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RECOMMENDATIONS 

a) Trenching and diamond drilling to test the strike 
and dip extensions of the mineralized skarn. 

b) Detailed mapping and additional sampling over the 
breccia zone north of Blue Sheep Lake. 



2 

INTRODUCTION 

The Blue Sheep Lake tungs t en  p rope r ty  i s  located 
(F igu re  1) i n  t h e  Southern Cassiar Mountains (104  I 9, 16) 
approximately 1 1 0  k i lome t re s ,  s o u t h e a s t  of t h e  towns i t e  of 
Cassiar,  B.C. The p rope r ty  i s  comprised of t h e  Sky 1-5 
claims (67 u n i t s )  w i t h i n  t h e  L ia rd  Mining Div is ion .  

Access t o  t h e  p rope r ty  is by h e l i c o p t e r  from Watson 
Lake, 160 k i lome t re s  t o  t h e  n o r t h ,  or f r o m  Dease Lake, 110 
k i lome t re s  t o  t h e  w e s t  southwest .  Blue Sheep Lake is  amenable 
t o  s m a l l  f l o a t  p l anes .  
running along the Turnagain R i v e r  p a s s e s  approximately 13  
k i lome t re s  sou th  of t h e  p rope r ty .  

An o l d  cat  t r a i l  from Dease Lake and 

Geological  mapping a t  a scale of 1:10,000 w a s  con- 
ducted over  approximately 36 of t h e  67  c l a i m  u n i t s .  An area 
200 metres by 380 metres over  t h e  main showing w a s  mapped a t  
1:1,000 scale. 

Twenty-one s i l t ,  t h i r t y - o n e  rock ch ip  and approximately 
three hundred and e i g h t y  s o i l  samples w e r e  collected on t h e  Sky 
claims. 
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Previous Work 

The proper ty  is  loca ted  on t h e  Cry Lake map s h e e t  
which has been mapped by H. G a b r i e l s e  f o r  the G.S.C. i n  the 
1950's and aga in  i n  t h e  l a te  1 9 7 0 ' s  (map 29-1962 and O . F .  

610) . 
P a s t  work i n  t h e  area inc ludes  t renching  and d r i l l i n g  

on a kao l in i zed  g r a n i t e  c u t  by spha le r i t e -ga lena  v e i n s  (Herb 
claims)  1 3  k i lomet res  sou theas t  of t h e  Sky claims and work by 
s e v e r a l  o p e r a t o r s  inc luding  Union Carbide,  on t h e  Ram-Ewe 

scheelite prospec t  16  k i l o m e t r e s  t o  the  Southeast .  

Previous work on t h e  ground covered by t h e  Sky claims 
was r e s t r i c t e d  t o  EM-16 and magnetometer surveys over  Pb-Zn-Ag- 
Cu m i n e r a l i z a t i o n  i n  p y r r h o t i t e  f l oa t  a t  a f e l s i c  porphyry- 
l imestone con tac t .  The surveys o u t l i n e d  s e v e r a l  magnetic 
conductors  (BCDM Assessment Report  3539) b u t  t h e  c l a i m s  w e r e  
dropped before  f u r t h e r  t e s t i n g  w a s  c a r r i e d  o u t .  

evc 

Physiography 

Most of the  proper ty  lies above tree l i n e ,  with 
t h i c k  bush toward t h e  main v a l l e y .  Smooth, r o l l i n g  topograph 
c h a r a c t e r i z e s  t h e  south  end of t h e  nor ther ly- t rending  r idge .  
To the nor th ,  t h e  e l e v a t i o n  reaches 2,100 m e t r e s  a t  t h e  head 
of a rugged c i rque .  
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w 
CLAIMS 

A t o t a l  of 67 m g s .  u n i t s  i n  f i v e  a d j o i n i n g  claims 
(Sky 1-5) are l o c a t e d  i n  t h e  L ia rd  Mining Div i s ion  of no r the rn  
B r i t i s h  Columbia  (F igure  2 ) .  Forty-nine u n i t s  w e r e  s t aked  
i n  August, 1980 and an  a d d i t i o n a l  18 u n i t s  w e r e  s t a k e d  i n  
Ju ly ,  1981. Sky 1-4 claims w e r e  recorded on August 11, 1980 and 
the Sky 5 claim w a s  recorded on J u l y  30, 1981. 

C l a i m  N a m e  Record N o .  Expiry D a t e  

Sky 1 ( 1 2  u n i t s )  1525 August 11, 1981 
Sky 2 (9  u n i t s )  1526 August 11, 1981 
Sky 3 ( 1 2  u n i t s )  1527 August 11, 1981 
Sky 4 (16 units) 1528 August 11, 1981 
Sky 5 (18 u n i t s )  1972 J u l y  30, 1982 
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cL9 
REGIONAL GEOLOGY 

Folded and f a u l t e d  northwest  s t r i k i n g  Precambrian 
t o  S i l u r i a n  c l a s t i c  and carbonate  rocks are exposed i n  
s e v e r a l  mountain ranges east  of t h e  northwest  t r end ing  Cassiar  
B a t h o l i t h .  

An e l l i p t i c a l  lobe  of the Cassiar B a t h o l i t h  q u a r t z  
monzonite i n t r u d e s  Hadrynian c las t ic  and carbonate  u n i t s  and 
Cambrian t o  S i l u r i a n  s h a l e s  about  f i v e  k i lomet res  s o u t h e a s t  of 
t h e  proper ty .  
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PROPERTY GEOLOGY 

The claims are under,ain by southerly dipping (20- 
50°) Atan carbonate and overlying Kechika phyllites which 
have been intruded by a small Cretaceous(?) quartz-feldspar 
porphyry stock and associated dykes and sills. Intrusion of 
the stock has produced a local doming of the sediments and an 
extensive zone of hornfels within the phyllites. Low sulphide 
garnet-diopside skarn and overlying cherty, light green to 
brown hornfels are exposed at the dolomite-phyllite contact 
immediately west of the stock. This favourable contact is 
talus covered east of the intrusion but cherty and phyllitic 
hornfels are exposed above the talus slope. 

Numerous kaolinized and manganese stained leuco- 
cratic quartz-feldspar porphyry dykes and felsic sills assoc- 
iated with the stock are exposed in the carbonate and hornfels 
units on the northern portion of the property. North of Blue 
Sheep Lake a zone of brecciated unaltered phyllite and altered 
dolomite has been intruded by fine grained felsic dykes. 

b, 

Tertiary alkaline basalt dykes cut both the hornfels 
and carbonate units but are most common within the hornfelsed 
sediments. 

