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Lo ca t i o n  Map 1 

I ~ L  P r o p e r t y ,  v iew l o o k i n g  s o u t h e a s t  2 

IIL P r o p e r t v  , v i e w  l o o k i n g  n o r t h w e s t  2 

Ilvpo t h e  t i c a l ,  pre-me t a m o r p h i c  
s t r a t i g r a p h y  

C l a i m  Map - IIL Group  

M e t a - q u a r t z - p e b b l e  c o n g l o m e r a t e  
g r a d i n g  i n t o  metapsammi t e  
U n i t  C - 5 )  

A p p e n d i x  " A "  

A p p e n d i x  " B "  i 

M e  tapsammi t i c  l a y e r  o v e r l y i n g  
c h a n n e l  f i l l i n g  of m e t a - q u a r t z -  
p e b b l e  c o n g l o m e r a t e  ( U n i t  C 5 )  A p p e n d i x  "B" i 

S h a l e  r i p - u p  c l a s t s  i n  m e t a - q u a r t z -  
p c h b l e  c o n g l o ~ ~ e r a t e  ( U n i t  € 5 )  A p p e n d i x  " B "  ii 

M e t a p e l i t i c  b e d  o v e r l a i n  by 
~ n e t a p s a m r n i t i c  r o c k .  ( U n i t  € 5 )  A p p e n d i x  " B "  ii 

Lhsic s c h i s t  ( U n i t  € 5 )  A p p e n d i x  " B "  iii 

B a s i c  s c h i s t  l a y e r  b e t w e e n  
mctapsanuni  t i c  l a y e r s  ( U n i t  (25) A ~ p c n d i x  " B "  iii 

M e t a p s a m m i t i c  r o c k  w i t h  s i l i c e o u s  
l a y e r s  (tuf f a c e o u s ? )  c o n t a i n i n g  
a m p h i b o l e  p o r p h y r o b l a s t s  A p p e n d i x  "B"  i v  

I s o c l i n a l  f o l d  ( U n i t  (35) A p p e n d i x  "B" iv 







The 111, group (52 claims) is located in the 

W,.~tson Lake Miniilq District (N.T.S. 106-~/6), 34 kilometres 

(21 miles) north-northeast of Swift River, Y.T. The claims 

arc situated at latitude 6!1°17'N and longitude 131°20'W and 

lie 11 kilnmctrcs (7 miles) from road end at Crescent Lake. 

Initially staked to protect tungsten geochemical 

anomalrcs, fortv-eiqht claims (Appendix " A " )  were acquired for 

Swift R i v e r  R c s o u r c c s  Ltd. by Cordilleran Enqineering in June 

of 1378; four claims were added to the original block in 

September, 1978. Title to the claims is held by Cordilleran 

Engineering Limited. 

The property is underlain by Lower Cambrian and 

earlier ( ? )  metasediments with minor metavolcanics ( ? )  . In 

contact with the metasediments, on the east side of the group, 

is the Cassiar Batholith. Tungsten mineralization occurs as 

scheelite disseminated in the metasediments. Vein and skarn- 



t y p e  m i n e r a l i z a t i o n  a r e  a l s o  found i n  t h e  sequence .  

A program o f  g e o l o g i c a l  mayping, sampl ing  and 

r e c o n n a i s s a n c e  s o i l  geochemis t ry  was conducted  d u r i n g  t h e  

p e r i o d  August 31  t o  September 1 2 ,  1 9 7 8 .  E x p e n d i t u r e s  f o r  

t h i s  e x p l o r a t i o n  program exceeded $ 1 7 , 0 0 0 .  

T h i s  r e p o r t  h a s  been w r i t t e n  t o  comply w i t h  

r e g u l a t i o n s  govern ing  t h e  a c c e p t a n c e  o f  g e o l o g i c a l  and 

geochemical  s u r v e y s  a s  a s sessment  work. 



E x t e n s i v e  e x p l o r a t i o n  work h a s  b e e n  c o n d u c t e d  i n  

t h e  v i c i n i t y  of t h e  HL s i n c e  t h e  mid 1 9 4 0 ' s .  The  BOM a n d  ATOM 

g r o u p s  ( 1 6  km, 1 0  m i .  s o u t h  of t h e  HL) were l o c a t e d  i n  1 9 4 6  by 

Hudson Bay M i n i n g  a n d  S m e l t i n g  Company for l e a d ,  z i n c  a n d  

s i l v e r  i n  s k a r n s .  The B a s t i l l e  c l a i m  ( 2 3  km, 1 4  m i .  n o r t h e a s t  

of t h e  HL) w a s  a c q u i r e d  b y  G r e a t  N o r t h e r n  E x p l o r a t i o n  Company 

L t d .  i n  1947  f o r  z i n c ,  l e a d  a n d  s i l v e r  i n  s k a r n  a n d  v e i n s .  

Minor  t u n g s t e n  a n d  molybdenum a r e  r e p o r t e d  o n  t h i s  p r o p e r t y  

w h i c h  was  r e s t a k e d  as  t h e  M I D  g r o u p  i n  1 9 7 1  b y  t h e  Wolf Lake 

J o i n t  V e n t u r e  (Rayrock  Mines  L i m i t e d ,  A s h l a n d  O i l  Canada  L i m i t e d  

a n d  C a n a d i a n  I n d u s t r i a l  Gas a n d  O i l  L t d . )  and  s u b s e q u e n t l y  

a l l o w e d  t o  l a p s e .  I n t e n s i v e  e x p l o r a t i o n  h a s  b e e n  c o n d u c t e d  i n  

t h e  r e g i o n  i m m e d i a t e l y  s o u t h  a n d  s o u t h w e s t  of t h e  HL i n  s e a r c h  

f o r  Mo, W ,  Sn d u r i n g  t h e  p a s t  t h r e e  s e a s o n s .  

On t h e  HL p r o p e r t y  s k a r n  b a n d s  h a v e  b e e n  t r e n c h e d  



by p r e v i o u s  e x p l o r a t i o n  companies. 



G E O L O G Y  

( P l a t e  1) 

G E N E R A L  

The HL g r o u p  l i es  i n  t h e  n o r t h e r n  C a s s i a r  

M o u n t a i n s  o f  t h e  Omineca C r y s t a l l i n e  b e l t .  The p r o p e r t y  

lies i n  a  n a r r o w  n o r t h w e s t e r l y  t r e n d i n g  s l i c e  o f  Lower 

Cambr ian  and e a r l i e r  ( ? )  m e t a s e d i m e n t s  ( G . S . C .  Map 10-1960)  . 
The C a s s i a r  B a t h o l i t h  ( m a i n l y  q u a r t z  m o n z o n i t e  t o  g r a n o d i o r i t e )  

is i n  c o n t a c t  w i t h  t h e  Lower Cambr ian  o n  t h e  n o r t h e a s t .  An 

a p p a r e n t l y  c o n f o r m a b l e  s e u u e n c e  o f  lower P a l e o z o i c  s e d i m e n t s  

a n d  v o l c a n i c s  f o r m  t h e  p r e s u m a b l y  d o w n d r o p ~ e d ,  s o u t h w e s t  

c o n t a c t  o f  t h e  Lower Cambr ian  s l i c e  a l o n g  t h e  Ram C r e e k  f a u l t .  

P h y s i o g r a p h i c a l l y  t h e  p r o p e r t y  is  s i t u a t e d  i n  

v e r y  s u b d u e d  a l p i n e  t o p o g r a p h y .  S t r a d d l i n g  a r o u n d e d  r i d g e ,  

e l e v a t i o n s  o n  t h e  g r o u p  r a n g e  f r o m  j u s t  o v e r  4 , 5 0 0  f e e t  



t o  a p p r o x i m a t e l y  5 , 7 0 0  f e e t  a b o v e  sea l e v e l .  O u t c r o p  i s  

n o t  more  t h a n  1 0  p e r c e n t ,  b u t  a b u n d a n t  r u b b l e  c r o p  a n d  t a l u s  

a r e  e x p o s e d .  

L I THOLOG I ES 

( F i g u r e  4 )  

P r e l i m i n a r y  mapping  o f  t h e  HL g r o u p  h a s  s u b d i v i d e d  

t h e  Lower Cambr ian  i n t o  5 u n i t s  a n d  t h e  C a s s i a r  B a t h o l i t h  i n t o  

2 p h a s e s .  B r i e f  d e s c r i p t i o n s  o f  t h e s e  f o l l o w .  A p e t r o g r a p h i c  

r e p o r t  o f  s p e c i m e n s  f r o m  t h e  Lower C a m b r i a n  s e q u e n c e  

(E5)  i s  a p p e n d e d  ( A p p e n d i x  " C " )  . T h i s  work was  c o n d u c t e d  by 

M i s s  J o a n n e  N e l s o n ,  a n  a s s o c i a t e  o f  V a n c o u v e r  P e t r o g r a p h i c s .  

LOWER CAFBRIAN AND E A R L I E R ( ? )  

U N I T  € 1 :  

A s e q u e n c e  o f  t h i n - b e d d e d  medium c r y s t a l l i n e  g r e y  a r g i l l a c e o u s  

l i m e s t o n e  g r a d e s  down i n t o  t h i c k - b e d d e d  t o  m a s s i v e  medium 

c r y s t a l l i n e  l i g h t  g r e y  l i m e s t o n e  i n  t h e  n o r t h  c o r n e r  o f  t h e  

p r o p e r t y .  T h i s  u n i t  i s  i n  c o n t a c t  w i t h  t h e  C a s s i a r  B a t h o l i t h ,  

b u t  a p p e a r s  t o  p i n c h  o u t  i n t o  U n i t  € 2  t o  t h e  s o u t h .  S k a r n  

b a n d s  c o n s i s t i n g  m a i n l y  o f  g a r n e t  a n d  d i o p s i d e ( ? )  o c c u r  a l o n g  

t h e  u p p e r  c o n t a c t  o f  t h i s  u n i t .  S c h e e l i t e  i s  f o u n d  on  

f r a c t u r e  s u r f a c e s  a n d  i n  q u a r t z  v e i n s  c u t t i n g  t h e  l i m e s t o n e  



HYPOTHETICAL, PRE - METAMORPHIC STRATIGRAPHY 
LOWER CAMBRIAN AND EARLIER (?)  SECTION 

HL PROPERTY 
SCALE I :  3333 

HtLlCT SEDlMtNl  AH< STHUC I UHtS BEDDING. CROSS -BEDDING. 
GRADED BEDDING, PEBBLE CONGLOMERATES. SHALE RIP - U P  CLASTS. 
CHANNFL FILL DEPOSITS, INDICATE THIS S E O ~ N C E  CONSIS~EO 
PAEOOMINATELY OF OUARTZ PEBBLE CONGLOMERATES AND SANDSTONES 
BASIC VOLCANICS (V) ARE INFERRED FROM BASIC SCttISTS TO 
COMFQSE AI'WOXIMATELY 5 PERCENT OF THE YCTION ALONG 
WlTH POSSIBLE ANOESITES AND VOLCANICLASTIC SEDIMENTS 
SCtf ELITE OCCURS DlSSEMlNAlED IN THE SEDIMENTS, ANDESITES ( 7 )  

AN0 LESS COMMONLY IN THE BASIC SCtiISTS(A.B,C.D.E,F St4OWINGS). 

