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SUMMARY 

The M t .  Cook P r o p e r t y  c o n s i s t s  o f  25  c o n t i g u o u s  

G r e w  c l a i m s  (Grew #1-25; YA18310-18334 i n c l u s i v e )  l o c a t e d  

i n  t h e  S t .  Cyr  Range o f  t h e  P e l l y  Moun ta ins ,  2 5 . 6  km s o u t h -  

w e s t  o f  Ross  R i v e r ,  Yukon. The claims were s t a k e d  by AMAX 

P o t a s h  L i m i t e d  i n  t h e  summer o f  1977 .  

The p r o p e r t y  is u n d e r l a i n  by Upper Devonian t o  

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

v o l c a n i c  r o c k s .  Two s m a l l  C r e t a c e o u s  b i o t i t e  q u a r t z  

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

High c o n c e n t r a t i o n s  o f  Zn (500-2800 ppm) and  Pb 

(54-234 ppm) are p r e s e n t  i n  t h e  a r g i l l i t e s  and  s l a t e s  

w i t h i n  and  n o r t h  o f  G r e w  #19 t o  2 5 .  Anomalous Zn and  Pb 

v a l u e s  are rare i n  t h e  v o l c a n i c  r o c k s .  

P y r r h o t i t e  is p r e s e n t  i n  t h e  v o l c a n i c  r o c k s  i n  

amounts r a n g i n g  f rom 2-10% w h e r e a s  a r g i l l i t e s  commonly con- 

t a i n  up t o  5% p y r r h o t i t e .  

The h i g h e s t  Cu and  Mo c o n c e n t r a t i o n s  o c c u r  i n  

t h e  v o l c a n i c  r o c k s  and  i n  one  sample  f rom t h e  s m a l l e r  

b i o t i t e  q u a r t z  monzon i t e  p l u g .  

CONCLUS IONS 

The Zn and  Pb m i n e r a l i z a t i o n  a p p e a r s  t o  b e  

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

r o c k s ,  and  may be s y n g e n e t i c  i n  o r i g i n .  The Cu and  Mo 

m i n e r a l i z a t i o n  is  r e l a t e d  t o  t h e  C r e t a c e o u s  q u a r t z  mon- 

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

s e d i m e n t a r y  s t r a t a .  



RE COMMENDAT IONS 

The p r e s e n t  g e o c h e m i c a l  s u r v e y  o u t l i n e s  a Pb-Zn 

anomaly w i t h i n  and  n o r t h  o f  t h e  n o r t h e a s t  c l a i m s  o f  t h e  G r e w  

P r o p e r t y .  Magne t i c  and  e l e c t r o m a g n e t i c  s u r v e y s  a r e  recom- 

mended t o  tes t  f o r  unexposed  m a s s i v e  s u l p h i d e  h o r i z o n s  n e a r  

t h e  s h a l e - f e l s i c  v o l c a n i c  c o n t a c t .  



INTRODUCTION 

The G r e w  c l a i m s  a r e  l o c a t e d  25 .6  km west -southwest  

of Ross River  i n  t h e  S t .  Cyr Range o f  t h e  P e l l y  Mountains,  

Yukon T e r r i t o r y  ( F i g u r e  1). 

The p r o p e r t y  c o n s i s t s  of  a  b l o c k  of 25 c l a i m s  

e x t e n d i n g  e a s t - s o u t h e a s t  a l o n g  a  r i d g e  and i n c l u d e s  M t .  Cook 

(2004 m ) .  O v e r a l l  r e l i e f  i n  t h e  a r e a  is  600 metres (2000 f t ) .  

The a r e a  is  above t r e e l i n e  w i t h  t h e  e x c e p t i o n  of  some of  t h e  

lower v a l l e y s .  Access t o  t h e  p r o p e r t y  is b e s t  o b t a i n e d  by 

h e l i c o p t e r  from Ross R i v e r .  

A two-man f i e l d  p a r t y  completed mapping and geo- 

chemical  sampl ing  i n  t h e  c l a i m  a r e a  from August 28 - 30 ,  1978.  

F i e l d  and geochemical  r e s u l t s  w e r e  p l o t t e d  on an enlargement  

of  NTS Map 105F/15 a t  a  s c a l e  of 1 : 1 0 , 0 0 0  ( F i g u r e s  2  and 3 ) .  

Claim Data  

T h i r t y - e i g h t  c l a i m s  were s t a k e d  by AMAX P o t a s h  L imi ted  

i n  1977,  however 13 c l a i m s  were s u b s e q u e n t l y  dropped.  Grant  

numbers f o r  t h e  a c t i v e  c l a i m s  a r e  YA18310-YA18334 i n c l u s i v e .  

