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SUMMARY 

The Hans Haveroen Proper ty  i s  s i t u a t e d  s i x  m i l e s  north- 

e a s t  of Aspen Grove i n  t h e  so -ca l l ed  Princeton-Aspen Grove Copper 

B e l t ,  w h i c h  c o n s i s t s  of a no r th t r end ing  series of economic and 

sub-economic copper d e p o s i t s .  The p r o p e r t y  h a s  ready  a c c e s s - b y  

road and i s  s i t u a t e d  i n  t h e  r e l a t i v e l y  a r i d  i n t e r i o r  p l a t e a u  of 

B r i t i s h  Columbia. The p r o p e r t y  c o n s i s t s  of 56 claims c u r r e n t l y  

h e l d  by F r o n t i e r  Exp lo ra t ions  Limited.  

Chalcopyr i te ,  b o r n i t e ,  and c h a l c o c i t e ,  l o c a l l y  of o r e  

grade occur  i n  vo lcan ic  rocks over  an  a r e a  11,000 by 4,000 f e e t .  

These copper-r ich rocks u n d e r l i e  two prominent copper s o i l  

anomalies bo th  3000 by 2000 f e e t :  s e v e r a l  e longa te  magnetic 

anomalies are p r e s e n t ,  two of w h i c h  a r e  c o i n c i d e n t  w i th  t h e  s o i l  

anomalies. 
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INTRODUCTION 
I .  

This  r e p o r t  summarizes t h e  work done on t h e  Hans 

Haveroen p rope r ty  between June 1 and J u n e  25 ,  1971. Geochemical 

and geophysical  surveys along w i t h  l i n e  c u t t i n g  w e r e  c a r r i e d  o u t  

by a c r e w  of fou r  men under t h e  supe rv i s ion  of G.M.  DePaoli,' 

g e o p h y s i c i s t  employed by  Amax Explora t ion ,  Inc .  

The p rospec t ,  d i scovered  i n  1899 (Big Sioux Group) i s  
F 

c u r r e n t l y  he ld ,  w i t h  r i g h t  t o  purchase,  by F r o n t i e r  Exp lo ra t ions  

Ltd. Their Vancouver address  i s  711-4,75 I-Iowe Street ,  Vancouver 5 ,  

B.C. 

Phys i ca l  F e a t u r e s  

The claim group is s i t u a t e d  i n  the r e l a t i v e l y  a r i d  

i n t e r i o r  bel t  of B r i t i s h  Columbia and c o n s i s t s  of r o l l i n g  g ras s -  

land  and open f o r e s t ,  used p r i m a r i l y  f o r  c a t t l e  ranching. Annual 

p r e c i p i t a t i o n ,  mostly i n  t h e  form of snow dur ing  the w i n t e r  months, 

i s  approximately twenty inches ;  summers are t y p i c a l l y  h o t  and dry. 

Outcrop i s  g e n e r a l l y  good and overburden ranges from a 

few t o  s e v e r a l  t e n s  of f e e t  t h i c k .  

The I n g e r b e l l e  Mine hydrotransmission l i n e ,  which i s  

c u r r e n t l y  be ing  cons t ruc t ed ,  pas ses  through t h e  northwest  p a r t  

of the proper ty .  The n e a r e s t  long t e r m  water  supply is Alleyne 

Lake some seven m i l e s  southwest of t h e  p rope r ty .  

Location and A c c e s s  

The p r o p e r t y  i s  s i t u a t e d  s i x  m i l e s  n o r t h e a s t  of Aspen 

Grove (F igure  l), and i s  e a s i l y  reached from the M e r r i t t  Highway 

( n i n e  m i l e s  no r th  of Aspen Grove) by  a two-wheel d r i v e  road t h a t  

pas ses  through t h e  claim group. 

Claims 

The Hans Haveroen p r o p e r t y  c o n s i s t s  of t h e  fol lowing 

claims (See Figure  2 ) .  
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Claims Record Number E x p i r y  D a t e  

w* H a l o  #1 Group 

Halo #2,4 1364H, 1366H J u l y  28 ,  1972 
Halo #2 F r .  21067H J u l y  1 2 ,  1972 
Broa tch %l- 2 21670P- 2 16  71P Nov. 21, 1972 
Magnus X1-6  i n c l u s i v e  24813H-24818H J u l y  20, 1972 
Touch #11-16 i n c l u s i v e  29456D-29461D A p r .  1 2 ,  1972 
LOU #13-14 2149SM-21500M Sept. 27, 1972 

Halo #2 Group 

H a l o  #1,5,6 
Halo #3 
Halo F r .  
Ram #1-6 i n c l u s i v e  
Ram %A-1 
B r o a t c h  #3-4 

Touch #1-10 i n c l u s i v e  
Lou #11-12 
Chalco #1-3 i n c l u s i v e  
Sno # l -2  F r .  
V i n  #I. F r .  

Top #1-2 

EX #I-2 
Ex #I F r .  

1363H, 1367H, 1368H 
1365H 
37738 

24819H 
24 8 2  OH- 2482 5H 

1469M-1470M 
2 09 10G- 209 11G 
29446D- 29455D 
21497M- 2 1 4 9 8 ~ 1  
1 4  7 5M- 1 4  7 7M 
48024-4802 5 
4.9587 
50905 50907 
50906 

J u l y  28, 
J u l y  28 ,  
S e 2 t .  26, 
J u l y  20, 
J u l y  20, 
-Sept. 22, 
J u n e  10, 
A p r .  1 2 ,  
S e p t .  22, 
S e p t .  22, 
Jan.  26, 
J u n e  18, 
Nov. '18, 
Nov. 18, 

1972 
1973 
1972 
1972 
1972 
1972 
1972 
1972 
1972 
1972 
1972 
1972 
1972 
1972 
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OPEN GROUND 

A M A X  E X P L O R A T I O N  I N C .  

ANS HAVEROEN COPPER PROPERTY v NICOCA M I N I N G  D I V I S I O N  - BRITISH COLUMBIA 

CLAIM MAP - FRONTIER MINERALS 
Scale : I inch = 0-Smiles 

TO occompony ” REPORT ON THE HANS H A  VEROEN COPPER PROPERTY” 
By: C.J. h’odgson. R€ng , , . R. L Morton 8 A. A. B n  ckell 

NTS F i l e :  92 H I5 
Fig. 2 

_-.. . .. 
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REGIONAL GEOLOGY 
1, . 

The p rope r ty  l i e s  i n  the so-ca l led  Princeton-Aspen 

Grove Copper B e l t ,  The be l t  i s  unde r l a in  by Upper T r i a s s i c  

Nicola vo lcan ic  rocks  coniprising f l o w s ,  p y r o c l a s t i c s ,  vo lcan ic  

sediments,  and minor l imestone t h a t  have been in t ruded  by . 

r e l a t e d  a l k a l i c  s t o c k s ,  Nicola rocks  a r e  bounded on the east  

by t h e  J u r a s s i c  Okanagan-Penask B a t h o l i t h ,  and on the west by  

f o l i a t e d  rocks  of t:he Eagle b a t h o l i t h .  

GEOCHEMISTRY 

A geochemical survey was c a r r i e d  o u t  over  the Haveroen 

g r i d  with s o i l  samples c o l l e c t e d  on 400 f o o t  c e n t e r s .  A t o t a l  of 

220 samples w e r e  c o l l e c t e d ,  wi th  a n a l y t i c a 1 . r e s u l t s  desc r ibed  i n  

Appendix I and sample l o c a l i t i e s  shown i n  F igure  4. A 1 1  samples 

w e r e  analyzed. f o r  copper, molybdenum, n i c k e l ,  manganese, i r o n ,  

s i l v e r ,  z inc ,  and l ead  a t  AMAX's l a b o r a t o r y  i n  Burnaby. 

