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- PROGRESS REPORT

Preliminary Metallurgical Tests:

L4

Johnson Camp Venture #2

INTRODUCTION

At the re

quest of Mr. William E. Saegart, President, Quintana Minerals

Corporation, the Mountain States Research and Development initiated a

' metallurgical test program on selected samples representing copper ore

from Johnson Camp Venture #2 deposit.

The scope of this initial metallurgicel test program was as follows:

1.

Conduct initial leaching tests on coarse reject samples from

- Hole T-2. These samples tc be grouped into four lots cérres-

ponding to various categories of copper and gangue mineralogy.

The drill hole groups of these four‘lots are as follows:

Group No. Footege Interval CgSi03/CuO Gangue Type
I 582! - 811! 2/1 Marble-moderate to strong lime
II 88k.5' - §90.5' 2/3 Diopside-weak to moderate lime
990.5' - 1051' | 2/3 | Garnet-moderate lime

III



Gréup Ko.

-

Iv

Footage Interval CuSi0,/Cu0d __ Gangue Tyve

1051' - 1270 1/1 Gernet and Shale-weak to mode-
. rate lime :

-

‘The leaching test program would include investigation of both

‘acid and emmonia solvents to determine copper extraction, rate

of leaching, and reagent consumption.

-MSRD to conduct a studi consisting of check assaying in order to

resolve the discrepancies in analyses reported by Southwestern

': AsséYefs and Chemists due to inconsistent atomic absorption cali-

bration.

Set up chemical analysis control based on umpire assaying at three

different laboratories in order to determine the accuracy of the

assayers' calibration upon receipt of the assay reports.

A detailed mineralogical examination on selected core samples by

Laszlo Dudas.

MINERALOGICAL EXAMINATION

"jA detailed mineralogical examination was conducted on selected core samples
. . e

by Laszlo Dudas. Mr. Dudas' report is attached to this report as Appendix I.

'ANALYTICAL STUDIES

The esnalytical studies as outlined under items (2) and (3) of the Scope were

- conducted by Mr. Frank Tindall, our Analytical Consultant, and the necessary



deta and analyses were submitted to the Sponsor &s soon as they were

available.

- EXPERIMFNTAT, "WORK 'AND 'RESULTS

Standard laboratory agitatioﬂ tests were run on four groups of representative
samples. The major variables investigated were as follows:
(1) Sulfﬁric acid concentration at pH=l.0 and 1. S.
(2) BSulfuric acid plus auxllllary reagents such as H202 (oxidizer),
phosphate (P20 ), and fluoride (F). | |

(3) Ammonia with carbonate (Cua), sulfate and oxidizer (CuSOh) - both

hot and cold.

- The results of these tests are'reported in attached Leach Test Data sheets

and are surmarized in Table I.

‘DISCUSSION OF RESULTS

1. The detailed mineralogical examination of the ore samples (as reported by

Mr. Dudas) reveal that the predominent oxide copper minerals are chrysocolla

and copper béaring layered silicates. About 60% of the total copper is con-
tained in the hydrated copper silicate (éhrysocolla’ vhich is readily solubi-
lized by acid. The rest of the copper content ié tied up in layered silicates
and this metal content will be difficult.to extract. With excess of acid,
extraction in the range of 70 to 75% may be achieved. However, extractions
above-these levels would be difficult to attain with acid alone and wouldvre—

quire drastic treatment such as preheating to a critical temperature.



Since marble is the predominent gangue mineral in the first three groups of
semples, the acid consumption would be quite high. For this reason, emmonia
leaching would be the preferred solvent for the ore samples under investigation.

However, because of the nature of copper mineralization as outlined above,

‘pretreatment of the ore samples (such as heating) may be necessary for suc-

cessful leaching with smmonia.

2. The results of these initial studies indicate that the composite sample

representing Group I is the highest acid consumer with an acid consumption of

_ ebout 555 (pH=1.5) to T61 (pH=1.0) pounds H,S0), per ton of ore leached. The

copper extraction in these cases amounted to about 65 to 86% respectively.

It is obvious that a practical acid leaching process based on such high acid

consumption, even with a relatively low-cost acid, would not be economically
or technically feasible (due to the production of a large amount of detri-

mental gypsum, CaSOh).

Since Group I type ore represents a substantial resource of the total re-

serve in the deposit, it is essential that an effective treatment process

for this refractory ore be determined first in order to sustain successful

exploitation of the deposit under investigation.

3. - The copper extraction by acid leaching of Group IT ore amounts to about’

61 end T2% with acid consumptions of approximétely lsh (pH=1.0) and 11k (pH=l.5)'
pounds ﬁzsoh Per ton respectively. These figures represent acid consumptions
of 24.3 and 27.2 pounds H,SO) per pound of cgpper leached. Such conéumptioﬁs
may or may not sustain an economically}feasible leaching operation depending

on the price of acid prevailing at the time of operétion.



Lo

L. In'the.case of Group III sample, the acid consumptions are about 13L
(pH=1.5) and 185 (pH=1.0) pounds H,50), per ton of ore leached, with copper
extraction of about 65 and TLZ respectively. This.represents acid consump-

tions of 21.5 and 25.3 pounds Hasoh per pound of -copper extracted.

‘It is evident that this Group III ore resembles the Group II ore from

economic as well as operational viewpoints, and for all practical purposes
these two groups may be combined into a composite sample for further leaching

studies.

5. Fiﬁally, Group IV ore sample indicates acid cohéumptions of about 7T
(pH=1.5) and 112 (pH=1.0) pounds H,S0), per ton of ore leached with correspond-
ing copper extractions of approximately TO and T3% respectively. At these
rates, the acid consumptions per pound of copper leached amount to 9.8 and

14.}4 pounds H,S0), respectively.

The above acid consumption figures are rélatively lower than those of the

other three groups and does represent economically favorable conditions for

& practical operation.

6. Auxilliary reagents such as H202 (oxidanf), phosphates or fluorides

added to the acid leach systems did not appear to exert a beneficial effect

. on extraction nor do they help‘in reducing acid consumption.

T. In general, ammonia leaching, either hot or cold, with a feagent com-
bination inclpding ammonium carbénate, hydroxide; sﬁlfates, etc., does not
appear to be effective for extracting copper-fromvall four groﬁps of samples.
The copper extractions in these tests varied from a low of 9.2% to a high

of 16.5%.



The adove results cléérly reveal that the treatment of these high acid
gonsuming ore samples uéing ammoniacal solutions will ﬁpt be successful.
This is in accord with the results of other investigations concerning
ammoniea leachiﬁg of oxide-éopper ores. However,.there is a good possibility
that such ores can be treated effectively by pre—heéting the cres to a

critical temperature followed by ammonia leaching. In this case the cp-

" timum temperature range is about TOO to 900°F.

- ..

RECOMMENDATIONS

1. Since Group I type ore represents a2 major portion of the ore deposit

and reserves, further research efforts should be concentrated only on this
sampie for determing the optimum treatment procedure. There is a good chance
that such a procedure may be applicabie to samples representing the other

three groups.

2. Investigate the effectiveness of preheating of Group I samples prior to
aemmonia leaching. The temperature rahge to be investigated should include
from 300°F to 900°F. Acid and ammonia leaching of totally celcined samples

should also be examined.

3. A combinetion of carbonate (marble or calcite) flotation and acid

leaching of flotation tailings shculd be evaluated with the aim of lowering

the acid consumption.

L. If anyone of the above tests are succéssful on Group I samples; the op-

timum procedure should be evaluated for the treatment of samples of the other

- three groups.
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. | Table I:
- AGITATION LEACH TESTS
} © 200 gram semples ) 50% solids
i : o '

L v ) _ Preg

- - Semple/ Reagents and Extraction, % Acid Consumption Soln Leach Residue Calc.
f"; Test No. Concentration T. Cu Ox. Cu 1lbs/ton 1bs/lb Cu gpl T. Cu Ox Cu Heads
DR -1 HpSOY, pH 1.0 81.10 86.37  761.2 éh.02  2.75 .1k .08 .73
"1 “Group I
; DF - 2 HySOy, PH 1.5 54.88 64.91  555.0 C77.19  2.01 .29 .20 .655
' - Group I

| . . ‘ .

~DF -3 H,S0y, PH 1.0 72.32 81.00  15h.k4 27.21  2.02 .11 .05 .39
-+ Group II : ' ) L

_DF - 4 H,S0, PH 1.5 61.18 65.76 11.3  2b.32  1.38 .15 .09 .38
- Group II ' ' '
i ),an'- 5 H,S0),, PH 1.0 73.96 86.59  185.k4 25.28 2.09 .13 .05 .9
i Group IIT - ’ -
i  DF-6 H,80),, PH 1.5 64.77 6€L.T3  134.6 21.53  1.81 .17 13 .18
| Group III ' .
Lo ‘ ' '

DF -7 HyS0), PH 1.0 73.73 T2.50  112.1 kb1 2,64 .1k .10 .53

- Group IV . _ ) .
 DF-8 HoS0y, PE 1.5 70.17 T75.k1  T7.2 9.82 247 .17 .09 .56
-~ Group IV ' . ‘

" DF -9 NMH, - 50 gp1  9.80 0.00 - -— 0.28 .28 .26 31

! Group II 002 - 15 gpl

80), - 15 gpl
DF-10 NH;-50gpl L8 0.00 - - — 017 Mo .29 b1
Group II €Oy =~ 25 gpl '

| ‘DF -11 Ammonium Thio- 10.48  0.00 - - 0.28 .36 .26 .396
| ~ Group II Sulfate-50 gpl .

DF - 12 H, SOy, pH 1.0 80.19 77.10  105.0 21.k0  1.72 .06 .06 .30

“* Group II P202, 5 gpl _ . :

 DF - 13  H,S0,, pH 1.0 64.68 68.92  15k.k 27.75 ~ 2.16 .15 . .08 43

-~ Group II H§ - 5 8pl ' L -

" DF - 1k 0y> PH 1.0 61.36 68.88  15h.L 30.04  2.05 .16 .08 b2

__ 3roup II

S
0
5 epl

H,
%2"5%91
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. Project No. 2019 ' | : Page 2 of 2
0o : o : Table I: :

T L B AGITATION LEACH TESTS o y

f -~ ‘ ' : . Preg

s Sample/ Reagents and Extraction, £ Acid Consumption .Soln Leach Residue Calc.

- Test No. Concentration T. Cu Ox. Cu 1lbs/ton 1bs/lb Cu gpl T. Cu Ox. Cu Heads

~ DF - 15 Ammonium Bi- 16.46 17.30 - -— 0.k6 .25 .22 .30
. @Group II  ‘flouride, Sgpl

- : Ammonium Car-
bonate, 15 gpl
NHhOH, 50 gpl

| DF - 16 H _S0,, PH 1.0 66.84 T7.28 173.0 29.00 1.84 .15 .06 hlh
. 7 Group II PSOQ, 5 gpl : ' _
}‘jj Condition 15 mifiutes

©+DF = 1T  EyS50,, pH 1.0 T75.55 83.97  16k.2 20.66 2.33 .13 .06 .52
: Group IIT P;0,, 5 gpl = : : ' "

- Condition 15 minutes

. DF - 18 H,50,, PH 1.0 75.15 86.38 93.5 11.25 2.87 .1k .05 .55
~.Group IV P05, 5 gpl -
~ Condition 15 minutes

DFL119  EyS0,, pH 1.0 72.51 81.01  182.7  3l.91 1.k .11 .05 .39
L Group II B,0,s 50% ,5gpl

L. e :
DF - 20  HS0,, pE 1.0 70.95 81.26  181.8 25.04  1.58 .15 .07 .51
Group ITI  H,0,, 50%,5gpl

DF - 21 HyS0), pH 1.0 T2.94 83.68  112.9 k.25  2.06 .15 .06 .5k
" Group IV H;0p, 50%,5gpl
_ DF - 22 NH),CO,, 25gpl 9.20 ~- — - 0.h02 .56 —_ . .68
"~ Group I NH),OH, 50 gpl A .
. CuSOh, 1 gpl
L Cold
DF-23 NH, CO,, 25 gpl 10.95 - - - 0.76 .66 - — .73

~ Group.I - NHLOH, 50 gpl
J Hot A




Type Agitation __ Date November 28, 1972

- e

}ﬁﬁ . Project No.__ 2019 Sample No. rrogn I Test No.__ DF-1 -

1. Weight Solids 200 grams'_ Size or Grind =35 Mesh . .

" - Leech Conditions

IR . B A o .
.7 Solids 50 (2) Temnerature Ambi ent
<7~ Reagemt___2 'l - "Anxil. Reagent

L”J....‘ ':_'-.._ v - :. .. .o :_' _.:
7747 7 Concentration %6 o Concentratlcn

lfjf-w}l'Sample Time  Volume TV Reagent - Assay : Extractien Reagentlcbnsump..
oo, Date/d () (m1) pH Add/Use ( ) (%) - ( )

R __9:00 g5 o o
S9:k5 1,07 - 19.2ml - .

2.55
.85
.90
.85
.80

H .
o

ST 10015
AR 10:35
S e 11810
I 1 11
‘ e . 12:15
_12:55

B TR (SO S '

205

= 1:15 9,85 Totel Acid Added — bk.00
E T1:45 1.70_ |

I TR S S (O (S (T
rofo o jo jo jo jo. |o
N

e 5:00
.7 Metallurgical Balance

A say
“l D ’
'I?ﬂi' . Preg_Soln 160 ml 2.75 g0l ~ 0.4k 30.0
36 Wash Soln 640 ml . 1.1T7 gol 0.749 51.1
1656 " Leach’Tail 197.8 = 0.k 3 0.277 18.9
. B ' 1.466 100.0

Product Weight/Volume . Aseay (cu ) Content Distribution (%

Head (calculated) | 0;733%-T"Cu l ';l ' .o ; <
3J'J" . .Head‘(assayed) . ‘5:56Z T Cu . |
_Remarks ' B }'..;f h' o - . - .