P r e v i o u s  Work 

B u l l d o z e r  t r e n c h e s  a r e  p r e s e n t  i n  t h e  v o l c a n i c  u n i t  

i n  t h e  s o u t h e a s t  p a r t  of t h e  p r o p e r t y .  Pb-Zn-Ag v e i n s  have 

been r e p o r t e d  a s  o c c u r r i n g  w i t h i n  t h e  sed imenta ry  r o c k s ,  

however t h e y  have n o t  been l o c a t e d  by AMAX. Dur ing  t h e  summer 

of 1977 t h e  p r o p e r t y  was mapped and s e l e c t i v e l y  sampled 

geochemical ly  by AMAX. 
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REGIONAL GEOLOGY 

The p r o p e r t y  is  l o c a t e d  9 .6 km s o u t h w e s t  o f  t h e  

T i n t i n a  F a u l t .  The area is  u n d e r l a i n  by a s u c c e s s i o n  o f  

Upper Devonian t o  M i s s i s s i p p i a n  a r g i l l a c e o u s  s e d i m e n t a r y  and 

a c i d i c  v o l c a n i c  r o c k s .  The s t r a t a  s t r i k e  n o r t h w e s t  and  d i p  

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

s t r u c t u r e  is p r e s e n t  n o r t h  o f  t h e  p r o p e r t y .  The S t .  Cyr 

F a u l t  is p r e s e n t  s o u t h  o f  t h e  p r o p e r t y  and s t r i k e s  p a r a l l e l  

t o  t h e  b e d d i n g  i n  t h e  s t r a t a .  L a t e r  n o r t h e a s t  t r e n d i n g  

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

as e a r l i e r  s t r u c t u r a l  t r e n d s .  

G.S.C. Open F i l e  486 by Templeman K l u i t  d e p i c t s  

t h e  geo logy  o f  t h e  Q u i e t  Lake and  F i n l a y s o n  Map S h e e t s .  

PROPERTY GEOLOGY 

The p r o p e r t y  is u n d e r l a i n  by  a series o f  Upper 

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

a c i d i c  v o l c a n i c  r o c k s  ( F i g u r e  2 ) .  The s e d i m e n t a r y  r o c k s  

c o n s i s t  o f  b e d s  o f  f i n e  g r a i n e d  d a r k  g r e y  t o  b l a c k  a r g i l l i t e ,  

s l a t e ,  p h y l l i t e ,  s i l t s t o n e ,  c h e r t  and  greywacke a l t e r n a t i n g  

w i t h  f i n e  g r a i n e d  g r e y  t o  d a r k  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  

and  c a l c a r e n i t e .  Banding  is b e s t  d e v e l o p e d  i n  t h e  a r g i l -  

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

more m a s s i v e .  The a r g i l l i t e s  and  s l a tes  commonly c o n t a i n  up 

t o  5% f i n e  g r a i n e d  p y r r h o t i t e  as d i s s e m i n a t i o n s  and  f i n e  

b a n d s .  Mass ive  b a r i t e  b e d s  are p r e s e n t  i n  t h e  s e d i m e n t a r y  

s t r a t a ,  p a r t i c u l a r l y  i n  t h e  w e s t e r n  p a r t  o f  t h e  p r o p e r t y  where  

t h e y  are most a b u n d a n t l y  i n t e r b e d d e d  w i t h  t h e  l i m e s t o n e  u n i t s .  

Minor v o l c a n i c  i n t e r b e d s  are a l s o  p r e s e n t  i n  t h e  s e d i m e n t a r y  

r o c k s .  



A band o f  d a c i t i c  t o  r h y o l i t i c  f l o w s ,  t u f f s  and  

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

con fo rmab le  w i t h  t h e  s e d i m e n t a r y  s t r a t a ,  g e n e r a l l y  c o n t a i n  

2-10% f i n e  g r a i n e d  p y r r h o t i t e  a s  d i s s e m i n a t i o n s ,  and  i n  

c l o t s  and  b a n d s .  The p r e s e n c e  o f  t h e  p y r r h o t i t e  i m p a r t s  a  

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

Two s m a l l  p l u g s  o f  b i o t i t e  q u a r t z  monzon i t e  a r e  

p r e s e n t  n e a r  t h e  c e n t r a l  p a r t  o f  t h e  p r o p e r t y .  The l a r g e r  

i n t r u s i o n ,  which  u n d e r l i e s  M t .  Cook c o n t a i n s  q u a r t z -  

s e r i c i t e k m o l y b d e n i t e  v e i n s  r a n g i n g  i n  abundance  up  t o  t h r e e  

v e i n s  p e r  metre. A smaller i n e q u i g r a n u l a r  t o  p o r p h y r i t i c  

p l u g  w i t h  2-4% q u a r t z  p h e n o c r y s t s  c o n t a i n s  q u a r t z + m o l y b d e n i t e  

v e i n s  a v e r a g i n g  a b o u t  one  v e i n  p e r  f i v e  metres. L o c a l  

q u a r t z - v e i n  s t o c k w o r k s  ( 2 0  t o  30 v e i n s  p e r  m e t r e )  are 

a s s o c i a t e d  w i t h  t h i s  i n t r u s i o n .  

A n o r t h - n o r t h w e s t - t r e n d i n g  f a u l t  and  a  n o r t h e a s t -  

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

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

n o r t h e r n  boundary  o f  t h e  p r o p e r t y  and  may r e p r e s e n t  p a r a s i t i c  

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

n o r t h .  

