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INTRODUCTION AND SUMMARY 

On November 7, 1983, James E. Reynolds and Associates, Wheat Ridge, 
Colorado, acting on behalf of Nicor Mineral Ventures, Denver, Colorado, author-
ized Hazen Research to proceed with preliminary metallurgical testing of a South 
Carolina gold ore identified as the Brewer sulfide ore. 

The primary metal values in the ore are copper and gold 'o'!hich assay 0.31 % 

and 0.085 oz/T, respectively. The copper is present as enargite, which is a cop-
per-arsenic sulfide. The ore assays 0.11 % arsenic. 

Testing by other investigators indicated that probably the best process flow-
sheet should include producing, by flotation, (1) a high grade copper concentrate 
containing the majority of the copper and arsenic values and some gold, and (2) a 
pyrite concentrate containing the major:ity of the remaining gold values. 

The plan was to treat the copper concentrate hydrometallurgically to 
recover the copper and gold, while rejecting the arsenic in an environmentally 
acceptable form, such as insoluble arsenates. The pyrite concentrate was to be 
blended with oxide ore from the same property for recovery of the gold by heap 
leaching. 

A summary of the flotation results is given below. The ore responded well 
to flotation. The best bulk sulfide concentrate obtained contained approximately 
97 and 91 % of the copper and gold, respectively. Selective flotation produced 
higher grade copper concentrates of approximately 19% copper, but the copper 
and gold recoveries were less. Although not shown, the arsenic distributions were 
in direct proportion to the copper distributions. The best range of grind required 
for good metal recoveries was approximately 65 to 70% passing 200-mesh. 

Hazen Research. Inc. 



2.  

Summarv of Flotation Alternatives 

Concentrate Overall Au 
Analyses Distribution Recovery 

Process Wt% % Cu oz Au/T % Cu % Au % 

Bulk Dota tion 23.9 1.22 0.314 97.4 90.6 90.6 

Selective Dota tion 
Bulk copper conc 
Pyrite conc 

5.44 
20.71 

5.10 
0.075 

1.10 
0.072 

93.8 
5.3 

72.2 
18.0 

90.2 

Selective flotation 
with copper cleaning 

Copper conc 
Pyrite conc 

1.13 
18.65 

19.2 
0.11 

2.44 
0.094 

79.0 
7.5 

44.6 
28.3 

72.9 

The dissolution of the gold values from the various concentrate products was 
investigated using cyanidation. The highest overall gold recovery of 80.3% was 
achieved by separately cyaniding a low grade bulk copper concentrate and its 
respective pyrite concentrate. The copper concentrate was treated prior to cyan-
idation using autoclave oxidation, and the pyrite concentrate was leached directly. 
The overall cyanide consumption was approximately 4 pounds sodium cyanide per 
ton of ore feed. 

The autoclave treatment was chosen due to the presence of the arsenic. It 
was planned to recover the copper as a soluble species, and to produce a solids 
residue from which the gold could be recovered by cyanidation -and which con-
tained the arsenic as insoluble arsena tes for easy disposal. 

The overall copper recovery from this test was 86.9%. Approximately 42% 
of the contained arsenic in the concentrate remained in the solid autoclave resi-
due; whereas, 58% was in solution. This undesirable condition might well be cor-
rected once optimum autoclave conditions are established. 

Thickening tests showed unit area requirements of 0.6 square feet or less per 
ton per day using Docculant dosages of less than 0.05 pound per ton ore feed. 

Haze" riesearch. Inc 



3. 

The Bond Work Index at a grind of 7396 passing 200-mesh was approximately 
4 kwhr/ton ore feed. 

No obvious physical problems were observE!d during testing, but it is strongly 
recommended that additional testing be done in an effort to improve the overall 
gold and copper recoveries. Gold recoveries by flotation were approximately 9096 
when all the sulfides were removed via either a bulk sulfide flotation or a combi-
nation of selective copper and pyrite flotation. However, the distribution of gold 
between the various types of concentrates was quite variable, indicating the need 
for detailed mineralogy and metallurgical testing to determine the modes of 
occurrences of the gold, and the best way to control its distribution to the most 
advantageous concentrate product. 

i-iazen Research . Inc 



4.  

SAMPLE  

A sample are as the Brewer are was received for 
testing on November 9, 1983. It was the identification number of 
HRI26678. 

It was prepared for by standard methods stage crushing, blending, 
and to 10-mesh are for 

laboratory testing. A portion of the minus 10-mesh are was reduced to minus 
200-mesh The sem head 
are in Tables 1 and 2, respectively. 

1 

ent 

A 

0.085 oz/t 
0.09 
0.31% 
8.51 
0.11% 

Sulfur ( 9 

2 

Qualitative and Semiquantitative 

Element % Element % 

Copper 
Zinc 
Tin 
Lead 
Arsenic 
Selenium 

m 

0.41 
0.008 
0.013 
0.029 
0.069 
0.010 
3.4 
0.005 

Barium 
Strontium 
Zirconium 
Vanadium 
Columbium 
:v101ybdenum 

Yttrium 

0.009 
0.008 
0.020 
0.032 
0.007 
0.007 
0.005 
0.002 

Hazen FiesearC'" Inc 



5.  
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TEST PROCEDURES  

Flotation 

Feeds for flotation were prepared by wet grinding 1000 g of minus l O-mesh 
ore in a laboratory rod mill at 62% solids. The test products were filtered, dried, 
and prepared for analyses by reducing a representative portion to minus 200-mesh 
and blending. Reagent additions were measured and recorded !'IS pound of reagent 
per ton of ore feed. 

Recoveries for each test were determined from a metallurgical balance of 
the elements of interest. 

Cyanidation 

Cyanidation was done in a mechanically agita ted vessel at varying levels of 
percent solids. The leach times and cyanide concentrations varied in accordance 
with the objectives of the tests. Free cyanide concentrations were monitored and 
additions of sodium cyanide were made to maintain the desired test concentra-
tions. Protective alkalinity was provided by additions of hydrated lime to pH 10.5 
to 11.5. 

Some tests used a granular activated coconut carbon of 6 x l6-mesh (US) for 
the adsorption of the gold and silver from solution. This use of carbon during the 
leaching stage is defined as carbon-in-leach (GIL). By comparison, the use of 

carbon in a separate stage of contact after cyanidation is defined as carbon-in-
pulp (ClP). 

A t the end of each leach, the slurry was filtered and the solids washed using 
three appropriately sized displacements of water on the filter cake. If activated 
carbon was used, it was removed by screening prior to the solids filtration and 
assayed separately. 

Intermediate rates of gold dissolutions were determined by sampling and 
assaying the leach liquors at appropriate time intervals. 

Distributions of the gold values were calculated from the metallurgical 
balances as determined for each test using the test product weights or volumes, 
and assayed values. 

Hazen ? esearch. Inc 



6.  

TEST RESULTS AND DISCUSSION 

Data sheets for each test are given in Appendix A. Screen analyses the 
various sizes are in Appendix B. 

Flotation 

by previous investigators, different samples, had demonstrated 
good gold and copper by flota tion. These tests cleaned 
copper concentrates containing 2 to weight 
assaying excess of 20% copper with approximately 8096 copper recovery. The 
copper was shown to be as enargite, which is a sulfide con-
taining 19.196 arsenic. It was also shown that a majority of the gold was not 
associated with the copper, and the flotation a 

pyrite concentrate. 
Therefore, the initial process flowsheet as proposed to included the 

production of cleaned and bulk pyrite concentrates. Then the cleaned 
copper concentrate was to be treated using aqueous oxidation in an autoclave. 

would reduce the to relatively while solubilizing 
the copper which could be recovered by precipitation or cementation. Gold con-

the copper concentrate was to recovered by cyanidation 
after removal of the soluble species. It was anticipated that the bulk pyrite con-
centrate would be blended with oxide ore for treatment by heap leaching. 

produced 

copper concentrates of 14% copper grade or better and are summarized in 
Five tests were with Three tests 

3. 1590-42 achieved a cleaned concentrate 19.296 

2.44 oz gold/ton with tive recoveries of 79 and 44.696. The concentrate 
contained 1.1396 of the ore weight. The other tests achieved somewhat 

No data are Test 47 due to  
ent sa  

Hazen 



7 •  

Resul ts of Selective Flotation and 

Grind, % A Distribution 
Test Passing Wt Cu Au Au 
1590- 200-mesh % % oz/T % % 

-
42 98 1.13 19.20 2.44 79.3 44.6 
43 100 1 2 14.3 2.28 84.0 59.7 
47 94 1 16.9 80.2 

Table 4 and Figure 1 sum  of several tests made to deter-

mine effects of and 
data show an optimum grind approxim 65 to 70% passing 200-mesh. 

in high ,.",,,"",,,,.. the 

grinds did not show significant metallurgical differences in the tails 

Recoveries 
Test % Passing Cu Au Au 
1590- 200-mesh % % 

66  64 94.7 79.6 0.024 0.029 
62  70 98.0 89.6 0.009 0.012 

80 97.8 91.5 0.010 0.012 
84 97.0 89.2 0.013 0.015 
98 97.5 .7 0.009 0.013 

:=ieseafGl. ;nc 
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9.  

A1though the tests demonstrated and 
es, it was to install an for such a 

small amount of feed concurrent cyanidation tests were indicating 
successful treatment of a bulk concentrate to recover the contained gold. 

Therefore, the of the was changed to the production of 
a lower grade copper concentrate with higher recoveries. 5 summarizes the 

of producing a bulk flotation product. data show con-

high copper with only a few of dif-
the copper and The average bulk sulfide 

concentrate assayed 1.2 0.314 oz gold/ ton,  recov-

of 97.4 and 90  However, it of 
ore feed weight which was too high for treatment 

autoclave oxidation. 

Table 5 

Grind, A Distribution 
Test Passing 

200-mesh Wt 
eu 
% 

As 
% 

Au 
oz/T 

As 
% 

Au 
96 

23 94 
24 94 
25 94 
42 98 

100 
47 94 

98 
60 94 
61 94 

Average 

26.27 

22.68 
.02 

23.46 

.9 

1.4 
1.22 
1.04 
1.16 
1.22 
1.24 
1.18 
1.24 
1.26 

1.22 

0.48 
0.44 
0.38 
0.39 

0.42 

0.440 

0.272 
0.245 
0.256 

0.316 
0.313 
0.310 

0.3 

98.3 99+ 92.6 
94.5 99+ 92.7 
98.7 99+ 89.8 
98.8 99+ 92.6 
99.0 92.4 
98.6 
97.5 87.7 
95.8 88.4 
95.5 88.8 

97.4 90.6 
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10.  

A second evaluation of the same test is given in F 2 and 3, show-
the relationships of copper grade, recovery, and weight recovered. These show 

that a concentrate could than of 
the copper into a concentrate 
mately 596 of the ore 
practical autoclave treatment. 

87 was made to confirm the data in Figures 2 and 3, and to 
quantities of the bulk copper and pyrite concentrates sufficient for the subsequent 
testing oxidation and/or cyanidation. The test achieved a copper 
concentrate assaying 5.196 copper and 1.10 oz gold/ton, and recovered 9296 of the 
copper and .296 of the gold into 5.44% the ore feed weight, confirming the 
earlier data. The pyrite concentrate assayed 0.072 oz gold/ton and contained 1896 

the feed gold. for cyanidation these concentrates are given in the 
next section. 

4 to 696 copper and con taining 
weight. was considered 

Hazen ReseaJCf'" inc 
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13.  

Cyanidation 

Cyanidation tests for recovery of the contained gold values were made using 
bulk sulfide concentrates from two individual tests, and the pyrite and bulk copper 
concentrates from Test 87. The pyrite concentrate was tested with and without 
regrinding, and the copper concentrate with and without autoclave oxidation 
be fore cyanidation. 

The results are summarized in Table 6, and show that autoclave oxidation 
(leaching) followed by cyanidation of the bulk copper concentrate achieved the 
highest, incremental cyanidation gold recovery of 99.0%. By comparison, the 
same material without autoclave oxidation achieved an incremental gold recovery 
of 80.4%. The incremental recovery of gold by cyanidation of the pyrite concen-
trate was approximately 50% irregardless of the grind size. 

