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INTRODUCTION 

G e n e r a l  S t a t e m e n t  

The o b j e c t i v e  of  1979 f i e l d  w o r k ,  w a s  t o  f i l l  i n  areas 
l e f t  unsampled  i n  1966  by  e s t a b l i s h i n g  t w o  d e t a i l e d  s o i l  s a m p l i n g  
g r i d s .  P r o s p e c t i n g  w a s  a l so  carried o u t  on  r i d g e s  be tween  t h e  
c r e e k s  a n d  m i n e r a l i z e d  o u t c r o p s  w e r e  examined .  

L o c a t i o n  and Access 

The K i t i m a t  R i v e r  molybdenum-copper p r o s p e c t  is 
s i t u a t e d  f o r t y - e i g h t  km s o u t h e a s t  o f  T e r r a c e ,  B.C. ( F i g u r e  1) .  
The p r o p e r t y  c o v e r s  t h r e e  e a s t e r l y  f l o w i n g  t r i b u t a r i e s  i n  t h e  

u p p e r  K i t i m a t  R i v e r  v a l l e y .  Access is  made b y  h e l i c o p t e r  from 
t h e  T e r r a c e  a i r p o r t .  

C l a i m s  

The p r o p e r t y  c o n s i s t s  of t w o ,  t w e n t y  u n i t  claims 
(MAT 1-2)  s t a k e d  on March 27 and 2 8 ,  1979  ( F i g u r e  2 ) .  

Record  Number E x p i r y  Uate 

Mat 1 ( 2 0  u n i t s )  1235 A p r i l  18, 1980 

Mat 2 (20  u n i t s )  1236 A p r i l  18,  1980 

P h y s i o g r a p h y  

The p r o p e r t y  l i es  w i t h i n  t h e  C o a s t  Range M o u n t a i n s .  
Topopraphy is v e r y  r u g g e d ,  c h a r a c t e r i z e d  by s t e e p  s l o p e s  r i s i n g  
f r o m  t h e  K i t i m a t  River wh ich  are d e e p l y  i n c i s e d  by t h r e e  c r e e k s .  

S l o p e s  a n d  r i d g e s  are c h a r a c t e r i z e d  by  t h i c k  f o r e s t  
c o v e r  and  r e l a t i v e l y  l i t t l e  u n d e r g r o w t h  w h e r e a s  t h e  v a l l e y  b o t t o m  
h a s  a v e r y  t h i c k  u n d e r g r o w t h  of a l d e r  and  d e v i l s  c l u b .  

P r e v i o u s  Work 

The p r o p e r t y  w a s  i n i t i a l l y  s t a k e d  i n  J u n e ,  1965 by 
p e r s o n n e l  a c t i n g  as  a g e n t s  f o r  S o u t h w e s t  P o t a s h  C o r p o r a t i o n .  
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\ 

Work included geological mapping, geochemical water, silt and 
soil samnling, and 8.5 line miles of induced polarization survey. 

L 

In 1966 work consisting of plane table mapping, 
geolopical mapping, geochemical soil sampling and rock chip 
sampling was carried out under the supervision of P.W. Richardson 
for A I U X  Exploration, Inc. (Assessment Reports 818, 819). 
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GEOLOGY 

M a n t l e  Creek  

The Man t l e  Creek  area t o  t h e  s o u t h ,  is u n d e r l a i n  by a 
medium g r a i n e d  e q u i g r a n u l a r  b i o t i t e  g r a n i t e .  The r o c k  is  l i g h t  
p i n k  and  h i g h l y  f e l d s p a t h i z e d  and  p y r i t i z e d ,  and  is c u t  by l i g h t  
g r e y ,  p o r p h y r i t i c  q u a r t z - m o n z o n i t e  d y k e s  and by d a r k  g r e y  a n d e s i t e  
d y k e s .  Dykes of f e l d s p a t h i z e d  and  p y r i t i z e d  q u a r t z - e y e  p o r p h y r y  

occur l o c a l l y .  

Gossan  C r e e k  

The l o w e r  r e a c h e s  of Gossan  C r e e k  are  u n d e r l a i n  by 

Hazelton Group(? )  g reens tones .  S t e e p ,  gossanous c l i f f s  a l o n g  
t h e  s o u t h e m w a l l  of t h e  creek,  mark the q u a r t z - e y e - m u s c o v i t e  
p o r p h y r y  i n t r u s i v e  con tac t .  Muscovi te  books  and  a n h e d r a l  q u a r t z  
p h e n o c r y s t s  are scat tered i n  a l i g h t  pink-brown a p h a n i t i c  
groundmass .  The p o r p h y r y  is weak ly  f e l d s p a t h i z e d  and p y r i t i z e d .  