UNIT € 4 :  
LIMESTONE THIN - BEDOED, DARK TO MEDIUM GREY. MEDIUM 
CR(SlALL1NE AND ARGILLACEOUS I t lE  BASE OF THIS UNIT 
GRAMS IN19 A DlSTlNCTlVt OUARTZ - PEBBLE CONGLOMERATE 
LEMFNTED Wl i H  CARBONATE 

UNlT € 3 :  
CUAITTZ - PEBBLE CONGLOMERATE AND SANDSTONES, SIMILAR 
ro uN l r  €5. B u r  APPARENTLY LAWING BASIC VOLCANICS 
(BASIC SCIIISTS) 

UNlT € 2 :  
PREDOMINANTLY FINE - GRAINED PELlTlC ROCKS WITH 
LESSER PSAMMITIC ROCKS 

UNIT € 
LIMESTONE THIN - BEDDED, MEDIUM CRYSTALLINE. GREY. 
PRGILLACEOUS LIMFSTONES GRADE DOWN INTO MASSIVE 
MEDIUM TO COARSt CRYSTALLINE LIGHT GREY LIMESTONE 
SHARN IS DEVELOPED AT CONTACTS WlTH THE USSIAR BATMOUTH 
SCHEELITE OCCURS ON FRACTURE SURFACES AN0 IN 
OUARTZ VEINS CUTTING THE SKARN 

FEHfiUA1-<Y, 1379 CORDILLERAN ENGINEERING FIGURE 4 



GEOLOGY - Lithologies (cont -- 'd) 

and skarn. Disseminated scheelite in the skarn bands is 

rare and presently appears to be of lower tenor. 

UNIT €2: 

This unit consists of fine-grained andalusite-plagioclase- 

quartz schists which contain biotite and muscovite. Grain 

size and bedded character suggest these rocks are predominantly 

metapelites with lesser intercalated metapsammitic rocks. 

Present thickness of this unit is in the order of 100 metres. 

U N I C  € 3 :  --- 
Fine-to medium-grained biotite-muscovite-quartz-plagioclase 

schists form the bulk of Unit €3. Relict bedding and minor 

intcrcalatcd metapelites indicate the sedimentary origin of €3. 

UNIT €4: 

Thin-bedded, dark to medium grey, medium crystalline 

argillaceous limestones form a sequence approximately 50 

metres thick. The base of this unit grades into a distinct 

quartz-pebble conglomerate in which clasts are cemented 

with calcite. 

UNIT €5: 

Unit € 5  hosts the disseminated scheelite mineralization on 

the HL. The bulk of the package consists of biotite-muscovite- 

quartz-plagioclase schists. Variations in mica content 

(1 to 40%) give the rock a variably developed schistosity. 

Relict sedimentary structures are well preserved (Photographs, 

Appendix " B " )  suggesting original rock-types to have been 

quartz-pebble conglomerates, sandstones (greywackes?) and 

shales. Basic schists (actinolite/hornblende-plagioclase 



GEOLOGY - 1,i  t h o l o q i e s  ( c o n t ' d )  - - - _ _ i -  

s c h l s t s )  f o r m  a p p r o x i m a t e l y  5 p e r c e n t  o f  U n i t  ( 3 5 .  T h e  

b a s i c  s c h i s t s  a r e  i n t e r c a l a t e d  w i t h  t h e  m e t a p s a m m i t i c  r o c k s  

and v a r y  f r o m  1 5  c m  t o  6 0  c m  i n  t h i c k n e s s .  I t  i s  b e l i e v e d  

t h o  h s l c  s c h i s t s  are r n c t a b a s a l t s .  Commonly a d j a c e n t  t o  the 

b a s i c  s c h i s t s  a r e  m o d e r a t e l y  w e l l  f o l i a t e d  r o c k s  w h i c h  c o n t a i n  

s i l i c e o u s  l a y e r s  ( q u a r t z  a n d  e p i d o t e )  and a g g r e g a t e s  o f  

1 1 1 1 1  1 ( a c t  11,ol.i tc a n d / o r  h o r n h l c n d e )  v a r y i n g  f r o m  3 t o  

1 f )  nun Ll i arrb~. Lcr, f l , t [ t -cncd Ixir,.ll ltll t o  f o l i a t i o n .  T11r:sc 

r o c k s  arc t h o u q h t  to  h a v e  originally b e e n  v o l c a n i c l a s t i c  

s n n c l s t o n c s  a n d  t u f f s ,  a m p h i b o l e  a g g r e g a t e s  b e i n g  f r a g m e n t s  

d c r i v c , ~ l  f I - o m  h n s i c  v o l  c a n i c s ,  s i  1 i c e o u s  l a y e r s  b e i n g  t h e  

products o f  v o l c a n i c  c ~ h a l ~ ~ t i o n s .  S c h e e l i t e  o c c u r s  i n  

m e t a p s a m m i t i c  a n d  v o l c a n i c l a s t i c  r o c k s .  Q u a r t z  v e i n - h o s t e d  

m i n e r a l i z a t i o n  i s  common but v e i n  d e n s i t y ' i s  l o w .  A t  l e a s t  

9 0 0  metres o f  U n i t  €5 o c c u r  o n  t h e  p r o p e r t y .  

LOWER CRFX"C1:OIJS - C a s s i a r  B a t h o l i t h :  
______________I_ - 

Q t i a r t z  ? lonzon i  t c K q m :  _ _- -- 
C o a r s c - c j r n i t ~ c d ,  h i o t i  te q u a r t z  r n o n z o n i t e  l ies  i n  c o n t a c t  w i t h  

t h e  1,owcr C a m b r i a n  s t r a t a  o n  t h e  n o r t h e a s t  s i d e  o f  t h e  p r o p e r t y .  

T h e  quartz m o n z o n i t e  h a s  a w e l l  d e v e l o p e d ,  w i d e  s p a c e d  b l o c k y  

j o i n t i n g  a n d  g e n e r a l l y  a p p e a r s  f o l i a t e d .  

L e u c o c r n c t i c  P h a s e  K L :  - ----- .- -- 
A p a l e  g r e y ,  f i n e - t o  m e d i u m - g r a i n e d  p o r p h y r i t i c  i n t r u s i v e  

( q u a r t z  m o n z o n i t e ? )  o c c u r s  i n  t h e  n o r t h  p a r t  of t h e  c l a i m  g r o u p  

a s  a b o r d e r  p h a s e  t o  t h e  m a i n  q u a r t z - m o n z o n i t e  b o d y .  The 

g r o u n d ~ n a s s  h ~ s  a s u g a r y  t e x t u r e  a n d  c o n t a i n s  a c c e s s o r y  biotite 

~ n 3  muscov i  t c .  L o c a l l y  sma l l  pegma t i  t i c  z o n e s  o c c u r  i n  t h i s  

rock. 



GEOLOGY - L , i t h o l o c ~ i e s  ( c o n t  ' d )  - - 

TERTIARY ( ? )  

Q u a r t z  p o r p h y r y  T q p :  

A dyke  of  f i n e - g r a i n e d  q u a r t z  p o r p h y r y  i n t r u d e s  U n i t  €5 i n  

t h e  s o u t h  p a r t  o f  t h e  p r o p e r t y .  The dyke  r e a c h e s  a  w i d t h  

o f  a p p r o s i m a t e l y  2 5  metres and i s  t r a c e a b l e  o v e r  100  metres. 

S m a l l  (1 t o  2 rm) b i p y r a n i d a l  q u a r t z  p h e n o c r y s t s  a re  se t  i n  

a  f i n e - g r a i n e d  p a l e  g r e y  groundmass  w i t h  a c c e s s o r y  p y r i t e .  

STRUCTURE 

The Lower Cambrian package  on t h e  I1L i s  f o l d e d  

i n t o  a n o r t h w e s t e r l y  t r e n d i n g  s y n c l i n e .  Minor f o l d s  a r e  l o c a l l y  

d e v e l o p e d  i n  t h e  m e t a s e d i m e n t s .  T a l u s  f r a g m e n t s  e x h i b i t i n g  

i s o c l i n a l  f o l d s  i n d i c a t e  t h e  i n t e n s i t y  o f  d e f o r m a t i o n . ( F i g u r e  1 2 ,  

Appendix " B " ) .  P e t r o g r a p h i c  e v i d e n c e  s u g g e s t s  a t  l e a s t  two 

s t a g e s  o f  d e f o r m a t i o n .  

A ma jo r  f a u l t ,  t h e  Ram Creek  f a u l t ,  i s  i n f e r r e d  

t o  l i e  i m m e d i a t e l y  s o u t h w e s t  of t h e  c l a i m  g r o u p .  T h i s  f a u l t  h a s  

moved t h e  Lower Cambrian s e c t i o n  upward a d j a c e n t  t o  Lower P a l e o z o i c  

s e d i m e n t s  and m e t a v o l c a n i c s .  A f a u l t  i s  i n f e r r e d  t o  o c c u r  



GEOLOGY - S t r u c t u r e  ( c o n t  'd) -.-..----- --- - --- 

between  t h e  C a s s i a r  B a t h o l i t h  and Lower Cambrian p a c k a g e  

( G . S . C .  Map 1 0 - 1 9 6 0 ) ,  b u t  no e v i d e n c e  f o r  t h i s  f a u l t  c o u l d  be 

found  on  t h e  p r o p e r t y .  The e f f e c t  of f a u l t i n g  w i t h i n  t h e  

s e q u e n c e s  on  t h e  c l a i m s  i s  n o t  a p p a r e n t .  