The overall recovery for Test 87 combining cyanidation of the pyrite con-
centrate and the autoclaved copper concentrate is 80.3%. This is approximately 9 
percentage points higher tMn the 73.9% recovered by cyanidation of a bulk sulfide 
concentrate. However, the best process cannot be chosen based on test results 
alone, and an economic evaluation is considered necessary. 

The cyanide consumptions for all tests were very reasonable with require-
ments ranging from approximately 2 to 3 pounds of sodium cyanide per ton of ore 
feed. 

Autoclave Oxidation 

Details of the autoclave oxidation leach for the copper bulk concentrate 
from Test 87 are given in Appendix A. The results of this test are summarized in 
Table 7. The leach achieved a copper extraction of 92.7% from the autoclave 
feed. This combined with the incremental flotation recovery of 93.8% gives an 
overall recovery of 86.9%. 

The solubilization and subsequent precipitation of the arsenic as an insoluble 
arsenate were part of the objective for this treatment scheme. In this respect, it 
was only partially successful since approximately 58% of the arsenic contained in 
the autoclave feed solids was not reprecipitated and reported to the 

hazen ReS8arr:;r, . inc 
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T
able 6 

Sum
m

ary of C
yanidation R

esults 

14. , 

Increm
ental G

old R
ecovery, %

 
O

verall 
C

yanide 
T

est 
Flotation 

C
yanidation 

G
old 

C
onsum

ption 
1590-

T
ype of Sam

ple 
@

 48 hr 
R

ecovery, %
 

lb/T }./ 
C

om
m

ents 

60,67 
61,68 
110 
III 
112 
135 
136 

B
ulk sulfide concentrate 

B
ulk sulfide concentrate 

Pyrite concentrate (T
est 87) 

Pyrite concentrate (T
est 87) 

Pyrite concentrate (T
est 87) 

C
opper bulk concentrate (T

est 87) 
C

opper bulk concentrate (T
est 87) 

88.4 
88.8 
18.0 
18.0 
18.0 
72.2 
72.2 

54.7 
83.2 
48.3 
52.5 
46.1 
80.4 
99.0 

48.4 
73.9 

8.7 
9.4 
8.3 

58.0 
71.5 

3.2 
3.5 
2.4 
2.0 
2.6 
2.6 
1.6 

C
arbon-in-Ieach (C

IL) 
N

o regrind (.-65-m
esh) 

R
egrind to 200-m

esh 
R

egrind to 325-m
esh 

C
arbon-in-Ieach (C

IL) 
A

utoclave oxid. &. C
IL 

Y 
Pound N

aC
N

 per ton of ore feed. 

T
able 7 

O
xidizing A

utoclave L
each R

esults 

W
t, g or 

A
nalyses, gIl, %

, ppm
, or oz/T 

D
istribution, %

  
Product 

V
ol, m

l 
A

u . 
C

u 
Fe 

A
s 

A
g 

A
u 

C
u 

Fe 
A

s 
A

g  

Feed, assay 
90.0 

1.10 
5.10 

24.3 . 
1.85 

0.75 
Feed, calc 

5.26 
24.0 

0.73 
100.0 

100.0 
100.0 

100.0 
100.0 

R
esidue 

33.8 
(2.91) 

1.02 
9.04 

(2.07) 
1.10 

99.4 
7.3 

14.2 
42.0 

56.4 

L
iquor 

985 
0.019 

4.46 
18.8 

0.980 
1 

0.6 
92.7 

8518 
58.0 

43.6 

N
um

bers in parentheses are calculated values; all others are assayed values. 

H
azen RksearCI\, Inc. 



The data show that 0.6% of the was solubilized. This value 
may be more a t of indeterminant analytical results than actual values, and is 
not to be metallurgically 

Thickening 

Thickening tests using the Kynch method for determination the unit area 
were made for the flotation from 1590-87. The 

results in Table 8 show unit area requirements of 0.6 square feet ton 
or using flocculant additions of 0.03 pound/ton or The liquor clari-

were excellent. 

Flocculant 
1590- % Ib/ton !/ 

107 27.5 1211 67.6 1724 0.4 0.014  
108 27.3 67.6 1891 0.5 0.03  
109 27.5 1188 66.9 1730 0.6 0.03  

Bond WOl"k Indices 

Two Bond Work Index determ ons were Bond's Theory 
of Comminution. The results, given in Table 9, show values of 3.9 and 6.0 

for 73 89% 20 
ences indicate that energy 
break the ore along natural grain boundaries. This conforms with the previous 
data the of on the which an 
optimum grind of approximately 65 to 70% 200-mesh. It is that 

=,esearch. inC 

at the coarser grind was marily to 
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.. 

optimum liberation would occur when the the ore 
along its natural grain boundaries. 

contrast, the in energy for the finer is' probably by 
the breakage of individual grains the natural boundaries have been 
broken. This does not imply that a not occur the 
coarser grind, but probably not to the same extent. 

are by 

Table 

Grind Product Bond 

Product 
Time 
min 

Wt KSO Passing 
200-mesh 

Work 

10-mesh feed 1455 17.9 
BMG 5 1000 90 .S 3.9 

10 1000 60 89.2 6.0 

Hazen Research. inc 
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APPENDIX A  
Test Data Sheets  
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CI nr 1 
CI nr 1 

Clnr 2 
CEll 

rod 
1000 

1000 
1000 

1000 
1000 

1000 
1000 

1000 
1000 

1000 
1000 

1000 
1000 

TIME, 
pH 

linutes 
20 

0.7 
5 

12.0 
2 

12.0 
4 

11. 7 
2 

11. 7 
11.b 

1 
11.5 

5 
11.3 

3 
2.8 

2 
B.7 

5 
B.7 

1 
B.l 

5 
B.O 

8 
8.2 

X
 SOLI DS 

62 
30 

30 
30 

---------------... --------------------------..-------------------------------------------------------------------------------------------------------------------------------------..-..--
REAGENTS, 

Iblton 

1.3 
1.7

Ca !OHI 2 
2.0 

0.011
"inerec 16bl 

0.011 
0.022  

AF 76 
0.022  

AF b5 
0.011 

0.011 
0.011 

0.022 
0.022 

0.022  

AP 208 
0.02 

0.08  
0.08

AI 350 
9.0 

1.8
502 

...a:z •
•a::::::IZa::ClC •• 

PRODUClS 
Dr y 

AS5ays 
D

istribution, 1 
_____________________ 

W
eight, 

Wei ght 
copper 

arsenic 
gal d 

No. 
D

e5cription 
%

 
I 

1 
ozlton 

copper 
gold 

1 
Cu CI nr Cone 2 

73.B4 
?36 

3.33 
1. 21 

0.740 
79.1 

B4.9 
SB.2  

2 
Cu Clnr Tail 

2 
48.4B 

4.83 
0.40 

0.13 
0.16B 

6.2 
6.0 

B.7  
3 

Cu Clnr Tail 
I 

49.47 
4.93 

0.44 
0.15 

0.206 
7.0 • 

7.1 
10.8  

Pyr Ro Cone 
bB.53 

b.83 
0.10 

0.03 
0.20b 

2.2 
2.0 

15.0  
Pvr Ro 1 ail 

7b3.58 
76.05 

0.022 
(0.005 

0.0(19 
5.5 

(0.1 
7.3  

C
alcul.ted Feed 

1003.90 
100.00 

O.3( 
0.10 

0.094 
100.0 

100.0 
100.0 

Assayed Feed 
0.31 

0.11 
').085 

Calculated Products: 

Cu Clnr Cone 1 ((+21 
12.19 

2.17 
0.7B 

0.513 
85.3 

90.9 
66.9  

Cu Ro Cone 
(I 

to 3) 
11.12 

1. 67 
0.60 

0.425 
92.3 

98. (J 
77. 7  

Bulk Conc 
(I 

to 4) 
n95 

1.22 
0.44 

0.3b2 
94.5 

+99 
92.7  
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HAZEN FLOTATION TEST 
A

-3 
TITLE 

NICOR "INERAL YENTURES 
SM

PLE 
HRI 26678, 

.inu5 
TEST NO 

1590-25 
OBJECTIVE 

Sequential flotation of (opper and pyrite w
ith cleaning of the rapper. 

10-lesh, 1000 gran 
PROJECT 
DATE 

15 Nay 'Sl 
REMRYS 

PA6E 
1 OF I 

GRIND 
942 passi ng 200-_esh 

OPERATOR 
JC6 

"ACHIUE 
LA-500 

WATER 
TAP 

t;;:;: l: =
=

:;;;:; -= === :::I:;;;;:: =
=

=
;;;;;::; ;;.;:;;;;;: :::;:;;::::;;;;;:::: == ::::==== :::;;:::;

1
::::;: ==::; z=:::a: :::-=::a:::%

 ::;;:::: === ==;; ==:= == ==::: ;:::z
:: ::==== ;::::: ==== =======::z ===C

I::::I =
=

::J::::::a::;:::;.;:.;;:;r::;: ==;:;: :::r;;-;; ==.lI%
:: =

=
;;::::=

 c.:E;;:: t' c: %
;: == Z

: .::.2
 'II: ...2 

OPERA 11 ON 
6r ind 

Cond 
Copper 

Cond 
Copper 

Cond 
Pyr i te 

Cond 
Copper 

Cand 
Cond 

Copp er 
Rougher 

Rougher 
Rougher 

CI nr 
1 

CI nr 2 
CELL 

rod 
1000 

1000 
1000 

1000 
1000 

1000 
1000 

1000 
1000 

1000 
1000 

TIM£. 
_inutes 

20 
2 

3 
2 

12 
I 

4 
3 

I 
B

 
pH 

11.4 
11.4 

11.3 
11.3 

10.2 
10.2 

10. ] 
9.0 

B.5 
5.B 

B.7 
7.7 

, SOLI OS 
62 

30 
30 

30 

REAGENTS. 
Ib/ton 

Ca(OH)2 
2.0 

0.1 
AP 31 

0.036 
0.036 

.108 
(I) 

AP 20B 
0.01 

0.06 
AF 76 

0.022 
0.011 

0.011 • 
0.033 

AX 350 
0.06 

AF 65 
0.022 

502 
1.0 

1.8 

(I) 0.036 increlents 
:=====::::1:::==::;:::==========::::===========:::====:::::::;:========:=::::I::===:2==:r===:::==••
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•
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•
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•
•
 

PRODUCTS 
Dry 

AS5iY5 
D

i5tribution, t 
W

eight, 
W

eight 
ropper 

arsenic 
gol d 

No. 
O

esrr j pti on 
g 

Z 
1. 

1 
oU

 t on 
(opprr 

usenl( 
gold 

------.-----------------------------_. -------------------------------------------------. ---------... -_... --------_ ... --_ ... ------------------------_... 
Cu Clnr Con( 2 

71. 99 
7.18 

3.45 
1.29 

0.708 
89. I 

92.0 
b3.8 

Cu Clnr Tail 
2 

9.09 
0.91 

1.12 
0.39 

0.479 
l.7 

3.5 
5.5 

3 
Cu Clnr Tail 

30.37 
1.03 

0.25 
0.093 

0.190 
2.7 

2.8 
7.2 

4 
Pyr Ro Cone 

151. 9b 
15.15 

0.058 
0.011 

0.070 
3.2 

1.7 
13.3 

5 
Pyr Ro Tai I 

719.58 
73.73 

0.005 
(0.005 

O. OIl 
1.3 

(0.1 
10.2 

Cal cui ated Feed 
1002 .9° 

100.00 
0.2B 

0.10 
0.080 

100.0 
100.0 

100.0 
Assayed Feed 

0.31 
0.11 

1).085 
C

llrulated Produrts: 

Cu Clnr Conr 
I (1+2) 

8.09 
3.19 

t. 19 
O.6B] 

92.8 
95.5 

69.3 
Cu Ho Cone 11 to 31 

11.12 
2.39 

0.89 
0.548 

95.5 
98.3 

76.5 
Bulk Cone II to 

4) 
26.27 

1. 04 
0.38 

0.272 
9B.7 

+99 
89. B
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HAZEN FLOIAIION IE51 
A

-4  

IITLE 
NICOR 

YENIURES 
SA

m
E 

HRI 266]8, 
unus 

IESI NO 
1590-42  

OBJECIIYE 
Sequential flotation of copper and pyrite .ith cleaning of the copper. 