Brief descriptions of the unaltered carbonates and 
phyllites and their altered equivalents follows in Appendix I. 
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MINERALIZATION 

Mineralization present on the property includes 
scheelite, molybdenite, pyrite, pyrrhotite, galena and sphal- 
erite, chalcopyrite, powellite(?) , arsenopyrite and rhodo- 
chrosite. Galena-sphalerite and pyrrhotite occur in diopside- 
quartz veins within dolomite and in discontinuous pods with 
pyrite and chalcopyrite along the phyllite-dolomite contact. 
Pyrrhotite is common throughout all the rock units but is most 
abundant within the phyllitic and cherty hornfels as dissem- 
inations, veinlets and massive pods. Chalcopyrite blebs and 
veinlets are commonly associated with the massive pyrrhotite 
pods and are also locally present within the dolomite and 
cherty hornfels. Massive arsenopyrite was observed in float 
with pyrite, galena-sphalerite and quartz. Rhodochrosite 
occurs in vertical, black weathering carbonate veins with 
minor disseminated sphalerite, chalcopyrite, arsenopyrite and 
galena. 

Economic interest in the property is centered on 
scheelite, powellite and molybdenite within the light green 
skarn, garnet skarn and magnetite skarns. Scheelite occurs 
as blue and yellow fluorescing, coarse, crystals up to two 
centimetres long in the magnetite skarn and fine grained to 
powdery disseminations in the light green and garnet skarns. 
Coarse scheelite crystals are zoned with a yellow fluorescent 
core and blue fluorescent rim. The magnetite skarns are 
narrow pipe like or lenticular pods probably parallel to 
bedding with little economic potential. Scheelite and pow- 
ellite in the skarns is concentrated in a zone 200 metres long 
by up to 35 metres wide. 

Molybdeniteoccurs as disseminations and streaks 
within the light green and brown cherty hornfels and flakes 
along narrow fractures in the hornfels. Traces of disseminated 

Qv 
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molybdenite are a l so  p r e s e n t  i n  t h e  l i g h t  green ska rn  and 
g a r n e t  skarn .  Est imated grades  of approximately 0 .5% W03 + 
MoS2 over f i v e  m e t r e  t h i ckness  occur  i n  t h e  l i g h t  green  skarn.  
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GE 0 CHEMI S TRY 

J u s t  over 400 s o i l  and s i l t  samples w e r e  collected 
f r o m  t a l u s  slopes and creek beds u s u a l l y  on a contour  l i n e  
around t h e  mountain below t h e  favourable  do lomi te -phy l l i t e  
con tac t .  A s m a l l  s o i l  g r i d  w a s  p laced  over  t h e  breccia zone 
n o r t h  of  Blue Sheep Lake. 

Most of  the  samples w e r e  collected f r o m  t h e  loose 
s u r f a c e  of t a l u s  f a n s  a t  t h e  base  of  s c a r p s .  Where s o i l  w a s  
p r e s e n t  t h e  t h i n  v e g e t a t i o n  - humus l a y e r  was removed and 
u n a l t e r e d  mine ra l  s o i l  f r o m  a depth  of 3-10 cen t ime t re s  w a s  
c o l l e c t e d .  General ly  s o i l  p r o f i l e s  w e r e  very  poor ly  developed. 

Samples w e r e  p l aced  i n  K r a f t  envelopes and analysed 
by Rossbacher Laboratory,  Burnaby f o r  W ,  Zn, Pb, A g ,  Fe,  N i ,  
C o ,  Mn and M o .  'Iv 

Resu l t s  f o r  W ,  Zn, Pb and Ag are p lo t ted  on F igu re  4 

and a n a l y t i c a l  v a l u e s  f o r  t h e  other e lements  are p resen ted  i n  
Appendix I V .  

D a t e  A . d  H i t c h i n s  



APPENDIX I 

DESCRIPTION OF ROCK TYPES 



- Descr ip t ion  of Rock Types 

Atan Carbonates 

brr 

Limestone and dolostone of t h e  Cambrian Atan Form- 
a t i o n  are t h e  o l d e s t  l i t h o l o g i e s  exposed on t h e  property.  
Grey weather ing,  l i g h t  grey,  f i n e l y  c r y s t a l l i n e  l imestone i s  
o v e r l a i n  and interbedded wi th  pink t o  t a n  weather ing dolostone.  
The weathered s u r f a c e  of t h e  dolos tone  is  usua l ly  p i t t e d  and 
j o i n t i n g  i s  common. A l t e r a t i o n  w i t h i n  t h e  dolos tone ,  espec- 
i a l l y  proximal t o  t h e  porphyry stock inc ludes  l o c a l  s i l i c i f i -  
c a t i o n  and i r r e g u l a r  pods and ve ins  of yellow-green se rpen t ine .  
T r e m o l i t e  and a c t i n o l i t e  have developed ad jacen t  t o  s i l i c e o u s  
pods and ve ins .  I n  gene ra l ,  t he  l imestone appears  t o  be less 
a l t e r e d  than  t h e  dolostone.  

Kechika P h y l l i t e s  

The v a r i a b l y  ca lcareous ,  b lack ,  u n a l t e r e d  p h y l l i t e s ,  
which o v e r l i e  t h e  Atan carbonates  e x h i b i t  a w e l l  developed 
i n t e r s e c t i n g  f o l i a t i o n  and cleavage producing a bladed t a l u s .  
Local r u s t y  zones are p r e s e n t  w i t h  on ly  minor disseminated 
p y r i t e  v i s i b l e  a long cleavage planes.  I r r e g u l a r  q u a r t z  carbon- 
ate v e i n s  up t o  t w o  metres t h i c k  are common b u t  do n o t  con ta in  
su lphides .  

Cretaceous Porphyry Stock 

A weakly t o  i n t e n s e l y  k a o l i n i z e d  qua r t z - f e ldspa r  
porphyry s tock  i n t r u d e s  t h e  Atan carbonates  and Kechika 
p h y l l i t e s  and i s  exposed over an area 400 by 500 m e t r e s  on t h e  
northwest  s i d e  of t h e  mountain. Q u a r t z  phenocrysts  vary i n  
shape from rounded t o  euhedra l  doubly terminated.  The 
gene ra l ly  euhedral  kao l in i zed  f e l d s p a r s  weather  o u t  producing 
a vuggy sur face .  A l t e r a t i o n  co lour  v a r i e s  from a chalky 

tlri 
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yellow t o  manganese s t a i n e d  dark brown-black. The e a s t e r n  
con tac t  i s  gene ra l ly  sharp  wi th  only minor dykes and sills. 
A zone of b recc ia t ed  b i o t i t e  h o r n f e l s  i s  up t o  e i g h t  metres 
t h i c k  and w i t h  ei ther a porphyry or carbonate  mat r ix  r i m s  
t h e  stock’s southern  con tac t .  