The s o i l s  c o n s i s t  of f r e e l y  d ra ined  brown and g r e y  

wooded and g ras s l and  e a r t h s  wi th  a s l i g h t l y  a c i d i c  pI3 t h a t  

averages  6.6. Copper va lues  i n  t h e  subsoi ls  cover  a wide range, 

vary ing  from 16 t o  960 ppm Cu, w i t h  an  average va lue  of 92 ppm 

Cu. The d i s t r i b u t i o n  of copper i n  s o i l  samples c o l l e c t e d  over 

the p r o p e r t y  i s  shown below: 

Background - 0- 80 ppm Cu 
P o s i t i v e  81-100 ppm Cu 
Moderately Anomalous - 101-200 ppm Cu 
Anomalous >200 ppm Cu 

Consider ing the d i s t r i b u t i o n  of copper t h e  most 

s t r i k i n g  f e a t u r e s  arc t w o  zones of anomalous va lues  each covering 

an  a r e a  3000 by 1400 t o  2000 f e e t .  Nearly a l l  samples w i t h i n  

t h e s e  two zones c o n t a i n  over  200 ppm Cu. I t  i s  p o s s i b l e  t h a t  

some g l a c i a l  smearing h a s  occurred t o  the south ,  b u t  bo th  of t h e  

anomalous zones correspond t o  a r e a s  of known copper su lph ides ,  

and t h e  wes tern  m o s t  zone h a s  a c o i n c i d e n t  magnetometer anomaly. 
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GEOPHYS I CS -P."JGNETOMETER SURVEY 
8.. 1 

In t roduct ion  and Theory -- 
The magnetism of a l l  rocks i s  con t ro l l ed  by t h e i r  content  

of ferromagnetic ma te r i a l ;  i .e. substances possessing a r e l a t i v e l y  

h igh  s u s c e p t i b i l i t y  and capable of acquir ing permanent magnetization. 

Often i n t r u s i o n s  a r e  accompanied by widespread hydro- 

thermal a l t e r a t i o n  zones i n  which ferromagnetic minerals  may be 

r e d i s t r i b u t e d  t o  a per iphery of the a l t e r a t i o n .  

meter survey may a l s o  a i d  i n  o u t l i n i n g  zones of a l t e r a t i o n  and 

r e l a t e d  minera l iza t ion ,  

Thus a magneto- 

A magnetometer survey was c a r r i e d  ou t  over a g r i d  

measuring 1; square m i l e s  and w a s  undertaken i n  a n  attempt t o  a i d  

i n  the geologica l  i n t e r p r e t a t i o n  of t h e  property.  

Instrument and Procedure 

The instrument employed was the Model MF-2 magnetometer 

manufactured by Sharpe Instruments,  a d i v i s i o n  of Sc in t r ex  Ltd , ,  

Downsview, Ontario.  I t  opera tes  on t h e  f luxgate  p r i n c i p l e  measur- 

ing  t h e  v e r t i c a l  component of t h e  e a r t h ' s  magnetic f i e l d ,  

The MF-2 c i r c u i t r y  i s  temperature compensated t o  less 
0 than 1 gamma pe r  C from -40°C t o  +40°C. 

The ME'-2 measurement range i s  from - t - l O O , O O O  gammas t o  
-100,000 gammas and, on t h e  most s e n s i t i v e  s c a l e ,  t h e  s e n s i t i v i t y  

i s  20 gammas per  s c a l e  d i v i s i o n  o r  a r e a d a b i l i t y  of LO gammas. 

The PIF-2 is a hand held instrument r equ i r ing  only  coarse  

l eve l l i ng .  

The MF-2 l a t i t u d e  adjustment w a s  employed t o  e s t a b l i s h  

a background of approximately 100 gammas so tha t  the major i ty  of 

the readings would be observed on the  m o s t  s e n s i t i v e  1000 gamma 

scale. 

The north-south base l i n e  was surveyed at 100 foot s t a t i o n  

i n t e r v a l s .  Using t h e  cor rec ted  values  of t h e  baseline s t a t i o n s  a s  

re ferences ,  100 foot: s t a t i o n  i n t e r v a l s  w e r e  read on t.he c ross  l i n e s .  



6 

The ope ra to r ,  i n  doing t h e  c r o s s  l i n e s ,  would begin  a t  t h e  base  

l i n e ,  proceed easteicly or wes te r ly  t o  t h e  end of t h e  l i n e ,  c r o s s  

over  t o  t h e  a d j a c e n t  l i n e ,  r e t u r n  t o  t h e  base  l i n e  and loop back 

t o  h i s  s t a r t i n g  poi-nt. This  enabled him t o  apply  r e fe rence  and 

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

I ,  

The c o r r e c t e d  va lues  were annota ted  and contoured a t  

200 gamma i n t e r v a l s , ,  The f i n a l  map a t  a s c a l e  of 1" = 400' i s  

p resen ted  i n  F igure  5. 

Resu l t s  and Discussions 

I n t e r p r e t a t i o n  of the d a t a  i n d i c a t e s  major north-south 

and north-west t r end ing  s t r u c t u r e s ,  b e l i e v e d  t o  be f a u l t s  r e l a t e d  

t o  the Summers Creek l ineament.  A series of smal-1 c i rcu lar  t o  

e longa te  magnetic h ighs  (F igu re  5) l i e  along an i n f e r r e d  north- 

east s t r u c t u r e ,  and a r e  b e l i e v e d  t o  be caused by  magnet i te  t h a t  

h a s  rep laced  the ma t r ix  of t u f f  b r e c c i a c  i n t r u s i v e  b r e c c i a ,  and 

l i t h i c  t u f f ,  

A prominent magnetic h i g h  (2000 by 200-900 feet)  i s  

s i t u a t e d  i n  t h e  northwestern p a r t  of t h e  p r o p e r t y  (F igure  5 ) ,  and 

l ies  on the e a s t e r n  edge of a s i l l - l i k e  body of m i c r o d i o r i t e .  

magnetic h igh  i s  unde r l a in  by t u f f  b r e c c i a  t h a t  c o n t a i n s  v e i n l e t s  

and-d isseminated  g r a i n s  of c h a l c o p y r i t e  and minor b o r n i t e .  A 

series of smaller (400 - 1200 by  200 - 600 f e e t )  e longa te  magnetic 

h ighs  occur  over  and on t h e  flanks of t h e  microdiorite-syenodiorite 

s tock .  Genera l ly  su lph ides  are ub iqu i tous  across the p rope r ty ,  

b u t  appear t o  be most abundant over  and on t h e  f l a n k s  of t h e  

The 

magnetic h ighs .  

