

The property consists of 114 contiguous uni t s  (15 cl aims) 

to t a l l ing  2850 hectares (see Figure 2) tha t  are held by Western Mines 

Limited, Vancouver, B . C . on behal f of the Join t-Yen ture  partners. 

The units a re  subdivided, as determined by agreement, into the Rover 

and Keystone Project areas. The s t a tus  of these units i s  summarized 

on the accompanying table with the current expiry dates indicated 

on Figure 2. 



ROVER-KEYSTONE CLAIMS 

A.  ROVER PROJECT AREA 

Claim Name Units 

Rover 6 

Cover 8 

Burn  6 

Ridge 6 

Fa1 1 s 9 

Wet 12 

Hot 12 - 

Total Units 5 9 

Hectares 14 75 

B. KEYSTONE PROJECT AREA 

Claim Name Uni t s  

Keys tone 

M i  dni t e  

Coms tock 

Bonanza Lode 

River Queen #1 

River Queen #2 

River Queen #3 

Dry #1 

Total Units 55 

Hectares 1375 

Record No. 

Record No. 

Record Date 

July 29, 1977 

July  29, 1977 

July  29, 1977 

Sept. 26, 1977 

Sept. 26, 1977 

August 9 ,  1978 

August 9, 1978 

Record Date 

Sept. 26, 1977 

Sept. 26, 1977 

Sept. 26, 1977 

August 5 ,  1977 

August 5, 1977 

August 5, 1977 

August 5 ,  1977 

July 26, 1978 

Total Units 114 

Total Hectares 2580 



EXP/RY DATES 

Area of influence - ROVER I 
C L A I M S  I 

ROVER AND KEYSTONE PROJECTS 
92 H / I I E  

0 I 1 2 M l L E S  

F I G U R E  2 

L.W.S. 1 / 1 /  79 



HISTORY AND PREVIOUS WORK 

MINE C R E E K  AREA 

The Coquihalla area has been act ive  s ince  the  e a r l y  1900's 

f o r  precious and base metals. The Independence group located to  the  

south-east of  the Keystone project  area has the f i r s t  recorded a c t i v i t y  

commencing w i t h  i t s  discovery i n  1901. First reference t o  exploration 

a c t i v i t y  a t  Mine Creek (Dry Creek) is  found i n  B.C.M.M. r epor t  1936, 

where the  property i s  referred t o  as the Coldwater. During t h a t  year ,  

the Keystone vein (040' @ O ~ O ' N . W  .) was explored by three  s h o r t  a d i t s  

and some surface s t r ipp ing .  The government geologis t  describes the vein 

as  follows: 

"The vein i s  a mineralized shear-zone between 

gouge-pl anes w i t h i n  f a i n t l y  a1 tered granodiori t e  

walls .  I t  var ies  i n  width between 2 inches and 

12 inches and averages 6 inches. Sulphides include 

py r i t e ,  galena, honey-coloured sphaler i  t e ,  

t e t rahedr i  t e ,  and, ra re ly ,  chal cophyri t e  ; t h e  

gangue material consis ts  of  quar tz  and carbonate 

and, local ly ,  of rock. The ore  i s  f requent ly  banded, 

and crus t i  f i  cat ion and drusy cav i t i e s  a r e  common; 

quar tz  i s  f i ne iy  c r y s t a l l i n e  to  chalcedonic and 

the carbonate incl  udes some rhodochrosi t e .  The wall - 
rock contains py r i t e  in seams and s ca t t e r ed  grains 

t o  a d is tance of several inches from the  vein. Samples 

taken i n  the  adi t returned:- 

(1.) Vein, 6% inches wide, 25 per  cen t .  gouge: 

Gold, 0.06 oz. per ton;  s i l v e r ,  19.2 oz.  per  ton; 

lead,  2.8 per cent . ;  zinc, 7.7 per  cent .  

(2 . )  Vein, 12 inches wide, 10 per  cent .  gouge; 

Gold, 0.06 oz. per  ton; s i l v e r ,  22.6 oz. per ton; lead,  

2.1 per  cent . ;  zinc,  4.9 per  cent .  



(3 . )  Vein, 7% inches wide, 75 per cent. sulphides:  

Gold, 0.16 oz. per  ton; s i l v e r ,  16.8 oz. per ton; lead,  

2.6 per  cent . ;  z inc ,  10.9 per  cent .  

(4.)  Vein, 5% inches wide, 90 per cent. sulphide: 

Gold, 0.08 oz. per  ton; s i l v e r ,  23.8 oz. per  ton; l ead ,  

6.5 per  cent . ;  z inc ,  14 per cent .  

The vein i s  traceable a s  a narrow oxidized zone 

750 f e e t  north-east  of the  a d i t  and i s  reported to  

extend a comparable distance t o  the  south-wes t . " 

Reference t o  addi t ional  exploration on the  Keys tone vein appears 

i n  Dr. J.T. Mandy's repor t  on t he  Keystone group i n  1951. During 1954- 

1955, the Golden Ledge Syndicate acquired the  ground and commenced 

development of the Keystone vein and i n  1955, 89 tons of crude o i l  were 

shipped. 

Another vein system located south of the  Keystone, the  Stonewall 
. , 

was sporadi a l l y  explored by adi t s  and trenching from 1946 t o  1954. Mr. 

K . C .  Fahrni reports  (1954) t h a t  sulphides o f  lead and z inc  are contained 

i n  a vein averaging 5 f e e t  wide b u t  containing low and e r r a t i c  assay 

values. The Stonewall vein i s  probably a south-west extension of the  

Keystone vein. 

The Mine Creek area again became ac t ive  i n  1965 when Dorian 

Mines Limited acquired claims to the south o f  the  creek and discovered 

the  J u l i e  showing. Dorian Mines Ltd. located a z inc  so i l  anomaly 300 

metres by 180 metres t h a t  was subsequently s t r ipped  and 32 diamond d r i l l  

holes,  t o t a l  1 ing 2018 metres were d r i l l ed .  A mineralized pyri te-hemati t e  

zone containing sphal e r i  t e ,  chal copyri t e ,  galena, magnetite and 

rhodochrosi t e  was delineated.  The J u l i e  showing represents an a rea  24 

metres wide, 60 metres long and 24 metres deep containing 96,765 metr ic  

tonnes of an estimated 0.1% C u ,  0.6% Zn and 8.5 grams per  tonne Ag. The 



zinc  proved subeconomi c and work by Dorian was suspended. Anaconda, 

exploring t o  the  north of Mine Creek i n  1965, remapped the Keystone 

adi t and conducted an I.P. survey, surface geologic mapping and s o i l  

geochemistry (Zn, Pb, C u ,  Mo) i n  the v ic in i ty  of the old ad i t s .  In 

1966, 14 trenches t o t a l l i n g  580 metres were bulldozed over a highly 

brecciated p y r i t i c  zone containin? anomalous so i l  z inc  values. In 

1969, Noranda optioned several  claims south of Mine Creek and during 

t h a t  year ,  s i x  holes were d r i l l e d  t o t a l l i n g  911 metres. The d r i l l i n g  

concentrated on a p y r i t i c  zone bordering the  i n t ru s i  ve-brecci a contact .  

These options were allowed t o  lapse  and i n  1970 Corval Resources Ltd. 

gained control of  the proper t ies .  

Under Corval ' s management, the  Mine Creek area i n  1972 - 1973 

was systematically g r id  mapped and an I .P . ,  magnetic and s o i l  (Zn, Pb, 

Ag) surveys were conducted. Mr. G .  Gutrath, Corval ' s  geologis t ,  during 

t he  course of h i s  mapping, reccgnized a highly a1 tered mineralized 

hos t  rock which he t en t a t i ve ly  i den t i f i ed  as an i n t ru s ive  breccia along 

Mine Creek. The I.P. survey detected an annular pat tern  of anomalous 

changeabi 1 i ty a1 ong the  breccia - i n t ru s ive  con t ac t .  Noranda Mines 

and Denision Mines subsequently optioned the property and i n  1973 

d r i l l e d  11 holes t o t a l l i n g  1044 metres w i t h  the  deepest hole t o  150 

metres. The r e su l t s  were not encouraging and the  option was dropped. 

Attracted by the  exploration a c t i v i t y  of the  area ,  Mr. M .  

Morrision, geologis t ,  f o r  El Paso Mining and Milling Company, staked 

several claims t o  the northwest of the Keystone workings. The s taking 

was based on some weakly anomalous Cu-Mo values i n  s i l t s .  During 

1973 - 1974, the company conducted grid mapping, Cu-Mo s o i l  geochemistry 

and trenching of so i l  anomalies. The trenching uncovered sporadic,  

weakly p y r i t i c  veins and f rac tures  w i t h  chalcopyrite and molybdeni t e  



t h a t  appear t o  be peripheral to  an in t rus ive  contact  between fo l i a t ed  

granodiori t e  and non-fol i a ted  quartz d io r i  t e .  The resul s t s  were not 

encouraging to  warrant fu r ther  work and these claims were allowed t o  

1 apse. 

In 1977, the Mine Creek area and the  El Paso ground was 

acquired by K.W. Livingstone f o r  Western Mines and desianated as the  

Keystone Project  area. During t h a t  year ,  mapping, rock geochemistry, 

s o i l - s i l  t geochemistry and relogging of o ld  core was completed. A 

road t o  Bl ue Go1 d Creek and several bull dozer t ren  ches were constructed. 

JULIET C R E E K  AREA 

J u l i e t  Creek i s  located 6.0 kilometres northwest of Mine 

Creek. The f i r s t  recorded a c t i v i t y  was i n  1969 when K.W. Livingstone 

and J.  Chr i s t i e  staked the J .  M .  claims over anomalous Cu-Mo s i l t  

values. During 1970, a gr id  magnetometer and Cu-Mo s o i l  survey were 
. . 

completed followed by trenching. Minor amounts of copper and moly- 

bdenum sul  phi des were uncovered associated w i  t h  quartz veining and 

breccia t ion.  The property was allowed to  lapse  and was restaked in 

1977 by K . W .  Livingstone and the claims optioned to Western Mines. 

During 1977, geological mapping and rock geochemistry were i n i t i a t e d .  

THe present  area of i n t e r e s t  has been designated the Rover Project  area .  

EXPLORATION PROCEDURE - 1978 

BASE MAPS 

Two s e t s  of  metric base maps were prepared by Pacif ic  Survey 

Corporation, Vancouver, from B . C .  a i r  photos flown in 1976; scales  

1:5,000 and 1:10,000, 20 metre contours. 



CLAIM STAKING 

A t o t a l  o f  42 u n i t s  were s t aked  t o  cover  p o t e n t i a l l y  f a v o r a b l e  

ground: Dry #1 (18  u n i t s ) ,  Wet (12 u n i t s )  and Hot (12 u n i t s ) .  

'GRID 

A m e t r i c  ( I  .P. s t a n d a r d )  g r i d  was e s t a b l i s h e d  o v e r  t h e  two 

p r o j e c t  a r e a s  f o r  survey  cont ro l  by Amex Explora t ion  S e r v i c e s  Ltd.,  

Kaml oops,  B . C.  

The g r i d  (22 k i lome t r e s )  had s t a t i o n s  eve ry  50 metres and 

c o n s i s t s  o f  two base  l i n e s  and t h r e e  c r o s s  l i n e s .  The g r i d  connec ts  

t h e  Rover and Keystone P r o j e c t  a r ea s .  

I .P.  SURVEY 

The induced p o l a r i z a t i o n  survey was c a r r i e d  o u t  u s ing  a p u l s e  

system (Mark I11  u n i t )  manufactured by Huntec Limited, Toronto,  by 

P e t e r  E .  Wal c o t t  & Associa tes  Ltd. , Vancouver. The f i r s t  t o  f i f t h  

s e p a r a t i o n  measurements (N-1 t o  N-5) o f  appa ren t  c h a r g e a b i l i t y  and 

r e s i s t i v i t y  were made us ing  t h e  "Pole-dSpole" method o f  surveying  wi th  

a 300 metre d i p o l e  and 150 metre s t a t i o n  i n t e r v a l .  The I.P. r e p o r t  has  

been submi t t e d  under  s e p a r a t e  cover .  

GEOLOGICAL MAPPING 

Mapping was conducted on a s c a l e  1:5,000 o v e r  t h e  Rover and 

Keystone a r e a s  us ing  t h e  g r i d  f o r  cont ro?  . The mapping was a con t inua t ion  

o f  K . W .  L iv ings tone ' s  work i n  1978. The geology maps, F igures  3 ,  4 ,  

5 and 6 a r e  i n  t h e  pocket .  A da t a  compilat ion map o f  a l l  a v a i l a b l e  

d a t a  and sou rce  appears  a s  Figure 7.  A Sample Locat ion map, Figure 9 ,  

has  t h e  l o c a t i o n s  of  rock geochemistry and p e t r o g r a p h i c  samples . 



PETROGRAPHI C STUD1 ES 

Both thin sections and polished sections were studied. The 

work was conducted by Vancouver Petrographic Limited. The thin sections 

were read by Ms. Jo Anne Nelson, geologist and Lee Pigage, geologist. 

Pol i shed sections were interpreted by Jim Mortensen , geol ogis t. Rocks 

from surface as well as individual pebbles from the Pebble Breccia 

were looked a t .  The samples were stained fo r  k-spar and carbonates. 

The reports are  in Appendix C.  

GEOCHEMICAL SURVEY 

An area s i  1 t program was conducted over the claims to  detect  

targets  f o r  detai l  prospecting. The sample locations and resu l t s  are 

on Figure 9. On the Rover, 4 l ines  of soi l  samples were col lected,  

samples and the resu l t s  are  on Figure 10. The analysis was done by Min- 

En Laboratories Limited, Vancouver, and the resu l t s  are  i n  Appendix B. 

DIAMOND DRILLING 

A 859 metre NQ-BQ vertical  di amond d r i l l  hole (W-78-1) was 

d r i l l ed  by D.  W .  Coates Enterprises Limited. The hole i s  located on 

the Keystone claim a t  L 0+00, 0+50E. The hole was tested a t  459 metres 

by a Sperry-Sun magentic single-shot uni t  and a dip t e s t  a t  859 metres 

indicating a s l i g h t  f la t tening (3') and deflection in N 3' E direct ion.  

DDH GEOLOGY AND GEOCHEMISTRY 

The d r i l l  lop i s  on Fiqure 8 in schematic form along w i t h  the 

corresponding geochemical values. Samples of about 5 pounds over 10 

metre intervals  were taken resul t ing in a continuous rock geochemical 

record of the hole. Samples were analyzed f o r  Mo, C u ,  Pb, Z n ,  Ag, Mn, 

Fe, F, and W .  The d r i l l  log records fo r  the previous work are  in  

Appendix D. 



REGIONAL GEOLOGIC SETTING 

The Eagl e Granodiori t e ,  whi ch contains the Rover and Keys tone 

prospects, i s  one of several Upper Turrassic - Lower Cretaoeous plutons 

forming the Coast Range Batholith. This pluton i s  within the Intermontane 

Tectonic regime of the Canadian Cordillera which Monger (1970) refers  to  

as the Eastern Plutonic Be1 t. The Eagle Granodiori t e  intrudes Upper 

Triassic  Nicola Group volcanic rocks i n  the map area.  The Eagle has 

been intruded by younger cal c-alkal i c  bodies, breccias and dykes. The 

younger stocks are  possible s a t e l l i t e s  to the Needle Peak Pluton 

(Miocene) tha t  i s  located off to the west. The intrusive breccias 

crosscut both 01 der and younger rocks. 

The Rover and Keystone molybdenum prospects a re  s i tuated on 

a well defined northwesterly trending eas t  margin of the Eagle 

Granodiori t e  wtii ch hosts several other  Cu-Mo and Pb-Zn showings (Spi us, 

Indepenance, Laws Creek). A number of them including the Rover and 

Keystone are  asso ci ated with regional magnetic depressions tha t  

f raternize intrusive centers. The sulphi de mineral ization tends to be 

coaxial t o  these intrusions.  The Keystone complex i s  the l a rges t  known 

sys tern i n  the map area. 

KEYSTONE PROJECT AREA 

INTRODUCTION 

The Keystone Project area covers 1375 hectares and includes the 

Keystone workings, Stonewall adi t, Ju l ie  showing, Noranda, Anaconda and 

El Paso trenches and B1 ue Gold showing (Figure 6 ) .  

The main geologic feature i s  an e l l i p t i c a l ,  f luidized breccia 

complex t h a t  intrudes a Tertiary quartz d io r i t e  stock. The breccia is  

a mu1 t i  -phase sys tern. A1 teration i s  propyl i t i c  peripheral to  the breccia 



and i s  phyl l ic  t o  high s i l i c a  w i t h i n  the breccia fragments. Post breccia 

a1 te ra  t ion i s  di ageneti c. Ri bbon-1 i ke mol ybdeni t e  occurs w i t h  quartz-  

pyri t e  as breccia fragments . Sphal e r i  t e ,  pyri t e ,  galena, chal copyri t e ,  

rhodochrosi t e  and b a r i t e  veins c u t  the breccia and occur as grains w i t h i n  

the  breccia complex. 

The geology of the Keystone area i s  on Figures 3, 4 and 6. 

The d r i l l  hole geology of DDH W-78-1 is i l l u s t r a t e d  on Figure 8. 

CLAIM GEOLOGY 

ROCK UNITS 

N i  col i a Group vol canics ( N V )  a r e  found on the northeastern 

edge of the  claims. They are  dark green, sch i s tose ,  l o c a l l y  massive 

andesi ti c flows w i  t h  associa te  basi c t o  intermediate t u f f s .  The u n i  ts 

s t r i k e  approximately 340' and dip  s teep ly  to the  northeast .  

Eagle Granodiori t e  (Egd) cons t i tu tes  the major rock type both 

i n  outcrop and i n  d r i l l  core. I t  i s  cha rac t e r i s t i c l y  f o l i a t e d ,  b i o t i t e -  

r i ch ,  leucocrat i  c ,  hypidiomorphi c granul a r  rock containing i rregul a r  

incl  usions of  paragnei s s  and pegmati t e s  . I t s  composi t ion  ranges from 

quar tz  d io r i  t e  t o  granodiori t e  ( Rice 1947) : 

Quartz : 15-30 

Pl agiochase: 60-80 

Orthoclase. : 0-2 

Bio t i t e  : 7-10 

Hornblende : 3-5 

Accessories : magneti t i e ,  apati  t e ,  zircon 

Textural ly ,  the  Eagle has generally uniform grain s i z e  but  var ies  from 

a fine-grained m i  gmati t e  t o  a blotchy-looking, porphyri ti c b i o t i t e -  

rock. Fol ia t ions  trends 320' to 340' and is  s teep ly  dipping. The Eagle 

has undergone retrograde regional metamorphism. The re1 a t i  ve age of 

the  Eagle has been dated a t  104 may. (Roddick and Farrar ,  1971). 



Keys tone Quartz Diori t e  ( Kqd) outcrops a1 ong Keys tone base 1 i ne 

from 15s t o  20s and 6N t o  18N and along the b luf f s  northwest of the  

Keystone workings. The Kqd i s  not exposed along the valley f l o o r  b u t  

has been in te r sec ted  i n  d r i l l  holes DDH-1-73, DDH-4-73 and NC-6-69. 

The quartz d io r i  t e  a1 so occurs as fragments and matrix i n  the  breccia.  

The in t rus ive  body i s  an i r regu la r ly  shaped, elongate s tock,  

sub-paral le l l ing the Eagle fo l i a t i on ,  4 km long and 1.5 km wide (maximum). 

The Kqd has been bisected by the breccia complex. Contacts w i t h  the 

Eagle a re  gradiational  w i t h i n  10 t o  20 metres. 

The rock i s  typical  l y  non-fol i a ted,  f resh,  coarse-grained 

equigranul a r  (2-3 mm) quartz d io r i  t e  having a "sal t and pepper" 

appearance. Composi t i ona l l y ,  i t  ranges from a quartz dior i  t e  t o  a k-  

spar  poor granodiori t e  (TSOCK 3,4, 20-7) : 

Mode 

Pl agiocl ase: 50-60 

Quartz : 15 

B io t i t e  : 10 

Hornblende : 5 

Accessories : sphere, apati  t e ,  zi  rcon , magneti t e ,  py r i t e ,  
s i d e r i t e ,  sphaler i  t e  

The rock i s  mostly unaltered except near i t s  brecciated edge where 

a1 bi t e ,  s e r i  ci  t e ,  c h l o r i t e ,  epi dote and py r i t e  rep1 acement has occured. 

Dykes on the  property account f o r  5% o r  l e s s  of the outcrop. 

Dyke fragments a re  common i n  the breccia.  Andesi t e  and daci t e  dykes 

c u t  the breccia complex. The andesi tes  a re  the  most abundant. 

Andesi t e s  (1) are dark green, massive, of ten t rachyt ic  o r  

porphyri t ic ,  continuous dykes t h a t  generally conform to the  regional 

f o l i a t i on  and dip s teeply .  They usually occur i n  swarms and have an 

average width of one metre o r  l e s s .  



Felsi t e  dykes ( 2 )  are less  comon b u t  do occur around the Noranda 

and Anaconda trenches, Stonewall a d i t ,  Ju l ie  showing and in breccia. They 

are whi te-grey, mi crocrystall  ine,  si l iceous rocks tha t  contain disseminated 

pyrite and se r i c i  t e .  The dykes tend to  be daci t e  in composition as apposed 

to  rhyol i  t e  (TSOCK 21-3, WK 3O,32). Occassional ly ,  they have phenocrysts 

of feldspars (pl agiocl ase) and quartz, exhi bi t banding and flow textures. 

The dykes are commonly discordant, s t r i k e  northeasterly,  dip steeply and 

are one metre o r  l e s s  in width. 

Bioti t e  fel dspar porphyries (3)  are  daci t i c  i n  composition w i t h  

euhedral t o  rounded phenocrysts of quartz, plagioclase and b i o t i t e  s e t  i n  

a dark grey quartz, s e r i  ci t e ,  ch lor i te  and clay matrix (TSOCK 21-3). They 

occur mainly peripheral t o  the Keystone quartz d io r i t e .  Dacite porphyry 

with quartz-eyes occurs north of the Keystone a d i t  and was interrsected 

in DDH W-78-1. 

Diorite dykes (4 )  appear to be a f ine  grained, h i g h  rnafic 

equivalents of  the Keystone quartz d ior i te .  A few have been noted i n  the  

Noranda trenches occurring in Kqd. A north trending d io r i t e  dyke cu 

Eagle i s  exposed in the E l  Paso trenches. 

Apl i  tes  and peamati tes (5)  occur mainly i n  Eagle granodior 

narrow dykes and veins and are  common i n  the breccia. The rocks a re  

t t i n g  

i t e  as 

pink 

to  grey, microcrystalline to porphyritic in texture and are  qui te  prominant 

along Blue Gold Creek. A l a rger  mass of apli t e  occurs along the Keystone 

baseline, 18+50N i n  close prominity to the Keystone quartz d io r i t e .  

Pebble dykes occur west of the Stonewall a d i t  along Mine Creek 

but are  not located on Figure 3. The pebble dykes are  i r regular ly  shaped, 

one metre o r  l e s s  wide, discordant bodies intruding Eagle granodiorite and 

Eagle Breccia. The dykes display a milled texture s imilar  to  the Pebble 

Breccia. 



Keys tone In trus i ve Brecci a Compl ex: Intrudi n g  the Eagl e 

granodiorite and Keystone quartz d ior i te  in ell iptical-shaped breccia 

complex. The complex has a north-south orientation and encompasses a 

surface area 1300 metres to 2100 metres (175 hectares). The breccia 

body i s  a steeply-pl unging, pipe-1 ike feature tha t  extends ver t ica l ly  

beyond 859 metres. The complex consists of homogenous outer  zone character- 

ized by fractured and poorly sorted, semi-rotated "boulder" s i z e  fragments 

and a heterogenous, inner zone characterized by we1 1 sorted,  laminated, 

"sand" to  "pebble" s i ze  fragments. The complex is  cu t  by zinc-rich veins, 

pyri te  f ractures ,  manganese fractures,  andesi t e  and daci t e  dykes. Breccia 

dykes occur as out1 i e r s  to the main complex. 

A t  l ea s t ,  three phases of breccia are recognized: Eagle Breccia 

(outer  zone), sub-rounded Eagle granodiori t e  fragemen t s  in comminuted 

green s e r i  ci t e  matrix: Pebble Breccia ( inner  zone), rounded fragments, 

1 aminated in a w h i  t e  ser i  ci te-cl ay-carbonate matrix and Quartz Breccia 

(pre-Pebbl e Breccia, inner zone), quartz diori  t e  fragments i n  a comninuted 

grey s i l i c a  matrix. 

Eagle Breccia (Ebx) i s  peripheral to  the Pebble Breccia in an 

i r regular  zone of up  to  250 metres wide. Angular to  sub-round fragments 

of Eagle granodiori t e  are s e t  in a green, s e r i c i  t i c  matrix of the same 

composition. Sorting i s  poor with c l a s t s  ranging from microscopic to  several 

metres b u t  averaging 20 centimetres, Boundaries between matrix and 

fragments are sharp. Matrix comprises 5 percent o r  l e s s  of the rock. 

The Ebx tends to be a1 tered to se r i c i  te-chlori te-epidote and moderately 

s i 1  i ci f ied  and pyri t ized. Contacts with the Eagle granodiori t e  are  

d i s t i n c t  b u t  i r regular  and gradational with the Pebble Breccia. The 

Eagle Breccia represents the f i r s t  phase of brecciation t o  occur within 

the complex. 



