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The 166 cont iguous  unpa ten ted  claims of t h e  Tay 

Mountain p r o p e r t y  are l o c a t e d  28 m i l e s  nor thwest  of Faro,  

Y.T. Work between June and September 1978 inc luded  g e o l o g i c a l  

mapping, rock and s o i l  geochemist ry ,  g r a v i t y ,  magnetic and 

Max-Min su rveys  bu t  t h i s  r e p o r t  d i s c u s s e s  on ly  geology and 

geochemist ry .  

Geologica l  mapping on t h e  Tay p r o p e r t y  has  o u t l i n e d  

a s e c t i o n  of Lower Cambrian-Ordovician s c h i s t s  and p h y l l i t e s  

and g r a p h i t i c  u n i t s  w i t h i n  quartz-mica s c h i s t s  which a r e  

s i m i l a r  t o  t h e  h o s t  rocks  f o r  t h e  Anvil  orebody. The g r a p h i t i c  

s c h i s t s  at  t h e  n o r t h  end of t h e  p r o p e r t y  a r e  anomalous i n  l e a d ,  

z i n c  and s i l v e r .  

RECOMMENDATIONS 

Geochemically anomalous g r a p h i t i c  ho r i zons  w i th in  

b i o t i t i c  s c h i s t s  s i m i l a r  t o  t h e  Anvil  h o s t  encourages  f u r t h e r  

work. The TAY 2 Grid  should  be  e n l a r g e d  and g e o l o g i c a l  mapping 

extended t o  t h e  n o r t h e a s t  o f  t h e  g r i d  a r e a .  D r i l l  t e s t i n g  of 

t h e  TAY 2 Grid  is recommended b u t  t h e  c o l l a r  l o c a t i o n s  w i l l  

depend on i n t e r p r e t a t i o n  of t h e  g r a v i t y  and Max-Min surveys .  



INTRODUCTION 

The TAY c la ims  c o n s i s t  of  166 cont iguous unpa ten ted  

claims cove r ing  Cambrian t o  Lower Ordovicianmica s c h i s t s  and 

c a l c - s i l i c a t e  u n i t s  similar t o  h o s t  rocks  f o r  t h e  Anvil  o re -  

bod ie s .  TAY 1-96 c l a ims  were s t a k e d  f o r  AMAX Potash  Limited 

i n  t h e  summer of 1977 fol lowed by TAY 97-166 i n  1978 t o  cover  

AEM anomalies  and g r a p h i t i c  ho r i zons .  

Access t o  t h e  p r o p e r t y  is by h e l i c o p t e r  from Faro ,  

Y.T. 28 m i l e s  t o  t h e  s o u t h e a s t .  

E l e v a t i o n s  on t h e  p r o p e r t y  range from 700 m t o  1 ,700  m. 
Topography and v e g e t a t i o n  vary  from s t e e p  t r e e d  v a l l e y s ,  exten-  

s i v e  buckbrush covered s l o p e s  t o  b a r e  r i d g e  t o p s .  

Work from l a t e  June t o  t h e  end of August i nc luded  

geology,  s o i l  and rock geochemist ry ,  g r a v i t y ,  magnet ic  and Max- 

Min su rveys .  T h i s  r e p o r t  d e a l s  on ly  w i t h  t h e  g e o l o g i c a l  and 

geochemical su rveys  of t h e  TAY c la ims .  

Geologica l  and geochemical d a t a  c o l l e c t e d  between 

June 23 and August 30 were p l o t t e d  on a contoured or thophoto  

base  a t  a s c a l e  of  1 :10 ,000 .  Two g r i d s  t o t a l l i n g  1 6 . 8  l i n e  

m i l e s  were t i e d  i n t o  t h e  or thophoto  base .  

PREVIOUS WORK 

S e v e r a l  companies i n c l u d i n g  Cyprus Anvil  and Welcome 

North have worked i n  t h e  v i c i n i t y  o f  t h e  TAY c la ims  t o  t h e  

e x t e n t  o f  d r i l l  t e s t i n g  geophys ica l  anomal ies ,  mainly t o  t h e  

s o u t h e a s t  of  t h e  TAY group i n  t h e  Anvil  Creek v a l l e y .  The 

Anvil  Synd ica t e  completed geochemical ,  geophys ica l  and g r a v i t y  

su rveys  on t h e  Mark claims, which o r i g i n a l l y  covered ground now 

i n  t h e  TAY group.  Old c l a im  p o s t s  were found at  t h e  c e n t r e  and 

n o r t h e r n  end of t h e  TAY group.  
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Templeman-Kluit mapped from the eastern TAY claims 

southeast through the Anvil area deposits to Ross River for 

the G.S.C. in 1967 - 1968. 

AMAX interest in the area began in 1975 with regional 

mapping and silt sampling. The TAY 1-48 claims were staked in 

May 1977 to cover silt anomalies draining graphitic phyllites 

considered favourable for Anvil-type mineralization. TAY 49-96 

were staked in August 1977 and the TAY 97-166 in the summer of 

1978 to cover AEM anomalies and additional graphitic horizons. 



REGIONAL GEOLOGY 

Cambro-Ordovician rocks  i n  t h e  Anvil Range are 

r e p r e s e n t e d  by a  s t r u c t u r a l l y  deformed sequence o f  b i o t i t e -  

a n d a l u s i t e  r i c h  s c h i s t ,  v a r i o u s  t y p e s  of c a l c - s i l i c a t e  and 

c h l o r i t e  p h y l l i t e - m e t a b a s i t e  u n i t s .  These r o c k s  have been 

f o l d e d  i n t o  a major ,  nor thwes t  t r e n d i n g  a n t i c l i n e ,  termed 

t h e  Anvil  Arch, w i t h  a c o r e  of Cretaceous g r a n i t i c  rocks  

(Anvi l  B a t h o l i t h ) .  The Arch emerges from benea th  younger 

cover  n e a r  Tay River  i n  t h e  nor thwest  and ex t ends  80 km south-  

east t o  B l ind  Creek. The s p a t i a l  r e l a t i o n s h i p  o f  t h e  Anvil  

Arch w i t h  t h e  Anvil  B a t h o l i t h  s u g g e s t s  coeva l  development. 

The m o s t  conspicuous s t r u c t u r a l  f e a t u r e  i n  ou tc rop  

is a prominent pre-Anvil  Arch c r e n u l a t i o n  f o l i a t i o n  on which 

an earlier compos i t iona l  banding has  been t r ansposed .  I n t e r -  

c a l a t e d  w i t h i n  t h e  metamorphosed and s t r u c t u r a l  deformed meta- 

sedimentary r o c k s  are d i scon t inuous  bu t  economically impor tan t  

g r a p h i t i c  h o r i z o n s ,  h o s t s  f o r  a l l  known s t r a t i f o r m  lead-z inc  

o rebod ie s  i n  t h e  a r e a .  

The base  of t h e  b i o t i t e  a n d a l u s i t e  s c h i s t  is n o t  

exposed b u t  i t  may o v e r l i e  t h e  Hadrynian G r i t  Uni t .  Metamorphic 

g rade  d e c r e a s e s  upward from t h e  g a r n e t - s t a u r o l i t e  f a c i e s  p r e s e n t  

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

c h l o r i t i c  p h y l l i t e .  C a l c - s i l i c a t e  mineralogy v a r i e s  from a 

c r y s t a l l i n e  marble t o  diopside-quartz-feldspar-garnet skarn  wi th  

laminae o f  b i o t i t e - q u a r t z  s c h i s t .  S p a t i a l l y  r e s t r i c t e d  

g r a p h i t i c  ho r i zons  occu r  i n  a l l  u n i t s  and range i n  g r a p h i t e  

c o n t e n t  from s l i g h t l y  g r a p h i t i c  q u a r t z i t e  t o  soo ty  b l a c k  

s c h i s t s  and p h y l l i t e s .  In  s p i t e  o f  t h e  d i v e r s i t y  o f  g r a p h i t i c  

h o r i z o n s  t h e  o r e  zones a r e  a s s o c i a t e d  w i t h  a  d i s t i n c t i v e  r ibbon 

banded g r a p h i t i c  c h e r t  composed of a l t e r n a t i n g  narrow bands of 

b l a c k  c h e r t  and g r a p h i t i c  a r g i l l i t e  w i t h  s c a t t e r e d  p y r i t e l a m i n a e .  

