


GEOLOGICAL AND GEOCHEMICAL REPORT 

ox T I C  

FIDDLER CP?EK MoS2 PROPERTY 

OXINECA MISISG DIVISIOX, B.C. 

1G3 I 

J.N. Schindler 

V a n c o u v e r  Off ice 
Novedoer, 1966 R.A. Barker (P. E n g . )  



1 
3 
3 
a 
4 
4 
5 
5 
5 
6 
6 
7 
7 
7 
8 
9 
8 
8 
8 
9 
9 
9 
10  
11 
1 2  

APPENDIX I V  - G e o c h e m i c a l  A n a l y t i c a l  Methods------------------- V L  

ILLUSTRATIONS __ 



s rnPLA.XY 

Tne F i d d l e r  Creek P rope r ty  i s  l o c a t e d  twenty m i l e s  

n o r t h e a s t  of Ter race ,  B.C. i n  a rugged area near  t h e  head w a t e r s  

of a nor thwes t - t rending  t r i b u . t a r y  o f  F i d d l e r  Creek. 

MoS2 occur s  i n  the sou the rn  h a l f  of a g r a n i t i c  i n t r u -  

s i v e  l o c a l i z e d  a t  t h e  c o n t a c t  between t h e  Legate Creek apophysis  

and r o c k s  of the Hazelton and Bowser Groups. 

The p lug  is composed e s s e n t i a l l y  of g r a n i t e  and is ex- 

pose6 a long  steep c l i f f s  as an e l o n g a t e  body approximately 2500 

t o  3003 f e e t  long and 400 t o  50C f e e t  w i C c .  The i n t r u s i v e  t r e n d s  

approximately 140' 2nd d i p s  45 t o  50 ' southwsst .  

g r a n o d i o r i t e  and porp:-..yrltic g r a n i t e  are exposed on the hanging 

w a l l  c o n t a c t  of t h e  g ra f i i z i c  i n t r u s i v e ,  b u t  the:: r e l a t i o n s h i p  

t o  the g r a n i t e  i s  obscure.  

Equigranular  

Pink q u a r t z  f e l d s p a r  b i o t i t e  porphyry i s  exposed i n  a 

dyke 39 f ee t  w i d e  a long  t h e  southwest  hanging w a l l  c o n t a c t .  Num- 

e rous  por,J 'nyrit ic g r a n o d i o r i t e  dykes and basic dykes i n t r u d e  t h e  

g r a n i t i c  i n t r u s i v e .  Tfie g r a n o d i o r i t e  dykes are c u t  by  qua r t z -  

pyrite->ioS2 v e i n s .  

wide,  Ere the youngest  i n t r u s i v e s  and are post-MoS2 i n  age.  

Tne basic dykes,  some a s  much as f i f t y  fee t  

Moderate t o  i n t e n s e  s e r i c i t i z a t i o n  i s  widespread i n  the 

2auc;-Ae:-n and c e n t r a l  p o r t i o n s  of the g r a n i t e  and is f r e q u e n t l y  

z s s o c r a t e d  w i t h  MoS2. 

b e a r i n g  q u a r t z  v e i n s  i n  t h e  hanging w a l l  g r a n o d i o r i t e .  Moderate 

I< - fe ldspa th i za t ion  i s  common a long  su lph ide  
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a r g i l l i z a t i o n  i s  a s s o c i a t e d  w i t h  s e r i c i t e ,  p y r i t e  and Nos2 i n  the 

hanging w a l l  g r a n o d i o r i t e .  

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

and t o  t h e  vo lcan ic  rocks  a long  t h e  hanging w a l l  c o n t a c t  of the 

i n t r u s i v e  i n  Yne Lynda 8 3  c l a i m .  Oxidat ion of t h e  p y r i t e  h a s  

produced a w e l l  developed i r o n  s t a i n e d  zone. Higher grade molyb- 

d e n i t e  m i n e r a l i z a t i o n  i s  a s s o c i a t e d  wi th  areas of more i n t e n s e  

l i m o n i t e  s t a i n i n g .  

Two main s t r u c t u r a l  t r e n d s  have bezn de f ined  a t  070' and 

140 r e s p e c t i v e l y .  P o r p h y r i t i c  f e l d s p a r  S re"od io r i t e  dykes,  basic 

dykes and high grade  qua r t z -~yr i t e -NoS2  v e i n s  6e:line t h e  t r e n d  of 

070' i n  t h e  c e n t r a l  and sou the rn  p o r t i o n s  of t h e  s r a n i t e .  The 

t r e n d  of 140° i s  d e f i n e d  by  a c i d  and basic dykes as w e l l  as shea r  

zones.  

Nolybdenum m i n e r a l i z a t i o n  has been observe2 f o r  a l e n g t h  

of 1530 feet ,  a width of a2proximately 400 t o  500 f ee t  and through 

a h e i g h t  of 1000 f e e t .  Tne zoxe i s  open on the f o o t  wall side.  

Tine MoS2 i s  f i n e  g r a i n e d  and i s  l o c a l i z e d  i n ,  o r  i s  c l o s e l y  a s soc i -  

a t e d  w i t h ,  t h e  grazi t ic  i r . t rus ive .  It occur s  i n  narrow 1/4 t o  1/8 

i n c h  wide q u a r t z  p y r i t e  v e i n s  ( s i n g l y  o r  i n  s tockworks) ,  i n  h i g h  

grade  muitiple-banded q u a r t z  p y r i t e  v e i n s ,  i n  s i l i c i f i e d  s h e a r s ,  

d i sseminated  i n  t h e  main g r a n i t e ,  and on d r y  f r a c t u r e s .  

One hundred f e e t  o f  rock  samples, (sampled b y  t h e  con- 

t i n u o u s  c h i p  method a t  10 f o o t  i n t e r v a l s )  gave a weighted average 
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of assayed N o s 2  of 0.04% MoS2. Tne weighted average of MoS2 

e q u i v a l e n t s  c a l c u l a t e d  from assayed KO i s  0.06%. High grade 

v e i n s  4 inches  t o  1 f o o t  w i d e  occur  over a h o r i z o n t a l  d i s t a n c e  

of 1000 fee t .  Three samples o f  f l o a t  col lected from the c e n t r a l  

pai7.t of t h e  g r a n i t e  and d e r i v e d  f r o n  t h e s e  v e i n s  assayed 0.23%, 

1.30% and 1.38% MoS2 ( c a l c u l a t e d )  r e s p e c t i v e l y .  

Geochemical s o i l  samples i n d i c a t e  a s m a l l  area of 

anomalous c o n c e n t r a t i o n s  of NO i n  t h e  vo lcan ic  rocks  up d i p  from 

t h e  g r a n i t e .  S o i l  samples f r o x  the c e n t r a l  p o r t i o n  o f  g r a n i t e  

gave KO r e s u l t s  i n  the range of 4-0 t o  1600 ppm. 

c ONCLUS I ONS - 
Zie geologica; s s c t i q  of t h e  mineralization, t h e  

i n t e n s i t y  of the Nos2 n i x x a l i z a t i o n ,  i t s  t - s t r i b u t i o n  and mode 

of occur rence ,  and i t s  a s s o c i a t i o n  wi th  the w i t s  spread hydro- 

thermal a l t e r a t i o n  i n d i c a t e s  t k a t  t h i s  p r o p e r t y  i s  worthy of 

f u r t h e r  e x p l o r a t i o n .  

Due t o  the l i m i t a t i o n s  iliiposed by t h e  

r e t u r n s  f o r  any s u r f a c e  program can be expected 

X3C GXMEND?.X 3 N S  

topography, l o w  

IWo, f i f t e e n  hundred f o o t  diamond d r i l l s  a t  -50' a r e  

proposed t o  t e s t  the sou th  and c e n t r a l  par t s  of the molybdenum 

b e a r i n g  s t o c k .  
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INTROi3L'C T I  O N  

T o '  i n i s  repor t  enbodies the  r e s u l t s  of f i v e  days work 

ca r r i ed  out  by the  author on the  Fiddler  Creek MoS2 I roper ty ,  

loca ted  twenty miles nor theas t  of Terrace and s i x  miles south- 

west of Dorreen, B.C. The area  of i n t e r e s t  l i e s  near the  head- 

waters of a northwest t rending t r i b u t a r y  of Fiddler Creek. Relief 

on the  property i s  of t h e  order of 2000 f e e t  and access over the  

mineralized zone i s  l imi ted  by topography. For more & t a i l  on 

the  loca t ion ,  topograp3y, and vegetat ion of the  property the  

reader  i s  r e fe r r ed  t o  a zepsl-t b y  1 . R .  Kennedy and P.W. Richardson, 

e n t i t l e d  "Geological and Ge~chenica l  Report on the  Fiddler  Creek 

Claims", dated Septerrher 1966. 