- 
AMAX Vancouver Off ic ie  - - - _ _  - 

January 1972  
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and 

PROCEDURES FOR COLLECTION AND PROCESSING OF GEOCHEMICAL 

SAMPLES 
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, . I. 
Per iod  of Work June 1 - June 25, 1971 

Summary of Work Geochemical Sampling - 3 square  m i l e s  

- 
Geochemical Analyses - 220 samples 
Line Cu t t ing  - 3 l i n e  m i l e s  
Ground Magnetometer Survey - 20 l i n e  m i x e s  

Personnel  Employed 

D. G.  Col ley  - 4359 Harder Road, Victor ia ,  B.C. 
J u n i o r  A s s i s t a n t ;  25 days @ $19.66/day 

G ,  M. D e P a o l i  - 5442 Inman Avenue, Burnaby, E.C. 
Geoph y s i c i :; t ; 14 days @ $5O.OO/day 

M. L. Legros - 16 Lake S t r e e t ,  Huntingdon, Quebec. 

T. R. Underwood - Box 150, Monkrose, B.C. 

$491.50 

700.00 

J u n i o r  A s s i s t a n t ;  6 days @ $16.24/day 97.44 

J u n i o r  A s s i s t a n t ;  3 days @ $20.52/day 61.56 

Board 40 days @ $6,00/day 240.00 

Transpor t a t ion  1 €our-wheel d r i v e  v e h i c l e  

25 days @ $5,00/day 125.00 

Geochemical Analyses 

220 samples f o r  140, CU, N i ,  Mn, Fe, Ag, Zn, and P b  

@ $3.00/sample 660.00 

Magnetometer Renta l  

14 days @ $10.67/day 

D r a f t  i n q  

149,38 

100.00 

$2,624.88 

Work is t o  be a p p l i e d  f o r  one year  on Sno #1 and #2 f r a c t i o n a l s ,  
Touch 31-16 i n c l u s i v e ,  Top X 1  and Sf2, Vin #1 f r a c t i o n a l ,  H a l o  
#2 f r a c t i o n a l ,  and Ram #A-1. 

.....,.... I.. .... .... ..... ........ ... ......................... . .  ._................ . ................. 
A Cornrniszioner fcr rsking Affidavits within British Columbia oy 
A Notary Public in and for the Province Of British Columbia, 
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Mo, Cu, Ni, Mn, Ag, Zn and Pb are in terms of ppm. 
Fe concentrations are i n  %. 

Samplers - D.G. Colley and M.L. Legros 

Sample # p H  M o  cu Ni Mn Fe Aq 

MAS 519 
520 
521  
522 
523 
524 
525 
526 
527 
528 
529 
530 
5 3 1  
532 
533 
534 
535 
536 
537 
538 
533 
540 
541 
542 
543 
544, 
545 
546 
547 
548 
558 
559 
560 
561  
562 
563 
564 
565 

1 72 20 
6.6 1 88 32 

1 52 2 8  
1 36 16 
1 56 20 

6.9 1 60 24 
4 80 24 
1 44 20 
1 96 28 

6.6 1 84 36 
1 88 20 
1 32 16 
1 20 12  

6.3 1 60 20 
1 56 20 
1 6 4  20 
2 56 20 

6.5 1 24 12 
1 24 8 
1 52 20 
1 24 12 

6.5 1 60 24 
1 48 20 
1 36 16 
1 56 20 

6.0 1 52 20 
1 52 16  
2 76 18  
1 76 20 

6.5 1 52 16 
6.4 1 64 20 

1 84 20 
1 6 8  1 2  
1 44 16 

6.4 1 20 8 
1 58 24 
1 24 28 
1 680 24 

1000 
1520 
1080 

520 
2200 

560 
800 

1160 
1040 
. 960 
1520 

440 
440 
960 
760 
440 

1200 
1640 

640 
360 
600 

1280 
720 
760 

1000 
1080 
1200 
1080 
1000 
1200 
1120 
1080 

700 
1040 

300 
1040 
1240 
1 1 2 0  

2.2 .5 
2.9 .5  
2.1 .5 
1.7 .5  
2.5 .5 
3 .1  . 5  
2.7 .5 
2.6 .5 
3.0 , . 5  
.3.4 .5 
2.2 .5  
1.8 .5  
1.4 . 5  
2.5 .5 
1.9 .5  
2.2 .5  
3.2 .5 
1.4 .5 
1.6 .5  
3.5 .5 
1.5 .5  
2.8 .5 
2.6 .5 
2.6 .5  
2.4 .5 
3.0 .5 
2.6 .5  
3.0 .5  
2.9 .5  
2,o . 5  
2.4 .5 
3.4 . 5  
1.6 .5 
1.8 .5  
1.3 .5 
3.3 .5  
2.4 . 5  
3.8 . 5  

MQS1051 2 168 36 640 4.4 1.0 
1052 2 34 24 640 2.7 . 5  
1053 6.6 1 1 1 2  32 920 3.8 1.0 

Zn . Pb 

1 1 2  16 
172 20  
10.8 16  

188 18 
6 8  12 

136 16 
116 16 

96 18 
9 8  16 

164 1 4  
40 20 
72 1 2  
86 16 

108 1 2  
108 16 
112 20 
230 1 2  

84 10 
66 1 2  

164 6 
144 1 2  

64  12  
102 12  
3.20 1 2  

92 3.6 
120 1 4  
120 20 
118 20 
116 1 2  
144 16 
116 16 

80 12 
100 1 2  
60 8 
92 16 

100 1 2  
72 12 

58 , 20 

86 20 
74 1 2  

102 16  
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‘w 

w 

Sample # 

MQS1054 
1055 
1056 
1057 
1058 
1059 
1060 
1063. 
1062 
1063 
1064 
1065 
1066 
1067 
1068 
1069 
1070 
1071 
1072 
1073 
1074 
1075 
1076 
1077 
1038 
1079 
1080 
1081 
1082 
1083 
1084 
1085 
1086 
1987 
1088 
1089 
1090 

’ 1091 
1092 
1093 
1094 
1095 
1096 
1097 
1098 
1099 
1100 
1101 

3 H  Mo 

1 
1 
1 

6.3. 1 
1 
1 
1 

6.6 2 
1 
2 
2 

6.5 1 
1 
1 
1 

6.5 2 
2 
1 
1 

6,7 1 
1 
1 
1 

6.7 1 
1 
1 
1 

6.6 1 
1 
1 
1 

6.2 1 
1 
1 
1 

7.0 1 
1 
1 
1 

6.9 1 
6.3 2 

2 
2 
2 

6.1 1 
8 
1 
1 

CU Ni 

44 20 
44 24 
36 20 
40 20 
52 20 
52 24 
140 28 
224 24 
98 24 
116 20 
100 24 
76 24 
72 24 
80 24 
132 28 
76 24 
64 24 
96 28 
84 24 
168 20 
520 20 
100 24 
268 28 
460 24 
100 16 
264 28 
176 24 
124 30 
84 28 
132 24 
64 20 
440 24 
292 18 
100 20 
80 32 
124 24 
200 26 
300 22 
16 8 24 
96 24 
500 24 
96 36 
156 24 

56 24 
144 24 
148 16 
144 28 
264 28 

Mn 

600 
1040 
460 
520 
440 
560 
2120 
1240 
960 
840 
800 
800 
800 
760 
960 
920 
640 
920 
1000 
640 
960 
760 
800 
760 
1040 
840 
880 
800 
760 
1160 
640 
800 
940 
1000 
640 
400 
720 
800 
920 
720 
1040 
1120 
1160 
600 
640 
280 
840 
1320 

Fe A q  Zn Pb 

2.7 . 5  64 ‘ i4 
2.9 .5 140 12 
2.5 .5 74 12 
2.5 .5 100 12 
3.0 . 5  104 16 
3.2 . 5  68 14 
4.2 1.0 168 28 
3.2 1.0 156 16 
3.2 .5 96 16 
2.7 1.0 96 12 
3.0 1.0 80 12 
2.9 .5  68 12 
3.0 .5 100 14 
3.1 .5 72 14 
3.5 . 5  80 16 

2.7 . 5  80 12 
3.6 . 5  96 16 
3.0 .5 104 12 
2.6 .5 56 12 
2.9 .5 76 12 
3.1 .5 88 16 
3.1 . 5  92 12 
3.4 .5 104 16 
2.0 .5  84 12 
3.1 . 5  84 12 
2.6 .5 108 12 
3.2 -.5 96 14 
2.7 .5 80 12 
2.3 . 5  112 12 
2.1 .5 58 8 
2.5 .5 96 12 
2.0 1.5 92 12 
2.5 .5 96 12 
2.6 .5  68 12 
2.4 .5 60 12 