The s c h i s t  and p h y l l i t e  sequence of t h e  Anvil a r e a  

ex t ends  n o r t h e a s t  through t h e  TAY c la ims  t o  t h e  Tay River  12 

m i l e s  nor thwes t  o f  t h e  TAY group. 



PROPERTY GEOLOGY 

A sequence o f  Lower Cambriantwo mica-quartz s c h i s t s  

and c a l c - s i l i c a t e  w i t h  o v e r l y i n g  Ordovician ca l ca reous  c h l o r i t e  

p h y l l i t e s  s t r i k e s  n o r t h w e s t e r l y  and d i p s  g e n t l y  t o  t h e  nor th-  

e a s t  on t h e  Tay p r o p e r t y  (F igu re  3) .  

The lowest  u n i t  exposed on t h e  p r o p e r t y  is a ca l c -  

s i l ica te  u n i t  a l though  r e g i o n a l  mapping s u g g e s t s  t h a t  t h e  ca l c -  

s i l i c a t e  u n i t  cou ld  be  u n d e r l a i n  by quartz-mica s c h i s t .  The 

c o n t a c t  between t h e  c a l c - s i l i c a t e  and o v e r l y i n g  mica-sch is t s  is 

g r a d a t i o n a l  w e s t  o f  t h e  nor th-south t r e n d i n g  c reek  whereas t o  

t h e  east t h e  c a l c - s i l i c a t e  may be i n  s h a r p  c o n t a c t  wi th  over- 

l y i n g  g r a p h i t i c  s c h i s t s .  Minor rock t y p e s  w i th in  t h e  ca lc -  

s i l i c a t e  i n c l u d e  coa r se  g r a i n e d  garne t -d iops ide  s k a r n s ,  

s p a t i a l l y  a s s o c i a t e d  w i t h  t h e  Cretaceous q u a r t z  monzonite, and 

narrow g r a p h i t i c  bands. 

The mica s c h i s t s  above t h e  c a l c - s i l i c a t e  u u i t  c o n s i s t  

of  a r u s t y  p u r p l i s h  brown quartz-biotite-sericite+andalusite 

s c h i s t ,  and i ts f a c i e s  equiva len t ,  a  q u a r t z - s e r i c i t e  and/or  

s e r i c i t e - q u a r t z  s c h i s t  t o  p h y l l i t e .  Genera l ly  t h e  b i o t i t i c  

s c h i s t  predominates  at t h e  base  of t h e  s e c t i o n  whereas t h e  

s e r i c i t i c  p h y l l i t e  caps  it. S c a t t e r e d  through t h e  m i c a s c h i s t  

sequence a r e  c h e r t y  and/or  s e r i c i t i c  g r a p h i t i c  hor izons  t h a t  

vary  i n  s t r i k e  l e n g t h  from 800 metres t o  s e v e r a l  thousand metres .  

Local  bands o f  g rey  c r y s t a l l i n e  marble a r e  exposed near  t h e s e  

g r a p h i t i c  ho r i zons  b u t  are at  l e a s t  400 m above t h e  main ca lc -  

s i l i c a t e  u n i t .  

The youngest metamorphic rock t y p e  on t h e  p rope r ty  is 

a c h l o r i t i c  p h y l l i t e  t o  me tabas i t e  u n i t  exposed on a r i d g e  on 

t h e  e a s t e r n , p o r t i o n  of t h e  c l a im  b lock .  A t  l e a s t  t h r e e  narrow 

c h e r t y  and/or  c a l c a r e o u s , s l i g h t l y  g r a p h i t i c  bands were noted 

i n  t h e  c h l o r i t e  p h y l l i t e .  



Small  apophyses of Cretaceous 

q u a r t z  monzonite on t h e  p rope r ty  a r e  

probably r e l a t e d  t o  s t o c k s  t o  t h e  

w e s t  and n o r t h .  

The d e p o s i t i o n a l  environment of 

t h e  mica s c h i s t s  is probably b e s t  

i n t e r p r e t e d  a s  a  t h i c k  clast ic t u r b i d i t e  

sequence i n t e r r u p t e d  by a n  i n f l u x  of 

ca rbona te  d e b r i s .  P e r i o d s  o f  low 

c l a s t i c  d e p o s i t i o n  a r e  r ep re sen ted  by 

by t h e  g r a p h i t i c  hor izons .  C h l o r i t i c  

p h y l l i t e s  a r e  a  mix ture  of bo th  vol-  

c a n i c l a s t i c  sed iments  and b a s i c  

p y r o c l a s t i c  d e p o s i t s .  A v o l c a n i c  

component t o  t h e  c l a s t i c  sequence 

becomes n o t i c e a b l e  towards t h e  t o p  of 

t h e  q u a r t z - s e r i c i t e  p h y l l i t e  and narrow 

a m p h i b o l i t i c  bands w i t h i n  t h e  ca l c -  

s i l i c a t e  may r e p r e s e n t  b r i e f  b a s i c  

v o l c a n i c  ep i sodes .  

A d e t a i l e d  d e s c r i p t i o n  of t h e  rock 

t y p e s  exposed on t h e  p rope r ty  fo l lows  

a d i s c u s s i o n  of s t r u c t u r a l  geology.  

STRATIGRAPHIC COLUMN 



STRUCTURAL GEOLOGY 

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

n o r t h e a s t  except  a t  t h e  n o r t h  end of t h e  p rope r ty  where they  

d i s p l a y  g e n t l e  warps. L i t h o l o g i c  c o n t a c t s  appear t o  p a r a l l e l  

t h e  main metamorphic f o l i a t i o n  i n  s p i t e  of  s e v e r a l  ages  of 

minor f o l d s .  F o l i a t i o n  is l o c a l l y  p a r a l l e l  t o  composi t ional  

banding i n  t h e  p h y l l i t e  and c a l c - s i l i c a t e  bu t  i n  t h e  b i o t i t e  

s c h i s t  t r a n s p o s i t i o n  of compos i t iona l  banding i n t o  t h e  f o l i a t i o n  

p l a n e  h a s  advanced t o  t h e  s t a g e  where on ly  sma l l  i s o c l i n a l  f o l d s  

and h inge  remnants sugges t  a former compos i t iona l  banding. A 

weak t o  w e l l  developed wr ink le  c r e n u l a t i o n  on t h e  f o l i a t i o n  

p l a n e  is t h e  r e s u l t  o f  t h e  i n t e r s e c t i o n  of minute k inks  and 

f o l i a t i o n  p l ane .  The c leavage  is not  r e a d i l y  v i s i b l e  i n  ou tc rop  

b u t  i n  t h i n  s e c t i o n  is o u t l i n e d  by t h e  al ignment of  mica f l a k e s .  

The w r i n k l e  c r e n u l a t i o n s  are p a r a l l e l ,  o r  n e a r l y  s o ,  t o  s e v e r a l  

s o u t h e a s t  t r e n d i n g  open f o l d s  on t h e  TAY 120-166 and may be t h e  

m a n i f e s t a t i o n  of a  much l a r g e r  s t r u c t u r e  no t  v i s i b l e  on t h e  

claim block .  

Open warps t h a t  pos t -da t e  t h e  f o l i a t i o n  t r e n d  e i t h e r  

n o r t h e a s t  o r  s o u t h e a s t  on an ou tc rop  s c a l e .  T h e i r  s i g n f i c a n c e  

i n  t h e  r e g i o n a l  s t r u c t u r a l  h i s t o r y  is not  known. 

D e s c r i p t i o n  of Map U n i t s  

The fo l lowing  rock u n i t s  exposed on t h e  Tay p rope r ty  

are d e s c r i b e d  below. 

