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June 15, 1984 
F i l e  105-07 

M i n i s t r y  o f  Energy, Mines an-d Petro leum Resources 
The Go1 d Cornmi s s i o n e r  
P rov ince  o f  B r i t i s h  Columbia 
V i c t o r i a ,  B . C .  

Dear S i r ,  

P1 ease f i n d  enc losed 

( 1 )  Two cop ies  o f  an assessment r e p o r t  on T r i a n g l e  Ventures L t d ' s  
p l a c e r  l eases  a t  Sombrio P o i n t  on Vancouver I s l a n d ;  

( 2 )  Two s e t s  o f  a f f i d a v i t s  on a p p l i c a t i o n  t o  r e c o r d  work on t h e  
1 eases ; 

( 3 )  Two s e t s  o f  n o t i c e  t o  group forms f o r  t h e  leases;  and 

( 4 )  Cheques o f  $310.00 f o r  g roup ing  and $3100.00 f o r  r e c o r d i n g  
work. 

, ' If you have any ques t i ons  o r  comments r e g a r d i n g  t h i s  work, p lease  
c o n t a c t  e i t h e r  Ebo Bakker o r  me. Thank you f o r  y o u r  a s s i s t a n c e .  

Yours t r u l y  
REIMCHEN URLICH GEOLOGICAL E N G I N E E R I N G  

P a t  W h i t i n g ,  G e o l o g i s t  



;-luspar Resources L t d . ,  
305 - 535 T h u r l o w  S t r e e t  
Vancouver, B.C.  
V6E 3L2 

January 1 6 ,  1984 
Fi 1 e 11 8-02/03 

Attention: - Mr. H.S. Aikins, President 

Dear S i r s :  

Please T i r i u  ~ I I C : C , ~ &  Uui- ! ' k ~ ~ - . r t  c::: !?z,!!k C ; r m ? l ~  rnnrmtra t ion  Testinq, 
P a r t i c l e  Mineralogy Analyses, and  Gold Recovery Chemistry Studies, 
Sombrio Point Placer Property, f o r  Nuspar Resources L t d . ,  pursuant t o  
Option Agreement between Triangle Ventures L t d .  and Nuspar Resources 
L t d .  I' . 

This report  follows u p  on our e a r l i e r  reports on  "Precious Metal 
Potent ia l"  and "Preliminary Evaluation of Mine Equipment and  Process 
Technology" t h a t  were completed for  Triangle Ventures L t d .  in May a n d  
November 1983, respectively.  

The present report  summarizes analyses norformed JP ten b u l k  samples 
t h a t  were collected t o  represent a wide geo!ogical a n d  geographical 
coverage of  the lease area a t  Sombrio Point held by Triangle. Seven 

i n t e r e s t  t o  Nuspar. 
, of the sample locations occur in o r  near a n  area t h a t  i s  of current  

Test work was conducted i n  1 aboratori es !I: Vancouver, Edmonton, 
Pennsylvania and  California under t h e  direct ion o f  chemists a n d  
s c i e n t i s t s  experienced i n  piacer go13 recovery. Concentration work 
was performed on a compound water r:i/clonti p l a n t  which i s  regularly 
used f o r  coal t e s t i n g .  Economic reasons dictated the use o f  t h i s  
par t icu lar  t e s t  plant .  Gold recovery a n d  chemistry analyses were 
completed by several chemical separation techniques w i t h  gravirnetric 
a n d  spectroscopic f inishing.  

The resu l t s  presented and discussed i n  t h i s  report are very encouraging 
and a t  a m i n i m u m  support data presented i n  o u r  May 1983 report .  
on these cesu l t s ,  we recommend t h a t  the next phase of wcrk cons is t  o f  
more accurately establ ishing the geology a n d  depositional history o f  the 
property, Se t te r  i-esoIvinc: the complex chem.i st1-j 2 n d  g o l d  recovery 
potential  o f  the deposit  I( arid ;:perating a c..ornt;ctip-id water ::vcl one concen- 
t r a t i n g  sys",eni f o r  p i l o t  t es t ing  on s i t e .  

Sased 



If you have any questions o r  comments concerning this repor t ,  o r  i f  
additional information i s  required, please contact us. In the mean- 
time, we look forward t o  the r e s u l t s  of our ongoing work and t o  the 
implementation and operation of the p i l o t  plant.  

1 

/ar  
Encl 

Yours very t r u l y  

REIMCHEN URLICH GEOLOGICAL ENGINEERING 

Partner 

L -J \-- 

mist 

cc: Mr. Ian  M. Sherwin, 
President 
Triangle Ventures L t d .  
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INTRODUCTION 

Pu r DO se 

Through an “Opt io t i  Agreement” c o n t r a c t  between T r i a n g l e  Ventures L t d .  

o f  V i c t o r i a  and Nuspar Resources L t d .  o f  Vancouver, Reimchen U r l i c h  

Geologica l  Eng ineer ing  (RfJGE) was r e t a i n e d  pursuant  t o  t h e  c o n t r a c t  

t o  c o n t i n u e  work on T r i a n g l e ’ s  250 m i l l i o n  c u b i c  y a r d  p l a c e r  p r o p e r t y  

a t  Sombrio Po in t ,  Vancouver I s l a n d ,  B r i t i s h  Columbia. T h i s  work i n -  

c l  udes ongoing g e o l o g i c a l  e x p l o r a t i o n  and prec ious  meta l  r e c o v e r y  

s t u d i e s  o f  t h e  p r o p e r t y ,  and u l t i m a t e  comprehensive e n g i n e e r i n g  and 

development o f  t h e  proposed mine. 

For t h i s  r e p o r t ,  RUGE conducted Phase 1 and p a r t  of Phase 2 o f  a p ro-  

posed e x p l o r a t i o n  program on t h e  p r o p e r t y .  The o r i g i n a l  purpose o f  
t h e  Phase 1 work was t o  e s t a b l i s h  whether the  compound water  c y c l o n e  

(CW cyc lone)  c o u l d  be used t o  recover  the  r e q u i r e d  va lues o f  p r e c i o u s  

meta ls  f rom exposures w i t h i n  t h e  3.0 km by 2.0 km (1.9 m i l e  by 1.3 

m i l e )  p r o p e r t y  where va lues have been e s t a b l i s h e d .  For reasons o f  
economy, CW cyc lone t e s t i n g  was completed a t  an e x i s t i n g  coa l  t e s t  

p l a n t  i n  Edmonton. 

, 

As t h e  Phase 1 work progressed, i t  increased i n  scope, encroached on 

and then encompassed p a r t s  o f  the  o r i g i n a l l y  proposed Phase 2 scope o f  

work. Bulk  <amples t h r e e  t imes as l a r g e  as those o r i g i n a l l y  a n t i c i -  

pated were t e s t e d .  

were t h e  c o n s t r u c t i o n  o f  a geology e x p l o r a t i o n  road and a d e t a i l e d  

s tudy o f  t h e  g o l d  recovery  p o t e n t i a l  and chemis t ry  of t h e  d e p o s i t .  

The components o f  Phase 2 t h a t  s h i f t e d  t o  Phase 1 

Phase 2 and f u t u r e  work would comprise t h e  d e t a i l e d  e x p l o r a t i o n  and 

t e s t i n g  o f  a c e n t r a l i z e d  500 m by 500 m (1640 f t  by 1640 f t )  square 

area w i t h  a CW cyc lone on s i t e .  

t o  prove o u t  8 m i l l i o n  c u b i c  yards o f  economical ly  recoverab le  p r e c i o u s  

meta ls .  

The o b j e c t i v e  o f  t h i s  work would be 
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Scope 

To accomplish t h i s  purpose, the  f o l l o w i n g  scope of work was performed: 

1.  

2. 

3. 

4. 

E 
J .  

6. 

cons t ruc t ion  of a geology exp lo ra t i on  road down the Mine Creek 

v a l l e y  t o  near the  proposed operat ing pond area; 

c o l l e c t i o n  o f  ten  bu lk  samples represent ing a geologica l  and 
geographical coverage o f  the  e n t i r e  proper ty ;  

processing o f  the  minus No. 4 mesh f r a c t i o n  o f  the bu lk  samples 

through a CW cyclone coal  concentrator  t e s t  p lan t ;  

complet ion o f  a minera log ica l  ana lys is  on f r e e  and chemica 

go ld  and o ther  heavy p a r t i c l e s  recovered from the cyclone; 

a::s!yses o f  go ld  p o t e n t i a l  and chemistry o f  the  deposi t  by 

separat ion techniques w i t h  g rav ime t r i c  and spectroscopic f 

prepara t ion  o f  progress l e t t e r  repo r t s  du r ing  the p ro jec t ,  

t h i s  r e p o r t  which sumnarizes a l l  the work descr ibed above. 

l y  bound 

chemi c a l  

n i  s h i  ng ; 

and o f  

1.3 Terms o f  Reference 

The completed scope o f  work was performed i n  accordance w i t h  our  

"Proposed Scope o f  Work" dated Auqust 18, 1983, our "Revised Scope of 

Work" dated October 27, 1983 and numerous conversations and comnuni- 

cat ions w i t h  appropr ia te o f f i c e r s  o f  T r iang le  and Nuspar. This scope 

f i t s  w i t h i n  the framework o f  t he  "Option Agreement" con t rac t  dated 

September 21, 1983 between T r iang le  and Nuspar. 

1 

This work i s  a fo l low-up o f  e a r l i e r  s tud ies which a r e  summarized i n  

our repo r t s  t o  T r iang le  t i t l e d  "Precious Metal Po ten t i a l ,  Sombrio P lacer  

Property, Vancouver Is land,  B r i t i s h  Columbia" dated May 4 ,  1983, and 

"Pre l iminary Evaluat ion o f  Mine Equi pment and Process Technology Proposed 

f o r  Precious Metal Recovery, Sombrio Po in t  P lacer  Property",  dated 

?lovember 18, 1983. Background in fo rmat ion  on the  p r o j e c t  i s  conta ined 

w i t h i n  these repor ts .  

Continual communications were maintained w i t h  Tr iang le  and Nuspar du r ing  

the p ro jec t .  

on October 27, November 18 and December 16 and 23, 1983, and January 3, 

1984. The contents o f  these l e t t e r s  are incorporated i n t o  t h i s  r e p o r t .  

Progress l e t t e r  repor ts  were submitted t o  Nuspar and T r iang le  



-3- 

Responsibilities 

Ted Reimchen, P.Geol., was responsible for  the overall project p l a n n i n g  
and economic f eas ib i l i t y  of the work i n i t i a l l y  completed for  Triangle. 
He introduced Drs: Jan Visman and Larry Manziek, along w i t h  the i r  CW 
cyclone and Amborane bead technologies, t o  the project. Mr. Reimchen 
i s  presently concerned wi'th the geology and long  term planning aspects 
of the property. For this report he completed mineralogy studies and  
reviewed the completed scope of work. 

Project management i s  now under the coordination and execution of Cecil 
Urlich, P.Eng. ,  who was responsible for  the administration and completion 
of a l l  work reported herein. He participated i n  a l l  aspects of this work 
and maintained communications w i t h  c l ien t ,  owner, consultants and contrac- 
tors .  He directed the road building, sample collection, and cyclone 
tes t ing work, delegated the go ld  recovery and chemistry studies t o  
laboratories and consultants, introduced Dr. Joe Thomas and Mr. Jim 
Humble w i t h  their  precious metal recovery technologies to  the 
organized th i s  report, and attended t o  a l l  other matters requ 
"Option Agreement" contract. 

Mr. Ebo Bakker, geologist and chemist, provided back-up t o  Mr 

project,  
red by the 

Url ich 
d u r i n g  the ent i re  project, directed the gold recovery and chemistry 
studies, maintained technical communications with chemists and s c i en t i s t s  
knowledgeable i n  precious metal rec$very, and prepared the section o f  the 
report dealing w i t h  the g o l d  recovery potential and chemistry of the 
property. 

Dr. Jan Visman, P.Eng., s c i en t i s t  of Vortek Systems L td . ,  Edmonton, former 
head of the Energy Mines and Resources Canada ( E M R )  research laboratory 
i n  Edmonton, and developer of the CW cyclone, continued t o  be retained as 
a consultant. He directed the cyclone tes t ing,  completed an optical 
analysis of gold and other heavy par t ic les  recovered w i t h  the help of 
present EMR s t a f f ,  prepared progress reports on his findings, and advised 
on p i l o t  plant cyclone design and testing. 
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approach t o  the solution of the complex chemistry of the Sombrio 
property. 
work reported herei n .  

T h i s  chemistry has become the object of a large par t  of the 

We a lso  extend t h i n k s  t o  members of our permanent and contract  s t a f f  
who ass i s ted  with the execution o f  the project.  These included David 
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GEOLOGY EXPLORATION ROAD 

Organization 

A geology exploration road was constructed from October 4 t o  30, 1983 i n  
a previously logged off area as an extension of West 112 E Road (Figure 1 ) . 
Construction permits followed consultations i n  September between Mr. 
Sherwin and the Regional Manager's o f f i ce  of The Ministry of Forestry, the 
engineers, fores te rs  and superintendents of a local fores t ry  company, and 
the Di s t r i c t  Mines Inspector. 
alignment were determined i n  the f i e l d  on October 4 following reconnais- 
sance bushwhacking and discussions between Messrs. A i k i n s ,  Sherwin, Stone, 
Urlich and Peter Davies, the bulldozer operator. 

The  road 's  exact s t a r t i ng  location and 

Road construction was or ig ina l ly  proposed as  par t  of the Phase 2 scope of 
work. 
October, t o  f a c i l i t a t e  b u l k  sample handling, t o  provide a continuous 
exposure through t h e  various geologic s t r a t a  of the property, and t o  
f a c i l i t a t e  future exploration programs, i t  was agreed by a l l  Far t ies  t o  
switch the road construction t o  Phase 1 .  

However, i n  order t o  take advantage of excel lent  weather i n  ear ly  

1 

Cecil Urlich was on s i t e  from October 4 t o  8, and October 16, 20 and 31) 
t o  d i r ec t  f i e l d  a c t i v i t i e s .  A camper parked a t  the top of the geology 
road served as f i e l d  o f f i ce  and l iv ing  quarters  up  t o  October 8. David 
Stone was present a t  the s i t e  da i ly  t o  bushwhack ahead of the road and 
provide safety back-up d u r i n g  construction. 
maintained between Urlich and Stone on day-to-day f i e l d  ac t iv ies ,  and 
between Urlich, A i k i n s  and Sherwin on project  administration and road 
progress. 

Regular communications were 

Ted Reimchen reconnoitered the geology road on October 23. 
Phase 2 plans ca l l  fo r  detai led geological mapping and sampling by Mr. 
Reimchen of the road so tha t  the geology and depositional history of 
the property can be be t t e r  established. 

O u r  present 
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Layout 

The road t r a v e r s e s  the south s l o p e  o f  the Mine Creek v a l l e y  i n  a westerly 
d i r e c t i o n ,  switches back below Red Po in t ,  and terminated above the pro- 
posed ope ra t ing  pond a rea .  
mination o f  road bui ld ing  15 m (50 f t )  above t h e  va l l ey  bottom. 
completed road measures 493 m (1600 f t )  i n  l eng th ,  ranges i n  g rade  from 
7 t o  ZZ%, and exposes a v e r t i c a l  geologic  p r o f i l e  of about  63 m (200 f t ) .  

Heavy r a i n  i n  l a t e  October caused the ter- . 
The  

The road was s taked  and l a b e l l e d  w i t h  red f l agg ing  a t  25 m (82 f t . )  
i n t e r v a l s  a long i t s  su r face  t o  the 300 m (984 f t )  loca t ion .  
po in t s  a long  t h e  road would be des igna ted  a s  S t a t i o n  X where X corresponds 
t o  the d i s t a n c e  i n  meters from the end of  West 112E Road. 

Henceforth,  

Construct ion 

Clear ing  of  West 112E Road and i n t i a l  cons t ruc t ion  o f  the geology road 
t o  S t a t i o n  75 were completed during October 4 and 5 by a D6 bul l -dozer  
suppl ied  by Western A.R.P. Serv ices  Ltd. o f  Duncan. Difficulties were 
encountered i n  maintaining a firm foo t ing  f o r  the D6 while pushing 
mater ia l  o f f  the road edge. The bul ldozer  was demobilized on October 
6 and rep laced  w i t h  an excavator  which could remain on firm ground a t  
a l l  times. 

