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SUMMARY OF RESULTS 

Daily b e l t - f e e d  head samples o f  t h e  o r e  gave an average a n a l y s i s  
of 12.75 oz Ag/ton and 0.44% Pb. 

A drum o f  s i l v e r - l e a d  c o n c e n t r a t e ,  weighing 350 pounds, which was 
produced dur ing  t h e  p i l o t  p l a n t  i n v e s t i g a t i o n ,  analyzed as fol lows:  

S i l v e r  
Gold 
Lead 
Copper 
Arsenic 
Antimony 
I r o n  
Sulphur 
Barium 
CaO 
S i l i c a  
I n s o l u b l e  

- 416.54 oz/ ton 
- 0.02 " ' 1  

- 12.68 p e r  cent  
- 1.02 " 

- 0.23 " 

- 0.66 " - 28.45 " 

- 3.99 " 

- 11.66 " 

- 0.72 " 

- 1 4 . 1 4  " 

- 15.69 " 
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A g r i n d  o f  80% t o  85% minus 200 mesh was necessary  t o  ensure t h e  
l i b e r a t i o n  of  t h e  minera ls .  

Based on s i l v e r  assays ,  u n i t - c e l l  concent ra tes  assaying  i n  excess  
o f  400 oz Ag/ton with r e c o v e r i e s  o f  over  70% were r e a d i l y  achieved. 

o f  90% o f  t h e  s i l v e r  and 
i l v e r  and 6 .9% of  t h e  l e a d  
yanjdat ion t e s t s  o f  a p y r i t e  
i n  t h e  concent ra te  was amenable 

I s  Sec t ion ,  Mineral  Processing 
ines  and Resources, Ottawa, 

. 
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A comparative g r i n d a b i l i t y  t e s t  i n d i c a t e d  t h a t  t h e  o r e  was of t h e  
medium-hard v a r i e t y  with a work index of  16.6 kh'h/short ton .  

The s e t t l i n g  r a t e  o f  t h e  s i l v e r - l e a d  concent ra te  was very slow 
but  t h e  a d d i t i o n  of  small  amomts o f  s e t t l i n g  agent increased  t h e  r a t e  
marked 1 y . 

a s e t t l i n g  agent  i s  necessary t o  obta in  an acceptab le  f i l t r a t i o n  r a t e .  
Bench f i l t r a t i o n  t e s t s  on ' t he  f l o t a t i o n  concent ra te  showed t h a t  
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INTRODUCTION 

On May 17 ,  1969, a p i l o t  p l a n t  i n v e s t i g a t i o n  on a s i l v e r - l e a d  o r e  
from Dolly Varden Mines L t d .  was s t a r t e d .  This  work, reques ted  by D r .  A .  C .  
S k e r l ,  Managing D i r e c t o r ,  Dolly Varden Mines Ltd . ,  304-1033 West Pender S t r e e t ,  
Vancouver 1, B . C . ,  was t h e  r e s u l t  o f  a f e a s i b i l i t y  s tudy  o f  t h e  o r e b o d y  and 
was designed t o  f i n a l i z e  a t rea tment  procedure.  M r .  R. C .  Smith, Mill Super- 

p l a n t  t e s t  and had o v e r a l l  r e s p o n s i b i l i t y  f o r  t h e  work. 
. i n t e n d e n t  of Dolly Varden Mines Ltd.  was p r e s e n t  dur ing  most o f  t h e  p i l o t  

On A p r i l  26, 1969, a shipment o f  78 s e a l e d ,  s t e e l  drums conta in ing  
19.5 tons  o f  lump o r e  was rece ived  from thc  p r o p e r t y  which i s  l o c a t e d  a t  t h e  
head o f  Alice A r m  i n l e t  on t h e  B r i t i s h  Columbia c o a s t  a t  about 55"30' n o r t h  
l a t i t u d e .  

DETAILS OF INVESTIGATION 

Ore Prepara t ion  

The o re ,  a f t e r  c rush ing  t o  1 / 2  inch ,  was mixed wi th  a f ront -end  
loader  and was then reduced t o  minus 1 / 4  i nch .  An automatic  sampler cu t  o u t  
a r e p r e s e n t a t i v e  head sample f o r  whatever a d d i t i o n a l  work might be necessary  
at  . the conclusion of  t h e  p i l o t  p l a n t  t e s t .  Nei thcr  'a minera logica l  examination 
of the  o r e  n o r  a chemical head sample a n a l y s i s  o f  t h e  o r e  was obtained dur ing  
t h e  p i l o t  p l a n t  i n v e s t i g a t i o n .  