Cre taceous  

Uni t  7 - Quar tz  monzonite and p o r p h y r i t i c  q u a r t z  

monzonite p l u g s  and dykes exposed on t h e  w e s t  and n o r t h  margins 

of t h e  p r o p e r t y  a r e  apophyses o f  Anvil I n t r u s i o n s  under ly ing  

Tay Mountain and peaks n o r t h  o f  t h e  p rope r ty .  Except f o r  t h e  

development of s c a t t e r e d  q u a r t z  v e i n s  and l o c a l l y  of garne t -  

d i o p s i d e  s k a r n s  t h e  i n t r u s i v e  even t  has  had l i t t l e  e f f e c t  on 

t h e  s c h i s t s  and c a l c - s i l i c a t e  u n i t s .  



Middle Cambrian t o  Lower Ordovician 

Unit  4 a ,  b ,  c ,  d - The g e n e r a l l y  c a l c a r e o u s  c h l o r i t e  

p h y l l i t e  and p h y l l i t i c  b a s i c  t u f f s  of  Uni t  4a  exposed on t h e  

east s i d e  of t h e  p r o p e r t y  a r e  t h e  youngest  metamorphic rocks  

on t h e  property. Pa tehes  of e p i d o t e  a l t e r a t i o n  appear  t o  b e  

randomly d i s t r i b u t e d  through t h e  p h y l l i t e .  A l a r g e  r u s t y  

wea ther ing  p a t c h  o f  s i d e r i t e  a l t e r a t i o n  c o n t r a s t s  w i th  t h e  

monotonous grey-green c h l o r i t i c  ou t c rops .  Grey c h e r t s  and 

c h e r t y  p h y l l i t e s  (4b)  and dark grey  t o  b l a c k  s i l i c e o u s  and/or  

a r g i l l a c e o u s ,  o f t e n  s l i g h t l y  g r a p h i t i c  and c h l o r i t i c  bands ( 4 c )  

are i n t e r c a l a t e d  w i t h  b a s i c  p h y l l i t e s .  A band of int 'erbedded 

c a l c - s i l i c a t e ,  quartz-mica s c h i s t s  and c h l o r i t e  p h y l l i t e  (4d)  

forms a t r a n s i t i o n  zone between t h e  q u a r t z  mica s c h i s t s  of  Uni t  

1 and t h e  c h l o r i t e  p h y l l i t e s  at  t h e  n o r t h e a s t  end  of t h e  TAY 1 

Gr id .  

Lower Cambrian 

Uni t  2 a ,  b ,  c ,  g - The c a l c - s i l i c a t e  and minor ska rn  

bands (Uni t  2 )  which a r e  t h e  o l d e s t  l i t h o l o g i e s  exposed on t h e  

proper ty , form l i g h t  wea ther ing  s c a r p s  i n  s t r eam v a l l e y s .  

Th in ly  i n t e rbedded  c a l c - s i l i c a t e  and q u a r t z - b i o t i t e  s e r i c i t e  

s c h i s t  (2b)  comprises about 90% of  t h e  c a l c - s i l i c a t e  sequence.  

Bands o f  amphibol i t e  w i t h i n  2b could be  e i t h e r  narrow b a s i c  

sills o r  b a s i c  v o l c a n i c  t u f f s .  F a i r l y  pu re  c a l c - s i l i c a t e  

composed of diopside-quartz-feldspar, s e r i c i t e k s p h e n e  w i t h  

s c a t t e r e d  q u a r t z - b i o t i t e - s e r i c i t e  s c h i s t  bands ( 2 a )  c rops  ou t  

i n  p a l e  wea the r ing  c l i f f s  a t  t h e  wes te rn  e x t e n t  of  c a l c - s i l i c a t e  

exposure .  Narrow bands o f  g r a p h i t i c  c a l c - s i l i c a t e  and qua r t z -  

s e r i c i t e - g r a p h i t e  s c h i s t  ( 2 c )  are n o t  cons idered  t o  have any 

economic importance.  S e v e r a l  ou t c rops  o f  coa r se  g r a i n e d  garne t -  

d i o p s i d e  ska rn  (2g )  a r e  s p a t i a l l y  a s s o c i a t e d  w i t h  t h e  Cretaceous 

q u a r t z  monzonite. 

Uni t  l a ,  l b ,  l c ,  I c g ,  i d ,  l e  and I f  - The quartz-mica 

s c h i s t s  and g r a p h i t i c  ho r i zons  of Uni t  1 are thought  t o  be  t h e  

e q u i v a l e n t  o f  t h e  h o s t  o f  t h e  Faro orebodies .  Uni t  l a  c o n s i s t s  

of.quartz-biotite-sericite s c h i s t  w i t h  approximately  t e n  pe rcen t  

l i g h t  t o  dark green c a l c - s i l i c a t e  bands.  West o f  t h e  north-south 



c reek  ( s e e  F igu re  3) it forms t h e  t r a n s i t i o n  between a  t h i c k  

c a l c - s i l i c a t e  u n i t  (2b)  and o v e r l y i n g  quartz-mica s c h i s t s .  

Although t h i s  l i t h o l o g y  is w e l l  exposed on a  d i p  s l o p e  west of  

t h e  nor th-south  c reek  v a l l e y  i t  may be q u i t e  t h i n  and is not  

exposed east of t h e  c r eek  o r ,  a l t e r n a t i v e l y  i t  may grade l a t e r -  

a l l y  a c r o s s  t h e  v a l l e y  i n t o  q u a r t z  mica s c h i s t .  

The b u l k  of t h e  q u a r t z  twomica s c h i s t  sequence con- 

sists e i t h e r  o f  a r u s t y  wea ther ing  p u r p l i s h  brown q u a r t z - b i o t i t e -  

s e r i c i t e 2 a n d a l u s i t e  s c h i s t  ( l e )  o r  its facies e q u i v a l e n t ,  a 
l i g h t  t o  medium grey q u a r t z - s e r i c i t e  a n d s e r i c i t e q u a r t z  s c h i s t  

t o  p h y l l i t e  ( l c ) .  Uni t  l c  is o f t e n  w e l l  banded w i t h  a l t e r n a t i n g  

q u a r t z  r i c h  and s e r i c i t e  r i c h  laminae.  Bands o f  s e r i c i t i c  

q u a r t z i t e  up t o  s e v e r a l  f e e t  t h i c k  a r e  p r e s e n t  w i th in  t h e  q u a r t z  

sericite s c h i s t .  Exposures of l c  on TAY 1 Grid a r e  o f t e n  a  

papery wea the r ing  s e r i c i t e  r i c h  s c h i s t  t o  p h y l l i t e .  The quar tz -  

s e r i c i t e  s c h i s t  g r ades  no r thwes t e r ly  i n t o  quartz-biotite-sericite? 

a n d a l u s i t e  s c h i s t  ( l e ) .  Outcrops of Uni t  l e  sou th  of t h e  TAY 2  

Grid  con ta in  bands of up t o  50% a n d a l u s i t e  t h a t  o f t e n  weather 

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

G r a p h i t i c  ho r i zons  ( l b )  i n  t h e  mica s c h i s t s  vary 

from agraphiticrecrystallized c h e r t  t o  g r a p h i t i c  quar tz -  

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

s c h i s t .  I r o n  s u l p h i d e  con ten t  r a r e l y  exceeds  t h r e e  pe rcen t .  

G r a p h i t i c  o u t c r o p s  a r e  most numerous i n  t h e  v i c i n i t y  of t h e  

TAY 2  Grid  where g e n t l e  warps have i n c r e a s e d  t h e  exposure of 

a t  l e a s t  two s e p a r a t e  g r a p h i t i c  ho r i zons .  

The g r a p h i t i c  u n i t s  hos t ed  by t h e  b i o t i t i c  s c h i s t  

a r e  u s u a l l y  more g r a p h i t i c  and q u a r t z  r i c h  bu t  less s e r i c i t i c  

t han  t h e  g r a p h i t i c  p h y l l i t e s  w i th in  t h e  q u a r t z - s e r i c i t e  p h y l l i t e .  

