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r i  ihe G.avin Lakc pro;?erty cons is t s  of 65  c lc ik~s  s i t ua t ed  

twenty-five i ~ ~ i 1 . c ~  east  of ~ c i , e e s e  Lake, E. C .  a1sov.t ‘cwe!,ve miles 

soctheast 02 r , i! ,rely i n  thc ~ a r i 5 o o  ?,lining D i s t r i c t .  T h e  

property l i e s  w i t h i n  t hc  “Qy.csiiel Trougli ”, a Mesozoiz Bel t  of 

volcanic an<. sediii-ientary s t r a t a  i n  southern an<. cen t r a l  B r i t i s h  

Columbia w i t h  which nc.riieroGs copper and moJ-ybdeiiuX deposi ts  a r e  

associated.  The Cariboo B e l l .  Zeposit l i e s  Z i v e  i%i;.es northeast  

of Gavi i i  Lake and. t h e  Gibral tar  deposi t  l i es  t w e n t y  n i l e s  t o  t h e  

west. 

On t h e  Gavin Lake property i tsel2,  minor ai-AOL:.iitS of 

chalcopyri te  and rnolybdenite are associated w i t h  a S W ~ Y X ~  of 

qv.artz monzonite porpkyxy dykes. The claims were exanined i n  

1369 by 2W.M geologis t  D.K. W.stard ( see  1963 Report “Gav’: A A 1  

Lake Property) who supervise6 s taking of the 42 Wet claims 

adjacent  t o  t h e  o r ig ina l  1% Gaviii clairiis and recomnei?d.ed t h a t  

a thorough exaxiiiation 02 the property be ca r r i ed  o u t .  Folios+ 

ing 14ustard’s recort-mendation, .AMAX optioned t h e  property from 

Nerna T a t t e r s a l l  an6  Curing t h e  xonths Apri l  t o  October 05 1370 

carrieci out  ‘a de ta i l ed  pzrograi-n of geological mapping, geochemical 

sai:,pling, a magnetoneter survey, p i t t i n g ,  t renching and sarqi ing.  

Geological mappino oi-i a picket  l i n e  g r id  ii;CLcatec?. 

t h a t  r‘iost of the porphyry dykes occur i n  a qcar te r  riiile wide 

zoi?e irxiiediately north of Gaviil Lake, where individual  dy:-;es 

a t t a i n  widths of r~p  t o  QOG feet. ~ha1.copyri te  and rnolyh5eaite 

are associated w i t h  quartz  aa6. quartz-potash fel.cispar veins i n  

the quartz  porphyry i n  t h i s  area.  Locally, t r a c e  anouilts 0 2  

chalcopyri te  a r e  disseminated within t h e  porphyry. Geocheriiicaliy 



the s o i l s ,  s i l ts ,  and stream i n  t h i s  area stand.  out as h i g h l y  

a noii:a 1. o u 3 i n  rcto 1 y b<k 11 ur;1 c: o 11 t e :I t c omp ar e d t o  t 1.  e r ema i n  C e r  o f 

t h e  p r o p e r t y .  

c o r r e l a t i o n  w i t h  t h e  q u a r t z  porphyry Gykes and- are scattered 

ran6.only t h r o u g h o u t  the proper ty .  

lack 0 2  c o r r e l a t i o n  m y  l i e  i n  t h e  h i g h  backyrov.nd copper  c o n t e n t  

of the s e c i m e n t a r y  and v o l c a n i c  c o m t r y  r o c k  ( L O O  - 200  ppln CU) 

coiiipared t o  tile i n t r u s i v e  qcartz porpiiyry ( 2 ~  p,pn CZ.) . o:;viou.sly, 

coppe r  anoriialiee i n  s o i l s  o v e r l y i i l y  q u a r t z  porphyry shoulcl be 

'iq-graded r e l a t i v e  t o  those overlying s i l t s t o n e s  and v o l c a n i c s  . 

c 

co?per anomalies, on t h e  o t h e r  hand, show poor 

The r e a s o n  for  this a v p a r e n t  

A magnetometer survey carried or i t  on t h e  >,Fc!tet gr id  

produ.ced inconc lu . s ive  r e s u l t s .  

~ o u l d  assis t  in out i i i i i i iy  areas 0:: c p a r t z  porphyry  which shou id ,  

by i t s  l o w  n a g n e t i c  r e s p o n s e ,  c o n t r a s t  w i t h  t h e  high r e l i e 2  

banded l-fiayiietic p a t t e r n  05 i n t e r l a y e r e d  v o l c a n i c  ail6 se6. imentary 

s t r a t a .  S u d i  w a s  n o t  t h e  case, howsver, possibly because  05  t h e  

coinplex i ty  of i n t e r m i n g l i n g  of porphyry  Gyl;es w i t h  c o u n t r y  rock. 

It was hoped t h a t  the s u r v e y  
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i i l t e r l i i i t t e n t  ; xtost are d r y  by ~ i i 6 - J ~ j - 1 7 .  iqu.ixerous sprii ;g and 

sceps occur on t h e  h i l l s i d e s  n o r t h  and s o ~ t l i  of G a v i i l  Lake an<, 

by contraast, aaiiy of .these are active throughout the S L X L L C ~ .  

Vcgel ;a t ion  cons i s t s  of dense cedar forest oil north-facing slopes,  

ail6 open woods or' fir, pine, b,irch, and poslar  on sou.th-facing 
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GREEN GROUP Gavin l O - I 8  incl.,. Wet I - 23 ,  45,46,48; BLUE GROUP G a v i n  1 -9  i n c l . ,  Wet 2 4 - 4 4 i n c l .  

GAVIN LA'KE C'OPPE~R - MOLYBDENUM PROPERTY 
. .  

... .' .CARIBOO:.MINING D I V I S I O N  - B R I T I S H  C O L U M B I A  
i 

' ' . . . . C L . A  I M . .SKETCH MAP 
S C A L E  I I' 2.000' 
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23 F i t s  were blasted and saxpled i n  late J u n e .  i n  October, 1 9  

-trenches kooi;alli:ig 3305 l inear  f e e t  were excavated. 

GZGZOGY 

Re q i o n a 1 Geo 3- o q y 

Gavin Lake l i es  n e a r  the western edge 05 the so- 

Cal-led "Quesnel TrouGL" ( C a r c p b e l l  and Tipper, lS70, Bull. 

C. I . M . M .  1, a b e l t  of i~iesozoic volcanic and sedimentary s t r a t a  

which i s  flanked on the ease and west by variably netarLorphosed 

Palacozoic s t raka  of t h e  cariI2oo and. Cache C r e e k  cgoups, 

r e s pe c t  i ve 1y . b 

Q'he h'le s o zo i c  s eqt:eii c e , wh i ch u.11 co n$orma h 1 y - -  
& ?  

over l ies  the Cache Cj:eeh st rzkaabout  s i x  miles w e s t  05 Gavin 
*... 

Lake, consists 05 a c O ~ Z ~ D ~ . ~ X I - ~ ~  interbedded sequencg 02 volcanic 

flosra and breccias, ai:d a r g i l l i t e ,  sil.tstoiie and lconGlor.-Lerate 

of volcanic origiii.  in the Gavin Lake area the #s t ra ta  str ike 

consis tent ly  northwesterly and d ip  a t  iiioderate aiic;ies t o  the 

*. 

