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Int r oc1 uction 

A S('riC S of leach tests have be e n conducted on various orE' samples frorn the' 

l<o rn Kob Mine property , near Tucson, Arizona, using the n e w T L L e aching 

conc ept. 

TL LE'achjn g , b (~c ause of its proprie tary nature, may only b e describ e d in 

this report as a hig hly modified forrn of percolation l eaching wherein crushed 

ore is ve :ry e ffective ly leache d in a short pe r iod of time with a nlinirnunl usage 

of acid l e aching reagent and in a plant having low capital and operating costs. 

Nurnerous small and large scale tests on other ores have shown that this 

techniqu e is far sup(~ r:ior to any of the pr f~sent methods u.sed in l e aching orcs. 

It is not unusual to achieve above 95% recovery on an unsiz e d, crushcc1 oxidC' 

c opper are that would n o rmally yield about 80% recovery by rll c ans of a 

cornplicated and expensive vat leach. 

Percolation and agi~ation leach tests that have previously been run on finely 
~ 

ground or crushed Korn Kob ores at ambient temperatures hav e yield e d recoveries 

in the range of 15 to 75% withm.ost re sults in the 60 to 70% range (sec Essex 

reports). In the Ess ex te sts, acid consuni ptions we re gene rally about 7# / If eu. 

for t e sts run on the No r th Pit ores and 11#/# Cu. for tests conducted on the 

South Pit ore s. 

Four separate run-of-mine ore samples \vith a combined weight of about 400# 

were subnlitt e d by Mr. Dirk Den-Baars of Keystone Minerals, Inc. As of this 

d a t e; only t wo of these sample s have heen used in te s ting, viz; I<I<HSI representing 

the tactite ore from the North Pit and KKHS2 repr e senting t he tactiLe (skarn) 

or e of the South Pit. 
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These ores have a high hematite and magnitite content and are relatively 

heavy and impermeable to downward percolated leach solutions. 

Results 

The test conditions and results are tabulated in Table 1. 

Conclusions 

The Eorn Eob ores responded quite well to leaching by means of TL Leaching 

techniques. Recoveries were generally high, acid consumptions were 

relatively low, the total leaching period was short, and the pregnant lea c h 

li quo r s we re of hi gh quali ty. 

Recoveries of copper varied somewhat with the grade and type of ore treated. 

High grade ores (.917 and 1. 20% Cu) crushed to minus 112 inch fronl the 

North pit yi e lded recoveries in the 90 to 97% range; whereas, a 1110re average 

pit grade ore (.527% eu) from the South pit gave recoveries in the 86 to 87% 

range when crushed to either ITlinus 1/2 inch or minus 3/8 inch. 

Gross acid consumptions were 5-6.2# I#Cu recovered on the high-graoe North 

pit ores and about 10#1# Cu in those t e sts run on the South pit ores under 

low-acid conditions. The net acid consurnptions, wherein credit is given for 

the acid generated in the solvent extraction-electrowinning circuit and for 

the acid equi valent ferric iron that results from leaching, are about 3 to 5# 1# 

Cu less that the above-mentioned gross acid consumptions. Hence, the net 

acid consumptions would be about 2# IHCu and 6# I#Cu for the North and South 

Pit orcs tested in this study, respectively. 

The total loading , leaching, rinsing , and discharging times were four days in 

each of these t e sts. 
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INTRODUCTION AND SUMMARY 
,_ '/ . , 0) 

/ ~(( /,'/1.1 It' l / ') 

Samples of drill cuttings from a copper ore body were submitted by 

Essex Inte rnational, Inc., for leaching studies . The grade of the samples 

varied from 0.32 to 0.69% copper. Mineralogical examination indicated that 

the copper was associated with iron oxides. Separating the strOngly magnetic 

fraction, however, did not c'oncentrate the copper values. Neither did screen­

ing the minus 1/4-inch drill cuttings received on 100-mesh. 

Most of the tests were conducted on the sample of Hole 4A which 

analyzed 0.32% copper. A few tests were conducted' on Composite A, an equal 

weight composite of Holes 3, 5, and 7 which analyzed 0.42% copper. The 

following techniques were tested: 

1. Agitation acid leaching. 

2. Percolation leaching. 

3. Acid ferric sulfate leaching. 

4. Ammonia leaching. 

The best results were obtained by agitation acid leaching and percola­

tion leaching and are summarized as follows: 

Type Test. 

Agitation leach 
Agitation leach 
Agitation leach 

Percolation leach 

Agitation leach 
Agitation leach 

Sample Grind 

Hole 4A -1/4 inch 
Hole 4A -20 mesh 
Hole 4A -28 mesh 

Hole 4A -1/4 inch 

* gompositc A - 2 8 mesh 
Composite A -28 mesh 

okComposed of equa 1 weight s from Holes 3, 5, 

H2 SO4 % Cu 
Addition! lb/ton Extraction 

70.5 55.1 
70.8 61.6 

100.0 72.5 

86.4 64.6 

127.4 66.8 
195.5 70.2 

and 7. 

---. 

The reagent consumptions per pound of copper extracted are high because 

of the relatively low grades of the samples treated. Even higher coppe r extrac­

tions, 80-82%, were ohtained by agitation leaching of minus 100-mesh ore with 

relatively large amounts of sulfuric acid or sulfuric acid and ferric sulfate. 

hri 

INTRODUCTION AND SUMMARY 
,_ '/ . , 0) 

/ ~(( /,'/1.1 It' l / ') 

Samples of drill cuttings from a copper ore body were submitted by 

Essex Inte rnational, Inc., for leaching studies . The grade of the samples 

varied from 0.32 to 0.69% copper. Mineralogical examination indicated that 

the copper was associated with iron oxides. Separating the strOngly magnetic 

fraction, however, did not c'oncentrate the copper values. Neither did screen­

ing the minus 1/4-inch drill cuttings received on 100-mesh. 