The lowest  g r a p h i t i c  u n i t  i n  t h e  l e  s c h i s t  c rops  o u t  

j u s t  above t h e  2d c a l c - s i l i c a t e  and g rades  l a t e r a l l y  i n t o  a  

quartz-sericite-graphite s c h i s t  ( I c g ) .  Medium t o  dark grey  



c r y s t a l l i n e  marble w i t h  s c a t t e r e d  g r a p h i t i c  l amina t ions  ( I d )  

is s p a t i a l l y  a s s o c i a t e d  w i th  t h e  upper  c o n t a c t s  o f  s e v e r a l  

g r a p h i t i c  bands. 

S e v e r a l  o u t c r o p s  o f  c h l o r i t i c  p h y l l i t e  ( I f )  n e a r  t h e  

t o p  of  t h e  s e r i c i t i c  p h y l l i t e  r e p r e s e n t ,  i n t e r c a l a t i o n s  o f  t h e  

c h l o r i t e  p h y l l i t e  m e t a b a s i t e  sequence ( 4 a )  and i n d i c a t e  a 

g r a d a t i o n a l  c o n t a c t  between 4 a  and l c  . 



WGIONAL GEOCHEMISTRY 

The fo l lowing  d i s c u s s i o n  is a summary o f  p rev ious  

work by Leary e t  a 1  (1977) and Morton (1970) on o r i e n t a t i o n  

s u r v e y s  c a r r i e d  o u t  by AMAX and o t h e r s  over  major d e p o s i t s  

i n  t h e  Anvil  a r e a .  

Desp i t e  t h e  p re sence  of permafros t  and g l a c i a l  

overburden t h e  t r a c e  element con ten t  of  bedrock is r e f l e c t e d  

i n  t h e  s o i l .  However, s o i l  ho r i zons  are o f t e n  d i scon t inuous  

l e a d i n g  t o  v a r y i n g  deg rees  o f  me ta l  enrichment.  A t  Vangorda 

l o c a l  c l a y  l a y e r s  w i t h i n  t h e  overburden mask meta l  i o n  migra- 

t i o n  from t h e  unde r ly ing  massive s u l p h i d e  body t o  produce 

geochemical h i g h s  s e p a r a t e d  by a r e a s  of background va lues .  

I n  s p i t e  o f  t h e s e  problems s o i l  sampling over  t h e  Anvi l ,  

Vangorda and Swim d e p o s i t s  r e v e a l  secondary Pb, Zn, Mo and Ba 

h a l o e s  above t h e  o r e  zones.  I n  gene ra l  t h e  Zn anomalies 

appear  t o  b e  t h e  most e x t e n s i v e  and uniform whereas Pb anomalies 

a r e  more erratic.  

A t  Vangorda e r r a t i c  s p o t  anomalies of  2 t o  3 t i m e s  

background occu r  i n  low swampy a r e a s  and a r e  not  a s s o c i a t e d  

w i t h  unde r ly ing  s u l p h i d e  m i n e r a l i z a t i o n .  Only homogeneous 

a r e a s  w i t h  anomal ies  g r e a t e r  than  2 t o  3 t imes  background a r e  

cons ide red  s i g n i f i c a n t  . 

S o i l s  o v e r l y i n g  magnet ic  g reens tone  are en r i ched  i n  

n i c k e l  and copper wh i l e  s o i l s  o v e r l y i n g  g r a n i t e  are s l i g h t l y  

e n r i c h e d  i n  t i n .  

S o i l  development i n  t h e  reg ion  is immature and 

c o n s i s t s  o f  t h e  fo l lowing  zones:  

A) Humus - s e v e r a l  i nches  t h i c k  

B) Volcan ic  Ash - unconsol ida ted ,  up t o  6" t h i c k  

C) G l a c i a l  - g r a v e l ,  sand and c l a y  t o  bedrock. 

O r i e n t a t i o n  s t u d i e s  have concluded t h a t  t h e  C s o i l  

zone is t h e  most r e l i a b l e  zone t o  sample. 



From prev ious  AblAX surveys  th resho ld  values  f o r  s o i l s  

i n  t h e  Selwyn Basin a r e  a s  fo l lows:  

Element Analyzed Anomalous Threshold 

- Upper Threshold 5 10 - 

Cyprus Anvil h a s  noted  t h a t  rock ch ip  samples from 

t h e  ore-bear ing g r a p h i t i c  u n i t ,  c o l l e c t e d  from o u t s i d e  t h e  ore 
zone, are geochemically anomalous (whereas rock ch ip s  

c o l l e c t e d  from o t h e r  g r a p h i t i c  hor izons  are genera l ly  not ) .  

PROPER= GEOCHEMICAL SURVEY 

In t roduc t i on  

The o b j e c t i v e  of t h e  p r e sen t  survey was t o  de l i nea t e  

a r e a s  of bedrock mine ra l i z a t i on  and expand t h e  geochemical da t a  

ba se  f o r  t h e  Anvil Creek area. 

S o i l  samples were taken a t  200 f o o t  i n t e r v a l s  along 

a number o f  t r a v e r s e  l i n e s  run perpend icu la r  t o  t h e  geologica l  

s t r i k e  and at 30 m i n t e r v a l s  along cu t  g r i d  l i n e s .  Grub hoes 

were u t i l i z e d  t o  c o l l e c t  samples from t h e  t o p  o f  t h e  C zone 

j u s t  below t h e  ash l aye r .  

S i l t  samples were taken wherever t r a v e r s e s  i n t e r -  

s ec t ed  streams. 

Rock chip  samples were co l l ec t ed  from every graphite-  

bea r ing  outcrop encountered. 



A t o t a l  of  1 ,741  samples c o n s i s t i n g  of 1 , 5 2 1  s o i l ,  

60 sil t  and 160 rock c h i p  samples were c o l l e c t e d  and analyzed 

by Rossbacher Laboratory f o r  Cu, N i ,  Co, Mn, Fe,  Pb, Zn, Ag and 

Mo . 
Environment 

The TAY c l a ims  s t r a d d l e  a n o r t h  t r e n d i n g  c reek  v a l l e y  

The c reek  is moderate t o  f a s t  f lowing  and v a r i e s  i n  width  from 

5 t o  15 f e e t .  The g r a d i e n t  of  t h e  e a s t e r n  v a l l e y  s l o p e  v a r i e s  

from s t e e p  n e a r  t h e  v a l l e y  bottom t o  moderate towards t h e  t o p  

whi le  t h e  wes te rn  s i d e  of t h e  v a l l e y  g e n e r a l l y  has  a  moderate 

s l o p e .  

Less  t h a n  15% of t h e  p r o p e r t y  is above tree l i n e  and 

is covered by a l p i n e  g r a s s e s .  The v a l l e y  s i d e s  are covered by 

t h i c k  buckbrush,  sp ruce  and p i n e .  

S ince  t h e  p r o p e r t y  is  very  w e l l  drained,wooded e a r t h s  

are t h e  dominant s o i l  t y p e  except  i n  a  swampy a r e a  a t  t h e  no r th  

end where t h i c k  humic g l e y s o l s  dominate t h e  s o i l  p r o f i l e .  

Permafros t  was no t  encounte red  du r ing  t h e  s o i l  

geochemical  survey .  

R e s u l t s  

Sample si tes and corresponding v a l u e s  f o r  Pb,  Zn, Ag 

are p l o t t e d  on 1 :10 ,000  scale maps ( F i g u r e  4 ) .  Data f o r  t h e  

remaining e lements  is p r e s e n t e d  i n  Appendix 111. 

S o i l  Samples - The range o f  v a l u e s  f o r  each element 

is p r e s e n t e d  below: 

Low ( P P ~ )  - ( P P ~ )  
Mo 1 40 
Cu 1 384 
N i  4  228 
Co 2  66 
Mn 2  3160 
Fe 0.5% 7.4% 
Ag 0 . 2  2.2 
Zn 6  680 
Pb 1 342 



S i l t  Samples - The range o f  

is  a s  f o l l o w s :  
Low ( P P ~ )  - 

Mo 1 
Cu 10  
N i  2 4 
Co 12 
Mn 100 
Fe 1.4% 
Ag 0 .2  

' Zn 46 
Pb 6 

v a l u e s  f o r  each element 

High ( P P ~ )  
6 

92 
192 

80 
1480 

Rock Chip Samples 

element is  a s  fo l lows :  

Mo 1 
Cu 2 
N i  8 
Co 6 
Mn 40 
Fe 0.3% 
Ag 0 .4  
Zn 4 
Pb 6 

- The range of v a l u e s  f o r  each 

DISCUSSION OF GEOCHEMICAL RESULTS 

Threshold v a l u e s  determined from p rev ious  AMAX s o i l  
, - 

? 'i su rveys ,  ( r e f .  page 1 2 ) ,  were used i n  t h e  p r e s e n t  survey .  

