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INlNDUCTION: (by P. Hall) 

Work has been done on the Coquihalla property held by BORDER 

RESOURCES LTD. since 1969 when the claims were originally staked. 

Over the years the original 153 claims have been reduced in 

n d e r  down t o  the present twenty-six key claims. These in  turn 

are divided into tsm discontinuous groups. The North Group 

(17 claims) is located on the North side of the Coquihalla River 

a t  Fifteen Mile Creek, while the South Group (9 claims) l i e s  on 

the West slope above Sowaqua Creek suw 5 la South of its junction 

with the Coquihalla River. 

Following considerable metallurgical research by A-MIN-TEm 

RESEARCH LTD. of Vancower as described in the assessment report 

dated 22 May 1981, it was decided that m r e  detailed m r k  than 

what could be done in  Vancower with the equipment available wid 

have to  be conducted. The CNWX laboratory in Ottawa, n m  by the 

Federal DEP- OF EXERGY, MINES & RESOURCES was selected as the 

agency t o  perform this  mrk.  

On 16 June 1982, a l e t t e r  of agreement was signed by BORDER and 

CANMFT t o  undertake further research designed t o  discover a method 

for extracting microscopic needle-like concentrations of nickel 

mineralization from the serpentinized ul t ramfic  host rock. 

A f i e ld  t r i p  was carried out on 5-6 October 1981 led by Dr. J.A. 

Chamberlain, P . W .  w i t h  the writer as  assistant,  t o  locate 

appropriate sample s i t es  for  the future bulk sampling needs. 

Eleven s i t e s  were sampled and assayed, but by the time the review 

of the data was completed, the year had advanced so f a r  that 

winter snow conditions rendered the property inaccessible unti l  

l a t e  Spring of the following year. On 23 July 1982 a helicopter- 

supported f ie ld  crew succeeded in obtaining a bulk sample from 

each of the tsm selected s i t es ,  Nos. 9 and 11, in the range of 

350 kg per s i t e .  Appropriately detailed location maps of these 

s i t es  were included in the assessment report f i l ed  on this mrk  

on 27 July 1982. 



027 26 July 1982, these samples were sent to Ottawa where they were 

stored unti l  laboratory time could be scheduled to work on them. 

'Ihis t h e  became available in January 1983 and continued on through 

to March 1984. During this period, t m  reports on the progress of 

the research were generated. 'Ihe f i r s t  report by Cristovici e t  a l ,  

dated July 1983, outlined the investigative metallurgical procedures. 

Zhe second report dated February 1984 by P.R. Mainwaring tabulates 

the results of the mineralogical research. Both these reports are 

contained as part of this  present canpilation. 

'Ihe entire project was supervised by BORDER'S Vancouver-based 

consultant, D r .  H. von Hahn of A-MIN-TECH RESEARW LTD. 

'Ihis present report t a l l i es  assessment credits in the anrnmt of 

$23,256.36, equating to 116 unit years, or just over 4 years per 

claim. Since the metallurgical work described in this report 

dragged on over a very long period of time and since fi l ing of 

it could not be done unt i l  the results and costs were in, a portion 

of the expenditure on the work may have to be disqualified as not 

canplying fully with Section l ( 4 )  of the Mineral Act Regulations. 

Unless Ministerial dispensation can be obtained to waive this 

requir-t, those claims having an anniversary this May will be able 

only to  derive value £ran those costs recorded af ter  May 1983 and 

which ammt to  $13,176.76. 'Ihose claims with a July anniversary can 

draw upon $12,386.73, which differs only by the deletion of the June 

billing of $790.03. 'Ihe tota l  claim year credits available i s  

therefore 65 and the $10,256.36 overall difference between the 

tota l  expenditure of $23,256.36 and the $l3,OOO.OO assessment 

application should quai* for P.A.C. fund inclusion under the 

3-year scope of Section 12(1) Regs. 

Despite that the bulk samples used in this  research were obtained 

exclusively from claims "N25" and "N27" of the North Group, the 

continuity and nature of the deposit are such that the results 

obtained in this study are believed to  apply equally to  the South 

Group- 
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INVESTIGATION TO RECOVER Ni-Co-Fe-Cr FROM ORE SAMPLES 

SUBMITTED BY BORDER RESOURCES 

by 

M.A. C r i s t o v i c i * ,  M.M. Raicevic**, P. Lachapel le*** 

ABSTRACT 

Samples of  s e r p e n t i n e  o r e  c o l l e c t e d  f r o m  a  d e p o s i t  l o c a t e d  i n  B r i t i s h  

Columbia were i n v e s t i g a t e d  f o r  t h e  r e c o v e r y  o f  N i .  Co. Fe and  Cr. 

The s a m p l e s  e x h i b i t e d  low c o n t e n t  i n  t h e  metals o f  i n t e r e s t :  0.2% Ni; 

0.012% Co; 6.24% Fe and 0.27% C r .  

The r e c o v e r y  of  Ni-Co by f l o t a t i o n  was d i f f i c u l t  t o  a c h i e v e  due  t o  t h e  

i n t i m a t e  a s s o c i a t i o n  o f  t h e  v a l u a b l e  m i n e r a l s  and t o  t h e i r  s l o w  r e s p o n s e  t o  

f l o t a t i o n .  Var ious  l e v e l s  o f  N i  and  Co c o n c e n t r a t i o n  were o b t a i n e d  by 

s u c c e s s i v e  f l o t a t i o n  c l e a n i n g s .  A t  6% N i  and 0.3% Co t h e  r e c o v e r y  i n  open  

c i r c u i t  w a s  30% f o r  b o t h  m e t a l s .  

The s e p a r a t i o n  o f  Fe and C r  m i n e r a l s  by magne t i c  c o n c e n t r a t i o n  was n o t  

p o s s i b l e .  Also  t h e  u p g r a d i n g  o f  t h e  N i  f l o t a t i o n  t a i l i n g  o r  t h e  o r i g i n a l  

o r e  by magne t i c  s e p a r a t i o n  t o  s a l e a b l e  i r o n  c o n c e n t r a t e  c o u l d  n o t  be 

ach ieved .  C o n c e n t r a t e s  o f  o n l y  40% Fe a n d  1.4% Cr were  o b t a i n e d  f o r  a  

r e c o v e r y  o f  33% f o r  Fe and 30% f o r  Cr. 

Recommendations a r e  made t o  c o n t i n u e  t h e  e x p l o r a t i o n  o f  t h e  d e p o s i t  

s e a r c h i n g  f o r  zones of  b e t t e r  m i n e r a l i z a t i o n .  I n v e s t i g a t i o n  t o  upgrade t h e  

o r e  s h o u l d  resume when o r e  o f  b e t t e r  q u a l i t y  i s  found. 

*Research S c i e n t i s t ,  **Superv i s ing  Resea rch  Techn ic ian .  ***Research 

T e c h n i c i a n ,  Minera l  P r o c e s s i n g  L a b o r a t o r y ,  Minera l  S c i e n c e s  L a b o r a t o r i e s ,  

CANMET, Energy ,  Mines a n d  Resources  Canada, Ot tawa,  O n t a r i o .  
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INTRODUCTION 

Following t h e  reques t  of Border Resollrces Ltd. of Vancouver, B.C. an  

i n v e s t i g a t i o n  was i n i t i a t e d  t o  s tudy the  p o s s i b i l i t y  of recovering nickel-  

bear ing  su lph ides  and o t h e r  va luable  minera ls  of Co. Fe and C r  from a  

s e r p e n t i n e  o r e  depos i t  located i n  B.C. 

A company providing consul t ing  s e r v i c e s  i n  minera l  processing. A-Min- 

Tech Research Ltd. a l s o  of Vancouver, B.C., a c t ed  a s  a  t e c h n i c a l  advisor  

f o r  Border Resources Ltd. 

Previous t e s t w r k  performed by A-Min-Tech Research on some samples 

o r i g i n a t i n g  from Border Resources d e p o s i t  was focused on Ni-Co f l o t a t i o n  

and i n d i c a t e d  t h a t  the  upgrading of the  o r e  t o  s a l e a b l e  concen t ra t e  a t  a  

good meta l  r ecover i e s  was d i f f i c u l t  t o  achieve. 

CANMET c a r r i e d  out a  reduced t e s t  program a t tempt ing  t o  improve t h e  

Ni-Co f l o t a t i o n  r e s u l t s  obtained by A-Min-Tech and t o  achieve  concent ra t ion  

of t h e  i r o n  and chromium minerals  by magnetic sepa ra t ion .  Also, t h e  

preconcent ra t ion  of a l l  va luable  minerals  by g r a v i t y  s e p a r a t i o n  method was 

t r i e d .  

The b e s t  Ni-Co f l o t a t i o n  concen t ra t e s  were assayed f o r  prec ious  metals  

t o  determine t h e i r  poss ib le  concen t ra t ion  i n  the  f i n a l  products.  

F i n a l l y ,  microscopic examination was performed i n  t h e  Mineralogical  

Laboratory t o  i n v e s t i g a t e  the  na ture  of Ni-Co mine ra l i za t ion  and the  

a s s o c i a t i o n  of t h e  minerals .  The r e s u l t s  of t h i s  work w i l l  be repor ted  

under a  s e p a r a t e  cover. 

The progress  and r e s u l t s  of t h e  testwork were examined and d isscused  

i n  f r equen t  meetings and telephone conversa t ions  with D r .  H. von Hahn of 

A-Min-Tech b s e a r c h  Ltd. 



- l o  - 

OBJEaIVES OF THE TESTWORK 

The o b j e c t  of t h e  t e s t w o r k  w a s  t o  i n v e s t i g a t e  t h e  p o s s i b i l i t y  o f  

o b t a i n i n g ,  by m i n e r a l  d r e s s i n g  methods,  from Border Resources  s e r p e n t i n e  

samples  t h e  f o l l o w i n g  p roduc t s :  

- Ni-Co c o n c e n t r a t e  o f  minimum 6% N i  

- Fe c o n c e n t r a t e  

- Cr c o n c e n t r a t e  

HEAD ASSAY OF ORE SAMPLES 

Two samples  were  p rov ided  by Border  Resources  f o r  t h e  t e s t w o r k .  They 

were i d e n t i f i e d  as: 

- S i t e  119 and 

- S i t e  1/11 

les a n  Both were s e r p e n t i n e  t y p e  o r e  samp 

f i b r o u s  m i n e r a l s  t h a n  s i t e  d9. 