Cretaceous Dvkes and S i l l s  

Quar tz - fe ldspar  porphyry dykes s i m i l a r  i n  t e x t u r e  
t o  t h e  stock i n t r u d e  both t h e  ho rn fe l sed  p h y l l i t e s  and t h e  
dolomite. The dykes vary i n  th i ckness  from 1-12 m e t r e s  w i d e  
and c o n t a c t s  wi th  t h e  sur rounding  rocks are g e n e r a l l y  sharp.  
Phenocrysts  w i t h i n  t h e  porphyry dykes vary from rounded t o  
w e l l  t e rmina ted  q u a r t z  c r y s t a l s  up t o  one cen t ime t re  long, 
fresh t o  completely kao l in i zed  f e l d s p a r  up t o  t w o  cen t imet res  
and muscovite p l a t e s  probably a l t e r e d  from o r i g i n a l  b i o t i t e .  
The matr ix  is  f i n e  gra ined  t o  a p h a n i t i c  and l o c a l l y  e x h i b i t s  
flow banding a long  con tac t s .  I r o n  oxides  and carbonate  are 
p r e s e n t  i n  minor amounts. Manganese s t a i n i n g  i s  o f t e n  
in t ense .  F ine  gra ined  p y r i t e  is  a minor c o n s i t u e n t  of  some 
dykes. 

Seve ra l  f i n e  gra ined  l i g h t  co loured  c h e r t y  r h y o l i t e  
dykes and si l ls  i n t r u d e  t h e  ho rn fe l s .  

A zone of i n t e n s e  b r e c c i a t i o n  in t ruded  by f i n e  
gra ined  f e l s i c  dykes is exposed on a weakly r u s t y  hump j u s t  
n o r t h  of Blue Sheep Lake. I n  c o n t r a s t  t o  i n t e n s e l y  altered 
dark  brown, a l t e r e d  dolos tone  fragments  t h e  p h y l l i t e  f ragments  
are unal te red ,  r a r e l y  d i sp lay ing  even a r e a c t i o n  run.  Dolostone 
clasts are o f t e n  minera l ized  w i t h  d isseminated  ga lena ,  spha l -  
eri te and p y r i t e .  F e l s i c  dyke fragments are scattered through 
t h e  b r e c c i a  b u t  appear  t o  be concent ra ted  towards t h e  base  of 

blf exposure* 



T e r t i a r y  A l k a l i  B a s a l t  Dykes 

These m a f i c  dykes c r o s s c u t  t h e  h o r n f e l s ,  l imestone 
and dolos tone  p a r a l l e l  t o  n o r t h e r l y  s t r i k i n g  j o i n t s .  The 

dykes are composed of f i n e  g ra ined  pyroxene, b i o t i t e ,  f e l d s p a r  
and magnet i te  w i t h  q u a r t z  and calcite f i l l e d  amygdules. N o  

c o n t a c t  effects are observed. 

Skarn and Hornfe ls  

I n t r u s i v e  a c t i v i t y  has  a l t e r e d  t h e  dark  grey  Kechika 
p h y l l i t e s  through a brown p h y l l i t i c  h o r n f e l s  t o  a bleached or  
l i g h t  green  c h e r t y  h o r n f e l s .  L ight  green ska rn ,  g a r n e t  ska rn  
and magnet i te  s k a r n  developed a long  the  c h e r t y  hornfels-dolomite  
con tac t .  The bulk  of  t h e  s c h e e l i t e  and molybdenite occur  i n  
t h e  s k a r n  and i n  t h e  g r a d a t i o n a l  c o n t a c t  between s k a r n  and 

br c h e r t y  ho rn fe l s .  

Hornfelsed P h y l l i t e s  

Weak h o r n f e l s i n g  of f i n e  g ra ined  p e l i t i c  and calc- 
a reous  sediments  has  g iven  rise t o  laminated p u r p l e  and grey- 
g reen  ca l ca reous  p h y l l i t e s  which become less limy and p h y l l i t i c  
towards t h e  s tock .  Thin ve ins  of pyroxene-quar tz -ca lc i te  w i th  
a bleached margin up t o  one cen t ime t re  wide c r o s s c u t  t h e  
p h y l l i t i c  h o r n f e l s .  I n t e n s i t y  of ve in ing  i n c r e a s e s  toward 
t h e  s tock .  A c t i n o l i t e  v e i n s  and beds up t o  f i v e  m e t r e s  t h i c k  
occur  w i t h i n  t h e  h o r n f e l s .  P y r r h o t i t e  i s  ub iqu i tous  i n  t h e  
h o r n f e l s  and occur s  as massive pods and v e i n s  w i t h  traces of 
f i n e  g ra ined  s c h e e l i t e ,  as d i s semina t ion  and b l e b s  i n  concor- 
d a n t  t o  subconcordant q u a r t z  v e i n s  and as d i scon t inous  laminae 
p a r a l l e l  t o  f o l i a t i o n .  A prominent narrow r u s t y  bed of t h e  
s i l i c e o u s  p h y l l i t i c  h o r n f e l s  occurs  between t h e  g a r n e t  s k a r n  
and c h e r t y  h o r n f e l s .  



Cherty Hornfels  - 

Light  green  t o  brown c h e r t y  h o r n f e l s  i s  f i n e  gra ined  
and laminated on a m i l l i m e t r e  scale b u t  breaks across banding, 
o f t e n  wi th  a concoida l  f r a c t u r e .  Bands a n d v e i n s  of g a r n e t  and 
a c t i n o l i t e  ska rn  occur  w i t h i n  t h i s  u n i t  and are m o s t  prominent 
proximal t o  t h e  porphyry stock. Minor pyroxene ve in ing  i s  
p r e s e n t ,  with abundant b leaching  along j o i n t s .  P y r r h o t i t e  i s  
common as  d isseminat ion  w i t h i n  t h e  h o r n f e l s  and i n  a s s o c i a t i o n  
wi th  g a r n e t  r i c h  kno t s  and l e n s e s  p a r a l l e l  t o  t h e  f o l i a t i o n .  
Minor s c h e e l i t e  i s  p r e s e n t  i n  narrow g a r n e t  ska rn  bands i n  
t h e  c h e r t y  h o r n f e l s  immediately above t h e  main ska rn  bands. 
Disseminat ions and s t r e a k s  of molybdenum are common w i t h i n  
t h e  c h e r t y  h o r n f e l s .  

L igh t  Green Skarn 

A very  d i s t i n c t i v e  massive,  buff t o  l i g h t  green 
weather ing ska rn  occur s  above t h e  dolomite  w e s t  of t h e  porphyry 
s tock .  This  u n i t  can be t r a c e d  over a l eng th  of 320 metres 
w i t h  a maximum t h i c k n e s s  of  about  30 metres. I t  i s  very porous 
and vuggy and weathers t o  a d i s t i n c t i v e  a pock-marked s u r f a c e .  
The ska rn  c o n s i s t s  of f i n e  g ra ined  c r y s t a l l i n e  calci te ,  d iops ide  
( ? ) ,  a c t i n o l i t e  and l o c a l l y  has  d iops ide  crystals up t o  f i v e  

m i l l i m e t r e s .  Pods and v e i n s  of coarse g a r n e t  occur  w i t h i n  
t h i s  s k a r n  and i n c r e a s e  i n  abundance towards a g r a d a t i o n a l  
c o n t a c t  w i t h  t h e  g a r n e t  s k a r n  u n i t .  

