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1.0 IKTRODUCTIOK 

This repor t  covers work done on t h e  Vault  1-5 c l a h  group dur ing  t h e  

pe r iods  Kay 26-31, June 4-20 and 23-26, and August 4-28, 1986. 

1.1 Locat ion,  Access, Physiography 

N.T.S. shee t :  82E-5E. La t i tude :  49"22'N, Longitude: 119'37'W. 

The Vault  property i s  loca ted  3 km northwest of Okanagan F a l l s  i n  

Provin- t h e  Osoyoos Mining Division of B r i t i s h  Columbia ( s e e  f i g u r e  1). 

c i a l  Highway 97 and White Lake Road, both paved, c r o s s  t h e  c la im block 

( see  f i g u r e  2) and g ive  exce l l en t  access .  

c e n t r e  p a r t  of t h e  property.  

Old logging roads exist i n  t h e  

The topography c o n s i s t s  of rounded h i l l s ,  some wit:h c l i f f  edges,  and 

shallow bas ins .  

t h e  south  end of t h e  property.  

and Douglas f i r  t o  sage brush, g r a s s  and prickly-pear cac tus .  

E leva t ions  range f r o m  360 m a t  Skaha Lake t o  800 m a t  

Vegetation cover v a r i e s  from yel low p ine  

1 . 2  Proper ty  Def in i t i on  

The Vault  p roper ty  c o n s i s t s  of f i v e  mineral  claims t o t a l l i n g  4 9  

u n i t s  ( s ee  f i g u r e  2 ) .  They are: 

CLAIM UKITS RECORD DATE EXE'IRY 
N L x E  NO. STAKED DATE 

Vaul: 1 8 1513 li'arch 8, 1982 March 22, 1988 

Vault  2 1 2  1531 Yay 23, 1982 May 25, 1988 

Vault 3 4 1532 May 23, 1982 May 25, 1988 

Vault  4 18 1533 May 22, 1982 May 25, 1988 

Vault  5 7 1534 ~a~ 22, 1982 Yay 25, 1988 

The claims are owned by Murray Morrison. On Novenber 6 ,  1984, Mr. 

Morrison optioned the proper ty  t o  Seven Mile Righ Resources Inc .  On 

May 1, 1986, Canadian Nickel Company Limited entered i n t o  an opt ion  agree- 

m e n t  w i th  Seven Mile High Resources and &. Morrison. 

Company i s  t h e  cu r ren t  opera tor .  

Canadian Nickel 

The Vault  2 claim o v e r l i e s  t h e  prev ious ly  s taked Bela claim (record 

no. 1522, 1 u n i t ) .  
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1.3 History of t h e  property 

The Vault  1 claim w a s  s taked i n  March, 1982, t o  cover a gossanous area 

of s i l i c i f i e d  b r e c c i a s  t h a t  c a r r i e d  anomalous va lues  i n  gold and s i lver .  

Riocanex Inc .  optioned the property i n  Yay, 1982, and s t aked  the Vault  2-5 

claims. During 1982, Riocanex c a r r i e d  out  geo log ica l  and geochemical sur-  

veys on p a r t s  of t h e  Vault  1 and Vault 2 c la ims,  arid d r i l l e d  fou r  percus- 

s i o n  ho le s  t o t a l l i n g  295 m t o  test t h e  s i l i c i f i e d  zone. This  w a s  followed 

up i n  1983 by fou r  NQWL diamond boreholes  t o t a l l i n g  632 m. 

of t h e s e  ho le s  are  ind ica t ed  on f i g u r e  3 as PDH 1 1:o PDH 4 and 83-1 t o  

83-4. Mine ra l i za t ion  w a s  found t o  occur i n  t h e  s i l i c i f i e d ,  quartz-veined 

and clay-al tered Lower Marama Formation. The m i n e r a l i z a t i o n  c o n s i s t s  of 

p y r i t e  i n  amounts up t o  l o % ,  and low va lues  i n  gold and s i lver .  The b e s t  

i n t e r s e c t i o n s  were i n  ho le  83-2: 

80 m and i n  ho le  83-4: 2.6 ppm Au and 6.5 ppm Ag from 66 t o  68 m. 

The l o c a t i o n  

2.3 ppm Au and 13.8 pprn Ag from 78 t o  

Dome Explorat ion (Canada) Limited optioned t h e  claims i n  l a t e  1983. 

I n  e a r l y  1984, Dome conducted 3 line km of I P  and mag surveys over t h e  same 

zone and  d r i l l e d  seven BQWL diamond boreholes t o t a l l i n g  558 m. These 

ho le s  are ind ica t ed  on f i g u r e  3 as 138-1 t o  138-7. 

The r e s u l t s  were similar t o  those of Riocanex., The b e s t  i n t e r s e c t i o n  

w a s  i n  ho le  138-5: 2.5 ppm Au and 7 ppm Ag from 47 t o  48 m. 

During 1385, Seven Mile High Resources Inc .  c a r r i e d  out  geo log ica l  and 

geochemical surveys on t h e  V a u l t  4 claim and mag arid VLF-EM surveys on 

t h e  Vault 1 and Vault  4 claims. They a l s o  d r i l l e d  e i g h t  percussion d r i l l  

ho le s  t o t a l l i n g  4 9 1  m. These ho le s  a r e  indicated on f i g u r e  3 as PDH 85-1 
t o  PDH 85-7. None of t h e  ho le s  reached t h e  favourable  lower p a r t  of t h e  

Lower Marama Formation, and no gold o r  s i l v e r  va lues  were encountered. 

1.4 1986 Explorat ion Program 

Canadian Nickel Company L i m i t e d  c a r r i e d  out  topographic and geological  

surveys wi th  a two man crew dur ing  t h e  pe r iods  May 26-31, June 4-20 and 

June 23-26. 

claims. 

cut i n  1985 by Seven Mile High. 

4.05 km2. 

The surveys covered p a r t s  of t h e  Vault: 1, Vault  2 and Vault  4 

The mapping was c a r r i e d  out on a scale of 1:4,000 and used l i n e s  

The area covered 1s 1500 m x 2700 m or 
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During t h e  period August 4-28? two NQWL diamond boreholes  were d r i l l e d  

under c o n t r a c t  by Beaupre Diamond D r i l l i n g  Ltd. f o r  a t o t a l  of 779  m. 

The core is  s to red  on t h e  Vault  1 claim. 

2.0 REGIONAL GEOLOGY 

The Vault p rope r ty  i s  loca ted  i n  t h e  no r th -cen t r a l  p a r t  of t h e  White 

Lake Basin. The Geology of t h e  White Lake Basin is  desc r ibed  by B.N.  

Church (1973) as an up t o  4,000 m t h i c k  sequence of E a r l y  T e r t i a r y  

(Eocene) sediments and vo lcan ic s .  H e  recognized f i v e  main s t r a t i g r a p h i c  

sub  d i v i s i o n s ,  t h r e e  of which a r e  present  on t h e  V a u l t .  The sequence has  

been preserved by downfaul t ing,  poss ib ly  as a h a l f  graben, w i th  t h e  great-  

es t  dow.ward movement n e a r  t h e  Okanagan Valley.  The sequence i s  cu t  by 

many n o r t h e r l y  t r end ing  s t e p - f a u l t s .  The beds g e n e r a l l y  d i p  e a s t e r l y ,  

except where l o c a l  fo ld ingchanges  d i p s  t o  n o r t h e a s t e r l y  o r  s o u t h e a s t e r l y  

d i r e c t i o n s .  

3.0 TOPOGRAPHIC SURVEY 
The topographic contours  on f i g u r e  3 were composed from a l t i rne t e r  

readings along t h e  g r i d  

4.0 GEOLOGICAL SURVEY 

l i n e s  a t  50 m spacing. 

The V a u l t  p rope r ty  

minor sedimentary rocks 

i s  unde r l a in  by vo lcan ic  f l o w s ,  p y r o c l a s t i c s ,  and 

of Eocene age (see f i g u r e  3) .  The geo log ica l  

environment of t h i s  area i s  considered t o  be t h a t  o f  T e r t i a r y  volcanism 

r e s u l t i n g  i n  s u b c i r c u l a r  s t r a t avo lcanoes  with were modified by cauldron 

subsidence and resurgence. 

4 . 1  S t r a t ig raphy  

The Eocene rocks are divided i n t o  t h r e e  FormatLons; t h e  o l d e r  Marron 

Formation ( u n i t  1 )  which i s  unconformably o v e r l a i n  by t h e  Marama Formation 

( u n i t s  2 + 3) and t h e  youngest,  over lying White Lake Formation ( u n i t  4). 
The Marron Formation ( u n i t  1) i s  made up of e x t e n s i v e  flows of por- 

p h y r i t i c  t r a c h y t e  c o n s i s t i n g  of up t o  70% groundmass of f i n e  k-spar 

l a t h s  and up t o  30% l a r g e  t a b u l a r  phenocrysts of k-spar t o  3 mm i n  

s i z e .  Minor c o n s t i t u e n t s  of t h e  t r a c h y t e  are q u a r t z ,  hemati te ,  dolo- 

m i t e ,  ser ic i te  and c l a y  r e s u l t i n g  from a l t e r a t i o n  and s i l i c i f i c a t i o n .  

The top  of t h e  t r a c h y t e  appears  t o  be weathered and i s  considered t o  
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be an e r o s i o n a l  su r f ace .  

The Marama Formation is  divided i n t o  two u n i t s ,  u n i t  2 c o n s i s t i n g  of 

predominantly t r a c h y t i c  p y r o c l a s t i c s  w i th  minor sediments and t r a c h y t e  

flows l y i n g  unconformably on u n i t  1 and o v e r l a i n  by u n i t  3 ,  a very f i n e  

grained,  s l i g h t l y  p o r p h y r i t i c  flow. 

Unit 2 w i th  a th i ckness  of up t o  200 m ,  r e p r e s e n t s  a ser ies  of ex- 

p los ive  tuffaceous even t s  w i t h  l o c a l  sedimentation and t h i n  flows. 

Rapid f a c i e s  changes prevent  p o s i t i v e  c o r r e l a t i o n  of horizons between 

d r i l l  ho le s  but  g e n e r a l l y  t h e  b a s a l  p a r t  of t h e  u n i t  i s  a coa r se  pyro- 

c l a s t i c  b r e c c i a  up t o  30 m th i ck .  Above t h e  coa r se  b r e c c i a  i s  t u f -  

faceous material t h a t  grades upwards i n t o  a f i n e  grained t u f f .  

This sequence i s  repeated several t i m e s  as a r e s u l t  of renewed ex- 

p los ive  a c t i v i t y .  The t u f f s  con ta in  fragments of t h e  underlying por- 

p h y r i t i c  t r a c h y t e  and are themselves compositlonally a t r a c h y t e .  

Unit 3 is  a very f i n e  grained impermeable flow up t o  a t  least 300 m 

th i ck .  This u n i t  w a s  c a l l e d  a rhyodaci te  by previous companies but  

t h i n  s e c t i o n s  i n d i c a t e  t h a t  t h e  composition i s  predominantly plagio-  

clase with 15% k-spar, 5% a u g i t e  and no qua r t z .  Th i s  u n i t  p re sen t ly  

covers 

formed an e f f e c t i v e  caprock over t h e  whole property. 

The White Lake Formation ( u n i t  4 )  i s  made up of l a h a r s ,  vo lcan ic  flows 

a n d t u f f s  and sedimentary rocks from mudstones t o  conglomerates. This  

u n i t  i s  only found i n  t h e  n o r t h e a s t  po r t ion  of t h e  p rope r ty  and i s  

though t o  r ep resen t  moat I n - f i l l i n g  t h a t  foil-lowed c a l d e r a  co l l apse .  

approximately h a l f  of t h e  property and o r i g i n a l l y  probably 

4 . 2  S t r u c t u r e  

Although t h e  r e l a t i v e  ages of t h e  v a r i o u s  s t r u c t u r a l  even t s  are uncer- 

t a i n ,  they are probably a l l  r e l a t e d  t o  T e r t i a r y  volcanism. There i s  an 

east plunging sync l ine  centered a t  approximately 4 sou th  on t h e  g r i d  and  

a g e n t l e  E-W t r end ing  a n t i c l i n e  centered at about 1 6  south.  A s  a r e s u l t  

of t h e  f o l d i n g  and t h e  p r e s e n t  level of e ros ion ,  a l l  t h e  rock u n i t s  i n  

t h e  area are exposed on t h e  su r face .  

p r e t a t i o n  have loca ted  several NE, N and NW t r end ing  f a u l t  zones i n  which 

t h e  east s i d e  has  c o n s i s t e n t l y  been down dropped - th i s  is  c o n s i s t e n t  w i th  

t y p i c a l  ca lde ra  c o l l a p s e  models where s t e p  f a u l t i n g  occurs  around t h e  edge 

of t h e  ca lde ra .  

F i e ld  obselnration and photo i n t e r -  
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4 . 3  Mineral izat ion 

The bulk of t h e  a l t e r a t i o n  and mine ra l i za t ion  occurs wi th in  u n i t  2 ,  

t h e  most permeable u n i t  on t h e  property.  I n t e n s e ,  widespread s i l i c i f i -  

c a t i o n  occurs  a long t h e  n o r t h  limb of t h e  sync l ine  nea r  t h e  base l ine .  

This  area forms a prominent s l i g h t l y  gossanous r i d g e ,  i s  t h e  most "showy" 

ou tc rop  on t h e  p rope r ty ,  and t h e r e f o r e  has  been t h e  focus of most of t h e  

work by previous ope ra to r s .  Sca t t e red  areas of a:Ltered and s i l i c i f i e d  

u n i t  2 a l s o  occur along t h e  sou th  limb of t h e  sync l ine  and l o c a l l y  on t h e  

sou th  limb of t h e  a n t i c l i n e .  

Sporadic bu t  l o c a l l y  i n t e n s e  s i l i c i f i c a t i o n  imd moderate a l t e r a t i o n  

occurs  wi th in  t h e  p o r p h y r i t i c  t r a c h y t e  ( u n i t  1) mainly on t h e  n o r t h  limb 

of t h e  syncl ine.  These zones are s u b v e r t i c a l ,  gene ra l ly  east-west trend- 

i n g  and discont inuous on su r face .  

by previous ope ra to r s  contained va lues  g r e a t e r  than 3 g / t  gold. 

zones i n  u n i t  1 i n t e r s e c t e d  by d r i l l i n g  ( a s  1 t o  3 ern t h i c k  v e i n l e t s )  

a l s o  were gene ra l ly  very anomalous i n  gold. 

Some s a m p l e s  from t h i s  area c o l l e c t e d  

S imi l a r  

Mineral izat ion encountered by previous s u r f a c e  s a m p l i n g  and d r i l l i n g  

has  been anomalous but  w e l l  below economic grades.  The p resen t  i n t e r -  

p r e t a t i o n  of t he  geology gene ra l ly  ag rees  wi th  t h a t  of Harold M. Jones,  

(Oct 15, 1985 Consultant Report) except t h a t  t h e  r e c e n t l y  recognized 

f a u l t  zones make t h e  area even more a t t r a c t i v e .  The p re sen t  i n t e r p r e t a t i o n  

i n d i c a t e s  t h a t  t he  s i l i c i f i c a t i o n  exposed on t h e  limbs of t h e  sync l ine  i s  

p a r t  of t h e  high leve l ,  low temperature s i l i c a  found in t h e  upper p a r t  of 

an epi thermal  system. This s i l i c a  t y p i c a l l y  con ta ins  only low p rec ious  

metal values .  The base of u n i t  2 i s  gene ra l ly  t h e  most s i l i c i f i e d  and 

con ta ins  the  h ighes t  va lues  because i t  i s  t h e  most permeable horizon and 

t h e r e f o r e  i s  t h e  most favourable  area f o r  h o s t i n g  highgrade mine ra l i za t ion  

under t h e  proper temperature and p res su re  condi t ions.  The 

t h e  property l ies where t h e  favourable  u n i t  2 w a s  lower i n  

system dur ing  t h e  mine ra l i z ing  even t s .  

4 . 4  Conclusions 

The Vault property has  a l l  t h e  necessary f e a t u r e s  f o r  

p o t e n t i a l  of 

t h e  epi thermal  

h o s t i n g  a s i g n i -  

f i c a n t  epi thermal  gold d e p o s i t  similar t o  t h e  Cannon Mine a t  Wenatchee 

Washington. Previous work w a s  d i r e c t e d  a t  t e s t i n g  t h e  nea r  s u r f a c e ,  al-  

t e r e d  and s i l i c i f i e d  zones t h a t  probably r ep resen t  t h e  low temperature 

s i l i ca  t y p i c a l l y  found n e a r  t h e  top  of an epitherma.1 system - t h e s e  

areas t y p i c a l l y  con ta in  low gold and s i lver  values .  The p o t e n t i a l  with- 
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i n  t h e  Vault  property l i e s  where favourable ,  permeable h o s t  rocks ( u n i t  

2) ex i s t ed  deeper i n  t h e  epi thermal  system - neax t h e  zone of b o i l i n g  - 
and were capped by impermeable flows ( u n i t  3 ) .  

of t h e  geology i n d i c a t e s  a l a r g e  area where these  favourable  cond i t ions  

may have ex i s t ed  - t hese  areas are n o t  exposed orr Che s u r f a c e  and have 

n o t  been t e s t e d  by previous d r i l l i n g .  The p o t e n t i a l l y  favourable  area 

can be divided i n t o  two p a r t s ,  al though t h e o r e t i c a l l y  economic mineral i -  

z a t i o n  could be continuous from one t o  t h e  o the r .  Area one i s  t h e  trough 

of t h e  sync l ine  where u n i t  2 i s  approximately 200 meters below where pre- 

v ious  d r i l l i n g  t e s t e d  t h e  s i l i c i f i e d  l imbs of t h e  sync l ine .  Depending on 

t h e  re la t ive  ages of t h e  s y n c l i n e  and t h e  mine ra l i za t ion ,  t h i s  could be 

an a r e a  where t h e  most favourable  h o s t  rock was 200 meters lower i n  t h e  

epi thermal  system - poss ib ly  nea r  t h e  zone of b o i l i n g .  

t h e  n o r t h e a s t  c o m e r  of t h e  p rope r ty  t h a t  i s  covered by t h e  White Lake 

Formation ( u n i t  4 ) .  I n  t h i s  area t h e r e  a r e  a t  least t h r e e  s u b p a r a l l e l  

s t e p  f a u l t s  w i th  t h e  east s i d e  being down dropped in each case.  

f a u l t i n g  n o t  only p l aces  t h e  favourable  horizon,  u n i t  2 ,  deeper i n  t h e  

system bu t  provides  an ample plumbing system f o r  mine ra l i z ing  f l u i d s .  

The p resen t  i n t e r p r e t a t i o n  

Area two is n e a r  

This  

5.0  DIAMOND DRILLING 

Two NQWL diamond boreholes  were d r i l l e d  f o r  a t o t a l  of 779 m. The 

l o c a t i o n s  are shown on f i g u r e  3 and a summary i s  given i n  t h e  fol lowing 

tab  l e  : 

HOLE GRID DIP LENGTH COLLAR 
ELEVATION - -- NLMBER COORDINATES 

38897 560s /200E -90" 322 m 557 m 

38898 150s /880E -90" 457 m 475 m 

The f i r s t  ho le  (BH 38897) w a s  d r i l l e d  in t h e  c e n t r e  of t h e  sync l ine ,  

50 m east of t h e  major NE t r end ing  f a u l t  zone (see f i g u r e s  3 t o  5). 

ho le  i n t e r s e c t e d  t h e  tu f f -b recc ia  ( u n i t  2) from 93.9 m t o  293.8 m, how- 

ever, t h e  rocks were n o t  s i l i c i f i e d  and t h e  r e s u l t s  of a n a l y s i s  w e r e  nega- 

t ive . 