G E O C H E M I S T R Y  

( P l a t e  2 )  

STREAM SEDIMENTS: 

I n i t i a l  s t r e a m  sed iment  sampl ing  t h a t  d e f i n e d  

t h e  t u n g s t e n  anomal ies  now covered  by t h e  HL c l a i m s  was 

conducted  d u r i n g  t h e  1977 f i e l d  season .  The s t r e a m s  t h a t  

f low from t h e  n o r t h e a s t  s i d e  o f  t h e  p r o p e r t y  d r a i n  t h e  

m i n e r a l i z e d  f l o a t  a r e a s  and have g e n t l e  s l o p e s ;  a r e  1 t o  

2 . 5  metres i n  w i d t h ,  c o n t a i n i n g  adequa te  s i l t  f o r  sampl ing  

purposes .  The sou thwes t  s i d e  o f  t h e  p r o p e r t y  h a s  moderate 

t o  s t e e p  s l o p e s  and s t r e a m s  a r e  d r y  i n  t h e  h i g h e r  r e a c h e s  

a f t e r  r u n - o f f .  

Heavy m i n e r a l  c o n c e n t r a t e s  were t a k e n  d u r i n g  

t h e  1978 s e a s o n  from t h e  n o r t h e a s t  d r a i n a g e s .  Known o c c u r r e n c e s  

o f  m i n e r a l i z e d  f l o a t  c o r r e l a t e  w e l l  w i t h  t h e  s t r e a m  sediment  

r e s u l t s .  



SOILS : 

Four reconnaissance soil lines aggregating 

5 4 , 4 0 0  feet were sampled on the HL group to determine 

soil response to mineralization. A total of 184 samples 

were collected at 200 and 4 0 0  foot spacings. Soils on 

the property are poorly developed, consisting of a rocky 

alpine profile. At many sites adequate soils were difficult 

to obtain. Line control was by chain and compass; stations 

were marked at 200  foot intervals. 

Samples collected were placed in numbered kraft 

bags and the sample sites were marked with plastic flagging. 

The samples were dried, sieved to the - 8 0  mesh fraction, and 

shipped to the North Vancouver laboratory of Bondar Clegg and 

Company, Limited for analysis for tungsten. 

The analytical method consisted of basic fusion, 

leaching, reduction with stannous chloride, complexing with 

ammonium thiocyanate and extraction by carbon tetrachloride. 

The concentration of tungsten was then measured by colourimetry. 

Results of the sampling indicate subtle anomalies 

exist and are spatially related to most of the float occurrences 

presently identified. Values in soils range from 2 to 2 1  ppm 

W, with strongly anomalous samples being greater than 16 pprn. 



The s o i l  r e s u l t s  a r e  of  t h e  same o r d e r  o f  magnitude a s  

s t r e a m  sediment  v a l u e s  and i n d i c a t e  t h a t  t u n g s t e n  i s  n o t  

l i b e r a t e d  i n t o  s t r e a m s  o r  s o i l s .  T h i s  i s  p r o b a b l y  caused  by 

s e v e r a l  f a c t o r s .  The h o s t  rock  i s  r e s i s t a n t  t o  w e a t h e r i n g ,  

t h e r e f o r e  does  n o t  l i b e r a t e  abundant  s c h e e l i t e  i n t o  t h e  

s o i l s .  S c h e e l i t e  i t s e l f  i s  r e s i s t a n t  t o  w e a t h e r i n g .  The 

poor  s o i l  development l i m i t s  t h e  amount o f  clay a v a i l a b l e  

f o r  t u n g s t e n  t o  be  adsorbed  t o ,  and l i m i t s  t h e  amount o f  

t h i s  m a t e r i a l  a v a i l a b l e  t o  s t r e a m s  d r a i n i n g  t h e  p r o p e r t y .  

The p u l p s  of seven s o i l  samples from s o i l  

l i n e s  o n  t h e  HL p r o p e r t y  were r e r u n  f o r  t i n  and g o l d .  

The r e s u l t s  o f  t h e s e  a n a l y s e s ,  which f o l l o w ,  i n d i c a t e  t h a t  

t h e s e  p a r t i c u l a r  samples a r e  n o t  anomalous i n  t i n  o r  g o l d .  

GRID LOCATION ppm ppb 



Z A T  

S c h c e l i t e  i s  p r e s e n t l y  t h e  m i n e r a l  of economic 

i n t e r e s t  on  t h e  IIL g r o u p .  I t  h a s  t h r e e  modes of o c c u r r e n c e s ;  

disseminated i n  r e g i o n a l l y  m e t a m o r p h o s e d  r o c k s ;  i n  q u a r t z  

v e i n s  a n d  o n  f r a c t u r e  s u r f a c e s ;  a n d ,  r a r e l y ,  d i s s e m i n a t e d  

i n  c o n t a c t  m e t a m o r p h i c  s k a r n .  

A t  thc G o c c u r r e n c e  s c h e e l i t e  i s  f o u n d  i n  q u a r k 2  

c a r b o n n t c  v e i n s  a n d  o n  f r a c t u r e  s u r f a c c s  i n  f l o a t  a n d  c u t t i n g  

l i r n e s t o n c  and  s k a r n  o v e r  a n  a r e a  o f  5 0 0  s q u a r e  metres. The 

l i m c s t o n c  ( e l )  is i n  c o n t a c t  w i t h  a l e u c o c r a t i c  p h a s e  of 

t h c  Cassiar I l a t h o l i t h  ( K L )  . S k a r n  d e v e l o p m e n t  i n  t h e  l i m e s t o n e  

appeal-s to  b c  m o s t  w e l l  developed i n  t h e  u p p e r  ( s t r a t i g r a p h i c a l l y ) ,  

t h i n - b e d d e d  s e c t i o n  o f  t h i s  u n i t .  S c h e e l i t e  d i s s e m i n a t e d  i n  

s k n r n  i s  r a r e .  T r e n c h e s  a c r o s s  t h e  s k a r n  i n d i c a t e  o t h e r  

p a r t i e s  h a v e  i n v e s t i g a t e d  t h i s  o c c u r r e n c e .  



n t  t h c  A ,  n ,  C ,  D, E a n d  F f l o a t  o c c u r r e n c e s  

s c h c c l l t c  o c c u r s  i n  q u a r t z o s c  f o l i a t e d  r o c k s  w h i c h  h a v e  

t e n t a t i v e l y  b e e n  i d e n t i f i e d  a s  m e t a p s a m m i t e s  and m e t a t u f f s  

o r  m e t a v o l c a n i c a s t i c  r o c k s .  M i n e r a l i z a t i o n  o c c u r s  

sporac l i ca l l  y a lon( j  s t r i k e  o v e r  a d i s t a n c e  o f  3000  mctres a n d  

nL)l)cars t o  bc. l i t n i  t c c l  to  a n a r r o w  s t r a t l y r a  p h i c  i n  t e r v i l l  o f  

a p p r o x i m a t e l y  1 0 0  metres i n  t h i c k n e s s .  T h e  s h o w i n g s  are  

a p p r o s i m a t c l y  600  mctres f r o m  t h e  i n t r u s i v e  c o n t a c t .  

S c h e c l i t e  i s  f o u n d  i n  t a b u l a r  a g g r e g a t e s  ( u p  to  

4 n m  l onc j )  i n t e r s t i t i a l  t o  s i l i c a t e  q r a i n s  a n d  p a r a l l e l  f o l i a t i o n :  

T ~ L .  c ~ l h ~ t l r n l  s c h c c l i t c  q r a i n s  a r e  c o m p l e x l y  z o n e d  a n d  arc 

associated w i t h  p y r r h o t i t e ,  q u a r t z ,  p l a g i o c l a s e ,  e p i d o t e ,  g a r n e t  

a n d  s p h c n c .  G e n e t i c  r e l a t i o n s  b e t w e e n  s c h e e l i t e  a n d  o t h e r  

m i n e r a l s  a r c  n o t  c l e a r .  A r e a c t i o n  i n v o l v i n g  a c t i n o l i t e  and 

p l n c j i o c l a s e  t o  f o r m  s c h e e l i t e  h a s  been s u g g e s t e d ,  b u t  t h e r e  i s  

l i  t l  L C  c :v~t fcncc  t o  s u l ~ p o r t  t h i s  a s s e r t i o n .  

A s s a y s  o f  r e p r e s e n t a t i v e  c h i ? s  f r o m  m i n e r a l i z e d  

i ~ c , ~ ~ l t l c r : ;  . ~ t  t h ~  A ,  n ,  C a n d  D o c c u r r e n c c s  r a n g e  from 0 . 5 9 %  W03 

t o  2 . 5 4 2  Wd3 ( T a b l e  I ) .  I l i g h  g r a d e  ( 1 % +  W 0 3 )  m i n e r a l i z a t i o n  

i s  c o n f i n e d  t o  a r e a s  o f  t a l u s  c o v e r i n g  3 t o  5 metres. The  

res t r i c t c i l  na t u r e  o f  t h e  h i g h  g rade  t a l u s  s u g g e s t s  t h a t  

t h i s  m n t c r i ~ l  h a s  n o t  b e e n  t r a n s p o r t e d  f a r  f r o m  a b e d r o c k  



TABLE I A S S A Y  T A B L E  

Mo B i  
PP" ppm 

k 7 0  Sn Au 
% - PPm pph 

Sample 
Number D e s c r i p t i o n *  

A Showinq:  r e p r e s e n t a t i v e  c h i p s   fro^ 
m i n e r a l i z e d  f l o a t  b o u l d e r s  

B Showins :  r e p r e s e n t a t i v e  c h i p s  f rom 
- - L  

1 . 2 0  3 2  5  
m i n e r a l i z e d  f l o a t  b o u l d e r s  

C Showing: r e p r e s e n t a t i v e  c h i p s   fro^. 1 .24  4 4  1 0  
m i n e r a l i z e d  f l o a t  b o u l d e r s  

Between B-C Showings : m i n e r a l i z e d  
t a l u s  c h i p s  

D Showing: c h i p  f r o m  m i n e r a l i z e d  0 .24  2 3  10 
t a l u s  b o u l d e r  

D Showing: r e p r e s e n t a t i v e  c h i p s  f r o m  1 .86  1 1 8  1 5  
m i n e r a l i z e d  t a l u s  

D Showing: c h i p s  f rom l a r g e  m i n e r a l i z e d  0 . 9 5  4 4  50 
f l o a t  b o u l d e r  

D Showing: r e p r e s e n a t i v e  c h i p s  f rom 0 .59  4 6 5 
m i n e r a l i z e d  f l o a t  b o u l d e r s  

E a s t  Cirque - t a l u s  c h i p  t h o u g h t  t o  0 .08  3  < 5  
c o n t a i n  p o w e l l i t e  

A Showing: s e l e c t e d  m i n e r a l i z e d  f l o a t  1 .08  5  1550  
specimen ( e q u i v a l e n t  t o  
t h i n  s e c t i o n  HL 2 4 )  

B Showing: s e l e c t e d  m i n e r a l i z e d  f l o a t  3 .  07 40 700 
spec imen  ( e q u i v a l e n t  t o  
t h i n  s e c t i o n  HL 2 5 )  

* A l l  samples are  o f  m e t a s e d i m e n t s  



s o u r c e .  B o u l d e r s  up t o  6 0  c m  a c r o s s  c o n t a i n i n g  d i s s e m i n a t e d  

s c h e e l i t e  t h r o u g h o u t  h a v e  been  l o c a t e d  a t  t h e  A f l o a t  o c c u r r e n c e .  