Pebble Breccia (Pbx) constitutes 85 percent of the breccia 

complex and i s  composed of a heterogeneous mix of i gneous rocks. The 

breccia i s  1 ayered with a1 ternating sub-parallel ing beds of f ine 

(microscopic to  2 mm grain s i ze )  and coarse (sand to pebble s i ze  - 2-4 cm) 

material. The layering dips a t  20' to 50' and probably represents 

d i f fe rent ia l  veloci ty levels during the mil 1 ing process. Fragments are 

angular to  rounded, generally well sorted and embedded i n  a chaulky 

white, porous, s e r i c i  te-carbonate matrix. The dis t r ibut ion of rock types 

i n  the coarse faction i s :  40% quartz d io r i t e  o r  equivalent; 35% Eagle 

granodiori t e ;  10% Quartz Breccia; 15% quartz,  daci te ,  daci t e  porphyries, 

fel  s i  t es ,  apl i tes  and andesi t e ;  1% mineralized c l a s t s  of pyr i te ,  sphaleri  t e ,  

galena, chalcopyrite, hematite, molybdeni t e  and sulphosal t s .  A s igni f icant  

percentage of the grani t ic  fragments contain quartz-pyri t e  veining and 

flooding. The degree of quartz-seri ci te-pyri t e  a1 teration varies strongly 

between c las t s .  Contacts beteen matrix and fragments are  sharp and 

d i s t i n c t .  Matrix i s  a mixture of comminuted fragments and rock f lour  

consisting of se r i c i  t e ,  carbonate,quartz, a1 bi t e ,  clay, pyri t e  and chlor i te .  

The breccia i s  cemented with carbonates of i ron,  magnesium, zinc and lead. 

Quartz Breccia occurs as angular t o  sub-rounded fragments, ranging 

i n  s i z e  from a few mm to several centimetres, within the Pebble Breccia. 

They have a grey-cherty appearance and represent 10 percent o r  more of the 

coarse component of the Pebble Breccia. A fu l l  description of the Quartz 

Breccia is limited but de ta i l s  as to  mode of origin and breccia content have 

been obtained through petrographic studies (TS 26, 31, 37, 59).  



The Quartz Breccia i s  a milled breccia w i t h  a his tory and 

source area s imilar  to the Pebble Breccia. Angular to  sub-angular 

ser i  ci t ized fragments of quartz diori  te,quartz,  apl i t e  and daci t e  are 

s e t  in an indurated quartz-pyri t e  matrix. Contact between matrix and 

fragments i s  sharp and d is t inc t .  Quartz-pyri t e  veining has occurred 

a f t e r  breccia development. After consol idation, the quartz Breccia was 

incorporated in to the Pebble Breccia. 

ALTERATION 

A noticeable feature about the rocks on surface a t  Keystone 

i s  the lack of hydrothermal a1 terat ion.  The Eagle granodforite i s  

re la t ive ly  fresh except fo r  regional metamorphism and except f o r  a 

weak a l te ra t jon  envelope north of the Keystone stock. The Keystone 

quartz d io r i t e  as a whole i s  unaltered. Strong a1 teration occurs 

peripheral t o  the breccia complex. Intense a1 terat ion i s  exhibi ted i n  

the fragments of the Pebble Breccia and Quartz Breccia. Mild, pore- 

control 1 ed a1 terat ion has occurred in the breccia compl ex a f t e r  

depos i t i  on. 

Four a1 teration stages can be distinguished: propyl i t i  c 

phyl l ic ,  s i l i c a  and diagenetic. Two ages of a l te ra t ion  events a re  

recognized: an older event associated with the emplacement of the 

Keystone stock and a younger event occurring p r io r  to  the intrusion of  

the breccia complex. The surface dis t r ibut ion of a1 teration is  shown 

on Figure 7. 

The a1 teration assemblage i s  summarized as  follows : 



01 der 

Propyl i t i  c : f rac ture ,  pervasive: ch lo r i t e ,  s e r i  c i t e ,  

epidote,  a1 bi t e ,  py r i t e ,  c lay;  magneti t e ,  

fe-oxi des , carbonate. 

Younger 

Propyl i ti c : as above. 

Phyl 1 i c : pervasive: s e r i c i t e  (50-70%), py r i t e  (5- 

15%) , quartz (5-10%) ; 

S i l i c a  : pervasive: quartz (50-70%), py r i t e  (5- 

25%), s e r i  c i  t e  (10-20%), 

vein : quartz-pyri t e .  

Diageneti c : pervasive, pore-con t ro l  l ed :  carbonates, 

cal c i  t e ,  s i d e r i t e ,  Pb-Zn oxides and 

carbonates. 

Two ages of propyli t i c  a1 t e ra t ion  a r e  present.  An o lder  event 

associated w i t h  the  Keystone stock occurs as  a broad, weak envelope 

w i t h i n  Eagle granodiori te (Figure 7) .  The zone (550 metres by 1000 

metres) conforms to  the  regional f o l i a t i on  and i s  overprinted by cross-  

cu t t ing  myloni ti c zones of chlor i  te-hemati t e .  Minor copper-molybdeni t e  

mineralization occurs within the  zone i n  t he  El Paso trenches and Blue 

Gold showing. A much younger s t ronger ,  pervasive event occurred w i t h  

the breccia complex. The prophyli t i c  phase occurs as  a remnant i n  Eagle 

granodi o r i  t e  and Keys tone quartz di o r i  t e  peripheral to  the  complex and 

as Eagle Brecci a. 



Phyllic and s i l i c a  stages are incorporated as matrix and 

fragments of the inner zone breccias. Phyllic fragments occur both i n  

Pebble Breccia and Quartz Breccia. S i l ica  stage i s  only present as 

Quartz Breccia. Si 1 i ca veining cuts both phyll i c fragments and Quartz 

Breccia fragements indicating two stages of quartz-pyri t e  veining: one 

pr ior  to  Quartz Breccia development and one a f t e r  the formation of the 

Quartz Breccia pipe. The odd Eagle granodiori t e  fragment i n  Pebble 

Breccia contains par t ia l  potassi c rep1 acement and probably represent a 

fourth stage of metasomatism. Both the Pebble Breccia and Quartz 

Breccia have been affected by diagenesis with the formation of carbonate 

and carbonates and oxides of Fe, Pb,  Zn, Mn and Mg. 

MINERALIZATION 

Sulphide mineralization i s  not wide spread on the Keystone. 

Concentrations of sulphides occur peripheral and w i t h i n  the breccia 

complex and peripheral to the Keystone stock (Figure 7) which suggests 

two ages of mineralization. The sequence of mineralization i s  summarized 

as follows : 

01 der 
+ 

Pre Keystone Stock : quartz-pyrite ( -  k-spar) veins 

wi t h  chal copyri t e ,  molybdeni te .  

Younger 

Pre & Post Breccia Complex: Sphalerite veins w i t h  pyri te  

galena, chalcopyrite, rhodechrosite, 

bari te  , cal ci t e ,  hema t i  te, quartz, 

Pre Pebble Breccia 

Barren pyri te  - quartz veins. 
+ 

: quartz-pyri t e  ( -  pyrrhoti t e )  

with molybdeni te.  

Post Pebble Breccia : carbonate Pb, Z n ,  Fe, Mn, Mg. 
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The mineral assemblages t h a t  are recognized a r e  summarized as 

follows : 

Barren pyr i t e  

Chal copyri te-molybdenum 

Molybdeni t e  

Zinc-ri ch 

Carbonates-Oxi des 

Figures 6 ,  7, 8 and 9 show mineralization re la t ionsh ips  as 

we1 1 as  sample locat ions ,  showings and geochemical r e s u l t s .  Detailed 

descr ipt ions  of mineralized breccia fragments are w i t h  the pol i sh  sec t ion  

repor t  i n  Appendix C. 

Older mineralization t h a t  occurs peripheral t o  the  Keystone stock 

i s  contained i n  propyl i ti c Eagle granodi or i  t e .  Barren pyri t e  and 
+ 

chal copyri te-molybdeni te occur a1 ong f rac tures  and w i t h  quar tz  ( -  k-spar) 
. , 

veins. The mineralization appears to be a weak, sulphide-poor event 

associa ted w i t h  the Keys tone s tock.  

Blue Go1 d Showing (K19-6,7) cons i s t s  o f  several  1 cm to  

5 cm quartz-pyri t e  veins containing v i s i b l e  py r i t e ,  chal copyri t e  and 

molybdenite w i t h  geochemical concentration o f  W (7-15 ppm) and Ag 

(1.5-4.3 ppm). They contain no appreciable geochemical values i n  Pb, 

Zn ,  Mn o r  F. The veins s t r i k e  300' t o  340' and dip 0 9 0 ~ .  Pegmati t i c  

veins a r e  present w i t h i n  the zone of  mineralization.  The mineralized 

veins a r e  o f f s e t  by nor theast  chlor i  te-hemati t e  shearing (040'). 

Mineralization is no t  extensive. A s im i l a r  showing occurs upstream a t  

sample s i g h t  K19-5. Mineralization around t h e  El Paso trenches i s  s im i l a r  

t o  Blue Gold but l e s s  abundant. The trench area  contains numerous barren 

quar tz  veins and ap l i  t e s  w i t h  disseminated py r i t e  (K21-2,8). A narrow 
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gray brocci a 
kaol i n i  zed 
somo dar ic f ragrnenTs 

gray brocci a 
weakly kaol inizod 

d i ssom i iiat'ed homa,t i 'to 
dark frags.  205 & vugs 
q'tz, blobs 

gray breccia 
kaol i n i zed 

rusaty f r a c t ,  
d i  ssemi na'ted he~na'ti~to 
215 qatz. blob 

220-230 100$ samo as above di ssomi na tcd horna'f i t e  
ankori'ts vain 

230-240 100$ some as  ebovo 



Hole No. b!C 11.5 MORANDA EXPLORATION CO. LTD. cwu I HAL LA 
Project No.: Sheet No. A 

Lat. Elev. Dip Collared . Core Size 

Logged by: Dcp. - Depth Bearing Completed 

Rock TypeIAlteration Graphic Mineralization/Structure Sample 
No. Footage 

gray breccia 
greenish- 
kciol inized 

hema8ti'te i n  frac't. 
d i ssemi naTed py , 
q'tz, - anksri'te velns. Shoar 
horna,t i t o  qreen r n i  n. a4i- 248 

nurnerous fracts .  
252-260 mostly q'tz, dio. 

gray breccia 
part l y kao! i n i  zed 

f rac.tures 
q h ,  vei n 
q'tz . ve i n 261 

gray brecci a 
dar fter co 1 or 
weakly kaol inized i n  
part 

d i ssern i nahd herna't i 'to 

qTz. dio. 
rjray-grcon a l t ,  
wsakl y Itaol i n i  zed 

q0t.z. dio. 
ltao I i n i zed bands 
green a l t . 

gray brocci a 
sl  igh'tly kaoli~iized 

gray brocci a sphaleri'tc i n  v ~ g s  act 31 5 
f o g *  P Y *  
more kaol'i n i  zed 



I 

INOKAMDA'EXPLORATION CO. LTD. PrOpert~: 
CQOU I I IAI-LA 

Project No.: 

Lat. Elev. Dip Collared 

Dcp. 

Footage 

I Dcpth I Bearing I ~ompfetcd - 
Rec'y I Rock Type/Alteration 

Graphic Mineralization/Structure 
- - 

$ray breccia f.3. 
coarser y-ai n af tcr  

4. 
kaol i n i  zcci 

grooiii sh gray brocci a 
few diori te  frags whic 
orc pzr't l y Icm l i 11 i zed 

98$ rnos,tly d a r k q t z .  dio. 
bands  hard gray f .cj. 

IG3$ q'fz. dio, '1-0 354 
gray brecci a ,354-356 

END OF HOLE 

ankeri 'ts vein - vugs 
k g .  py. 

vugs - qt-z, frags. - ai1kori.t~ 
a.1- 335-330 
33'7-333 kco l i n i zod 

qfz. 
herna'tiate on f r a c h .  
q'tz. vein w .  vugs 

q'tz r ich  band 
brecci a - kaol i n i zed 

Holc No. r:c $5 
/ 

.--- 
Sheet No. 

-- 

Core Size 



Hole No. NC 6'5 ----- 
Shcet No. I 

I Depth 5 0 ~ 1  Bearing ~3s . t  --- Completed r 
. - 

Graphic Rock Type/Alteration Mineralization/Structure 

11 NOFANDA EXPLORATION CO. LTD. COQUI HALLA 

-- Project No.: 1 042 

N ,  2i - 
% 

Sulfides 

Lat. . - -m-- -  

Sample I 
No. 

Elov. Dip 4 5 7  10 --- I Nov . 2 5 ,  1 969 - 

Assays 
R ec'y 
- 

0 C a s i n g  - no Cora 

q' tz .  dio. s l  igh.tly 
kaol i n i z o d  

d i  sserni n a h d  py . 

1 i a t t  1 e d i  ssemi nahd  py , qfz. d i o .  
kao l i n i zed  40-4.9 

qdtz. dio. rusty frac-t. 

rusty f rac'ts , qtz .  d i o ,  
more dark m i  n. 

r u s t y  f racts  , 
PY 

q'tz. d i o ,  
kaol i n i zod 70-'72 

l i 'tt 1 o d i  ssernl n a t e d  py ,  sphone 
py. s trs  . 'trace cpy . 
shear 

qtz .  d i o ,  
part  l y kaol i  n i  zod 

q ' tz ,  d i o ,  
ltao i i n i zed 

py. voin 
sphalw i ' to  
s'hear 



Holc No. NC 6 
I NORANDA EXPLORATION CO. LTD. CoQU I HALLA 

Project No.: 
I I 

Sheet No. 3 

Core Size 

Logged by: 

Lat. Elev. 

Dep. 

Dip Collared 

( Depth I Bearing I Comoleted 
I I I - 

Rec'y 
- 
100% 

.- - 

Footage Rock TypeIAlteration Graphic M ineralizationIStructure % 
Sulfides 

Sample 
No. 

qtz, dio. 
ISG-I88 I igh ' t  c o l o r  

qtz.  d io ,  
po rphy r i ' t i  c  

py, on f r a c t s .  
n e a r l y  p a r a l l e l  'To core 
sphone 

r u s t y  f r a c t .  
py, 011 f rac , t ,  
rus ' ty  f rac?.  

qstz. py. v e i n  1/81' samo as above 

same as above py, - spha ler i ' te  v e i n  - q'tz. 

same as above q tz .  - c a l ,  - py, 
r u s t y  f r a c t s  sphena 
40th kao I  i n l zod zone 234.4 

b o t t l e  y-ccn 
m i  nora l 

same as above PY 
r u s t y  f r a c t ,  

samv as above 



- . .  --  - I I I ----------._ _ _ _  
Depth Bearing Cornplcted Logged by: 

--7- ---=,==-----~-- .1 

CWLI I HALLA NORANDA EXPLORATION CO. LTD. 
Project No.: 

Lat. I Elev. I Dip I Collared 

Dep. 

Hole No. I\!: 6 

Sheet No: 4 

Core Sizc 

Rec'y 
- 
i 00% 

- 
loo$ 

- 
100% 

100% 

100% 

Footage 
! S  i Assays 1 

sarno to 268 
260-2'70 basi c d y l a  
dark grcon f .g. 

py . ci i ssem i nn f'od > I M9366 10 
sharp con tact  
d y  lto 
n v .  voinlo'ts - 1/32fI 

f rac ts .  25 M9SG7 10 
py.  vcinlets 
py. d i  sserni na ted & around ca I ci to 
cr vsta I s 

same 2% ~ 0 3 6 a  1 0 
rus'ty f rac ts  . 

basic dylto 

sarno as  above 

bas i c dyke  *to 295 
qTz. dio. 295-300 
Itaol i n i zed 296-300 

finer grain border on dyke  
sharp con'ta cT 
r u s t y  f rac ts . 

qtz .  dio, 
300-303.i 1 i gh't co l or 
308 gray al'tora'tion 

. . 
qtz,  dio. 
por p hyr  i 't- i c 

qatz. - py. vein 1/81' 

qTz, dio, 
f rac ts .  & gray 
a l .tors+ i on a't 356 

an ker i'ti c & g r a y  a l torati  on 
spha1eri.t.o vein I / i G f r  



NORAMDA EXPLORATION CO. LTD. CCQU 1 I-IALLA Hole No. NC 6 
Sheet No. E - Project No.: 

Lat. I Elev. I Dip I Collared 
J 

Core Size 

I Depth ( Bearing I Com~leted 
I .  I I 

Rock TypeIAlteration Graphic 
Log 

Mineralization/Structure 

= 

Rec'y 
- 
100," 

- 
100," 

- 
100% 

Sample -= Footage 

360-370 

1- Assays 

.I., g . d i sserni mted py , 
sphene 
ch l or i-ta on frac'ts. 

qatz. dio. 

q'tz. dio. weak sl i p .  Possible sphalori.te 
sphene 

q'tz. dio. 61' w i do gray , a  I tora.t i on 
py. - ' sphalsri te  veins 1/16f1 

basic dyke qtz. dio. 
407-410 I ighfer color 

I i gh't a I TeraaPi on 
slighStly kaolinized 
qTz. dio. 

py. sQtrs.  

py. & gray a llera-ti on qtz. dio. 
I imt4-le kaol inizatlon 

q'tz. dio. 
gray-green altera'tion 
bands 

s p  hene 



Holc No. f<C 6 
Shect No. 6 

NORANDA EXPLORATION CO. LTD. C ~ ~ I I I W A I  I A 

Project No.: 
1 1 

tat .  Elev. Dip Collared 

Depth Bearing Completed 

Core Sizc 

Dep. - 
Rec'y 
- 
1 005 

Footage Rock Type/Alteration Graphic 
Mineralization/Structure Sample 

No. 
Assays r c :  - 

F t- - 

- 

- 

- 

- 
10 

- 

- 

- 

- 

qtz. d i o .  
p o r p h y r i l - i c  

q t z .  d i o ,  
g r a y  green a l ' t e r a L t i  o n  
i n b a n d s  

sl i p  

r u s t y  

q ' t z .  d i o .  b a s  i c d y k e  r u s t y  f ract . I 005 

- 
1 cog 

100% 

l oop 

- 

- 

qtz. d i o . &  d y k e  b a s i c  d y k e  

b a s i c  d y k e  

b a s i c  d y k o  h qtz .  die. Q . d .  
1 %  py .  i n  d y k e  

d y k o  

f . g o  d i  s ss rn i  n a b d  py. 
s p h o n e  

q t z ,  d i o .  

END 



ASSAYS 24/7: -- 
% 

Sulfides 
Samp:e 
No. 

ec'y Rock TypelAltcration 

Ovcrburdan 

Green Grcy, Porphyritic 
100 A lterod Granite. Mottled 

Slighl- Kaol init.0, Chlorito 

X 
' 

I ncrease qtz with fow fino 
purplo slips (Fluorito) 

OCC. speck py i n  ch I iC 
strg. or sil. voin 

Spocks pyrite - slight incroafc 
Few fractures - s l ips @ 40° 

Groy greon alterod porphyritic 
granite 

/ l4odorato Kaol . Ser i c. 
1/2 inch pyrite well rni~~eralizc 

@ I30 in. 
Fluorito (? )  vc11ile-t 

I Fino gralirod groen andesito 
few fine fractures with 
calcite fluorite 

Fino scattored pyrite ono lnch 
with urol l ' m i l l .  pyrito sphalorii 
@I I63 

S 1 i ght fino pyr ito (cubcs) Gran i to Porphyry 

I End of hole casing pullcd 



1 . 0  : #  ' *  s. a . 
NORANDA EXPLORATION CO. LTD. Property 

Coqu i ha l 1 a (Denn i son Opt i on ) 

Project Na. 53 N.T.S. 1 1 E 
La. 31 + 59 S E lcv. 35CO Dip -90' 1 0 Aug .2 5/ 73 

I 

Shcct No. I 
L 

HOIC No. h(C-2 -73 

Core Snc: BQ 

- 

Lt. 

5 1 

Groy grecn porphyry 
fino grainod 
slight soricito 

ASSAYS 

% 
Sulfides 

Sample 
NO. 

occa i ona 1 pyr i te specks 

trace 
1 33 Gtoy grcon granite porphyry - (rnott l od with coarse porphyro 
1 80 modoratc kaolinite, soricite 

scattered pyrite specks 
occasional band of 3% pyrite. 
Light shoars O 30' 

Chloritic zono 
- 

min. pyrite 

181 1 I Grey groan granite 
porphyry (mottled) coarse 

200 modorate Kao l , Sor i c. 

End of hole casing pullod 0 



I I 
L .. i 

1 

NORANDA EXPLORATION CO. LTD. oqu i ha I 1 a (Dciin i son O D ~  i o:i ) Shcct No. 1 HOIQ NO. #C-3-73 
Propertjr C 
Project NO. 53 N.T.S. Core Size: 

Lat. 1 1 + 00 a &- E lev. 3500 ' Dip -go0 I Collared A u ~  .29/73 LogVdby: 0, PEGG 
I 

2 p .  23 

-ootagc I Rock TypeIAlteration 

ASSAYS 30/73 
_._L 

% 
Sulfides I iraphic 

Log 
~incral izat ion/~tructurc Sample 

No. Lt. 

0 Ovorbur den - Sand, gravol , c lay ,  
114 s i l t ,  boulders 

114 Grey volcanics w i t h  - fragmentals 
200 (up to 311 long) 

sca t te rad  specks p y r i t e  
(cubss) 

t r a c  t r a c  f 
t r a c e  0.1 I 



NORANDA EXPLORATION CO. LTD. Propcrty Coquihal l a  (Donnison Option) 

> E: 
Rock TypelAltcration 

Cas i ng 
Overburden 
Extcnsivo boulders 

ASSAYS . . 
--ilPZL 

Footage 

- 
% 

Sulfides - 
Saniple 

No. 

sca t te red  f i na , Vo1 can i c f ragmenta I 

pyr i t e  

End o f  hole casing p u l l e d  



Coquihal la w o n  Option) N O R A N D A  EXPLORATION CO. LTD. Property 

P r o j ~ c t  No. 53 N.T.S. ~ Z H /  1 I E. 

ASSAYS 

Au, An. 

T 
aphic MincralizationlStructure 
-0g 

Sand 
Grave I I 
Bou 1 ders 

Banding in core B 60' 

Rock TypelAltcration ulfides % I SamPIC No. 

Cas i 1.19 
Overburden 

Frag. Volcanic 

End of holo 
Cas i ng pu 1 1 ed 



NORANDA EXPLORATION CO. LTD, -. Propcrty Coqui ha1 13 (Oonni eon Option) !Sheet I I Holr? No. E(C-6-'73 

Project NO. 53 N.T.S. %?HI I I E Corc Sizc: .- BQ 
La[. 8 + 00 N / Elcv. 3600 I Dip -90' Colfarcd Seof -41  73 Lewd by: 0, PEGG 

i R ASSAYS - 
Au . - 
-- 

- 

- 
trace 

- 
trace 

- 

trace 

- 

- 

- 

No. Srmpk I Lt* 
'Casing - - Overburden sand, gravol 

bou 1 dors 

No s i g n i f i c a n l  s u l f i d e s  Fino grained andosi t e  w i t h  
b i o t i t o  g ran i t e  inc1usiol . r~ 
and fragrncntal vo lcan ic  i nc l us i  

P y r i t s  i in fragments 2 + 
and s m o  disssm. - Frag:nonta I vol  can i cs 

f roquent brown wcotherod 
seams 

11411 qtz ,  vn. w l t h  py. 
sphal , @ 122' @ 20' to coro 

Gray porphyry, s 1 , f o l  i atod 
modorato sor ic , ,  chl.  

( Poor p y r i t o  I 
Brown manganese frac-t.  1 0 185, 7, 191. 3, 6, 290 
nwrk r h l  c h w w  f;;) 19115 

Halo Canplctc 
Casing p u l l c d  



;hcct NO. I HoIcNoNC-7-71 

:arc Sizc: 
99 

ASSAYS 
=-IT- 

Rock TypelAltcration 

. Overburden 
Sand - gravol 
(Boulders 60' -+ ) 

Groy Porphyry 
Kaol. Seric, Minor chl. 
SI, foliated 

Grey Porphyry - coarse 3x parts 
Kaol. Soric. 

Pyrite as finely dissem. 
and few ve in  lots trace 

Coarse Broccia - 
Grcy brown, Poor 
Kaol . Seric. SI . more s i  I ic& 

Pyrito. Fino diss. 
and veinlets 

Grey Porphyry. SI. Folistod 
Good scri c. 190-200 , 

Caving @ 191 1 
trace 

- 
tracc 

tracc 

- 
0. I 

trace 

Halo finished, 
Casing pullod. 



quartz vein with vis ible  chalcopyrite (K21-4) s t r ikes  230' @ 080' contains 

geochemical Mo (62 ppm) . Soil Cu-Mo anomalies (Figure 7 )  t ha t  occur 

around the El Paso trenches and extend over to the Blue Gold showing 

confirm the wide sporadic extent of sub-surface mineralization. 

Younger mineral ization i s  centered around the breccia complex. 

Barren pyri te  and zinc-rich mineralization occur in Eagle granodiorite, 

Keystone quartz d io r i t e  and breccia complex. Molybdenite occurs as 

remnants in the Pebble Breccia. Sulphides have been par t ia l ly  re- 

mobi f i  zed i n  to  carbonates and oxides within the breccia cornpex. 

Zinc-rich mineralization occurs as veins, f ractures ,  

disseminations and grains of sphaleri te ,  galena, rhodochrosi t e ,  pyri te ,  

chalcopyrite, bari t e ,  quartz and specul a r i  te.  The Keystone vein 

contains botryoidal -banded sulphides. Ju l ie  showing i s  s tockwork 

quartz-carbonate-sphal e r i  te-hemati t e  mineral i zation in Eagle rocks and 

Pebble Breccia. Disseminated sphal e r i  t e  occurs in Keystone quartz 

diori  t e  a t  the Noranda trenches. The Pebble Breccia i s  cut by and 

contains grains of zinc-ri ch mineral izat ion.  