The 
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The second ho le  (BH 38898) w a s  d r i l l e d  about 50 m east of t h e  NW 

t rending  f a u l t  i n  t h e  NE p a r t  of t h e  g r id  a r e a  ( see  f i g u r e s  3 and 6 ) .  

I t  i n t e r s e c t e d  a t h i c k  cap rock and cut  s i l i c i f i e d  tu f f -b recc ia  from 324.6 

m t o  438.8 m. The top p a r t  of t h e  tu f f -b recc ia  shows an anomalous a r s e n i c  

ha lo  over ly ing  an anomalous gold-s i lver  zone from 356.8 m t o  438.2 m. 

The b e s t  i n t e r s e c t i o n s  i n  ho le  38898 were: 

Depth i n  m Width Au i n  g/L Ag i n  g / t  

358.15 - 358.55 0.40 m 2 . 1  5.8 

368.80 - 371.10 2.30 m 1.8 2.8 

373.10 - 374.80 1.70 m 7.4 5.0 

384.20 - 385.70 1.50 m 6.7 3.8 

The b e s t  gold va lue  w a s  9.9 g / t  over 1 .05 m from 373.10 - 374.15 m. 

This  va lue  comes from a quar tz  fragment t u f f  b r e c c i a  s i m i l a r  t o  some of 

t h e  o r e  a t  t h e  Delamar gold mine. 

t i n g  t h e  s i l i c i f i e d  sequence as w e l l .  

Many quar tz  v e i n s  and v e i n l e t s  are cut-  

6.0 RECOMMENDATIONS 

Although t h e  va lues  and i n t e r s e c t i o n s  found in. ho le  38898 are no t  

economic a t  t h e  depth  encountered, i t  was proven t h a t  t h e  tu f f -b recc ia  

i s  a favourable  hos t  u n i t  f o r  gold mine ra l i za t ion .  It i s  recommended t o  

c a r r y  ou t  a d d i t i o n a l  diamond d r i l l i n g  i n  t h e  a r e a  of BH 38898 t o  test  both 

t h e  tu f f -b recc ia  n o r t h  and south of BH 38898, both e a s t  and w e s t  of the 

f a u l t ,  a n d  a l s o  t o  test t h e  f a u l t  zone i t s e l f  f o r  high grade ve in  d e p o s i t s .  

The p o t e n t i a l  a r e a  of mine ra l i za t ion  is st i l l  l a r g e  and h igher  grade con- 

c e n t r a t i o n s  i n  and near  t h e  f a u l t  zone are q u i t e  probable.  
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8.0 STATEMENT OF EXPEHTITURES 

S a l a r i e s  (F ie ld)  

W. Groeneweg May 26-31, June 4-10, 23 days @ $280 .$ 6 440 
June 16-17, June 24-26, 
Aug. 4-5, Aug. 14-16. 

E.  Hunter June 9-20, June 23-26, 41  days @ $215 $ 8 815 $15 255 
Aug . 4-28. 

S a l a r i e s  (Adm., Report Wri t ing,  Draf t ing)  

W .  Groeneweg (Adm., Report) 5 days (3 $280 $ I 400 
R. Johnson (Draf t ing)  2 days @ $217 $ 434 $ 1 834 

Personnel ExDenses 

rl 

u -  

rn 

Accommodation, Sun Oka Motor Inn $ 1 426 
Meals 64 days @ $22 $ 1 408 $ 2 834 

Trans DO rt a t ion  

Truck Rental - 4 1  days @ 15 
Gasoline and Se rv ices  

Aca ly t i ca l  (by Chemex Labs Ltd.)  

$ 615 
$ 481 S 1 096 

85 core samples (Au, 30-ICP) $19.20 j 1 632 

Dianond D r i l l i n g  (by Beaupre Diamond D r i l l i n g  Ltd.)  

7 7 9  m, NQ'3-L 

Suppl ies ,  F re igh t ,  Airphotos 

T h i n  Sec t ion  Descr ip t ions  
(by Vancouver Pe t rographics  Ltd.)  

$48 694 

$ 391 

$ 988 

TOT,&: $72  724 
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APPENDIX A 

BOREHOLE LOGS 



L It II L I I 

INCO L I M I T E D  F I E L D  EXPLORATION BOREHOLE LOO 

BOREHOLE PROPERTY PROP# LEVEL DEPTH CIZIMUTH D I P  
METRES DEG PiIN DEG P11N 

38897-0 VAULT SURF 321.60 -90 00 

I N C L I N A T I O N  AND 

DEPTH AZIMUTH D I P  DEPTH A2 IMUTH 
METRES DEG PlIN DEG M I N  METRES DEG PlIN 
47.0 -90 00 91.0 
228.0 -88 00 276.0 

DATE PROCESSED SEPTEf l IKR 17. 1986 PmE 1 

CO-ORD LAT I'ruDE 
SYSTEM PiETRES 

S 560. 

AZIMUTH TESTS 

D I P  DEPTH 
DE0 M I N  METRES 
-90 00 137.0 
-88 00 321 .0 

ASSAYS CHK'D....... 
DATE.............. 

DEPARTURE ELEVATION STARTED COMPLETED 
MO DY YR MO DY YR PlETRES METRES 

E 200. 357. oa os EM oa 14 ab 

A2 IMUTH D I P  DEPTH AZ I MUTH DIP 
'DEG M I N  D E 0  M I N  METRES DEG HIN DEG M I N  

-88 00 183.0 -88 00 
-88 00 

LOCWED BY E D  HUNTER NTS W 82E/3E COUNTRY I S  CANADA PROV/STATE IS BC ORD BRNG I S  SHT) CINOMI 

ASSAY FOR * AU 

COMblENTS 
DRILLED NW BY PEAUPRE DIAMOND DRILLINQ LTD (RAINBOW) 
HOLE IS LOCATED 760 PETERS EAST AND 260 WTERS NORTH OF THE 
SW CORNER OF VAULT 1 C L A I N  

DEPTH LENGTH SANPLE M I N  ROCK 
M T R E S  i lETRES 
0.0 
2.40 

6.40 

4.75 

13.00 

16.00 

23.90 

0.0 
2.40 OB 

4.00 MVVW BSLT 

0.35 MVVU BSLT 

6.25 MVVW BSLT 

3.00 MWW BSLT 

7.90 MVVW BSLT 

DESCRIPTION ANG ELEBENT ELEMENT ELEPKNT ELEMENT ELEMENT ELEf lENT ELENENT 
KEG AU PPB AG PPM AS PPM EA PPN CU PPM N I  PPM ZN PPM 

COLLAR 

CORE RECOVERY.CASIN0 TO 6 FEET 
OVERBURUEN AND WEATHERED BEDROCKeNO 

PRPHIUNIT 3 .P INK AND GREENeFINE PLAG 
IOOLASE PHENOCRYSTStPtODERATE CHLORIT 
E ALTERATION. WDERATELY M M N E T I C .  PAR 
T I C K L Y  OXIDIZED MAGNETITE PLEBS*MODE 
RATELY TO HIGHLY FRACTURED WITH CARE 
ONATE COnMONLY ON FRACTURES.80 PCNT 
RECOVERY 
PRPH. INTENSE CHLORITE-CARBONATE ALTE 
RATION.GREEN.POROUSvONLY SLIGHT RESE 
MELANCE m THE ORIGIONAL ROCK 
PRPH AS AT 6.4 HIOHLY FRACTURED AND 
BROKEN.MODERATE CHLORITE ALTERATION 
P I N K I S H  WHITE CARBONATE COMMON ON F R  
ACTURES.80 PCNT RECOVERY 
PRPH AS AT 6.4 P I N K  AND QREEN ONLY U 
EAK CHLORITE ALTERATION.WEAKLY FRACT 
URED WITH ABUNDANT CARBONATE ON FRAC 
TURES.MOST FRACTURES ARE 45 TO 65 DE 
QREES TO CORE A X I S  BUT ONE BANDED CA 
RBONC)TE* COATED FRACTURE IS SUBPARALL 
EL TO THE CORE AXIS.UEAK TO MODERATE 
L Y  blAQNETIC. 95 PCNT RECOVERY 
PRPH A S  CIBOVE ilODERATELY TO HIGHLY F . 

IRON OXIDE S T A I N I N Q  COMMON ON FRACTU 
RES WITH CCIRBONATE.BECONES LESS BROK 
EN NEAR BOTTOPI OF INTERVAL BUT LOCAL 
L Y  BRECCIFITED WITH CARBONATE CEMENT. 
90 TO 95 PCNT RECOVERY 

RACTURED.UEAK TO MOISERATELY MTEREDv 

BOREHOLE # 38897-0 PAOE 1 
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BOREHOLE # 38897-0 DATE PROCESSED SEPTEMBER 17. 1986 PAQE 2 

DEPTH LENGTH SAMPLE M I N  ROCK DESCRIPTION ANG ELEMENT ELEMENT ELEMENT ELEMENT ELEMENT ELEFiENT ELEMENT 
METRES METRES DEQ AU PPB 60 PPH AS PPM PA PPri cu PPri NI PPM ZN PPH 

’ 0.30 rivvw FLT QOUOE. SOFT CLAY WITH CHUNKS OF CARBO 24.20 

41.90 

54.25 

93.88 

95.55 

96.77 

103.00 

113.03 

NATE CEMENTED BASALT PRPH 
17.70 nvvw BSLT PRPH.LIOHT GREEN.MODERATE CHLORITE a 

LTERATIONtAPUNDANT CARBONATE ON FRAC 
TURES. PlODERATELY FRACTURED. HEMAT I 7’E 
S T A I N I N O  COMMON W I T H I N  THE CARBONATE 

AND ON OTHER FRACTURES PROBABLY DER 
I V E D  FROM THE M&GNETITE.LOCALLY S L I Q  
HTLY BRECCIATED WITH BOTH WHITE AND 
P I N K  CARBONATE CEMENT.LOC/KLY D I S T I N  
CT F O L I A T I O N  A T  60 DEGREES TO CORE A 
XIS.DEGREE F O  ALTERATION .BECOPES Q U I  
TE VARIABLE NEAR THE BOTTOM OF THE I 
NTERVAL CIPPARENTLY C@NTROLLED BY FRA 
CTURING CIT ABOUT 63 DEGREES.83 TO 90 

PCNT RECOVERY 
12.35 MVVW BSLT PRPH as ABOVE BUT HIQHLY FRACTURED a 

ND BROKEN.POSSIBLE MINOR F W L T  OOUOE 
AT 46.3.50 PCNT CORE LOSS FROM 46.3 
TO 43.1 

39.63 nvvw BSLT PRPH as ABOVE HODERATELY FRACTURED~G 
REENISH T I N T  FROM MODERATE CHLORITE 
ALTERATION POSSIBLY SOHE S E R I C I T E  ON 

FRACTURES WITH THE CARBONATE.FOLIAT 
ION AT 60 DEGREES TO CORE AXIS.MINOR 

M I L K Y  QUARTZ I N  WITH THE CARBONATE 
ON S O M  FRACTURES AND L I M O N I T E  COFiPlO 
N ON FRACTURES ALONO WITH MINOR DEND 
R I T I C  MANGANESE.GENERALLY A DECREASE 

I N  ALTERATION WITH DEPTH BUT AN I N C  
REASE I N  OXIDATION CAUSED BY QROUND 
WATER CIRCULAT1ON.A VERY PRONOUNCED 
C H I L L E D  LOWER CONTACT ABOUT 1 NETER 
THICK.PY COHHON ON FRACTURES WITH QU 
ART2 W I T H I N  THE C H I L L E D  ZONE.95 PCNT 
RECOVERY 

i:67 MW4J FiDST BLACK CARBCINACE@lJS,SMT ONLY P A R T I A L  
L Y  INDURATED. 90 PCNT RECOVERY 

1.22 MVVW TUFF FRAGMENTS AVERAGE 1 MM APPARENT PEDD 
I N T  AT 13 DEGREES.l Y. DISSEMINATED P 
Y NO ALTERATION OR S I L I C I F I C A T I O N  

6.23 MVVW TUFF DARK GRCIY SLIGHTLY CARBONACEOUS ? I N  
TERBEDDED WITH GRADClTILlNAL BEDDING F 
RON VERY FINE GRAINED MUDDY TUFF TO 
A COARSE SANDY TUFF WITH 1 MM FRAGME 
NTS.APPARENT SLUMPINQ CIND CRSOOBEDDI 
NO FEATURES.BEDD1NQ VARIES FROPI 30 T 
0 60 DEOREES.l Y. PY CONCENTRATED I N  

Y SYNOENETIC.98 Y. RECOVERY.NO ALTERA 
T I O N  OR S I L I C I F I C A T I O N  

10.05 MVVU TUFF BRECCIA FRAGMENTS LK, TO 2 CM BUT AVE 
RAGING 2 TO 5 MH OCCASSIONALLY GRADE 
S I N T O  SANDY TUFF.BEDDING AT 43  DEOR 

THE F I N E  CARBONACEOUS LAYERS.PROBABL 

EES.VERY CLEAN LOOKINQtNO ALTERATION 

BOREHOLE U 38897-0 PAW 2 
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BOREHOLE # 38897-0 

DEPTH LENGTH SAMPLE M I N  ROCK 
#ETRES KETRES 

118.25 

130.90 

132.90 

134.45 

139.00 

139.13 

i42.40 

148.00 

163.00 

5.20 FiVVW TUFF 

12.45 HVW TUFF 

2.00 rwvw MDST 

1.55 MVW TUFF 

4.55 ilVVW TUFF 

0.13 tlVVW F L T  

3. $ 7  MWW TWF 

5.70 MWW L P T F  

17.00 MVVW TUFF 

k , k  
I' t 

YT I i L L L i 

DATE PROCESSED SEPTEMBER 17, 1984 PCKIE 3 

DESCRIPTION AN0 ELEHENT ELEMENT ELEMENT ELEMENT ELEMENT ELEMENT ELEMENT 
BEO AU PPB AG PPM AS PPil EA PPM CU PPM N I  PPH ZN F'PM 

OR S I L I C I F I C A T I O N . 1  2 DISSEMINATED 
PY. 99 Y. RECOVERY 
INTERREDDED TUFF BRECCIA AS ABOVE AN 
D SANDY TO S I L T Y  TUFF.ABOUT 10 REPET 
I T I O N S  GRADING UPWARDS FROFi COARSE T 
0 FINE.BEDDINO AT 4 3  MGREES.STILL  V 
ERY CLEAN NO ALTERATION OF S I L I C I F I C  
A T I O N  NO V E I N I N O  OR CARBONATE ON FRA 
CTLRES. 99 % RECOVERY 

GRAINED MUDDY TUFF TO SANDY TCIFF.TH1 
NLY BEDDED TO F I N E L Y  LAMINATED WITH 
BEDS FROM 1 MM TO 3 CM THJCK AVERAGI 
NO L E S S  THAN 1 C i l  THICK.NUMEROUS F I N  
E VERTICAL FRACTURES WITH 1 CM D I S P L  
ACEMENT ALONO THEM.SYNOENETIC P Y  LOC 
ALLY A S  PODS aND DISRUPTED P Y R I T I C  E 
ANDS UP TO 3 1% THICK.TOTAL PY CONTE 
NT LOCCILLV UP TO 3 2.FiINOR CARBONATE 

ON H A I R L I N E  FRACTURES.UNALTERE0 AND 
NOT S I L I C I F I E D . 9 9  X RECOVERY.BEDDIN 

DARK GRAY TO BLACKvGRADES FROM FINE 

G VARIES FROi l  35 TO 60 DEGREES 
BLACK CARBONACEOUS AT AT 9 5 . 5 5 . S W T  
BUT FORMS S O L I D  CORE 99 Y. RECOVERY 
3 S I L T Y  TUFF 7 INTERMIXED WITH MUDST 
ONErPROBABLE TURBIDXTE L I K E  SEQUENCE 

AS THE BEDS ARE CKL DISCONTINUOUS A 
ND dUMPLED UP.QUART2-CARBONATE SEORE 
GATIONS FORM I R R A T I C  LENSES.SYNGENET 
I C  P Y  LOCALLY UP TO SEVERAL PERCENT 
NO ALTERATION OR S I L I C I F I C A T I O N  
S I L T Y  TO SANDY WITH A FEW T H I N  MUDDY 

BANDS.BEDDING FROM 50 TO 75 DEGREES 
UNALTERED.UNSILICIFIED.99 X RECOVER 

Y 
GOUGE.CLAY~APPEMS TO BE COMPOSED OF 

A SANDY TUFF.RWGHLY 90 DEGREES TO 
CORE axrs  
fis BT 130.9 ~NTERBEIIDED SANDY TUFF a 
Xi WdDDY iVFF  ai? iiUDSTO'FiE.SLiJiiFiNO ci 
ND OTHER SOFT SEDIMENT DEFORMATION F 
EATURES.SAMLL LENSES OF F I N E  GRAINED 

GRAY-QREEN TALCY MATERIAL. NOT ALTER 
ED OR S I L I C I F I E D . 9 8  Y. RECOVERY 

M TO 1 C i l  WITH OCCASSIONaL FRAGMENT 

STS NEW TOP OF INTERVAL AS NOTE I N  
ABOVE 1NTERVAL.NC.I V E I N I N O  OR EVIDENC 
E OF R T E R A T I O N  OR S I L I C I F I C A T I O N . 9 9  

COARSE SANDY TUFFVFRAGMENTS FROM 1 M 

UP TO 2 CN.VERY CLEAN.SOHE TALCV CLA 

X RECOVERY 

BRECCIA TO SANDY T W F . S I L T Y  TUFF AN 
D BLACK ilu[sDY TUFF WITH SOME FINE GR 
CIINED SOFT GRAY REDS OF CLAYSTONE OR 

AS AT 1 18.23, R A P I D  ORADINO FROM TIJFF 

BOREHOLE 0 38897-0 PCIM 3 
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BOREHOLE I 38897-0 DATE PROCESSED SEPTEi4BER 17, 1986 ?cK# 4 

DEPTH 
METRES 

167.70 

174.80 

176.36 

178.04 

187.75 

190.80 

191.40 

193.50 

195.90 

LENGTH SAMPLE M I N  ROCK DESCRIPTION ANG ELEMENT ELEMENT ELEMENT ELEMENT ELEHENT ELEt lENT ELEMENT 
METRES DEG A U  PPB AG PPM AS PPM EA PPM CU PPM N I  P W  ZN PPM 

VERY F I N E  GRAINED TUFFSEEDDING VRRI 
ES FROM 55 TO 70 DEGREES.PY LOCALLY 
UP TO SEVERAL PERCENT ALPiOST CERTAIN 
L Y  SYNGENETIC.BELOW 130.0 MOST SEQUE 
NCES GRADE FROM SANDY TO MUDDY TUFF 
WITH ONLY OCCASSIONAL COARSE BEDS W I  
TH FRAGMENTS OVER 3 MM.A FEW CARBONA 
TE COATED FRACTURES BELOW 157.0.0CCA 
SSIONAL FRAGMENT OF TRACHYTE PORPHYR 
Y v U N I T  lvUP TO SEVERAL CENTIMETERS.'? 
9 % RECOVERY,NO ALTERATION 

2.70 MVVW TUFF AS ABOVE BUT CONTAINS LARGE BLOCKS 0 
F TRACHYTE PROPHYRY UP TO 30 CM CICRO 
S S . 9 9  X RECOVERY 

7.10 MVVW TUFF AS AT 1 6 5 . 0 , F I N E  CARBONATE COATED F R  
ACTURES PECOMINO HORE ABUNDANT W I T H  
DEPTH. PEDDING AT 60 DEGREES. NUFiEROUS 60 

SUBVERTICAL FRACTWES WITH UP TO 1 
CM OFFSET OF PEDS 

1.56 MWW TUFF GRAY VERY D I S T I N C T I V E  FROM A L L  OF TH 
E ABOVE 1UFFS.U' TO THIS F O I N T  ALL 0 
F THE TUFFS HAVE BE SUPAQUEOUS.WATER 
L A I N  BEDDED TUFFS. rH IS  U N I T  I S  MASS1 