Ni-nerous stoc?rs and several  large Satholithc i ; i t r K : d e  

the Mesozoic sequence of thc Qresriel Trou.gh, and  most have 

associated copper and/or nolyh2enwi-i mineralization. TLe cariboo 

B e l l  &posit ( 5 0  n i i l i o n  toi-is, 0.4% CU) l i e s  f i v e  r.:ilcs northeast 
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reapcct t o  ,i;hc picket biiie 9zj-d by pace and corqass . i n  J'i:.iie 

and July tile writer ( C .  J. Iiodgson) checke6 most of the surface 

geology aiid added ilevq geological. inzormation from outcrops 

e q o s e d  by p i t t i n y .  Trenches eiccavated i n  October were mapped 

by D. Sirnoii and R .  Anc?..er-son and this additional inzorixation was 

also incorporated on the geological map. 

I n  general, outcrop is sparse, particii lariy Oi l  t ha t  

portj-on of the progerty sor?th of  tile Gavin L a k e  - Mitchel.1 Bay 

roa2. where a thick mantle 02 glacial. debris .occurs. N o r t h  of 

'ihc road the glacial  vciieer i s  geiierally less than Zive Zect 

thick.  sven so, 5'ei.r v~l.i-cxposec? octci-o,s 0ccu.r here; r m n y  ' 
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a I.esscr e x t e n t  t o  t h e  east  a:Id west. The  d.y?;es show l i t t l e  

m i n e r a l o g i c a l  v a r i a t i o n  a n d  a p p e a r  t o  be . the resul t  of a 

s i n g l e  i n t r u s i v e  pulse. 

The p o r i h y r y  Ciyi-.cs aro-cnd Gavin  Lake  i n t r u d e  a 

s e q u e n c e  of s i l t s t o n e ,  a r g i i l i t e  and  c o n g l o m e r a t e  of v o l c a n i c  

o r i g i n  i n t e r l a y e r e d  w i t h  b a s i c  v o l c a n i c  f l o w s .  The l a t t e r  are 

as a rr: le of i n s u f f i c i e n t  w i d t h  to permi t  t h e  rilapFing of  

i n d i v i d u a l  f1.ows th ro t igh  t h e  map area.  O n  t h e  n o r t h e a s t  s ide 

05 tile p r o p e r t y  t h i s  s e q u e n c e  i s  o v e r l a i n  by coarse p o l y m i c t i c  

v o l c a n i c  Ixeccia a n d  c o n g i o n i e r a t e .  

Id it h o 1 o g i c a 1 DS s cr i ::, t 1 o n  s 

Q s a r t z  ri ionzonite p o r p h y r y  o n  t h e  p r o p e r t y  i s  a f i n e  

g r a i n e d ,  l e u c o c r a t i c ,  p i n k - w e a t h e r e d  rock wi th  c o n s p i c c o u s  (2-8 

mi) e i l h e d r a l  q u a r t z  p h e n o c r y s t s  on t h e  w e a t h e r e d  swface.  

P i a g i o c l a s e  p h e n o c r y s t s ,  a l t h o u g h  smaller a n d  less obv ioLs ,  are 

a c t u . a l l y  rtiorc a b u n d a n t  t h a n  q u a r t z  p h e n o c r y s t s  . The a v e r a g e  

c o m p o s i t i o n  i s  as r'ollows: 

P h e n o c r y s t s  - Quar t z  15% 2-G ipm 

P l a g i o c l a s e  25% 1-3 mi 

Groundrilass - P o t a s h  f e l d s p a r  35% < 1 rtx 
P l a g i o c l a s e  15% < 1 lnii 
Qv.ar tz  5% < 1 nlii 
B i o t i t e  576 5 1 riCTi1 

P l a g i o c l a s e  i s  g r a d a t i o n a l  i n  g r a i n  s i z e  2rom pheno- 

c r y s t s  t o  groundmass b u t  i s  a l w a y s  s c b h e d r a l .  P o t a s h  feldspar,  

o n  t h e  c o n t r a r y ,  i s  v e r y  f i n e  g r a i n e d  a n d  e n t i r e ] - y  i n t e r s t i t i a l ,  

e n c l o s i n g  a1.1 other m i n e r a l s .  B i o t i t e  o c c u r s  as s G b h e d r a l  p la tes  

a n d  i s  of p r i m a r y  o r i g i n .  Q u a r t z  i s  u n u s u a l  o n  a c c o u n t  0: 1-2s 

p a i ; c i t y  in the groundmass c o n p a r e d  t o  i t s  abundance  as $ ~ e i l o c r y s t s .  

Wi th  decrease i n  q u a r t z  p h e n o c r y s t s ,  q u a r t z  m o n z o n i t e  

, 
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uorphyry  grades i n t o  what was referre6 t o  i n  t h e  f i e l d  as 

q u a r t z  m o n z o n i t e .  Actual.3.y the 1.atter rock t y p e ,  with minor  

1- - 2 p c r c e n t )  q u a r t z  phcnoc rys t s  in a q u a r t z - p o o r  m a t r i x  may 

seenis t o  be s i m p l y  a l o c a l  v a r i a n t  of the q u a r t z  n o n z o n i t e  

p o r p h y r y  , and  i s  p a r t i c u l a r  1-1 comnion i n  p e r i p h e r a l  d y k e s  o u t s i d e  

the p r o p e r t y .  I n  o n l y  o n e  outcrop was a poss ib l e  a y e  r e l a t i o n -  

s h i p  o b s e r v e 6  be tween the t w o  t y p e s ;  i n  a n  o u t c r o p  on l i n e  92E, 

qEartz m o n z o n i t e  p o r p h y r y  appears t o  c u t  a dyke  of q u a r t z  

m o n z o n i t e .  However, s i n c e  a i l  g r a d a t i o n s  i n  c o m p o s i t i o n  occ-L4.r 

be tween q u a r t z  m o n z o n i t e  p o r p h y r y  a n d  q u a r t z  monzon i t e ,  there 

i s  l i t t l e  doL;bt of their g e n e t i c  c o n n e c t i o n .  

The p o r p h y r y  d y k e s  are l o c a l l y  c h i l l e d  t o  a f i n e  

g r a i n e d ,  n o n - p o r p h y r i t i c  f e l s i t e .  T h i s  rock t y p e  conxnonly con-  

t a i n s  d i s s e m i n a t e d  p y r i t e ,  a n d  weathers a r w t y  o r a n g e .  S e v e r a l  

l e u c o c r a t i c  r u s t y  o u t c r o p s  n o r t h  of t he  main  dyke  area w e r e  

niapped as f e l s i t e  i n  the f i e l d ;  t r e n c h i n g  i n d i c a t e s  t h a t  sortie, 

a t  least ,  may be s i m p l y  bleached a n d  h o r n f e l s e d  s i l t s t o n e .  

On t h e  east  s i d e  of the p r o p e r t y ,  be tween p icke t  l i n e s  

8 2 E  a n d  32E, t w o  o u t c r o p s  of breccia o c c u r .  The  b r e c c i a  appears 

t o  c u t  across a p o r p h y r y  dyke ,  f r a g m e n t s  of  which  are s e e n  i n  

t h e  Sreccia. lviost of t h e  f r a g m e n t s  are b a d l y  altered and 

~ n i d e n t i f i a b i e .  They m e a s u r e  u p  t o  s e v e r a l  i n c h e s  I n  d iace te r  . 
The niatrix, a l t h o u g h  s c a n t ,  is  q u i t e  s i l i c e o u s  a n d  q u a r t z  l i n e s  

d r u s y  c a v i t i e s  w i t h i n  t h e  breccia.  N o  s u i p h i d e s  were s e e n  

associated w i t h  t h i s  breccia. 