A l l  Pb-Zn-Ag anomal ies  except  t h o s e  o c c u r r i n g  a t  t h e  

n o r t h  end of TAY Grid  1 occu r  over  o r  a d j a c e n t  t o  known g r a p h i t e  

bands.  

S o i l  samples c o l l e c t e d  over  d i scon t inuous  g r a p h i t i c  

bands w i t h i n  mica s c h i s t  u n i t s  a t  t h e  southwest  end of t h e  

p r o p e r t y  a r e  s l i g h t l y  anomalous i n  z i n c .  Only one o f  t h e  bands 

h a s  an anomalous rock c h i p  v a l u e ;  Zn (372 ppm). For  t h e  p r e s e n t  

t ime  t h e  economic p o t e n t i a l  o f  t h e s e  z i n c  enhanced ho r i zons  is 

cons ide red  t o  b e  minimal. 

A few s c a t t e r e d  z i n c  s o i l  anomal ies  occu r  ove r  t h e  

quartz-sericite-graphite-schist l i t h o l o g i c  u n i t  ( l c g )  and 

probably  r e f l e c t  above background z i n c  v a l u e s  i n  t h e  g r a p h i t i c  

p o r t i o n s  of t h i s  u n i t .  



Three s i g n i f i c a n t  geochemical anomalies occur  on t h e  

p r o p e r t y  and a r e  p r e s e n t e d  i n  dec reas ing  o r d e r  of  importance.  

Anomaly 1 - Rock c h i p s  c o l l e c t e d  from g r a p h i t i c  u n i t s  

enc losed  by b i o t i t i c  s c h i s t s  on t h e  TAY 2 Grid  i re  geochemically 

anomalous i n  Pb,  Zn and Ag. The h i g h e s t  recorded v a l u e s  are: 

186 ppm Pb, 204 ppm Zn, and 3 .0  ppm Ag. The anomaly h a s  an 

approximate a r e a l  e x t e n t  o f  1 . 0  s q  km b u t  may be much l a r g e r  

than  i n d i c a t e d .  

S o i l s  c o l l e c t e d  over  t h e  area a r e  no t  s i g n i f i c a n t l y  

anomalous which may b e  due t o  c l a y  l a y e r s  w i t h i n  t h e  s o i l  pro- 

f i l e  or low m o b i l i t y  of  me ta l  i o n s  due t o  low p y r i t e  con ten t  

of  t h e  g r a p h i t i c  u n i t s .  

Anomaly 2 - Rock c h i p s  from a g r a p h i t i c  band w i t h i n  

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

t h e  p r o p e r t y  a r e  geochemically anomalous i n  l e a d .  The h i g h e s t  

recorded  va lue  is 120 ppm Pb. Again, no s o i l  o r  silt anomalies 

occu r  over  t h e  band. The anomaly has  an approximate a r e a l  

e x t e n t  o f  0 . 3  s q  km. 

Anomaly 3 - Three c l o s e l y  spaced s o i l  samples a t  t h e  

n o r t h  end o f  L240W on TAY 1 Grid have maximum v a l u e s  o f  342 ppm 

Pb, 240 ppm Zn and 1 . 6  ppm Ag. The anomaly is u n d e r l a i n  by 

c h l o r i t i c  p h y l l i t e  and was no t  d e t e c t e d  on l i n e s  120 m on e i t h e r  

s i d e  of t h e  anomalous samples.  The anomaly is given a low 

p r i o r i t y .  

A .  d H i t c h i n s  
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SAMPLE COLLECTION 

S o i l s  

B horizon mate r ia l  i s  sampled and t hus  organic r i c h  

t o p s o i l  and leached upper subso i l  are avoided. Occasionally 

organic r i c h  samples have t o  be taken i n  swampy depressions.  

Samples a r e  taken by hand from a small excavation 

made with a c a s t  i r on  mattock. Approximately 200 gms o f  S n e r  

grained mate r ia l  i s  taken and placed i n  a numbered, high w e t -  

s t rength ,  Kraft  paper bag. The bags are closed by fo ld ing and 

do not have metal tabs .  

Observations a s  t o  t h e  nature  o f  t h e  sanple and t h e  

environment o f  t h e  sample s i te  are made i n  t h e  f i e l d .  

Drainage Sediments 
- 

Active sediments a r e  taken by hand from t r i b u t a r y  

drainages which are genera l ly  of f i v e  square m i l e s  catchment 

o r  less. Composite samples are taken of t h e  f i n e s t  mater ia l  

ava i l ab l e  from as near a s  poss ib le  t o  t h e  centre o f  t h e  drainage 

channel thus  avoiding col lapsed banks. More than one sample i s  

taken i f  marlied mineralogical  o r  t e x t u r a l  segregat ion of t h e  

sediments is evident .  

Some 200 gm of f i n e r  mater ia l  i s  co l l ec t ed  unless  t h e  

sediment i s  unusually coarse  i n  which case t h e  weight i s  

increased t o  1 kg. Samples a r e  placed i n  t h e  same type of 

Kraf t  paper bag a s  a r e  employed i n  s o i l  sampling. Water 

samples are taken a t  a i l  appropr ia te  sites. Approximately 100 

m l s  are sampled and placed i n  a clean, s c r e w  sealed,  polythene 

b o t t l e .  Observations are made a t  each s i t e  regarding t h e  

environment and na tu re  of t h e  sample. 



Rock Chips 

Composite rock chip samples generally consist of some 

ten small fragments broken from unweathered outcrop with a steel 

hammer. Each fragment weighs some 50 gms. Samples are placed 

in strong polythene bags and sealed with non-contaminating wire 

tabs. Samples are restricted to a single rock type and obvious 

mineralization is avoided. 

Soil, sediment and rock samples are packed securely in 

cardboard boxes or canvas sacks and dispatched by road or air. 
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SUMMARY OF SOME ANALYTICAL TECHNIQUES CURRENTLY IN USE AT 
ROSSBACHER LABORATORY 

A ANALYTICAL TECHNIQUES FOR GEOCHEMICAL SAMPLES - 

SAMPLE PREPARATION 

Packages of samples are opened as soon as they arrive 

at the laboratory and the bags placed in numerical sequence in 

an electrically heated sample drier (maximum temperature 70'~). 

After drying soil and sediment samples they are lightly 

pounded with a wooden block to break up aggregates of fine 

particles and are then passed through a 35 mesh stainless steel 

sieve. The coarse material is discarded and the minus 35 mesh 

fraction replaced in the original bag providing that this is 

undamaged and not excessively dirty. 

Rock samples are exposed to the air until the outside 

surfaces are dry; only if abnormally wet are rocks placed in the 

sample drier. Rock samples are processed in such manner that 

a fully representative 1/2 g. sample can be obtained for analysis. 
I 

The entire amount of each sample is passed through a jaw 

crusher and thus reduced to fragments of 2 m. size or less. A 

minimum of 1 kg. isthenpassed through a pulverizer with plates 

set such that 95% of the product will pass through a 100 mesh 



sc reen .  Where samples a r e  app rec i ab ly  h e a v i e r  t h a n  2 kg t h e  

m a t e r i a l  i s  s p l i t  a f t e r  jaw c rush ing  by means o f  a Jones 

s p l i t t e r .  A f t e r  p u l v e r i z i n g  t h e  sample is  mixed by r o l l i n g  on 

paper  and is t h e n  p l aced  i n  a K r a f t  paper  bag. 