R E G 1  OXLL GE OLOGY 

The property i s  located on the  west s ide  of a north 

t rending bulge i n  the  Legzte Creek apophysis which i s  one of four  

e a s t e r l y  t rending apophyses i n  the  Terrace a rea .  %ne apophysis 

in t rudes  both volcanic  rocks of the  Bazelton Group and sedirnen- 

t a r y  rocks oE the  Bowser Group. 

P R O P E R W  GEOLOGY - 

N o s 2  i s  assoc iz ted  wikh t h e  southern ha l f  of 

gate  ; ; ran i t ic  i n t rus ive  roughly twenty-five hundred f e e t  long and 

;;ve hundrec? f e e t  wide. The plug i s  loca l ized  along the  contac t  

3etween granodior i te  of the  Legate Creek apophysis and volcanic 

rocks of the  Hazelton Group. 

a n  elon- 

- .  
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TAXB5E I 

TABLE OF FOFNATIOKS 

Post  - MoS2 a a s i c  Dykes 
Quartz Fe ldspar  B i o t i t e  Porphyry 

________________________________________-------------------------- 
Contemporaneous w i t h  P o r p h y r i t i c  Granod io r i t e  Dykes 

xos2 G r a n i t i c  I n t r u s i v e  
m i n e r a l i z a t i o n  Aphani t ic ,  Fine Grained G r a n i t e  

Xanging Wall Granod io r i t e ,  P o r p h y r i t i c  
Gran i t e  

_______________-________________________-------------------------- 
?re - NOS2 Rec,ionaL Coas t  Z a q z  Grano6 io r i t e  

Sowser Group: Sedimsncary Rocks 
E a z e l t c c  Groap: Volcanic  Rocks 

Xocks of t h e  Eaze l ton  Group and Bowser Group exposed on 

t h e  p r o p e r t y  have a l r e a d y  been d i scussed  by Ken-sdy and w i l l  

n o t  be desc r iSed  h e r e .  

Coast  Rznqe Grancd io r i t e  

Coarse g ra ined ,  e q u i g r a n u l a r ,  c h l o r i t i z s c ,  b i o t i t e  

gr c l io r i t e  of the Lqate Creek apophysis  i n  t h i s  area i s  c u t  by 

g r a n i t e  dykes and v e i n s  i n  t h e  s o u t h e a s t  c o r n e r  of t h e  Lynda #5 

c l a i m .  Tfle Coast  Range Grai lodior i te  is, t h e r e f o r e ,  the o l d e s t  

i n t r u s i v e  rock on t h e  p r o p r t y .  (See  Figure  2 ) .  

G r a n i t i c  I n t r u s i v e  

A n  iv,oS2-bearing g r a n i t i c  i n t r u s i v e  l o c a l i z e d  a t  t h e  

contac.? between t h e  Legate Creek apophysis  and t h e  Hazelton vol- 

c a n i c  zacks ,  i s  exposed i n  an e l o n g a t e  body 2500 t o  3000 f e e t  

lorig and 400 t o  500 f ee t  wide. I n  t h e  c e n t r a l  and sou the rn  
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p o r t i o n  of t h e  i n t r u s i v e  t h e  hanging w a l l  c o n t a c t  dips 45'  t o  50" 

to t h e  southwest .  I n  the sou the rn  half  of t h e  i n t r u s i v e  the f o o t  

wall c o n t a c t  i s  covered b y  t a l u s  and t h e r e f o r e  i t s  a t t i t u d e  i s  n o t  

knosJn. 

Tne g r z n i t i c  i n t r u s i v e  is composed l a r g e l y  of a p h a n i t i c  

LO r i m  g r a i n e d  g r a n i t e ,  and s m a l l  amouats of equ ig ranu la r  grano- 

d i o r i t e  and p o r p h y r i t i c  g r a n i t e  wkich are exposed d o n g  t h e  

hanging  wall contac- t  . Tne relations:?ips betwezii t h e  ;?angins wall 

g r a n o d i o r i t e ,  t h e  p o r p h y r i t i c  g r c n i t e  and the si$ia;iizic t o  f i n e  

g r a i n e d  g r a n i t e  are n o t  kncwn. 

L _ '  

Eanqinq Q7aiL Grz-odior i te  

Mediun g ra ined  e c u i g r a n u l a r  g r a n o d i o r i t e  i s  exposed 

alor,g -the hanging wall c o n t a c t  of t h e  g r a n i t i c  i n t z u s i v e .  Tne 

g r a n o d i o r i t e  is  composed of 60% p l a g i o c l a s e  f e l d s p a r ,  25% q u a r t z ,  

15% b i o t i t e ,  and less t h a n  1% disseminated  p y r i t e .  3 e  rock  shows 

a developnent  of weak f o l i a t i o n  and i s  c u t  b y  PIoS2-bearing q u a r t z  

v e i n s .  P,e re1ationsZi.p bz~iween t h e  hanging w a l l  g r a n o d i o r i t e  

and the g z a n o d i o r i t e  of region&: e x t e n t  h a s  n o t  been e s t a b l i s h e d .  

; ~ b r ~ h y r i - t i c  Grani te  

>ink 2 o r p h y r i t i c  g r a n i t e  composed of 75 -65% p i n k i s h  

fe ldspar ,  25 - 30% q u a r t z ,  3% f i n e  g ra ined  brown b i o t i t e ,  2% 

d isseminated  p y r i t e ,  and less than  1% e p i d o t e  i s  exposed a long  

t h e  hancjing w a l l  c o n t a c t  of the g r a n i t i c  i n t r u s i v e .  Tine porphy- 

z i t i c  tex-Lure of t inis rock  r e su l ' i s  from medium g r a i n e d  rounded 
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quar tz  eyes  i n  a s l i g h t l y  f i n e r  groundmass. This u n i t  may w e l l  

r ep resen t  a p o r p h y r i t i c  phase of t h e  hanging w a l l  g r anod io r i t e  

which has  been a l t e r e d  by potash metasomatism. 

Aphanitic t o  Pine Grained G r a n i t e  

Pink a p h a n i t i c  t o  f i n e  gra ined  g r a n i t e  composed essen- 

t i a l l y  of pink f e ldspa r  and qua r t z  comprises most of t h e  g r a n i t i c  

i n t r u s i v e .  

The g r a n i t e  is molybdenum and copper bear ing  i n  the  

c e n t r a l  and southern po r t ions ,  i s  h i g h l y  f r a c t u r e d ,  w e l l  serici-  

t i z z d  and qua r t z  veined, 2nd i s  i n t r u d e d  by numerous in te rmedia te  

and b a s i c  dykes. 

Porphyr i t ic  Gracociiorite Dykes 

Medium grey,  p o r p h y r i t i c  g ranod io r i t e  dykes t rending  

070" and c u t  by quartz-pyrite-MoS2 ve ins  are exposed i n  t h e  c e n t r a l  

an2 southern  po r t ions  of t he  g r a n i t i c  i n t r u s i v e .  The dykes are 

composed of medium gra ined  p l ag ioc la se  f e ldspa r  phezocrysts s e t  

i n  a f i n e r  gra ined  groundmass of g r a n o d i o r i t e  c o q s s i t i o n  and 

composed of f e l d s p a r ,  q u s r t z  an2 b i o t i t e .  

?ink Quartz Feldspar Eioti 'ce Porphyry 

Tnis rock i s  exposed i n  a dyke loca ted  along the  south- 

w e s z  hangins  w a l l  con tac t  of t h e  g r a n i t i c  i n t r u s i v e .  I t  i s  com- 

posed of f i n e  t o  medium gra ined  phenocrysts of quar tz ,  pink f e ld -  

spar ,  and b i o t i t e  s e t  i n  a pink a p h a n i t i c  groundmass. It carries 

accessory  amounts of p y r i t e  and i s  conspicuously devoid of quar t z  
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e s s e n t i a l l y  t o  t h e  g r a n i t i c  i n t r u s i v e  and t o  the vo lcan ic  rocks  

c o n p r i s i n g  the c l i f f s  i n  t h e  Lynda #3 claim. Oxidat ion o f  t h e  

p y r i t e  h a s  produced a w e l l  developed i ron - s t a ined  zone. P y r i t e  

h a s  been observed i n  v i r t u a l l y  a l l  the rocks  w i t h i n  t h e  main 

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

b a r r e n  q u a r t z - p y r i t e  ve ins ,  a long  d r y  f r a c t u r e s  and d isseminated  

as an  a c c e s s o r y  mine ra l .  Within t h e  main i r o n - s t a i n e d  zone, h i g h  

g rzde  quartz-pyrite-MoS2 v e i n s  are rendered  more conspicuous b y  

the development of i n t e n s e  l i m o n i t e  s t a i n i n g .  