Leach Tailing Assay = 0.08% 0x Cu

{
|

‘Accountability = 111%

Extrction 811 (d) Reagent Consu_nt10n761 o 1bs acid/ton of ore )
. 6L4.02 lbs ac1d/lb Cu leached

()

#Actual acid consumption minys
. free acid. - Performed By

—
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Type Asitation Leach Date_ wNeovemher 28, 1972
"Pro,ject No. 2019 .Sample No. Group I Test No. DF-2 4
Qﬂbight Solids _200_grams Size or Grind -35 ¥Mesh .
Leach Conditions o e
Solids 50 (%) Temperature Ambient
. S ’ *
Reeagent 50, ‘Auxil. Reagent
Concentration 96% - Concentration B
. pE 1.5 O ° . Time
- Semple Time  Volume ;4Reagent ~Assaf . Extraction Reagent Consump.
... Date/# . () (m1) pE  'Add/Use ( ) (%) ( )
' 9:L45 : 9.7 = A ) ' '
-* 9:55 1.5 18.6ml
10:15 1.5 0.9
10:35 1.5 1,15
11:10 1.5 1.5
T 11:ho 1.5 1.5
__12:15 1.5 0,70
12:55 1.5 ‘0,55 Total Acid Added - 31.65 ml
1:15 _ 1.5 1 0.95 5
1:45° 1.5 0.75 _
AR | S L5 5.5 LT e
Metallurgical Balance oL e T -
Product Weight /Volume t’ Assey ( cu ) ‘Content Distribution (%)
Preg Soln 155 ml 2.01 gpl 0.311 23.74
Wash Soln 560 ml 0.73 gpl 0.408 31.1L
' Leach Tail 203.6 g 0.29 4% 0.59 45,12
o C - 1.31 100.00
Head (calculated) 0,655%~T.cﬁ" ¢
Head (assayed) * '0.66% T Cu
Remarks - N .

Accountabilitv = 99%

Extraction 54 .88

(2) Reegent Consumption555.0 1bs acid/ton of ore

-*ActualiAcid.consumption mirus

free acid.

. T7.19 1lbs acid/ 1b Cu leached

Performed By

- tee e m G ee—. e e ¢ t=e @ Sew e @ . oo

i,



Type Agitation Teach Date___ November 23, 1972

. Sample Time Volume R Reagent - Assay Extractibn . Reegent Consurp.

:;LJ- Pioject No.. 2019 ' Sample No. Group IT Test No. DF-3 N

i'rj 'Wé§ght Solids 200 gféms.. Size or-Grind. -35 Magh )

| q 'I.eech Conditions | ' - N

5 RS ' Solids 50 | (%)' Temperature °

'?~*’ .Reagent 204 *5£§¥11:'Reagéﬁi "
}%54; 'f éon9entration ?650 7 . Concentratlon -

L “ ;1 voo e el Time b Hours

| :

f

':}1.'Metallurgicai-Balance

Date/f () _(ml) CpH & 'Add/Use ( ) (&) 4 )

10:00 8.
10005 1.0 - 6.a0m1. -
10:40 ; 1.0 1.30
11:00 - 1.0 " 0.20°
. 11:40 1.0 0.25°
el .t 12115 1.0 945 " _
Y 3:15 0 "1.0 Q.35  Total Acid Added - 9.65

245 1.0 1.00"

‘Product  Weight/Volume 'Ti.Aséay'(l cu ) Content " Distribution (%)

-Preg Soln 146 ml - 2.02 gpl 0.294 37.50
Wash Soln 650 ml. _Ologm 0.273 34.82
" Léach Tail 197.6 g 01 g - - 0.217 27.68
' _ o84 __100.00°

Head (calculated) | 01392%;§&Cﬁ:
Head (assayed) - 6.37%-T Cu . i :';;2
Remarks _ S . ) o
Leached Tailing Assay - 0.05%0x Cu :
Extraction 72.32 () Reegent Consumption 154.% 1bs acid/ton of ore

¥Actual acid consumption minus 27.21 1bs acid/1b. Cu leachec

free acid. o
Performed By




L Type _Agigation - Date . _November 28, 1972

- Project No. 2019 Sample No. Group IT Test No.DF-lL s

‘Weight Solids 200 _Brams Size or Grind  -35 lMesh . R

."*J..- _ leach Conditions

: ‘ Solids 50 - B (4) Temperature

SO

-Reegent 250, © "7 “puxil. Reagent__

- _Concentration  96% - ~ Concentration

ERER Ls .t 0. Time 4 Hours.

Sarple Time Volume e . Reagent ' Assay Extraction Resgent Consump.

-

pate/# () (m1) pH &~ Add/Use ( ) (%) " ( )
‘ . 10:10 . I S T
IRDAT - 20:15- 1.5 hbwmy o
L. 20:k5 1.5 o5
o ) -11:00 1.5 0.30°""
I e 11:k0 "1.5 0.l °

R ARRS V-T5 L SRS . SR s .
; 12:55 1.5 ° Q.25 - Total Acid Added - 6.7 ml

RS 115 1.5
e 1:h5 1.5 0.5
e ' “2:45 ' 1.5 0.20

. .7 Metallurgical Bslance ' - T R R R ¢
3!-5‘“‘;3:( ' N - SR .3'.:. LR | e | . . . ) )
-1 . Product Weight/Volume " - Assay ( Cu ) Content Distribution (%)

1747 Preg Soln 161 ml - 1.38pp) 0.22h 29,02
: 39  Wesh Soln 615 ml ~ 0.40 gpl 0.246 ~ 32.16
"1659 =~ Leach'Tail 198.1g ' "0.15 % - '~ 0.297 28.82

-1

OyThS 100,00

Head (ca;lcﬁlated) 0382%TCu
. g * . Head (assayed) -_ 0.374 T Cu - L

<

|

|

|

l'( ~ Remarks - - . . o R .
! . .

|

[

Leached Tail Ox Cu — 0.09% - .

E Extreaction 61.18 (%) Reegent Consumption 11L4.3 1bs acid/ton of ore
- . ) 24.32 1bs acid/1lb. of Cu leac
¥Actual acid consumption minus ‘ . . / | eac

o . free dcld. N ‘ Performed By
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ko

~ Bolids___ 50 () Temperature
:g-“j~lneesen£ o B |
‘Concentration 961, " Condentration”
s E}'pn 1.0 Fe T :J.iT;Qé |

.07 Metallurgical Balance ::;A-‘_;.:_':"T"'.:- e T Tl e
Ny N A . .

.17ﬂ8‘

" 1660

Type Arstation __ Date_ _November 28, 1lYyfz

Project No. 2019 Sample No. Group III ~  Test No. DF-5

Weight Solids 200 grams " Size or Grind -35 Mesh

- Leech Conditions

H;50), - Auxil. ‘Reagen:t

' Sample Time  Volure * Reagent - Assay Extrection Reagent.Consuzrp.
.. Date/# () _(m) CpH ' Add/Use { ) (%) " ( )

10:15 ' ‘7.9 7

10:25 - 1.0 0 -7.e5ml 0

10:5 1.0 1.30

11:00 1.0 - 0.65
.o 11:h0 1.0 . 0.30
0
0

19,35

12:55 1.0 A5

C1:15 1.0 C Potal Acid Added - 11.40 ml
1:h5 1.0 ' ' -

- 3:15 1.0

=
L
o

o
. (3
N (o]

: . L 'S

Product Weight /Volume b.;l.s'saAy'( Cu ) ‘Content " pistribution (%)
“Prez Soln 190 ml .- 2,09 gpl’ 0.397 40.06
Wash Soln -~ 510 ml __0.66-gpl 0.336 _33.90

\[;Léach‘Tail 198.6 & S 0,13 % . 0.258 6.0l

0.991 100.00

. Head (calculated) ohg% tien
. Head (assayed) E 0.45% T Cuj.0xCu 0.37% D
Remarks < .. . ...:.:‘..-‘. E | . . . ) . . ._ - .
Leached tails OxCu - 0.05% o e

Extraction 73.96 © (%) Reegent Consumptionl85.h 1bs acid/ton of ore

®Actual Acid consumption minus '2?'28 1bs acid/ 1b.of Cu leach

freg acid. Performed By

o g



'.'_.._.PH 15 v~ Mipe

Solids 50 : (%) Temperature
-Reagent 2 h ‘ C S ".Amd.l. .Reagen:t
" Concentration ___96% = Concentration_’

Lt 12115 s

‘Metallurg'ica'l .Balg.nce

Type Agitation Date__ November 28, 1972

Project No. 2019 Sample No. Group III Test No. DF-6

Weight Solids. 200 grams Size or Grind =35 Mssh

Leech Conditions

H_SO

.-

) g

—

.. Semple Time  Volume - Reagent - Assay . Extraction Reagent Consump.
“Dateff () _(m) CpE. Adafuse () __(#) )

ST 10:30 7.9

10:30° 1.5 6w -

10:45 1.5 - 0.56

.11:00 1.5 .7_0.10"
- 1a:ho 15 0.85°
0
0

.20 "

12:55 1.5 ;15 |
15 ys - - Totel Acid Added - 7.85ml
C1:bs - 1.5 0:20 : '

305 1.5 )

Product  Weight/Volume = - Assey ( Cu ) ‘Content Distribution (7)

. Preg Soln 185 ml . 1.81 gpl | - 0.335 3Lk.72

Wash Soln 500 ml " 0.58 gpl 0.290 30.05

DeachTail 2006 ' 0.07% " 0.340 35.23

0.965 10000,

Head (calculated) | oh87,’ aou

Hga.d (assaqed) g '0.1;5.% T:C'u;" Oic Cu 0.37%

Remarks s - .”r" . - A o ' 3 . .
Leached tails Ox Cu = 0.13% ’ '

A ]

Extraction 64.77 (%) Reegent Consumptionl3k.6 1bs acid/ton of ore

¥Actual Acid consumption minus ?1'53 1bs acid/ 1b. of Cu leack

free acid

Performed By



o Type Agitation Date November 28, 1972
fle. Project Ko.__ 2019 Semple No. Group IV Test No. DF-T7
i Weight Solids 200 _grams Size or Grind -35 Mesh
o Leach Conditions
- Solids 50 (%) Temperature ) )
>1}~f  Reagent H2soh ﬁAnxil.'Reageﬁi ' '
o L A ' .
= 4 - Concentration 967 " Concentration
{;~“fj;‘pH- : 1.0 . ° Time
3‘}:3}[.Sample Time  Volume :;1"Réagént . Assay . Extraction . Reagent Consurp.
o .. Date/# () _(ml) ‘pH ' ‘Add/Use ) (%) B S )
CaE T 1:00 7.8 o ' '
R 11:00 1.0 - hioswml .
Tavi 11:15 1.0. 115
f'“v | 11:40 1.0 - 0.65
{Zlﬁ1 : - 12:15 ©1.0 - 0:35°
i : & }“;~'~' " 12:55 1.0 10,10
- 1:15 1.0
iﬁ-iﬁ 1:h5 1.0 0:30 "
IROETN '3:55 1.0 0.65
S Total Acid Added - 7.25 ml
A‘éé?;

" 'Metellurgical Balance i | .-

<5 Product  Weight/Volume - Assey ( . ) Content - Distribution (%)
1750 - Preg Soln 185 ml ' 2.6h gpl 0.188 L6.25

j.42°  Wash Soln 590 ml 0.50 gpl 0.290 27.48

1R62 . .Leach'Tail  197.8 g 0.1k 2 0.277 26.27

N ‘ - 1.055 100.00

Y Head (calculated) 0;53%'Tu0u1: o .

= Head (assayed)  0.51%‘T Cu : O

\J Remarks ot ‘ '_ o .

— . .. A' R K]
Leached Tails Assay OxCu = 0.10% .

-

.l Extraction___73.73 (%) Reegent Consumptionll2.10 1lbs acid/ton of ore

: ' 14.41 1bs acid/1b. of Cu leact

#Actual acid consumption minus

free acid.