Road bu i ld ing  continued from October 7 t o  30 by a JCB F i n n i n g  805 B 
3 3 3 3 excavator  w i t h  a 0.5 m (5 /8  yd ) d i g g i n g  bucket and 0.77 m (1 yd ) 

loading bucket. 
operated by Murray Benson, and worked c o n t i n u a l l y  through October 30 
except f o r  fou r  days o f  r a i n  and two days of  progress  eva lua t ion .  
Unlike the D6, the Finning t r a c k s  were .ab le  t o  remain on firm ground 
while mater ia l  was excavated from the h i l l s i d e  and dumped over  the road 
edge. 

I t  was suDplied by Benson Excavating o f  Sooke, 

Road cons t ruc t ion  was slow and d i f f i c u l t  through the Upper and Lower 
Jack E l l i o t  units, b u t  progressed r a p i d l y  through the Quadra zone. Over- 
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burden t o p s o i l  and tree stumpstwere removed from the exposure crests by 
reaching up  w i t h  the bucket and dumping over  the edge. 
requi red  t o  help span a wet gu l ly  a t  S t a t i o n  180. 

Log b r idg ing  was 

Rain i n  l a t e  1983.rendered the road unsafe  f o r  vehicle use bu t  adequate  
f o r  f o o t  i n spec t ion .  
some slumping of material from the road edge. 
and perhaps a culvert a t  S t a t i o n  180 wi l l  be requi red  before  d r i l l i n g  
and t e s t i n g  equipment can s a f e l y  use the road. 

Rivule t s  formed along the s u r f a c e  and t r i g g e r e d  

Regrading o f  the road 

Other Proper ty  Improvement 

Other earthwork and proper ty  improvement a c t i v i t i e s  completed du r i  ng 
the f i e l d  program included c l e a r i n g  o f  the access  roads t o  Kamil 's  P i t  
by the D6 and t o  Red Po in t  by a Bobcat. 
permits  easy access  t o  a panoramic ground view of the Mine Creek 
va l l ey .  Several  f o o t  t r a i l s  were cut by hand and branches s l a shed  ' 

t o  f a c i l i t a t e  sample handling. Permits f o r  c l e a r i n g  o f  these woods 
were obta ined  by Mr. Sherwin fol lowing add i t iona l  c o n s u l t a t i o n  w i t h  
the Government and Fores t ry  o f f i c e s  l i s t e d  e a r l i e r .  

The Red Poin t  road now 

. 
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BULK SAMPLING PROGRAM 

Sample Collection 

Ten bulk 450 to  900 kg (1  000 t o  2000 1 b )  samples were coll ected from 
exposures widely distributed horizontally and ver t ical ly  over the en t i r e  
property for  geographical and geological coverage (Figure 1 , Table 1 ) . 
They were labelled 23 to  34 t o  follow the sequence adopted during ea r l i e r  
f i e ld  programs, and are considered t o  be representative of the en t i r e  
property. 

Apart from the three Geology Road locations, samples were collected from 
the exact spots where e a r l i e r  samples had been collected for  Triangle 
and values established. 
of Cecil Urlich and supervision of David Stone. 
crew, transported them daily from Victoria, and handled the log is t ics  of 
moving materials and crew around the property. 

Sampling was performed under the on-site direction 
Stone organized the work 

1 

Samples were obtained from 1 to  2 m ( 3  t o  6 f t )  channels excavated i n  
undisturbed material. Quadra Sand and Gravel samples 26, 30 and 31 were 
collected by shovel from existing exposures, and 28 was dug out by the 
excavator from Geology Road. 
Terrace Sand and Gravel samples 32, 33 and 34, were collected by pick 
and shovel labour. 
sample and had t o  be l i t e r a l l y  chipped ou t .  

Jack El l iot  samples 25, 27 and 29, and 

The Jack El l io t  materials were very d i f f i cu l t  t o  

Materi a1 Hand1 i ng_ 

A work force of u p  t o  eight men per day was mobilized. 
nearly two days of exhaustive labour to  col lect  because the material 
had to  be back packed down from the Old Monitor P i t ,  along the beach, and 

u p  the steep Sombrio Beach Tra i l .  
t o  col lect  Sample 26 from Sombrio Beach Tra i l ,  27 from off Geology Road, 
and 31 from near the s tar t  of MacInness Trail .  All other sample s i t e s  
were accessible by vehicle. 

Sample 25 took 

Considerable footwork was also required 



- B u l k  
Sample 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
13 
14 
15 
16 
17 
18 
19 
20 
21  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

Ear l  i er 
Sample 

30 1 
403 
4 26 
305 
404 
303 
205 
203 
405 
409 
408 
60 1 
205 , 7 
233,8 
4 0 8 , l l  
- 
- 
- 

305,4 

404,5 
423 

405,9 
601 , 12 

23 

- 

- 

- 
- 
- 
20 

404 , 5 , 2 1  
4 0 8 , l l  , 15 
203,8,14 
405,9,24 

Geographic  
Loca t ion  

S q u a t t e r s  Pa rk ing  Lo t  
Beach T r a i l  Turnof f  
North Terrace 
MacInness T r a i  1 
Kami 1 I s  P i t  Road 
Bai 1 ey Br idge  C r o s s i n g  
West 93 Road 
West 90 Road 
Westcoast/West Main 
Loss Creek Park 
West Main P i t  
01 d Moni t o r  P i  t 
West 90 P i t  
West 90 Road 
West Main P i t  
Mine Creek T r a i l  
Mine Creek T r a i l  
Mine Creek Trail  
MacInness T r a i  1 
MacInness T r a i l  
Kami l ' s  P i t  Road 
West 102C Road 
Sombrio Beach T r a i l  
Westcoast/West Main 
Old Monitor P i t  
Sombrio Beach T r a i l  
Mine Creek T r a i l  
Geology E x p l o r a t i o n  Road 
Geology E x p l o r a t i o n  Road 
MacInness T r a i l  
Kamil ' s  P i t  Road 
West Main P i t  
West 90 Road 
Westcoas t /West  Main 

Geol og i  c 
O r i g i n  

Upper Jack  E l l i o t  
Quadra  Sand 
Quadra  Sand 
Upper Jack  E l l i o t  
Quadra  Sand 
Upper Jack  E l l i o t  
T e r r a c e  Gravel 
T e r r a c e  Sand 
T e r r a c e  Sand 
Quadra  Sand 
T e r r a c e  Gravel 
Lower Jack  E l l i o t  
T e r r a c e  Gravel 
T e r r a c e  Sand 
T e r r a c e  Gravel 
Lower Jack  E l l i o t  
Quadra  Sand 
Upper Jack  E 
Upper Jack  E 
Quadra  Sand 
Quadra  Sand 
Quadra  Grave 
Quadra  Sand 
T e r r a c e  Sand 

1 i o t  
1 i o t  

1 

Lower Jack  E l l i o t  
Quadra  Sand 
Lower Jack  E l l i o t  
Quadra  Sand 
Upper Jack  E l l i o t  
Quadra  Sand 
Quadra  Sand 
T e r r a c e  Gravel 
T e r r a c e  Sand 
T e r r a c e  Sand 

Samples 1 t o  12 were c o l l e c t e d  d u r i n g  the A p r i l  1983 f i e l d  program. 
Samples 12  t o  24 were c o l l e c t e d  d u r i n g  the May 1983 f i e l d  program. 
Samples 25 t o  34 were c o l l e c t e d  d u r i n g  the October  1983 f i e l d  program. 

T A B L E  1. B U L K  SAMPLE GEOGRAPHIC LOCATIONS AND GEOLOGIC ORIGIN 
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/ 
I 

Each b u l k  sample was c o l l e c t e d  i n  two 45-ga l lon  drums. Four men were 

r e q u i r e d  t o  handle t h e  heav ie r  drums. A l l  samples except  f o r  27 and 28 

were c o l l e c t e d  d u r i n g  October 4 t o  8, t r a n s p o r t e d  t o  V i c t o r i a  i n  two 

loads by r e n t a l  t r u c k  w i t h  h y d r a u l i c  t a i l g a t e ,  and shipped t o  Vancouver 

by commercial c a r r i e r .  

and 19 r e s p e c t i v e l y ,  loaded on t o  our  p ickup t r u c k  by t h e  excavator ,  

and d e l i v e r e d  t o  Vancouver. 

Samples 28 and 27 were c o l l e c t e d  on October 16 

Sample Descr ip t ions  

Sample s i t e s  were descr ibed, photographed and l a b e l l e d  f o r  r e c o r d  keeping 

and f u t u r e  re fe rence.  They a r e  b r i e f l y  descr ibed i n  the  f o l l o w i n g  para- 

graphs. 

Sample 25 was chipped w i t h  g r e a t  d i f f i c u l t y  f rom two 1 m ( 3  f t )  channels 

i n  a 5 m (16 f t )  h i g h  v e r t i c a l  face  o f  t h e  Lower Jack E l l i o t  f o r m a t i o n  a t  

t h e  Old M o n i t o r  P i t  about 30 m (109 f t )  above Sombrio Beach. 

water  which emerged f rom above t h e  face c o n t i n u a l l y  ran  down i t  and made 

work ing c o n d i t i i o n s  wet and uncomfortable.  The m a t e r i a l  was hard  t o  

excavate and conta ined 45% grave l ,  50% sand, 5% s i l t ,  and 14.2% m o i s t u r e  

con t e n t  . 

Seepagd 

Sample 26 was scraped by shovel f rom a 0.7 m (2 .3 f t )  channel i n  a Quadra 

sand exposure on a new p a r t  o f  t h e  t r a i l  between t h e  s q u a t t e r ' s  p a r k i n g  

l o t  and Sombrio Beach. I t s  l o c a t i o n  i s  5.5 m (18  f t )  below t h e  t o p  o f  

and c l o s e  t o  t h e  west end o f  a narrow spur,  and 15 m (50 f t )  below t h e  

p a r k i n g  l o t  and t e r r a c e  l e v e l .  The sample c o n s i s t e d  o f  f i n e  g r a i n e d  grey 

and greyish-brown sand r i c h  i n  mica w i t h  l e s s  than 5% s i l t  and no g r a v e l .  

-- 

Sample 27 was chipped w i t h  g r e a t  d i f f i c ' u l t y  by p i c k  f rom a 1.5 m ( 5  f t )  

exposure i n  t h e  Lower Jack E l l i o t  u n i t  about 9 m (30 f t )  below S t a t i o n  125 

o f  Geology Road and 18 m (60 f t )  above Mine Creek. 

t o  excavate and conta ined 30% grave l ,  50% sand, 20% s i l t ,  a t r a c e  o f  c l a y ,  

and 7.2% mois tu re  content .  

The m a t e r i a l  was hard 
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Sample 28 was excavated by t h e  F i n n i n g  f rom a 2 m ( 7  f t )  h o l e  i n  

Quadra sand a t  S t a t i o n  259 of  Geology Road and 30 m (100 f t )  below 

t h e  t e r r a c e  l e v e l .  

w i t h  l e s s  than 5% s i l t ,  no grave l  and 8.1% mois tu re  conten t .  The sand 

conta ined occasional  dark f i n e  gra ined sand, b u t  o v e r a l l  i s  coarser  

g ra ined than Sample 26. 

M a t e r i a l  c o n s i s t e d  of f i n e  t o  medium gra ined g r e y  sand 

Sample 29 was chipped by p i c k  f rom a 3 m (10 f t )  exposed face i n  Upper Jack 

E l l i o t  m a t e r i a l  a t  S t a t i o n  62 o f  Geology Road and 10 m (33 f t )  below t h e  

t e r r a c e  l e v e l .  The m a t e r i a l  was hard t o  excavate, b u t  lumps s h a t t e r e d  

e a s i l y  when a g i t a t e d .  

and c l a y ,  and 12.7% m o i s t u r e  conten ts .  

and l e s s  g r a v e l  than Samples 25 and 27 of  the  Lower Jack E l l i o t  m a t e r i a l .  

The sample comprised 10% grave l ,  55% sand, 35% s i l t  

I t  conta ined more sand and s i l t ,  

Sample 30 was scraped by shovel f rom Quadra sand of t h e  South Ore Body i n  

the  c e n t r e  of  a 10 m (33 f t )  exposure about 70 m (230 f t )  e a s t  o f  the, 

MacInness T r a i l  p a r k i n g  area. The sample was taken f rom a 2 m ( 7  f t f  

channel. The m a t e r i a l  i s  f i n e  t o  medium grey and brown banded sand w i t h  

a 0.4 m (1.3 f t )  l a y e r  of coarse sand and grave l  u n d e r l a i n  by f i n e  s i l t y  

sand. The sample conta ined 20% g r a v e l ,  80% sand, a t r a c e  o f  s i l t  and 

13.4% m o i s t u r e  conten t .  

Sample 31 was scraped b y  shovel f rom a Quadra sand exposure a long t h e  

access road on t h e  southwest edge o f  K a m i l ' s  P i t .  A 1.25 m (4.1 f t )  channel 

sample was ob ta ined about 100 m (330 f t )  down the  road and 5 m (16 f t )  

below the  t e r r a c e  l e v e l .  

no grave l ,  90% sand, 10% s i l t  and 9.7% mois tu re  conten t .  I t  i s  s i m i l a r  

i n  g r a d a t i o n  t o  Sample 26. 

- 
The m a t e r i a l  i s  a f i n e  gra ined sand compr is ing  

Sample 32 was chipped by p i c k  f rom t h e  south corner  o f  t h e  Terrace N o r t h  

g rave l  p i t ,  5 m (16 f t )  above t h e  p i t  base. This  m a t e r i a l  i s  p r e s e n t l y  

used f o r  l o c a l  road c o n s t r u c t i o n .  

and grave l  w i t h  good f o r e s e t  beds f l o w i n g  t o  the  northwest.  The sample 

conta ined 40% grave l ,  60% sand, a t r a c e  of  s i l t  and 4.7% mois tu re  c o n t e n t .  

The p i t  w a l l s  expose i n t e r l a y e r e d  sand 
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Sample 33 was scraped by  shove l  i n  T e r r a c e  South from a 2 m ( 7  f t )  

exposure  on  West 90 Road, 0.75 km (9 .47  m i l e s )  f r o m  Westcoas t  Road. 

A 1 m ( 3  f t )  channel  was sampled i n  g r e y  sand w i t h  s i l t  l e n s e s  and 

o c c a s i o n a l  g r a v e l .  O v e r l y i n g  weathered brown sand was removed. The 

sample c o n t a i n e d  11% g r a v e l ,  58% sand, 31% s i l t ,  a t r a c e  o f  c l a y  and 

22.7% m o i s t u r e  c o n t e n t .  

Sample 34 was scraped by shove l  f r o m  a 3 m ( 1 0  f t )  exposure  on  Westcoast 

Road, 146 m (480  f t )  n o r t h  o f  t h e  West 90 t u r n o f f .  

channel  was sampled a f t e r  removal  o f  t h e  weathered s u r f a c e  h o r i z o n .  

M a t e r i a l  compr ised c l e a n  f i n e  g r a i n e d  sand w i t h  a t r a c e  o f  s i l t  and 

7.4% m o i s t u r e  c o n t e n t .  

A 1 .5  m (5 .0  f t )  

Geotechni  c a l  T e s t i  na 

From each b u l k  sample, 1 t o  2 kg ( 2 . 2  t o  4 . 4  l b )  r e p r e s e n t a t i v e  samples 

were r e t a i n e d  f o r  m o i s t u r e  c o n t e n t  d e t e r m i n a t i o n s  and g r a d a t i o n  t e s t l n g .  

P a r t i c l e  s i z e  d i s t r i b u t i o n s  were de te rm ined  i n  o u r  Vancouver l a b o r a t o r y  

by  wash ing  t h e s e  samples t h r o u g h  t h e  No. 200 s i e v e  (0.075 mm) and t h e n  

d r y i n g  and shak ing  t h e  o v e r s i z e  m a t e r i a l  t h r o u g h  s t a n d a r d  s i e v e  s i z e s  f rom 

2.54 cm ( 1  i n c h )  t o  No. 200. ( F i g u r e s  2 t o  4 )  
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COMPOUND WATER CYCLONE CONCENTRATION 

General 

The b u l k  samples h e r e  d e l i v e r e d  t o  o u r l a b o r a t o r y i n  Vancouver f o r  screen- 

i n g  and d r y i n g  b e f o r e  be ing  shipped t o  Cyclone Eng ineer ing  Sales L t d .  ( C E S )  
i n  Edmonton. Each sample was then  processed th rough  t h e  CES 2-stage 10-cm 

( 4 - i n c h )  CW cyc lone coal  t e s t  p l a n t  t o  o b t a i n  p r i m a r y  concentrates.  These 

were combined on t h e  b a s i s  o f  g e o l o g i c  o r i g i n  and processed t o  y i e l d  f o u r  

secondary concentrates and one t e r t i a r y  concen t ra te .  

t h e  t e s t  p l a n t ,  a p o r t i o n  o f  one o f  t h e  p r i m a r y  concen t ra tes  was processed 

i n  c l o s e d  c i r c u i t  so  t h a t  a d e t a i l e d  m i n e r a l o g i c  s tudy  o f  t h e  concen t ra te  

cou l  d be compl e ted.  