2.3 .5 68 12 
2.7 .5  96 12 
2.4 .5 72 12 
4.7 . 5  92 16 
4.0 . 5  140 16 
3.6 .5 64 16 
3.2 .5 92 16 
3.4 .5 80 16 . 
0.2 .5 28 24 
3.6 . 5  104 16 
3.1 .5 148 20 

3.. 5 . 5 120 20 

2.6 1.0 88 12 



iii 

Sample X c 'OK MO cu  Ni Mn F€ hq Zn Pb 

MQS1102 
1103 
1104 
1105 
1106 
1107 
1108 
1109 
1110 
1111 
1 1 1 2  
1113 
1114 
1115 
1116 

1118 
1119 
1120 
1 1 2 1  
1 1 2 2  
1123 
1124 
1125 
1126 
11127 
1 1 2 8  
1129 
1130 
1131 
1132 
1133 
1134 
113 5 
1136 
1137 
1138 
1139 
1140 
1141 
1142 

i i i 7  

MCS495 
496 
497 
498 
499 
500 

6 .4  

6.0 

6.3 

6 . 7  

6.6 

6 .5  

6.3 

6.4 

5.9 

6.6 

6.4 

6.7 

1. 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
4 
2 
2 
2 
2 
2 

1 
1 
1 
1 
1 
1 

120 
116 
1 2 8  
500 
280 

96 
232 
196 
120 
500 
296 
388 

2 8  
36 
44 
32 
40 
84 
52 
52 

1 1 2  
32 
36 

132 
88 

248 
116 
880 
308 
136 

76 
16 8 
88 
84 
68  

300 
960 
160 
168 
332 
104 

40 
1 1 2  
216 

2 8  
50 
40 

20 
20 
36 
28  
16 
20 
18 
20 
24 
16 
20 
32 
2 8  
16 
16 
1 2  
16 
20 
16 
16 
24 
16 
16 
16 
16 
16 
1 2  
36 
1 2  
16 
16 
20 
16 
24 
20 
24 
36 
2 8  
20 
20 
2 8  

16 
2 8  
2 8  
20 
24 
20 

1080 
580 
580 
840 

1340 
1180 
1690 
1080 
1140 

980 
1200 
1480 

720 
880 
840 

, 640 
1000 
1040 
1000 
1000 

760 
520 
880 

1000 
1080 

980 
2000 

840 
880 

1280 
1120 

920 
540 
560 
480 

1880 
920 

1040 
840 
980 

1160 

600 
720 

1320 
300 
500 
320 

3 .1  
3.2 
3.5 
3.2 
2.7 
2.5 
3 .1  
3 .1  
3.6 
2.4 
4.0 
5.0 
3.0 
2.3 
3 . 1  

. 5  

.5  

. 5  

. 5  
1 . 0  

. 5  

. 5  
1 .0  

. 5  

. 5  

. 5  

. 5  

.5  

. 5  

. 5  

2 . 2  
3.5 
2.7 
2 .8  
4.0 
3.2 
2.3 
2.5 
2.6 
2 . 8  
2.3 
3.9 
2.4 
2.4 
2.4 
2.5 
2.0 
2.7 
2.4 
3.2 
4.3 
3.2 
2.7 
2 .8  
3.5 

2.3 
2.9 
3 . 1  
2.3 
2.7 
2 .7  

.5  

.5  

. 5  

.5  
1 .0  

.5 

.5  

. 5  

. 5  

. 5  

.5  

.5 

.5  

. 5  

.5  

. 5  

.5  

. 5  

.5 
1.0 
1.0 
1.0 

.5  

. 5  

.5 

. 5  

.5  

.5  

. 5  

. 5  . -5 

1 . 7  . . 5  

108 
100 

80 
124 
188 
1 2 8  
1 1 2  
88 

124 
80 
88 

1 1 2  
80 
96 
96 

1 1 2  
140 
1 1 2  
1 1 2  
116 

98 
76 

100 
116 
224 
1 1 2  
152 

84 
88 

200 
160 
116 

8 2  
68  
68  

140 
110 
120 
128 
116 
1 1 2  

84 
96 

1 1 2  
52 
76 
64 

I .  

16 
1 2  
16 
1 2  
36 
1 2  
16 
1 2  
16 
14 
20 
20 
8 

1 2  
16 
1 2  
1 2  
16 
18 
16 
20 
20 
14 
16 
16 
16 
1 2  
16 
8 

1 2  
8 
8 

10 
10 
1 2  
16 
16 
16 
1 2  
1 2  
14 

10 
1 2  
16 
LO 
1 2  
1 2  



iV 

Sample # - 
KCS501 

613 
614 
615 
616 
6 17 
618 
619 
620 
621 
622 
623 
624 
625 
626 
627 
628 
629 
630 
631 
632 
633 
634 
635 
636 
637 
638 
639 
640 
641 
642 
643 
644 
645 
646 
647 
648 
649 
650 
651 
652 
653 
654 
655 
656 
657 
658 
653 

pH Mo cu I? i Mn 

1 78 24 920 
1 56 24 960 
1 132 20 1040 
1 150 16 760 

6.8 1 120 24 1720 
1 84 18 340 
1 196 18 1060 
1 92 24 1240 

7.0 1 246 28 760 
1 408 32 1220 
1 58 16 420 
1 60 20 580 
1 38 20 1080 

6.7 1 50 28 520 
1 24 16 500 
2 152 18 , 660 
1 140 20 560 

6.8 1 68 18 1240 
1 156 20 1840 
1 120 16 6 80 
1 108 18 1300 

6.9 1 90 18 1420 
1 56 16 820 
2 232 20 1040 
1 390 20 1560 

7.1 1 148 16 520 
1 144 18 1220 
1 186 24 940 
1 112 18 460 

7.3 1 148 26 620 
1 84 26 86 0 
1 86 18 720 

7.0 1 136 28 1120 
1 262 22 840 
1 34 20 360 
1 64 24 740 

6.6 1 96 30 1000 
1 56 22 440 

6.4 1 52 20 840 
1 84 48 1280 
1 28 20 520 
1 60 28 820 

6,7 1 64 24 1320 
1 48 20 980 
1 92 28 960 
1 92 26 480 
2 68 24 1220 

7.0 1 132 50 800 

Zn Pb 

3.2 .5 116 12 
3.2 .5 84 12 
2.7 .5 100 12 

60 12 2.8 .5 
2.9 .5 116. 12 
2.3 .5 108 8 
3.0 .5 80 12 
2.0 .5 114 8 
3.4 e5 .76 12 
4.0 1.5 140 12 
2.4 .5 100 10 
2.3 .5 84 8 
2.3 .5 92 8 
3.2 .5 92 12 
2.2 . 5  60 8 

.5 80 12 .2.8 
3.2 .5 64 12 
3.3 .5 80 16 

.5 164 16 2.8 
3.0 .5 112 14 
2.7 .5 124 20 
2.9 .5 152 16 
2.7 .5 188 16 
3*3 .5 208 24 
4.0 1.0 212 26 

.5 156 18 2.8 

.5 100 12 3.1 
64 16 4.0 .5 
52 12 3.4 .5 
80 12 3.7 .5 

3 . 5  e 5  64 I4 
2.7 *5 84 12 

.5 100 12 3.5 
3.3 .5 84 12 

84 12 2.7 .5 
96 12 2.8 e5 

3.5 .5 96 16 
72 12 2.7 . 5  

.5 158 20 2.9 
3.8 .5  124 18 

80 16 3.0 .5 
3.6 e5 90 20 
2,9 .5 152 24 
2.9 .5 128 16 
3.3 .5 80 18 . 
3.6 .5 102 18 
2.8 .5 122 16 
4.3 1.0 78 22 

Fe A q  
I .  