V I  NERALI ZATION 

M o l y b d e n i t e  m i n e r a l i z a t i o n  i n  t h e  .OX% range occur s  
i n  i s o l a t e d  q u a r t z - v e i n  s t o c k w o r k  zones a l o n g  M a n t l e  C r e e k  and  
i n  t h e  m u s c o v i t e - q u a r t z - e y e  p o r p h y r y  i n  Gossan C r e e k .  The zones 
are  h i g h l y  s i l i c i f i e d  and o r i g i n a l  t e x t u r e s  are  o b l i t e r a t e d .  
The lower z o n e  i n  M a n t l e  C r e e k  is i n  p a r t ,  associated w i t h  a 
s i l i c i f i e d  q u a r t z - e y e  p o r p h y r y  o u t c r o p p i n g  n e a r b y .  

M o l y b d e n i t e  occurs  m o s t l y  a s  f i n e  d i s s e m i n a t i o n s  a l o n g  

v e i n  s e l v a p e s ,  and  a l so  as  f i n e  g r a i n e d  i n d i v i d u a l  f l a k e s  w i t h i n  
t h e  v e i n .  
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GEOCHEMISTRY 

S o i l  

One hundred  and t h i r t y - f o u r  s o i l  s a m p l e s  w e r e  
collected from t w o  separate areas.  Samples  w e r e  t a k e n  a t  
f i f t y  metre i n t e r v a l s  a l o n g  l i n e s  o n e  hundred  metres apar t  

( F i g u r e  3 ) .  

Sample d e p t h s  g e n e r a l l y  r a n g e d  be tween t w e n t y  and  
t h i r t y  c m .  A l l  samples  w e r e  t a k e n  from B h o r i z o n  s o i l s  
r a n g i n g  i n  c o l o u r  f rom da rk  g r e y  t o  o r a n g e  w i t h  s a n d  and s i l t  

as  major componen t s ,  Humus leached f rom t h e  o v e r l y i n g  forest  
humus l a y e r  u s u a l l y  a p p e a r e d  i n  t h e  R h o r i z o n  s o i l s .  Samples  

were a n a l y z e d  f o r  9 e l e m e n t s  (Appendix  11). 

Rock Ch ip  

Twenty-s ix  rock c h i p  samples w e r e  t a k e n  and  a l so  

a n a l y z e d  f o r  n i n e  e l e m e n t s .  

R e s u l t s  

Mo and  Cu s o i l  a n o m a l i e s  ( > 4  ppm Mo, > l o 0  ppm Cu) 

were o u t l i n e d  i n  e a c h  of t h e  sampled  areas ( F i g u r e  3 ) .  Mo 
v a l u e s  r a n g e d  from 1-350 ppm w i t h  a f r e q u e n c y  c u r v e  p e a k i n g  
a t  0-10 ppm. Cu v a l u e s  r a n g e d  f r o m  0-1940 ppm w i t h  a modal 

v a l u e  of be tween 20 and  40 ppm. 

Ad.jacent t o  Gossan  C r e e k ,  a 250  x 100 m Cu anomaly 

is c o i n c i d e n t a l  w i t h  t h e  s o u t h e r n  lobe of a larger  Mo anomaly .  
C o n v e r s e l y ,  o n e  and  a h a l f  k m  t o  t h e  s o u t h ,  a d j a c e n t  t o  Lamp 
C r e e k ,  t h e  140 and Cu a n o m a l i e s  are g e n e r a l l y  n o n c o i n c i d e n t a l .  

S o u t h  of t h e  anomalous  z o n e  i n  Gossan Creek,  are  
large p r e c i p i t o u s  c l i f f s  e x p o s i n g  s i g n i f i c a n t  m o l y b d e n i t e  and  
c h a l c o p y r i t e ( ? )  m i n e r a l i z a t i o n .  S o i l  g e o c h e m i s t r y  h a s  there- 

f o r e ,  p o s s i b l y  d e f i n e d  t h e  n o r t h e r l y  e x t e n s i o n  of t h e  

m i n e r a l i z a t i o n .  
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h The i s o l a t e d  Mo a n d  Cu a n o m a l i e s  i n  Lamp C r e e k  a re  
i n t e r e s t i n g  d u e  t o  t h e  f a c t  t h a t  m i n e r a l i z a t i o n  is  n o t  a p p a r e n t  

anywhere a l o n g  Lamp C r e e k .  The a n o m a l i e s  are c l o s e d  o f f  on a l l  
s i d e s  and  do  n o t  a p p e a r  t o  meet w i t h  a p r e v i o u s l y  d e t e r m i n e d  
open  anomalous  area e x t e n d i n g  down f rom t h e  n o r t h e a s t  (1966  
F i n a l  R e p o r t  K i t i m a t  R i v e r ,  AMAX company r e p o r t ) .  

A g r e a t e r  p e r c e n t a g e  of s o i l  s a m p l e s  were f o u n d  
anomalous  i n  Mo t h a n  i n  Cu ( 6 8 . 5 %  v s .  4 5 % ) .  Assays  t a k e n  f rom 
c h i p  s a m p l i n g  i n  1 9 6 6 ,  however ,  r e p e a t e d l y  i n d i c a t e d  h i g h  Cu 
c o n c e n t r a t i o n  o v e r  Mo. The c h e m i c a l  n a t u r e  of t h e  s o i l  i s  

t h o u g h t  t o  m o b i l i z e  Blo more t h a n  Cu. 

