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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 which assay 0.31%
and 0.085 0z/T, respectively. The copper is present as enargite, which is a cop~
per-arsenic sulfide. The ore assays 0.11% arsenie.

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 majority 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 direet proportion to the copper distributions. The best range of grind required
for good metal recoveries was approximately 65 to 70% passingxznn-mah.




Summary of Flotation Alternatives

Concentrate Overall Au
Analyses Distribution Recovery
Process Wt % % Cu o0zAu/T % Cu %Au %
Bulk flotation 23.9 1.22 0.314 97.4 90.6 50.6
Selective flotation .
., Bulk copper cone 5.44 5.10 1.10 93.8 72.2 90.2
Pyrite conc 20.71 0.075 0.072 5.3 18.0
Selective flotation
with copper cleaning
Copper cone 1.13 19.2 2.44 79.0 445 729
Pyrite cone 18.65 0.11 0.094 7.5 28.3

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 eyaniding 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 eyanide consumption was approximately 4 pounds sodium eyanide per
ton of ore feed. '

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

The overall copper recovery from this test was 86.9%. Approximately 42%
of the contained arsenie in the concentrate remained in the solid autoclave resi-
due; whereas, 58% was in sclution. 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 floeculant dosages of less than 0.05 pound per ton ore feed.
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The Bond Work Index at a grind of 73% passing 200-mesh was approximately
4 kwhr/ton ore feed.

No obvious physical problems were observed 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 30%
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.

razen Resaarcn. Inc




SAMPLE

A single semple of gre identified as the Brewer sulfide ore wss reccived for
testing on Novemner 9, 1983. it wns assigned the identiflieation nuzmber of
BRI 2667R.

It was prepared for testing by standard methods of stage crushing, blending,
and splitting to achieve representative sumiple splits of minus 10-mesh ore for
lanoratary testing. A portices of the minus 10-mesh ore wns reéucec’ to minus
209-mexh Tor head analyses. The quantitative and semi-quanbitative head pnalvses
are listed in Teoles 1 #ad 2, respectively.

Tasle |

Quantitative Analyses of Test Sample

tiement ~ Analysts
{lold 0.083 oz/t
Silver 0.0% oz/t
Cepper 0.31%
lren B.51%
Arsenia 0.11%
Sutiur (toruld) 9.43%
Tuble 2

Quelitative ead Semiquantitative X-ray
Fluorescent Anutvsis of Test Sampie

Eiement A ] Eiement %
Cogpper 1i.41 darium 3.001%
Zinc n.ong Strontium 5.048
Tin n.n13 Zireontwm fi.020
Leed D.02% Vanadium 0.032
Arsenic 0.46% Coizmbium 2.007
Seleniem n.a1d Molybdenum 0.047
iton 3.4 Manganese 0.0%5

Rubighium n.103 Y ttriu 0.002
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TEST PROCEDURES

Flotation

Feeds for flotation were prepared by wet grinding 1000 g of minus 10-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 gs pound of reagent
per ton of ore feed.

Recoveries for each test were determined from a metallurgical brlance of

the elements of interest.

Cyanidation

Cyanidation was done in a mechanically agitated vessel at varying levels of
percent solids. The leach times and eyanide concentrations varied in accordance
with the objectives of the tests. Free eyanide concentrations were monitored and
additions of sodium eyanide were made to maintain the desired test concentra-
tions. Protective alkalinity was provided by additions of hydrated lime to pH 10.3
to 11.5.

Some tests used & granular activated coconut carbon of 6 x 16-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 (CIL). By comparison, the use of
carbon in a separate stage of contact after evanidation is defined as carbon-in-
pulp (CIP). ;

At 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 sereening 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 mssayed values.

azen Aesaarch. Inc




TEST RESULTS AND DISCUSSION

ata shacts for cuch test are given in Appandix A, Screen apalyses of the

various grind Sizes ere given in Appendix B.

Flotation
Cleared Copper Concantrate

Testing by previous investizators, using differ=mt ssimples, 12¢ denzonstrated
goad recoveries of gold ead copper by flotation. These tesis nchieved oleaned
eopper congentrates coniaining approximately 2 to 3% of the ore fred weight and
asseying in excess of 2% copper with approximately 80% cooper ~eccvery. The
copper was shown to be present as eaargite, which is o copper-arsenic sulfide eon-
taining 19.1% arsenic. [t was also shewn that a majority of the geoic was not
assoeiated with the copper, and geod gold recoveries required the fotation of &
scparate pyrite concentrate.

Therefore, the inttiad process flowsheet a5 oroposed to Hazer includes the
aroduction of cleaned covper snd bulk pyrite concentrates, Than the clezned
copper concentrate was to Ha treated using equecus oxidation tn an autoclave.
This would redues the arsenie to reiatively insoluble arssnates, while solubilizing
the cooper which conid be recovered by presipitation ar cementetion. Geld con-
tzined in the exidized cepper caneentrate was to'be recoversed by eyenidation
alter removal of the soluble species. [t was antieipated that the bulk pyrite con-
centrate would be biended with oxiae ore for treatment by heup leaching.

Five tests were made with this objective. Three tests suecessfuily produced
copper conaentestes of 14% copper grade or better and are summartzed in
Tabie 3. Test 159M-£9 achieved a cleaned conecnteate assayving 19.2% eacper and
2.44 oz gold/ton with fespective recoveries of 79.3% and 44.6%. The conventrate
epontained 1.13% of the ore feed weight. The other tests achieved somewhat
higher copper recoveries, No gold date are available [or Test 47 due Lo insuffi-

rant sampie geantilies.




Table 3

Results of Seleative Fiotalion and
Clzaning of the Couper Concentrate

Gring, % Anajyses istribution
Test Pessing Wt Cu Al Cu Au
1290~ 200~mesh % % X oz/T ¥ %
42 94 .13 19.20 2.44 79.3 446
43 10 1.82 14.3 2.2¢ 84.0 8.7
47 95 1.45 8.0 80.2

fletermipation of Primary Gring Size

Table 4 and Figure | summmarize the results of severs] tests made ta ceter-
mineg the effects of primary grind size on the gold and copper metalurgies. These
data show &n optimum grind of aopreximately 85 to T0% prssing 200-mesh.
Conrser sizes resulted in high copoer and pold assavs for the tails, whereas finer

grinds did not shew signilicant metalivegical differences in the tails assays.
Tabie 1

Effect of Grind on
Gold and Cooper Metallurgy

Recoveries Tailings Analvses

Test % Passing Cu Au Cu Au

13940- 208+ mesh % % % ozft
66 Gd 84.7 794 (-324 0.029
62 70 83.0 29.% D.coY 0.4012
A3 a0 07.8 §t.3 (.614 0.032
54 81 97.0 849.2 G.n3 .05
64 a3 §7.% 87.7 0.Gog N.013
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Bulk and Sequential Flotation

Although the eleener tests demonstratecd regsonahic eopper graces und
reeavarics, 14 wns cansidered imprectieat tao instat! an antoeclave process for such g
small amount of feed weight., Also, concurrent cyenication tests were :ndiceting
successful trentment of & Julk sulfide concentonte to recover the contained gold.

Therefore, the scope of the projeet was changed o inelade the production of
a lower grade copper acncentrate with hipher recoveries. Table ) summarizes the
results of produeing a =ingle hulk sulfide flatation produc¢t. Thresc data show con-
sistent.y high copper and gold recoverics with only a few percentage points of dif-
fercnee in the eopper asd gold recoveries. The average ealeulated bulk silfide
conecntrate assayed 1.22% copper, B.314 oz gold/ten, with copper and gold recov-
erics of 97.4 and 90.6%, respectively. However, it contained in excess of 20% of
the ore feed weight which was considered too high far economic treatrent via

autocleve axidetion.
Table 5

Bulk Suifide Concentrate Doty

Grind, % Analyses fistribution

Test Passing Cu As Au Cu As Au
1594~ 200-inesh Wty A % 0z/T % % %
23 %4 22.29 3.4 148 0.444 498.5 99+  92.B
24 94 21.95 1.22  f.44  0.352 94.5 39+ 92.7
25 91 26.27 3.04 .38 272 98.7 99+ 29.R
42 a8 23.37 .16 9§39 0.243 98.8 99~  92.6
43 100 25.05 1.22 0.236 39.4 92.4
0y 53 4,24 1.24 98.§

63 G8 22.68 1338 D.318 97.5 87.7
64 94 24.02 1.24 0.313 45.8 48.4
61 94 23.46 1.28 0.310 5.3 88.8

Average 23.% 1.22 £.42  0.314 %74 at.6




10.