Tungsten i s  p r e s e n t  as bo th  coarse scheelite c r y s t a l s  
and a f i n e - g r a i n e d  yel low f l u o r e s c e n t  p o w e l l i t e  coa t ing .  The 

coarse c r y s t a l s  are s o m e t i m e s  zoned wi th  yel low f l u o r e s c e n t  
p o w e l l i t e  cores and b l u e  f l u o r e s c e n t  scheelite r i m s .  Minor 
disseminated molybdenum a l so  occurs  l o c a l l y  w i t h i n  the skarn .  



Garnet  Skarn 

Red-brown g a r n e t  ska rn  g r a d a t i o n a l l y  o v e r l i e s  t h e  
l i g h t  green ska rn  over  a l e n g t h  of 320 metres and i s  up t o  
1 0  metres t h i c k .  The red-brown g a r n e t  c r y s t a l s  are m e d i u m  t o  

coarse-grained and occur  as bands wi th in  a d iops ide -ca l c i t e -  
q u a r t z  skarn .  Loca l ly ,  g a r n e t  bands a r e  vuggy wi th  t h e  
development of g a r n e t  and ca lc i te  c r y s t a l s  w i t h i n  t h e  c a v i t i e s .  
S c h e e l i t e  occurs  as a f i n e  yellow f l u o r e s c e n t  powder and as 
medium t o  coarse g ra ined  c r y s t a l s .  
d i sseminat ions  w i t h i n  in te rbedded  l i g h t  green  c h e r t y  h o r n f e l s .  

Molybdenum is  p r e s e n t  as 

Magnetite Skarn 

A f i n e  t o  coarse c r y s t a l l i n e  massive magnet i te  ska rn  
is  exposed w i t h i n  t h e  dolomite n o r t h  of t h e  ska rn  zone. I t  is  
s u b p a r a l l e l  t o  bedding and covers  an  area of approximately 10 x 
2 metres. Coarse b l u e  and yel low f l u o r e s c i n g  s c h e e l i t e  is m o s t  
abundant near  t h e  s h a r p  magnetite-dolomite c o n t a c t  w i t h  t h e  
development of s c a t t e r e d  calcite v e i n s  bordered by coarse 
c r y s t a l l i n e  magnet i te .  F i n e l y  in te rbedded  magnet i te-quartz  
f l o a t ,  devoid of s c h e e l i t e  has  n o t  been traced t o  outcrop.  

A magnet i te  l e n s  exposed i n  a g u l l y  immediately north-  
w e s t  of  t h e  s t o c k  c o n t a i n s  no v i s i b l e  s c h e e l i t e .  



APPENDIX I1 

STATEMENT OF COSTS 



Statement of Costs 

Work - Geological and Geochemical Survey - 
Period - July 10 - 29, 1981 
- 

Personnel Employed - 
A.C. Hitchins-601-535 Thurlow Street, Vancouver, B.C. 

W.H. Bentkowski-1 Rockingham Court, London, Ontario 

A.C. Smallwood-1054 Duchess Avenue, West Vancouver, B.C. 

Kathleen Dorey-110 Lawrence Avenue, Cornwall,.Ontario 

Stewart McIlwraith-38 Rhydwen Avenue, Scarborough, Ontario 

Staff Geologist; 14 days @ $146.40/day $2,049.60 

Senior Assistant; 12 days @ $67.06/day 804.72 

Junior Assistant; 3 days @ $63.12/day 189.36 

Junior Assistant; 4 days @ $49.31 197.24 

Junior Assistant; 4 days @ $53.25 213.00 

Board - 37 man days @ $30/day 1,110.00 

Helicopter - 19.7 hours @ $295/hr - Hughes 500 5,811.50 
Fuel 433.4 gallon @ $4.77/gal. 2,067.31 
Quasar Aviation Ltd.-Richmond Inv.#81249 

Fixed Wine - Otter - 495 miles @ 2.56/miles 
B.C. Yukon Air Service-Inv.#2092, 2253 

1,267.20 

Assays and Geochem - 13 Assays Mo C W 108.55 
394 soil and rock chip samples for six 
elements 1,554.80 

Rossbacher Laboratory, Burnaby, B.C.- 
Inv. #1386 

Topographic Map - Pacific Survey Corporation, Vancouver 880.00 

Report Preparation and Drafting 500.00 

16,753.28 
PAC Withdrawal 1,547.00 

18,300.28 --------- --------- 

3 years to Sky 1-4, 2 years to Sky 5 
w 



APPENDIX I11 

STATEMENT OF QUALIFICATIONS 



STATE!YENT OF QUAL1 FIC.4TIOSS 

NAME: A . C .  H i t c h i n s  
ADDRESS : 601 -535 Thurlow Street ,  

V a n c o u v e r ,  B . C .  V6E 3L6 

EDUCATION: U n i v e r s i t y  of Toronto - B . A .  S c .  1970 
U n i v e r s i t y  of Toronto - M.Sc. 1973 

EXPERIENCE: AMAX of Canada Limited - Staff G e o l q i s t  - 1972 to present  



UcLrlE 

A D O R E S  

EUUCATZ ON 

EXPERZENCE 

STATE:LlENT OF QUAL7 FICATZL’NS 

A.C. SmaeeAlood 



STATEMENT OF OUALIFICATIONS 

NAME S. Mci lwra i th  

ADDRESS 38 Rhydwen Avenue, 
Scarborough, Ontario 
M1N 2E1 

E DUCAT I ON Univers i ty  o f  Toronto - Arts &I Science - Geology - 
1979 t o  present 

EXPERIENCE Birchmount Park Science Department - Senior Lab. 
Assistant - 1974 t o  1978 

M in i s t r y  of Natural Resources - Junior Ranger Program - 
1977 

Derry, Michener and Booth (Mining Consultants) - Junior 

Golden Eagle O i l  and Gas Ltd. - Junior Assistant 

AMAX of Canada L imi ted - F i e l d  Assistant - 1981 

Assistant Geologist - 1979 

Geologist - 1980 



STATEMENT OF QUALIFICATIONS 

NAME K. Dorey 

ADDRESS 110 Lawrence Avenue, 
Cornwall, Ontario 
K6H 4H3 

EDUCATION Completed 2nd year o f  four year B.Sc. geological 

EXPERIENCE 1980 - sumner research assistant with E. McClelland- 
geophysics 

Brown (Universi ty o f  Leeds, postdoctorate) 
core sampl i ng Huroni an 
1981 - AMAX o f  Canada Limited - Fie ld  Assistant 