Most of the tests were conducted on the sample of Hole 4A which 

analyzed 0.32% copper. A few tests were conducted' on Composite A, an equal 

weight composite of Holes 3, 5, and 7 which analyzed 0.42% copper. The 

following techniques were tested: 

1. Agitation acid leaching. 

2. Percolation leaching. 

3. Acid ferric sulfate leaching. 

4. Ammonia leaching. 

The best results were obtained by agitation acid leaching and percola­

tion leaching and are summarized as follows: 

Type Test. 

Agitation leach 
Agitation leach 
Agitation leach 

Percolation leach 

Agitation leach 
Agitation leach 

Sample Grind 

Hole 4A -1/4 inch 
Hole 4A -20 mesh 
Hole 4A -28 mesh 

Hole 4A -1/4 inch 

* gompositc A - 2 8 mesh 
Composite A -28 mesh 

okComposed of equa 1 weight s from Holes 3, 5, 

H2 SO4 % Cu 
Addition! lb/ton Extraction 

70.5 55.1 
70.8 61.6 

100.0 72.5 

86.4 64.6 

127.4 66.8 
195.5 70.2 

and 7. 

---. 

The reagent consumptions per pound of copper extracted are high because 

of the relatively low grades of the samples treated. Even higher coppe r extrac­

tions, 80-82%, were ohtained by agitation leaching of minus 100-mesh ore with 

relatively large amounts of sulfuric acid or sulfuric acid and ferric sulfate. 

hri 



( 
.. .... 

- 2 -

ORE SAMPLES 

Composite samples of drill cuttings from six holes were received 

on October 29, 1970 via Greyhound bus from Es sex Interna tiona I, Inc. , 

Tucson, Arizona. The identi.fications and analyses of these samples were 

as follows: 

HRI 
No. 

3216-1 
3216-2 
3216- 3 
3216-4 
3216-5 
3216- 6 

Composite A 
(3216-2-5- 6) 

Table 1 

Ana lys is of Ore Samples 

Hole +100 -100 
No. Total Mesh Mesh 

1 O. 69 0.53 0.87 
3 0 .44 0.33 0.58 
4 0.43 0.36 0.57 
4A 0.32 0.23 0.49 
5 0.41 0.34 0.59 
7 0.38 0.29 0.49 

(3,5,7) 0.42 

% Acid 
Soluble Cu 

0.27 0.75 

The samples as received were minus 1/4-inch in size. The analyses 

of the plus and minus 200-mesh fractions were made to determine if a concen­

tration by sizing could be achieved. The results are not encouraging. 

A semi-quantitative x-ray fluorescence scan of Composite A is shown 

in Table 2. 
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Copper 
Silver 
Gold 
Zinc 
Cadmium 
Mercury 
Gallium 
Indium 
Thallium 
Germanium 
Tin 
Lead 
Arsenic 
Antimony 
Bismuth 
Selenium 
Tellurium 
Bromine 
Iodine 
Iron 
Cobalt 
Nickel 
Cesium 
Rubidium 
Barium 
Strontium 
Titanium 

---

- 3 -

Table 2 ----
Semi-Quantttative X-ray Fluorescence Analysis 

Composite A Head Sample 

0.36 

0 . 13 

0.033 
0.002 

9.1 

0.004 

0.007 
0.047 

Zirconium 
Hafnium 
Thorium 
Vanadium 
Columbium 
Tantalum 
Chromium 
Molybdenum 
Tungsten 
Uranium 
Manganese 
Lanthanum 
Cerium 
Praseodymium 
Neodymi.um 
Samarium 
Europium 
Gadolinium 
Terbium 
Dysprosium 
Holmium 
Erbium 
Thulium 
Ytterbium 
Lutetium 
Yttrium 

0.003 

0 .0 03 

0.009 

1 . 8 

Note: The values above are est imated percentag e s for the metal equivalent of the 
indicated elements. No check was made for elements with atomic numbers 
less than 22 (below titanium) . 
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MINERALOGY 

Sa mples from six composites were submitted by Essex International 

for mineralogical analysis. The samples were designated HRI numbe rs 3216-1 

through 6. Polished sections and thin sections were prepared of the individual 

samples by impregnating the granular composites with epoxy. 

From this examination it appears that the composites are composed of 

two distiLct rock types. The predominant type is a garnet-chlorite schist or 

tactite with considerable amounts of magnetite~hematite. The other rock type 

is a phyllitic schist. The principal copper mineralization seems to be associ­

ated mostly with the garnet-chlorite schist or tactite. 

The copper minera lization occurs primarily as cupriferous iron oxide 

and chrysocoUa. Traces of malachite I tenorite I .and delafossite (?) were 

noted but comprised less than one percent of the copper present. Sulfid e s 

were almost totally lacking but a few grains of pyrite and chalcopyrite were 

not ed. 

Some consideration has been given to the possibility of copper occurring 

as a phosphate. Most of the known copper phosphates are either shades of 

green or blue and fairly easily recognizable 0 None were noted in any of the 

samples. The only phosphate mineral detected was apatite I the calcium 

phosphate. 

The calcite content of the samples varied considerably. Sampl.es 1 and 

3 contained almost no calcite whereas several percent of ca lcite wa s noted in 

the other samples. 

The magnetic fraction of the samples also varied. Magnetic concentra­

tions were made wlth a hand magnet. The results of the magnetic separations 

are shown in the following table. 
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Sample 
No. 

/'v'L 'T ·f/.. ()r/E 32 1 6- 1 
3216-2 
3216-3 

j 3216-4 

l 3216-5 
3216- 6 

- 5 -

Table 3 

Magnetic Separation Results 

~-Cle- .tF Weight % 
/0£"' /(4 Magnetic 

/ 0 ,69' 8 
3 _. (f-l- -; 20 

4- - - ' CJ '1 3 30 

4/.) t} . ) "" 33 

5 L~l. '/1 13 
'7 -- c? , J/! 17 

Weight % 
Non-magne tic 

Average 20 

92 
80 
70 
67 
87 
83 
80 

The magnetic fraction was composed primarily of magnetite I which 

was partially altered to hematite, and a h igh- iron garnet. Minor amounts of 

amphibole and chlorite were also present. 

Following the magne tic separation of the individual samples, using 

a hand magnet, a wet magnetic separation of a sample of Composite A ground 

to minus 100-mesh was made in the Dings Davis Tube. The magnetic and 

non-magnetic fractions were analyzed for copper with the following results . 