The i n t r u d e d  s t r a t a  c o n s i s t s  of corqlex scqv.ence 04 

a r g i i l i t e ,  s i l t s t o n e  and  c o n g l o m e r a t e ,  a i l  of v o l c a i i i z  
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d.erivatioii, interbeddcd w i t h  b a s a l t i c  t o  aridksit ic volcanic 

2 1 0 ~ s .  w g i l l i t c  i.s 6ark grey an5 very b r i t t l e  w i t h  a x b -  

coiichoida!. f r a c t c r e  . It invar iab ly  contains  dissenicateC 

p17rite an6 weathers r u s t y  oraiise. S i l t s t o n e  i s  inore var iab ly  

coloixed than a r g i l l i t e ,  more obviously ban6ed. an6 less 5 r i t t l e .  

Fossils occcr r a r e l y  i n  both a r g i i l . i t e  and. s i i t s t o n e .  C o n -  

cjioi-tierate occurs mainly i i l  a Lcnit oii the  e a s t  s i&  02 t l i i :  

pro;?erty. It cons is t s  of  volcaiiic fragriients cp to two x c : : e s  

Cianeter i n  a i;;atrix 02 vo1cai;ic c r y s t a l  debris, an< i s  intii-Lately 

. i  

L n'c cr 1 e iis e d w i t  11 c o a r  s e , po i y i L l  i c t  i c vo I.. c an F c br  e c c I a co ;it a i il i 11 g 

angxlar volcanic fra<riir,:eiits up t o  12 iaclies dial-ie'cer . 'i'riis u n i t  

trends soi;.tkeasteriy across  the eas te rn  corner of thc c j . a i x  and - 9  

' o v e r l i e s  t he  Coninantly s i i t s t o i l e  sequelrce t o  t h e  VJC2S-k.  

S a s a l t  i s  dark qreeen, Tine t o  rrtedii-tm graiile6, and 

contains  v i s i b l e  pyroxene, b i o t i t e  ( l o c a l l y )  aiid minor 6 i s z e ~ -  

ina ted  p y r i t e ,  Most flows a r e  only a few f e e t  tniclr. a n d  cannot 

be followed. for  aiiy d is tance  along strike. However, i n  t h e  

western por t ion  of the claims a 1500 Eoot w i &  u n i t  02 predorn- 

inant ly  volcanic flows can be t raced  across  the  property.  

. m-r I; eiiches w i t h i n  this u n i t  near Gavii? Lake expose a nediu.x Srainez. 

t rachybasa l t  r , e fe r red  t o  i n  the f i e l d  as  po tass ic  basa l t .  T h i s  

imit, a1thou.gh on ly  about 1-90 f e e t  wide was found i n  severa l  

o ther  loca t ions  along s t r i k e  and forms a reasonably rcliail3l.e 

iciarker uiit. The roc:; cons i s t s  of about 25% potash :e:.Cs?ar 

iiitcryrown w i t h  757; pyroxeile and appears 'c'o be a d i i f e r e i i t i a t e  

of a b a s a l t i c  glow. 

Plagioclase porphyry s i l l s  or  flows coiisi:itin< 0 2  232% 

pl-agiozlase phcnocrysts ~p to 3 ikm in a dark grey firie ~ r a i ~ e d  
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The ii,ost iiLtpo;-taiit s t r i - c ' cu ra l  aspects or' the p r o p e r t y  

cjr,llies and  w i t h  Gaviii L a k e  i tsel-f  and  forni pi-0KIinCn-l a i r  photo 

i i i iearoents  . A l t h o G 5 h  t r e n c h i n g  across SOitIe of the g u l l i e s  

r e v e a l e d  f a i r l y  i i i t e n s e  f r a c t G r i n g ,  geol-ogical e v i d e n c e  iildlcates 

t h a t  d i s p l a c e n e n t  ' was r e i a t i v e l y  l-niilor. 

f l  The 1~iiagnetoi~iater sr;.rvey map r e v e a l e d  a n  east-west 

raagnet i c  1 i iie alrie i l t  wl-ich xnor e -or - 1 e s s co iilc ide  s w L t h 'ill e e e 11 t r a i 

axis of t h e  porphyry  dykes.  Although there i s  l i t t l e  geolGgical 

e v i d e n c e  for  a f a u l t  h e r e ,  this l i n e a m e n t  ixay r e p r e s e n e  a pre- 

por$iyry s t r u c t u r e  which c o i l t r o l l e d  c z p l a c e n e n t  of the i i i t r u s i o n .  

S e v e r a l ,  n o r t h w e s t - t r e n d i n g  f a u l t s  were a l s o  deduced from the 

riiagnetic s u r v e y  map; f o r  these t o o  there i s  l i t t l e  g e o l o g i c a l  

c v i z e n c e .  

Ve i n i. n g , S 1: 1 ph i d e  X i  ner a 1- i z a t ion , A1 t er a t  i o ;i 

Q u a r t z  v e i n s  o c c u r  vinerever po rphyry  d17kes are p r c s e n t ,  

b u t  are most abuiidant i n  a n  area n o r t h w e s t  of Gavii? Lake oat- 

l i n e d  5y a d o t t e d  l i n e  o n  the geoIogica1 naF. &re, q;rcaxtz 

v e i n s  I/4. t o  2 i n c h e s  widc, coi-mo1iI.y w i t h  s e l v a g e s  0,: p o t a s h  

fe]-cispar, have  a S e n s i t y  of 3 - 5  per sqr,are foo t .  
i /  

They o c c u r  i n  

L LWO i-i:ain d i r e c t i o i l s ;  16Oo/75W and $5' /90N. Minor ar,-toLnts Oi" 



' t h e  two. 

Cha lcopyr i t e -bea rFng  v c i n s  o c c u r  t h r o u g h o u t  the 

prope:cty, b u t  iuolyl idci i i te-bear ing v e i n s  are res tz ic tcd  t o  t 3e 

area ment ioned  above.  N o  r e l a t i v e  age of the two v e i n  t y p e s  

(Cu-bearing and lbio-bearing) w a s  es tabl ishe2.  ~t was iloted t h a t  

molybdei?i te  had  a p r e f e r e n c e  f o r  L a i r l i n e  q u a r t z  ve i i i s  i n  c h i l l e d  

c o n t a c t  phases of t h e  porphyry. Minor d i s s e m i n a t e 2  p y r i t e  and 

c h a l c o p y r i t e  o c c u r s  1-oca i ly  w i t h i n  t h e  po rphyry .  The  bes t  

a s s a y s  frorfi v a r i o x s  p i t s  put down on t h e  property were 0.02% KoS, 

and  i3.05% C u .  

IAI s e v e r a l  pl.aceo on  the p r o p e r t y ,  q u a r t z  v e i n s  o c c u r  

u.p t o  1 5  feet w i s e ,  t r e n d i n g  t h e  predominant  L6Oo/75W v e i n  

d i r e c t i o n .  These  c o n t a i n  g a l e n a  aild t race amounts of  s i l v e r  

and  go1.d. A selected grab sample from a v e i n  on 56E t a k e n  by 

L.  T a t t e r s a l l  i n  l96G a s s a y e d  as follows: 

Au G.54. oz/toii 
Ag 2 .35  oz / ton  
N i  0.024% 

Cu 0.3376 
Pb 0 .30% 

Hydrothermal  a l t e r a t i o n  o? t he  porphyry  i s  nea i  2- ic-; bie. 