A secend evaluation of the same test data is given in Figures 2 end 3, show-
ing the relationships cof copper grade, reccvery, and weight recoverad. These show
that a hulk copper concentrate couid be produced recovering Jrester than 92% of
the copper into & concentrute assaying 4 to 6% copper and ecenlaining approxi-
mate'y 5% of the ore feed weight. This was the range of weight considered
oructical for sutoeluve treatrnent.

Test 87 was meade to confirm the deta in Figures 2 and 3, end to produce
quantities of the bulk copper snd pyrite concentrates sufticient for the subsequent
testing vie autoclave oxidation and/or cyanidation. The test achieved a copper
caneertrate assaying $.1% copper and 1.10 o2 gold/ton, and recovered 32% of the
copoer and 72.2% of the gold inta 5.44% of the ore feed weight, confirming the
earlier datu. The pyrite concentrate assayed 0.072 oz gold/ton and sentained 18%
of the feed gold. Resuits Jor eyanidation of these concentrates are given in the

next section,
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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
before cyanidation.

The results are summarized in Table 6, and show that autoelave oxidation
(leaching) followed by cyanidation of the bulk copper concentrate achieved the
highest, incremental eyanidation gold recovery of 99.0%. By comparison, the
same material without autoeclave oxidation achieved an ineremental gold recovery
of 80.4%. The incremental recovery of gold by cyanidation of the pyrite concen-
trate was approximately 50% icrregardless 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 than the 73.9% recovered by eyanidation 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 eyanide per ton of cre
feed.

Autoclave Oxidation

Details of the autoelave 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 ineremental 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 sucecessful since approximately 58% of the arsenic contained in
the autoclave feed solids was not reprecipitated and reported to the final liquor.

Hazen Regearzh inC




Table §

Summary of Cyanidation Results

14.

Ineremental Gold Recovery, %  Overall Cyanide
Test Flotation Cyanidation Gold Consum) vmes
1590~ Type of Sample @ 48 hr HRecovery, % In/T & Comments
60,67 Bulk sulfide concentrate BB.4 54.7 48.4 3.2
61,68 Bulk suifide concentrate 88.8 83.2 73.8 3.5 Carbon-in-leach (CIL)
110 Pyrite concentrate (Test 87) 18.0 48.3 8.7 2.4 No regrind (~65-mesh)
11 Pyrite concentrate (Test 87) 18.0 52.5 9.4 2.0 Regrind to 200-mesh
112 Pyrite concentrate (Test 87) 18.0 46.1 8.3 2.6 Regrind to 325-mesh
135 Copper bulk concentrate (Test 87) 72.2 80.4 58.0 2.6 Carbon-in-leach (CIL)
136 Copper bulk concentrate (Test 87) 72.2 99.0 1.5 1.6 Autoclave oxid, & CIL
1/ Pound NaCN per ton of ore feed,
Table 7
Oxldizing Autoclave Leach Results
Wt, gor Analyses, g/1, %, ppm, or 0z/T Distribution, %
Froduet Vol, ml Au, Cu Fe As Ag Au Fe As Ag

Feed, assay 90.0 1.10 5.10 24.3 1.85 0.75

Feed, cale 5.26 24.0 0.73  100.0 100.0 100.0 100.0 100.0

Residue 33.8 (2.91) 1.02 9.04  (2.07) 1.10 99.4 7.3 14.2 42.0 56.4

Liguor 985 0.018 446 184 0.980 ] 0.6 82.7 85:8 58.0 43.6

Numbers in parentheses are caleulated values; all others are assayed values.

Inzen nmwom.n? Inc



The dnty stow that 5.6% of the gald was saluditized. This ealetluted value
may be more & result of ;mdeterminant enalytical results than actuel values, and is

not ecnsidered to 2e metaliurgically sigrnificant.

Thickening

Thickening tests using the Kyneh inethod for cetersiination of the unit area
requirerments were made for the rougher Notation tails from Test 159637, The
results in Table 8 show unit area requireinents of .6 square feel per ton per cay
or less using floceulant additions of £.583 pound/ton feed or less. The liguer alari-

ties were excelient,
Teble 8
Thiekening Date for

Rougher Figtation Teils
{Test 1590-87)

Test Feed Slurry __ Terninal Pulp Uit Fioegulant
1393- % Sotids  Densitv, g/t % Solids  Density, 2/l Ares Y biton 2/

107 27.5 f211 57.6 1724 0.4 .014
108 27.3 1248 (7.6 1881 0.3 £.03
a4 27.5 1188 86.9 1730 0.6 n.03

1/ Unit areas are given as ft*/tonfdev and include no design or safety factars.
3/ Pound of {locculant per tan of tziiings feed.

Bond Work {ndices

Two Boné Work Index determinations waoce mace using Hend's Thied Theory
of Comminutian. Tae results, given ir Tadle ¥, show values of 3.9 and 5.9
gwhr/tan for grinds of 73 and 89% passing 206-mesn, rospeatively. The differ-
ences indicate that energy usuge at the eoarser grind was recuired primariiy to
areak the ore aleng naturai graiv bourdaries. s confarms with the previcus
data investigrting the eflfect of grind on the copper recovery which indicated an

outimum grind of approximately 65 ta 7% pussing 2R0-mash. 1t is expected that




16.

optinum iiberation would cecur when the grains are l:berated by hreaking the ore
along its natural grain boundaries,

By contrast, the increase in energy for the finer size is prebabiy caused by
the dreakspe of individual grains after the nutural grain boundaries have been
broken. This does net imply that suekh a meehanisum did rot ceeur during the

coulser grind, but proaoly not to the same extent.
Taple 8

Summary of Bend Work [ndex Data

{Grind Product Bond
"TT:rne Ore Wt K81) % Passing Wark
P roduct min g M 200-1nesh Index
t0-mesh feed - . 455 17.9
BMG 3 160D a6 72.8B 3.9
BMG 10 Loen Y] 89.2 5.0

U Rt




APPENDIX A
Test Data Sheets
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HRTEN FLOTAFION TEST :
A-2
1ILE NITOR NINERAL VENTURES SENPLE WAL 26578, sinus 1EST M0 1550-24
GRIECTIVE Sequential 41otation of copper and pyrite with cleaoing of the copper. 10-apsh, 1000 grass PROJECT 3801
WIE 1S Nov '83
RENARKS PagE 1061
BRIND PAT passing 200-mesh OPERATCR  JCB
NACHINE  LA-500 wie 1L
it o ADeSsASH
GWPERATION Brind Lond Cond Copper  Cond Copper  Cond Pyrite  Cond Cond Copper  [ond Copper  Topper
Rougher Rougher Rougher Cior 4 Cisv | Clar 2
CELL rod 1000 1000 1000 1000 1000 19000 1000 1000 1000 1920 1006 1000 1000
TIME, min 20 3 ? ] 2 | \ ) 3 2 3 1 2 { ]
(1] &7 2.0 12.0 . Ha 1. 1151 1.3 23 B B.7 8.1 8.0 8.2
1 50108 81 30 30 30
REAGENIS, leton
CallHi2 2.0 1% LI
Hieerec 1651 9,011 0,022 o.011
AF T8 0.022 i
# 85 0.1 o.on A ] 0.022 A 0,022 0,022
AP 208 0.02 0.06
A1 150 0.8 ’
502 3.0 1.8
FRODLCYS Ry Assays Distrabotion, 1
eeeeeeeereneeenaen NMeaght,  Weight cogper  arsenic  gold y
M,  Deseription (] 1 1 1 oz/ton copper  arsenic  qoid
I Ca Cloe Comc 2 1584 i n 1.2 0,740 7.1 ELY 8.2
T CoClnr Twid 2 LR L) .83 L2 B N 0168 8.7 6.0 8.7
3 CuCler Tanl | "W (M 0.4 0.1% 0.704 70" EN| 10.8
4 Fyr Ro Conc 66,51 .83 010 0.0% 0.6 .2 0 15.0
5 Pyr fo Tasd 151,58 15,95 0.022 (0,003 0.009 $.8 0.1 1.3
Calcolated Feed 1003.90 100,00 all 0.1¢ 0.094 10¢,0 100,0 100,0
Assayed Feed 0.31 o 0,080
Calculated Profductat
Cu Clnr Conc ) (0420 12.1% .1 0.78 0,513 85,3 .0 88,9
Cu #a Cong A to J) AT 107 0.60 0.47% 92,3 8.0 na
Bulk Conc {1 to 4} PAN] .2 0 0,32 .S e 2.7