Sample 

Magnetic 
Non-magne tic 
Calculated head s 
As s ayed heads 

Table 4 

Dings Davis TuJ?e Magnetic Separation 
Composite A Ground to - 100 Mesh 

Weight % % Cu % Cu Distributi on 
-~ •.. --- --- -.---

6.5 o . 141 2.3 
93.5 0.426 97.7 

100.0 0.41 100.0 
0.42 

The result s of semi- q uantitative x-ray fluorescence analys es of th e 

magnetic and non-magneti c fractions are shown in Table 5. 

The strong magnetic concentrate contained only 2.3% of the copper 

in the test feed. A magnetic separCltion at a much higher intensity would 
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probably be required to concentrate the copper and iron va lue s in the sa mple. 

Tra ce amounts of zircon and a mine ral which might be monazite were 

noted in all sumples along with apatite. A few grains of fluorite were also 

noted. 

The samples have a tan to brownish color due to the alterati on and 

oxidation of some of the .iron- bearing minerals. The phyllitic schist I which 

contains few iron-bearing minerals, lends a grayish color to the samples 

depending on the amount of this rock type present. 

The identification of rock types is difficult in this type of sample 

since few particles are large enough to ascertain textural and mineralogical 

associations. 

The locking of grains is not important in this type of sample since 

liberation of copper- bearing minerals from gangue is not required. The e xam­

ination, howe ver I indicates that the copper-bearing minerals are generally 

coarse and where chrysocolla is present with other minerals, it occurs as a 

surface coating. A few grains of ~ale blue quartz which probably contain a 

minor amount of the total copper mine ralization were noted in the study. Thi s 

copper would be difficult to recover because little of the copper would be pre­

sent at the surface but the a mount of this type of minera lization is s ma 11 and 

is not important. 
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Table 5 

Semi-Quantitative X-ra~orescence Analysis 
Composite A, Magnetic and Non-magnetic 

Magnetic Fraction - M 
Non-magnetic Fraction - NM 

M NM M NM 

Copper 0.16 0.59 Zirconium 0.012 
Silver Hafnium 
Gold Thorium 
Zinc 0.033 0.13 Vanadium 
Cadmium Columbium 0.003 
Mercury Tantalum 
Gallium Chromium O. 15 
Indium Molybdenum 0.00 4 
Tha lli um Tungsten 
Germanium Uranium 
Tin Manganese O. 81 1 . 8 
Leoad 0.055 0.019 Lanthanum 
Arsenic Cerium 
Antimony Praseod ymi um 
Bismuth Neodymium 
Selenium Samarium 
Telluri urn Europium 
Bromine Gadolinium 
Iodine Terbium 
Iron 44 5.6 Dysprosium 
Cobalt Holmium 
Nickel 0.013 0.008 Erbium 
Cesium 

00019 
Thulium 

Rubidium Ytterbium 
Barium Lutetium 
Strontium 0.006 Yttrium 0.008 
Titani urn 0.067 0 0068 

Note: The values above are estimated percentages for the metal equivalent of the 
indicated elements. No check was made for elements with atomic numbe rs 
less than 22 (below titanium). 
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Antimony Praseod ymi um 
Bismuth Neodymium 
Selenium Samarium 
Telluri urn Europium 
Bromine Gadolinium 
Iodine Terbium 
Iron 44 5.6 Dysprosium 
Cobalt Holmium 
Nickel 0.013 0.008 Erbium 
Cesium 

00019 
Thulium 

Rubidium Ytterbium 
Barium Lutetium 
Strontium 0.006 Yttrium 0.008 
Titani urn 0.067 0 0068 

Note: The values above are estimated percentages for the metal equivalent of the 
indicated elements. No check was made for elements with atomic numbe rs 
less than 22 (below titanium). 
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TEST PROCEDURES AND RESULTS 

Agitation leaching with sulfuric acid was tested first. The initia 1 

testing was on the sample from Hole 4A, HRr 3216-4, becaus e this was th e 

large s t sample. If a proc edure could be developed whi.ch was economic 1 i t 

would be te s ted on the other s a mples. Later, Composite A was made by 

blending equal weights of the samples of Holes 3, 5, and 7 in order to pro­

vid e sufficient a dditional ma terial for te s ting. 

Othe r leaching method s tested were acid percolation leaching, acid 

ferric sulfate leachtng I and ammonia leaching. 

In the fir s t series of tests on the minus 1/4-inch ore, the extraction s 

were compared at pH 1.0, 1 . 5 , and 2.0 with the following re s ults: 

Leach Conditions 
Time Temp H2SO4 % Cu 

SamQle Grind Hours .. °c QH lb/ton Extraction 

3216-4 -1/4 inch 1 24 1.0 70.5 55.1 
-1/4 inch 1 24 1 .5 50.6 43.7 
-1/4 inch 1 23 2.0 40.4 14 .6 

As e x pe cted I the results at pH 1.0 were best, but acid consumption 

was also greate st . The e xt raction at pH 2.0 was poor . Te st s we re then run 

on minus 6 and minus 20-me s h ore at pH 1 . 5 to determine the effect of gr ind 

on extraction. 

3216-4 - 6 mesh 
-20 mesh 

Leach Conditions 
~---~~--------

Time Temp 
Hours °c ___ p'.H 

1 
1 

22 
22 

1 .5 
1 .5 

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

hri 

H2 S04 % Cu 
Ib/ton Ext raction 

53.8 
58. 1 

---

41 .9 
42 . 4 
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These results show very little improvement in copper e xtraction as 

the ore si ze decreases. 