A l though  no a s s a y s  h a v e  been  r e p o r t e d  f rom t h e  E a n d  F f l o a t  

o c c u r r e n c e s  m i n e r a l i z a t i o n  i s  s i m i l a r  t o  t h a t  a t  A ,  B ,  C 

a n d  D ,  b u t  i s  n o t  a s  c o n c e n t r a t e d  i n  t h e  t a l u s  a s  a t  t h e  l a t t e r  

showi n g s  . 



I n  e x c e s s  o f  $ 1 7 , 0 0 0  h a s  b e e n  e x p e n d e d  t o  

c o n d u c t  p r e l i m i n a r y  g e o l o g i c a l  a n d  g e o c h e m i c a l  i n v e s t i g a t i o n s  

o n  t h e  IIL #1-52  c l a i m  b l o c k ,  W a t s o n  L a k e  M i n i n g  D i s t r i c t ,  Y.T. 

G e o l o g i c a l  m a p p i n g  was c o m p l e t e d  a n d  a r e c o n s t r u c t e d  

s t r a t i g r a p h i c  s e c t i o n  d r a w n .  T h e  c la ims c o v e r  Lower  C a m b r i a n  

a n d  e a r l i e r ( ? )  m e t a s e d i m e n t s  w i t h  m i n o r  m e t a v o l c a n i c s ( ? ) .  T h e  

C a s s i a r  B a t h o l i t h - m e t a s e d i m e n t  c o n t a c t  l i e s  t o  t h e  e a s t  s i d e  

of t h e  g roup .  T u n g s t e n  m i n e r a l i z a t i o n  o c c u r s  a s  d i s s e m i n a t i o n s  

i n  m e t a s e d i m e n t s ,  i n  v e i n s  a n d  i n  s k a r n s  w i t h i n  t h e  m e t a m o r p h i c  

s e q u e n c e .  Assay r e s u l t s  o f  g r a b  s a m p l e s  f r o m  m i n e r a l i z e d  

f l o a t  r a n g e  f r o m  0 . 0 8  t o  3 .07% WO3 

A t o t a l  of 5 4 , 4 0 0  f e e t  o f  l i n e  w e r e  c h a i n e d  a n d  

f l a g g e d  a n d  1 8 4  g e o c h e m i c a l  s o i l  s a m p l e s  collected a t  200 

a n d  400  foot  s p a c i n g s .  A l l  s a m p l e s  were a n a l y z e d  f o r  t u n g s t e n .  



R e s u l t s  o f  t h e  s a m p l i n g  i n d i c a t e  s u b t l e  a n o m a l i e s  e x i s t i n g  

which  are s p a t i a l l y  r e l a t e d  t o  m o s t  o f  t h e  m i n e r a l i z e d  f l o a t  

o c c u r r e n c e s  p r e s e n t l y  i d e n t i f i e d .  

Tungs t en  m i n e r a l i z a t i o n  l o c a t e d  t o  d a t e  on t h e  

HL c l a i m  group, b o t h  i n  f l o a t  and  i n  p l a c e ,  i s  e c o n o m i c a l l y  

s i g n i f i c a n t ;  c o n t i n u e d  e v a l u a t i o n  i s  w a r r a n t e d .  

R e s p e c t f u l l y  s u b m i t t e d  

CORDILLERAN ENGINEERING 

C a r l  G .  V e r l e y ,  B.Sc. 
G e o l o g i s t  

March, 1 9 7 9  
Vancouver ,  B . C . 
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S u i t e :  S w i f t  R i v e r  Resources  HL9-HL31 
By: J . N e l s o n  

Summary 

The metamorphic  samples  i n  t h i s  s u i t e  f a l l  i n t o  s e v e r a l  
c a t e g o r i e s  b a s e d  on i n f e r r e d  p a r e n t a g e .  The f i r s t  c a t e g o r y  
is  r e l a t i v e l y  w e l l - e s t a b l i s h e d .  Samples  HL9,HL26, and HL31 
a r e  p s a m m i t i c - p e l i t i c .  They c o n t a i n  t h e  a s semblage  q u a r t z -  
plagioclase-biotite-muscovite and,  i n  t h e  case o f  HL9, 
a n d a l u s i t e .  Q u a r t z  and p l a g i o c l a s e  are r e l i c t  c las t s ,  
a l t h o u g h  q u a r t z  i s  s t r o n g l y  r e c r y s t a l l i z e d .  They a r e  t y p i c a l  
o f  metamorphosed g r i t s  and  i n t e r l a y e r e d  s a n d s t o n e s - s h a l e s .  

The second  c a t e g o r y  i n c l u d e s  me ta igneous  and  p o s s i b l y  
metamorphosed e p i c l a s t i c  r o c k s .  E x c e p t  f o r  t h e  t h r e e  l i s t e d  
above ,  t h e  samples  i n  t h i s  s u i t e  c o n t a i n  c a l c i u m - b e a r i n g  
m a f i c  p h a s e s  i n  p r e f e r e n c e  t o  b i o t i t e :  amph ibo le ,  e p i d o t e ,  
and  s p h e n e .  T h i s  mine ro logy  i s  t y p i c a l  o f  metamorphosed 
r o c k s  o f  i g n e o u s  and  e p i c l a s t i c  o r i g i n .  S u b d i v i s i o n  o f  t h i s  
c a t e g o r y  i n t o  m e t a p l u t o n i c s ,  m e t a v o l c a n i c s ,  m e t a t u f f s ,  and  
s e d i m e n t s  was i n  many c a s e s  d i f f i c u l t  due t o  e x t e n s i v e  
metamorphic  r e c r y s t a l l i z a t i o n .  

HL12, HL13 and HL23 have  b e e n  c l a s s i f i e d  as m e t a v o l c a n i c s  
b e c a u s e  o f  t h e i r  mine ro logy  ( ac t ino l i t e -p lag ioc lase -quar t z  ) 
and ,  i n  HL12, an  i n f e r r e d  amygda lo ida l  t e x t u r e .  

HL22 shows a  c o m p o s i t i o n a l  l a y e r i n g  which i s  l i k e l i e r  
t o  have  been  o r i g i n a l  t h a n  g n e i s s i c  i n  o r i g i n .  I t  t h u s  may 
b e  a t u f f  o r  f i n e l y  bedded e p i c l a s t i c  s e d i m e n t .  

HL24 and  HL25 c o n t a i n  abundan t  q u a r t z  w i t h  s u b o r d i n a t e  
p l a g i o c l a s e  and minor  m a f i c s .  Because o f  t h e i r  low b i o t i t e  
c o n t e n t s  t h e y  w e r e  g rouped  w i t h  t h e  i g n e o u s  samples ;  however 
t h e y  a r e  e v e n - t e x t u r e d  and  f a i r l y  c o a r s e  g r a i n e d  and  may b e  
m e  t a a r k o s e s  . 

HLl l  and  HL16 s t r o n g l y  r e s e m b l e  e a c h  o t h e r .  Both a r e  
r e l a t i v e l y  c o a r s e  g r a i n e d  and f o l i a t e d  w i t h o u t  a g n e i s s i c  
f a b r i c .  T h e i r  mine ro logy  i s  c o n s i s t e n t  w i t h  e i t h e r  an  a n d e s i t i c  
o r  i n t e r m e d i a t e  p l u t o n i c  p a r e n t .  

I r e g a r d  t h e  p e l i t i c - p s a m m i t i c  and  me ta igneous  c a t e g o r i e s  
a s  d i s c r e t e  and  somewhat i n c o m p a t i b l e .  Is it p o s s i b l e  t h a t  
t h e y  a r e  i n  t e c t o n i c  c o n t a c t ?  
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Metamorphic g r a d e :  Assemblages i n  b o t h  p e l i t i c  (HL9)  and 
m a f i c  r o c k s  a r e  i n d i c a t i v e  o f  modera t e  p r e s s u r e s  and 
t e m p e r a t u r e s .  C o n s t r a i n t s  d e r i v e d  from a )  a n d a l u s i t e -  
b i o t i t e - m u s c o v i t e - q u a r t z  i n  HL9 and  b )  c a l c i c  pAag igc la se -  
a c t i n o l i t e - c h l o r i t e  i n  HL12 a r e  P t 3 . 5  kb  and  T=550 C .  
( See  F i g u r e  1 below ) . 

P o s t k i n e m a t i c  growth i s  common; many samples  have  a 
weak d i r e c t i o n a l  f a b r i c  o r  none a t  a l l .  T h i s  i s  s u g g e s t i v e  
of c o n t a c t  metamorphism. 