It occur s  i n  quartz-pyrite-MoS2 ve ins ,  

He m a t  i z  a t i o n  

H e m a t i t e  h a s  been observed i n  the c e n t r a l  p o r t i o n  o f  

t h e  g r a n i t e  w h e r e  it occurs  i n  narrow (less t h a n  1/4") q u a r t z  

v e i n s  near  the hanging w a l l  c o n t a c t .  The best Geveloped hemati- 

z a t i o n  w a s  observed i n  crackled a r g i l l i z e d  g ran i t e  f l o a t  i n  t h e  

n o r t h e a s t  c o r n e r  of t h e  Lynda #3 c l a i m .  

A r q i l l i z a t i o n  

Weak t o  moderate a r g i l l i z a t i o n  of p l a g i o c l a s e  f e l d s p a r s  

h a s  been observed i n  f l o a t  d e r i v e d  from t h e  hanging wall-grano- 

d i o r i t e .  The a r g i l l i c  a l t e r a t i o n  is a s s o c i a t e d  w i t h  a molybdenum 

b e a r i n g  q u a r t z  v e i n  stockwork and i s  also a s s o c i a t e d  w i t h  ser ic i te  

arid p y r i t e .  

S t r u c t u r e  

73e main s t r u c t u r a l  f e a t u r e  of the p r o p e r t y  i s  the 

g r a n i t e  i n t r u s i v e  which t r e n d s  120' and d i p s  45 t o  50' t o  the 
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v e i n s .  

The dyke  i n t r u d e s  bo th  p o r p h y r i t i c  g r a n o d i o r i t e  and the 

pink g r a n i t e  and i s  t h e r e f o r e  younger t h a n  t h e s e  u n i t s .  

Basic  Dykes 

Numerous basic dykes are exposed i n  the main g r a n i t i c  

m a s s .  They t r e n d  070' and 140° and as such re f lec t  the g e n e r a l  

s t r u c t u r a l  tabr ic  w i t h i n  t h e  g r a n i t i c  i p t r u s i v e .  The b a s i c  dykes 

are p o s t  q u a r t z  v e i n i n g  and molybdenite i n  age and are thought  t o  

be the youngest i n t r u s i v e  rocks  on the p rope r ty .  

A l t e r a t i o n  

S e r i c  it i z a t i o n  

S e r i c i t i z a t i o n  i s  t h e  most widespread and most i n t e n s e  

a l t e r a t i o n  observed i n  t h e  g r a n i t i c  i n t r u s i v e .  S e r i c i t e  i s  most 

comxon a long  t h e  numerous f r a c t u r e s  w i t h i n  the g r a n i t e  and t o  a 

lesser degree  a long  quartz-pyrite-MoS2 v e i n s .  

I<-Eeldspathizat ion 

K- fe ldspa th i za t ion  i s  most conspicuous ly  developed i n  

the hanging w a l l - g r a n o d i o r i t e  where it occurs  marginal  t o  quar tz -  

py r i - t e  and quartz-pyrite-MoS2 v e i n s .  

v e i n s  are c l o s e l y  spaced, and where the potash  m e t a s o m a t i s m  i s  

w e l l  developed, t h e  rock  t a k e s  on the appearance of having been 

a l t e r e d  b y  pe rvas ive  X- fe ldspa th i za t ion .  

Where t h e  quartz-pyrite-MoS2 

P v r i t i z a t i o n  

D i s t r i b u t i o n  of p y r i t e  i n  the p r o p e r t y  i s  l i m i t e d  
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southwest. It appears t o  pinch o u t  i n  t h e  nor th  and t o  be t e r m -  

i n a t e d  by a north- t rending f a u l t  i n  t h e  sou th ,  Within the  g r a n i t e  

t h e r e  are two main s t r u c t u r a l  d i r e c t i o n s ,  070' and 140°. Porphy- 

r i t i c  f e ldspa r  g ranod io r i t e  dykes, b a s i c  dykes, high-grade quartz-  

pyrite-molybdenite ve ins ,  and s i l i c i f i e d  MoS2 shears  de f ine  t h e  

t r end  of 070°  i n  t h e  south and c e n t r a l  po r t ions  of t h e  g r a n i t e  

s tock .  

Shear zones along t h e  sou theas t  con tac t  of t h e  g r a n i t e  

as w e l l  as the pink qua r t z  f e l d s p a r  b i o t i t e  porphyry, and basic 

dykes s t r i k e  140' and are roughiy p a r a l l e l  t o  t h e  long axis  of 

t h e  g r a n i t i c  s tock .  

Nos Minera l iza t ion  -2 

Nolybdenite mine ra l i za t ion  occurs  over a length  of 

approximately 1500 f e e t ,  a width of approximately 600 t o  500 f e e t  

and through a v e r t i c a l  range of 1000 f e e t .  For t h e  most p a r t ,  

r,iolybdenurn i s  l o c a l i z e d  i n ,  o r  c l o s e l y  a s soc ia t ed  with t h e  gran- 

i t i c  i n t r u s i v e .  I n  t h e  Lynda +l and +3 claims however it has  

a l s o  been found i n  t h e  volcanic  rocks on the  hanging w a l l  s ide  

of t h e  i n t r u s i v e  s tock.  

MoS2 i s  t h e  primary molybdenuni mineral .  I t  occurs i n :  

i) narrow 1/4 t o  1/8 inch w i d e  quar tz  p y r i t e  ve ins  which 

occur s i n g l y  o r  i n  stoclcworks, 

2 )  high grade, m u l t i p l e  Sanded quartz-pyrite-MoS2 ve ins ,  

3 )  i n  s i l i c i f i e d  shea r s ,  



4 )  d i sseminated  w i t h i n  the clain g r a n i t i c  i n t r u s i o n ,  

5)  on dry  f r ac tu res  i n  t h e  v o l c a n i c  r o c k s  i n  t h e  iynda #l 

c l a i m .  The molybdenite i s  c h a r a c t e r i s t i c a l l y  f i n e  g ra ined  and 

i s  a s s o c i a t e d  w i t h  q u a r t z ,  p y r i t e ,  s e r i c i t e  and K-feldspar.  

Tne b e s t  grade of Nos2 i s  exposed i n  t h e  sou-thheast c o r n e r  

of the g r a n i t i c  i n t r u s i v e .  

q u a r t z - p y r i t e  v e i n s  and N o s 2  i n  s i l i c i f i e d  shea r s ,  t o g e t h e r  w i t h  

small quartz-pyrite-MoS2 v e i n s  occur  i n  close proximity.  

Here h i g h  grade  m u l t i p l e  banded Nos2- 

I n  the c e n t r a l  p o r t i o n  of t h e  g r a n i t i c  i n t r u s i v e  well 

mine ra l i zed  banded quartz-NOS' v e i n s ,  f o u r  t o  s i x  inches  wide 

have been observed.  Tnese s t r u c t u r e s  are w e l l  developed and can 

e a s i l y  be traced f o r  100 feet o r  more. Tnree samples of f l o a t  

from t h e s e  v e i n s  c o l l e c t e d  by  Kennedy from t a l u s  i n  t h e  c e n t r a l  

p o r t i o n  o f  the g r a n i t e  assayed 1.30%, 1.38% and 0.23% MoS2 

re s p c  t i v e  1 y . 

2 

Tne f o o t  w a l l  l i m i t s  of  the molybdenite m i n e r a l i z a t i o n  

have n o t  been e s t a b l i s h e d  because of the t a l u s  cover a t  t h e  base 

of t h z  c l i f f s .  I n  t h e  Sno ++3 c l a i m  minor ainounts of molybdenite 

i n  iiarrow 1/4 inch  q u a r t z - p y r i t e  v e i n s  w e r e  observed a t  the out-  

crop t a l u s  i n t e r f a c e .  

Geochemistry 

Twenty-three s o i l  samples were c o l l e c t e d  t o  supplement 

the work of Kennedy carried o u t  i n  J u l y  and August. Tne samples 

w e r e  c o l l e c t e d  by  d iqg ing  a h o l e  w i t h  a mattock and us ing  a 
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s t a i n l e s s  s teel  trowel t o  e x t r a c t  t he  samples. Wherever poss ib le  

the  saxple w a s  co l l ec t ed  from the  B1 horizon. 

p r o f i l e  was p re sen t ,  f o r  example, on very steep slopes and on 

Where no s o i l  

. t a l u s  s lopes ,  t he  C horizon w a s  sampled. 

The r e s u l t s  of t he  geochemical sampling a r e  shown i n  

Figure 2 and Appendix I. Tne s o i l  sampling shows t h a t  anomalous 

concent ra t ions  of No a r e  present  i n  the  volcanic rocks near  t he  

hanging wall con tac t  i n  the  Lynda +3 claim. Three o ther  samples 

co l l ec t ed  across  the  g r a n i t e  i n  the  southeas t  and nor theas t  corners  

02 .the Lynda #1 and #3 claim gave values  ranging from 240 t o  

g rea t e r  than 1600 ppm. 