Pyrite i s  pervasive within the present a1 teration 1 imi t s  and 

occurs as f ine ,  anhedral to  euhedral s ingle  grains and grain aggregates. 

I t  occurs as barren-pyrite-sil ica veins ( 1  rnm to 10 rnm wide) and 

disseminations (5-10%) and wi t h  Zn-Pb-Cu and molybdeni te .  There appears 

t o  be several barren stages of pyri t i  zation w i t h  vol uminous introductions 

during phyl l i c  and s i l  ica  a1 terat ion.  Barren pyri te  veins cut fragements 

with Quartz Breccia, Quartz Breccia fragments, fragments within Pebble 
I 

Breccia as well as the breccia complex. 



Molybdenite occurs only as pebbles i n  

Mineralized pebbles up  to  1 cm occur i r regular l :  

the Pebble Breccia. 

y throughout DDH W-78-1 

w i t h  noted concentrations w i  t h  the coarse bands. Molybdeni t e  occurs as  

narrow laths(ribbon-1 i  ke) and i r r egu l a r  masses (0.1 mm to  1.2 mm i n  

diameter) within a s i l i c a  matrix containing py r i t e  w i t h  pyrrhoti  t e  

inclusions (PS 77.79.114). Molybdeni t e  mineralization obviously occurred 

pre Pebble Breccia and contemporeous w i t h  s i l i c i f i c a t i o n  and p y r i t i z a t i o n .  

Carbonate and oxide minerals formed during diagenesis a t  

the  expense of  sulphides (Fe, Zn, Pb, e t c . ) .  Porosity of  the  Pebble 

Breccia a f fec ted  t h e i r  formation and mobilization away from sulphide 

concentrat ions.  The secondary minerals have a d i r e c t  a f f e t  on the rock 

geochemistry of  the  Pebble Breccia. 

STRUCTURE 

The region f ab r i c  (320' t o  340') controls  most of . , t he  bodies 

penetra t ing the Eagle granodiori t e  including the  Keystone s tock,  dykes, 

barren quar tz  veins and mineralization a t  the Blue Go1 d and E l  Paso 

trenches. The breccia compl ex w h i  ch incl  udes non-fol i a t ed  rocks i s  the  

most s i g n i f i c a n t  s t ruc tura l  feature .  The complex has a north-south 

elongation.  Zn-Pb-Cu veins peripheral t o  and cu t t ing  the breccia 

complex predominately s t r i k e  040' and dip ve r t i c a l l y .  Daci t e ,  f e l s i  t e  

and pebble dykes t h a t  a re  peripheral t o  the breccia complex a r e  arranged 

i n  a  crude concentr ic t  pat tern .  Regional implications a r e  t h a t  the  

breccia complex occupies a conjunctive zone between northwest trending 

fo l i a t i on  and a major northeast  040' break. 

The breccia complex i s  a breccia pipe system w i t h  a t  l e a s t  

three  s tages  of  breccia development : 



Eagle Breccia, pre f luidizat ion,  as the i n i t i a l  crackle- 

zone stage of breccia pipe development. 

Quartz Breccia, pre Pebble Breccia, a f i r s t  generation 

fluidized breccia incorporating milled Ebx, Eqd, Kqd fragments tha t  have 

been s i l  i c i  f ied and pyri t i  zed. Quartz Breccia only occurs as fragments 

and is  not presently exposed on surface.  

Pebble Breccia i s  the l a s t  stage of breccia pipe develop- 

ment tha t  possibly vented during formation. The graded rythmic nature of the 

coarse and f ine  beds depicts d i f fe rent  energy levels during milling. 

The present dips of the beds (20' to 50') i s  probably a se t t ing  feature 

and does not r e f l e c t  the shape of the overall breccia complex. 

GEOCHEMISTRY 

PREVIOUS SURVEYS 

The resul t s  of previous surveys are compi 1 ed on Figure 

7 with the data source and survey area out1 ines. Soils have been 

sampled f o r  Mo, Cu, Pb, Zn and Ag on several occasions. Rocks have been 

tested f o r  the above elements as well as Mn, F,  W ,  Fe. 

A coincidental Cu (+ 100 ppm) - No (+ 20 ppm) so i l  anomaly 

was detected by El Paso peripheral t o  the northwest portion of the 

Keystone stock. The anomaly has been confirmed by the occurrence of weakly 

mineralized quartz veins of rnolybdeni t e ,  chalcopyrite and pyri te .  

Soil sampling around the breccia complex i s  hampered by 

deep, overburden of outwash material. Sporadic high values of Zn, Pb, 

Cu, Ag have been detected. Mo resul ts  are low (2-4 ppm) and considered 

background. A crude 1000 ppm Mn and 400 ppm Zn l imi t  occurs along the 

north edge of the breccia complex. The geochenlical values are predictable 

i n  view of the known mineralization. I t  should be noted tha t  the geochemical 

and dispersion pattern associated with the breccia complex i s  res t r ic ted  

to  a narrow peripheral zone. 



ROCK GEOCHEMISTRY 

A good s t a t i s t i c  base f o r  rock geochemistry has been compiled, 

Livingstone (1977) sampled numerous outcrops and previous drill  core f o r  

Mo, Zn,  Pb, Mn, F and GI. During 1978, mineralized veins and dykes 

were sampled and analyzed f o r  Mo, C u ,  Pb,  Zn,  Ag, F, W f o r  the  purpose 

of  acquiring element data f o r  comparing and c lass i fy ing  mineralization.  

The r e su l t s  of t h i s  survey a r e  on Tables l a  and l b  (p. 49-50) and t he  

samples locat ions  a re  on Figure 9 .  This data was not  s t a t i s t i c a l l y  

t r ea t ed  but  compares favourably w i t h  s t a t i s t i c a l  1 eve1 s developed from 

the  1978 d r i l l  core data.  

The 1978 d r i l l  core was systematically sampled and analyzed f o r  

Agy Cu, F, Fe, Mn, Mo, Pb, W and Zn. The r e su l t s  were s t a t i s t i c a l l y  

t r ea t ed  using the cummul a t i  ve frequency method on probabi 1 i ty-1 og paper. 

The r e s u l t s  a r e  summarized on Table 2 (.p. 30) w i t h  d e t a i l s  on Tables 
. , 

3a, 3b and 3c (p. 31-33). A graphic representation i s  on Figure 8. 

Several cor re la t ion  diagrams f o r  various elements were done bu t  not 

documented. 

The rock geochemical d i s t r i bu t i on  i n  d r i l l  hole W-78-1 i s  

summarized as  f o l l  ows : 

Mo: Molybdeni t e  fragments occur i n  t he  Pbx. 

The three  peaks between 230-239, 712-721 

and 758-767 metres coincide w i  t h  coarse  

fragment bands and suggest s e l ec t i ve  

m i l  1 ing of  a molybdeni te-quartz r ich  

zone. Mo has no corre la t ion w i t h  o the r  

metals except pyri t e  . 



Cu: Chalcop.yri t e  occurs  wi th  Zn-Pb and 

d i s t r i b u t e d  a s  c r o s s - c u t t i n g  v e i n s  and 

g r a i n s  i n  t h e  Pbx. I t s  e lementa l  

abundance i s  low (26 ppm background) 

and corresponds t o  i t s  v i s i b l e  coun t .  

The peak a t  703-712 metres is  probably  

a ve in .  

Pb: Galena i s  v i s i b l e  wi th  s p h a l e r i t e .  The 

anomalous zone from 403-539 metres occu r s  

i n  porous,  ca rbonate - r i  ch Pbx. The 

anomalous zone is  a zone o f  enr ichment  

due t o  t h e  formation o f  Pb ca rbona te s  

dur ing  d i agenes i s .  The s h a r p  d ropof f  

be1 ow 539 r e f1  e c t s  Pb normal mobi 1 i t y  

away from source  ( v e i n s  and g r a i n s ) .  

Zn: Abundant wi th  ve ins  and has  g r a i n s .  Zn 

i s  anomalous from 403-859 met res .  Two 

d i s t i n c t  popula t ions  a r e  p r e s e n t  (F igu re  

3c)  one a s  s u l p h i d e  and t h e  o t h e r  a s  

ca rbona te  and oxide.  The anomalous zone 

r e f l e c t s  enr ichment  and mobil i a t i o n  wi th  

carbonates  du r ing  d i  agenes i s  . 
Fe: (Sulphide)  V i s i b l e  a s  p y r i t e  and Fe s t a i n  

th roughout  t h e  Pbx w i t h  t o t a l  -count  

( p e r c e n t )  d e c r e a s e  down h o l e  from 3-1%. 

The s h a r p  dec rease  a t  403 metres from 

h igh  background t o  1 ow background 1 eve1 s 

r e f l e c t s  t h e  development of  ca rbona te  Fe 

( s i d e r i t e ,  FeCog-Mg, Mn) a t  t h e  expense 

o f  s u l p h i d e  Fe. 



ROCK GECCI~STRY OF PEBLE BRECCIA 

SUMMNlY OF CUFRJLATIVE: FREQUENCY DISTRIBUTION 

for Ag, Cu,  F, Fe, Mn, blo, Pb, W, Zn 

N - population 
R - range of values (pp) 
b - background ( p p )  

st- geomtric deviation (absolute deviation) 

s -: coefficient of deviation 

s"- relative deviation or coefficient of variation 

t - threshold (ppm) 

b = pprn a t  50% 

s = logs1 

s t =  A 
6 A = value a t  16% 

U 
L.W.S 1/1/79 

t = b x s12 or value @ 2.5% 
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F: Not detected vis ibly , geochemical l y  ranges 

from 470-800 ppm i n  the hole. The increase 

from 530 metres to above background levels  

indicates a receptiveness of the rock 

envi ronment to accept f l  uorine. 

Mn: Rhodochrosi te ,  Mn oxide vis ible .  The broad 

increase above background from 317-712 

metres, peaking a t  494 metres coincides 

wi t h  Pb-Zn increase and Fe decrease. The 

pattern re f lec ts  mobility and carbonate 

a f f i l i a t i o n  of Mn during diagenesis. 

W: Not detected i n  core, very low levels  2-20 

ppm. The peak a t  721-739 metres correlates  with 

Mo peak. W i s  associated with molybdeni te- 

quartz elsewhere on the property. 

Ag: Sphaleri te-galena vein associated, no 

par t icu lar  pattern.  

GEOPHYSICS 

A compilation of the previous magnetic and I .P .  surveys as 

well as the 1978 I .P .  survey are  on Figure 7. The 1978 1 .P .  extended 

beyond the geologic 1 imi t s  of the breccia complex and included the El 

Paso trenches and Blue Gold showing. The I .P. / resis t ivi  ty survey was 

designated to  detect  a t a rge t  a t  depth. Refer t o  the I.P. report  

[separate cover) f o r  de ta i l s .  

The 1978 resul t s  over the breccia compl ex correspond wi t h  the 

previous shallow I .P . / res i s t iv i ty  resul ts .  The annular chargeabil i ty 

anomaly tha t  occurs within and peripheral to  the breccia complex 

indicates a sulphide (pyr i te )  envelope tha t  extends fo r  some depth. 

There was no anomalous I . P .  response over the E l  Paso and Bl ue Go1 d 



areas suggesting t h a t  the  weak sulphide mineralization a t  surface has no 

cont inui ty  w i t h  depth. 

DISCUSS ION OF RESULTS 

The Keystone Project  area i s  host  to  a calc-a lkal ic  s u i t e  of 

rocks ranging i n  composition from granodiori t e  t o  quartz dior i  t e .  These 

rocks a r e  younger than Eagle granodiori t e  and a re  believed to be 1 a t e  

Ter t i a ry ,  possibly Miocene o r  younger. The Keystone stock,  main body, 

has been intruded by a breccia complex. The breccia complex exhibi ts  

f l u id i za t i on  and a t  l e a s t  two phases of breccia pipe development. 

Hydrothermal a c t i v i t y  accompanied both stock and breccia development. 

The northern flank of the Keystone stock i s  enveloped by a 

zone of propyl i ti c a1 t e r a t i on  and Cu-Mo mineralization.  The mineralization 

is  sporadic,  geochemical Cu-Mo so i l  anomal i e s  a r e  low order and t he  I  .P./ 

r e s i s t i v i t y  e f f ec t s  are  not sulphide responsive. The hydrothermal 

s igni  t u r e  r e f l e c t s  a weak s ingle-s tage event and i t  i s  doubtful t h a t  

economic concentrations of Cu-Mo mineral i  zation accompanied t h i s  a c t i v i t y .  

The southern portion of the  Keystone stock i s  occupied by the 

Keystone breccia complex. The breccia complex i s  a composite of crackle- 

breccia and pipe-breccias t ha t  have fragmented a hydrothermal system 

coaxial to  a subterranean multi-phase in t rus ion .  During breccia t ion,  

c l  a s t s  of  phyll i c  and s i 1  i ca  a1 tered rock along w i t h  molybdeni t e  and 

sphaler i  te-galena-chalcopyri t e  mineralization were incorporated. A 

remnant of  p ropy l i t i c  a1 t e ra t ion  remains peripheral t o  the  complex. 

A prolonged period of hydrothermal a c t i v i t y  a f t e r  breccia t ion occurred 

w i t h  the  dispersion of Fe-Zn-Pb-Mn-Ba-Cu-Si02. During readjustment, the 

breccia underwent diagenesis where by sulphi des were p a r t i a l l y  red i s t r ibu ted  

as  carbonates and oxides. 



Of the pi pe-brecci as ,  Pebble Breccia outcrops while Quartz 

Breccia i s  present only as fragments i n  Pebble Breccia. The strong 

mu1 ti-phzse a1 terat ion and the intense pyri te -s i l  ica flooding prevails 

only in the pipe-breccias. Molybdeni t e  nei ther  outcrops nor occurs i n  

the Quartz Breccia thus, as presently interpreted, ensued Quartz Breccia. 

The extent  and location of the molybdenum zone is  not known b u t  

const i tutes  an a t t r ac t ive  exploration ta rge t  i n  view of the hydrothermal 

and geologic events that  

ROVER PROJECT A R E A  

evolved pr ior  to brecci ation. 

INTRODUCTION 

The Rover 

the area south of J u l i e t  

Outcrop on the claims i s  

Project area covers 1475 hectares and includes 

Creek and north of Blue Go1 d Creek. (Figure 6 ) .  

poor with the best exposure along logging roads 

and creeks. The Rover and Keystone Project areas are  connected by a 
. . 

common grid. 

The prominant geol ogi c feature is a breccia-in t rusive 

complex containing an annealed rock breccia and intrusive bodies t h a t  

have been telescoped by quartz stockwork. The zone is  encompassed by 

propyl i t i c  a1 teration . Molybdeni t e  occurs w i t h  quartz-seri c i  t e  veins 

within the complex and w i t h  chal copyri t e  in the quartz stockworks. 

The geology of the Rover area i s  on Figures 5 and 6. 

CLAIM GEOLOGY 

ROCK UNITS 

Nicola Group (NV) volcanics outcrop along the eastern 

edge of the claims. The rocks are  mainly dark green, schis tose andesite 

flow and tuf fs .  Southeast of Blue Gold Creek, the units s t r i k e  330-340' 

and dip 60'-80' easter ly .  Northwest of the creek, the units s t r i k e  

350'-360' and dip 20'-80' westerly . 



Eagle Granodiorite (Egd) i s  the major u n i t  and is  

s imi l a r  to  the outcrops on the  Keystone. 

Rover quartz d io r i  t e  (Rqd) outcrops i n  two areas 

(Figure 5 )  b u t  may represent an or iginal  , i r regu la r ly  shaped body 

approximately 400 metres by 700 metres. Rqd int rudes  Egd as well as 

Ebx. Contacts w i t h  the o ther  rock uni ts  a r e  obscured by overburden. 

The rock is  a greenish, blotchy-looking, non-fol i a t ed ,  coarse grained 

(2-3 mm) quartz d io r i  t e  displ aying prominant myrmeki t e  (TSR1-10, R6-6) : 

Mode 

K-spar : 1-4 

Pl agiocl ase: 60 

Quartz : 20 

Bio t i t e  : 3-5 

Hornblende : 1-3 

Accessories: pyri t e ,  a p a t i t e ,  magneti t e  

The quar tz  d i o r i t e  i s  usually a l t e r ed  to ch lo r i t e ,  s e r i c i t e ,  epidote 

and c a l c i t e .  Disseminated py r i t e  (1-2%) i s  not  uncommon. 

Quartz-eye porphyry (QP) occurs as dykes and as  a 

small plug on the e a s t  end of the complex. I t  outcrops a t  the  end of  

the  logging road and along L5S, 8E t o  11+50E. Q.P.  in t rudes  Eqd, Ebx 

and Rqd. Round quar tz  phenocryst (2-3 mm) a r e  s e t  i n  a pinkish-white 

apl i t i  c matrix (k-spar and s e r i  c i  t e )  w i t h  1 arge phenocrys t and cl us t e r s  

of pl agioclase as  well as f i ne  1 a ths  of b i o t i t e  (TSR1-7). The rock has 

been s e r i  ci  ti zed (whi te-pal e green mica) . Pyri te  (1%) i s  common as  f i ne  

disseminations. Quartz veins w i t h  mica envelops c u t  the Q . P .  



Dykes of andesite ( I ) ,  quartz-eye porphyry (QP) 

dacite porphyry ( 3 ) ,  ryhodaci t e  ( 4 )  and apli t e  ( 5 )  occur a t  the Rover. 

Composi t ionally and textural ly ,  they are  s imilar  to those a t  Keystone. 

Andesi tes  are the most abundant. The dacite porphyries are more horn- 

blende-rich than those a t  Keystone (TSR1-9). Apli t e  swarms occur a t  the 

Wet Showing and along Blue Go1 d Creek near the Egd-NV contact. The 

dykes intrude a l l  rock types except the Quartz stockwork Breccia. 

Rover Breccias: Two phases of breccia are  recognized 

on the Rover. They include: Eagle Breccia with a communated dark matrix 

and Quartz Stockwork Breccia with a quartz matrix. 

Eagle Breccia (Ebx) i s  an i r regular  mass of brecciated 

Eagle granodiorite occupying about 50% of the Rover complex. Rock 

fragments of various s izes  and rounding are s e t  in an annealed, dark 

green, fine-grained matrix of quartz, feldspar, biot i  t e  , hornblende, 

s e r i c i  t e ,  chlor i te  and epidote (TSRI-3). Round grains o f  pyri te  a re  

common. A1 though the breccia i s  composi tionaly s imilar  to  the one a t  

Keystone, the matrix componant i s  higher (30%) and the breccia has 

not undergone ex tensi ve pervasive propyl i t i  c a1 terat ion . Contacts w i t h  

the Eagle granodiorite a re  highly i r regular  and not always d i s t i n c t .  

Quartz Stockwork Breccia (QSbx) i s  named because 

of the re t icu la te  massi ve-vuggy quartz veins tha t  compose the matrix. 

In outcrop, the breccia forms a res i s t ive  nobby ridge and cuts a l l  rock 

units.  The breccia i s  a l en t i cu la r ,  f inger-like body, 200 metres by 

800 metres, t ha t  trends a t  320'. Fragments are semi to  non-rotated and 

not f a r  removed from the i r  original implacement as evidenced by the 

dis t r ibut ion of rock uni t fragments. Matrix i s  vuggy bul l-quartz w i  t h  

carbonate, ch lor i te ,  epidote. Massive blebs of pyri te  and chalcopyrite 



are present. Coarse molybdeni te 1 ining a quartz vug was located a t  

6+50S, 7+50E. The degree of a1 teration varies w i t h  fragments but i s  

propyl i t i  c. 

ALTERATION 

The area of the breccia-intrusive complex out l ines  a zone 

of general pervasive propyl i t i  c a1 teration . Outside the zone, the Eagle 

granodiori t e  i s  fresh with minor, chl or i  te-epidote repl acement of mafics. 

Quartz-seri c i  t e  veins occur but a re  not extensive. The degree of chl or i  te- 

epidote-seri ci te-carbonate repl acement i s  not intense. Flacky whi t e  

mica both as narrow envelopes and as dissemination i s  common with the 

Quartz-eye porphyry. Total sulphides i n  the a l te ra t ion  zone do not 

exceed 2%. 

MINERALIZATION 

Surface mi neral ization i s  confined to  the breccia- 

intrusive complex and i s  nei ther widespread nor concentrated. 

Three types of molybdeni t e  assemblages are  recognized: 

I quartz-seri ci t e  veins with molybdeni t e ,  pyri te  
-I- 

I I quartz-veins wi t h  chal copyri t e ,  pyri te  ( -  molybdeni t e )  

I11 quartz-veins wi t h  molybdeni t e ,  pyri te  (Pb, Ag, W-ppm 

val ues ) . 
The age relationships of the molybdenite i s  not c lear ly  understood. 

The reported Pb-Zn occurrence around Anomaly Creek was not lcoated. 

Type I mineralization occurs as s ingle  10-15 cm quartz 

veins with 2-4 crn se r i c i  t e  envelopes. These veins a re  usually heavily 

oxidized and leached on surface. Sample locations R1-2, R7-1, R5-3 

and R5-4 a re  typical (Figure 9 ) .  The veins have two prominent directions: 

020' @ 080' NW and 120' @ 1 0 ~ - 8 0 ~  S.W. 



Type I I mineral i  zation i s  associated with quartz Stock- 

work Breccia and the 'let Showing. An assemblage of py r i t e ,  chalcopyrite 

wi th ch lo r i t e  , epi dote,  carbonate occupy f rac tures  and vugs of the  QSbx 

i n  an i r r e g u l a r  fashion. Coarse molybdeni t e  l i n ing  a quartz vug w i t h  

carbonate-chlori t e  has been noted. A t  the  Wet Showing molybdeni t e  w i t h  

chalcopyri te-pyri t e  occurs i n  a brecciated quartz vein. The vein ( o r  

veins) are  p a r t  of a narrow f a u l t  breccia t h a t  s t r i k e s  360' and dips 

045'~. Fragments of t h i s  breccia,  upon weathering, have the  appearance 

of Pebble Breccia. 

Type I11 mineralization occurs along f rac tures  and w i  t h  

narrow quartz-pyri te-ser i  ci t e  veins a t  the  Rover Showing a1 ong Anomaly 

Creek (Sample R4-2). The molybdeni t e  i s  f i n e  grained (pa in t )  and is  

accompanied by geochemically anomalous Pb and Ag values. Shearing 

occurs as well as some py r i t e  and s i l i c a  flooding. The mineralized 
. , 

veins s t r i k e  140' and dip 0 5 0 ~ - 0 8 0 ~  NE. A s im i l a r  showing was located 

along a creek a t  L5S, 12E; 50 metres down-stream. 

STRUCTURE 

The major s t r uc tu r e  element is  the  Rover complex. The 

package appears to tend a t  110' para l le l  t o  J u l i e t  Creek. The QSbx 

i s  a l i n e a r  feature  i n  plan with a 320' alinement coincidental to  a 

magnetic fea ture .  The complex i s  truncated both on the e a s t  and west by 

north-south shears .  

Quartz veining i s  more prominent then a t  the Keystone 

and i s  espec ia l ly  associated w i t h  the Quar tz  Porphyry. Three s e t s  of 

molybdeni t e  veins have been mapped. Fracturing coincides w i t h  regional 

f ab r i c  w i t h  an 040' cross pa t te rn .  



GEOCHEMISTRY 

A so i l  survey was conducted in 1970 f o r  Cu-Mo over  the  

Rover complex. The r e su l t s  were discouraging. In 1978, 4 l i n e s  o f  "B" 

horizon s o i l s  were taken across the complex to  re-check the  previous 

r e su l t s  . The sample locat ions  and Cu-Mo resul t s  a r e  p lo t ted  on Figure 

10 w i t h  a geology underlay Figure 11- Values +20 ppm Mo and +I00 ppm 

Cu were considered anomalous. The anomalies a re  low order  and r e f l e c t  

known mineralization.  Coinci dent Cu-Mo anomal i e s  depic t  the  chal copyri te-  

molybdeni t e  associated w i t h  the QSbx. The Mo anomaly a t  the west edge 

o f  the complex is  over the Rover showing and o ther  known molybdenite 

quar tz  veins. The Rover complex i s  geochemically higher i n  Cu-Mo than the  

Eagle granodiori te as noted by the  shsrp drop o f f  i n  values along 

L8+OOS. 

GEOPHYSICS 

The 1978 I .  P. resul t s  over the  Rover complex show a 

small chargeabi 1 i ty  anomaly caused by a shallow limi ted source (Figure 

7 ) .  The anomaly coincides w i t h  the Rover quar tz  d i o r i t e  t h a t  i s  

generally pyri t i  c ( 2 % )  and moderately a1 tered.  Since t he  ve r t i c a l  

o r ien ta t ion  of the Rover compl ex i s  unknown, fu r the r  i n t e rp re t a t i on  would 

be s t r i c t l y  specul a t i  ve . 
DISCUSSION OF RESULTS 

1. The Rover Project  area i s  centered i n  a r e l a t i v e l y  

sniall breccia - in t rus ive  compl ex containing a s u i t e  of cal c-a1 kal i c  

rocks and a quartz,-eye porphyry. The h i s to ry  of t he  complex i s  as 

fol  1 ows : 



- Eagle breccia formed w i  t h i n  Eagle granodiori t e  

probably along a  f rac ture  system para1 l e l  ing J u l i e t  Creek. 