V 

p H  Sample # L_ 

MCS660 
661 
662 
663 6.0 
664 
665 
666 
667 6.6 
668 
669 
670 
671 6.4 
672 
673 
674 
675 6.3 
676 
677 
86 2 6.5 
863 
864 
86 5 
866 6.6 
86 7 
868 
869 
870 6.2 
871 
872 
873 
874 6.1 
875 
876 
877 
878 6.2 
879 

- Mo CU 

1 72 
1 56 
1 128 
1 88 
1 172 
1 LOO 
1 76 
1 96 
1 92 
1 48 
1 42 
1 80 
1 28 
1 56 
1 116 
1 56 
1 80 
1 52 
1 38 
1 48 
1 36 
1 32 
1 172 
1 124 
1 332 
1 192 
1 120 
1 208 
1 216 
1 76 
1 180 
1 80 
1 64 
1 42 
1 60 
2 680 

I - ~  
Hi 

34 
32 
44 
26 
34 
24 
26 
25 
26 
20 
18 
24 
18 
21 
22 
24 
28 
28 
20 
20 
16 
16 
20 
24 
20 
16 
16 
24 
28 
24 
12 
20 
20 
20 
20 
30 

Mn 

1040 
800 
740 
1120 
1140 
1060 
6 80 
740 
950 
840 
730 
820 
800 
580 
800 
1160 
1110 
680 
520 
1080 
1380 
880 
1800 
780 
1360 
1120 
1320 
760 
1280 

920 
1440 
720 
600 
680 
800 
620 

Fe 
_I 

4.0 
3.5 
4.7 
2.9 
3.8 
2.9 
3.5 
3.1 
3.3 
2.9 
2.8 
3.0 
2.8 
3.2 
3.0 
2.8 
3.6 
3.5 
3.8 
3.2 
3.0 
2.8 
3.7 
3.7 
3.6 
3*3 
2.1 
3.6 
3.9 
3.2 
2.6 
2.9 
2.7 
2.8 
2.8 
4;7 

ACJ 

. 5  
05 
1.0 
1.0 
.5 
. 5  
.5 
.5 
. 5  
. 5  
.5 
1.0 

.5  

. 5  
* 5  
05 
.5 
05 
.5 
.5 
.5 
.5 
.5 
05 
.5 
.5 
.5  
.5 
. 5  
.5 
.5 
. 5  
. 5  
.5  
.5  
.5  

Z n  P k  

98 22 
88 22 
76 26 
124 16 
92. 18 
84 16 
100 16 
70 16 
82 17 
62 18 
58 15 
62 34 
72 15 
96 16 
86 15 
146 15 

70 16 
84 20 
124 18 , 

136 16 
108 12 
152 16 
120 16 
144 16 
90 14 
96 8 
252 16 
268 16 
256 12 
180 10 
88 8 
56 16 
88 3-0 
96 8 

114- 18 

88 16 



APPEEDIX I - STATEMEIT OF COSTS 



I 



w DOMINION OF CANADA: 

PROVINCE OF B R r T 1 s ~  C O ~ ~ ~ ~ ~ I ~ *  I- In the # h f . a ~ ~  a€ expenditures incurred on the H ~ S  
Haveroen Cu Property, 6 miles ME of Aspen Grove between 

To WIT: 1 June 1-25, 1971 

4, R.L. Morton 

of 601-535 Thurlow St., Vancower 5, B.C. 

in the Province of British Columbia, do solemnly declare that 

The following is a breakdawn of the  costs incurred on the  H a n s  Haveroen Property 
between June-1 and June 25, 1971. 

S Z i S E j j 1 5 n g  - 3 sq. miles 
Geochemical Analyses - 220 samples - Mo,Cu,M,Mn,Fe,Ag,Zn 6 Pb 
Linecutting - 3 l ine  miles 
Ground Magnetmeter Survey - 20 l ine  miles 

Personnel Employed 
D.G.Colley -4359 Harder Rd.Victoria,B.C.-Jr.Assist- 25 days @ $19.66/day 
G.pI.DePaoli 
M.L.Legros -16 Lake St.Huntingdon,P.Q. - Jr.Assist- 6 days B $16,24/day 
T.R.Undewood - B o x  150,Montrose, B.C. - Jr.Assist- 3 days @ $20.52/day 
- Board - 40 days Q $6.OO/day 

Transportation - 1 4-wheel dr ive vehicle - 25 days Q $S.OO/day 
Geochemical Analyses - 220 samples for Mo,Cu,Ni,Mn,Fe,Ag,Zn,Pb 8 $3.00/sample 
Magnetometer Rental - 
Drafting 

-5442 Inman Ave.Burnaby,B.C.-Geophysicist-14 days @ $50.00/day 

14 days @ $10.67/day 

- $ 491.50 
0 700.00 
= 97.44 
= 61.56 
= 240.00 

0 125.00 
= 660.00 

0 149.38 
= 100.00 

$2624.88 

Arid I make this solemn declaration conscientiously believing it to be true, and knowing that it is of 

the same force arid effect as if made under oath and by virtue of the "Canada Evidence Act." 
.. . --. 

Declared before me at the I 
YANCOOVER, 6- of , in the 

- 1 Province of British CoIumbia,&fi 2 5 1972 I 
I 
' day of 
I 

. I  
A Commissioner for taking Afidavits for British Columbia or 
A Notary Public in and for rhe Province of  British Columbia. 



Statutory Declaration 
(CANADA EVIDENCE ACT) 



&>ax z<:cploration, I n c .  
Vancocver  Off ice .  





ii 

- Roc?-< C h i p s  

Composite rock' chip samples gene ra l ly  consist of some 

m e s h  f rac t ion  .replaced in the orig.inal. Sag provid ing  t h a t  thFs 

i s  u.nc?armged and n o t  excessiveLy d i r t y .  

Rock s;uilp!.es a r e  exposect t o  the a i r  w t j - 1 -  the outside 



To each of the samples tht?s prepared axe ad.dcc? 2 1-21 

the ac id  mixisure i : r  added. D i g e s t i o n  is perforryicd Fn 2 s t a i n -  

less s teel  frtne hood.' 

The  t u b e s  are sha!,ren to mix the s o l u t i o n  an2 t h ~ n  cei1trifuyed 

for one m i n u t e .  The  r e s u l t j - n g  clear upper layer is used for 

Cu, 140, Pb, Zn, Ag,  Fe, Mn, Nj- a n d  C o  determinatLon by a Perkin-  

Elmer 2 903 atoi-aic absor2t ion spec'srophotoiiicter . Anal-ytical 

procedv.res arc  g i v e n  os the foI lowing pages. 



8 .  i v  
S A L Y T  IC?& PROCEDUPES 

Silver 
1. Scope - T h i s  p r o c e d u r e  c o v e r s  a r a n g e  of s i l v e r  i n  t h e  sample 
e-- 

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

2 .  Summary of Method - - The sample  i s  t reated w i t h  n i t r i c  and  per- 

c h l o r i c  a c i d  m i x t u r e  t o  o x i d i z e  o r g a n i c s  a n d  s u l p h i C e s .  

s i l v e r t h e n  is 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 .  

T h e .  

The 

c o n c e n t r a t i o n  i s  d e t e r m i n e d  by atomic a b s o r p t i o n  s p e c t r o p h o t o -  

. meter. 

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

i n  s o l u t i o n .  

v e n t s  s i l v e r  b e i n g  a b s o r b e d  o n  t h e  glass  c o n t a i n e r .  