W 

NAME 

ADDRESS 

EDUCATION 

EXPERIENCE 

STATEMENT OF O U A L I F I C A T I O N S  

W. H. Bentkowski 

1 Rockingham Court, 
London, Ontario 
N6C 4L7 

Univers i ty  o f  Western Ontario - Science - Geology 

Univers i ty  o f  Western Ontario - Science - General 

Cathol ic Central High School - 1972 t o  1977 

1978 t o  present 

1977 t o  1978 

Shel l  Canada Resources - 1979 - Junior Geological 
Assi s t a n t  

Texasgulf Inc. - 1980 - Geological Assistant 
AMAX o f  Canada Limited - 1981 - Geological Assistant 

, 



APPENDIX IV 

ANALYTICAL METHODS 



c 

Ko j jbachor  d . a  boratory 
GEOCHEMICAL ANALYSTS & ASSAVERS 

~ r\ . * 0 1  D c 

C A Y A D A  
TELEPI1ONE 2996910 
A R E A  CODE 604 

4nril 70. 1974 

- ' "l,E_PREP 4R4TLON 

Parkapes of samples are opened as soon as they arrive 

a t  the laboratory and the hags placed in niimerical sequence in 

an electrically heated sample drier (maximum temperature 70OC). 

4fter drying soil and sediment samples they are lightly 

pounded with a wooden block to break up agcregates of fine 

narticles and are then passed throueh a 35 mesh stainless steel 

$ieve. The coarse material is discarded and the minus 35 mesh 

fraction renlaced in the original bag providing that this is 

iindmaeed and not excessivelv dirty. 

Rock samples are exposed to the air until the outside 

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

sample drier. Rock samples are processed in such manner that 

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

The entire amount of each sample is passed through a jaw 

cnisher and thus reduced to fragments of 2 mn. size or less. A 

minimum of 1 kg. isthenpassed through a pulverizer with plates 

s e t  such that 95% of the product will pass through a 100 mesh 



Procedures for  C o l l e c t i o n  and Process ing  

of Goochenical Sazp le s  

Ana ly t i ca l  Methods €or Ag, !lo, Cu, Pb, Zn, 
Fe,  I.m, N i ,  Co and : I  i n  sediments and s o i l s ;  
1.10, CL', Zn, N i  and SO4-- i n  waters .  

&-.ax "xplora t ion ,  I n c .  
Vantoi.,.-r?r C E f  i ce .  

Septc. her 1 - 73 

SI1:Pi -: ZCI.TXTIC:I 

Soil- - 
. . .  B hor izon  r m t c r i a l  is  sai..plcr? ani. t:ius o 

top.;oil  and 1cac;ieA iipper s u b s o i l  ilzc avoieec'.  0zca-iom11..  

o rgan ic  r i c h  sar;.?leo have t o  be taken  i n  r i m . p y  ciarx:nzcio:ir. 

Sar.ples a r e  ta!:en by !ia>d from a :::.all cxc-vat.io3 

made w i t h  a c a n t  i r o n  mattock. Approxi.:.atcl:r 230 CJI;..~ o f 5 n n r  

g ra ined  m a t e r i a l  i s  taken  ar.d place? i n  a n 

stren$h, :*aft paper bag. The hags a r e  clo.sec7 '>y fo!d.:.z~ a:i? 

do not have meta l  tab. 

Observations as t o  t h e  n a t r r e  of t h e  $a. p l c  a n '  t > c  

envi ronnent  of t!re sar.iple s i te  a r e  nadc i n  t h e  f iclr: .  

7 ra inaqo  Srr l  il-.cnts 

Act ive  m d i a c n t s  a r e  ta':en by hanc? from t r i k t n r :  

d r a inages  which are generally? 01 f i v e  square  r.ji1.e~ cntc:l:.ic:.t 

or less. Composite samplcs a r e  ta!;en 0: the f i n e s t  ;..otcr .e?. 

avai1a:)l.e from as near a3 possi!Ac t o  tlie re?t:-e ol ti." i-c nzc-7 

channel t h u s  avo i ' i nq  co l l apsed  I>an!:s. i,!orc t!ian onc  ?a: ? I  - i= 

ta'ren i: nar':ec? mincra lonica l  or  t c x t c r a l  n c r r y a t j o n  o? t1.c 

sedir.entc: i-: ev iden t .  

So~.io 200 "r; of f : n c r  r.oterj.21 i s  791 I c-t-r' I :?.-.:I t' c 

EeGhent  is :.nust:nll:t coa r se  i n  which C>.'IC t.:c ii?icj.:t i s  

increazer: t o  1 !co. San.7lec a r e  ? l > c ~ r J  i n  t h e  za - t:.?c. o' 

:L-eft ?r?cr '>aq as  a r c  c::pl.o~ccl i n  s o i l  . z z : . ~ l L A - . ~ ~ .  ::?t-r 

sar..plcs a r c  tn':on a t  a1 1 r ? p p - o y i a t c  s i t e : .  .l?pr?.:'.r:ateJ 1 :? 

r:l- are  s a ~ p l . x l .  a d  p!.scccl i n  a c l o ~ i ,  ::cz?-: F C S J ? ? ,  ~o'-'t.:--.-. 

5 o t t ; e .  C'--cr,-atioa7 a r c  :.aCc a t  2clc:i zLL=  r-??--'ii.. C .  - ~ 

c:ivi:ron. p i i t  n n i  nnt'.  rr o t :c sa, . :~~l  r .  



t 

.3; :‘?r-ation 

1. S e t  1 gairma/ml t o  read 40 e q u i v a l e n t  t o  20 gaid,ia/grd 

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

Check s t a n d a r d s  

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

2 .  S e t  1 5  g m a / n i l  to  100 e q u i v a l e n t  to 100 ppm 

Check s t a n d a r d s  

40, 100 ppm 

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

3. Ro ta t e  burner to  m a : t i m m  ang le  

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

Check s t a n d a r d s  

100,200,400,1000 ppm A g  

Fa:tor lox s c a l e  r e a d i n g  

4. Samples h igher  t h a n  1003 ppm should  be re-analyzed by ascay  

procedure  

5 .  Background correction for sample r e a d i n g  between 1 t o  5 ppn 

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

D i a l  wavelength to  300 (peak) 

Read t h e  samples aga in  

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

S t a s d a r d s  

1. 1005 garuna/ml. Ag - 0.720 gm Ag2S04 d i s so lved  i n  2G m l s  IIXlO3 

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

2.  l 5 J  gar&ia/nil Ag - 10 m l s  of above + 20 m l s  i i C l O 4 ,  c i i i L t e  t o  

107 hi15 

3 .  iic rover:. roi’:cd -taiir?,-rc? 