WATERLAIN TUFF THEREFORE I S  PROBAPL 
Y SUBARIAL.FRAGMENTS UP TO 3 t l f l  WITH 

OCCASSIOL ONE OVER 1 CM 99 X RECOVE 
RY 

E BANDS CIT 40 DEQREES UP TO 1 CM WID 

Y. RECOVERY 

V E B W I T H  NO FEATURES I N  COMMON WITH A 

1.70 FX022565 MVW TUFF AS ABOVE BUT WITH NUMEROUS PY-CALCIT 0.000 0.200 150.000 50.000 12.000 34.000 76.000 

E AS WELL AS 1 Y. DISSEMINATED P Y - 9 9  

9.69 MVVW TUFF AS AT 174.80.FRFKiMENTS OENERALLY ARE 
LARGER AND MORE C H L O R I T I C  WITH M P T  

H.VERTUALLY UNFRFICTURED WITH NO ALTE 

RY 

0. GRADUALLY BECOMINO MORE BLEACHED W 
I T H  INCREASING CLAY ALTERATION WITH 
DEPTH 

RATION OR S I L K C I F I C A T I O N . 9 9  X RECOVE 

3.05 FX022572 PIVVU TUFF AS A B W E  BUT BECClMING NOTABLE ALTERE 0.000 0.200 30.000 40,000 16.000 30.000 86.000 

0.60 FX022364 M V W  F L T  ZONE A S  ClPOVE BUT CRUSHEDVWITH N O S  0.000 0.200 370.000 20.000 27.000 109.000 62.000 
OF CARBONATE U' TO 3 CM WISE AT 45 
TO 80 DEGREES TO THE CORE A X I S  W I D E  
UP TO 50 Y. P Y  ELEBS OVER 3 Ct4.TOTAL 
P Y  CONTENT AVERAGES ABOUT 8 TO 10 % 

.30 X RECOVERY 
2.10 FX022367 MVW TUFF BRECCIA WITH FRAOHENTS OF OTHER TUFF 0.000 0 . 4 0 0  140.000 40.000 18.000 99.000 86.000 

UP TO i s  cn ACROSS.UP TO io x PY IN 
BRECCIA MATRIX.l'iMJY FRAGMENTS CONTA 

I N  DISSEMINATED PY.  WEAK CLAY ALTERA 
T I O N  NOT NOTICABLY S I L I C I F I E D . 9 9  X R 
ECOVERY 

2.40 FX022548 MVW TUFF WHITE S I L I C E O U S  P E D I U n  GRAINED L I T H I  ci.000 0.400 so.ooo 40.000 9.000 ia.ooo 82.000 
C TUFF. VERY HARD. D I S T I N C T I V E ~ F O S S I B L  

BOREHOLE U 38897-0 P A M  4 
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BOREHOLE # 38897-0 

DEPTH LENGTH sAr;PLE FIIN ROCK 
t?ETRES METRES 

DATE PROCESSED SEPTEMBER 17. 1986 PCIOE 3 

DESCRIPTION ANG ELEMENT ELEHENT ELEHENT ELEHENT ELEMENT ELEMENT ELEMENT 
DEG AU PPB A 0  PPH AS PPH BA PPM CU PP# N I  PPCI ZN f'PM 

201.17 

204.50 

210.90 

226.35 

229.80 

2232.00 

234.00 

236.80 
2 4 0 . 0 0  

241.00 

Y SUBARIAL ? CONTACTS AT 30 DEGREES 
1 TO 2 X PY AS BANDS AND WHISPS AT 4 
5 DEGREES.FAULT ZONE FROM 196.0 TO 1 
96.25 99% RECOVERY 

OF WELDED TUFF.WEAK CLAY ALTERATION 
1 TO 2 PY I N  ERECCICl PiATRIC 99 % REC 
OVERY 

5.27 rivw TUFF BRECCIA~FRAQMENTS ARE PREDOMINANTLY 

3.33 MVVW TUFF BRECCIA.POLYMICTIC FRAGMENTS UP TO 3 
cri, NO FRAGPIENTS OF WELDED TUFF, SL I G 

HTLY CRUSHED NEAR UPPER CONTACT,l Z 
PYvWEAK CLAY ALTERATIONVNO S I L I C I F I C  
ATION. 95 % RECOVERY 

6 . 4 0  MVVW TUFF SANDY TO SILTY.GREEN T I N T  PROBABLY D 

15.43 MVVW TRCT 

3.45 MVVW TUFF 

2.00 ~ ~ 0 2 2 5 7 0  rivw AGLM 

2.80 FX022571 MVW AQLM 
3.20 MVVW L P T F  

1.00 nvw TUFF 

UE TO HIGH M A F I C  CONTENT.PEDDING 45 
TO 60 DEGREES.CARB@NATE COilMON ON F I  

E ON LOWER CONTACT.NO S I G N I F I C A N T  A L  
TERATI(3N OF S I L I C I F I C A T I O N  

NE FRACTURES72 CH OF BANDED CARRONAT 

FLOWTOREEN AMYGDALOIDAL WITH C A L C I T E  
AND CHLORITE I N  VESICULES.PR0PABLY 

U N I T  2B ON THE GEOLOGY MAP.ABUNDANT 
H A I R L I N E  FRACTURES COATED W I TH C:ARBO 
NATE.NOT NOTICABLY ALTERED.THIN BED 

Y R I T I C  F I N E  ORAINED TUFF ? FROH 215. 
6 TO 215.9(FX022573) CENTER OF TH 

SS VESICULAR THAN THE TOP AND EOTTOH 
LOCAL PY I N T E R S T I T I f X L Y  AND ON FRAC 

OR POSSIBLY a BOULDER OF SILICEOUS P 

E FLOW I S  DENSER$DARKER GREEN AND LE 

TURES FROH 223.5 TO 2 2 3 . 0 1 9 5 %  RECOV 
ERY 
SANDY U I T H  MINOR PKlDDY BANDS AND SEV 
ERAL T H I N  COARSE BEDS WITH FRAGMENTS 

UP TO SEVERAL CPi.A COUPLE CHUNKS OF 
TRACHYTE PORPHYRY UP TO 20 CM,F'ROBA 

B L Y  FRAGMENTS OF U N I T  1sBEDDING L O  D 60 
ECREES. 3'9% REC:uERY. NO 3 i OFi i F I C A W  
GLTEHRT I OH 
VOLCANIC BOMBS UP TO 33 CMrNAINLY TR lS.000 0.200 170.000 50.000 19.000 33.000 00.000 
ACHYTE PORPHYRY COMPOSITION.CALCITE 
AND PY ABUNDANT I N  THE PiATRIX RETWEE 

RY 
AS ABOVEtLOCALLY UP TO 10 % F'Y.99 % 60.000 0.200 360.000 50.000 27.000 40.000 86.000 
RECOVERY 

FRAGMENTS RCINOE FROM 1 MI1 TO 1 CH W I  
TH MOST OF THEH AROUND 2 TO 4 MM.CLE 

R I X  RUT NO S IGNXFICANT CKTERATION OR 

N THE BOHBStUP TO 9 X P Y * 3 3  % RECOVE 

AS ABOVE*UP TO 3 % PY.99% RECOVERY 33.000 0.400 150.000 70.000 26.000 38.000 92.000 

AN LOOKINO~MODERATELY CCKCAREOUS HAT 

S I L I C I F I C A T I O N . 3 9 X  RECOVERY 
SANDY WITH MUDDY BANDS-SEVERAL COARS 
E FRAGMENTS UP TO 1 CH*BROWN COLOURE 
DvBEDDING AT 50 DEGREES 99 % RECOVER 50 

BOREHOLE u 3ee~7-o PAOE 3 
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BOREHOLE u 38897-0 

DEPTH LENGTH SAMPLE M I N  ROCK 
METRES iCtETRES 

243.25 

249.40 

253.10 

256.90 

2 5 9 . 4 0  

286.30 

289.00 

291.00 

292.90 

293.80 

296.00 

2.2'3 MVVW ASH 

6.15 MVW TUFF 

3.70 MVVW TUFF 

3.80 W V W  TUFF 

2.30 MVVW TUFF 

2 7 . 1 0  MVVW LPTF 

2.50 ~ ~ 0 2 ~ 3 7 4  rivvw LPTF 

2.00 FX022375 MVVW LPTF 

1.90 ~ ~ 0 2 2 5 7 6  mvvw LPTF 

0.90 FX022577 MVVW TUFF 

2.20 FX022578 MVVW TRCT 

m k I L 

? W E  6 DATE PROCESSED SEPTEMBER 17, 1386 

DESCRIPTION ANG EL.EP1ENT ELERENT ELEMENT ELEMENT ELERENT ELEMENT ELEMENT 
DEG AIJ PPB AG PPM AS PPM Ba PPM cu PPM NI PPM LN PPM 

Y 
GRAY TO WHITE VERY FINE 0RAINED.SOFT 

NO APPMENT ALTERATIONv 99 X RECOVER 
v 
SANDY W I T H  BLACK P Y R I T I C  MUDSTONE BE 
0S.A 3 CM COAL ? SEAM AT 144.2.BEDDI 
NO AT 55 DEGREES.LOCALLY ABUNDANT HA 55 
I R L I N E  FRACTURES F I L L E D  WITH CARDONA 
TE 
C:OARSE SAND FRAGMENTS FROM 1 M i l  TO '3 

MM PUT MOSTLY ABOUT 2 MR.WEAK TO MO 
DERATE CLAY ALTERATION NEAR THE TOP 
OF THE INTERVAL. EiODERATELY S I L I C I F I E  
D THE BOTTOM 0.3 METERS OF THE INTER 
VAL-NO VEINGa99  X RECOVERY 
WELDEDvPINKISH TINTvPROBABLY SUBARIA 
L.ABUNDFINT CARBONATE I N  SMALL LENSES 

AND CROSS CUTTING FRACTURES. BEDDING 
AT 50 DEGREES 99 % RECOVERY 50 

SANDY ORAY-GREENIFR~~OMENTS MOSTLY 1 
TO 2 MH.CARP0NATE COMMON ON FRACTURE 
S AT 60 DEGREES TO CORE AXIS.WELL I N  
DURATEDIPOSSIBLY WEAKLY S I L I C I F I E D  
FRAGMENTS FROil 1 Mi l  TO 2 CM WITH OCC 
ASSIONAL FRAGMENT UP TO 3 OR 4 CMIGR 
AY GREENvDISS IIAGNETITEIVERY HARD PR 
OBABLY DUE TO WEAK S I  L I C  I F  I CAT I ON. CA 

RAGMENTS GRADUALLY INCREASE I N  S I Z E  
WITH DEPTH.6 COUPLE 20 C t l  BLOCKS OF 

RPONATE COMMON I N  MATRIXv 'W Z RCVRvF 

U N I T  1 *TRACHYTE PORPHYRY AT 2 7 4 . 5  
AS ABOVE BUT FRAOMENT SIlALLERvFROM 1 
TO 5 F1M.VERY INDURATED POSSIBLY VERY 

WEAKLY S I L I C I F I E D * N O  S I G N I F I C A N T  A L  
TERATIONv99 % RECOVERY 
AS ABOVE BUT F I N E  GRAINED FRAGMENTS 
FROM 1 MM TO 3 Mi l  
AS ABOVEvPOSSIPLY VERY SL IGHTLY PLEA 
CHEDvA FEU CARBONATE F I L L E D  FRACTURE 
S >  BEDDING AT 555 DEGREES. 99 % RECOVER 55 
Y 
DARK GREEN FRAGMENTS MOSTLY LESS THA 
N 1 MMvABUNDANT CARBONATE ON FRACTUR 
ES v M I  NOR D I: SSEN INCITED PY 7 99 % RECOVE 

1CATION.LOWER CONTACT SHARP AT 40 DE 4 0  

PORPHYRY,UNIT 1 v F E L D S P M  PHENOCRYSIS 

RY NO CIPPARENT ALTERATION OR S I L I C I F  

GREES 

UP TO J IWI LONG.TOP 4s cri OF THIS I 
NTERVAL CONTAINS POLYNICTIC  FRFIGMENT 
S UP TO 3 CM BUT THE MATRIX IS A TRA 
CHYTE PORPHYRY.APPEARS TO BE A FLOW 
THAT WAS BRECCIATED DURING D E P O S I T I O  
N AS THERE ARE D I S T I N C T  LARGE FRAGME 
NTS OF THE SFIME COi lPOSITION AS THE S 

0.000 

0.000 

0.000 

0.000 

0.000 

0.400 30.000 70.000 16.000 17.000 78.000 

0.200 40.000 110.000 14.000 15.000 80.000 

0.200 50.000 70.000 12.000 15.000 62.000 

0.200 30.000 80.000 c13.000 155.000 92.000 

0.200 30.000 'iO.000 26.000 5i.000 86.000 

BOREHOLE +I 38897-0 PWE 6 
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c 
BOREHOLE # 38097-0 DATE PROCESSED SEPTEHBER 17, 1386 PCIOE 7 

DEPTH LENGTH SAPIPLE M I N  ROCK DESCRIPTION ANG ELEMENT ELEMENT ELEMENT ELEMENT ELEMENT ELEPaNT ELEMENT 
METRES METRES DE0 AU PPB A 0  PPM AS PPM BA PPM CU PPM N I  PPM ZN PPM 

URRWND I NO HATER IaL. NUPEROUS F I NE CA 

RY NO S I G N I F I C A N T  ALTERATION OR S I L I  
C I F I C A T I O N  

RBONATE F I L L E D  FRACTURES.33 Y. RECOVE 

298.00 2.00 FX022579 MVVW TRCT PORPHYRY AS ABOVE.99 % RECOVERY 0.000 0.200 20.000 70.000 26.000 47.000 94.000 
300.00 2.00 FX022280 MVVW TRCT PORPHYRY AS ABOVE BUT WITH SEVERAL T 0.000 0.400 20.000 70.000 22.000 42.000 91.000 

HIN QUARTZ STRINGERS UP TO 3 PlM W I D E  
AT 35 YO 53 DEGREESv99X RECOVERY 

311.90 11.90 MVVU TRCT PORPHYRY AS ABOVEvNO QTZ STRINGERSIN 
UHEROUS F I N E  CARBONATE F I L L E D  FRACTU 

319.80 7.90 MVVW TUFF SANDY DARK GREEN WITH BLOCKS OF TRAC 
HYTE PORPHYRY AND POSSIBLY TRCT PORP 
HYRY FLOU FROM 313.4 TO 31!3.4.CHLORI 
TE  COMMON ON FRACTURES.99 X RECOVERY 

FOOT OF HOLE 

RES199  % RECOVERY 

321.60 1.80 MVVW TRCT PORPHYRY FIS AT 296.0 93% RECOVERY 

NOTE SYi lBOLS USED M E  : 
* AFTER ASSAY VALUE INDICATES VALUE FOR LOST CORE WAS CALCULATED FROM CIDJCICENT W l P L E S  

BOREHOLE 0 38897-0 PAGE 7 
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‘B~REHOLE Y 

c 

SUMMARY OF n 
FROM 
FETRES 
0.0 
0.0 
2.40 

23.90 
24.20 
93.88 
95.35 

118.25 
130.90 
132.90 
134.45 
139.00 
139.13 
142.30 
143.00 
176.34 
173.06 

191.49 
201.17 
210.90 
226.35 
223.80 
236.80 
240.00 
241.00 
243.23 
249.40 
239.49 
292.90 
293.80 
311.90 
319.80 

190.80 

3%897-0 

NERCILIZCI 
TO 
PiETRES 
0.0 
2.40 

23. 90 
24.20 
93.88 
93.55 

118.25 
130.90 
132.90 
134.4‘5 
139.00 
139.13 
142.30 
14b. 00 
176.36 
178.06 
190.80 
191.40 
201.17 
210.90 
226.35 
229.80 
236.30 
240.00 
241.00 
243.25 
249.40 
259.40 
292.90 
293.80 
311.90 
319.80 
321.60 

I 1 L I P L II 

DCITE PROCESSED SEPTEMBER 17. 1986 

1 m I L 
I 

PCIOE 0 

ON CIND ROCK TVPES 
LENQTH 
METRES 
0.0 
2.40 

21.50 
0.30 

49.68 
1.67 

22.70 
12.65 
2.00 
1.55 
4.55 
0.13 
3.17 
5.70 

28.36 
1.70 

12.74 
0.60 
9.77 
9.73 

15.45 
3.4‘; 
7.00 
3.20 
1.00 
2.25 
6.1‘3 

10.00 
33.30 
0.90 

18.10 
7.90 
1.89 

MNZN 

MVVW 

MVVU 
nvvw 
MVVW 

MVVU 
MVU 
MVVW 
MVVW 
HVVW 
MVVW 
MVVU 
MVW 
HVVW 
MVW 
MVW 
MVVU 
nvvw 
wvw 
rivw 
MVVW 
nvvw 
nww 
MVW 

MWW 
MVVW 
nvvu 

M W U  

rivvw 

rivw 

rivvw 

rwvw 

ROCK 

OB 
BSLT 
F L T  
BSLT 
MDST 
TUFF 
TUFF 
MDST 
TUFF 
TUFF 
FLT 
TUFF 
LPTF 
TUFF 
TUFF 
TUFF 
FL T 
TUFF 
TUFF 
TRCT 
TUFF 
CUiLM 
LPTF 
TUFF 
CISH 
TUFF 
TUFF 
L P T F  
TUFF 
TRCT 
TUFF 
TRCT 

BOREHOLE 0 38897-0 PCIOE 8 
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FCIGE 1 INCO L I M I T E D  F I E L D  EXFLORATION BOREHOLE LOG DATE PROCESSED SEPTEMBER 30. 1986 

ASSAYS CHK'D ....... 
DATE.............. 

BOREHOLE PRGPERTY PROP# LEVEL DEPTH A 2  IMlJTH D I P  CO-OR@ L.ATI TLlDE DEPARTUF;E ELEVATION STCIRTED CGIIPLETED 
riO DY YR rio DY YR PlETRES KEG PlIN ClEG M I N  SYSTEK PiETRES PiETRES METRES 

c 475. 08 1; 86 08 24 66 38898-0 VAULT SURF 437. 00 -30 00 3 150. E 880. 