D . B .  F l e m i n g  \ J  

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



APPENDIX I - STATEMENT OF COSTS 

Kitimat River 

Sumnary of Work ProsDectina and Geochemical Sampling 

Period o f  Work 

Person ne 1 
D . G .  Al len,  P . E n g . ,  601-535 Thurlow St ree t ,  Vancouver 

D . B .  F leving,  Sr. Asst., R . R .  #4 Uplands Drive, Kelowna 

J.W. Mortensen, J r .  Asst., 931 Ambrose Avenue, Prince Rupert 

A u p u s t  23 - 27, October 2 7 ,  and 30, 1979 

2 days @ $141.79/day 

6 days @ $ 43.40/day 

5 days @ $ 31.66/day 

Room and Board 
3 man days !3 $35.00/day 

10 man days @ $20.00/day 

Transportat ion 
Okanaaan He1 i copters  L t d .  , Vancouver 
Inv. 358002, 358028. 363516, 158239 

105.00 
200.00 

Geochemi cal  Analysi 5 

Rossbacher Laboratory L t d . ,  Burnaby 
Inv. #9249, 0030 

134 s o i l  samples - 9 elements Q $4.50 603.00 
2 s i l t  - 9 elements @ $4.50 9.00 

26 rock - 9 elements @ $4.50 117.00 
2 rock - whole rock @ $11.50 23.00 

Report Preparat ion 

283.58 

260.40 

158.30 

305.00 

2,207.40 

752 -00 

~ 200.00 

Work t o  be a p p l i e d  a s  fol lows:  1 yea r  each t o  MAT #1 and #2 
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. Procedures  f o r  C o l l e c t i o n  and Process ing  

o f  Geochemical Sanples  

A n a l y t i c a l  Methods f o r  Ag, Mo. Cu, Pb, Zn, 
Fer Mn, N i ,  Co  and 71 i n  sediments  and soils; 
Mo, Cu, Zn, N i  and SO4-' i n  waters. 

I Amax Explorat ion,  Inc .  
I Vancouver Off ice .  

i Septenber  1970 
'I ! 

S o i l 3  

B hor izon  material i s  sar,pled and t h u s  o r g a n i c  r i c h  

t o p s o i l  and leached  upper s u b s o i l  axe avoided.. Occasionall:? 

o.rganic r i c h  sarqles have t o  be  t a k e n  i n  swampy depress ions .  

Samples are t a k e n  by hand from a s m a l l  excavat ion  

made wi th  a cast i r o n  mattock. Approximately 200 gms o f  S n e r  

g r a i n e d  material i s  taken  and placed i n  a nuinbered, h i g h  wet- 

s t r e n q t h ,  Icraft paper  bag. The bags are c l o s e d  by f o l d i n g  arrd 

do not  have metal t a b s .  

Observa t ions  as t o  tine n a t u r e  of t h e  sai iple  and t h e  

envi ronnent  of t h e  sample s i te  are made i n  t h e  f i e l d .  

Drainaqe Scdirnents 

Act ive  s e d i n e n t s  are t a k e n  by hand from t r i b u t a r y  

d r a i n a g e s  which are g e n e r a l l y  of f i v e  s q u a r e  m i l e s  c a t c - m e n t  

or less. composite samples are t a k e n  of t h e  f i n e s t  material  

a v a i l a b l e  from as near  as p o s s i b l e  t o  t h e  c e n t r e  of t h e  d r a i n a q e  

channel  t h u s  avoid ing  c o l l a p s e d  banks. More t h a n  one sample is  

t a k e n  i f  marked m i n e r a l o g i c a l  or t e x t c r a l  s e g r e q a t i o n  of t h e  

sediments  i s  e v i d e n t .  

Some 200 cga of f i n e r  m a t e r i a l  is  c o l l e c t e d  u n l e s s  t h e  

sediment  i s  unusual ly  coarse i n  which case t h e  weight  i s  

i n c r e a s e d  t o  1 kq. 

K r a f t  paper  bag as are enp1o:ied i n  s o i l  sai7plina. Water 

samples arc t a k e n  a t  a l l  a p p r o p r i a t e  sites. Approxinately 190 

m l s  are s a r p l e d  and p l a c e d  i n  a c lean ,  screw seal.ec?, p o l z t h e z e  

b o t t l e .  OSservat ions are xade a t  each s i t e  regarclinq t h e  

envi ronnant  an8 n a t u r e  of t h e  sam?le. 

Samples are p laced  i n  t h e  sane ty?e  of 



K ajjbac,,er d a b o r a t o r y  
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c 

2996910 
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April 30, 1974 

SUMM4RY OF SOME ANALYTICAL TECHNIQUES CURRENTLY IN USE AT 
ROSSBACHER LABORATORY 

A ANALYTICAL TECHNIOUES 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 7OoC). 

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. 