5 r;anu,.o/r,.l A g  - 5 mls 100 ganima/ial d i l u t e  to 13; 1,tIs wi tn  

“mixed“ a c i d  

Workinq AA Standa rds  

P i p e t t e  .2 ,  .5, 1, 2, 5, 10 mls of 100 gmuna/ml anr! 2, 5 1.15 : .:, 

ganuaa/ml d i l u t e  t o  100 m l s  w i th  20% HClO4. 

4, 10, 20, 40, 100, 200, 400, and 1000 ppni Ag i n  t i le s.-ii.ple .53 9 

d i l u t e d  to  1 0  mls. 

Recovery Standard 

T h i s  eqL-va ;cn t  to 

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

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

p-m Ag + o r i g i n a l  sample c o n t e n t .  

T h i s  s h o u l i  g i v e  a r e a c ’ i n ~  of 20 

Follow t h e  gene ra l  geochemical procedure f o r  sample pre?a ra t ion  

an2 d i g e s t i o n .  

For l o w  a s say  Ag, t h e  same procedure i s  used .  Ag i s  then  c n 1 c ~ -  

l a t e d  i n  oz/ton. 

‘1 ppm - .0232 oz/ ton 

conversion f a c t o r  

oz/ton = .0292 x ppm A g  



IV v 

ANALYTICAL PROCEDURES 

S i l v e r  
1. Scope - T h i s  procedure  cove r s  a r ange  o f  s i l v e r  i n  t h e  sanp le  

from less than  . 5  t o  1000 ppm 

2. Sumniary of Method - The sample i s  treated wi th  n i t r i c  and pe r -  

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

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

c o n c e n t r a t i o n  is  determined by atoniic abso rp t ion  spectro?i;oto- 

meter 

3. I n t e r f e r e n c e s  - S i l v e r  b e l o w  1 gamnia/ml i s  no t  very  s t a J l e  

i n  s o l u t i o n .  Maintaining t h e  s o l u t i o n  i n  2Wk per:h;ori: ?re- 

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

t i o n  must be completed on t h e  same day a5 t h e  d i g e s t i o n .  

Deter...ina- 

Samples h igh  i n  d i s s o l v e d  s o l i d s ,  e s p e c i a l l y  cal;iL;:, 

c ause  h igh  background absorbance. 

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

This backgrohnd absorba.ice 

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

L a p  - Ag 

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

S l i t  7 A 

Wavelength 3231A D i a l  207.4 

Fue l  - a c e t y l e n e  - flow - 14 

Oxidant - a i r  - flow - 14 

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

Maximum Conc. 3 t o  4x 



c 
v i i i  

Z n  Gcouhcntic?l AA Scttlnq 

L m p  Zn 

C u r r e n t  iJ #3 S l i t  2OA 

Wave l eng th  2133 Dia l  84.9 

Fuel - Acetylene Flow 14  

Oxidant - A i r  Plow 14  

Burner - P.E.  s h o r t  pa th  90° 

Rmge 

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

0 - 50 ganuna/ml Fac tor  lox  -0 to  1000 ppm 

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

t o  1000 ppb 

High Zn B u r n e r  Boling i n  l i n e .  Wavelength 3075. Dia l  250 S l i t  7A 

Fuel 14  A i r  14.5 

0 t o  1000 gamnla/ml r ead  0 t o  20 Factor  400 x 

Pure S tandard  10,000 gamma/nil 

1 gm Zn dissolver' ,  HZO, HCl, HNO3. Hc104,  fumed to HClO4 - 
make up t o  100 n i l s  HzO 

1000. 100 gamma/ml and 100 m l  by d i l u t i o n  i n  20 "x HClO4 

0 t o  200 gamma/ml Zn use combined Cu, N i ,  Cor  Pb, Zn s t anda rds  

P i p e t t e  

1, 2, 3, 5, 8,  10 m l s  of 10,000 gamma/ml - d i l u t e  to  103 nds 

w i t h  20% ncl04  to  g ive  

100, 200, 300, 590, 800, 1000 ganuna/nil Zn fo r  high zta. ;dards 

c 
C o  Geocheniical AA S e t t i n s  

Lamp - 5 m u l t i  elenieot 

Curren t  10  #4 S l i t  2A 

Wavelength 2407 Dia l  133.1 

Fuel - Acetylene Flow 14 

Oxidant - A i r  Flow 14  

Burner - AB 51 i n  l i n e  
- 

Range 

0 - 10 gannna/ml r ead  100 Fac tor  2 x r e a d i n g  t G  203 ppm 

0 - 20 ganma n i l  r ead  100 Fac tor  4 x r ead ing  to  403 ppm 

Burner a t  maximum a n g l e  

0 - 100 gamma/ml r ead  100 Factor  20 x read ing  t o  2000 ppm 

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

S tanda rds  - 1000 gamnia/ml 

1.000 gm c o b a l t  meta l  d i s s o l v e d  i n  HC1, HNO, and f u e d  i n t o  

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

P i p e t t e  

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

w i t h  20% HC104 

Th i s  g ives  

10, 20, 100, 200 ganuna/ml co 

Mixed - combination crtandards of Cu, Ni, Co, Pb, Zn 

of 

1, 2, 5, l o ,  20,  30, 50, 80, 100, 150, 200 gan.rkaa/r4il a r e  Lsea 

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



X 

Pi Groz:imiic-al A 3  S r t t  inq  

Lank:, Multr elcn.ent Car Ni. Co. M'I C r  

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

Wave l e n g t h  4030.8 Dia l  425.2 

Fuel - Acetylene Flow 1 4 . 0  

Oxidant - A i r  Flow 14 .0  

Burner - P.E. s h o r t  pa th  (or  AB 5 0 )  

Range 

0 - 100 ganma/ml 

0 - 200 ganam/nil 

Fnctor  20x - 0 t o  2000 PPI  

Fac to r  40x - 0 t o  4000 ppm 

Burner 90. 

0 - 1000 gandna/rul FacLor 200x - 0 t o  2U.000 ppni 

0 - 2000 ganuna/ml Fac tor  400x - 0 t o  40,000 ppm 

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

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

Stand ardo 

F i s n e r  10.000 ganmahnl ( m l )  

lox D i l u t i o n  1000 garmpa/nil 

P r p p e t t e  

.5, 1, 2, 3, 5, 8, 10, ml o f  1000 gamnta/fitl 

2, 3, 5, 8,  10, 15, 20 n d  o f  10,000 ganma/ml d l l u t e  t o  100 

m l s  w i th  20% HC104. This  g i v e s  

5, 10, 20,  30, 50, BO, 100, 200, 300, 500, 300, 1000, 1539, 

2000 gamma/ml 

xi 

Mo G~o;.herb.ic-I AA Settin9 

Lam? ASL H/C No 

Cur ren t  5 US S l i t  7A 

Wavelength 3133 Dia l  260.2 

Fuel  - Acetylene Flow 12.0 t o  g i v e  1" r e d  f e a t h e r  

Oxidant - Ni t rous  ox ide  Flow 14.0 

Burner - AB 50 i n  l i n e  

Cput ion r e a d  tile o p e r a t i o n  us ing  NpO and a c e t y l e n e  flarr,e a t  

end o f  genera l  M procedure 

Range 

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

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

0 - 50 ganma/ml Factor  10 x 0 t o  1000 gpm 

0 - 100 ganuna/ml Fac tor  20 x 0 t o  2000 ppm 

Standa rds  1000 gamrtia/ml . 