Two series of test s were then run on minus 20 and mi.nus 2 8-mes h 

ore with varying leach times. The results of these tests plus those of 

several leaches on Composite A, consisting of equal weights from Holes 3, 

5 I and 7 are shown in the .. following table: 

Table 6 

Agitation Leach Test Results 

Le0eh Conditions 
Time Temp H2SO

4 % Cu 
Sample Grind Hours °c pH Ib/ton Extracti on 

3216-4 -20 mesh 2 23 1.5 65.5 56.6 
-20 mesh 3 22 1.5 70.8 61.6 
-20 mesh 4 23 1 .5 58. 8 56.0 
-28 mesh 2 23 1.5 71.7 58.5 
-28 mesh 3 22 1 .5 74.3 60.1 

-28 mesh 4 23 1 .5 64.4 54.8 
-28 mesh 4 22 1 .4* 100.0* 72.5 

Composite 
A -28 mesh 4 24 105 127.4 66 . 8 

-28 me s h 4 22 1.55* 195.5* 70.2 

* Slurry made up with 5% weight/volume H2S04 solution and sufficient 5% 
acid added if necessary to maintain pH. 

Note that acid consumption increased greatly when higher concent ra­

tions of acid were added at the beginning of the leach such as in the tests in 

which a 5% acid solution was used to make up the slurry. Copper extraction 

also increased in these tests. 

hri 
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PERCOLATION LEACHING 

The results of percolation leaching tests on samples from Hole 41\ und 

Composite A using upflow leaching are shown in Table 7. Note that although 

the acid consumed on Composite A is less than on 3216-4, the pH of the 

effluent is higher. If sufficient acid were added to hold the pH of the column 

discharge the same as from sample 3216-4, it is likely that acid consumplion 

and copper extraction from this sample would increase. 

Table 7 

Per001ation Leaching Tests 

J :, 

Ore, HRI No. 3216-4 Composite A 
% Cu 0.328 0.42 
Weight, 9 2000 1500 
Grind -1/4 inch -1/4 inch 
Column diameter, inches 2-31/32 2-3/4 
Ore depth, inches 10 8 
Solution, ml 6000 4500 
H2S04' gil 14.4 14.4 
Flow rate, ml/min 81 74 
H2S04 added, lb/ton 86.4 64. 8 
Cu extraction, % 64. 6 41.9 
Column Discharge: 

HRINo.3216-4 Com12osite A 
Time Free Acid Cu Free Acid eu 
Hours pH gil gil 12H gil ~Ll_ 

1 1.5 2.94 O. 654 1 .2 6.75 0.397 
2 1 .3 6.00 0.544 1.25 6.40 0.427 
3 1 .3 5.39 0.561 2.5 0.479 
4 1 .3 -' 5. 11 0.582 2 . 1 0.52 0.569 
5 1.35 4.76 0.605 2.0 0.65 0.605 

6 1 .4 4.40 0.620 2 . 1 0.50 0.627 
7 1.45 4.07 0 0 637 
8 1 .45 3. 85 O. 638 
9 1.4 3.77 O. 662 
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ACID fERfUC SULf/\TE LEACHING 

Agitation leaches of minus 100-mesh samples of Composite l-\ were 

pe rformed with and without the addition of 100 lb/ton of ferric sulfate. The 

leaches were conducted at pH 1.0 and 50% solids for three hours with the 

following results: 

Test N o. 

1 

2 

Reagent Additions, lb/ton 

H2S04 Fe2(S04)3 

100 

% Cu Extracti on 

80.4 
1\· 

82.5 ," , 

Although good ext ractions were obtained, the reagent additions are 

l~Hge . 

AMMONIA LEACHING TESTS 
1° 

A minus] OO-mes h sampl~ of Composite A was leached at 20% solid s 

in a solution 2 Molar each i.n ammonium hydroxide and ammonium carbonate. 

The leach wa s c ond ucted in a. bottle with a sma 11 opening in the lid. The 

bottle was agitated on rollers for 24 hours. At the end of this time I the 

leach solution was removed by filtration I fresh solution added I and the 

sample agitated another 12 hours. The total copper extraction at the end of 

the second stage of leaching was 25 . 0%. No attempt was made to d e t e rmine 

the ammonia consumption which is likely to be ve ry high using high strength 

ammonia solutions and atmospheric leaching. 
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Although rea sonable copper extraction can be obtained by acid 

leaching I the reagent consumption is high. The relatively high acid con-­

sumption is probably a function of the ore grade. If the ore grade could 

be upgraded by selective mining or concentration, more intense conditions 

could be applied during' the extraction step. 

Although the mineralogical examination indicated that most of the 

copper was associated with iron oxides I the strongly magnetic fraction 

contained only a small amount of the copper. However, if all of the iron 

oxides could be concentrated by flotation or high intensity magnets I per­

ha ps the copper could a Iso be concentrated. 

There is some evidence that fine grind ing and/or ferric sulfate 

addition to the acid leach will improve copper extraction as shown by th,e 

following comparison: 

Leach 
Grind HZ S·O 4 FeZ (S04)3 Time % eu 

SamQle mesh lb/ton Ib/ton hours Extracti,on 

Composite A -Z 8 195 4 70.Z 
Composite A -100 195 100 3 80.4 

If ferric sulfate is effective in leaching the coppper, recyc1ing of 

sulfuric acid leach solutions will result in an increase of ferric iron in the 

solution. Perha ps the addi tion of sodi um chloride to the acid leach wou ld 
. ---- --- - _ .- - - -- ~ -----. - - -- - - -- -

be helpful in attacking the iron-copper minerals. This has not been tested 

in the laboratory. -
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TO: H. Lanic'r 

FI~O(v\: . C. 1<. Ch,"lsL' 

SUU"Jl::CT: r~CPor~~ Tr--10. Ivir'-:To 71-1-l 

SUIY'lI1I~).r'y <..II' I<l)rn l<ulJ 
Acid L(',)ch"rc~'sts 

,July 1 ~) 71 

Ccncr'al: 1\ ser'ic ~; of [)O scpaf"tllc bench-scale Clcid l(~och tests have 

b ccn ('un on variou~; SarY)i)lc~~ of I<or'n l<oiJ or'c. TI-,c rC'~111L~~ of till · or 
thc ~--;c lc~;l~; OTC pt"~l~~ f-'rll c d ira dc>.t<1il on lhe Clcccln,pllnj'inq 1"','; C:Gj) ~;h(.'c~: ~;, 

Tohle J. Thc~ fir'::.>1. uf th«) (~ tL:; l~·), on Cl. sinql(' vvr'y anICnDI)ll' Sc.lnl~l(~ , 

Wi,J .S r'\ln by I<CC. OUler'::; V\I (> I"'C' p c r~forrll c cJ by I-!oz cn r~(,::)C(il-ch, fnc.) 