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

The entire amount of each sample is passed through a jaw 

Rock samples are processed in such manner that 

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

minimum of 1 kg. is thenpassed through a pulverizer with plates 

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

C' 

R_" rk C,b g2-s 
Composi te  rock chip camnples ~ ~ ~ e r a l l y  ronsist of some 

ten small frapments bmken from linweathered oiitcrop with a steel 
hammer. Each fragment w e i g h s  some 50 ems. Samples are Dlaced 
in stronz polythene bags and sealed with non-rontaminating 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. 



Q 

I. 

i v  

s c reen .  Xicrc s ~ ~ 3 l e . s  arc n,prccia'Jl;. k e e c i e r  t h m  -7 !:? tiie 

i laterial  is s p l i t  a f t e r  jav cr::.shing !>y means of a Jones 

s p l i t t e r .  Af t e r  p u l v e r i z i n g  t h e  samp1.e is  nixed by r o l l i n g  on 

paper  and i s  t h e n  p l aced  i n  a Kra f t  paper  ba9. 

SN'1PLE DIGSSTION 
. .  ~ ~ 

Diges t ion  t u b e s  (100 x 16 ran) a r e  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 .  T u b a  are c l eaned  wi th  h o t  wa te r  

and c o n c e n t r a t e 6  HCL. 0.5 g samples are weicjhed accu ra t e ly ,  

u s i n g  a F i s h e r  3ial-0-Grnn halanke, and p l aced  i n  t h e  appro-,  

p r i a t e  t ubes .  

To each of t h e  samples t h u s  p repa red  are added 2 ml 

of an  acid. n ix twe  comgris inq 15% n i t r i c  and 2571 p e r c h l o r i c  

a c i d s .  Rnc::s 05  tl;bes are t h e n  p l aced  on an e lectr ical  h o t  

p l a t e ,  brought t o  a g e n t l e  b o i l  ( 5  hour )  and d i g e s t e d  for 4; 

hocrs .  Sar..plcs L>nusuall:l r i c h  i n  o r g a n i c  nater ia l  are f i r s t  

burned i n  a poi-celain c r u c i b l e  hea ted  by a hunsen burner  be fo re  

tiie a c i d  n i x t u r e '  is  added. 

less steel  fc,ne hood. 

D iges t ion  i s  perzormed i n  a s t a i n -  

A f t e r  d i g e s t i o n  t u b e s  arc removed fron t h e  h o t  p la te  

an2 t h e  voluee is  brought up t o  5 ml w i t h  de ion ized  water. 

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

for one  minute.  The r e s u l t i n g  clear upper l a y e r  i s  used for 

Cu, Mo; Pb. Zn. Ag, Fe, I4n. Ni and Co d e t e r n i n a t i o n  by a Perkin-  

i Z 1 . m ~  2 3 0 B  a toe ic  a b s o r g t i o n  spectrophntoineter  . A n a l y t i c a l  

proccdixes  are rjiven 02 tiie fo l lowing  pages. 

V 

AWILYTICAL PROCEDURES 

S i l v e r  
1. Scope - T h i s  procedure cove r s  a r a n g e  of s i l v e r  i n  t h e  sample 

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

2 .  Sumiarv of Method - The sample i s  t r e a t e d  w i t h  n i t r i c  and per- 

c h l o r i c  a c i d  mix tu re  t o  o x i d i z e  o r g a n i c s  and s u l p h i l e s .  

s i l v e r t h e n  i s  present 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  is de te rmined  by atomic a b s o r p t i o n  spectro3hoto-  

The 

, meter 

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

i n  s o l u t i o n ,  

v e n t s  s i l v e r  be ing  absorbed on t h e  glass c o n t a i n e r .  

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 .  

Ma in ta in ing  the  s o l u t i o n  i n  2Wk p e r c h l o r i c  ?re- 

D e t e r d n a -  

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

c a u s e  h i g h  background absorbance.  

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

T h i s  background absorbance 

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

Lamp - Ag 

C u r r e n t  4 m a  p o s i t i o n  3 

S l i t  7 A 

Wavelength 3231A D i a l  287 .4  

F u e l  - a c e t y l e n e  - flow - 1 4  

Oxidant  - a i r  - flow - 14 
Burner - t e c h t r a n  AB-51 i n  l i n e  

Maximum Conc. 3 t o  4x  ' 
. .  



~ a l  i b r a t i o n  

1. S e t  1 gamma/ml t o  r ead  40 e q u l v a l e n t  t o  20 gaa.ma/gm 

Fac to r  4 :c meter r e a d i n g  

Check s t a n d a r d s  

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

2. S e t  15 gamma/ml t o  100 e q u i v a l e n t  t o  100 ppm 

Check s t a n d a r d s  

40. 100 ppm 

Fac to r  d i r e c t l y  i n  ppm Ag 

3. Ro ta t e  burner t o  maximum ang le  

S e t  10.0 gamma/ml Ag t o  r e a d  100 

Check s t a n d a r d s  

100, ZOO, 400,1000 ppm Ag 

Fac to r  lox s c a l e  r e a d i n g  

3 

4. Samples h lgher  t h a n  1005 ppm should  be re -ana lyzed  by a s say  

procedure  

5 .  Background c o r r e c t i o n  f o r  sample r e a d i n g  between 1 t o  5 ppm 