- Intrusion of Rover quartz d io r i  t e  plus development 

of p ropyl i t i c  a1 t e ra t ion .  The i n i t i a l  sub-allignment of mafics occurred 

i n  Eagle breccia a t  t h i s  time. 

- Intrusion of Quartz-eye porphyry i n to  Rqdy Ebx and 

Egd w i t h  associ ated weak s e r i  ci te-chl o r i  t e  a1 t e ra t ion .  Type I  Mo mineral - 
iza t ion probably occurred a t  t h i s  time. 

- Emplacement of Quartz stockworks breccia along a  

prominent northwest (320') break w i t h  accompanying porphyl i t i  c-carbonate 

a1 te ra t ion  and Type I1 Mo mineral i za t ion .  

- Further a c t i v i t y  along zones of  weakness (North- 

South) t o  overpr in t  Type I  mineralization.  . , 

2. Geochemical invest igat ions  f a i l e d  t o  loca te  any Mo 

o r  Cu-Mo anomalies t ha t  would ind ica te  zones of  sulphide concentration. 

3 .  The I . P . / r e s i s t i v i t y  survey, although locat ing a  

shallow, 1  imi ted-source chargeabil i  ty anomaly, did not del ineate  a  strong 

sulphide t a rge t .  The I  . P .  response coincides to  Rover quartz d io r i  t e .  

CONCLUSIONS AND RECOMMENDATIONS 

KEYSTONE PROJECT AREA 

1. The occurrence of molybdeni t e  pebbles as we1 1  a s  

fragments of s t rongly a1 tered rock heavy w i t h  s i l i c a  and pyr i t e  within the  

breccia compl ex gives impetus to fu r the r  exploration on the Keystone. 

Deep d r i l l  ing i s  recommended. 



2. The El Paso trench and Blue Gold showing area have 

been adequately expl ored. The resul t s  do not warrant fur ther  exploration. 

ROVER PROJECT AREA 

1. Sui tab1 e molybdeni t e  targets of su f f i c i en t  s i z e  

o r  depth potential were not delineated on the Rover Project area. 

Further exploration is  not recommended. 
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SURFACE ROCK GEOCHEMISTRY 
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Sample Locations on Sarple  Location Nap (1 : 10,000) 

A - Apl i t e  
FD - F e l s i t e  Dyke 
E - I I ema t i t e  
Fh - ~lanqanese 

PV: 130@080II 
A: Sc, 120G090 

PD: py, Sc 

FD: Sc, AY, 140P090 
PD: py, Sc, 250G070N 
PD: 070@045N 

A: py, 320@090* 

BFP: py, Sc * 
QV: py, No, Cu, 230@080 

Apl i t e ,  Dyke* 

QV: bx,py,llo, 360@045E* 
PD: py, Sc, 310@090 

A: py, Sc, &ln, 350@080 

P - ~ e ~ a t i t e  (V, vein; D l  Dyke) 

* El Paso Trenches 
** Net Showing 
*** Keys tone Vein Extension 



6 15 20 25 6 S 7 0 / M o I U (  Cu I 6 0 
Somplc. P b Zn A9 Au 

7 5 I F W 1 

'Elue Go16 Showing 

Pyr i t ic  f.g. qtz d i o r i t  

FD: py, spec. h a t i t e  
FD: p y ~  LCc 

FD: py, Sc 
FD: py, Sc, 310@090 

: p ~ ,  1411~ 300@080C 



S q l e  Locations on Sarple Location !lap (1:10,000) 

Quartz Vein 
Quartz-eye Porphyry 
Eiotite Feldspar Porphyry (Dacite) 
Pyrite 
PJolyh5lenite 
Sericite 

Rover Showing 



APPENDIX A 

STATEMENT OF EXPENDITURE 

i. K e y s t o n e  P r o j e c t  - 1 9 7 8  

i i . R o v e r  P r o j e c t  - 1 9 7 8  



STATEMENT OF EXPENDITURES 

KEYSTONE PROJECT AREA 
(June 1, 1978 to  December 31, 1978) 

PERSONNEL DATES 

L.W. Saleken Jun. 1-Dec. 31, 1978 $ 7,154 
Geol ogi s t 

D. Downing Jun. 1-Aug. 31, 1978 2,563 
Assis tant  

Senior Supervision Jun. 1-Dec. 31, 1978 974 

Administration Fee 

Food and Accommodation (Jun. 1-Dec. 31, 1978) 

Equipment Rental and Maintenance 

Transporation (Jun . 1-Nov. 30, 1978) 
4/4 Ford, Rental , Fuel , Repai r s  

Assay and Geochmi cal 
Rock analysis  f o r  Mo, C u ,  Pb,  Z n ,  Ag, Pn, Fe, F ,  W 

Suppl i es  
Flagging, tcpof i l  , bags e t c .  

Report Preparation 
Draft ing,  Pr int ing,  Reproduction 

Line Cutting (Ju1.8-23, 1978) 
14 kilometres, I.P. Standard 

I .  P.  Survey (Jul  . 21-Aug. 14, 1978) 
14 kilometres of survey 

Diamond Dri 11 ing (overall  contract  charges) 
859 metres (Oct. 23-Nov. 9 ,  1979) 

TOTAL EXPENDITURE 



STATEMENT OF EXPENDITURES 

ROVER PROJECT A R E A  
(June 1, 1978 t o  December 31, 1978) 

PERSONNEL DATES 

L.W. Saleken Jun. 1-Dec. 31, 1978 
Geologist 

B. Downing Jun. 1-May 31, 1978 
Assis tant  

B. Botel Sept. 4-8, 1978 
Geol ogi s t  

Senior Supervision Jun. 1 - k c .  31, 1978 

Administration Fee 

Food and Accomnodation (Jun. 1-Dec. 31, 1978) 

Equipment Rental & Maintenance 

Transportation 
414 Ford, Gas, Rental, Repair 

Assay and Geochemi cal 
Rock, Soil f o r  C u ,  Mo, Pb, Z n ,  Ag, W ,  F, Mn 

Supplies 
Flagging, topof i l  , bags, e t c .  

Report Preparati on 
Drafting, Printing and Reproduction 

Line Cutting (Jul  . 8-23, 1978) 
8 k i  lometres , I .  P. Standard 

I.P. Survey (Jul  . 21-Aug. 14, 1978) 
8 kilometres of  Survey 

TOTAL EXPENDITURE 



APPENDIX B 

CERTIFICATES OF ASSAY 

1. A n a l y t i  c a l  Repor t  

i i . Rock Geochemistry: Rover-Keystone 

F i l e  No.: 8-339, 8-412 

i i i . Rock Geochemi s t r y  : DDH W-78-1 

F i l e  No. : 8-550, 8-556 

i v .  S i l t s :  Rover-Keystone ( "L"  s e r i e s )  

F i l e  No.: 8-262, 8-412 

v. S o i l s :  Rover 

F i l e  No. : 8-452, 8-496 
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APPENDIX C 

PETROGRAPHIC REPORTS 

Keystone Surface Rocks (Figure 9 )  

Number T.S.: OCK 3-1, OCK 4, OCK 9-3, OCK 11-8, 

OCK 20-7, OCK 21-3 

Keystone DDH: W-78-1 (Figure 8) 

Number T.S.: 4 ,  26, WK 29, 30, 31, W K  32, 37, 43, 

51, 68A, 69, 110, 111 

Number P.S.: 50, 77, 79, 108, 111, 114 

Rover Surface Rocks (Figure 9 )  

Number T.S.: OCKR 1-3, OCKR 1-7, R 1-9, R 1-10, 

R 4-8, R 6-6 



JAMES VINNELL. >Ian.!cer 

JOHN G. PAY N E. Pi;. D. Geolc~gist 

M r .  Len Saleken 
Western Mines Ltd. 
1103 - 595 Burrard S t .  
Vancouver, B . C . 

P.O. BOX 39 
8887 NASH STREET 
FORT LANGLEY. B.C. 
VOX 1JO 

PHONE (604) 533-1 155 

4 February 1979 

Dear M r .  Saleken: 

Enclosed p l e a s e  f i n d  pe t rographic  d e s c r i p t i o n s  f o r  t h e  s u i t e  
of 16 t h i n  and po l i shed  s e c t i o n s  s e n t  t o  u s  f o r  examinat ion 
on January 28. The fo l lowing  summary, persuant  t o  ou r  conve r sa t ion  
l a s t  Fr iday ,  r e f e r s  on ly  t o  t h e  t h i n  s e c t i o n s ;  J i m  Mortensen has  
d e a l t  wi th  t h e  po l i shed  s e c t i o n s  s e p a r a t e l y .  

O r i g i n a l  c l a s t  l i t h o l o g i e s  a r e  f a i r l y  c o n s i s t e n t  between samples.  
They a r e  a s  fol lows:  

1) Angular t o  subrounded coa r se  q u a r t z  and p l a g i o c l a s e  a s  c r y s t a l s  
and fragments.  T h e s e ~ r e f l e c t  a  p l u t o n i c  source .  A s  n o t  a l l  p l a g i o c l a s e s  
have been s e r i c i t i z e d  ( al though a l l  have been a l b i t i z e d  ) t h e  
b r e c c i a  has  sampled una l t e r ed  a s  w e l l  as h i g h l y  a l t e r e d  sources .  

2) P o r p h y r i t i c  a p l i t e  : i n t r u s i v e  i n t o  Eagle? 

3) Deformed p lu tonicssand  p o l y c r y s t a l l i n e  q u a r t z  w i t h  deformation- 
1 

induced su tu red  bo rde r s ,  of Eagle a f f i n i t y .  

4 )  Clean t o  heav i ly  s e r i c i t i z e d  undeformed p l u t o n i c s ,  from post-Eagle 
i n t r u s i o n s .  

5) Volcanic and/or  hypabyssal  d a c i t e s  

6) S i l i c i f i e d  b r e c c i a s  and igneous rocks.  

There seems t o  be l i t t l e  c o r r e l a t i o n  between degree  of a l t e r a t i o n  and 
o r i g i n a l  l i t h o l o g y .  I n  gene ra l ,  however, t h e  i s o l a t e d  a l b i t e  c r y s t a l s  
a r e  n o t  a s  s e r i c i t i z e d  a s  those  i n  p l u t o n i c  c l a s t s .  I f  they  had been 
s e r i c i t i z e d  they would no t  have surv ived  t r a n s p o r t .  The presence  of 
subrounded q u a r t z  and t h e  q u a r t z  s a l i e n t s  i n  p l u t o n i c  c l a s t s  ( e.g. 
51  ) a r e  i n d i c a t i v e  of m i l l i n g  dur ing  emplacement of  t h e  b r e c c i a .  

SAMPLE PREPARATION FOR MICROSTUDIES r PETROGRAPHIC REPORTS SPECIAL GEOLOGY FIELD STUDIES 

t$? 



Ale ra t ion  minera ls  i nc lude  s e r i c i t e ,  q u a r t z ,  a l b i t e ,  s i d e r i t e ,  c a l c i t e ,  p y r i t e ,  
r u t i l e  and minor c h l o r i t e .  S t rong  Ca-leaching is  i n d i c a t e d  f o r  a l l  t h e  
samples. 

The degree of a l t e r a t i o n  v a r i e s  s t r o n g l y  between c l a s t s  i n  any given 
sample. This  i s  taken t o  i n d i c a t e  t h a t  much a l t e r a t i o n  preceded t h e i r  
i nco rpora t ion  i n  t h e  p r e s e n t  b r e c c i a .  A number of them c o n t a i n  v e i n s  
which t e rmina te  a t  t h e i r  edges, aga in  i n d i c a t i n g  e a r l i e r  m i n e r a l i z a t i o n .  
The v e i n s  con ta in  p y r i t e ,  qua r t z  and minor b a r i t e .  Some c l a s t s  were 
s i l i c i f i e d  p r i o r  t o  t h e i r  i nco rpora t ion  i n  t h e  b r e c c i a ,  f o r  i n s t a n c e  26, 
51 and 31. 

The c l a s t s  i n  26 and 5 1  a r e  themselves b r e c c i a s  which were s i l i c i f i e d  
and p y r i t i z e d  a f t e r  b r e c c i a t i o n  b u t  p r i o r  t o  i n c l u s i o n  i n  t h e  p r e s e n t  
matr ix .  Is i t  coincidence t h a t  t h e  b r e c c i a  c l a s t s  a r e  s i l i c i f i e d ,  
o r  a r e  they  a  sample of an e a r l i e r  hydrothermal system? 

Less pronounced a l t e r a t i o n  has a f f e c t e d  t h e  p r e s e n t  b r e c c i a ,  i n c l u d i n g  
i n t e r s t i t i a l  s e r i c i t e ,  p y r i t e  and s i d e r i t e .  I n  some samples,  e .g .  110, 
p y r i t e  concen t r a t e s  i n  t he  ma t r ix  r a t h e r  than  i n  t h e  c l a s t s .  The 
confinement of s e r i c i t e  t o  i n t e r s t i c e s  ( a l b i t e  c l a s t s  p e r s i s t  i n  
many cases  ) i s  sugges t ive  of mild,  pore-cont ro l led  a l t e r a t i o n  a s  
opposed t o  t h e  pe rvas ive  s e r i c i t i z a t i o n  found i n  many c l a s t s .  

The h i s t o r y  evidenced by t h e s e  samples can b e  summarized a s  fo l lows:  

. , 1) Deformation of Eagle g r a n o d i o r i t e  
2) Emplacement of younger i n t r u s i v e s  and d i k e s  ( p l u s  flows? ) 
3) Uneven a l t e r a t i o n  ( s e r i c i t e ,  p y r i t e ,  e t c  ) 

I n  some p l aces  b r e c c i a t i o n  and s i l i c i f i c a t i o n  ( mul t i ep i sod ic?  ) 
4) Quar tz -pyr i te  ve in ing  
5 )  Formation of p r e s e n t  b r e c c i a  
6) Mild a l t e r a t i o n .  

I f  you have f u r t h e r  ques t ions ,  p l e a s e  c o n t a c t  me a t  228-6993 o r  734-3147. 
Best  of luck  on your program. 

f i ~ n n e  Nelson 
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February 19, 1979 

Job LCP-1-79 
M r .  L.W. Saleken 
P r o j e c t  Geologis t  
Western Mines Ltd 
1103 - 595 Burrard S t  
Vancouver, B.C. V7X 1C4 

Dear M r .  Saleken: 

Enclosed a r e  t h e  pe t rog raph ic  d e s c r i p t i o n s  f o r  t h e  two t h i n  s e c t i o n s  
submit ted f o r  d e s c r i p t i o n  Thursday, February 15. These d e s c r i p t i o n s  
gene ra l ly  confirm t h e  v e r b a l  r e p o r t  of Friday,  February 16. I n  t h e  
w r i t t e n  d e s c r i p t i o n  of  t h e  b r e c c i a  (OCKR 1-3) I have d i s t i n g u i s h e d  two t y p e s  
of b i o t i t e .  Fragmental b i o t i t e  i s  o r i e n t e d ( a s  a r e  a l l  t h e  fragments)  and is 
p a r t l y  t o  completely a l t e r e d  t o  c h l o r i t e  and ep ido te .  I n  c o n t r a s t  t h e  f i n e  
ma t r ix  b i o t i t e  i s  unor ien ted  and appears  t o  be s t a b l e .  . , 

I f  you have any ques t ions  concerning t h e s e  more d e t a i l e d  d e s c r i p t i o n s  
p l e a s e  c a l l  me a t  228-6993. 

The b i l l i n g  f o r  t h e  d e s c r i p t i o n s  w i l l  be through J i m  Vinnel l .  

S i n c e r e l y ,  

I SAMPLE PREPARATION FOR MICROSTUDIES PETROGRAPHIC REPORTS SPECIAL GEOLOGY FIELD STUDIES 
5 ' 
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Project Geologist 
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1103-595 Burrard St. 
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Date: 14 Dec. 1978 
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SUMMARY 

P.O. BOX 39 
8887 NASH STREET 
FORT LANGLEY. B.C. 
VOX 1JO 

P H O N E  (604 )  888-1 323 

WESTERN MINES LTD, 
(HEAD DEICE) - 

Pre-alteration lithologies: The classification used is after Moorehouse, 1959, 
Study of Rocks in Thic Section. Relevant categories are: 

quartz L 5% 
felsic minerals 2 60% 

intermediate plagioclase 

5 95% feldspar INTRUSIVE 

Quartz diorite 

EXTRUSIVE 

Dacite 

INTRUSIVE 

Granodiorite 

EXTRUSIVE 

Rhyodacite 

The original plutonic rocks were all quartz diorites with the exception 
of Ock-20-7, which is a Kspar-poor granodiorite. Similarly the porphyries 
and the aplite, with the exception of Ock-4-8 (rhyodacite), are poor in 
Kspar. It is not clear whether the porphyritic rocks were dikes or of 
volcanic origin. They lack amygdules and cryptocrystalline groundmasses. 

SAMPLE PREPARATION FOR MICROSTUDIES PETROGRAPHIC REPORTS SPECIAL GEOLOGY FIELD STUDIES 



Alteration patterns: 

Plagioclase- sericite, clay/Fe-oxide dust, saussurite rare : albitized 
Kspar- clay 
Hornblende- chlorite, epidote, sphene, EeZaxides, pyrite 
Biotite- chlorite, white mica, magnetite, pyrite, Fe-oxides, carbonate 

The degree of alteration varies from minor ( Ocr-1-10, Ock-20-7 ) 
to almost complete ( c.f. Ock R6-6 ) .  Except in Ock 11-8 where sericite 
invades quartz, secondary products are confined to their hosts: sericite 
occurs in plagioclase, chlorite occurs in biotite. This shows that local 
chemical control was not "swamped out" by hydrothermal processes. 
Sulfides occur in two samples, Ocr R6-6 and Ock-4. The latter contains 
traces of sphalerite, is veined, and contains siderite. 

The amount of original biotite can be estimated from the amount of 
chlorite present. 



OCKR 1-3 B i o t i t e  quar t z  d i o r i t e  inc lus ions  within b io t i te -quar tz-p lagioclase  
i n t r u s i v e  breccia  

The t h i n  sec t ion  conta ins  inc lus ions  of coarse-grained (2-4 mm) 
b i o t i t e  quartz d i o r i t e  i n  a f ine-grained i n t r u s i v e  breccia(0.2-1 mm). 
Approximate modes of the  two rock types a r e  l i s t e d  below. 

Mode 
quar tz  d i o r i t e  b recc ia  

50 p lag ioc lase  
30 quar t z  
15 b i o t i t e  
tr epidote  
t r  c h l o r i t e  
5 muscovite 

l o c a l  opaques 

The quar t z  d i o r i t e  i s  hypidiomorphic granular .  P lag ioc lase  
compositions range from An(25)-An(30) (Michel-Levy method). B i o t i t e  
pleochroism i s  dark brown t o  pa le  brown. B i o t i t e  is  l o c a l l y  a l t e r e d  t o  
green c h l o r i t e  and greenish yellow epidote .  

The b recc ia  surrounding t h e  quar t z  d i o r i t e  c o n s i s t s  of angular  fragments 
of quar tz ,  p l ag ioc lase ,  and b i o t i t e  i n  a fine-grained matr ix  containing quar tz ,  
p l ag ioc lase ,  muscovite, and b i o t i t e .  The fragments a r e  l a r g e r  near  one edge 
of t h e  t h i n  sec t ion .  Fragments genera l ly  c o n s i s t  of s i n g l e  c r y s t a l s  r a t h e r  
than aggregates of gra ins .  

The coarse  b i o t i t e  fragments a r e  p a r t l y  t o  completely a l t e r e d  t o  c h l o r i t e  
and epidote.  Often these  fragments a r e  warped o r  kinked. I n  c o n t r a s t  t o  these  
fragments the  f i n e  b i o t i t e  i n  the  matr ix  i s  not  a l t e r e d .  These smal l  b i o t i t e  
g r a i n s  have a deep brown t o  green pleochroism ( s l i g h t l y  d i f f e r e n t  than t h e  
pleochroism f o r  the  quar t z  d i o r i t e  b i o t i t e s ) .  These ma t r ix  g ra ins  do not  
appear t o  be  or iented .  

The fragments i n  t h e  b recc ia  de f ine  a crude f o l i a t i o n  t h a t  i s  not  
p a r a l l e l  t o  t h e  edges of the  quar tz  d i o r i t e  inc lus ions .  P lag ioc lase  i n  t h e  
b recc ia  conta ins  a l i g h t  s e r i c i t e  dust ing.  S e r i c i t e  a l t e r a t i o n  i n  the  quar t z  
d i o r i t e  is more extens ive  near  the  enclosing breccia .  Large opaque aggregates 
a r e  confined t o  the  breccia .  



OCKR 1-7 Quartz-plagioclase a p l i t e  

This  sample con ta ins  subhedral  t o  e i h e d r a l  q u a r t z  and p l a g i o c l a s e  
phenocrysts  (2  nun ac ros s )  i n  a  f ine-grained ma t r ix  c o n s i s t i n g  of q u a r t z ,  
p l a g i o c l a s e ,  and muscovite. P l a g i o c l a s e  phenocrys ts  commonly are 
glomeroporphyric. Grains  i n  t he  ma t r ix  a r e  anhedra l  w i t h  a n  a p l i t i c  
t e x t u r e .  The s l i d e  con ta ins  one sma l l  q u a r t z  v e i n l e t ;  muscovite r o s e t t e s  
a r e  a s s o c i a t e d  wi th  t h e  q u a r t z  i n  t h e  v e i n l e t .  

Mode 

q u a r t z  
p l a g i o c l a s e  
muscovite 
z i r c o n  
opaques 

P l a g i o c l a s e  phenocrysts  show abundant twinning. P l a g i o c l a s e  
compositions range from An(20) t o  An(30) (Michel-Levy method). Typ ica l ly  
t h e  p l a g i o c l a s e  phenocrysts  have a heavy t o  l i g h t  s e r i c i t e  dus t ing .  
P l a g i o c l a s e  i n  t h e  ma t r ix  a l s o  con ta ins  s e r i c i t e ( a 1 t h o u g h  t o  a l e s s e r  
e x t e n t  t han  t h e  phenocrys ts ) .  Phenocryst  margins a r e  i r r e g u l a r  and appear  
t o  be embayed by qua r t z .  One p l a g i o c l a s e  phenocryst  i s  "broken" and 
s l i g h t l y  d i sp l aced  by the  q u a r t z  v e i n l e t .  

Coarse muscovite i n  the  ma t r ix  is  a s s o c i a t e d  w i t h  opaques and z i r con ;  
i t  may r e p r e s e n t  a l t e r a t i o n  of e a r l i e r  b i o t i t e .  Muscovite i n  t h e  ma t r ix  i s  
randomly o r i en t ed .  

Q u a r t z  phenocrys ts  a r e  subhedra l  t o  euhedra l .  They have i r r e g u l a r  
margins w i t h  overgrowth r i m s  which have inc luded  s m a l l  g r a i n s  of t h e  mat r ix .  
One phenocryst  appears  t o  be cont inuous a c r o s s  t h e  small quartz-muscovite 
v e i n l e t .  

iVES JER N rd ? iJ ES LTD- ~~~ QFF!c&) 



R 1-9 : Daci te  

This  rock is s e r i a t e  p o r p h y r i t i c  wi th  l a r g e , p a r t l y  s e r i c i t i z e d / c l a y  
a l t e r e d  p l a g i o c l a s e  and rounded q u a r t z  phenocrysts .  Smaller  phenocrys ts  
inc lude  p l ag ioc l a se ,  Kspar, hornblende, sphene, and a l l a n i t e .  

Mode 

P l a g i o c l a s e  
Quartz 
Hornblende 
C h l o r i t e  
Epidote  
Sphene 
Opaques 
A l l a n i t e  
A p a t i t e  
Kspar 

70 - 5% s e r i c i t i z e d  
10 
5 
6 
2 
1 
1 

4 1  
(1 

5 

P l a g i o c l a s e  phenocrysts  a r e  euhedra l  t o  rounded. Glomeroporphyri t ic  clumps 
a r e  common. A l l  except  t hose  which have been a l b i t i z e d  show o s c i l l a t o r y  
zoning. Compositions v a r y  from An 37 t o  a l b i t e .  A l t e r a t i o n  i n c l u d e s  
s e r i c i t e ( m i n o r )  and d u s t i n g  wi th  c l a y  and f i n e  Fe-oxides. 
Kspar forms smal l  dus ty  phenocrysts  and occurs  i n  t h e  mat r ixdin tergrown w i t h  
p l a g i o c l a s e  and qua r t z .  
Rounded q u a r t z  phenocrysts  show wormy edges due t o  i n t e rg rowth  w i t h  t h e i r  
surroundings.  Quartz i s  a l s o  p re sen t  i n  t h e  mat r ix .  
Hornblende forms dark  t o  p a l e  green euhedra l  phenocrysts ,  p a r t l y  a l t e r e d  
t o  c h l o r i t e  and ep ido te .  
C h l o r i t e  occurs  a s  pa tches  i n  t h e  ma t r ix  a s  w e l l  a s  a f t e r  hornblende.  
Large idiomorphic e p i d o t e  c r y s t a l s  mimic o r i g i n a l  hornblende phenocrys ts .  
Coarse anhedra l  ep ido te  grows w i t h  sphene and c h l o r i t e  i n s i d e  r e l i c t  hornblendes.  
Opaques, probably magne t i t e / i lmen i t e ,  a r e . f i n e l y  disseminated i n  t h e  
ma t r ix .  
Euhedral,  twinned brown a l l a n i t e  phenocrys ts  appear f r e s h .  
Sparse  a p a t i t e  needles  a r e  p re sen t .  