Pr imary  b i o t i t e  i s  u n c h l o r i t i z e d - ,  an6  o n l y  r a r e l y  i s  c l o u d i n g  of 

feldspars obse rved ,  u.su.aily n e a r  e s t a b l i s h e d  f a u l t s .  ? o t a s h  

fel-dspar s e l v a g e s  i n  qu -a r t z  v e i n s  rnay be r e g a r d e d  as a j - t e r a t i o n ,  

s i n c e  t h e  i r r e g u l a r i t y  02 v e i n  w a l l s  suggests replacer i ient  by 

p o t a s h  feldspar. Iii t h e  i n t r u d e d  sedirnei i tary s t r a t a  a;.l v o l c a n i c  

flows o n l y  weak c o n t a c t  h o r n f e l s i n g  i s  o b s e r v e d .  Al.thoucfh a l l  
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rock t y p e s  contain rizinor amounts of  p y r i t e  there  is. no 

evicle:?ce of a " p y r i t c  halo"  abor;t the mail? a rea  ojr' veinincj. 

GZO C1-12" S TF.S 

General S tatc!^ncnt 

coildLicted O;I the Gavin Lake Cor>per -Koly]sdenur?. ?ro;32rty 6c.x ing 

May and J ~ n e  1'972: by  P. Vanstone and ju.nior assistants. A .' 

t o t a i  02 123;': s o i l ,  s i i t  and water sarqles were coll.ected on a 

cjrid w i t h  a l-incl separat ion oE 4000 f e e t .  A t  each 20s  Zoot 

centre s o i l  sait1pI.c mater ia i  was col!.ectedi froit1 t h e  3 ~ ~ 1 3  C 

horizon, a t  an average depth 02 9-12 inches.  S i l t  ail2 water 

saiq.1-es were a i s o  co l lec ted  2rom the drainage channel a t  t h e  

?oink of t h e i r  i n t e r sec t ion  w i t h  a g r id  l i n e .  Sevcnty roc?: 

chips were t a k e n  f r o m  t h e  rock t ypes  outcropping on the Troperty . 
The -30 mesh f r ac t ion  of t h e  s o i l s  and- s i l t s  was analysed ?or 

copper and molybdenur;: (See q?pendlx iI fox li.iethods of anaiysis) . 
pli &terminations were made on every f i f t h  s o i l  and on a l l  s i l t  

and water sarn?!.es. il,e ana ly t i ca l  results f o r  copper and 

ri;olyh6env.m on a l l  sart-iT!.es are shown i n  F i y u e  5. 

r 11- 

Copper and  xolybdenuim values fo r  s o i l s  and s i l t s  were 

groceased s t a t i s t i c a l l y .  For each element frequ.ency nLs'cOgrai?.s 

wer e co a s t r uct  ed and anorna 1 oi? s r ail ge s , e s t a b 1 i s h eG S r  ON i a s pe c - 
t ioi l  of t h e  resv. l tant  graphs, were placed a t  3 ,  5 ar,d 7 t i ~ e s  the 

. .  



Zi5:5xe eastwards. Only 

t iir e s 1-1 o 1 11 i s encounter e d 

an occasional isol.ated valKe e;:cee:ding 

e a s t  of l i n e  6 3 2 .  The drainage r e y i i x  

between l i n e s  0-LSE is 0 2  p a r t i c u l a r  i n t e r e s t ;  a long ,  ;-iorJo- 

geneous molybdenum dispers ion  t r a i n  i s  evident,  havia5 high 

con t r a s t  (22X threshold) in both silt and water. 

So i l  copper anorLialies demonstrate low t o  ixoderate 

con t r a s t  ( 4  x 5X threshold  of 75 ppm). They are dif2’use and 

i r r e g u l a r  i n  shape, occur throughol-it the property and are not 

contained by the boGndary of t h e  soil mo1ybdenu.m anomaly. 

Although t h e  majority of va lues  a r e  o n l y  i n  the  pos i t i ve  (76-  

1 2 5  p p ]  range, a s i g n i f i c a n t  proportion Call between 150 and 

400 ppm. Unlike molybdenum, copper i s  undec tec t ib le  i i l  water 

sampies and the dispersion t r a i n  i i l  s i l t  i i s  s h o r t  and 

inhoxogeneous. pi-i values for  s i l t s  and waters a r e  w i t h i n  the 

range 7 .0  t o  G . 2 ; .  Although thc pH range for s o i l s  i s  4.5 - 7 . 5  

the a a j o r i t y  of samples a r e  wi th in  -the limits 7 .0  - 7.5. 

The rock chips  are CrOiiI two ca tegor ies  

1) qcar tz  uonzonite porphyry 

2 )  volcanic and sedimentary rock types 



1.2 

Eacjr,crjrou.nd 20% t h e  2irst  9roupf Where there is a0 

visib]-e co?per or r~lol;jb$.ei~~~ii i,!Ffiexalizatioi~, has bee;> cs tah-  

l i shed  a t  5 ppn 140 and 29 pprt c'ic. The volcanic roc'.7v ..a, however, 

have a high copper hackground, i v i t h i i l  t h e  range 1GC - 200 ppn. 

XI 17 ir  0 illiie ;I t r> 

TWO d i s t i n c t  secondary environnents can be identified 

within the area  covered by the gr id .  T h e  hill siopc, i iorth of 

Gaviii Lake, is dissec ted  by a nuxi-ber of srnal-l va l leys  a116 

i r ' i p x h d  drainage i n  severa l  0 3  these dzpressions has led t o  t h e  

forna t ion  0 2  black or dark jxown, huxas-enric?ied g1eyr;ol.s. 

On  the. steeper val ley  slopes,  where more ez fec t ive  

Grainage preva i l s ,  wooded brown or  srcy soils have 6evel.opcd 

heileat:? a nature vegetatioil  cover. The A horizon of a t y p i c a l  

s o i l  p o f i j - e  cons i s t s  of a t h i ck  layer  of p a r t i a l l y  decoi-aposed- 

vegetat ion (A0 horizon) above a dark brOwi2 hUXiC-riCh loam 

(A.1 - hor izon) .  

represents  the B s o i l  horizon which grades i n t o  a parent  boulder 

c lay  of var iab le  th ickness .  As a r e s u l t  of coarser  tex tured  

n a t e r i a i  i n  the s o i l  horizon wooded brown podzolic s o i l s  have 

deveioped local-ly on h i l l  tops .  

A mediun t o  dark-brown or medium-grey loamy c lay  

The s o i l  catena may be sumraarized as follows: 

1) ~ o o d e d  brown poGzois oil t h e  hill tops 

2 )  ~ooc?,ed brown or  grey s o i l s  on t h e  hill slopes w i t h  l oca l  

gieying ai?d ~LX.W.S enrichiiieilt 

3) A l ? x e c i a h l e  deveiopixent 0 2  humic gleysols i n  depressions &id 

on t h e  margins 0.2 t h e  lake. 

r l  file d.:rainage re5irG.c i s  ail oxidizing, ~rea:.;?~\r al'i;al iac 

enviroixient, a l though organic nater ia l  i n  the chailnels ixay lower 





3.4. 

- .  - -  acc;,v.i;.1. ing  periiiaileil'i; nagnet iza t ion  . The c i i n r e r e n t  l i t h o l o g i e s  

can be dis t ingc isned  by th?eir  1-ilagnetic properties. . .  