The average pE of nine s o i l  samples i s  4.9. The chemi- 

c a l  t r anspor t a t ion  of molybdenum i n  t h i s  environment can the re fo re  

be  considered a minimum. The i n t ense ly  f r ac tu red  and h igh ly  

a l t e r e d  na ture  or' t he  g ran i t e ,  however, has r e su l t ed  i n  mechanical 

?lucking of MoS2. Geochemical, and assay r e s u l t s ,  of samples . - 
taken i n  the  g ran i t e  a r e  minimum readings.  

Assay Resul ts  

One hundred f e e t  of rock w a s  sampled a t  t e n  foo t  i n t e r -  

v a l s  by the  continuous ch ip  method. Tnese samples w e r e  assayed 

f o r  t o t a l  NO, MoS2 and C u .  Tne t h e o r e t i c a l  MoS2 content  oE t h e  

samples ca l cu la t ed  from the  assayed t o t a l  No i s  shown toge ther  

with the  a s say  r e s u l t s  and o ther  da ta  i n  Appendix 11. 

Tne weighted average of t he  assayed MoS2 i s  0.04% and 
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t h c  wi?ighted average of t h e  c a l c u l a t e d  MoS2 i s  0.06%. 

f e r e n c e  between t h e s e  f i g u r e s  i s  due t o  molybdenum p r e s e n t  i n  

t h e  oxide  form. m e  weighted average of t h e  copper c o n t e n t  i s  

0.04%. 

The d i f -  

Sample 16-388 r e p r e s e n t s  material s e l e c t e d  from a s i x  

inc:h wide quartz-Nos2 v e i n  l o c a t e d  at t h e  sou the rn  end of t h e  

g r a n i t i c  i n t r u s i v e .  The v e i n  assayed 1 .07% MoS2 over  s i x  inches .  

High grade  MoS2 i n  a s i l i c i f i e d  s h e a r  zone approximately one f o o t  

wide occur s  w i t h i n  f i f t e e n  f ee t  of t h i s  v e i n .  It i s  worthy of 

n o t e  t h a t  Kennedy found f l o a t  a s say ing  between -23% and 1.38% 

NoS2 d e r i v e d  from t h e  c e n t r a l  p o r t i o n  of t h e  g r a n i t i c  i n t r u s i o n  

approximately 1000 t o  1200 f e e t  t o  t h e  nor thwes t .  

Vancouver O f f  ice 

Xoverber, 1966 

J . N .  Sch ind le r  
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ADPENDIX i 

GEOCHEMICAL SOIL ShYPLING DATA 

SANPLE hWG3ER 

U J S  -1 
2 
3 
4 
5 
6 
7 
8 
3 
10 
li 
12 
1 3  
1 4. 
15 
i6 
17 
i9 
13 
20 
21 
22 
23 

U J S  -24 

SOIL TYPE MO cu  ._ THbY pH 

2 0 2 4.8 - B1 
20 4 2 
20 16 2 - 
30 16  2 4.8 
30 70 1 

sample------- 
30 8 2 
30 0 2 4.6 
4- 0 1 6  2 
80 12 2 
80 0 1 4.6 
80 8 

131 
131 
B1 
131 

B1 
131 
131 
131 
B1 

B1 
B1 
B1 
131 
B1 
131 
131 
131 

- 
------------------no----- 

- 

- 
- 

2 - 
131 80 0 2 - 

120 8 2 4.8 
40 1 6  2 - 
EO 16 2 
120 16 2 4.5 
60 16 0 5.4 
GO 24 1 
30 8 1 
40 40 0 5.5  C 

C 1600 640 2 
C 240 200 5 - 
C 480 400 * 5.2 

- 

- 

* denotes  Cu i n t e r f e r e n c e  

Average p H  of nine s o i l  samples i s  4.9. 
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1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

LiNZ NO. 

LOCATION 
South-North 

0-10' 

10-20 

20-30 

30-40 

40- 50 

50-60 

60-70 

70-80 

sw to HE 

0-10 

10-20 

Floa t  

F loa t  

F loa t  

APPENDIX I1 

ASSAY DATA - 

iii 

Assayed 
Number 

16380 

16381 

16382 

16383 

16384 

16385 

16386 

16387 

16388 

16389 

16390 

17605 

17606 

17607 

Calcu- 
Assayed l a t e d  

In t e rva l  Total  Mo MoS2 
Feet % % 

10' 0.04 

10 0.01 

10 0.02 

10 0.04 

10 0.05 

10 0.11 

10 0.02 

10 0.01 

6" 0.64 

10' 0.03 

10 0.01 

- 0.14 

- 0.83 

- 0.78 

0.07 

0.02 

0.03 

0.07 

0.08 

0.18 

0.03 

0.02 

1.07 

0.05 

0.02 

0.23 

1.38 

1.30 

Weighted averacje * 0.04% NoS2 
Neighted average * 0.06% MoS2 (ca lcu la ted)  
Weighted average * 0.04% CU 

MoS2 
& 

0.06 

0.02 

0.03 

0.04 

0.07 

0.10 

0.02 

0.02 

0.86 

0.03 

0.01 

0.23 

1.58 

0.50 

c u  
% 

0.09 

0.06 

0.05 

0.03 

0.03 

0.03 

0.01 

0.02 

0.02 

0.03 

0.02 

0.90 

0.04 

0.03 

* sample 16388 excepted 
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AP?EXDIX I11 

Fi03LER CREEK ASSESSMENT WORK - September 12th - 17th, 1966 

- Helicopter Costs 

Sept 12 - Access Flight Terrace-Fiddler 
Hiller 12E (N-30469) 

1 hr.05 mins. 0 $130/hr. = $ 140.83 

Sept 14 - Flight used on property to move crew 
Hiller (N-90469) 
Total tine 45 mins. 0 $130/hr. 97.50 

Sept 15 - Flight used on property to move crew 
Hiller (N-90469) 
Total time 45 mins. @ $130/hr. 97.50 

Sept 17 - Flight to move crew Fiddler Creek 
to Terrace 
5-55 (CF-JTC) 

50 mins 0 $170/hr. 

Sept 24 - Flight Terrace to Fiddler Creek 
to spot DDH sites 
G2 Bell (CF-JSK) 

1 hr. 0 $103/hr. 

Personnel Employed and Salaries 

142.00 

103 .OO 

J .A.G.  Phillips, 808-103 Ave.,Dawson Creek 
6 days at $13.33/day 79.98 

J.N. Schindler, 601-535 Tnurlow St. ,Vancouver, B.C. 
6 days 169.98 

Soard 

12 man days 0 $2.50/man day 

Assayinq 
11 rock samples 0 $13/sample 
Cost of shipping samples Terrace-Vancouver 

(CN Express) 

30.00 

143.00 

3.90 

Cont'd...... 
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2 3  samples @ $2/sanple 
C o s t  of shipping samples Terrace-Smithers 

(Canadian Coachways ) 

rieoort Preparat ion 

Wri t ing,  draught ing and typ ing  

$ 46.00 

3 . 8 5  

100.00 

Total  $ 1,157.54 
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INTRODUCTION 

T h i s  r epor t  is  a detailed desc r ip t ion  of t h e  geochem- 

i c a l  a n a l y t i c a l  method used by the Southwest Pctash Corporation 

f i e l d  labora tory  i n  the determination of t r a c e  molybdenum i n  

soil, stream sediment, rock chips, and water samples. 

The method used is a modification 05 the c l a s s i c a l  

thiocyanate-stannous ch lor ide  colormetr ic  technique. 

so lu t ion  i n  t h e  presence of a s u i t a b l e  reducing agent,  such as 

stannous chloride, thiocyanate  r e a c t s  w i t h  molybdenum t o  form 

an amber colour.  Such a . th iocyana tc  complex of q u i r q x v a l e n t  

.rnolybdcnum ions  is c x t r a c t d  i n  immiscible organic so lvcnts  

I n  ac id  

such as ethcr o r  a lcohol .  The i n t e n s i t y  of thc .coloured 

complex obeys Lambert-Beer's l a w  and is propor t iona l  t o  the 

quant i ty  or concentrat ion of molybdenum present .  

The r eac t ions  are given by the equations: 

Only the quinquevalent molybdenum ion  g ives  a 

coloured thiocyanate complex. According t o  Sandel l ,  not a l l  

molybdenum is  reduced t o  the quinquevalent form. It i s  esti-  

mated only about two-thirds of the t o t a l  molybdenum present  

g ives  a colour  r eac t ion .  However, because the s tandards are d 
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t r ea t ed  i n  the  same manner as the unknowns, any error cancels  

i t s e l f  out and has  no e f f e c t  on the  reported r e s u l t .  

Following a desc r ip t ion  of the ana ly t i ca l  methods, 

a summary of t h e  1963 f i e l d  labora tory  is  given i n  the  app2;l';i.i: 

plus some recommendations f o r  improving fu tu re  labora tory  

operations.  