IO
-.e5h, 

1000 grau 
PROJECI 

5901  
DAlE 

21 Nay 'Sl  
PAGE 

I OF I  
GRIND 

981 pa55ing 200-lesh 
OPERAIOR 

JCG  
HE 

LA-500 
WAIER 

lAP  
.::;:::: =

.:::::.: ::::;::.:::..::::: :::;:::: ==
:::;==:::; ::z:;:;; ::;: ==:: == ==;::::::===::z==;

11::; ::;:=
=

=
::;:===::=====:::IZ== =

=
::;;;;:::1

 ===::.:::: == I: =
::=

::=====::;;:;
1

:':;::;: ============:;:;:::z:;;;==;::;:::;:==:::
:::=

:.
::;:::1::1::;::;:'::;: =

::
z:Z:: 

==;:::.: ==.:s:z&
;t:; 11::; 

OPERA' ION 
6ri nd 

Cond 
Copper 

Cond 
Copper 

Cond 
Copper 

Cond 
Pyri te 

Pyr ite 
Cond 

Copper 
Cood 

Copper 
Rougher 

Rougher 
Rougher 

Rougher 
Rougher 

Clnr I 
CI nr 2  

CELL 
rod 

1000 
1000 

1000 
1000 

1000 
1000 

1000 
1000 

1000 
500 

500 
500 

500  
.ioutes 

30 
I 

2-112 
112 

2-1/2 
112 

5 
2 

4 
2 

2 
9  

pH 
11.6 

II.b 
II.b 

11.6 
11.6 

II. 6 
11.4 

11.4 
11.4 

11.1 
10.9 

10.5 
7.0 

7.7  
I SOLlDS 

62 
30 

30 
30  

REAGENIS, 
Ib/ton 

CaW
H)2 

3.0  
AX 325 

0.01 
0.01 

0.01 
O.OOb 

0.003  
AP 208 

0.01 
O.Ob 

0.04  
AF 76 

0.022 
0.011 

0. 011 
0.022 

0.022 
0.022 

• 
0.011  

AI 350 
O.Ob 

0.04  
DF 250 

0.022 
0.011 

0.011  
S02 

0.9 
0.6  

:; =
=

;;:;::::::;;=
=

:;:;;;::;;;::;::.:;;::::=
=
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PRODUCTS 

Dry 
Assays 

D
istribution, 1  

W
eight, 

We igh t 
copper 

arseni r 
gal d 

--... _-----------
No. 

D
escription 

9 
I 

1 
oz Iton 

rapper 
arseni c 

gol d  
------------------. ---------------------------------------------------------.... -----...... --_. ----... --_ ... ---------------... ... --_ ... --------------------_ ... --

... --- 
Cu Clnr Conr 2 

11.28 
I. 13 

19.20 
6.70 

2.440 
79.3 

93.8 
44.6  

Cu Clnr lail 
4.62 

0. 46 
1. 97 

0.61 
0.765 

3. I 
3.1 

5.7  
Cu Clnr Jail 

31. 37 
3.13 

0.78 
0.260 

0.277 
9.9 

9.0 
14.0  

4 
Pyr Ro Conr 

186.73 
18.65 

0.110 
0.020 

0.094 
7.5 

4.1 
28.3  

5 
Pyr Ro Tai I 

767.47 
76.63 

Q.004 
(0.005 

0.006 
1.2 

(0.1 
7.4  

Calculated Feed 
1001.17 

100.00 
0.27 

0.09 
0.062 

100.0 
100.0 

100.0 
Assayed Feed 

0.31 
0.11 

0.085 
Cal cui ated Products: 

Cu Clnr Cone 1 Ilt2) 
I. 59 

14.19 
4.94 

1.955 
82.4 

86.9 
50.3  

Cu Ro Cone 
II 

to 3) 
4.72 

5.10 
1. 64 

0.842 
91.3 

95.9 
6403  

Bulk Cone 
II 

to 4) 
23.37 

1.16 
0.39 

0.245 
98.8 

t99 
92.6  
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HAZEH FLOTAT JON TEST 
A

-5 

11 fLE 
HI COR 

I
TURE 5 

SAKPLE 
HRI 26678, linus 

TESf HO 
1590-43 

OBJECTIVE 
IO

-lesh, 
1000 grus 

PROJECT 
5801 

DATE 
21 Noy '83 

REKARK5 
PAGE 

I OF I 
6RIND 

1001 passing 200-lesh 
OPERATOR 

JC6 
KACHINE 

LA-SOO 
WATER 

TAP 

OPERATION 
6ri nd 

Cond 
Copper 

Copper 
Copper 

Copper 
Cond 

Pyr i te 
Cond 

Copper 
Rougher 

Rougher 
Rougher 

Rougher 
Rougher 

Clnr I 
CELL 

rod 
1000 

1000 
1000 

1000 
1000 

1000 
1000 

500 
500 

liM
E, 

liinutes 
40 

2 
2 

2 
2 

4 
2 

10 
3 

10 
pH 

11.6 
11.b 

11.6 
11. 4 

11. 3 
I !.2 

11.2 
II. 0 

9.5 
9.6 

I SOLI OS 
62 

30 
30 

30 

REAGENfS, 
Ib/ton 

Ci (QH) 2 
AI m

 
AF n 
AI 350 
OF 250 
502 

3.0 
0.01 
0.022 

0.01 
0.011 

0.01 
0.022 

0.01 
0.022 

0.033 
O.Ob 

0.06 
0.044 

1.8 

0.006 

0.022 
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a
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PRODUC T S 
Dry 

Assay! 
D

istribution, 
W

eight, 
lei ght 

copper 
gal d

.------.-------
Ho. 

Descr i pt i on 
g 

I 
l 

ozlton 
copper 

gold 
-----------

----------
-------

----------
----------------_ ... ---...... --

----------------_... --
--------

----------------------------.. --_.. 
I 

Cu CI nr Cone 1 
IB.32 

1. 82 
14.3 

2.28 
84.0 

59.7 
2 

Cu Clnr 
Tail 

I 
41. 17 

4. 10 
0.62 

0.19 
B.2 

11.2 
3 

Pyri te Ro Conc 
192.22 

19.13 
0.11 

0.078 
6.8 

21.5 
Pyrite Ro Tail 

752.96 
74.95 

0.004 
0.007 

1.0 
7.6 

Calculated feed 
1004,67 

)('0. QO 
0.31 

0.069 
100.0 

100.0 
Assayed Feed 

0.31 
0.OB5 

Calcul_tid Products: 

Cu Ro Cone 
U

2
 

4.83 
0.833 

92.2 
70.9 

Bu lk Cone 
25. OS 

1. 22 
0.256 

99.0 
92 . 4 
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HAlEH FLOTATION TEST 
A

-6 

11 TLE 
NICOR 

YENTURES 
HRI 20078, 

linus 
TEST NO 

1590-47 
OBJECIIYE 

Sequential flotation of copper and pyrite N
ith cleaninq of the copper. 

10-lfsh, 1000 grul 
PROJECT 

5801 
DATE 

22 Hoy '83 
mARKS 

YellON prussiate of soda (YPS) uSfd for pyrite depression. 
PAGE 

I Of I 
SRIND 

941 pa5ling 2QO-lfSh 
OPERATOR 

JCG 
LA-SOO 

WAIER 
TAP 

:;; =.:11:::1::. &
1:1. :::: =

2':: II: 1I::::I:::: •
•
•
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OPERA 1I0H 
Grind 

Cond 
Cond 

Copper 
Cond 

Pyri te 
Copper 

Copper 
Rougher 

Rougher 
Clnr I 

Cl nr 2 
CELL 

rod 
1000 

1000 
1000 

1000 
1000 

500 
500 

linute! 
20 

B 
I 

8 
I 

5 
8 

8 
pH 

11.7 
11. 0 

11.5 
11.2 

11.2 
10.9 

10.5 
8.9 

I SOLIDS 
62 

30 
30 

30 

REAGENTS, 
Ib/ton 

Ca(OH)2 
3.0  

YPS 
0.20  

AP 242 
0.013 

0.065 
0.006  

AF 76 
0.022 

0.022  
AI 325 

0.04  
AI 350 

O.OB 
0.04  

DF 250 
0.022 

0.011 
0.022  

Si I iC
lte N

 
1.0  
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•
•
•
•
•
•

1: •
•

1II •
•
•
•
•

&
:1: •

•
•

am
:: :r••••••

s: &
ca.1I: •

•
•
•
•
•
•
•

:11:.1; •
•
•
•
•
•

::1:1.1: •
•
•
•

a: ••••
11 •

•
•
•
•
•
•
•

:1 •
•

a: •
•
•
•
•
•
•

c.:.:;•
•
•
•
•

::I;_
:l;; •

•
•
•

IIC
•
•
•
•
•
•
•
•
•
•
•

&::r. •
•
•
•
•
•

:; ... _a .
.
.
.
.
.
.
.
.
.
.
.:r•••••

a •
•
•
•
•
•
•
•
•
•
•
•

..: a •
•
•
•
•

lIa
llta

 •
•

a a .2
' •

•
  

PRODUCTS 
Dry 

AS51Y5 
D

istribution, 1 
_____________________ 

W
eight, 

ght 
copper 

No. 
D

escription 
9 

l 
1 

copper 

1 
Cu Clnr Conc 2 

14.57 
I. 45 

10.90 
aO.2  

2 
Cu Clnr Tail 2 

9.19 
0.92 

2.19 
a.4  

3 
Cu Cinr liil I 

21. 05 
2.1 b 

0.50 
4.0  

4 
Pyr Ro Conc 

m
.49 

19.71 
0.093 

0.0  
5 

pyr Ro Tail 
759.19 

75.76 
0.000 

1.4  

Calculated Feed 
1002.09 

JOO.OO 
0.31 

100.0 
A55iyed Feed 

0.31 
Calculated Productsl 

Cu Clnr Conc I (112) 
2.37 

II. 42 
88.0  

Cu Ro Conc (I to 3) 
U

3
 

6.2l 
92.0  

Bulk Cone 
(I to 4) 

24.24 
I. 24 

98.6  
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HAZEN fLOTATION TEST 
A

-7 

1I TLE 
NICOR m

ERA
l YENTURES 

SA
m

E 
HR I 26b78, Ii nus 

TESI NO 
1590-bO 

OBJECT! YE 
Produce bulk concentrate lor cY

inid.tion teltinQ
. 

10-lnh, 1000 gr ... 
PROJECT 

5801 
DATE 

30 Moy '83 
REMRKS 

See Te5t 
lor cyanidation results. 

I Of I 
SRIND 

9tl pusing 2OO-l!sh 
lCG 

MCHINE 
LA-5QO 

WATER 
TAP 
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OPERATION 
6rind 

Cond 
Rougher 

Cond 
Rougher 

Rougner 
CELL 

rod 
1000 

1000 
1000 

1000 
1000 

Tl"E, linute5 
20 

I 
112 

5 
3 

pH 
7.2 

7.4 
7. I 

7.1 
7. b 

7. b 
1 SOLIDS 

62 
30 

30 
30 

REAGE"IS, 
Iblton 

Silic.te Ii 
1.0 

AI m
 

0.05 
O. OS 

0.02 
AP 209 

0.05 
0.05 

0.02 
AF 76 

0.02 
0.02 

0.02 
0.01 

AF 65 
0.01 
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;a&

::r. 1:=:1.&
1

1
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PRODUCTS 
Dry 

A5UY5 
D

iltribution, 
___ ______________ ____ 

ght, 
W

eight 
copper 

gold
"0. 