Performed By




4 say
[

1751
- Th3

. 1663

(S

Type . Agitation ‘ Date November 28, 1972

Project No. 2019 Sample No. Group IV Test No. DF-8
Weight Solids 200 grams Size or Grind -35 Mesh
Leach Conditions - . “
Solids 50 (%) Temperature " Arbient
.Reagent H,50,, ‘Auxil. Reagent
Concentration 96% : ' Concentration
pE 1.5 - - Time
Sample Timev Volume Co Réagent - Assay , Extraction‘ Reagent Consump.
Date/# ) (mi) pE  Add/use ( ) (%) ¢ )
’ © 11:00 7.9 ' o
. 11:10 1,5 ¢ 3.80ml :
11:k0 ' 1.5 0.30 '
12:15 1.5 - 0.15
12:55 1.5  0.10
©1:15 1.5
1:45 i ‘1.5 0,10
.3:55 1.5 0.15

Total Acid Added — L4.60 ml

Metallurgical Balance

Product Wéight/Volumé H Aséay (cu )  Content Distribution (%
Preg Soln 190 ml ~ 2.47 gpl 0.L469 41.83

Wash Soln 610 ml 0.52 gpl 0.317 28.28
‘Leach Tail 197.0 g _0.17 % Q.335 29 89

' : - ' 1.2 100.00

Head (calculated) 0.56% T Cu

Heed (assayed)  0.564 T Cu

Remarks : o | o o e

Leached Tails OxCu - 0.09%

Extraction  70.11 (2) Reegent Consumption 77.2 1bs acid/ton of ore

9.82 1bs acid/1lb. Cu leacher

#Actual acid consumption minys
free acid. Performed By

T T T A NN SR A e s A Nme s - - e -



12/6/72

Performed By

‘» - me Bottle D:gte
[ i | ; ‘ .
R Project No.__ 2019 Semple No.__ Group II  Test No. DF-9
L Weight Solids_2090 & Size or Grind Minus 35-Mesh
|
l . Leach Conditions
I- ‘ }" -' . o . . 3.
ne Solids 50 (%) Temperature Ambient
PRI ' NH3 - 50 gpl . Ammonium Carbonate - 35.5.g
c ‘Reagent__COn - 15 gpl A'Amd.l. Reagent Ammopium Persulphate - 6 g
TS e §0y, - 15 gpl i e - S
B Concentration * Concentration__ ouOH 148.8 m1
EA .pK ° i "‘l‘im.e L Eours
-.: . Semple ‘Time Volume ‘- Reagent - Assay . Extraction Reagent Consump.
L. Date/t () _(m) CpH - Ad/Use () __(B)  ( )
ey ; K
g
7
- ‘Metellurgical Balance | s : F Lo
S Product Weight /Volume ‘Assey ( cu ) Content ‘ Distribution (%)
- Preg Soln. 132 ml _0:28 gpl 0.0370 6.0
‘Wash Soln. 590 ml 0.04 gpl 0.0236 3.8
. Leach Tlg. . 198.1 g .0.28 % 0.5547 90.2
ST motal | B _0.6153 100.00
B * Head (calculated) T Cu =0307% a
‘ ‘Head (assayed) T.Cu = 037% ’
, Remarks _ * Co .
- Leach Tailing Assay = 0.26% 0x Cu .
| | ‘
- Extraction 9.8 (%) Reagenit’Consmption




LG 0. pE ~. Time L Hours
; ~ 1. Sample Time Volume . .. Reagent " - Assay . Extraction Resgent Consump.
s: .o, Date/# () (m1) ~°pH | ‘Add/use ) (%) L
-
o
£ '
e
PR
ﬁ_;
L .
.
C .. Metallurgical Balance . Y
o Product Weight /Volume -  Assay ( cu ) Content  ~ Distribution (%) -
-Preg Soln 135 ml 0T Epl 0.0229 2.77
‘Wash Soln 670 ml 0.02 gpl 0.013L 1.62
o Leach Tlg., 197.8 g-~ "~ ° " 0.40 % 0.7912 95.61
© Totals ' BN 0.8275 100.00
Head (calculated) T Cu éﬁﬁihihziia”f | *
"+ . Head (asseyed) T Cu=:0.37TZ .. - S h
Remarks N Lo 7
7 Leach Tailing Assay = 0.29% 0x Cu ' .
| . .
L Extraction k.39 (2) Reegent Consumption
L Performed By

me

Concentration

Bottle

Dete__ 12/6/12

-

2019

Project No. .

Test No.- DF

- 10

Sample No. Groug II

Size or Grind ‘Minus 35-Mesh

Welght Solids__ 200 &

Leach Conditions

Solids 50

-Reagenf NH, - 50 gpl

(2) Temperature _ Ambi ent

- Awdl. 'Reagen?t

CO0p - 25 gpl

" Concentration




Type Bottle Date__ 12/6/72

" I&ojegt.No.‘ 2019 Sample No. Group II  Test No. DF - 11

ijrk' ,.V§18ht Solids. 200 g . Size or Grind  Minus 35-Mesh

i.izl ieach Conditions

gk4 ~ Solids__ ' 50- (%7:Ebmpergture'Ambien€ ]

:,.-. .vReagéni; Ammonium Tﬂios’uibhéfé Amd.l 'Reagen’b' T N
lg-’:,‘""' ‘Concentration 50 gpl "’ Concentration .
! o ot '

. Sample Time  Volume

.. Reagent - Assay Extraction Reagent Consurmp.

)

I Date/¥ () (m1) 'Egr?i“‘Add/Use_ ( ) (%) -

: c .Metallurgica'l Palance 3
s i product  Weight/Volume f.'.:-'As'sa‘.y' (__cu) Content Distribution (%)
if-’-f'}fPreg Soln 190 ml - 0.28 gpl- 0.0532 6.70
' " Wash Soln 750 ml "~ 0.04 gpl 0.0300 3.78
S ileach Tlg. . 19T.b g ' '°0.36 % __0.7106 89.52
Totels . | o __0.7938 100.00
Head (calculated) T Cu = '(.)_;.'3-9"6'%_ o
- . Head (assayed) T Cu = 0,374 ' . . -l
Remarks - . . N . '. ._v.._ V. .. . . ‘ . ‘ .. . L . g
Leach Tailing Assay = 0.26% Ox Cu J
- Extraction 10.48 ° (%) Reegent Consumption

Performed By



: e Type Agitation ' Date ' 12/6/72"

- Project No.___ 2019 Sample Mo. Groun TIT Test No. DF - 12

.-

Weight Solids 200 g Size or Grind Minus 35-Mesh
[y " Leach Conditions S L

L+ Bolids 50 - (%) Temperature _ Ambient

rEn " .Resgent_ HpSOL to PH'1 ° = “Awdl. Reagent_ P20>

. J éoncentration 96%v ' -+ Goncentration 5 8&P1

.pH 1.0 - e i .'.l‘im:e } Hours

! W Sample Time  Volume : Reagent - Assay . Extraction . Reagent Consump.
; Date/# ( ) _(ml) “pE | Add/Use ( ) (%) - L )

. Totel H,SO) added = 6.85ml - " - d
e

\:';zMetallurgiéai.Balance | ) : ' _ 3 ‘ _
e .' Product Weight/Volumé Assay ( CL) Content " Distribution (7
f;%tuvPreg Soln 180 ml 1,72 gpl 0.3096 50.90
Y Wash Soln 600 ml " 0.30 gpl 0.1800 29.59
. Leach Tlg. 197.9 g ' 0.06 % 0.1187 19.51
"7 Totals | s " 0.6083 100.00°

Head (calculated) T Cu

o.30h . !

. Heed (assayed) T Cu = '0.3'.7% . | .;...:..
Remarks s o . R _ o

Condition S ﬁinutesf
L * Leach Tailing Assay = 0.06% Ox Cu

. Extraction 80.k49 - (%) *Reegent Consumption_105 1bs Acid/ton of ore
o | ' "21.4 1bs Acid/1b Cu extracted

.. ®Actual acid consumption minus free performed By
‘ "~ acid '




l‘“ ' Type Agitation Date
rk_f | Project No. 2019 Saﬁple Ne._ Group II Test No. DF - 13
L Weight Solids 200 g Size or Grind Minus 35-Mesh
' . 4 . .
l : Leach Conditions o ,
’ B Solids 50 (%) Teﬁperature " Ambient
“° . -Reagent HQSO)J. C A\J.Xilo .Reagentt Flouride ? 5 gpl
~. % " Concentration 96%' " Concentration E F Acid, 10 ml
4 '-:T.pH ' Yy " *. Dme L Hours
i 3?¥“.Sam@1e Time Volume i;} Reagent .~Assay . Extractibn 'Reagent Consurp.
: .-, Date/# () _(my) pH ' Addfuse () __ (&) " ( )
2o Ittt Motal H,80) edded = 9.65 ml -
va';:ggtallurgicai‘Ealance ' .' -
;g;L. " Product ‘Weight /Volume 'Ci'hséay'( oy ) Content Distridution (%
7. . Preg Soln 138 m1 - -2.16 gpl’ 0.2980 34, 6L
B Wash Soln 680 ml 0.38 gpl 0.258hL 30.0k
| .".Leach Tailing 202.6 g 1 0.15 % 0.3039 35.32
| - Potals | - 0.8603 100. 00

_12/6/72

Head (célcﬁlated) T Cu
. Head (assayed) T. Cu

-~

* Remarks

0.h3%

0-37% _. i' N

Condition 15 minutes.

" Added acid over period af ! hanrs

Leach Tailing Assay =

0x Cu 0.08%

FExtraction 64.68 (%) *Reageﬁt,COqumptiog 15k.4 1bs Acid/ton of or
.. . ?LTS 1bs Acid/1b Cu extracted
| ¥Actual acid consumption minus free Performed By '
acid. .



“Type_ Agitation __ Date__ 12/6/72

7
P .

.u‘ Project No. 2019 | S'a.niple No. Group II Test No. DF - 11*

", Welght Solids__ 200 g - Size or Grind___Minus 35-Mesh

Ie2ach Conditions

" Soldds 50 - (2) Temperature Ambient
T - .o C e e s 'P,0,, S5 gpl
"-Reagent HZSOA : “Auxil. Reagent F2 2 .5 zpl

2% Concentration 96% ____° Concentration

e
yiinlf“pH 1.0 e ' ‘. Time 4 Hours

7. Semple Time  Volume o : Reegent’ - Assey . Extraction Resgent Comsump.
S DPate/# () (ml) ‘PH "Add/Use  ( ) (%) | )

' - Total H,S50) added = 9.65 ml .

. "Metallurgica.l Balance . . ‘ 2l - LT o |
E 1; ffoduct ' Wéight/Volumé4{i1“As;a&'k- éu.) Conéénf - Distribution (%)
7+ - Preg Soln 137 m1____~2.05 gpl  0.2808 33,53
.Y  Vash Soln 630 ml 0.37 gpl . 0.2331 27.83

. Leach Tlg. .. 202.3 g ' 0:16 % ~ 0.3236 38. 6L
7 Totels - S ' 0.8375 100.00

-0.418 4

Head (calculated) T Cu-

fn
., W

. Head {assayed) T Cu = 0.37 %

Remarks S ) Co L o | .

Conditioned 15 minutes.

Leach Tailing Assay = 0.08% Ox Cu

Lo Extraction 61.36 (%) *Reegent Consumption_154.¥ 1bs Acid/ton of ore

A ' . 20.0L4 1lbs Acid/1lb Cu extracted
L ¥*Actual acid consumption minus' free :
.- ..acid. R Performed Ey




. Tyee Date
[ .o . -
[ Project No. _ 2019 Serple No. Group II Test No. DF - 15
L . ' ; .
; Weight Solids 200 g Size or Grind Minus 35-Nesh
(. o : ,
[ Leach Conditions
b : - .
L Solids 50 (%) Temperature Ambient )
bt : s . Ammonium Biflouride, 5 gpl
f - . -Reegent Aux:!l. Reagent Anmonium Carbonate, 15 gpl
4-’_ . , 3 : ) "¢ NH),OH, 50 gpl
P e 7 Concentration : COncentraxion
r%/ﬁ .. pE - . Time 4 Hours =
E-TW"QH;Sample Time  Volume i;} Reagent - Assay . ExtractionA Rezagent Consump.
L pate/# () (ml) pH |  Add/Use ) ¢ )
- :
.
L

ﬂ.';:;;'Metallurgiéai'Balance s, .
s '1f Product Wéight/Volumé 'i: Asséy'(' Cu ) Content " Distribution (%)

. Preg Soln 146 ml 0.46-gpl 0.0672 11.38

J Wash Soln 600 ml “0.0S'gbl' 0.0300 5.08

. idieach Tlg. .197.b g 0.25 % 0.4935 83.5k

o Totals e ©0.5907 100.00
B ! Héad.(célculated) T Cu =7¢{29§%12;
o Head (assayed) T Cu = 0.37%
| - ‘R"‘e'm'a_—rks- - t L o o . . L]
o Leach Tailing Assay ='0.22% Ox Cu )

L Extraction 16.46 (%) Reegent Consumption

Bottle

_12/6/72

. Performed By |




! Type Agitation D?.t‘e’""‘ ~ *Decembder l4, lyiZ
B ", ' : . . . 4 .
(’ - Project No. - 2019 .Sanple No. Group II Test No. DF-16
" Welght Solids 200 Size or Grind -39 Mesh
.. - Leach Conditions
I Solids 50 (%) 'l‘empera.ture Apbien‘h
olsl o H.SO
~.. .- Reagent 2L .‘;'Auxil. Reagent . P 0o
o ’ Concentration ' 96% Concentra.t:.on 5.0 Gnl 7 h5 Gram5/L1ter o
- .. pH 1.0 e "‘-"‘{?:i'.[';t_m. e -
-, Sample Time - Volume Rea.gent Assay - Extraction . Reagent Consump.
. Date/# () _(ml) LH_ j Add/Use_ ( ) (2) - { )
- 11305 . .‘1.0' T 7.2 ml - *
FL T 11:30 35w
R .~ 12:30 . "
R 1:15 -~ 1.h5m
J‘ RNy~ T 1¢) 470,70 ml
: Total Acid Consumption 10.7 ml -
.. Metallurgical Balance SO .
Ass:'y Product Weight /Volume Assa.L( cu ) Content Distribution (%)
2939 Prez Soln 175 ml 1.8k gpl 0.322 36.17
~nk5 Wash Soln 650 ml 0.42 gpl 0.273 30.67
)23 Leach’Tail 196.9 ¢ :0.15 % - 0.295 33.16
N . B 6+855 100.00
f ' Head (calculated) 0.442 P Cu .
‘Head (assayed) , 037%T Cu - . '
\ Remarks s . | ' .
) Conditioned pulp lS minutes before acid addition ]
Leached tailing assay - 0.06% Ox Cu
1 .
| .
) vE'xtraction 66.84 (%) Reagent Consumption. 173 1lbs acid/ton of ore ‘
;“ ‘. ) . 2 b d
A #Actual acid consumption mlnus . . . ? 1bs acid/1b Cu leached
‘ free acid.’ Performed By
Tl T o LT e st TR T T ---.- ',:




‘T&pe ’ Agitation Leach b;ﬁé :ﬁﬁécember 1L, 1972

j“ Project No. 201§ Sample No. Group III Test No. DF- 17 -

e Weight Solids | 200 _grams Size or Grind -35 Mesh

L ”"Leach Conditions | | }

g Solids 50 _{) Tbmperature fnbieht
F?i,‘: q ‘Reagent HS0, -~ ""r7'“:iAnxil. Reagent - POy - B
LT;':{?;ﬁwidOncentration 96% " 57~:":?'Concentratlon 5 eol (7.46 Grams/Liter)
['?3;; ?1593 1.0 B zfl?ﬁime- .-:... S .uff-;l;
‘ : f:él_Sample Time  Volume: - {u¥’Réagent  - Assay .. Extraction Reagent Consump.-
i pate/# () _(ml) pH | Add/Use ) (%) ¢ )
(;f L _- . . . _..}. o _
s 11:05 1.0 - 6.5M -
I R S _ - B
RN . 11:30 Fl.2ml

o 12:30 ' o
'iflgait\ e 1:15 ' ~ - .1.85ml

sttt tpebo o e U T0.65m

Total Acid Consumption 10.2 ml -

g-_znetallurgical Balance _ | ¢
ATsaY - product Weight /Volume Assay ( cu ) Content Distridution (%)
Y
Lo e . - .
- 2039 Preg Soln 195 ml 2.33 gol 0.4543 43.20
{5 Wash Soln 630 ml 0:5L gp1 . 0.3L02 32.35
2023  Leachéd Tail . 197.Tg ~ . 0.13%  0.2570 21,145
T - ~1.0515 . 100.00
o . Head (calculated) 0.52% T'Cu
) Head (assayed) d;hﬁ%.T Cu
Remarks : . R | ' . .
Conditioned vpulp 15 minutes before acid addition 4: )
M Leach Tailing assay - 0.06%0x Cu
Extraction 75.55 : (%) Reegent Consumption 16L. o1bs acid/ton of ore
) . 20.66 1bs acid/ 1b Cu leacb(
#Actual acid consumption minys 4
| free acid. : Performed By




.. .. ‘Type Agitation | Date Dpcember.li’-:iig"»{aéi

ﬂj~J © Project No. 2019 Sample No._ Groun IV Test No. DF-18 .
jf-T Weight Sollds 200 grams Size or Grind =35 Mesh. .
U : - _

| R LR . . . .

g ; Leach Condftions

j; : Solids : 50 t (2) Temperafure Arbient .
“ ,‘:.‘V'..A-:... oo . S . . ‘» Coe y . . . } . - L
R H SOh P20 R T T

Reegent__ 2 ‘;7?Anxil. Reagent B 2

et T T )
;'F;;’fjf"bbncentration oky ""f'Concentratlon 5 gpl (7 L6 Grams/ther)i

SoUpH 1.0 T - T L IS S

1

i;v“ -, . Semple Time Volume “1‘n Reééent' - Assay _'Extractién,~ Reagent'cbnsump.f

L . Date/# () (m1) pH Add/Use ( ) (%) - { )

o 10:50 1.0 3.5m R - '
31:05 _ :M"09m- .

1130 ST o ml Tt e e

e s T —

lji;E"f; : B 2;40 s S 0.8 ml

Total Acid Consumption - 6.2 ml

Metallurgical Balance

2 " Product Weight/Volumé .As..s-.ay ( cu ) Content Distribution (%)
{qégii. Preg_Soln 190ml ____ 2.87 gnl 0.5453 49.29
- 47 Wash Soln 650 ml : 0.4k gp1 . 0.2860 25.86
2025 " Leach’ Tail 196.3 g - 0.1k 7 ' 0.2748 2L4.85
L B ©1:3061 100.00

Head (célculatéd) | O;SS%if;bﬁ B
‘Head (assayed) : 0.51% T Cu _

f*“. ‘ Remarké -v' -t ?3 “:f5‘ S o ; .
_Conditioned Puln f.or 15 minutes . . . | |

Leached Tailing Assav - 0.05%0x Cu

- Extraction 7515 (%) Rnagent Consumptior93.5 1bs acid/ton of ore

L
o #Actual acid consumption minys ' . ll 25 1bs acid/ 1b Cu leache

~free acid. T Performed By

areimeccict e e - mes - e - L e e e e+ ea s . e ta e ——— " . ——— o . M. s S ¢ | . ® me® meim = .  Seese mes ¢ oo g




T I)FC’ P de e U AT as e - - -~ ‘3""5 - —lecemnes - o LY L~ T
Project No. . 2019 .Sample No._ Group II Test No. DF-jo
Weight Solids 200 _grams Size or Grind -35_Mesh
" feech Conditions ’
Solids 50 (%) Temerature Arbient.
oo - H_SO0 - . HQ,
Reegent__ 2 L A.uxll. Reagent 4 272
" "Concentration gﬁz " | Concentratlon 504 5 gp1 ’ ]
v pE 1.0 . . Pime’ :
. . Semple Time VVolume' " .Reagent - Assay . Extraction Resagent Cénsump.
Date/# ( ) _(ml) pE = Add/Use ) (%) ( )
Acid Addition 11.25 ml '
. Metallurgical Balance T ¢
_ Product Weight/Volume - Assay ( cy ) Content Distribution (%)
Prez Soln 215ml 1.49 gv1 0.320L 40.58
Wash Soln 600m1 0.42 gpl 0.2520 31.93
" 'Leach 'tail . 197.3 g 2 0.11 7% 0.2170 27.49
| ' 0.789k 100.00
Head (calculated) 0.39% meu .
Head (assayed) 037% T Cu -
Remarks * o .
H202 added slowly over a period of 4 hours. 100 ml total
Leached tailing assay - 0.05%0x Cu
| Extraction 72.51 () Reegent Consumntlon 182.71bs acid/ton of ore
. lbs acid/ 1b Cu 1 h
*Actual acid consuznptlon minys, . 31 91 108 / o feack
free acid. Performed By
e e e e e — S —— s e e e
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-

G beteft () _(m) pE msafue () (B (

- Resgemt - 2204 "7 “Tpuyd), Reagent o202

" Coneentration - 962 ' ﬁ?”cbﬁéénf:ation ~ '50% 5 gpl

" Metallurgical Balance ﬂf;iﬁ?fﬁgfg‘f}'”fﬁf‘- ' L

Head (assayed) - 0.45% T Cu

© Added

Type ____Agitation - Date__ - December 14, 1072

Project No.__ 2019 Sample No. Groun TTT Test No. DF- 20 -

Weight Solids 200 grams . Size or Grind ___ -35 Mesh

Leach Conditions

Solids 50 (%) Temperafure Armbieft
— y . . o

SOUPE a0 Tt tiimdme R

Sample Time _Volumé “'~i;fiReagent '-Aésay ',-Extractién,‘ Reagent ConSump.u
' ' )

" “Acid consumption 11.20 ml - - .

e

Product Weight /Volume ];E Assay ((Cu ) Content =  Distribution (7)

‘Preg _Soln 275 ml - 1.58 ¢gpl 0.43L5 h2.46
Wash Soln 620 ml__ 0.47 gpl . 0.201h 28.49
' Leach 'Tail . 198.1 g . 0.15% __0,2972 29,05

©1.0231 100.00

© Head (calculated) 0514 6w - L .

Remarks = ST e T . ~ . . .

H202 over a period of 4 hours. 100 ml total. . .

Leached Tailing Assay - 0.07%0x Cu

25.04 1bs ecid/1b Cu leache

‘EXtraction 70.95 (%) Reegent Consumptionl81.8 1bs acid/ton of ore

¥Actual acid consumption minys
~free acid.” . . . Performed By

 eeemes @ s . eess o ews et ia ve e : et temea & BMniet: e s me—— et
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Metallurgical Balance : ',ff};;éffﬁ,?jffﬂv'f7:f ST, ‘A‘_:u{“-f '

Aséay .

¥#Actual acid consumption minys

- & e —-

Project No._ 2019 Semple No._Groyp IV Test No._ DF-2l

Weight Solids 200 grams Size or Grind —25 Mesh

o Yeech Conditions

" Solids 50 ‘ (%) Temperaﬁure Arbient

H,SO - L T ‘ R e SR oL - PR " .-
277 -~ "Auxil. Reagent I;I202 : T

Concentration 96% . Concentration__ 5 8Pl

PR 1.0 vt tiimime’  WHows Tl iR

—

Sample Time  Volume ',';i'I‘;:-' -.Re‘alg'ént"“~ Aésay v Extractién'v Reage'nt'c-onsump.h

- patest () _m) pE Mdafuse () () )

Acid Consymption 7.3 ml -

Product Weight/Volume Assay (O ) ~ Content Distribution (%)
Preg Soln 275 ml | 2.06 gol - 0.5665 52.17
Wash Soln 550 m1 : 0.41 gpl 0.2255 20.77

~ Leach Tail 195.8 g .o 0,15 % 0,2937 27.06

1.0857 100.00

. . Head (calculated) 0,51;% T Cu’ .

‘Head (assayed) . 0.514 T Cu

Remarks Loy T e 4 ' . ' .

H202 added over a period of L hours. 100 ml total. ‘ ’ _ .

Leached Tailinz Assay - 0.06%0x Cu

TN

Extraction 72.94 ‘ (2) Reegent Consumptionljs.9 1bs acid/ton of ore )
‘ 14.25 1bs acid/ 1b. Cu leachs

free acid. : - " Performed By
- .- - o e e — = R




v A‘I‘y'pé' Agitation Date__ _Decemher 14, 1972
- Project No.__ 2019 Sample No._ Group I Test No.__ DF- 22
e Weight Solids 200 crams Size or Grind =35 Mesh
4 . " leach Conditions
<. 7 golids 50 (%) Temperature Armbiedt
Losd Saie - : o
P - -Reagent NH3 as NH,0H Amdl. Reagent CO as NHhCO2 15 epl
. ’ : i '.@ncentration 50 '”éial' R Concentratlon 1 gpl Cusoh or .398 g ',Cd;+/Li't;ér' ’
Sv Ll pH. 1.0 e “pime b Hour Leach e e
‘ . Semple  Time " Volume - Reé.gent"' : Assa.y .. Extraction Reagent Cbnsunp.
. .Date/# () _(ml) ~pE = 'Add/Use ) (%) K )
L.
'.lo 7 Metallurgical Balance - R
Assay N SRR e e o
J 3. Product Weight /Volume Assay ( Cu_ ) Content Distribution (%)
2206 Preg Soln 156 ml 0.40 gpl 0.0627 5.1k
c 307 Wash Soln 620 ml 0.08 gpl 0.0496 .06
| . - . L
— . Leach Tail - 197.8 g - 0.56 % 1,1077 90.80
. : 1.2200 100.00
- H"ea.d“"(ca'.lc.ulated) 0:51%".11 Cu ;
| Head (assayed) 0.66% T Cu :
. Remarks R .
| L Agitation Cold ; )
o Leached Tailing Assay -
e :
=l Extraction 9.20 (2) Reegent Consumption
| | : .
= #Actual acid consumption minys =
. free acid. " Performed By



Type "Agitation Date _ __ Uecemoer 14, 1Y¥ig -

.. Project No. 2019 Sample No. Group I - Test No. DF-23

Weight Solids 200 grams Size or Grind -35 Mesh

Leech Conditions

A. Solids 50 ' (%) Tempeiature QQOéu
Reagenf NH, OH '_Aﬁxil; Reageﬂ% - T8, 00,
Concentration 50 gpl "’ Concentration IIZS.gpl
.PH' I Tiﬁé i ¥ Hours
-+~ Sample Time Volume. N Réaéent :Assay o Extraction Reagent Consﬁmp.v
. Date/# () _(ml) pH = Add/Use ( ) (%) ( )

Metallurgical Balance

Product Weight /Volume . Assay ( pn")

Distribution (%)

Content
Preg Soln 131 ml ~_0.76 gpl 0.0995 6.79
Wash Soln 610 ml | 0.10 gol 0.0610 k.16
' Leach Tail 197.7 & _0.66 % 1.3048 89.05
: 1.LE8R 100.00
" Head (calculated) 0.73% T Cu
‘Head (assayed) 0.66% T Cu
Remarks s .
Agitation Hot ’
Extrection 10.95 (%) Reegent Consumption

Performed By

. tem S e et am e mm e ¢ n® = wes - ¢ @i
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Froms

Subject:
Purpose:

Samples:

Dr. Roshan B. Bhappu

Mineralocrical Repért

. _ SR Tucson, Arizona

January 6, 1973

Vice President

Research and Development

Mountain States Mineral Enterprises
Vail, Arizona.85641.

Laszlo Dudas
Consulting Mineralogist
4737 E Adams St.
Tucson, Az. 85712.

Mineraloé&cal Examination of Diamond Drill Cofe Sampies from Johnson
Camp, Dragobn Mountgins, Arizona. Project No.: 2019. -

To determine the mineral composition of the sample in pérticular res-
pect to copper minerdization.

On December 1, 1972, Fourteen diamond drill core samples from hole

No. T-2 were chosen, with the help of Hr..Jay Quick,.fof mineralogical

study, as follows:

1. 602.5'-603.5" 8. 1065!

2. 713t - 717.5° ' 9. 1070*

3. 723 10. 1128'-1129*

4, 893 1. 1132,5'-1135'
5. 896! o 12, 1199.5¢

6. 897.5'-899.5! - 13, 1257'-1262°

7. 919.5'-924¢ 14, 1262-1263'

For metallurgical testing, a quarter split of each of the diamond drill

cores (hole T-2, from 582' to 1270') was crushed to -%". These were

~ ddvided into four groups according to their overall mineral composition.

Samples for mineralogical study were taken from the éomposites of these
L]

four groups, to ascertain the percentile distribution of the mineral

. components. _ : ..

Thin and polished sections were made from the samples and observed under

transmitted and reflected light polarizing microscopes, respectively.