ANAEEEREIIIAES

"
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HAZEN FLOTATION TEST

A-3
TLTLE NICOR NINERAL VENIURES SENPLE  HRL 28576, since TEST M3 1590-28
QRIECIIVE Seguential flotation of copper and pyrite with cleaning of the coppe 10-aesh, 1000 graas FROJECT %801
DATE 15 Moy *83
REMARES PAGE 1OF 1
BRIND 942 passing 200-mesh DPERRIDR JCB
MACHIKE  L&-500 NATER Tap
kzze STTIENIEIICRITTISIET TzTERIET L2 SEZEIEEIES 'TT11
QPERATION Eeind Cong Copper  Cong Copper  Cond Pyrite  Cand Copper  Cond Cong Copper
fHougher Rougher Rougher Lior | Clne 2
({18 tod a0 1000 1000 1000 1000 1000 1009 1000 1000 1000 1000
TIME, siautes 0 2 1 2 12 L s 4 ] 3 1 8
oK 1.4 It Ll 13 10.2 10.2 10,2 5.0 8.5 5.8 8.7 1
T 50LIEE 74 10
REAGENTS, (b/ton
Caldni2 .0 0.1
AP L 0.054 0.0 108 0
il ] 0,01 0.06
AF 8 0.0 0.011 0,081 0,013
Al 3% 0,04
A 85 0.0
502 1.0 1.8
(1) 0,038 incresents :
PRODUCTS or #ssays Distriduticn, 1
cremeveeveerernreeees JEROAL,  Neight topper  arsenic  gold
Wo.  Description 1 1 ) 1 ot/ton copper  arsemic ol
I Tu Clar Tonc 2 7L.3% 118 3.6 1.2¢ 2.708 8.1 ¥2.0 8l.8
2 €s Cinr Tail 2 9.0 0.5 132 0.3¢ 0415 N} 18 5.9
3 Cu Cinr Tail | 30,37 3,03 625 0,08 0,190 a1 a8 1.2
4 Pyr B Conc 151, %8 15,43 0.058 001 0.070 3.2 1.0 13}
5 Pyr ko Tail 719.56 i 0,008 ¢0.005 0,014 13 0.4 10,2
Caleulated Feee  |902.5%  100.00 0.28 019 @,080 100.0 100,0 0.0
Assayed Feed 0.3 0,11 0,065
culated Preducts:
Cu Shar Conc | 41e2) 8.09 3.18 1y 0.682 .8 95.5 49.3
Cu ko Cone 41 to 3 a2 L% 0.89 0,548 9.8 8.3 2.5
Bulk Conc 11 to §) w7 50t 0.3 0272 ¥a.) 9y 67.8

BRI RIS EIEE IS S TRENSITITSISNSSTIITASEITALIZI
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WAZEN FLOTATION 1EST A-4
TITE NICOR WINERAL VERTURES SARPLE  HRL 26878, stouy TEST W0 139042 |
QRECTIVE Sequential flotation of copper and pyrite with clesring of the copper, I19-aesh, 1000 grans PEOIECT 8801
OATE 2 Moy
RENARES PRGE LOF 1 (
GRIND 961 passing 200-aesh UPERATOR  JCG
WACHINE  LA-500 NATER it
OPERATION Griad Cond Copper  Cond Copper  Cond Copper  Cond Pyrite  Pyrite  Cone Copper Cond Copper
Rowgher Rougher Roughier fougher  Rougher Cler | Clar 2
CELL rod 1009 1000 1000 1000 1000 1000 1000 1000 1000 500 500 500 00 i
Fist, minules » 1 2117 172 >in 112 ] 2 ] ] 2 (] 2 ]
M 1Lé i 1n.& (1) 1.4 Ihé 1.4 1.4 IR 1l 10,9 10.5 7.0 ) £
T Saips 82 W W 0
REAGENTS, Ibitos
|
Catlwi? 5.0
AL 328 0.0 0.01 0.01 0,006 0,003
A 208 0.01 0.06 0.04 '
AF T8 0,022 oM 0.011 0.022 0.022 0.022 * 0011
A1 350 0,08 0.04
OF 250 0.072 0.011 o.011 [
so2 0.9 0.8
PRODUCTS iry fssays Distridution, 1
e Wmight,  Weight copper  arsenit goid
Bestripticn ] 1 1 1 oziton copper  arsenic  gole
1 Cu Clas Conc 7 1.2 113 19.20 5.7 .40 7.3 8.8 TN
1 Cu Clor Tanl 2 4.8 0.4 1.87 0.81 0.765 B, Nl 5.2
1 CuClor Tl ny L 0.78 0.260 o 8.y 3.0 14,0
4 Pyr Bo Cont 186,73 18.65 0110 0.020 0,00 1S Ll 2.3 '
S Fyr o Rl .4 74,53 0.004 {0,005  0.004 1.2 W 7.4
Caiculated Feed 1000,47  300.00 0.27 0.09 0.962 100.0 100.0 100.0
hssayed Feed 0.3 o N 0,088
Calculates Products:
Cs Clar Conc ) 1142 1,59 .1y L 1.95% 2.4 B9 50.3
Cu Ro Coac 1l 10 30 LH 5 1.8 0.842 9.3 5.9 M5
Palt Conc (1 to &) 13587 I.kb o 0,245 98.8 59 2.6

FEREESIIIINIIIIFTNIN NN IR s

Hazen mmwcma. 1, nc



HATEN ELOTATION TEST

A-5
TTLE MICOR MINERRL VENTLRES SANPLE WAL 26678, winus TEST WD 1590-43 '
GRILTIVE i0-mesh, 1000 grass PROJECT 5301
DATE 2 Nov ‘83
RERARKS PAGE 10 (
BRIND 100X passing 200-aesh CPERATOR JCB
BACHINE  LA-500 NATER 14
PR S583388 3 szrszsseszszee: ]
DPERATION Gring Lot Copger  Copper  Copper  Copper  Cond Fyrite Leond Copper
Rougher  Rougher  Rougher  Rowgher Rougher Clor &
CeLL rod 10 1000 1000 1060 1000 1000 1000 500 300 '
Tirkk, sinutes 0 7 1 ? ? ) H 19 3 10
il 1n.s R Y 1A 13 1.2 1.2 1 %5 Fib
1S3 Y] 30 30 W |
REAGENTS, ib/ton
Cal0i2 5.0
Ar s 0.0 0.01 0.0 0.01 0.008
BF 78 0o [R]] 0.0 0.0 0,033 |
AT 350 0.06 0,08
¥ 50 0.004 0.022
§02 1.8 |
EEEEEELE A
PROGUCIS bey Assays Bistribution, T
Neight,  Weight copper  geld
[l 1 i oz/ton copper  golé
1 Ca Clar Cont | w0 1.82 L%} L 64,0 W
2 CuClor Tail 1 L (N1 0.62 0.9 .2 L2
3 Fyeite Ro Conc 1.2 13 0.1 0.078 8.8 21.5
4 Pyrite Ro lail 152.% .55 0,006 0.007 Lo 1.6
Calculated Feed 100447 10,00 [ 0,089 106.0 1009
Assayed Feed 0.31 0.085
Calculsted Products:
Cu #o Tonc %2 483 0.833 2.2 1.5
Bulk Conc 25.03 L2 0,25 9%.0 92,4 '