D
escription 

9 
I 

t 
ozlton 

copper 
gol d 

Ro Conc 
240.77 

24.02 
1. 24 

0.313 
95.8 

88.4 
Ro h

ils 
761.bB 

75.98 
0.017 

0.013 
4,2 

11. 6 

Feed 
1002.45 

100.00 
0.31 

0,095 
100.0 

100.0 
Asuyed Feed 

0.31 
0,085 

Calculated Productsl 
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HAZEN FLOTATIOH TEST 

TITLE 
HICOR HINERAL VENTURES 

HRI 2667B,linus 
TEST NO 

m
O

-61 
OBJECT! VE 

Produce bulk concentrate lor cyanidation testing. 
10-lrsh, 1000 grits 

PROJECT 
5801 

DATE 
30 N

ov' Sl 
REMRKS 

See Test 1590-6B for cY
ilnidition resul t5. 

PASE 
1 OF 1 

GRIND 
941 pnsing 200-luh 

CfERATOR 
Je6 

"ACHINE 
lA-500 

NATER 
TAP 

I: =
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e II ..........  

DPERATlOH 
Grind 

Cond 
Rough!!" 

Cond 
Rougher 

Rougher 
CELL 

rod 
1000 

1000 
1000 

1000 
1000 

linutu 
20 

1 
2 

112 
5 

3 
pH 

7.2 
7.4 

7.1 
7.1 

7.6 
7.6 

t SOLIDS 
62 

30 
30 

30 

REA6ENTS, I blton 

Silicate H
 

1.0 
Al 325 

0.05 
0.05 

0.02 
AP 208 

0.05 
0.05 

0.02 
AF 76 

0.02 
0.02 

AF 65 
0.01 

0.01 
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PRODUC T 5 
Dr y 

Assays 
D

iltribution, 1 
_____________________ 

Nei ght, 
copper 

gold 
Ho. 

D
escription 

9 
t 

1 
oz/lon 

COPP!r 
gol d 

Ro Cone 
235.46 

23.46 
I. 26 

0.310 
95.5 

8B.8 
Ro Tilih 

76B.14 
76.54 

O.OIB 
0.012 

4.5 
11.2 

Calculated Feed 
100l.bO 

100.00 
0.31 

0.082 
100.0 

100.0 
A

tuyed Fud 
0.31 

0.085 
C

.lculahd Product!1 
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HAHN FlOT AllGN lEST 

I j TlE 
NICOR KINERAl VENTURES 

SAHPLE 
HRI 2b67B,linu5 

TEST NO 
1590-62 

OBJEClIYE 
D

eteraination of pri.ary grind, 
II)-Iesh I 

1000 gr u
s 

PROJECT 
5801 

DAlE 
30 Hoy 'Bl 

REMHRKS 
PA6E 

I Gf I 
liRIND 

101 passing 200-lesn 
OPERATOR 

JC6 
/lACHINE 

lA-SQO 
WATER 

TAP 
;;;.t!::.;:c;::;;:c ;:;.;:;:;::-:;;::=:::;;:::t:::;:;;:.:::.:::;::::;:;::==::=

:::;:;:::;:::1;:;:;::;:;; =::;;:;::;;;z:t:: 1't;a::'!::: 2<31 :;;:;;1'1::;;;::: :;::::;::::=:; z :::;;:::::::;;:::::: == ==:;:;;;::.::a:r:::::r::::;a::: :::::;;:;::::: ==::; ::::::::::t:::; :::r::::::;:;:: ::4#t:: =.:a ;:tJ;;&
l;1t;;;J:U

;c::=::;;::;:::::;: :;::;:1; 1.1( =::J:;I; •
•

;;; l: ==::
II ==:;:::::.:::;::>t:: ::::::a:;;Ii:::;::r 

OPERA TION 
Snnd 

I:ood 
Rougher 

tond 
Rougher 

Rougher 
CEll 

rod 
1000 

1000 
1000 

1000 
1000 

lIinutes 
5 

I 
2 

112 
5 

3 
pH 

b,3 
6,3 

b.5 
6.5 

7.0 
7,0 

1 SOLIDS 
61 

311 
30 

30 

REASEIITS. In/tan 

Sil i cate N
 

1.0 
AI 350 

0.05 
0.05 

0.02  
AP 20a 

O. 
0.05 

0.02  
Af H

 
0,1)2 

0,02 
0.01 

0.01 
0,01  

Af 65 
Q.OI 

0.01 
0.01  

, 
:;;;.:::.:.:: ::::::::::=::::: :;::;:::::!::::

:
:

c::::: ;:::::;;; =:::r 'It;: :::;:: t: :;=:;:::;;:=:;:::;;:::_a:; ==:::;:;::::::=_:1:; ::111:: a::=
=::o;::::u: X

I: :x ••e
: lC::.:::or:::: £:::::: ioU: •

•
 a:.:: aa a;lll c £#::S:=2 lilt,:;;: l: sr ••.;::: t:1IlI:I S ==x:,a::#J::a •••••s

. 811lC
. SII'S: 1: •

•
•
•
•

liz:at8. a s.c. IE ••
1: •

•
•
•

1ulIa ....
:::I:_:&

 •
•
 

PRODum 
Dry 

Asuys 
D

istribution, 1 
__ ________________ ___ 

Wei ght, 
iiei qht 

copper 
No. 

D
escription 

q 
I 

1 
oz/ton 

copp,r 

Ro Cone 
268.31 

28.84 
.oe 

0,154 
98,0 

89.6  
Ro h

ils 
71], 53 

7L
ib 

0.009 
Q,OI2 

2,0 
10.4  

Cal cul ated feed 
999,84 

100.0(1 
0.32 

0,062 
100,0 

10M
 

Assayed Feed 
0,31 

0,085 
Calculatfd Products: 

• III" II II III ta
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HAlEN FlOTATION TEST 

IlTLE 
HICOR HINEPAl YENTURES 

SAMPLE 
Hili 

TE5T NO 
1590-63 

OBJEClIYE 
D

eterlination 01 pri mary grind. 
IO

-lesh, 
1000 gr ilU

 
PROJECT 

S801 
DATE 

10 Noy 'el 
PASE 

I Of I 
GRIND 

SOl passing 200-lesh 
(JPERAIOR 

JC6 
IiACHINE 

LA-5(lO 
WAIER 

TAP 
.:::::; t::;::::::::;;:::;:::t ;z:z,:s;::::;:;::;%

:;::=;;:::;::::;;:;::::;::::;c: =
=

:;;: 
x 

::::a
=

 J:I;;; :;;;:;;::: :r::=li:::: 2":::# ;#:::a:;;:t: :;:;;;:::: 
;:::::=:;:::::::: %:::t :;::::::;; lIiI:= ::;;:::::::::::::;:t::;:::;;:: .:::::::::::; a::: 

;::;:c;t::::::;: :I;;:;;;:;::;::r $;;; ::;:.;:::;,s;:;:::; :::1:::.";C
';;x a::l1; '%::;:::: .:;:::a:o 11 x::x: 

OPERATION 
Brind 

eand 
Rougher 

Cond 
Rougher 

Rougher 
CEll 

rod 
1000 

1000 
1000 

1000 
1000 

Ilnutes 
B 

2 
112 

5 
3 

pH 
7.0 

7.0 
7.1 

7.2 
1.2 

7.2 
I SOllDS 

62 
30 

30 
30 

REAGENTS, Ib/hn 

Silicate N
 

AI 350 
AP 208 
AF 16 
AF 115 

1.0 
0.05 
O. OS 
0.01 
0.01 

0.01 

0.05 
(I. OS 
0.01 

0.01 

0.02 
0.02 
0.01 
0.01 

;:::;:;::::,:: ;;,:;;:;:::::: :;:;:;;:n::: l:tt::::.::; ::::a;.; It;:::::=;:;;:::=;;;:;:;; ;:r::x:.:::¥
:
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=

2
:":1

 I::S
;::_:: =:t iii: 8

Z
::=

:: _
::;2

 l: Z::III;X
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11 acsas::::::.::a:::I z: 3 itt lIllt: •
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III g •
•

,ttE:c:a:& .. :& •
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= z .n:::.. ...... 

PRODUCTS 
______ _______________ 

Ory
Wei ght, 

Wei gMt 
ASSilY5 

copper 
gold 

D
istribution, 

No, 
Description 

q 
%

 
1 

ozlton 
copper 

901 d 

liD Conc 
279.71 

21.86 
1.14 

0.330 
B

 
9l.S 

R
uTalIs 

72I.BI 
72.14 

0.010 
0.012 

2.2 
B.5 

Calculated Feed 
1000.52 

100,00 
0.32 

0.102 
100.0 

100.0 
hsayed Feed 

0.31 
0.085 

Calculated Produch: 
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..  ..  ( 

HAZEN FLOTATION TEST 
A

-II 

rlTLE 
HICOR MINERAL VENTURES 

SAIIPlE 
HIli 2667BjlinU5 

IESI KO 
1590-64 

OBJECTIVE 
D

eterlination of prtury grind. 
IO

-usn, 1000 grillS 
PROJECT 

5BOI 
DAn 

30 Hoy '83 
RE"ARK5 

PASE 
I OF I 

GRIND 
an pas5j ng 200-lfsh 

OPERATOR 
JeS 

IIACHINE 
lA-::tOO 

WATER 
lAP 

;::=a::;.;;;.:;; -; ;;;:::::::;::;: :;;!it=:; a:: ...;;: a :;;;;;;:::;:.111;,;;;; llI';;r::,,;;&
;; l!i; .. :;:I: 10 :t.;;==:=..=.:::: .x

:: :::Z
Z

ilo
; =*

It:::C
:lll;; •

•
8

Z
;S

:: "'=3:;;;::t:;::a: til::::;; ;&==:.::::::;:;:::::;;;;:::&
0lIl;1:: C

:;:;\II a;&
:: 'l== =:::::;&:it;:;: :t.;;.:x=;;;:.,:::::::.::; :::;:;;;;;::z::;;[:-=:: .::11:::;::'::;;';#.:1 it :I:';:::II.t;:E 1III.:::J::t :: lIi a::;:::II: ,,:is::;;J :1;;;:# 51;t;;..::;::;: ::: 1t r; t:::;; It x;r;:::;:.: r.: Jt. ::..

& 

OPERATION 
6r ina 

Cond 
Rougher 

eond 
Rougher 

Rougher 
cm

 
rod 

1000 
1000 

1000 
10M

 
1000 

liM
E, 

10 
I 

2 
112 

5 
3 

pH 
6.9 

6.9 
6.B 

6.B 
7.4 

U
 

1 SOlIDS 
b2 

30 
30 

30 

Ib/ton 

SilicateN
 

1.0 
AX 350 

O. OS 
0.05 

G.O? 
AP 208 

0.05 
0.05 

0.02 
AF 76 

O.Ol 
0.01 

0.01 
0.01 

Af 65 
0.01 

0.01 
0.01 

0.01 
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•
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PRODUCTS 
Dry 

A
n.ys 

IIi stribution, 1: 
Wei ght, 

Wei ght 
topper 

gold 
Ho. 