- (This includes 12 thin sections and four polished sections. Polished sec-

tions were made of 1070', 1132.5'-1135', and two of 1262'-1263*, Six
thin sections and three polished sections were made from the co=zposites;
group II. is missing among the sections, because it was used up in

testing.)

" Results follow:
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Mineralogy:

Transparent Minerals:

Calcite and Nolomite are the predominant minerals in the cores of group one;

they are farth and sixth in groups three and four respectively. By:inference from t!

sections of the "as is" szmples, calcite-dolomite probably takes fourth place in:
group two. They occur as'densely packed, anhedrgl.grairs- as marble - or as veins
and veinlets. The calcite and dolomite grains intergrow with each other, and are
irregularly distributed in the marble. They intergrow mostly with serpentine (per-
haps derived from forsterite) and chlorite. These two minerals, without exception,
are impregnated by hydrous iron oxides. Calcite occasionaily also intefgroﬁs'w{th :

garnet, diopside and amphiboles (tremolite-actinolite, hornblende). The grain size

" of the calcite-dolomite varies between 30 and 3000 micronms in the "as is" cores, and

between 3 and 600 microns in the crushed (-%") samples.

Quartz predominates in groups three and four, vwhile taking the sixth place
in group one, and possibly in group two (inferred from "as is" cores). L occurs
in large to ﬁedium-sized anhedral grains or aé extremely fire-grained chalcedony,
as vein fillings. The quartz intergrows with feldspar, garnet-epidote and amphi-
boles. The chalcedony occasgionally grades into chrysocolla. The grain size of
the quartz varies between 5 and 2000 microns in the "as is" cores, and between 2

-

end 650 microns in the crushed (-%') samples.

Chlorite and Serpentine are second in frequency in groups one 2nd three,
third in group two (by inference), and fourth in group four. They occur in fine
to medium flasked aggregates, or as an interwoven mesh. They are intricately in-
tergrown with diopside, amphiboles, calcite and dolomite. lMost of the chlorite
and serpentine aggregates are impregnated by hydrous iron, and, to a lesser degree,

by hydrous copper solutions. For this reason, they show yellow, brown and green

colorations of variable intensity. Some chlorites have a dark green color of their

own,_wbichdhas.nOthing'tq.do with copper impregnation. The grain size of the
individual flakes of the chlorite and serpentine is smell - 1 to 20 microns - but
the size of the aggoregates may reach 5000 microns in the 'as is" cores. In the
crushed (-%'') cores, the grain size is small, varying between 1 and 300 microns.

Diopside is presuma2bly second in group-two, fourth in group one, sixth &nd

ninth in groups three and four, respectively. The diopside appears in these sam-
ples mainly in two forms: 1. as coarse, subhedral prisms; 2, as small to medium

sized, anhedral grains. It is intricately intergrown with chlorite, serpentine,

j_;muscovite, emphiboles, and calcite-dolomite. Occasionally, it is impregnated by

“hydrous iron solutions; hence,a portion of the diopside shows yellow-browm color.
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The grain size is from 50 ;o 4000 (in elongation) microns in "as is" cores, while

it ranges from 10 to 550 mixons in the crushed (-%") cores. |
Garnet pxedomlnates in group three, tzakes the second place in group four,

and isvsixth in group one and also, probably, in group two. It occurs in coarse,

evhedral to -anhedral crystals and grains. Occasionally, some skeletal crystals

'are'presént. The garnet is nostly present as andradlte - it is dark colored (red-

dish~brown) - but there are some liOht or even colorless grains which belong to
the grossularite variety. Both varieties are 1nt1mate1y. associated with epidote.
Furthermore, it is intergrown with chlorite, serpentine, muscovite, quartz, amphi-
bole and calcite. The grain size of the garnet is from 80 to 4000 microns in M"as
is" cores, and 50 to 600 microns in the crushed (-%") cores.

Egidote ranks third in group three, and fifth and perhaps sixth in groups
four and two, respectively. It is cnly a trace component.in group one. The epi-
dote occurs in coarse, anhedral grains of variable color (some are light to color-
less, while others display a strong, pistachio green color). It is intimately in-
tergrown with garnet, chlorite, muscovite, quartz, amphiboles, and.calcite. Occa- -
sionzlly, it shows the brown color of hydrous iron oxide impregnation. The grain
size is from 30 to 3000 microns in "as is' cores,.and 20 to 450 microns in the
crushed (-%") cores. '

Amphibole (tremolite, actinolite, hornblende) is sixth in frequency in zroups
one and three, and sev enth in group four. Perhaps, it is a dominating component
in group two, as indicated by the observation of the 'as is" cores (see Table II).
The amphibole occurs in three varieties in these samples, two of which are needle
types: tremolite is colorless, while actinolite is a light green variety; the
third is hornblende, with dark green color and strong pleochroism. The latter is
sometimes altered to chlorite. Some of the tremolite shows moderate to strong
hydrous iron oxide impregnation. The amphibole is intricately intergrown with
diopside, chlorité,'sernéntine, fwuuscovite, sericite, quartz, calcite, garnet and
epidote. The grain size of the individual needles and prisms is relatively small - -
20 to 550 microns-but the felted aggregates may rea¢h 6000, or even 15,000 microns.

The section of core 897.5‘e899,5' is almost totally composed of felted actinolite

~with small a2mounts of other components. The size of the agsregztes in the crushed

“ (-%k") cores ranges from 40 to 300 microns.

Muscovite (sericite) occupies the third place in frequency in group four, but

it is only a trace minerzl in group one, a2nd was not noted in group three. It is

. possible that it is the fourth or fifth ranking component in group two. Composition-

wise, muscovite and sericite are identical, .but they differ in grzin size. Coarse-
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flaked, white, potzssium mica is muscovite, while the fine-flaked variety is seri-
cite. Both of them are present in the observed samples, mostly intricately inter-
grown with each other and with tremolite, actinolite, diopside and quartz. The
flake size varies between 5 to 200 microns in Mas is" éares, and between 1 to 100
microns in the crushed (-%") cores.

Feldspar is a major component in group fouf; where it takes the third place
in frequency. It is mosty represented by orthoclase, and some microcline. A
lafge portion of it shows a brown, semi-opaque coating, which is a sign of prog-
ressing kaoliﬁitization. The feldspar is intricately intergrown with quarti and
occasionaliy with other silicates, particularly sericite. _

Forsterite is a trace component which is present in the marbles. It is mostly
altered to serpentine, and chlorite, which show strong hydrous iron oxide impreg-
netion. Occasionaily, some unéltered‘rémnants_are visible in the serpentine.

Sphene is a mnor to trace éomponent in these samples. It occurs mostly in
small, anhedral grains. A few large, éubhedral grains are also present. The sphene
is mostly associated with amphiboles and calcite.

Fluorite is only 2 trace component. It occurs in medium-sized, resorbed
grains, in association with calcite, diopside, amphiboles, quertz and feldspar.

Chrysocolla is a minor to trace component. The general distribution of this
mineral in the crushed sample is just below one volumetric percent. In the "as is"
cores, the chrysocodla shows very erratic distribution varying between traces and
four volumetric percent. The highest amount can be found in group one cores. Groups

two and four show only traces to one volumetric percent.

Onaque Minerals.

Megnetite and Martite are the predominant opaque components in the samples.

. They are third in group .one, and fifth and seventh in groupé three and four. Per-

. heps they occﬁpy the fourth place in group two, according to the counts on the

“'"as 1s'" core sections. Most of the magnetite is partiafly oxidized to hematite,
which is called martite. The martite forms needle-like networks which invade the
magnetite 2long clcavage plenes and cracks, replacing and altering it to hematite.

A large portion of the magnetite is disseminated in the rock. It also forms large,
anhedral to 'subhedral crystal aggregates or veins. The magnetite is associated

with calcite-dolomite, and most of the silicates. It occasionally carries small
inclusions (3 to 20 microq;) of chalcopyrite. 4 portion of the magnetite is oxnidizecd

to goethite, or is almost decomposed to hydrous iron oxides (limonite). This pro-

-~ vides 2 portion of the iron which impregnates the layéred silicates (the other

portion of the iren is derived from the Fe-content of the silicates). The grain
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size of the magnetite varies between 10 to 300 microns. The size of the aggregates

may reach 6000+ microns.

Hematite is present in trace amounts, exclusively as a complete decomposition
. ——— ' @

product of magnetite.
Goethite-Hydrous Iron Oxides are ubiquitous in the observed samples, although

theré are some sections in which they are missing completely. Goethite and hydrous

iron oxides rank perhaps fifth in group two, sixth in group one, and seventh and

-efighth in groups three and four, respectively. They form individual grains, occa-

sionally intricately intergrowm with.carbonates and silicates. The hydrous iron

oxides usuzally grade into iron impregnations, due to répeated leaching (through

vadose water) and precipitation. By this, they mix with ﬁopper solutions, and

thus may contain Cu values as high as 15 wt %. The prevalence of the brown color

subdues the blue-green of the copper; thus it is not visible. The individual

grain size is moderate, 5 to 200 microns, but the aggregate size may reach 3000 mic-

rons. ! ) _ '
Rutile is a minor to trace component in the samples. It occurs only in a few

of the cores. The rutile is present as small disseminated grains, mostly in the

amphiboles.

Chalcopyrite, Covellite, Chalcocite and Native Copper are present only as

trace components. They occur as small inclusions in magnetite aid in the silicates.
In many instances, they are present in the vicinity of cthsoéolla or copper-iron
impregnated chloites (layeredsilicates). The grain size of the above minerals is
between 2 to 20 nmicroms.

Pyrite is present infrequently. It occurs in small (5 to 20 microns) grains.

Discussion:

1. Transparent (gangue) minerazls (silicates and carbonates) constitute the
major portion (79 to 86 vol %) of the observed samples. The rehaining portion is
composed of opaques: magnetite and hydrous iroa oxides (13 to 21 vol %).

2. Chrysocolla is the only copper mineral present in the observed samples in
appreciable amounts. It is most freﬁuent in group one, in which it averages just
below one volumetric percent. 1In the other groups, its amount is a half of one
volumetric percent or lower. The distribution of the chrysocolla is erratic. It
occurs rnostly in association with crack-ﬁllihg chalcedony, or with layered siliczates
(chlorites and serpentines) in the vicinity of fractures where superzene solutions
were circulating. In both cases, the chrysocollas grades into its host minercls.

3. Copper sulfides are present, but only in tiny grains, in minute quantities.
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4. The major copper carriers are the layered silicates (chlorite and ser-
pentine) and the hydrous iron oxides. These do not have copper in their lattices.
The copper is present in them only by physical means, by impregnation. The circu-

lating surface water dissolves iron, copper, manganese, etc. from their sulfides,

- oxides, etc. and carries them into solution. Then the physical-chemical condi-

tions permit, the surface water precipitates hydrous oxides, sulfates, hydrous
silicates etc. of these elements. The layered silicates and the porous hydrous
iron oxides are the most susceptible minerals for this action, because the cir-
culating water over long periods of time, penetrates between the layers and into
pores, depositing copper, iron, and manganese compounds. The true identity of
the impregnating’iron, copper, and manganese comﬁounds can be determined neither
by optical means nor by x-ray diffraction, due to their amorphous (non-crystalline)
habits and highly‘variable characters. The copper impreéhation shows a typical
green, or greenish-blue color, but when iron is present the color changes to yellow-
green, and if iron is prevalent, the copper color disappears, though the copper
is still present in the host mineral. Several tests showed that this copper can
be reduced or sulfidized in place in the host minerals, so that chlorite, serpen-
tine and limonite showed metallic copper or covellite particles; but this did not
aid copper recovery. The copper conteﬁt of the host minerals varies between a few
tenths of a percent up to 15 wb"%.

5. The presence of native copper indicates that in the upper portion of the
deposit, not only oxidizing, but occasionally reducing conditions also existed
locally. ' o

" 6. The recovery of the copper mineral (chrysocolla) from this ore by acid-
leaching should be easy. The recovery of the copper content of the ore by 2 simple
acid-leach fpfocess faces difficulties in two areas, namely: 1. most of the copper
present in the ore is in foreign host minerals as impregnation; 2. carbonates
(calcite and dolomite) are abundant in the ore, particularly in group ore. These
two factors may defeat an 2¢id leach attempt, because the layered-silicate host
minerals may serve as fine, molecular filters, so they may frustrate the removal

of copper. The circulating surface water acted upon these silicates over long

periods of time, but when the removal of copper should be accomplished in a few

hours, these silicates are not conditioned enoush to release their impregnating

compounds. The presence of carbonates in large quartity, will neutralize the leach

. solution, preventing it from removing even the fairly accesible chrysocolla.

7. No copper oxide minerals - tenorite=melaconite, delafossite, or cuprite =~

were detected. An attempt was made by x-ray diffraction powder methods, to de-

'tormine'theAvelvety black botryoidal ninerzl on some of the pieces. The result
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showed only the presence of amorphous hydrous iron oxides and no copper oxides.

Conclusion: .u

1. The bulk of the copper is present as impregnation in layered silicaﬁes
and ' hydrous iron oxides. ) . '

' 2. dhrysocolla is the major discrete coppér mineral in the samples. The

sulfides and native copper aré'present only in trace zamounts.

3. Copper recovery is difficult, due to the layered silicates which act as
micro-filters and the high amounts Qf carbonates which neutralize the acid leach-
solutions. Carbonates, during acid leaching, also produce gypsum in excess amounts

which ultimately clog the way of the circulating solutions.

Recormendations

l. It seems that a -48 mesh grind and preroasting would condition the

ore for a more penetrating or vigorous leach by an ammonia-type solution.

Tables of volumetric'percent distribution of the mineral components and photo-

micrographs to illustrate the discussed problems are presented.
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Table II.