A f t e r  f i n e  t u n i n g  

SamDle P r e o a r a t i o n  

Sample p r e p a r a t i o n  f o r  cyc lone  p rocess ing  was conducted f rom October :13 
t o  31, 1983 i n  Vancouver by a crew o f  f ou r  under t h e  d i r e c t i o n  o f  C e c i l  

U r l i c h .  The samples were shove l l ed  from drums i n t o  a conc re te  mixer ,  

broken up w i t h  min imal  amounts o f  water ,  and washed through a 6.4 mm 

(1 /4  i n c h )  v i b r a t i n g  screen deck. 

f o r  t h e  Quadra m a t e r i a l s  t o  over  2 hours f o r  t h e  Jack E l l i o t  u n i t s .  

M i x i n g  t imes ranged f rom a few minutes 

Overs ize f r a c t i o n s  were c o l l e c t e d ,  p i l e d  i n t o  separa te  heaps, d r i e d  under 

room temperature,  and weighed. Undersize f r a c t i o n s  were c o l l e c t e d  i n  a 

l a r g e  t u b  f rom which t h e  s o l i d s  were spread o u t  on p l a s t i c  shee t ing  and 

d r i e d  by cont inuous r a k i n g  and exposure t o  a kerosene hea te r .  Wash w a t e r  

was poured i n t o  drums, decanted o f f  when c l e a r ,  and t h e  r e s i d u a l  s o l i d s  

added t o  t h e  d r i e r  unders ize.  The d r i e d  u n d e r s i z e  was weighed, bagged, 

p laced  i n  45 -ga l l on  drums, t rucked  t o  CES, and d r y  s i e v e d  through a 4.75 

mm (No. 4 mesh) v i b r a t i n g  screen (Tab le  2)  i n  p r e p a r a t i o n  f o r  c o n c e n t r a t i o n  

- 



Raw Dry +#4 -#4 cwc Feed Dry C o n c e n t r a t i o n  R a t i o  (CR) 
Sam- Wgt Mesh Mesh Feed Rate uu f r o m  from com- 
p l e  ( l b )  ( l b )  ( l b )  ( l b )  ( t p h )  ( l b )  s i e v e  CNC b i  ned 

25 1,895 
26 1,151 
27 1,794 
28 1,204 
29 1,439 

30 1,144 
31 1,110 
32 1,457 
33 1,053 
34 1,173 

791 
12  

364 
2 

151 

31 
0 

543 
166 

0 

1104 
1139 
1430 
1202 
1288 
1113 
1110 
914 
89 3 

1173 

1054 
1089 
1380 
1152 
1238 

1163 
1060 
864 
495 

1123 

0.54 297 1.72 3.55 6.10 
6 33 1 .01  1.72 1.74 0.73 

0.52 524 1.25 2.63 3.29 
371 1.00 3.11 3.11 1.15 

0.68 415 1 .12  2.98 3.34 

0.58 700 1.03 1.66 1.71 
0.91 35 1 1.00 3.02 3.02 
1.29 256 1.59 3.38 5.37 
0.74 155 1.19 3.19 3.83 
0.96 498 1.00 2.26 2.26 

TABLE 2 .  PRIMARY CW CYCLONE CONCENTRATION OF BULK SAMPLES 

Combi ned 
Concen- 
t r a  t e s  

E 

F 

G 

H 

F '  

TABLE 3.  

Geology 
U n i t  
O r i  g i n  

Lower 
Jack  
E l  1 i o t  

Quadra 
Sands 
and 
G r a v e l s  

Upper 
Jack  
E l l i o t  

T e r r a c e  
Sands 
and 
Grave ls  

Quadra 
Sands 
and 
G r a v e l s  

Sampl e 
Compos- 
i t i o n  

25 UU 
27 UU 

26 UU 
27 UU 
30 UU 
31 UU 

29 U U  

32 UU 
33 uu 
34 uu 

F UU 

CWC 
Feed 
(1b )  

231 
476 

590 
329 
659 
300 
36 8 

197 
117 
44 7 

302 

T o t a l  
Feed 
( 1 b )  

707 

1,878 

368 

76 1 

302 

Feed 
Rate 
( t P h  1 
1.50 

1.61 

1.84 

1.34 

1.81 

Dry 
uu 
( W  

162 

352 

76 

217 

85 

1 

Concen- 
t r a t i  on 
r a t i o  

4.36 

5.33 

5.37 

3.51 

3.55 

SECONDARY AND TERTIARY Cb! CYCLONE CONCENTRATION OF BULK SAMPLES 
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Tes t  P l a n t  P r e p a r a t i o n  

The CES t e s t  p l a n t  was designed and b u i l t  f o r  coa l  work. 

p r e l i m i n a r y  t e s t s  on f o u r  22.5 kg (50 l b )  Sombrio samples i n  September, 

t h i s  p l a n t  has never  b e f o r e  been used f o r  p l a c e r  work. 

numerous m o d i f i c a t i o n s  t o  t h e  p l a n t  were r e q u i r e d  i n  p r e p a r a t i o n  f o r  

p rocess ing  t h e  b u l k  samples. These were made d u r i n g  November through 

t h e  recommendations and d i r e c t  s u p e r v i s i o n  o f  D r .  Visman on t h e  b a s i s  

o f  t h e  September t e s t  r e s u l t s  (November r e p o r t  t o  T r i a n g l e ) .  A l l  

m o d i f i c a t i o n s  were d iscussed between Messrs. Pat  Dea, Visman and U r l i c h  

b e f o r e  b e i n g  imp1 emented. 

Except f o r  

There fo re ,  

Several  l a b o u r  sav ing  i n n o v a t i o n s  were made. 

feeder  and hopper was s e t  up t o  supply c o n t i n u a l  and uni form feed  t o  t h e  

p l a n t .  A new dual  m i x i n g  tank  was f a b r i c a t e d  w i t h  e a s i l y  r e g u l a t e d  

s tack  and choke f o r  c o n t r o l  o f  d r y  feed and wa te r  r a t e s ,  r e s p e c t i v e l y .  

A s e t  o f  f o u r  t r a y s  on a movable t r o l l e y  was assembled t o  f a c i l i t a t e  i 
s imul taneous sampl ing o f  s t ream p roduc ts .  

A 2 t p h  Syn t ron  v i b r a t o r y  

Major  o v e r h a u l i n g  o f  t h e  t e s t  p l a n t  was completed t o  ensure optimum 

e f f i c i e n c y  d u r i n g  p rocess ing .  The 5 horsepower SRL sand pump was r e -  

b u i  1 t, 1 i nes and p i  pes c l  eaned out ,  p ressu re  gauges rep1 aced, Nu1 l m a t i  c 

r e l a y  system r e c o n d i t i o n e d  and clamps and j o i n t s  t i g h t e n e d  so t h a t  t h e  

p l a n t  c o u l d  o F r a t e  under t w i c e  i t s  normal o p e r a t i n g  pressures.  Three 

t e s t  runs  on Saskatchewan R i v e r  sand were performed, and a mechanism o f  

r a i s i n g  drums by f o r k l i f t ,  t i l t i n g  them by a cha in  pul ldown, and emptying 

t h e i r  con ten ts  i n t o  t h e  Syntron hopper was developed. 

-- 

Pr imary Concen t ra t i on  

Samples 25 t o  34wereprocessed f rom November 28 t o  December 1, 1983 

( F i g u r e  5 and Table 2 ) .  

under t h e  s u p e r v i s i o n  and d i r e c t i o n ,  and w i t h  t h e  h e l p  o f  Messrs. Visman 

The t e s t  p l a n t  was opera ted  by a crew of  f o u r  
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TWO-STAGE C.W. CYCLONE CONCENTRATION 
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and U r l  i c h .  Cyclone component t ypes  and v a r i a b l e  s e t t i n g s  were s e l e c t e d  

by D r .  Visman t o  be t h e  same as those used d u r i n g  h i s  1975 Burwash Creek 

s tudy and t h e  September t e s t s .  However, subsequent d i s m a n t l i n g  of t h e  

p l a n t  revea led  t h a t  t h e  v o r t e x  s e t t i n g s  were g r e a t e r  t han  d e s i r e d .  

l i n g  and t rea tmen t  o f  t h e  raw feed  and cyc lone  products  were c a r r i e d  o u t  

by t h e  CES crew. 

Hand- 

A t  t h e  s t a r t  o f  each t e s t ,  15 kg (34 l b )  o f  sample were i n j e c t e d  t o  p r ime  

t h e  system i n  c l o s e d  c i r c u i t  so  t h a t  beds c o u l d  form. 

then poured d r y  i n t o  t h e  Syntron hopper, conveyed by a v i b r a t i n g  chu te  i n t o  

t h e  dual m i x i n g  tank,  and s l u r r y  pumped through a p u l p  d i v i d e r  i n t o  t h e  

p r imary  CW cyc lone  (CWC 1 ) .  

s i l t y  Jack E l l i o t  m a t e r i a l s  t o  1.29 t p h  f o r  t h e  sand ie r  Quadra and 

Terrace d e p o s i t s .  

Raw feed  ( F )  was 

Feed r a t e s  ranged f rom 0.52 t p h  f o r  t h e  

Feed pressures ranged f rom 15 t o  25 p s i .  

Over f low ( 0 )  and under f l ow  (U) products  were r e s p e c t i v e l y  l e d  i n t o  a 

c l a s s i f i e r  cyc lone  (CLC) f o r  dewater ing and i n t o  a secondary CW cyc ldne  

(CWC 2 )  f o r  f i n a l  c l e a n i n g .  

t h e  m i x i n g  tank t o  s l u r r y  t h e  new feed. Dewatered CLC u n d e r f l o w  (OU) 

was d i scha rged  f rom t h e  system as t a i l i n g s  and c o l l e c t e d  i n  4 5 - g a l l o n  

drums. D i l u t e d  CWC 2 o v e r f l o w  (UO) was r e c i r c u l a t e d  as m i d d l i n g s  t o  

j o i n  t h e  new feed.  

system th rough  a c l e a r  p l a s t i c  p i p e  as concen t ra te  and c o l l e c t e d  i n  5- 

ga l  l o n  buckets .  

D i l u t e d  CLC o v e r f l o w  (00) was r e c y c l e d  t o  

Dewatered CWC 2 under f l ow  (UU) was removed f rom t h e  

- 
The t e s t  p l a n t  was considered t o  be work ng a t  optimum e f f i c i e n c y  when 

t h e  OU p roduc t  d i scha rged  i n  t h e  fo rm o f  a " rope" .  

water  r e c y c l i n g  w i t h i n  t h e  p l a n t  was max mised, and water  d i scha rge  m i n i -  

mised. Whenever t h e  feed r a t e  and pressures dropped, t h e  " rope"  l i q u i f i e d .  

A t  t h i s  p o i n t  t h e  UU and OU products  were r e c y c l e d  i n  c l o s e d  c i r c u i t ,  t h e  

feed r a t e  i nc reased  u n t i l  t h e  " rope"  reappeared, and t h e  UU and OU p roduc ts  

d ischarged once aga in  i n  open c i r c u i t .  

Dur ing t h i s  c o n d i t i o n ,  
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For each t e s t ,  simultaneous samples were obtained of the four stream 
products during "rope" si tuations by pulling the 4 - t r ay  t ro l ley  t h r o u g h  
the stream discharges for 2 t o  3 seconds while maintaining the uniform 
feed ra te .  Representative samples of raw feed were collected by taking 
small incremental ,samples a t  regular intervals from the chute. The 
stream samples were collected so t h a t  a flow sheet could be outlined for  
each t e s t  and  the internal workings of the plant understood for  each 
geologic uni t .  

S t rem products were oven dried a f t e r  each t e s t  and concentration ra t ios  
calculated. Processed U U  and OU products were respectively contained in 
buckets for  secondary concentration and drums for storage. Water was 
siphoned and decanted from these containers regularly as i t  cleared. 

Collection of the beds a f te r  each t e s t  was achieved by sequentially 

stopping, s tar t ing and stopping the pump while holding a pan below the 
CWC 2 apex. A t  the f i r s t  stop, the CWC 2 and  1 beds were discharged 
into the pan and  piping, respectively. 
ferred t o  CWC 2 ,  and then discharged into the pan upon the following 
stoppage. 

Upon r e s t a r t  the CWC 1 bed trlans- 

Secondary Concentration 

After saving a representative bucket of 25 t o  34 U U  products, the remain- 
ing U U  products were comhined on the basis of geology t o  form Samples E ,  
F ,  G a n d  H for secondary concentration (Table 3 ) .  These labels sequent- 
i a1 ly fol low the label 1 ing of earl i e r  composite samples (November report 
t o  Triangle). The composites represent the Lower Jack El l io t ,  Q u a d r a ,  
Upper Jack El l iot  and  Terrace deposits, respectively. The Syntron feeder 
was moved closer t o  the t e s t  plant and'the stream sampling t ro l ley  removed 
so t h a t  a steeper chute and  fas te r  feed rate c o u l d  be achieved. 

On December 2 ,  Samples E t o  H were fed by bucket into the hopper by workers 
stationed on an elevated f o r k l i f t  pal le t .  A work crew of s ix  was used. 
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Dry feed was s l u r r i e d  i n t o  t h e  p l a n t  a t  r a t e s  o f  1.34 t o  1.84 t p h .  

Surg ing and p ressu re  d i f f e r e n t i a l s  occu r red  because o f  d i f f i c u l t i e s  i n  

m a i n t a i n i n g  u n i f o r m  feed r a t e s .  

UU and OU p roduc ts  were c o l l e c t e d  and t r e a t e d  i n  t h e  same manner as i n  

p r imary  process ing.  

o b j e c t i v e  o f  secondary p rocess ing  was t o  a t t e m p t  t o  o b t a i n  a v a l u a b l e  

c n n c e n t r a t e  and n o t  t o  s tudy  t h e  i n t e r n a l  f l o w  work ings o f  t h e  p l a n t .  

Stream products  were n o t  c o l l e c t e d  because t h e  

T e r t i  a r y  Concen t ra t i on  

A f t e r  sav ing  one bucke t  o f  FUU, t h e  rema in ing  135 kg (302 l b )  were 

l a b e l l e d  F and s l u r r i e d  i n t o  t h e  p l a n t  a t  a r a t e  o f  1.81 d r y  tph.  The 

r e s u l t a n t  F UU t e r t i a r y  concen t ra te  was c o l l e c t e d  and t r e a t e d  i n  t h e  

same manner as i n  t h e  secondary c o n c e n t r a t i o n  phase. 

1 

1 

! Tes t  Procedure L i m i t a t i o n s  

Because o f  c o m p l i c a t i o n s  i n v o l v e d  i n  f i n e  t u n i n g  t h e  CES coa l  t e s t  p l a n t  

f o r  p l a c e r  work, t h e  CWC 1 and 2 v o r t e x  s e t t i n g s  were e r roneous ly  main- 

t a i n e d  a t  33.5 and 23.5 mm (1.32 and 0.93 i ns ) ,  r e s p e c t i v e l y .  Accord ing 

t o  D r .  Visman's e a r l i e r  p l a c e r  s t u d i e s  these s e t t i n g s  shou ld  have been 

27 and 8 mm (1.06 and 0.315 i n s ) ,  r e s p e c t i v e l y .  

e v i d e n t  a f t e r  t e s t i n g  when t h e  p l a n t  was d ismant led.  

s e t t i n g  s i g n i f i c a n t l y  a f f e c t s  t h e  p l a n t ' s  c o n c e n t r a t i o n  performance. 

T h i s  d i sc repancy  became 

The c r i t i c a l  CWC 2 

-- 

La rge r  p a r t i c l e s  i n  Sample 25, 32 and H f eed  plugged p i p i n g  on seve ra l  

occasions and i n t e r r u p t e d  t e s t i n g .  

c leaned o u t  each t ime.  

p a r t i c l e s  t h a t  passed through t h e  No. 4 mesh, b u t  measured ove r  1 cm a l o n g  

t h e  l o n g i t u d i n a l  a x i s .  

l i m i t e d  t o  m a t e r i a l  pass ing t h e  No. 10 mesh. 