D
escription 

9 
l 

I 
ozlton 

copper 
gold 

.... ------... ---.. -'" ------... ---...... -... ---_.. _.... ----_
... ---_ ....... ---_.... -.. -----------_.. --------------"...,.,. ------..... ----_.. ------

"" .. ---.. -
-
"
.
 -----

I 
Ro Cane 

267.10 
lb.66 

I. 15 
Q.m 

97,0 
89.2 

2 
Ho Tdils 

714.92 
73. 34 

0.013 
0.015 

3.0 
10.8 

Calculated Feed 
W

UZ.02 
10Q.00 

0.32 
0.102 

100.0 
100.0 

A55i1yed Feed 
0.31 

0.085 
Calculated Products: 
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HAIEH flOTATION TEST 
A

-12 

TllLE 
HICOR II!NERAL VENTURES 

SAMPLE 
HRI 26671l,Iinu5 

lESl NO 
!59()-65 

OBJECTIVE 
D

eterlination 01 pri,ary grind. 
JO

-Iuh, 1000 gr us 
PROJECT 

5801 
DATE 

30 Hoy •Bl 
PAGE 

I Of I 
GRIND 

981 passing 200-lnn 
OPERATOR 

JC6 
"ACHillE 

LA-SOO 
WATER 

TAP 
::::: ;:;:;:.:;:::::::;; a::::;a::;: :;:;::;: :;::::: ;:::::;:;::;;;: :;:::::::::;::;:::::: 

;::;;::a =
:

II ;:;illa: a.:z::: =-llli 
::#::C

\I::;: X
1:1I8::: ::::;;;;::::::;:::::;::;:::;:;:; ==: ===::;:.:rlt:::::::;:::;:r.::::::: =:::::<1':0::::== ::;:;;t:::;;:::;:t:::3 :;r;::::I:::; 1ri8;.;;:: :::2;::::l::;::::::::;,t c;:; :tn:;;: 1l1l;:rS:;::: •

•,:1::* lla.t::t s
a

.1tX;;l; ;;:r;::'IIIt!ltX
: Xliii •

•
" 

OPERATION 
Grind 

CQnd 
eond 

Rougher 
Rougher 

CEll 
rod 

1000 
1000 

1000 
1000 

TIME, m
inuhs 

30 
I 

2 
1/2 

5 
3 

pH 
7.2 

7.2 
7.! 

1.1 
7. b 

7.6 
1 SOliDS 

62 
30 

30 
30 

REAGENTS, Ib/hn 

Silicate Ii 
1.0  

AI 350 
0.05 

0.05 
0.02  

AP 20a 
0.05 

0.05 
0.02  

AF 76 
0.02 

0.01 
0.01 

0.01 
0.01  

AF 65 
0.01 

0.01 
0.01 

0.01 
0.01  

.. :::Il::I::::;:::r;:X
:;;S

II:;J::J;'U
:::::::s:a:lt::S

=:IIIl...tIIJrlUIIIX:sa:.& 

PRODUCTS 
_____________________ 

Dry
Wei ght, 

Wei ght 
A

suys 
[opper 

gold 
Di strlbution, 

No. 
D

escriptian 
9 

I 
1 

otlton 
copper 

gol d 

Ro Cone 
228.22 

22.68 
1.18 

O.3lb 
91.5 

87. ] 
Ro Talis 

778.10 
71.32 

Q.009 
0.013 

2.5 
12.3 

Calculated Feed 
1006.32 

100.00 
0.27 

0.092 
100.0 

100.0 
Feed 

0.31 
0.085 

Cal cuhted Product 5: 

S 8:1::::::;. ==,,:::::::a;::==:;:lI:a:::=
::: #:c:::: =::c::::;';1:;'1:1 t' Jl;:: t:::; 
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HAIEN FLOTAT ION TEST 
A

-13 

TITLE 
NICOR mERAL YENTURES 

SAm
E 

HRI 26678,.inus 
TEST HO 

1590-b6 
OBJECTIVE 

O
eter.ination of priury grind. 

10-.esh, 1000 grus 
PROJECT 

5801 
DAlE 

30 Hoy '83 
REMRKS 

PitliE 
I OF I 

GRIND 
641 passi nq 200-.esh 

OPERATOR 
JC6 

MCHINE 
LA-500 

WATER 
TAP 

:::::;::::::;:;:;:::; ==:;:;:;:::;:::: ::::::;:;.;:;:;:;:;:;:; ==:;::=== =
=

:;:;:::;:;:; =1: ==:=::; ====:1:::1:::1 =
=

:;::;:;;::::; ==:;:; ==::
C

:::;:;:;:;:;:;:;:;:::::::1:::;:::::; ==:;==:;::::;:;:; ==:;==:;::::;;;:; ==:.::;:: ==:;==:;:; :;:;:;:::z:;:;:: IE" ==:::::::: ==
:;.:1

=
;::;:::;:: ==:;:; a.l::;:; 1::::::;:;:;:;:; c

:;:; E
:I:= &

 

OPERA TI ON 
CELL 

linutes 
pH 
I SOLI OS 

Sri nd 
rod 
3.5 
6.3 
62 

Cond 
1000 

6.6 
30 

Rougher 
1000 

6.9 
30 

Cond 
1000 
112 
7.8 
30 

Rougher 
1000 5 
7.3 

Rougher 
1000 3 
7.5 

REAGENTS, 
Ib/ton 

Silicate H
 

Al 350 
AP 208 
AF 76 
AF 65 

1.0 
0.05 
0.05 
0.02 
0.01 

0.01 
0.01 

0.05 
0.05 
0.01 
0.01 

0.01 
0.01 

0.02 
0.02 
0.01 
0.02 

:J.;;:t I::C
:;;::;:;:Z

:: 
==::=

c::;
'C =

=
:;:; =

=
:;:;:;:;:;:::;;::;:::;:;:1 

=
=

=
:;:;:::;:;:;:;:;:::1

:::&:::1 
Z

=
:II==

:z:=
='-::1::1::; :;:;:; ==:;:;:r:t =: I: c:::a • .II: &

: s:: ZII: s
:;;s

s&'II: II:
•
•
•

a....
::2 as:; c••a:.. c ••

=::IIaa s :ca. a
=

.s=.:as
a a::I as:;= _=::._=:::1 1i:.::1 _

:ac&' ••
:r. ....a: za

•• 

PRODUCTS 
Dr y 

Assays 
D

istribution, 
___ ___ ____ ______ _____ 

We i 9 h t , 
Wei ght 

copper 
gol d 

No. 
O

escription 
9 

I 
1 

ozlton 
copper 

901 d 

Ro Conc 
314.44 

31. 49 
0.94 

0.246 
94.7 

79.6 
Ro Tails 

684.51 
68.52 

0.024 
0.029 

5.l 
20.4 

Caleul ated Feed 
999.95 

100.00 
O

.ll 
0.097 

100.0 
100.0 

Asuyed Feed 
0.31 

0.085 
Calculated Products: 

&
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J::' ... j;; ::;:::::;1: 
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HAZEN CYANIDE LEACH TEST  
A

-14 

11 TLE 
Nicor 

V
entures 

SM
PLE 

Rougher C
oncentrate 

TEST HO 
1590-67 

OBJECT IVE 
Cyani dat i on 01 

rougher IIotati on concentrate. 
frO

I Test 1590-/'0 
PROJECT 

58(11 
DATE 

30 Hoy '83 
REMRY.S 

PA6E 
I OF 1 

6RIND 
No regrind 

OPERATOR 
JeG 

WATER 
TAP 

Tite, hr  
48 

pH,  initial 
o. b 

11.5 
11. b 

11.] 
11.0 

adjusted 
11.3 

lelperature, de9 C
 

alb 
alb 

alb 
alb 

1 Solids 
31 

32 
Pulp 

784 
743 

HdCN, gil 
I. 90 

\.80 
1.12 

0.58 

REAGENTS  
Total 

CafOHJ2, 9 
0.19  

0.19 
HaCN, g 

1.64 
0.25  

J. 89 

:;:::: ::;z:::: ;:::1
 ===== == ===:::::;: ::::=

=== =
=

:::::::: === ;::;:: ===:;;;========= == == ::=
:::: == ==;=:;:=

=
:",::1

=
=

;;:;::;:;:;::;::;:::;
:
;
:
:
:== === =========:::;::::1;: 

::::;:;:;:::
=

&
;;I::C

 It:;;z
::z

 a =
=

012:1: :;:=
 == ;::11:::: I::::a

.l;::;: Z ==.;
I: I: sa:;: z:aJlIt:l I: I: 

PRODUCTS 
Wet 

Dry 
Assavs 

Cu.ulatiY
f 

Cu.ul at lY
e Consulpt ions 

---------------
We i ghl 

or Yol 
Gol d 

Copper 
Iron 

Ar sfni c 
Di ssol uti on, 

Ib redgenttton iefd 
No. 

D
fscrlption 

9 
9 or 

ft I 
02 It 00 

ppl 
PP· 

601 d 
or ppl 

NaCH 
CaIOHI] 

--------.------------------------. ------.-.-----------.------
24 hour liquor 

5f) 
2.01 

4b9 
97 

70 
2 

to. /, 
l.b 

48 hour liquor 
71 (, 

I. 85 
145 

72 
73 

54.7 
13.3 

I.b 

48 hr solids 
2W

.77 
0.142 

Calculated Feed 
0.113 

AlSiyed Feed 

.:,.;.;=
:::::;;.:::: == 0;::::: =

:::: :::::::::.:;::;:: ::=:::::: :: =
: ::.: ::;.::: :;::.;.;:=

:: 
=

::.;;:::::::r: == == 
:;:::=

= ::: ::::;:; == 
=== ===11':;:== === :::::::.;::::c: :::::::= 

::.:::;::::::: :;:: ;: :: ==== =
::: :: :: ;::; =

:::::.; == :11.=== == ==.: J.:t:: l:::::: 
Hazen Research, Inc. 
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HAIEN CYANIDE LEACH TESl  
A

-I5 

llllE 
Hi (or Mi oer.l Venlur es 

SAHPLE 
Rougher Concentr ale 

lEST NO 
08,JECTIYE 

Cyan,d.tion of rougher lialation concentrate with carbon-in-Ieach. 
frOI Test 159(1-61 

PROJECl 
DATE 

3v Hov '83 
PASE 

I OF I 
GRIND 

No reqrind 
OPERAlOR 

leG 
WAlER 

TAP 
=z:;::.:;:::::.;:;::;;;:::;;;::;:::.:::;;:: :;:::r:::::::: :::.T:t::;.;:::":::t::,;::;::,::;::: z:::;: ==;:: ::t::::;:: ';:::; :;::::;:;;::;:;:;:::::l :;:;::Z;3;;:::::::.:;:or:: x:as: :;::1:::1 :;:;;.=::r iii;:;::::;::;;;;;:::;:::; J;;;;::::::1:::::r;:t .. :::;;:

iii: 2';;::::::;;:: ;;r:::::;::::;:;::::: z. ==;::::;: =::::=:::::::::;::::;:::;J:;: J;f ::':::111: ex::;;;::;:; z at::::::::;:::r;: 0:::::: :;:::a:;:lIiIi;;:t;;:t::': 1:: 1t&
:;:: ==.; '::;: :;::':::;;::;;;l:f r=::::t:a:::::::e.;;: .. 

I i 
hr  

21 
48 

pH,  ,nitial 
b.7 

10. q 
11.0 

11.2 
11.0 

ad Justed 
10. B 

Tuperature, drg C
 

alb 
alb 

ub 
alb 

lib 
1 SolIds 

30 
Pulp 

9 
HaCH, 011 

2.20 
!. eo 

I.eo 
0.16 

REAGENTS  
Totil 

CaW
H)2, g 

Q
.II  

0.11 
HaCH, 9 

U
l 

Q.21  
I.ea 

9 
IS.Ot 

:: ::t:::::::.:::: ,e:.;:;;:;; === ==::: :;;:.=:::.::::::;t =:;;r,;;;;;::;::::;::;;: ::.:;;;:::,:::;::: :;;::;::::::::,;::==::: ::.:::.:::: ::;:::::::::::::::;::;::::::::::.:: ;:;;:=
=

:::::;;::;;;:::;::::; 'It::: 1
1

:::::.:;:': r.::; ;;:t;: It 11::t::::=:::.:::::::: :::::::1:.: ;;::;:!11;;;;::r:.::: ==;:: ;;.::::: =:;::::::::1 
It::.:l: 11:;:::::;: s .. ; la.:!!-%

 11: 21;;::::::::;: 1:;:tI:;;;:; I::l 

PRODUCTS 
Dry weight 

A
ss.is 

Gold 
CUlulaU ve Cansulpl ions 

No. 
.. --

D
escription 

We! ghl. 
9 

or Vol ule 
9 or 11 

Gold 
oz Iton 

Copper 
ppl 

Iron 
PPI 

ppl 
D

istribution, 
1 

Ib reagent/ton Ired 

or 
ppl 

NaCN 
C.IOHI2 

--------------.. ----------_.. ------
... ----.. -

49 hour liquor 
2470 

<0.003 
104 

22 
0.0 

48 hour carbon 
14. S8 

4.25 
83.2 

14.8 
O. 

4B hr solids 
240.77 

0.052 
lb. a 

Calculated Feed 
Q.310 

Assayed Feed 
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HAZEN FLOTATlOII TEST  
A

-I6 

TlTlE 
m

OR MINERAL VENTURES 
SAIIPlE 

Hili 26618, linus 
JEST NO 

m
O

-91 
OBJECmE 

Seijuelltial COpPI!f and pyrite flotation. 
IO

-lun, 10,000 grill 
PIlOm

T 
5BOI 

DATE 
14 he '8l 

REMRKS  
Copper and pyri tI! concentrates "ere u5ed lor cY

lnidaticn 
PASE 

1 OF I 
tU

h
j see Tests 1590-110, -III, 

-135, -136. The rDugher tails 
6RIHD 

au passing 20Q
-le,h 

OPERATOR 
JC6 

nre used for thickening hsts, ,ee Tuts 1590-107, -lO
ll, 

inG -109. 
MACHINE 

hnver No. 1 
WATER 

TAP 
;;;:.:: JI a::t:x 11:*: =:1 1IiO; •

•
$ »:;;:: ra:S::f:Ja:::;; -= =11:1111:::1:;: a

u
 .. X:t:lllU

:: :;x;:tt;a:;:;. a:;:. •••..It...... ;.l1
li ...lI1U

.C
III:g: Ill.