Flowsheet and Bench Tes t ing  

The b a s i c  flowsheet used i n  t h e  t rea tment  o f ' t h i s  o r e  i s  shown i n  
Figure 1 o f  t h e  Appendix. 
c e l l  i n  the  gr inding  c i r c u i t  t o  recover  a high-grade s i l v e r - l e a d  concent ra te .  
Because of  the  small  amount of  ore  a v a i l a b l e  f o r  t h e  i n v e s t i g a t i o n .  An 80- 
mesh Sweco screen  was used i n  c losed c i r c u i t  with t h e  b a l l  m i l l  i n s t e a d  of a 
cyclone o r  a mechanical c l a s s i f i e r  t o  f a c i l i t a t e  t h e  r a p i d  es tab l i shment  o f  
an optimum gr ind .  

A No. 7 Denver f l o t a t i o n  machine was used as  a u n i t  

The remainder of  t h e  c i r c u i t  was s t r a i g h t  f l o t a t i o n  of  a s i l v e r - l e a d  
concent ra te  and a p y r i t e  concent ra te .  
recover  a d d i t i o n a l  s i l v e r  by gr inding  and f l o t a t i o n  o f  t h e  f i n a l  p y r i t e  con- 
c e n t r a t e .  

.An at tempt  was made i n  Run No. 7 t o  

The Appendix o f  t h i s  r e p o r t  conta ins  thc  f lowsheets  used and t h e  
m e t a l l u r g i c a l  balances obta ined  dur ing  t h e  p i l o t  p l a n t  t e s t i n g .  In  a d d i t i o n ,  
t h e  r e s u l t s  o f  a comparative work index de termina t ion  on t h c  o r e  a r e  included 
and t h e  r e s u l t s  o f  s e t t l i n g  and f i l t r a t i o n  t e s t s  on t h e  f i n a l  s i l v e r - l e a d  
concent ra te  and cyanida t ion  t e s t s  on t h e  f i n a l  p y r i t e  Concentrate.  
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CONCLUSIONS AND DISCUSSION 

The o re ,  which had t h e  appearance of  be ing  very ha rd ,  had a comparative 
work index o f  16.6 klVh/short ton  and f a l l s  i n  t h e  medium-hard range.  
p i l o t  p l a n t  t e s t i n g ,  t h e  o r e  ground f a i r l y  e a s i l y  t o  between 80% and 90% minus 
ZOO-mesh, a t  which g r ind  an optimum recovery of the s i l v e r  and the  l e a d  was 
obta ined  . 

During t h e  

The No. 7 Denver f l o t a t i o n  c e l l  i n s t a l l e d  t o  a c t  as a u n i t  c e l l  
recovered a coarse, high-grade,  s i l v e r - l e a d  concent ra te  wi th  a h igh  recovery.  
In  Run No. 3 ,  based on t h e  s i l v e r  assays  showing a b a l l - m i l l  d i scharge  o f  10.40 
oz Ag/ton, a u n i t  c e l l  concen t r a t e  of 513.06 oz Ag/ton and a u n i t - c e l l  t a i l i n g  
o f  3.00 oz Ag/ton, a c a l c u l a t e d  recovery of  71.6% of  t h e  s i l v e r  was ob ta ined .  
p l a n t  ope ra t ions  t h i s  grade o f  u n i t - c e l l  concen t r a t e  would be considered a 
f i n i s h e d  product .  

In 

Batch , labora tory  f l o t a t i o n  t e s t s  done by a p r i v a t e  m e t a l l u r g i c a l  con- 
s u l t i n g  company i n d i c a t e d  t h a t  a complex arrangement o f  r e a g e n t s ,  i nc lud ing  t h e  
use o f  Na2S and H2S04, might be necessary  t o  a f f e c t  a h igh  s i l v e r  recovery.  In 
t h e  f irst  t e s t  o f  t h e  p i l o t  p l a n t  i n v e s t i g a t i o n  s u l p h u r i c  a c i d  was used, b u t  t h e  
pH i n  t h e  p y r i t e  f l o t a t i o n  c i r c u i t  was d i f f i c u l t  t o  c o n t r o l ,  and because an 
excess ive  amount of  a c i d  was necessary ,  t h i s  scheme was d iscont inued .  