M a i n t a i n i n g  t h e  s o l u t i o n  i n  20% p e r c h l o r i c  pre- 

D e t e r d - n a -  

t i o n  must  be comple t ed  on  t h e  s a m e  day  as t h e  d i g e s t i o n .  

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

c a u s e  h i g h  background a b s o r b a n c e .  

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

T h i s  background a b s o r b a n c e  

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

Lamp - . A g  

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

S l i t  7 A 

Wavelength 323lA D i a l  287 .4  ~ 

Fuel  - a c e t y l e n e  - flow - 14 /" 

O x i d a n t  - air - f l o w  - 14 

Burner  - t e c h t r a n  AB--51 in line 

Maximum Cone. 3 t o  4x , .  



. . t 7  

C a 1. i br a t  i o n  

1. S e t  1 gamma/ml t o  read 40 equivalent  t o  20 ganma/grtI 

Factor 4. ;c meter reacling 

Check s tandards 

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

2 .  S e t  1 5  g,ma/lnl t o  100 equivalent  t o  100  ppm 

Check s tandards 

4.0, 100 ppm 

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

3 .  Rotate burner t o  maximurn angle 

S e t  1 0 . 0  yamma/ml Ag t o  read  100 

Check s tandards 

. .. . 

100, 20O,400,1000 ppm Ag 

Factor l o x  s c a l e  reading  

4.  Samples higher than 1000 ppm should be re-analyzed by a s s a y  

procedure 

5 .  Background co r rec t ion  for  sample reading between 1 t o  5 ppm 

Ca l ib ra t e  AA i n  step 1 

Dial wavelength t o  300 (peak) 

Read t h e  saniples .again 

Subt rac t  t he  background reading from t h e  f i r s t  read ing  

Standards 

1. 1000 garnma/ml A g  - 0 .720  q t i  A y 2 S O 4  d i sso lve6  i n  20 mls € 1 ~ 1 0 ~  

and d i l u t e  t o  500 mls 

2 .  109 yanuna/nll Ag - 10 m1.s of above + 2 0  mls H C l O 4 ,  d i l u t e  t o  

3-00 ml s 



3 .  Recovery  spiked s t a n d a r d  

5 ganu.cia/fi;l A g  - 5 m l s  100 gamma/ml d i l u t e  t o  100 nls  w i t h  

"mixed. 'I a c i d  

Workinq AA Standard ;  

ganuna/nll d i l u t e  t o  100 m l s  w i t h  20% scl04. 

4, 10, 20, 40, 100, 200, 400, and 1000 ppm A g  i n  t h e  sample  .53 gin 

T h i s  e c p i v a l e n t  t o  

d i l u t e d  t o  ,lo m l s .  

Recovery  S t a n d a r d  

P i p e t t e  2 m3.s of ,5 galima/ml. A g  i n  mix a c i d s  i n t o  a sainple and 

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

ppm A g  -I- o r i g i n a l  sanple c o n t e n t .  

T h i s  s h o u l d  g i v e  a r e a d i n g  of 20 

Follow t h e  g e n e r a l  geochemica l  procedure for  sample  p r e p a r a t i o n  

and digestion. 

For l o w  ' a s s a y  Ag, t h e  sCme p r o c e d u r e  i s  used. 

l a ted  i n  o z / t o n .  

Ag i s  t h e n  c a f c u -  

I '1 ppm = .02532 oz/ton 

c o n v e r s i o n  factor  

oz / ton  = .0:292 x ppm A g  



r Zn Gcocken\ ical  AA S c t t i n q  

J+ww+ 
-- 

Lamp Zn . 

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

Wave l e n g t h  2133 D i a l  8 4 . 9  

F u e l  - A c e t y l e n e  Flow 1 4  

O x i d a n t  - A i r  Flow 14 

Burner  - P.E. s h o r t  path 90' . .  . 
Range 

0 - 20 g m a / m l  F a c t o r  4x  - 0 t o  400 ppn 

0 - 50 gamma/ml Factor l o x  -0 t o  1000 ppm 

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

t o  1000 ppb 

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

F u e l  14  A i r  34.5 

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

P u r e  S t a n d a r d  10,000 gamma/nil 

1 g m  Zn dissol.ved.,  H20,  

make u p  t o  100 mls H 2 0  

HCl, fumed t o  HClO4 - 

1000, 3.00 gamia/ml- and 100 ml by d i l u t i o n  i n  20 % €1~104 

0 t o - 2 0 0  gamma/nd Zn use combin'ed Cu, N i ,  C o r  Pb, Zn s t a n d a r d s  

P i p e t t e  

1, 2, 3, 5 ,  8,, 10 m l s  of 10,000 gamrm/ml - d i l u t e  to 100 mls 

w i t h  20% ~ ~ 1 0 4  .to g i v e  
/ 

100, 200, 300, 500, 800, 1000 gariuna/ml Zn for h i g h  s t a n d a r d s  
%mibid 

..  . .. 

. .  

. , I ..: . 
, .. . . ... .. 



- ... _: .._... . ." . . .  
... .~ 

v i i i  
. I  

C o  Geochemical- AA S e t t i n q  

Lamp - 5 r n u l t i  e l e m e n t  

C u r r e n t .  10  84. S l i t  2A 

Wavelength 2407 Dial- 133.1 

F u e l  - A c e t y l e n e  Flow 1 4  

O x i d a n t  - A i r  Flow 14  

Burne r  - AB 51 i n  l i n e  
-. 

. Range 

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

. ._ , 
, 

PPm 

0 - 20 ganma n-il read 100 F a c t o r  4 x r e a d i n g  t o  4.00 pprn 

Burner  a t  maximum a n g l e  

0 - 100 gamma/nlL r e a d  100 Factor 20  x r e a d i n g  t o  2000 pprn 

0 - 200 gamna/nl read 100 Factor 40 x r e a d i n g  to 4000 p p m  
i 
\ 

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

1.000 gm cobalt metal d i s s o l v e d  i n  HCl, HNO, and  furiled i n t o  

HC104, d i l u t e  .to 1 l i t e r  

P i p e t t e .  

I, 2 ,  10, 20 mls into 100 m l  vol flasks d i l u t e d  t o  mark 

w i t h  20% He104 

T h i s  g i v e s  

10, 20, 100, 200 gamma/ml co 

of 

1, 2, 5,  10, 2 0 ,  30, 50, 80, 100, 150, 200 ganirila/rfil are  u s e d  

for c a1 i b r  a t  i o n  

I 



. .  

Mn Geocliernic-71 CI AA S e t t i n 2  

Lanip M u l t i  element C a r  Ni, Co,  Mn C r  (- 

C u r r e n t  10 #4 S l i t  7A 

Wave l e n g t h  4030.5 D i a l  425 .2  

F u e l  - A c e t y l e n e  Fiow 14 .0  

O x i d a n t  - A i r  Flow 1 4 . 0  

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

Range 

0 - 100 gamma/ml 

0 - 200 ganaria/nil 

F a c t o r  20x - 0 t o  2000 ppnt 

F a c t o r  40x - 0 t o  4000 ppm 

Burner  90' 

0 - 1000 gan;ma/ral F a c t o r  -_ 200x - 0 t o  Z O , O O O  ppnt 

0 - 2000 gamma/rctl F a c t o r  400x - 0 t o  40,000 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 F a c t o r  4x - 0 to 400 ppm 

S t a n d a r d s  

F i s h e r  l0,ObO ganma/nll ( ml) 

lox D i l u t i o n  1000 gmma/nd I 

P i p p e  t t e  

.5, I, 2, 3, 58 8, 10, ml of 1000 gamnta/rd 

2, 3, 58 8, 10, 15, 20 nil  of 10,000 ganuna/nil d i l u t e  t o  100 

m l s  w i t h  20% HC104. T h i s  gives  

5, 10, 20, :iQ# 50, 80,  100, 2001 300,  500,  8008 io008 15oi), 

2000 gamma/ml. 