SAMPLE DIGESTION 

Diges t ion  t u b e s  (100 x 16 nun) are marked a t  t h e  5 m l  

l e v e l  w i th  a diamond p e n c i l .  Tubes a r c  c l eaned  w i t h  h o t  wate r  

and concen t r a t ed  HC1. 0.5 g samples a r e  weighed a c c u r a t e l y ,  

u s i n g  a F i s h e r  D i a l - 0 - G r a m  balance,  and p l aced  i n  t h e  appro- 

p r i a t e  t u b e s .  

To each o f  t h e  samples t h u s  prepared  a r e  added 2 m l  

of an a c i d  mix ture  compris ing 15% n i t r i c  and Z5% p e r c h l o r i c  

a c i d s .  Racks o f  t u b e s  a r e  t h e n  p laced  on an e l e c t r i c a l  h o t  

p l a t e ,  brought  t o  a g e n t l e  b o i l  (q hour) and d i g e s t e d  f o r  4s 

hours .  Samples unusua l ly  r i c h  i n  o r g a n i c  material are f irst  

burned i n  a p o r c e l a i n  c r u c i b l e  hea t ed  by a bunsen burner  be fo re  

t h e  a c i d  mix tu re  i s  added. D iges t ion  is  performed i n  a s t a i n -  

less steel fume hood. 

A f t e r  d i g e s t i o n  t u b e s  are removed from t h e  h o t  p l a t e  

and t h e  volume is  brought  up  t o  5 m l  w i t h  de ion ized  wate r .  

The t u b e s  are shaken t o  mix t h e  s o l u t i o n  and t h e n  c e n t r i f u g e d  

f o r  one  minute.  The r e s u l t i n g  c l e a r  upper l a y e r  i s  used  f o r  

Cu, Mo, Pb, Zn, Ag, Fe, Mn, N i  and Co de t e rmina t ion  by a Perkin- 

Elmer 290B atomic a b s o r p t i o n  spectrophotometer .  A n a l y t i c a l  

procedures  are g iven  on t h e  fo l lowing  pages. 
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S i l v e r  

0 1. Scope - T h i s  p rocedure  cove r s  a r ange  o f  s i l v e r  i n  t h e  sample 

from less t h a n  . S  t o  1000 ppm 

2. Summarv of Method - The sample i s  treated w i t h  n i t r i c  and per -  

c h l o r i c  a c i d m i x t u r e  t o  o x i d i z e  o r g a n i c s  and s u l p h i d e s .  The 

s i l v e r t b e n  i s  p r e s e n t  as p e r c h l o r a t e  i n  aqueous s o l u t i o n .  The 

c o n c e n t r a t i o n  i s  de te rmined  by a tomic a b s o r p t i o n  spec t rophoto-  

meter 

3. I n t e r f e r e n c e s  - S i l v e r  below 1 gamma/ml is n o t  ve ry  s t a b l e  

i n  s o l u t i o n .  Ma in t a in ing  t h e  s o l u t i o n  i n  20% p e r c h l o r i c  pre-  

v e n t s  s i l v e r  b e i n g  absorbed on t h e  glass c o n t a i n e r .  D e t e r d n a -  

t i o n  must be completed on t h e  same day as t h e  d i g e s t i o n .  

Samples h i g h  i n  d i s s o l v e d  s o l i d s ,  e s p e c i a l l y  calcium, 

cause  h i g h  background absorbance.  T h i s  background absorbance 

must be c o r r e c t e d  u s i n g  an  a d j a c e n t  Ag l i n e .  

S i l v e r  AA S e t t i n q s  P.E. 290 

Cur ren t  4 ma p o s i t i o n  3 

Slit 7 A 

Wavelength 3281A D i a l  2 8 7 . 4 .  

/' 

Fue l  - a c e t y l e n e  - f l o w  - 1 4  

Oxidant  - a i r  - f low - 1 4  

Burner - t e c h t r o n  AB-51 i n  l i n e  

Maximum Conc. 3 t o  4x 



Cal ibra t ion  

1. S e t  1 gamma/ml t o  read 40 equivalent  t o  20 ganma/gnl 

Factor 3 x meter reading 

Check standards 

4, 10, 20, 40 ppm Ag i n  sample 

2. Se t  15 g m a / m l  t o  100 equivalent  t o  100 ppm 

Check standards 

40, 100 ppm 

Factor d i r e c t l y  i n  ppm Ag 

3. Rotate burner t o  maximum angle 

Se t  10.0 gamma/ml Ag t o  read 100 

Check standards 

100,200,400,1000 ppm Ag 

Factor lox  sca l e  reading 

4. Samples higher than 1000 ppm should be re-analyzed by assay 

procedure 

5. Background correct ion for  sample reading between 1 t o  5 ppm 

Cal ibra te  AA i n  s t e p  1 

D i a l  wavelength to  300 (peak) 

Read the  samples again 

Subtract  the  background reading from t h e  f i r s t  reading 

Standards 

1. 1000 gamma/ml. Ag - 0.720 qm Ag2S04 dissolved i n  20 mls Hx103 

and d i l u t e  t o  500 m l s  

2.  100 gamma/ml Ag - 10 m l s  of above + 20 m l s  HClO4, d i l u t e  t o  

100 mls 



v i i  

3. Recovery spiked s tandard  

5 gamnia/rnl Ag - 5 m l s  100 gamma/ml d i l u t e  t o  100 m l s  with 

"mixed" ac id  

tvorking AA Standards 

Pipette .2, .5 ,  1, 2, 5, 10  m l s  of 100 gammuml and 2, 5 rids 1.000 

ganuna/ml d i l u t e  t o  100 m l s  with 2 W  Hc104. This  equivalent t o  

4, 10, 20, 40, 100, 200, 400, and 1000 ppm Ag i n  t h e  sample .50 gm 

d i l u t e d  t o  10 m l s .  

Recoverv Standard 

P i p e t t e  2 m l s  of ,5  gamna/m ,1 Ag i n  m i x  ac ids  i n t o  a samF )le and 

ca r ry  through t he  d ige s t i on .  This should give a reading of 20 

ppm Ag + o r i g i n a l  sample content .  

Follow t h e  general  geochemical procedure fo r  sample prepara t ion  

and d ige s t i on .  

For l o w  assay Ag, t h e  same procedure i s  used. Ag is  then calcu- 

la ted '  i n  oz/ton. 
. . 

'1 ppm = .0292 oz/ton 

'conversion f a c t o r  

oz/ton = .0292 x ppm Ag 
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Zn ~ e o c h e n ~ i c a l  AA S e t t i n q  - 

Current 3 #3 S l i t  20A 

Wave length  2133 Dial 84.9 

Fuel - Acetylene Flow 14 

oxidant  - A i r  Flow 14 

Burner - P.E. s h o r t  pa th  90' 

Range 

0 - 20 gamma/ml Factor  4x - 0 t o  400 p p  

0 - 50 gamma/ml Factor l o x  -0 t o  1000 ppm 

For Waters - Burner AB- 51 i n  l i n e  1 gamma/ml read  100 t o  give 0 

t o  1000 ppb 

High Zn Burner Boling i n  l i n e .  Wavelength 3075. Dial  250 S l i t  7A 

Fuel 14  A i r  14.5 

0 t o  1000 gamma/ml read  0 t o  20 Factor 400 x 

Pure Standard 10,000 gamma/ml 

1 gm Zn dissolved,  HzO, HCl,  HN03, H a 0 4 ,  fumed t o  HC104 - 
make up t o  100 m l s  H20 