PROPERTY GEOCHEMISTRY 

S o i l  and  r o c k  c h i p  s a m p l e s  were t a k e n  t h r o u g h o u t  

t h e  p r o p e r t y  f o r  geochemica l  a n a l y s e s .  The r e s u l t s  are shown 

i n  F i g u r e  3 .  Pb v a l u e s  - >50 ppm and  Zn v a l u e s  - >500 ppm w e r e  

c o n s i d e r e d  t o  b e  anomalous .  The s t r o n g  g o s s a n  i n  t h e  e a s t e r n  

p a r t  o f  t h e  claim b l o c k  was s y s t e m a t i c a l l y  s ampled .  The 

h i g h e s t  v a l u e s  f o r  Zn and  Pb are p r e s e n t  on t h e  n o r t h  s l o p e  

o f  t h e  r i d g e  n o r t h  o f  claims 2 1  and  23 .  Anomalous v a l u e s  

f o r  Zn and  Pb i n  t h i s  area r a n g e  f rom 500  - 2800 ppm Zn a n d  

54  - 234 ppm Pb.  These  s o i l s  a r e  c o l l u v i a l  i n  o r i g i n ,  how- 

e v e r  r o c k  c h i p  s a m p l e s  f rom t h e  t o p  o f  t h e  r i d g e  a r e  n o t  



anomalous .  The h i g h e s t  Pb and  Zn v a l u e s  c o r r e l a t e  w e l l  w i t h  

t h e  a r g i l l i t e s  and  s l a tes .  Pb and  Zn a n o m a l i e s  i n  t h e  s e d i -  

men ta ry  r o c k s  o f  t h e  w e s t e r n  p a r t  o f  t h e  p r o p e r t y  a r e  n o t  a s  

h i g h  o r  a s  common as t h o s e  i n  t h e  eas t .  

Pb and  Zn v a l u e s  are lower  i n  t h e  v o l c a n i c  r o c k s .  

T h e r e  a p p e a r s  t o  be no c o r r e l a t i o n  o f  h i g h  Pb-Zn v a l u e s  w i t h  

h i g h  p y r r h o t i t e  c o n c e n t r a t i o n s .  

High v a l u e s  f o r  Mo and  Cu c o r r e l a t e  w e l l  w i t h  e a c h  

o t h e r .  They a r e  g e n e r a l l y  found  i n  t h e  v o l c a n i c  r o c k s  

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

r o c k s .  A weak Cu anomaly a s s o c i a t e d  w i t h  a  h i g h  c o n c e n t r a -  

t i o n  o f  Mo i n  t h e  s e d i m e n t a r y  s e q u e n c e  n o r t h  o f  c l a i m  number 

23 is l o c a t e d  n e a r  an o u t c r o p  o f  s i l i c i f i e d  s e d i m e n t a r y  r o c k s  

c o n t a i n i n g  a b a r r e n  q u a r t z  v e i n  s tockwork  s y s t e m  w i t h  a  v e i n  

d e n s i t y  o f  t e n  p e r  metre. The h i g h e s t  Mo v a l u e  w a s  found  i n  

t h e  s m a l l  q u a r t z  monzon i t e  p l u g .  

I t  a p p e a r s  t h a t  t h e  Cu and  Mo c o n c e n t r a t i o n s  a r e  

r e l a t e d  t o  t h e  q u a r t z  monzon i t e  b o d i e s  @nd q u a r t z  v e i n  

s tockwork  s y s t e m s .  I n  c o n t r a s t ,  t h e  Pb and  Zn c o n c e n t r a t i o n s  

may b e  r e l a t e d  t o  t h e  d e p o s i t i o n  o f  t h e  s e d i m e n t a r y  s e q u e n c e .  

D .G .  A l l e n ,  P .Eng.  ( B . C . )  



APPENDIX I - STATEMENT OF WORK 

Summary of  Work - Geolog ica l  and Geochemical Sampling 
M t .  Cook P rope r t y  - Grew Claims 

Pe r i od  o f  Work - August 28 - 30, 1978 

Personnel 

D.G. A l l en ,  P.Eng. 601-535 Thurlow S t ree t ,  Vancouver 
3 days 8 $127.97/day $ 383.91 

P.N. McCarter, Sr .  Ass i s tan t ,  c / o  Geology Department, 
Oregon S ta te  Un i ve rs i  ty, Corval  1 i s ,  Ore. 