Dinsolve .75b gnis Moo3 ( a c i d  molybdic) with 2J hls H20, 6 

lumps NaCH, when a l l  d i sso lved ,  add 20 mls H C l ,  d i l u t e  t o  S J ?  n J s  

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

P i p e t t e  

.2, .5, 1, 2, 3, 5, 0 ,  10 mls of  100 ganma/fil 

2, 3, 5, 9, 1 0  mls o f  1000 ganuna/ml add 5 nls  1Pk A l a 3  

and d i l u t e  t o  100 m l s  w i th  20% HClO4 

T h i s  g i v e s  

.2 ,  .5, 1, 2, 3, 5,  5, 10, 20, 30, Si), 80,  100 g a n u d d  ho ) 



xi i 

Fr Geochcmical A A  S e t t i n g  

Lanip - Fe 

- Do n o t  u se  m u l t i  element Fe 

Curren t  10 #4 S l i t  2A 

Wavelength 3440.6 D i a l  3 1 7 . 5  

Fuel - A c e t y h c  Flow 1 4 . 0  

Oxidant - A i r  Flow 14 .0  

Burner - PE Shor t  Path 93O 

Range 

0 - 5000 ganlmo/nJ 

0 - 10,i)oo ganunn/ml 

0.1 x % - 0 t o  13.0% 

0 . 2  x X - 0 t o  20.0% 

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

S tandards  10.000 gmuna/nil 

Weigh 5.300 gms i r o n  w i r e s ,  i n t o  beakcr, add H20, H C l ,  H N O p  

HclO4, hea t  to HClO4 furdes. Add.HC104 to 100 m l s  + 103  n J s  

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

P i p e t t e  

1, 5, 10, 20,  30, 53, 80 mla l 0 , J O O  ganma/ml d i l u t e  t o  1CO 

m l s  w i th  ZOX ~ ~ 1 0 4  t o  g i v e  

100, 500, 1000, 2000, 3000, 5000, 3000 ganuna/nJ t o  be 

e q u i v a l e n t  t o  .2, 1.0, 2.0,  4.0, 6.0, lO.C%, 16.a Pe i n  geochem 

s m p l  e 

x i i  i 

N i  Grochemical F A  S e t t i n q  

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

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

Wave l eng th  3415 Dia l  312.5 

f i l e  - Ace t ly l enc  Flow 14.0 

Oxidant - A i r  Flow 14.0 

, Burner AB 5 1  i n  l i n e  

Range 

0 - 20 gamna/ml Fac to r  4x - 0 - 400 ppn 

0 - 100 gnmma/ml Fac to r  20x - 0 - 2,933 gamma 

0 - 200 gamma/ml Fac tor  40x - 0 - 4000 ppni 

0 - 500 gamma/ml Fac to r  l O O x  - 0 - 10,000 ppm 

45' 

N i  i n  waters and very l o w  r anges  

Wave l eng th  2320 D i a l  118 

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

Standa rds  10,000 ganma/ml 

1.000 gm pure  N i  me ta l  d i s s o l v e d  i n  HCL, 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 gmma/ml and 100 gamma/nd Success ive  l o x  d i l u t i o n s  i n  2% HC1l 

1, 2, 5, 8,  10 rnls of 100 qanma/ml 

2, 5, 9, 10 m l s  1000 gannia/ml 

2, 5, 8, 1 0  mls 10.000 gamma/ml - d i l u t e  to 100 m i ?  i n  2j.h 

HC104. T h i s  g i v e s  

I., 2, 5, 9, 10, 20, 50, :io, loo, 200, 5cs, .LJ, l+J,.: ri;..i,ia/i,J 

ConALned S tanda rds  - Cu, Ni, Co, Pb, Zn is  bsed R R  ,- W O Z ~ A : . ~  

s t a n d a r d  



a G-mchr r i i i : a l  AA S c t t i n i  

Lainn S i g i j l  e i'u or 

5 m u l t i  elenmnt 

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

4 f o r  s i n g l e  13 S l i t  7A 

Wavelength 3247 Dia l  280 

aurne r  Techt ron  AB 51 (For Cu i n  n a t v r a l  wa te r s )  

P.E. S h o r t  Path (For geocham) 

Fuel Acetylene Flow 14 

Oxidant A i r  Flow 14  

Range 

o - 5 gzunma/ml 

0 - 20 gamma/ml Fac tor  4x to  400 ppnr 

Factor  l x  t o  100 ppm ( f o r  low CUI 

Burner 90. 

0 - 200 gamna/rnl Fac tor  40x to  4000 ppm 

Wavelength 2492 D i a l  147 

B u n e r  i n  l i n e  

Range 

0 - 1000 gamma/ml Fac tor  200% t o  20,000 ppp 

0 - 2000 gamma/ml Fac tor  400x to 40.000 ppp 

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

S tandards  

10,000 gammahl 

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

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

x i  v 
YV 

1u30 gatiuna/ml l o x  d i l u t i o n  above i n  23% I i c l O q  

20J0 qarma/ml 20 r d s  10.000 ganuna/ml - d i l L t e  t o  100 nJs 1 1 1  

2Wk HC104 

100 gamnla/nil l o x  d i l u t i o n  1000 gamma/ml d i l u t e  to  100 rnls i n  

20% H C ~ O ~  

200 gamma/ml lox  d i l u t i o n  2000 gannia/ar.l d i l u t e  t o  100 c.ls i n  