S c h e e l i t e  o c c u r s  accompanied by p y r r h o t i t e .  A l l  t h e  
s c h e e l i t e - b e a r i n g  r o c k s  c o n t a i n  abundan t  calcic  p h a s e s ,  
p l a g i o c l a s e ,  e p i d o t e ,  a c t i n o l i t e ,  g a r n e t ,  and s p h e n e .  
S c h e e l i t e  can  be  found i n  a s s o c i a t i o n  w i t h  a l l  o f  them. 
The most  n o t a b l e  sphene  t e x t u r e  i s  i t s  e n c l o s u r e  o f  
e u h e d r a l  s i l i c a t e s  which a r e  o t h e r w i s e  a n h e d r a l  ( see 
HL25 ) .  P y r r h o t i t e  and s c h e e l - i t e  a r e  i n  c o n t a c t  i n  p e r h a p s  
h a l f  t h e  c a s e s  o b s e r v e d .  Both a r e  c h a r a c t e r i s t i c a l l y  
i n t e r s t i t i a l .  



APPENDIX "C" iii. 

HL9 Layered  a n d a l u s i t e - p l a g i o c l a s e - q u a r t z  s c h i s t  

Two s t a g e s  o f  d e f o r m a t i o n  a r e  shown by t h e  f a b r i c s  i n  t h i s  
sample:  f i r s t ,  t h e  b i o t i t e - m u s c o v i t e  f o l i a t i o n ,  F1,  p a r a l l e l  
t o  t h e  c o m p o s i t i o n a l  l a y e r i n g  ( bedd ing  ) ;  and second  t h e  
c r e n u l a t i o n  c l e a v a g e ,  F2,  which c u t s  a c r o s s  and de fo rms  F1. The 
a n d a l u s i t e  p o r p h y r o b l a s t s  a r e  " r o t a t e d "  and  t h e  k i n k e d  mica 
t r a i n s  bend a round  them. A n d a l u s i t e  c r y s t a l l i z a t i o n  must  have  
p r e c e d e d  and /o r  accompanied t h e  second  d e f o r m a t i o n .  

The c o m p o s i t i o n a l  l a y e r i n g  i s  p r o b a b l y  a n  o r i g i n a l  bedd ing  
f e a t u r e .  The o u t s i d e  l a y e r s  i n  t h e  s e c t i o n  a r e  m o s t l y  composed 
o f  q u a r t z  w i t h  a  b i o t i t e  f o l i a t i o n .  The i n n e r  l a y e r ,  predomi- 
n a n t l y  m u s c o v i t e  w i t h  lesser b i o t i t e ,  c o n t a i n s  t h e  l a r g e s t  
a n d a l u s i t e  p o r p h y r o b l a s t s .  T h i s  c o n t r a s t  be tween s i l i c a  and  
a lumina  e n r i c h m e n t  s u g g e s t s  a n  i n t e r b e d d e d  s a n d s t o n e / s h a l e .  
S c a t t e r e d  g r a i n s  o f  z i r c o n  and t o u r m a l i n e  w i t h i n  t h e  q u a r t z -  
r i c h  l a y e r s  a r e  p r o b a b l y  o r i g i n a l  heavy d e t r i t a l  m i n e r a l s .  

The metamorphic  a s semblage  andalusite-biotite-muscovite- 
q u a r t z  forms  a t  p r e s s u r e s  less  t h a n 3 5 k b  and t e m p e r a t u r e s  
a round  550-600%. I f  a n d a l u s i t e  formed d u r i n g  c o n t a c t  
metamorphism t h e  r o c k s  r e p r e s e n t e d  by t h i s  sample  underwent  
d e f o r m a t i o n  d u r i n g  and /o r  a f t e r  i n t r u s i o n  ( see above  ) .  

C h l o r i t e  r e p l a c i n g  b i o t i t e  and  f i n e - g r a i n e d  w h i t e  mica 
s u r r o u n d i n g  a n d a l u s i t e  i n d i c a t e  a  l a t e r  r e t r o g r a d e  e v e n t .  

Mode 

Q u a r t z  35 
Muscovi te  3 0 
B i o t i t e  15 
A n d a l u s i t e  10 
C h l o r i t e  4 
P l a g i o c l a s e  (An25) 5  
Opaques 1 
Zi rcon ,Tourma l ine  41 

Q u a r t z  g r a i n s  a r e  p o l y g o n a l  w i t h  s t r a i g h t  t o  s l i g h t l y  c u r v i n g  
g r a i n  b o u n d a r i e s .  G r a i n  s i z e  i s  f a i r l y  un i fo rm,  a v e r a g i n g  .2  rnm 
d i a m e t e r .  
Muscovi te  h a s  two h a b i t s .  The f i r s t  i s  as p l a t e s  o r i e n t e d  i n  t h e  
F 1  f o l i a t i o n  and forming  p o l y g o n a l  arcs a round  t h e  F2 k i n k s .  The 
second  i s  a s  f i n e - g r a i n e d  a g g r e g a t e s  s u r r o u n d i n g  and r e p l a c i n g  
a n d a l u s i t e .  
B i o t i t e  i s  t h e  p redominan t  mica i n  t h e  q u a r t z - r i c h  psamrni t ic  
l a y e r s .  I t  i s  g e n e r a l l y  o r i e n t e d  w i t h i n  t h e  F 1  f o l i a t i o n  t h e r e .  
The k i n k s  a r e  n o t  a s  a p p a r e n t  a s  i n  t h e  p e l i t i c  m i d d l e  l a y e r .  
A n d a l u s i t e  forms p o r p h y r o b l a s t s  t h r o u g h o u t  t h e  s e c t i o n .  The 
l a r g e s t ,  i n  t h e  p e l i t i c  l a y e r ,  are up t o  4 mrn a c r o s s .  They c o n t a i n  
abundan t  mica ,  q u a r t z  and opaque i n c l u s i o n s .  These  g e n e r a l l y  
e x h i b i t  a  p l a n a r  o r i e n t a t i o n .  One p o r p h y r o b l a s t  c o n t a i n s  a  
k i n k  d e f i n e d  by i n c l u s i o n s .  
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C h l o r i t e  s p o r a d i c a l l y  m i m i c s  b i o t i t e .  
P l a g i o c l a s e  o c c u r s  a s  a n h e d r a l  g r a i n s  i n  t h e  psammi t i c  l a y e r ,  as 
l a r g e  o r  l a r g e r  t h a n  t h e  q u a r t z .  
Opaques a r e  s c a t t e r e d  t h r o u g h o u t  t h e  s e c t i o n .  Some a r e  p a r t l y  
composed o f  v e r y  d a r k  sphene .  T e x t u r e s  s u g g e s t  t h a t  it is  
r e p l a c i n g  t h e  opaque m i n e r a l  which it accompanies ,  p o s s i b l y  
i l m e n i t e .  One a g g r e g a t e  o f  cubes  may b e  m a g n e t i t e .  T a b u l a r  
opaques  a r e  a l i g n e d  p a r a l l e l  t o  t h e  F 1  f o l i a t i o n .  

H L l l  M e t a a n d e s i t e ?  M e t a g r a n o d i o r i t e ?  

The i g n e o u s  o r i g i n  o f  t h i s  sample i s  f a i r l y  c e r t a i n  b a s e d  
on i t s  mine ro logy ,  quar tz-plagioclase-amphibole .  I t s  o r i g i n a l  
g r a i n s i z e  i s  unknown, t h u s  t h e  u n c e r t a i n t y  a s  t o  a n  i n t r u s i v e  
o r  e x t r u s i v e  p a r e n t .  The re  i s  some s u g g e s t i o n  o f  a n  o r i g i n a l  
c o a r s e  g r a i n  s i z e  ( see q u a r t z  ) .  

No c o m p o s i t i o n a l  l a y e r i n g  which migh t  c o n s t i t u t e  e v i d e n c e  
f o r  a t u f f a c e o u s  p a r e n t  i s  p r e s e n t .  

Mode 

Q u a r t z  55 
P l a g i o c l a s e  (An50) 22 
Hornblende 20 
Opaques 3 
Sphene .< 1 
Z i r c o n ,  a p a t i t e ,  e p i d o t e ,  <1  
w h i t e  mica 

Q u a r t z  g r a i n s  g e n e r a l l y  have  s u t u r e d  b o r d e r s .  They commonly form 
clumps 2 mrn a c r o s s ,  p a r t l y  s u r r o u n d e d  by h o r n b l e n d e .  These  may 
have o r i g i n a l l y  been  s i n g l e  g r a i n s  r e c r y s t a l l i z e d  under  stress. 
A l l  q u a r t z  g r a i n s  show u n d u l a t o r y  e x t i n c t i o n .  
P l a g i o c l a s e  p o r p h y r o b l a s t s  ( o r  o r i g i n a l  l a r g e  g r a i n s  ) a r e  s i e v e -  
t e x t u r e d  due t o  abundan t  q u a r t z  i n c l u s i o n s .  Some have  a p p r o x i m a t e l y  
e u h e d r a l  o u t l i n e s .  S k e l e t a l  and  s m a l l  a n h e d r a l  p l a g i o c l a s e  
g r a i n s  a r e  a l s o  common. Heavy s e r i c i t i z a t i o n  i s  d e v e l o p e d  i n  
p l a c e s ;  a l l  p l a g i o c l a s e s  a r e  d u s t y  i n  a p p e a r a n c e .  Some g r a i n s  
show s l i g h t  normal  zoning .  
Opaques t e n d  t o  i r r e g u l a r  o u t l i n e s .  They a r e  i n t e r g r o w n  w i t h  t h e  
h o r n b l e n d e .  
Hornblende  forms s p r a y s  which t e n d  t o  b e  e l o n g a t e d  p a r a l l e l  t o  
t h e  f o l i a t i o n .  G r a i n s  a r e  a c i c u l a r  t o  l a t h - s h a p e d ,  some w i t h  
p r i s m a t i c  t e r m i n a t i o n s .  By c o n t r a s t  t o  t h e  amphiboles  i n  t h e  
o t h e r  s amples  ( e x c e p t  HL16 ) t h i s  h o r n b l e n d e  i s  s t r o n g l y  b l u e -  
g r e e n  t o  ye l low-green  p l e o c h r o i c .  
Sphene o c c u r s  a s  d i s c r e t e  g r a i n s  s c a t t e r e d  t h r o u g h o u t  t h e  s e c t i o n .  
A p a t i t e ,  z i r c o n  a d  e p i d o t e  o c c u r  as s c a t t e r e d  g r a i n s  accompanying 
h o r n b l e n d e .  Z i r c o n s ,  some me tamic t ,  have  produced  p l e o c h r o i c  h a l o e s  
i n  t h e  amphibole .  
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HL12 M e t a b a s a l t  

T h i s  sample h a s  a  d i s t i n c t i v e  f a b r i c  dominated by whor l s  
and f e s t o o n s  of r a d i a t i n g  a c i c u l a r  p a l e  amphibole t h a t  e n c i r c l e  
round a g g r e g a t e s  o f  c o a r s e  i n t e r l o c k i n g  p l a g i o c l a s e .  These 
a g g r e g a t e s  may be  e i t h e r  amygdules o r  r e l i c t  p h e n o c r y s t s .  The 
former  i s  more l i k e l y .  I t  i s  a  common t o  s e e  i n  v o l c a n i c s  which 
have  been upgraded from g r e e n s c h i s t  and s u b g r e e n s c h i s t  t o  
a m p h i b o l i t e  f a c i e s ,  p l a g i o c l a s e  i n  amygdules which h a s  
developed a t  t h e  expense  of  e p i d o t e + q u a r t z .  