3 days 8 $ 53.25/day 159.75 

Accommodati on 

6 man days @ $ 30.00/day 

T ranspo r ta t i on  

Trans Nor th  Turbo A i r  L td . ,  - Whitehorse, Y.T. 
I n v .  # 3 4 8 l l ,  3481 2, 3481 3 

Te r r -A i  r Rotary Ltd. ,  - Ross R iver ,  Y .T. 
I nv .  #5105 

Geochemistry 

Geochemi c a l  Ana lys is  - Rossbacher Labo ra to r i es  , Burnaby 
I n v .  #9009 - Mo, Cu, N i ,  Mn, Fe, Ag, Zn, Pb, B i  510.30 

54 s o i l  and s i l t  samples 
69 rock  samples 

Report  P repa ra t i on  and Draught i  ng 300.00 

TOTAL $2,524.16 

Work t o  be app l i ed :  Grew 1-25 i n c l u s i v e  - 1 yea r  
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Ontahio 1974 
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Onegon S X a e  U n i v m d y  ( expected 7 9 79 ) 

E X P E R I E N C E  
7977- 7975 OvLtcvtio D iv .  0 6  hLineA - Senion )t&LbXant 
7974 UXah U i n a  LXd. - JwLiorr h~ . inXa lz t  
1973 Cand. O c c i d e W  - Sixearn ScunpLeh 
7973 Cand. OccidevLtd - S o d  Sampleh 



Sta tement  o f  Q u a l i f i c a t i o n s  

Donald G.  A l l e n  

B.A.Sc U n i v e r s i t y  o f  B r i t i s h  Columbia 
M.A.Sc U n i v e r s i t y  o f  B r i t i s h  Columbia 1966 
PhD Queen' s U n i v e r s i t y  1970 

S ince  1970 P r o f e s s i o n a l  Engineer  i n  t h e  Prov ince  o f  B r i t i s h  Columbia 

S t a f f  G e o l o g i s t  f o r  Amax Po tash  Limited s i n c e  October 1969 
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E S T  P E R  A N N U M  W I L L  B E  C H A R  
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ACCOUNT 
NUMBER 

I N V O I C E  D A T E  

161 19)71r 

I D A Y  I M O N T H  I YEAR 1 
'LIGHT 
DATE 

P U R C H A S E  ORDER NO.  I 

T E R M S :  E I G H T E E N  P E R C E N T  I N T E R -  ] W A I T I N G  n I- I I = , .... . 
E S T  P E R  A N N U M  W I L L  B E  C H A R G E D  ,, 
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o r ~ a n i c  r i c h  rar::?les :IZV.: t o  be taken i n  rwar.ipl? Aepr-cs~ionn. 

Sar.plc.s arc takes. !q hand Prom a small excavation 

nade w i t h  a cas t  iron ntattorl;. Approxirnatcly 200 g ~ : s  o f 5 n e r  

grainer: material  i s  ta lcen an6 pl.ace6 i n  a numbered, high wet- 

st.ren.;th, M a f t  paper hag. The bags are closed 3y fool.ding and 

PO not have netal  tabs. 

~ b n e r v a t i o n ~  as t o  t'w nat1:ze of t he  saz2l.c anci t h e  

c:rainagcs v d ~ i c l ~  are general-ly of f ive  square m i l e s  catchment -J 

or less. Composite sanp1.r~ are taken o? t he  finest material 

available frail. as n e a r  as pozsj-bl-c t o  t h e  centre of t h e  drainage 

- .  
1.1- arc aax?l.c6 a:?d p?.?.cz::~ 7-n a c l c s . ~ ,  :;crc.i7 ~cal.ec?, poJ.yt'i1e11e 



t p n  small fragments broken from ~mweathered out.crop with a steel 

hammer. Each fragment weighs some 50 gms. Sa.mples are placed f 

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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April 30, 1974 

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 7 0 ' ~ ) .  

After drying soil and sediment samples they are lightly 

( pounded with a wooden block to break up aggregates of fine 
_i 

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. 

The entire amount of each sample is passed through a jaw 

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

minimum of 1 kg. isthenpassed through a pulverizer with plates. 
J 

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



Digestion tubes (100 x 1-6 mil) are  marked a t  the 5 ml 

level. with a 6 i aond  p e n c i l .  Tubes  are cleaned v d t h  hot water 

and concentrated HGl. 0.5 g samples are wej-ghed accurately, 

?.sing a Fisher 3ial--O-Gra~! balance, anr'i placecl i n  the appro- 

To each of t h e  sanples t h v s  prepare4 are added 2 r ~ l  

7 acids. . ~ a c k  02  t~~be,.: arc t l ~ e n  p?.aced on a n  electrli.cal. hot 

p?-ate, b r o ~ ~ g h t  t o  a gont le  boil ( L  h o u r )  and digested for 4+ 

holirs . Sa~.;pl-cs v n u ~ u . a L i y  rich i n  o r g a n i c  na tcr ia l  are Zirst 

burned i n  a p m c e l a i n  crucible heated by a bvnsen  b u r n e r  before 
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v .  
ANALYTICAL PROCEDURES 

S i l v e r  
1. Scope - T h i s  p rocedure  cove r s  a  r ange  of s i l v e r  i n  t h e  sample -r ; 

from less t h a n  .5 t o  1000 ppnl 

2 .  Summary of Method - The sample is t r e a t e d  wi th  n i t r i c  and per-  

s i l v e r  then 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  spectrophoto-  - 

. 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 i s  no t  very 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  p i e -  

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

Samples h igh  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, J 

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

must be corrected u s i n g  a n  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 

Lamp - Ag 

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

S l i t  7 A 

'Wavelength 3231A D i a l  287.4 

Fue l  - a c e t y l e n e  - f low - 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 



1. S e t  1 gamma/ml t o  read 40 equivalent  t o  20 garma/gm 

Factor 3 x meter reading 

Check s tandards  

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

2 .  S e t  15  gsmma/nll t o  100 equivalent  t o  100 ppm 

Check s tandards  . ... 