:d s i t e  #I1 c o n t a i n e d  more 

The samples  were c r u s h e d  and p r e p a r e d  f o r  chemica l  a s s a y  and t es twork .  

A l l  t h e  chemica l  a s s a y s  were performed by Bondar and Clegg Company i n  

Ottawa, w i t h  t h e  e x c e p t i o n  o f  some d e t e r m i n a t i o n s  aimed t o  i s o l a t e  t h e  

s u l p h i d e  N i  from t o t a l  N i ,  t h a t  were done i n  CANMET Chemical L a b o r a t o r i e s .  

The head a s s a y  o f  t h e  s a m p l e s  Is p r e s e n t e d  i n  T a b l e  1. 

T a b l e  1 - Head a s s a y  

S i t e  S i t e  S i t e  d9 S i t e  1/11 
Element # 9 

X X o z / t o n  g / t  o z / t o n  g / t  



Table  2  g i v e s  t h e  r e s u l t s  of CANMET d e t e r m i n a t i o n s  t o  i s o l a t e  t h e  

s u l p h i d e  from t o t a l  n i c k e l .  The N i  s o l u b l e  i n  a s c o r b i c  a c i d  - hydrogen 

pe rox ide  mix ture  w a s  r e p o r t e d  as s u l p h i d e  N i .  

T a b l e  2  - N i  a s s a y  (CANMET) 

Sample Assay. N i  4  4  D i s t .  
N i  Su lph  

T o t a l  Su lph ide  

S i t e  89  0.22 0.17 77.3 
S i t e  # I 1  0.21 0.12 57.1 

According t o  t h e s e  d a t a ,  t h e  n i c k e l  t i e d  up i n  a  s u l p h i d e  form is  

77.3% and 57.14 of  t h e  t o t a l  n i c k e l  f o r  s i tes  # 9  and  811 r e s p e c t i v e l y .  

The f o l l o w i n g  i n v e s t i g a t i o n s  were conducted: 

- Grind ing  test t o  de t e rmine  t h e  c o n d i t i o n s  f o r  g r i n d i n g  t h e  o r e  t o  

v a r i o u s  s i z e s  

- G r a v i t y  c o n c e n t r a t i o n  tests t o  r e c o v e r  t h e  heavy m i n e r a l s  

- F l o t a t i o n  t e s t s  t o  r e c o v e r  t h e  N i  and Co 

- Magnetic c o n c e n t r a t i o n  tests t o  r e cove ry  t h e  Fe and C r  

Most of  t h e  t e s twork  was c a r r i e d  o u t  w i t h  s i t e  #9 sample  and only few 

exper iments  were performed w i th  s i te  1\11 which w a s  a m a t e r i a l  more 

d i f f i c u l t  t o  p rocess .  

G R I N D I N G  TESTS 

S e v e r a l  tests were c a r r i e d  o u t  t o  de t e rmine  t h e  c o n d i t i o n s  under which 

t h e  o r e  samples  cou ld  be ground t o  -150 p m  (100 mesh); -74 v m  (200 mesh); 

-37 u m  (400 mesh); -30 p m  (500 mesh). 

The equipment used t o  g r i n d  t h e  o r e  was a  l a b o r a t o r y  s t e e l  m i l l  having 

a  g r i n d i n g  b a l l s  l oad  of  17.656 g. 

The g r i n d i n g  c o n d i t i o n s  f o r  v a r i o u s  s i z e s  a r e  g i v e n  i n  Tab l e  3. 



T a b l e  3 - G r i n d i n g  c o n d i t i o n s  

S i t e  Grind Charge S l u r r y  Grind Ground o r e  
g  'Z s o l i d s  t i m e  % p a s s i n g  

urn Mesh min. 

Two tests were c a r r i e d  o u t  u s i n g  s t a g e  g r i n d i n g  f o r  a t o t a l  g r i n d i n g  

t i m e  of  342 minu tes  f o r  3-s tage  g r i n d i n g  and 147 m i n u t e s  f o r  2-s tage  

g r i n d i n g  w i t h  d e s l i m i n g  between s t a g e s .  

GRAVITY CONCENTRATION 

S e v e r a l  tests were c a r r i e d  o u t  t o  examine t h e  p o s s i b i l i t y  o f  

p r e c o n c e n t r a t i n g  a l l  heavy m i n e r a l s  (Ni ,  Co, Fe, Cr)  by a  g r a v i t y  

s e p a r a t i o n  method. 

Samples  g round  t o  -150 and -74 mic rons  f rom s i tes  9 a n d  11 were  

p r o c e s s e d  o n  a l a b o r a t o r y  Wif ley  t a b l e .  

The r e s u l t s  o f  t h e  t a b l e  tests showed no  t r e n d  o f  a  s i g n i f i c a n t  

c o n c e n t r a t i o n  i n  any  o f  t h e  t a b l e  p r o d u c t s .  T h i s  method of  i n v e s t i g a t i o n  

w a s  n o t  c o n s i d e r e d  a p p r o p r i a t e  f o r  t h i s  t y p e  o f  o r e  and  i t  was abandoned. 

ELOTATION 

The r e c o v e r y  of N i  and Co i n  a c o l l e c t i v e  c o n c e n t r a t e  was t r i e d  by 

f l o t a t i o n .  

The f l o t a t i o n  t e s t s  were conduc ted  i n  t h e  f o l l o w i n g  sequence :  

T e s t s  t o  Reproduce t h e  A-Min-Tech C o n d i t i o n s  

T h r e e  tests were  c a r r i e d  o u t ,  two w i t h  s i t e  1/11 and  o n e  w i t h  s i t e  #9, 

t o  r e p r o d u c e  t h e  c o n d i t i o n s  and  r e s u l t s  p r e v i o u s l y  o b t a i n e d  w i t h  t h i s  



m a t e r i a l  by A-Min-Tech. Under s i m i l a r  g r i n d i n g  c o n d i t i o n s  and r e a g e n t  

regime t h e  r e s u l t s  o b t a i n e d  by u s  w i t h  si tes 119 and 1111 were i n f e r i o r  t o  

t h o s e  p r e v i o u s l y  r e p o r t e d  by A-Min-Tech. 

A comparison between t h e  m e t a l l u r g i c a l  d a t a  o b t a i n e d  by CANMET and 

t h o s e  r e p o r t e d  by A-Min-Tech is  p r e s e n t e d  i n  T a b l e  4. 

T a b l e  4 - M e t a l l u r g i c a l  r e s u l t s .  CANMET v s  A-Min-Tech 

Assay X Z D i s t .  
Research  T e s t  S i t e  P r o d u c t s  X Weight 

u n i t  n o  no N i  Co N i  Co 

Conc 1-3 8.8 0.45 0.025 19.5 19.4 
CANMET 1 11 T a i l s  91.2 0.18 0.010 80.5 80.6 

Head 100.0 0.20 0.011 100.0 100.0 
- - - - - - - - - - -  

Conc 1-4 7.3 1.13 0.055 40.7 42.0 
A-Min-Tech BRF-16 11 T a i l s  92.7 0.13 0.006 59.3 58.0 

Head 100.0 0.20 0.010 100.0 100.0 

Conc 1-3 7.2 0.83 0.042 28.6 34.9 
CANMET 2 9 T a i l s  92.8 0.16 0.006 71.4 65.1 

Head 100.0 0.21 0.009 100.0 100.0 

Conc 1-3 4.8 2.29 0.133 53.7 52.8 
A-Min-Tech BRF-8 4 T a i l s  95.2 0.10 0.006 46.3 47.2 

Head 100.0 0.21 0.012 100.0 100.0 

The o r e  i d e n t i f i e d  a s  s i t e  84 w a s  similar t o  t h a t  o f  s i t e  119. 

No e x p l a n a t i o n  c o u l d  be found as t o  why t h e  A-Min-Tech r e s u l t s  were 

n o t  reproduced  by CANMET, e x c e p t  p robab ly  t h a t  t h e  c h a r a c t e r i s t i c s  of t h e  

m a t e r i a l  w e r e  d i f f e r e n t .  

Rougher F l o t a t i o n  T e s t s  

S e v e r a l  f l o t a t i o n  tests were t h e n  c a r r i e d  o u t  t o  a d j u s t  and improve 

t h e  Ni-Co r e c o v e r y  i n  t h e  rougher  s t a g e .  S i t e  119 o r e  was used  f o r  t h e s e  

tests s i n c e  t h i s  material a p p e a r e d  t o  be  less d i f f i c u l t  t o  upgrade t h a n  

s i t e  1/11. 

Most of t h e  tests were performed u n d e r  -741m (200  mesh) g r i n d i n g  

c o n d i t i o n s  and t h e  b e s t  c o n d i t i o n s  were t h e n  a p p l i e d  t o  -37 u m  (400 mesh) 

and -30 pm (500 mesh) ground o r e .  



I n  an at tempt t o  i n c r e a s e  the  metals  recovery two t e s t s  were performed 

with s tage-grinding,  f l o t a t i o n  being c a r r i e d  out  between gr inding s tages .  

In one of those  t e s t s  (Tes t  19a-b-c) the  o r e  was f i r s t  ground t o  -74 u m  and 

the  Ni-Co was f loa ted .  Then the  t a i l i n g  was again ground a f t e r  which 

another  s e r i e s  of Ni-Co concent ra tes  were col lec ted .  F ina l ly  t h e  second 

f l o t a t i o n  t a i l i n g s  were ground f o r  t h e  t h i r d  time followed by a t h i r d  

s e r i e s  of Ni-Co f l o t a t i o n .  I n  t h e  o t h e r  t e s t  (Tes t  22a-b) t h e  o r e  was 

ground t o  -74 u m  and Ni-Co w a s  f loa ted .  Then t h e  rougher t a i l s  were 

deslimed twice  and t h e  deslimed m a t e r i a l  w a s  aga in  ground a f t e r  which Ni-Co 

concen t ra t e s  were again  co l l ec ted .  