-- w 
M o  Geocherilical AA S c t t i n q  

Lamp ASL H/C No 

C u r r e n t  5 #5 S1i.t 7 A  

Wavelength  3133 D i a l  2G0.2 

F u e l  - A c e t y l e n e  

Ox id?n t  - N i t r o u s  o x i d e  

Burner - AB 50 i n  l . ine  

FLOW 1210 t o  g i v e  1" red f e a t h e r  

F1.ow 14 .0  

. .. . 
C a u t i o n  r e a d  the operat ion u s i n g  N20 and a c e t y l e n e  flame a t  

e n d  of g e n e r a l  AA p r o c e d u r e  

Range 

0 - 10  gan.ma/nll F a c t o r  2x - 0 t o  200 ppm 

Rotate  b u r n e r  t o  ruax. a n g l e  

0 - 50 gamma/ml Fa.ctor 1 0  x 0 to 1000 p p m  

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

S t a n d  a r  d R 1 0 00 g m r i d n l l  

Dissolve .750 cps  Moo3 (ac id  molybdic.) w i t h  20 rills H20, 6 

lumps NaCH," when a l l  d i s s o l v e d ,  ad.d 20 m l s  H C l ,  d i l u t e  to S.>D MIS 

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

P i p e t t e  ' 

.2, 

2, 3, 5 ,  8, 10 mls of 1000 ganuna/mI 

.5, 1, 2, 3, 5, 8, 10 n i l s  of 100 gantnm/rill 
-" 

add 5 mls 10% A ~ C L ~  

and d i l u t e  t o  L O O  m1.s w i t h  20% HC7.04 

T h i s  g ives  

.2, .5, I, 2, 3, 5, E;, 10, 20, 30, 50, 80, 1 0 0  gamrm/rd No 



Xi 

Fe Geochcn;icnl A A  Setting 

LCmp - Fe '-twiiyyli . 

- Do n o t  u s e  n i u l t i  e l emen t  Fe 

C u r r e n t  10 #4 S l i t  2 A  

Wavelength 3440.6 D i a l  317 .5  

F u e l  - Acetylene Flow 1-4.. O 

Ox idan t  - A i r  Flow 14 .0  

Burne r  - PE S h o r t  P a t h  90' 

. .  

. .. , 

Range 

0 - 5000 ga~runa/niJ. 0.1 x % - 0 to 10.0% 

o - 10 ,000  ganma/rnl 0.2 x % - 0 t o  20.0% 

Highe r  Fe - LO x d i l u t i o n  

r 
Weigh 5.000 gms i r o n  w i r e s ,  i n t o  beaker, add H20, 3C1, KN03, 

Hc104, h e a t  to H C ~ O ~  f u n e s .  A d d , F I C l 0 4  t o  100 m l s  $. 3-00 rids 

H20, w a r m p  d i : iu te  t o  500 mls - .  

P i p e t t e  

1, 5 8  10, 20, 30, 50,  80 mls 10 ,000  ganinia/ml d i l u t e  t o  lG0 

rnls w i t h  20% H c l O 4  t o  g i v e  

1-00, 5008 1000, 2000, 3000,  5000, 8000 gar[una/nJ t o  be 

e q u i v a l e n t  t o  . 2 8  1.0, 2.0, 4.0, 6 . 0 ,  lO.C%, 16.0% Fe i n  geochem 

s an-tpl e 

... ..._._I. 



. .  x 11. I 

. N i  Geochemj.ca1. A A  S e t t i n g  

Lz?mp P . E .  H/C. 

Cu I: r e n t 1 0 #4, S l i t  2 A  

Wave l e n g t h  3415 Dial. 3 1 2 . 5  

F u l e  - A c e t l y l e n e  Flow 1 4 . 0  

Nj.  or m u l t i  e l e m e n t  Cu, N i ,  C o ,  Mn, C r  

Oxidant  - A i r  Flow 1.4.0 

Burner  AB 51 i n  l i n e  

Range 

0 - 20 ganuna/ral F a c t o r  4x  - 0 - 400 ppm 

0 - 100 gamna/ml F a c t o r  2 0 x  - 0 - 2000  garma 

45' 0 - 200 ganuna/ml. F a c t o r  40x  - 0 - 4000 ppru 

0 - 500 garrirtm/nd F a c t o r  1OOx.- 0 - 10,000 ppm 

I 

N i  i n  wa te r s  a n d  v e r y  l o w  ranges 

Wave l e n g t h  2320  D i a l  113 

Range 0 - 5 gartima/rnl F a c t o r  lx - 0 - 100 ppm 

S t a n d a r d s  10,000 garrima/nd- 

1 . 0 0 0  gni pur'e N i  metal d i s s o l v e d  i n  HC1,  HNO3, HC104 t o  

perchlor ic  fumes, d i l u t e  t o  100 nil H,O 

1000 gcwna/rid and 100 ganurm/rd S u c c e s s i v e  l o x  d . i l u t i o n s  i n  20% HClC 

1, 2, 5, 9, 10 1-111-s of 100 ganma/nll 

2, 5, 8, 10 m l s  1000 garrma/n]l 

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

HC104. This g i v e s  

I., 2, 5 ,  8, 10, 5 0 ;  

Conibined S t a n d a r d s  - Cu, N i ,  C o , '  Pb, 

500,  809, 

Zn i s  u s e d  as a work ing  

s t a n d a r d  



Cu Geochemical AA S e t t i n 2  

Lainp S i n g l e  Cu or 
(. w 

5 m u l t i  e l e m e n t  

C u r r e n t  10 for p u l t i  eleriient #4 S l i t  7A 

f 

.. 
4 for s i n g l e  X3 S l i t  7A 

Wavelength 3247 Dia l :  280 

Burner  T e c h t r o n  AB 51 (For  Cu in ;iatural wa te r s )  

P.E. S f io r t  P a t h  (For  geochern) 

F u e l  A c e t y l e n e  F l o w  14 

O x i d a n t  A i r  Flow 1 4  

Range 

0 - 5 gamma/nil 

0 - 20 gamnia/ml Factor 4x t o  4.00 ppm 

F a c t o r  l x  t o  100 ppm ( for  l o w  CU)  

Burner  90 

0 - 200 gamma/ml F a c t o r  

Wavelength  2492 D i a l  1 4 7  

Burner  i n  l i n e  

40k t o  4000 pprn 

Range 

0 - 1000 gamma/ml Factor 200x t o  20,000 p p m  

0 2000 gamma/ml F a c t o r  400x t o  p 0 , O O O  p p m  

Hicjher r a n g e  t h a n  40,000 p p m . r e q u i r e s  lox d i l u t i o n  

Standards 

xiii 

. ..,. 
I 

1.000 gm metal powder, H20 ,  HCl, HNO3 u n t i l  d i s s o l v e d ,  add 

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



xiv 

1 0 0 0 ~ g m a / m l  l ox  d i l u t i o n  above i n  20% HC104 

2000 gamnia./ml 20 r d s  10,000 g*anuna/ml - d i l u t e  t o  100 rnls i n  
qw 

20% HC104 

100 gamnia/niJ. l ox  d i l u t i o n  1000 garrrna/ml d i l u t e  t o  100 m l s  i n  

20% ~ ~ 1 0 4  

200 gamma/ml l ox  d i l u t i o n  2000 ganrna/nl d i l u t e  t o  100 m3.s i n  

20% ~ c l O 4  

P i p e t t e  

. .. * 

1, 2, 3, 5, 8, 10 m l s  100 gamma/ml - d i l u t e  t o  100  m l s  w i t h  
. .  