Geological mappin$.: of t h e  Gavin Lake P r o p e r t y  is 



of 51.5 l i n e  mi.1-e~ vere su.rveyeci w i t h  a 1-03 foot s ta t ion interval .  

The instrunent used was the Model ifl2-1 magnetoxcter 

nanufactured by Sharpe ins t rv .men t s ,  a division of Scintrex 

L i m i t e d ,  Downsview, O n t a r i o .  It  operates o n  the fluxgate 

p r i n c i p 1 . e  and mear,ures the ver t ica l  component of the carth ' s 

rmcjile-kic field. 

The XF-1 has a tei;;lr>erai;ure s t ab i l i t y  of l ess  than 2 

gammas per 'C (1 gaima per OF) . 
T h e  PIF-1 measurement r a n p  i s  from +loo,  030 9aiilnas t o  

-1 0 i: ,, 3 (J "i3 ga,aiiAas an& on  the nost secsi t ive scale, t h e  semi-  

t i v i t y  is 20 p i m a s  per scale d i v i s i o n  o r  a reada5ili ty 0 2  10 

gaxcias .. 

The KF-1 i s  a liail6.-hold i n s t r u m e n t  and needs o:lly 

coarse 1 e v e ~ I . i n g  and north orientation. 

The M?-1 l a t i tude  a d j u s t m e n t  was employed t o  eslablisil 
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Iil April the east-vest base l i ne  was su rveyed  at l o 9  

foo t  i n t e r v a l . &  startins f r o n  the o r i g i n ,  working  e a s t e r l y  t o  

144.3 ai-id t h e n  rekuri l incj  t o  t h e  origin t o  makc the n e c e s s a r y  

d i u r n a l  c o r r e c t i o n s .  Using the corrected v a l u e s  of t h e  base 

l i n e  s t a t i o n s  as  r e f e r e n c e s ,  100 foot  s t a t i o n  i n t e r v a l s  were 

read on t h e  cross l i n e s .  The operator, in doing the  cross l i n e s ,  

woz.ld begin a t r a v e r s e  a t  tine b a s e l i n e ,  p roceed  n o r t h e r l y  or 

sor;therly t o  t h e  end or' the l i n e ,  cross o v e r  t o  the a d j a c e n t  

Iiiie, r e t u r n  t o  the base l i n e  and. !.oop back t o  his s t a r t i n g  

p o i n t .  T h i s  e n a b l e d  him t o  apply r e f e r e n c e  ail<? d i u r n a l  cozrec- 

t i o n s  t o  h i s  recou6ings.  

Upon reszi-Jiilg the sv1rvey i i l  t h e  sUriG-<ier the now-extended 

base l i n e  was resurvey&. as above and- the  r e s u l t s  coiiq3are6. t o  t he  

previous survey. , Althouqh t:ie v a l c e s  a t  the sate Z t C i t i O i I  p o i n t s  

were not idea t ica l ,  the r e l a t i v e  v a l u e s  a l o n g  t h e  baseline 

~ ~ ~ i ~ a i : i e S .  the s a m .  ~ ' n c  cross l i n e s  su rveyed  d u r i n g  t h e  \ l i n t e r  

were recorrected t o  t h e  second  v a l u e s  o b t a i n e d  for  t h e  & m e l i n e .  

112 nakincj th i s  c o r r e c t i o n  only  the r e z e r e n c e  c o r r e c t i o n  S Y ~ S  

a22'cctec? whi1.e t h e  d..iuriiaL coi-rection rexa ine r l  tmchaiigecl. T h e  

v,ilsurveycd l i n e s  were completed by 1oopir;g to t h e  base liile zs 



geoloqica :  c o n t a c t s .  U i ~ C o ~ t ~ . n a t e l y  t h e  ciuar tz  ri1oi1zonite 

porphyry o c c u r s  rr.ore or less  as a dyke swaria i i i t c r r ; i n y l e d  w i t h  

the sedillleilts ail8 docs n o t  d i s p i a y  a i ~ ~ i q u e  magne t i c  s i g n a t u r e .  

1-i'3we~er, a s u b t l e  chaiicp i n  tile m a g n e t i c s  i s  r e c o g n i z e d  across 

a major east-west n a g n e t i c  t r e n d  paral le l  t o  and  j;lst north of 

Gavin Lake. South of t h i s  i'eat-cre readincjs  are  genera i l .y  zroiil 

-200 t o  +2OG ga-txiias with very g e n t l e  g r a c i e n t s ;  t h i s  area i s  

v.i1derlain by s e d i m e n t a r y  strata, rnaiiiiy v o l c a n i c  siltstones. 

~ o r t i i  of t i i i z 5  f e a t u r e  the m a g n e t i c s  are n o t  as' Lniform.  ~ h l e  

c p a r t z  moi1zonite which stradciles t h e  east-west t r e n d  is char- 

acteerizcc by v,a:ues between 0 and 400 gaixtias. 

the n o r t h  s ide  of t h e  in- l r i -s ion display the h i g h e s t  n a g n e t i c  

The s e d i m e n t s  oil 

g r a d i e n t s .  

Possible  r e a s o n s  r'or t h e  d' LILereiice cc ii; magn.ztic 

a c t i v i t y  n o r t h  02 the cez'cral. f e a t u x e  may be (a )  r ~ i n o r  recr;lstal-  

l i z a t i o n  and  c o n c e a t r a t i o n  of f e r r o m a g n e t i c  m i n e r a l s  aloi1y t h e  

n o r t h e r n  i n t r r u s i v e  c o n t a c t ,  (b) more a5undant ,  hicjher s u z c e p t i -  

: j i l i t y  v o l c a n i c  flows i n t e r b e d d e d  w i t h  thc v o l c a n i c  s e d i m e n t s  oli 

the ilorth side,  and/or  (c )  less ovc rburden  t h i c k n e s s  on the 
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SN4PLU COLLECTION 

c Soils 

B horizon material i s  sariipled and t h u s  organic r i ch  

topsoi l  and leached upper subsoil  are avoided. Occasionally 

organic r i ch  samples have t o  be taken i n  rwartipy depressions. 

Saniples a re  taken by hand from a m a l l  excavation 

made with a cas t  iron 'mattock. Approxii.nately 200 y s  of  h n e r  

grained material i s  taken and placed i n  a numbered, high wet- 

strength, I(raft paper bag. The bags are closed by  folding aiid 

do not have metal t abs ,  

Observations a s  t o  the  nature .of t h e  sa;-.;p!-e an2 t h e  

environnient of t h e  sartiple s i t e  are  made i n  t h e  f ie ld .  

D r  a in  age S cd irnent s 

Act ive  sediments a re  talien by hand from t r ibu ta ry  

drainages which are generally of f i v e  square r t i i les  catchment 

or less. Composite samples a re  taken of the f i n e s t  material 

available from as near as possible t o  t h e  c e n t r e  02 the  dkainage 

channel thus avoiding collapseg banks. 

taken i f  marked mineralogical or t ex tu ra l  segregation of t h e  

sediments i s  evident. 

More than one sarr'ple i s  

Some 200 gm of f i n e r  material i s  collectecj u n l e s s  the 

s e d i m e n t  i s  unusually coarse i n  which case t h e  weight is 

increased t o  1 kg, Samples a re  placed i n  t he  saixe typc G-? 