The m e t a l l u r g i c a l  d a t a  and cond i t ions  of t h e  most s i g n i f i c a n t  t e s t s  

of the  rougher f l o t a t i o n  a r e  summarized i n  Table 5. The f l o t a t i o n  time f o r  

c o l l e c t i n g  each  concen t ra t e  was 5 minutes f o r  a l l  t e s t s  except  t e s t  #21 and 

22a-b, where the  t i m e  was 10 minutes. 

In one t e s t  t h e  f l o t a t i o n  products  were assayed f o r  t o t a l  N i ,  and 

t o t a l  N i  and su lphide  N i ,  t o  determine the  e f f i c i e n c y  of t h e  f l o t a t i o n  

process a s  regards  t h e  n i c k e l  ex t rac t ion .  The r e s u l t s  of t h i s  t e s t  a r e  

presented i n  Table 6. 



- 15 - 

Table 5 - Summary of rmgher f l o t a t i o n  conditions and re su l t s  

C.U.C.. 1500 Cgnc 1-3 2.3 1.68 18.0 
-150 urn Acre-208 100 Tail .  97.7 0.17 81.1 

32 (100 mesh) 9.7 Acro-3477 55 Head 100.0 0.20 100.0 
(9) X.nchate-350 55 

Dud Proth-250 36 

-74 urn Sams .m t e s t  Conc 1-3 5.0 1.34 33.6 
6 (200 menh) 9.8 32 t i l s  95.0 0.14 66.4 

(9) Read 100.0 0.20 100.0 

-37 urn C.U.C. 2500 Conc 1-3 7.8 1.03 38.4 
1 (400 meah) 9.2 C o l l c ~ t o r s  a s  210 Tai ls  92.2 0.14 61.6 
(9) above Be.d 100.0 0.21 100.0 

DP-250 9 

-30 urn C.U.C. 3750 Conc 1-3 15.6 0.63 47.4 
28 (500 mesh) 9.6 Collectors as 210 Tai ls  84.4 0.13 52.6 
(9) above lk.d 100.0 0.21 100.0 

DF-250 18 

3 a t a g e  C.U.C. 4500 Concl-9 32.0 0.44 0.021 65.4 71.3 
19 grind 9.6- kro-208 300 Tai l .  68.0 0.11 0.004 34.6 28.7 
r-b-c -37 pm 9.8 kre-3477 165 Bead 100.0 0.22 0.009 100.0 100.0 
(9) (400 mesh) k n t h a t c 3 5 0  165 

DP-250 8 1 

2 a t a g e  C.U.C. 3000 Conc 1-6 26.0 0.48 0.025 60.3 68.8 
22 grind 9.7- kro-208 200 Slimes 2.6 0.11 0.006 1.5 2.2 
a-b -37 urn 9.8 Acro-3477 110 Tai ls  71.4 0.11 0.004 38.2 31.2 
(9) (400 meeh) X a n t h t r 3 5 0  110 Head 100.0 0.21 0.009 100.0 100.0 

DP-250 63 

-37 urn S u e  as t e s t  Conc 1-3 12.9 0.75 48.0 
21 (400 mesh) 9.7 16-A. except Tai ls  87.1 0.12 52.0 
(9) longer f lo t .  time Head 100.0 0.20 100.0 

-37 u m  Same as  t e s t  Conc 1-3 13.5 0.56 36.6 
18 (400 mesh) 9.0 16-A. except Tai ls  86.5 0.15 63.4 
(11) DF-250 81 Head 100.0 0.21 100.0 



Table  6 - F l o t a t i o n  r e s u l t s  based on s u l p h i d e s  a s s a y  

Assay % % D i s t .  

Product  % N i  N i  N i  N i  N i  N i  
Weight t o t a l  Su lph ide  non-sulph. t o t a l  Su lph ide  non-sulph. 

Conc -1 2.0 1.98 1.87 0.11 18.1 23.7 3.6 
Conc -2 1.8 0.96 0.89 0.07 7.9 10.1 2.1 
Conc -3 2.0 0.57 0.51 0.06 5.2 6.5 2.0 
Conc 1-3 5.8 1.18 1 .I0 0.08 31.2, 40.3 7.7 
T a i l s  94.2 0.16 0.10 0.06 68.8 59.7 92.3 
Head 100.0 0.22 0.16 0.06 100.0 100.0 100.0 

Based on t h e  r e s u l t s  p r e sen t ed  i n  Tab l e  5 and 6 t h e  fo l l owing  comments 

can be made: 

( a )  The n i c k e l  recovery  i n c r e a s e d  w i t h  t h e  f i n e n e s s  of  g r i n d  bu t  even 

when t h e  s i z e  of  t h e  p a r t i c l e s  w a s  98.6% -30 microns t h e  n i c k e l  e x t r a c t i o n  

d i d  n o t  exceed 47.4%. 

(b) By u s i n g  l o n g e r  f l o t a t i o n  t i m e  o r  s t a g e  g r i n d i n g  - f l o t a t i o n ,  t h e  

n i c k e l  e x t r a c t i o n  r o s e  i n  some tests t o  65.4% b u t  t h e  c o n c e n t r a t e  w a s  

impur i f i ed  w i t h  a l a r g e  q u a n t i t y  of gangue which d r a s t i c a l l y  reduced t h e  

g r ade  of  t h e  Ni product .  

( c )  The r e q u i r e d  amount of  C.M.C. t o  d e p r e s s  t h e  gangue mine ra l s  

i n c r e a s e d  w i t h  t h e  f i n e n e s s  of  g r ind .  Th i s  r e a g e n t  seemed t o  be a very  

e f f i c i e n t  d e p r e s s a n t  f o r  t h e  s e r p e n t i n e  gangue, however t h e  r equ i r ed  l a r g e  

consumption (1.5-4.5 k g / t )  and i t s  h igh  c o s t  ($2.03/kg) might  be very 

expens ive  i n  i n d u s t r i a l  a p p l i c a t i o n .  

( d )  The recovery of  s u l p h i d e  n i c k e l  w a s  b e t t e r  t h a n  t h a t  of t o t a l  

n i c k e l  bu t  p robably  because of  t h e  i n i t i m a t e  a s s o c i a t i o n  of  t h e  p e n t l a n d i t e  

w i t h  t h e  gangue mine ra l s .  even t h e  e x t r a c t i o n  of  s u l p h i d e  n i c k e l  w a s  n o t  

s a t i s f a c t o r y .  

( e )  The r e s u l t s  o b t a i n e d  w i t h  s i t e  # I1  o r e  were i n f e r i o r  t o  t hose  

r e s u l t i n g  by p roces s ing  s i te  U9 under  t h e  same c o n d i t i o n s .  

Cleaner  F l o t a t i o n  T e s t s  

S e v e r a l  f l o t a t i o n  tests were c a r r i e d  o u t  t o  de te rmine  t h e  p o s s i b i l i t y  

of  upgrad ing  t h e  n i c k e l  product  by r e - f l o a t i n g  t h e  rougher concen t r a t e .  



Since the Ni concentration in the original ore was quite low it was 

necessary to process large amounts of material in the rougher stage to 

obtain enough quantity of rougher concentrate for the next cleaning 

stages. The collecting of the rougher concentrate took several days and 

the concentrate saved during this period in preparation for cleaning might 

have suffered some aging effects which could, to a certain extent, have 

affected the results of the flotation in the cleaning stages. 

A summary of the conditions and results of the'flotation cleaning 

tests is shown in Table 7. 



Table  7 - Summary of c l e a n i n g  f l o t a t i o n  r e s u l t s  

Reagent ( c l ean ing )  
T e s t  Grind Product X Assay % D i s t .  

no. 5 P e  g /  t* weight X N i  N i  

-74 u m  CMC ( 1 s t  C1. Fl.) 100 3rd C1. Conc 0.60 9.02 26.0 
29 (-200 mesh) ( 2 n d C l .  F1.1 26 2 n d C l .  Conc 1.00 6.35 30.5 

(3rd  C1. Fl . )  3 1 s t  C1. Conc 2.50 2.73 32.8 
Rougher Conc 11.80 0.72 40.8 

Xanthate  350 2.8 1st C1. T a i l s  9.30 0.18 8.0 
Rougher T a i l s  88.20 0.14 59.2 

-74 urn CMC (2nd C1. Fl . )  10 4 t h  C1. Conc 0.24 12.30 14.4 
30 (-200 mesh) (3rd C1. Fl . )  2 3rd C1. Conc 0.29 11.72 16.6 

2nd C1.  Conc 0.50 8.02 19.6 
Xanthate  350 0.4 1 s t  C1. Conc 0.99 4.61 22.3 

Rougher Conc 4.42 1.39 30.0 
1st C1. T a i l s  3.43 0.46 7 -7 
Rougher T a i l s  95.58 0.15 70.0 

-37 u m  Xanthate  350 4 3rd C1. Conc 0.14 17.06 11.4 
3 1 (-400 mesh) 2nd C1.  Conc 0.20 13.50 12.9 

1 s t  C1. Conc 0.36 8.67 14.9 
Rougher Conc 7.19 0.98 33.5 
1 s t  C1. T a i l s  6.83 0.57 18.6 
Rougher T a i l s  92.81 0.15 66.5 

-37 v m  CMC (3rd C1. Fl . )  5 4 t h  C l .  Conc 0.06 23.25 6.8 
33  (-400 mesh) Xanthate  350 8.5 3 rd  C1. Conc 0.10 17.00 8.3 

2nd C1.  Conc 0.25 11.44 14.0 
1 s t  C1.  Conc 0.56 6.46 17.7 
Rougher Conc 7.85 0.96 37.0 
1 s t  C1.  T a i l s  7.29 0.54 19.3 
Rougher T a i l s  92.15 0.14 63.0 

3-s t a g e  Xanthate  350 22.5 4 t h  C1. Conc 0.17 11.40 9.3 
34 g r i n d i n g  1 s t  C1. Conc 1.56 2.67 20.0 

-37 p m  Rougher Conc 24.06 0.52 60.0 
(400 mesh) 1 s t  C1. T a i l s  22.50 0.37 40.0 

Rougher T a i l s  75.94 0.11 40.0 

* g / t  of o r e  



Based on t h e  r e s u l t s  of t h e  f l o t a t i o n  c leaning t e s t s  t h e  fo l lowing 

comments can be made: 

( a )  Upgrading t h e  rougher concen t ra t e  t o  a r e l a t i v e l y  high grade 

n i c k e l  product was poss ib le  by success ive  c leaning s t ages .  Concentrates o f  

N i  content  h ighe r  than  6% were obtained,  f o r  some t e s t s ,  even i n  t h e  1 s t  

c l e a n e r  s t age .  