C a l i b r a t e  AA i n  s t e p  1 

Dia l  wavelength t o  300 (peak) 

Read t h e  samples aga in  

S u b t r a c t  t h e  background r e a d i n g  from t h e  f i r s t  r e a d i n g  

Standards  

1. 1000 gamma/ml. Ag - 0.720 qm Ag2S04 d i s s o l v e 6  i n  20 m l s  8x103 

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

2.  109 ganuna/ml Ag - 10  mls of a b v e  + 20 mls HClO4, 6 i l L t e  t o  

1.03 tlrls 

3. Recovery sp iked  I; tand?rd 

5 cjanu,,a/zl A g  - 5 m l s  100 gamma/ml d i l u t e  to 130 n1.s wlth 

"mixed" ac id  

Workinq AA Standa rds  

P i p e t t e  .2, .5, 1, 2, 5, 10 mls of 109 ganuna/ml and 2, 5 IJS 1.090 

ganuna/ml d i l u t e  t o  100 mls w i t h  2Fh HClO4. 

4, 10, 20. 40, 100, 200, 400, and 1000 ppm Ag i n  t h e  sample . 5 0  gm 

d i l u t e d  t o  10 mls. 

Recovery S tanda rd  

Th i s  eqL-valent to 

P i p e t t e  2 m l s  of . 5  garma/ml Ag i n  mix a c i d s  i n t o  a sample and 

c a r r y  through t h e  d i g e s t i o n .  T n i s  s h o ~ l d  g ive  a r e a d i n g  of 20 

ppm Ag + o r i g i n a l  sample con ten t .  

Follow t h e  gene ra l  geochemical procedure  f o r  sample p r e p a r a t i o n  

and d i g e s t i o n .  

For low as say  Ag. t h e  same procedure  i s  used. Ag is  then  ca l cc -  

l a t e d  i n  oz/ton. 

'1 ppm = .0292 oz/ton 

convers ion  f a c t o r  

.j 

oz/ton = .0292 x ppm Ag 

c 



Zn Gcochenlical M S e t t i n q  

Lamp Zn 

Current  0 #3 S l i t  2OA 

Wave l eng th  2133 Dia l  84 .9  

Fuel - Acety lene  Flow 14  

Oxidant - A i r  Flow 1 4  

Burner - P.E. s h o r t  pa th  90" 

Range 

0 - 20 gamma/ml Fac to r  4x - 0 t o  400 p.m 

0 - 50 gamma/ml Fac to r  l o x  -0 t o  1000 ppm 

For Waters - Burner AB- 51 i n  l i n e  1 gamna/ml r e a d  100 t o  g ive  0 

t o  1000 ppb 

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

Fuel  1 4  A i r  14 .5  

0 to  1000 gamma/ml r ead  0 to  20 Fac to r  400 x 

Pure S tandard  10,000 gamma/ml 

1 gm Zn d i s so lved ,  H201 HCl,  HNO3, HClO4, fumed t o  HClO4 - 
make up t o  100 m l s  H 2 0  

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 s t anda rds  

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  to  100 m l s  

w i t h  20% Hcl04 t o  g i v e  

100, 200, 300, 500, 800, 1000 gar,una/ml Zn f o r  high s t anba rds  

Range 

0 - 10 ganrma/ml r e a d  100 Fac to 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 Fac to r  4 x r e a d i n g  to 400 ppm 

Burner  a t  maximum ang le  

0 - 100 gamma/ml r e a d  100 Fac to r  20 x r e a d i n g  t o  2000 ppii 

0 - 200 gamma/ml r e a d  100 Fac to r  40 x r e a d i n g  t o  4000 ppn 

S tanda rds  - 1000 gamma/ml 

1.000 gm c o b a l t  metal d i s s o l v e d  i n  HC1, HNO, and fuzed i n t o  

HC104, d i l u t e  to  1 l i ter  

P i p e t t e  

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

wi th  20% HC104 

T h i s  g i v e s  

10, 20, 100. 200 gamma/ml co 

Mixed - combination s t a n d a r d s  o f  Cu, N i ,  Co, Pb, Zn 

Of 

1, 2. 5, 10, 20,  30, 50. 80,  100, 150, 200 ganma/r,il a r e  &red  

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

C o  Geocheinical. AA S e t t i n q  

Lamp - 5 m u l t i  element 

Cur ren t  10 e 4  S l i t  2A 

Wavelength 2407 Dia l  133.1 

Fuel - Acetylene Flow 14 

Oxidant - A i r  Flow 1 4  

Burner - AB 51 i n  l i n e  

- 
- .-.. 

ix 
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Hn Gcociiemic-1 An S c t t i n q  

Lamp M u l t i  e lentent  Car NL, Co, Mn Cr 

X 

Cur ren t  1 0  #4 S l i t  7A 

Wave l e n g t h  4030.8 Dia l  425.2 

Fuel - Acetylene Flow 14.0 

Oxidant - A i r  Flow 14.0 

Burner - P.E. s h o r t  p a t h  (or AB 50) 