SAbiPLE PREPARATIONS 

(a) S o i l  and S i l t  

S o i l  and silt samples when received a r e  commonly wet 

o r  moist and must be d r i e d  before  s iev ing .  Treat  the samples 

i n  t he  following s t eps :  
L./ 

1) Put  the sample bags on an aluminum f o i l  t r a y  and place 

on top  of an o i l  s tove.  Time requi red  is usua l ly  e igh t  hours. 

2) Sieve the d r i ed  samples wi th  a minus 35-mesh screen 

onto a one foo t  square piece of heavy brown paper. U s e  a new 

piece of paper every day and clean the s i eve  with a pa in t  

brush between samples. 

3) Using a volumetric scoop ( ca l ib ra t ed  t o  d e l i v e r  a 

given weight of sample) 'weigh' out a known amount (usua l ly  

1 gram) of screened sample and t r a n s f e r  it i n t o  a marked t e - t  

tube. 

4) Return the  remaining f i n e s  (pulps)  of the s ieved sanple  
.i 

i n t o  its or ig ina l  sample bag. 
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5) Tut the samples i n  storage boxes i f  avai lable  or  s t r i n g  

with a piece of twine i n  batches of about 30 for bulk storage 

in  gunny sacks. 

(b) Rock C h i p s  

1) I,?ith the sample s t i l l  i n  i t s  bag, crush with a hammer 

i n t o  small pieces.  

2 )  Transfer several  pieces of crushed rock i n t o  a 

porcelain mortar and grind. 

3) Sieve the  ground sample through a minus 35-nesh scresn 

and proceed through s teps  2 t o  5 as followed f o r  so i l  and silt 

samples. If the  or iginal  bag is badly damaged during crushing 

t ransfer  the  pulps t o  a new bag. 

DIGESTION 

L J  

Samples of s o i l ,  silt  and rock chips are digested i n  

a hot water bath. Tne heat is supplied by a three-burner 

Coleman stove. Digestion is  best done outside the laboratory 

where the  toxic  n i t r i c  fumes can d i s s ipa t e  i n t o  the atmosphere 

away from both laboratory equipment and personnel. 

Digestion is  car r ied  out as follows: 

I) I4easure out volumetrically with l e u c i t e  scoop 1 gm of 

the sieved sample and place i n  a 15 x 1 2 5  rimmed test tube. 

2) Using an automatic p ipe t t e ,  add 4 m l  of d i lu ted  (3:l) 
LJ 

n i t r i c  acid.  
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3) Digest the samples, a rack a t  a t i m e  f o r  2 hours. 

4) Shake the tubes occasionally t o  aic digestion. 

5) Remove the rack and allow t o  cool. 

6) Using poly wash b o t t l e ,  f i l l  a l l  tubes u? t o  the 4 m i  

mark with w a t e r .  

DEmN4INATION 

(a) S o i l ,  S i l t  and Rock C h i p  

Samples are usually t r ea t ed  i n  batches of ten  and 

i n  racks of fo r ty .  

1) Using an auto-pipette, t r m s f e r  a 1 m l  a l iquot  from 

F-' each digested solution t o  a marked rimless test tube. U s e  a 

smaller a l iquot  i f  high molybdenum content is suspected. 

GlOTE: Clean the auto-pipette thoroughly between each sample by 
r insing a t  least three t i m e s  with de-mineralized water. Shake 
the p ipe t t e  i n  the a i r  t o  dry. Contamination could e a s i l y  
occur a t  t h i s  s t e p  without su i t ab le  r insing.  

2) To each test  tube using an automatic p ipe t te ,  add 

2 m l  or' 10% HC1. 

3) Using a spatula ,  add 0.2 gm of sodium t a r t r a t e .  

4) Using a bure t te ,  add 1.5 m l  of KS(scN. Shake t o  mix. 

5) Using a bure t te ,  add 0.5 ml  of SnClz solution. Shake 

t o  mix. 

I f  t he  i ron  content of the t e s t i n g  solut ion is  high, a 
larger  amount of SnC12 solut ion may be required,  (SnC12 should 
be added t o  completely eliminate the blood red colour of the 
ferric thiocyanate).  
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6) Using a w a s h  b o t t l e ,  add water t o  b r ing  the  t o t a l  

volume of the so lu t ion  up t o  the 10 m l  mark. 

7)  Using a b u r e t t e ,  add exac t ly  1 m l  02 e the r .  

8) Stopper t h e  test tubes  w i t h  corks and shake vigorously 

f o r  45 seconds. It is  advisable  t o  number t h e  corks t o  avoid 

mixing up tubes.  

9) Allow t he  phases to s e p x a t e .  

10) Coxpare the  colour of the e t h e r  l aye r  t o  that of the 

molybdenum standards.  Colour i n t e n s i t i e s  should be compared 

and matched aga ins t  a white background. 

CALCUL.AT I ONS 

(a) S o i l ,  S i l t  and Rock C h i p  

The concentrat ion of molybdenum i n  p a r t s  per  mi l l ion  

(ppm) is ca lcu la ted  from t h e  following f ac to r s :  

1) The w e i g h t  of sample used f o r  d iges t ion .  

2)  volume of so lu t ion  f o r  d iges t ion .  

3 )  Volume of a l iquo t  taken f o r  determination. 

4) Gamma content of t h e  matched s tandard.  

The concentrat ion i n  ppm i s  given by the formula 

value of matched 
ppm = volume d iges ted  sarmle solution(m1) X standard (qammas) 

weight of sample (gm) a l iquo t  of sample ( m l )  

= gammas per  gram (which equals  parts per  mi l l ion)  
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STANDARDS 

(a) Molybdenum Standard  S o l u t i o n s  

1) Stock  s t anda rd  concen t r a t ed : (100  qammas/ml). Disso lve  

0.075 g m  of MOO3 i n  20 m l  of 10% NaOil .  (10 g m  of NaOH c r y s t a l s  

i n  100 m l  of w a t e r ) .  D i l u t e  t o  100 m l .  Add d i l u t e d  HC1 u n t i l  

the s o l u t i o n  is a c i d  (use  PI: hydr ion  p a p e r ) .  F i l l  t o  500 ml 

mark of the f lask.  Prepare th is  s o l u t i o n  once a season.  

2)  Stock s t anda rd  di luted:( lqamma/ml) .  D i l u t e  1 ml of 

s t o c k  s t anda rd  t o  100 m l  mark of the vo lumet r i c  f lask.  Prepare 

this d i l u t e d  s o l u t i o n  each t i m e  a new s t a n d a r d  i s  made. 

(b) Workinq Iv,ol~lbdsnu;r. S t z d a r d  for  S o i l ,  S i l t  & Rock C h i p  

Two sets of working s r anda rds  r e p r e s e n t i n g  a low and 

a high range are prepared  by d l l u t i n g  the working s t anda rd .  The 

amount of s t anda rd  s o l u t i o n  d i l u t e d  is o u t l i n e d  i n  the fo l lowing  

tables. 

P i p e t t e  from s t o c k  s t a n d a r d  s o l u t i o n s  the r e q u i r e d  

volumes i n t o  a series of 7 test  t u b e s .  The amount and concen- 

t r a t i o n  of stock s t anda rd  s o l u t i o n  used is  o u t l i n e d  i n  the 

Collovring tables. 
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LCV? RANGE 

STRiWARDS A B C D E F G Ii 

m l  of l 7 m l  
s tandard 0 0.5 1.0 1.5 2.5 3.0 4.0 5 . 0  

G a m m a s  0 0.5 1 .0  1.5 2.5  3.0 4 * 0  5.0 

rJpr;.: 0 2.0 4..0 15.0 10.0 12.0 16 .0  20 .0  

f: Concentration based on aliqco-c represent ing  one qua r t e r  of a 
gram a s  used i n  proceciure C;ivc.i abova. 

I E G H  RANGE 

STAigDt-WDS I 3 I< L bi x 0 

m l  of ~ 0 6 ) ~  0.1 0.2 0.25 0.5 0.8 1.G3 1.5 
standard 

G a m m a s  10 20 2 5  50 80 100 150 

ppm<: 40 80 100 200 320 400 600 

Trea t  t he  s tandards a s  ou t l ined  i n  the  procedure 

given f o r  t he  unknowns. It is important t h a t  t he  s tandards 

and unknowns undergo i d e n t i c a l  t reatment .  Cover the standards 

with a shee t  of aluminum f o i l  t o  s h i e l d  them agains t  any hea t  

o r  l i g h t  when not i n  use.  Prepare new s tandards a t  least once 

every th ree  weeks or sooner i f  fading is  suspected. 

PREPARZITICN OF RFAGENTS 

The following reagents  are used i n  t he  test  on s o i l ,  

s i l t  and rock chip samples. 
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1) 10% HC1: A5.d 100 nl of concentrated HC1 i n t o  a 2 l i t re  

beaker and d i l u t e  t o  one l i t re .  Store i n  a poly bot t le .  

2 )  Di luted HNO3: D i h t e  750 m l  of concentrated HNO3 t o  

oiie l i t re .  Store i n  a poly bott le.  