(b) The n i c k e l  recovery dropped s i g n i f i c a n t l y  i n  t h e  c l e a n i n g  s tages .  

The f i r s t  tm f l o t a t i o n  c l ean ing  t e s t s  were c a r r i e d  o u t  with o r e  

ground t o  -74 microns. In test 29 an  i n t e n s i v e  rougher f l o t a t i o n  was 

performed t o  boost t h e  n icke l  recovery. A good amount of gangue minerals  

were e n t r a i n e d  i n  t h e  rougher concent ra te  but  a l a r g e  a d d i t i o n  of CMC i n  

t h e  f i r s t  c l e a n e r  s t a g e  (857 g / t  of 1 s t  c l eane r  f eed)  managed t o  remove 

most of t h e  gangue i n  t h e  1st c l e a n e r  t a i l s ,  f o r  a n i c k e l  l o s s  of 8.0%. 

The gangue was f u r t h e r  con t ro l l ed  by success ive  a d d i t i o n s  of CMC without  

l o s i n g  too much N i  i n  t h e  subsequent c l e a n e r  t a i l s .  Thus t h e  2nd c l e a n e r  

concen t ra t e  assayed 6.35% N i  f o r  a n i cke l  e x t r a c t i o n  of 30.5%. 

In t h e  next  test (U30) where t h e  weight of t h e  rougher concen t ra t e  was 

kept low by reduced a d d i t i o n  of f r o t h e r ,  t he re  was no need t o  c o n t r o l  t h e  

gangue by CMC a d d i t i o n  i n  t h e  1st c l eane r  s tage.  By s t r ic t  f r o t h  con t ro l .  

aga in  a s u b s t a n t i a l  amount of gangue was dropped i n  t h e  1st c l e a n e r  t a i l s  

f o r  a n i c k e l  l o s s  of 7.7%. The 2nd c l e a n e r  concen t ra t e  assayed 8.02% N i  

but o v e r a l l  n i c k e l  recovery was only  approximately 20%. 

I n  t h e  subsequent t h r e e  t e s t s  wi th  o r e  ground t o  -37 pm (400 mesh) 

e l imina t ion  of the  CMC a d d i t i o n  and avoidance of the  entrainment  of t h e  

gangue minera ls  throughout t h e  c l ean ing  s t a g e s  by a c a r e f u l  c o n t r o l ' o f  t h e  

f r o t h  was t r i e d .  However, i n  those  t e s t s  t h i s  was no t  p o s s i b l e  because of 

a much h ighe r  propor t ion  of s l imes  produced by t h e  f i n e r  gr ind .  A 

s u b s t a n t i a l  amount of ma te r i a l  was again  dropped i n  t h e  1 s t  c l e a n e r  t a i l s  

but t h e  amount of n i c k e l  c a r r i e d  a long was t h i s  time very high 18.6 - 40%. 

Precious Metals Analysis  of F lo ta t ion  Concentrate 

Two f l o t a t i o n  c l eane r  concent ra tes  were assayed f o r  prec ious  metals .  

The r e s u l t s  a r e  g iven  i n  Table 8. 



Table 8 - Precious metals  assay 

Au A g  P t Pd 
Tes t  Product N i  

z o z / t  g l t  o z / t  g l t  o z / t  g / t  o z / t  g/t  

31 3rd C1. Conc 17.06<'0.001 ('0.03 0.2 6.86 
30 4 t h  C l .  Conc 12.30 0.012 0.41 0.006 0.21 

The prec ious  metals  content  i n  a  n i c k e l  concen t ra t e  of 12-17% N i  was 

neg l ig ib le .  

MAGNETIC CONCENTRATION 

The magnetic concent ra t ion  of i r o n  and chromium minerals  was examfned. 

F i r s t ,  a  s e r i e s  of Davis Tube de terminat ions  was c a r r i e d  ou t  t o  eva lua te  

the  p o s s i b i l i t y  of ob ta in ing  an  i r o n  concen t ra t e ,  then magnetic separa t ion  

t e s t s  were performed us ing  s e v e r a l  magnetic sepa ra to r s .  

The cond i t ions  and r e s u l t s  of these  tests follow. 

Davis Tube Determinations 

Samples of o r i g i n a l  o r e  and f l o t a t i o n  t a i l i n g  a t  var ious  g r ind ing  s i z e s  

were sub jec ted  t o  Davis Tube t e s t s .  The r e s u l t s  a r e  presented i n  Tables 9 

and 10. 



Table 9 - Davis Tube t e s t s  with o r i g i n a l  o r e  

Test  Grind Cond. Products Weight Assay % Z Dist. 
no. X Amp- 

-74 urn g X Fe C r  Fe C r  

95.4 1.8 Mags 6.0 9.6 40.2 1.72 57.6 60.4 
0-1 Non-Mags 56.6 90.4 3.14 0.12 42.4 39.6 

Head 62.6 100.0 6.7 0.27 100.0 100.0 

100.0 Hags 3.5 6.8 56.4. 2.02 53.8 49.5 
0-2 and 1.8 Non-Mags 47.7 93.2 3.54 0.15 46.2 50.5 

98.0% Head 51.2 100.0 7.1 0.28 100.0 100.0 
-37 p m  

100.0 1.8 Mags 2.1 4.5 50.9 1.90 35.8 32.2 
0-3 and Non-Mags 44.3 95.5 , 4.30 0.19 64.2 67.8 

98.6% Head 46.4 100.0 6.4 0.27 100.0 100.0 
-30 p m  

Table 10 - Davis Tube t e s t s  with f l o t a t i o n  t a i l i n g  

Tes t  Grind Cond. Products Weight Assay X X D i s t .  
no. X Amp- 

-74 urn g X Fe C r  Fe C r  

4 95.4 1.8 Mags 5.2 11.1 37.5 1.52 60.0 61.2 
Non-Mags 41.8 88.9 3.12 0.12 40.0 38.8 
Head 47.0 100.0 6.94 0.28 100.0 100.0 

100.0 Mags 3.5 7.8 53.90 1.90 56.7 51.7 
16-A and 1.8 Non-Mags 41.4 92.2 3.48 0.15 43.3 48.3 

98.0% He ad 44.9 100.0 7.41 0.29 100.0 100.0 
-37 p m  

100.0 1.8 Mags 3.0 6.2 59.3 2.00 55.4 50.4 
2 8 and Non-Mags 45.2 93.8 3.16 0.13 44.6 49.6 

98.632 Head 48.2 100.0 6.64 0.25 100.0 100.0 
-30 urn 



The r e s u l t s  of t h e  Davis Tube de terminat ions  ind ica ted  t h a t  even a t  

almost 100% -30 microns gr ind  t h e  s e p a r a t i o n  of iron-chromium minerals  was 

not poss ib le ,  both fo l lowing t h e  same t r e n d  of concentrat ion.  Also, t h e  

i r o n  con ten t  of t h e  magnetic product could not be r a i s e d  over  60%. The 

norrmagnetic  product  remained high i n  Fe and C r  throughout t h e  t e s t s .  

Magnetic Separa t ion  

A series of magnetic s e p a r a t i o n  tests was c a r r i e d  ou t  t o  confirm t h e  

Davis Tube r e s u l t s .  A l l  t h e  t e s t s  but  one were performed wi th  f l o t a t i o n  

t a i l i n g  r e s u l t i n g  from rougher f l o t a t i o n .  under -74, -37 and -30 microns 

grinding.  One t e s t  was done wi th  o r i g i n a l  o r e  ground t o  -74 microns. 

Various magnetic apparatus were used: Sa la  permanent magnet, Sa la  

High Gradient  Magnetic Separa tor  (HGMS). Jones and J e f f r e y .  The 

experiments  c a r r i e d  out  with J e f f r e y  were performed by Lakef ie ld  Research 

of Canada whi le  t h e  t e s t s  wi th  t h e  o t h e r  equipment were done i n  our  

l abora to ry .  

I n  t e s t s  4-1 and la-1 t h e  N i  f l o t a t i o n  t a i l i n g  was passed through 

Sa la  permanent magnet apparatus t o  s e p a r a t e  the  magnetite from chromite and 

o t h e r  less magnetic minerals.  Then t h e  non-magnetic product r e s u l t i n g  from 

t h i s  s e p a r a t i o n  was processed i n  a Sa la  High Gradient  Magnetic Separa tor  a t  

va r ious  i n t e n s i t i e s  of t h e  magnetic f i e l d  t o  concen t ra t e  t h e  chromite. 

I n  tests 4-2, 16A-2 and 16A-3 t h e  N i  f l o t a t i o n  t a i l i n g  was processed 

by S a l a  HGMS a t  t h e  lowest i n t e n s i t y  of t h e  magnetic f i e l d  (approximately 

660 Gauss) under var ious  flow r a t e s .  I n  one t e s t .  16A-3, t h e  magnetic 

concen t ra t e  obta ined  a t  660 Gauss was repassed a t  a h ighe r  flow t o  improve 

i ts  i r o n  con ten t ,  while the  non-magnetic product was r e t r e a t e d  a t  a higher  

i n t e n s i t y  of t h e  magnetic f i e l d  (21.4 K Gauss) t o  s e p a r a t e  t h e  chromite. 