.
.
.
.
.
.
.
.
.
.

II.:::: lJ %
31: Z

::3,. S
JllX

:r :c,tl1&: =.:=
lIta ...

=.-O
:::tll a

a
 .. It .z

;s
.. If.

:;:;;:::a 1I.:&
I2;t: :iUl: liS

311: .
.
.
.
.
.
.

t: •
•
•
•
•
•
•
•
•
•

:3'11 I:11: JU
L

. *' •••:au: •••
a a

%
.a

III •
•
•

ll.
.
.
.
.

.  

OPEIIATI ON 
Grind 

Cand 
[opper 

COAd 
COPPl.'f 

Cond 
Pyr i tl.' 

Rougher 
Rougher 

Rougher 
CELl 

rod 
Ho.7 

lio.1 
No.1 

Ho.7 
No.7 

110.7
,

linE, Iiouln 
10 

1 
2 

10 
I 

15 
pH 

11.2 
II. 2 

10.5 
U

 
1 SOLIDS 

62 
30 

30 

REAGENTS, 
Ib/ton 

Cil i!llll 2 
2.0  

liP 20B 
0.01 

O.0()5 
0.003  

liP m
 

0.01 
0.Q05 

0.003  
AF 65 

0.01 
0.01 

0.01 
0.02 

O.Ol 
0.01  

m
  

0.05 
0.05 

x:z;s:*.::t:; .
:
.

a:::: a::;:::rll. a:xa. c:; _::r. =*::;:: 1I:::It'::;;: .a::;:,;.:.:: =. w:::r =-:e :Ic:a
1I:I:==a :=

sa. :1' •
•
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. 11; •

•
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II:;•
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•
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::If 1

:.':: se
:; JU

U
J:It 

1:,'111: •
•
 a.311::;:: B

it•
•
•

o
s •

•
•

8 •
•
•
•

III _ •
•
•
•
•
•

;; •
•

::u::JlJa ::U
: •

•;t:. 11,1:1:.1 •
•

:;;;•
•
•
•
•

" ae: •
•
•
•::r. ;;211.11 ::.&
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:1 

PRODUCTS 
Dry 

A
suys 

D
istribution, 1  

W
eight, 

W
eight 

ilrltnit 
gold 

iron 
silver 

seifniul  
9 

Ho. 
D

ncripti on 
1  

1 
ozlton 

1 
Ill/too 

ppm 
copper 

aH
en It 

qol d 

Cu He Cone 
43.79 

5.10 
I. B5 

1.10 
24.3 

0.75 
140 

90.0 
72.2  

Pyr Ro Cone 
11U

2 
20.71 

0.075 
0.020 

0.012 
lO

.9 
(Q.02 

208 
5.2, 

4.0 
18.Q  

Pyr Ro lilih
 

7385.02 
nss 

0.004 
(0.005 

0.011 
1.0 

0.0 
U

  

Calculdted Feed 
7608.43 

100.00 
0.30 

0.10 
Q.083 

100.0 
100.0 

100.0  
AU

ilyfd Feed 
0.31 

0.11 
0.OB5 

a2  
Produch:  

Bulk Cone U+21 
21>.15 

1.12 
0.40 

o.2116 
99,l) 

100.0 
90.2  

.11 111111. C
 X

B
. ClIJ 1t;C =

£
:Ii II If'llBC
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1t: 1I.:t:l z r c ifIt 1Il:=:J: •

•
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&
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•
•

:1 II II •
•

II II.
.
.
.
.
.
.
.
.
.
.
.
.

:8 {
I
.
 a •••
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•
•
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HAHN CYANIDE lEACH TEST 

IIllE
 

/lieor M
ineral Ventures 

SM
PlE 

Pyrite Coocentrah 
TEST 110 

1590-110 
DBJEClIYE 

Cyani dit! on 01 pyr ite rough" concentr ite. 
1rOI Test 1590-81 

PROJECT 
SaOl 

DATE 
REMARKS 

PAGE 
I Of I 

GRIND 
No regr ind 

OPERATOR 
JC6 

KAlER 
lAP 

%
:e;;;;;;;;;;::.,;;:;;;::;;::;::::::.::,;:;!: %

=:: =
=;;::'::'::':::11::::;:: ;;;;;::::r:;;:;.:::::r;;::;:;::;::: ::;;=;;;:::::r:;::s:::r.:.; ::r:;:U

:J::::ex::a:a:; :a::l:::::;,,::II: In::s:;:: 31 :f:Jfi::n:;r;:;;;;;:::r;;;::::;;:::;:::r;::;.o::::r::: tt:::;;; ==:::r :a;::::r::s:::;::;; ==;:; :n;): %
 r:';:::J;/ .:t::;:;;:::;:: =:::$ 11: 111 Z c'::::: :u:x&

;::::::: z ::::c:uu.a;'10 ::n:1:: $::::;:::::a :at::::::: X
;l:. IlU:::Z::::r::t;: X

 u a
xx::: ac::c lu

ra
 a •

•
 

lile, hr 
0 

2 
24 

48 

pH,  initial 
7.0 

11.3 
10.9 

11.1 
10. B 

ad justed 
II. 3 

1!.O
 

Teeperature, deg C
 

aab 
alb 

alb 
ub 

ub 
I Sol i ds 

20 
23 

m
 

m
 

l. 93 
I. 82 

LBb 
I. 06 

REAGENTS 
Tohl 

Ca 
0,10 

0.10 
NilCN, 

1.19 
0.29 

1.49 

.'II; :.::::t::;::;;::;;;:::=:::;; :::-=;:;:;;:::;:: ===;:;: =::;:: ::;;:;::::;::;:;:;::;; =:: :::;::::::=;:: ;;'=== :::::;;;:===x..;:::==:;:::::r,:::::: ;;:t::: :.r:== == === =====:==::::::;:::;;=:::::: ==== =:: == == ==:,;;:,:;:; == =::;;::;;0.;:::::::::= .::::::::.::;: =
=

;::;=::=;;a; == ==.::::;::::;:: c:: =::.::::;::.:;,::::: ;:0
:: :::'::==::'::;;:1:::': :;::=:: lit;;':::::::: J::::::: a:':;;::;lIO

::I 

No. 

PRODUCTS 

D
escription 

Wet 
Wei ght 

9 

Dry wei ght 
or 9 or ,I 

Sold 
oilton 
or ppM 

Assays 
CU

IU
 Iat i ve 

Di ssol uti on, 
601 d 

1 
(uluhti ve C

onsnpti ons 
lb reagent/ton feed 

HaCH 
Ca !OHJ 2 

24 hour 
49 hour Ij quor 

liquor 
50 
50 

0.35 
0.43 

42.8 
4B.3 

5.3 
11.5 

I.l 
I.l 

48 hour liquor 
48 hr solids 

Calcul ated feed 
Assayed Feed 

1125 
149.99 

0.18 
0.046 
0.095 
o,on 

50.S 

allX
::!;"::_ X

li I::.%
=

:r::c .::1
.::.:.;r:;: ::':1::= 2

: =
::::; %:a::::; 
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:t::t:. $lIIlt41 ;3
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1
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•
:tII: Q

:I ,II::::: J
ile
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HAZEN CYANIDE LEACH TEST 
A

-IS
 

JlTLE 
Hicor 

V
!ntures 

SMPLE 
Pyrite CD

ncentrat! 
TEST HO 

1590-111 
OBJECTIVE 

Cyanidation of pyrite rougher concentr.te. 
Irol Test 1590-87 

PROJECT 
5801 

DATE 
PAGE 

1 OF I 
GRIND 

Regr ound to >95X 
OPERATOR 

JC6 
200-luh 

WATER 
TAP 

==
-:;;::;-= ==

=:; =;: ==:;=:::;;=:::: =
==;::;;::::: ::z:=:;; =

c ==
=

:;;:;.;:::==
0::1: :::=

::===== C
;:J 'C

 ===:;;:::1
::=

::1
::;==:;::====== =

::::'2 == =====
:;;::=

 ==:::=::=:::r::It===
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Tile, hr 

24 
48 

pH, 
initial 
adjusted 

7.0 
11.6 

11.5 
II. 0 
1l.0 

11.1 
11.0 

Te'perature, deq C
 

X
Sol ids 

Pulp 
Q

 
HaCN, gil 

a.b 
alb 

2.04 

aab 

1.88 

alb 
21 
743 

1.92 

alb 
23 
604 

I. 34 

REAGENTS 
Toti! 

C.IOHI2, 
HaCH, 9 

0.15 
1.23 

0.30 
0.15 
1.53 
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PRODUCTS 
____ _____ ___________ _ 

Wet 
We ight 

Dry M
Eiqht 

or Yol ule 
Sold 

A
suys 

Cu.ul ati VI 
D

issolution, 
CU

lul.ti ve Coniulptlon, 
Ib rugentlton Iud 

No. 
D

e5cription 
q 

9 or II 
oll ton 

601 d 
or ppt 

HaCH 
Ca(OHI2 

----
---------------------------------

.... --------.----
.... -------

.... ---------.... -----------------------------------------------------------
21 hour liquor 

50 
0.47 

52.2 
5.2 

2.0 
18 hour liquor 

50 
0.50 

52.5 
9.8 

2.0 

48 hour liquor 
1100 

0.22 
54. b 

48 hr 
ids 

152.91 
0. 046 

C.I cui ated Feed 
0.101 

Assaved Feed 
0.072 
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HAlEN CYANIDE LEACH TEST  
A

-19 

IIIlE 
Nlcor M

ineral V
entures 

SAMPLE 
Pyr H

e Loocentr a!e 
TESI NO 

m
O

-1I2 
OBJECT! VE 

Cyanid.tlon of pyrite rougher concentrate. 
Irol Tnt 1590-87 

PROm
l 

5801 
DATE 

REMRrS 
PAGE 

I OF I 
GRIND 

Reground to )951 
OPERATOR 

leS 
pa55109 325-lf5h 

WATER 
TAP 

:=
==:;: ==:::::::.: ::::::::::::::::!::: ==;:==2::;::::::::::;::::::;::';::::::==::::;::::=::::::::::::::;::::: :;r;:;:::::=.:=

=::::)1;:;:: :=.::;;:::0::::: == =
=
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::::::;z=::::::::;:: =::::=:::::::;;:;.::: ::::::::::: === :===::':: ::::::===:::::::.==:::===1ilI:;::;:;::;::r:;:== === ======;t::::::===:..::.::alil::.::==t:==z:==

t: ;;3;'=:::::. == :::&=:::::: a:::: ==:'Z
::1:1;::: 