Range 

0 - 100 gamma/ml Fac to r  20x - 0 t o  2000 ppxr 

'0 - 200 galbllCl/Nl Fac to r  4 0 ~  - 0 t o  4000 p&XU 

Burner 90' 

0 - 1000 ganuna/ml Fac tor  200x - 0 t o  20,000 p p i  

0 - 2000 gamma/ml Fac tor  400x - 0 t o  40,000 p p  

- 

EDTA E x t r a c t i o n  - u s e  AB 51 i n  l i n e  

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

S tanda rds  

Pippe t t e  

.5, 1, 2, 3, 5, 3, 10, ffil of 1000 gamn1dml 

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

rnls wi th  20% HClO4. This  g i v e s  

5, 10, 20, 30, 50, E O ,  100. 200, 300, 500, 300, 1000. 15W.  

2000 gamma/ml. 

xi 

&lo Geoclieidcnl AA S c t t i n p  

Lamp ASL H/C lrlo 

Cur ren t  5 #5 S l i t  7A 

Wavelength 3133 Dia l  260.2 

Fuel  - Acetylene Flow 12 .0  t o  g i v e  1 "  r e d  f e a t h e r  

Oxidant - N i t r o u s  ox ide  Flow 14.0 

Burner - AB 50 i n  l i n e  

Caut ion r e a d  t h e  o p e r a t i o n  us ing  N,O and ace ty lene  flame a t  

end of genera l  AA procedure 

Range 

0 - 10 ganlma/ml ' F a c t o r  2x - 0 t o  200 ppm 

R o t a t e  burner  t o  niax. angle  

0 - 50 ganma/ml Fac tor  10 x 0 t o  1000 ppm 

0 - 100 gamma/ml Fac to r  20 x 0 t o  2000 ppm 

S tanda rds  1000 gamroa/ml - 
Disso lve  .750 gnis Moo3 ( a c i d  molybdic) '  wi th  20 nils H20, 6 

lumps NaCH, when a l l  d i sso lved ,  add 20 rnls HC1, d i l u t e  to  5 ~ 0  n i l 8  

100 ganlma/rnl - 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 ganlmdml 

2, 3, 5, 9, 1 0  m l s  of 1000 ganuna/ml add 5 rnls 1% ~ 1 ~ 1 3  

and d i l u t e  t o  100 m l s  w i t h  20"/. HClO4 

This  g i v e s  

.2 ,  . 5 ,  1, 2, 3, 5, 6, 10, 20, 30, 50 ,  80. 100 gamrila/ri,l KO 

I .  . .  
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Fc Geochemical AA S e t t i n q  

L ~ u p  - Fe 

- DO n o t  u s e  m u l t i  element Fe 

Cur ren t  10 #4 S l i t  2A 

Wavelength 3440.6 Dia l  317.5 

Fuel - Acetylene Flow 14.0 

Oxidant - A i r  Flow 14 .0  

xi i 

Burner - PE Shor t  Path 93' 

Range 

o - 5000 gamma/nd 0.1 x % - 0 t o  13.0% 

0 - l0,OOO gamma/ml 0.2 x % - 0 t o  20.0% 

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

S tanda rds  10,000 gamma/ml ' 

Weigh 5.000 gms i r o n  w i r e s ,  i n t o  beaker,  add H20. HCl .  HNO3. 

Hc104, h e a t  t o  Hc104 fines. 

H20, warm, d i l u t e  to  500 n ~ l s  

Add .HC104 to 100 mls + 103 bls 

P i p e t t e  

1, 5, 10, 20, 30, 50, 80 m l s  10.300 ganima/ml d l l u t e  t o  lG0 

m l s  w i th  2Wk HClO4 t o  g i v e  

loo,  500, 1000, 2000, 3000, 5000, 3000 gamma/n.l t o  be 

e q u i v a l e n t  t o  .2, 1.0, 2.0, 4.0,  6.0, 10.696, 16.0% Fe i n  geochm 

sample 

xiii 

. N i  Gcoc11emic;ll AA S e t t i n g  

L m p  P.E. H/C. N i  or m u l t i  e lement  Cu, N i ,  Co, Mn, C r  

Cur ren t  10 #4, S l i t  2A 

Wave l e n g t h  3415 Dia l  312.5 ., 

f i l e  - A c e t l y l e n e  Flow 14.0 

Oxidant - A i r  Flow 14.0 

. Burner AB 51 i n  l i n e  

. .  Range 

0 - 20 gamna/ml 

0.- 100 gamma/ml Fac to r  20x - 0 - 2000 gamma 

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

0 - S O 0  gamma/ml Fac tor  1OOx.- 0 - 10,000 p p  

Fac to r  4x - 0 - 400 ppm 

. 45' 