I n  test 28-1 n i c k e l  f l o t a t i o n  t a i l i n g  of very f i n e  g r ind  (98.6% -30 

microns) was passed through a Jones  s e p a r a t o r  a t  ze ro  amperage which 

corresponded t o  a r e s i d u a l  magnetic f i e l d  of 3000 Gauss. The purpose of 

t h e  test was t o  concen t ra t e  t h e  magnet i te  i n  t h e  magnetic product. 

Nickel  f l o t a t i o n  t a i l i n g  a t  va r ious  g r i n d s  and o r i g i n a l  o r e  ground t o  

95.4% -74 microns was processed a t  Lakef i e ld  Research Labora tor ies  i n  a 

J e f f r e y  s e p a r a t o r  f o r  t h e  purpose of producing a magneti te  concent ra te .  

The r e s u l t s  of t h e  magnetic concen t ra t ion  t e s t s  a r e  summarized i n  

Table 11. Since t h e  sepa ra t ion  of i r o n  and chromium minera ls  could not  be 



achieved t h e  d a t a  presented  i n  Table 11 r e f e r r e d  t o  t h e  magnetic product a s  

r e s u l t i n g  from t h e  magnetic concent ra t ion  process. 

Table 11 - Magnetic concent ra t ion  of f l o t a t i o n  t a i l i n g  and o r i g i n a l  o r e  

F l o t a t i o n  t a i l i n g  

Fiquipment Tes t  Grind Mag. F ie ld  X Assay X X D i s t .  
no. Gauss Weight 

Fe C r  Fe C r  

Sa la  perm. 4-1 -74 urn 600 5.7 39.9 1.44 32.9 30.3 
magnet 16A-1 -37 U r n  600 3.4 25.8 0.95 12.1 11.4 

S a l a  4-2 -74 urn 660 19.0 15.8 0.70 55.6 49.1 
HG-tS 16A-2 -37 urn 660 14.8 13.9 0.60 41.0 32.2 

164-3 -37 urn 660 40.6 10.7 0.47 70.0 73.8 

Jones  28-1 -30 urn 3000 4.8 36.86 1.32 25.1 21.7 

J e f f r e y  23-1 -74 urn 320/1300 6.3 36.0 1.41 35.2 32.3 
17-1 -37 urn 600/1300 4.4 14.80 0.60 9.5 8.7 
28-1 -30 urn 800/1300 0.9 26.33 0.91 3.4 2.9 

Origina l  o r e  

J e f f r e y  - -74 urn 32011300 3.4 40.1 1.53 21.6 19.3 

Based on t h e  r e s u l t s  of the  magnetic concen t ra t ion  tests t h e  fo l lowing 

comments can be made: 

(a )  Separa te  concent ra t ion  of i r o n  and chromium minera ls  by magnetic 

s e p a r a t i o n  was not  p o s s i b l e  even a t  a very low magnetic f i e l d  (320  Gauss) 

o r  a t  extremely f i n e  g r ind ing  (98.62 -30 microns). Both Fe and C r  followed 

t h e  same t r e n d  of concen t ra t ion  throughout t h e  t e s t s .  

(b )  The grade  of t h e  magnetic concen t ra t e  f o r  both Fe and C r  was f a r  

below t h e  l e v e l  of t h e  s a l e a b l e  products.  Contrary t o  what would have been 

expected and t o  what t h e  Davis Tube t e s t s  showed t h e  grade  of t h e  magnetic 

concen t ra t e  d e t e r i o r a t e d  with t h e  f ineness  of grind.  The h ighes t  Fe and C r  

concen t ra t e  grade  was obta ined  a t  95.4% -74 microns (approximately 40% Fe 

and 1.5% Cr). Extremely in t ima te  a s s o c i a t i o n  between magnet i te  and o t h e r  



minerals must have been t h e  cause f o r  t h e  poor e f f i c i e n c y  of t h e  magnetic 

separa t ion .  

(c )  The i r o n  and chromium recovery f o r  t h e  b e s t  magnetic concent ra tes  

was q u i t e  low (below 35%). Sala  HmS gave h ighe r  Fe and C r  e x t r a c t i o n  

but  t h e  grade  of the  magnetic product was too  low t o  deserve  f u r t h e r  

a t t e n t i o n .  

(d)  No s i g n i f i c a n t  d i f f e r e n c e  was found between t h e  r e s u l t s  of t h e  

magnetic concent ra t ion  with f l o t a t i o n  t a i l i n g  o r  o r i g i n a l  o r e  (not  

sub jec ted  t o  f l o t a t i o n ) .  

CONCLUSIONS AND RECOMMENDATIONS 

The fo l lowing conclusions can be drawn based on t h e  r e s u l t s  of t h e  

testwork with Border Resources ore :  

( a )  The o r e  exh ib i t ed  a  very  low content  i n  va luable  metals  making 

t h e  t a s k  of upgrading t h e  m a t e r i a l  t o  s a l e a b l e  products  d i f f i c u l t  t o  

achieve.  

(b) Extremely in t ima te  a s s o c i a t i o n  of the  minerals  among themselves 

reduced very much t h e  e f f i c i e n c y  of concen t ra t ion  f o r  a l l  methods t r i e d  i n  

t h i s  testwork.  

(c) Nickel and coba l t  can be recovered by f l o t a t i o n  and concent ra tes  

of 6% N i  o r  more w e r e  obta ined  but  t h e  n i c k e l  e x t r a c t i o n ,  a t  t h i s  l e v e l  of 

concent ra t ion ,  d id  not  exceed 30%. Continuous ope ra t ion  with middlings 

r e c i r c u l a t i o n  w i l l  probably be a b l e  t o  i n c r e a s e  somewhat t h e  n i c k e l  

recovery but i t  is u n l i k e l y  t h a t  under t h e  most o p t i m i s t i c  condi t ions  a  

recovery i n  excess  of 50% w i l l  be obtained.  

(d )  Precious metals  (Au. Ag. P t .  Pd) concen t ra t ion  i n  f l o t a t i o n  

products of high N i  grade was i n s i g n i f i c a n t  and t h e r e f o r e  l i t t l e  economic 

b e n e f i t  should be expected from t h i s  pa r t .  



( e )  Separa te  concen t ra t e s  of i r o n  and chromium could no t  be obtained 

by magnetic separa t ion .  Even a t  an  extreme f i n e  g r ind  and under very low 

i n t e n s i t y  of magnetic f i e l d  t h e  two c o n s t i t u e n t s  remained unseparated, 

-showing a t  a l l  t i m e s  s i m i l a r  d i s t r i b u t i o n  i n  t h e  magnetic and non-magnetic 

products.  

( f )  The g rade  of t h e  Fe-Cr product obta ined  by magnetic concent ra t ion  

was f a r  below t h a t  of a  s a l e a b l e  concen t ra t e  and t h e  tecovery  i n  both 

meta ls  remained very low under a l l  t e s t e d  condit ions.  It is un l ike ly  t h a t  

by minera l  d res s ing  methods an  e f f i c i e n t  sepa ra t ion  of Fe-Cr minerals  can 

be obtained. 

Although t h e  r e s u l t s  of t h i s  testwork were no t  q u i t e  s a t i s f a c t o r y  i t  

mst be recognized t h a t  some progress  i n  t h e  recovery of n i c k e l  minerals  

was d e f i n i t e l y  achieved. It was proved t h a t  a  good p a r t  of t h e  n i c k e l  

minerals  showed a p o s i t i v e  response t o  f l o t a t i o n ;  concen t ra t e  of ove r  20% 

N i  being produced under s t r i c t l y  c o n t r o l l e d  condit ions.  'Ihese r e s u l t s  

deserve  f u r t h e r  a t t e n t i o n  and c o n s t i t u t e  a  good ground t o  cont inue  t h e  

i n v e s t i g a t i o n  f o r  t h e  b e n e f i c i a t i o n  of t h i s  ore. 

The fo l lowing recormnendations a r e  of fered:  

1 .  Develop a s c i e n t i f i c a l l y  o r i e n t e d  prospect ing  program t o  l o c a t e  zones 

i n  t h e  o r e  body of b e t t e r  minera l iza t ion .  Apparently t h e r e  a r e  some 

s c i e n t i f i c  grounds t o  suppor t  t h e  i d e a  t h a t  such zones of h ighe r  n i d c e l  

concen t ra t ion  does e x i s t  i n  t h a t  geo log ica l  formation. 

2. Continue the  minera logica l  i n v e s t i g a t i o n  t o  i d e n t i f y  t h e  in t ima te  

s t r u c t u r e  and n a t u r e  of t h e  minera l iza t ion .  Ni-Co a s  w e l l .  a s  Fe-Cr 

minerals  should be t h e  main o b j e c t  of t h i s  research  work. 

3. Submit samples of o r i g i n a l  o r e  t o  var ious  manufacturers of magnetic 

s e p a r a t i o n  equipment t o  o b t a i n  more informat ion  about  t h e  p o s s i b i l i t y  of 

concen t ra t ing  the  i r o n  and chromium minerals  by t h i s  method. 

4. When b e t t e r  n i c k e l  mine ra l i za t ion  is found resume t h e  f l o t a t i o n  

t e s t i n g  program f o r  t h e  recovery of t h e  n icke l ,  c o b a l t  and o t h e r  poss ib le  

c o n s t i t u e n t s  inc lud ing  prec ious  metals. 
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RESULTS OF MINERALOGICAL EXAMINATION OF TAILINGS SAMPLE 16-A. SITE #9 

SUBMITTED BY BORDER RESOURCES LTD., VANCOUVER 

by 

P.R. Mainwaring 

SUMMARY 

Border Resources Ltd.. Vancouver submitted samples of serpentinized 

ultramafic rock containing disseminated sulphide mineralization to CANMET 

for metallurgical testwork. The tailings samples from beneficiation tests 

conducted by CANMET consist predominantly of serpentine, magnetite and 

minor pentlandite. Electron microprobe analyses of serpentine show that 

it contains about 0.07% NiO and that pentlandite contains about 40.0% Ni. 

There is about 0.25 wt X pentlandite in the tailings, as estimated visually 

in SEN micrographs. Therefore, about 59% of the unrecovered nickel occurs 

in pentlandite and 41% occurs in serpentine. 