IVle lcon r...( C5:.; C('lTCh, Inc 0, and by' F::~.;~~ ex on ~:~c vl'l~a l cii fTc"(Tll I<orn I<ub 

scHY)ples vvhi ch l1t~C id l::' lltific~ d in tile Labulatiorl o ()r)(~ urnIY);.)nid k';lc!, 

tc;s t vvC1~ :> r 'uli, vvilh poor' I~ l _' ~,ullso 

C<2r,~.::2.~~~)r'~~ fn ~.jcnl~l"'al) ~)t Ji,dQrd acicl l~:D. chinq tcchniquc~-;ui:l:;{)lvc 

only ?/3 of til() COppCI~ PI" (' ~;(:nl~ 

Lonc] c:r lea c h tinl c' ~ -; (2 ·,1 hour~.;) dc) not in-)pn)vC' 1~(;~;iJlt.~j niLJcl) 

ove r thosc obta i I-;cd i'l () hou r ~; • 

-rVJO v arialion:.:; in leac h technique, huv\lL'vl:r' , do pr'uv i<..k' ~)ub­

slanti1111y in c l~cClsC'd l~xl l~ C1cl ion~~, and \lv'ill hDV~~ lu Lc us eci t(, ubl;.lln 

sufficlcnt l c~ClC ll c;cJ COp [) (:'r-' t.o ~) uPI)()r'l an l'conc)rnic opC','c)liClrl. \1 will·'~ · 

helpful to the cconnr,)ic~J if (!.n iracl"'(>a~:; (' in the pl~icl: (If (('Ippt'r~ c,ln 1,(' 
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fnJtY) tllr,' ('nt(~ril · l~l OI~ C'. T"i ~ ; i ~; ~-;·irnplf ~ in tll(' Vdt IVi\<.. ' 11 Pt'I ' ti(ln l 'IIt 

rn:)I"'C (lifricl.dl in th,_" rn('(~ h r:lni\ ~ .:tl l(' ;1,-' I, p~lrt of tly, < ,.y~ , lL'rTI. 

I-- iql.lr(· I ~.h(.Yo//::·. Ih(~ crlccl nf acid cuncCl,tr'otillf, ll~· c:vid'.·II C f't.! 

by pi I (w) tfl( ' \ .'<)ppcr' (:y.t.r ·:v: ti( ~ -I fr(JIY1 1.1".:' tINC) pit (('rn;"\)~: Iil, ' <.;1f1'1ii,':'. It 

i~~ ;·If)!>l.w(·lll li) .. llpll I ~~) i~I 11' · · ~ ::..;;II~y lut', (\f~'I (·llc·( tiv (' lCi lC lli.l<} i"ld lll.lI 

,·;tl"'c)fl~J( . .' I'" L\cid r·v~dlH .') In (Jddlt:un.::d ll..'l!c/)il)q. 

-1-

,j 
l 

J. 

! 
i 
! 

TO: H. Lanic'r 

FI~O(v\: . C. 1<. Ch,"lsL' 

SUU"Jl::CT: r~CPor~~ Tr--10. Ivir'-:To 71-1-l 

SUIY'lI1I~).r'y <..II' I<l)rn l<ulJ 
Acid L(',)ch"rc~'sts 

,July 1 ~) 71 

Ccncr'al: 1\ ser'ic ~; of [)O scpaf"tllc bench-scale Clcid l(~och tests have 

b ccn ('un on variou~; SarY)i)lc~~ of I<or'n l<oiJ or'c. TI-,c rC'~111L~~ of till · or 
thc ~--;c lc~;l~; OTC pt"~l~~ f-'rll c d ira dc>.t<1il on lhe Clcccln,pllnj'inq 1"','; C:Gj) ~;h(.'c~: ~;, 

Tohle J. Thc~ fir'::.>1. uf th«) (~ tL:; l~·), on Cl. sinql(' vvr'y anICnDI)ll' Sc.lnl~l(~ , 

Wi,J .S r'\ln by I<CC. OUler'::; V\I (> I"'C' p c r~forrll c cJ by I-!oz cn r~(,::)C(il-ch, fnc.) 

IVle lcon r...( C5:.; C('lTCh, Inc 0, and by' F::~.;~~ ex on ~:~c vl'l~a l cii fTc"(Tll I<orn I<ub 

scHY)ples vvhi ch l1t~C id l::' lltific~ d in tile Labulatiorl o ()r)(~ urnIY);.)nid k';lc!, 

tc;s t vvC1~ :> r 'uli, vvilh poor' I~ l _' ~,ullso 

C<2r,~.::2.~~~)r'~~ fn ~.jcnl~l"'al) ~)t Ji,dQrd acicl l~:D. chinq tcchniquc~-;ui:l:;{)lvc 

only ?/3 of til() COppCI~ PI" (' ~;(:nl~ 

Lonc] c:r lea c h tinl c' ~ -; (2 ·,1 hour~.;) dc) not in-)pn)vC' 1~(;~;iJlt.~j niLJcl) 

ove r thosc obta i I-;cd i'l () hou r ~; • 

-rVJO v arialion:.:; in leac h technique, huv\lL'vl:r' , do pr'uv i<..k' ~)ub­

slanti1111y in c l~cClsC'd l~xl l~ C1cl ion~~, and \lv'ill hDV~~ lu Lc us eci t(, ubl;.lln 

sufficlcnt l c~ClC ll c;cJ COp [) (:'r-' t.o ~) uPI)()r'l an l'conc)rnic opC','c)liClrl. \1 will·'~ · 

helpful to the cconnr,)ic~J if (!.n iracl"'(>a~:; (' in the pl~icl: (If (('Ippt'r~ c,ln 1,(' 

CO lJ I-,l C (J {) t"") • ..~~~: !~'.~ ~'~'. ~:~'~"~': .. ~'~: .~~'.:'t,, : .( ··_ ·.·~~1· ::~ · '~~:··~·:'~ ':.}~. ~. ,::' ;' ~;.~ .: ~~r;~.:: ~J'~~l;:~'~'::~~,~-, '.~·;J: ;'\'J .. i·~ ·:.~~~ ~ · ~{~~ .:~ : ~< '; .:~'~~:":'~" ~ ·~ ~:~ ···:~\t~::~;~~ :~;·~~ I~: " .: .~ ~ ... ~!.: ~. 