Hazen Research, Inc



HATEN FLOTREION TES] A=
TIneE NICOR MIMERAL VENTURES SAMPLE  WAI 28478, ainus TEST MO 1590-4)
OBJECTIVE Gequential flotation of copper and pyrite with cleaning of the copper. 10-nesh, 1000 qrans FROJECT 5801
DATE 22 Nev '8}
REARRES Yellow prussiate of sada (YPS! wsed for pyrite depression, PACE 1061
GRIND 41 passing 200-nesh OFERRTOR JC6
MACHINE  LA-3500 WATER 18
UPERATION Grind Cond Cond Copper  Cosd Pyrite  Copper  Copper
Rougher Rougher Clar | CTinr 2
CELL red 1000 1000 1009 1000 1006 500
1int, winutes 2 ] | B | 5 ]
pH 1.7 1.6 1.5 1.z 1.2 10.% 10,5
1sll0s 82 1) 30 {1
SEABENTS, Ib/ton
Callni2 30
P§ 0.2
W 242 0.013 0,085 0.008
AF 2% 0.2 0022
Al 328 0.04
AY 3% 0,08 0.04
OF 250 0.022 o011 0.022
Stlicate N " o
EL L Ll Ll aens
PROSUCTS Dry Aasayy Distridution, 1
o s e L. (IOIGM cepper
No.  Description [] 1 1
1 Cu Clae Conc 2 14.87 1,45 16.90
2 Ly Clar Tl 2 .19 LR ue
3 Lu Cler Tasl | 21,838 Ll 0.3
4 Pyr %o Conc 197.4¢ 1.0 0.0
S Pyr fo lasl 7580 %7 0,006
Calcslated Fees 10020 100,00 (3] 100.0
Assayed Feed 0.3t
Caleulated Productss
e Clor Conc 1 (1421 .3 e 8.6
Co ko Cong 1) t2 i .53 (3] $2.4
Bulk Cone (L to 4 uu L 7.8

Hazen Rosearch, Inc



HATEN FLOTATION TES! A-T
4R NICOR MINERAL VEWTURES SHNPLE  HRI 26478,a10us TEST NG 1590-50
OBJECTIVE Produce bult concentrete for cyanidetion testing, 10-sesh, 1000 grans PROJECT 5801
DATE 50 Nev 'B3
RERSFLS See Test 1999-87 for cyanidation results, PAEE 10F 1
SAIND T4 passing 200-aesh DPERATOR JEB
MACHINE  LA-500 KATER W
GPERATTON Brind Cond Rougher  Cond Reugser  Rougher
CELL rod 1000 1000 1000 100¢ 1000
TINE, mnutes 20 ] 2 11 H 3
pi 1.2 TA 7.1 T 1.8 7.6
1500108 8 30 n b0
REAGENIS, 1b/1on
Silicate ¥ 1.0
Al 335 0.05 .03 €.02
AP 208 0,65 0.95 0.9
[ 0.02 0.02 0.02 0.01
85 0.01 "
PRODUCTS Ory Assays Bistridution, 1
.................... Neight,  Wesght copper  gold
Wa.  Description [] 1 1 or/ten copper  gola
| Re Con 20,77 n.e L4 031 5.8 884
7 Ro Tails 781,68 75,98 0,007 0,91} "2 1.4
Calcutated Feed  1002,45 100.00 0.5 0.085 100.0 100.0
Aesayed feed .31 0,088

Calculates Products;

Hazen Research, Inc



HAJEN FLOTATION TEST

A-8

[TILE NICOR MINERRL VENTURES SEWLE  MRI 26678, mines TEST MO 1570-8t
DBIECTIVE Produce bulk coacentrate for cyaaidation testing, 10-azsh, 1000 grans PROJECT  5EGI
DATE 3% Wov ‘83
RENANS See Teat 1590-48 for cyanidation resuits. Faat 1OF I
GRIND AL passing 209-sesh OPERATOR  JCS
MCHINE  LA-500 BATER TAF

OPERATLON Brind Cand Rougher  Cond Rougher  Rougher
CELL red 1000 1000 1000 1099 1000
TINE, winutes 2 | ? 12 § ]
pit 1.2 7.4 1.1 L1 T 1.6
1 50LI0S 8 0 » »
REAGENTS, 18/ton

Silicate ¥ 1.0

A1 325 0.05 0.05 0.02

AP 208 0,05 0.05 0,02

& Th 0,02 0.02

AF &5 0,01 0.0t

PROGUCTS bry hssays Distribstion, 1

........ reerememeeeae EEIGHY, Neight copper  gold
Ko, Description (] 1 t at/tos copper  gold
I Ro Conc 35,4 o.% L2 0310 ¥5,% 88.8
2 Fe Tails 748,14 76,54 0.018 0,012 4.5 11.2

Calculated Fees 199360 100,00 0.31 0.082 100.0 100.0

Assaped Feed 031 0.083

Calealated Productar

Hazen Rasearch, inc.



HBJEN FiDFAT 10N “E5T 9
life HILCR Miwish WE¥ILhLE SHAFLA LA G {T 2N TRITS 900-a2
IWJETIIYL frlrrapaatige of progery gricd, N-pesh, 1620 gramy 3881 ’
16 New '8

REP<hLZ P

100 passing 20U-gesh Jee

LA-S00 18P
D razxzazzzs saniba-rrrary PiimassgurpaL FTRveY)

JPERALION srangd Leag #3uthrr Zpugher

1Ll |ron, 1532 300

N, mnuten H] H 5 .
i e 3.t (N ]

vaboiey ol 30

REPGENTS, itrton

Silarste B 1.0 .
AL 359 0.4¢ 548 LA

oF 2 0 0,55 0.0

B 1} 0,82 .02 9.¢l 0,01 (5] ,
AF 8% a0 2 001 .

£JEICEFPRUEILY BaPREEII4TRuE ISP F b

R

PEIBRENS Assary Destridulion, 1
. Meignt,  <rronl co;per gold
he. Desteaptis- L i i oritor copeer gelt |
153,31 Lo G N B9.»
? 1,51 [N N K 20 Ha ,
Caizaiates Feel 935,94 d .52 G.087 00,2 L05.
kisayed Feed 0.3 [

Calca'nted Crogucis:

Aeupany

¢Ear(IaanINTINECS

Ha o ez

chimg



FAYEH F AMNION P26 [

NIUSE MIMass seYlubES
Celersiration ab 3704

SBCECTIN

s grinf.

LRl

PETEY) 22 sacs
ey Lat6 Raaghe* Cha Fougher  Royghe-
[13] 152 G 1360
| 1 1 H
12 N 11 1.2
E? ¢ 0

VERBENTS, b7t

itrate §

W 35 DA ] 202
Ak #p 0.0% a0t 0%
(L] [RH 0.41 «.01
[ 0.0 0.8y 0. 0,0t

B4 IPAINIRE Y AP RDAd PR IIT LSS PR PARPINISIINESIN IS LR ETINTLO RS cuscavel
PRGENC IS fry FRiys
ademskmes Vmigit,  Weiyhl ropets gold
Descriptizn ? 1 1 o f4on

R 1
0012

| #3 %onc
En Tyils

15, 0 v
fasayed Feed 031
talculates Praduzts.

et

wrresaarreihypnpragfone rume

= N T 151 Wi i5y0-a3

19-s2sh, 1006 3rae 5891 ‘
' 15 Nov @3

1 6F & .