Volumetric Tercent Distribution of lMinerzal Componerits in the  Crushed (-%™)

Composite Szmples of Diamond Grill Cores from Hole No.T-2, Johnson Canp,

. Dragoon }Mountains, Arizona.

100 - 100

G r o u P
Neme of Minerals 1. II. 1. 1.
Calcite-Dolomite 3% ‘ 10 8
Quartz 4 - 21 - 20
Diopside 11 - . .5 1
CGarnet 4 21 13
. e -
Epidote Tr - & 13 9
Lo .
Chlorite-Serpentine - 12 o0 9 11 7 -
" - Impregn. by it
Cu solution 2 e & 1 1
n Impregn. by o
" Fe solution 7 - 2 3 3
o
Tremolite-Actinolite etc. & 8- 5 5
. : w3
Feldspar « 12
. &
Muscovite-Sericite Tr v = 12
. : o
Forsterite 1 w3 S
Sphene &
P>
Chrysocolla Tr -3
&
Fluorite Tr o
o °
Magnetite 8 - 3
] )
" altered to Martite 9 ﬁ 4 3
o
Hematite Tr o Tr Tr
Goethite-Hydrous Fe - .

Ox:ides 4 ‘ 3 4
Chalcopyrite Tr ' Tr
Pyrite Tr : Tr Tr

Total 100
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INTRODUCTION

In the previous tests on selected samples (Groups I, II, III and IV) from
Johnson Camp Venture #2 deposit, it was shown that about T0% to 80% of the
total copper content of these samples can be extracted readily by acid leach-

ing with varying acid consumption depending on the lime content of the sam-

ple (refer to MSRD report dated January 18, 1973). Thus:

Extraction -

v Grade Copper (%) Acid Consumption
Sample No. cu (%) (@ pE = 1) 1bs/ton ore 1lbs/lb Cu
Group I 0.73 81.1 T61 64.0
Group II 0.39 72.3 154 27.2
Group III 0.49 4.0 185 25.3

Group IV 0.53 3.7 12 k.4

The above results indicate that the major problem in the treatment of the
above ore samples is obvicusly the high acid consurptions, especially for

Group I ore, which presumably represents a major portion of the overall de-

' posit. The acid consumptions incurred by Group II, III and IV ore éamples

on the other hand, though high, may be acceptable in a commercial plant in

view of the availability of low cost acid in the future.

On the basis of the above data, it was recommended that’further‘research ef-

‘forts be concentrated Only on Group I sample for determining the best treat-

ment procedure.
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The additional testing planned for this second phase of the metallurgical

l.

- testing would include:

Effect of preheating on ammonia leaching systems with temperatures

ranging from 300°F to 900°F and as high.as 1050°C.

A combination of carbonate (marble or calcite) flotation followed by acid

leaching with the hope of reducing the acid consumption.

Acid leaching on coarser ore fractions under vat—leaching conditions with

the idea of forming synthetic gypsum (CaSOh) coatings on coarser calcitic

' particles and thus preventing their further decomposition by acid. Such

a technique may leaa to an economic extraction of copper with acceptable

acid consumption.

This Progress Report No. 2 covers the additional work carried out on the

project since the presehtation of the first report on January 18, 1973.



1.

CONCLUSIONS

The heat treating of the Group I ore sample pfior to ammonia leaching

was not very effective. The maximum recovery of contained copper

achieved amounted to only 24.3% on ore sample heated to 900°F.

The treatment scheme in which the Group I ore was subjected to flota-
tion of calcitic gangue followed by acid leaching of the flotation

tails also did not result in high enoﬁgh over-all copper extraction.

At best, about 67% copper extraction was achieved with an over-all

acid consumption of 300 lbs. HQSOh/ton of original feed or 34 1lbs.
Hgsoh/ 1b. copper leached. In order to be economically viable, the
extréction for the procedure under investigation should be in the

range of 85 - 90%.

The'proposed fiowsheet involving acid leaching of coarser ore fractions
(- 1/4" + 28—mesh) under vat leaching conditions and calcite flotation -
acid leaching on finer ore (- 28-mesh) did not indicate economically
acceptable over-all copper extraction although the acid consumption

was reduced by about half of the original reguirement. The reduction

in over-all acid consumption was expected and attributed to the formatioﬁ
of synthetic gypsum on the'sﬁrfaces of coarse calcite particles. Under-

the best test conditions, the extraction of copper using this flowsheet

-amounted to 65.3% with an acid consumption of 312 1lbs. HQSOh/ton.of ore

treated. Obviously, this extraction is not high enough to sustain a

practical vat leaching - flotation - agitation leaching operation.



4., On the basis of the reéults of the metallurgical studies on the
treatment of Group I ore sample from the Johnson Camp Venture #2
deposit, it is quite apparent that none of the conventional or newly
developed processes can be successfully applied for treating this ore.
Since Group I ore constitutes the major portion of the over-alil
deposit it is doubtful if the deposit under investigation could be
econcmically exploited under the cﬁrrent technological know-how.
No'doubt, that a successful treatment procedure will be found as a

result of a great deal of additional research, but any such concen-

trated effort will invclve considerable fﬁnds and time.



1. EFFECT OF HEAT TREATING ON AMMONIA LEACHING

EXPERIMENTAL WORK AND RESULTS

A series of ammonia BNHh)2003 = 50 gpl + 002 =25 gpi] agitatign and

bottle leach tests were conducted on Group I ore samples which were heat

treated prior to leaching. The primary aim of the heat-treatment was

to open up the pores of the layered silicate gangue present in the ore

in order to facilitate the penetration of the leach solution and to pre-

vent reabsorption of leached copper.

" The results of these tests are given in the attached Leach Test Data

sheets (DF-24, 25, 26, 27, 28, 29, 31 and 32) and are summarized as

. DF-32(4)

(A) = Agitation leach and (B) = Bottle leach

follows:
TABLE I
Test Heaﬁ-Treatment Leaching Extraction
Number Temperature Time (hr.) Time(hr) Cu (%) Remarks
DF-24(B) Ambient - T2 ‘1n.2
.DF;25(A) 1000°C 2 L 42.5 HpSO), leach,
| Wt. Loss = 15.2%
DF-26(B)  1050°C 2 % 5.8 Wt. Loss = 20%
DF-2T(A) 650°F 2 y 18.0
DF-28(A) 300°F 2 " 8.2
DF-29(A) © = 900°F 2 R 24.3
~ DF-30(A) Ambient 2 b 8.0 Unreported Data -
DF-31(A) = 850°F 2 _ 20.4 .
900°F 2 _ b 85.3 H,S0), Leach

(1151 1bs./ton)



The above resuits indicate that the heat treating of the Group I ore
samples prior to ammonia leaching is not very effective. With heat treat-

ment at suitable temperature (900°F) the extraction of éopper is only 2L.3%

- compared to 8.2% extraction at 300°F and 8.0% at ambient temperature. For
this reason, the Johnson Camp Venture #2 ores cannot be treated economi-

cally by heat treatment-ammonia leaching process.

It should be noted that about 85% of the total copper can be recovered
by heat treatment-HpS0) leaching with a very'high acid consumption amoun-
. ting to 1151 1bs. acid/ton of ore. However, the same results are achiev-

able without preheating of the ore.
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Type' " Bottle Leach L Date 1/5/73‘ .
Proaeét No. 2019 Sample No._0roup I " Test No. DF-2k
Weight Soligs 2% grams'. Size or Grind - 35 mesh
. Leach Conditions B R ‘3, o .
~ Solids 50 (%):ATeﬁpefafure' Ambient
Reagenf 'ﬁHhOH. T -4'iﬁnﬁil; Réagen% (NHh)gcoa (COQ)
:i " Comcentration ‘i3 = 50 &pl ' Cbncentratién. €O, = 25 epl |
‘. l.pH . Time ~ T2-Hour leach
. Sample Time Volume‘ o vRéageﬁt Assay . Extractidn. Reagent Consump; 
Date/# () (m1) pH =~ AddfUse () () ‘ )
“ :iMetallu£gica1 Balance - SRR ¥
Product Weight/Volumé ff-Aﬁésaj.( »bﬁ') Content ﬁistribution (%.
Preg. Soln. 154.0 m1 0.62 gpl 0.0955 7.91
. Wash Soln. 570.0 ml1 0.07 gpl 0.0399 3.31
2481 Leach Residue  198. g 0.5k % 1.071k 88.78
~ Total ' - ~1.2068 100.00
. Head’(éalculated)_ ~ 0.603 %;bufﬁ‘_:'} ’
‘Head (assayed) :0f66 %'éﬁ» }-:;
Remarks o E ‘ ‘A-:._
Bottle leaches were run capped. *
“Accountability = 91.3%
Extraction__ 11.22 " (4) Reegent Consumption

- 2487

T 7T LEACH TES'T DATA

Performed By



LEACH TEST DATA !

. ) 7
Type Agitation Leach Date 1/10/73 -
Project No. 2019 Sample No.Croup I Test No. DF-25
Weight Solids 100 grams @’"8) Size or Grind - 35 mesh
Leach Conditions 7 ) 4 T o
~ Solids 50 (% ) Temperature Ambient
Reagent | HyS0, ) ' Auxil. Reagent
Concentration 96% - " Concentration
. pH .0 et i 4 Hours
.,Sample Time  Volume A-._-Réagent ~Aésay . Extraction Reagent Consunp.
Date/# () (m1) pH = Add/Use ( ) (%) ‘ )
10:k0 12.2 ~ 12.2 initial - -
11:15 , ’ 20.0 ml '
11:30 , 6.35 ml
.. 2tk T Total Acid Consumption = 26.35 ml
ﬂ '.?Metallurgical Balance - LT - | \
i Prodﬁct A Wéight/Volumé :; Aséay ( Cu ) 1 Content  Distribution (%)
Preg. Soln. 110.0 ml " 0.Th gpl - 0.081L4 15.50
_Wash Soln. 590.0 ml - 0.24h gpl . . 0.1k20 27.00
Leach Residue = 94.5g . = 0.32% - 0.3020 57.50
Totals ' " 0.525)4 100.00
Head (calculated)0.62% Cu 1;”,£}A-“:“f
Head (assayed) 0.66% Cu
Remarks v x;},f e . A I . '..

Calcined for 2 hours, 100 gram sample; Temperature 950 - IdSOOC. Cooled and

then acid leached . Loss of weight 15.2 grams during calcination.

Accountability = 94%

Extraction’ 42.50. - _ (%) Reagent Consumption 1095 1bs acid/ton ore
. _ 211 1bs acid/lb Cu leached

Performed By : ’ o
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LEACH L2051 DAZA ™

Type Bottle Leach : Date 1/11/73 8
Project No. 2019 Sample No._Group I Test No._ _ DF-26
Weight Solids_ 115 grams (9%.5)  size or Grind - 35 mesh '

Leach Conditions

' Solids 31 o (%):ATeméefgfure-  Ambient
4Reagén£ NHhOH. '  B '."Aﬁiil; Réagen% (NHh)?C93
-Conéentration NH3.= 20 epl ' Con¢entration' ?gguigzz gpépl Ammonium Pef;ulphdte'
- pH . * ' ° mime _ 96-Hour Leach |
. Sample Time 'Volume- - ;Réageﬁt -Asséy . Extracﬁion Reagent'Consump.i
pate/# ( ) (m1) pH = Add/Use. ( ) z) - ( )

.. Metallurgical Balance iy #
7. Product Weight/Volumé o Aséay ( Cu ) Content Distridution (%)
'2630_Preg. Soln. 198.0 ml 0.1L gp1 0.0277 .69
. 2631 yash Soln. 700.0 ;. < 0.0l gpl | 0.0070 1.18
| 2654 Leach Residue 104.9g ~ ~  0.53%. 0.5560 ok.13
' Totals ‘ - " 0.5907 100.00
Head (calculated) 0.59 % Cu ".-*
.Héad (assayed) 0.66 4cu. ;.
Remarks ‘4 A”.ff Zl'_-ff.. I : - o . J
Calcined 115 gram sample at lOSOOC for 2 hours. Weighf loss.20.5 grams.
‘Accountability = 85%
© Extraction 5.8 (%) Reageht Consumption | -,

Performed By
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Heated sample in muffle furnace for 2 hours, tempera’t.;ure 600°F ~ 650°F

Type Agitation Leach .Dgfe 1/15/73 9
Project No. 2019 Sample No. Group I Test No._ DF-27
Weight Solids 20 grams Size or Grind - 35 mesh
Leach Conditions _
' Solids 33 (%) Temperafure Ambient
Reegent NH), O Awdl. Reagen:b (NH),) ,C03
- ) S ) ‘C0,, = 25 gpl
Concentration NH3 20 gpl ConcentratlonAnmonlum Persulphate = gpl
S pH - Eﬁmé 4 hours .
.Sample Time  Volume . Reagent - Assay . Extraction . Reagent‘Consump.
Date/# () (m1) pH  Add/Use ( ) (£) - ( )
':'Metallurgical Balance ST - g
- *. Product Weight/Volumé Assay ( Cu ) Content Distribution (%)
' © 2652 Preg. Soln. 148.0 ml 0.31 gpl 0.015 12.8
.. 2653 Wash Soln. 210.0 ml 0.03 gpl 0.006 5.2
2655 Leach Residue 19.2 g 0.50 % 0.096 82.0
~ Totals 0.117 100.0
Head (calculated)  0.59 % C@_"-
‘Head (assayed) 0.66.% Cu_
Remarks ' o ‘ .

and then leached with acid.