I N C L I N A T I O N  AND AZIFiCITH TESTS 

DEPTH A 2  IMLITH D I P  DEPTH A 2  IilCITH D I P  @EPTH A 2  IMIJTH D I P  DEPTH AZ I MUTH D I P  
METRES PEG M I N  DEG M I N  PlETRES DEG PlIN PEG M I N  PETRE8 DEG Pl IN DE0 PlIN KETRES DEQ K I N  DEG MIN 

47 .0  -70 00 31.0 -89 00 1 :37. CI -87 00 183.0 -88 00 
228.0 -89 00 276.0 -89 00 321.0 -89 00 366.0 -89 00 
411.0 -89 00 

LOGGED BY ED HUNTER NTS R S 2 E / 5 E  COUNTRY I S  CANADA PROV/STATE IS BC: GRD BRNG IS SHTW CINOMO 

ASSAY FOR * CIU A L  '33 CIS PA BE P I  CD CCS C'R CLI F E  GA LFI PB t'tG MN MO NI P 

assw FUR * K AG NA SR TL TI w u v ZN 

COMMENTS 
D R I L L E D  NCr BY BEACIPKE @IAMOND DRILLIN13 LTDiRAINRI3W D R I L L I N G  
A L L  MATERIAL REMOVED ' 

ANI3 FLEPlENl ELEMENT ELEMENT ELEMENT ELEMENT ELEMENT ELEMENT DEPTH LENGTH s A r i i x E  MIN ROCK t1ESC.R I F'T I ON 
IIETRE'J METRES DEG A U  PPB AG PFM A:; P P i l  PA PPil C:U PPil N I  PP;I Z N  PPil 

0. 0 0. 0 COLLAR 
13.00 13.00 OB @VERBURDEIJ AND WEATtiERECl BEDROCY , N@ 

CORE RECOVERY.CA11NG TI2 42 F T  - 1 2 . S  
METERS 

OUS SED I i lENTS I3RAD ING FROi l  G R I T S  TO 
F I N E  @ L A W  CARPONACEOUS FlUDSTONE. VER 
Y 51; I ILAR TO THE U N I T  2 SEQLIENCE PUT 

DEFFINATELY CIVER LAYS THE U N I T  3 BS 

NGENET I C F Y  C1_7MFlClN I N  THE P;UDSTONE, C: 

LENSES. NO ALTEHAT I O N  OR SI1. I C I F I CAT 1 
@N,38 2 REC:OVERY 

HE TGP BECOilINO PURPLE-GREEN W I T H  DE 
FTH. AUTCIBREC'C.IATED DOWN TO ABQLlT 40. 
ct WITH GRAY CARBONATE PRECC.If-8 CEMENT . CARBONATE COFlMON ON FRACTCIRES, LCCAL 
L Y  MODERATELY FRACTURED, 18 X RECOVER 
Y 

52.70 0 . 4 3  rivvw FLT GOIJOE. INDISTINCT CONTACTS PUT APPE~~R 
S TO BE CLOSE 10 90 DEGREES TO E.ORE 
A X  IS ALTticii.iwi THERE ARE F R ~ C T ~  IRE'S SI-I 
RPARALLEL TO CORE A X I S  I N  AT(JACEN1 W 
fil-LRt1C.V * 33 -4 REI:OVE:RY 

.t24. ao 2 7 1 . WI rivvw IIC.LT v c l w t w w .  i [:x I I-IRAL v n ~  IAT I ON=. wtwfc .  r 

23.20 10.20 rivvw WHT LAKE FORMAT I ON, REFE'T I TI ON OF TUFFACE 

L T  PORPHYRY.REDDING AT 45 @EGREES*'I;Y 43 

CARPONt?TE C ICl?li?llN ON FF?fiC.T!)HES QF;D R S  

52.27 29.07 fiVVW BSLT P@RPH\'RY eCINIT 3.P INKISH-GREEN NEAR T 

NCIMEROI.IS FLOWS I N  RAP I D  W C ' C  E?.:; I i3N 
WITHCICIT INlEKF'LOW C.EUIF1ENYATION Of;: W 
E n T t W R l  NG. I. W/U.. AI ITnDRFKc I n T  1 1 X J  nNI3 

I 3 
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BOREHOLE P 38398-0 

DEPTH LENGTH SAFIPLE FiIN ROCK 
METRE5 METRES 

1.60 FXO22587 PlVW F L T  

2.00 FXCi22589 MVVW TUFF 

DATE PROCESSED SEPTEFIRER 30, 1'336 PCIOE 2 

UESCHIFTION 

PIINOR TECTONIC PREC:C.IATlClN W I T H  C:ARP 
ONATE CEMENT. IIOCIERATELY FRACTl..IRED W I  

ALLY F O L I A T E @  AT 4 5  TO 65 DEGREES TO 
CORE AX I S . PiA I N FRACTCIR I NI; AT ABOUT 

4; KlEGREES BUT VARIES FROil 3 0  TO 30 
DECiREES. C CiRE PEC CWES GRADUOL.L.Y HORDE 
A .  DENSER AND LESS FHAC TLIHED START I NG 

AROUND 1 7 5 . 0  n N f l  ACCOPIFANY I N O  THE t 
ARRONATE ON FRACTIJRES IS Is SOFT WHIT 
E FLWXY MINERAL-FOSS1BL.Y A L l I N I T E  7 
OVER 95 % I:CIF(E RECOVERY. THE EIOTTOFl 3 

METERS 14. A C H I L L E D  ZONE WITH VERY 
FINE GRAINED Wt4ITE TO CIRRY RPPEARANC 
E ~ N L I  STARTS VIC~:INO uF CARBON ON .rt4 

TH CARBONATE CCiMMON ON FRAC TURES. LOC 

E FRAC'TIIRES FROM THE IJNDER1.Y I M l i  i .'ARP 
ClNhCELlllS El~ILISTONE. LClWER C ONTIsCT WAVY 

NACEOIJS. WITH T H I N  5ANKISTO 
ALLY TALCY, RFDDING AT bcj 
LCICALLY LIP TO 113 7. F'ROBAP 

p FEW VLHY ' I H I N  CITZ STRINr!FF?f:,NillT 5 1  
L IC I F  IELl ' i ;  % REi:.OVEHY 

AT 4 0  OEOREES TO CORE A X I S  

I -Y  SYNCIFNET IC SI3F'l + MCIDERATL'f PROKEN 

BLACK FlClLlERATELY TO l i l C * t i L Y  '511 I r E  

9 Of' GAlARTZ VEININO.PLUE CtIARTZ FILL 
ED C A V I l I E S  ARE SLIT BY THIN WHITE QCI 
CIRTZ STRINCiERS 1HOT CONTCIIN MINCIR FI. 
LlOHITE.FINt: CiRRlNED PY LOCAL.1.Y 1.115 TO 

1 0  X AS FRAC TCIRE F I L L .  IN6 ONtl I R H F I T I  

&NU or< ' ; I L I ~ :  IFIED.TWCI I:IR MCIHE S I  

C LENGCSr LOChLI..Y BRECC IC\TED I %'I ?, RCC 
OVERY 
OOUOEICHEWEO C W  MC1lIS'TONE. 1-2 Z F'YIMI 

VERY HlOHLY t7lLICIVIEC.l W I T H  NI.IC1CRCICIS 
t a R  oi-ifiwz :STRINOERS, rrl -L HEC~IVCRY 

V I P X ~ Y  Cll.lART t L I NED C RV 1 T I E 5  aNI I 
RCIFTED b)TL STft'INOERF.. LO(?Ol.l.Y W E T  
TEU W I  r H  PY CEMENT, TWO U I r r t m - r d T  
UI.IRFD PYRITE I'lr$.L.C;ItcLY l W l 3  nr;rr., PY I..CI 
CALLY IIP TI> 1 0  7., "9 X HECCiVERY 
AS AEICIVE L(UT ricwti DREC c;in.rt t i  nND r EW 
EH Vl.1I:K*Y C R V I  1 XES * MODERATELY RHI-IKFN 
"'5 2 RECllVtRY 
AS ABOVE CUFiMONLY PREC.C.IATEfl, LOC6L.I.Y 

HAS PRECC I A T E t i  QI.IARTZ THAN CONTAINS 
PY c.t.Asrs IN T H E  F:RAGMENTS, vi x HEC 

OVERY 
ZONE t f3REC.C I A T E D  FIUDSTONE ANll GI:ICICiE W 
I T H  20 CI1 'SECTIONS OF UNPRErCIATCLD S 
I L I C I F I E D  FlULIS'TDNE,YO i! RECOVERY 
SANDY GREY WATERLAIN. PEDDINO AT TCI 0 
EOREES TO CORE AXIS,FRAOMENTE 1 MM T 
0 2 MM WITH OCCASSIGNAL CLAST TO 1 C: 
K.NOT SILICIFIED F'CISSIBLY WEAI: CLOY 

FINO ELEMENT ELEFiENT ELEhENT ELEMENT ELEMENT ELEMENT ELEPiENT 
n m  AU PPP AF w t i  AS FPI~ PA FP;~ cu PPM NI PPM ZN PPri 

24.00C1 52.000 292.000 

Y 000 1 3.000 20.000 

10.000 28.000 130.000 

7.000 54.000 512.000 

5.OOQ 13.000 114.000 

PAOE 2 BOREHOLE (i 38898-0 
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B~~JHEHOLE il 3aws-o 
DEPTH LENGTH SAFiPLE M I N  ROCK 
METRES I'IETRES 

1 L m I k E n 1 m E P 

t lA1 E PROCESSED SEPTEMBER 30 * 1986 PCIGE 3 

DESC'R I F T  I ON ANG ELEMENT ELEMENT ELEFiENT ELEMENT ELEMENT ELEFiENT ELEMENT 
DEG A l l  PPB Ai3 PPI1 AS PPil BA PPM C:U PPM N I  PPM ZN PFM 

0.400 110. 000 250.00@ 
3.800 250. OCCl 250.000 

9.000 

12.000 

17.000 

15.000 

15. 0CW 

14.000 

14.000 
12.000 

9.000 
8.000 

7 .  Sl0@ 

1 2 ~ 1~clI:l 

2. nnn 

2 .  cmo 
7 .  nnn 

4.000 

3 R R W .  

13.000 220.000 

11.000 60.000 

11,000 124.000 

12.000 72.000 

13.000 58.000 

10.000 64.000 

8.000 64.000 
8.000 30.000 

18.000 72.000 
9.000 12.000 

8.000 10.000 

10.000 10.000 

?.000 e.OOO 

3.000 12.000 

3.000 4.000 

3.000 4.000 

-0 PCIOE 3 
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BOREHOLE Y 3 8 8 ' 3 8 4  

DEPTH LENGTH SAMPLE Pl IN ROCK 
METRES METRES 

L 

c 
L I m L 1 

DESCRIPTION AN0 ELEMENT ELEMENT ELEMENT ELEMENT ELEMENT ELEMENT ELEMENT 
DEG AU w e  AO PPri AS P P ; ~  EA PPti c:u P P ~  NI PPM ZN PPM 

348. BO 
371. I O  

373.11) 

9 1 4 . 1 3  

374 .88  

375.40 

377.50 
379.50 

38i.SG 

3C4. 20 

S35.71) 

3Rb. 30 

387. SO 

0.200 0.000 2 1 0 . 0 0 0  
o. 4 o r ~  10.000 32o.000 

2.000 10.000 
3.000 12.000 

3.000 4.000 

*.000 9 4 . 0 0 0  

6.000 16.000 

4.000 10.000 

3.000 2.000 
4.000 2.000 

4,000 8,000 

9.000 2.000 

7.000 4 .060  

14 .000  6.000 

9.000 6.000 

-0 PAOE 4 
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POREHOLE # 3=’.898-0 

DEPTH LENGTH SAMPLE M I N  ROCK 
METRES i lETRES 

388.80 

39 1 . 00 
393.00 

396. O i j  

398.60 

400.90 

403.45 

405.20 

407. 00 

408.60 

410.55 

412.50 

414.90 
4 17 . ClO 

419.00 

421.00 
423.00 

I .  30 ~ ~ 0 2 5 2 6 9  rivvw TUFF 

2.20 Fx029270 KVVW LPTF 

2.00 ~ ~ 0 2 9 2 7 1  rivvw LPTF 

3.00 FX029272 MVVW L F T F  

1.60 FXCl29273 MVVW L F T F  

2.30 FX025274 MVVW TUFF 

2.55 ~ ~ 0 2 9 2 7 5  rivvw LFTF 

I .  75 F X S I L ’ ~ ~ ~ ~ .  rivvw TUFF 

1.80 F X 0 2 9 2 7 7  MVW L F T F  

1.60 ~xc)23;7.s rivw TUFF 

1.95 FX029279 MVW VOLC 

1.93 F X O 2 3 2 8 0  ilVVW VOLC 

2.40 FX029281 PiVVW VOLC 
2. 10 FXO2’3282 MVVW TUFF 

2-00 FX029283 MVVW L F T F  

2.00 F X 0 2 9 2 8 4  MVVW L P T F  
2.0(:1 FXCi2W83 MVVW L F T F  

.. I 

E I L I li P I m L 

DATE PROCESSED 5EFTEIIPER 30 * 1386 

DESCRIPTION 

F I E @  
SANDY WITH PlUDDY AND S I L T Y  BEDS NEAR 

THE TGP THAT C:@NTA I N  RROKEN UP CUZ 
VEINS,  HIGHLY ALTERED, MODERATELY SIL I 
CIFIED 
AS AT 381.5 STRONG CLAY ALTERAT1ON.M 
ODERATE TO STRONG S I L I C I F I C A T I O N .  1 % 

PY,99 % KECOVERY 
AS ABOVE PUT ALTERCITION DECREASING W 
I T H  DEPTH.99 % REC:OVERY 
AS APCWE FiOClERATE TO STRONG CLAY ALT 
ERAT I O N .  ilODERATELY S I L  1CI.F IED.  NO V E I  
NING.99 7. REi.LiVERY 

TO U N S I L I ~ : : I F I E D v 9 3  % RECOVERY 
FINE SANDY, SOFT. PiODERATELY ALTERE@, N 

GRAY SOFT, PlOllfERATELY ALTERE@, WEAKLY 

OT S I L I C I F I E D v  REDDING AT 40 DEGREES 
AS AT 338.6~ClNSILICIFIED~ElODEKATELY 
TO HIGHLY ALTERED.93 % RECOVERY 
FINE SANI?Y WITH SILTY AND rit-ttiw LAYE 
R S  I PEDDI  NC AT 53 > NUMEROI.IS WH I TE TO R 
LCIE-GRAY QTZ STRINGERS CR@SC;CUTTING 
PEDDING,MANY HeVE D I S T I N C T  CENTERLIN 
E AND 1 X DISSEMINATED F‘Y 
FiAINLY SANDY PUT SCWE FRAGMENTS V F  T 
O 3 C:il,MXLb.’Y QTZ V E I N S  LIP TO 4 C.M AT 

XWORK TEXTURE SEEN HIGHER UP THE HOL 

SANDY WITH AHClNflANT CJTZ V E I N I N G  AND 

LOW ANGLE TO CORE EIXIS W I T H  CAME BO 

E.1-2 Z P Y . 0 9  % RECOVERY 

L K C I L L Y  MULT I STAGE @REC:C I AT I ON OF TH 
E QTZ.99 2 RECOVERY 
FLOW,GRAY-GREEN~ F I N E L Y  AMYGDALOIDAL 
MODERATELY ALTERED P IIODERATELY TO H I G  
HLY S I L I C I F I E D . @ R E C C I A T E D  NEAR CIFFER 

E-GRAY QTZ I N  C A V I T I E S  ANfl GRAY AND 
WHITE QTZ VEINING.PROBABLY IS U N I T  2 
B ON THE CiEOL.r3GY MAF.?‘? Z RECCIVERY 

C:CINTACT WITH SimE QTZ FRAGMENTS. RLU 

FLOW AS AfWVE,APPEARS T @  @E REPEATED 
FLOWS JtJDG I NG FROM LOCAL I ZAT I ON OF 

VESICULES.i I INOR FY.  NIJilEROUS T H I N  QTZ 
S T R I  NCiERS. WEAK TO MODERATELY S I  L I C I 

F I E D  t WEGKLY ALTERED v ‘3.3 % RECOVERY 
FLOW AS AR@VE,YP % EECCWERY 
SANDY WITH BEDS OF ;lUDDY TI IFF TO LAP 

ANCi ELEMENT ELEPlENT ELEMENT ELEEiENT 
DEG AU PPP AG PPI1 CIS FPil @A FPil 

ILL1 TUFF*PEDDING A T  60 DEGREESv MODE 40 
RATE CLAY ALTERATION.NUT S I L I C I F I E D .  
@C:C‘ASSIONAL T H I N  QTZ STRINGER, 03 % R 
EC‘OVERY 
WEAKLY ALTERED, riODERATELY E. I L I C. I F I E D  12:~. i:iOO 

5’ % RECOVERY 
AS ABOVE 90 % RECOVERS !;f?r). cI1:lI:l 

A:; ABOVE ‘9’3 7. RECOVERY, INCREASE I N  C. 70. CIW.) 

NI-IiIEH@_IS Tt4IN CARPONATE S r R I N O E R 5 ,  3 

2. 000 9 0 . 0 0 0  280.000 

2 * 0130 20.000 20.00C) 

0.200 40.000 10.000 

0. 200 30 * 000 1 1 0. octo 

0.200 0.000 40.000 

0.200 20.000 230.000 

1 . 600 50. 000 990. 000 

1.000 20.000 1180.00 

1.200 20.000 390. 000 

1 . 60(l 50. 000 1 30. 000 

1 . 200 ‘30.  5 1 0 0  30. 000 

PAGE 5 

ELEMENT ELEMENT ELEKENT 
OU PPil NI PPM ZN PPil 

24.000 13.000 52.000 

2.000 4.000 4.000 

2.000 5.000 14.000 

2.000 7.000 14.000 

w.000 42.000 ao.ooo 
69.000 3.000 24.000 

28.000 51.000 128.000 

28.000 53.000 132.000 

13.000 56.000 86.000 

40.000 146.000 234.000 

38. 000 120.000 288.000 
3t.000 131.000 114.000 

26. 000 84.000 70.000 

2c..o00 93.000 74.000 
18.000 35.000 70.000 

38898-0 PAGE 5 



L Y P L m € L I P m m t li 

DEPTH L t N b T H  SHFlF'Lt ElIN R O i X  
METRES METHE5 

4 2 3 .  21:) 
426. 2u 

418. SCI 

429.90 

431.00 

432. <IO 

4 .?- >a. 00 

434.00 

435.00 

43.5.00 

437.00 

435.20 

438.75 

2 . 2 0  FX02K3b MVVW L P T F  
1.00 F X O 2 9 2 8 7  MVVW L P T F  

1.60 FX@292EcY EtVW L P T F  

1.10 FXO2PZZPO MVW TUFF 

1 .@0 FXOZ9291 MVW TUFF 

1.00 F X O 2 9 2 9 2  FiVW TlJFF 

1.00 F X 0 2 Y 2 5 3  PiVW TUFF 

1.00 F X O i 5 2 9 4  MVW TUFF 

1.00 FX029295 FiVW TUFF 

1.00 FX029294 MVW TUFF 

1.20 ~ ~ 0 2 9 2 9 7  r t w  TUFF 

0.55 FX029298 FtVVW L F T F  

DATE FROr ESSEll SEPTEMBER 3CI. 1386 

BNI* t I t ElLNT I-1 E MFNT € 1  FFlFNT FL FMFNT 
L1Y.b A l l  PPR A 0  P P i l  AS PPI1 BA PFM 

UREC'CIA AS AT 4 2 8 . 3 . D I S T I N C T  GREEN C 
OLOURAT ION PROBABLY IYWSED BY CHL@RI  
TE ALTERAT I ON. WEAt:LY SI L I C  I F I  ED. PART 
1ALL.Y SHECIRED AND C:RU3HED. 2-3 X D I S S  
EMINATE@ F Y I  PlO@ERATE C:LAY ANLl CHLCIRI 
TE CILTENfiTION ?? X RECOVERY 
BRECC I A  AS ABOVE BClT PiCI@ERATELY TO H 

ARK GRAY CENTER C.AlfSE@ PY F I N E  S:.I.ILPH 
IDES,Q'J % RECOVERY 

IGHLY SILICIFIED,& 2 cri UTZ WITH A D 

BRECCIA AS ABOVE,HIC.HLY S I L I C I F I E D V L  
1:iCAL STCtCC:LJORV OF WHITE QTZ V E I N 3  W I  
T H  CENTER L I N E S  CUT BY A FEW VERY TH 
IN GREENISH O T Z  VEINS,?. TO 3 z PY rio 
STLY I N  FRAGMENTS AN@ F I N E  PRECCIA C 
EMENT, '39 % RECOVERY 
BRECCIA AS ABOVEaFRAGMENTS BECOMING 
LARGERVAVERAGING 2 TO 3 C i l  99 % RECO 
VERY 
BRECCIA AS ABOVE s GROUNDMASS HAS GRAD 
UALLY CI.tANOED FROM GREEN TO RED-PROW 
N. FR&GME#TS 3RE ?:OSTLY FINE GF;A::4ED 

ES.3 TO 4 i! L~ISSEFt INATED PY,CHL.ORITE 
GREEN VOLCWIt::S W I T H  UaRfaBLE TEXTIN? 