3) Thiocyanate Solut ion:  Dissolve 5 g m  of KSCN i n  100 m l  

of water. Prepare f r e s h  s o l u t i o n  d a i l y .  

4.) SnC12 so lu t ion :  Dissolve 13 g m  of SnC12 i n  17 m l  of 

concentrated HC1.  H e a t  t h e  mixture i n  a hot  water ba th .  Make 

up t o  100 in1 wi th  w a t e r  when c r y s t a l s  have been corcpletely 

d isso lved .  A d d  a p i ece  of metailic t i n  t o  ensure s tabi l i ty  of 

SnC12. Prepare a f r e s h  s o l u t i o n  d a i l y .  

5) Sodium tartrate - use  d i r e c t l y  as a s o l i d .  

6) Isopropyl  ether - use d i r e c t l y  b u t  with caut ion  as it 

is  h igh ly  inflammable and explos ive  peroxides may form. 

U s e  de-mineralized w a t e r  f o r  a l l  reagents ,  prepar- 

a t i o n s  and a n a l y t i c a l  de te rmina t ions .  

PI3 DETE WIINAT I OX 

A l ine-operated Eeckman Model H-2 meter is used i n  

makixig pH measurements. Following a warm-up per iod ,  t h e  meter 

is c a l i b r a t e d  wi th  s tandard  b u f f e r  s o l u t i o n s  before  us ing  and 

rechecked between every 20 determinat ions,  or every hour which- 

ever  comes f i r s t .  
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(a) S o i l  an2 S i l t  

rkasurenents are made a s  follows : 

1) Pour approximately 1 5  cjm of t h e  sieved sample i n t o  a 

30 m l  poly beaker. Net the  sample wi th  d i s t i l l e d  water (use  

neu t r a l  stream water ) .  D o  not use &-mineralized water (water 

passed through a r e s in  de-mineralizer is a c i d i c ) .  S w i r l  the  

beaker occasional ly  duri;,S t h e  determination t o  ensure the  

sample i s  i n  a hc::.oqezeocs s t a t e .  

2)  Gently i n s z r t  the e lec t rodes  i n t o  t h e  dampened sample. 

3) Observe the p'i3 reading when t h e  needle reaches a 

steady s t a t e .  

4.) Discard the  t e s t e d  sample, c lean the  beaker and e lec-  

t rodes  with water .  Vipe the  e lec t rodes  with a cleaning t i s s u e .  

It i s  important t h a t  the  e lec t rodes  be thoroughly cleaned 

a f t e r  every determination. 

(b) Rock C h i p s  

pB determination i s  not required f o r  rock chip. 

VATER DETEFXZNATION 

Water samples require no spec ia l  preparat ion preced- 

ing t h e  actual ana lys i s  . Samples a r e  usua l ly  t r ea t ed  i n  sc'ir. 

of s ix .  
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(a) Determination 

1) ?our w a t e r  sample i n t o  a separa tory  funnel  up t o  t h e  

50 m l  mark. 

2) Using an automatic p i p e t t e ,  add 5 m l  of d i l u t e d  HC1. 

3) Using an automatic  p i p e t t e ,  add 1 m l  of f e r r i c  aminon- 

i u m  su lphs t e  s o h t i o n .  'lilt funnel  t o  m i x .  

4) Using an automatic  p i p e t t e ,  add 3 m l  of IGCN so lu t ion .  

T i l t  funnel  t o  mix. 

5) Using an  automatic  piye ' i ie ,  add 3 m l  of Si1C12 so lu t ion .  

T i l t  funnel  t o  mix. 

G )  Using a b u r e t t e ,  add 2 m l  of ether. Shake 50: 4-5 

seconds. Release pressure  every 10 seconds dur ing  shaking. 

7 )  A l l o w  phases t o  sepa ra t e .  

6) Discard the aqueoils ( w a t e r )  l a y e r  i n t o  a beaker .  Stop 

a t  10 m l  mark. 

9 )  Drain off t h e  remaining aqueous and t h e  organic phases 

i n t o  a 1G x 3.50 rimless test tube. 

1 0 )  Coinpare t h e  colour  of tYie organic l a y e r  t o  that of t h e  

molybdenum stafidards.  

(b) Ca lcu la t ion  

The concent ra t ion  of molybdenum i n  water i s  expressed 

i n  p a r t s  per  b i l l i o n  (ppb) ,  i . e . ,  1/1000 gamiias per  gram o r  

gammas per  1000 grams. The  concent ra t ion  i s  c a l c u l a t e d  us ing  

two f a c t o r s .  
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1) The i n i t i a l  volume of sample used f o r  determinat ion.  

2) The value of the matched s tandard x 1,000. 

The concent ra t ion  of molybdenum i n  water i s  given by 

the fo rmula :  

x 1,000 ppb = value of tke icztckecl st.2ndard(qzrnnas) 
voluine oC water used f o r  determination(m1) 

= gaimas per 10Ou m i l l i l i t r e s ( s i n c e  dens i ty  of water 
i s  equal  t o  1) 

= gmmas per  1000 grams, oz ppb 

(c) Standar6.s 

1) Pipette G ,  0.25, C.5,  1.0, 1.5, 2.0, 2 . 5 ,  3 . 0 ,  5.9, 

8 . 0  nl of the d i l u t e  (1 ganxa/ml) stock s tandard  s o l u t i o n  i n t o  

the separatisry funnels  - 
2)  Add water t o  50 n l  nark  and proceed with s t e p  ( 2 )  t o  

s t e p  ( 9 )  given above f o r  water de te rmina t ions .  

(d)  PH Determi:iation 

lrieasurernents are taken as follows: 

1) Approximately 25  ml of sample is t r a n s f e r r e d  i n t o  a 

30 m l  poly beaker f o r  measurement. 

2) Znsert  the e l e c t r o d e  and t a k e  a reading.  

3 )  Discard the  sample; wash down and dry  t h e  e l e c t r o d e s .  

( e )  Preaarz t ion  of Remencs 

Ir. a d d i t i o n  t o  some reagen t s  a l ready  mentioned on 

t h e  prev ious  pages the  fol lowing are needed i n  the water test .  
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1) Amnonicm c-ilZzte so lu t ion :  Dissolve 1 gin of f e r r i c  

a.mnonium s u l f a t e  c r y s t a l s  i n  100 ri,l of water. ? ? a r m  the mixture 

in a water ba th .  Prepare fresh s o l u t i o n  once every f i v e  days. 

2 )  :CSCN so lu t ion :  i)issolve 10 g m  of I<SCN c r y s t a l s  i n  

100 ml of water. KSCX d i s s o l v e s  i n  cold water. Prepare 

f r e s h  s o l u t i o n  d a i l y .  

3) SnC12 so lu t ion :  :-;eat SC, 9in 02 S i i Z L l  i n  50 m l  02 con- 

c e n t r a t e d  HCl i n  a w s k e z  bath till a c l e x  s o i u t i o n  appsars .  

D i l u t e  Yne s o l u t i o n  t o  300 nl .  i n s e r t  a p iece  oZ metal l ic  t i n  

t o  s t a b i l i z e  t h e  s o l u t i o n .  Prepare f r e s h  s o l u t i o n  d a i l y .  

4.) Di lu ted  EIC1: D i l c t e  800 ml of concentrated t o  one 

l i t re .  
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SAXPLE PREPARATION 

A l l  s o i l  and stream sediment samples are t r e a t e d  i n  an i n d e n t i c a l  

manner a s  fo l lows:  

(1) The samples a r e  c o l l e c t e d  i n  t h i c k  k r a f t  paper  s o i l  sample 

envelopes.  Upon r e t u r n  t o  camp, t h e  envelopes a r e  hung up 

f o r  two o r  t h r e e  days t o  a i r  d ry  t h e  samples so  t h e  bags 

w i l l  s t and  shipment without breaking.  

Upon r e c e i p t  a t  t h e  Smithers Laboratory,  t h e  samples a r e  

thoroughly d r i e d  i n  t h e  same bags by hanging them i n  a heated 

dry ing  cupboard overn ight .  Heating t h e  samples on an aluninum 

t r a y  is no longer  p rac t i ced  (see Company s tandard p r a c t i c e  f o r  

geochemical a n a l y t i c a l  method) 

Tine d r i e d  samples are se ived  wi th  a 35 mesh screen  and t h e  

minus 35 mesh component i s  analyzed. 

(2) 

(3) 
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INTRODUCTION 

i ,.,' 

T h i s  r epor t  is a d e t a i l e d  desc r ip t ion  of the geochem- 

i c a l  a n a l y t i c a l  method used by the Southwest Potash Corporation 

f i e l d  laboratory i n  the determination of t r a c e  molybdenum i n  

s o i l ,  stream sediment, rock ch ips ,  and water samples. 