20% H C ~ O ~  

P i p e t t e  

1. 2, 3, 5, 9, 10  m l s  100 garruna/ml - d i l u t e  t o  100 rnls w i t h  

20% HC104 t o  g i v e  1, 2, 3, 5, a, 10  g m a / m l  

Combined s t anda rds  Cu. N i ,  Co, Pb, Zn 

1, 2, 5, 10, 20, 30, 50, 00, 100, 150, 200 ganuna/rnl 



c 
x v i  

PI; Grochcini-a1 AA S e t t i n l  

Lamp ASL H/c Pb 

Cur ren t  5 nia S l i t  7A 

Wave l eng th  2033 Dia l  233 

Fuel - ace ty l ene  Flow 14 

Oxidant - air  Plow 14 

Burner AB 5 1  i n  l i n e  

Range 

0 - 20 q~wna/ml to read  0 t o  30. Fac to r  Sx i3 to  530  pphr 

0 - 200 gamn,a/r,d t o  r ead  0 t o  aO. Fac to r  SOX 0 to  5550 ppm 

Stanga rds  - 10,000 gammahtl 

1.000 +re metal ,  d inso lved  in IIN03, fumed t o  HClOk make up 

t o  100 n i l s  i n  2Wk 1fclO4 

1.000 garma/ml and 130 ganlrua/ml Success ive  lox d i l u t i o n s  i n  

2 ~ i / .  m i 0 4  

P i p e t t e  

1, 2, 5, 3 ,  10  m l s  135 gar.ma/nrl 

2, 5, 3, 10, 20 m l s  1000 gainta/ml d i l u t e  t o  103 mla i n  20% 

HC104 t h i s  g ives  

1, 2, 5 ,  9, 10, 20,  50. 3, 100, 200 gnma/n.l 

Combined Standards  Cu, N i ,  Co, 'Pb, Zn, are used as wor':ing 

standard.? 

c 

W i n  Soils and S i l t s  

Reagents and anpa r s tus  

T e s t  t ubes  - w r e x  d i s p o s a b l e  

Tent  tube8 - screw c a p  

Bunsen Burner 

F lux  - 5 p a r t s  Wa2COj 

4 p a r t s  NaCl 

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

l% SnC12 i n  SO% HCl 

20% KSCN i n  H20 

E x t r a c t a n t  - 1 p a r t  t r i -n -bu ty l  phosphate  

9 parts ca rbon  t e t r a c h l o r i d e  - 
Standa rds  

mi i 

1000 gauur&a/ml W 

.18 gms Na2W04 2H20 d i s s o l v e d  i n  HzO, make u p  t o  100 c l s  

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

8 t anda rd iza t  i o n  

P i p e t t e  .5 ,  1, 2, 3, '5, 8, 10 a11 of 10 gamma/rJ 

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

con t inue  from s t e p  #4 

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

e t h a n o l  and water t o  match. T i g h t l y  seal t h e s e  fo r  perit.anent 

s t a n d a r d s  

Procedure 

1. Weigh 1.0 grana sample, add 2 gm f lux ,  nLrx 
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2 .  S i n t e r  i n  r o t a r y  fo r  2 t o  3 ntinutea (F lux  d u l l  rend  f o r  one 

n, in l ;  t e )  

3.  C o o l ,  add 1 0  m l 6  H20, h e a t  i n  nand ba th  to  bo i l ing ,  cool, let 

s i t  ove rn igh t  

4 .  S t i r ,  c rush ,  and mix. Le t  6cttle 

5 .  Take 2 m l  a l i q u o t  i n t o  acrew c a p  t e s t  tuba  

6 .  Add 7 m l n  SnCla, h e a t  i n  h o t  water ba th  for 5 minute6 (80.C) 

7 .  Cool t o  less t h a n  15.C 

8 .  Add 1 m l  2 a  K%N, mix ( i f  lemmon yellow: coniparc color 

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

9. Add f m l  e x t r a c t a n t r  cap, mhake v igo rous ly  1 minuta 

10 .  Congare color 
I 

x i  Y 

K o l  . w*cnLm i n  !:atcr Fa;..nlc- 

I. T - a n ~ f e r  50 n i l $  t o  125 r e p a r a t o r y  Zunnel 

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

3. Ad6 5 m1.s of mixed KSCN and SnCl2 

4. Zdd 1 . 2  m l s  i sop ropy l  e t h e r ,  shake for 1 minute, a n i  e l l o v  

phases  t o  s e p a r a t e  

5. Drain off water  

6.  tolipare t h e  color of e x t r a c t a n t  

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

P i p e t t e  0, .2, .5, 1, 2, 3r 4, 5, r l s  of 1 garbma/c.l ~ i i d  1, 1.5. 

2, m l s  of 10  gruiuna/ml d i l u t e  t o  50 m l s  w i th  ciemineral-zeC ii20, ai 

con t inue  s t e p  #2. 

T . i s  e q u i v a l e n t  t o  - 
1, 4, 10, 20, 40, 60, 30, 100. 200, 300, 400 p?b :,IO 

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

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

SnCl, - 15% i n  ,15% HC1 

300 gm SnClz . 2H20 + 330 m l s  HCl ,  u n t i l  SnC12 d i s so lLed  

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

KSCN - 5% i n  R20 

Mixed SnClo - KSCN 

3 parts SnC12 t o  2 p a r t s  KSCN 
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Watrr Saniples Run f o r  AA 

1 .  c u  - 2 qamnia/nil r e a d s  00 scale t h e r e f o r e  1 u n i t  - 25 pph 

2.  Zn - 1 ganuna/nd r e a d s  f u l l  s c a l e  t h e r e f o r e  1 u n i t  = 1 0  ppb 

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

Burner: l o n g  s lot  techtron burner  i n  l i n e  

x x i  

Sulphatc  i n  Natura l  Waters 

1. p i p e t t e  0 . 5  m l  s u l p h a t e  r e a g e n t  mix i n t o  a colorimetric t u b e  

2. Add 5 ml water sample and mix 

3. Read a t  343 w a g a i n s t  a deminera l ized  watcr blank 

' 4 .  Read a g a i n  a t  4U374and s u b t r a c t  from s u l p h a t e  r e a d i n g  

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

Rcaqcnt 

Disso lve  54 grams r e d  mercur ic  o x i d e  (J.T. Baker 2620- Can Lab) 

i n  185 m l  7oX p e r c h l o r i c  a c i d  and 20 ml H20, shake f o r  one hour .  

Add 46.3 grams f e r r i c  p e r c h l o r a t e  f Fe(ClO4) j  . 6H20 I 
(GFS 39) and 47 grams aluminum p e r c h l o r a t e  L A l  (ClO4)3 . 3H201 
(GFS 2) Add 400 ml water t o  d i s s o l v e ,  let  settle o v e r n i ~ h t ,  decant  

i n t o  bottle and make t o  1 l i t e r  

xxi  i 

pH MEASUREMENTS 

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

water i n  a g l a s s  beaker  t o  a p a s t y  cons is tency .  Demineralized 

water is  used f o r  t h i s  purpose as it has  a low b u f f e r  caDaci ty  

and t h u s  does n o t  i n f l u e n c e  t h e  pH of t h e  sample. Measurement 

is made w i t h  a F i s h e r  Acument pH meter. Elec t rodes  are s t o r e d  

in b u f f e r  overn ight .  A 30 minute warm up t i m e  is allowed f o r  

t h e  ins t rument  each morning. A 10 m l  a l i q u o t  i s  taken from 

water samples f o r  pH measurement. 

ROSSBACHER L.AB@RATORY 