The c o e x i s t e n c e  o f  c a l c i c  p l a g i o c l a s e ,  c h l o r i t e  and p a l e  
a c t i n o l ? i t i c  amphibole i s ,  a c c o r d i n g  t o  e x p e r i m e n t a l  s t u d i e s ,  
c o n f i n e d  t o  low p r e s s u r e s  ( less t h a n  3 .5  kb ) .  I t  r e p r e s e n t s  
a  s t a g e  t r a n s i t i o n a l  between g r e e n s c h i s t  and a m p h i b o l i t e  
f a c i e s .  The t empera tu re  f o r  t h i s  t r a n s i t i o n  i s  around 500- 
5500C. The l a c k  of  a  d i r e c t i o n a l  f a b r i c  i n  t h i s  sample i s  
c o n s i s t e n t  w i t h  c o n t a c t ,  r a t h e r  t h a n  r e g i o n a l  metamorphism. 

Mode 

A c t i n o l i t e  45 
p l a g i o c l a s e  (An6O) 40 
C h l o r i t e  5 
Opaques 4 
White mica 5  
Z o i s i t e  1 
Sphene L1 
A p a t i t e  < 1 

A c t i n o l i t e  i s  ve ry  p a l e  g r e e n  w i t h  t h e  t y p i c a l  a c i c u l a r  h a b i t ,  
a l t h o u g h  a  few l a t h s  a r e  a l s o  p r e s e n t .  
P l a g i o c l a s e  p a t c h e s ,  rounded i n  o u t l i n e  and approx imate ly  1 mrn 
i n  d i a m e t e r ,  c o n s i s t  of c o a r s e  i n t e r l o c k i n g  g r a i n s .  They make 
up a  l a r g e  p a r t  of t h e  s e c t i o n .  Most p l a g i o c l a s e  g r a i n s  a r e  
h e a v i l y  s e r i c i t i z e d .  A l l  a r e  crammed w i t h  f i n e  amphibole 
n e e d l e s .  
C h l o r i t e  i s  ve ry  p a l e  g r e e n  and forms sheaves  p a t c h i l y  
d i s t r i b u t e d  th roughou t  t h e  s e c t i o n .  I t  a p p e a r s  t o  be  i n  t e x t u r a l  
e q u i l i b r i u m  w i t h  t h e  o t h e r  phases  : i t  i s  n o t  a  l a t e r  
r e t r o g r a d e  m i n e r a l .  
White mica i s  i n  p l a c e s  in te rg rown w i t h  t h e  amphibole.  I t  o c c u r s  
a s  masses of  s m a l l  i r r e g u l a r  g r a i n s .  
Z o i s i t e  forms r e l a t i v e l y  c o a r s e ,  e u h e d r a l  b u t  s p o t t y  s a u s s u r i t e  
i n  some p l a g i o c l a s e  g r a i n s .  
Sphene r i m s  opaques and forms c l u s t e r s  of  s m a l l  round g r a i n s .  I n  
one c a s e  a  p a r t i a l  r ep lacement  of  sphene by amphibole i s  
s u g g e s t e d .  
Opaques i n  t r a i n s  t e n d  t o  l i e  between whor l s  of  a c t i n o l i t e  and 
between a c t i n o l i t e  and p l a g i o c l a s e .  
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HL13 B i o t i t e - a c t i n o l i t e  s c h i s t  ( Metaandes i t e?  ) 

The minerology o f  t h i s  sample,  b i o t i t e - a c t i n o l i t e -  
p l a g i o c l a s e - q u a r t z ,  s u g g e s t s  t h a t  i t  had a n  i n t e r m e d i a t e  
v o l c a n i c  p a r e n t .  Except  f o r  t h e  l a t e  b i o t i t e  p o r p h y r o b l a s t s  
i t  remains r e l a t i v e l y  f i n e  g r a i n e d .  However, no t r a c e  o f  
o r i g i n a l  t e x t u r e  remains .  One 2 mm long  l a th - shaped  a g g r e g a t e  
o f  mat ted  a c t i n o l i t e  may be  a  r e l i c t  hornblende  p h e n o c r y s t  
o r  porphyrob las  t . 

B i o t i t e  p l a t e s  a r e  c r u d e l y  a l i g n e d .  A c t i n o l i t e  o r i e n t a t i o n  
i s  poor .  T h i s  s u g g e s t s  metamorphism under  s t a t i c  c o n d i t i o n s .  
Is t h i s  sample c l o s e  enough t o  t h e  i n t r u s i o n  t o  have 
e x p e r i e n c e d  po tass ium metasomatism which would account  f o r  t h e  
l a k e  s p e c t a c u l a r  b i o t i t e  growth? 

Mode 

B i o t i t e  40 
A c t i n o l i t e  35  
P l a g i o c l a s e  (An30 1 15 
Q u a r t z  5  
Sphene 3  
A p a t i t e  2 
Muscovite ~1 
Z i r c o n , A l l a n i t e  4 1 

B i o t i t e  a s  l a r g e  p l a t e s  dominates  t h e  f a b r i c  o f  t h e  sample.  I t  
c u t s  a c r o s s  and s u r r o u n d s  a c t i n o l i t e ,  s u g g e s t i n g  l a t e r  
deve1opment.A few b i o t i t e s  have i n c l u s i o n - r i c h  c o r e s .  
A c t i n o l i t e  forms m a t t e s  o f  l a t h s  w i t h  ragged t e r m i n a t i o n s .  I t  
i s  in te rg rown w i t h  a s  w e l l  a s  su r rounded  by b i o t i t e .  
P l a g i o c l a s e  i s  a n h e d r a l .  Most g r a i n s  a r e  s e r i c i t i z e d .  The p r e s e n c e  
of w h i t e  mica p robab ly  a c c o u n t s  f o r  t h e  f a i n t  ye l low s t a i n  s e e n  
on t h e  sample b l o c k .  
Q u a r t z  g r a i n s  a r e  po lygona l  and form an e q u i l i b r i u m  t e x t u r e  
w i t h  p l a g i o c l a s e .  
Sphene g r a i n s  a r e  u n c h a r a c t e r i s t i c a l l y  c o a r s e ,  up t o  1 mrn a c r o s s .  
They a r e  a n h e d r a l  and i n t e r s t i t i a l  t o  amphibole.  They a l s o  
i n t e r g r o w  w i t h  b i o t i t e  i n  p l a c e s .  
A p a t i t e  o c c u r s  a s  ve ry  s m a l l  e u h e d r a l  p r i s m s ,  u n u s u a l l y  abundant .  
One long  a p a t i t e  pr ism c o r e s  an  amphibole,  
Zi rcon and s c a r c e  p l e o c h r o i c  a l l a n i t e  g e n e r a t e  p l e o c h r o i c  h a l o e s  
i n  b i o t i t e .  

HL16 M e t a g r a n o d i o r i t e  ( ? )  

Although c o a r s e  g r a i n e d  r e l a t i v e  t o  t h e  o t h e r  samples i n  
t h i s  s u i t e ,  HL16 l a c k s  c o m p o s i t i o n a l  banding and t h u s  c a n n o t  be  
c a l l e d  a  g n e i s s .  I t  resembles  H L l l  b u t  i s  c o a r s e r  g r a i n e d .  I f  i t s  
p r e s e n t  g r a i n s i z e  r e f l e c t s  a n  o r i g i n a l  t e x t u r e  i t  may b e  a  
m e t a p l u t o n i c  rock .  

The c r o s s i n g  q u a r t z  v e i n s  i n  t h e  s e c t i o n  a r e  due t o  
expans ion  r a t h e r  t h a n  rep lacement .  D i l a t i o n  o f  one h a s  o f f s e t  t h e  
0 the r .A  rough q u a r t z - e l o n g a t i o n  f o l i a t i o n  c r o s s e s  t h e  v e i n s  and 
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i s  c o n t i n u o u s  w i t h  t h e  m a t r i x  f o l i a t i o n .  

Mode 

Q u a r t z  50 
~ l a g i o c l a s e  (An4O) 25 
Hornblende 15  
S e r i c i t e  5 
Sphene 3 
Opaques 1 
E p i d o t e  1 
C h l o r i t e  '1 
Z i r c o n , A p a t i t e  11 

Q u a r t z  g r a i n s  have  i r r e g u l a r  t o  s u t u r e d  b o u n d a r i e s .  They t e n d  t o  
b e  e l o n g a t e d / f l a t t e n e d  p a r a l l e l  t o  t h e  f o l i a t i o n  b u t  n o t  
c o n s p i c u o u s l y  c r y s t a l l o g r a p h i c a l l y  a l i g n e d .  
P l a g i o c l a s e  i s  h e a v i l y  s e r i c i t i z e d .  T h i s  may e x p l a i n  t h e  y e l l o w  
t i n t  i n  t h e  s t a i n e d  b l o c k .  P l a g i o c l a s e  c r y s t a l s  are s i e v e -  
t e x t u r e d  due t o  abundan t  q u a r t z  i n c l u s i o n s .  
Hornblende ,  l i k e  t h a t  i n  H L 1 1 ,  i s  b l u e - g r e e n  t o  y e l l o w  g r e e n  
p l e o c h r o i c .  I t  forms s p r a y s  o f  a c i c u l a r  and  l a t h - s h a p e d  c r y s t a l s  
e l o n g a t e d  i n  t h e  p l a n e  o f  f o l i a t i o n .  A few s k e l e t a l  c r y s t a l s  
a r e  a l s o  p r e s e n t .  The g r o w t h - p a t t e r n  o f  t h e  s p r a y s  s u g g e s t s  
t h a t  t h e y  a r e  p o s t  k i n e m a t i c  and m i m e t i c .  
Sphene o c c u r s  a s  l a r g e  s c a t t e r e d  a n h e d r a l  g r a i n s  a s  w e l l  as 
c l u s t e r s  o f  s m a l l  g r a i n s  i n t e r g r o w n  w i t h  h o r n b l e n d e .  
E p i d o t e  i n  l a r g e  zoned g r a i n s  i s  a l s o  i n t e r g r o w n  w i t h  h o r n b l e n d e .  
Opaques a r e  e n c l o s e d  by h o r n b l e n d e .  The re  a r e  s c a t t e r e d  opaque 
g r a i n s  t h r o u g h o u t  t h e  s e c t i o n .  
Z i r c o n s  a r e  e u h e d r a l  and  zoned.  