R 1-10 : Quartz d i o r i t e  

This rock i s  r e l a t i v e l y  f r e sh :  mafics a r e  p a r t i a l l y  c h l o r i t i z e d  but  
p lagioclase  is only weakly c lay-a l tered  a t  t h e  edges. It is  coarse grained,  
with an average g ra ins ize  of 3 mm. Grainsize i s  somewhat v a r i a b l e  a s  i s  t h e  
percent  of mafic minerals .  The p lag ioc lase  d i f f e r s  from t h a t  i n  more 
t y p i c a l  p lu ton ics -e ;g ;  Ock 20-7. It does not show o s c i l l a t o r y  zoning and 
inc lus ions  of quar t z  show t h a t  i t  continued t o  c r y s t a l l i z e  u n t i l  a  l a t e  
s t age  of cooling.  

Mode 
Kspar 
P lag ioc lase  
Quartz 
B i o t i t e  
Hornblende 
C h l o r i t e  
S e r i c i t e  
Opaques 
Epidote 
Apa t i t e  

P lag ioc lase  (An35) c r y s t a l s ,  s l i g h t l y  normal zoned, a r e  subhedral t o  anhedral .  
Some con ta in  rounded quar tz  inc lus ions .  One i n t e r d i g i t a t e s  wi th  b i o t i t e .  
Minor s t r a i n  e f f e c t s  inc lude  subgrains (coarse)  and bent  a l b i t e  twins. 
Quartz, wi th  undulatory e x t i n c t i o n ,  is mostly i n t e r s t i t i a l .  
Kspar i s  a l s o  i n t e r s t i t i a l .  
Brown b i o t i t e  forms clumps and sheaves. 
One l a r g e  hornblende g r a i n  grows around small  b i o t i t e  p l a t e s  a t  i ts  edges. 
C h l o r i t e  invades b i o t i t e  along the  001 cleavage. It i s  b r i g h t  green wi th  
purple  anomalous ex t inc t ion .  
S e r i c i t e  as we l l  a s  c l a y  concentra te  around the  edges of p lag ioc lase  gra ins .  
Coarse whi te  mica accompanies c h l o r i t e  i n  a  few b i o t i t e  replacements. 
Opaques, magneti te  and/or i lmen i t e ,  occur a s  rounded g r a i n s  i n t e r s t i t i a l  t o  
and more r a r e l y  i n s i d e  p lag ioc lase .  These a r e  primary. Secondary opaques a r e  
f i n e l y  disseminated i n s i d e  c h l o r i t e .  
Epidote i n  l a r g e  g ra ins  and g r a i n  aggregates grows with c h l o r i t e .  Most a r e  
yellow green; a  few a r e  c l e a r .  
Stubby a p a t i t e  prisms tend t o  concentra te  i n  b i o t i t e .  



Ock 3-1 : Quartz d i o r i t e  

This rock  o r i g i n a l l y  was a  qua r t z  d i o r i t e  w i t h  no Kspar. It has  a  
?- coa r se  gra ined  equigranular  t e x t u r e ,  average g r a i n s i z e  3 mm, wi th  s c a t t e r e d  

l a r g e r  b i o t i t e  and hornblende c r y s t a l s .  P l ag ioc l a se  has  been a l b i t i z e d ,  
s e r i c i t i z e d ,  and c l ay -a l t e r ed .  I r o n  oxide  and c h l o r i t e  r e p l a c e  t h e  maf ics .  
Other secondary phases a r e  e p i d o t e  and s i d e r i t e .  

Mode 

A l b i t e  
S e r i c i t e  
Quartz 
C h l o r i t e  
Fe-oxides 
Opaques 
A p a t i t e  
Zircon 
Epidote  
S i d e r i t e  

A l b i t e  c r y s t a l s  a r e  euhedra l  t o  subhedra l .  A few perhaps o r i g i n a l l y  Na-rich r i m s  
a r e  r e l a t i v e l y  c l e a r ;  t h e s e  a r e  myrmekitic. Synneusis was observed i n  a  few 
p l a c e s .  ( I n d i c a t i v e  of mel t  no t  s o l i d - s t a t e  o r i g i n . )  The i n t e r i o r s  of t h e  
g r a i n s  a r e  obscured by heavy s e r i c i t e / c l a y .  . , 

Coarse whi te  mica accompanies ch lo r i t e  i n  b i o t i t e  pseudomorphs. 
Quartz a s  a primary phase occurs  i n t e r s t i t i a l  t o  p l a g i o c l a s e .  
P o l y c r y s t a l l i n e  q u a r t z  b l e b s  l i e  a long  t h e  001 d i r e c t i o n  i n  
c o a r s e  c h l o r i t e  which h a s  rep laced  b i o t i t e .  
C h l o r i t e ,  r e s t r i c t e d  t o  b i o t i t e  pseudomorphs, has  anomalous blue-purple  e x t i n c t i o n .  
I r o n  ox ides  form pseudomorphs of p r i s m a t i c  hornblende.  
Opaques, magne t i t e  and/or  i l m e n i t e ,  form rounded s c a t t e r e d  g r a i n s  and 
f i n e  ragged clumps i n s i d e  c h l o r i t e .  
A p a t i t e  i n  euhedra l  pr isms tends  t o  c l u s t e r  w i t h  pr imary maf ics .  
A few c l e a r  z i r c o n  g r a i n s  were noted.  
Epidote  forms small ragged g r a i n s  i n  c h l o r i t e .  
I r r e g u l a r  pa t ches  of s i d e r i t e  grow i n  some c h l o r i t e s .  
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4 Quartz  d i o r i t e  c l a s t  i n  b r e c c i a  m a t r i x  

This  c l a s t ,  l i k e  WK 29, i s  c o a r s e  g ra ined  equ ig ranu la r  a n d  
p r e s e r v e s  i t s  o r i g i n a l  p l u t o n i c  t e x t u r e s .  It is  assumed t o  be  a q u a r t z  
d i o r i t e ,  a l though t h e  l a c k  of euhedra l  f e l d s p a r  o u t l i n e s  may i n d i c a t e  
t h e  presence  of  o r i g i n a l  Kspar. It con ta in s  b i o t i t e  and horhblende 
pseudomorphs . 
Mode ( c l a s t  ) 

S e r i c i t e  65 
Quartz  25 
P y r i t e  7 
R u t i l e  2  
A p a t i t e , s i d e r i t e  1 

M i c r o c r y s t a l l i n e  s e r i c i t e  masses r e p l a c e  t h e  o r i g i n a l  f e l d s p a r .  I n  p l a c e s  
c o a r s e r  r a d i a t i n g  wh i t e  mica h a s  developed. Large wh i t e  mica p l a t e s  
crammed w i t h  opaques and r u t i l e  pseudomorph b i o t i t e .  
Quartz  forms an i n t e r l o c k i n g  n e a r l y  e u t e c t o i d  f a b r i c  w i t h  p l a g i o c l a s e  
o u t l i n e s .  F ingers  of s e r i c i t e  advance i n t o  i t .  
P y r i t e  shows a n h d r a l  o u t l i n e s .  E longate  p y r i t e  agg rega t e s  f i l l  v e i n s  
a long  wi th  q u a r t z  and minor s i d e r i t e .  There a r e  no v e i n s  i n  t h e  b r e c c i a  
mat r ix .  
C l u s t e r s  of f i n e  g r a n u l a r  r u t i l e  d e f i n e  p r i s m a t i c  hornblende pseudomorphs. 
F ine  a c i c u l a r  a p a t i t e  occu r s  i n  b i o t i t e  pseudomorphs. 

F ine r  c l a s t s  and b r e c c i a  ma t r ix :  - 
C l a s t s -  1) P l u t o n i c s ,  p o l y c r y s t a l l i n e  q u a r t z  and euhed ra l  t a b u l a r  p l a g i o c l a s e  

2) P o r p h y r i t i c  a p l i t e  
3) Quartz ,  p l a g i o c l a s e ,  angu la r  

Matrix- s e r i c i t e ,  i n t e r s t i t i a l  s i d e r i t e  aggrega tes .  

SAMPLE PREPARATION FOR MICROSTUDIES PETROGRAPHIC REPORTS SPECIAL GEOLOGY FIELD STUDIES 



Ock-4 : Quartz d i o r i t e  

Like Ock 3-1, t h i s  rock was o r i g i n a l l y  a  coa r se  gra ined  equ ig ranu la r  
q u a r t z  d i o r i t e  l ack ing  Kspar. P l a g i o c l a s e  has  been a l b i t i z e d ,  s e r i c i t i z e d ,  
and a l t e r e d  t o  c lay .  C h l o r i t e ,  p y r i t e ,  i r o n  oxides  and wh i t e  mica r e p l a c e  
t h e  o r i g i n a l  mafics.  Other secondary mine ra l s  i nc lude  s i d e r i t e  and 
minor s p h a l e r i t e .  Small shear  zones now occupied by s e r i c i t e ,  p y r i t e  and 
s i d e r i t e  s l i c e  p l a g i o c l a s e  c r y s t a l s .  

Mode 

A l b i t e  
S e r i c i t e l w h i t e  mica 
Quartz  
P y r i t e  
Fe-oxides 
C h l o r i t e  
A p a t i t e  
Hornblende 
Zircon 
S p h a l e r i t e  
S i d e r i t e  

A l b i t e  c r y s t a l s  a r e  euhedra l  t o  subhedra l .  P a t t e r n s  of  s e r i c i t e  and c l a y  
d i s t r i b u t i o n  h i n t  a t  o r i g i n a l  o s c i l l a t o r y  zoning. 
Coarse wh i t e  mica p l a t e s ,  poss ib ly  o r i g i n a l ,  a r e  kinked and i n . t h e  p roces s  of  
convers ion  t o  f i n e  grained aggrega tes .  Opaques and s i d e r i t e  grow w i t h i n  them, 
p a r t i c u l a r i l y  a long  cleavages.  
Primary q u a r t z  i s  i n t e r s t i t i a l  t o  p l a g i o c l a s e .  
P y r i t e  s t r i n g e r s  fo l low c leavages  and g r a i n  boundaries  of  a l b i t e  and c leavages  
and f r a c t u r e s  of c h l o r i t e  i n  b i o t i t e  pseudomorphs. P y r i t e  accompanies s i d e r i t e  
and s e r i c i t e  i n  agg rega te s  which have developed a t  t h e  expense of q u a r t z - a l b i t e .  
I n  s h e a r s ,  e longa te  p y r i t e  agg rega te s  have c u s p a t e / l o b a t e  g r a i n  boundaries .  
I r o n  ox ides  form l a r g e  p r i s m a t i c  pseudomorphs of  hornblende. 
C h l o r i t e ,  w i t h  s e r i c i t e  and s i d e r i t e ,  r e p l a c e s  b i o t i t e  p l a t e s .  
A p a t i t e  forms prisms t o  .5 mm long. C l u s t e r s  of anhedra l  g r a i n s  w i t h  p y r i t e  
may be secondary. 
A few anhedra l  hornblende g r a i n s  a r e  preserved  w i t h i n  q u a r t z .  
Anhedral i r r e g u l a r  grey s p h a l e r i t e  g r a i n s  grow w i t h  and nea r  p y r i t e  and s i d e r i t e .  
A few z i r c o n s  were noted.  



R4-8 : Rhyodacite ( fine-grained i n t r u s i v e ?  ) 

The average g ra ins ize  of t h i s  rock, mm, i s  in termedia te  between 
p lu ton ic  and ext rus ive .  I t  i s  probably a  small i n t r u s i v e .  It con ta ins  a  
few l a r g e r  o r i g i n a l  p lag ioc lase  phenocrysts.  The white mica, i f  primary, 
sugges ts  e levated  water pressure  a t  the  time of c r y s t a l l i z a t i o n .  

Mode 

A l b i t e  
Kspar 
Quartz 
Muscovite 
C h l o r i t e  
Magnetite 
Fe-oxides 
Epidote 
Apa t i t e  
C a l c i t e  
Sphene 

A l b i t e  c r y s t a l s  a r e  euhedral  ( phenocrysts ) t o  subhedral  ( mat r ix  ). Overgrowths 
on euhedral  prisms a r e  myrmekitic. A l l  p lagioclase  i s  heavi ly  a l t e r e d  t o  
be ige  c lay .  
Kspar i s  i n t e r s t i t i a l  t o  p lag ioc lase  and, l i k e  i t ,  heav i ly  dusted wi th  c lay .  
Quartz is  c l e a r  and i n t e r s t i t i a l .  
Coarse muscovite p l a t e s  i n t e r s t i t i a l  t o  p lag ioc lase  appear t o  b e  o r i g i n a l .  
Radiat ing f i n e  white mica and mica wi th in  mafic pseudomorphs i s  secondary. 
Epidote occurs a s  coarse  s c a t t e r e d  s a u s s u r i t e  and a s  aggregates ,  i n  one case  
of unusually long columns, i n s i d e  quar tz .  
Magnetite g ra ins ,  some of them cubic,  a r e  s c a t t e r e d  throughout t h e  s e c t i o n .  
Ragged i r o n  oxide patches occur wi th  c h l o r i t e  and white mica i n  pseudomorphs 
of o r i g i n a l  mafic minerals .  
Long a p a t i t e  rods,  poss ib ly  secondary, occur i n s i d e  p lag ioc lase .  
Ragged c a l c i t e  g r a i n s  and g r a i n  aggregates a r e  genera l ly  i n t e r s t i t i a l  t o  
p lag ioc lase .  
Sphene and epidote  i n  aggregates of f i n e  g r a i n s  accompany c h l o r i t e  i n  
pseudomorphs. A few pseudomorphs conta in ing carbonate,  c h l o r i t e  and white mica 
a r e  bounded by opaques. 



R6-6 : Quartz Diorite 

This rock was originally a quartz diorite displaying prominent 
myrmekite. Average grain size is 2 mm. Plagioclase is about 213 albite, 
the rest sericite and clay. Mafics have altered to coarse chlorite/ 
epidote aggregates. Large isolated pyrite grains are rimmed with iron 
oxide. 

Mode 

Albite 
Kspar (microcline) 
Quartz 
Sericite 
Epidote 
Calcite 
Chlorite 
Pyrite 
Apatite 

Albite crystals are subhedral to euhedral with striking myrmekitic 
overgrowths. They are all heavily altered to Fe-oxides and clay. Sericite 
tends to be irregularily distributed and concentrates in the cores of 
crystals, which then take a strong yellow stain. 
Quartz is interstitial to plagioclase and intergrows with it in the 
myrmekite. 
Epidote is coarse and euhedral; with chlorite, it mimics original hornblendes. 
Some chlorite is probably after biotite. It also grows in small clumps 
across plagioclases. 
Pyrite grain aggregates are sparse but large. Iron oxides rim them and 
invade them along fractures. 
Long apatite rods are probably secondary or very late as they cross grain 
boundaries, 



Ock 9 - 3  : Quartz d i o r i t e  

This  rock was o r i g i n a l l y  a coa r se  gra ined  equigranular  qua r t z  
d i o r i t e  ( average g r a i n  s i z e  2 mm ). Plag ioc l a se  has  been c l a y  a l t e r e d  
and s e r i c i t i z e d  and a l b i t i z e d .  C h l o r i t e ,  wh i t e  mica, p y r i t e  and opaque 
mine ra l s  ( magneti te- i lmenite? ) r e p l a c e  the  o r i g i n a l  mafics .  I r o n  o x i d e s  
pseudomorph hornblende. 
Mode 

A l b i t e  
S e r i c i t e  
Quartz  
C h l o r i t e  
Fe-oxides 
P y r i t e  
Opaques 
Epidote  
A p a t i t e  
Zircon 
B i o t i t e  
Hornblende 
Carbonate 
Kspar 

A l b i t e  c r y s t a l s  a r e  euhedra l  t o  subhedra l .  They a r e  heav i ly  a l t e r e d  t o  
c l a y ,  w i t h  s u b s i d i a r y  s e r i c i t e .  The r i m s  t end  t o  be  c l e a r e r  than  the  co re s .  
S e r i c i t e  agg rega te s  a r e  more abundant i n  t h e  c o r e s  of a l b i t e  c r y s t a l s  
t han  a t  t h e i r  r i m s .  Some a l b i t e s  a r e  h e a v i l y  s e r i c i t i z e d  whi le  o t h e r s  
c o n t a i n  on ly  a few f l e c k s .  Coarse wh i t e  mica accompanies c h l o r i t e  i n  
some b i o t i t e  pseudomorphs. 
Quartz i s  i n t e r s t i t i a l  t o  p l a g i o c l a s e ,  as i s  Kspar. 
C h l o r i t e  occurs  a f t e r  b i o t i t e .  
I r o n  o x i d e s  s p o t  a l b i t e  and occur  i n s i d e  c h l o r i t e .  They r e p l a c e  p y r i t e  i n  
f r a c t u r e s .  P r i s m a t i c  pa t ches  a r e  probably hornblende pseudomorphs. 
P y r i t e ,  heav i ly  corroded and r i m e d  by i r o n  ox ides ,  occu r s  w i t h  c h l o r i t e  
and i n  f r a c t u r e s .  
Black opaques, probably magnet i te - i lmeni te ,  occur  as d i s c r e t e  d isseminated  
g r a i n s  and c l u s t e r s  i n t e r s t i t i a l  t o  p l a g i o c l a s e ,  surrounded by whi te  mica. 
Small  ragged opaques accompany c h l o r i t e .  
Minor b i o t i t e  and hornblende remain, t h e  l a t t e r  preserved  w i t h i n  q u a r t z .  
Textures  i n d i c a t e  t h a t  b i o t i t e  c r y s t a l l i z e d  a f t e r  p l a g i o c l a s e  b u t  b e f o r e  
q u a r t z .  
A p a t i t e  forms c l u s t e r s  of dus ty  g r a i n s  w i t h  b i o t i t e .  
A few z i r c o n  g r a i n s  were observed. 
Epidote  i n  ragged g r a i n s  occu r s  i n s i d e  c h l o r i t e  i n  a few p laces .  
One g r a i n  of  carbonate  grows w i t h i n  o therwise  p r i s t i n e  b i o t i t e  enc losed  i n  
q u a r t z  



Ock 11-8 : Contact between s e r i c i t i z e d  f e l s i c  i n t r u s i v e  and a p l i t e  

This  s e c t i o n  c o n t a i n s  two types  of t e x t u r e s :  an  a p l i t i c  p o r t i o n ,  and 
a  coarse-grained i n t r u s i v e  po r t ion .  I n  t h e  l a t t e r  g r a i n s i z e  dec reases  towards 
the  a p l i t e  d i k e  and primary f e l d s p a r  becomes l e s s  euhedra l ,  ve rg ing  towards 
t e x t u r a l  e q u a l i t y  w i t h  q u a r t z .  The a p l i t e  is  c l e a r l y  i n t r u s i v e ,  as shown 
by a s t r i n g e r  of  f i n e  gra ined  m a t e r i a l  invading t h e  c o a r s e r  s i d e .  The 
f e l d s p a r  h a s  been almost  completely rep laced  by s e r i c i t e  aggrega tes .  No 
o r i g i n a l  Kspar i s  ev iden t .  Only a  few ghos t s  of o r i g i n a l  maf ics  remain. 

Mode 

Quartz 45 
S e r i c i t e l w h i t e  mica 45 
Fe-oxides 5 
A l b i t e  5 

O r i g i n a l  p l a g i o c l a s e  i n  t h e  a p l i t i c  p o r t i o n  was anhedra l  and intergrown wi th  
q u a r t z .  I n  t h e  c o a r s e s t  p o r t i o n  i t  was subhedral  t o  euhedra l  wi th  q u a r t z  
s t r i c t l y  i n t e r s t i t i a l .  A t r a n s i t i o n  occurs  towards t h e  a p l i t e .  
A l l  b u t  a  minor remnant i s  now a n  aggrega te  of  p l a t e s  of wh i t e  mica. The 
s e r i c i t e  has  even begun t o  invade t h e  bo rde r s  of ne ighbor ing  q u a r t z  g r a i n s .  
I n  one case  c o a r s e  wh i t e  mica mimics a n  o r i g i n a l  b i o t i t e  g r a i n .  
I r o n  ox ides  form p r i s m a t i c  pseudomorphs which were probably hornblende. 
They a l s o  f i l l  f r a c t u r e s  and form random(?) concen t r a t ions ,  now l a r g e l y  
plucked o u t  i n  s ec t ion ing .  



Ock 20-7 : Granodior i te  

This  i s  one of t h e  f r e s h e s t  samples and the  most Kspar-rich. It is  
coarse-grained equigranular  ( average g r a i n s i z e  2 mm ) wi th  a  few l a r g e r  
mafics .  Minor s e r i c i t i z a t i o n  and c l a y  a l t e r a t i o n  a f f e c t  t he  f e l d s p a r s ;  
some c h l o r i t e  and e p i d o t e  invade b i o t i t e .  

The s e c t i o n  c o n t a i n s  one clump of r e l a t i v e l y  f ine-gra ined  maf ics  which 
may be a  " r e s t i t e "  i n c l u s i o n .  

Mode 

P l a g i o c l a s e  
Quartz 
Kspar(orthoc1ase)  
B i o t i t e  
Hornblende 
Sphene 
C h l o r i t e  
Opaques 
S i d e r i t e  
A p a t i t e  
Epidote  

P l a g i o c l a s e  c r y s t a l s  a r e  euhedra l  t o  subhedra l  w i t h  minor myrmekitic r i m s .  
They a r e  o s c i l l a t o r y  zoned An 40 t o  An 0 ;  r e l a t i v e l y  s o d i c  corroded c o r e s  a r e  
common. S e r i c i t i z a t i o n / c l a y  a l t e r a t i o n  has been s l i g h t .  
Quartz i s  i n t e r s t i t i a l  t o  p l ag ioc l a se .  
Or thoc lase  occu r s  i n t e r s t i t i a l l y  and i s  d u s t i e r  t han  p l a g i o c l a s e .  
Brown b i o t i t e  i n c l u d e s  a p a t i t e ,  opaques, wh i t e  mica, and ca rbona te  ( a l l  minor ). 
It i s  i n t e r s t i t i a l  t o  p l a g i o c l a s e  b u t  idiomorphic a g a i n s t  q u a r t z  and 
o r t h o c l a s e .  
Green hornblende i n c l u d e s  b i o t i t e ,  p l a g i o c l a s e ,  and opaques. It i n c l u d e s  as 
w e l l  as in t e rg rows  wi th  sphene. It i s  g e n e r a l l y  euhedra l .  
Large euhedra l  primary sphene is intergrown wi th  b i o t i t e  o r  hornblende;  o r  
i t  occu r s  a s  i s o l a t e d  g r a i n s .  Some i s  i n t e r s t i t i a l  t o  p l a g i o c l a s e ,  a l though 
p l a g i o c l a s e  i n c l u s i o n s  were a l s o  observed. A r e a c t i o n  r i m  of sphene forms 
i n  one c a s e  between c h l o r i t e  ( a f t e r  b i o t i t e  ) and opaques. 
C h l o r i t e  p e n e t r a t e s  a long  t h e  001 c leavage  i n  b i o t i t e ,  i n  some c a s e s  r e p l a c i n g  
i t  t o t a l l y .  
Opaques, magnet i te  and/or  i l m e n i t e ,  occur  a s  rounded g r a i n s  concen t r a t ed  w i t h  
t h e  maf ics .  
C l u s t e r s  of euhedra l  a p a t i t e  prisms a l s o  show a n  a f f i n i t y  f o r  b i o t i t e /  
hornblende. 
Epidote  and s i d e r i t e  a r e  very  minor secondary phases.  
S e r i c i t e  occu r s  a long  c leavages  i n  one l a r g e  hornblende c r y s t a l .  



Ock 21-3 : Daci te  

The o r i g i n a l  rock probably was a  d a c i t e  porphyry: r e l i c t  phenocrys ts  
i n c l u d e  p l ag ioc l a se ,  hornblende wi th  p l a g i o c l a s e  i n c l u s i o n s ,  and b i o t i t e .  
S t a i n i n g  f a i l e d  t o  show t h e  presence of kspar .  

C h l o r i t e  r e p l a c e s  hornblende; ch lo r i t e -wh i t e  mica-opaque pseudomorphs 
r e p r e s e n t  o r i g i n a l  b i o t i t e .  P l a g i o c l a s e  has  completely a l t e r e d  t o  a l b i t e -  
s e r i c i t e .  Other secondary phases a r e  c a l c i t e ,  s i d e r i t e  and i r o n  oxides .  