"1 hc ~; c tvv'o V0. r i ~1 ti ~,n:; '::lI~C: lc'ac h i Ilq Vi i t.1I !;(!t( t eel !::,u l~J t 1 or'\ ~ -) (b:)Ol..l(;) 

(lllU the u ~:; C' of very ~;tr() l)q t i cicl in c onlact vvilh lIi~' (l"l:' (:-It ~~()nll' -<, !d<ll' 

i nth c 1 C (J. C h. . J n c; f r l ::'C l, V J C !c:; II ( ) U 1 cJ c-u~ r L.l liS J C L.l <. U II n I ( . I~ -l~ U ' .'1" f.' n t 1 (: L I( .1 I i 11 

rC~~F:r'd to lIle flo\\! of :·,;()Il;tiol' ':::lnd ()I~ (" in :,:~u «J.I~ i\~') p() ~)~, il)I(', \\,it/) <:1. 

, ~; L r' o n q (' () r 1 cell t r' cll i () r ) C) f de i d ,1 t I Ii c ('. n d () f ll)(· ~ . , ,>,~. l. c nl f (l r ,t lie :: I t: 1", ' ()) ( I V t . <I 

fnJtY) tllr,' ('nt(~ril · l~l OI~ C'. T"i ~ ; i ~; ~-;·irnplf ~ in tll(' Vdt IVi\<.. ' 11 Pt'I ' ti(ln l 'IIt 

rn:)I"'C (lifricl.dl in th,_" rn('(~ h r:lni\ ~ .:tl l(' ;1,-' I, p~lrt of tly, < ,.y~ , lL'rTI. 

I-- iql.lr(· I ~.h(.Yo//::·. Ih(~ crlccl nf acid cuncCl,tr'otillf, ll~· c:vid'.·II C f't.! 

by pi I (w) tfl( ' \ .'<)ppcr' (:y.t.r ·:v: ti( ~ -I fr(JIY1 1.1".:' tINC) pit (('rn;"\)~: Iil, ' <.;1f1'1ii,':'. It 

i~~ ;·If)!>l.w(·lll li) .. llpll I ~~) i~I 11' · · ~ ::..;;II~y lut', (\f~'I (·llc·( tiv (' lCi lC lli.l<} i"ld lll.lI 

,·;tl"'c)fl~J( . .' I'" L\cid r·v~dlH .') In (Jddlt:un.::d ll..'l!c/)il)q. 

-1-



-2-

. 
F19Ut~C I J ~;,h0WS lhe errccl un cxll~act iun of irlct .... Ctl~~L' In 1<.'<.'\(_1 I 

so lution lClli;)L'r<:lluros coupled \Vlth hl~lh aCid l~'vl;l~) <.111 l.he~>I..~ !:joint' 

sLlr-nplc:;; 0 The con,/)incltlon of lIK'~'C' tvvu f(.lclor' :-.> C~1tl inCt .... ~·(l~-·l' lcClch 

cxt"uctions by t\vcnty pct .... ccnl 0 

Tes L P'~OCCdll ('C: 

100 ~Jr~(l IY) S o.lilpl c's '::lL 3:::1% ~,c)lic.ls i,-) a l.)tClkcr CJ~lit:clL(.'d vv'iLh (.lll (~Il'c:Lt~i(' 

stir-r'er o After' lhe leetch, the pulp v/,J.S rlllcr~ ' (! ctrl(~ \'\IC1shcd \viLl-l pi 1:.2 

water'. Acc(Jutilt1L)ilily is c() lc LJ\Cltl..'<'! t)y (~iVIChnu the: ql .... (-:m~ , or <. t)PPcr .... 

in th e pr'oducl s by the \:jt .... (Jrli-:; or coppc:-r- in the h('od s G 

Di~-~ cu::.:s ion LWld Con,porlsun of Tcst~J: 
- '------ ------------------ - -------- --

Test. h!o. 1 Wet :._; on i1 ~;a n-Iplc rr()IY"l the (!urnp O"'OlWlc! the old 

~:;h (.ln (lnd i s hi~~hc_',"" in cOPI")('r c.ir~cJ or L>c-Ucr' prc)( : l.:~)~)inS) qU<11 il y tlliln allY 

sC1 n,pl c~:; ~-,lncc o!)LCtlncd. Il i s not c!ppc:.n:-nlly \/ C' ry rl. · p'~~ ~:> cnlc.1livc or 
the qcnct,CtI on: body bul it rn c.-IY ir)cJicatl' ~)()rnc 90ocjnr'1' lr --lll~I~~j(' ctcd 

by the ~ h c: lft t-:lnd ossocIC1tl~d dr' i fLs o 

-rests I'\.Jo. 2 lhrou~Jh 1 ;3, pc'rf()r~n, c d by H Z1::cn, s hoyv that () li.. 'ch :h 

pH of 1.5 i:~ n8cc~:,~:)ary for ..... l eaching und that a hncr' qt .... ind tO~Jclh(,I"" vvitl) 

longer relenlion time irnprov c~> cx trZlc lion from ~O'Y~ up inLu tI)~~ 70(/<, 
r'anQc. These Le ~; l:> wet"(.: on thc'con,pos il~ of Drill I -k)\c 4/\, which rilll s 

shor't of rc prc ~;c nlation of the orctjodyo In audilion ., the sanlplc VVC1~, 
lovv' ~J t~()de" 

Pc , .... co I al ion LCcJ.ches 

TC' ~.:; t~; 111 (If -lei 1!:) (H .... c·rcrcoll'dion l('L1Ch (' ~:j o n I\vo di.frCt~C'nl r;(ln1rl(':;, 

the -1/\ compo::.> it c ond (~nothc t~ con,po:~:,ilc (/\) of Hole s ~3 , ~), and 7~ "'ILJrnl )L' r~ 