N i  i n  w a t e r s  and very low r anges  

Wave l e n g t h  2320 D i a l  118 

~ a n g e  o - 5 g&a/ml 

S tanda rds  10,000 .gamma/ml 

Factor IX - o - 100 ppm 

1.000 gm p u r e  N i  me ta l  d i s s o l v e d  i n  HC1,- HNO3, HClO4 to 

p e r c h l o r i c  fumes, d i l u t e  t o  100 m l  H20 

. , 1000 ganuna/ml' and 100 gamma/nil Success ive  l o x  d i l u t i o n s  i n  2 W  H C l O i  

1, 2, 5, 8, 1 0  m l s  of 100 ganma/ml . , 

2, 5, 9. 1 0  m l s  1000 gauana/ml 

. . 2, 5, 8, 1 0  m l s  10,000 gamma/ml - d i l u t e  t o  100 m l s  i n  2.j56 

HC104. This  g i v e s  

I, 2, 5, 8, '10, 20, 50, 20. 100. 200, 500, 3GC). 1035 s x m a / : i i  Xi 

Conhitied S tanda rds  - Cu, N i ,  Co, Pb, Zn is  used as P worki i i s  

s t a n d a r d  



Cu Geocheiiil~nl AA S e t t i n y  

Lamp S i n 7 l e  Cu or 

5 m u l t i  elenient 

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 

X i V  

Burner Techt ron  AB 51 (For Cu i n  a a t u r a l  wa te r s )  .. 
P.E. S h o r t  Path (For geochem) 

Fuel  Acetylene Flow 1 4  

Oxidant A i r  Flow 1-4 

Range > '  

0 - 5 gamma/rul Fac to r  l x  to  100 ppm ( f o r  l o w  Cu) 

0 - 20 gamma/ml Fac to r  4x to 400 ppm 

Burner 90' 

0 - 200 gamna/ml  Fac to r  40x t o  4000 ppm 

Wavelength 2492 D i a l  147 

BGrner i n  l i n e  

Range 

0 - 1000 gamma/ml Fac tor  2OOx t o  20,000 ppm 

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

Hirjher r ange  than  40,000 ppm requires l o x  d i l u t i o n  

S tanda rds  

10,000 gamma/ml 

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

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

-. 
'I 

. :  . .  
i 
i 

- 1  

lG00 gamma/ml l o x  d i l u t i o n  above i n  20% HC104 

2000 ganu,ia/ml 20 mls 10,000 g'amma/ml - d i l u t e  t o  100 m l s  i n  

20% HC104 

100 gamnia/nil lox d i l u t i o n  1000 gamma/ml d i l u t e  t o  100 m l s  i n  

20% ~ ~ 1 0 4  

200 gamma/ml l o x  d i l u t i o n  2000 ganuna/nl d i l u t e  t o  100 nls  i n  

20% H C ~ O ~  

P i p e t t e  

1, 2, 3, 5,  8 ,  1 0  m l s  100 gamma/ml - d i l u t e  t o  100 m l s  wi th  

20% ~ c l o ~  t o  g ive  1, 2, 3, 5, a, 1 0  ganma/ml 

Combined s t anda rds  Cu, Ni, C o r  Pb, Zn 

, 1, 2, 5, 10, 20, 30, 50, 00, 100, 150, 200 gamma/ml 

I . .  

i 
. .  
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Ph Gcochemical AA S e t t i n y  

Lamp ASL rl/c , P b  

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

Wave l e n g t h  2033 D i a l  25 

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

Oxidant  - a i r  Flow 1 4  

Burner AB 51 i n  l i n e  

Range 

... 

0 - 20 gmma/ml to  r e a d  0 to  80.  Factor  5% 0 to 550 pDm 

0 - 200 gamn;a/nil t o  r e a d  0 to.t3O. Fac tor  50% 0 to 50d3 ppm 

Stant lards  - 10.000 gamma/ml 

.1.000 p u r e  metal ,  d i s s o l v e d  i n  1 1 ~ 0 3 ,  fumed t o  ~ ~ 1 0 ~  stake up 

t o  100 mls i n  20% HclO4 

1000 ganuna/ml and 100 ganma/ml Success ive  l o x  d i l u t i o n s  i n  

20% ~ ~ 1 0 4  . . 

P i p e t t e  
. .  

. i, 2, 5, 8 ,  10 m l s  103 g=ma/ml 

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

HClO4 t h i s  g i v e s  

' ' 1, 2, 5, 8 ,  10, 20, 50,  30, 100, 200 gcwma/n:l 

Conbined Standards  Cu, N i ,  Co, 'Pb, Zn, are used as working 

I 

s t a n d a r d s  

W i n  Solls and S i l t s  

Reagents and a p p a r a t u s  

T e s t  t u b e s  - pyrex  d i s p o s a b l e  

T e s t  t u b e s  - screw c a p  

Bunsen Burner 

F l u x  - 5 p a r t s  Na2C03 

4 p a r t s  N a C l  

1 p a r t  mo3 p u l v e r i z e d  t o  -80 mesh 

7% SnC12 i n  SO% H C l  

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 parts carbon t e t r a c h l o r i d e  - 
S t a n d a r d s  

1000 gamrra/ml W 

.18 gms Na2W04 2H20 d r s s o l v e d  i n  H20,  make up  t o  100 m l s  

100 gamma/ml, 10 g m a / m l  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 gma/ii.l 

and 1.5,  2 m l s  o f  100 gamma/ml - d i l u t e  t o  10  nls 

c o n t i n u e  from s t e p  #4 

A r t r f i c i a l  colors - Nabob p u r e  Lemon E x t r a c t ,  d i l u t e  wi th  1:l 

e t h a n o l  and w a t e r  t o  match. 

s t a n d a r d s  

T i g h t l y  seal t h e s e  f o r  perhanent  

Procedure , 

1. Weigh 1 . 0  grant sample, add 2 gni f l u x ,  mix 

. .  