ON FRACTUREC.. '93 % RECOVERY 
BRECCIA AS ABOVEIVERY HIGHLY S I L I C I F  
I E D  AND QTZ FLOODED,GRAY RTZ V E I N L E T  
S CUT BY SLIGHTLY PANDED WHITE QTZ V 
E I N S  UP TO 2 C:i l  WHICH LOCALLY I S  BRE 
C'CIATED WITH A CHLORITE-FY CEFIENT. TH 
E i l A I N  V E I N I N G  CUTS THE CORE AT 30 D 
EGREES OR L E S S # 2 - 3  X PY LOCALLY UP T 
0 5 % I N  C H L O R I T E I ~ ~  % RECOVERY 
BRECCIA AS AT 435.0 VERY HIGHLY S I L I  
C I F I E D . 9 9  X RECOVERY 
BRECCIA AS ABClVE 2-3 X FY,?? % RECOV 
EHY 
STRONO C L A Y  ALTERATION,WEAKLY S I L I C I  
FIED.PEDDED CIH F O L I A T E D  AT 60,WAVY 1-1 &@ 

0. 4 0 0  20. c ~ c t o  an. rmo 
0.200 20.000 220.000 

0. 200 20. 000 180. 000 

0.200 30.000 80.000 

0.200 20.000 80.000 

0.200 40.000 90.000 

0.800 170.000 40.000 

0.200 Ec0.000 80.000 

0 * 200 50.0@0 90. 000 

0. 200 20. 000 150. 000 

BOREHOLE U 

PLIQE 6 

ELEPlENT ELEMENT ELEMENT 
CU PPM N I  PPM .ZN PPM 

17.000 23.000 78.000 
12.000 21.000 eo.000 

14.000 21.000 48.000 

13.000 22.000 60.000 

14.000 24.000 64.000 

15.000 22.000 6.000 

is.000 20.000 48.000 

1&.000 22.000 44.000 

17.000 14.000 52.000 

7.000 8.000 32.000 

8.000 9.000 52.000 

11.000 19.000 52.000 

29.000 36.000 44.000 

38898-0 PmE 4 



BOREHOLE B 38333-0 DATE PROCESSED SEPTEMBER 30. 1986 PAGE 7 

DEPTH LENGTH SAMF'LE M I N  ROCK DESCR IF  T I ON ANG ELEMENT ELEMENT ELEMENT ELEKENT ELEMENT ELEHENT ELEMENT 
METRES METRES DEI3 4IJ PPB ACi PPtl AS PPM EA PPtl CCI PPI1 N I  PPtI ZN PPH 

F FER CONTACT > VERY SHAfiP t 5TRA 1 GHT L.0W 
ER CONTACT AT 30 DEGREES, il INOR P Y ,  313 

X HEC:OVERY 
440.00 1.25 FX029299 MVW TRCT FORPHYfiY,FINE GRAINED PURPLE-PROWN M z:;.ooci 0 .200  lo.ooo 120.000 1x000 s.000 60.000 

ATRI  X WITH UP TI3 30 % FELDSPAR FHENCI 

WELL FORMED PHENOCRYSTS ANfl 'JUPROUN 
DED FHENOCRYSTS. C:ARBCINATE ON FfiACTClR 

S I L I C I F I E D  BClT OFFEARS UNPLTERED. NU 
i lBER 1 U N I T  ON rliEOLOGY MAP ilARRI3N FO 

CRYSTS AVERAGING 2 TO 4 riri LONO.POTH 

E S * N O  QTZ VEIN ING*VERY HARD POSSIBLY 

RHAT I ON v 99 X RECCIVERY 
442 .00  2 . 0 0  FXO29300 HVVW TRCT PORPHYRY AS ABOVE.99 X RECOVERY 25.000 0 . 2 0 0  10.000 180.000 17.000 5.000 54.000 
457.00 1s.00 W V W  TRCT PORPHYRY AS ABOVE. 39 % RECOVERY 

FOOT OF HOLE 
A L L  MATERIAL REMOVECi 

NOTE SYMBOLS USED ARE : 
it  AFTER ASSAY VALLIE INDICATES VclLClE FOR LOST CORE WAS CALCClLATED FROM ADJACENT SAMPLES 

1 

BOREHOLE # 38898-0 PAGE 7 



f 

BOREHOLE il 38838-0 

SUMilAh'V OF PlXNERALIZATION AND GOCK TYPES 
FROi l  
PlETRES 

0. 0 
0. 0 

13.00 
23.20 
.JL. 27 
52.70 

324.60 
328. &(I 

330. 20 
3.35. 00 
336.60 
342. c.0 

358. 15 
358.32 
373. 10 
374.15 
374.80 
375.40 
577.50 
334. 20 
385.70 
3:36 .30 
387.Z;O 
3:38. *<I 

.-ai .3. 60 
400. 90 
403.45 
405. 20 
4O7.00 
408.60 
410.55 
414.5'0 
417.00 
426.20 
429.30 
42?. 90 
433.20 
438.75 
440.00 

.- c 5Jb. 7; 

- - -  -.. ,, . 

T 0 
METRES 

0. 51 
13.00 
23.20 
52.27 
32.70 

324. 60 
328.60 
, . . A I .  20 
33'3. OCI 
2: 36. 60 
342. hO 
356.75 
'35%. 1; 
353.55 
373.10 
374.15 
374. a0 
375.40 
377.50 
384.251 
3s5.70 
'386.. 30 
337. ;0 
3Q8. 80 
3:5-:3. 60 
400. 90 
403.4; 
405.20 
407. 00 
4C)S. 60 

414. 90 
417.00 
426.20 
428.30 
42P. 90 
438.20 
43s. 7'3 
440. i N j  

457. 00 

-5 - 

4 1CI.ZS 

LENGTH i lNZtJ 
 ETRE RES 

0. 0 
13.00 
10.20 MVVW 
29.07 FiVVW 

0.43 tiVVW 
271.90 FiVVW 

4. 00 ilVW 
i .t.o rivw 
4.80 MVW 
1.40 FiVW 
6.00 MVVW 

14.15 rivw 
1.40 MVVW 
0.40 PiVW 

14.5; ilVW 
1 .CIS rivw 

o.  60 rivw 

1.50 wvw 
O. c.0 rivw 

0.65 ilVVW 

2.10 MVVW 
6.70 MVVW 

1.20 ilVVW 
1.30 PiVVW 
'J. 30 MVVW 
2.30 PiVVW 
2.5; MVVW 

1.80 ilVW 

1.92 MVW 
4.35 FiVVW 
2.10 ilVVW 
9.20 PiVVW 
2. 10 i4VW 

8.30 MVW 

1.2; rlvw 

1.7; rivvw 

1.40 rivw 

1.40 rivw 

0.55 rivvw 

17.00 rivvw 

ROCK 

O R  
WHT 
BSLT 
F L T  
PSLT 
i4DST 
F L T  
i1DC.T 
F L T  
TUFF 
L F T F  
LPTF 
PX 
TUFF 
PI: 
UT2 
TIJFF 
TUFF 
LPTF 
T I F F  
TUFF 
ASH 
TUFF 
LPTF 
TUFF 
LPTF 
TUFF 
LPTF 
TUFF 
VOLC 
VOLC 
TUFF 
LF'TF 
TUFF 
L F T F  
TUFF 
L F T F  
TRC T 
TRCT 

i 
PATE PROCESSED SEPTEMBER 30. 1986 

(I 
PCIOE 8 
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APPENDIX B 

ANALYTICAL RESULTS 



Chemex Labs Ltd. 

- .~ 

2 1 2  Brooksbank Ave. 
North Vancouver, B.C.  
Canada V7J 2c1 

C E R T I F I C A T E  OF A N A L Y S I S  

PoO. BOX 1 2 1 3 4  
5 1 2  - 808 NELSON S T o  
VANCOUVERT 8.C. 
V 6 Z  2 H 2  

I N V O I C E  # : 1 8 6 1 6 7 0 4  
DATE : 2 5 - d U G - 8 6  
POO,  # : C - 8 8 4 8 1  
6 0 6 0 9 - 1 4 0 1 0  



Chemex Labs Ltd ( 212 Brooksbank Ave 
North Vancouver. B C  rn 

Canada V7J 2C1 

dnalytrcal Chemists .Geochemists -Hsg,stered Asseyers Phone: (604) 984-0221 
Telex. 043-52597 

TO : C A N A D I A N  N I C K E L  C O .  L I H I T E D  
P.O. BOX 12134 
5 1 2  - 808 N E L S O N  SI. 
l J A N C O U ' I E R .  B . C .  
UGZ 2H2 

C E X T .  # : A8616705-001- 
I N ' J O I C E  # : 18G16705 
D A T E  : 1-SEP-86 
P . O .  # : C - 8 8 4 8 1  
6 0 8 0 9 - 1 4 0 1 0  

S e m i  quantitstive multi element I C P  a n a l y s i s  

ttitric-Aqua-Reqi3 Jiqestion o f  0 . 5  q m  o f  
m3terial folloued by I C P  analysis. S i n c e  t h i s  
diqestion 1% inconplete f o r  many minerals. 
v a l u e s  reported for  Al, Sb, Ba, Be, C s .  C r .  
Gs. La, H q .  K .  N a .  S r ,  11. T i .  W a n d  V c a n  
o n l y  b e  considered a s  semi-quantitative. 

C O M M E N T S  : 

TX 22565 
FX 2 6 6  
E( 3367 
FX YEiti8 
Ex 11569 
FX 2 5 7 0  
fX 22271 
FX 3 7 2  
Fx 23573 
FX 2 x 7 4  
E( 2 x 5  
FX 22276 
D: 11577 
FX Z 7 8  
€X 3x79 
FX "5eO 

1.92 0.2 
0.66 0.2 
1.21 0.4 
0.89 0.6 
1.57 0.2 
2.24 0.2 
2.51 0.4 
1.85 0.2 
1.55 0.4 
1.93 0.4 
3.39 0.2 
2.92 0.: 
4.35 0.2 
3.06 0.2 
2 . 3  0.2 
2.71 0.4 

150 
370 
160 
50 
1?0 
360 
150 
30 
170 
30 
40 
50 
30 
30 
20 
20 

50 (0.5 c? 1.97 (0.5 6 
20 (0.5 CZ 10.41 (0.5 11 
40 (0.5 cl: 1.15 (0.5 15 
40 (0.5 (2 2.83 (0.5 4 
M (0.5 (2 2.65 (0.5 15 
50 (0.5 c 1.3 (0.5 19 

40 0.5 c 3.89 (0.5 9 
10 (0.5 (2 2.65 (0.5 8 
70 (0.5 (2 2.49 (0.5 12 
110 (0.5 (2 2.10 (0.5 11 
70 (0.5 (2 2.45 (0.5 9 
e4 (0.5 (2 2.91 (0.5 30 
SO (0.5 (2 :.53 (0.5 17 
70 (0.5 (2 2.32 (0.5 18 
70 (0.5 (2 2.3 (0.5 17 

10 (0.5 c, 1.85 (0.5 19 

37 
51 
8s 
29 
104 
126 
151 
59 
24 
53 
41 
39 
140 
115 
112 
109 

12 4.46 3 0.66 70 0.59 
3 9.07 30 0.18 (10 0.44 
18 5.50 20 0.2 60 0.35 
9 2.68 20 0.18 70 0.3 
19 4.22 20 0.12 70 1.16 
27 6.37 30 0.17 90 1.37 
26 5.31 30 0.26 90 1.87 
16 2.91 30 0.53 SO 0.69 
16 4.59 10 0.03 10 1.28 
16 3.73 20 0.2 50 1.07 
14 3.64 20 0.28 60 1.19 
12 3.13 20 0.16 40 0.83 
63 4.60 20 0.73 60 1.51 
26 3.98 30 0.09 80 1.64 
26 4.16 30 0.13 100 1.75 
.n 1-12 30 0.14 90 1.71 

641 
1131 
652 
755 
633 
406 
548 
1'34 
460 
718 
7 3  
861 
1367 
946 
799 
759 

a 0.10 34 
3 0.03 109 
26 0.10 99 
'.1 0.1: 18 
3 0.09 35 
9 0.10 40 
2 0.10 38 

(1 0.07 50 

<1 O.:O 17 
(1 0.4s IS 
3 0.24 15 
7 0.11 155 
(1 0.10 51 
(1 0.10 47 
(1 0.10 42 

6 0.08 9 

880 
720 
1300 
830 
13?0 
2160 
2270 
1150 
1540 
1400 
1290 
1100 
173 
1500 
120 
1260 

28 (10 
26 10 
40 (10 
a (10 
26 (10 
a (10 
26 a0 
30 (10 
14 (10 
24 (10 
24 (10 
22 (10 
28 (10 
32 (10 
sa (10 
38 (10 

106 (0.01 (10 (10 18 (10 76 - - . 
137 (0.01 i10 <lo 9 a0 62 - - 
68 0.01 (10 (10 36 (10 86 - - 
66 cO.01 (10 (10 16 (10 82 - - 
56 0.24 (10 (10 88 (10 80 - - 
81 0.10 (10 (10 114 a0 66 - - ' 

83 0.02 (10 a0 10s (10 92 - - . 
94 (0.01 a0 (10 20 (10 86 - - ; 
76 0.02 (10 (10 20 (10 24 - - 
226 0.33 (10 (10 90 (10 78 - - 
3? 0.25 (10 (10 67 (10 80 - - 
3 0 . 3  a0 (10 60 (10 62 - - ' 

2 4  0.43 (10 (10 80 (10 92 - - - 
182 0.41 <lo (10 97 (10 86 - . - 
214 0.40 10 (10 109 (10 94 - - 
296 0.39 (10 <10 105 (10 96 - - 

__.- li____._l- 
w a r n  I t  



Chemex Labs Ltd. 212  B r o o k s b a n k  Ave. 
N o r t h  V a n c o u v e r ,  B . C .  
Canada V7J 2C1 

Analytical Chemists Geochemists Registered Assayers Phone: (604) 984-0221 
Telex: 043-52597 I [CERTIF lCATE UF A N A L Y S I S  I 

1 
I I 

TO : C A N A D I A N  N I C K E L  CO- LIMITED C E R T o  # : A8617400-001-A 
P - 0 0  BOX 1 2 1 3 4  I N V O I C E  # : I 8 6 1 7 4 0 0  

VANCOUVERI 6 - C .  P.U. # 6 - 8 8 4 8 1  
V 6 Z  2H2 60809-  14010 

91 5 1 2  - 808  NELSON STo D A T E  : I ~ - S E P - ~ ~  

- 
Samp I e P r e p  A U  

-I F X 0 2 2 5 8 1  207 (5 
PPb - d e s c r i p t i o n  code .- - 

FXOZ 25 82 
FX0225A3 
F X 0 2 2 5 8 4  
FX022585  
FX022586  
FXO22587 
FXO22508 
FX022583  
FXOZ259U 
FX022591  
FX022592  
EX022593  

w X 0 2 2 5 9 4  
FX022595  
FX022596  
FX022597  
FXO22598 
FX022599  
FX022600  
FX029255  
F X 0 2 9 2 5 6  
FX029257  
FX029258  
FX029259  
FX029260  
FX029261  
FX029262 
FX029263  
FX029264  
FX029265 
FX029266  
FX029267  
FX029268 
FX029269  
F X 0 2 9 2 7 0  
F X 0 2 9 2 7 1  
FX029272  

, d X 0 2 9 2  73 

2 0 7  
2 0 7  
2 0 7  
2 0 7  
2 0 7  
2 07 
2 0 7  
2 0 7  
2 0 7  
2 0 7  
2 07 
2 07 
2 0 7  
2 0 7  
2 0 7  
207  
207  
2 0 7  
2 0 7  
2 07 
2 0 7  
2 0 7  
2 0 7  
2 0 7  
2 0 7  
2 0 7  
2 0 7  
2 0 7  
2 0 7  
2 0 7  
207 
207  
2 0 7  
2 0 7  
2 0 7  
2 0 7  
2 0 7  
2 0 7  

_I 

FX0292 74 2 07 

15 
( 5  
15 

5 
5 

1 5  
IO 
40 
30 
2 5  
6 5  
2 5  
2 5  
3 5  
2 0  
1 0  

1 1 5  
2 0 5 5  

3 7 5  
1 9 5  
100 

1850 
1 0 5  

3 3 3 5  
4 4 5  

3 5  
1 0 5  
960 
2 0 5  

6 7 2 0  
385 

6 5  
305 

30 
55 
6 5  

5 
( 5  

9 8 7 5  

~ 

a V O I  rev  4/85 



Chemex Labs Lt 212  B r o o k s b a n k  A v e .  I 
Nor th V a n c o u v e r ,  B . C .  
Canada V7J 2C1 

Analytical Chemists Geochemists Registered Assayers Phone: (604) 984-0221 
Telex: 043-52597 

I I I I I t- C E R T l F t C A T k  UF ANALYSIS I 
a* 

I 

- J 
VOI  l e v  4/05 

Certified by O O O O O O O O O O O O O O O O . ~ O O O O  



1 
1 

. 

! 
i J  
i 

E::C:32E1 O.?? 4.6 ?O 220 (3.5 *:3 0.12 (0.5 (1 9 4 1-95 (10 0.3 ?O 0.04 ?3 1:7 0.02 4 CO 22 (10 133 <5.01 (10 (10 9 (13 10 - - 
fX”.9’52 0.37 0.2 (10 210 0.5 <2 0.05 <0.5 (1 8 1 0.63 <lo G.24 70 0.03 4: 13 0.03 3 120 le (10 81 :0.11 (10 110 2 (IC 2 
fit299363 0.52 0.4 10 X O  0-5 (2 0.09 (0.5 1 11 3 1.00 (10 0.41 50 0.04 5L 26 0.34 4 220 16 ’!lo 116 (0.01 (10 (10 6 (10 2 - 

0.49 0.6 3 950 (0.5 (2 0.18 (0.5 (1 17 4 2.14 <lo 0.39 60 0.i4 125 3 0.04 4 330 18 (10 151 CO.01 (10 (10 26 (10 8 1x3-T-64 
F:X¶Y5 0.44 0.8 30 94 (0.5 (2 0.11 (0.5 4 15 37 1.41 (10 0.29 50 0-O? 82 37 0.94 9 220 16 (10 107 (0.01 (10 (10 11 (LO 2 - - . 
EX02Slbt 0.53 3.8 20 1000 0.5 (2 0.14 (0.5 6 11 11 1.0: (10 0.28 40 0.08 75 5t  0.04 7 240 14 (10 150 CO.11 (10 (10 14 (10 4 -- - 
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Report for: W. Groeneweg, 
Canadian Nickel Co. Ltd., 
P.O. Box 12134 Nelson Square, 
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V6Z 2H2. 
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vox 1JO 

PHONE (600) 888-1 323 
Invoice 5795 

May 26, 1986 

Samples: WG-86-1 to 6 inclusive. \I- (3. opt \-L--/ ‘F’, c * 

Summary: 

The samples are a suite of volcanic flows and tuffs ranging in composition 
from basalt to trachyandesite. Alteration has been moderate to intense in all 
of them. The dominant alteration is by K-spar and this is associated with 
dolomite and quartz (In veinlets) and with a montmorillonite clay. Fe-Ti 
oxides are also part of the alteration assemblage. 

WG-86-1 and 6 are similar porphyritic basalts (plagioclase and augite 
phenocrysts). Moderate pervasive K-spar alteration of both groundmass and 
phenocrysts has occured. Lesser tremolite occurs in WG-86-6; clay occurs in 
WG-86-1. 

WG-86-3 I s  a porphyritic trachyandesite consisting of plagioclase, augite 
and biotite phenocrysts in a K-spar, augite, biotite groundmass. Clay 
alteration has affected the mafics in the groundmass and the biotite 
phenocrysts. 

