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INTRODUCTION: (by  P. H a l l )  

Work has been done on t h e  C o q u i h a l l a  p r o p e r t y  h e l d  by BORDER 

RESOURCES LTD. s i n c e  1969 when t h e  c l a i m s  w e r e  o r i g i n a l l y  

s taked.  Over t h e  years ,  t h e  o r i g i n a l  153 c l a i m s  have been 

reduced i n  number down t o  t h e  p resen t  t w e n t y - s i x  key c la ims .  

These i n  t u r n  a r e  d i v i d e d  i n t o  two d i s c o n t i n u o u s  groups. The 

NORTH Group (17  c l a i m s )  i s  l o c a t e d  on t h e  N o r t h  s i d e  o f  t h e  

C o q u i h a l l a  R i v e r  a t  F i f t e e n  M i l e  Creek, w h i l e  t h e  SOUTH Group 

( 9  c l a i m s )  l i e s  on t h e  West s lope  above Sowaqua Creek some 

5 km South o f  i t s  j u n c t i o n  w i t h  t h e  C o q u i h a l l a  R i v e r .  

The v a l u e  o f  t h e  p r o p e r t y  l i e s  i n  t h e  presence o f  n i c k e l -  

b e a r i n g  s u l p h i d e s  a l o n g  w i t h  Co, Fe and C r  concen t ra ted  i n  t h e  

s e r p e n t i n i z e d  u l t r a m a f i c  h o s t  rock .  T h e  p rob lem t o  d a t e  has 

been t o  d e v i s e  an economic method t o  separa te  t h e  m i c r o s c o p i c  

need les  o f  n i c k e l  f rom t h e  se rpen t ine .  

S ince  1981, m e t a l l u r g i c a l  research  has been conducted on t h e  

p r o p e r t y  by  A-MIN-TECH RESEARCH LTD. o f  Vancouver and by t h e  

CANMET l a b o r a t o r y  i n  Ottawa (D.E.M.R.). V a r i o u s  g r a v i t y  

f l o t a t i o n  methods w e r e  i n v e s t i g a t e d  and were found t o  be t o o  

s low f o r  p r a c t i c a l  use. Magnet ic  c o n c e n t r a t i o n  s e p a r a t i o n  

d i d  n o t  work o u t .  

C u r r e n t  m e t a l l u r g i c a l  a t t e n t i o n  i s  focussed on b i o l o g i c a l  

( b a c t e r i a l )  l e a c h i n g  techniques.  

A f i e l d  t r i p  was conducted on October  27-29, 1988, by t h e  

a u t h o r  and a s s i s t e d  by Dr.  H. Von Hahn, w i t h  t h e  purpose o f  

c o l l e c t i n g  f r e s h  sample m a t e r i a l  w i t h  p a r t i c u l a r  i n t e r e s t  i n  

m a t e r i a l  f rom t h e  a r e a  o f  o r i g i n a l  s i t e  #81-9 c o l l e c t e d  i n  1981. 

The two c o n t a i n e d  r e p o r t s  s e t  o u t  t h e  r e s u l t s  o f  t h i s  b i o l e a c h i n g  

research .  
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BORDER RESOURCES LTD. 

CoQUIHALLA PROPERTY 

CLAIMS SCHEDULE 
D a t e :  7 J u n e  1989 

New W e s t m i n s t e r  M i n i n g  D i v .  
NTS 92H/6  

NORTH GROUP: (17 c l a i m s  - 49°29 'OO"N/121016 '00 "W)  

CLAIM NAME: RECORD NO: ANNIVERSARY: EXPIRY YEAR: 

TAX 5 1 - 5 6  21 629-34 May 26 1991 
N 2 2 - 2 7 , 2 8 F R n 2 9 F R  2 6 3 3 3 - 4 0  J u l y  13  1991 
GWH 2 28025 J u l y  19  I991  
G 1-2 29430-31 J u l y  26 1992 

SOUTH GROUP: ( 9  c l a i m s  - 4 9 ° 2 6 ' 0 0 " N / 1 2 1 0 1 4 ' 0 0 " W )  

CLAIM NAME: 

EV 1-2 
TOY 3-9 

RECORD NO: ANNIVERSARY: EXPIRY YEAR: 

21 703-04 May 22 1992 
21 601 -07 May 26 1992 

A c c u m u l a t e d  c r e d i t s  in P.A.C. a c c o u n t  = $1,602.00 
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SINAR ENTERPRISES CANADA INC.  