The p i p i n g  had t o  be d i sman t led  and 

Sample 25 was found t o  c o n t a i n  numerous e longa ted  

Fu tu re  p l a c e r  t e s t i n g  on t h i s  p l a n t  should be 

The f e e d i n g  procedure caused v a r i a t i o n s  i n  f e e d  r a t e s  and pressures t h a t  

appeared t o  be t o o  l a r g e  f o r  t h e  u n i t ,  i n  s p i t e  o f  t h e  e x t r a  men who were 
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h i r e d  t o  a s s i s t  i n  c o n t r o l l i n g  i t .  

feed  v a r i a t i o n s  because o f  i t s  r e l a t i v e l y  smal l  volume. I t s  c u t p o i n t  

depends on a cons tan t  f eed  r a t e ,  as proved by e a r l i e r  t e s t i n g  o f  p i l o t  

p l a n t s  i n  t h e  c l o s e d - c i r c u i t  mode w i t h  f i x e d  feed  r a t e s .  

A f t e r  d i s m a n t l i n g  t h e  p l a n t ,  i t  was found t h a t  2000 gm (4 .5  l b )  o f  sand 

had accumulated i n  t h e  p i p e  l e a d i n g  f rom t h e  p u l p  d i v i d e r  th rough  a "T"  

under CWC 1 t o  CWC 2. 

The 4 - i n c h  cyc lone  i s  s e n s i t i v e  t o  

An a d d i t i o n a l  95 gm (0.2 l b )  o f  sand had lodged 

i n s i d e  t h e  V i c t a u l i c  coup l i ngs  t h a t  connect t h e  p ipes  and cyc lones  

V isua l  i n s p e c t i o n  o f  t hese  m a t e r i a l s  r e v e a l e d  12 p a r t i c l e s  of g o l d  

rang ing  i n  s i z e  f rom 0.2 t o  1.8 mm, 3 p a r t i c l e s  resembl ing g o l d  t e  

and about 15 gm (0.033 l b )  o f  b l a c k  sand. These misp laced m a t e r i a  

combined and saved. 

l u r i d e s ,  

s were 

The presence o f  t h e  misp laced sand can be a t t r i b u t e d  t o  t h e  i r r e g u l a r  

o p e r a t i o n  o f  t h e  feed  mechanism. The sand 's  accumulat ion i n s i d e  t h e  

h o r i z o n t a l  p i p i n g  must have lowered t h e  f l o w  r a t e  t o  CWC 2 as t h e  ' 

pressure v a r i e d ,  w i t h  r e s u l t i n g  r e d u c t i o n s  o f  i t s  s e p a r a t i n g  c u t p o i n t  

and e f f i c i e n c y .  I t  i s  p robab ly  p r imary  c o n c e n t r a t e  re leased  a t  moments 

o f  low pressure t h a t ,  once s e t t l e d  i n  t h e  h o r i z o n t a l  p ipe,  needed more 

pressure t o  be r e f l u i d i z e d  than t h e  system c o u l d  p rov ide .  Hence, a 

gradual  b u i l d - u p  occu r red  u n t i l  t h e  system reached an e q u i l i b r i u m  a t  a 

1 ower s e p a r a t i  ng e f f  i c i  ency . 

I t  should be no ted  t h a t  these l i m i t a t i o n s  encountered duk ing  t h e  t e s t  

program a r e  l a r g e l y  due t o  t h e  f a c t  t h a t  t h e  CES u n i t  i s  designed and 

plumbed f o r  coa l  t e s t i n g .  The heavy U stream i n  coa l  i s  r e j e c t  and t h e  

l i g h t  0 stream i s  t h e  d e s i r e d  coa l  end p roduc t .  The r e v e r s e  i s  t r u e  f o r  

g o l d  and p rec ious  meta l  process ing.  I q  a d d i t i o n ,  M r .  P a t r i c k  Dea o f  CES 

s t a t e d  t h a t  coal  cyc lones have s h o r t e r  chambers than those r e q u i r e d  f o r  

g o l d  recovery.  Therefore,  v a l i d  r e s u l t s  can o n l y  be achieved on a u n i t  

b u i l t  t o  g o l d  t e s t  s p e c i f i c a t i o n s ,  and p r e f e r a b l y  t e s t e d  i n  t h e  f i e l d  

where l a r g e  volumes o f  m a t e r i a l  a re  a v a i l a b l e  f o r  process ing.  
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Closed Circui t  Concentration 

\ 
Following an assessment of the t e s t  l imitat ions encountered, 15 kg (33.6 l b )  
of EUU concentrate was processed through the t e s t  plant in closed c i r c u i t  
on December 29, 19-83 under the direct ion of Dr. Visman a n d  i n  the  presence 
of Ted Reimchen. This feed material was labelled Sample I 

Vorticies were adjusted t o  the design se t t ings  of 27 and 8 rnm (1.06 and 
0.315 i n s ) ,  respectively.  A feed r a t e  of 4.235 t p h  was ma ntained and 
pressures across the CWC I ,  C L C  and CkrC 2 m i t s  measured 14, 14 and 8 ps i ,  
respectively.  Simultaneous stream samples were obtained from which a 
pvformance flowsheet was generated (Figure 5 ) .  

Con cen t ra  t i  on Ra t i  o s 

Concentration r a t i o s  of 1.0 t o  1 . 7 2  were achieved d u r i n g  screening of the 
bulk samples through the No. 4 mesh (Table 2 ) .  
i n  the gravelly Monitor P i t  a n d  Terrace Gravel samples, while values of 
unity predominated i n  the Quadra  sands. 

The highest values odcurred 

Primary concentration r a t i o s  were calculated t o  range from 2 .1  t o  8.8 and 
1 . 7 2  t o  3.55 f o r  the stream a n d  processed UU products, respect ively (Tables 
2 and  5 ) .  
centrat ion r a t i o s  ranged from 1 . 7 1  t o  5. 

When combined with the screen r e s u l t s ,  the processed UU con- 

- 
The primary processed product concentrat on r a t i o s  should be used f o r  
analyses because they represent average t e s t  conditions. 
a r e  col lected f o r  a very short  time duration, and  cannot be considered 
representat ive.  Often an  ideal "rope" condition existed d u r i n g  stream 

Stream samples 

sampling when in f a c t  the "rope" condition was in te rmi t ten t  during each 
complete t e s t .  

The overall  secondary concentrations for  the Lower Jack E l l i o t ,  Quadra, 
Upper Jack E l l i o t  a n d  Terrace materials were calculated t o  be 19.16, 11.44, 
16.05 and 11.66, respectively (Table 4 ) .  These values r e f l e c t  the presence 
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Concen- Combi ned 
t r a t i  on Concen- 
Stage t r a t e  

Secondary E 

S eco nd a r y  F 

Secondary G 

Secondary H 

T e r t i a r y  F '  

Geology 
U n i t  
O r i g i n  

Lower 
Jack 
E l  1 i o t  

Quadra 
Sands 
and 
Gravels  

Upper 
Jack 
E l l i o t  

Terrace 
Sands 
and 
Gravels 

Quadra 
Sands 
and 
Gravels 

Dry -#4 
Wgt Mesh 
(1b)  (1b )  

3689 2534 

4609 4564 

1439 1288 

3689 2980 

4609 4564 

Raw 
Feed 
(1b)  

2125 

39 88 

1089 

2043 

3721 

Dry 
uu 
(1b)  

16 2 

352 

76 

2 17 

85 

Concent r a t  i o n  R a t i o  
f rom f r o m  com- 
s i e v e  CWC b i  ned 

1.46 13.12 19.16 

- -  

1.01 11.33 11.44 

1.12 14.33 16.05 

1.24 9.40 11.66 

1.01 43.77 44.21 

TABLE 4. COMBINED CW CYCLONE PRIMARY,  SECONDARY AND TERTIARY CONCENTRATION RATIOS 

1 

R a t i o  of D i f f e r e n c e  Processed Stream 
Product  Product  Stream t o  Between 

Raw Concen t ra t i on  Concen t ra t i on  Processed C o n c e n t r a t i o n  
Sample R a t i o  R a t i o  Concentrat ions R a t i o s  

25 3.55 7.03 1.98 
26 1.72 4.73 2.75 
27 2.63 2.50 0.95 
28 3.11 5.50 1 .77  
29 2.98 4.30 1.44 
30 1.66 2.10 1 . 2 7  
31 3.02 8.80 2.91 
32 3.38 3.49 1.03 
33 3.19 3.07 0.96 
34 2.26 4.14 1.83 

3.48 
3.01 
0.13 
2.39 
1.32 
0.44 
5.78 
0 .11  
0.12 
1.88 

TABLE 5 .  COMPARISON OF CW CYCLONE STREAM AND PROCESSED PRODUCT CONCENTRATIONS 
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o f  g r a v e l s  g r e a t e r  t han  t h e  No. 4 mesh s i z e .  

p a i r  o f  c o n c e n t r a t i o n s  a r e  f o r  s i l t i e r  Jack E l l i o t  depos i t s ,  and t h e  

l o w e s t  f o r  t h e  sand ie r  Terrace and Quadra u n i t s .  

I t  i s  no ted  t h a t  t h e  h i g h e s t  

T e r t i a r y  processiRg o f  t h e  Quadra m a t e r i a l s  y i e l d e d  an o v e r a l l  c o n c e n t r a t i o n  

o f  44.21, i n c l u d i n g  sc reen ing  o u t  o f  t h e  o v e r s i z e  g r a v e l s .  

ou t ,  each o f  t h e  t h r e e  stages o f  p rocess ing  y i e l d e d  c o n c e n t r a t i o n  f a c t o r s  

o f  about  3.54. T h i s  i s  c o n s i d e r a b l y  l e s s  than  a f a c t o r  o f  12 t o  16 which 

had been expected. 

I f  averaged 

I n  v iew of  t h e  t e s t  l i m i t a t i o n s  encountered, i t  i s  c e r t a i n  t h a t  t h e  CW 
cyc lone  t e s t  p l a n t  d i d  n o t  f u n c t i o n  anywhere near  i t s  maximum e f f i c i e n c y .  

Process ing o f  EUU i n  c losed  c i r c u i t  produced a c o n c e n t r a t i o n  r a t i o  o f  

12.85, which appears reasonable f o r  one r u n  th rough  t h e  plant, and c o n f i r m s  

t h e  i n v a l  i d i  t y  o f  t h e  p rev ious  r e s u l t s .  

Cyclone Product  Dispersement 

One bucket  o f  each secondary and t e r t i a r y  UU c o n c e n t r a t e  and a l l  d r i e d  

stream p roduc ts  were f l o w n  t o  Vancouver on December 3, 1983. Buckets o f  

a l l  remain ing secondary and t e r t i a r y  UU products ,  and bags of rep resen ta -  

t i v e  raw feed  and p r imary  concen t ra tes  were bussed t h e  same day. 

drums o f  processed OU p roduc ts  were t r u c k e d  t h e  f o l l o w i n g  week. 

hod m a t e r i a l s  were r e t a i n e d  by Dr. Visman. 

1 

Seventeen 

Cyclone 

- 
' Conclusions 

Resul ts  o f  analyses conducted on t h e  r a w  feed  and cyc lone  p roduc ts  a r e  

presented i n  5.0 and 6.0. For t h e  p resen t  i t  i s  s u f f i c i e n t  t o  s t a t e  t h a t  

g o l d  down t o  2 microns i n  s i z e  and o t h e r  heavy m i n e r a l s  were recovered i n  

b o t h  t h e  cyc lone beds and misp laced m a t e r i a l  even though t h e  t e s t  p l a n t  

was l i m i t e d  i n  i t s  c a p a c i t y  t o  process b u l k  p l a c e r  samples. A t e s t  r u n  i n  

c losed  c i r c u i t  w i t h  t h e  c o r r e c t  s e t t i n g s  Froduced a c o n c e n t r a t i o n  r a t i o  o f  

12.85. 

g r a v i t y  g r e a t e r  than 3.3. 

Th is  concen t ra te  con ta ined  a h i g h  ? a r t i c l e  c o n t e n t  o f  s p e c i f i c  
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These r e s u l t s  p r o v i d e  ve ry  encouraging i n d i c a t i o n s  t h a t  a p r o p e r l y  

designed and opera ted  CW cyc lone w i l l  c o n c e n t r a t e  m a t e r i a l s  o f  t h e  

Sombrio d e p o s i t  i n  t h e  f i e l d  t o  p r o v i d e  a g o l d  e n r i c h e d  end p r o d u c t .  

Wi th  a d d i t i o n a l  CW cyc lones i n  s e r i e s  a l l  p r o p e r l y  designed and 

operated, a v a l u a b l e  m u l t i p l e  concen t ra te  p r o d u c t  i s  expected. 

The recove ry  o f  ve ry  f i n e '  p a r t i c l e s  of  f r e e  g o l d  i s  known t o  be a d v e r s e l y  

a f f e c t e d  by s u r f a c e  t e n s i o n  when these p a r t i c l e s  a r e  exposed t o  a i r  w h i l e  

be ing  suspended i n  wa te r .  The f o r c e s  t h a t  cause these smal l  p a r t i c l e s  t o  

f l o a t  on t h e  w a t e r - a i r  i n t e r f a c e  a r e  overcome by c e n t r i f u g a l  a c c e l e r a t i o n  

impar ted  d u r i n g  t h e i r  passage th rough  a CW cyc lone.  

f u r t h e r  c o n c e n t r a t i o n  o f  t h e  f i n e  g o l d  recovered i n  t h e  f i r s t  2-s tage 

system must, again,  go hand i n  hand w i t h  p r o t e c t i o n  of t h e  f l o a t  g o l d  i n  

any second system. Convent ional  equipment such as a s l u i c e  box o r  shak ing  

t a b l e  would l o s e  t h e  f l o a t  g o l d  saved by t h e  CW cyc lone .  

It i s  obvious t h a t  

It has been shown by research  a t  EMR t h a t  an 8-inch, 2-stage CW cyc lone  

c i r c u i t  can ach ieve  a c o n c e n t r a t i o n  r a t i o  o f  45. The c l o s e d  c i r c u i t  t e s t  
1 o f  I U U  on t h e  4 - i n c h  u n i t  produced a c o n c e n t r a t i o n  r a t i o  o f  12.85. 

A l a r g e  d iameter ,  2-stage CW cyc lone  operated i n  s e r i e s  w i t h  a 4- inch,  

2-stage CW cyc lone  i s  t h e r e f o r e  expected t o  produce an o v e r a l l  concen- 

t r a t i o n  r a t i o  o f  578 (45  X 12.85).  T h i s  i s  a s u f f i c i e n t  enr ichment  even 

f o r  a l e a n  sand c o n t a i n i n g  a h i g h  9ercentage of  f l o a t  g o l d .  Ne expect  

w i t h  con f idence  t h e  r e s u l t s  o f  a l z - i n c h ,  2-stage c i r c u i t  which i s  

p r e s e n t l y  be ing  designed f o r  t h e  p i l o t  p l a n t .  
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* PARTICLE MINERALOGICAL ANALYSES 

SamDle P r e D a r a t i o n  

A f t e r  p r o c e s s i n g  bach o f  t h e  b u l k  samples t h r o u g h  t h e  CW c y c l o n e  t e s t  

p l a n t ,  m a t e r i a l  f r o m  t h e  CWC 1 and 2 beds were combined, sc reened t h r o u g h  

t h e  No. 14 mesh and c o n c e n t r a t e d  i n  an e l e c t r i c  panner.  Extreme c a r e  was 

t a k e n  t o  a v o i d  l o s s e s  o f  f l a k e  g o l d  wh ich  has been observed i n  t h e  p a s t  

by  RUGE and T r i a n g l e  t o  f l o a t  on w a t e r .  B l a c k  sand c o n c e n t r a t e  a t  t h e  

edge o f  t h e  panner was drawn o f f  by  a 2 m m p i g e t t e ,  s t o r e d  i n  v i a l s  f o r  

i n s p e c t i o n  and t e s t i n g ,  and p l a c e d  on m i c r o s c o p i c  s l i d e s  f o r  a n a l y s i s .  

I t  s h o u l d  be n o t e d  h e r e  t h a t  a s u b s t a n t i a l  p o r t i o n  o f  t h e  m a t e r i a l  r e -  

covered f r o m  t h e  c y c l o n e  beds i s  c o n c e n t r a t e  wh ich  wou ld  have ended up  

i n  t h e  UU s t ream had t h e  t e s t  c o n t i n u e d .  Hence, i t  i s  r e a s o n a b l e  t o  

-n . t l yse  t h e  beds f o r  D rec ious  me ta l  c o n t e n t .  