General ly ,  optimum f l o t a t i o n  cond i t ions  were achieved by t h e  s imple 
expedient  o f  u s ing  soda ash i n  t h e  g r ind  t o  maintain a f l o t a t i o n  pH o f  about 
10 , toge the r  with a small  mount of  Aerof lo t  Promoter 242 as a c o l l e c t o r - f r o t h e r .  
Addi t iona l  c o l l e c t o r  was added t o  t h e  s i l v e r - l e a d  cond i t ione r  and a smal l  amount 
o f  p ine  o i l  was used as a supplementary f r o t h e r .  The p y r i t e  was f l o a t e d  us ing  
amyl xan tha te  and p ine  o i l .  Copper sulphate ,added t o  t h e  p y r i t e - c o n d i t i o n e r ,  
may have been b e n e f i c i a l .  

Various c e l l  arrangements i n  t h e  s i l v e r - l e a d  and i n  t h e  p y r i t e  c i r c u i t s  
were t r i e d  t o  ob ta in  t h e  b e s t  grade c o n s i s t e n t  with a h igh  recovery.  
r e s u l t s  were obta ined  i n  Run No. 5 .  

The b e s t  

An at tempt  was made t o  recover  a d d i t i o n a l  s i l v e r  from t h e  p y r i t e  con- 
c e n t r a t e .  
were used t o  depress  t h e  p y r i t e  while  t h e  s i l v e r  minera ls  were f l o a t e d  with 
Aerof lo t  Promoter 242 .  . This t rea tment  scheme, shown i n  Run No. 7 ,  was only  
p a r t i a l l y  s u c c e s s f u l .  

The concent ra te  was thickened and ground. Lime and sodium cyanide 

Batch cyanida t ion  tes ts ,which were c a r r i e d  ou t  on the  f i n a l  p y r i t e  
concent ra te , recovered  a maximum o f  69.5% of  t h e  s i l v e r  i n  t h e  p y r i t e  concen t r a t e .  
Thus, i n  t h e  case o f  Run No. 5 ,  only 3.8% o f  t h e  s i l v e r  i n  t h e  o re  would be 
recovered by t h i s  means. 
i t  i s  doubt fu l  i f  cyanida t ion  o f  t h e  p y r i t e  Concentrate would be economic a t  t h i s  
t ime.  
t r ea tmen t .  

Because of  t h e  h igh  c a p i t a l  cos t  o f  a cyanida t ion  p l a n t ,  

However, t h e  p y r i t e  concen t r a t e  should be s tock -p i l ed  f o r  p o s s i b l e  f u t u r e  
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The f i n a l  s i l v e r - l e a d  concen t r a t e  was very slow i n  s e t t l i n g ,  b u t  
with t h e  a d d i t i o n  o f  a s e t t l i n g  agen t ,  t h e  r a t e  i nc reased  markedly. 
bench s e t t l i n g  t e s t s ,  M . G . L .  Separan was used, althougl,  probably t h e  same 
r e s u l t s  would be obta ined  with most commercial s e t t l i n : '  ?gents.  

In t h e  

With t h e  use of  a s e t t l i n g  agen t ,  adequate f i  i t r a t i o n  r a t e s  w i l l  
be ob ta ined .  
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I Xanthate followed by p y r i t e  f l o t a t i o n  i n  an a c i d  (II SO,) c i r c u i t .  
I -. - - ~  I- 
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Feed 

B a l l  
M i l l  

u n i t  

l i t - c e l l  conc 2-stage 
Ag-Pb c l e a n e r s  

No. 5 c e l l s  

Ag-Pb conc 

P y r i t e  Roughers P y r i t e  Scavengers 
No. 7 cells No. 7 cells  

P y r i t e  T a i l i n g  
conc t o  

waste 

-~ ----... 
' igure 1: Flowsheet f o r  M i l l  Run No. 1 
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RZXXXS: D o d r o t h  250 tended t o  produce a runny f r o t h  when 
used wi th  Aerof loa t  2 4 2 .  
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Ag-Pb Roughers 
No. 7 cells 