HL22 Layered  quartz-epidote-actinolite-biotite s c h i s t  ( M e t a t u f f ?  ) 

The hand sample f o r  HL22 c o n t a i n s  a f o l d  w i t h  p a r a l l e l  
l i m b s ,  d e f i n e d  by a  c o l o r  t r a n s i t i o n  from a  l i g h t  c o r e  t o  a 
d a r k e r  e x t e r i o r .  I n  t h i n  s e c t i o n  t h i s  c o l o r  t r a n s i t i o n  c o r r e s p o n d s  
t o  a  v a r i a t i o n  i n  t h e  dominant  m a f i c  m i n e r a l ,  w i t h  e p i d o t e  
i n  t h e  l i g h t  p o r t i o n ,  b i o t i t e  i n  t h e  d a r k  p o r t i o n ,  and  
a c t i n o l i t e  i n  a  t h i n  t r a n s i t i o n  between t h e  two. Q u a r t z  i s  
u b i q u i t o u s .  

Assuming t h e  l a y e r i n g  t o  have  been  o r i g i n a l ,  t h i s  c o u l d  
have  b e e n  a  s i l i c a - r i c h  o r  s i l i c i f i e d  t u f f ,  o r  a f i n e  v o l c a n i c  
s e d i m e n t .  

Mode Q u a r t z  
E p i d o t e  
Amphibole 
C a r b o n a t e  
P l a g i o c l a s e  

Sphene 2 
B i o t i t e  1 
S c h e e l i t e  c 1 
S e r i c i t e  4 1 
C h l o r i t e  4 1 
A p a t i t e , Z i r c o n  c l  
Opaques 1 
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Q u a r t z  forms a  g r a n o b l a s t i c  f a b r i c  w i t h  s l i g h t l y  uneven g r a i n  
b o u n d a r i e s .  
Ep ido te  t e n d s  t o  be  s u b h e d r a l  w i t h  wel l -developed c o n c e n t r i c  
zoning.  Some c r y s t a l s  a r e  twinned.  E p i d o t e s  a r e  e l o n g a t e d  commonly. 
A c t i n o l i t e  is  a n h e d r a l  t o  a c i c u l a r  and p a l e  g r e e n  i n  c o l o r .  
I t  forms s p r a y s  e l o n g a t e d  i n  from b u t  n o t  always i n  o r i e n t a t i o n  
p a r a l l e l  t o  t h e  f o l i a t i o n .  
P l a g i o c l a s e  forms l a r g e  po lygona l  s i e v e - t e x t u r e d  c r y s t a l s  
c o n t a i n i n g  abundant  q u a r t z ;  and s m a l l e r  round g r a i n s .  Some a r e  
s e r i c i t i z e d .  
Sphene o c c u r s  a s  s m a l l  round g r a i n s  i n c l u d e d  i n  e p i d o t e  and 
amphibole.  I t  a l s o  a s s o c i a t e d  w i t h  e p i d o t e  a s  l a r g e  a n h e d r a l  
g r a i n s  i n t e r s t i t i a l  t o  q u a r t z .  I n  a  few c a s e s  i t  i s  e u h e d r a l .  
B i o t i t e ,  brown i n  c o l o r ,  forms t r a i n s  o f  s m a l l  p l a t e s  which 
d e f i n e  t h e  f o l i a t i o n  i n  t h e  d a r k e r  l a y e r .  
Carbona te ,  h i g h  i n  r e l i e f  and t h u s  p robab ly  s i d e r i t e ,  r e p l a c e s  
amphibole and e p i d o t e  i n  ragged a g g r e g a t e s .  I t  may wea the r  o u t  
t o  cause  t h e  narrow h o l e s  which p a r a l l e l  t h e  f o l i a t i o n  n e a r  t h e  
t r a n s i t i o n  from l i g h t  t o  da rk  i n  t h e  hand sample.  
S c h e e l i t e  i s  e r r a t i c a l l y  d i s t r i b u t e d  i n  t h e  hand sample.  M o s t - g r a i n s  
a r e  i n  t h e  l i g h t e r ,  q u a r t z - e p i d o t e  l a y e r .  I n  t h e  t h i n  s e c t i o n ,  
a  few s m a l l  g r a i n s  of  s l i g h t  green-brown p leochro i sm and h i g h  
r e l i e f  w e r e  t e n t a t i v e l y  i d e n t i f i e d  a s  s c h e e l i t e . T h e y  form 
a g g r e g a t e s  w i t h  e p i d o t e ,  amphibole,  and sphene .  One g r a i n  o f  
s c h e e l i t e  o c c u r s  i n  t h e  b i o t i t e  l a y e r  i n  hand sample;  none 
w e r e  obse rved  i n  t h a t  p a r t  o f  t h e  t h i n  s e c t i o n .  
A p a t i t e ,  z i r c o n  and opaques c o n c e n t r a t e  a s  d i s c r e t e  g r a i n s  i n  t h e  
amphibole s p r a y s .  

HL23  Quartz-Actinolite-Plagioclase h o r n f e l s  

The f o l i a t i o n  i n  t h i s  sample i s  f a i n t .  A few i n d i s t i n c t  
k i n k s  w i t h  po lygona l  a r c s  o f  q u a r t z  a r e  p r e s e n t .  The u n o r i e n t e d  
growth o f  amphibole i s  c o n s i s t e n t  w i t h  c o n t a c t  metamorphism. 

S c h e e l i t e  and t h e  opaque m i n e r a l  ( probab ly  p y r r h o t i t e  ) 
have s i m i l a r  h a b i t s .  They b o t h  a r e  i n t e r s t i t i a l  t o  and 
e n c l o s e  t h e  s i l i c a t e  m i n e r a l s ,  q u a r t z ,  p l a g i o c l a s e  and amphibole.  
T h i s  t e x t u r e  shows t h a t  t h e y  formed l a t e  i n  t h e  c r y s t a l l i -  
z a t i o n  sequence .  They do n o t  have a  s t r o n g  tendency t o  o c c u r  
t o g e t h e r .  I n  a  few c a s e s  s d k e l i t e  e n c l o s e s  p y r r h o t i t e .  A 
r e a c t i o n  r e l a t i o n s h i p  i n v o l v i n g  a c t i n o l i t e  and p l a g i o c l a s e  
i n  t h e  fo rmat ion  o f  s c h e e l i t e  seems l i k e l y .  

The minerology i s  s u g g e s t i v e  of  a  v o l c a n i c  p a r e n t .  

Mode Q u a r t z  4 2  
A c t i n o l i t e  3 0 
P l a g i o c l a s e  (An60) 2 0  
S c h e e l i t e  3 
P y r r h o t i t e  5 
Carbonate  4 1 
C l i n o z o i s i t e  4 1 
White mica (1 
A p a t i t e  (1 
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Q u a r t z  i s  b imodal  w i t h  abundan t  s e g r e g a t i o n s  o f  c o a r s e r  g r a i n s .  
I t  forms a  g r a n o b l a s t i c  f a b r i c  w i t h  s l i g h t l y  uneven g r a i n  
b o u n d a r i e s .  
A c t i n o l i t e  o c c u r s  a s  r a d i a t i n g  a c i c u l a r  c r y s t a l s  and  l a t h s  w i t h  
r agged  t e r m i n a t i o n s .  I t  is  p a l e  b l u e - g r e e n  p l e o c h r o i c  e x c e p t  
where i t s  c o l o r  i s  i n t e n s i f i e d  by s m a l l  p l e o c h r o i c  h a l o e s .  
P l a g i o c l a s e  t e n d s  t o  b e  f i n e  g r a i n e d .  Some o f  t h e  l a r g e r  g r a i n s  
a r e  s l i g h t l y  normal  zoned. The b e n d i n g  o f  t w i n s  w a s  o b s e r v e d  i n  
a  few c a s e s ,  i n d i c a t i n g  minor  p o s t - c r y s t a l l i z a t i o n  s t r a i n .  
S c h e e l i t e  forms l a r g e  a n h e d r a l - i n t e r s t i t i a l  g r a i n s  t o  4 mm 
l o n g .  They a r e  complexly zoned. I n  many c a s e s  s c h e e l i t e  i n c l u d e s  
o t h e r  p h a s e s  : a n h e d r a l  t o  p r i s m a t i c  q u a r t z ,  e u h e d r a l  
p l a g i o c l a s e ,  a c t i n o l i t e ,  p y r r h o t i t e ,  and  i n  one  g r a i n  a p a t i t e .  
I r r e g u l a r  s c h e e l i t e  marg ins  p e n e t r a t e  i n t o  a c t i n o l i t e  a g g r e g a t e s ,  
a p o s s i b l e  r e a c t i o n  t e x t u r e .  
P y r r h o t i t e  forms i r r e g u l a r  i n t e r s t i t i a l  g r a i n s  t h r o u g h o u t  t h e  
s e c t i o n .  I t  seems i n  some p l a c e s  t o  be  r e p l a c i n g  a c t i n o l i t e .  

HL24 Quar tz -p lag ioc lase-garne t  s c h i s t  : M e t a g r i t ?  

T h i s  sample  may have  a  g r i t s t o n e  p a r e n t .  Q u a r t z  forms 
p o l y c r y s t a l l i n e  l e n s e s  p a r a l l e l  t o  t h e  f o l i a t i o n  which by 
a n a l o g y  w i t h  HL26 may b e  r e l i c t  c l a s t s .  