V i s u a l  Observa t i ons  o f  Gold and T e l l u r i d e s  

Severa l  s m a l l  g o l d  f l a k e s  and p a r t i c l e s  r e s e m b l i n g  g o l d  t e l l u r i d e s  were 

observed d u r i n g  pann ing  o f  t h e  c y c l o n e  beds. 

measured 1.25 mm by 0 .75  mm i n  a rea  and was e s t i m a t e d  t o  be  a b o u t  0.4 mm 

t h i c k .  V i s u a l  i n s p e c t i o n  o f  m a t e r i a l  m isp laced  i n  t h e  p i p e s  d u r i n g  

c y c l o n i n g  r e v e a l e d  12 p a r t i c l e s  o f  g o l d  r a n g i n g  i n  s i z e  f r o m  0.2 t o  1.8 

mm and 3 p a r t i c l e s  r e s e m b l i n g  g o l d  t e l l u r i d e s .  

The l a r g e s t  g o l d  f1ak.e 

- 

O p t i c a l  A n a l y s i s  o f  Go ld  and T e l l u r i d e s  

O p t i c a l  a n a l y s i s  o f  t h e  s i z e ,  shage and r e l a t i v e  abundance o f  f r e e  g o l d ,  

g o l d  bound i n  compounds, and o t h e r  heavy p a r t i c l e s  a r e  underway on t h e  

bed m a t e r i a l s .  

Andersen on t h e  Q u a n t i m e t  903 p a r t i c l e  a n a l y s e r  a t  The C l o v e r  B a r  Coal 

Research L a b o r a t o r y  o f  Energy Mines and Resources Canada i n  Edmonton. 

These ana lyses  a r e  b e i n g  pe r fo rmed  by D r .  Visman and Mr. 
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O p t i c a l  i n s p e c t i o n  o f  t h e  EUU c losed  c i r c u i t  t e s t  concen t ra te ,  I U U ,  was 

conducted on January 10, 1984. Free g o l d  was found i n  each one o f  t h e  

s i x  s i z e  f r a c t i o n s  (14 X 28, 28 X 40, 40 X 60, 60 X 100, 100 X 325, and 

minus 325 mesh) showing t h e  presence o f  g o l d  ove r  t h e  e n t i r e  p a r t i c l e  

s i z e  range (F igu re5  7 and 8 ) .  

A t e l l u r i d e  compound w i t h   perfect 1-dimensional  cleavage, and p a l l a d i u m  

were i d e n t i f i e d  ( F i g u r e  7, Photo 1 ) .  
l ower  r i g h t  o f  t h e  p a r t i c l e  s c a t t e r  i n  Photo 3. O f  s p e c i a l  i n t e r e s t  a r e  

t h e  leaf -shaped g o l d  f l a k e s  i n  t h i s  photo t o  t h e  uDper r i g h t  o f  t h e  

t e l l u r i d e  and a t  t h e  c e n t r e  i n  t h e  upper p a r t  o f  t h e  s c a t t e r .  They 

were observed under microscope by D r .  Visman t o  have a c t u a l l y  pee led  

o f f  t h e  t e l l u r i d e .  T h i s  occurrence i s  s i m i l a r  t o  one r e p o r t e d  e a r l i e r  

by M r .  Kamil t o  Mr. Sherwin. 

T h i s  t e l l u r i d e  i s  shown a t  t h e  

These i d e n t i f i c a t i o n s  and obse rva t i ons  r e v e a l  t h a t  t e l l u r i d e s  do e x i s t  

i n  ve ry  u n s t a b l e  s t a t e s  w i t h i n  t h e  Sombrio d e p o s i t .  To date,  D r .  Visman 

has p o s i t i v e l y  i d e n t i f i e d  two t e l l u r i d e s ,  S y l v a n i t e  ( (Au,Ag)Te4) and 

Nagyagi te (PbsAu(Te,Sb)4S5-8). T e l l u r i d e  analyses on t h e  raw feed of  
1 

: Samples 27, 28 and 29 a r e  p r e s e n t l y  be ing  conducted by Chemex Labs L t d .  

Heavy M i n e r a l  Ana lys i s  

On December 30 and 31, 1983 M r .  Ted Reimchen performed a q u a l i t a t i v e  

m i n e r a l o g i c a l  s tudy on CW cyc lone concen t ra te  a t  EMR w i t h  t h e  a s s i s t a n c e  

of  M r .  N.E. Andersen. Andersen d i d  t h e  sc reen ing  and heavy l i q u i d  and 

magnet ic separat ion,  and Reimchen performed t h e  m i n e r a l o g i c a l  a n a l y s i s .  

Concentrate IUU was screened t o  0.25 mm (60 mesh), and demagnetized. 

M ine ra l s  w i t h  a d e n s i t y  ove r  3.3 were separated w i t h  methylene i o d i d e .  

Heavy m i n e r a l s  were s t u d i e d  under a 4-OOX microscope. 

The p a r e n t  m a t e r i a l  was observed t o  c o n t a i n  a v a r i e t y  o f  heavy m i n e r a l s  

i n  smal l  amounts. The same m i n e r a l s  were i d e n t i f i e d  i n  t h e  c o n c e n t r a t e  

iri s i g n i f i c a n t l y  g r e a t e r  amounts. Due t o  t h e  predominance of p i n k  g a r n e t  



I L 

1 .  

2. 

3 .  

Legend 

Sca le :  0 = 1 mm 

From t o p  to  bottom: 
Gold; gold t e l l u r i d e ;  palladium. 
P a r t i c l e s  o r i g i n a t e  from t h e  "bed" 
- through which concent ra te  passes  
t o  the  CWC apex o r i f i c e .  

Te l lu r ide  nuggets from the  coarse  
f r a c t i o n  (14 m X % i n c . )  of  the 
concent ra te  
( t o  be confirmed by chemical a n a l y s i s )  

P a r t i c l e s  o f  gold ( 9 ) ;  gold t e l l u r i d e  
(lower r i g h t )  and (unconfirmed) nugget 
o f  t e l l u r i d e  o r i g i n a t i n g  from the  
plus 60 mesh f r a c t i o n  o f  t h e  concen t r a t e  
and bed ma te r i a l .  

FIGURE 7 



4 
Legend 

Sca le :  0 = 1 m 

4. Go ld  p a r t i c l e  i n  t h e  (60 X 100) 
f r a c t i o n  o f  t h e  c o n c e n t r a t e .  

5. Gold p a r t i c l e s  i n  t h e  (100 X 325) 
f r a c t i o n  of  t h e  c o n c e n t r a t e  

6. Gold p a r t i c l e s  i n  t h e  minus 325 
mesh f r a c t i o n  o f  t h e  concen t ra te .  

F IGURE 8 
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w i t h  a s p e c i f i c  g r a v i t y  o f  a p p r o x i m a t e l y  4, t h e  c o n c e n t r a t e  t o o k  on a 

p i n k i s h  hue. 

The f o l l o w i n g  m i n e r a l s  were i d e n t i f i e d  i n  t h e  c o n c e n t r a t e :  

1. c o n s i d e r a b l e  ‘pink g a r n e t ;  

2. f a i r  amounts o f  a l t e r e d  hornblende, g reen and brown e p i d o t e ,  r u t i l e ,  

3. s m a l l e r  amounts o f  a lmandine, green ga rne t ,  t o u r m a l i n e ,  h e m a t i t e -  

4. a g o l d  p a r t i c l e ;  and 

5. 

z i r c o n  and m a g n e t i t e ;  

i l m e n i t e ,  s p e c u l a r  h e m a t i t e  and c h l o r i t e ;  

an u n i d e n t i f i e d  p a r t i c l e  o f  g rey  w h i t e  m e t a l .  

I n  ano the r  s t u d y  i n  o u r  l a b o r a t o r y ,  heavy m i n e r a l s  were separa ted  f r o m  

raw f e e d  31F and i t s  secondary c o n c e n t r a t e  IUU.  S e p a r a t i o n  was done 

w i t h  a m i x t u r e  o f  methy lene i o d i d e  and bromoform w i t h  a d e n s i t y  o f  3.2 

A heavy m i n e r a l  c o n c e n t r a t i o n  r a t i o  o f  5 was c a l c u l a t e d .  

Conc lus ions  

The presence o f  t e l l u r i d e s  may e x p l a i n  t h e  d i s c r e p a n c i e s  between t e s t  

r e s u l t s  p resen ted  i n  6.0. T e l l u r i u m ,  l i k e  s u l p h u r ,  i n t e r f e r e s  w i t h  g o l d  

r e c o v e r y  by amalgamation, s m e l t i n g  and c u p e l l a t i o n .  I t  teods  t o  draw 

t h e  g o l d  bead i n t o  t h e  cupe l  and a t  t h e  same t i m e  makes i t  b r i t t l e ,  wh ich  

may c a u s e . d i s i n t e g r a t i o n  on s o l i d i f i c a t i o n .  

d r i v e n  o f f  by  r o a s t i n g  p r i o r  t o  amalgamation o r  s m e l t i n g .  

chemica l  t r e a t m e n t  o f  c o n c e n t r a t e s  c o n t a i n i n g  t e l l u r i d e s  o f  g o l d  o r  

p l a t i n u m ,  d i g e s t i m  w i t h  n i t r i c  a c i d  p r i o r  t o  d i s s o l u t i o n  i n  aqua 

r e g i a  may be r e q u i r e d  t o  a t t a i n  complete i o n i z a t i o n  o f  t h e s e  m e t a l s .  

Both  e lements  need t o  be 

I6  t h e  wet -  

On t h e  b a s i s  o f  t h e  q u a l i t a t i v e  m i n e r a l  ana lyses ,  t h e  CW c y c l o n e  t e s t  

p l a n t  d i d  separa te  o u t  heavy m i n e r a l s  and g o l d  a t  a c u t  p o i n t  o f  between 

3 and 4 .  F u r t h e r  o p t i c a l  ana lyses  o f  t h e  m i c r o s c o p i c  s l i d e s  and a 26- 

element s p e c t r a l  a n a l y s i s  o f  t h e  I U U  c o n c e n t r a t e ,  a r e  p r e s e n t l y  b e i n g  

completed by EMR and Chemex, r e s p e c t i v e l y .  
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GOLD RECOVERY AND CHEIqISTRY ANALYSES 

Sampling, C o n c e n t r a t i o n  and A n a l y s i s  L i m i t a t i o n s  

The c o n t e n t  o f  a m i n e r a l  i n  a sample s u b m i t t e d  f o r  a n a l y s i s  i s  i d e a l l y  

t h e  same as t h e  c o n t e n t  o f  t h a t  m i n e r a l  i n  t h e  p a r e n t  m a t e r i a l .  However, 

t h e  s m a l l e r  t h e  number o f . p a r t i c l e s  o f  a m i n e r a l  i n  a sample, t h e  l a r g e r  

t h e  chance t h a t  t h e  c o n t e n t  i n  t h e  sample d e v i a t e s  f rom t h a t  i n  t h e  p a r e n t  

m a t e r i a l .  

i t s  c o n t e n t  i n  t h e  p a r e n t  m a t e r i a l ,  * w i t h  t h e  decrease i n  sample s i z e ,  and 

w i t h  an i n c r e a s e  o f  p a r t i c l e  s i z e .  

The number o f  m i n e r a l  p a r t i c l e s  decreases w i t h  a decrease o f  

Because o f  t h e  e x t r e m e l y  f i n e  p a r t i c l e  s i z e  o f  t h e  Sombrio g o l d ,  any 
d e v i a t i o n  i n  samples w i l l  be m a i n l y  due t o  c o n t e n t  and sample s i z e .  

f o r e ,  samples f o r  a n a l y s i s  s h o u l d  be l a r g e  enough t o  p roduce r e s u l t s  

wh ich  r e f l e c t  t h e  va lues  i n  t h e  p a r e n t  m a t e r i a l .  I n  most a n a l y s i s  t e c h -  

n iques ,  however, o n l y  a r e l a t i v e l y  sma l l  amount o f  m a t e r i a l  can be 

hand led .  There fo re ,  when a n a l y s i n g  a l a r g e  sample, g o l d  c o n t e n t  s h o u l d  

be c o n c e n t r a t e d  i n  a volume s u i t a b l e  f o r  a n a l y s i s .  

There- 

L i m i t a t i o n s  i n  b o t h  c o n c e n t r a t i o n  and a n a l y s i s  techn iques  can cause 

d e v i a t i o n s  o f  a t e s t  r e s u l t  f rom t h e  g o l d  c o n t e n t  o f  t h e  sample i t s e l f .  

Mechanical  c o n c e n t r a t i o n  n o r m a l l y  r e s u l t s  i n  l osses  o f  f i n e  g o l d .  D u r i n g  

chemica l  d i g e s t i o n ,  g o l d  bound up w i t h  o t h e r  m i n e r a l s  may n o t  be l eached  

o u t .  The re fo re ,  a l l  t h e  g o l d  i n  a sample o f t e n  does n o t  end up i n  i t s  

c o n c e n t r a t e .  

o t h e r  me ta l s  and compounds, wh ich  n o r m a l l y  produce i n f l a t e d  f i g u r e s ,  b u t  

may produce suppressed va lues .  A l l  a v a i l a b l e  techn iques  i n t r o d u c e  uncer -  

t a i n t i e s ,  and a p r o p e r  unders tand ing  o f  t h e  techn iques  i s  r e q u i r e d  so 

t h a t  t h e i r  l i m i t a t i o n s ,  and t h e  r e s u l t s  t h a t  t hey  produce, a r e  c l e a r l y  

unders tood.  

A n a l y s i s  techn iques  a r e  s u b j e c t  t o  i n t e r f e r e n c e s  f rom 

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

a p l a c e r  d e p o s i t  i s  t o  c o l l e c t  l a r g e  samples under g e o l o g i c  s u p e r v i s i o n  and 

t o  ana lyse  them i n  s u f f i c i e n t  volumes so t h a t  g o l d  can be e x t r a c t e d  and weighed. 
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Sample P r e p a r a t i o n  

R e p r e s e n t a t i v e  22.6 kg  (50  l b )  amounts o f  raw f e e d  (25RF t o  34RF) f r o m  

t h e  d r i e d  and screened b u l k  samples were c o l l e c t e d  d u r i n g  c y c l o n i n g  and 

r e t a i n e d  f o r  a n a l y s i s .  From these,  sma l l  r e n r e s e n t a t i v e  sub-samples 

s u i t a b l e  f o r  p r e c i o u s  me ta l  t e s t i n g  were prepared by c o n i n g  and q u a r t e r -  

i n g .  

q u a r t e r s ,  and o p p o s i t e  q u a r t e r s  combined i n t o  cones each h a l f  t h e  s i z e  

o f  t h e  o r i g i n a l  cone. T h i s  p rocess  was repea ted  u n t i l  combined q u a r t e r s  

were o f  t h e  d e s i r e d  s i z e .  R e p r e s e n t a t i v e  sub-samp:es were s u b m i t t e d  by  

RUGE t o  s e v e r a l  l a b o r a t o r i e s  f o r  t e s t i n g .  

Each sub-sample was t h o r o u g h l y  mixed i n t o  a cone, s p l i t  i n t o  

Wet processed p r i m a r y  (25UU t o  34UU), secondary (EUU t o  HUU) and 

t e r t i a r y  ( F  UU) c o n c e n t r a t e s  r a n g i n g  f r o m  27 t o  125 kg  (60  t o  275 l b )  

were p i p e  sampled by push ing  a 2.5 cm ( 1  i n c h )  p i p e  t h r o u g h  t h e i r  who le  

homogenized mass, t a k i n g  c a r e  t o  ensure  t h a t  m a t e r i a l  d i d  n o t  f a l l  o u t  

o f  t h e  p i p e  bo t tom.  T h i s  process was repea ted  randomly i n  t h e  b u l k  

sample u n t i l  a combined w e i g h t  o f  2.3 t o  4 .3  k g  ( 5  t o  9 l b )  was o b t a i n e d .  

Wet p i p e  samples were d r i e d  and t h e i r  m o i s t u r e  c o n t e n t s  de termined.  

D r i e d  p i p e  samples were coned and q u a r t e r e d  as d e s c r i b e d  above. 

1 

Remaining p o r t i o n s  o f  26RF t o  33RF were s u b m i t t e d  i n  t h e i r  e n t i r e t y  t o  

Bacon Donaldson and Assoc ia tes  L t d  by RUGE s t a f f  f o r  t e s t i n g  a t  N u s p a r ' s  

reques t .  

c i r c u i t  CW c y c l o n e  concen t ra t i o in .  Remaining p o r t i o n s  o f  a l l  o t h e r  raw 

feed  and c o n c e n t r a t e  samples were r e t a i n e d  a t  ou r  o f f i c e .  A 31RF b u l k  

sample was c o l l e c t e d  by Armside M i n i n g  Company f rom t h e  Sample 31 l o c a t i o n  

and sen t  t o  A c t i o n  M i n i n g  Company i n  C a l i f o r n i a  f o r  t e s t i n g .  