The method used i s  a modification of the c l a s s i c a l  

thiocyanate-stannous ch lor ide  colormetr ic  technique. I n  ac id  

so lu t ion  i n  the presence of a s u i t a b l e  reducing agent,  such a s  

stannous chloride, thiocyanate  r e a c t s  w i t h  molybdenum t o  form 

an amber colour.  Such a thiocyanatc  complex of quinqucvalent 

.molybdenum ions  is  ex t r ac t ed  i n  immiscible organic  so lvents  

such as ether o r  a lcohol .  The i n t e n s i t y  of thc .coloured 

complex obeys Lambert-Beer's l a w  and is  propor t iona l  t o  the 

quan t i ty  o r  concentrat ion of molybdenum present .  

The r eac t ions  are given by the equations: 

Only the quinquevalent molybdenum ion  g ives  a 

coloured thiocyanate complex. According t o  Sandel l ,  not a l l  

molybdenum is  reduced t o  the quinquevalent form. It i s  esti-  

mated only about two-thirds of t h e  t o t a l  molybdenum present  

gives  a colour  r eac t ion .  However, because the s tandards are .J 
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t r ea t ed  i n  the same manner as the unknowns, any e r r o r  cancels  

itself out and has no effect on the reported r e s u l t .  

Following a desc r ip t ion  of the ana ly t i ca l  methods, 

a summary of the 1963 f i e l d  labora tory  is  given i n  the appx-3.lx 

plus some recommendations f o r  improving fu tu re  laboratory 

operations.  

SAbiPLE PREPARATIONS 

(a) S o i l  and S i l t  

S o i l  and si l t  samples when received are commonly wet 

o r  moist and must be d r i ed  before  s iev ing .  Treat  the samples 

i n  the following s teps :  J 
1) Put the sample bags on an aluminum f o i l  t r a y  and place 

011 top  of an o i l  s tove.  Time requi red  is usua l ly  e igh t  hours.  

2) Sieve the  d r i ed  samples with a minus 35-mesh screen 

onto a one foo t  square p iece  of heavy brown paper. U s e  a new 

piece of paper every day and clean the s i eve  with a pa in t  

brush between samples. 

3) Using a volumetric scoop (calibrated t o  de l ive r  a 

given weight of sample) 'weigh' out a known amount (usua l ly  

1 gram) of screened sample and t r a n s f e r  it i n t o  a marked t c ? t  

tube. 

4) Return the remaining f i n e s  (pulps)  of the s ieved sample 
J 

i n t o  its o r i g i n a l  sample bag. 
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5) Put t he  samples i n  s torage  boxes i f  ava i l ab le  o r  s t r i n g  

v 7 i t h  a p iece  of twine i n  batches of about 30 for  bulk  s torage  

i n  gunny sacks. 

(b) Rock C h i p s  

1) ?!ith the sample s t i l l  i n  i t s  bag, crush wi-ch a hammer 

i n t o  s m a l l  p ieces .  

2 )  Transfer  s eve ra l  pieces of crushed rock i n t o  a 

porcelain mortar and g r ind .  

3) Sieve the ground sample through a minus 35-mesh scrcsn 

and proceed through s t e p s  2 t o  5 as followed f o r  soil and s i l t  

samples. i f  t h e  o r i g i n a l  bag is  badly damaged during crushing 

t r a n s f e r  t he  pulps  t o  a new bag. 

DIGESTION 

Samples of s o i l ,  silt  and rock chips  are d iges ted  i n  

a hot water bath. The heat is suppl ied by a three-burner 

Coleman stove. Digestion is best done outs ide  the labora tory  

where t h e  t o x i c  n i t r i c  fumes can d i s s i p a t e  i n t o  the atmosphere 

away from both  labora tory  equipment and personnel. 

Digestion is  ca r r i ed  out as follows: 

1) Pleasure out  vo lumetr ica l ly  with l e u c i t e  scoop 1 gm of 

the s ieved sample and p lace  i n  a 15  x 125 rimmed test tube. 

2) Using an automatic p i p e t t e ,  add 4 m l  of d i l u t e d  (3:l) 
i 

n i t r i c  acid. 
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3 )  Digest t he  samples, a rack a t  a t i m e  f o r  2 hours. 

4) Shake the tubes occasionally t o  aic digestion. 

5 )  Remove the rack and allow t o  cool. 

6) Using poly wash b o t t l e ,  f i l l  a l l  tubes up t o  the 4 m l  

mark with w a t e r .  

DE !I3 IU4 INATI ON 

(a) Soi l ,  S i l t  and Rock C h i p  

Samples are usually treated i n  batches of t en  and 

i n  racks of fo r ty .  

1) using an auto-pipette,  t r ans fe r  a 1 m l  a l iquot  from 

,-. each digested solut ion t o  a marked rimless test tube.  

smaller a l iquot  i f  high molybdenum content i s  suspected. 

XOTE: Clean the auto-pipette thoroughly between each sample by 
r insing a t  least three times w i t h  de-mineralized w a t e r .  Shake 
the p ipe t t e  i n  the a i r  t o  dry. 
occur a t  t h i s  step without su i t ab le  r insing.  

use a 

Contamination could e a s i l y  

2) To each test tube using an automatic p ipe t t e ,  add 

2 m l  of 10% HC1. 

3 )  Using a spatula ,  add 0.2 gm of sodium tartrate. 

4) Using a bure t t e ,  add 1.5 r n l  of KSCW. Shake to mix. 

5) Using a burette, add 0.5 m l  of SnC12 solution. Shake 

t o  mix. 

NOTE: If the  i ron  content of t he  t e s t i n g  solut ion i s  high, a 
la rger  amount of SnC12 solut ion may be required,  (SnClZ  should 
be added t o  completely el iminate  the blood red colour of the 
f e r r i c  thiocyanate).  
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6) Using a wash b o t t l e ,  add w a t e r  t o  b r ing  the  t o t a l  

volume of t h e  so lu t ion  up t o  the 10 m l  mark. 

7)  Using a b u r e t t e ,  add exactly 1 m l  of e the r .  

8) Stopper t h e  tes t  tubes  w i t h  corks and shake visorously 

f o r  45 seconds. It is  advisable  t o  number t h e  corks K O  avoid 

mixing up tubes.  

9) Allow the  2hases to separa te .  

10) Compare the coloilr 05 t he  e t h e r  l aye r  t o  t h a t  of the  

molybdenum standards.  Colour i n t e n s i t i e s  should be compared 

and matched aga ins t  a white  background. 

CALCULRTIONS 
-1 

(a) S o i l ,  S i l t  and Rock Chip 

The concentrat ion of molybdenum i n  p a r t s  per  mi l l ion  

(pprn) is  ca l cu la t ed  from t h e  fol lowing f ac to r s :  

1) The weight of sample used f o r  d iges t ion .  

2) Volume of so lu t ion  f o r  d iges t ion .  

3 )  Volume of a l iquo t  talcen f o r  determination. 

4) Gamma content of the  matched s tandard.  

The concentrat ion i n  ppm is given by t h e  formula 

value of matched 
ppm = volume digested samDle solution(m1) X s tandard (clammas) 

weight of sample (gm) a l iquo t  of sample ( m l )  

= gammas per  gram (which equals  p a r t s  per  mi l l ion)  
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STbAiiDARDS 

(a)  Molybdenum Standard Soluyions 

1) Stock s tandard concentrated:(lOO q a m m a s / m l ) .  Dissolve 

0.075 g m  of MOO3 i n  20 m l  of 10% X;aOS. (LO gin of NaOH c r y s t a l s  

i n  100 m l  of w a t e r ) .  Dilu.2e t o  100 m l .  Add d i l u t e d  HC1 u n t i l  

t he  s o l u t i o n  i s  a c i d  (use PI: hydrion pape r ) .  Fill t o  500 m l  

mark of the f lask.  Prepare this  s o l u t i o n  once a season. 

2)  Stock s tzndard dilulied:(Icjamma/ml). D i lu t e  1 m l  of 

s t o c k  scandard t o  100 m l  m a r k  of the volumetr ic  f l a sk .  Prepare 

t h i s  d i l u t e d  s o l u t i o n  each t i m e  a new s tandard  i s  made. 

-. (b) Workinq Molybdenum Standard f o r  S o i l ,  S i l t  & Rock Chip 

Two sets of working s tandards  r ep resen t ing  a low and 

a hiFh range are prepared by d i l u t i n g  the working s tandard.  The 

arnouat of s tandard  s o l u t i o n  d i l u t e d  is  ou t l ined  i n  the fol lowing 

tables. 

P i p e t t e  from s tock  s tandard  s o l u t i o n s  t h e  requi red  

volumes i n t o  a series of 7 test  tubes .  The amount and concen- 

t r a t i o n  of s tock  s tandard  s o l u t i o n  used is  ou t l ined  i n  the  

fol lowing tables. 
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STXJDARDS A B C D E F G 13 

m l  of lyml 
standard 0 0.5 1 .0  1 . 5  2.5 3.0 4.0 5.0 

Gammas 0 0.5 1.0 L.5 2.5 3.0 4.0 5.0 

0 2.0 C.0 6.0 10.0 12.0  16.0 20.0 

$2 Concentration based on a l i q c o t  represent ing  one qua r t e r  of a 
gram as used i n  procedure given above. 