3-stage 
Ag-Pb c l e a n e r s  

No. 5 c e l l s  

4 
Ag-Pb conc 

cc P y r i t e  Roughers P y r i t e  Scavengers 
No. 7 c e l l s  

No. 7 c e l l s  

P y r i t e  
conc 

P y r i t e  Roughers P y r i t e  Scavengers 
No. 7 c e l l s  

No. 7 c e l l s  

P y r i t e  T a i l i n g  
conc t o  

Waste 

T a i l i n g  
t o  

Waste 

Figure 2 :  Flowsheet f o r  M i l l  Run No. 2 .  
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>>., \,FT ~ R ~ L : I I . . L ~ I ~ ~  An i n c r e a s e  i n  amount of Z-G r e s u l t e d  i n  a 
lower f l o a t  t a i l i n g .  
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Figure 3 :  Flowsheet f o r  Mill Run No. 3 .  
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Ag-Pb conc 

P y r i t e  No. 7 c e l l s  
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i n g  
to 

Waste 

Figure 4 :  Flowsheet f o r  M i l l  Run No. 4 
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-% in. 
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Fi.gure 5: FiIor.7she~.t f o r  Mill. Run No. 5 and 6. 
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No. 7 c e l l s  

-“41 
l e a n e r s  I 
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3-stage 
Ag-Pb c l e a n e r  

No. 5 c e l l s  

P y r i t e  No. 7 c e l l s  

.-e-.w. 

Scavengers 

Overflow 
t o  e------- 

Waste T a i l i n g  

Waste Ag-Pb F l o t a t i o n  

P y r i t e  Regrind 
Ball. M i l l .  Waste 

Ag-Db conc -_-- 
Figure 6 :  Flo;,isheet f o r  P i i l l  Run No. 7 .  
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0.6 
11.5 
19.0 
18.4 
13.5 
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3 .0  
9.2 
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Feed ___ 
% pass 

99.4 
87.9 
68 .9  
50.5 
37.0 
28.4 
21.0 
15 .9  
12.2 

9.2 

W 

+10 mesh 
14 " 

20 " 

28 " 

35 " 

48 " 

65 " 

100 'I 

150 " 

200 " 

-200 I '  

Work Index Determination 

0 . 4  99.6 
11 .2  88.4 
22.2 66.2 
16.6 49.6 
10.4 39.2 

7.7 31.5 
7.6 23.9 
5 . 4  18.5 
5.0 13.5 
4.7 8 . 8  
8.81 

The g r i n d a b i l i t y  of  the Dolly Varden o r e  was comparcd wi th  t h a t  of 
an o r e  of  known work index.  Following a procedure (1) dcveloped a t  t h e  Mines 
Branch, 2000-grm samples o f  t h e  Dolly Vardcn o r e  and t h e  comparison o r e  were 
ground under i.clentica1 cond i t ions  i n  t h e  same ba tch  b a l l - m i l l .  
and c y c l o s i z e r  r e s u l t s  o f  t h e  b a l l  mi l l  feed  and t h e  ground o r e  were recorded.  
The r e s u l t s  were p l o t t e d  on log- log  graph paper  ( p a r t i c l e  s i z e  i n  microns v s  
p e r  c e n t  pass ing)  from which 80% pass ing  p o i n t s  i n  microns wcrc obta ined .  
The p a r t i c l e  s ize  a n a l y s i s  i s  sl ioi~~n i n  'rablc 1, and i s  g r a p h i c a l l y  i l l u s t r a t e d  
i n  Figure 7 

The screen  

TABLE 1 

Resul t s  o f  Screen -and -~ Cyclos izer  Tests 

Dolly 

% r e t '  % pass 
Par t ic le  

S ize  ~~ 1 Foed 

1.270 " 

40.6 micron 
30.9 " 

22.5 " 

15.5 " 

rota1 I 100.01 
- - 

'arden ~. 