Kraft paper bag as a re  employed i n  s o i l  sampling. '!i:atcr 

samples are  taken a t  a l l  appropriate sites. Appro-rinately 1-22 

m l s  are sampled and placed i n  a clean, s c r e w  seal-e?, po?.ythene 

bot t le .  Observations are made a t  each s i t e  regarding the 

environment and n a t u r e  of t h e  sample. 3 

. .. . . . - 



Rock C h i p s  

Composite rock chip samples generally consist  of sorrie 

t e n  small fragments broken from unweathered outcrop with a steel  

hammer. Each fragment weighs some 50 cps. Sardples are  placed 

i n  strong polythene bags an3 sealed w i t h  non-contaiinating w i r e  

tabs. Samples a re  restricted t o  a s ingle  roc?< type and obvious 

mineralization i s  avoided. 

Soil ,  sediment  and rock samples are packet? securely 

i n  cardboard boxes or  canvas sacks and dispatch& by road or a i r  

t o  t he  AMAX geochemical laboratory i n  Vancouver. 

SAMPLE PREPARATION -_. 

Packages of samples a re  opened as soon as theL7 a r r ive  

at the  laboratory and the bags placed i n  numerical sec;Lence i n  

an e l e c t r i c a l l y  heated sample drier (maximum temperatl-re 7 O o C )  . 
A f t e r  drying s o i l  and sediment samples thLd nv are 

l i g h t l y  pounded with a wooden block t o  break up aggeya tc s  of 

f i n e  p a r t i c l e s  and a re  then passed throu5h a 35 mesh s t a in l e s s  

steel s i eve .  ,The coarse material i s  discarded and the ;-;>inus 35 

mesh fract ion replaced i n  the or ig ina l  bag providinq t h a t  this  

i s  undamaged and not excessively d i r t y .  

Rock samples a r e  exposed t o  t h e  a i r  u . n t i 1  the oatsi.de 

surfaces a re  dry: only i f  abnormally wet a re  rocks place6 i n  the 

sample drier. 

a fully representative 4 g sample can be obtained for anal-!rsis. 

The  e n t i r e  amount o f  each sample i s  passed through a f a T -  

crusher and thus reduced t o  fragments of 2 mr;i s i z e  or 7 e s s .  A 

m i n i m u m  of 1 kg is then passed through a pulverize6 wit:: p la tes  

set  such t h a t  95% of the  product w i l l  pass through a 100 m e s h  

Rock samples are  processed i n  such manner t h a t  
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screen. Where samples a re  appreciably heavier than 2 kg  t h e  

material i s  s p l i t  a f t e r  jaw crushing by means of a Jones 

s p l i t t e r .  After pulverizing the  sample i s  mixed by r o l l i n g  on 

paper and i s  t h e n  placed i n  a Waf t  paper bag. - 
SAMPLE DIGESTION 

Digestion tu.bes (100 x 16 mm) are  riiar?<ed a% the 5 r n l  

l e v e l  with a diamond pencil .  Tubes  a re  cleaned w i t h  ho t  water 

and concentrated HC1. 0.5 g samples a re  weighed accurately, 

using a Fisher Dial-0-Gram balance, and placed i n  the appro- 

p r i a t e  tubes. 

To each of the  samples thus prepared are  adde?. 2 r.il 

of an acid mixture comprising 15% n i t r i c  and 25% perchlorFc 

acids. Racks of tubes a re  t h e n  placed on an e l e c t r i c a l  12ot 

plate ,  brought t o  a gentle bo i l  ( 9  hour) and digested for 4; 

hours. Samples unusually r i c h  i n  organic material a r e  2irst 

burned i n  a porcelain c ruc ib le  heated by a bunsen burner be" lore  

the  acid mixture i s  added. Digestion is  performed i n  a s ta in-  

less steel fume' hood. 

A f t e r  digestion tubes  a r e  removed fron the h o t  p l a t e  

and the volume i s  brought up t o  5 m l  with deionized water. 

The t u b e s  a re  shaken t o  mix t h e  solution an6 t h e n  centrifuged 

for one minute .  The resu l t ing  clear  upper layer i s  used  for 

Cu8 Mo, Pb, Zn, Ag, Fe, Mn# N i  and Co determination by a Per1:iiI- 

E l m e r  290B atomic absorption spectrophotometer. Analytical 

procedures are given on t h e  following pages. 



i v  
AMUIYTICAL PROCEDURES 

Si lve 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 ppn~ 

2 ,  Summary of Method - The santple i s  t reated wi th  n i t r i c  and per- 

I .  c h l o r i c  acid mix tu re  t o  oxidize o r g a n i c s  and s u l p h i d e s .  The 

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

c o n c e n t r a t i o n  i s  de termined  by atomic a b s o r p t i o n  spectrophpto- 

. m e t e r  

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  n o t  very stable 

i n  s o l u t i o n ,  Ma in ta in ing  the  s o l u t i o n  i n  20% p e r c h l o r i c  pre- 

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

t i o n  must be completed on t h e  s a m e  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  solids, e s p e c i a l l y  calcium, 
i 

I 

cause  h igh  background absorbance.  T h i s  background absorbance 1 

. .  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 3281A D i a l  287.4 ~ 

Fuel  - a c e t y l e n e  - f l o w  - 14 

. 

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

Maximum Conc. 3 t o  4x 



C a 1 i brat  i o  n 
1 c- '  

1. 'Set 1 gamrna/ml to read 40 equivalent to.20 ganma/gm 

V 

' Factor 3 x meter reading . 

Check standards 

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

2.  Se t  15 gm*a/ml t o  100' equ iva len t  to 100 ppm 

. .  Check standards 

40, 100 ppm 

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

3. Rotate burner t o  maximum angle . 

Set  10.0 gamma/ml Ag t o  read 100 

Check standards 

lOO,200,400,1000 ppm Ag 

Factor lox sca l e  reading 

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

procedure 

5 .  Background correction for sample reading between 1 t o  5 ppm 

Cal ibrate  AA i n  s t ep  1 

Dial wavelength t o  300 (peak) 

Read the  samples .again 

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

Standards 

1. 1000 gamma/ml Ag - 0.720 gm Ag2S04 dissolved i n  20 mls €1~103 

b 

and d i l u t e  t o  500 rnls 

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

100 m l s  
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3. Recovery spiked standard 

5 garmria/ml Ag - 5 in18 100 gamma/ml d i l u t e  t o  100 mls w i t h  

"mixed" acid 

Workinq AA Standards 

5 r d s  1,000 

ganuna/ml d i lu te  t o  100 m l s  with 20% HCl04. 

4 8  l o 8  20, 408 100, 200, 400, ' and 1000 ppm Ag i n  the sample .50 gm 

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

This equivalent t o  

Pipette 2 m l s  of , 5  gatuna/ml Ag i n  mix acids in to  a sample and 

carry through t h e  digestion. T h i s  should give a reading of 2 0  

ppm Ag + original  sample content. 

Follow t h e  general geochemical procedure for sample preparation 

and digestion. 

For l o w  assay Ag, t h e  same procedure is used. 

-* 

Ag is  then calcu- 

la ted  i n  oz/ton. . 

I '1 ppm = .0292 oz/ton 

conversion factor 

oz/ton = ,0292 x ppm Ag 



Zn Geocheniical AA S e t t i n q  - B i ; . :  
Lamp Zn . 