111 show ~~ r C<l:."-onablc· p (:..:rco lat:1ul l lc~()ch c:xlt~Ztcti()n In () li:."'.t.'ordlpry ('ulLJrnrl, 

but ~xlr()cliCJn in 0. d (~c p l"leap Cdn hcJ.I' lJly L j (~ lhi :-, qL.1ud. Curnpo:..,iLc ,1 i ~) 

, 1 c ~~.> l~X Lr' llC L.:J. I) h~ U: "l(j,~ r UK' S(~ clll -)d it i Ol)~; () 

T(;~ ;t 1 G conilxH"' cc! \/'Jill! T(, ~) t 1~) ~; how ~~ lhllL inC t~ t.·(l~ _;inq ~JI""in(l rr "' t!n~ 

-78 rn c:~ _~h tu - 100 rn c~;h ~lnd irl(-_ rl<-l ~; it -ICJ zicid (,.'urn I)' 11.:) to 1 ... 0 r' I.)!'llll ~; 

in 1.1 1~).1% incTc;:lS(' in l :x lrllctinn, f' .... UIYl (;c.n/~. to U~?~/;I:, ill ,1 ,-lnd:~ Ill.)Ll"< ~ 

or 1 C (J c: h i n CJ, r' c ~: ; pee t i v (: 1 Y 0 
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l-est 1U cl>rnp(1r~'d \vith Tc'~;l I~) !.;I)\lW~~ IHI l'xl"c..)l'lll)1l c:)dVdnt(lcy' 
for pl"C'>l'IK'C ()j" ('crl"'ic ~_>ulr.-\U' if) thl' It:lI(.'I), V'vhil'l~ i'.;, l 'vidl ,llL\...., lIt 1.~1ck or cupriLe or' ch.:llcucltt' in C\.)f""llpl):':.>i!I.' !o\.. Thi~_; C()f")c\t..l';i<')f) V\'<-\!., CUr--I'I..)l.lI .. ,­
rated UI-' dn<..)lI)L'/~ niu/"C rcpt'l!~;Cf")ti1tiv~.' ~jorTlpll': d()t.a fl'uln T L'~l:!.> 21 i"\lld 
2~3 show C'~,.; s C'nl i cd ly lhe SulliC ",'csu II uti l hL~ 1 ri <-__ d F'lt conlpu!., i lc • 

Test 20 d(: nlo:"):.:;l,~()l(:s till....: poor L'Xlrclctiun l"'11 ,taincc1 l.H) C()rnpo~_ilh ,' 1\ 
with o.nHllul'lia l<..:()cfl. 

Tests ~:? 1 ond 22 shuw t,' cOI")sid'..-::r'ahlc extruclion udvz~nLa<Jc fu/~ 
fine <]rinrJ as cc)rnra'~t~d to -1 0 rnC' ~ h Cjrind In ."vo/~k donc hy 1\1\1, 'tcon'. 
M c l c on ll~ 5:;( :':':> wc:,~ c -it;~1 lhl~UlJ(JI, 4~2 7. 

Nor l h Pit CUI n p o ~~ ilL' D r~ i 1 1 I 1 () 1 c S J 1'1'1 P 1 (; 

The effect of vc\t~yin~1 drll()unl!.; (If' D,cid, rncLhud uf (lcldill~l c\cid, 
lcnlpcroturc; or leuch rjnl~ SF' illd, Clnd (:J ~,1 h~)ur 1('<3cl) \Vl:r't.~ irlV('~" ti~Fltl~d 
in T(!sl~j 2U lllrou<]h 3~') tly LSSC X , 3() Llncl ~J7 by t",I\C ' lCOII, ~Hid ;iU lllKJ 3~) l)y 
Esscxo Test :#~~s u sed SO,) in the lC'Clch tu dc'tern-line v.;hclhcr iJ.ny (~x--L , 

lr'acl in~J advo.ntaCJc n,i~1"l t)C' ohlaine d t--,y I'unnin\j C1 /'cducin~J ll"i\cll tu \lr'( :iJk 
apurt cl.ny 1)055ibl(.-: copP":r-rnar")(jonC5";(! rJlil ' lcl~(11!:)o Corn;)(u~i~; un uf' Te:..-; t.':,-; 
3~) Dnc} 29 show 1 i l tl~ effect on lCilCh exlr'Cict ion rt:'~:;Ld tlllq fron") u~)(' ur (J 
reduci 119 Dg e nlo 

r-==rccc t.<::> or I ('deli l cn,pl_' r' Llllll~(' r II J ::" ~ ~i l ron9 ,1C i (! (1,r( ~ (ICIYH,.nb ll~d t (;( j 
by conlDu'~inq Tc : ~l -Tt~~~~ ol 2~/)C \Vlth 1~:)7 ~1t. :jO() Undl\/~ utl)I....:I,\I'"i~~t:, ilk-"t il ' i1.l 
condili()n ~;" Exlr'acti()n incl"('(.1. ~ ,;C ~) frllnl "Ooll~'~' to UO.~)~·;). '1 "l.~~,;(! I"l' ~)ull !: ; 
arc grc:\phc:d,in I : j(j. 2 ~1.nd rcp/~c~;('nt zKid ~H_!<ltt ,IUIi uf 'I)I~ C(' tln)l'~, ) thLll 
n(;!Cc~-> ~~ Clr'Y for 'nlo.inL:J.ini,·-1~j pH 1 o~) in (111 l~ ,: ",l:..:." 