0.7 
1 .4  
6.7 

16 .3  

3.7 
10 .3  
14 .5  
12.3 

9.4 
5.9 

18.8 

100.0 
____ 

grind 
% pass  
__ 
___ 

100.0 
99 .3  
97 .9  
91.2 
74.9 

71.2 
60 .9  
46.4 
34.1 
24.7 
18.8 

in Orc 
30 min g r i n d  

100.0 

- 24.01 
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Figure 7 - Size D i s t r i b u t i o n  of  Dolly Vardcn and Comparison Ore 

From the  curves,  tlie SO% pass ing  p o i n t s  i n  microns were obta ined .  
These were as fo l lows:  

80% Passing P o i n t s  in Elicrons ______ 

Product 1 Dolly Varden Ore 1 Comparison Orel -. -I 

The Bond work index f o r  the  comparison o r e  i s  1 6 . 4  kl!h/short ton .  
S u b s t i t u t i n g  t h i s  f i g u r e  and those  i n  tlie above t a b l e  i n  t h e  formnula developed 
by F.C.  Bond, a s  shown on t h e  fol lowing page,  
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we have Wi 10 - lo_> = 16.4 ( 
J1080 

and \ V i  (Dolly Varden ore)  = 16.6  kl\h/short  t o n l  

The b a l l  m i l l  horsepower requi red  and from it t h e  b a l l  m i l l  s i z e  
needed may be determined by us ing  t h e  work index f i g u r e .  

Assume a m i l l  capac i ty  of  700 tons /24  hour  day o r  29.2 ton/hour 

Assume 3/S-in. o r e  feed crushed t o  80% pass ing  9500 microns 

Assume a product  ground t o  80% pass ing  70 microns. 

The work r e q u i r e d  1V = 10 IVi - 10 14'i _ _ _ _  
J P F  

and 

and 

I\' = 16.6 ( 10 - 10 ) 
m f i  

. .  

Required m i l l  power = 18.14 x 2 9 . 2  x 1.34 = 709.S H . P .  

Approxi-mate mill s i z e s  r e q u i r e d  - 9 '  x 1 6 ' ,  10 '  x IZ', or  1 0 '  x 1 4 '  
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S e t t l i n g  Tests 

A s e r i e s  of s e t t l i n g  tests was done on t h e  f i n a l  concen t r a t e  ru.hich 
was slii~pped t o  Vancouver. I n  all of the t e s t s  an i n i t i a l  pu lp  pI1 of about 
10 was achi~eved through t h e  addi.tion o f  soda ash i n  o r d e r  t o  approximate t h e  
pH of  the fj.na1 Ag-Pb concen t r a t e  produced dur ing  t h e  p i l o t  p l a n t  t e s t i n g .  
I n  t h e  fo l lowing  t a b l e  the s e t t l i . n g  r a t e s  achi.eved through t h e  usc of 
Separan MCL are shown a t  pu lp  d e n s i t i e s  of 4:1, 3 :1 ,  and 2 : l .  Also show1 
are t h e  s e t t l i n g  r a t e s  achieved u s i n g  vary ing  <mounts o f  lI2S0k. 

TABLE 2 

Resu l t s  o f  S e t t l i n g  Tes t s  on F ina l  Concent ra te  _- - 

k a g e n t s  
Separar 

- 
0.0025 

0.005 

0.010 

0.025 

0.050 
- 
- 
- 
- 
- 

' ton conc 
1 I ~ S O l +  

- 
- 
- 
- 
- 
- 

1.84 

3.6s 

5.52 

9 .20  

18 .4  

Tes t  
PI I 

10 .2 

9 . 5  

10.0 

9 .8  

9 .9  

9 . 8  

9 . 5  

9 . 3  

9 . 0  

8 .5  

6 .9  

__ 

S e t t l i  
PC 

4 : l  

4 . 0  
9 .4  

21.38 

32.5 

47.25 

60 .0  

-__ 

4.90 

4.50 

5.50 

5 .50  

6 . 8 0  

? Rate ft/hr a t  
1 Dens: 

3 : l  

2.75 

6.25 

15.62 

20.62 

25.0 

37 .5  

-~ 

~ 

3.60 

4 .00  

4 .50 

4.25 

4.60 

~ e s  
2 : l  

1'. 50 
2.50 

6 .88  

7.60 

10 .0  

11.25 

1.90 

2.40 

2.25 

2.10 

2.00 

Fi.na.1 
Pulp Densit! 