Sinar Enterprises Canada Inc. 

SutteseS 303 
134 Abbott Street 
Vancouver, BC. 
Canada V6B 2K4 
Telephone. (604) 6W733I 263 - 03 3 8 
Telex 04-54262 Aurorapac Vcr 

89-05- 15 

MEMORANDUM 

TO : 
Mr. Geoffrey W. Hornby, 
President, 
Border Resources Ltd., 
4547 West 5th Ave., 
Vancouver, B.C., 
V6R 1S6 

From: H. von Hahn, Ph.D 

BR-8 9 - 0 08 

P. Eng., 

, P. Eng 

Subject: Bioleaching of Border Resources serpentine for nickel recovery. 

FINAL REPORT: BIOLEACHING OF NICKEL ORES BY COASTECH RESEARCH INC. 

Attached is the final report of Coastech Research Inc. (two copies) on the 
bioleaching testwork done in recent months on Site 9 and Site 2 samples 
of Border Resources serpentine, together with a cover letter and final in- 
voice. 

W 

The following is a discussion of the results,and conclusions to be derived 
therefrom relative to the further development of the project. 

Leaching Results: 

Nickel: The nickel leaching results are essentially the same as already dis- 
cussed in my Draft Report: MEMORANDUM BR-89-007, dated 89-03-21. After 51 days 
of leaching nickel extractions were 86.8% for -325 mesh ore, 74.9% for -16 
mesh ore, and 63.9% for -1/4 inch ore. Biological activity contributes 
about 15% to the results, the balance coming from the reaction of the serpen- 
tine ore with sulfuric acid in the leach solution (-325 mesh tests). 

These nickel extraction figures are substantially higher than what was achie- 
ved in the flotation testwork done a few years ago. The possibility of a heap- 
leaching operation suggests itself for treating this ore. 

Cobalt, Chromium: Because of analytical problems, results for these elements 
have to be reassessed. The m a t t e r i s t o b e - t a k e n u p w i t h  the analytical labora- 
tory for possible re-analysis. 

Acid consumption: As indicated already in the Draft Report, consumption of 
sulfuric acid is considerable in all tests. An acidity of pH 1.8 to 2.0 is 
required to maintain optimum conditions for bacterial leaching. There is 
evidence that the acid consumption flattens out over time. Please see the 
graph in Figure 1, attached. The causes and significance of this flattening 
out have not been assessed yet; buildup of magnesium ions in the leach sol- 
utions could be a factor. 

w 

. . . ./L 
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Border Resources 

89-05-17 

MEMORANDUM BR-89-008 

The cost of acid consumed on the basis of the current test results would 
make a mining project uneconomic. This point is illustrated in Coastech's 
report with some appropriate figures. This means that the viability of an 
acid leaching process would hinge largely on the successful recovery and 
reuse of the acid. Further discussion of this point occurs under the 
next heading. 

Magnesium: Assays done on the final leach solutions show considerable con- 
centrations of magnesium ions in solution. The magnesium is present as the 
sulfate. The concentration levels are consistent with the amount of acid 
consumed. The presence of magnesium reflects the decomposition of serpen- 
tine by acid. The following equation describes this reaction: 

Mg6(Si+0lo)(OH)e+ 6H2SO4 + 6MgS04 + 4Si02 + 10H20 
(antigorite) 

Magnesium sulfate can be precipitated from solution as the epsom salt, 
MgS04.7H20. Sulfuric acid could be recovered from it by thermal decompo- 
sition; the net reaction being essentially as follows: 

MgS04 + H20 -+ MgO + H2S04 
Decomposition of MgS04 occurs at around llOO°C. 

The MgO, also known as magnesia, accruing from the decomposition reaction, 
is a marketable product,used mainly in high temperature refractories in 
the metallurgical industry. The sale of magnesia would have to serve to 
pay for the cost of acid recovery. 

Silica: Silica, Si02, is another decomposition product of serpentine; oc- 
curring probably as hydrous silica or silica gel. The present report does 
not include any evaluation of the amount and nature of silica produced dur- 
ing the leaching reaction; although two assays for possible silica in solu- 
tion are still butstanding. 