The rema in ing  p a r t  o f  EUU was s e n t  t o  O r .  Visman f o r  c l o s e d  
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Summary of Test  Resu l t s  

The sub-samples were d i s t r i b u t e d  t o  l a b o r a t o r i e s  i n  Pennsylvania,  

C a l i f o r n i a  and Vancouver f o r  g o l d  c o n t e n t  t e s t i n g  by s e v e r a l  chemical  

s e p a r a t i o n  techniques w i t h  g r a v i m e t r i c  and s p e c t r o s c o p i c  f i n i s h i n g .  

Spec ia l  t e s t  procedures were implemented a t  o u r  reques t ,  a t  s e v e r a l  

o f  t h e  l a b o r a t o r i e s  i n  a n , e f f o r t  t o  ensure t h a t  a l l  f r e e  g o l d  and 

g o l d  bound i n  coumpounds were accounted f o r .  We b e l i e v e  t h a t  i n  s e v e r a l  

o f  t h e  t e s t s  conducted, m i c r o n  s i z e d  g o l d  and bound g o l d  was l o s t  
d u r i n g  grocess ing,  and p o s s i b l y  n o t  f u l l y  e x t r a c t e d  by t h e  chemica ls  

used. 

A summary o f  a l l  t e s t s  conducted on raw feed  (RF)  and c y c l o n e  concen- 

t r a t e s  (UU) a r e  p resen ted  i n  oz/1300 t o n  on Tables 6 and 7, r e s p e c t i v e l y ,  

i n  columns i n  t h e  c h r o n o l o g i c a l  o r d e r  o f  t e s t i n g .  Tes t  r e s u l t s  p resen ted  

i n  o u r  May and November r e p o r t s  t o  T r i a n g l e  f rom g e o l o g i c  samples t a k e n  

a t  t h e  b u l k  sample l o c a t i o n  a r e  a l s o  Dresented. B r i e f  d e s c r i p t i o n s  o f  

t h e  procedures used a r e  presented on t h e  Table legends and r e s u l t s  which 

a r e  now cons ide red  suspect  o r  i n c o r r e c t  a r e  i d e n t i f i e d .  D e t a i l e d  

d e s c r i p t i o n s  a r e  n r o v i d e d  i n  t h e  f o l l o w i n g  paragraphs, and an e s t i m a t e  

o f  p robab le  va lues  i s  presented i n  6.12. 

The f i g u r e s  i n  Tables 6 and 7 shou ld  be d i v i d e d  by 1000 t o  o b t a i n  oz / ton ,  

and then  m u l t i p l i e d  by 1.4 t o  o b t a i n  oz/yd . Th is  assumes an i n s i t u  

d e n s i t y  o f  1700 kg/m (106 1 6 / f t  ) .  To o b t a i n  g o l d  va lues  i n  Canadian 

d o l l a r s  based on a 1983 g o l d  p r i c e  of  Can 

i n  Tables 6 and 7 by 0.5 t o  o b t a i n  Can$/ton. 

oz/yd va lues shou ld  be m u l t i p l i e d  by 500 and 700, r e s p e c t i v e l y ,  t o  

y i e l d  Can$/ton and CanSlyd . 

3 

3 3 

s500/oz, m u l t i p l y  t h e  f i g u r e s  

S i m i l a r l y  t h e  o z / t o n  o r  
3 

3 
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I 1 .5  10.8 < 3  0.2 61 6 - 
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TABLE 6 .  SUMMARY OF GOLD AKALYSES ON RAW FEED BULK SAMPLE (OZ/lOOO TON) 



, 

Sample H1* H2 0 P+ 

25 0.7 ~ 0 . 8  
26 61 16 2.1 0.5 <0.7 
27 66 9 2.9 <r3.1 ~ 0 . 6  
28 39 5 3.3 0.3 <0.7 
29 65 16 1.0 15.4 ~ 0 . 8  

30 60 4 1 .8  0.2 <0.7 
31 59 5 1 . 8  0.2 ~ 0 . 8  
32 50 4 2.0 1.0 <0.6 
33 104 13 8.2 7.0 ~ 0 . 7  
34 77 9 2.1 0.7 <0.8 

E 86 0 2.0 0.2 48 < 3  < 3  
F 90 5 5.4 <0.1 < 0 . 8  < 3  < 3  
G 82 15 0.9 0.5 <0.8 3 < 3  * 
H 39 0 1.5 <3 .1  <0.8 3 < 3  
F1 89 5 2.4 <3.1 ( 0 . 8  <3  < 3  

Column H1 : aqua r e g i a  and AA by Rohrn and Haas (Dec. 1983) 
H2: aqua r e g i a  and AA by Rohrn and Haas (Jan. 1984) 
5 2 :  aqua r e g i a  and XRF by RUGE (Dec. 1983) 
53: aqua r e g i a  and XRF by RUGE (Jan. 1984) 

K :  aqua r e g i a  and I C A P  by Quanta Trace (Dec. 1983) 
0: f i r e  assay by Chernex (Dec. 1983) 
P:  aqua r e g i a  and AA by Chemex (Dec. 1983) 

* r e s u l t s  have been proven i n c o r r e c t  
+ r e s u l t s  a r e  cons ide red  suspect  

Table 7. SUMMARY OF GOLD ANALYSES ON*TW CYCLONE UU PRODUCTS 
I N  O Z / l O O O  TON 
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Aaua Reaia Diaestion 

Aqua regia digestion of one complete s e t  of sub-samples was completed 
under the direction of Ebo Bakker and chemistry technician Colin Jones 
a t  Simon Fraser University (SFU).  Sub-samples ranging from 0.44 t o  
0.92 kg  ( 1  t o  2 l b )  were each digested in 533 ml of 80% aqua regia for  
6 t o  10 hours a t  7OoC with periodical agitation. The resultant s lurry 
was then f i l t e r ed ,  washed, and the obtained clear  solution made t o  one 
l i t r e .  

Portions of these solutions were tested for gold content by other lab- 
oratories using atomic absorption and X-ray fluorescence spectroscopy 
with and without benefit of the Amborane 345 resin reducing agent. 
remaining solution has been retained for future analyses such as other 
metal content t h a t  will be required for environmental purposes i f  aqua 
regia digestion would be considered on a production scale.  

The 

Ideally, the aqua1 regia solution contains a l l  the precious metals from 
the sub-sample. 

tunately, other metals such as iron are partly leached into the solution, 
and do interfere  wi t h  analytical procedures. 

However, precious metal s' enclosed in mi neral s whi ch , 
! are n o t  attacked by aqua regia will n o t  be found in th i s  l iquid.  Unfor- 

4,nborane Reduction and Atomic Absorption Spectroscopy 
- 

Following several telephone conversations between Dr. Larry lrlanziek of 
Rohm a n d  Haas Company, a n d  Cecil Urlich and Ebo Bakker of RUGE pertaining 
t o  Rohm and Haas results (:Jovember report t o  Triangle), Url ich and Bakker 
visited Manziek on December 27 ,  1983. Rohm and Haas i s  a worldwide 
chemical producer t h a t  developed Amborane 345 technology as a patented 
process which i s  gaining acceptance in the mineral industry for  the t r ea t -  
ment a n d  recovery of precious metal s .  Thei r Spring House, Pennsyl vani a 
f ac i l i t y  i s  a large chemical research comvlex in which nearly 530 PhD's 
are employed. 
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P o r t i o n s  o f  a l l  aqua r e g i a  s o l u t i o n s  were taken  t o  Spr ing  House and 

analysed by  D r .  Manziek i n  t h e  ?resence o f  U r l i c h  and Bakker. Two 

5 m l  p o r t i o n s  o f  each s o l u t i o n  VIere e q u a l l y  d i l u t e d .  One s e t  o f  so l -  
u t i o n s  were t r e a t e d  w i t h  0.2 m l  o f  Amborane 345 beads and a g i t a t e d  

f o r  4 hours.  

a b s o r p t i o n  (AA) . 
Both s e t s  o f  s o l u t i o n  were then  measured by a tomic  

Absorbance read ings  taken on u n t r e a t e d  s o l u t i o n s  were c o r r e c t e d  f o r  

i r o n  i n t e r f e r e n c e  f o r  which D r .  Manziek had e s t a b l i s h e d  c o r r e c t i o n  

curves.  These va lues correspond t o  t h e  combined presence o f  g o l d  and 

o t h e r  unknown i n t e r f e r e n c e s  (Tables 6 and 7, Columns H l ) .  Readings 

of  t h e  Amborane t r e a t e d  s o l u t i o n s  correspond t o  t h e  presence o f  t hese  

i n t e r f e r e n c e s .  The d i f f e r e n c e  between each p a i r  o f  read ings  w i t h o u t  

i r o n  i n t e r f e r e n c e  c o r r e c t i o n  and c o r r e c t e d  t o  s tandard  g o l d  s o l u t i o n s ,  

corresponds t o  t h e  d e s i r e d  g o l d  va lue  w i t h  a l l  i n t e r f e r e n c e s  c a n c e l l i n g  

o u t  (Tables 6 and 7, Columns H2) .  

The H1 and H2 va lues were d i f f e r e n t ,  i m p l y i n g  t h a t  unknown i n t e r f e r e n c e s  

1 remained t o  i n f l a t e  g o l d  values even a f t e r  i r o n  c o r r e c t i o n .  T h i s  obser-  

v a t i o n  rendered the  e a r l i e r  h i g h  Rohm and Haas r e s u l t s  i n v a l i d  ( T a b l e  6, 

Column G ) .  D r .  Manziek had n o t  b e f o r e  exper ienced these o t h e r  i n t e r -  

ferences,  and suggested t h a t  they c o u l d  be due e i t h e r  t o  t h e  c o m p l e x i t y  

o f  t h e  ore,  o r  t o  l ower  grade values t h a t  he g e n e r a l l y  worked w i t h .  

We conclude t h a t  t h e  Column H2 values a r e  r e a l i s t i c  f o r  t h e  b u l k  samples 

P o s s i b l e  e r r o r s  c o u l d  s t i l l  e x i s t  i f  t h e  beads d i d  n o t  c o l l e c t  a l l  t h e  

gold,  o r  i f  t h e y  c o l l e c t e d  o t h e r  me ta l s  such as i r o n  i n  s o l u t i o n  o r  i n  

i o n  exchange. I n  the  f i r s t  case t h e  a n a l y s i s  r e s u l t  w i l l  be low, and 

i n  t h e  second case h i g h  i f  t h e  reduced meta l s  i n f l u e n c e  t h e  absorbance 

read ings .  We consider,however, t h a t  bo th  of these p o s s i b l e  e r r o r s  can 

be neglected.  
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C h l o r i n e  Lead and Amborane E x t r a c t i o n  

F o l l o w i n g  an i n t r o d u c t i o n  f rom D r .  Manziek, D r .  Joseph Thomas, c h e m i s t r y  

p r o f e s s o r  a t  C a l i f o r n i a  S t a t e  U n i v e r s i t y  a t  F u l l e r t o n  and co-owner and 

o p e r a t o r  o f  t he  H i r d - t o - F i n d  g o l d  mine i n  C a l i f o r n i a ,  was i n t r o d u c e d  t o  

t h e  p r o j e c t .  D r .  Thomas has developed a p r o p r i e t a r y  c h l o r i n e  gas 

d i g e s t i o n  and Amborane e x t r a c t i o n  technology capable o f  t r e a t i n g  complex 

and low grade p rec ious  meta l  ores.  He has researched p rec ious  meta l  

t e s t i n g  f o r  f i v e  yea rs  and concludes t h a t  e x t r a c t i o n  i s  t h e  o n l y  p o s i t i v e  

t e s t  f o r  va lues.  

F o l l o w i n g  seve ra l  te lephone communications between ! lanziek, Thomas, U r l i c h  

and Bakker, U r l i c h  v i s i t e d  Thomas on December 29, 1983. Thomas v i s i t e d  

RUGE s t a f f  on January 16, 1984. He r e p o r t s  t h a t  he has b u i l t  h i s  own 

l a b o r a t o r y  and p r o d u c t i o n  vessels ,  t h a t  h i s  technology has been success- 

f u l l y  used a t  t h e  Hard- to-F ind mine, and t h a t  he i s  p r e s e n t l y  b u i l d i n g  

a t e s t  u n i t  capable o f  t r e a t i n g  45 kg (100 l b )  samples. Drs. Thomas and 

Manziek have worked c l o s e l y  on Amborane technology f o r  ove r  two y e a r s .  

o f  aqua r e g i a ,  and about  90% l e s s  expensive i n  chemical c o s t s .  

1 Both s t a t e  t h a t  c h l o r i n e  d i g e s t i o n  i s  p robab ly  more e f f i c i e n t  t han  t h a t  

T o t a l s  o f  1 t o  5 kg ( 2  t o  11 16)  o f  sub-samples 27RF, 28RF, 31RF and 33RF 

were submi t ted t o  D r .  Thomas f o r  t e s t i n g .  Fo l l ow ing  c h l o r i n e  d i g e s t i o n ,  

excess c h l o r i n e  was removed f rom t h e  lead,  g o l d  c o l l e c t e d  on Amborane 345 

beads, t h e  r e s i n  b u r n t ,  and gGld e x t r a c t e d  and weighed (Tab le  6, Column 1 ) .  

Poss ib le  e r r o r s  a r e  s i m i l a r  t o  those o u t l i n e d  i n  6 . 5 .  Gold enc losed i n  

m i n e r a l s  t h a t  a re  n o t  a t t a c k e d  by c h l o r i n e  cannot be leached, and t h e r e -  

f o r e  n o t  c o l l e c t e d  on t h e  beads. D r .  Thomas b e l i e v e s  t h a t  h i s  d i g e s t i o n  

and e x t r a c t i o n  process should recove r  n e a r l y  100% o f  t h e  f r e e  and bound 

go ld .  

does n o t  prove 

Gold added t o  t h e  samples was comp le te l y  r e t r i e v e d .  However, t h i s  

t h a t  bound g o l d  was comp le te l y  e x t r a c t e d .  

We cons ide r  t h a t  t h e  Column I r e s u l t s  a r e  t h e  most r e l i a b l e  p r e s e n t l y  

ava i  l a b l e  f o r  b u l k  samples. 



Amborane Reduct ion and X-ray F1 uorescence 

P o r t i o n s  o f  a l l  aqua r e g i a  s o l u t i o n s  were analysed a t  Simon F rase r  

U n i v e r s i t y  (SFU) by Mike Cacke t t  and C o l i n  Jones u s i n g  X-ray f l u o r -  

escence spect roscapy (XRF) under t h e  occas iona l  s u p e r v i s i o n  o f  D r .  

John D ’Aur ia .  Resu l t s  were c o n t i n u a l l y  r e p o r t e d  t o ,  and rev iewed by  

Ebo Bakker. Dur ing  XRF spectroscopy, i n n e r  e l e c t r o n s  o f  atoms a r e  

e x c i t e d  by X-rays, o t h e r  e l e c t r o n s ,  and r a d i o a c t i v e  sources. They a r e  

knocked o u t  o f  t h e i r  s h e l l s ,  and rep laced  by o u t e r  s h e l l  e l e c t r o n s  

ntious background r a d i a t i o n  and c h a r a c t e r i  s t  which e m i t  energy as c o n t  

l i n e  spectrum. 

The SFU system u t i l i z e d  a Siemens X-ray tube  w i t h  g o l d  as p r i m a r y  and 

molybdenum as secondary t a r g e t .  

and t h e  e m i t t e d  r a d i a t i o n  i s  processed i n  a m u l t i c h a n n e l  a n a l y s i s  
a c q u i s i t i o n  system; counted i n  narrow wavelength c lasses ,  and 

rep resen ted  as a h i s tog ram showing t h e  r e l a t i o n  between wavelength 

and counts.  Spec t ra l  l i n e s  show up as peaks. The a rea  under each 

The X-ray beam e x c i t e s  t h e  sample, 

C 

d 
peak, minus t h e  background, i s  p r o p o r t i o n a l  t o  t h e  c o n c e n t r a t i o n  of t h e  

c h a r a c t e r i s t i c  peak f o r  t h a t  element and t o  t h e  c o u n t i n g  t ime .  The 

s tandard d e v i a t i o n  o f  t h e  measured area decreases w i t h  c o u n t i n g  t ime .  

Ins t rumen t  c o r r e c t i o n s  a re  made by r e f e r r i n g  a l l  measurements t o  

one argon peak. 

Aifixed r e l a t i o n  e x i s t s  between d i f f e r e n t  peaks o f  t h e  same element.  