Ii.e, hr 
0 

24 
48 

pH,  In
ltu

l 
7.0 

11.2 
11.0 

IL
l 

ILO
 

tid jusled 
1l.5 

deq C
 

alb 
•• b 

illO
 

iilO
 

ub 
I Solids 

2 I 
23 

Pulp 
9 

m
 

6b3 
HaCH, gil 

2.04 
U

S
 

!.8! 
l. 01 

"'----... -....... --...... -----"'-.. -------------"'... 
..... ---...... ------... _-------------_..... _-,.,-.. _---

..... -.. _--------------...... _-------... -... _----------.. __ ... -------------...---... --_.----_.. _--_
....... --

... _----
REA6ENT5  

Total 

r.W
H12, g 

0.13 
0.13 

NaCII, 9 
1.25 

0.32 
L57 
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PRODUClS 
Wet 

Dry "fight 
Assays 

C
U

lulatl ve 
tU

luialne ConsuiptiOl\5 
W

eight 
or V

olule 
Sold 

D
issolutloo, 

Ib reagent/ton feed
----..,.. .. --------

No, 
Deser! ph

on 
9 or II  

ollton 
Bold 

or 
HieN 

CaW
HI2 

9 

-----------_
... ----

-----... ---------------... -------------------... ----_
... --... __ .. --_

... ----..... _--_ .. ----.. ----.. _---
21 hour 11 quor 

50 
0.33 

46.0 
b.S 

1.1  
48 hour liquor 

50 
0,35 

46.1 
12,5 

1.7  

18 
II qu or 

11 
0.15  

47,5 
48 hr 

501 ids 
IS-, e6 

0, 
 

Calcu! 
F"PO 

0,080  
Assayed 

0,0/2  

1
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HP.1EN CiAN!O£ LERCH lEST  
A-ZO

 

IllLE 
Nicor "Ineral Ventures 

SAIIPlE 
Rougher Cllpper Coocentrate 

l£ST 110 
1590-135 

OBJECI! YE 
Cyanidation of copper rougher concentrate 

carbon-in-leach. 
Iroa Test 1590-81 

PROJECT 
5801 

DATE 
9 Jan '83 

REM
RtS 

fASE 
I Df I 

GRIND 
No regrind 

OPERATOR 
JCG 

NATER 
lAP 

z;.! -=;:::::::;::.:;,:;;;;,:::;;;;::::;: =;;: .;;:;:;;:: x
;::; :::.::;:;::;;;: :;::
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Tile, hr 
0 

24 
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pH,  ini hal 
6.7 

10.9 
lLO

 
adjusted 

lo.e 
Telperature, deg C

 
ub 

ub 
alb 

1 Soli as 
18 

Pulp w
eight, 9 

218.3 
gIl  

I. SO 

REAGmS  
Totll 

CaW
HI2, 9 

0.00  
NaCN, 9 

l. 01 
Q.25 

I. 2b  
6210AS, 9 

U
I  

:01;: ::U
::lI::r =

=
.1

1
=
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PRODUCTS 
We! 

Dry "ei ght 
A

suys 
Sold 

CUluli.tiwe Consuaptions 
Wei ght 

or Vol ule 
Sold 

O
istrlbution, 

lb reageotfton ffed 
...... ------

No. 
D

escriptioo 
q 

9 or II  
oz/ton 

1 
or PPI 

NaCI/ 
Ca i OHI 2 

-_........ -... ---... _.. ---.. ---..... _........--_........ -------... -
.. -----......... -------

24 hour liquor 
m

 
<0.003 

0.0  
24 hour Clrbon 

3. qfj 
9.71 

eO.4 
41.9 

0.0  

24 hr solids 
39.lb 

0.136 
19.0 

Fred 
203 

Assayed Feed 
1.100 
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HAm
 CYANIDr lEACH TEST  

A
-21 

TITlE 
Nicor M

inerd Y
entures 

SM
PL£ 

Rooghtr Copper Coocentnte 
IEST 110 

1590-130 
OBJECTIVE 

CYiniOition 01 copper rougher concentrate IIH
er autodn! 

frol Tnt 1590-87 after 
PROJECT 

5801 
oxidizing h

u
h

 and M
ith carbon-in-leach. 

autoclave Illidiziog lueh. 
DATE 

9 Jan •83 
REMARKS 

PAGE 
I Of I 

SRIND 
No rlgri nd 

OPERATOR 
JC6 

WATER 
TAP 

It.11 B
iZ

.;t a:U
l•

•
•
 Il ::&
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Til!, hr 
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6 
24 

pH,  ini tiill 
3.6 

11.0 
10.4 

adJushd 
10.6 

T
np!rdure, deg C

 
alb 

alb 
alb 

1 Solids 
4 

9 
149.5 
41.0 

REASENTS  
Totil 

CaW
HI2, q 

0.00 
HilCH, q 

10.00 
10.00 

6210AS, 9 
5.00 
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;;:l.a • .c 1:.";:=:. III'; a a.e •••
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.
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.
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PRODUCTS 
Net 

Dry wei ght 
AnilYs 

Sold 
CU

luliithe COOlu.pllon, 
_____________________ 

W
eight 

or Y
ahle 

601 d 
D

htri buti 00, 
Ib r'lglnllton Ired 

No. 
D

ncripti on 
9 

g or II 
Dz/ton 

1 
or ppl 

HaCH 
C., OH12 

---...-----.. _... -_.....---_... ---
'" ... ----.... ------_..---....... --""..-.... -_ ... --_.....-..--

""_... -...... _.. --.... _.._--... ---........ ---..... _..--... ----.. -....... _.. _.... --_..... -_ .. -.. ---
.... ----... -... __.. -;"---....... ---_ .. -_ ... -------_ ..... ---_..-... _-_ ... -------

I 
24 hour liquD

r 
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(1.l.O03 
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24 hour ,arbon 

5.13 
3.1 
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0.0 

1 
24 hr soli ds 

6.17 
0.009 

0.5 
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1.822 
A'UYfd Feed 
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A-22  

Oxidizing Autoclave Leach 

Object:  To liberate Au from the sulfide flotation concentrate by 
oxidizing acid leaching to destroy sulfide minerals. 

Conditions: 

conc, producedF concentrate  90 1590-87.  
810 ml  
10%  

Initial emf  +413 mv 
Initial  To pH 0.8, requires Ib H2S04/T conc, 

e changes to +122 mv 
200°C 

Time  1 hour 

Total  280 psig 
02 overpressure psig 

02 Sparge rate ,.,5 l/min 
1/2 hour To assess progress of leach slurry 

1/2 hour emf::::: mv 

Cyanidation: 

The from leach was treated in a cyatlidation leach to solubilize the gold and 
determine cyanide consumption. 

comparison, a sample of unoxidized Cu-rougher concentrate was also leached. 

r'esearcn. Inc 
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8-1 

SCREEN ANALYSIS 

Sample: HRI 3.5 minute rod mill grind; 
621. solids. 

Ty 1 er-' Direct Weight Cumulative % 
Mesh qr- "'.ms I. Retained Passing 

..., ...,65 .2. ::;'6 ..:.:... 4 ...:.:... 4 97.6 
8 . ..,.. 100 8. 29 10. 7 89.3 

..t::'150 14. 42 14. 4 L. -.J • 1 74. 9 
200 10. 97 1 1 . 0 36. 1 63.9 

t::' ..270 16. 02 16. (I -.JL.. 1 47.9 
.,-,. 23. t::' ....:. "'::.,-1 .44 7::; . 6 4  ..., ...,  78. t::'400 ...::... 94 ....:.:... 9 ,.J 21.5 

9 . ..,.5()c) 9.26 ...;. 87.8 12.2 

Pan 12. 19 12. 2 100. t) 

TDtal 99.89 lQO.O 

SCF:EEN ANAL YS I S 

Sample: HRI 5 minute rod mill grind; 
62i: sol i ds. 

-
Tyler Direct Weight Cumulative % 
Mesh grams t. Retai.ned Passing 

65 0.20 0.2 0.2 99.8  
100 2. 16 2.2 2.4 97.6  
150 5.95 6.0 8.4 91. 6  
200 21.71 21.7 30. 1 69. 9  

.. 
,-1,-1 • ...:.:.270 14.71 14. 7 44.8 C'C' 

-;*'" '1r:=·-:'..Lu 17.40 17. 4 6'7 '-:; 37.8 
400 9.63 9.6 71.8 28.2 
500 1 1. 26 1 1 . . 83. 1 16.9 

Pan 16.96 16.9 100.0 

Total 99.98 100.0 

HaZ8n Research. Inc 



B-2 

SCREEN ANALYSIS 

8 minute rod mill grind; 
62% solids. 

fyl er Direct Weight Cumulative Weight, % 
1'1 (c= sh grams % Retained Passing 

65 
100 
150 
200 

27(; 
'''-V1I.''::'' .....,:t..:.:...""J 

400 
500 

F' ,:tn 

Total 

Ie: 

1 er 
Mesh 

, "" Ow 
100 
150 
200 

270 
'7'-'lt=" ....;....:.......J 
400 
500 

F'an 

roti,d 

0.04 
0.23 
1. 94 

17.66 

17.09 
26.94 

5 3;3 
1 1.90 

18. 90 

100. 05 

HRI 

Direct 
gl"ams 

O. 04 
O. 1 1 
O. 81 

15. 01 

1 . 19 
:2E3. 54 

r.::: 
.. 51 

L::. 49 

Fi. 5() 

lOG. 2() 

0.0 0.0 100.0 
()142 0.2 99.8 

....,1.9 .,.,;:.. 1 97.9 
17.7 19.8 80.2 

17. 1 36.9 63. 1 
26.9 63.8 36.2 

69. 1 30.9 
11.9 81 .0 19.0 

19.0 100.0 

100.0 

SCREEN ANALYSIS 

10 minute rod mill grind;  
62% solids.  

Weight Cumulative Wei ,% 
% Retained Pa sing 

() ,. 0 O. 0 100.0 
O. 1 O. 1 99.9 
O. 8 O. 9 99. 1 

15. 0 15. 9 84. 1 

'':''''-:'!'17. 2 ,_, .";1,. 1 66. e; 

28. c-,..J 61 .6 38. 4 
t::" c- .,.,-.,
,..J • J 67. 1 ·":"L '" 9 

LT.. <:::' 80. b 19. 4'-' 

19. 4 100. 0 

1£)() .. () 



B-3 

::3CREEN ANALYSIS 
/ .  

Sample: HRI 20 minute rod mill grind: 
6TI., solids. 

Tyler Direct Weight Cumulative I. 
Mesh ams I. Retained Passing 

6e::' O. 14 O. 1 O. 1 99. 9 
100 O. 12 O. 1 O. 2 99. 8 
150 O. 13 O. 1 O. ..:.) 99. 7 
200 c::" 70::-

J. •....J <=" 3...J. 
c::" 6J. 94. 4 

270 13. 97 13. 9 19. 0::-
J 80. c::" ....J 

-;""r'"):c :26. 81 26. 8 46. 7'-' 53. 7 
400 <= 28....J • 5. 3 51 6. 48.4 
500 24. 92 24. 9 76. c::" 

J 
'"17 c::" .. ...J 

P Cl.n "',-;r- 48.....:, . '-l7 c::"
4. "_) • 100. 0 

Total 100. 20 100. \) 

ANAl_ VS I S 

Sample: HRI 30 minute rod mill grind; 
62% solids. 