Mode 

A l b i t e  
S e r i c i t e  
Quartz 
C h l o r i t e  
Opaques 
~ a l c i t e l s i d e r i t e  
Fe-oxides 
A p a t i t e  
Sphene 

A l b i t e  phenocrysts  a r e  s tubby euhedra l  prisms, o f t e n  clumped. Anhedral 
a l b i t e  a l s o  in te rgrows w i t h  q u a r t z  i n  t h e  mat r ix .  
S e r i c i t e  a s  f l e c k s  and small p l a t e s  concen t r a t e s  i n  a l b i t e  phenocrys ts ,  b u t  
a l s o  occurs  i n  t h e  mat r ix .  White mica i n t e r f i n g e r s  w i t h  c h l o r i t e  i n  b i o t i t e  
pseudomorphs, bo th  mimicking t h e  o r i e n t a t i o n  of t h e  o r i g i n a l  mine ra l .  
C lea r  anhedra l  q u a r t z  appears  only  i n  t h e  mat r ix ,  n o t  as phenc rys t s .  It 
seems t o  b e  primary r a t h e r  t han  t h e  product  of s i l i c i f i c a t i o n . '  
Coarse c h l o r i t e  occurs  w i t h i n  r e l i c t  mafic  phenocrys ts .  Disseminated smal l  
c h l o r i t e  p l a t e s  i n  t h e  m a t r i x  may e i t h e r  mimic s m a l l  o r i g i n a l  maf i c s  o r  
i nvo lve  r e d i s t r i b u t i o n  of c o n s t i t u e n t s  t o  new s i t e s  o f  c r y s t a l l i z a t i o n .  
Opaques, magne t i t e  and/or  i l m e n i t e ,  form clumps a f t e r  o r i g i n a l  maf i c s  i n  a 
few cases .  They occur  as s c a t t e r e d  rounded t o  euhedra l  g r a i n s  elsewhere.  
Small ragged opaque g r a i n s  accompany c h l o r i t e  pseudomorphs. 
S i d e r i t e  i s  d i s t i n g u i s h e d  from c a l c i t e  by i t s  h igh  r e l i e f .  Both grow i n  
d i scon t inuous  v e i n l e t s ,  as ragged i s o l a t e d  pa tches ,  and r a r e l y  i n  pseudomorphs 
of mafic  phenocrysts .  
I r o n  ox ides  occur  a long  c leavage  f r a c t u r e s  i n  a l b i t e  phenocrys ts  and a s  
i r r e g u l a r  pa t ches  and f r a c t u r e  f i l l i n g s  throughout t h e  rock.  
Euhedral  a p a t i t e  g r a i n s  t o  .3 mm long a r e  d i s t r i b u t e d  i n  t h e  m a t r i x ,  t ending  
t o  accompany maf ics .  
A few sma l l  ragged sphene g r a i n s  were noted w i t h i n  c h l o r i t e .  
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26 Brecc ia  w i th  s i l i c i f i e d  b r e c c i a  c l a s t  

The l a r g e  c l a s t  i n  t h i s  b r e c c i a  con ta ins  t h e  c l e a r  o u t l i n e s  of 
angular  c l a s t s  and t a b u l a r  p l a g i o c l a s e s  i n  p lane  l i g h t .  Under c rossed  
n i c o l s  t h e s e  a r e  seen  t o  c o n s i s t  of i n t e r l o c k i n g  qua r t z  aggrega tes .  
I ts  gene ra l  t e x t u r e  under c rossed  n i c o l s  i s  of g ranu la r  q u a r t z  
s epa ra t ed  by s e r i c i t e  w i th  a  s l i g h t  p a r a l l e l  f a b r i c .  This  b r e c c i a  
i n  t u r n  i s  c u t  by f i n e r  b r e c c i a  zones which con ta in  angular  q u a r t z  
c l a s t s  l a r g e r  than  t h e  q u a r t z  i n  t h e  surrounding rock: t hus  they  
must have been t r anspor t ed  i n ,  s i g n i f y i n g  an e a r l y  mob i l i za t ion  event .  
Quar tz -pyr i te  v e i n s  c u t  bo th  phases  of b r e c c i a t i o n .  One v e i n  d e f i n e s  
an  edge of t he  c l a s t .  It was a  p l a n e  of mechanical weakness dur ing  
r e b r e c c i a t i o n .  

The b r e c c i a  c l a s t  shows a  complicated h i s t o r y :  
1) b r e c c i a t i o n  2) s i l i c i f i c a t i o n  3) r e b r e c c i a t i o n ,  i nco rpora t ion  i n t o  
f o r e i g n  ma t r ix  4) q u a r t z - p y r i t e  ve in ing  5) i nco rpora t ion  i n t o  p r e s e n t  
b r e c c i a  

I 

Mode ( c l a s t  ) 

' *>- 
Quartz 60 0% I 

3  2 S e r i c i t e  
P y r i t e  7 
R u t i l e  1 
S p h a l e r i t e  t r  

& 
Zircon t r  7 C ~ K  2. SAWA 

f ? k Y n b k ~ ~  .b?cr/x r d  s/rut/%nh- 7 - 
- Fine r  c l a s t s  and b r e c c i a  mat r ix :  

6 6 7  r /as+- 'f~;rhccvs 

Clasts- 1) Coarse p l u t o n i c s ,  t a b u l a r  p l a g i o c l a s e  w i t h  i n t e r s t i t i a l  q u a r t z  
2) P l u t o n i c s ,  p o l y c r y s t a l l i n e  q u a r t z  w i th  su tu red  bo rde r s  
3) Quartz,  bo th  monocrys ta l l ine  and p o l y c r y s t a l l i n e  agg rega te s  
w i t h  su tu red  borders  
4) P l a g i o c l a s e  c r y s t a l s  and fragments,  some f r a c t u r e d  w i t h  twins 
d i sp l aced  
5) S i d e r i t e  clumps, some wi th  qua r t z .  One has  a  t a b u l a r  o u t l i n e ,  
p o s s i b l y  a  p l a g i o c l a s e  pseudomorph. 
6) S e r i c i t i z e d  d a c i t e ( ? ) -  Matr ix c o n s i s t s  of a  mat te  of f i n e  
p l a g i o c l a s e  l a t h s .  
7) R u t i l e  a s  i s o l a t e d  g r a i n s  a s  w e l l  a s  i n  fragments .  

Matrix- s e r i c i t e .  P y r i t e  r a r e ,  s t r o n g l y  c o n c e n t r a t e d ' i n  fragment.  
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WK 29 Brecc ia  w i th  coa r se  grained q u a r t z  d i o r i t e  c l a s t  

This  c l a s t  resembles s u r f a c e  rocks of t h e  post-Eagle i n t r u s i o n s  
e.g. OCR6-6 a s  w e l l  a s  many sma l l e r  c l a s t s  i n  t h e  b r e c c i a s .  It i s  
coa r se  gra ined  equ ig ranu la r  ( average g r a i n  s i z e  2 mm ) wi th  o r i g i n a l  
igneous t e x t u r e s  preserved  d e s p i t e  t h e  pe rvas ive  s e r i c i t i z a t i o n  of 
t he  p l ag ioc l a se .  It o r i g i n a l l y  contained about  5% b i o t i t e ,  3% hornblende. 

Mode ( c l a s t  ) 

S e r i c i t e  70 
Quartz 25 
P y r i t e  3 
R u t i l e  2 
B i o t i t e ,  a p a t i t e ,  z i r c o n  t r  

M i c r o c r y s t a l l i n e  s e r i c i t e  aggrega tes  showing some c r y s t a l l o g r a p h i c  o r i e n t a t i o n  
r e p l a c e  o r i g i n a l  t a b u l a r  t o  subhedra l  p l a g i o c l a s e s .  Coarse wh i t e  mica 

. , 
p l a t e s  a f t e r  b i o t i t e  a r e  crammed w i t h  opaques and r u t i l e .  
Quartz forms coa r se  anhedra l  g r a i n s  i n t e r s t i t i a l  t o  o r i g i n a l  p l a g i o c l a s e .  
Fine gra ined  q u a r t z  aggrega tes  may be  t h e  o n s e t  of s i l i c i f i c a t i o n .  
Small rounded p y r i t e  g r a i n s  ( average . 1  nun ) are more concent ra ted  i n  
some a r e a s  t han  o the rb .  They a l s o  occur  i n  v e i n s .  
C l u s t e r s  of f i n e  g ranu la r  r u t i l e  d e f i n e  p r i s m a t i c  hornblende pseudomorphs. 
A few g r a i n s  of o r i g i n a l  b i o t i t e  a r e  preserved  i n s i d e  qua r t z .  
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30 Brecc ia  wi th  d a c i t e  c l a s t s  

C l a s t  1: This  con ta ins  l a r g e  green-stained s e r i c i t i z e d  p l a g i o c l a s e  
phenocrys ts ,  o r i g i n a l l y  clumped, i n  a  h igh ly  a l t e r e d  ma t r ix  which 
cons i s t ed  of m i c r o c r y s t a l l i n e  q u a r t z  and lath-shaped p l a g i o c l a s e .  
S i d e r i t e  occurs  i n  pseudomorphed phenocrysts  and i n  t h e  mat r ix .  A 
few d iscont inuous  v e i n l i k e  s i d e r i t e  t r a i n s  have developed. S e r i c i t e  
forms dense aggrega tes  a s  w e l l  a s  f i n e  seams i n  bo th  ma t r ix  and 
phenocrysts .  Many of t h e  s c a t t e r e d  p y r i t e  g r a i n s  are euhedra l .  

Mode: S e r i c i t e  45 
A l b i t e  2  7 
S i d e r i t e  15 
Quartz 10 
P y r i t e  3 

C l a s t  2: This  i s  one of t h e  p o r p h y r i t i c  a p l i t e s ,  c o n s i s t i n g  of 50% 
clumped euhedra l  p l a g i o c l a s e  phenocrys ts  from .5 t o  4 mm long i n  a  
f i n e  gra ined  i n t e r l o c k i n g  a p l i t i c  mat r ix .  A p a t i t e  pr i sms  range up 
t o  - 5  mm long. The p l a g i o c l a s e s  a r e  a l b i t i z e d  and f l e c k e d  wi th  
s e r i c i t e ,  c l ay  and s i d e r i t e .  The degree  of a l t e r a t i o n  is mild 
compared t o  C la s t  1. 

Mode: A l b i t e  6 0 
S e r i c i t e  24 
Quartz 10 
S i d e r i t e  3  
P y r i t e  2  
A p a t i t e  1 

F ine r  c l a s t s :  

1) Deformed p l u t o n i c s  - p l a g i o c l a s e  twins b e n t ,  q u a r t z  w i t h  s u t u r e d  bo rde r s  
2) Undeformed p l u t o n i c s  w i t h  r a d i a t i n g  secondary w h i t e  mica 
3) Quartz ,  subangular  t o  subrounded, some p o l y c r y s t a l l i n e  w i t h  s u t u r e d  bo rde r s  
4) P o r p h y r i t i c  a p l i t e  
5) p l a g i o c l a s e  

Matr ix:  

S e r i c i t e ,  s i d e r i t e ,  pa tches  of c h l o r i t e  r o s e t t e s  
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31 Brecc ia  w i t h  s i l i c i f i e d  c l a s t  

The o r i g i n a l  l i t h o l o g y  of t h e  c l a s t  is  no t  a s  obvious a s  i n  26. 
It may have e i t h e r  been a  b r e c c i a  o r  a  porphyry. Ou t l ines  of t a b u l a r  
p l a g i o c l a s e  phenocrysts  i n  p lane  l i g h t  a r e  s een  under c ros sed  n i c o l s  
t o  be  aggrega tes  of qua r t z .  Its g e n e r a l  t e x t u r e  i s  of equant  q u a r t z  
g r a i n s  ( average .2 mm diameter  ) sepa ra t ed  by f i n e  s e r i c i t e  masses. 
Sparse  wh i t e  mica p l a t e s  and r u t i l e  c l u s t e r s  may be  pseudomorphs of 
b i o t i t e  and hornblende r e s p e c t i v e l y :  t h i s  sugges t s  a n  igneous 
o r i g i n  a s  b i o t i t e  and hornblende a r e  r a r e  a s  i s o l a t e d  c l a s t s  i n  
b r e c c i a s  of t h i s  s u i t e .  A s e t  of p a r a l l e l  q u a r t z - p y r i t e  v e i n s  c u t s  i t .  

Mode ( c l a s t  ) 

S e r i c i t e  60 
Quartz  35 
P y r i t e  5 
Zircon,  a p a t i t e  t r  
R u t i l e  t r  

F i n e r  c l a s t s  g-& b r e c c i a  mat r ix :  

C la s t s -  1) Kinked p l u t o n i c  of Eagle a f f i n i t y ,  k ink  de f ined  by polygonal  
i n t e r d i g i t a t i n g  q u a r t z  
2) P l a g i o c l a s e ,  degree of s e r i c i t i z a t i o n  v a r i a b l e  
3) A p l i t e  
4) Coarse p l u t o n i c s ,  some w i t h  c o a r s e  wh i t e  mica; s u t u r e d  bo rde r s  
on q u a r t z  
5 )  Angular t o  subrounded q u a r t z  
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IJK 32 Breccia  w i t h  coa r se  d a c i t e  porphyry c l a s t  

The l a r g e  c l a s t  i n  t h i s  sample i s  a d a c i t e  porphyry c o n t a i n i n g  
abundant p l a g i o c l a s e  phenocrys ts  up t o  10 mm a c r o s s  and brownish 
dus ty  hornblende pseudomorphs i n  a  ma t r ix  dominated by euhedra l  t o  
subhedra l  p l a g i o c l a s e  l a t h s .  

Mode ( c l a s t  ) 

S e r i c i t e + c l a y  5 0 
A l b i t e  3 4 
S i d e r i t e  10 
Quartz 3 
P y r i t e  2 
R u t i l e  1 
S p h a l e r i t e  tr 
Apa t i t e  t r  

3 and Primary p l a g i o c l a s e  has  been a l b i t i z e c  
and c lay .  

h e a v i l y  dus ted  k t h  s e r i c i t e  

S i d e r i t e  i n  some c a s e s  pseudomorphs p l a g i o c l a s e .  I r r e g u l a r  s i d e r i t e  
g r a i n s  a r e  a l s o  s c a t t e r e d  throughout t h e  m a t r i x  of t h e  d a c i t e .  Some 
c l e a r  c l u s t e r s  may have been v e s i c l e s ( ? ) .  
Quartz is confined t o  t h e  m a t r i x  of t h e  d a c i t e :  t h e r e  a r e  no q u a r t z  
phenocrysts .  It occurs  as equant  i n t e r s t i t i a l  g r a i n s .  
Very f i n e  disseminated p y r i t e  occurs  i n  t he  d a c i t e .  
R u t i l e  need le s  i n  b i o t i t e  pseudomorphs show o r i e n t a t i o n s  a l o n g  c r y s t a l l o -  

0 
graphic  p lanes  a t  60 . R u t i l e  occurs  a s  raggedly te rmina ted  g r a i n s  
throughout t h e  d a c i t e ,  ranging  down t o  submicroscopic s i z e .  
S p h a l e r i t e  i s  conf ined  t o  t h e  d a c i t e  c l a s t .  Rare x e n o b l a s t i c  s p h a l e r i t e  
g r a i n s  a r e  surrounded by c l e a r  s i d e r i t e  and i n  one c a s e  by euhedra l  
q u a r t z  and smal l  pockets  con ta in ing  c h l o r i t e  r o s e t t e s .  
S c a t t e r e d  a p a t i t e  pr isms range up t o  1 mm long. 

Smal le r  c l a s t s  - and b r e c c i a  matr ix:  

Clasts- 1) Angular, r a r e l y  subangular  q u a r t z  
2) P o l y c r y s t a l l i n e  q u a r t z  w i t h  s u t u r e d  bo rde r s  
3) P l u t o n i c s ,  q u a r t z  p a r t l y  r e c r y s t a l l i z e d  t o  f i n e r  agg rega te s  
4) P l u t o n i c s ,  igneous q u a r t z ,  p l a g i o c l a s e  l i g h t l y  t o  moderately 
s e r i c i t i z e d  
5 )  Angular p i e c e s ,  c r y s t a l s  of p l a g i o c l a s e  ( a l b i t e ,  u n s e r i c i t i z e d  ) 
6) A p l i t i c  d a c i t e  

Matrix- I n t e r s t i t i a l  s e r i c i t e ,  p y r i t e  growing over  c l a s t - m a t r i x  bo rde r s ,  
s i d e r i t e .  
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37 Breccia with irregular porphyritic aplite fragments 

The large clasts in this sample appear grey and cherty in hand 
sample with scattered large plagioclase phenocrysts. Their matrix 
consists of very fine grained interlocking felsics, heavily dusted 
with sericite and clay. The matrix has a fabric defined by alternations 
in dense sericite and fine-grained angular quartz masses; and by 
parallel orientation of sericite platelets. It is swirled and 
inconsistent. Veinlets cut both fragments and matrix. They are 
discontinuous, in response to different fracturing characteristics 
or chemical compositions. 

Mode ( whole sample ) 

Sericite 50 
Quartz(+albite?) 42 
Pyrite 5 
Siderite 3 
Barite tr 

Sericite completely replaces the plagioclase phenocrysts in the clast. 
Finer clasts in the breccia matrix with tabular to angular outlines are 
replaced by quartz aggregates, indicative of silicification. 
Pyrite occurs in veins and also disseminated. It concentrates in the 
matrix rather than in the clasts. 
Siderite as small ragged grains is scattered in the sericitic portions 
of the matrix. It also accompanies sericite in pseudomorphs of plagioclase 
in the clasts. 
Barite is confined to veins. 
A few large white mica clasts in the matrix are partly converted to finer 
sericite. 
One quartz clast in the matrix has a texture suggestive of open-space 
filling . 
The history of this sample has involved 1) brecciation of the aplite 
2) incorporation in foreign matrix, emplacement accompanied by fluidization 
as shown by fabric of matrix and 3) silicification in matrix, veining. 
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The c l a s t  i n  t h i s  sample i s  a  coarse-grained ( average 2 mm g r a i n  
s i z e  ) equ ig ranu la r  p l u t o n i c .  Although t h e  f e l d s p a r  i n  i t  has  been 
completely converted t o  f i n e  s e r i c i t e ,  i t  i s  des igna ted  a  q u a r t z  
d i o r i t e  by analogy w i t h  una l t e r ed  s u r f a c e  rocks  of s i m i l a r  t e x t u r e  
such a s  OCR6-6. It con ta ins  about 4% b i o t i t e  pseudomorphs. It resembles  
t h e  l a r g e  c l a s t  i n  WK29 and o t h e r  s m a l l e r  c l a s t s .  A s e t  of quar tz -  
pyr i te -bar i te -whi te  mica v e i n s  c u t s a c r o s s  i t .  

Mode ( c l a s t  ) 

S e r i c i t e  5 6 
Quartz 25 
S i d e r i t e  10 
P y r i t e  5 
B a r i t e  2 

* ,  
R u t i l e  2 
Zircon,  a p a t i t e  tr 

S e r i c i t e  agg rega te s  a r e  dus ty  due t o  admixed c l a y s .  S e r i c i t e  has  t h r e e  
modes of occurrence:  a s  very  f i n e  dense aggrega te s ,  a s  seams fo l lowing  
c r y s t a l l o g r a p h i c  d i r e c t i o n s  i n  o r i g i n a l  f e l d s p a r ,  and a s  c o a r s e r  sprays .  
Coarse whi te  mica p l a t e s  r ep l ace  b i o t i t e .  
Most q u a r t z  e x h i b i t s  o r i g i n a l  p l u t o n i c  morphologies,  i n t e r s t i t i a l  t o  
p l a g i o c l a s e .  Quartz i n  v e i n s  has  r e c r y s t a l l i z e d  t o  f i n e r  polygonal  
aggrega tes .  
S i d e r i t e  occurs  i n s i d e  t o  s e r i c i t i z e d  f e l d s p a r s  a s  d i s c r e t e  ragged g r a i n s  
surrounded by s e r i c i t e .  
P y r i t e  concen t r a t e s  s t m n g l y  a long  ve ins .  Elsewhere,small  p y r i t e  g r a i n s  
are disseminated i n  t h e  c l a s t  and occur  i n  b i o t i t e  pseudomorphs. 
Columnar b a r i t e  grows i n  t h e  v e i n s  pe rpend icu la r  t o  t h e i r  margins.  
C l u s t e r s  of f i n e  g ranu la r  r u t i l e  have o u t l i n e s  sugges t ive  6f  o r i g i n a l  
hornblendes . 
A p a t i t e  c l u s t e r s  p r e f e r e n t i a l l y  w i t h  b i o t i t e  and hornblende pseudomorphs. 
This  i s  a  t y p i c a l  p l u t o n i c  h a b i t .  
One z i r c o n  prism was noted.  

Smal le r  c l a s t s  and b r e c c i a  mat r ix :  

C la s t s -  1) P l a g i o c l a s e ,  tend t o  be s i n g l e  c r y s t a l s ,  some p a r t l y  s e r i c i t i z e d ,  
some f l ecked  wi th  s i d e r i t e ;  some angu la r  f ragments  
2) Angular, r a r e l y  subrounded q u a r t z  
3) Clumps of s i d e r i t e  w i t h  even boundar ies  : c l a s t s ?  

Matrix- i n t e r s t i t i a l  s e r i c i t e  
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51 Medium gra ined  q u a r t z  d i o r i t e  enclosed i n  s i l i c i f i e d  b r e c c i a ;  
r e b r e c c i a t e d  and enclosed i n  u n s i l i c i f i e d  b r e c c i a  

The t e x t u r e s  i n  t h i s  sample show two episodes  of b r e c c i a t i o n  
s e p a r a t e d  by a  s i l i c i f i c a t i o n  event  which developed pa t ches  of 
coa r se  q u a r t z  i n  t h e  ma t r ix  of t h e  f i r s t  gene ra t ion  c l a s t .  The 
f i r s t  gene ra t ion  b r e c c i a  c l a s t  con ta ins  more p y r i t e ,  s e r i c i t e  and 
c l a y  than  t h e  ma t r ix ,  a d d i t i o n a l  evidence f o r  a l t e r a t i o n  p r i o r  t o  
i t s  ref ragmenta t ion  and inco rpora t ion  i n  t h e  p r e s e n t  b r e c c i a  
mat r ix .  

P l u t o n i c  c l a s t s  w i t h i n  f i r s t - g e n e r a t i o n  c l a s t :  These a r e  medium- 
gra ined  q u a r t z  d i o r i t e s  w i th  remnant p l u t o n i c  q u a r t z ,  s e r i c i t i z e d  
p l a g i o c l a s e ,  and b i o t i t e  pseudomorphed by coa r se  wh i t e  mica. 
Tabular  p l a g i o c l a s e  o u t l i n e s  a r e  s t i l l  v i s i b l e  i n  p l a c e s .  They 
con ta in  c l u s t e r e d  a p a t i t e .  The two c l a s t s  a r e  t e x t u r a l l y  i d e n t i c a l ,  
a l though they  s t a i n  d i f f e r e n t l y .  They a r e  s e p a r a t e d  a long  a matr ix-  
f i l l e d  c rack .  . , 

Matr ix  -- of f i r s t  gene ra t ion  c l a s t :  Besides t h e  p l u t o n i c s  desc r ibed  
above, t h e  c l a s t  , con ta ins  p o l y c r y s t a l l i n e  q u a r t z  w i t h  s u t u r e d  bo rde r s  
( Eagle ), s i n g l e  g r a i n s  of q u a r t z  ranging  down t o  m i c r o c r y s t a l l i n e  
i n  s i z e ,  p l u t o n i c s  i n  which t h e  q u a r t z  i s  p a r t l y  r e c r y s t a l l i z e d  t o  
f i n e  gra ined  aggrega te s ,  s c a t t e r e d  euhedra l  t o  anhedra l  p y r i t e ,  and 
one z i r c o n  prism. Its ma t r ix  i nc ludes  f ine-gra ined  s e r i c i t i c  i n t e r l o c k i n g  
q u a r t z  a s  w e l l  a s  dense s e r i c i t e .  Quartz  s e g r e g a t i o n s  have developed i n  
p l aces .  The c l a s t  a s  a whole i s  angu la r ,  as a r e  t h e  fragments  i t  c o n t a i n s .  
I n  d e t a i l  i t s  margins a r e  i r r e g u l a r  w i t h  q u a r t z  g r a i n s  s l i g h t l y  
p ro t rud ing :  t h i s  r e s u l t s  from ab ras ion  dur ing  t r a n s p o r t .  

Second gene ra t ion  b r e c c i a :  Smaller  c l a s t s  i nc lude  angu la r  t o  subangular  
q u a r t z  and a l b i t e ( n . b .  n o t  s e r i c i t i z e d ) ,  s i n g l e  c l e a r  g r a i n s  and 
rounded clumps of s i d e r i t e ,  minor c a l c i t e ,  p o r p h y r i t i c  a p l i t e ,  
p o l y c r y s t a l l i n e  q u a r t z  wi th  s u t u r e d  bo rde r s ,  and p l u t o n i c s  w i t h  
s e r i c i t i z e d  p l a g i o c l a s e  and whi te  mica a f t e r  b i o t i t e .  T ra ins  of  f i n e  
q u a r t z  i n  one of t h e s e  l a s t  may b e  a  s i l i c i f i c a t i o n  f e a t u r e .  P y r i t e  i s  
n o t  a s  common h e r e  a s  i n  t he  f i r s t  gene ra t ion  c l a s t .  Its m a t r i x  i s  
s e r i c i t e ;  t h e r e  i s  no i n d i c a t i o n  of  s i l i c i f i c a t i o n .  
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68A Glassy d a c i t e  i n  b r e c c i a  ma t r ix  

The l a r g e  fragment i n  t h i s  sample was o r i g i n a l l y  a g l a s sy  t o  
h o l o c r y s t a l l i n e  vo lcan ic  o r  hypabyssal  rock. The g l a s sy  p a r t  c o n t a i n s  
r e l i c t  s p h e r u l i t e s .  They a s  w e l l  a s  t h e  ma t r ix  a r e  now h e a v i l y  
s i d e r i t i z e d .  