Cur ren t  8 #3 S l i t  20A 

Wave- l e n g t h  2133 D i a l  84,9 

Fuel  - Acety lene  Flow 14 , 

Oxidant - A i r  Flow 14 

, . .  . Burner - P.E. short p a t h  90' , I  

Range 

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

0 - 50 gamrna/ml Factor lox -0 t o  1000 ppm 

For Waters - Burner AB- 51 i n  l i n e  1 gairuna/ml read 100 t o  g i v e  0 

to 1000 ppb 

High Zn Burner Bol ing  i n  l i n e .  Wavelength 3075. D i a l  250 

Fuel  1 4  A i r  14 .5  

0 t o  1000 gamma/ml read 0 t o  20 Fac to r  400 x 

Pure S tanda rd  100000 gamma/ml 

S l i t  7A 

1 gm Zn d i s s o l v e d ,  H20 ,  HCl, HNO3, HC104, fumed t o  HClO4 - 
~ make u p  t o  100 rnls H20 

1000, 100 gamma/ml and 100 m l  by d i l u t i o n  i n  20 % HclO4 

0 to 200 gamma/ml Zn use  combin>ed Cu, N i ,  Co, Pb0 Zn s t a n d a r d s  

Pipette 
I 

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

wi th  20% ~ ~ 1 0 4  to give 

100, 200, 300, 500, 800, 1000 gamma/ml Zn for h igh  s t a n d a r d s  



* I  
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C o  Geochemical AA S e t t i n g  

Lamp - 5 m u l t i  e lement  

C u r r e n t  LO #4 S l i t  2A 

Wavelength 2407 D i a l  133.1 

Fue l  - Acetylene Flow 14 

Oxidant .. A i r  , Flow 14 

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

. Range 

0 - 10 gamma/ml read 100 F a c t o r  2 x r e a d i n g  t o  200 ppm 

0 - 20 ganuna nil read 100 F a c t o r  4 x reading t o  400 ppm 

Burner a t  maximum angle 

0 - 100 gamma/ml r e a d  LOO -.. F a c t o r  20 x r e a d i n g  t o  2000 pprn 

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

1 S t a n d a r d s  - 1000 gamma/rnl 
I 

I 

1.000 gm c o b a l t  metal dissolved i n  HCl ,  HNO, and fumed into 

HC1O4, 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 m l ' v o l  flasks d i l u t e d  to mark 

w i t h  2C% H C ~ O ~  

T h i s  g i v e s  

Mixed - combinat ion standards of Cu, N i ,  Co, Pb, Zn 

of 

1, 2, 5,  10, 20, 30, 50, 80, 100, 150, 200 ganirna/rAl are used 

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



. .  ix 

B 

i 
/ 

Mn Geoc l~emica l  AA S e t t i n q  

Lamp M u l t i  e lement  ca ,  Ni, co8 Mn Cr 

Cur ren t  10 #4 ' S l i t  7A 

Wave l e n g t h  4030.8' D i a l  425.2 

Fuel  - Acety lene  Flow 14.0 

. Oxidant - A i r  Flow 14.0 

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

Range , 

0 - 100 gamma/ml F a c t o r  20x - 0 t o  2000 ppni . 

0 I -  200 ganmta/nil F a c t o r  4Ox - 0 t o  4000 ppm 

Burner 90' 

O - l O Q O  gamma/rol 'Factor - 200x - o t o  20,000 ppni 

0 - 2000 gamma/ml Factor 400x - 0 t o  408000 ppm 

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 to r  4x - 0 t o  400 ppm 

S t a n d a r d s  

F i s h e r  10800'0 ganuna/ml ( m l )  

lox D i l u t i o n  1000 ganu%a/nil 

P ippe  t t e  

, 



x 

, ' M o  Geochemical AA S e t t i n s  

1 Lamp ASL H/C Mo 
. .  

. .  

. .  

v C u r r e n t  5 #5 S l i t  7A' 

Wavelength 3133 ' D i a l  260.2 

Fuel  - Acetylene 

Oxidant - Ni t rous  oxide Flow 14.0 

Burner  - AB 50 i n  l i n e  

Flow 12:O t o  give 

I 

1'' red feather 
, _  

"._ . '  
Caution rea.d t h e  operation using NzO and acetylene flame a t  

end of general AA procedure 

Range 

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

Rotate burner  t o  niax. angle -_ 

0 - 50 ganuna/ml Factor 10 x 0 t o  1000 pprn 

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

Standards 1000 'gamma/ml - . 
Dissolve . 750  gms Moo3 (acid molybdic) w i t h  20  mls H20 ,  6 

lumps NaCH," when all dissolved, add 20 mls HCL, d i lu t e  t o  Silo mls 

100 garruna/ml - 10 x di lu t ion  

Pipette 

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

' 2, 3, 5 ,  8, 10 mls of 1000 ganuna/ml. add 5 mls l a% ~ 1 ~ 1 3  

and d i lu t e  t o  100 mls with 20% ~ ~ 1 0 4  

This gives 

7 



xi -.  I 

'Fe Geochemical AA S e t t i n g  

1 r -  &alp. - Fe 
- Do no t  u s e  m u l t i  e lement  Fe ' 

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

Wavelength 344.0 6 6 

Fuel - AcetyMe 

Oxidant  - A i r  

. .  Burner - PE S h o r t  

Range 

D i a l  317.5 

Flow 14.0  

Flow ' 14.0  

Pa th  90' 

" . '  . . .  . 
1 ,  

0.1 x % - 0 t o  10.0% 

. 0 - 10,000 ganuna/ml 0.2 ,x % - 0 to 20.0% 
Higher Fe - 10 x d i l u t i o n  

S tanda rds  l O , O O O  gamma/ml ' 

' :Weigh 5..000 gms i r o n  wires, i n t o  beaker, add H208 HCl, HNO3, 
I 

HclO4, h e a t  t o  HClO4 fumes. Add .HC104 t o  100 mls + 100 ~ ~ 1 s  

H208 warm, d i l u t e  t o  500 mls 

P i p e t t e  

1, 5 8  10, 20, 308 508 80 m l s ~ 1 0 8 0 0 0  gamma/ml d i l u t e  t o  100 ' 
I .  

rnls w i t h  20% ~clO4 t o  g i v e  

e q u i v a l e n t  t o  .2, 1.0, 2.0, 4.0, 6 . 0 ,  .lO.G%, 16.0% Fe in geochem 

sample 



x i i  

N i  Geochemical AA S e t t i n q  

Lamp P.E. H/C. Ni or m u l t i  element Cur N i ,  Co, Mn, C r  r .  
C u r r e n t  10  #4, S l i t  2A 

Wave l eng th  3415 Dial  312 .5  

Fule - Acet ly lene  Flow 14.0 

* .  

i Oxidant - A i r  Flow 14 a 0 

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

Range 

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

0 - 100 ganun,a/ml Fac to r  20x - 0 - 2000 gamma 

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

0 - SO0 gamma/ml Fac tor  1 0 0 ~ ' -  0 - 10,000 ppm 

N i  i n  waters and very low ranges 

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

, . .  . .... 

Range 0 - 5 gamma/ml Factoi: l x  - 0 - 100 ppm 

S t a n d x d s  10,000 'gamma/ml 

1.000 gm pure N i  meta l  d i s s o l v e d  i n  HC1, HNO3, HClO4. t o  

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

1000 gamma/ml' and 1'00 gamma/nil Success ive  l o x  d i l u t i o n s  

1, 2, 5, 8, 1 0  mls of 100 ganuna/ml 

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

' 2, 5, 8, 10 m1.s 10,000 gamma/ml, - d i l u t e  

HC104. This  gives 

t o  100 mls 

in 20% HClO 

i n  20% 

Combined S tanda rds  - Cu, Ni, Co,' Pb, Zn i s  used as a working 

s t a n d a r d  

N 



* .  