:? 

-" 

r, . ,. .. . -. 

I 



xviii 

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

m i  nu t e  ) 

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

s i t  ove rn igh t  

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

5. Take 2 ml aliquot i n t o  s c r e w  c a p  test  t u b e  

6 .  Add 7 rnls SnC12, h e a t  i n  h o t  w a t e r  ba th  f o r  5 minutes  ( 8 0 ' C )  

7 .  Cool to  less t h a n  1 5 %  

8 .  Add 1 m l  20% KSCN, mix ( i f  l e m o n  yellow: compare color 

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 

. .  

, .. 

x i x  

\ 

No1 :.brlcnum in :rater S a r o l c r ,  

1. T r a n s f e r  50 n i l s  t o  125 eepa ra to ry  funne l  

2 .  A d d  5 n i l  .2% f e r r i c  c h l o r i d e  i n  conc HC1 

3. Add 5 m l s  of mixed KSCN and SnClz 

4. Add 1 . 2  m l s  i sop ropy l  e t h e r ,  shake  f o r  1 minute,  an? a l low 

phases  t o  separate 

5. Dra in  o f f  water  

6 .  Conipare t h e  color of 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  0: 1 garaa/r;.l end I, 1.5, 

2,  m l s  of 10  ganuna/ml d i l u t e  t o  50 m l s  w i t h  demlneralizeZ HzO, and 

con t inue  step #2. 

T ,is e q u i v a l e n t  t o  - 
1, 4, 10, 20, 40. 60, a0, 100, 200, 300, 400 ppb 140 

A r t i f i c i a l  color - Nabob orange  e x t r a c t  d i l u t e  w i th  1:1 H 2 0  t o  

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

SnClz - 15% i n  15% HC1 

300 gm SnC12 . 2H20 + 300 m l s  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  H20 

Mii\ed SnClz - KSCN 

3 parts SnCla to 2 p a r t s  KSCN ) 

c 
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Wntcr Saniples Run for AA 

1 .  Cu - 2 gamnia/nil r eads  BO s c a l e  t h e r e f o r e  1 u n i t  = 25 pph 

2. Zn - 1 ganuna/ntl r eads  f u l l  scale t h e r e f o r e  1 u n r t  = 10 ppb 

3. N i  - 2 . 5  ganuna/ml r e a d s  50 s c a l e  t h e r e f o r e  1 u n i t  = 50 ppb 

Burner: long  s lot  t e c h t r o n  burner i n  l i n e  

,. 

_ .  

. .  
xxi 

Sulphate  i n  Na tu ra l  Waters 

. 1. p i p e t t e  0 . 5  m l  s u l p h a t e  r eagen t  mix i n t o  a c o l o r i m e t r i c - t u b e  

2. Add 5 m l  water sample and mix 

3. Read a t  343 -against  a deminera l ized  water blank 

' 4 .  Read aga in  a t  4 0 3 p a n d  s u b t r a c t  from s u l p h a t e  r ead ing  

5. C a l c u l a t e  ppm s u l p h a t e  from t h e  graph 

Reaqent 

Disso lve  54 grams red  mercur ic  ox ide  (J.T. Ba?:er 2620- Can Lab) 

i n  185 ml 7096 p e r c h l o r i c  acid and 20 m l  H20, shake f o r  one hour. 

Add 46.3 grams ferric p e r c h l o r a t e  f Fe(C1Oq) 3 . 6H20 I 
(GFS 39) and 47 grams. aluminum p e r c h l o r a t e  f Al (C104)3 . OH20 1 
(GFS 2)  Add 400 m l  w a t e r  t o  d i s s o l v e ,  let settle overn i5ht .  decan t  

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

i 

xxi i 

pH MEASUREMENTS 

S o i l  and d ra inage  sediment samples are dampened wi th  

wa te r  i n  a g l a s s  beaker  t o  a p a s t y  cons i s t ency .  Demineralized 

water i s  used f o r  t h i s  purpose as it has a low b u f f e r  c a p a c i t y  

and t h u s  does no t  i n f luence  the pH of t h e  sample. Measurement 

is made wi th  a F i s h e r  Acument pH meter. E lec t rodes  are s t o r e d  

i n  b u f f e r  ove rn igh t .  

t h e  ins t rument  each morning. 

water samples f o r  pH measurement. 

A 30 minute warm up  t ime is allowed f o r  

A 10 m l  a l i q u o t  i s  taken  from 

ROSSBACHER LABORATORY 