Silica does not have a high market value except in a high purity highly 
dispersed form, such as fumed silica. However, its possible recovery and 
upgrading should not be ignored in any process development. 

Further development: The next step in the current project should involve 
column leaching tests with fine crushed material, say,-1/4 inch material, 
to establish steady state conditions by recirculation of solutions, determine 
precipitation characteristics of magnesium sulfate, recover nickel and 
cobalt as well as chromium, evaluate the effect of silica on leaching. 

Qvv 

. . . . / 3  
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Border Resources 

89-05-17 

MEMORANDUM BR-89-008 

In the context of the foregoing it is to be noted that considerable work 
has been done in past years on the leaching of serpentine asbestos tail- 
ings with various acids, including sulfuric acid. Such work has also in- 
cluded the leaching of asbestos tailings that exist in the Eastern Town- 
ships of Quebec, e.g., at Thetford Mines. However, no evidence of the use 
of bacterial leaching has been noted. This work on asbestos tailings, in- 
cluding any possible future contemplated work will have to be taken into 
consideration in the process development €or the Border Resources deposit. 

attachments 

Signed : 
Eng . 

.../ 4 Figure 1 
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Border Resources 

89-05-17 

MEMORANDUM BR-89-008 
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FIGURE 1: ACID WSUMPTION AS A FUNCTION OF TIME. 
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SUMMARY 

A laboratory test program has been carried out for Border 
Resources Limited to evaluate the bioleaching of two samples of 
nickel serpentine ore (Site 9 and Site 2). The principal 
findings and conclusions are as follows: 

The average head assays of Site 9 and Site 2 ores were 
0.20% and 0.22% Ni respectively. Calculated head assays 
from the bioleach test mass balances were in close 
agreement. 

Bioleach shake flask tests on minus 1/4 inch, minus 16 
mesh, and minus 3 2 5  mesh Site 9 ore gave nickel 
extractions of up to 86.7%. The addition of pyrite 
produced greater bacterial activity although extractions 
were not enhanced. Extractions in tests with no bacteria 
were around 69%. 

Bioleach tests on Site 2 ore with the addition of pyrite 
gave a nickel extraction of 74.2% compared with 6 5 . 3 %  for 
a test with no pyrite addition. Extraction with no 
bacteria were also around 65%. 

Sulphuric acid consumptions were high for all tests. For 
Site 9 ore consumptions were in the range300 to 360 kg/t. 
For Site 2 ore. consumptions were 3 4 0  to 410 kg/t. At 
current nickel prices, acid costs exceed the value of 
recoverable nickel 

summary of the results is shown overleaf. 

COASTECH 



BORDER RESOURCES 

B IOLEACHING OF N I C K E L  ORE 

SUMMARY 

N I C K E L  EXTRACTION (%I 
ORE GR I ND P Y R I T E  BACTERIA  S o l u t i o n  from M a s s  

S I Z E  ADD1 T I O N  ADDED B a s i s  B a l a n c e  

S I T E  9 - 1 / 4  inch Y e s  Y e s  63.9 71.3 

S I T E  9 - 16 mesh Y e s  Y e s  74.9 72.3 

S I T E  9 -325 mesh N o  Y e s  86.8 78.4 

S I T E  9 -325 mesh Y e s  Y e s  86.7 80.4 

S I T E  9 -325 mesh N o  N o  69.2 62.5 

S I T E  9 -325 mesh Y e s  No 69.4 64.7 

S I T E  2 -325 mesh No Y e s  65.3 70.4 

S I T E  2 -325 mesh Y e s  Y e s  74.2 70.4 

S I T E  2 -325 mesh N o  N o  64.8 67.2 

S I T E  2 -325 mesh Y e s  N o  69.4 66.9 

COASTECH 
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BIOLEACHING OF NICKEL ORES 

1.0 TERMS O F  REFERENCE 

Following discussions between Dr. H. von Hahn, consultant 
to Border Resources, and Dr. R.W. Lawrence, Coastech Research 
Inc., in October, 1988, Coastech provided Border Resources with 
a schedule and cost estimate (letter from R.W. Lawrence to G. 
Hornby, October 4 ,  1988) to carry out a laboratory test program 
to evaluate the bioleaching of a nickel serpentine ore from a 
property located in British Columbia. The scope of the testwork 
was to carry out shake flask bioleach tests, with and without 
the addition of pyrite, and with and without the addition of 
bacteria, on various particle sizes up to 1/4 inch, as a 
preliminary evaluation prior to the possible execution of a 
heap leach evaluation test program. 