1000, 100 gamma/ml and 100 m l  by d i l u t i o n  i n  20 % HClO4 

0 t o  200 gamma/ml Zn use combined Cu, N i ,  Co, Pb, Zn standards 

P i p e t t e  

1, 2, 3, 5, 8, 10 m l s  of 10,000 gamma/ml - d i l u t e  t o  100 m l s  

f'- 
with 20% HC104 t o  g ive  

100, 200, 300, 500, 800, 1000 gamma/ml Zn for  high standards 



C o  Geochemical NI S e t t i n q  

Lamp - 5 mu l t i  element 

Current  10 4 S l i t  2A 

Wavelength 2407 Dial 133.1 

Fuel - Acetylene Flow 14 

Oxidant - A i r  Flow 14  
- 

Burner - AB 51 i n  l i n e  

Range 

0 - 10 gamma/ml read 100 Factor 2 x read ing  t o  200 ppm 

0 - 20 gamna m l  r ead  100 Factor  4 x read ing  t o  400 ppm 

Burner a t  maximum angle 

0 - 100 gamma/ml read 100 -- Factor 20 x reading t o  2000 ppm 

0 - 200 gamma/ml read 100 Factor 40 x reading t o  4000 ppm 

Standards - 1000 gamma/ml 

1.000 gm coba l t  metal d issolved i n  H C l ,  HNO, and fumed i n t o  

HC104, d i l u t e  t o  1 l i t e r  

P i p e t t e  

I, 2, 10, 20 m l s  i n t o  100 m l  vol  f l a s k s  d i l u t e d  t o  mark 

with 20% HC1O4 

This  g ive s  

10, 20, 100, 200 gamna/ml Co  

Mixed - combination s tandards  o f  Cu, N i ,  Co, Pb, Zn 

0 f 

I, 2, 5, 10. 20, 30, 50, 80, 100, 150. 200 gamma/ml a r e  ~ s e d  

fo r  c a l i b r a t i o n  



Mn Geochemic?l AA S e t t i n q  

c Lamp Mult i  element Ca, N i ,  CO, Mn C r  

Current 10 #4 S l i t  7A 

Wave length  4030.8 Dial 425.2 

Fuel - Acetylene  low 14.0 

Oxidant - A i r  Flow 14.0 

Burner - P.E. s h o r t  pa th  (or  AB 50) 

Range 

0 - 100 gamma/ml Factor 20x - 0 t o  2000 ppn 

0 - 200 ganuna/nll Factor 40x - 0 t o  4000 ppm 

Burner 90' 

0 - l O Q O  gamma/ml Factor 200x - 0 to 20,000 ppm - 
0 - 2000 ganuna/ml Factor 400x - 0 t o  40,000 ppm 

EDTA Ext rac t ion  - use AB 51 i n  l i n e  

0 - 20 gamma/ml Factor 4x - 0 t o  400 ppm 

lox Di lu t ion  1.000 g&a/ml 

P ippe t t e  

.5, 1, 2, 3, 5, 8, 10, m l  of 1000 gamma/ml 

2, 3, 5, 8, 10, 15, 20 n t l  of 10,000 gamma/ml d i l u t e  to  100 

mls with 20% ~ ~ 1 0 ~ .  This  g ives  

5, 10, 20, 30, 50, 80, 100, 200, 300, 500, 800, 1000, 1500, 

2000 gamma/ml. 



Mo G e ~ c h e n ~ i c a l  AA S e t t i n q  

Lamp ASL H/c Mo 

Current  5 #5 S l i t  7A 

Wavelength 3133 Dial 260.2 

E'uel - Acetylene Flow 12.0 t o  g ive  1" r e d  fea the r  

Oxidant - Nitrous oxide Flow 14.0 

Burner - AB 50 i n  l i n e  

Caution read  t h e  opera t ion  us ing N 2 0  and acety lene  flame a t  

end o f  general  AA procedure 

Range 

0 - 10 gamma/ml Factor 2x - 0 to  200 ppm 

Rota te  burner t o  max. angle 

0 - 50 gannna/ml Factor 10 x 0 t o  1000 ppm 

0 - 100 gamma/ml Factor  20 x 0 t o  2000 ppm 

Standards 1000 g m ~ a / m l  - 

Dissolve .750 gms Moo3 ( ac id  molybdic) with 20 1111s H20, 6 

lumps NaCH,. when a l l  dissolved,  add 20 m l s  HCl,  d i l u t e  t o  550 m l s  

100 gamma/ml - 10 x d i l u t i o n  

P i p e t t e  ' 

.2, .5, 1, 2, 3, 5, 8, 10 m l s  of 100 garnma/ml 

2, 3, 5, 9, 10  m l s  o f  1000 ganuna/ml, add 5 m l s  1PL AlC13 

and d i l u t e  t o  100 m l s  with 2PL HC104 

This g ives  



Fe ~eochem'ical AA S e t t i n g  

- Do not use  mu l t i  element Fe 

Current  10 #4 S l i t  2A 

Wavelength 3440.6 Dial 317.5 

Fuel - A c e t y h e  Flow 14.0 

Oxidant - A i r  Flow 14.0 

Burner - PE s h o r t  Path 90' 

Range 

0 - 5000 gamma/n~l 0.1 x % - 0 t o  10.0% 

0-lO,OOOgamma/ml 0 . 2 x % - O t o 2 0 . 0 %  

Higher Fe - 10 x d i l u t i o n  

Standards 10,000 gamma/ml 

Weigh 5.000 gms i r o n  w i r e s ,  i n t o  beaker, add HzO, HCl, KN03, 

nc104, heat  t o  ~ ~ 1 0 ~  furaes. Add .1icl04 t o  100 m l s  + 105 mls 

H20, warm, d i l u t e  t o  500 m l s  

P i p e t t e  

I, 5, 10, 20, 30, 50, 80 m l s  10,000 gamma/ml d i l u t e  t o  100 

m l s  with 20% HClO4 t o  give 

equivalent  t o  .2, 1.0,  2.0, 4.0, 6.0, 10.C%, 16.0% Fe i n  geochem 



N i  Geochemical AA S e t t i n q  

Lamp P.E.  H/C. N i  or mul t i  element Cu, N i ,  Co, Mn, C r  

Current  10 #4, S l i t  2A 

Wave length 3415 Dial 312.5 

FUle - Acetlylene Flow 14.0 

Oxidant - A i r  Flow 14.0 

. Burner AB 51 i n  l i n e  

Range 

0 - 20 gamma/ml Factor  4x - 0 - 400 ppm 

0 - 100 gamma/ml Factor 20x - 0 - 2000 gamma 

45' 0 - 200 gamma/ml Factor 40x - 0 - 4000 ppm 

0 - 500 g;unma/ml Factor lOOx - 0 - 10,000 ppm 

C N i  i n  waters and very low ranges 

Wave length  2320 Dial 118 

Range 0 - 5 gamma/ml Factor l x  - 0 - 100 ppm 

Standards 10,000 gamma/ml 

1.000 gm pure N i  metal d issolved i n  HCl,  HNO3, HClO4 t o  

pe r ch lo r i c  fumes, d i l u t e  t o  100 m l  H,O 

1000 gamma/ml and 100 ganuna/ml Successive lox  d i l u t i o n s  i n  20% HClO 

1, 2, 5, 8, 10 m l s  o f  100 ganuna/ml 

2, 5, 8, 10 m l s  1000 gamna/ml 

2, 5, 8 ,  10 m l s  10,000 gamma/ml - d i l u t e  t o  100 m l s  i n  20% 

HC104. This g ives  

C 
1, 2, 5, 8, 10, 20, 50, DO, 100, 200, 500, 800, 1000 g$mma/ml N 

Combined Standards - Cu, N i ,  Co.' Pb, Zn i s  used a s  a working 

s tandard  

m 



xiv  

Cu Geochemical AA S e t t i n q  

Lamp S i n g l e  Cu or 

5 m u l t i  element 

Current  10  f o r  m u l t i  element #4 S l i t  7A 

4 f o r  s i n g l e  #3 S l i t  7A 

Wavelength 3247 D i a l  280 

Burner Techtron AB 51 (For Cu i n  n a t u r a l  waters )  . . 
P.E. s h o r t  Pa th .  (For geochern) 

Fuel Acetylene Flow 1 4  
. . 