40, 100 pprn . 

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

3 .  Rotate burner t o  maximum angle 

S e t  10.0 gamma/ml Ag t o  read  100 

Check sta.ndards 

100,200, 400, 1000 ppm Ag 

Factor l o x  s c a l e  read ing  

4. Samples higher than 1009 ppm should be re-analyzed by assay 

procedur e 

5. Background co r r ec t i on  fo r  sample reading between 1 t o  5  ppm 

Ca l ib r a t e  AA i n  s t e p  1 

Dial  wavelength t o  300 (peak) 

Read t h e  samples again  

Sub t rac t  t he  background reading fronl t h e  f i r s t  reading 

1. 1000 gamma/mJ. Ag - 0.720 gm Ag,SOq dissolved i n  20 rnls Bx103 

and d i l u t e  t o  500 rnls 

2 .  10i) ganuna/ml A g  - 10 rnls of above + 20 m l s  HCl04,, d i l u t e  t o  



3 .  &covery  s p i k e d  s t a n d a r d  

5 ganut,a/ri,l A g  - 5 rnls 

"mixed I' a c i d  

Workinq AA S t a n d a r d s  

_I 

vii 

100 gamma/ml d i l u t e  t o  l a 0  m l - s  w i t h  
4 

m1s of 100 gmma/ml and 2, 5 rds 1.000 

ganuna/ml d i l u t e  t o  100  m l s  w i t h  20% HC104. T h i s  e q u ~ v a l e n '  t o  

4, 10, 20, 40, 100, 200, 4 0 0 ,  and  1000 ppm A g  i n  t h e  sample  .50 gm 

d i l u t e d  t o  1 0  m l s .  

Recovery  S t a n d a r d  

P i p e t t e  2  m l s  o f  -5 gamna/ml Ag i n  m i x  a c i d s  i n t o  a sample and 

c a r r y  t h r o u g h  t h e  d i g e s t i o n .  T h i s  s h o u l d  g i v e  a r e a d i n g  of 20 -2 , 

ppm A g  + o r i g i n a l  s a n p l e  c o n t e n t .  

F o l l o w  t h e  g e n e r  a 1  geochemica l  p r o c e d u r e  for sample  p r e p a r a t i o n  

and d i g e s t i o n .  

For  low a s s a y  Ag ,  t h e  same p r o c e d u r e  is  u s e d .  A g  i s  t h e n  c a l c u -  

l a t e d  i n  oz / ton .  

'1 ppm = .0292 o z / t o n  

c o n v e r s i o n  f a c t o r  

oz / ton  = .0292 x pprn A g  
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Lamp Zn 

C u r r e n t  3 #3 S l i t  20A 

Wave l e n g t h  2133 D i a l  84.9 

F u e l  - Ace ty l ene  Flow 1 4  

Oxidant  - A i r   low 1 4  

Burner - P.E. s h o r t  p a t h  90° . .. . 

Range 

0 - 20 gzunma/ml F a c t o r  4x - 0 t o  400 ppm 

0 - 50 gomma/ml F a c t o r  l o x  -0 t o  1000 p p m  

For Waters - Burner AB- 51 i n  l i n e  1 ganut~a/ml rea.d 100 t o  g i v e  0 

t o  1000 ppb 

High Zn Burner Bo l ing  i n  l i n e .  Wavelength 3075. D i a l  250 S l i t  7A 

Fue l  1 4  A i r  1-4.5 

0 t o  1000 gamma/ml r e a d  0 t o  20 F a c t o r  400 x 

Pure  S t a n d a r d  10.000 gamma/nll 

1 gm Zn d i s so lved .  HsO, HCl, HN03. HC:J.04. fumed t o  HC104 - 
make u p  t o  100 mls H20  

1000, 1.00 gam~a/ml and 100 m l  by d i l u t i o n  i n  20 % HC104 

0 t o  200 gamma/ml Zn use combined Cu. N i ,  Co. Pb. Zn s t a n d a r d s  

P i p e t t e  

1. 2. 3. 5. 8. 1 0  m l s  o f  lO.000 gamma/ml - d i l u t e  t o  100 m l s  

w i t h  20% HC104 t o  g i v e  

100, 200, 300, 500. 600. 1000 ganuna/n~l Zn f o r  h igh  s t a n d a r d s  



C o  Geochemical AA S e t t i n q  

Lam.p - 5 m u l t i  e lement  - 

C u r r e n t  1 0  %4 S l i t  2 A  

Wavelength 2407 D i a l  133.1  

Fue l  - Ace ty l ene  Flow 1 4  

Oxidan t  - A i r  F l o w  1 4  

- 
Burner - AB 5 1  i n  l i n e  

Range 

1 0 - 1 0  gamrna/ml r e a d  100 F a c t o r  2 x r e a d i n g  t o  200 ppm 

0 - 20 g a m a  m l  r e a d  100 F a c t o r  4 x r e a d i n g  t o  400 ppm 

Burner a t  maximum a n g l e  

O - 100 gamma/ml r e a d  100 -- F a c t o r  20 x r e a d i n g  t o  2000 pprn 

0 - 200 gamma/ml r e a d  100 F a c t o r  40 x r e a d i n g  t o  4000 ppm ,) 