20% HC104 t o  give 1, 2, 3, 5, 8, 1 0  gama/ml 

Combined s tandards Cu, N i ,  Co,  Pb, Zn 

1, 2, 5,  10, 20, 30, 50, 80 ,  100, 150, 200 garruna/n~l 

. .  

. .  
. .  
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Pb Geochemical  AA S e t t i . n q  

Lanip ASL H/c Pb 

i 

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

Wzve l e n g t h  2 8 3 3  Dial. 208 

Fuel - a.c ,e tylene Flow 1 4  

Oxidant - a i r  

Burner  AB 51 in 

Flow 14 

l i n e  . .., , 

t o  read  0 t o  8 0 .  F a c t o r  5x i> t o  5G0 pprri 

0 - 200 garw,a/ritl t o  read 0 t o  .BO. F a c t o r  5 0 : ~  0 t o  5309 ppm 

1.000 p u r e  metal-, d i s s o l v e d  in IiLqO3, fumed t o  1 - 1 C l O ~ ~  make ~p 

to 100 n i l s  in 20% HC104. 

,1.000 ganuna/ml and 100 yarmta/ml S u c c e s s i v e  10x d i l u t i o n s  i n  

20% €1~104 

P i p e t t e  
1 

. i, 2, 5, 8, 10 mls 103 gartlma/nd 

2, 5,  88 lo, 20 r n l s  1000 gannia/ml d i l u t e  t o  100 mls i n  20% 

s t a n d a r d s  

i 



.. 

. 

lirrrrv' 

\g i n  Soi1.s and c_c- S i 3 . t ~  

R e a g e n t s  and a p p a r a t u s  . 

Test' t u b e s  - pyrex disposable  
' 

T e s t  t u b e s  - screw cap 

* .  Bunsen Burner  

F l u x  - 5 p x t s  Na2C03  

4 p a r t s  NaCI. .-. , 

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

7% SnC12 i n  70% HC1 

20% KSCN i t 1  H 2 0  

E x t r a c t a n t  - 1 p a r t  t r i - n - b u t y l -  p h o s p h a t e  . 
' 9  p a r t s  c a r b o n  t e t r a c h l o r i d e  -_ 

S t and a.r d s 

.18 gms N a 2 W 0 4  2H20 d i s s o l v e d  i n  H 2 0 ,  make up t o  100 rnls 

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

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

and 1.5, 2 m l s  of 100 gamma/rnl - d i l u t e  t o  10 ~ 1 s  

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

A r t i f i c i a l  colors - Nabob p u r e  Lemon Extract ,  d i l u t e  w i t h  1:l 

e t h a n o l .  and  water t o  ma tch .  T i g h t l y  seal  t h e s e  for pern'ianent 

s t a . n d a r d s  

P r o c e d u r e  

1. Weigh 1 . 0  gram sample, add 2 gni f l ux ,  m i x  



Watcr Samples Run for AA 

1.. Cu - 2 gamn!a/nil r eads  80 sca1.e t h e r e f o r e  1 u n i t  = 2 5  pp!3 

2 .  Zn - 1 ganna/nil reads  full scale t h e r e f o r e  1 u n i t  = 10 ppb 

'- w 

3 .  Ni - 2 . 5  ganuna/ml reads 50 scale  t h e r e f o r e  1 u n i t  = 50 ppb 

Burne r :  long s l o t  t e c h t r o n  b u r n e r  i n  l i n e  

. ..,. 
I 

i 

, ".. ., . 
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/- 
2 .  S i n t e r  i n  r o t a r y  for 2 t o  3 ri i inutes (F1u.x d u l l  read for  o n e  

m i  nu t e ) 

3 .  cool,  add 10 m l s  H20,  h e a t  i n  sand b a t h  t o  b o i l i n g ,  cool, l e t  
I 

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

4. S t i r ,  c r u s h ,  and mix. L e t  s e t t l e  

5 .  Take 2 m l  a l i q u o t  i n t o  screw cap t e s t  t u b e  

6 .  Add 7 mls SnC12, h e a t  i n  h o t  w a t e r  b a t h  for 5 m i n u t e s  ( 8 O o C )  

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

8. Add. 1 r n l  20% KSCN, m i x  ( i f  lenimon y e l l o w ;  compare color 

s t a n d a r d .  1 Ox) 

9 .  Add 5 m l  ex t rac tan t , ' cap ,  shake v i g o r o u s l y  1 minut,e 

10. Conipawe color 

6" w 



, . .  x V I 3. i 

1. T r a n s f e r  50 nils t o  1 2 5  sepnratory f u n n e l  

2. Add 5 n i l  .2% fe r r ic  c h i o x i d e  i n  conc HCI. 

3 .  Ad.2 5 I n l s  of inixed YSCN and S ~ I C I . ~  

4. Add l . 2  rnls i s o p r o p y l  ether, shake f o r  1 m i n u t e ,  anci allow 

phases t o  separate 

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

6 .  Conpare t h e  color of ex t r ac t an t  

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

P i p e t t e  0, .28 .5, 1, 2, 3, 4, 5,  mls 'of 1 garma/n:l a.nd I, 1.5, 

2, m l s  of 10 garma/ml d i l u t e  t o  50 rnls w i t h  d e m i n e r a l i z e d  H20, and. 

c o n t i n u e  s tep #2. 

1, 4, LO,  20, 40, 60,  80,  100, 200, 300, 400 ppb 140 

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

me thano l  to r tmtck .  Seal  t i g h t l y  

300 Fpn SnCI.* . 2H20 $. 300 rnls HCI., u n t i l  S n C 1 2  dissolved 
-- 

d i l u t e  t o  2 l i t e r s  

KSCN - 5% i n  H20 

Mixed SiIC12 - KSCN 

3 pa t t s  SnC12 t o  2 p a r t s  KSCN 



X.X 

Sulphate i n  Natural- TJaters 

1. P ipe t t e  0 .5  m l  sulphate  reagent  mix i n t o  a co lo r ime t r i c  tube 

2. Add 5 nl water Saixple and mix 

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

w' . 

' 4 .  Read again a t  4 0 3 F n d  s u b t r a c t  from su lpha te  reading 

5. Cal-culate ppm sulphate  from the graph. 

Reagent 

Dissolve 54. grams r e d  mercuric oxide ( J . T .  Ba?rer 2620- Can Lab) 

in 185 m l  70% perch lo r i c  ac id  and 20 ni l  I-I2O, shake for one hour.  

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

(GFS 39) and 47. g a m s  aluminum perchlora te  L A1 (C104)3 . 3H20 1 
(GFS 2)  Add 400 m l  water t o  d isso lve ,  l e t  se t t le  overnicjht, decant 

i n t o  b o t t l e  and make to. 1 liter 

. 



xxi 

p H  MEASUREMENTS 

S o i l  and dra inage  sediment samples are dampened w i t h  

w a t e r  i n  a glass beaker t o  a p a s t y  cons is tency .  Demineralized 

water i s  used for t h i s  purpose as it h a s  a l o w  b u f f e r  c a p a c i t y  

and t h u s  does n o t  i n f luence  t h e  p H  o f ' t h e  sample. Measurement . 

i s  made with a F isher  Rcumet p H  meter. E lec t rodes  2x13 s t o r e d  
, .  

i n  b u f f e r  overn ight .  A 30 minute w a r m  up t i m e  i s  allowed for 

t h e  ins t rument  each morning. 

w a t e r  sample's f o r  p H  measurement. 

A 10 ml a l i q u o t  is t aken  from 