In November, 1988, 6 ore samples from the deposit were 
received for selection of a suitable test material, to be based 
on head nickel assay. Two ores (Site 2 and Site 9 )  were 
selected for the test program, the scope of which was finalized 
in discussions between Dr. von Hahn and Dr. Lawrence in 
December, 1988. 

This report presents the results of this test program 
carried out between December, 1988 and April, 1989. 

COASTECH 



2.0 EXPERIMENTAL 

2.1 Samples 

6 ore samples were received at Coastech on November 1, 
1988. The ores were labelled as follows: 

Site 9 (88/10/29) 2.65 kg 
Site 4E (88/10/29) 1.24 kg 
Site 4W (88/10/29) 1.04 kg 
Site 2 (88/10/29) 2.18 kg 
Site 1 (88/10/29) 1.52 kg 
Sample D (88/10/27) 1.37 kg 

Each sample was cone crushed and sub-sampled by riffling 
for duplicate assay, the results (mean values) of which were as 
f 01 lows : 

ORE SAMPLE Ni (T) 
% 

Ni (S=) 
% 

SITE 9 0.20 
SITE 4E 0.20 
SITE 4W 0.21 
SITE 2 0.24 
SITE 1 0.21 
SAMPLE D 0.18 

0.085 
0.015 

< 0.010 
0.035 
0.045 
0.025 

s (TI 
% 

< 0.002 
< 0 .006  
0.028 

< 0.001 
0 .006  

< 0.001 

On the basis of the above assays, Site 9 and Site 2 ores 
were selected for the test program. Site 9 ore was prepared for 
the test program by crushing, pulverizing and rod-milling as 
required to produce (nominally) minus 1/4 inch, minus 16 mesh, 
and minus 325 mesh material. Site 2 material was crushed and 
rod-milled to minus 325 mesh. Further duplicate head assays of 
the ores gave the following results (mean values): 

COASTECH 



ORE SAMPLE Ni co s (TI 
% % % 

SITE 9 (-16 mesh) 0.20 0.012 0,130 
SITE 9 (-325 mesh) 0.22 0.012 0.115 

SITE 2 (-325 mesh) 0.25 0.012 0.084 

2.2 Bioleach Tests 

Bioleach tests on both Site 9 ore (-1/4 inch, -16 mesh, 
and -325 mesh) and Site 2 ore (-325 mesh) were carried out 
using standard shake flask procedures. Tests were performed 
with and without the addition of pyrite (in duplicate), and 
with and without the addition of bacteria, as follows: 

TEST # ORE MESH SIZE PYRITE BACTERIA 

A100 Site 9 
A101 Site 9 
A102 Site 9 
A103 Site 9 
A102 C Site 9 
A103 C Site 9 

BlOO Site 2 
BlOl Site 2 
BlOO C Site 2 
BlOl C Site 2 

- 4 inch 
- 16 mesh 
-325 mesh 
-325 mesh 
-325 mesh 
-325 mesh 

-325 mesh 
-325 mesh 
-325 mesh 
-325 mesh 

Yes 
Yes 
No 
Yes 
No 
Yes 

No 
Yes 
No 
Yes 

Yes 
Yes 
Yes 
Yes 
No 
No 

Yes 
Yes 
No 
No 

A high grade pyrite concentrate containing 88 % pyrite was 
added to the designated tests to give 5 % by weight of pyrite 
in the ore. Thymol was added to non-bacterial tests to prevent 
bacterial growth due to contamination. The tests were monitored 
periodically for p H  and redox, and sampled for soluble nickel 
analysis. Sulphuric acid was added as required to maintain pH 
below 2.0. At the termination of the tests, the duplicate 

COASTECH 



pulps were combined and all test pulps were filtered and the 
solid residues washed, weighed and analyzed for Ni, Co, amd Mg. 

2.3 Assays 

Assays for Ni species, Co, and S in solids, and for Ni, 
Co, and Mg in bioleach solutions, were carried out by Chemex 
Laboratories, North Vancouver, B.C. 