Accountability = 89.5%

18.0° (%)

Extraction

Reagent Consumption

Performed By




S LEACH T=EST DATA
P Type ‘Agitafion'Leach Date. 1/16/73
f Project No.2919 .Sample No. Group I Test No. DF-28
Weight Solids 20 grams Size or Grind — 35 mesh
. * Leach Conditions
i  Solids 33 Temperature Ambient
E ~ , - g .
... Reagent H, OH Awdl. Reagent (NH, ),C03
G e ._ _ '+ €O, = 25 gpl S
e " Concentration NH? = 50 epl ' Concent’atlon Armonium Persulphate = 2 gpl
I pH . Timé ) hours
- Sample Time  Volume - .Reagent - Assay . Extraction Reagent Cénsuﬁp.
Date/# () (m1) pE ~ Add/Use ( ) 4 )

I
f 1
L
=

] '11Metallurgica1 Balance = - LT
... - Product Weight /Volume ff Assay ( Cu) Content Distribution (%)

2659 Ppreg. Soln. 42.0 ml 0.15 .gpl - 0.0063 5.72 '
_ -‘.jf- 2660 Wash Soln. 270.0 ml 0.01 gpl’ 0.0027 2.hs5

' 2667 Leach Residue 19.4 ¢ -0.52 % - 0.1010 91.83

“ -+ - Totals 0.1100

" Head (assayed)

100.00

Head (éalculated)'

Remarks I

0.58"}%0&'__ o
£ 0.66 % Cu - .

Heat sample at 300°F fbr 2 hours and leach

;Accountability = 88%

Extraction 8.17

(%) Reagent Consumption

Performéd By




Type Agitation Leach , Date 1/16/73

CLEALN LEODT UALA S

Project No. 2019

Sample No. Group I

Test No. DF-29

Weight Solids, 20 grams Size or Grind - 35 mesh
Leach Conditions |
© Solids 33 (2) Temperature Ambient
Reagent NHhOH | Auwdl. Reaged¥ (NHu)QCOQ
e . o *1 CO, = 25 gpl : -
" Concentration NH3 = 50 gpl . Concentration Amimonium Persulphate = 2 gpl
:.'pE | ' o " " @ime b Hours

. Sample Time  Volume

Reagent - Assay . Extraction

(

11

ReagentvConsump.

)

Date/# ( ) _(ml) pE Add/use = ( )

W

Metallurgical Balance

" Product Weight/Volumé .‘ Assay ( Cu ) Content

Distribution (%)

Preg. Soln. 33.0 ml 0.75 -gpl  0.0248 20.06
Wash Soln. 260.0 ml 0.02 gpl 0.0052 4.20
Leach Residue . N © 0.48 % 0.0936 75.7L
Totals : ' - " 0.1236 100.00°

Head (calculated) 0.61%'Cﬁff'

‘Head (assayed)  0.66% Cu. . -
Remarks : .

Heat sample at 900°F fo 2 hours. Cool and leach.

Accountability = 92.5%

2. 26

Extraction " (%) Reegent Consumption

Performed By
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~ Agitation Leach

Type Date 1/17/73" R 12
Project MNo. 2019 .Sample'No. Group I Test No.  DF-31
Weight Solids 100 grams Size or Grind = 35 Mesh
Leach Conditions
' Solids 50 (2) Temperature Ambient
~ NH,OH - R S .
- Reagent 4 Auxil. Reagent (NHh)QCOS
o - . + €O, =50 gpl
' Concentration NHz = TO gpl Concentration (NHL)QSQ)L = 2 gpl
‘ :I4pH . e K 13mé' 4 Hours
Sample Time = Volume .- Reagent  Assay i Extractién Reagent Cohsump.
Date/# () (ml) pH = Add/Use ( ) . (% ¢ )
 1iMeta11urgical Balance : - N
© Product Weight /Volume ff Assay ( Cu ) Content Distribution (%)
Preg. Soln. 64.0 ml 1.45 gpl 0.0928 19;?5
Wash Soln. 280.0 ml 0.20 gpl 0.0560 7.69
Leach Residue 98.1 g 0.59 % 0.5790 79.56
Totals 0.7278 100.00

Head (calculated) 0.73 % Cu:;';*

| Head (assayed) 0.66 % Cu ‘}'--
Remarks 4 B

)N hovrs—

Heat 100 grams sample to 850°F and hold for 2 hours. Teach

Accountability = 110%

. Extraction 20. bk

(%) Reagent Consumption

Performed By
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LEACH TEST DATA H

. . 1
Type Agitation TLeach : Date 1/17/73 3
Project No. 2019 Sarple No. Group T - Test No. DF - 32
Weight Solids 100 grams Size or Grind ~ 35 mesh
Leach Conditions ' . | . .
~ Sollds 29 (%) Tempei‘afure Ambient
Reagent i HSO) " Auxil. Reagent
"< " Concentration 96% " Concentration
Z‘pH 1.0 R .  pime - 4 Hours
" Sample Time  Volume .. Reagent - Assay . Extraction Reagent Consump.
Date/# () (ml) pE = Add/Use ( ) (%) ( )
12:00 - 8.5 . .
12:08 1.0  12.10 mi
-12:15 1.0 - 4,95
S 12:55 1.0 b5
SR - - 2300 o 1,0 - 8.95°
: h:00 - - - 1.0 - 2,45
Total Acid Added = 32.60 ml
. _ Metallurgical Balance . S | _ | v ¢
-, Product Weight /Volume ) A.'Assay ( Cu ) Content Distribution (%)
| 2718 preg. Soln. 55.8 ml © 2.92.gpl '0.1629 - 2h.57
" 2719 Wash Soln. 320.0 ml 1.26 gpl . 0.4%030 60.78
2725 TLeach Residue ' 98.4 g . - 0.097 % ' 0.0970 14.75
' Totals ‘ > " 0.663 100.00

Head (calculated) 07663 %vcu';f,ﬁ“7.'

.Head (assayed) 0.66 Z,Cu o
Remarks e y .
Heat sample at 900°F fbr 2 hours. Leach b4 hours. . °

“Accountability = 100.5% .

ionA 1151 1bs acid/ton of ore
- 102.3 1bs acid/1b Cu leached

Extraction ©85.35 (%) Reegent Consumpt

Performed By
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2. CARBONATE FLOTATION - ACID LEACHING SYSTEM

Realizing that the excessive consumption of acid in the case of Gfoup I

type ore is due to the high content of lime (marble) in the 6re, efforts

~ were made to float off the major portion of the carbonate rock using con~

ventional calcite flotation system. The tailings from this flotation

step will then be subjected to acid leaching with the advantage of lower

over-all acid consumption.

A series of flotation-leach tests were performed using fatty acid type
anionic collectors (oleic acid and Pamak 25) to selectively float calcite

away from the copper bearing minerals followed by acid leaching of the

flotation tails.

One additional flotation test (DF-38) was run to determine the effectiveness

of amine-flotation of chrysocolla (CuSiO3'2 H20) and other copper-bearing

minerals while depressing the calcite and othér gangue minerals.

The results of these tests DF-33 to DF-37 are reported in the attached

Data Sheets and are summarized in Table II.

The results of the above tests reveal that the technique encompassing calcite

flotation, followed by acid leaching of flotation tails does not result

in high enough over-all copper extractions. At the best (Test DF-3L),

‘about 67% extraction of the total copper was achieved with an over-all

acid consumption of 300 lbs. H,S0)/ton original feed or 34 lbs. H,50)/1b.
Cu leached. Attempts'to lower the acid coﬁsﬁmption (Test DF-37) resulted

in lowering the over-all copper extraction to 58.5% with an acid consumption



amounting to T3 lbs. HpS0)/ton original feed or 9.5 lbs. stoh/ 1b. Cu
leached. In this latter case, the acid consumption is very favorable,
but this is attained at the expense of copper recovery. For this pro-

cess to be economically viable, the recoveries should be in the range of

85 - 90%.

Results of Test DF-38 indicated that the selective flotation of copper-
bearing minerals by amine type collector was not successfgl. Most of the

chrysocolla remained in the tails along with the major portion of calcitic

gangue.

15



TABLE II:

16

SUMMARY OF RESULTS .

Preliminary Lime Flotation Tests with Acid Leaching of Flotation Tails

Acid Consumption

' % Wt. Calec. Tailing, % Cu ' Cu Recovery, % #/ton

Test Ore to Head Lime Leach Comb. Float Leach Overall # / Orig. #/ton
No. Leach % Cu Conc. Residue Tail =~ % % % 1lb/ton # Cu _Ore Leached
DF-1 100.00 .T3 - .14 .1k ;- 0 81.1 8i1.1 11.9 65 177 177
DF-33 T72.51 .71k .246 .1k .168 90.5 83.6 T76.5 10.9 54 584 805
DF-34 57.76 .665 .294 .18 .221 81.3 82.2 66.8 8.9 3k 300 503
DF-35 16.80 .666 A2 .39  .39%% k9.0 83.0 k0.6 5.k 6.2 33.6 200
DF-36 23.00 .675  .290 .27 .300 66.0 83.0 5L.8 T.2 10 T2 300
DF-37 24.00 .65 .260 .32 277 70.3 83.2 58.5 7.7 9.5 T3 310
DF-38 64.00 Not Effective - Flotation was not selective enough.

710, pH = 8.5
Na_SiOg (0.3 1b/ton), pH = 9.6.

NepSiO; (0.3 1b/ton), pH = 8.5.
Na28103 (0.3 1b/ton), NH,OH = pH 9.6.

Amine D-Acetate (1.0 1b/ton), Kerosene (1.5 1b/ton), Nach (0.3 1b/tc

In this test efforts were made to selectively float chrysocolla
and other copper minerals while depressing the calcitic gangue.

(A) Flotation Conditions
1) DF-33 & 34: Oleic acid, C. Reagent
2) DF-35 : Pamak 25 (2.0 1b/ton),
3) DF-36 Pamak 25 (1.5 1b/ton),
4) DF-37 Pamak 25 (1.5 lb/ton),
5) DF-38

(B) Note:

Cleaning of lime rougher concentrate in Test DF-3k4, 35, 36 and 37 would

probably improve copper rejection to tailing, and therefore, overall
" copper recovery, at expense of somewhat higher acid consumption.



MOUNTAIN STATES RESEARCH & ﬁEVELOPMENT
‘ . Project No. 2019

age 1 of 3
Date Table No. Test No. DF-33 17
FLOTATION TEST LOG SHEET 1/18/73 : . :
CONDITIONS AND REAGENTS
Conditions ' Reagents-Pounds Per Ton
Point of Time}Solids . | Dleic . iMachine
Addition wins| (z) | P [FemP- 5“&2‘303_’ NaSil NaCl | T10 hoiq | RPM
Grind 5 67 1.2 1. .20 ?
__Condition #1 1 22 | 9.0 : .12 1600
. ; .12 aflded @2 min
Rougher #1 6 l .12 afided @|4 min
Condition #2 1 .12 | .11 hdded @ 2 min
_ , .12 11 i
Rougher #2 6 .12 .11 hdded @ b min
i
Remarks -
Only small amount limestone Ffloating with 710 alone
Good lime float with combination of Oleic + T10
METALLURGICAL RESULTS
Product W?%%ht Assays (%) . Conte?ts Distribution (%)
Cu | | : Cu
Heads Assay 0.66
Lime Ro. Conc. |27.49 0.2k6 . 9.9
Lime Ro. Tail |}72.51 {0.85 _ _190.1
Calc. Head  |100.00 [0.684 100.0

Ratio of Concentration
Remarks

Lime Ro. Tail to acid consumption test —See DF 33

Performed By
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 LEACH L5577 DAJA

pH

Extraction

‘Head (assayed)

o

Remarks

Leached rougher tails hfter flotatlon

v Page 2 of 3 18
Type Agitation Leach Date 1/19/73
Project No. 2019 Sample No. Group I Test No. DF-33 (McA-1)
Weight Solids 100 grams Size or Grind
. Leach Conditions
~ Solids 33 (%) Temperature Ambient
Reagent H550), B Anxil Reagent
" Concentration 96% ’ Concentratlon
1.0 e Timé '} "Hours ¢
. Sample Time  Volume - Réagent -Assay . Extraction ReagentvConsump.u
Date/# () (ml) pH  Add/Use ( ) (%) “ (
11:55 .75 22.8 ml- .
4:00 1.0 '
Metallurgical Balance - \
" Product Weight/Volumé - Aséay ( cu) Content Distrivbution (%)
Preg. Soln. 150.0 ml 2.65 gpl 0.398 L) .66
Wash Soln. 660.0 ml 0.5b4 gpl 0.356 39,96
Teach Residue - Q2.7 g 0.1L48 % 0.137 15.38 _
 Total . " 0.891 10Q.00
Eeéd (calculated) 9‘89%
0.85% . .

% Accountability = 94.1%

8h.62

(%) Reegent ConsurptlonBOS lbs/ton of Ro, Tail

Performed By

53.3 lbs ac1d/lh Cu leached ;n

Ro, tall
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_ MOUNTAIN STATES RESEARCH & DEVELOPMENT

Page 3 of 3

Date Table No. Test No,»' 33

FLOTATION TEST LOG SHEET |
CONDITIONS AND REAGENTS

Conditions Reagents-Pounds Per Ton

. . . Point of Time|Solids ’ |
Addition Mins| () | PH |TemP: g 1
'i-
i
Remarks
SUMMARY SHEET

METALLURGICAL RESULTS Flotation + Leaching of Ro. Tail

Performed By

Weight Assays (%) Contents Distribution (%)
Product (%) Cu ’ ‘ Cu l l Cu
' Headé Assay 0.66
Lime Ro. Conc. [27.49 | 0.244 | .oss8 9.5
Lime Ro. Tail
'1) Preg. + Wash | 587.33 |0.093 e 546 76.5
2) Leach Residue| 67.49 |o0.14 |. , .100 “|1k.0
3) Loss in Weighk 5.02 ;
~ Calculated Head { 100.00 {0.T71L 100.0
Ratio of Concentration ' -
Remarks Cu Recovery, lbs/ton original ore 10.9
Acid Consumption, 1bs/1lb. Cu 53.5
: 1lbs/ton eriginal ore 584
1bs/ton lime Ro-Tlg 805




- MOUNTAIN STATES RESEARCH & DEVELOPMENT ~

Project Ho. 2019

Page 1 of 3 ,
Date 1/21/73 Table No. Test No. (gg-gh)
FLOTATION TEST LOG SHEET |
CONDITIONS AND REAGENTS
Conditions Reagents-Pounds Per Ton
. . Point of Time|Solids | Oleic i Machine
Addition Mins| () | P¥ Temp‘.Na2COJ NaSil NaCN [ 710 |osq - i RPM
' .
Grind 5 67 1.2 |1.8 | 0.20
Condition 1 22 | 9.0 0.20 | 0.22 1800
T . 0.20 | 0.22 ptaged|{@ 2 min
Rougher 0 0.20 | 0.22 ptagedi@ 4 min
Remarks

. Appeared to be good selective lime float.