L] B passing 200-resh OPERATCR  JT6

MAZAJHE  LA-30D »iIER (13
: 1
|

fustribution, 1
coper gold

|

Prauuees

alLésdChRIINELAL,

ECEE4BEIIEFIIIFLICLN TLiwsEE3ed

SEATEA TS0 CN 1



HRIEN FLOTATICN TESF A-11

NICOR A:NTRAL “ENTURES ShEFIT W2l 28878, w1y 1ES1 A)  159¢-0d
delermnatisn of primary g7und, 12-apsh, 1000 3¢ 9as L HIA ]
g 50 ¥y ‘93

ESLL 81 passing Z00-xesh
NACAINE  LA-30D

SPERRTICA Tond <ond Zpuyher  Rougter
zooD [ ] 19
Ak, minules 10 | ¢ W 3 3
H 8.5 6.9 [ i 7.5
Tspcs h? w ki
“EACE w13, 1hiten
Slbcate ¥ i
&1 530 2.0% [Ne an
LI 0. .05 [
[0 (] 0.61 0.0l
0.1 Ll 0.01 G.oL

cavems xe3ciezzrzesseacesa PR PP Aerumngren [—
Try LT
ewme. YEight, Neighl capper qold

topper  g0id

Ka. beseriptise

| Az Ser b 26 $r.0 H
? fol L] 5.9 I
'
Lalenliates Tred QM. 0? 100.0¢ 0,107 1605 100,%

~saayed beed 550 0.08%
Colzutated Frodusts:

wrr=érar axi ccasanas

nes e




T NICGF AINESAL “EnCLRES
iEMEC RS Zeterdindbian of privary geied,

PLFR:LS

¥ czrrzx

SFERATIOn bring Laad Raugrer  Jond
CELL fud SO0 Lo
E. ainutes 3 | i nui
.7 12 7.0 .
FOR B 30
FEREENTR, |bitar
Silicate W 1.0
AL 3G 0,63 0,25
a7 7208 2.0§
W 6.07 3.9] 0,05
A A% 0.0l 0. 201

21134 NBANIEIL S arbde It avinm
PROIJCYS bry
P Neigst,  keignt

*o. Ceazrpptaun g 1
MW 2,88
Haa n

e rreen ameeneas

LTI YT

Feed

Calosl ated Produsts

AN T N S R PRI T P

EAleN FLOTATLON TEST A 12

SHRF.E HRI 20678,ain.s L5§2-85
L2-nesh, 2000 grass 5801
1% Hor "B3
1 CF )
BRI P81 passing TH0-wesh JPERRSOR JCB
MACAIME  La-bd0 vAER TaP
FEIXEIEICNETZICTETT Py VUL KD cces IrevNIceY
Regher  Rougher
1532 Hey
3
e

on
0.97
0.l 1|
0.01 0.01 :

FtibeddlisodbiFrd ncarnzs

[FETETFLIIT T

LISTIT] Destritation,
Sapper yold
1 sciton copper  gnid
LL s 87
G 009 Q013 A
[N 120, 0 »30.0

G, 093

zaTezecawrzaecizaihasc:

IsréCurracanzhaveiipg




HALEN FLOTATION TEST A-13
111LE NICOR MINERAL VENTLRES SAMPLE  HRI 26678, ainus TEST N0 1590-44
DBJECTIVE Bstermnation of prisary grind. 10-sesh, 1000 graas PROJECT  S801
DRTE 30 Nov "83
REMRS S PiGE 1 OF |
ERIND 641 passing 200-sesh CPERATOR JC6
AACHINE  LA-500 WATER 14

QPERAT LN Bring Cood Rougher  Tond Rougher  Kosgher
CELL rod 1000 1009 1900 1000 1000
TINE, ainutes L5 ! 2 112 S )
P 8.1 6.8 6.8 1.8 1.3 1.5
1 50L1es 82 W 3 10
RERGENTS, 18/%on

Silicate ¥ 10

Ar 380 0,03 .08 0.02

AP 208 0.0% 0.0% 0.02

WF 7% 0,02 0,01 .01 0.01 0.01

AF &5 0.0 0.01 0.0 0,04 0,02 '

PRODUCTS ory Assays Distribution, X

Ry . WERN 7 copper  qold
No.  Descriptior q 1 1 ouiten copper  gold
| 8a Cone 34 3148 0.3 0.24 4.7 9.6
1 Ro Tails 534,51 48,52 0,024 0,028 5.3 204

Calculated Feed  998.95 100,00 0.3 0.09 100,0 190,0

Aesayed Feed 0,31 0,088

Calcalated Products:

Hazen Rasearch, Inc
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HATER CYANIDE LENCH TEST A-14
|
i Nicor Mineral Venleres SALE  Rougher Concentrate TESE AD  1590-47
QBJECTIVE Cyanidetion of rougher fdotation conceatr from Teat 1590-80 PROJECT 3300
(13 30 Ko '83
RENARLS PARE | 1
SRIND No regrind TPERATOR IR
NATER TAP

T ) 1 L] n LE

pH, tnitial 6.0 1.5 e 12 1.9
adjusted 119 )

Teaperatere, deg C " ish e ash

1 Solids 3

Pulp weight, g 64

NalN, ¢/1 1.%0 1.80 112 0.58 .

REAGENTS Tot '
talowiz, g 0.19 J 0.19 i
WaiN, ¢ Lad [7ys) L&

. _— .

FRODUCIS Net  Dry weignt Comulative Cusulative Consunplions
eeissesesiessesesen. Weight or Veluse Gelg lron frsenic Dissolotion, 1 19 reagentitos feed §
LN Bescraption [] g oral az’ton 111 pos Soid "
or ppe Ch CatdHi2
o |
1 24 dour |iguer 30 2,01 "Wy L n 2.2 the [
T 4B heur liguor o 1.85 348 7 b 5.7 15,3 1.8
\
R \
3 43w osolids w0, 77 0,142 '
Calculated Feee 0.313

Assaved Feed

L T e R L

sievTEses

Hazen Research_ e

e e L R e e P s
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S6i€n CraV|DE LIRTH i3I A-13
hicee Mirars! vertures SAMFLE  A¢ughes Cukcratrale 1590 -¢R
Cvaridation of socgher flptztion renceclrzbe mith carbon-ir-teach. drea sl Q585 sl 53|
iy %o ‘83
(LRI 1
305
i
Pewiuaiyy paNedge ot e R ed P A R AN P PRLIINIE T I au. 14 IPVINET EILEAMIILIIACLEILAZL abihinamabanaralsnan-Tanrany
| pi 18
a7 10,7 1L .2 e
i uslad e
Iespergluce, dey O
1 %504y
=il ¢
EAT |
RERSENIS S H
TLin, 4 ' 0.1l
(RO Rl
B210RE, 4
seccnivazecess 1. =rea =cva
“ROLITTS LET LT P | el Cubuialise Tonsusptions
sargit o2t valowe Fald Copper Iren 2o [slerbetion, Ib ~eegent?los et
9 o ¢t oreton [T1% ] s t .
. Selh Caldds?
H 45 honr Ly zuer § i 2.0
D Mg, raryy” Bi.: (L v.e
I 2 sotiny 1e.3 '

Calculutes ievd
Rs<ayed Feed

PELTE WY 4 seseedieeden

NEF e Lzeersies

173260 oenaith




FALER FLGTATI0N LEST A-16

NICCE nIKEASL YERTinES SAsELE WAl 24578, wenws 1650 &3 15%0-87
Seovrniial ropper and pyrite dletstise. 10-8e3h, §0,00% grame FAJIELT S80I
ORIE L\ Bec "B3
FEMURDS Copper and ayrale concentrgles were yget der tvanidation FoRE | W
tests) see Tests a590-102, -111, =112, -13b, -13%. The roagher tails ER|INC B4 Zassing 7Mi-mesh G-ERRICR 106

nere osed For thictening testss see Tasts 590167, -104, a=¢ -109. NACAINE  Brnves Mo, ? MRIER [