S t a n d a r d s  - 1000 gamma/ml 

1 .  
1.000 gm c o b a l t  metal d i s s o l v e d  i n  HC1, 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  ' 

1, 2, 10, 20 m l s  i n t o  100  r n l  v o l  f l a s k s  d i l u t e d  t o  mark 

w i t h  20% HC104 

I T h i s  g i v e s  

10, 20, 100, 200 gamrna/ml C o  

Mixed - combina t ion  s t a n d a r d s  o f  Cu, Ni, CO, Pb, Zn 

o f  
/ 

i 1, 2, 5 ,  10, 20, 30, 50, 80, 100, 150, 200 gamma/ml a r e  us.-) 



Lamp Multi  elenient Car Ni, Co, Mn C r  

C u r r e n t  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  path (or  AB 50) 

Range 

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

0 - 200 ganu~a/nll Factor 40x - 0 t o  4000 ppm 

Burner 90 

0 - 1000 ganuma/r~~l Factor - 200x - 0 t o  20,000 ppri~ 

0 - 2000 gamma/ml Faxtor 400x - 0 t o  40,000 p p m  

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 

Standards 

Fisher  l O , O O O  ganuna/n~l ( m l )  

l ox  Di lu t ion  1000 gamha/ntl 
, 

Pippe t t e  

2, 3, 5, 8, 10, 15, 20 nil of l O , O O O  ganuna/ml d i l u t e  t o  100 

ml-s with 20% HC104. T h i s  gives 

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



C u r r e n t  5 #5  S l i t  7A 

Wavelength 3133 D i a l  2G0.2 

Fue l  - Ace ty l ene  Flow 1 2 . 0  t o  g i v e  1" red f e a t h e r  

Oxidant  - N i t r o u s  o x i d e  Flow 14 .0  

Burner - AB 50 i n  l i n e  . .. . 
Cau t ion  r e a d  t h e  o p e r a t i o n  u s i n g  N20 and a c e t y l e n e  f lame a t  

end o f  g e n e r a l  AA procedu re  

Range 

0 - 1 0  ganuna/ml F a c t o r  2x - 0 t o  200 p p m  

R o t a t e  burner  t o  max. a n g l e  

i 0 - 50 ganuna/ml F a c t o r  1 0  x 0 t o  1090 ppnl J 
0 - 100 gamma/ml F a c t o r  20 x 0 t o  2000 ppm 

S t a n d a r d s  1000 gamrila/n~l 

D i s s o l v e  .750 9 1 s  Moo3 ( a c i d  molybdic)  w i t h  20 rids H,O, 6 

lurt~ps NaCH, when a l l  d i s s o l v e d ,  add 20 m l s  HC1, 6 i l u t e  t o  5 j 0  rnls 

100 gamma/ml - 1 0  x d i l u t i o n  

P i p e t t e  ' 

2, 3, 5,  5, 1 0  m l s  o f  1000 ganuna/ml add  5 m l s  1Q% ~ 1 ~ 1 ~  

I and d i l u t e  t o  L O O  m l s  with 20% HClO4 

I This g i v e s  



Fe ~ e o c h e m i c a l  A A  S e t t i n g  

Lamp - Fe 

- Do n o t  use  n n i l t i  element Fe 

Curren t  10  #4 S l i t  2A 

Wavelength 344.0.6 Dial  317.5 

F u e l  - Acetylene Flow 14; 0 

Oxidant - A i r  F l o w ' l 4 . 0  

Burner - PE S h o r t  Path 93' 

Range 

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

S tandards  10, 000 ganuna/ml ' 

Weigh 5.000 9 1 s  i r o n  w i r e s ,  i n t o  beaker, add H20, H C l ,  HN03, 

HClO4, h e a t  t o  HC104 funes .  Add ,HClOq t o  100 m l s  + 100 n d s  

H20, warm, d i l u t e  t o  500 fitls, 

P i p e t t e  

1, 5, 10, 20, 30, 50, 80 rills l O , C l O O  garrln~a/ml d i l u t e  t p  100 ' 

m l s  wi th  20% ~ ~ 1 0 4  t o  g i v e  

100, 5008 1000, 2000, 3000, 5000, 8000 gamma/nJ t o  be 

e q u i v a l e n t  t o  .2, 1.0,  2.0, 4.0, 6.0, 10.G%, 16.0% Fe i n  geochen~ 
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N i  Geochemical F A  S e t t i n y  

L,?rnp P . E .  H/C. N i  or n iu l t i  el-ement Ctir  N i ,  CO, Nn, C r  

Curren t  10 #4, S l i t  2A 

Wave l eng th  3415 Dia l  312.5 

F ~ l e  - Ace t ly l ene  Flow 14 .0  

Oxidant - A i r  Flow 14 .0  

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

Range 

0 - 20 gamma/ml Fac tor  4x - 0 - 400 pprn 

0 - 100 gamua/ml Fac tor  20x - 0 - 2000 gamma 

45O 0 - 200 gamma/ml. Fac tor  40x - 0 -' 4000 ppm . 