UG-86-5 appears to have been a porphyritic andesite with large plagioclase 
phenocrysts in a fine plagioclase groundmass. Intense K-spar alteration has 
pervasively transformed most of the plagioclase. This is associated with 
network of quartz and dolomite veinelts and stringers. 

WG-86-4 is a fine felsic tuff. K-spar may have been primary or secondary. 
There is a network of dolomite veinlets. 

WG-86-2 is a lithic tuff consisting of fragments of latite (a l l  K-spar) 
packed closley together and cemented by dolomite, montmorillonite and some 
quartz. Many of the fragments have been completely replaced by one of these 
minerals. 

A. L. Littlejohb, M.Sc. 
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WG-86-1: ALTERED (K-SPAR DO)flNANT) PORPHYRITIC BASALT. 

This sample is a fine grained volcanic rock consisting of a groundmass of 
fine felted plagioclase along with plagioclase and augite phenocrysts. 
Moderately intense, pervasive K-spar alteration has occured and is associated 
with a fine micaceous, greenish clay (probably a montmorillonite - nontronite 
?). Minerals are: 

plagioclase groundmass 
K-spar 
plagioclase phenocrysts 
augite phenocrysts 
montmorillonite 
Fe-Ti oxides 
tremolite 
sericite 

60% 
15 
10 
5 
5 
5 
minor 
trace 

he groundmass consists of a felted mass of thin plagioclase laths about 

grains. Plagioclase phenocrysts form euhedral laths 0.5 to 1.5m in size 
which sometimes occur in small aggregates. Augite phenocryst form squat 
prismatic grains which are also 0.5 to 1.5m in size, 

0 2 mm in length mixed with a small proportion of shapeless interstitial 

e 
Pervasive, incipient K-spar alteration has resulted in cloudiness of the 

groundmass plagioclase. This is also due to the presence o f  extremely fine, 
submicroscopic Fe-Ti oxides. Much of this material has coalesced into 
sphenoidal to acicular aggregates mostlydess about 0.4mm in size but 
sometimes up to 1.5mm in length. These aggregates are often intimately mixed 
with other minerals (mainly montmorillonite) , The pbcrysts sometimes have 
a narrow fringe of fine Fe-Ti oxides. Within the groundmass there are 
scattered, tabular patches up to l.0mm in size which consist of an aggregate 
of very fine montmorillonite flakes; some appear to be completely altered 
plagioclase but perhaps amphibole or mica was present also ( ? ? > .  S m a l l  
patches occur within the larger plagioclase and augite phenocrysts and may 
form a fine patchy network. 

Both the plagioclase and augite phenocrysts have been moderately altered. 
In those plagioclase phenocrysts which have no clay alteration there is a 
fine diffuse network of K-spar, sometimes accompanied by sericite. Diffuse 
patches of clay and K-spar occur in the augites and these are sometimes 
associated with very fine feathery tremolite. This may form a fine fringe 
around the augite. 
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WG-86-2: ALTERED (DOLOMITE, CLAY DOMINANT) L I T H I C  TUFF. 

uil 

This sample consists of a compact aggregate of subrounded to subangular 
felsic (K-spar) vocanic fragments cemented by a greenish-brown clay 
(probabaly a member of the montmorillonite group) associated with dolomitic 
carbonate. The carbonate has replaced many of the fragments and is associated 
with some quartz. There is a fine, somewhat indistinct layering evident. 

I 

& Minerals are: 

K-spar 40% (all fragments) 
dolomite 25 (15% in fragments) 
montmorillonite 25 (10% in fragments) 
quartz 10 ( 5 %  in fragments) 
Fe-Ti oxides minor 

Fragments are subrounded to subangular and 0.1 to 0.5m :In size; they are 
packed closely together. They consist dominantly of K-spar which forms a 
variety of textural types ranging from shapeless to lath-like, often 
radiating or spherultic structures are present. Grains are mostly less than 
0.lmm in size. Most of the feldspathic fragments are speckled with extremely 
fine Fe-Ti oxides. 

a 

d -  The matrix of the tuff is composed of a mixture of very fine dolomite, 
montmorillonite and quartz and these form an interconnected patchy network 
around the feldspathic fragments. I n  places where the fragments are packed 
very closely together the clay tends to form an intergranular film. Where 
there is more interstitial material, this tends to be dolomite. Quartz tends 
to occur in indistinct patches. All three minerals may be closely intergrown 
with one another. Occasional clusters and aggregates of Fe-Ti oxides are 
present between the fragments. 

*J 

The matrix minerals have also replaced many of the feldspathic fragments. 
Alteration tends to be complete and is usually monomineralic, with dolomite 
being the dominant replacement. However there are some fragments in which two 
of the minerals form a zoned structure, replacing the fragment. 



WG-86-3: ALTERED (CLAY DOMINANT) PORPHYRITIC TRACHYANDESITE. 

This sample is a porphyritic volcanic rock consisting madnly of augite and 
plagioclase phenocryst in a fine K-spar dominant groundmass. The K-spar 
appears to be primary and was intergrown with fine augite and biotite. These 
have been mostly altered to an extremely fine, greenish-brown, micaceous clay 
(probabaly a member of the montmorillonite group) Minerals are: 

K-spar groundmass 
montmorillonite 
augite phenocrysts 
plagioclase phenocrysts 
Fe-Ti oxides 
augite groundmass 
biotite groundmass 
biotite phenocrysts 
dolomite 
apatite 

56% 
15 
10 

5 
5 
4 
4 
I (highly altered) 
minor 
minor 

Augite phenocrysts form idiomorphic to subidiomorphic prismatic grains 0.5 
to l.Omm in size. Plagioclase form euhedral to rounded, subhedral laths of 
about the same size. Both the plagioclase and augite phenocrysts tend to 
occur in interlocking aggregates of several grains (but not together). In 
places there are large (up to 2.5mm) biotite flakes intergrown with the 
pyroxene aggregates o roccuring amongst small augite aggregates. These are 
highly altered in patches of the clay along with dolomite is many cases. The 
plagioclase and augite phenocrysts are more or less unaltered apart from 
minor incipient clay alteration along cleavages, fractures and at the edges 
of the grains and aggregates. Rounded apatite grains up to 0.2mm in size are 
intergrown with and included in the plagioclase phenocrysts. 

The groundmass of the rock consisted of angular to shapeless K-spar grains 
about 0 . 2 ~ ~  in size intergrown with small interstitial grains of augite and 
biotite. Extremely fine Fe-Ti oxides, often in ragged aggregates up to 0 . 1 ~ ~  
in size are disseminated throughout. The mafics have been h.i.ghly altered to 
extremely fine montmorillonite with very fine, diffuse remnant patches of the 
mafics remaining. Moderate incipient alteration has affected the K-spar. 
Extremely fine dolomite occurs in the groundmass as scattered specks or in a 
thin zone around the augite phenocrysts. 



.pr' WG-86-4: ALTERED (DOLOMITE) FELSIC TUFF. 

This sample is a very fine grained, indurated tuffaceous volcanic rock 
consisting dominantly of an intimate mixture of very fine feldspars. Both 
plagioclase and K-spar occur in about equal amounts. Scattered within this 
are small amounts of K-spar (sanidine) grains (fragments, phenocrysts 7 )  
along with minor lithic fragments. There is an interconnected network of thin 
dolomite veinlets spaced one or two millimeters apart; the majority of these 
are subparallel. They may have been associated with feldspathization but 
there is no clear indication if the K-spar in the body of the tuff is 
secondary or primary; probabaly it has been redistributed d.uring induration. 
Minerals are: 

K-spar 
plagioclase 
dolomite 
sanidine 
Fe-Ti oxides 
lithic fragments 
sericite 
apatite 
quartz 
augite 

40% 
40 
12 
5 
3 
minor 
trace 
trace 
trace 
trace 

d "  

The bulk of the rock consists of a compact intergrowth of aubrounded to 
shapeless interlocking feldspar grains 0.005 to 0.05mm in size. Grain margins 
are rather diffuse. Within this are vague perltic structures outlined by 
extremely fine sericite. 

m 

Scatteed crystal fragments occur within the felsic matrix. These are i dominated by tabular, sometime broken, sanidine crystals 0.1 to 0.2mm in 
size. A few small augite and quartz grains are present. Fine apatite also 
occurs but these may be primary. Lithic fragments are mainly K-spar; they are 
up to 0.3m in size and consist of an aggregate of very cloudy, shapeless 
grains about 0.05mm in size. They are in part being absorbed by the matrix. 

1, I 

1 Dolomite forms fine grains occuring in a network of veinlets and stringers 
0.1 to 0.5m in width; small patches occur at intersections. Extremely fine 
Fe-Ti oxide grains are mixed with the carbonate in many of the veinlets, 
particularly at the edges where the dolomite is extremely fine grained. Fine 
discontinuous stringers of Fe-Ti oxide are present and small diffuse 
aggregates occur throughout. Rare quartz grains are intergrown with the 

1 1  

9 dolomite . 



1 WG-86-5: ALTERED (IC-SPAR, QUARTZ DOMINANT) ANDESITE. 

This sample was a fine grained andesitic volcanic rock, apparently 
originally consisting mainly of a mass of fine plagioclase laths along with a 
few large plagioclase phenocrysts. Very intense pervasive alteration has 
occured, transforming the plagioclase to K-spar. The phenocxysts can be seen 
to be altering in large diffuse patches; the groundmass was less obviously 
original plagioclase but the dominant lath-like shape and twinning have been 
retained and it is extremely cloudy. The pervasive K-spar alteration is 
accompanied by a closely spaced, somewhat patchy interconnected network of 
quartz veinlets. Dolomitic carbonate is also present. Minerals are: 

r* 

I 

1 

rl K-spar 63% (after plagioclase) 
plagioclase 2 (remnants in altered phenocrysts) 
quartz 20 
dolomite 8 
Fe-Ti oxides 5 
sericite 2 
opaque (sulphide ? ? >  trace 

d* 

11 

The original rock apparently consisted of a mass of thin plagioclase laths 
r3 '*r*' about O.lmm in length. There is a vague flow orientation iu places. Scattered 

within this there are a few rounded to subhedral phenocrysts 1 to 3mm in 
size. The phenocrysts can be seen to be highly altered with fine K-spar and 
there are only a few small remnant patches of the plagioclase within the 
diffuse outline of the original grain. A l l  the plagioclase groundmass is 
altered pseudomorphically to K-spar and is rather cloudy with incipient Fe-Ti 
oxides. Very fine sericite occurs in a thin network around and within the 
groundmass plagioclase laths in places, and sometimes in tine phenocrysts. 

am 

3 

Silicification accompanied the feldspathization. The quartz occurs in a 
closely spaced, interconnected network of veinlets mostly 0.1 to 0.3mm in 
width, grading into small patches. The quartz forms shapeless to rounded 
interlocking grains 0.05 to 0.lm i n  size. Slivers and solia:Ll patches of the 
andesite are caught up in the quartz veinlets and patchee. Small angular 
K-spar grains (primary 1 )  are intergrown with the quartz in places. There is 
usually a intergranular network of very fine sericite around the quartz 

,I 

t i  

1 grains . 
Dolomite forms shapeless to subrhombic grains 0.005 to 0.lmm in size. 

r1Ul 
These occur intergrown with the quartz or i n  fine discontinuous stringers and 
diffuse ragged patches up to l m m  in size within the andesitic part of the 
rock. Fine Fe-Ti oxides are sometimes mixed with the carbonate stringers and 
occasionally there is a subcubic opaque grains associated with the patches. *i 
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WG-86-6: ALTERED (K-SPAR DOMINANT) PORPHYRITIC BASALT. 

This sample is a fine grained volcanic rock containing amall scattered 
phenocrysts of plagioclase and augite in a fine felted groundmass of 
plagioclase. It has been pervasively altered with K-spar, tremolite and 
dolomite. Minerals are: 

plagioclase groundmass 60% 
K-spar 20 
tremolite 5 
plagioclase phenocrysts 5 
augite phenocrysts 5 
Fe-Ti oxides 3 
dolomite 2 

The groundmass consists of a felted mass of thin plagioclase laths 0.1 to 
0.2mm in length mixed with moderate proportion of shapeless interstitial 
grains. Plagioclase phenocrysts form euhedral laths about I m m  in size; augite 
phenocrysts form squat idiomorphic grains also about lmm in size. 

Alteration has been pervasive and moderately intense. The groundmass 
plagioclase is cloudy with incipient, submicroscopic K-spar'; extremely fine 
feathery tremolite grains have also developed. Extremely fine Fe-Ti oxides 
occur disseminated throughout the groundmass and have coalesced into 
sphenoidal aggregates 0.1 to 0.3mm in size, with occasional ones about l m m  in 
size. These aggregates are often intimately mixed with other minerals 
(tremolite, K-spar, carbonate, clay ?). Fine ragged grains and small 
aggregates of dolomite up to 0.2mm in size are scattered throughout the 
groundmass, sometimes in diffuse patches with tremolite. 

The plagioclase phenocrysts have also been altered by incipl-ent K-spar. 
This forms in a fine patchy network within the phenocryst and may also be 
associated with tremolite and dolomite; carbonate may also occur as fine 
flecks. In some phenocrysts only the dolomite or tremolite occurs. The augite 
phenocrysts have been mostly altered by incipient tremolite mineralization, 
grading into a fine patchy network, and less so by K-spar or dolomite. There 
is sometimes a fringe of fine tremolite around the augite. 
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Samples: WG-86-7 t o  14 i n c l u s i v e .  

S u u a r  y : 

The samples are a sui te  of t rachyt ic  f lows  ( p o r p h y r i t i c ) ,  t u f f s  and 
b recc ia s .  l loderate  t o  i n t e n s e  a l t e r a t i o n  has  occured i n  a l l  of them. 
Alteration mine ra l s  are quar t z  (dominant),  montmor i l lon i te ,  heniat i te  and 
dolomite .  The dolomite  appears  t o  be a la te r  s t a g e  of a l t e r a t i o n .  Quar tz  and 
montmor i l lon i te  o f t e n  occur  i n  vesicles and a network of v e i n l e t s .  

HG-86-9 and 10 are f i n e  t u f f s  c o n s i s t i n g  of snrall t r a c h y t e  and K-spar 
f ragments  (der ived  from porphyryt ic  trachytes) crowded I n  a f i n e  f e l s i c  
matrix which has been s i l i c i f i e d  (wi th  hematite s t a in  and some clays). . 

UC-86-7, 8 and 13 are p o r p h y r i t i c  t r a c h y t e s  consi6t ; lng of a mass of f i n e  
K-spar l a t h s  w i t h  K-spar phenocrysts  s c a t t e r e d  w i t h i n  : i t ;  UG-86-14 is a 
siuillar trachyte t o  thebie but - l e  n o t  p o r p h y r i t i c .  They have all been 
s i l i c i f i e d  w i t h  the  development of v e s i c l e s  and t h i s  is a s s o c i a t e d  wi th  clay 
in P7 and 114. I-linor clay occurs  in t h e  o t h e r  two samples but t h e  q u a r t z  is 
mainly a s s o c i a t e d  w i t h  hemat i te  i n  %8; s t r o n g  dolomite  a l t e r a t i o n  occur s  in 
lr13 and #14. 

\IC-86-11 and 12 are t r a c h y t i c  b r e c c i a s  c o n s i s t i n g  of t r a c h y t i c  rock 
fragments  of s l i g h t l y  v a r i a b l e  t e x t u r a l  t ypes ,  some of  them p o r p h y r i t i c .  The 
matrix is h igh ly  s i l i c e o u s  (similar t o  t h e  t u f f s )  and may have been f e l s i c  o r  
g l a s s y  when extruded.  Quartz and clay alteraion is dominant i n  both; 111 i s  
a lso  h e m a t i t i c  and c o n t a i n s  some dolomite.  

A. L. L i t t l e j o h n ,  M.Sc* 
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UC-86-7: SILLCIFIED (WlTIi CLAY 1 TRACHYTE (PORPIIYRITIC ?) . 

rl 

This  sample is a f i n e  gra ined  vo lcan ic  rock c o n s i s t i n g  l a r g e l y  of a mas 
sof f i n e  f e a t h e r y  K-spar l a t h s .  S i l i c i f i c a t i o n  has  resul .  t ed  i n  the  
developnient of subrounded t o  shapeless v e s i c l e s  f i l l e d  w i t h  q u a r t z ;  SOD eof 
these  a te  over 5n1m i n  s i z e .  There are  a l s o  many which have a t a b u l a r  o u t l i n e  
arid these  could have been K-spar phenocrysts  which have been rep laced  by the  
qua r t z .  C r y p t o c r y s t a l l i n e  c l a y  is i n t i m a t e l y  in te rgrown w i t h  t h e  K-spar and 
a l s o  a s s o c i a t e d  wi th  t h e  qua r t z .  N i n e r a l s  are: 

d 

1 

I 

K-spar 60% (moderate i n c i p i e n t  clay) 
q u a r t z  28 
clay 8 (montmor i l lon i te ,  minor sericite ?)) 
c a l c i t e  4 
dolomite  minor 
opaque ( p y r i  t c )  minor 
Fe-TI oxides  minor 

K-spar forms a mass of f e a t h e r y  i n t e r l o c k i n g  l a t h s  0.1 t o  0.5m i n  l e n g t h  
along with  smaller s h a p e l e s s  i n t e r s t i t i a l  g r a i n s .  Extremely f i n e ,  crypto-  
c r y s t a l l i n e  c l a y  occurs  as a n  i n t e r g r a n u l a r  f i l m  and is also developing 
i n c i p i e n t l y  w i t h i n  i t ,  sometiues  grad ing  i n t o  d i f f u s e  pa tches .  Extremely f i n e  
Fe-Ti ox ides  are d i s s e ~ i n a t e d  throughout.  e 

Quartz occur6 i n  embayed, s h a p e l e s s  v e s i c l e s  of v a r i a b l e  s i z e ,  but  mostly 
from 0.5 t o  2.On1m i n  s i z e .  There are a l s o  many aggrega te s  of t h i s  s i z e  which 
have a n  idiomorphic t a b u l a r  o u t l i n e ,  sugges t ing  replacement of  f e l d s p a r .  The 
q u a r t z  forms subrounded t o  i r r e g u l a r l y  shaped i n t e r l o c k i n g  g r a i n s  0.1 t o  
0.50im i n  s i z e .  I n  t h e  l a r g e r  s h a p e l e s s  pa tches  t h e  q u a r t z  forms idiomorphic 
grains up to Imm i n  size and the core of these are f i l l e d  w i t h  coarse 
calcite.  I n  p l aces  pa tches  of p y r i t e  have a180 developed,  Xn t h e  smaller 
q u a r t z  pa tches  t h e r e  is o f t e n  very  f i n e  f l a k e y  montmor i l lon i te  (mixed wi th  
sowe sericite 1 )  intergrown w i t h  t h e  q u a r t z ,  sometimes i n  small patches.  The 
qua r t z  iaay t ake  on a r e d d i s h  t i n g e  ( r e l i c t  from f e l d s p a r  ?). Some zoned 
v e s i c l e s  occur wi th  coa r se  q u a r t z  a t  t h e  core, a broad t o  t h i n  zone of clay 
around this and a r i n d  of f i n e  qua r t z .  Some t a b u l a r  pa t ches  of t h i s  clay are 
also present: ( u n s i l i c i f i e d  but  a l t e r e d  f e l d s p a r  ??I . 

There are 811~11 ragged, d i f f u s e  pa t ches  and i n d i s t i n c t  s t r i n g e r s  of a very 
f i n e  carbonate ,  t inged  w i t h  r e d ,  occur ing  in t h e  mass of K-spar g r a i n s .  Th i s  
may be dolomite ,  r a t h e r  than  calcite. 



WG-86-13 : SILICIFIED (\J1TfI IIUIATITE) POKPHYKITIC TRACiiYTE. 