3ZECYICANARILEREEDE arawrrarvask

ou

ase

PR

FETTTN

IYOTr rwwes . Phespvas re
QrLEalIgn Gr Copper Cond Copper Lond Fyrite
Rauga Revih Rcugzer
LELL rod he.? w.! No,? No.7 Mo, T L)
TIRE, wivates 10 3 ] 2 H | .
pH 1.2 1.2 15,7 .2

% EbLLS a2 Kl b))

RERGEN'S, 1b/tor

ML i

R 203 u,c3 0.60% ¢.001

M N2 @01 0.00% 1,003

AF of 0.9l GGk 0.0 ¢0 0.0¢ :
AL 1Y 2,05 0.03

Leswrran mmbesesdoasd.dRRAALAIINNIECEIFEICLETND, LIEANIEINIIEIICIAIINNTAVAL
FROOLETS K3 21gteabution, 1
. WephL, Neight cegper arsan: gele 1€ stlver LI

Jascriplion H 1 1 I arston eriton [F1] 3 arpeail

1 Cv A7 Cong L] N0 3.83 L1 4. 5] 143 5.8 Ya.%
1 Fpt Ro Teac .71 %075 0.02% 0817 ey 3.02 208 5.1, [¥]
1ok Ro Tasls 0,084 48,005 0.011 Lo 0.¢

Cajtuluned Feed  JebU.AG (93] 2.0 0.08) 1,2 e, ¢
Rssayed Fred R 1 A ¢ B3 £l

Calrulaled Products:
Eult Conc (L« 20,15 112 9,788 95,2 a0 70.2

arc

FILSTELE

IElmdajcEIIICIIMAL mmacan (LRI

Hlazan Hizseardts,




[HTH
JBECTINE

Hy aartd )
icisied 1.2

Teaperat_re, deg £

Czhios

Fulp asiq7t, ¢

Haly, il

KLNBERIS

L3012, g
Hath, 3

......:.....:.....:..
PRCEILYS el
I Waipht
k.. Msreppicn H

| 0 hnar |15-nr
¢ 4R Meer Liguee

i 12 huar
i = arosaiies
dlryiated Fees
Assases Tend

l12uY

EIFEI T RTINS

Arzar Hpaacal venkbgres
Cvanizatyon oF pyrite rcugher cancentrate.

bry se.ohl
o Volue

g

J¥S
(LEA ]

“h

Uz

1933332333 I3CANEITEITITNPITLIPNINICLLIIL

S EALIICRIASXCCHINIPININT

HNGON SYRNGEE LEALY FIS1 A LT
1430-112

2001

it 413

Tt w0
e ECT

Pyrite Conczrtrate
Iran Teql 18957

Mo reqring

IITCrAZNICILLPrTACPTEATINENY

1.6%

I
bk
PYPINOAN saemnzzioe eCeeanEiiEidauniondiadarbiddasthine [T — elbenodesioceiennddibd

A5540s Cusulative Cusulative Consoeptices
bold Disselution, & Ib reagenliton feed
critun sole
or ppa Witk CaIDHI}

23 ' [ 1.5
DALM 1.5 1.1

4.8
Goitk
RN
no'e
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HAZEN CYANIOE LEATK 1651 A-18

1IE Nicor Mineral Ventures SANPLE  Pyrite Concentrate TEST %3 15%0-111
U8JECEIE Cyanidation of pyrite rougher concestrate, froa Test JS90-87 PROJECT 5801
DATE
RENRRES PAEE 10F 1
SAIND Regrownd ts 2951 CPERATOR  JCE
passing 200-aesh WATER L3
Tiag, br 1] 2 L] u ]
pHy initaal 7.0 1.5 1o 1t Lo
¢ yusted 1t 1.0
Tesperature, deg © ind ash ank b aeb
1 Solids ». '
Pulp weight, § (LN bod
NicK, g/l o 1.88 152 15
REASENTS A Total
CatOH2, 4 0,43 0.13
Yalw, g 1.2 0.5 1.5
PRODUCTS Wet Dy weight Fanays Cualative Casulative Consunptions
Weight or Voluse Bold Dissclution, 1 1b reageat/ton feed
Mo,  Descriptica q goral or/tor 6oi¢
o ppe NaCK  Catdmi
1 26 hour ligeor L1 047 52.2 ' 3.2 0
2 48 towr Jiquer 50 0.50 5.5 .8 .0
3 A8 bowr Jiquer §134 d 0,22 LLN
4 4E brosolids 152.91 2,048
Calculatef Feed o101
Assaved Fred 0.072

= serzzzass 2 sezzzwazs szeazaz szzraze

Hazen nmmm&_g. Inc
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G [aaYy

LEID] FiS1 A2Dn

Minee 2k Yentyres SAPLE  Acugrer Copper Zonceri-ite L1

3 13%0-87 PRGJECT
BATE
PHEE

s L1
Ceanriation o cppper ryggher 2oacentraly mith zarcon-in-|esch, from !

Na rectend Cre&aroR
NAIER 1hF
2. /FIINETELNINILICIIIANNE D R R e L e L Y S T OCLAZCIMAXARE ALY £EIMLREE
Tiae, hr @ 1
pHy Lertaal 8./ 10,9 .
adyustsd Y]
Teapesature, dag € b nh
T iaady
Pulp sor5ht, g 2185
LETC A 1)) 1.0
REAGENTS . [ety]
]
1.26
cezzazac exvesezzc zezannrrszzzazea P TP I T TE T TP I PR PP IR Y P TP PN asesadea
Fr2DICTS Nei Asses £yld sumulalive Cessvaplions
- .. Mught sald #istrad.taon, 13 reagertfton dred
AR sfunbion 17 criteh :

HslA Taibhg

[T T R 0.0 !
T M hcut parhen 91 g w.i e.0
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Ctulated Fe b 255
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LYANIDE LERZA | A-21
Kizer Rineral Yentures SARPLE  Rowghaer Copper Comeenbrate %250 Wi 1390- 1M
Cyemdation of coppas rougher concestrate adter xatoclaee tron Test J59C-B7 arter MRS S0
wtigszang leac and wikh cardon-in-leach, auloziave ondirang leach,  LAlE 2 Jer CH3
RERSACE #ABE L9
LM Na regring CPIRAICA L
WATEA L4
rivanr erere tenaes
]
I8 1.0 19,4
10,

Teaperiture, dep C asd

1 Sclads {

“ulp sraght, ¢ 219.5

NaCw, osl 1.4

CEAGEALS “otal
callile, g (.02
NelA, o 19,00
L1688, 5.06 :

Laszccenza [LTFTTY

RIS
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Oxidizing Autociave Leach of
Nicor Conper Rousgher Coneentrate

Object: To liberate Au froin the Cu-As Fe sullide flotatlion canzenirate by
oxigizing acid leaching to destroy the suifide minerals.

Caonditions:
Feed concentrate 90 g, Cu-rougher eone, oroduced in Test 1590-37.
Water 810 mt
% sniids 10%
imitial slurry emf 413 mv
Initinl ol adjustment To pH 0.8, requires 35¢ 1> Hy30,/T cone,
emf{ echanges ta +192 mv

Temperature 2009C
Time 1 hour
Pressure

Total 280 psig

04 overpresscre 50 psig
Oy Sparge rate ~3 1/min
1/2 hour semple To nssess progress of laach by measuring slurry eml.

1/2 hour em( = +340 my

Residue Cyanidation:

The residue from this lesch was treated in a eyenidation teach to solubilize the golé and
deterinine eyanide consumptiort.

ror ecomparison, a sumple of unoxidized Cu-rougher concentrate was also leached.

Vimregs Taseane e



APPENDIX B
Seraen Analyses




SCREEN ANALYSIS

Sample: HRI 26678, 3.5 minute rod mill grind:

&2% solids.