Mode 

Q u a r t z  
P l a g i o c l a s e  
B i o t i t e  
G a r n e t  
P y r r h o t i t e  
S c h e e l i t e  
A c t i n o l i t e  
C h l o r i t e  
E p i d o t e  
Sphene 
Hemat i t e  
P y r i t e  

Q u a r t z  g r a i n s  have  s u t u r e d  b o r d e r s .  L e n s o i d  a g g r e g a t e s  bounded 
by p l a g i o c l a s e  c o n c e n t r a t i o n s  may b e  o r i g i n a l  c las ts .  
P l a g i o c l a s e  g r a i n s  r a n g e  i n  s i z e  f rom .05 t o  1 mm. The l a r g e r  
o n e s  a r e  s i e v e  t e x t u r e d  and p a r t l y  s e r i c i t i z e d .  Lacework i n t e r n a l  
f a b r i c s  may be  t h e  r e s u l t  o f  p a r t i a l  a l b i t i z a t i o n .  Sphene and  
p y r r h o t i t e  grow w i t h i n  p l a g i o c l a s e .  
B i o t i t e  forms e l o n g a t e  clumps o f  r a d i a t i n g  c r y s t a l s  which may 
be  i n  p a r t  p o s t - k i n e m a t i c .  
G a r n e t s  a r e  s p a r s e .  They o c c u r  a s  d i s c r e t e  s i e v e - t e x t u r e d  
p o r p h y r o b l a s t s  accompanied i n  some c a s e s  by s c h e e l i t e  and ' 

p y r r h o  ti te  . 
P v r r h o t i t e  g r a i n s  a r e  a n h e d r a l - i n t e r s t i t i a l  t o  s k e l e t a l .  P y r r h o t i t e  * 

r i m s  s p h e n e ,  a c t i n o l i t e  and  e p i d o t e .  
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S c h e e l i t e  o c c u r s  a s  a n h e d r a l  g r a i n s  i n t e r s t i t i a l  t o  o t h e r  
p h a s e s .  I t  h a s  no p r e f e r r e d  a s s o c i a t i o n .  I t  c a n  b e  s e e n  i n  
b i o t i t e ,  i n t e r g r o w n  w i t h  g a r n e t ,  and i n  t h e  q u a r t z -  
p l a g i o c l a s e  m a t r i x .  I t  i n c l u d e s  e u h e d r a l  q u r t z  and  p l a g i o c l a s e  
i n  one  c a s e .  
P y r r h o t i t e  i n c l u s i o n s  i n  s c h e e l i t e  are f a i r l y  common. One 
s c h e e l i t e - g a r n e t  a g g r e g a t e  i s  overgrown and  r e p l a c e d  by 
p y r r h o t i t e  . 
A c t i n o l i t e  i n  f i b r o u s  s k e l e t a l  g r a i n s  a s s o c i a t e s  w i t h  e p i d o t e .  
C h l o r i t e  s h e a v e s  a r e  p r o b a b l y  s e c o n d a r y  a f t e r  b i o t i t e .  
Sphene,  a n h e d r a l  t o  e u h e d r a l  , i s  u b i q u i t o u s .  
A few g r a i n s  o f  p y r i t e  form s t r a i g h t  g r a i n  b o u n d a r i e s  w i t h  
p y r r h o t i t e .  One i r r e g u l a r  r e d  h e m a t i t e  g r a i n  i s  p r o b a b l y  a  
r e p l a c e m e n t  o f  p y r r h o t i t e .  

HL25 Q u a r t z - p l a g i o c l a s e  s c h i s t  : Metasands tone?  

T h i s  sample  shows t h e  b e s t  deve lopment  o f  s c h e e l i t e  
t e x t u r e s .  S c h e e l i t e  e n c l o s e s  a n h e d r a l  t o  p e r f e c t l y  e u h e d r a l  
p l a g i o c l a s e  and q u a r t z .  I t  e n c l o s e s  b u t  i s  a l s o  i n  p l a c e s  
rimmed by p y r r h o t i t e  . 
Mode 

Q u a r t z  50  
p l a g i o c l a s e  (An60) 38 
S c h e e l i t e  5 
P y r r h o  ti te  4 
B i o t i t e  3 
Sphene c 1 
C h l o r i t e  4 1 
A p a t i t e ,  Z i r con  (1 
P y r i t e , H e m a t i t e  '1 

Q u a r t z  forms a  g r a n o b l a s t i c  f a b r i c  w i t h  i r r e g u l a r  t o  s u t u r e d  
b o r d e r s .  I t s  g r a i n s i z e  v a r i e s  from band t o  band ,  f rom . 0 2  t o  
1 mm d i a m e t e r .  
P l a g i o c l a s e  g r a i n s  a r e  a n h e d r a l  e x c e p t  where e n c l o s e d  by 
s c h e e l i t e .  They commonly e x h i b i t  d e l i c a t e  o s c i l l a t o r y  zon ing .  
T h i s  t y p e  o f  z o n i n g  i s  u n u s u a l  i n  metamorphic  r o c k s .  Could  
t h i s  sample  have  been  t a k e n  c l o s e  enough t o  t h e  i n t r u s i o n  f o r  
c h e m i c a l  e q u i l i b r i u m  between magma and c o u n t r y  r o c k  t o  have  
o b t a i n e d ?  Some p l a g i o c l a s e  g r a i n s  a r e  s i e v e - t e x t u r e d ,  r a n g i n g  
up t o  1 mm l o n g .  S e r i c i t i z a t i o n  i s  p a t c h y .  
S c h e e l i t e  forms e l o n g a t e  complexly  zoned g r a i n s .  They a r e  
a n h e d r a l  and  i n t e r s t i t i a l  t o  t h e  s i l i c a t e  p h a s e s .  Some b u t  n o t  
a l l  a r e  i n  c o n t a c t  w i t h  p y r r h o t i t e .  W i t h i n  them o s c i l l a t o r y -  
zoned p l a g i o c l a s e ,  q u a r t z ,  and  b i o t i t e  show e u h e d r a l  o u t l i n e s .  
P y r r h o t i t e  o c c u r s  i n s i d e ,  i n t e r g r o w n  w i t h ,  and a s  p a r t i a l  r i m s  
on s c h e e l i t e  . P r e f e r r e d  s c h e e l i t e  a s s o c i a t i o n s  seem t o  b e  w i t h  
p l a g i o c l a s e  and p y r r h o t i t e .  
P y r r h o t i t e  g r a i n s  a r e  i r r e g u l a r  and  i n t e r s t i t i a l  t o  t h e  
s i l i c a t e  p h a s e s .  They a r e  e l o n g a t e  p a r a l l e l  t o  t h e  f o l i a t i o n .  
A few p y r i t e  g r a i n s  form s t r a i g h t  b o u n d a r i e s  w i t h  p y r r h o t i t e .  
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One p y r r h o t i t e  g r a i n  i s  rimmed w i t h  s p e c u l a r  h e m a t i t e  w h i c h . i n t e r -  
d i g i t a t e s  w i t h  t h e  e n c l o s e d  p y r r h o t i t e .  
B i o t i t e  p l a t e s  a r e  f o r  t h e  most p a r t  a l i g n e d  i n  t h e  f o l i a t i o n .  
Some sheaves  d e p a r t  from p r e f e r r e d  o r i e n t a t i o n .  
C h l o r i t e  i s  minor ,  r e p l a c i n g  b i o t i t e .  
S c a t t e r e d  g r a i n s  of  z i r c o n  and a p a t i t e  a r e  p r e s e n t .  

HL26 M e t a g r i t s t o n e  

T h i s  sample s t r o n g l y  resembles t h e  metamorphosed g r i t s  o f  
t h e  L a t e  Precambrian Windermere. The b l u e  o p a l i n e  q u a r t z  i s  
p a r t i c u l a r i l y  c h a r a c t e r i s t i c .  The mature  m i n e r a l  s u i t e  and 
t h e  g e n e r a l  l a r g e  s i z e  o f  t h e  c l a s t s  i s  c o n s i s t e n t  w i t h  
d e r i v a t i o n  from a  p lu tonic-metamorphic  ( probab ly  c r a t o n i c  ) 
t e r r a n e ,  r a t h e r  t h a n  from a  v o l c a n i c  s o u r c e  r e g i o n .  

Mode 

Q u a r t z  65 
P l a g i o c l a s e  (An25) 20 
B i o t i t e  10 
Muscovite 2 
Kspar ( ? )  2 
C h l o r i t e  L 1 
Hornblende,opaques,zircon,apatite 1 

Q u a r t z  forms l a r g e  l e n s o i d  a g g r e g a t e s  w i t h  s u t u r e d  g r a i n  
boundar ies .  These a r e  p robab ly  o r i g i n a l  c l a s t s  which have been 
r e c r y s t a l l i z e d  t o  f i n e r  m a t e r i a l  under  s t r a i n .  
P l a g i o c l a s e  c l a s t s  a r e  rounded.  They t e n d  t o  l i e  w i t h  t h e i r  
long axes  i n  t h e  p l a n e  of  f o l i a t i o n .  They have n o t  r e c r y s t a l l i z e d  
t o  p o l y g r a i n  a g g r e g a t e s  a s  h a s  q u a r t z .  They c o n t a i n  q u a r t z  and 
o c c a s i o n a l  p l a t e s  o f  muscovi te .  Some have i n t e r n a l  lacework 
f a b r i c s  p o s s i b l y  due t o  p a r t i a l  a l b i t i z a t i o n .  S e r i c i t i z a t i o n  
i s  common. Kspar was n o t  i d e n t i f i e d  i n  t h e  s e c t i o n ,  a l t h o u g h  
b r i g h t  ye l low s t a i n s  i n  t h e  b lock  i n d i c a t e  t h e  p r e s e n c e  o f  
minor amounts. 
B i o t i t e  i n  t r a i n s  of  s m a l l  p l a t e s  d e f i n e s  t h e  f o l i a t i o n ,  which 
bends around t h e  o r i g i n a l  c l a s t s .  I t  i s  a l t e r e d  i n  some p l a c e s  
t o  c h l o r i t e .  
Muscovite accompanies b i o t i t e .  A few l a r g e  p l a t e s  a r e  p r e s e n t .  
D e t r i t a l  hornb lende ,  z i r c o n ,  a p a t i t e  and r e c r y s t a l l i z e d  opaques 
t e n d  t o  a s s o c i a t e  w i t h  t h e  i n t e r c l a s t  b i o t i t e  t r a i n s .  
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