INTRODUCTION 

Samples of s e r p e n t i n i z e d  u l t r a m a f i c  rock  were s u b m i t t e d  by D r .  H.E.A. 

von Hahn o f  Border Resources Inc .  t o  CANMET f o r  m e t a l l u r g i c a l  t e s twork .  

The specimens were c o l l e c t e d  from t h e  C o q u i h a l l a  u l t r a m a f i c  b e l t  n e a r  Hope, 

B.C. and c o n s i s t  of s e r p e n t i n i z e d  p e r i o d o t i t e  o r  pyroxen i te .  Nickel  

c o n t e n t  of t h e  heads  a v e r a g e s  abou t  0.24%. B e n e f i c i a t i o n  t e s t s  have been 

conducted by M.A. C r i s t o v i c i .  Mineral  Dress ing  S e c t i o n .  MPL, on samples  o f  

t h e  s e r p e n t i n i t e  which c o n t a i n s  f i n e l y  d i s s e m i n a t e d  n i c k e l  m i n e r a l s .  

R e s u l t s  of t h e s e  tests have been r e p o r t e d  (1). S e v e r a l  samples  o f  p r o d u c t s  

f rom t h e s e  tests were  s u b m i t t e d  f o r  m i n e r a l o g i c a l  examinat ion.  The purpose  

of t h i s  examina t ion  was t o  de te rmine  t h e  o c c u r r e n c e  and d i s t r i b u t i o n  of 

n i c k e l - b e a r i n g  m i n e r a l s  i n  t h e  t a i l i n g s .  'Ihe p a r t i c l e  s i z e  o f  t h e  material 

was 98% -37 u m  and i t  con ta ined  0.14% N i .  

R e s u l t s  o f  e a r l i e r  examina t ions  o f  heads  and t a i l i n g s  of t h i s  same 

m a t e r i a l  i n d i c a t e  t h a t  mil ler i te  and heaz lewoodi te ,  as w e l l  a s  p e n t l a n d i t e ,  

are p r e s e n t  i n  t h e  heads  and t h a t  a s  much a s  6 5  - 70% o f  t h e  n i c k e l  o c c u r s  

i n  s o l i d  s o l u t i o n  i n  m a f i c  s i l i c a t e  minera l s .  More r e c e n t  chemica l  

a n a l y s i s  i n d i c a t e s ,  however, t h a t  a b o u t  77% o f  t h e  n i c k e l  is i n  t h e  

s u l p h i d e  form. I n  a d d i t i o n ,  magne t i t e  h a s  a l s o  been s u g g e s t e d  as a carrier 

of n i c k e l  (2 ) .  

Th i s  r e p o r t  i n c l u d e s ,  i n  Appendix A ,  a n  o u t l i n e  o f  a  p o s s i b l e  model 

f o r  r e i n t e r p r e t a t i o n  o f  n i c k e l  m i n e r a l i z a t i o n  i n  t h e  C o q u i h a l l a  

S e r p e n t i n i t e  b e l t ,  from which t h e  samples examined i n  t h i s  s t u d y  were 

taken.  m i s  model p r e d i c t s  l o c a l  c o n c e n t r a t i o n s  of h i g h e r  g r a d e  n i c k e l  

m i n e r a l i z a t i o n  which, i f  found,  would s i g n i f i c a n t l y  improve t h e  economics 

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

RESULTS 

MINERALOGY OF SAMPLES 

Mineralogy o f  sample  16-A ( T a i l i n g s )  is g i v e n  i n  T a b l e  1. P o l i s h e d  

s e c t i o n  g r a i n  mounts o f  t h e  t a i l i n g s  and p o l i s h e d  t h i n  s e c t i o n s  o f  

s e r p e n t i n i t e  were examined i n  o r d e r  t o  c h a r a c t e r i z e  t h e  m i n e r a l s .  

Examination was conducted w i t h  a n  o p t i c a l  microscope and w i t h  a  scann ing  

e l e c t r o n  microscope equipped w i t h  a n  energy d i s p e r s i v e  X-ray a n a l y s e r .  



Mineral chemistry was determined wi th  a  JXA 733 e l e c t r o n  microprobe u s i n g  

an e l e c t r o n  beam diameter  of  approximately 0.5 micrometre. 

Heads - 
The s e r p e n t i n i t e  c o n s i s t s  l a r g e l y  of serpent ine ,  probably a n t i g o r i t e .  

with minor c h l o r i t e ,  amphibole, and t a l c .  Opaque minerals  a r e  magneti te ,  

hemati te ,  chromite,  s p a r s e  i lmen i t e ,  s p h a l e r i t e ,  cha lcopyr i t e  and 

pen t l and i t e .  S i n c l a i r  es t imated  t o t a l  su lphide  i n  some head samples a s  

l e s s  than 1% (3). Although head samples were not  examined i n  d e t a i l  i n  

t h i s  s tudy ,  a  v i s u a l  e s t i m a t e  is i n  agreement with t h i s  f i g u r e .  

T a i l i n g s  

T a i l i n g s  sample 16-A is composed of approximately 0.25% pen t l and i t e .  

4% c h l o r i t e  + amphibole, 0.4% magneti te  and 95.3% se rpen t ine .  Minor t a l c  

has a l s o  been i d e n t i f i e d .  Photomicrographs of t a i l i n g s ,  mounted i n  

pol ished s e c t i o n ,  a r e  shown i n  Figures 1 and 2. Figures 3.  4 and 5 a r e  SEH 

micrographs of t h e  t a i l i n g s  us ing  a  backsca t te red  e l e c t r o n  de tec to r .  The 

medium grey  p a r t i c l e s  r ep resen t  s i l i c a t e  and t h e  b r i g h t e r  p a r t i c l e s  

r ep resen t  minerals  t h a t  have a  h ighe r  average atomic number, such a s  

magnetite,  i lmen i t e ,  chromite and pen t l and i t e .  The gene ra l  n a t u r e  and 

t y p i c a l  d i s t r i b u t i o n  of t h e  minerals  can be seen  i n  t h e s e  f i g u r e s .  Due t o  

t h e  low abso lu te  n i cke l  con ten t s ,  8 pol ished s e c t i o n s  of t a i l i n g s  were used 

i n  t h i s  examination. Pen t l and i t e  was observed i n  a l l  samples. No 

heazlevoodite  o r  m i l l e r i t e  was i d e n t i f i e d  i n  any of  t h e  samples. 

LIBERATION CHARACTERISTICS OF PENTLANDITE 

Visual  estimates of  t h e  volume pe r  c e n t  p e n t l a n d i t e  i n  t h e  t a i l i n g s  

a r e  i n  t h e  o rde r  of 0.25%. This p e n t l a n d i t e  occurs  a s  f r e e  g r a i n s  and a s  

locked g r a i n s  i n  serpent ine .  About 75% of t h e  p e n t l a n d i t e  occurs  a s  locked 

g ra ins .  Free pen t l and i t e  is i r r e g u l a r  t o  subrounded i n  shape a s  i s  most of  

t h e  p e n t l a n d i t e  which is  locked i n  s e r p e n t i n e  (Fig. 3 and 7). As shown i n  

t h e  SEH micrographs, t h e  f r e e  p e n t l a n d i t e  i s  up t o  about  20 micrometres i n  

maximum dimension while  t h e  locked p e n t l a n d i t e  may be a s  l a r g e  a s  15 

micrometres. Approximately 1/3 of t h e  locked p e n t l a n d i t e  forms a c i c u l a r  o r  

'blocky' needle- l ike g r a i n s  (Fig. 4 ,  5, and 6 ) .  The longes t  a c i c u l a r  



pen t l and i t e  included i n  s e r p e n t i n e  is about 50  micrometres and may be only 

2-3 micrometres wide. Since t h e  s i z e s  of locked pen t l and i t e  a r e  t y p i c a l l y  

l e s s  than 20 micrometres i n  dimension then l i b e r a t i o n  of a  s i g n i f i c a n t  

amount of t h i s  pen t l and i t e  w i l l  only be achieved i f  g r ind ing  is  c a r r i e d  o u t  

t o  f i n e r  than 500 pm (-26 micrometres). 

DISTRIBUTION OF NICKEL 

I n  the  t a i l i n g s  samples s tud ied ,  n i c k e l  is d i s t r i b u t e d  between 

iron-oxide minerals ,  s i l i c a t e s  and su lphides .  Nickel content  i n  t h e  i r o n  

oxide minerals  is very low, a s  ind ica ted  by e l e c t r o n  microprobe analyses  

(Table 3) .  h e r e f o r e .  most of t h e  n icke l  i s  d i s t r i b u t e d  between s u l f i d e  

and s i l i c a t e  minerals ,  such a s  serpent ine .  Quant i ta t ive  analyses  of 

se rpen t ine  and pen t l and i t e  show t h a t  t h e r e  is  a  r e l a t i v e  concent ra t ion  

f a c t o r  of about 300 between n i c k e l  i n  t h e  pen t l and i t e  and t h a t  i n  the  

serpentine.  

Since t h e  n icke l  content  of pen t l and i t e  i s  about 40 w t .  X ( see  below) 

and t h e  t a i l i n g s  conta ins  about  0.25% by weight pen t l and i t e ,  then the  

mineral con t r ibu tes  about 0.1% of t h e  n ickel .  Serpentine has a  mean n i c k e l  

content  of about 0.07% (Table 3) and i t s  abundance i s  about 95%. the re fo re  

i t  con t r ibu tes  about 0.067% n i c k e l  t o  t h e  t a i l i n g s  (Table 2). The t o t a l  

est imated n icke l  content  i n  t h e  t a i l i n g s  is 0.17% which compares with t h e  

assay value of 0.14% t o t a l  n ickel .  This agreement i s  reasonable 

considering t h e  accuracy of v i s u a l  e s t ima tes  of p e n t l a n d i t e  and 

serpent ine .  The e s t ima te  of t h e  n i c k e l  content  i n  s i l i c a t e s  (0.067%) 

compares we l l  with t h a t  determined by C r i s t o v i c i  (0.06%). These r e s u l t s  

a r e  summarized i n  Table 3. 