Cu Geochemical. AA S e t t i n h  

Lamp S i n g l e  cu o r '  . 

5 m u l t i  element 

0 ' I  r 
, .  

Cur ren t  10 f o r  m u l t i  
. .  

e lement  #4 S l i t  7A 

4 ' f o r  s ingle .  43 S l i t  7A * .  

' \  Wavelength 3247 D i a l  280 

Burner Techtron AB 51 (For Cu i n  natural waters) 

P. E . Shor t  Pa th .  .(For geochem) 

Fuel  Acetylene Flow 1 4  

Oxidant A i r  . .  Flow 1 4  

Range 

0 - 5 gamma/nil Fac tor  l x  t o  100 p p m  (for low Cu) 

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

Burner 90 

0 - 200 gamma/ml Fac to r  40% t o  4000 ppm 

. '  Wavelength 2492 Dial 147 

Burner i n  l i n e  1 

Range 

0 - 1000 gamma/ml Fac tor  200x t o  208000 p p m  

Higher range t h a n  40,000 ppm.requires lox  d i l u t i o n  

xiii 

...,.' , 

I '  

I 
S tandards  

10,000 gamma/ml I 

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

HClO4 , fume d i l u t e  t o  100 m l s  



xiv 

1000 gamma/rnl 10% dilution above in 20% HC104 

2000 gamnia/ml 20 rnls 10,000 g'amma/rnl - dilute to 100 rnls in 
5 .  

20% H C ~ O ~  

100 gamma/nil lox dilution 1000 gamma/ml dilute to 100 rnls in 

20% ~ ~ 1 0 4  

200 gamma/ml l o x  dilution 2000 garrrtna/rrl dilute to 100 rnls in , 

20% ~ c l O 4  . .., . . .. 
I '  

Pipette 

I, 2, 3, 5,  8, 10 rnls LOO gamma/rnl - dilute to 100 rnls with 
. .  
20% Hc104 to give I, 2, 3, 5, 8, 10 gamma/ml 

' s '  Combined standards .Cu, Ni, Co, Pb, Zn 

1, 2, 5, .lo, 20, 30, 50, 80, 100, 150, 200 gamma/rnl 



X V  

Pb Geochemical AA S e t t i n q  

Lamp H/c Pb 

,. C u r r e n t  5 m a  S l i t  7A 

Wave l e n g t h  2033. D i a l  208 

Fuel  - a c e t y l e n e  Flow 14 

Oxidant - a i r  Flow 14 

Burner AB 51 i n  l i n e  
1 ,  ' . *  . 

Range 

0 - 20 ganma/ml t o  read 0 t o  80 .  Fac to r  5x 0 t o  500 ppm 

0 - 200 gamma/ntl t o  read 0 t o  .80. Fac to r  50x 0 t o  5000 ppm 

S t a n d a r d s  - l O , O O O  gamma/ml 

1.000 pure metal, d i s s o l v e d  i n  ImO3, fumed t o  I-IClOg make up 

t o  100 mla i n  20% €1~104 

1.000 gamma/ml and 100 ganma/ml Success jve  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  . 
e i, 2, 58 8, 10 mls 100 garma/ml 

2, 5 ,  88 10, 20 m l s  1000 g;unma/ml d i l u t e  t o  100 mls i n ' 2 0 %  

I 

H C 1 0 4  t h i s  g i v e s  

standards 





I xvii * I  

2 .  S i n t e r  i n  rotary for 2 to 3 minutes (Flux d u l l  read for one 

minute) , 

3 .  Cool, add 10 m l s  HzO,’ heat i n ’ s a n d  bath to bo i l ing ,  cool, let  
I 

s i t  overnight 

4 .  St ir ,  crush, and mix. L e t  settle, 

5 .  Take 2 m l  a l iquot  i n t o  screw cap t e s t  tube 

6 .  Add 7 mls SnCla, heat  i n  hot water bath for 5 minutes (800C)  

7. Cool to less than 15’C 

8 .  Add 1 ml 20% KSCN, m i x  (if lemmon yellow: compare color 

I 

standard lox) 
9 2 .  
1 

9. Add 4 ml extractant, ,’  cap, ehake vigorously l.minute 
L; 

y 10. Compare color 
h 
rJ 
I 



, P/olybdcnum i n  Wa.tcr Samples 

1. Transfer 50 mls t o  1 2 5  separatory f u n n e l  

' 2. Add 5 nil .2% f e r r i c  chloride i n  conc HC1 

3 .  Add 5 m l s  of mixed KSCN and SnC12 

4 .  Add 1 . 2  mls isopropyl ether, shake for 1 minute, and al1o.w 
I 

phases t o  separate 

. 5 ,  Drain off water 

6. Compare t h e  color of extractant 

. 

Standardization 

Pipette 0, .2, . 5 ,  1, 2, 3, 4, 5, m l s  'of 1 ganuna/nil and 1, 1.5, 

2, mls of 10 garnma/ml d i lu te  t o  50 mls w i t h  demineralized H 2 0 0  and 

continue s tep  #2. 

T h i s  equivalent t o  

I, 4, lo, 20, '40, 60, 80, loo,  200, 300, 400 ppb KO 

Art i f i c i a l  color - Nabob orange extract  d i l u t e  w i t h  1:l H20 t o  

methanol t o  match. Seal t i g h t l y  

SnC12 - 15% i n  #15% HC1 

r r -  * 

300 grn SnClz  . 2H20 4 300 m l s  HCl, u n t i l  SnC12 dissolved 

d i l u t e  t o  2 l i ters  
- 

KSCN - 5% i n  H20 

Mixed SnClz  - KSCN 

3 pa t t s  SnClo t o  2 par t s  &CN 



Water Samples Run for AA 

1.. Cu - 2 gamnia/fnil reads 80 scale there fore  1 

2 .  Zn - 1 'ganuna/ml reads f u l l  scale there fore  

3 .  Ni - 2 . 5  ganuna/ml reads 50 scale there fore  

6 .  

Burner: long slot techtron burner i n  line . 

, 

xix 

u n i t  = 25 pph 

1 u n i t  = 10 ppb 

1 u n i t  = 50 ppb 

. .  



Sulphatc i n  Natural Waters 

sulphate reagent mix i n t o  a colorimetric tube  f- b '  1. Pipette 0.5 m l  

2.  Add 5 ml water 

3. Read at 343 

sample and mix 

against a demineralized water blank 

' ' 4 .  Read again a t  4 0 0 9 n d  subtract  from sulphate reading 

5 .  Calculate ppm sulphate from t h e  graph 

Reagent 

Dissolve 54 grams r e d  mercuric oxide (J.T. Baker 2620- CamLab) 

. i n  185 m l  70% perchloric acid and 20 ml HzOr shake for one hour. 

a Add 46.3 grams f e r r i c  perchlorate r Fe(ClO4)3 . 6 H 2 0  I 

(GFS 39) and 4 7  grams. aluminum perchlorate f A1 (C10-4) 3 . 8 H z 0  1 . 

. ,  

.- 

(GFS 2)  Add 400' m l  water t o  'dissolver l e t  ,settle 

_ .  
. i  

decant. 