0 - 500 gammdml Fac tor  1 0 0 ~ ' -  0 - 10,000 ppm 

N i  i n  wa te r s  and very low ranges  / I 

Wave l e n g t h  2320 Dia l  118 

Range 0 - 5 gamma/ml Fac to r  l x  - 0 - 100 p p m  

S tandards  l O , O O O  garrma/ml- 

1.000 gm pure  N i  meta l  d i s s o l v e d  i n  HCl ,  HNO3, ~ ~ 1 0 ~  t o  

p e r c h l o r i c  fun~es,  d i l u t e  t o  100 m l  H20 

1000 gnmxoa/ml and 100 ganurta/rd Success ive  l o x  d i l u t i o n s  i n  20% HC 

1, 2, 5, 8, 10  n ~ l s  of 100 ganlma/ml 

2, 5, 8, 10 m l s  1000 garrmia/n~l 

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

HC104. T h i s  g ives  

I., 2, 5. 8, 10, 20, 50; 80, 100, 200, 500, COO, 1000 g a n , P l  

Conibined Standards  - Cu, N i ,  Co, ' Pb, Zn is  used as working 
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Cu Geochetnical AA S e t t  i n q  

5 rnul t i  element 

Cur ren t  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  aatural waters) . .. . 
I 

P.E. s h o r t  Path (For geochem) 

Fuel  Acetylene Flow 1 4  

Oxidant A i r  Flow 1 4  

Range 

0 - 
0 - 

Burner 

0 - 

5 gamma/n~l Fac to r  l x  t o  100 ppm ( f o r  l o w  Cu) 

20 gamma/ml Fac tor  4x to  400 pprn 

200 gamrna/ml Fac to r  40x to 4000 ppm 

Wavelength 2492 Dia l  147 

Burner i n  l i n e  

Range 

0 - 1000 gamma/ml Fac tor  200x t o  20,000 ppm 

0 - 2000 gamma/ml Fac to r  400x t o  40,000 ppm 

Higher range  than  40,000 ppm r e q u i r e s  l o x  d i l u t i o n  

S tandards  

10,000 gamma/ml 

1.000 gm metal  powder, H20, HC1, HNO3 u n t i l  d i s so lved ,  add 

HClOq , fume d i l u t e  t o  100 m l s  



1000 gamma/ml l o x  d i l u t i o n  above i n  20% 13C104 

2000 gartuia/ml 20 r d s  10, 000 g*mm'ta/ml - dilute to 100 r i d s  in 
-/' i 

100 garnma/n~l lox d i l u t i o n  1000 gamrna/ml d i l u t e  t o  100 rnls i n  

200 gamma/rnl lox d i l u t i o n  2000 gantma/~,l d i l u t e  t o  100 rnls i n  

20% ~ ~ 1 0 4  

P i p e t t e  

1, 2, 3, 5, 3, 10 rnls 100 gama/ml - d i l u t e  t o  100 rnls wi th  

20% ~ ~ 1 0 ~  t o  g i v e  1, 2, 3, 5, 8, 10  gamma/ml 

Combined s t a n d a r d s  Cu, N i ,  Co, Pb, Zn 

5, 10, 20, 30, 50, 80, 100, 150, 200 gamma/nl 



Ph Gcochcmical AA Set tinq 

C u r r e n t  5 n 1 a  Slit 7A 

Wave l e n g t h  2033 Dial. 233 

Fue l  - a c e t y l e n e  Flow 1 4  

Oxidant  - a i r   low 1 4  

Burner AB 51 i n  l i n e  

Range 

0 - 20 gantma/ml. t o  r e a d  0 t o  80. F a c t o r  5x 0 t o  500 ppn 

O - 200 gamLa/ntl t o  r e a d  0 t o  .eO. Factor 50x O t o  5050 ppm 

S t a n d a r d s  - 10, 000 gamma/ml 

1.000 p u r e  meta l ,  d i s s o l v e d  i n  1Ii?O3, fumed. t o  IX.104 nmke up 

t o  100 mls i n  20% HC104 

1.000 ganuna/ml and 100 ganaLa/ml S u c c e s s i v e  lox a i l ~ t i o n s  i n  

20% ~ ~ 1 0 4  

P i p e t t e  

1, 2, 5, 9, 1 0  m l s  1 0 J  garLtxnna/ml 

2, 5, 8, 10, 20 m l s  1000 ganim/ml d i l u t e  t o  103  m l s  i n  20% 

~ ~ 1 0 4  t h i s  g i v e s  

1, 2, 5, 8, 10, 20, 50, ;a, 100, 200 gmma/n.l 

Contbined S t a n d a r d s  Cu, N i ,  Co, Pb, Zn, are u s e d  as working 

s t a n d a r d s  

i 

- 

-- --- 
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I W i n  Soi1.s and Si1 t s  

Reagents and anparatus  
J 

T e s t  t u b e "  - gvrex d i sposab le  

T e s t  tubes  - s c r e w  cap  

Bunsen Burner 

F lux  - 5 p a r t s  Na2C03 

4 p a r t s  NaCl . . 
1 p a r t  KN03 pu lve r i zed  t o  -80 mesh 

7% SnC12 i n  50% HC1 , 

20% KSCN i n  H20 

E x t r a c t a n t  - 1 p a r t  t r i - n - b u t y l  phosphate 

9 p a r t s  carbon t e t r a c h l o r i d e  
-.. 