3 . 0  RESULTS AND DISCUSSION 

The results of the bioleach tests are presented in 
Appendix 1. These provide details of the redox and soluble 
nickel values from test sampling, including nickel extractions 
based on soluble nickel and head assay, and final sulphuric 
acid consumptions; final bioleachate composition; and final 
mass balances showing nickel extractions and calculated head 
assays. 

Considerable quantities of sulphuric acid were required 
throughout the tests to maintain pH below 2.0 ,  particularly in 
the early stages. Final consumptions were in the range 300 to 
360 kg H2SO4 /tonne for Site 9 ore, and 340 to 410 kg/t for 
Site 2 ore. 

For Site 9 ore, nickel extractions up to 86.7% were 
obtained. Extractions were higher for the finer ore size. The 
addition of pyrite did not appear enhance extraction for this 
ore at -325 mesh, although the higher redox values with pyrite 
addition suggests a higher level of bacterial activity. The 
control tests (no bacteria) gave lower extractions around 69% 

indicating that the addition of bacteria had a beneficial 
effect. 

COASTECH 
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For Site 2 ore, the highest nickel extraction of 74 .2% was 
obtained with pyrite addition. Without pyrite, the extraction 
value was 6 5 . 3 %  which is very similar to the extractions 
obtained in the control tests. 

For both ore types, calculated head values correlate well 
with the assayed head values. Correspondingly, extractions 
based on solution assays or on mass balance are in close 
agreement. 

At current nickel prices ($6.70/lb, LME) , the recoverable 
nickel ( 0 . 2 0  % Ni, 80% extraction) would be around $ 2 4  per 
tonne. Acid consumption alone would cost around $35 per tonne 
($100/t acid, 3 5 0  kg/t consumption). On this basis, the 
processing of the ore in an acidic process would not appear to 
be viable. 

COASTECH 
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BORDER RESOURCES 

BIOLEACHING OF NICKEL ORE 

S I T E  9 ORE 

I 
I 

I 
I 
I 

TEST I 

S I T E  9 I 
- 1 / 4  inch I 
+ pyr i te  I 

I 
I 

N i  in  Ni ACID 

T IME REDOX SOLUTION EXTRACTION CONSUMPTION 

(days) (mV) (mg/L) ( W  ( k g / t  1 

13 442 125 34.4 
18 417 220 61.1 
29 457 152 43.5 
41 464 184 53.1 
51 551 220 63.9 335 

I 
S I T E  9 I 13 455 140 38.5 

+ pyr i te  I 29 473 192 54.4 
I 41 503 1 76 51 .o 

-16 mesh I 18 419 180 50.2 

I 51 450 260 74.9 360 

I 
S I T E  9 1 13 470 200 55.0 

-325 mesh I 18 443 230 64.3 

no p y r i t e  I 29 449 240 68.2 
I 41 500 192 56.2 
I 51 509 300 86.8 365 

I 
I 

S I T E  9 I 13 464 180 49.5 

-325 mesh I 18 438 210 58.7 

+ p y r i t e  I 29 435 192 54.8 
I 41 571 256 73.3 
I 51 559 300 86.7 340 

I 
S I T E  9 I 13 4 74 110 30.3 

-325 mesh I 29 44 1 184 52.0 
no pyr i te  1 41 403 184 52.9 
+ thymot I 51 3 78 240 69.2 315 

CONTROL I 18 429 170 47.3 

I 
S I T E  9 I 13 4 74 110 30.3 

CONTROL I 18 429 160 44.6 

-325 mesh I 29 439 192 54.2 

+ thymol I 51 362 24 0 69.4 301 
+ pyr i te  I 41 387 208 59.5 



BORDER RESOURCES 
BIOLEACHING OF NICKEL ORE 

SITE 2 ORE 

I 
I Ni in Ni ACID 

TEST I TIME REDOX SOLUTION EXTRACTION CONSUMPTION 
I (days) (mV) (mg/L) (a (ks/t) 