Mode ( c l a s t  ) 

S i d e r i t e  78 
S e r i c i t e  20 
Quartz 1 
P y r i t e  1 
S p h a l e r i t e  t r  
C h l o r i t e  t r  

Most s i d e r i t e  i s  dus ty ,  p a r t l y  a l t e r e d  t o  Fe-oxides. It forms an  i n t e r l o c k i n g  
mass r e p l a c i n g  t h e  c l a s t .  S i n g l e  c l e a r  g r a i n s  r e p l a c e  rounded s p h e r u l i t e s .  
The shapes of some s i d e r i t e  aggrega tes  i n  t h e  c l a s t  sugges t  f ragments  
o r  broken phenocrysts .  
S e r i c i t e  forms m i c r o c r y s t a l l i n e  aggrega tes  intergrown w i t h  s i d e r i t e ;  i n  t h e  
h o l o c r y s t a l l i n e  p a r t  i t  pseudomorphs p l a g i o c l a s e  l a t h s .  
Quartz  phenocrysts  a r e  rounded and embayed. S i d e r i t e  encroaches on them. 
A v e i n  w i t h  d i f f u s e  edges c u t s  t h e  c l a s t .  F ine  p y r i t e  concen t r a t e s  i n  t h e  
v e i n  se lvages  a s  w e l l  a s  a t  t h e  edges of t h e  c l a s t ,  bo th  i n  i t  and i n  t h e  
b r e c c i a  mat r ix .  S c a t t e r e d  anhedra l  p y r i t e  g r a i n s  i n  t h e  ma t r ix  range  from 
.2 t o  .5 mrn diameter .  
S p h a l e r i t e  i n  t h e  c l a s t  forms x e n o b l a s t i c  g r a i n s  and aggrega tes  rimmed 
w i t h  opaque. They a s s o c i a t e  w i t h  s i d e r i t e  and a r e  most common a t  and n e a r  
t h e  edge of t h e  c l a s t ,  bo th  i n  i t  and i n  t h e  b r e c c i a  mat r ix .  
A few pa tches  of c h l o r i t e  r o s e t t e s  occur  i n  t h e  c l a s t .  

F i n e r  c l a s t s  and b r e c c i a  mat r ix :  

C la s t s -  1) Angular q u a r t z ,  p l a g i o c l a s e  
2) A p l i t e  
3) Coarse r a d i a t i n g  s e r i c i t e  
4) P o l y c r y s t a l l i n e  q u a r t z  
5) Muscovite ( one ) 

Matrix- s e r i c i t e ;  post-formation p y r i t e  
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This sample contains rounded clumped quartz phenocrysts and 
sericitized plagioclase(?) pseudomorphs. Original biotite phenocrysts 
are partly replaced by carbonate; some white mica plates may also be 
after biotite. Irregular rounded structures may be amygdules; they 
are now dusty siderite aggregates. One large siderite structure is 
believed to be a xenolith. Alteration is heavy, involving both 
siderite and sericite. 

Mode 

Sericite(+coarse white mica) 37 
Carbonate 30 
Albite 15 
Pyrite 10 
Biotite,chlorite 5 
Quartz 3 

Sericite is a dominant constituent of the matrix, replacing plagioclase 
laths which are still visible in outline. Coarse white mica plates 
are considered to be biotite pseudomorphs. Fractures in quartz 
phenocrysts are infilled with white mica. 
Carbonate includes both siderite ( dominant ) and calcite. It replaces 
plagioclase, both phenocrysts and matrix, and rims and apparently 
replaces quartz phenocrysts. 
Albite crystals in the matrix are lath-shaped and average .2 mm in length. 
Anhedral pyrite, averaging .05 mm in diameter, are scattered in the 
matrix. 
Biotite, partly altered to chlorite, occurs interstitially in the matrix. 
It may be either green or brown. 
Quartz only occurs as phenocrysts, unstable and altering to carbonate. 
Silicification has not affected this sample. 
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110 Breccia  w i th  s e r i a t e  p o r p h y r i t i c  d a c i t e  c l a s t  

P l a g i o c l a s e  phenocrysts  i n  t h e  d a c i t e  c l a s t  have t a b u l a r  o u t l i n e s .  
Many of them have been completely rep laced  by s e r i c i t e  and s i d e r i t e .  
R e l i c t  hornblende phenocrysts  c o n s i s t  of s i d e r i t e  and s e r i c i t e  wi th  
s c a t t e r e d  r u t i l e ;  a  few have c l u s t e r s  of c h l o r i t e  r o s e t t e s  i n  t h e i r  
cores .  The ma t r ix  o r i g i n a l l y  was dominated by p l a g i o c l a s e  l a t h s  averaging  
. 1  mm long. This  resembles  the  l a r g e  c l a s t  i n  WK 32 more than  any o t h e r  
sample i n  t h e  s u i t e .  

Mode 

A l b i t e  7 3 
S e r i c i t e  20 
S i d e r i t e  5 
R u t i l e  2  
A p a t i t e  t r  
P y r i t e  t r  

This  is  one of t h e  l e s s  a l t e r e d  of the  c l a s t s ,  a s  i s  r e f l e c t e d  i n  i t s  
h igh  remaining a l b i t e  conten t .  O r i g i n a l  p l a g i o c l a s e  phenocrysts  ranged 
from .5 t o  2 mm long.  S e r i c i t e ( + c l a y )  a r e  dus ted  throughout them, b u t  
on ly  i n  some c o n s t i t u t e  pervas ive  a l t e r a t i o n .  
S i d e r i t e  r e p l a c e s  phenocrysts ,  mostly t hose  of hornblende. O r i g i n a l  
hornblende phenocrys ts  c o n s t i t u t e d  about  8% of t h e  rock.  
S c a t t e r e d  f i n e  g r a n u l a r  r u t i l e  occupies  hornblende pseudomorphs. 
S c a t t e r e d  a p a t i t e  pr isms range up t o  . 3  nun long.  
Rare ve ry  f i n e  gra ined  p y r i t e  occurs  a s  anhedra and cubes. This  c o n t r a s t s  
w i t h  a  h ighe r  p y r i t e  conten t (3%)  i n  t he  mat r ix .  P y r i t i s a t i o n  probably 
a f f e c t e d  t o  b r e c c i a  ma t r ix  a f t e r  i t s  formation;  t h e  h ighe r  concen t r a t ion  
i n  ma t r ix  than  c l a s t s  would be t h e  r e s u l t  of h ighe r  pe rmeab i l i t y  i n  
t h e  former.  

F i n e r  c l a s t s  and b r e c c i a  matr ix:  

C la s t s -  1) S i l i c i f i e d  b r e c c i a ,  c l e a r  c l a s t s  r ep l aced  by q u a r t z  and p y r i t e  
2) p o r p h y r i t i c  a p l i t e  
3) P lu ton ic s -  t a b u l a r  p l a g i o c l a s e  w i t h  i n t e r s t i t i a l  q u a r t z ,  s i d e r i t i z e d  
p l a g i o c l a s e  wi th  r e c r y s t a l l i z e d  q u a r t z  and q u a r t z  v e i n s ,  s e r i c i t i z e d  
p l a g i o c l a s e  w i t h  l a r g e  secondary whi te  mica 
4) Quartz ,  angu la r ,  r a r e l y  subrounded 
5) P l a g i o c l a s e  c r y s t a l s  and fragments 

Matrix- s e r i c i t e .  Secondary p y r i t e .  C l a s t s  range down t o  .05 mm. 
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Pol i shed  Sec t ion  Examination:- Summary 

A t  l e a s t  two and probably t h r e e  d i s t i n c t  types  of  su lph ide  mineral- 
i z a t i o n  a r e  ev iden t  i n  t h e  s e c t i o n s  examined. One of t h e s e  c o n s i s t s  
of  coa r se  i r r e g u l a r  in te rgrowths  of s p h a l e r i t e ,  p y r i t e ,  ga lena ,  and minor 
c h a l c o p y r i t e ,  w i th  t h e  cha l copyr i t e  t y p i c a l l y  occu r r ing  as anhedra l  ex- 
s o l u t i o n s  i n  t h e  s p h a l e r i t e .  The second type  of m i n e r a l i z a t i o n  c o n s i s t s  
of  coarse-grained p y r i t e  g r a i n s  and g r a i n  aggrega tes  w i t h  minor molyb- 
den i t e .  A t h i r d  type  c o n s i s t s  only of p y r i t e ,  in te rgrown w i t h  v a r i o u s  
s i l i c a t e s .  
The f i r s t  two types  of  m i n e r a l i z a t i o n  a r e  found w i t h i n  b r e c c i a  fragments;  
t h e  t h i r d  occurs  a s  a  s e lvage  a long  qua r t z - f e ldspa r  s t r i n g e r s  t h a t  c ross -  
c u t  b r e c c i a  m a t e r i a l  con ta in ing  t h e  f i r s t  t y p e  of m i n e r a l i z a t i o n  ( a s  i n  
po l i shed  s e c t i o n  - 111). 
Due t o  t h e  f i n e l y  comminuted n a t u r e  of t h e  b r e c c i a  m a t e r i a l ,  i t  is  imposs ib le  
t o  work o u t  t h e  complete pa ragene t i c  sequence f o r  t h e  mine ra l i za t ion .  
Examination of samples con ta in ing  coarser-grained fragments would permi t  
a b e t t e r  unders tanding  of genes is  of t h e  su lphides .  
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50 (pol i shed  s e c t i o n )  - 

Mode (X) :- p y r i t e  4-5 
s p h a l e r i t e  1-2 
ga lena  1- 2 
cha lcopyr i t e  t r a c e  

Sulphides  occur  w i t h i n  b r e c c i a  fragments t h a t  reach a maximum s i z e  
of 1.2 cm, and average about  1.0 mm i n  diameter .  
P y r i t e  forms subhedra l  t o  euhedra l  g r a i n s  and g r a i n  aggrega tes .  Gra in  
s i z e  ranges from 0.01 mm t o  2.0 mm, and g r a i n  aggrega tes  reach  1.0 cm 
i n  diameter .  Rare anhedra l  i n c l u s i o n s  of cha l copyr i t e  t o  0.02 mm are 
p r e s e n t  i n  some of t he  l a r g e r  g r a i n s .  P y r i t e  g r a i n s  i n  t h e  f ine-gra ined  
ma t r ix  of t h e  sample a r e  gene ra l ly  euhedra l  and un f rac tu red  i n  o u t l i n e .  
Galena forms i r r e g u l a r  anhedra l  masses t o  6.0 mm diameter .  It i s  a l s o  
p r e s e n t  f i l l i n g  i n t e r s t i c e s  between euhedra l  p y r i t e  and s i l i c a t e  g ra ins .  
It forms mutual boundaries  w i t h  s p h a l e r i t e ,  and l o c a l l y  appears  t o  b e  
r ep l aced  by i t .  
S p h a l e r i t e  forms i r r e g u l a r  anhedra l  masses t o  5.0 mm i n  diameter .  F ine  
anhedra l  cha l copyr i t e  i n c l u s i o n s  t o  0.01 mm diameter  a r e  d i s t r i b u t e d  
randomly throughout t h e  s p h a l e r i t e .  Mutual boundaries  a r e  a l s o  formed 
w i t h  ga lena  and coarser-grained cha lcopyr i t e .  The s p h a l e r i t e  shows a 
r e l a t i v e l y  weak brownish i n t e r n a l  r e f l e c t i o n ,  i n d i c a t i n g  a  low i ron-  
content .  
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79 (pol i shed  s e c t i o n )  - 

Mode (%;) :- p y r i t e  2 
molybdenite t r a c e  - 1 
s p h a l e r i t e  t r a c e  
p y r r h o t i t e  t r a c e  

Sulphides  occur  a s  i s o l a t e d  g r a i n s  and as p o r t i o n s  of locked p a r t i c l e s  
i n  b r e c c i a  fragments. 
Two d i s t i n c t  types  of m i n e r a l i z a t i o n  a r e  p re sen t .  I n  t h e  b u l k  of t h e  
s e c t i o n ,  i r r e g u l a r  anhedra l  s p h a l e r i t e  g r a i n s  t o  0.5 mrn form locked 
p a r t i c l e s  w i t h  s i l i c a t e  g r a i n s ,  and anhedra l  t o  euhedra l  p y r i t e  g r a i n s  
and  g r a i n  aggrega tes  t o  1.5 rmn diameter  occur  a s  i s o l a t e d  g r a i n s  and as 
locked  p a r t i c l e s  w i th  s i l i c a t e s .  Nei ther  t h e  p y r t i e  nor  t h e  s p h a l e r i t e  
appear  t o  be  f r a c t u r e d .  
A s i n g l e  l a r g e  fragment (71.0 cm i n  diameter)  con ta ins  abundant molyb- 
d e n i t e ,  occu r r ing  a s  narrow l a t h s  and i r r e g u l a r  masses t o  0.1 mm dia-  
meter.  Rounded t o  euhedra l  p y r i t e  g r a i n s  and g r a i n  aggrega tes  t o  1.2 mm 
d iameter  a r e  a l s o  p re sen t .  Rare rounded p y r r h o t i t e  i n c l u s i o n s  are p r e s e n t  
i n  some of t h e  p y r i t e  g ra ins .  
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108 (pol i shed  s e c t i o n )  - 

Mode (%) :- s p h a l e r i  t e  2-3 
p y r i  t e  1 
cha lcopyr i t e  t r a c e  

Sulphides  occur  w i t h i n  b r e c c i a  fragments t h a t  range i n  s i z e  from(0. l  mm 
t o  8.0 mm, and average C1.O mm i n  diameter.  
S p h a l e r i t e  forms i r r e g u l a r  masses t o  0.8 mm i n  d iameter ,  and as f ine -  
gra ined  i r r e g u l a r  in te rgrowths  w i t h  s i l i c a t e s .  It  r a r e l y  forms mutual 
boundar ies  w i t h  p y r i t e .  Anhedral i n c l u s i o n s  of c h a l c o p y r i t e  t o  0.01 mm 
d iameter  a r e  randomly d i s t r i b u t e d  throughout t h e  s p h a l e r i t e .  The p a l e  
brown i n t e r n a l  r e f l e c t i o n  i n d i c a t e s  a  low i ron-content .  
P y r i t e  forms subhedra l  t o  euhedra l  g r a i n s  t o  0.45 mm i n  d iameter ,  e i t h e r  
a s  i s o l a t e d  s i n g l e  g r a i n s  w i t h i n  t h e  b r e c c i a  ma t r ix ,  o r  a s  locked pa r t -  
i c l e s  w i t h  s i l i c a t e s  o r ,  more r a r e l y ,  w i t h  s p h a l e r i t e .  Contacts  between 
p y r i t e  and s p h a l e r i t e  a r e  r e l a t i v e l y  s t r a i g h t ,  w i t h  l o c a l  embayments. 

11 1 (pol i shed  t h i n  s e c t i o n )  - 

Mode (%) :- p y r i t e  4-5 
s p h a l e r i t e  t r a c e  

Sulphides  occur  disseminated throughout a  b r e c c i a ,  and a s  a  s e lvage  a long  
a  narrow qua r t z - f e ldspa r  s t r i n g e r  t h a t  c u t s  t h e  s e c t i o n .  
The disseminated p y r i t e  forms anhedra l  t o  subhedra l  rounded g r a i n s  and g r a i n  
agg rega te s  t o  1.5 mm diameter  t h a t  occur  a s  i s o l a t e d  g r a i n s  and a s  p o r t i o n s  
of locked p a r t i c l e s  (with s i l i c a t e s )  w i t h i n  t h e  b r e c c i a  mat r ix .  Average 
g r a i n  s i z e  of t he -py r i t e ; . kG( l z J -nyL~  
A quartz-K-feldsgar s t r inge l f  3.4-mm wide t h a t  c r o s s c u t s  t h e  rock has a -- _ 
discont inuous  p y r i t e  se lvage  a long  both  edges. T h i s  s e lvage  i s  approx- 
ima te ly  0.3 mm t h i c k .  
Traces  of s p h a l e r i t e  occur  a s  f i n e  i r r e g u l a r  i n t e rg rowths  w i t h  s i l i c a t e s  
i n  s e v e r a l  of t h e  fragments.  
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114 (pol i shed  s e c t i o n )  - 

Mode (%) :- p y r i t e  1 
s p h a l e r i t e  t r a c e  
molybdeni t e  t r a c e  

Sulphides occur  w i t h i n  b r e c c i a  fragments t h a t  r each  a maximum diameter  
of 1.2 mm, b u t  t h a t  average 0.1 rmn i n  diameter .  
P y r i t e  occurs  as anhedra l  t o  euhedra l  s i n g l e  g r a i n s  and g r a i n  agg rega te s ,  
and as locked p a r t i c l e s  w i th  s i l i c a t e s .  
S p h a l e r i t e  forms very  f i n e  i r r e g u l a r  i n t e rg rowths  w i t h  s i l i c a t e s .  
Molybdenite occu r s  a s  f i n e  l a t h s  and i r r e g u l a r  masses t o  0.8 mm i n  diameter .  
It  i s  only seen  a s s o c i a t e d  w i t h  p y r i t e ,  never  w i t h  s p h a l e r i t e .  
Two types  of m i n e r a l i z a t i o n  a r e  present : -  

1)  s p h a l e r i t e  + p y r i t e  intergrown wi th  s i l i c a t e s  
2 )  molybdenite + p y r i t e  disseminated i n  s i l i c a t e s  

The two types occur  i n  s e p a r a t e  fragments;  t h e  molybdenite + p y r i t e  b e a r i n g  
fragments a r e  g e n e r a l l y  l a r g e r .  

77 (po l i shed  s e c t i o n )  - 

Mode (%) :- p y r i t e  30-35 
s p h a l e r i  t e  t r a c e  
molyb deni  t e  t r a c e  

Mine ra l i za t ion  i s  s i m i l a r  t o  t h a t  i n  - 114, ie. two types  o f  m i n e r a l i z a t i o n  
i n  s e p a r a t e  fragments.  I n  t h e  s i n g l e  l a r g e  molybdenite-bearing fragment,  
p y r i t e  forms a  coarse-grained e longa te  aggrega te  approximately 2.0 mm 
wide w i t h  average g r a i n  s i z e  of 0 .8 mm. No molybdenite i s  a s s o c i a t e d  
w i t h  t h i s  p y r i t e  aggregate .  

SAMPLE PREPARATION FOR MICROSTUDIES PETROGRAPHIC REPORTS SPECIAL GEOLOGY FIELD STUDIES 
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I 41.8-489 local zone of pcm. sericitc but 16,17,?~,?$ I 
i I - -- -. 
I I 
I in sericitc zonc fracture write <kT. 

1 

i 1 383' structures: (1) 30' qtz veins cut by 
I 

- 
! 

1 

! ! i 
! i I !  
1 ------ - ' , ' "  . .-- -..-....(. *-.-. . ..... -.. .. . .. . - - . -- , .--, .---,---.. -. . - .- - . r b . - . r - . - .  - --• 
I I 6 I 
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* ! SAb?P:C W, . rC2.~:: SL'LFHIDE AYALYSIS r,-4n91* . -- 
ROC% D C S C n t P T l O l  ASD NOTCS 

r .I* 

1 C*?%! ?O - 
Lt\::ti I k : a v w y  

Q cu Pb Zn AY F I W ~n Fe I rC,...-. - .-'I r-:f T..., 

KC-38 ! 257 73 640 1 -- - 
30 7 - 3 2 4 w & ~ i d ; , x F j l b r c c ~  I / 

KC-;? 79 6400 - - - - -spha ~ e x ; i t e , ~ ~ ~ t c ~ 5 ~ ~ a c t , ~ ~ r i , t a t o ~ ~  I 
XC- 4 0 65 770 680 5804 chalcomritc i n  4" c r t ~  w i n  - 

I 
KC-41 I 297 83 1200 570C . 
KC-42 f 307 317 1 1 126 8100 - C3 1 580q 324-4 97 m&lv f ir.e maincd ~ ~ ~ z Z r r , n z o , ~ h t c ,  
E'C-43 1 317 327 1 2 188 5550 850 16.4 00 -- I '  

I < 1 
111 ._.- - - 44  245 

.- 
1voc rhy&.l.Qicdykcs. 

347 < 1 22 55 I 
1- 

K - 4 6  I 347 357 (1 45 245 1027 ll.00 -- 
KC-47 ! 357 , 367 < 1 39 28 7404 ! - -- 1 1 

XC-49 I 367 377 1 !<I 
~. 43 99 - 10.60d m f i c  minerals iq the q t z  mnz.  md clay 1 I - 

I T- 

KC-23 : 377 337 1 ! < 1  , -, 250 315 altered feldspar to  a 6onri2nt p c r ~ .  sc rk i tkzo t io r .  I 
;:f -5s 1 100 - 150; / 1x1 397 1 307 \ of MA nufics s?.d tc~spars. L? t \e  i?tczsb , 

sere w i t ? ?  buff cores of clay-qtz-scr. with -I I 
ezsily distin@shable feldspars. Late Pb-Zn ------ . i-/- 

I 
-1- - 

ninerzlization cuts t h i s  alteration. 1 I 

I 
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w 3ULPH:DE AhhLYS'S $;.:.I r I .- r w r x  
1 r t L Y  1 TO 

S4KPIC 
Lc!.:Ttl !?&I" 

ROCR 0:SCRIPTtOW A V 3  W T t S  7 . -  :*&-,**C LC: 
1 r::vb:: ! :;;; 

I 
I 1 i 

I ! Cu 

KC-65 i 125 128 I 
P 

5, 

40 

- - - -  
KC-66 153 ~ ' 3  -- -- 
K C -  188 1 196 

I I 

I 

1 

100 6-. 

.- 

-. 

--- : : l o  , 

~&~ 
Zn 

37_0 

330 

,- 

! I I ! 
I 

--! I 
I 

I 

i 

I 

<1 

.-- 

6- 

i 

I 

I 

6 

Ag 

broken feldsprs mir.or dissc~. py < %", ------ 
I 

- 
- 3 , 3 4 0  

I 

150-155 q W z  porphyry 1 
- 

I I 1 

F 

370 

.-- 

I- 
I 

prv. chi., 102% f r~c t .  py. 
, -  

125-132' brccciatcd quartz pp41~x-y Cyko wit 

I 

! I i 
I I 155-202 COii Uglc breccia f I f 

j 

W 

I I 
I 

I 

I4n 

1 I I I !  

E k  



X - 6 3  I 123 1 138 1 1 ! 25 ( 200 500 3 1250 Pebble bre&ia Bcx 1,2,3 i 
KC-64 , 168 1 178 1 ,--- -l--r 1 24 ,230 500 - 1210 4 I 

I 
i ! I --- . 1 o ~ ~ r i . n ~  wm!?$nent l0-15I &t nresent 114-200*9. 
I ! I 

.)-- throuqhout 
1 ! Core ~ g l e s  masured 16'. 2g0, 31°, 30: 36* 

1 -1 
I I 

I 1 I 
I I Pebbles UD to 2" I 
I i 

.- 
I I i 1 

1 1 1 ! Fra-nt tms: 
I 
I -- 1. perv. ser. raglc grmdioritc 

I I .- 2. leccocratic qrar.itoid (qtz rronz.) 
I 

i ~- I / silicified and mineralized f r s g n x t s  ty to I I 
I 3/4 " --7: I 1 

I i ? - 
I 

I 
I w - ---- ravle f r a ~ n t s  tend to Ix l a r p r .  Plinor 

I I 
-. ~- - .. scattered pink aplltc f r a p n t s  

! 
r 

I 
I 
I - .  - .-. I - -  

I 
1 ! I - I 

1 I I 
I 

! i i-' I 

I 
1 1 I 

I I i ~+-~{--1----1-1-i.-1-1 I I 
I ? 



$1:. '.L 6 
I fCC:A:C z-:mc 1 - 1  

SAf'?lC 
S ULPHIOE AhALVStS 

ROCR DtSCRlPl lOY ALD K O l t S  
- 4 I. I ! ru-m.i 1 13 L a  , CU pb In  1 %  F W pa Fe ( f-...L 

FC-68 i 178 i 188 1 1 i 1 12 26 187 520 3 UZI) Pebble breckia. . --- ! I 
I 

I 
.-.- 

I 

-. I rwinly ---- fine v a i n 4  (cp t o  1 an) pdMe -, - Lo?< 1-3 I 

t 
I I 
I breccia with local scattered f r a p n t s  u? 161-230 1 I 

I 

! +- t o  3/4" i 

1 
I I 

! I I 1 f r a p n t s  50% ~~~XTJO s.2.. 509 sili-us \ i t  
I I -1'- 

I 
--I 7 qranitoid with ilissm. m. q d  mz-13-Yo S 1 I !  

I--- --- "2, 
I----.-- 

) 1 veinlets I I I 

1 1 1 i 1- 
I 

I local zone much coarser brcccia 175-210 I i I 
i 

I 

1 I!- 
I I 1 

I 
I I 

3-. --- I--. 
layering core angles maswc~30°,  4 .-3e) 

I 
I i 
I 

7 
! 
I 
I 

I 

Lp-' 
I , 
I --I 

-- 

k - I - ,  

--.--. 

-. I 

I .  

I - :  

! 

.- 

I 1  

-8 
~~ 

I 

- 

- 

I I 

-.- 

I + 
I 

- 
I 

t i 32O 
I 

I 
1 I 
I I i 

-- 
I 

I,//- 
I '  
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:J~..Y-Z ~4 A Z C  ROCK 0LSCRIPT~O.Y AN3 N O W  $U!'UgC LC$ SY.PHIIC A V L Y S I S  

I . I 13 i I C X A X ~  ;ti; 
h 

IT-72 * 129 i 138 ( / 1 22 24 400 495 - 1750 98-1Q3&Jp nr flr:&th m!-..rr! i r ~ I ~ i ~ s  
t-- EOX 1-4 

---- - su~*S jn 90-200.6 1 12 ,280 480 3 1600 of u?a~t . red  Faglg-9. C! . 
1 other holes. 

probably pst-Mireral. 

-.. ---. 
- I - 

-.I--- - -. ,- 

==I-= 
I I mineralized frzcpxts 5010% feldspar-bio 1 ! I -" 

I (sericite) porphyry and minor quartz 9LThY& 1 
I 

I 1 1 

I , 

fragnrnt s . 
local steep P ~ C ) ,  fractures I 

1 

Layering is inconspimow omnard wit?? othc 

I holes i n  pcbble breccia m d  f r a ~ ~ t s  more 

I mqular mi! castic thm other holes 
I ! f I 

I 

I I I I I 
I 1 I I I I 

i I 
4 L i - ~- 1 - i 
t i /--I - 

I I ' -I I 

1 I is generally coarser 1-2'' t i1  other  ares ( I 
I 

! 
I 
I 

, - -  -- - . . -  of the pcSble breccia. 
- - - . - - I - -  

1 !-- I -  I --\--- I i 





, Sicoh Dip Holo S i r o m  



-- 
Hole No. ;.;c #! 