Cumul ative Weight,

Tyler Direct Welight
Mesh qrams %
65 2.356 2.4
100 8.29 8.3
150 14.42 15.4
200 10,97 11.0
270 16.02 16.0
28 272.44 23.59
400 2.94 2.9
500 9.26 9.3
Fan 12.19 12.2
Trtal ?5.89 100.0

Retainesd Fas=ina
2 R7.6
10,7 89.3
28,1 73,7
J6.1 6£3.9
S2. 47.9
75.6 24.4
78.5 21.5
B87.8 12.2
100,40

SCREEN ANALYSIS

Samplie: HRI 26478, 9 minute rod mill grind;

2% solids.

" —— o~ — —————————— - -

Tyler Direct Weight Cumulative Weiaght., %
Meah arame % Retained Fas=ing
&S .20 0.2 0.2 9.8
100 2.16 2.2 2.4 7.6
150 .95 b. g.a 1. &
200 21.71 21.7 30.1 &9.9
270 14.71 14.7 44.8 855.2
325 17.40 17.4 42.2 37.8
400 ?.63 9.6 71.8 28.2
S0a 11.26 113 B3.1 16,9
Fan 16.96 16.%9 1000

Total 99.98 150, 0

Hazen Research. Inc




SCREEN ANMLYS1S
7
Samaler R TALHTIS, B minate rad miil eriog;
0% solads.,

Ivier
Mizsh

Wwei1nht :Qmulaflve.del;hh, “
E4 Retasned
2. G 3.0
A [P
1.5 .1
7.7 17.8

L

.

Sh.7 6.1

17,09 17.1%

- FE-Riad o> SELC
BRI} 3.3 aP.1l Tl

117G 1.7 21,0 15,0

Far L, o AN Q0,0

HNALYETIS

heTE, ' mirute rad mail grind:
&% selics.
Tvlor Ciroct Waoiabkt Cumuroblve beiaghn, %
Flemozh frams “ Retained Fa=sing

40 KRR (Y] 100w
12060 dLty s 7Q.=
REO il FrL L LI |
SO 1m0 i0.9 34.1

270

-

T —

ELE By

Al a1
e 1 S, &

Fan HREI Y (IR Lk,

vk i PRI ) 1,




SCREEN ANALYSIS

Sample: HRI 26678, 20 minute rod mill pgrind:
627 solids.

Tiyler Direct Weiaht Cumulative Weight, %
Mesh qrams % Fetained Fassing
a5 .14 Q.1 0.1 99.9
100 D.12 0.1 0.2 59.8
150 0,13 [T § 0.3 9.7
200 5.395 5.3 5.6 4.4
270 135.97 13.9 LRy .S
328 24.81 26.8 46,3 o937
400 S5.28B 9.3 S1.6 48,4
500 24,92 24.9 76.5 2F.5

Fan 25.48 23.9 1000
Total 100,20 100, 0
SCREEN ANALYSIS
Sample: HR1 264678, S0 minute rod mill grind:
427 =clide.

Tyler " Direct Weight “ Cumulative Weight. %
Mesh arams A Retained Fassaing
&5 0.15 0.1 G.l PP
100 0,70 0.7 0.8 QG2
150 0,09 0.1 0.9 9.1
200 0.48 0.3 1.4 ¥8. &6
270 7.88 7.8 o2 0.8
325 I4.09 339 4.1 96.9
4aa 7.81 7.8 S0.%9 49,1
SO 19.6% 19. 6 70.5 29.5
Fan 29.73 29.9 100,40

Total 160,463 100.0

Hazen Research, Inc




APPENDIX C
Thickening Data
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Dbieetive

KYNCH PROCEDURR - THICKENING TEST DATA C-3
Project 5861
Notehook 1599
Thickening of flotatign tails from Tost 1599-84 Ynge m
— ) Date
Amount 5 mi By o

Floceulsat  MGL, 0.5 24

6.01d Ih/tan

Settling Rate i ~ Pulo Density Measurements

hevel Time )
ml min Feed Pulp | Terminai Pulp Clerp Liyuor
weo | o | Volume, mi 145 293 747
a0 0.3 Gross pulp weight, g e i ecaatll
300 8.7 Tare, g _ e | o
TOI 1.1 Net pulp weight, g 1263.1 F1 3.4
6041 1.5 Gross ry weight, g 150.95

L 300 Z, Tare, g o 3.59

i 347 | 3.0 Net dry weight, g 147,43 14742 i

i385 4.0 Density, g/1 1911 {704

'335 5.0 Salids, % [ 75 e ‘L !

i 310 .0

Lan2 A0

© 304 i0.0

lo9g | 159, | Time rake installed None

288 _; 30.0

;......_;...__... Thickener rake rotetion minirey

i._ I Thickener Unit Area Requirement

e
|

Terminal Level |
' 18 _hrs

Liquor Clarity
Observations

Cylindes height £t
Terminal pulp: 67.6% solids

Initial height, Hy 1.24 ft

Initial pulp density, C, =313 x 1175 {facd solids content,

g solids/iiter sluceyl = tan/ft?

Oy = (313 x 107 x2332.5 = 4.0H14
Criticaf time, 'I‘x = [.1:4349 days
Ty
Untt area, UA = T —-
a0
us = 0.4 {t2/ton/day

Initial olarit_excrilant: final

ton/ftd




KYNCI1I PROCEDURE - THICKENING TEST DATA Cc-2

Project 5801
Natebook 1580
(hjective See Test 1590-1407 ) Page 108
— Dete
Flacewlant __ MG, 0.5 7/t _ amount _Jaml By -
—. _ N.fH3 1/ton e
Kettling Rate : Pnip Density Measurermerts t
Level | Time | '

f ml 1 min Feed Pulp | Terminal Puip : Clear Licuor
Trpgn | 0 T Velure, ml 1063 i 20 773

gon 0.4 Gross puip weight, g [ B &':_—:,_—_-_:__——:"*‘-—h- il

200 0.8 Tare, g B B L S

700 | .25 Nei pulp weight, g | 1326.2 $36.7

606 | (&0 Gross ary weight, @ : 166.00

500 2.8 Tare, £ [~ 3.38 !
i 400 | 4.95 Net dry weight, g IEEEEE 362.6%

362 5.0 Density, g/1 1298 1851

129 6.0 Solids, % 27.3 I £7.4

296 10,0 '

283 i6.0

291, a0
: 290 18 hr | Time rake installed Noie
I
'4|__.__ Thizkener reke rotation . minfrev
- Thiekener Unit Area Requirement

Cvlinder height it
Tarminal pulp: 67.6%: sotids

S Initial height, Hy _ _1.28 ft
: nitial pulp density, C, = (31.3 x 1078 (feed solids content,
| g solids/liter slurry) = tn'n,"ft3

,}—— £, =(L3x 108 x 3411 = porer  tow/tr?

Critteat time, TK = _ . 0_..‘.'_[2_6_3—‘13?5

1 T

Unit area, VA = ¢

; ; ‘oo
Terminel Level

bes va=_ 05  f:2/ton/duy
Liguor Clarity initia] clarity, zxcellent

Qbservations




KYNCH PROCEDURE - THICKENING TEST DATA Cc-3

Praject 5801
Notebook 1390
Objective __ See Test 1390: 107 . __ Page 108
- - . Date .
Floeewtant MG 2040, 0.5 /1 Anount 106 mi By
0.03 Ib/ton . L
Sctilfing Rate ] Pulp Density Meascrements |
Level | Time I:
i ~ml min Feed Pulp | Terminal Pulp Clear Liguor !
1009 0 Volume, ml i 1838 262 Ty A
456 074 Gross omp welght, g 1 T Tl =
8n0 0.8 Tare, g o P . et ey
700 1.75 Yet pulp weight, g | 1231.1 305.3
640 1.8 Gross dry weight, g 141.32 )
340 2.6 Tare, g e 1.34
465 | 3.0 1 Netdry weight, g 33798 737.98
302 | 4.0 Density, g71 1188 ! 1730 : _
362 5.0, Solids, % 27.5 : £6.9 i
338 60 |
| _3na 2.0
Y254 13 )
29t 38| Time rake instailed  _ None
.—— Thiekener rake ratation minfrey
i Thickener Unit Aree Requirement
. Cylinder beight o ft
Initinl height, H, 123 ft
g Initial pulp density, Cg, = (31.3 x 1075 (feed sotids content,
- g solids/liter slurcy) = ton/ft3
Co=(3l3x1076) x 3262 = nmig ton/fed
17—1_
:—: Crities) tisne, Tx = 0.00786 duys
: - cbr— . . 'rx
I Unitarea, LA = =4 = .
o0
Terminni Leve! -
. ars: UA=_ D5 1% ton/day
Liguor Clerity
Tinservations




APPENDIX D
Bond Wark Index Data
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WORK INDEX CALCULATIONS

The Werk Indices were caiculated in acrordance with Bond's "Third Thecry of

{Camminuticr” fram the Zollowing formula:

]
Work Index = LxT x

where  © = mill constant (822)
T = pgrinding time in mintetes
W = weight of foed in grn'ms
P = size modulus Ky of product
Foo= size modulus Kgg of feed

The :nill constant C was determined by grinding a reference ore of knawn work

index.