1.5 

1 .5  

1 .5  

1 :5 

1 .5  

1 .5  

1.5 

1 .5  

1 . 5  

1 .5  

1 .5  
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Fi. 1 t r a t  i.on Tes t s  .- 

A s e r i e s  of  f i 1 t r a t i . o n  t e s t s  were c a r r i e d  o u t  on t h e  Ag-Pb f i n a l  
concent ra te .  The puln d e n s i t y  i n  a11 of the t e s t s  was 1 . 5 : 1  which was t h e  
f i n a l  s e t t l e d - p u l p  d e n s i t y  i n  the s e t t l i n g  t e s t s .  
cond i t ions  and t h e  r e s u l t s  o f  the  t e s t s .  

Table 3 shows t h e  t e s t  

'ulp 
p1-I 

-0.0 

.o.o 

10.0 

LO.0 

10.0 

8.5 

8.5 

8.5 

6.5 

6 .5  

TABLE 3 

Resul t s  a €  F i l t r a t i o n  Tests on Samples of Ag-Pb Conccntratc  --__ 

Reager 
b / ton  

kparar 
__ 

0.05 

0.005 

0.025 

0.025 

0.01 

0.01 

0 .01  

0.025 

0.025 

Cake Time, 
~ 

orm- 
i n g  

90 

30 

30 

30 

60 

30 

60 

90 

30 

60 

__ 

I C s  

Drying 

180 

60 

60 

60 

120 

60 

120 

180 

60 

120 

__ Vacuum, p s i  
__ 
Forin- 

i n g  

28 

25 

27 

27 

28 

27 

28 

29 

27 

.30 

__ Drying 

23 

2 2  

23 

20 

22 

22 

24 

25 

27 

25 

__ 

Average 
th ick-  
ness, 

i n .  

3/16 

1/4 

3/16 

1 /8  

3/16 

1/8 

3/16 

1/4 

1/8 

1/4 

hloist- 
u r c ,  

% 

23.3 

23.8 

21 .3  

20 .1  

20.5 

22.2 

21.6 

21.8 

20.8 

20.4 

l\'eight, 
l b s  

0.12 

0.17 

0.16 

0 .11  

0.19 

0.10 

0.16 

0.18  

0.15 

0.22 

.ate,  

' t / h r  

13.7 

58 .3  

54.8 

37.7 

32.6 

34.3 

27.4 

20.6 

51.4 

37 .1  

h/sq 
__ 
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Cyanidation Tests 

The p y r i t e  concent ra te  produced dur ing  t h e  p i l o t  p l a n t  t e s t s  assayed 
as high as 10.06 o z  &/ton (PNi11 Run K O .  4 ) .  A s e r i e s  o f  cyanidat ion t e s t s  
were c a r r i e d  out  on soine of  t h e  p y r i t e  concent ra tes  produced t o  determine 
whether t h e  contained s i l v e r  was amenable t o  recovery by cyanida t ion .  

. 
Table 4 shows t h e  t e s t  condi t ions  and t h e  r e s u l t s  which were 

obta ined .  

TABLE 4 

Resul t s  of Cyanjdation Tcsts. on Pyvi tc  - Concentrates 

iolic 
% 

33 

11 

11 

20 

11 

11 

33 

20 

33 

20 

33 

20 

Grind 
%-200m NaCN C a0 

‘ime 
h r  

24 

18 

72 

24 

48 

72 

!I 

t ,  

I 1  

,, 

!, 

,I 

, 
_c 

* From I n t e r n a l  Report NS AC 69-531 

_I__ 

:onsump t ion  

JaCN 

!.O 

2.8 

3 .5  

1.0 

5.26 

6 .4  

9 . 2  

8.0 

3.72 

6.24 

5 .76  

8.24 
__ 

Conc 

C a0 

4 . 6  

7.32 

7 . 2  

9 . 2  

13.7 

14.3; 

8 .7;  

__ 

_- 

14.6  

8 .2  

16 .6  

7 .6  

10 .8  
__ 

Assay * 
Al: 

e s idue  

4.32 

4.16 

4.07 

4.63 

4.11 

3.94 

3 .73  

3.80 

3.20 

3.66 

2.86 

2.98 

: x t r a c t  i 
Ag % 

46.0  

46.0 

49 .1  

42.1 

48.6 

50 .8  

53 .7  

52.5 

66.0 

61.1 

69.5 

6 8 . 3  

/am 