Standards  ' -J 

1000 gamnia/ml W 

.18 gms NaeW04 2H,O d i s s o l v e d  i n  H20. make up t o  100 m l s  

100 ganuna/ml, 10 garima/ml by d i l u t i o n  

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

P i p e t t e  .5. 1. 2, 3. -5. 8, 10  m l  of 10  gamma/lxl 

and 1.5.  2 rnls of  100 gamma/ml - d i l u t e  t o  10 rnls 

con t inue  from s t e p  #4 

A r t i f i c i a l  c o l o r s  - Nabob pure  Lemon Ex t rac t .  d i l u t e  wi th  1:l 

e thano l  and water t o  match. T i g h t l y  s e a l  t h e s e  f o r  perntanent 

s t a n d a r d s  

/ 

\ Procedure .J 
1 1. Weigh 1 .0  grant sample, add 2 gm f lux .  m i x  

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

minute)  

3 .  Cool, add 10 rills H20, heat i n  sand bath t o  b o i l i n g ,  cool., l e t  

s i t  o v e r n i g h t  
I 

4. S t i r ,  c ru sh ,  and mix. L e t  set t le  

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

6 .  Add 7 mls SnC12, h e a t  i n  h o t  wa t e r  b a t h  f o r  5 minu tes  (80 . '~ )  
t 

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

8. Add 1 ml 20% KSCN, mix ( i f  lenunon yel low;  conipare c o l o r  

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

9. Add h m l  e x t r a c t a n t ,  cap, s h a k e  v i g o r o u s l y  1 minute  

10. Conkpar e c o l o r  
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3 . .  T r a n s f e r  51) 1111s t o  1 2 5  ~ e p a r a t o r y  f u n n e l  
, 

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

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

4. Rdd l . 2  m l s  i s o p r o p y l  e t h e r ,  s h a k e  f o r  1 minu te ,  and  allow . 
, 

p h a s e s  t o  separate 

5. D r a i n  o f f  w a t e 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, 

2, rnls of 1 0  gartuna/ml d i l u t e  

4, 5, rrils 05 1. gar~una/rz.l and 1, 1. 5, 

t o  50 rnls w i t h  d e m i n e r a l i z e d  H20, 3 
,-" 

c o n t i n u e  step #2. 

T h i s  e q u i v a l e n t  t o  - 
, 

A r t i f i c i a l  color - Nabob o r a n g e  e x t r a c t  d i l u t e  w i t h  1:l H20 t o  

m e t h a n o l  t o  niatch.  S e a l  t i ~ h t l y  

SnC12 - 15% i n  .15% HC1 

300 g n  SnCIm2 . 2H20 4- 300 rnls HCl, 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 ters  

KSCN - 5% i n  II,O 

Mixed SnC12 - KSCN 

3 pa t t s  SnC12 t o  2 p a r t s  %CN 
'\ J 

- , , 



Watcr San~ples  Run for AA 

1 . Cu - 2 gamrm/rul rends 30 scale t h e r e f o r e  I. u n i t  = 2 5  pp!> 

2. Zn - I. ganum/ntl reads  f u l l  scale t h e r e f o r e  1. u n i t  = 10 ppb 

3. N i  - 2.5 ganuna/ml reads 50 scale therefore 

Burner: long s l o t  techtron burner i n  l ine  

1 u n i t  = 50 ppb 

xxi 

! Sulphatc i n  Natural Waters 

. 1. Pipette 0.5 m l  sulphate reagent mix into a colorimetric tube 

2. Add 5 n l  water saixple and mix 

3. Read a t  343 F a g a i n s t  a demineralized water blank 

' 4. Read again a t  4 0 0 v n d  subtract from sulphate reading 

5. Calculate ppm sulphate from the graph 

Reasent 

Dissolve 54. grams red mercuric oxide ( J .T .  Balrer 2620- Can Lab) 

. i n  1-85 m l  70% perchloric acid and 20 m l  I-120, shalce for one hour. 

Ad.d 46.3 grams f e r r i c  perchlorate r Fe (ClO4) 3 . 6H20 I 

(GFS 39) and 47 grams aluminum perchlorate L A1 (~104.) 3 . 3H20 1 

(GFS 2) Add 400 m l  water t o  dissolve, l e t  s e t t l e  overnight, decant 

in to  bot t le  and make tq 1 l i t e r  
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water i n  a wlass beaker t o  a oas tv  cons;ste~cv. Deminer~lized 

water is used for thi.s purpose as it has a ].ow 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 LABORATO$Y 
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