This  sample i s  a vo lcan ic  rock o r i g i n a l l y  c o n s i s t i n g  of a f e l t e d  mass of 
f i n e  f e l d s p a r  l a t h s  w i t t i  larger, broad t a b u l a r  phenocryst8 of K-spar. I n t e n s e  
s i l i c i f i c a t i o n  has  occured i n  a f a i r l y  c o a r s e  in te rconnec ted  patchwork and i n  
small v e s i c l e s .  Th i s  is accompanied by hemat iza t ion  of the  f e l d s p a r .  Minerals  
are: 

K-spar groundmass 
K-spar phenocrysts  
q u a r t z  
hemat i te  
c l a y  
se r ic i te  
apa t i t e  
opaque ( p y r i t e  ? >  

47% 
8 
40 

4 
1 
minor 
minor 
trace 

K-spar phenocrysts  form broad t a b u l a r  g r a i n s  1 t o  3mm In s i z e .  These are 
scattered i n  a groundmass c o n s i s t i n g  of  a mass of t h i n  t o  broad, t a b u l a r  
K-spar g r a i n s  0.1 t o  0.2n~n i n  l e n g t h ,  F ine  g r a i n s  of a p a t i t e  are inc luded  i n  
the K-spar phenocrysts ;  t a b u l a r  g r a i n s  about  0.4mm i n  s i z e  occur  i n  t h e  
groundmass. F ine  g r a i n s  of a p a t i t e  are inc luded  i n  t h e  K-spar phenocrysts ;  
t a b u l a r  g r a i n s  about  0.4mm in s i z e  occur  in t h e  groundmass. 

Hematization has  occured,  impar t ing  a r e d d i s h  s t a i n  t o  t h e  f e l d s p a r ;  ragged 
g r a i n s  of hemat i t e  about  O.OOSmru in s i z e  are d isseminated  throughout t h e  
groundmass and i n  t h e  phenocrysts .  Some phenocrysts  are q u i t e  h ighly  
hemat i t i c .  There are a160 a few small pa t ches  and d i scon t inuous  s t r i n g e r s  of 
hemati te .  A5 w e l l  as the very fine hematite, there are a f e w  cub ic  opaque 
g r a i n s  (pyrite ?) s c a t t e r e d  about  t h e  rock. 

Quartz forms subrounded t o  shapeless i n t e r l o c k i n g  g r a i n s  mostly 0.1 t o  
O.Smm i n  size occur ing  in a n  in t e rconnec ted  patchwork w i t h  embayed pa tches  
two o r  t h r e e  millimeters i n  s i z e  developing.  I n  some of t h e  l a r g e r  ones t h e r e  
are c o a r s e r  more idiomorphic g r a i n s .  There are a few t a b u l a r  aggrega te s  
con ta in ing  apa t i te ;  t h e s e  may be r ep laced  K-spar phenocrysts .  As well, 
rounded q u a r t z - f i l l e d  v e s i c l e s  up t o  0.5mm i n  s i z e  occur .  Within t h e  c o r e  of 
t h e s e  t h e r e  i s  sometimes a very f i n e  c r y p t o c r y s t a l l i n e  d a y .  S e r i c i t e  f l a k e s  
are sonietimes intergrown wi th  t h e  q u a r t z  i n  t h e  larger pa tches  and small 
d i f f u s e  aggrega te s  may occur  a t  t h e  c o n t a c t  w i t h  t h e  f e l d s p a r .  These 
somctirues deve lop  around h e m a t i t i c  s t r i n g e r s  and pa tches  w i t h i n  t h e  
f e l d s p a t h i c  p a r t s  of t h e  rock;  some K-spar phenocrys ts  have a very  t h i n  zone 
of ser lc l te  around them. 



%w 
W-86-9 : TKACHYTE TUFF ( A L T M D  WIT11 QUARTZ, IlEtlATITE). 

T h i s  sample is a very f i n e  grained v o l c a n i c l a s t i c  rock c o n s i s t i n g  of small 
trachyte and K - s p a r  fragments crowded wi th in  a n  extremely f i n e  grained 
f e l d s p a t h i c  matr ix  which has been pervas ive ly  and extremely f i n e l y  s i l i c i f i e d  
( w i t h  c lay) ;  i n t e n s e  hemat i te  s t a i n i n g  is presen t ,  both i n  the  fragments and 
t h e  matrix.  The fragments  are so highly  a l t e r e d  t h a t  d i s t i n c t i o n  between rock 
and mineral  f ragments  (K-spar phenocrysts) i s  n o t  always poss ib le .  Minerals  
are: 

t rachy  te/l(-Spar fragments 45% (K-spar doruinant) 
q u a r t z  fragments 1 
q u a r t z / p l a g i o c l a s e  ( 7 )  matrix 25 
serici te 15 
montmori l loni te  1 2  
Fe-Ti oxides  2 
opaque ( p y r i t e )  minor 

Rock and mineral fragments are subrounded, sometimes t a b u l a r  or have sma l l  
embayments ( l a r g e r  rock fragments).  They vary i n  s i z e  from 0.1 t o  0.8mm. Host 
have been so highly  hematised t h a t  they are almost  opaque i n  t h i n  s e c t i o n  so 
t h a t  d i s t i n c t i o n  between types  is no t  always poss ib l e .  However, mineral  
g r a i n s  in some of t h e  l a r g e r  ones can  be d iecernerd .  In t hese  very f i n e ,  
sowetimes f e a t h e r y ,  K-spar forms a f e l t e d  mass w i t h  or without  a flow 
texture. There are a l s o  a few i n  which t h e  f e l d s p a r  forore more rounded 
g r a i n s .  Host of t h e  fragments are appear  t o  be subrounded t o  t a b u l a r  K-spar 
g r a i n s  which are probabaly small phenocrysts  der ived  from t h e  t rachytes .  
There are a l s o  a f e u  rounded q u a r t z  fragments. 

The matrix a p p a r e n t l y  cons i s t ed  of extremely fine c r y p t o c r y s t a l l i n e  
p l ag ioc la se  (from which ser ic i te  has been de r ived )  and pervas ive  
s i l i c i f i c a t i o n  and hemat i sa t ion  has  r e s u l t e d  i n  t h e  development of a mass of 
dark r e d d i s k s t a i n e d  q u a r t z  g r a i n s  wi th  g r a i n  s i z e  less than  0.005m. 
Throughout this t h e r e  are f i n e  ser ic i te  f l a k e s  i n t i m a t e l y  intergrown wi th  
t h e s e  g ra ins .  There is a f i n e  d i f f u s e  f o l i a t i o n  e v i d e n t ,  As w e l l  as  t h e  
red/brown s t a i n  t h e r e  are extremely f i n e  Fe-Ti ox ides  disseminated 
throughout. 

Hontmori l lonl te  has developed dur ing  t h e  a l t e r a t i o n .  T h i s  forms t h i n  
f e a t h e r y  and f l a k e y  g r a i n s  occur ing  i n  splayed aggrega te s  which replace the  
rock and mineral  fragments.  Within t h e  matrix subrounded t o  shape le s s ,  
embayed patches u p  t o  0.5m and ve in- l ike  patches one or two millimeters i n  
l e n g t h  occur. There are also vein- l ike  c l u s t e r s  of ragged subcubic  opaque 
grains ( p y r i t e )  about  0.lm i n  size. 

B H  8 3 - 3  ait 



WG-86-10: TRACtlYTE TUFF (HODJXATELY ALTERED WIT11 QUARTZ), 

This  sample is a v o l c a n i c l a s t i c  rock c o n s i s t i n g  largely of K-spar 
fragments which have been der ived  from a p o r p h y r i t i c  t r achy te .  These are 
crowded w i t h i n  a p lag ioc la se  ( 7 )  - clay ma t r ix  which has been moderately 
s i l i c i f i e d .  N ine ra l s  are: 

K-spar fragments 
t r a c h y t e  f ragments  
q u a r t z  
p l ag ioc la se  
montoioril loni te 
opaque 
apa t i te  
se r ic i  te  
carbonate  (dolomite)  

4 5%' 
10 
15 
10 
15 
minor ( in l cudes  Fe-Ti ox ides )  
trace 
t r a c e  
trace 

W 

Much of  t h e  rock c o n s i s t s  of  t a b u l a r  K-spar g r a i n s  0.2 t o  0.8nun i n  s i z e .  
Some are broken. These have been de r ived  from p o r p h y r i t i c  trachyte c o n s i s t i n g  
of a groundutass of f e l t e d  mass of t h i n  K-spar l a t h s  less than  0 . l m  i n  s i z e  
w i t h i n  which t h e  phenocrysts  a r e  s c a t t e r e d .  Fragments are 1 t o  2mm i n  size. 
Some fragments  are crowded wi th  phenocrys ts ,  p a r t i c u l a r l y  t h e  l a r g e r  ones.  
There is some v a r i a t i o n  i n  the  g r a i n  s i z e  of  t h e  groundmass material wi th  
some extremely f i n e  small fragments i n  which t h e  f e l d s p a r  i s  i n t i m a t e l y  
in te rerown wi th  c l a y ;  some show a pronounced flow t e x t u r e .  Most appear  t o  
have been de r ived  from the  same rock type.  

The t u f f  mat r ix  c o n s i s t s  of a n  i n t i m a t e  in t e rg rowth  of  very f i n e  f e l d p a r  
( p l a g i o c l a s e  7 1 ,  quar t z  and montmor i l lon i te  g iv ing  i t  a very  cloudy 
appearance and making d i s t i n c t i o n  between q u a r t z  and fe ldspar  d i f f i c u l t .  It 
may have been g lassy .  Grain s i z e  is l e s e  than  0.0lmm except  f o r  q u a r t z  
(approximately teo t h i r s  of t h e  e s t ima ted  q u a r t z )  occur ing  I n  shape le s s  
embayed pa tches  0.3 t o  l.Om in s i z e  w i t h i n  t h e  f i n e r  gra ined  material 
wi thout  s h a r p  c o n t a c t s  f o r  t he  most p a r t .  Th i s  q u a r t z  forms shape le s s  to  
subhedra l  i n t e r l o c k i n g  g r a i n s  0.1 to  0.2m i n  s i z e .  Small acicular a p a t i t e  
g r a i n s  may be intergrown and inc luded  w i t h i n  it. There are a few thin 
discont inuous  v e i n l e t s  of qua r t z .  As well as t h e  extreoiely f i n e  
( c r y p t o c r y s t a l l i n e )  clay intergrown wi th  t h e  mat r ix  f e l d s p a r  t h e r e  are a few 
small subrounded pa tches  c o n s i s t i n g  of a mass of p a l e  g r e e n i s h  
m o n t u o r i l l o n i t e  f l a k e s  about  0.03mm i n  s i z e .  

Extremely f i n e  Fe-Ti ox ides  are d isseminated  throuehout  t h e  matrix and 
f ragmenta l  material. These may coalesce in t o  small d i f f u s e  aggrega tes .  
Subcubic opaque g r a i n s  less than  O.lmm In s i z e  are also s c a t t e r e d  about  t h e  
rock. A few fragments  are crowded wi th  opaque material. Carbonate (probably 
dolomi te  - has a brownish e t a i n )  forms ve ru  f i n e  g r a i n s  occur ing  i n  small 
d i f f u s e  pa tches  s c a t t e r e d  i n  t h e  fragments  and matrix material. It I s  
sometilnes a s o c i a t e d  with sericite.  

~ c d c o k  : O H  83-2 3 2 . 5  - 
Rd!A N-e: ;t4a 



IfG-86-11: TKACIIYTIC BRECCIA ALTWD WITH QUAKTZ AND HPlATITE. 
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T h i s  sample i s  a f ragmenta l  vo lcan ic  rock c o n s i s t i n g  of large t o  small, 
rounded or shapeless fragments  of  v a r i o u s  t r a c h y t e s .  There are a l s o  large 
q u a r t z i t i c  fragments which have been henlatised. Both types  may be over l0nun 
i n  s i z e .  The mat r ix  c o n s i s t s  of  extremely f i n e  q u a r t z ,  s t a i n e d  wi th  hemati te .  
Quartz v e i n l e t s  and patches wi thout  hemat i te  a lso occur .  The quartz-hemati te  
f ragments  a r e  probabaly pieces of s i l i c i f i e d  t r a c h y t e  which have then been 
hematised dur ing  q u a r t z  f lood ing  of  t h e  brecc ia .  Later dolomite a l t e r a t i o n  
has  occured. Llinerafs are: 

trachyte fragments 30% 
quartz-hemati te  f ragments  18 
K-spar fragments (wi th  se r ic i te )  2 
quar t z  30 
hemati te  10 
c l a y  (montmorillonite/sericite 5 
dolomite  5 

Trachyte  f ragments  u s u a l l y  c o n s i s t  of  a mass of fea t f ie ry  i n t e r l c o k i n e  
K-spar l a t h s  0.0 t o  0.3mm i n  l eng th .  There may be a f low al ignment  t o  these.  
There are a few i n  which t h e  K-spar i s  more s h a p e l e s s  and is s l i g h t l y  
coa r se r .  Some c o n t a i n  K-spar phenocrysts  up t o  lmm i n  s i z e  and t h e r e  are 
s c a t t e r e d  K-spar fragments which are probabaly de r ived  from these .  llany are 
being replaced by s t r e a k s  of  ser ic i te .  Extremely f i n e  i n c i p i e n t  clay is 
in t inra te ly  intergrown wi th  t h e  K-spar. Q u a r t z i t i c  f ragments  c o n s i s t  of a n  
aggrega te  of subrounded t o  subhedra l  g r a i n s  0.1 t o  0.3mm i n  s i z e ;  around 
t h e s e  t h e r e  is a f i n e ,  i n t e rconnec ted  patchy network of hemat i te  which i s  
replacing in the edges of the quartz grains i n  some fragments. There i s  a 
f i n e  l a y e r i n g  i n  one and v e i n l e t s  of f i n e  c l a y  have develolped a long  t h i s .  

The mat r ix  of t h e  b recc ia  c o n s i s t s  of a mass of  subrounded q u a r t z  g r a i n s  
(wi th  p l ag ioc la se  ? ? )  less than  0.05mm i n  s i z e  and which are i n t i m a t e l y  

s t a i n e d  wi th  heniati te.  Within t h i s  very  f i n e  matrix, t h i n  s inuous  v e i n s  and 
s h a p e l e s s  pa tches  ( v e s i c l e s )  of  clear q u a r t z  have developed, i n  p a r t  forming 
a network. Th i s  q u a r t z  forms subrounded t o  subhedra l  g r a i n s  0.1 ro 0 . 5 ~ ~  i n  
s i z e .  Nontmor i l lon i te  is sometimes in te rgrown w i t h  t h i s  and may be 
concent ra ted  i n  the c o r e  zone. F ine  ragged g r a i n s  of hemat i t e  are dissminated 
throughout t h  e rock ,  bo th  w i t h i n  t h e  ma t r ix  and t h e  fragments .  These coalesce 
i n t o  sua11 d i f f u s e  pa tches  and s t r e a k s .  

' in tergrown wi th  ser ic i te  arid montmor i l lon i te  (? )  The ma t r ix  is h ighly  

Dolomite forms ve ry  f i n e  g r a i n s  ( s t a i n e d  red w i t h  hemat i t e )  which occur i n  
shapeless pa tches  superimposed upon t h e  rock and t end ing  t o  be concent ra ted  
i n  t h e  t r a c h y t i c  f ragments  a l though  some is  in te rgrown w i t h  q u a r t z  i n  t h e  
v e i n l e t s  and patches.  

toc&tiow : B)+ 8 3 - 2  & 3 5 * 6  
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\fG-86-l2: SILICIFIED (WIT11 CLAY) TRACHYTE BRECCIA. 

This  sample i s  a h ighly  a l t e r e d  v o l c a n i c  flow b r e c c i a  c o n s i s t i n g  of 
subrounded t o  subangular  fragments of  t r a c h y t e  w i t h i n  a patchy network of 
quar t z  and clay (montmori l loni te) .  Fragments are somewhat v a r i a b l e  i n  t e x t u r e  
(a l though of the  same g e n e r a l  type)  and t h e r e  may have been more than  one 
v a r i e t y  of t r a c h y t e  i n  t h e  o r i g i n a l  rock but  t h i s  may s i m p l y  be a result  
primary inhomogeniety. The  t r a c h y t e s  c o n s i s t  mainly of very  f i n e  K-spar a long  
wi th  s c a t t e r e d  phenocrysts .  The f i n e  f e l d s p a r s  are i n t i m a t e l y  intergrown wi th  
t h e  extremely f i n e  c l ay .  Minerals  are: 

t r a c h y t e  f ragments  55X (50% K-spar; 50% montoioril loni. te) 
qua t  t z  25 
montmor i l lon i te  20 
opaque 
carbonate  (dolomi te)  trace 

minor ( i n c l u d e s  extremely f i n e  Fe-Ti ox ides )  

Fragments subrounded to  subangular  i n  shape and 0.5 t o  1.5mm i n  s i z e ,  
averaging  about  lm. blost c o n s i s t  of a more or less equ ig ranu la r  mass of t h i n  
K-spar l a t h s  up t o  lam i n  s i ze ;  g r a i n  s i z e  from fragment t o  fragment i s  
somewhat v a r i a b l e  and t h e r e  are some t h a t  very f i n e  g ra ined  and o t h e r s  i n  
which t h e  g r a i n  s ize  is up t o  Zmm, Seve ra l  have t a b u l a r  phenocrysts  u p  t o  
O.Smm i n  s i z e  s c a t t e r e d  w i t h i n  some; some are crowded wi th  small phenocrysts .  
The f e l d s p a r  i n  t h e s e  fragments  is i n t i m a t e l y  intergrown with extremely f i n e  
clay; some of t h e  smaller, very f i n e  gra ined  ones may c o n s i s t  l a r g e l y  of 
clay. The clay may have been der ived  from g l a s s y  f e l d s p a t h i c  m a t e r i a l  i n  t h e  
o r i g i n a l  rock. There are a l s o  a small pa tches  of f i n e  f l akey  montmor i l lon i te  
w i t h i n  a few of theu.  

In t ense  s i l i c i f i c a t i o n  has occured in a closely spaced,  pa t chy ,  i n t e r -  
connected network around t h e  fragments  and may form s l i g h t  embayments w i t h i n  
them. The q u a r t z  forms subrounded t o  s h a p e l e s s  i n t r e r l o c k i n g  g r a i n s  about  
O . l m n r  i n  s ize .  The network around t h e  fragments  g rades  i n  t o  a few s h a p e l e s s  

, p a t c h e s  up t o  lmm i n  s ize  sandwiched between fragments.  Quartz may be 
s l i g h t l y  c o a r s e r  i n  t h e s e  and many of them have a core of p a l e  green ,  f l a k e y  
montmor i l lon i te  g r a i n s  about  0 . 0 5 ~ ~ ~  in l e n g t h ,  In p l a c e s  this clay occurs  i n  
t h e  core o f  t h e  q u a r t z  network o r  olay be in te rgrown w i t h  t h e  qua r t z .  Within 
the  pa tches  of  q u a r t z  and montmor i l lon i te  t h e r e  are sooletimes t h i n  zone8 of a 
much f i n e r ,  i s o t r o p i c  c l a y  between t h e  q u a r t z  and montmori l loni te .  

Extremely f i n e  Fe-Ti ox ides  are d isseminated  throughout ,  sometimes 
coa le sc ing  i n t o  f i n e  d i f f u s e  patches.  Cubic opaque g r a i n s  about  O.OSmm i n  
s i z e  are a l so  s c a t t e r e d  about  t h  e rock  w i t h i n  t h e  fragments  and t h e  q u a r t z  
network. Some fragments  may be crowded w i t h  opaques. Very f i n e  carbonate  
(probabaly dolomite  - h a s  a brownish s t a i n )  i s  s c a t t e r e d  about  t h e  rock i n  
small s h a p e l e s  pa tches  and i n  t h i n  d i scon t inuous  s t r i n g e r s  a long  t h e  q u a r t z  
network. 



w 
WG-86-13: SLLLCIFUD, DOLUIITISLD PORPIIYRITlC 'IRACHYTE. 