MINERAL CHEMISTRY 

Pen t l and i t e  and s e r p e n t i n e  were analysed by e l e c t r o n  microprobe i n  

order  t o  confirm i d e n t i f i c a t i o n  and t o  measure t h e  n i c k e l  and coba l t  

content.  Compositions a r e  repor ted  i n  Table 3. Analysis of about 100 

g r a i n s ,  by semi-quanti tat ive techniques, r e s u l t e d  i n  the  d e t e c t i o n  of 

s e v e r a l  g r a i n s  which contained about 3 - 5% N i .  It is bel ieved t h a t  these  

g r a i n s  contained small i nc lus ions  o f  pen t l and i t e ,  l y i n g  beneath t h e  

su r face ,  which were e x c i t e d  by t h e  e l e c t r o n  beam dur ing  a n a l y s i s  t o  produce 

the  spurious n icke l  r a d i a t i o n  from t h e  serpent ine .  Typica l ly ,  s e rpen t ine  

ranges i n  n icke l  content  between about 0.01 and 0.4%. h e  mean n icke l  



content  is ca lcu la t ed  t o  be about: 0.07%. Figure 7  i s  a  composite 

micrograph of the  t a i l i n g s  with a superimposed n icke l  Ka X-ray d o t  map. 

Except f o r  t h e  l a rge ,  locked g r a i n  of pen t l and i t e ,  t h e r e  i s  a  r e l a t i v e l y  

even d i s t r i b u t i o n  of n i c k e l  content  of t h e  serpent ine .  

Pen t l and i t e  con ta ins  about 40% N i  which is q u i t e  high r e l a t i v e  t o  most 

pen t l and i t e  compositions commonly observed i n  u l t r amaf ic  rocks. Such a  

high n i c k e l  content  normally impl ies  coexistence with e i t h e r  m i l l e r i t e  o r  a  

nickel- iron a l l o y  i n  t h e  rocks. Neither  mineral  was i d e n t i f i e d  i n  t h e  

t a i l i n g s  examined al though m i l l e r i t e  has been repor ted  (2) .  Cobalt was 

de tec ted  only i n  t h e  pen t l and i t e  and t h i s  confirms t h e  specu la t ion  about  

i t s  d i s t r i b u t i o n  a s  noted i n  e a r l i e r  r epor t s .  

DISCUSSION 

Previous i n t e r n a l  company r e p o r t s  by von Hahn (4). Chamberlain (2.5). 

and S i n c l a i r  (3) s t a t e  t h a t  m i l l e r i t e ,  heazlewoodite and pen t l and i t e  a r e  

present ,  i n  v a r i a b l e  amounts, i n  t h e  samples examined by them. S i n c l a i r ' s  

determinat ion of millerite w a s  based on o p t i c a l  examination a lone  while  von 

Hahn's i d e n t i f i c a t i o n  of p e n t l a n d i t e  was by e l e c t r o n  microprobe a n a l y s i s .  

Although p e n t l a n d i t e  h a s  been confirmed by e l e c t r o n  microprobe i n  t h e  

samples supplied f o r  t h i s  s tudy,  n e i t h e r  heazlewoodite nor m i l l e r i t e  was 

detected.  

Chamberlain and Campbell (6) s t a t e  t h a t  "...about 60 - 70% of t h e  

n icke l  i s  a c t u a l l y  locked i n  t h e  s i l i c a t e  f r a c t i o n  of t h e  rock while  t h e  

remainder occurs  a s  f i n e l y  d iv ided pen t l and i t e  and m i l l e r i t e " .  This 

s tatement  i s  predica ted  on t h e  observat ion  t h a t  "...microscopic s tudy of 

the  t a i l  samples i n d i c a t e s  t h a t  t h e  t a i l s  a r e  e s s e n t i a l l y  barren of 

su lphides ,  t h e r e f o r e  i t  can be reasonably a s smed  t h a t  t h e  s i l i c a t e s  of a l l  

t h e  samples con ta in  about 0.20% Ni...". C r i s t o v i c i  (1983) i n t e r p r e t e d  from 

n i c k e l  assays  t h a t  up t o  77.3% of t h e  n i c k e l  i n  t h e  heads i s  combined a s  a  

su lphide  mineral (pen t l and i t e ) .  The p resen t  examination of t h e  t a i l i n g s  

i n d i c a t e s  t h a t  about 59% of t h e  n i c k e l  occurs  a s  pent landi te .  

Cobalt content  was measured a t  t h e  same time a s  n icke l  because t h e s e  

two elements commonly s u b s t i t u t e  f o r  each o t h e r  i n  minerals.  Pen t l and i t e  

was t h e  only mineral found t o  con ta in  c o b a l t  and t h e r e  i t  occurs  a t  l e v e l s  

of about 2%. 



SUMMARY AND RECOMMENDATIONS 

This detailed mineralogical study of Border Resources tailings from 

Site 19 has shown that: 

- pentlandite is the only sulphide carrier of nickel in the samples 

examined; 

- pendlandite occurs as small free grains and as grains locked in 

serpentine; 

- maximum size of free pentlandite is about 20 micrometres and locked 

pentlandite is considerably finer; 

- serpentine accounts for about 41X of the nickel content of the tailings 

while pentlandite accounts for about 59%; 

- liberation of the locked pentlandite will occur only if grinding is 

carried out to -30 pm; 

- nickel content of pentlandite (40%) suggests that it may have been in 

equilibrium with millerite or iron-nickel alloy; 

- detailed systematic petrography of the host serpentinite should be 

undertaken to identify additional nickel-bearing minerals; 

- further metallurgical testing should be carried out on any samples which 

have more economic potential; 

- a new model for exploration in the Coquihalla ultramafic belt is based 

on assimilation of sulphide-bearing shale and greywacke rocks which form 

the footwal of the serpentinite;.this model is discussed in the 

appendix. 
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Fig .  1. P o l i s h e d  s e c t i o n  o f  s i t e  #9 t a i l i n g s .  P a r t i c l e s  a r e  
p r e d o m i n a n t l y  o f  s e r p e n t i n e  ( s e r p ) ,  amphi b o l e  (am) and 
p e n t l a n d i t e  (pn).  W id th  o f  f i e l d  i s  0.05 mm. &sh s i z e :  
-400. Plane p o l a r i z e d  l i g h t .  

F ig .  2. P o l i s h e d  s e c t i o n  o f  s i t e  # 9  t a i l i n g s .  Free g r a i n  o f  
anhedra l  p e n t l a n d i t e  marked. Width o f  f i e l d  i s  0.05 mm. 
Mesh s i z e :  -400. Plane p o l a r i z e d  l i g h t .  



Fig.  3. B a c k - s c a t t e r e d  e l e c t r o n  (BSE) SEM m i c r o g r a p h  o f  t a i l i n g s .  
P redominan t l y  s e r p e n t i n e  p a r t i c l e s  ( s e r p ) ,  p e n t l a n d i t e  ( p n )  
l o c k e d  and f r e e ,  and m a g n e t i t e  ( m t ) .  

F ig.  4. BSE m ic rog raph  o f  c o a r s e r  p a r t i c l e s  o f  s e r p e n t i n e  w i t h  
e l o n g a t e d  g r a i n  o f  l o c k e d  p e n t l a n d i  t e  (pn ) .  O t h e r  " b r i g h t "  
p a r t i c l e s  a r e  m a g n e t i t e  ( m t ) .  



F ig .  5. BSE micrograph o f  s e r p e n t i n e  p a r t i c l e s  ( s e r p ) ,  one w i t h  
locked ,  n e e d l e - l i k e  g r a i n  o f  p e n t l a n d i  t e  (pn) .  

F ig .  6 .  BSE micrograph o f  l o c k e d  n e e d l e - l i k e  g r a i n  o f  p e n t l a n d i  t e  
( p n )  i n  s e r p e n t i n e  g r a i n  ( s e r p ) .  



Mineral 

TABLE 1 

Mineralogy o f  Samples Examined 

Approx w t  % (range) Mineral Approx (range)  

Serpent ine  
C h l o r i t e  
Amp h i  b o l e  
T a l c  

90 - 98 
0 - 2  
Trace 
Trace 

Magnetite 
Hematite 
Chromite 
I lmeni te  
S p h a l e r i t e  
Chalcopyrite  
Pent landi te  

1 - 3  
Trace 
Trace 
Trace 
Trace 
Trace 
Trace 

TABLE 2 

Nicke l  D i s t r i b u t i o n  i n  T a i l i n @  

Tota l  D i s t r i b u t i o n  
Mineral Abundance N i  content  (X) N i  N i  X 

P e n t l a n d i t e  0.25% 40.0 0.1% 5 9 

Serpentine 95% 0.07 0 .07 4 1 



TABLE 3 

A: Se lec t ed  Se rpen t ine  Analyses 

1. 2. 3. 4. 5.  

Si02 40.5 40.3 40.3 40.4 40.2 

No 41.1 41.3 40.4 41.4 41.5 

A1203 0.31 0.51 n.d. 
- - 

Fe 0 2.19 2.34 2.36 2.74 2.32 

N i O  0.01 0.02 0 .03 0.03 0.40 

H 2 0  (assumed) 15 - 15 15 15 I 5  - 
TOTAL 99.11 99.47 98.09 99.57 99.42 

B: Se lec ted  P e n t l a n d i t e  Analyses  

Fe 23.9 23.2 22.3 23.6 

N i  39.8 41.1 40.4 40.7 

Co 2.1 2.10 2.12 2.0 

S 32.0 32.9 31.9 - 32.3 - - - 
TOTAL 97.8 98.7 97.7 98.2 

C: Se l ec t ed  Magnet i t e  Analyses 

1. 2. 3. 