I 
SITE 2 I 13 470 120 26.4 

no pyrite I 29 446 248 56.1 
I 41 422 288 65.9 
I 51 510 280 65.3 390 

-325 mesh I 18 454 260 57.7 

I 
SITE 2 I 13 470 140 30.8 

-325 mesh I 18 442 2 70 60.0 

+ pyrite I 29 445 256 58.0 
I 41 384 288 66.0 

I 
I 

I 51 477 320 74.2 41 1 

SITE 2 I 13 4 74 110 24.2 

CONTROL I 18 425 230 51 .O 

-325 mesh I 29 44 1 240 54.2 
no pyrite I 41 382 208 48.1 
+ thymol I 5 1  359 280 64.8 344 

I 
SITE 2 I 13 4 74 110 24.2 

CONTROL I 18 425 240 53.2 

-325 mesh I 29 44 1 280 63.0 

+ thymol I 51 355 300 69.4 346 
+ pyrite I 41 376 208 48.3 



BORDER RESOURCES 
BIOLEACHING OF NICKEL ORE 

FINAL BIOLEACHATE COHPOSITION 

I 
TEST CONDITIOUS I SOLUTION ASSAY 

ORE I co Cr Hg 
GRIN0 PYRITE BACTERIA I (mg/L) (mg/L) (g/L) 

I 

I 

I 

I 

I 

I 

SITE 9 -1/4 inch Yes Yes I < 8 < 10 21 .o 

-16 mesh Yes Yes I < 8 < 10 35.0 

-325 mesh NO Yes I < 8 < 10 28.0 

-325 mesh Yes Yes I < 8 < 10 13.3 

5.7 -325 mesh NO No I < 8  < l o  

-325 mesh Yes No I < 8  < l o  21 .o 

i -  I 

I 

I 

I 

SITE 2 -325 mesh No Yes I < 8 < 10 10.9 

-325 mesh Yes Yes I < 8 < 10 15.1 

-325 mesh NO No I < 8  < l o  8.7 

-325 mesh, Yes No I < 8  < l o  22.0 



BORDER RESOURCES 

BIOLEACHING OF NICKEL ORE 

F I N A L  MASS BALANCE 

I I 
I 

I GRIND P Y R I T E  BACTERIA I (g) (% N i l  (% N i l  (%I 

TEST CONOITIONS I F I N A L  RESIDUE CALC N i  

ORE I I WEIGHT ASSAY HEAD EXTRACTION 

I 

I 

I 

I 

I 

I 

S I T E  9 I - 1 / 4  inch 

I -16 mesh 

I -325 mesh 

I -325 mesh 

I -325 mesh 

I -325 mesh 

I 
Y e s  Y e s  I 

I 
Y e s  Y e s  I 

I 
N o  Y e s  I 

I 
Y e s  Y e s  I 

I 
No N o  I 

I 
Y e s  N o  I 

7.35 0.07 0.179 71.3 

8.20 0.07 0.207 72.3 

7.95 0.06 0.221 78.4 

8.45 0.05 0.216 80.4 

8.30 0.10 0.222 62.5 

8.40 0.09 0.214 64.7 

I 

I 

I 

I 

S I T E  2 I -325 mesh 

I -325 mesh 

I -325 mesh 

I -325 mesh, 

I 

I 

I 

I 

N o  Yes I 7.30 0.10 0.247 70 .4  

Yes Y e s  I 8.10 0.09 0.247 70.4 

No N o  I 7.70 0.11 0.258 67.2 

Y e s  N o  I 8.60 0.10 0.260 66.9 
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CONCLUSIONS AND RECOMMENDATIONS 
(P. H a l l )  

I.. B a c t e r i a l  l e a c h i n g  i m p r o v e s  n i c k e l  e x t r a c t i o n  b y  
a t  l e a s t  15% o v e r  e a r l i e r  f l o t a t i o n  p r o c e d u r e s .  

2. The h i g h  r a t e  o f  c o n s u m p t i o n  o f  s u l p h u r i c  a c i d  i n  
t h e  t e s t s  i s  a m a j o r  c o s t  f a c t o r .  

3. The s u c c e s s  o f  b a c t e r i a l  l e a c h i n g  f o r  C o q u i h a l l a  
n i c k e l  a t  c u r r e n t  W o r l d  n i c k e l  p r i c e s  i s  l i n k e d  t o  
t h e  economic  r e c o v e r y  o f  t h e  s p e n t  s u l p h u r i c  a c i d  
u s e d  i n  t h e  p r o c e s s .  