Cleaning may help Cu rejection from the calcite concentrate and, thus, would
report in the leach feed. . :

METALLURGICAL RESULTS:

Distribution {%)

Product W?;§ht Cu:.A?says (%) - Contents 2
Headé Assay 0.66
Line Ro. Conc. k2,24 | 0.294 0.12# 17;8
Lime Ro. Tail 57.76 | 0,99 0.573 82.2
Calc. Head |100.00 | 0.69 0.697 1.00.0

Ratio of Concentration

Remarks

Performed By



MOUNTAIN STATES RESEAPCH AND DEVELOPMENT

Operator

300 lbs. Acid/ton ore
29 1bs/1b Cu leached

- 1EACH TEST DATA Page 2 of 3 21
i; Project No. 2019 Sample __Flotation Tails Test No. DF-3k4
%*. Weight Solids __ 100 grams Size of Grind =35 mesh
Leach Conditions
4 Solids 33 (%) Temperature Ambient 'pH - 1.0 Time L4 hours
3 Reagent  HoSOY Auxil. Reagent
T Concentration Concentration
. Sample Time Volume Reagent Assay Extraction Reagent Consump.
: Date/# (___) (ml1) pH Add/Use ( ) (%) ( )
t‘ ~11:00 0.85 15.2 ml
o 3:00 1.00
L .Metallurgical Balance
Proauct Weight/Volume Assay (Cu ) . ‘Content Distribution (%)
Preg. Soln. 160 ml 2.69 gpl 0.430 46,38
= Wash Soln. 390 ml 0.8k gpl 0.328 35.38
Leach Residue 93.7 g 0.18% 0.169 18.24
Total 0.927 100.00
Head kCalculated) 0.927% cCu
Head (Assayed) 0.915% Cu
Remarﬁs: Léached rougher tails after lime flotation.
-i Extraétion 81.76 (%) Reagent Consumption 503 1bs. Acid/ton Ra Tailing _




. PROJECT NO. _ 2019

MOUNTAIN STATES RESEARCH & DEVELOPMENT

Date 1/20/73

22

Page 3 of 3

Table No.

Test No. DF-34

' FLOTATION TEST LOG SHEET

CONDITIONS AND REAGENTS

Conditions Reagents-Pounds Per Ton
! Point of Time|Solids
"~ Addition Mins| (2) | P2 [|FemP
T
Remarks o
SUMMARY SHEET
ﬁ‘f METALLURGICAL RESULTS Flotation & Leaching of Ro. Tail
S . . . . . e
Product W?%%ht Assays (%) Contents Distribution (%)
- Cu | | Cu Cu
" Heads 0.66
" Lime Ro. Conc. k2.24 | 0.294 0.12h4 18.8
Lime Ro. Tail 57.76 6.927 0.535 ‘
1. Preg. & Wash |.550.00g)] 0.138 0.437 66.8
2. Leach Residue sk.20 | 0.180 0.098 1h. Y
© 3. Loss in Weight| 4.56 .
Calculated Head | 100.00 10.659]"
Ratio of Concentration
f; Remarks ‘. Cu Recovery, lbs/ton original ore 10.1
L , Acid Consumption, lbs/1b Cu 29.0
- : : 1bs/ton original ore  300.0
lbs/ton Ro. Tailings 503.0



PROJECT NO. _ 2019

° MOUNTAIN STATES RESEARCH &.DEVELOPMENT

Date

FLOTATION TEST LOG SHEET

1/23/73

Table No.

AT

Test No.?DF-35

CONDITIONS AND REAGENTS

Conditions Reagents-Pounds Per Ton
Point of Time|Solids ) . :
Addition Mins| () | PR [|FemP-|Na,Si0, Famak
Grind 5 67
Condition 1 22 |9.6. 0.3 1:5
Rougher 6 22
Remarks
' Lime flotation with Pamak 25.
Rougher tailings leached with HQSOH at pH 1.0.
SUMMARY
METALLURGICAL RESULTS . Flotation + Leaching
. . . .<‘ . . 17
Product W?%%ht Assays (%) Contents Distribution (%)
ce | Cu | Cu
Heads Assay 0.66
Lime Ro. Conc. 83.2 ]o0.h2 _Jo.3uY 51.4
Lime Ro. Tail 16.8 1.92 0.322 -
1) Preg + Wash _ |595 ml | 0.0k45 0.268 40.6
- 2) Leach Residue | 16.7 g 10.32 0.05h4 8.0
. i
" Calculated Head [100.00 {0.67 | 0.666 100. 00
Ratio of Concentration '
Remarks . Cu Recovery, lbs./ton original ore = 5.k
Acld Consumptlon, 1bs/1b. Cu leached = 6.2
1bs/ton original ore = 33.6

lbs/ton lime Ro. Tail = 200



[ : MOUNTAIN STATES RESEARCH & DEVELOPMENT " ol

PROJECT NO. 2019 Date  2/2/13 ~ |Table No. Test No. DF-36

" * FLOTATION TEST LOG SHEET !
= CONDITIONS AND REAGENTS

. i Condipions . BeagentsoPounds Per Ton
'igigtigﬁ_ ing S?éids PH |TemPeIne 510, Pagg#
’ftj Grind l ‘5 67
Condition 1 22 ]8.5- 0.3 1.5
Rougher 6 | 22

Remarks
' Lime flotation with Pamak 25.
. Rougher tailings leached with H;SO) at pH 1.0.
SUMMARY
= METALLURGICAL RESULTS - Flotation + Leaching
Product Wc(a%ht Assays (%) Ccnte?ts Distribution (%)
- cu_| i : Cu ! Cu
Heads Assay 0.66
Lime Ro. Conc. 77.0 |0.29 0.225 33.0
- Lime Ro. Tail '23.0 |1.89 | 0.450 S
1) Preg + Wash ~ | 590 ml | 0.055 | 0.374 | 54.8
- ' 2) Leach Residue 22.8 g |0.273 1 0.076 -|12.2 ‘
J {
Calculated Head 100.0 0.68 0.675 100.0 -
Ratio of Concentration ’ , A '
Remarks Cu Recovery, lbs./ton originai ore = T.2
s o ) Acid Consumption, 1lbs./lb. Cu leached = 10.0
1lbs./ton original ore = T2
lbs./ton Lime Ro. Tail = 300



PROJECT NO. 2019

. MOWITAIN STATES RESEARCH & DEVELORMENT

Date  2/6/73

FLOTATION TEST LOG SHEET

Table No.

Test No.

DF-37

CONDITIONS AND REAGENTS

Conditions Reagents-Pounds Per Ton
. ) igggtigﬁ ﬁiﬂ? s?%%ds pl |Temp. Na2SiO3 Paggk NH),0H
Grind 5 67
Condition 1 22 |9.6 0.3 1.5 | -—-
Rougher 6 22

Remarks

Lime flotation with Pamak 25 and pH adjusted with ammonia.

Rougher tailings leached with stoh at pH 1.0.

" Acid Consumption, 1bs./1b. Cu leached
1bs./ton Original Ore
1bs./ton Lime Ro.

nnn

Tail

9.5
72
310

SUMMARY
METALLURGICAL RESULTS = Flotation + Leaching
Weight Assays (%) Contents Distribution (%)
duct 22,
Froduc (@) [cu i G T | Ca

Heads Assay 0.66

Lime Ro. Conc. 76.0 0.26 0.200 - 30.8
Lime Ro. Tail 240 |1.90 0.452 —

1) Preg. + Wash |585 ml | 0.065 0.380 58.5
' 2) Leach Residue | 23.9 g | 0.32 0.077 10.7

i

Calculated Head | 100.00 { 0.65 0.652 100.0
Ratio of Concentration '

Remarks Cu Recovery, 1bs./ton original ore = T.7
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3; MODIFIED VAT LEACﬁING TO REDUCE ACID CON3SUMPTION

One of the ways under which excessive acid consumption may be reduced is by
inducing synthefiq gypsum coatings on coarse calcitic gangue particles, which
retard their dissolution. Such coatihg can be induced by alléwing strong acid
solution to come in contact with coarsé ore particles as would be possible
under vat leaching conditions. In this case, the ore would have to be re-
duced in size sufficiently to expose most of the oxide copper mineralization.
Also, for the technique to work effectively it would be necessary to remove
the fine fraction (say minus 28 or 35 mesh) of the ore which would be the
higher acid consuming material. This fiﬁe fraction may then be subjected

to flotation (without grinding) to remove most §f the calcite followed by

acid agitation leaching of the flotation tails.
The proposed flowsheet for the above ﬁreatment procedure is shown in Figure 1.

As‘can be seen, the ore’'is cruéhed tﬁrqugh 1/4-inch and screened on 28-mesh to
obtain a coarse fraction (-1/4-inch + 28-mesh) which goes to vat leaching and

a fine fraction (- 28-mesh) which is éubjécted to flotation for calcite re-
moval. The tailings from this step are then leached in a conventional agitation-

leach process or the Leach-Precipitation~Flotation process.

The selection of 28 mesh as the dividing size for coarse and fine fraction is
based on the following reasonings: |
l.' Minus 28-mesﬁ ore fraction can be subjected to flotation without
‘additional grinding. |
2. _Thi§ size ffaétion can be readily handled in the agitation leach
step to follow after flotation.

3. The size-assay analyses as shown in Tables III, IV, V and VI for‘
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Figure 1

PROPOSED FLOWSHEET

GROUP_I ORE

Run -of-Mine Ore

C&T‘M

Screenin
‘ ———jr—e—ﬁ
[

v

Coarse: -4" + 1/8" mesh

To_Heap Leaching
or

~=1/4" + 28-mesh

To_ Vat Leaching

Cementation (Fe from Magnetite)

or

SX - Electrowinning

L 'PREMISE

Fines: -1/8" or -28 mesh

Flotation

Concentrate (Marble) Tailings (Cu-rich

Agitatioﬁ Acid Leachir

or

Leach-Precipitation-
Flotation
(Fe from magnetite)

1) The proposed flowsheet is based on effective acid leaching of coarse ore under which
a protactive layer of gypsum is formed on coarser particles, Such a coating pre-

vents further dissolution of marble and thus, excessive acid consumption.

2) This phenomenon is not favorable for treatment of fines which are subjected to
flotation to remove most of the marble followed by leaching of flotation tailings.



Group I, II, III and IV samples respectively clearly indicate
that the plus 28-mesh is a convient split because a major (about

67%) portion of the copper content is distributed above this size.

-~

It should be noted that the proposed process would be a more expensive system

as compared to heap leaching and for this reason, the process must realize an

over-all recovery of 85 - 90% in order for it to be economically attractive.

A series of vat-leach simulation tests were run on minus 1/4"+ 28-mesh fraction

with varying concentrations of acid in effort to optimize the gypsum coating
on coarse calcite particles. It was found that a 50 gpl HQSOh solution pro-

vided the best coating conditions. However, the acid consumption was still

quite high.

The experimental data and results of a typical leach test are shown in the

following Leach Test Data sheets‘and these results are graphically presented

in Figure 2.

As-can be seen, an over-all extraction of about 65% copper was attained over

a 10-day leaching period with an acid consumption of 429 1bs. stoh/ton of

‘ore (-1/4" + 28-mesh fraction) treated or about 50 lbs. HQSOh/ 1b. Cu leached.

These results represent a reduction of over-all acid consumption from ahbout

800 lbs.'stOh/ton ore to about 430, a reduction of nearly half of the ori-

- ginal acid consumption level. However, the extraction of copper amounting to

65% is not high enough for this type of leaching system (at Inspiration Vat

leaching recovers about 90 to 94% copper). Also, the rate of leaching is

flSlower than is achieved in commercial vat leaching operation (90% extraction
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" in about 6 days leaching time).

The over-all metallurgical results of the proposed process can be evaluated

from the following metallurgical balance.

Over-all Acid
) Treatment ‘Weight  Extraction  Extraction Consumption
Size Fraction Step (%) (%) (%) 1bs HQSQ#/ton ore
- 1/4" + 28-Mesh Vat Leaching 68 65 4.1 294
~ 28-Mesh Flotation + 32 © T 66%* o 21.2 18
Leaching i
Total 100 65.3 312

% Flotation + leach step recovery is estimated at 65% under optimum conditions.

The above table shows that thevover-ali recovery of copper using the proposed
process would amount to 65.3% witﬁ an acid consumption of 312 1bs. H,S0),/ton
éf ore treated. For the Group I ore assaying 0.66% Cu, this amounts to a re-
covery of 8;6 1bs. copper %ith an acid consumption of 36.3 lbs. H,80), per 1b.

copper recovered.

It is understandable that the above metallurgical results may not be economically

favorable for a commercial operation (set target of about 85 - 90% over-all

‘recovery); However, it does provide a possible process for treating high lime

containing ore (Group I), especially, if it could be blended with lower lime

- containing ores (Group II, III and IV).
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