HIGH ZAXGE 

STlWDLiiS I J I< il >i N 0 - 

m l  0: ~06j ia l  0.1 0.2 0 . 2 5  0 .5  0 .0  1.00 1.5 
s t a l i dxd  

Gaimas 10 20 25  50 a0 130 150 

pm$: 40 60 100 200 320 400 600 

Trea t  t h e  s tandards as ou t l ined  i n  the procedure 

given f o r  the  unknowns. It is  important t h a t  t h e  s tandards 

and unknowns undergo ic ient ical  treatment.  Cover the  s tandards 

with a shee t  of aluminum f o i l  to sh ie ld  them aga ins t  any hea t  

or l i q h t  when not i n  use.  Prepzre new standards a t  least once 

every three weeks or soonex i f  fading is suspected. 

PREPAFSlTION OF REAGENTS 

The following reagents  are used i n  the  tes t  on s o i l ,  

s i l t  and rock chip samples. 
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1) 10% HC:: Add 100 m l  of concentrated HC1 i n t o  a 2 l i t r e  

beaker and d i l u t e  t o  one l i t re .  S to re  i n  a poly b o t t l e .  

2)  Diluted HNO3: Di lu te  750 ml of concentrated HNO3 t o  

one l i t re .  S to re  i n  a poly b o t t l e .  

3 )  Thiocyanate so lu t ion :  Dissolve 5 qm of KSCN i n  100 m l  

of water .  Prepare f r e sh  so lu t ion  d a i l y .  

4.) SnC12 so lu t ion :  Dissolve 13 qm of SnC12 i n  17  m l  of 

concentrated HC1. Heat the mixture i n  a hot  water ba th .  )take 

up t o  100 m l  w i t h  w a t e r  when c r y s t a l s  have been completely 

dissolved.  Add a piece of m e t a l l i c  t i n  t o  ensure s t a b i l i t y  of 

SnC12. Prepare a f r e s h  so lu t ion  da i ly .  

5) Sodium t a r t r a t e  - u s e  d i r e c t l y  as a s o l i d .  

6 )  Isopropyl e t h e r  - use d i r e c t l y  bu t  with caution as it 

is  highly inflammable and explosive peroxides may form. 

U s e  de-mineralized water f o r  a l l  reagents ,  prepar- 

a t ions  and a n a l y t i c a l  determinat ions.  

p H  DETEFONIBATION 

A l ine-operated Beckiian Model H-2 meter i s  used i n  

making pH measurements. F’ollowing a warm-up per iod,  the meter 

is  ca l ib ra t ed  w i t h  s tandard bu f fe r  so lu t ions  before  using and 

rechecked between every 20 determinat ions,  or every hour which- 

ever  comes f i r s t .  
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(a) Soil a d  S i l t  

Meas~rements are made a s  foliows: 

1) Pour approximately 1 5  gm of the  sieved sample i n t o  a 

30 m l  poly beaker. Wet t h e  sample wi th  d i s t i l l e d  water (use 

neu t r a l  stream water ) .  Do not use  de-mineralized water (water 

passed through a r e s i n  de-mineralizer is a c i d i c ) .  S w i r l  the 

beaker occasional ly  during t h e  determination t o  ensure the  

sample i s  i n  a hoxogexous state. 

2)  Gently i n s e r t  t h e  electr-cLes i n t o  the  dampeixd sample. 

3) Observe the  23 reading when .ihe needle reachas a 

steady s t a t e .  

4) Discard the  t e s t e d  sa=p,ple, clean the  beaker and e lec-  

t rodes  with water.  Wipe the  e lec t rodes  with a cleaning t i s s u e  

It is important t h a t  t h e  e lec t rodes  be thoroughly cleaned 

a f t e r  every Cetermination. 

(b) Rock Chips 

p€i determination is not required f o r  rock chip. 

W E  ii DETE F N I N A T I O N  

Water samples requi re  no spec ia l  preparat ion preced- 

ing  the a c t u a l  ana lys i s  . Samples are usual ly  t r e a t e d  i n  sets 

of s ix .  
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(a) Deterninat ion 

1) Pour water san2le  i n t o  a separa tory  funnel  up t o  t h e  

50 ml mark. 

2)  Using an automatic  pipeli te,  add 5 n l  of d i i u t e d  HC1. 

3 )  Using an zutoma'cic p i p e t t e ,  add 1 ml of ferric anunon- 

ium su lpha te  s o l u t i o n .  Tilt fu;ii-.cl to mix. 

4) Using an zutomz-iic p i p e t t e ,  add 3 KL of IGCN so lu t ion .  

T i l t  f u n r ~ e l  to xix. 

5) Using an  automatic  p i p e t t e ,  add 3 m l  OZ SilC12 so lu t ion .  

T i l t  Euni;e; t o  n ix .  

G )  us ing  a h r e t t c ,  add 2 m l  of ether. Shake =or 45 

seconds. Release pressure  every 10 seconds dur ing  shaking. 

7)  ~ l l o w  phases t o  sepa ra t e .  

8 )  Discard t h e  acpeous ( w a t e r )  l aye r  i n t o  a beaker. Stop 

a t  10 m l  mark. 

9) Drain off ths remainin9 aqueous and t h e  orcjanic phases 

i n t o  a 1G x 150 rimless test 'cube. 

IS) Compare t h e  colour of t3e organic  l a y e r  t o  t h a t  of the 

:;iolyb&nurn s tandards .  

(b) Calcu la t ion  

The concent ra t ion  of molybdenum i n  water i s  expressed 

i n  p a r t s  p e r  b i l l i o n  (ppb), i . e . ,  l/iOOO gammas per  gram o r  

gamiias per  1000 grams. The concent ra t ion  is  c a l c u l a t e d  us ing  

two f a c t o r s .  
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1) The hi’cial  voluxe of sample used f o r  determination. 

2)  The valce of t he  natcked s tandard x 1,000. 

The concentrat ion of molybdenum i n  water i s  given by 

the formulz: 

ppb = value ~f the ~ ~ ‘ i c h e d  standar2(crmmas) x 1,coo 
volume of w a t e r  used f o r  deterninat ion(m1) 

= gammzs per  1060 r ; . i i l i l i t rea(s iace  2eriljity of water 
i s  equal to 1) 

= s m a s  per LOCI0 g r a x s ,  or p2b 

- .  (c) s t a ~ ‘ c , 2 x ~ s  

1) Piptke 0,  0.25, 0.5, 1.0, l . 5 ,  2 .0 ,  2.5, 3.0, 5.0, 

8.0 nl of the d i l u t e  (1 gzmm/m1) stock standard so lu t ion  i n t o  

the szparatory funnels .  

2 )  Add water t o  50 xl mark and proceed with s t e p  ( 2 )  t o  

s t e p  (9) given sbove f o r  water determinat ions.  

(d) F3 DE!teralnatiGn 

Ksasurenents a r e  taken as follows: 

1) Approxinateiy 25 m l  of sample i s  t r ans fe r r ed  i n t o  a 

30 m i  poly beaker f o r  measurexent. 

2 )  i n s e r t  t h e  e lec t rode  and take a reading. 

3 )  Discard the  sample; wash down and dry t he  e l ec t rodes .  

(e) Prepara.zion of f\caqerks 

I n  add i t ion  .GO some reagents  a l ready  mentioned on 

t he  previous pages the  following are needed i n  t h e  water tes t .  
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1) Araocius su1fz te  solution: Dissolve 1 gm of f e r r i c  

ammonium s u l f a t e  c r y s t a l s  i n  100 rr.2 of water. ? ? a r m  the mixture  

i n  a water bath. Prepare fresh solution once every f i v e  days. 

2 )  XSCN so lukion:  Dissolve 10 gia of I<SCN c r y s t a l s  i n  

100 m l  of w a t e r .  KsCX clissolves ii? cold v z t e r .  Prepare 

fresh s o l u t i o n  daily. 

3 )  SnC12 solctio;i: ;:;;eat 30 g s  of s i C i 2  I;-. 50 m l  of con- 

centra-Led H C i  i;: a water 3zth till a ciear s o i c t i o n  a?pears. 

D i l u k e  Yle s o l u t i o n  t o  3GG ml. Insert a piece of inetallic t i n  

t o  stabilize t he  s o l u t i o n .  ??--'xire -b- fresh s o l u t i o n  e a i l y .  

4) G i l u t e d  ZECl: D i l L - t e  800 m l  of concentrated to one 

l i t re .  
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APPENDIX IV 

GEOCHEMICAL AKALYTICAL METHODS 
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