SRIN A ERTCH M



SCREEN ANALYSISB

Sampliz: YR ZH4LTE, mirmuws 10-mesh f2od Lo Bood
Werk Indes

TTyle~ Direct Weight Dumularive Weigai, %
Mash qrams “ Revtaines Fas=ing
£ G.On G.0 .0 100, 40
0o G.30 0.1 (S A
14 85.010 4zZ.2 42,3 G97.7
PR ] 353.23 15.8 SB.1 41.%9
2% 14.83 7.0 &5.1 T4.9
S .11 a,= &5F. 4 S
48 &.07 2.9 2.3 2747
5% 4.01 1.9 74.2 25,6
1010 SLeld l. 7S.9 4.1
150 F.73 i. 77.7 7.3

) 1

7

=]
4 BZ. \
7 EZ.4 1

R q.57 &, 972.6 0.z
4un A.74 2.7 LEPRY g.

Fan TLLTE 9. 100, 0
Total NAT I L0, &

PR Sasnieth 1ng




SCREEN ANALYSIS

Azmpla: FRIZ5573, Ronc Work {ndex ¢roduct;
S oaminuce gripd.
Tyler Drrect Weight Cumulatyive weight, %
Mpsh a-ams kA Metained [&2s5=1n7
& 1,50 O.G (AP} 145, n
iq 0,00 Q.0 ] I A
14 L. 0 i, & O, 10D 0
Ly Cry O Cly 1 O LG, i

N
=
+]

G.9a
-.11
1.65
2,47

M Bl
LN
-L -0
e~
E A ]

)

<D
) @ g o

IRV 2]
[ e d v

0~
-

)

1o .23

L 2.8 8.2 71.9
L0 g, 4 4.1 12.2 €7.7
200 29079 14.9 7.2 7Z.3
270 J0. &8 15.3 47,5 57.3

LAt 37.3B &1.% 38.7
A0 10,754 &&. 5 37.5

Fam &7 .23

ERR bt ST Ca 3 )




SUREEN ANALYSIS

Sample: HFRi To&ld, SorZ Work Index Frocduct:
lii minute gr:ind.

Tyl e Lirect Weight ffumi:l ative k=1gzht, %
Mesh or ams *“ Retained Fass1ng

& iro 00 LR ] . TN,
10 . O .0 . TOn. 0
14 DEIy Coa Lt Qo 1.
=fr Vi) .0 Q. i LN M

23 .71 Q.4 1,
33 .lA .l

o
G
€4 fa (0L~

0, RS .4 1.1 73. 9
Te2d 1.2 2.3 P7.7
tg. 5w EBE.S 1OLE 89.2
25,952 12.8B SAls TE.4
329 Sl ARG 2E.8 49,4 =
S 11.47 S.7 Shal 44w
Fan eY.an 44,9 10000
Total ey e g, n

Iigmn D aewen nn



APPENDIX E
Additional Analyses

Hazen Research, Inc




FLUO RESCENT

X RAY
SPEC TROGRAPHIC
Analytcal Laboratory

TO:

Hazen Research, Inc

SAMPLE:

Test 1590-87-1

Copper Ro conc

XXXX

_QUALITATIVE

XXX SEMI.-QUANTITATIVE

___ QUANTITATIVE

ANALYTICAL REPORT

0730 R. Rostad

E-1
Til Sherman Streey (rean)
Denver, Colorado 80203
Phone {303) RIT-13040
Mertyn L. Salmon. Manager

Page .ol Pages

e, 26 Dec 1983

Copper 6.8 Iron 18. Lanthaoum
Silver. 0.016 Cobalt Cetium_____
Gold Nickel D08, Praseody
Zinc 0.050 Cesium Neodymivem
Cadmium Rubidium Samarium
Mercury___ Barium Europil
Gallium S um 0.020 Gadoli
Indium Titani 0.0% Terbium
Thallium i 0.037 Dyspiccal
Germanium Hafaium Hol
Tin 0 092 Thorium Ecbium
Lead 0.2 Vanadi Thulium
Arsenic 0.88 Columbiven Yrterbi
Aotinooy_ 913 Tantalum I
Bi & 0.029 Choadam 0.020 Y rcrivm
Qe D.l9d Molylsleanm 0,049 o
Tell D 0.037 Tungsten s et aeh
Bromi Urani 0.05¢
e Maoga 0.018 RS ———
The values above are ted el tal ; tn:
~XXXXX_ per cent parts per millicn grams per liter

No check was made for elements with atomie numbers less thun 22,

THE ACQKESSEC ABOVE

ROTE A FONTION GF THE SEFORTES SAMPLES WiLL SE METAINED ON FILE YON A FERIOR OF TWO *EANS FAGM THE ABOVE DATE. THE
MEAMAIROES OF THE SAMSLE Wilh BE BETAKED FON THIATY DAYEAERD NG MESEIAT OF wHiTTEN (KETHUCTIONS FO% OISFORAL *NOM




FLUO RESCENT
X RAY
SPEC TROGRAPHIC

Analytcal Laboratory

TO:

SAMPLE: Test 1590-87-

2

Pyrite Ro Cone

xxxx  QUALITATIVE

XXX SEMI-QUANTITATIVE

QUANTITATIVE

ANALYTICAL REPORT

Hazen Research, Inc

E-2
TLE Shenman Stvel (rean)
Demvez, Calorado 80203
Phone (303) 837-1396
Martyn L. Salman, Manager

Job Number.

C PP 0.075 Iron 7.0 1 o)

Silver 0.007 Cobale Cerium

Gold Nickel 0.006 Praseodymium
Zine 0,013 Cesi Neodymium
Cad Rubidivem Samariem
Mercury @00 Barium 0.072 Europrum
Gallivem Serongum 0.009 Gadolinium.

Indium Titanium 0.089 Terbium

Thalliven Zirconium________0.009 Dysp

Germanium Hafnium__ Holmium

Tin 0.014 Thorium Erbium. —
Lead 0.086 Vanadium Thulium

Arsenic 0.006 Columbium Yuerbium
Antimony Tantalum Lutetium

Bismuth _ Chromium Y terium,

<l 0,058 Molybdeaum 0,015

Tellar Tungsten =
Bromi Urani

Todi Aar: 0,013

&

The values above are estimated elemental concentrations in:

—XXKXXK— PeT cent

parts per million

grams per liter

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

ROTE A PORTION OF THE REFORTED SAMPLES Wikl SE AETAINED OF FILE FON A FERIOD GF TWO YEARS FROM THE AROYE DATE. THE
MEMAINOER OF THE SAMPLE WILL SE RETAINED FOR THIATY DAYSE FENDING ACCENY OF WRITTEN INSTAUCTIONS FOR DISFOSAL FROM

THE ACLUMEIIZE ABOVE

By W“;ﬂ\/ﬁ%ﬁ/

31259
M_Zol—sP-m
D 26 Dec 1983