4. R e s e a r c h  i n t o  t h i s  r e c o v e r y  t e c h n o l o g y  i s  recommended. 



W 
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STATEMENT OF COSTS 

FIELDWORK : 
2 days - s a m p l e  c o l l e c t i o n / s u r v e y i n g  

P. H a l l  - p r o s p e c t o r  - @ $15O./day 
H. v o n  Hahn  - a s s i s t a n t  - @ $lOO./day 

M e a l s  8. c o n s u m a b l e s  

T r a n s p o r t a t i o n :  c r e w  t r u c k  
V a n c o u v e r  - F i f t e e n  M i l e  C r e e k  
4 X 184 km X 25%@/km 

Camera  f i l m  8. d e v e l o p i n g  

MAP DRAFTING: 
P r o m a p  D r a f t i n g  L td .  i n v o i c e  

BIOLEACH RESEARCH PROGRAMME : 
SINAR ENTERPRISES CANADA I N C .  

I n v o i c e s  - 17-10-88 
- 16-3-89 
- 13-4-89 
- 29-5-89 

COASTECH RESEARCH INC.  
I n v o i c e s  - 16-3-89 

- 13-4-89 
- 29-5-89 
- 29-5-89 

ADMINISTRATION: 
R e p o r t  a s s e m b l y  and f i l i n g  

P. H a l l  - 2 days o f f i c e  Q $ 2 5 0 . / d a y  
S t a t i o n e r y ,  r e p o r t  b i n d e r s  8, p r i n t i n g  

$300.00 
200.00 

35.22 

187.68 

18.91 

276.58 

300.00 
1,029.27 
1,016.70 

692.11 

1,830.04 
1,790.20 
1,790.20 
1,076.75 

500 .00  
22.00 

COST OF PROJECT = $11 ,065.66 
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I, P e t e r  S. H a l l ,  o f  t h e  C i t y  o f  Vancouver, B r i t i s h  
Columbia,  do hereby d e c l a r e  t h a t :  

1 )  I am a graduate  o f : -  

a )  The U n i v e r s i t y  o f  B r i t i s h  Columbia 
i n  Resource Geography; and, 

b )  The B.C. & Yukon Chamber o f  Mines 
P r o s p e c t i n g  Schoo l  (1972) ;  and, 

c )  The B.C. & Yukon Chamber o f  Mines 
P l a c e r  M i n i n g  Programme ( 1 9 8 8 ) ;  and, 

2 )  I have worked i n  t h e  B.C. M i n i n g  I n d u s t r y  a t  
m i n e r a l  e x p l o r a t i o n  and l a n d  management s i n c e  
1 9 6 9 ;  and, 

3 )  I p a r t i c i p a t e d  i n  t h e  f i e l d w o r k  r e f e r e n c e d  i n  t h i s  
r e p o r t  and do hereby a t t e s t  t h a t  t h e  c o s t s  quoted 
f o r  i t  a r e  b o t h  reasonab le  and c o r r e c t .  

S igned a t  Vancouver, B.C. 
t h i s  1 5 t h  day o f  June 1989 

- 
P e t e r  S .  H a l l ,  BA 
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I, G e o f f r e y  W. Hornby, o f  Vancouver, B r i t i s h  Columbia,  do 
hereby s t a t e  and d e c l a r e  as f o l l o w s : -  

I .  I am a c o n s u l t i n g  g e o l o g i c a l  eng ineer .  

2. I am a g radua te  o f  t h e  U n i v e r s i t y  o f  B r i t i s h  Columbia 
w i t h  a BSc. i n  Geology (1953) .  

3. I am a r e g i s t e r e d  p r o f e s s i o n a l  eng ineer  i n  t h e  
P r o v i n c e  o f  B r i t i s h  Columbia. 

4 .  I have, on b e h a l f  o f  Border  Resources L t d . ,  s u p e r v i s e d  
and d i r e c t e d  t h e  work desc r ibed  and con ta ined  w i t h i n  
t h i s  r e p o r t  and I am f a m i l i a r  w i t h  t h e  c o n t e n t s  o f  i t .  

5. I hereby c e r t i f y  t h a t  t h e  c o s t s  charged p e r t a i n i n g  t o  
t h e  work o f  t h i s  r e p o r t  and amounting t o  t h e  sum o f  
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S igned a t  Vancouver, B.C. 
on t h i s  22;~ day o f  June, 1989. 