Oxidant A i r  Flow 1 4  

Range 

0 - 5 gamma/n~l Factor  l x  t o  100 ppm (for l o w  Cu) 

0 - 20 gamma/ml Factor  4x t o  400 ppm 

0 - 200 gamma/ml Factor  40x t o  4000 ppm 

Wavelength 2492 D i a l  147 

Burner i n  l i n e  

Range 

0 - 2000 gamma/ml Factor  400x t o  40,000 ppm 

Higher range t h a n  40,000 ppm r e q u i r e s  lox d i l u t i o n  

Standards  

10,000 gamma/ml 

1.000 gm m e t a l  powder, H20, HC1, HNO3 u n t i l  d isso lved ,  add 

~ ~ 1 0 4  , fume d i l u t e  t o  100 m l s  



1000 gamma/ml lox dilution above in 20% HC104 

C 2000 garnnla/ml 20 mls 10,000 g'ma/ml - dilute to 100 mls in 
20% Hc1O4 

100 gamma/ml lox dilution 1000 gamma/ml dilute to 100 mls in 

20% ~ ~ 1 0 ~  

200 gamma/ml lox dilution 2000 gama/fil dilute to 100 mls in 

20% ~ ~ 1 0 ~  

Pipette 

1, 2, 3, 5, 8, 10 mls 100 gamma/ml - dilute to 100 mls with 
20% ~ ~ 1 0 ~  to give 1, 2, 3, 5. 8, 10 gamma/ml 

Combined standards Cu, Ni, Co, Pb, Zn 

1, 2, 5, 10, 20, 30, 50, 80, 100, 150, 200 gamma/ml 



Pb Geochemical AA S e t t i n q  

Lamp ASL H/C Pb 

Current 5 ma S l i t  7A 

Wave leng th  2033 Dial  208 

Fuel - acetylene Flow 14 

Oxidant - a i r  Flow 14  

Burner AB 51 i n  l i n e  . ..., 

Range 

0 - 20 gamna/ml t o  read  0 t o  80. Factor 5 x  0 t o  500 ppm 

0 - 200 gamma/nil t o  read  0 t o  80. Factor 50x 0 t o  5000 ppm 

Standards - 10,000 gammahl 

1.000 pure metal, d issolved i n  1mO3, fumed t o  Hc104 make up 

t o  100 mls i n  20% HClO4 

1000 gamma/ml and 100 ganm-ia/ml Successive l ox  d i l u t i o n s  i n  

20"h HClO4 

P i p e t t e  
/ 

1, 2, 5, 8, 10 m l s  163 garLma/ml 

2, 5, 8, 10, 20 m l s  1000 g m a / m l  d i l u t e  t o  100 m l s  i n  20% 

Combined Standards Cu, N i ,  Co, 'Pb, Zn, a r e  used a s  working 

standards 
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W i n  Soi1.s and S i l t s  

Reagents and apparatus 

Test tubes - pyrex disposable 

Test tubes - screw cap 

Bunsen Burner 

Flux - 5 parts  Na2C03 

4 par ts  NaCl 

1 part  KN03 pulverized t o  -80 mesh 

7% SnC12 i n  70% HC1 

20% KSCN i n  H20 

Extractant - 1 part  tri-n-butyl phosphate 

9 par ts  carbon te trachloride - 
Standards 

1000 gamma/nl W 

.18 gms Na2W04 2Ha0 dissolved i n  H20, make up t o  100 m l s  

100 gamrna/ml, 10 gamma/ml by di lu t ion  

Standardization . 

Pipet te  .5, 1, 2, 3, -5, 8, 10 m l  of 10 gamma/ir.l 

and 1.5, 2 m l s  of 100 gamma/ml - d i lu t e  t o  10 m l s  

continue from s tep  #4 

A r t i f i c i a l  colors - Nabob pure Lemon Extract, d i l u t e  w i t h  1:l 

ethanol and water t o  match. Tightly seal  these for permanent 

standards 

Procedure 

1. Weigh 1.0 gram sample, add 2 91 flux, mix 



xviii 

2.  S i n t e r  i n  r o t a r y  f o r  2  t o  3 minutes  (F lux  d u l l  r e a d  f o r  one 

minute)  

3. Cool, add 1 0  m l s  H20, h e a t  i n  sand ba th  t o  b o i l i n g ,  cool, let  

s i t  ove rn igh t  

4. S t i r ,  c rush ,  and mix. Le t  settle. 

5. Take 2  m l  a l i q u o t  i n t o  screw c a p  t es t  t u b e  

6 .  Add 7 m l s  SnCl2. h e a t  i n  h o t  wate r  bath  for 5 minutes  ( 8 0 ' ~ )  

7. Cool t o  less t h a n  1 5 ' ~  

8. Add 1 m l  20% KSCN, mix ( i f  l e m o n  yellow; compare c o l o r  

s t a n d a r d  l o x )  

9. Add 4 m l  e x t r a c t a n t , '  cap, shake  v igo rous ly  1 minute 

10. Compare color 



xix 

, . N03.ybdenum i n  Water Sarwles 

1. T r a n s f e r  50 m l s  t o  125  s e p a r a t o r y  funne l  

2. Add 5 m l  .2% ferric c h l o r i d e  i n  conc HC1 , 

3. Add 5 m l s  o f  mixed KSCN and SnC12 

4. Add 1 . 2  m l s  i s o p r o p y l  e t h e r ,  shake for 1 minute, and a l l ow  
. . 

phases  t o  s e p a r a t e  

5. Dra in  o f f  wate r  

6. Compare t h e  color o f  e x t r a c t a n t  

S t a n d a r d i z a t i o n  

P i p e t t e  0, .2, .5, 1, 2, 3, 4, 5, m l s  o f  1 ganuna/n:l and 1, 1.5, 

2, m l s  of 1 0  gamma/ml d i l u t e  t o  50 m l s  w i t h  demine ra l i zed  H20, and 

c o n t i n u e  s t e p  #2, 

T ! ~ i s  e q u i v a l e n t  t o  - 

A r t i f i c i a l  c o l o r  - Nabob orange  e x t r a c t  d i l u t e  w i th  1:1 H,O t o  

methanol t o  match. S e a l  t i g h t l y  

300 gm SnC12 . 2 ~ ~ 0  + 300 m l s  HC1, u n t i l  SnC12 d i s s o l v e d  
-- 

d i l u t e  t o  2 l i t e rs  

KSCN - 5% i n  H 2 0  

Mixed SnC12 - KSCN 

C, 3 p a r t s  SnC12 t o  2 parts G C N  



Water Samples Run for AA 

1 .  Cu - 2 gamqa/n~l reads 80 s c a l e  therefore 1 unit  = 25 pph 

2.  Zn - 1 ganuna/ml reads f u l l  s c a l e  therefore 1 un i t  = 10 ppb 

3 .  N i  - 2 . 5  ganuna/ml reads 50 s c a l e  therefore 1 u n i t  = 5 0  ppb 

Burner: long s lo t  techtron burner i n  l i n e  



su lpha te  i n  Natural Waters 

e . 1. P ipe t t e  0.5 m l  su lphate  reagent  mix i n t o  a co lo r imet r i c  tube  

2. Add 5 m l  water sample and mix 

3. Read a t  3 4 3 v a g a i n s t  a demineralized water blank 

' 4 .  Read again a t  40.3?Vand s u b t r a c t  from sulphate  reading 

5. Calcula te  ppm sulphate  from t h e  graph 

Reaqent 

Dissolve 54 grams red mercuric oxide (J.T. Ba?:er 2620- Can Lab) 

i n  185 m l  7@4 pe rch lo r i c  a c id  and 20 m l  H,O, shake for  one hour. 

Add 46.3 grams f e r r i c  pe rch lo ra te  f Fe(C104) 3 . 6H20 I 

(GFS 39) and 47. grams aluminum perch lora te  f A1 (C104)3 . EIH,O I 

(GFS 2) Add 400 m l  water t o  d issolve ,  l e t  sett le overnight,  decant 

i n t o  b o t t l e  and make t o  1 l i ter  
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pH MEASUREMENTS 

Soil and drainage sediment samples are dampened with 

water in a glass beaker to a pasty consistency. Demineralized 

water is used for this purpose as it has a low buffer capacity 

and thus does not influence the pH of the sample. Measurement 

is made with a Fisher Acument pH meter. Electrodes are stored 

in buffer overnight. A 30 minute warm up time is allowed for 

the instrument each morning. A 10 ml aliquot is taken from 

water samples for pH measurement. 

ROSSBACHER LABORATOBY 
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