-- 
Sheet No. I - - 

1 Depth 5a2 1 Bearing ~ o t - t h  
--- ~ 

------ - 1 Completed 

Rock TypeIAlteration Graphic Mincralization/Structuro 

1369 -.-.- 

Sample 
No. Footage 

No ccre 

dark brccci a shor t  & broken core 
l i ?t l o I i mon i ' to 

none 

nono 

- 
Tr 

q t z .  fc l dsper 
separa t cd  by 
c h l o r i  t o  

s m o  3s abovo sarno as above 
gnei ss i  c 

same as above one speck cha I copyr i n t e  
l i 't.t l e 1 i mon i A-e 

same as abovo l i a tT l e  1 i m o n i h  
30-32 mosT I y whi 'to 
32-36 60% greenish-gray 

greon i sh gray ,to I i gh't 
gray f i n e  g ra i n  

speck cpy, fow specks very f .g,  
py. Pyrol  usiSte. 48-50 engu l a r  
f rags . nu t  di  sp l ace 

- 

i i g n C t  gray f .g. 
44-45 brocci  a 

sane as above greenish gray - t r ace  py.  
cowl-act as? 52 
cpy. assoc. wi' th  dark 'mlncrel 



N O M N D A  EXPLORATION CO. LTQ. Property: 
COQU l HALLA 

Project No.: I 042 
Lat. Elev. Dip Collared 

I 

Hole No. KC #I 

Shcet No. 2 

Core Size 

Dep. - 
Footage 

52 - 62 

1 Depth Bearing Completed 
-- 

Logged by: -- - 
Rock TypeIAlteration Graphic 

Log 
MineralizationIStructurc Sample 

No. 
Assays q- 

s e r i c i f o  
b recc io  60-62 gray f .g - few f rag!nenats 

f e  l dspars sopara'ted by ' th i 11 
c h l o r i ' t e  layers  
f o l d i n g  

0 ,  I  good core  I 

f r a c t u r e s  f ,g . brecc i  a  
gray - ser i c i  t e  

f.g. gray b recc ia  
s o r i  c i ' t e  

same as above I imoniSte on f rac tu res  11 one 

none 

- 
I70170 

py ro l  U S ~ ~ Q  same as above 

same as above 

same as above ep i .  - py, 
l i 't.t l o l i moni .to on f rac . tu ros  
py ro l  u s i  .te 7 sma l l specks 

Tr 1 1 '7 l i mon i t c  
on f rac. turos 

same as above gouge a' t  1241 
py ro l  us i ' te  



NQP,ANDA EXPLORATION CO. LTD. CWU I HALLA 

Project No.: 1 047 
1 

Sheet No. I, 
1 

Core Sizc - -*- 

Logged by: 

Lat. 

- Dep. 

Elev. Dip Collarcd 

Depth Bearing Completed - 
Rec'y 
- 
I cog 

Footage Rock Type/Alteration Graphic % 
lSul f ide 

Sample 
No. 

- ~ s j -  Assays 
7 

pyro l  us i ' t s  I~OI-IC f.9. gray breccia 
ser i c i  t o  

same as abovo 

-- 

one srna l 1 crys'ta l ga. 
pyro l  us i ' t e  

pyrol  usi ' to 
I i rnoni ' te  on f rac tures 
bad 1 y broken core 
probab l e fau l't a? 1 57 

1 60- 1 62 
l imoniTe on f r ac t .  167i 

samo as above none 

sane as above 

b r  i gh't 174 C 179 
green 41' f rag,  178 

same as above 

sarno as abovo long coro - fow f r ac t s ,  
p i  n k f ragmen'ts 
greon fragmon'ts 

- 

var i ous f ragmon'ts 
some dark 

same as above 
1 i t,t l s darker 

most l y long core 



Hole NO, NC $t\ 

L 
Sheet No. 4 , MORANDA EXPLORATION CO. LTD. CoQU I HALLA 

Core Size Lat. Elev. Dip Collared 
I I I 

Dep. 
- - - -  - 

Logged by: ---- ---- 
1 Depth I Bearing I Completed 

Footage Rock TypeIAlteration Graphic MineralizationIStructure Sample 
No. 

Assays 

1 f.g, gray breccia 
larger fragrnen,ts 

sof't whi'tc at'?. 
vary sfna 1 1 py.  crysta l s 

gray brocci a 
s I i gh't I y darker 'than 
bef oro 

- - 

1/1411 f s p .  - sul f ide  w i n  
ga 1 ena 

gray breccia 
- - -p 

small py.  crys'tals 
pyrol usi'te ? 

gray broccia pyrolusintcj ? PY. f .9.  
241-241$ frags. cementod by  black 
rock 

3.1 good long coro 

258 cpy. ?? f o g .  py ,  
Black su l f ide  - not ga. 
Sphal or i ' te  
Qqtz. * ga. vein 

3.11iood lono coro gray broccia 
dar kor 

gray brocci a fragrnensts 2 - 311 across 
sphalorl-to - cpy, a? 2fi3 
py. vein 

0.2' 1 ong core 

0.1 Zeolites ? arou 
vugs . gray brocci a f . g *  PY. 

gran i 'ti c f ragrnen'ts 

I 

Tr good long core gray breccia 

gray broccia 

ser - 
f * g .  py. 



/- 

.- 
Hole No. NC #I 

Sheet No. 5 
NORANDA EXPLORATION CO. LTD. prOpe*y: 

CoQUl HALLA 

Project No.: 
Lat. Elev. 1 Dip I Collared Core Size 

I 

I Bearing 
I 

I Completed Dep. - 
Footage 

302-3 1 0 

- - 
Rec'y 
- 
1 cog 

- 
I GO," 

- 
l OO$ 

Rock TypcIAltcration Graphic 
Log 

Mineralization/Structure % 
Sulfides 

Sample 
No. 

ser  . 
gray brocc i  a f.0. P Y *  

spha I or iTe  

same as above 7 smal l speck cpy. 
py ro l  u s i b  ? 
sphal e r  i ' t e  

samc as above e gray p i n k  v e i n  
f o g .  py. 

I oog 

sarno as abovo b r igh ' t  green min. i n  f rags.  none 

same as abovo b 
same as above I spha l er i 'te c r  ys ta  1 s - cpy . 363i 

fog. P Y *  

same as abovo e l i W l e  f .go py. 1 T r  I good l ong Cora 



.- 
Hole No. pc #I -- 
Sheet No. 

VORANDA EXPLORATION CO. LTD. CCQU I HAL LA 

Project No.: 
Lat. I Elcv. I Dip 1 Collared Core Size . I  

I I I 

Depth Bearing Completed 

1 I 
Dep. - 

- - 

Logged by: 
- - 

%. 
h l f  ides - 
Tr 

Tr 

Tr 

Rock Type/Alteration Graphic 
Lo9 

Mineralization/Structure Sample 
No. 

Footage 

r am f .g .  py. gray 
brscci a 
sor i ci To 

sarno a s  abovo 

sans as abovo. spha 1 er  i'te ? sarno as above 

same as above rare py. 

same as  above qatz. - ziol i h  vein 425 
s p h .  ga. - cpy. 428 

sarne as  above pyrol usi'te ? 

sphaleri'te - py. - cpy. 
ve i n I o,t a t  449 
veinle't f .g .  py. 

same as above 
set- i ci ' te 
l a 0 1  i n i zod 

same as abovs ser ,  fow sphalorito ? veinle'fr; 



Hole No. NC 

Sheet No. 7 
COQU I MALLA NORANDA EXPLORATION CO. LTD. P r O ~ c r t ~ :  - 

-- - Project No.: --- -. -- 
Lat. ~TCVT- 1 Collared Zore Size I 

Logged by: 
-. 

Dcp. 
-- 

Dcpth Bearing Completed 

1- 
_ _ I -  

Rec'y Sample 
No. Rock TypeIAlteration 

Graphic Footage 

gray broccia 

ser i c i  Tc 

sarno as above voi n l  s't 
sphaleri'to - cpy. 
voinIo,t 483 

same as abovo 

sphaleri t e  samo as abovo 

END OF HOLE 



D ~ P .  970 

Footage 

I Depth ,l'C I Completed 
--*-.-- --- - 

Rock Type/A;ieration G:aphic, 
Minerolization/Structure % 

Log Sulfide! 
. Sarnplc 

No. 
L Assays 

Rec'y 

Casing - no core 

foliaation 60 
no m i  ncra I i za t i on oxccp't nono 
spats pyrolusi'to ? 

dark gray brecci a 
gran i !-i c & f spath i c 
f-rags. - i n  chlorite 

rare spocks cpy. & py, 

sacno as above e good core 

sam as above 
numerous fragmen'ts 
mrno Cjll across 

I good core 

spo'cks py., spockr; sphalcrite ? 
'75-77 20% wh i 'te f ragrnents 
rernaindor chI ori'ti'c. 

same as abwo ----I- -- - - -  

speck cpy, 

spl  i 't 
96- 1 00 i oop fr loix~ ccre s a m  as above 



--- 
Hole No. NC 172 NORANDA EXPLORATION CQ. LTD. CCQU I HALLA 

Project No.: 

Lat. Elev. I Dip I Collared 

Sheet No. 2 
Corc Size 

Dcp. I Depth Bearing ' Completed - 
Rock Type/Alteration Graphic 

Log 
Mincralization/Structure 

Logged by: 
=----- ----------I=-----= 

Footage Rec'y % 
Sulfides 

Sample 
No. 

gray breccia 

mos'tly chlor i ' t ic  
poss i b I y fau I 't gouge 

several weak shears 

120-122 ch lo r i f i c  
122-126 gray breccia 
126-12'7 chlori t i c  
127-130 gray broccia 

chl. 

chl.  

sp l i t  
1 30- 1 4.0 gray breccia 

gray breccia 80$ wh i t e  f ragrnenTs 
av. si zo hll 

s o d  l oi7g cor 2 

I 

pyrol u s i t e  ? gray breccl a 

gray breccia 
a fPer 1 62 l i gh,ter co 1 o 
possibly kaol inizod 

spl i t 
1 70-1 80 l i tTlo f , g ,  py. 

pyrol usi t e  ? 
woak shear 

ltaol i ni zed a l O ~ C J  frac't 
ai- 1 704 



h 

) 
Hole No. NC #a 
Sheet No. 3 
Sore Size 

Logged by: 

NORANBA EXPLORATION CO. LHD. Property: 
C03UI HALLA 

Projcct No.: 
Lat. Etev. Dip Collared 

Depth Bearing Completed 

I 
Dcp. 

= 

Rec'y 

1 005 

I co," 

l GO," 

- 
100," 

Footage 

! 26-1 90 

Rock TypeIAlteration Graphic 
Log 

Mineralization/Structure Sample 
No. 

ME13 I i ghT gray broccia ? 
srnal l frags. 
weakly kaol i n i  zed 

rare f . g .  py. 
pyrol us i fo  

kool i 11 i zed 

208 black sulf-ide veinlet 
pyrol us i h  
spha I er i ' te kaol i n i  zcd 

210-210i specks cpy. 6, sphaleridw 

kooi i n i  zed 

sarnc as above same 

kaol i n i  iod 

6 

same as  above 
shear 

smal 1 specks cpy,, sphaleri'te 

kaol i n i  zed 

same 
woakly kaol i n i zod  

same 'as above 



Hole No. NC A2 1 N B R A N D A  EXPLORATION CO. LTD. COQU I HAL LA 
I 
i - ---- Project No.: 

Lat. Elev. ---I=----- I Collared 

Sheet No. 
I 

4 

$ore Size 

Dcp. 

-7 
Depth 

Rock TypcIAltcration 
Graphic 

Log 
Mineralization/Structurc 

Logged by: 
- 

Sample 
No. 

Assays 
Footag~ I Rec'y - 

Au - 
Tr  

- 
Tr 

T r  
- 
T r  

Tt- 

I i gii? gray brocci a 
wcakly kaol inlzed 

3.1 l irnoni i-o on fro 
0.1. 267 b l ack m i  nsra l 

l irnoni to f r .  ( f . 9 .  p y , )  at 269 

sane a s  abovo 

same a s  above 
more kaol i n i zed 
25'7-2 90 

- ---  -- 

sphalcri'to vein at 2-91 
py. ga. ? 
zeol i to - sphalcri'te 
shear a t  288 paral l ol *to core 

290-292 kao l i n i zed 
f . 9 .  p y *  
grain cpy. 299 

I ight g r a y  brsccia 

sarnc as above sphal eri 'to 

;I o - n o  I I G G $  sphalerife,  cpy. at 3105 

same as above sphaIsriste, cpy. 

pyrol u s  i 'tc samo as  abovo 



Hole No. NC E ! NORANDA EXPLORATION CO. LTD. CoQUl HALLA 

Project No.: 
Lat. Elev. I Dip 1 Collared 

Sheet No. 5 

Core Size 

Dep. I Depth I Bearing I Completed 
- 

Rock TypeIAlteration Graphic 
Mineralization/Structure 

Logged by: - 
Sample 

No. 
Footage Rec'y t Assays 7 gray b recc ia  py ro l  us i ' te 

spha I o r  i . to 

same as abovo cpy. a+ 355 

py6 most l y a l oiig f r a c t u r o s  
80 ;to core 
CPY 

dio. ? 

d io.  dark  f.g. ). I bad l y b r o k e n  

bad l y brokon I- same as above 

PY 
>pen space f i l l i n g  

0,l //lj s h o r t  & broksn sane ec, abovo 

shorp con'tact 
aT 395 

I i g h f  d io .  



Hole NO. NC t~ 
Sheet No. 6 

, NORANDA EXPLORATiON CQ. LTD. PrOpe~v: 
COOU I HAL LA 

- - 
Project No.: 

Lat. Elev. I Dip 1 Collared Core Size 
I I 

Bearing Completed 

I---' ---- -- 
-- 

Logged by: - 
R ec'y 

loo$ 

Rock TypcIAlteration Graphic 
MincralizationlStructure Sample 

No. 

die, o r  b r a c c i s  

shear 
py ro  l us i 

same 

l i t t l e  py ro lus in te  b rccc i  a 
d c f i n i ' t o  fragments 
weakly kaol in1 zed 

grani t i c  fl-ags, 
i n  c h l o r i t e  ! 

b rocc i  a 

splm I or i ' to ? 

s p l i t  
4 7C-48C 

.- 
l~crna?i t o  ? at 486, spha l c r  i to  ? 
PY 

-7 

brocc i  a 

brccci a 
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C- , Project No.: 1042 
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Footage 
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Rec'y 

I Depth 5 0 2  ( Bearing . N0r.i-h I Completed NOv.  1 7, 1 269 -- I I I ,  : - 
Rock Typc/Alteration Graphic ~ineralization/~tructure Sample 

No. 
Assays 

Casing - no coro 

98s 

l oog 

12-18 rus+y . 

gray  brocci a kaol i n i  zl 

- -- 

Pyro l u s  i 'te on f rac'ts . h frac,ts.  
pyrol u s i  , te 1-211 ' t h i  clc 
L g .  py. 

gray brocci a 
kzol i n i  zod 

Rus'ty bands. py.  f . g . 
sphal cri4-o 

gray brscci a 
kaol i n i z ~ d  

black rnin.  
s p h a l e r i h  ? 
f.g. py.  

good l OIKJ ccrc 

black r n i n .  gray breccia 
kaol i ni  zed 

p o d  loi:g core 

gray brocci a 
Iaol i n i  zed 

-- 

black m i n ,  
f . g *  PY* 

gray breccia 
kaol inizecl 

cpy;  black m i n .  

as above black ririn, 
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100% 

loo$ 
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I 00% 
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1 005 

-- 
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Log 

MineralitationlStructure ISukier Sample 
No. 

resf Assays 

F't. AL! 

10 Tr 

10 3.01 

I 

10 TI- 

10 0.01 

10 Tr 

10 Tr 

10 Tr 

10 Tr 

L 

gray brocci a f IuriTe ?? > 15 
kaol inized sphaIoristo 

sphalori 'te crystal i n  p i n k  vein 8G 

samo as above fragrnen'ts of greon banded rk.  
sphaler i to  i n  p i n k  vain 

I GO-I 10 gray brccci a black rnin, Tr 
1 arger fragmen'ts sphal s r  itto 
k ~ o 1  i n i  zed 

gray brocci a 
kao l i 11 i zed 

Tr black rnin. 

I 

sarna a s  above Tr black m i n .  Tr 

samo a s  above Tr black rnin. 0.1 good long core 

sarno as  ebove I I I Tr sphalet-iSte ? I Tr 
, 

sane as  above black m i n .  159-160 Tr 
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Sample 
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loo$ 

Rock TypeIAlteration Graphic 
Log 

MineralizationlStructure 
Assays 

165-165 f . g .  
Srecn - possi b 
dykc. 

black mineral gray breccia 
wcakly kaol i n i zed  

b lack  minoral gray brocci a 
kaol inized 

- 

sams as abovo samo as  sbovo 

samo as above Soft black sec'ti le mineral 
Red s'trea k a-t. 1 954 

same as abovo 200t s o f t  b 1 ack m i  nora l 
Red streak,  

samo as above black mineral - rod s t r ~ a k  
hsrna't I ' te 

same a s  above 
ser  i ci t e  

samo as  above 

gray brocci a samo as above 
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Project No.: 
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' Dep. 

Sample ;.T Footage 
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100% gray broccia black rninoral 

samo a s  abovo 100% gray breccia 
si ightly kaol in ized  

rare  black m i  n .  100% samo as above 

100% sarns as  above raro black m i  n. 

l OOlg same as above e 
100$ sarno as abovo 0 si~or- tcr core 

I 

S p l  i t  
I 

100$ same as above 

- - - 

s hor tor core black minoral 

100$ samo as  above b more broitcn 

4 
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- - 

Rec'y 
- 

1 005 

100% 

100," 

Footage Rock TypeIAlteration Graphic ~inera l iza t ionj~t ructure  Sample Assays 

.. 

325-327 dof i n i  t 
b l a c k  & grow 
f rasrnon ts 

gray breccia 

same as above black mineral 
fractures 

seme as above 
kaol i n i  zed 

same as abovo sarne as above 

same as above black mineral veinle'ts 

muddy sarne as above 

mud seam 
I istntIe black mineral 

sarne as  above 

sarns as above I i't'tle black mineral 
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Sheet No. 

Corc Sizc 
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Rock TypeIAltcration Graphic 

MineralizationIStructure 

----- 
Sample Rec'y ' Footage 

y-ay b recc i  a 
s l i g h t l y  kao l i n i zed  

gray brecc i  a 
s e r i  c i t e  
kaol i n i  zed 

spha I e r  i ,te 
cha I copyr i 'te 

gray b recc ia  
kaol i n i z e d  

spha l e r  i * te gray brecc i  a 
kaol i n i  zod 

gray b recc ia  
d i  s ' t i  nc't fragmon'ts 
Itao I i 17 i tad 

b l ack m i  nera l good long core 

same as above same as above gran i t i  c f rags.  
458-460 

greenish-gray b recc ia  
ch I o r  i ,te & f o  I dspa'th i c 
f rags. 

weak fol i a t i  on 
p y r o l u s i t e  

g r e m i s h  461 -5C 
rcsemb l os r k .  
upper p a r t  NC 

END OF HOLE 
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% 

Sulfides 
Sample 

No. 
Assays 

Overburden - casing - No Core 

f o g .  PY. spha le r ih  
hemat i t o  ? 
f rags , p a r t  y co!non'tod by ho:na.t i ' 

- 

0.2 9-14 vcry r u s t y  

spr I T  
20-30 gray broccia 

kaol i 11 i zod 

Same as above black m i  nera l 
hernat i 'te ? 

Sam as above 

grem i sh gray brocci a 
smal 1 f rags , 

fracsts. f . g .  py, 
raro hemati ,to 

raro f o g .  py,  
rare herna,ti.te 

same as abovo 

same as above rhodochros i 'te a t  79 1 
same 
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gray brecc ia  l oop I hemaal.i <te ve i  n & an ker iS ta  

same as abovo 0 hernat i t e  
speck cpy. a.t 983 

same as .above -7- sp. 
ICO-110 herna,t i ' te speck cpy , aT 100h 

sarno as above --l- 
same zs abovo 0 I oop 

s p l  ist 
1 30- 1 40 1 30- 1 39 brocci a cernon- 

'tod by hcmati'to ? 
139- 140 gray brocci  a 
zones of s t r o ~ i g  kaol I - 
n i taTi on 

hornamti ,to ? 
CPY 
s p h a  I  or i 'to 

gray brecci  a 
kaol i n i  zed 

qtz .  ve in  1/81' 
sphaler i  t o  ? 
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l oog 

1005 

roo," 

- 
100% 

Rock TypdAlteration Graphic Sample 
No. 

Footage 

gray breccia 

gray breccia 
sl ightly kaoliiiized 

s p l  i't 
1 80- 1 90 

same as  above speck cpy. ? 186 
S.g. py. 
sphaleri'te ? ga. ? '  
herna't i ' te 

l iWlo pyrol u s i  to ? on frac'ts. 
1 96-200 l argo gran 1 at i c f ragmewis 
not kaol i nI zed 

gray brocci a 
s l ight ly  kaolinized 

gray breccia 
gran l *ti c f ragmowts 
I i ' f t le  s e r i c i t e  

same as above 

same as  above 

same as  above 
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Completed 

lOO$ gray breccia 
245-250 green f .g . 
f ragmen t-s 

Core Size 
- -  -- 
Logged by: 

1008 gray breccia 
iaoI i n i  zed 

100$ gray breccia 
, gray f.g. w .  few 

grani 'ti c frogs. 

1005 gray breccia 

I Kaol inized I 
100% gray breccia 

280-282 kaol i 11 i zed 
202-290 most I y gran i 'tic 

100g breccia 
mostly grani t l c  
some green f . g . aat  299 

100% gray brocci a 
gran i ' ti c fragmen'ts 
kaol i n i zed 

10G$ gray breccia 
kaol i n i zed 

I I 

hemast i 'to cp y . 
qtz. ve in  

homa't i *to M Z 8 G  IC 
250-251 $ grani'ti c frags, 
251 &?GO 1 i g h a t  gray f .g.  

cream colored calcinto ? 
veinlo'ts irregular 
qtz. - ankeri'te veins 

qmtz. vein 

--- 
dark gray dyke ? 
gray a l 'toraTi on b a t h  s i dos 

q.1.z. 
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Sheet No. 5 

Core Size 

Project No.: 

Lat. Elev. Dip Collared . 
I 

Depth Bearing Com~leted Dep. Logged by: 

Rec'y 
- 
1005 

- 
90g 

Ei-- 

- 
100," 

Rock TypeIAlteration Graphic 
Log 

Sample 
No. 

.t Assays Footage 

gray breccia cpy. w. calcife Tr 
kaol inized qtz. vein a't 326 

sma 1 1 vugs 323 
cat c i h  blobs . 

gray breccia q'tz. grani'ti c fragments 
kaol i n i  zed 6" wide weakly kaol inized 

qfz. dio. 

groen breccia q'tz. d i  o, fragrnen'ts 
hard - some brokon core 
356-360 f .g. dioriate sphene i n  qrtz. dio. 

J X - X J U  
f . 9 .  d i o .  
magno ti c 

360-365 f ,g. dio. frac'ts. w , hemati 'te 
365-3'70 gray b r ~ c c l a  
dio. frags. 

- -  - 

gray breccia qtz.  ant 381 f ,g. py. 
3'70-3'73 mos't 1 y d i o. vugs 380; 
573-380 kao l i n i zed groan rnin.  377 

I l l  I 

I l l  I 
r hodon i 'to 390 gray breccia 

kaol inized 

s p l  i.t 
390-400 f.9. PY. 

spha I er  i to 
ca1c i . t~  vugs 399 

gray brecci a 
kaol i n i  zed 
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Dep. 
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're - 
Ft 
0 

- 
0 

- 
0 

- 
0 

- 
0 

- 
0 

- 
0 

- 
0 

- 

gray breccia 
par't 1 y kaol i 11 i zed 

gray breccia' 
416-4.20 dis,tinct 
angu'l at- ?rags. 
green-gray 

gray breccia 
sl ighTly kaol inized 
dio, i n  par? 

spha 1 er i 'te vei 11s 
herna't i 'to 
CPY. 
vugs a t  413 

I 

hema? i 'to 

mos'fly dio. 

sarno as  above he:naat i 'to 
py .  a*? 447 

I cog 

die. 011 broccia magnot i 'te ve i ns & cpy  . 

p y .  amt 478 breccia ? 
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Sheet No. 7 

I N C R A N D A  EXPLORATION CO. LTD. CCQifI t-?ALLA 
Project Ns.: l- I 1 

1 Lat. Elw. Dip 1 collared Core Size - 
I I 

1 D ~ P .  , .---- 
Footage 

I 

42.3490 

/ Depth ( Bearing I Completed I Logged by: 1 
= 

Rec'y 
- 
00s 

- 
06; 

- 
00% 

Rock Type/Altcration Graphic 
Log Minerali,zatIonlSttucture 

% - Sample \re! 
Sulfides No. 

M930'7 10 

M9308 10 

I 

gray 
brocci a 
sl igh'tly kaolinized 

gray brecci a 
A dio. 

py., spha I or i'to 
molachi.to'? i n  voin a'+ 498 
vc i  n ' 

END OF HOLE 






