The l a r g e s t  g o l d  peak was e v e n t u a l l y  found t o  o v e r l a p  a secondary z i n c  

peak, and t h e  z i n c  i n t e r f e r e n c e  was c a l c u l a t e d  f rom t h e  l a r g e s t  z i n c  

peak. 

s tandard curves.  

Gold va lues were c a l c u l a t e d  by comparing t h e  n e t  peak areas w i t h  

The o r i g i n a l  t e s t  procedure was t o  concen t ra te  t h e  sample s o l u t i o n  u n t i l  

a measurable g o l d  c o n c e n t r a t i o n  was reached. From t h i s  concen t ra te  a 

50 u l  drop was measured f o r  up t o  1 hour (Tab le  6, Column J l ) .  However, 

t h e  presence o f  i r o n  was found t o  i n t e r f e r e  w i t h  t h e  r e s u l t s  making 

them i n v a l i d .  
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Following discussions with Dr. Manziek a n d  Thomas, Amborane beads were 
used t o  extract  gold from the sample solutions. 
was diluted t o  a pH greater t h a n  1 . 1  and agitated for 6 hours with 100 
mg of beads a t  room temperature. 
dried, and measured on the spectrometer assuming no other interferences 
(Tables 6 and  7 ,  Column 52) .  

From one l i t r e ,  103 ml 

The beads were then f i l t e r e d ,  washed, a i r  

A standard curve was produced in the same way by adding known amounts 
of gold t o  the 31RF solution t o  ensure a similar environment. 
eliminating the suspected amount of zinc interference, the curve f i t t e d  
so closely t o  t h a t  of pure gold solutions t h a t  31RF, and a l l  the other 
samples, were measured t o  contain only traces of gold (Table 6 ,  Column 53) .  

After 

Aqua regia performance was tested by processing the leach residue of 
some samples again. 
beads t o  an already processed sample. 
t e s t s .  I t  i s  known t h a t  the Column 51 results are n o t  valid. However, 
the validity of the 52 and 53 resul ts  i s  being currently investigated 
as a research project by the chemistry department of SFU. 

Amborane performance was tested by adding more 
No gold was found  in any these 

1 

Aqua Regia Digestion and Plasma Emission Spectroscopy 

One se t  o f  a l l  sub-samples was sent t o  Quanta Trace Laboratories Inc. 
o f  Burnaby and analysed under the direction of Yr. Derrel Dixon by Plasma 
Emission Spectroscopy ( I C A P ,  for Inductively Coupled Argon Plasma Flame 
Emission Spectroscopy). 
excited and an emission spectrum produced with character is t ic  peaks. 
The excitation i s  produced by a magnetic f ie ld  in an ionized gas o r  
plasma obtained by induction heating the sample t o  9000 t o  1 0 , O O O ° K .  
Detection l imits are similar t o  those of A A ,  b u t  lower for  some elements. 

In  the ICAP method, outer she1 1 electrons are 

Measured values f o r  samples are compared w i t h  standard solutions 
obtain metal concentrations. 

The 0.44 t o  0.86 k g  ( 1  t o  2 lb )  sub-samples were s p l i t  by r i f f l e r  
59 t o  79 gm, digested overnight in 50 ml of concentrated aqua reg 

0 

t o  
a ,  
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and diluted t o  150 ml. After s e t t l i ng  of the insoluble material, 2 t o  
3 ml of clear solution were measured on the spectrometer (Table 6 ,  Column K ) .  

Very low results below detection l imits  were obtained, and  appear t o  be 
caused by u n k n o w n  .interferences which suppressed values. 
proved by submitting sample liquids prepared a t  SFU with and without 
gold added. Two samples, each with 2.20 ug gold/ml added returned 1.07 
and 1 .52  u g h 1  . One sample with 0.04 u g h 1  added returned less  than 
-01 ug/ml. A s ignificant interference or equipment malfunction obvious- 
ly ex is t s .  Thz  Columr: K vzlues should therefore be disregarded. 

This was 

F i r e  Assay and Atomic Absorption 

One se t  of a l l  sub-samples ranging from 0.10 t o  0.77 kg  (0 .25  t o  1 . 7  l b )  
were submitted t o  Chemex Labs L td .  o f  Vancouver. They were s p l i t  by 
r i f f l e r ,  ground t o  0 .15 mm (100 mesh) and  again s p l i t  t o  a sui table  s ize  
fo r  analysis. 

Conventional f i r e  assays were done on 15 gm samples under the direction 
of Mr. Lloyd Twaites who was made aware of the presence of t e l lu r ides .  
Raw reed samples were roasted prior t o  the f i r e  assay t o  accommodate 
the te l lur ides .  All analyses were finished by gravimetrics (Table 6 ,  
Column L and Table 7 ,  Column 0 ) .  

1 

! 

From the concentrate sub-samples, 5 gm amounts were leached with 50 ml 
of concentrated aqua  regia. The gold was extracted from the leach 
liquid with MlBK and measured with standard techniques (Table 7 ,  Column P ) .  

Because of the presence of te l lur ides  and the small sample s ize  tes ted,  
these values must be considered suspect. I n  properly completed f i r e  
assays, a l l  free and bound g o l d  should be retrieved. Loss of g o l d  by 
volati l ization i s  probably negligible a t  f i r e  assay temperatures. Inter- 
ference by tellurides during cupellation i s  well known qual i ta t ively b u t  

n o t  quantitatively. 
te l lur ide intereferences in assays are insignificant.  
t h a t  these interferences can be considerable. 

Some experts in f i r e  assay techniques claim t h a t  
Others maintain 
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Shaking Tab le  and F i r e  Assay 

Raw feed  samples 25RF t o  30RF, r a n g i n g  f rom 8 t o  25 kg ( 1 8  t o  56 l b )  

were submi t ted  by Nuspar t o  Bacon Donaldson & Associates L t d .  i n  

Vancouver f o r  t e s t i n g .  They were screened t o  0.4 mm (40 mesh) and 

concen t ra ted  on a W i l f l e y  shaking t a b l e  by D r .  M o r r i s  Vreugde. 

Concen t ra t i on  r a t i o s  o f  up t o  1090 were achieved, and conven t iona l  

f i r e  assays completed on t h e  concen t ra tes  o n l y  ( T a b l e  6, Column M). 

From our  p r a c t i c a l  exper ience  o f  these types o f  p l a c e r  m a t e r i a l s ,  

shak ing t a b l e s  have d i f f i c u l t y  i n  r e c o v e r i n g  abraded g o l d  p a r t i c l e s  

below 50 microns i n  s i z e .  D r .  Gordon Bacon o f  Bacon Donaldson main- 

t a i n s  t h a t  t h e  l ower  l i m i t  o f  e f f i c i e n t  recove ry  on a W i l f l e y  t a b l e  

a r e  100 m ic ron  (150 mesh) f o r  f l a t  p a r t i c l e s  and 55 m ic ron  (270 mesh) 

f o r  s p h e r i c a l  p a r t i c l e s .  A p a r t i c l e  a n a l y s i s  conducted on a composi te 

sample o f  t h e  p r o p e r t y  by D r .  Visrnan i n d i c a t e d  t h a t  more than 50% of  

t h e  g o l d  w i t h i n  t h e  sample i s  l e s s  than 37 microns i n  s i z e  (November 

r e p o r t  t o  T r i a n g l e ) .  

t a b l e  l i m i t a t i o n s ,  e x p l a i n s  t h e  l ow  va lues ob ta ined .  

The presence o f  a s i g n i f i c a n t  p r o p o r t i o n  o f  f i n e  

1 f l a t  g o l d  known t o  e x i s t  i n  t h e  Sombrio d e p o s i t ,  coupled w i t h  t h e  shaking 

CLS-20 Leach 

CLS-20 i s  a p r o p r i e t a r y  chemical ,  b e l i e v e d  t o  be i r o n  t h i o s u l f a t e ,  by 

A c t i o n  M i n i n g  Company L t d .  o f  Trona; C a l i f o r n i a ,  which r e p o r t e d l y  i s  a b l e  

t o  l each  g o l d  o u t  o f  c e r t a i n  "non-assayable o res " .  B a s i c a l l y ,  t h e  grocess 

c o n s i s t s  of l e a c h i n g  t h e  sample w i t h  CLS-20 i n  e i t h e r  h y d r o c h l o r i c  o r  

s u l p h u r i c  ac id ,  and u l t i m a t e l y  f i l t r a t i n g  and p r e c i p i t a t i n g  o u t  t h e  g o l d  

i n  a s e r i e s  o f  s teps  u s i n g  more ac id ,  and e i t h e r  z i n c  o r  sodium hyd rox ide  

and hydraz inc,  w i t h  c a r e f u l l y  c o n t r o l l e d  temperature,  t i m e  and pH 

c o n d i t i o n s .  Gold, p r e c i p i t a t e d  and mixed w i t h  o t h e r  me ta l s  and hydrox ides,  

i s  cupe l l ed ,  t he  bead pa r ted ,  and t h e  g o l d  r e s i d u e  weighed. 
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The Sombrio p r o j e c t  was i n t r o d u c e d  t o  CLS p roduc ts  and A c t i o n  M i n i n g  by 

M r .  H.S. Kamil who s e n t  m a t e r i a l  from t h e  Sample 31 l o c a t i o n  t o  M r .  J i m  

Humble of  A c t i o n  f o r  t e s t i n g .  

r e p o r t e d  va lues o f  about  0.2 o z / t o n  (Tab le  6, Column N I ) .  Convent ional  

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

d e t e c t  any g o l d .  F o l l o w i n g  d i s c u s s i o n s  between Messrs. Humble, Kamil ,  

Sherwin and U r l i c h ,  U r l i c h  v i s i t e d  Humble i n  Trona on December 28, 1983, 

submi t ted  raw feed  samples 27RF, 28RF and 33RF f o r  t e s t i n g ,  and purchased 

some CLS-20. A c t i o n ' s  t e s t  r e s u l t s  were submi t ted  by Te lex  t h e  f o l l o w i n g  

week (Tab le  6, Column N l ) .  

F o l l o w i n g  a s e r i e s  of t e s t s ,  A c t i o n  

P o r t i o n s  o f  Armside 's  b u l k  sample, 31 RF, and raw feed  sample 28RF were 

submi t ted  t o  Bacon Donaldson and Associates f o r  CLS-20 t e s t i n g  i n  acco r -  

dance w i t h  M r .  Humble's i n s t r u c t i o n s .  S i g n i f i c a n t l y  l ower  r e s u l t s  were 

ob ta ined  (Tab le  6, Column N2). 

F o l l o w i n g  d i scuss ions  w i t h  M r .  Humble, and a meet ing between Messrs. Kamil ,  

Bakker, Sherwin and Sawyer i n  V i c t o r i a  on January 6, 1983, raw samples 

a t  Simon Fraser  U n i v e r s i t y  and General T e s t i n g  L a b o r a t o r i e s  o f  Vancouver 

f o l l o w i n g  Humble's procedures.  Because of  problems w i t h  h y d r a z i n c  

p r e c i p i t a t i o n ,  t h e  SFU process was n o t  f i n i s h e d ,  b u t  a p o r t i o n  o f  t h e  

l i q u i d  b e f o r e  p r e c i p i t a t i o n  was d r i e d  and f i r e  a s s a y e d . r e t u r n i n g  a 

va lue  o f  0.001 o z / t o n  (Table 6,  Column N3). I ns tead  o f  r e d u c t i o n  and 

c u p e l l a t i b n ,  g o l d  b e a r i n g  l i q u i d  was measured by AA a t  General T e s t i n g  

u s i n g  Amborane beads. P r e l i m i n a r y  r e s u l t s  showed t h a t  t h e  l e a c h  was a t  

i t s  maximum e f f i c i e n c y  9 hours i n t o  t h e  c y c l e  w i t h  t h e  sample c o n t a i n i n g  

0.037 oz / ton  o f  g o l d  (Table 6, Column N3). 

1 28RF and 31RF were t e s t e d  w i t h  CLS-20 by C o l i n  Jones and o t h e r  RUGE s t a f f  

On January 11 and 12, 1983, d u p l i c a t e  CLS-20 t e s t s  were completed by Bacon 

Donaldson on one assay-ton amounts of 28RF and 31RF i n  t h e  presence o f  

Messrs. Humble, U r l i c h  and Bakker, i n  accordance w i t h  Humble's i n s t r u c t i o n s .  

T e s t i n g  was done by Rein Randsepp, D r .  Gordon Bacon, and P a t r i c i a  A l l e n ,  

c e r t i f i e d  assayer.  E r r a t i c  r e s u l t s  were ob ta ined  (Tab le  6, Column N4). 
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Simultaneous t e s t s  on CLS-20 chemical r e t u r n e d  s i g n i f i c a n t  gold v a l u e s  
w h i c h  make the r e s u l t s  i n  Column N4 i n c o n c l u s i v e .  

Mr. Sherwin has r e p o r t e d  t h a t  CLS-20 t e s t i n g  i s  p r e s e n t l y  b e i n g  performed 
i n  V i c t o r i a  by T r i a n g l e ' s  Peter Nelson, Buzz Sawyer and Sherwin. Simul- 
taneous l e a d i n g  and e l e c t r o p l a t i n g  a r e  r e p o r t e d  t o  be e x t r a c t i n g  v i s i b l e  
gold .  Present r e s u l t s  a r e  promising and t e s t i n g  i s  c o n t i n u i n g .  

Other ReDorted Test R e s u l t s  

A sampling program was c a r r i e d  o u t  by Mr. John P e r r y  i n  November 1953 
f o r  Nuspar. Seven channel samples ranging from 1 . 9  t o  11.3 kg ( 4 . 3  t o  
24.9 l b )  were taken from Geology Road over  a s t r a t i g r a p h i c  i n t e r v a l  o f  
32 m (100 f t )  v e r t i c a l .  
w i t h  f i n i s h i n g  by AA. 
o z / t o n ,  and the o t h e r s  were 3.001 o z j t o n  and lower.  Aqua r e g i a  l e a c h  
on the  three high assayed samples ,  fol lowed by MIBK e x t r a c t i o n  and AA 
f i n i s h i n g ,  returned va lues  of  l e s s  than  0.003 o z / t o n  f o r  a l l  three. 

Chemex completed t e s t i n g  by s t a n d a r d  f i r e  a s s a y  
Three samples r e t u r n e d  v a l u e s  o f  0.002 t o  0 .008 

1 

I n  December, 1983 Mr. Sherwin r e p o r t e d  t h a t  seven samples o f  45 kg ' 

(100 l b )  were taken  by a r e l i a b l e  s o u r c e  and leached  w i t h  aqua r e g i a .  
Gold was recovered by e l e c t r o p l a t i n g  i n  Calgary,  and r e p o r t e d  v a l u e s  
ranged from 0.304 t o  0.018 oz / ton .  The samples r e p o r t e d l y  came from: 
1 .  Geology Road, Upper Jack E l l i o t ,  2 samples (0.007 o z / t o n ) ;  
2. Geology Road, selected Quadra sand,  1 sample (0.016 o z / t o n ) ;  
3. Kamil ' s  P i t ,  Quadra sand ,  1 sample (O.C)07 o z / t o n ) ;  
4.  
5 .  
6 .  

Spruce Log Br idge ,  Lower Jack  E l l i o t ,  1 sample (0.018 o z / t o n ) ;  
MacInnes T r a i l ,  Upper Jack E l l i o t ,  1 sample (0 .004  o z / t o n ) ;  and 
T e r r a c e  South,  Sand and Gravel ,  1 sample (0.004 o z / t o n )  . 
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Other Metals 

Raw feed samples (27RF and 28RF) submitted t o  Dr. Joe Thomas in 
California were a l so  analyzed f o r  platinum. No platinum was found. 
However, Dr. Thomas did ident i fy  a t race  of platinum i n  a composite 
sample of the Terrace sands and gravels.  

All sub-samples were submitted t o  Quanta Trace Laboratories Inc. f o r  
analysis  of gold and  17  other metals (Table 8 ) .  
r e f l e c t  the amounts leachable with aqus. regia .  Palladium, platinum 
a n d  rodium a r e  below the detection level f o r  a l l  samples. S i lver  
averages 0.9051 oz/ton in the raw feed, 0.0063 oz/ton in the primary 
concentrate and 0.0071 oz / ton  i n  the secondary concentrate. However, 
because the reported gold values a r e  low as discussed i n  6 .8 ,  the o t h e r  
values a re  a l s o  suspect. 

The tabulated values 

Dr. Jan Visman ident i f ied p a l l a d i u m  i n  concentrates obtained during the  
cyclone tes t ing  (Figure 4,  Photo 1 ) .  