Tyler- Dir-ect Weight Cumulative Weight. % 
Mesh gr-ams I. Retained Passing 

65 O. 15 O. 1 O. 1 99.9 
100 O. 70 O. 7 0.8 99.2 
150 0.09 O. 1 O. 9 99. 1 
200 0.48 O . .::- 1. 4 98.6 

270 7.88 7. 8 9. " ..:.. 90.8 
"":"" --, C" .....:'...:;....., 34.09 33. 9 43. 1 c::- ' ,-'0 • 9 
400 7.81 7. 8 =iC>. 9 49. 1 
500 19.69 19. 6 70.5 29.5 

F'a.n 29. 74 29. c::" 
J 100.0 

Total 100.63 100. 0 

Hazen Research, Inc 
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C-1 KYNCH PROCEDURE - THICKENING DATA 

Project 5801  
Notebook 1590  

Objective 107  
Date 

Flocculant Amount By 
0.014Ib/ton 

$ettling Rate Pulp Density [easure len' 
Le !l Time 

ml min Feed Pulp Term inal Pulp Clear Liquor 
1000 0 Volume, ml 104.5 298 747 
900 0.3 Gross pulp weight, g - -- - -800 0.7 Tare, g - - -- - - -700 1.1 Net pulp weight, g 1265.1 5-13.84 
600 1.5 Gross dry weight, g - 350.95- -Tare, g Q :;;:J 3.52 

Net dry weight, g 347.43 347.43 
5 4.0 Densi ty, gil 1211 1724 

335 Solids, % 27.5 67.6 
I 310 

111? R n 
300 10·0_ 

, 

?9R 1.'1.n Time rake installed None 
298 30.0 

i Thickener rake rotation min/rev 

! Thickener Area Requirement 

Cylinder ft 
Terminal pulp: 67.6% solidi 
Initial height, Ho 1.24 

Initial pulp Co ::: (31.3 x 1 (feed solids content, 
g solidslliter slurryl::: ton/ft3 

Co ::: (31.3 x 10-6) x 332.5 ::: 0.0104 ton/et3 

! Critical T ::: 0.0049 days
! x 

T 
Unit area, VA ::: x 

, 
Terminal Level 

18 hI'S UA ::: 0.4 ft2/ton/day 

Liquor Clarity Init 

Inc 



-----

C-2 

Terminal 
hrs 

366.00 
3.38 
362.62 
1851 
67.6 

rake 

rotation __________ 

Thickener Unit Area Requirement 

Cylinder 
Terminal 67.6% solids 
Initial height, 1.26 

density, Co:;:; 1.3 x 10-6) 
g slul"ry)_ :;:; ton/ft3 

content, 

Notebook 
5801 

KYNCH PROCEDURE - THICKENING DATA 

Page 
Date 

Flocculent Amount 10 By 

Objective 

0.03 Ib/ton 

( 
\ 

:;:; (31.3 x 10-6) x::::: ton/ft3 

Critical time, _......lI.. daysO.u.-OL!.lO'-l.lfi..l.l.3___ 

:::::area, 

UA :;:; 0.5 ft 2/ton/day 

Liquor Clarity Initial excellent 
Observations 



------

--------------

C-3 KYNCH PROCEDURE - THICKENING TEST DATA 

Project 5801 
Notebook 1590 

Objective See Test 1590-107 Page 109 

Flocculant 

Level 
ml min 
1000 0 
900 0.4 
800 0.8 
700 1.25 
600 1.8 
500 2.6 
465 3.0 
402 

I 292 30 

erminal Level 
hrs 

\------

--=....:.....:.:.::.::.....---

Pulp Density Measurements 

Feed Pulp Terminal Pulp 
Volume, ml 1036 292 
Gross pulp weight, g 

g 
Net pulp weight, g 1231.1 
Gross dry weight, g 341.32 

g 3.34 
g 337.98 337.98 

Density, gil 1188 1730 
Solids, % 27.5 66.9 

Clear Liquor 
744 

Date 
Amount By 

Tim e rake installed _---.:N:....:,.on:.;;.,e:::...-______ 

rake rotation 

Thickener Unit Area Requirement 

Cylinder height _______ ft 

1.25Initial ------- ft 

Initial pulp density, Co ::: (31.3 x 10-6) (feed content, 
g solids/liter slurry) ::: ton/ft3 

Critical time, ::: _-=-=:..::...::..:...::..___ 

::::Unit area, U A :::: 

UA:::: rtZ/ton/day
--=-.:....:'----

Liquor Clarity  
Observations  

Hazen :nc 
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Bond Work Index Data 

Hazen Researcn. Inc. 
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WORK INDEX CALCULATIONS 

The Work were calculated in accordance with Bond!s !!Third Theory of 

Comminution" from the following ula: 

1Work Index = x 
W 101 

where  C = constant (6 
T grinding time in minutes 
W == weight in 
p = modulus RSO of product 
F modulus of feed 

The constant C was determined grinding a are of known work 

index. 

Hazen F,esearcil, Inc 
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D-2 

( 
\  SCREEN ANALYSIS 

Sample:  HRI 26678, minus 10-mesh feed to Bond 
Wad, Index 

Tyler Oi rect Wei t Cumulative 'X. 
Mesh grams 'X. Retained Passing 

6  0.00 0.0 0.0 100.0 
10 0.30 O. 1 O. 1 99.9 
14  89.00 42.2 42.3 57.7 

' ....- ...-,-2()  .':''l<..' • ..:...,.,,) 15.8 58.1 41. 9 

28  14.81 7.0 65.1 34.9 
35 9. 11 4 .. 3 69.4 30.6 
48 6.09 2.9 72.3 27.7 
65 4.01 1.9 74.2 25.8 

100 :)1{ 62 .1. 7 75.9 24. 1 
...,,.., *'7'* 
";:'..:.:... __"l150 3.73 1.8 77.7 

200 9.32 4.4 82.1 17.9 
270 7.71 3.7 85.8 14.2 

325 8.37 4.0 89.8 10.2 
400 4.74 2.:2 112.0 8. () 
Pan 16.73 8.0 100.0 

T(:rt ill 1 77 100.0 

Hazen ?esearch. Inc. 



D-3 

Ie: 

Tyler 
Mesh 

6  
10  
14  

28  
35  
48  
65  

10(1 
150  
200  
270  

'*:"',..,C',_'l.t.....J 

400  
Pan 

Total 

SCREEN ANALYSIS 

HR Bond Work Index Product; 
5 minLlte grind. 

Direct Weight Cumulative Weight, % 
grams f. Retained Passing 

0.00 0.0 0.0 100.0 
0.00 0.0 0.0 100.0 
0.00 0.0 0.0 100.0 
0.00 0.0 0.0 100.0 

5.90 3.0 3.0 97.0 
1.11 0.6 3.6 96.4 
1. 63 0.8 4.4 95.6 
2.49 1.2 5.6 94.4 

""" ..... .....; • ..:.:.0 ,2.6 8.2 91.8 
8. 10 4. 1 12.3 87.7 

29.75 14.9 27.2 72.8 
30.64 15.3 42.5 57.5 

37.58 18.8 61.3 38.7 
10.34 5.2 66.5 33.5 
67.23 33.5 100.0 

200.00 100.0 

Hazen rieSE'zrct\, Inc 
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Sample: 

Tyler 
Mesh 

6  
10  
14  
:;W 

28  
35  
48  
65  

100  
150  
200  
270  

325  
400  
Pan 

Total 

SCREEN ANALYSIS 

HRI 26678, Bond Work Index Product; 
10 minute grind. 

Direct Weight Cumulative 
grams 7. Retained 

0.00 0.0 0.0 
0.00 0.0 (l.O 
0.00 0.0 0.0 
0.00 0.0 0.0 

0.71 0.4 0.4 
() c'O. 14 O. 1 _ • .:.J 

O. 19 O. 1 0.6 
0.29 o. 1 0.7 

0.85 0.4 1.1 .., ..,.2. Ll·1 1.2 L., ....."1 

16.99 8.5 10.8 
--)1: ="? 12.8 2::,,, 6 

51.60 25.8 49.4 
c-""'"11.47 5.7 ..J...J. 1  

89.83 44.9 100.0 

200.00 100.0 

Hazen Inc 

%  
Passing  

100.0 
100.0 
100.0 
1 (.10. 0 

99.6 
99.5 
99.4 
99.3 

98.9 
97. 7  
89.2 
76.4 

50.6 
44.9 
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APPENDIX E  
Additional Analyses  

Hazen Researdl. Inc. 
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· .....  E-lFLOO RESCENT  718 Sherman St.reet 

Denvn. Colorado X RAY ""Oft. (303) IIl1-13geSPEC TROGRAPHIC Merlyn L. Salmon. Man...,r 

Analytical  laboratOry 

ATIVE 
___ QUANTITATIVE 

:l1?5':1Job _______ANALYTICAL REPORT 1 6
TO:  Psv o/-__--'P&8"" 

Hazen Research, Inc 0730 R. Rostad  26 Dec 1983____ 

SAMPLE:  Test 1590-87-1  
Copper Ro c one  

6.8  18.Copper Iron  _________ 
0. 016Silver Cobalt  Cerillu-LmLL.__________ 

0.047Gold  Nickel Praseo<iymiunm"-_____ 
0.050Zinc  Cesium ______ 

________Cadmitim  Rubid ium 

Mercury Barium  ________ 
0.020Gallium  StrOntium _________ 
0.036Indium  Titanium ____ ______ 
0.037Thallium  Zicconi.Jm ________ 

___ _____Germanium  Hafnium 
0.092 _ _ ________Tio  Thorium 
0.24Lead  Vanadium ____ ______ 
0.88Arsenic  Columbium Y tterbi.u1nm"--___ ____ 
0.13Antimony Tantalum  Luteti.... ________ 
0.029  0.020Bismuth  Chromium _________ 
0.19  0.049Selenium  Molybdenum 
0.037TdluriUID-.___ _ Tungsren 

0.054Bromine  Uranium 
0.018Iodine  Manganese 

The values above are estimated elemental concentrations in : 
xxxxx per cent _______ parts per million ____ grams per liter 

No check was made for elements with atomic numbers less than 22_ 

By 

,",OT!: : A OF THE WILL B E R E TAINED O N FILE I"OR A OF TWO VEAR'S FROM T HE AIIOVE DATE . THE: 
REMA I NDER OF THE SAMP>L.E WH..J... _E: RETAINED THIRTV DAYS 0" WRITT E N I NSTRUCTION. FOR DISP>OSAL. til'ROM 
TH e AOORESS!!!: ABO VE: . 



E-2fLUO RESCENT lUI Shennan SlIT.' (re.,) 

Denver. Co)orado 10203X RAY 
Phon. (303) an-13MSPEC TROGRAPHIC Merlyn L. Salmon. Manacer 

Analycic:a.l Laboratory 

XXXX SEMI-QUANTITATIVE 
__QUANTITATIVE 

Job NWDber__ 9=<--__ANALYTICAL REPORT 
TO: P .... '--__2=---_of__---=6=---JP. seo 

Hazen Research, Inc 

SAMPLE: Test 1590-87-2 
Pyrite Ro Cone 

Copper 0,075 Iroun______________ __ Lantbanu...mL-____________ 

Silver 0,007 CObalT
L 

________________ Ceri,u1..LmU-_________________ 

Gold _________ P raseodymi ... __________ 
0.013 __________________ ____________ 

Germanium 

Zinc  
Cadmium R ubid i'.,.....DlLL-________________ ___________  

Mercury Bari.u.ilmL-__________ EuropiumL-__________ __  
Gallium StrOnri.ulilmL-________ _____________  
Indium Titull.UlilrnL-______ ________________  
Thallium Zirconi tu1.uDllL-______--=0--'•...;0;..:0:..:9'- _____________  

_________________ lIolmi'uJ... _______________  

Tin 0,014 ThOri.u1-LDlLL_____ _________ ______________  
0.086 Vanadi • ."..LrnLL-_______________ ______________Lead 
0.006 Co1UInbitu1.urnlL-____________ Ytteebiuurn"-____________ _ Arsenic 

Tantal'u'..LmU-________________ LutetiuULLrnU-________________ 
Bismuth 
Antimony 

____________ __ YttrituJurn"-________________ 
0,058Selenium Molybdeo'um'--____0--'.'-0_1_5_1 .... 

Tungsteuo '--______________Tellurium 
_________________Bromine  

Iodine ____  

The values above are estimated elemental concentrations in: 
xxxxx per cent ______ parts per million ______ grams pee liter 

No check was made for elements with atomic numbers less than 22. 

By 

NOT!:; A. POATION OF THE WILL. 8£ ON FILE FOR A OF TWO YEARS I"ROM THI[ ABOVE THI£  
REMAINDER 01'" THE WILL RETAINED I"OR THIRTY DAYS 01'" WRITTEN INSTRUCTIONS FOR DIS..-oSAL I"'''OM  
THE AODRESSe:E AeOVE. 