This sample is a p o r p h y r i t i c  vo lcan ic  rock c o n s i s t i n g  of a f e l t e d  mass of 
f i n e  K-spar g r a i n s  con ta in ing  s c a t t e r e d  K-spar phenocrysts .  Eiubayed or 
rounded v e s i c l e s  of q u a r t z  have developed throughout and dolomite  has  
rep laced  some of t h e s e  and also occurs  in d i f f u s e  pa tches  w i t h i n  t h e  
f e l d s p a r .  t t i n e r a l s  are: 

K-spar groundmass 55x 
K-6par phenocrysts  5 
q u a r t z  20 
dolomite  17 
c l a y  2 
opaque 1 ( p y r i t e  ? and Fe-Ti ox ides )  
serfci te  t r a c e  
apatite trace 

K-spar forms t h i n  t o  broad t a b u l a r  grains less than  1mm i n  s i z e  occuring 
I n  a f e l t e d  mass wi th  a vague f low al ignment  i n  places .  Phenocrysts  are 
t a b u l a r  and range i n  s i z e  from 0.5 t o  2.Omm. Some c o n t a i n  1Eine a p a t i t e  
i n c l u s i o n s  and t h e r e  are t a b u l a r  a p a t i t e  g r a i n s  about 0.3mm i n  s i ze  s c a t t e r e d  
in t he  groundmass; some a p a t i t e  is included I n  q u a r t z  (replacement of 
f e l d s p a r  7) .  There has been mild i n c i p i e n t  hemat i te  s t a i n i n g  and very f i n e  
ragged Fe-TI oxide g r a i n s  are s c a t t e r e d  throughout.  A few cub ic  opaque g r a i n s  
( p y r i t e  ??)  up t o  0 . 2 m  i n  s i z e  are s c a t t e r e d  about  t h e  rock. Extremly f i n e  
c r y p t o c r y s t a l l i n e  c l a y  I s  disserninated between t h e  groundmass f e l d s p a r s .  

* 

S i l i c i f i c a t i o n  has r e s u l t e d  i n  t h e  development of rounded t o  embayed 
v e s i c l e s ,  g rad ing  i n t o  shapeless, or sometimes ve in - l ike  pa tches  one or  two 
millimeters in size. The quartz foras subrounded to.irregularly shaped 
I n t e r l o c k i n g  g r a i n s  0.1 t o  0.51~ in s i z e .  There is o f t e n  a very  t h i n  r i n d  of 
much f i n e r  qua r t z .  The core of  some of t h e  smaller, rounded v e s i c l e s  are 
filled wi th  an extremely f i n e  c r y p t o c r y s t a l l i n e  clay. 

Dolonrite forms extremly f i n e  ragged g r a i n s  grad ing  i n t o  subrhombic g r a i n s  
' up t o  0.05m in s ize .  These occur i n  a p a r t l y  in t e rconnec ted ,  ragged 

patchwork within t h e  f e l d s p a r  and r e p l a c i n g  t h e  q u a r t z ;  pa tches  are less than 
1m in s i z e .  The c o a r s e r  q u a r t z  I n  some of t h e  v e s i c l e s  and q u a r t z  pa tches  
has been completely or p a r t l y  rep laced  by dolomite.  Fine ser lc i te  soluetlnies 
deve lops  around t h e  edges  of t h e  do lomi t i c  patches.  

8 3 - \  
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WG-86-14: SILICIFIED (HITH CLAY) AND DOLOMITISED TRACHYTE. 

lm 
This  sample i s  a f i n e  gra ined  v e s i c u l a r  vo lcan ic  rock o r i g i n a l l y  

c o n s i s t i n g  of a f e l t e d  mass of f i n e  K-spar g r a i n s  crowded wi th  shape le s ,  
embayed v e s i c l e s  0.5 t o  l.5mm i n  s i z e .  The v e s i c l e s  are f i l l e d  wi th  q u a r t z  
and montmori l loni te  and t hese  a160 occur  i n  v e i n l e t s .  Pervas ive  carbonate  
a l t e r a t i o n  has  a f f e c t e d  t h e  f e l d s p a r .  llinerals are: 

I I I  

35% I K-spar 
q u a r t z  35 
dolomite  16 
montmori l loni te  10 
opaque 4 (mainly p y r i t e ,  some Fe-Ti ox ides)  

K-spar forms a f e l t e d  mass of  t h i n  t o  broad t a b u l a r  g r a i n s  0.1 to  0.2mm i n  
l eng th .  I n  p l a c e s  t h e r e  i s  a vague flow al ignment .  S c a t t e r e d  w i t h i n  t h i s  
t h e r e  are a feu  broad euhedra l  phenocrys ts  up t o  1.5mm i n  s ize .  The f e l d s p a r  
is s t a i n e d  red wi th  i n c i p i e n t  hemat i te  (as a result of dolomite  i n t r o d u c t i o n )  
and small d i f f u s e  pa tches  of F e = t i  ox ides  have developed w i t h i n  i t .  

d 

The rock is highly  v e s i c u l a r .  They are o f t e n  zoned w i t h  a col loform 
t e x t u r e .  The co re  c o n s i s t s  of s h a p e l e s s  i n t e r l o c k i n g  q u a r t z  g r a i n s  0.2 t o  
0.5m i n  s i z e .  Around t h i s  t h e r e  i s  a t h i n  zone of very  f i n e  montmor i l lon i te  
and t h e r e  i s  a r i n d  of very  f i n e  q u a r t z  a t  t h e  margin. Some of t h e  snialler 
ones are f i l l e d  mostly wi th  the  clay wi thout  t h e  c o a r s e r  quarz  i n  t h e  c o r e ,  
or the  q u a r t z  and clay may occur  i n  a patchy in te rgrowth .  Veins are 1 t o  2m 
i n  width and c o n s i s t  of material similar t o  t h e  co re  q u a r t z  grad ing  t o  f i n e r  
q u a r t z  a t  t h e  w r g i n ;  small aruounts of montmor i l lon i te  are in te rgrown wi th  
it. 

UI' 

m 

Dolomite forms very f i n e  g r a i n s  occur ing  i n  a p a r t l y  in t e rconnec ted  
patchwork w i t h i n  the  mass of f e l d s p a r s .  Pa tches  are s h a p e l e s s ,  have d i f f u s e  
margins and up t o  lm in s i z e .  A few of t h e  v e s i c l e s  are being rep laced  by 
t h e  dolomite .  It  i s  s t a i n e d  a dark  r ed  w i t h  i n c i p i e n t  hemat i te  (perhaps  i t  is 
a n k e r i t e  ?). C u b i c  opaque g r a i n s  ( p y r i t e )  0.1 t o  0.2m in s i z e  are s c a t t e r e d  
throughout t h e  mass of f e l d s p a r s .  
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Samples: WG-86-15, WG-86-16, WG-86-17. 

Summary: 

WG-86-15 is a porphyritic andesite, the groundniass of which has been 
pervasively altered to K-spar with some quartz. Plagioclase phenocrysts have 
been altered t o  dolomite; hornblende ( 7 )  phenocrysts have been altered t o  
montmorillonite. 

WG-86-16 and 17 are volcanic breccias, of trachy-andesite bulk composition 
which have been strongly altered by limonitic dolomite. #I6  contains small 
K-spar fragments and lesser volcanic rock fragments scattered in a fine 
plagioclase matrix. #17 contains K-spar and plagioclase fragments and a 
variety of large and small volcanic rock fragments crowded in a fine grained 
plagioclase matrix. The volcanic rock fragments are trachytic in composition 
but may well have been andes i tes  which were s trong ly  altered by K-spar before 
or during the dolomitic alteration. 

A. L. Littlejohn, 1.1.S~. 



UG-86-15 : ALTW11 (K-SPAR, DOLOPllTE , QUARTZ, CLAY) POKPJ IYR.ITlC ANDESITE. 

T h i s  sample i s  a f i n e  t o  medium g ra ined ,  i nequ ig ranu la r  v o l c a n i c  rock 
o r i g i n a l l y  c o n s i s t i n g  of small p l a g i o c l a s e  and hornblende ( 7 )  phenocrys ts  
s c a t t e r e d  i n  a f i n e  p l a g i o c l a s e  groundmass. I n t e n s e  pervas ive  a l t e r a t i o n  has 
a l t e r e d  t h e  groundmass p l a g i o c l a s e  t o  K-spar and some q u a r t z ;  t h e  p l a g i o c l a s e  
phenocrys ts  have been rep laced  by ca rbona te  and t h e  hornblende phenocrys ts  
have been rep laced  by montmori l loni te .  f u n e r a l s  are: 

p l a g i o c l a s e  groundtpass 
p l a g i o c l a s e  phenocrysts  
hornblende groundmass 
hornblende phenocrys ts  
q u a r t z  
montmor i l lon i te  
do lomi te  
Be-Ti ox ide  
a p a t i t e  

50% ( s t r o n g l y  a l t e r e d  t o  K-spar) 
26 (90% a l t e r e d  t o  dolomi te)  
10 (100% a l t e r e d  t o  c l a y )  
8 (100% a l t e r e d  t o  clay)  
6 
minor ( v e i n l e t s  and d i s semina t ions )  
minor ( v e i n l e t s  and d i s semina t ions )  
minor 
trace 

The o r i g i n a l  groundmass c o n s i s t e d  of a mass of t h i n  p l a g i o c l a s e  l a t h s  less  
than  0.lm i n  l e n g t h  a long  wi th  f i n e  s h a p e l e s s  g r a i n s  between them. Small  
amphibole g r a i n s  were in te rgrown wi th  t h e  p l ag ioc la se .  S t rong  pervas ive  
K-spar a l t e r a t i o n  has r e s u l t e d  i n  t h e  f e l d s p a r  becoming a cloudy mass of 
d i f f u s e  K-spar while  r e t a i n i n g  t h e  o r i g i n a l  p l a g i o c l a s e  o u t l i n e s .  Within t h i s  
t h e r e  a r e  small lacey pa tches  where f i n e  q u a r t z  has developed i n  a network 
around the  f e l d s a p r  grains. The small, idiomorphic  amphibole g r a i n s  have 
a l t e r e d  t o  a g r e e n i s h  t o l o u r e d  c l a y  w i t h  moderate r e l i e f  and b i r e f r i n g e n c e  
(montmor i l lon i te ) .  Extremely f i n e  Fe-Ti ox ides  are d isseminated  throughout  
t h e  groundmass and small specks  of do lomi te  and t h e  clay a l s o  occur .  Very 
t h i n ,  s inuous  v e i n l e t s  of t h e s e  mine ra l s  c u t  through t h e  groundmass. 

P l a g i o c l a s e  phenocrys ts  are e u h e d r a l  and vary  i n  s i z e  from 0.5 t o  l.5mm. 
Idiomorphic amphibole phenocrys ts  up t o  l m m  i n  s i z e  also occur .  Both t h e  
p l a g i o c l a s e  and ampNbole phenocryst's o f t e n  occur in small clusters and 
aggrega te s  of t w o  or t h r e e .  The amphiboles have been completely a l t e r e d  t o  a 
mass of montmor i l lon i te  which forms ve ry  f i n e  f l a k e s ,  sometimes wi th  a 
co l loform t e x t u r e .  The p l a g i o c l a s e  phenocrys ts  have a lmost  a l l  been a l t e r e d  
t o  dolomite .  In p l a c e s  t h e r e  is a t h i n  zone of montmor i l lon i te  around the  
d o l o m i t i c  p l ag ioc la se .  S m a l l  a p a t i t e  g r a i n s  up t o  0.3m i n  s i z e  are a l s o  
s c a t t e r e d  about  t h e  groundmass. They are r a t h e r  d i r t y  as a r e s u l t  of t h e  
a l t e r a t i o n .  



k W  WG-86-16 : ALTEKEL) (LIMON,LTIC DOLOMXTE, K-SPAR) TRACHY-ANDESITE BRECCIA. 

*I 
This  sample i s  a vo lcan ic  b recc ia  c o n s i s t i n g  of small IC-spar fragments  and 

l a r g e r  p o r p h y r i t i c  ( p l a g i o c l a s e )  t r a c h y t e  f ragments  s c a t t e r e d  i n  a f i n e  
f e l s i c  ( p l a g i o c l a s e )  matr ix .  Strong dolomite  a l t e r a t i o n  has  a f f e c t e d  t h e  
rock;  t h i s  is h igh ly  l i m o n i t i c  (perhaps o r i g i n a l l y  a n k e r i t e  1 ) .  Bulk  
composi t ion is: 

1 

a p l a g i o c l a s e  ma t r ix  35% ( i n c i p i e n t  hemat i t e )  
K-spar f ragnients 2 5  (some a l t e r e d  p l a g i o c l a s e  1 )  
vo lcan ic  rock fragments  15 (mainly t r a c h y t i c )  

1 dolomi t e / l i m o n i  t e  22 
ser ic i  t e  3 
ctilori te trace 

rn a p a t i t e  t r a c e  

The ma t r ix  of t h e  b r e c c i a  consists of a mass of subrounded t o  s h a p e l e s s  
r3 

i n t e r l o c k i n g  g r a i n s  about  0.05mm i n  size.  S c a t t e r e d  more or less evenely 
throughout t h i s  are subangular  K-spar f ragments  0.3 t o  l.Omm i n  s i z e .  There 
are a l s o  a few p l a g i o c l a s e  fragments  which appear  t o  be f e l d s p a t h i s e d .  The 
mat r ix  is “ d i r t y ”  w i t h  i n c i p i e n t  hemati te .  41 

Volcanic  rock fragments  are mostly 0.5 t o  3.0mm i n  s i z e  and a r e  
a - subrounded. There is one dominant t y p e  which c o n s i s t s  of a f e l t e d  mass of 

very t h i n  f e a t h e r y  K-spar g r a i n s  l e s e  than  O . l r n m  i n  l e n g t h .  These may have 
been p l a g i o c l a s e  which has  been a l t e r e d  t o  K-spar ( 1 ) .  Within t h e s e  a r e  
s c a t t e r e d  subhedra l  p l a g i o c l a s e  phenocrysts  up t o  l m r n  i n  s i z e .  A few of t he  
rock fragments  c o n s i s t  of f i n e  subrounded K-spar g r a i n s .  Small  a p a t i t e  
g r a i n s ,  de r ived  from t h e  vo lcan ic  rocks  are s c a t t e r e d  about  t h e  nlatrix. 

al 

4 

rll 

Dolomite forms very fine grains occuring i n  ragged rounded patches 0.1 to 
1.Orni.n i n  size which have been superimposed upon t h e  rock,, occur ing  i n  both 
t h e  rock f ragnients and the  mat r ix .  Many of t h e  K-spar/plag:loclase f raginents 
have been completely rep laced .  The dolomite  is int imately mixed wi th  l i m o n i t e  
and 6ome pa tches  appear  t o  be dominantly l imon i t e .  Sometimes t h e r e  is f i n e  
c h l o r i t e  in te rgrown w i t h  the  l i m o n i t e  and dolomite .  D i f fuse  streaks and 
pa tches  of s e r i c i t e  have developed throughout t h e  matrix aiid i n  mineral 
f ragments .  Some of t h e s e  have been Completely r ep laced  by ser ic i te  and 
l i m o n i t e ,  r a t h e r  than  dolomite .  
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UG-86-17 : ALTERED ( W I O N I T I C  DOLOlIITE, K-SPAR) TRACHY-AhiDESITE BRECCIA. 

This sample is a vo lcan ic  b r e c c i a  c o n s i s t i n g  of l a r g e  and small vo lcan ic  
rock fragments  (trachytes and a n d e s i t e s ) ,  a long  w i t h  p l a g i o c l a s e  and K-spar 
f ragments  (der ived  from p o r p h y r i t i c  v o l c a n i c s )  which are crowded I n  a very 
fine gra ined  f e l s i c  matr ix .  Pervas ive  dolomite  a l t e r a t i o n  has  occured, 
a f f e c t i n g  t h e  mat r ix  and fragments ,  and t h i s  is i n t i m a t e l y  a s s o c i a t e d  wi th  
i n t e n s e  l i m o n i t e  s t a i n  (perhaps t h e  carbonate  was ankerite1 ?). K-spar 
a l t e r a t i o n  has a l s o  occured, a f f e c t i n g  t h e  mat r ix  t o  some e x t e n t  but I s  
mainly ev iden t  i n  t h e  rock fragments  so that i t  is n o t  clear which fragments  
were o r i g i n a l l y  a n d e s i t e  (a l l  p l a g i o c l a s e )  or t r a c h y t e  ( a l l  K-spar). Bulk 
conrposit ion is: 

v o l c a n i c  rock fragments  
p l a g i o c l a s e  fragments  
K-spar f ragments  
do lomi te / l imon i t e  
f e l s i c  mat r ix  
K-spar ( v e i n l e t s )  
a p a t  i te  
serici te  

45% (mainly t r a c h y t i c )  
15 
15 
15 
10 (mainly p l a g i o c l a s e )  
minor 
trace 
trace 

Volcanic  rock f ragments  are subrouded and vary  in size f r o u  0.5 t o  5.0mm. 
S e v e r a l  t e x t u r a l  varieties are p r e s e n t ;  many of these are p o r p h y r i t i c  (both  
p l a g i o c l a s e  and K-spar i n  d i f f e r e n t  f ragments) .  The dominant type c o n s i s t s  of 
a f e l t e d  mass of f e l d s p a r  l a t h s  about  0.lmm i n  s i z e  w i t h  s c a t t e r e d  
p l a g i o c l a s e  phencrysts .  Sone small fragments  c o n s i s t  of extremely f i n e  
f e l d s p a r s  ( o r i g i n a l l y  basalt ?). There are s e v e r a l  wh ich  c o n s i s t  of an  
aggrega te  of more shapeless g r a i n s  w i t h  s c a t t e r e d  I(-spar phenocrysts.  A few 
fragments  are crowded w i t h  p l a g i o c l a s e  phenocrysts .  Fine q u a r t z  may be 
in te rgrown,  i n  small pa tches ,  w i th  t h e  groundmass f e l d s p a r .  Regardless  of t h e  
t e x t u r e  and original composition a l l  t h e  groundmass f e l d s p a r  is cloudy and 
s t a i n e d  d u l l  r ed  wi th  l i m o n i t i c  material. 

The f e l s i c  matrix (dominantly p l a g i o c l a s e )  between t h e  vo lcan ic  rock 
fragments  appea r s  to  be dominantly p l a g i o c l a s e  g r a i n s  less than  0.02mm i n  
s i z e ;  i t  is a l s o  s t a i n e d  reddish .  Th i s  material i s  crowded wi th  euhedra l  and 
broken angu la r  p i e c e s  of p l ag ioc la se  and K-spar which have been der ived  from 
t h e  v o l c a n i c  rock fragments.  These are 0.3 t o  1 . 5 m m  i n  s i z e .  A few a p a t i t e  
g r a i n s  are p resen t  amongst t h e s e  and they a lso  occur i n  some of t h e  rock 
f ragments ,  

Pervas ive  dolomite  a l t e r a t i o n  has r e s u l t e d  in t h e  format ion  of a patchy 
network of  dolomite  around t h e  mine ra l  and rock fragments.  T h i s  material may 
overa l ap  i n t o  t h e  fragments ,  but more commonly the phenocirysts are completely 
r ep laced  whi le  l e a v i n g  t h e  groundmass r e l a t i v e l y  unaf fec ted .  tlany of  t h e  
mine ra l  f ragments  are also pseudomorphically rep laced  by dolomite.  I n  those  
that are p a r t i a l l y  rep laced  t h e r e  may be f i n e  s e r i c i t e  a8 well .  ' F ine  
d i scon t inuous  v e i n l e t s  of K - s p a r  occur, c u t t i n g  through the fragments.  
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