1 

Conclusion 

On the basis of the l imitat ions of concentration and analysis  techniques 
used, r e s u l t s  presented i n  our  e a r l i e r  reports ,  and Tables 6 a n d  7 of 
t h i s  report ,  the analyses r e s u l t s  o f  Table 6 have been divided i n t o  three 
groups. - 

The f i r s t  group contains a l l  values below 1 oz/lOOO t o n .  The majori t y  of 
these values a re  caused by l imitat ions of concentration and  analysis  tech- 
niques and bear no re la t ion  t o  the actual values i n  the mater ia l .  A few 
of these values, however, could r e f l e c t  real values. 

The second group contains a l l  values above 1 7  oz/lOOO ton ranging u p  t o  
96 oz/lOOO ton. These values a r e  considered rea l .  However, they represent 
t.he occasional presence of a s ign i f icant  gold p a r t i c l e  in an  analysis  
sample. I n  cer ta in  deposits,  however, the incidence of h i g h  values i s  
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more comnon, such as i n  the Lower Jack El l io t  depos i t ,  i n  the Monitor 
P i t ,  and i n  the Quadra Sands i n  Kamil's P i t .  

The t h i r d  group has values ranging from 1 t o  17 oz/lOOO ton, values 
w i t h i n  this rangehave been established by Dr. Thomas (Table 6,  Column 
I )  and are backed by analyses performed by Sabin Corporation, Aurex and 
Triangle (May 1983 report - to  Triangle) and Rohm and Haas (Table 6, Columns 
A,  B and H2). The majority of re l iable  tests f a l l  w i t h i n  this group and 
consequently the majority of the materials will have values between 1 and 
17 oz/lOOO ton. 

Based on geological considerations and the above groupings, we conclude 
t h a t  most of the materials i n  the Sombrio property have gold values 
ranging from 1 t o  17 oz/lOOO ton, or  0.001 t o  0.017 oz/ton. T h i s  com- 
putes to  0.0014 t o  0.024 oz/yd3 assuming a dry density o f  1700 kg (m ) 
(106 pcf). 
assuming a gold value of  Can $500/oz. 

3 
3 Corresponding values would range from Can $0.70 t o  12.00/yd 

. 
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CONCLUSIONS AND RECOMMENDAT I O N S  

Summarv and Concl usions 

Gold down t o  2 mi'crons i n  s i z e  and o the r  heavy minera ls  were recovered i n  

both the  cyclone beds and misplaced ma te r ia l  even though the CW cyclone 

coal  t e s t  p l a n t  was l i m i t e d  i n  i t s  capac i ty  t o  process bu lk  p lace r  samples. 

A t e s t  run i n  c losed c i r c u i t  w i t h  the  c o r r e c t  s e t t i n g s  produced a concen- 

t r a t i o n  r a t i o  o f  12.85. 

t e n t  o f  s p e c i f i c  g r a v i t y  g rea ter  than 3.3. 
This  concentrate contained a h igh  p a r t i c l e  con- 

These r e s u l t s  p rov ide  very encouraging i n d i c a t i o n s  t h a t  a p roper l y  de- 

signed and operated CW cyclone w i l l  concentate ma te r ia l s  of the Sombrio 

deposi t  i n  the  f i e l d  t o  orov ide a go ld  enr iched end product (F igure  9 ) .  

With a d d i t i o n a l  CW cyclones i n  se r ies  a l l  p rope r l y  designed and operated, 

a va luable m u l t i p l e  concentrate product i s  expected. 

Gold recovery and measurement t e s t  r e s u l t s  were va r iab le .  

were implemented t o  b e t t e r  understand the  chemistry of the depos i t  and t o  

reso lve  the  l i m i t a t i o n s  o f  the d i f f e r e n t  t e s t  procedures used. This  work 

i s  ongoing. 

De ta i l ed  s tud ies  
! 

On the bas is  o f  geolog ic  cons idera t ions  and the  t e s t  r e s u l t s  obtained, 

we conclude t h a t  most o f  t h e  ma te r ia l  i n  the Sombrio p roper ty  have go ld  

values ranging from 0.001 t o  0.017 oz/ton, o r  0.0014 t o  0.024 oz/yd . 
3 Corresponding d o l l a r  values would range from Can $0.70 t o  12.00/yd 

assuming a go ld  value o f  Can $5OO/oz. 

3 

Recommendations f o r  t he  Next Phase o f  Work 

On the  bas is  o f  the r e s u l t s  presented i n  t h i s  repor t ,  we consider  t h a t  , 

the next phase o f  work on the  Sombrio p roper ty  should be d i r e c t e d  to :  

(1 )  completing d e t a i l e d  chemis t r y  and geology s tud ies  t o  b e t t e r  under- 

stand the complex composi t ion o f  the  geologic  u n i t s  and t o  more 

accura te ly  de f i ne  t h e i r  precious metal  p o t e n t i a l ;  
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I T E M I Z E D  COST STATEMENT 

I n t r o d u c  t i on 
Development work done on the Sombrio P o i n t  P l a c e r  w h i c h  i s  desc r ibed  

i n  th i s  report  and i s  a p p l i e d  towards  t h i s  a s ses smen t  i s  t a b u l a t e d  
as follows: 

2ase 

~ 

L 1109 
1110 

10473 
10309 
10310 

1112 
3161 

11111 

15 18 
1517 
1138 

10172 
5878 
1113 
1133 
9948 

1137 
1519 

10472 
1111 

10487 
io486 
11112 
10488 

1114 
1115 
1116 

10837 
10836 
10489 

1132 

B u l k  Sample 
Coll ected 

34 

33 

32 

30 

26 

27, 28, 29 

25 

B u l k  Sample 
Analyzed 

yes 

Yes 

j e s  

Road 
B u i l t  

4 
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Geological Field Costs 

from the Leases PL 1110, PL 10309 and PL 3161, two samples were col- 
lected from Leases PL 1138 and PL 1113, three samples were collected 
from the Lease PL 1137, one sample was collected from the Lease PL 
1114, and  one sample was collected from a lease not owned by Triangle 
Ventures Ltd.  

Of a total  of ten b u l k  samples, three samples were collected 

Consequently, 30% of the geological f i e ld  cost  i s  assigned 
to  the grouped leases w h i t h  include Leases PL 1110, PL 10309 and PL 
3161, 20% of the geological f i e ld  cost i s  assigned to  the grouped 
leases which include Leases PL 1138 and PL 1113, 30% of the geological 
f i e ld  cost i s  assigned to  the grouped leases which include PL 1137, 
and 10% of the geological f ie ld  cost i s  assigned to  the grouped leases 
which includes Lease PL 1114. 

Chemical Research, Testing and Processing of Bulk Samples 
Based on the number of samples collected from each lease as 

described in "Geological Sampling Costs", the costs of processing the 
bulk samples are assigned as follows: 30% of tes t ing and processing 
cost i s  assigned to  the grouped leases which include Leases PL 1110, 
PL 10309 and PL 3161, 20% of the testing and processing cost  i s  assigned 
t o  the grouped leases which include Leases PL 1138 and PL 1113, 30% of 
the testing and processing cost i s  assigned t o  the grouped leases which 
include PL 1137 and 10% of the testing and processing cost  i s  ass igned  
to  the grouped leases which includes Lease PL 1114. 

Road Building 

exploration programs. 
of the road will be for  hardrock and 60% for placer exploration. 

The'road bu i l t  will be used for  placer as well as hardrock 
I t  i s  estimated t h a t  40% of the benefit and use 

Consequently, 60% of the total  road building costs are used 
for  t h i s  assessment. 
1137 and therefore 60% of the road building costs are  assigned to  the 
grouped leases which include Lease PL 1137. 

The road bui l t  l i e s  ent i re ly  w i t h i n  Lease PL 
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Geological Sampl i ng of Cycl one Processing 
Jan Visman, Sample Processing Consultant 0 1,500.00 

Ceci 1 Url i ch, Sampl e Processing Supervisor 210.30 h r  . 8 $55 11,566.50 

Ted Reimchen, Geological Supervision 15 h r .  8 65 975.00 
Geological Technician 249.25 h r .  8 15 3,738.75 
Project Admi n i  s tra’ti on, book keepi ng 32.5 h r .  (3 20 650.00 
Freight, Storage & Handling of Bulk Samples 3,246.05 
Vehicle Expenses, Fuel 
Equipment 
Accommodation & Travelling Expenses 
Reproduction 
Communication, telephone, courier 
Bull dozer 
Cyclone Engineering - Sample Processing 
Report Costs 

Chemical Testing and Research for  Gold 
Ted Reimchen, Geological Supervision 
Cecil Urlich, Project Supervision 

d Ebo Bakker, Gold recovery, research 
Dave Hawes, Sample Processing 
P a t  Whiting, Geological & Lab Supervision 
Jan Visman, Sample Processing Consultant 
Joe Thomas & J .  Humble, Chemical Analysis 

Laboratory Technicians . 
Consultants 

Project Administration, bookkeeping 
Lab Equipment ,  supplies, rental 
Assays 
Comnuni cation 
Travel 1 i ng Expenses 
Report Costs 

1,360.85 

1,632.27 

2,327.09 
122.21 

365.20 

122.92 

10,500.00 

6,102.68 
$44,209.52 

29 h r .  IP $65 1,885.00 

162.40 h r .  8 65 10,556.00 
251.60 h r .  8 45 11,322 .OO 
20 hr. 8 55 1,100.00 
53 hr. !3 32.50 1,917.50 

2,561.66 

3,605.83 

57.3 h r .  8 15 859.50 
289 hr. (3 11 3,179.00 

14.25 hr. 8 20 285.00 

3,192.37 

2,591.95 

468.53 

592.93 

838.45 
$44,955.72 
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Road B u i  l d i  ng 
Cecil  Url ich (ove ra l l  superv isor )  46 hrs. (h $ 55 6 2,530.00 
David Stone ( f i e l d  superv isor )  13 days 0 150 1,950.00 
Comnuni ca t ions  210.48 

Western ARP Services  L t d .  
Duncan, B . C .  (Dctober 4-6, 1983) 
Crumny t r ave l t ime  3 days 0 $40 = $120 
Operator t rave l t ime 3 days @ 40 = 120 
B u l l  dozer 15 .hrs .  @ 65 = 975 
Lowbed 10 hrs. @ 65 = 650 1,865.00 

Sooke, B.C.  (October 6-30, 1983) 
Mob and Demob 4 hrs. @ 55 = 220 
Excavator 135 hrs. @ 65 = 8775 

Benson Excavating 

Bobcat 8 hrs. @ 30 = 240 9,235 .OO 
15,790.48 

60% of $15,790.48 i s  appl icable  t o  placer  assessment - 9,474.29 

TOTAL $98,639.53 

! 



C E R T I F I C A T E  

I ,  Ted H.F. Reimchen, o f  5571 Cove C l i f f  Road, Nor th Vancouver, 
B.C. Canada, do hereby c e r t i f y  t h a t :  

I am a graduate o f  the Un ive rs i t y  o f  A lber ta ,  graduated w i t h  a B.Sc. 
Degree i n  Geology apd Zoology i n  1964, and w i t h  a M.Sc. Degree i n  
Geology i n  1966. ' 

I have been reg i s te red  as a profess ional  geo log i s t  s ince 1971 by the 
Associat ion o f  Professiona-1 Engineers, Geologists,  and Geophysic ists 
o f  A lber ta .  

I am a member o f  Canadian I n s t i t u t e  of Mining and Meta l lurgy,  Soc i t y  
of Quaternary Geologists,  American Society  of Photogramnetry, Canadian 
Remote Sepsing Associat ion,  and Canada/United States Radar S a t e l l i t e  
Study Team. 

I have p rac t i sed  as a consu l t ing  geo log is t  s ince  1968, and have been a 
par tner  o f  Reimchen U r l  i ch Geological Engineer ing s ince 1982. 

I have no i n t e r e s t  i n  any claims o r  p roper t i es  owned by T r iang le  Ventures 
Ltd.  o f  V i c t o r i a .  

I do no t  express any guarantee o r  warranty.  The r e p o r t  i s  based on 
f a c t s  r e s u l t i n g  from personal i nves t i ga t i ons  and from i n v e s t i g a t i o n s  
completed and repor ted by s t a f f  o f  Reimchen U r l i c h  Geological  Engineer ing,  
s t a f f  o f  commercial and research t e s t i n g  l abo ra to r ies ,  and ou ts ide  

, consul tants  . 
I hereby consent t o  the  use o f  the r e p o r t  by the Company i n  connect ion 
w i t h  a prospectus, o r  a statement o f  m a t e r i a l  facts  r e l a t i n g  t o  the  
r a i s i n g  of funds f o r  the p ro jec t .  

Dated a t  the D i s t r i c t  of No i n  the Province of  B r i t i s h  



C E R T I F I C A T E  

I ,  Cec i l  PI. U r l i c h ,  o f  1425 Je f fe rson Avenue, West Vancouver 
B.C., Canada, do hereby c e r t i f y  t h a t :  

I am a 1972 graduate o f  the  U n i v e r s i t y  o f  Calgary, A lber ta ,  graduated 
w i t h  a M.Sc. Degree i n  ,Geotechnical Engineering, and a 1970 graduate of  
the U n i v e r s i t y  of Auckland, New Zealand, w i t h  a B.E. Degree i n  Engineer 
Science. 

I have been reg i s te red  as a p ro fess iona l  engineer s ince  1977 by the 
Associat ion o f  Profess ional  Engineers o f  B r i t i s h  Columbia, and s ince 
1982 by the  Associat ion o f  Profess ional  Engineers, Geologis ts ,  and 
Geophysic ists o f  A1 ber ta  . 

I am a member o f  Canadian Geotechnical Society  and American Society  
o f  C i v i l  Engineers. 

I have been invo lved i n  consu l t i ng  geotechnical  engineer ing s ince 1972, 
and have been a par tner  o f  Reimchen U r l i c h  Geological  Engineer ing s ince  
1 982. 

I have no i n t e r e s t  i n  any claims or  proper t i es  owned by Tr iang le  Ventures 
Ltd.  of V i c t o r i a .  
! 

Conclusions obtained and repor ted dur ing  my work are  based on f a c L s  
r e s u l t i n g  from personal i n v e s t i g a t i o n  and from i n v e s t i g a t i o n s  cornoierec 
and repor ted by s t a f f  o f  Reimchen U r l i c h  Geological Engineering, s t a f f  
of c o m r c i a l  and research t e s t i n g  labora tor ies ,  and ou ts ide  c o n s u l t a n t s .  

Dated a t  
B F i t i s h  Columbia, t h i s  

the D i s t r i c t  o f  North Vpcouver  i n  the 
1 5 t h  day o f  March, 1984. 

Province o f  

Respect fu l l y  submitted, 

Ceci l  t.1. U r l i c h ,  P.Eng. 



C E R T I F I C A T E  

i ,  Ebo B a k k e r ,  o f  3738 Mount Seymour D a m w a y ,  Nortn Vancouver, 
3. C., Canada, do hereby c e r t i f y  t h a t :  

I am a graduate o f  the Leiden Un ivers i ty ,  Hetherlands, graduated w i t h  a 
6 . k .  Honors Degree i n  Geology w i t h  Yathematics, Physics and Chemistry 
i n  1973, and w i t h  a M,Sc. Degree i n  Geology i n  1979. . . 
I am a member o f  the Royal Dutch Geology and Mining Society, the  
Geological Society  o f  Sweden, a fe l l ow  o f  the Geological Assoc ia t ion  
of Canada and a Member-in-Training o f  The Associat ion of Pro fess iona l  
Engineers , Geol og i  s t s  and Geophysi c i  s t s  of A1 ber ta  . 

I have been a p r a c t i c i n g  geo log is t  s ince 1976 and have been an employee 
of Reimchen U r l  i ch Geological Engi neer i  ng s ince 1981 . 

I have no i n t e r e s t  i n  any claims or proper t i es  owned by T r iang le  Ventures 
L td .  of V i c t o r i a .  

Conclusions obta ined and reDorted dur ing my work are  based on fac ts  
r e s u l t i n g  from personal i n v e s t i g a t i o n  anC from inves t i ga t i ons  completed 
and repor ted by s t a f f  o f  Reimchen U r l i c h  Geological Engineering, s t a f f  
of comnercial and research t e s t i n g  laborator ies,  and ou ts ide  consu l tan ts .  

! 
Dated a t  the D i s i r i c i  o f  ?ior tc  'Vancouver i n  3 e  Province o f  

S r i t i s h  Columbia, t h i s  1 S t p  Jzy 3 ;  Yarcn.  1980. 