N i O  0.2 0.1 0.0 

Co 0.0 - 0.1 - 0.0 - 
TOTAL 99.7 98.8 99.2 



APPENDIX 

A POSSIBLE RE-INTERPRETATION OF NIQCEL MINERALIZATION 
I N  THE COQUIHALLA SERPENTINE BELT, HOPE, BRITISH COLUMBIA 

Background and Objective 

The cu r ren t  economic p o t e n t i a l  of the  Border Resources depos i t  i s  
hampered by i t s  low grade and disseminated na ture .  Addit ional  
minera l iza t ion  might be present  on t h e  proper ty  i n  a  h igher  grade and more 
concentrated form due t o  t h e  unique geo log ica l  cond i t ions  of t h e  area .  If  
t h i s  higher  grade minera l iza t ion  i s  found, i t  should form t h e  b a s i s  of any  
f u r t h e r  bene f i c i a t ion  work undertaken on t h e  ores.  The o b j e c t i v e  of t h i s  
d iscuss ion ,  requested by D r .  H. von Hahn of Border Resources, i s  t o  suggest  
through cons idera t ion  of previous r e p o r t s  on t h e  proper ty ,  t h e  n a t u r e  of 
t h i s  poss ib le  increased p o t e n t i a l  f o r  h ighe r  grade minera l iza t ion .  

Several  i n v e s t i g a t i v e  r e p o r t s  have been completed on samples of low- 
grade mine ra l i za t ion  from t h e  s u b j e c t  property.  These r e p o r t s  have focused 
on proper ty  geology, mineralogical  c h a r a c t e r i z a t i o n  o f  t h e  n icke l  
minera l iza t ion ,  and me ta l lu rg ica l  recover ies .  This r e p o r t  addresses  t h e  
p o s s i b i l i t y  of l o c a t i n g  more favourable a r e a s  f o r  exp lo ra t ion  i n  l i g h t  o f  
both r e c e n t  models of n i c k e l  mine ra l i za t ion  and s e r p e n t i n i z a t i o n  processes 
a s  an ore- loca l iz ing  mechanism. 

DISCUSSION 

Examination of geologica l  maps and r e p o r t s  of t h e  G q u i h a l l a  a r e a  
supplied by Border Resources i n d i c a t e  t h a t  t h e r e  is inconp le te  exposure of 
the  Coquihalla se rpen t ine  b e l t .  Prel iminary mapping by consu l t an t s  has 
e s t ab l i shed  t h e  ex i s t ence  of two important rock types i n  t h i s  area:  
s e r p e n t i n i t e  and " d i o r i t e "  which is  more l i k e l y  an a s soc ia t ed  gabbro. The 
body a s  a  whole then ,  would be i n t r u s i v e  by n a t u r e  i n t o  country rocks which 
have been mapped a s  s l a t e s ,  c h e r t s  and volcanic  rocks. Detai led 
examination of contac t  r e l a t i o n s h i p s ,  w i th  emphasis on t h e  e x i s t e n c e  and 
d i s t r i b u t i o n  of country rock xeno l i ths ,  would confirm t h e  i n t r u s i v e  o r i g i n  
of t h e  maf ic  and u l t r amaf ic  rocks. The n a t u r e  of t h e  t r a n s i t i o n  between 
the  poss ib le  gabbro (mapped a s  " d i o r i t e " )  and t h e  u l t r amaf ic  rocks would 
provide evidence t h a t  t h e  two a r e  r e l a t e d  by d i f f e r e n t i a t i o n  from a common 
l i q u i d  parent .  Chemical compositions of minerals  ( o l i v i n e s ,  pyroxenes) 
could a l s o  provide important  information on t h i s  aspect .  

Although no unequivocal f i e l d  evidence ex i s t ;  which suppor t s  t h e  
concept t h a t  t h e  mafic and u l t r amaf ic  rocks were emplaced a s  s o l i d  o r  
l a r g e l y  s o l i d  bodies,  t h i s  appears  t o  be t h e  commonly accepted hypothesis.  
I f  i t  can be shown t h a t  t h e  rocks were o r i g i n a l l y  emplaced a s  magma and not  
i n  t h e  s o l i d  s t a t e ,  contamination by country rock may have occurred. 
Country rock contamination has been shown t o  be an -e f fec t ive  process of 
bringing a magma t o  su lphur  s a t u r a t i o n ,  e s p e c i a l l y  i f  t h e  included ma te r i a l  
conta ins  sulphur-bearing minerals.  Addit ional  f a c t o r s  t h a t  r e s u l t  i n  
sulphur s a t u r a t i o n  and production of su lph ide  minerals  a r e  t h e  r a p i d  
cooling of t h e  magma by t h e  xeno l i th  and t h e  a d d i t i o n  of s i l i c a .  One 
example of t h i s  process has been descr ibed  by Mainwaring and Na ld re t t  i n  
Minnesota (1). 



The Coquihalla s e r p e n t i n i t e s  occur  i n  a n  assemblage which inc ludes  
s l a t e s  and g r a p h i t i c  a r g i l l i t e s  wi th  p y r i t e  according t o  t h e  r e p o r t  by 
Chamberlain ( 1 )  (sample Y1525 ) .  There is, the re fo re ,  a p o s s i b i l i t y  t h a t  
contamination of t h  melt has  taken p lace  and t h e  formation of 
nickel-bearing su lph ides  has  occurred. Mainwaring and Na ld re t t  d e s c r i b e  i n  
d e t a i l  t h e  formation of i r o n  and n i c k e l  su lph ides  under these  condi t ions .  
On t h e  assumption t h a t  t h e  samples supp l i ed  a r e  r e p r e s e n t a t i v e  of t h e  
s e r p e n t i n i t e s ,  t h e  fo l lowing two p o i n t s  can be made. F i r s t l y ,  t h e  absence 
of p y r r h o t i t e  s t rong ly  sugges t s  t h a t  contamination by s u l p h u r b e a r i n g  
country rocks has n o t  a f f e c t e d  t h e  samples and secondly,  t h e r e  was however, 
s u f f i c i e n t  n i c k e l  i n  t h e  system t o  d i s s o l v e  i n  t h e  magneti te  and t o  form 
m i l l e r i t e .  

EFFECTS OF SERPENTINIZATION 

Serpent in iza t ion  r e s u l t s  i n  pronounced changes i n  both s i l i c a t e  and 
sulphide mineralogy. ' h e  e f f e c t s  of s e r p e n t i n i z a t i o n  d i f f e r  i n  rocks t h a t  
were o r i g i n a l l y  e i t h e r  moderately o r  weakly mineral ized.  I n  u l t r amaf i c  
rocks, such a s  t h e  Coquihal la  samples, t h a t  were o r i g i n a l l y  poor i n  
sulphur,  n i c k e l  t h a t  was combined i n  o l i v i n e  i s  l i b e r a t e d  and e n t e r s  s o l i d  
s o l u t i o n s  i n  magnet i te  and serpent ine .  In  rocks t h a t  contained sma l l  
amounts of sulphur o r  i n  which su lphur  w a s  introduced by t h e  s e r p e n t i n i z i n g  
f l u i d s ,  t h e  s t rong ly  cha lcoph i l e  n a t u r e  of  n i c k e l  e d i c t a t e s  t h a t  t h e  v a s t  
major i ty  of t h e  n i c k e l  w i l l  be combined a s  a  su lph ide  phase. M i l l e r i t e .  
wi th  a  high Ni:S r a t i o  w i l l  combine wi th  a l l  t h e  a v a i l a b l e  su lphur  t o  
form-grained su lphides  diseminated throughout t h e  rock. This process  w i l l ,  
of course,  be more important  i n  u l t r a m a f i c  rocks i n  which t h e r e  i s  l i t t l e  
o r i g i n a l  su lphide  and most of  t h e  n i c k e l  remains i n  t h e  o l i v i n e  o r  
pyroxene. 

I f  t h e  l a r g e  q u a n t i t i e s  of  su lph ides  had been formed by contamination 
then s e r p e n t i n i z a t i o n  might have r e l eased  n i c k e l  from t h e  mafic minerals  
and f u r t h e r  upgraded t h e  t e n o r  of t h e  sulphides.  Due t o  t h e  increased  
sulphur content  i n  t h i s  s i t u a t i o n  t h e  grade of t h e  su lph ides  would he 
expected t o  be lower a l though occurr ing  i n  much g r e a t e r  q u a n t i t i e s .  



RECOMMENDATIONS FOR EXPLORATION 

Sulphides a s soc ia t ed  wi th  se rpen t in ized  u l t r a m a f i c  rocks  a r e  commonly 
fine-grained a s  i n  the  case  of t h e  Dumont n i c k e l  depos i t  (Ekstrand) ( 3 ) .  
however they would no t  of n e c e s s i t y  be i f  su lphur i za t ion  of t h e  parent  
u l t ramaf ic  o r  gabbroic melt had occurred. A s  s t a t e d  above, no evidence 
e x i s t s  i n  t h e  samples examined t o  d a t e  t h a t  su lphur i za t ion  has occurred. 
However, t he  abundance of n i c k e l  i n  t h e  system impl ies  t h a t  coarse-grained 
n icke l  su lphides  may be t h e  products of country rock contamination. These 
a r e a s  of contamination might form reasonable exp lo ra t ion  t a r g e t s  t h a t  could 
be expected t o  be of more appropr i a t e  economic s ign i f i cance .  I f  p y r i t e  and 
g raph i t e  a r e  c h a r a c t e r i s t i c  of t h e  country rocks t h a t  might be a s soc ia t ed  
wi th  t h e  formation of su lph ides  i n  t h e  Coquihal la  i n t r u s i o n  then  
geophysical techniques such a s  EM o r  I P  might o u t l i n e  l o c a l  t a r g e t s .  
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Sample 16-A, Site 9, Submitted by Border Resources Ltd., 
Vancouver", by P.R. Mainwaring, Mineral Processing 
Laboratory, February, 1984. 

Both reports produced by the Mineral Sciences Laboratories, 
Energy, Mines and Resources, Ottawa, Ontario. 

5. I hereby certify that the costs charged perfaining to 
the work in these two reports and ancillary costs, all 
listed in the detail cost summary of the Border Resources Ltd. 
Assessment Report for the period' J 1 4  5 ' ~  - &r,'w 
and amounting to the total sum of $2',,Li~.3& are reasonable 
and correct. 

Dated this 1984, at Vancouver, British 
Columbia. 
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