Soul II Pi l CC)f""l")P ~ )~_--' it l : [),' i II I b 1 (, ~; ~)nlp 1 c: -- - ----_ ... - ---_._ .. _--- -_ .. _-- -.-

l h(~ ~)(lrll(' p0r(lInl~lL't~~:; Ll k -ll V/L'I~I.~ invL'~-)li~jdl('d un till; NUI'lI1 Illt 
'\vcrc: cornpllrcd in UK' :-)UlJth r-)lt, vv'lth l'(Hl)Plll~{-,I\l(' l't'~ ,' I.r1I!'>. lhv (,rtl.. 'cl 
of lC'rnpt't'dtLlI~C (11)(1 LH,- idily i"cr' (:tI~_.t:cI ( , ,. , lr" 'lclillll~,,'tr"l..)nl ttl( ' IO'~1 t(1 I..)()'>~\. 
-rh(' Suulh I lit i~; nlUrt' Il'd('ll ; tlJI c.... ~ tl\d" IliI ' f'JIlt'tll I")il lIlt! .1{ 1<1 ('llll'ollln~. )ti(,11 
i ~> h i ~ J I I ( ~ I' P \ ' t' II I. I If (>_ ) P P t. : '" 11' del I ( . 'd • 
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Tesls 45 ilnd ·1G con.par'e fine ~lr'incJ und tonuct' tcach. LonSll"'" 

lC(1ch is rnol~c offeclive. 

In gellcr(ll, lh(~ hi~Jhc l-- tht.' deie! ll'vl.!l in UK' tL'l"lch, thl! hi~lher 

the oV(~ I--(}11 (lcld consurnplil)n, I; ut sllli \vithin rc().~;()n. 

The f\lol ~ th Pit h o.~:> v u ryinCl (,H':- id con.:;umplions ()ccur'clil)~l to 

individua l tes t V C:lI~ i C1 tions hut in ~Jcn c ral u It '~ vcl uP -; lh. (1eid [lor It>, 

of coppe r' dissolvt.:' d is o.s sociatcd with c! x tr'o.ctiu(')s ' in the run~Jc' uf 

70-80% 0 

The S ou l h r-') i tI c u c h c s bE: S L wi l h Cl C i cJ con ~'AJrn p l i () n S (1 f l h e 

orde r of 11 1\.; ( per Ib o of coppe r cJi ~..,s olvc:d. C x lt~ac: ticl/,) ~:) ~lr'(,~ In lhe 

rung e or UO-· 'JO}~ . 

C . 1<. Chu~.(' 

CI<C:ld 
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project No. EI - 114.4 

Agitation Leach Test 

Composite KKC - 4 - North pit 

Ore Charge 

Tap Wa.ter 

Temperature 

Results 

Assay 
No .. 

100.0 9Ta1lls 
, ' , , ' " 

200.0 ml 

o 
50 C 

product 

J. 

~]une 22, 1971 

Test No. 1<F-1 

eu 
Assay Cu 

Volume (gp1 ) Content 

---~-

7078 Strong preg. Solution 99.0 m1 2.83 0.2801 

7079 

7081 

Recovery 

Wash Solution 

Tailing 

Calculated I-lead _.-._-_._----_._--_ .. 

H - T x 100 
H 

Recovery by Assay Head 

Accountabili ty 

445.0 

96.4 

.7606 - .1735 
.7606 

.7300 - .1735 
.7300 

ml 

gms 

x 100 

x 100 

0.69 

0.18% 

::: 77.18% 

= 76.23% 

.7606 

.7JOO 
x 100 ::: 104.2% 

0.3070 

0.1735 

0.7606 
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2 

project No. EI - 114.4 Junc22, 1971 

Agitation Leach Test Test No. Rt-;'-l 

composite KKC - 4 ~ North pit 

Volume of Strong preg Solution = 99 .. 0 mI 

Volnrn.c of Wcalt; Solution := 445.0 ml 

." . 
Time ---.J2!I 

11:10 0..,70 57 

11:20 0.70 55 

11:30 0.80 54 

11:40 0.95 50.50 

11:50 1.00 50.50 

12:25 1.15 49.50 

12:55 1.25 50.00 

1:25 1.30 50.00 

1:50 1.35 49.50 

2:25 1.40 49.75 

2: 55 1.45 49.75 

3:25 1.50 49.75 

3:55 1.50 49.50 

4~25 1.55 49.50 

5: 10 1.60 49.50 
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project ~o. EI - 114.4 June 23, J 971 

Agitntion Leach Test Test No. RF-2 

Composite KKC - 4 - South pit 

Ore Charge 100.00 grams 

Tap \·Jater 200.00 ml 

H2SO4 .. 8.85 ml 

Tempera tl1.r(~ 40°C 

ResuJt s 

Assay Cu Cu 
No" Product Volume Assay Content ---- ------
7082 Strong Prcg. Solution 100.00 ml 2.58 gpl 0.2580 

7083 Wash Solution 390.00 ml 0.83 gpl 0.3237 

7092 Tailing 96.5 gms 0.06 gpl 0.0579 

Calculated Head 0.6396 - - ---._ ... 

Recovery by Calculated Head • 6396 - .0579 :x: 100 = 90. 94~G 
.6396 

.6100 - .0579 100 90.50% x = .6100 
Recovery by Assay Head 

Accountabili ty .6396 
.61CO 

x 100 = 104.9% 
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4 

Project No: EI - 114.4 ,-June 23, 1971 

Aoitation Leach Test Test No. ~;'-2 

Composi te lO<C - 5 - South pit 

Time pH Tempe:r~ tUi. e_ (oC) 

9:30 0.60 59 .. 00 Addi tion of H SO 
2 4 

, " , 

9:40 0.80 56.00 

9:50 1.15 53.00 

9:58 1.30 52.00 

10:10 1.40 51.00 

10:20 1.55 51.75 

10:30 1.60 51.50 

10:45 1.70 49.25 

11:00 1.75 49 .. 00 

11:15 1.BO 49.75 

11:30 1.85 50.GO 

12:00 1.90 50.50 

12:30 2.00 50.00 

1:00 2.05 50 0 00 

1:30 2.10 49.00 

2:00 2.10 49.50 

2:30 2.15 50.00 

3:00 2.18 49.00 

3:37 2.20 49.00 
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5 

Project No. E1 - 114.4 June 24, 1971 

Agitz}.tion Leach Test Tcs t No" R!:~-3 

Composite IC{C - 4 '- North pit 

Ore Charge 100 .. 00 grams 

Tap \IJa ter 200.00 ml 

H
2

SO
4 

4.95 III 1 

0 
Temper a ture 40 C 

Results 

Assay 
Noo Product -- -
7085 strong Pi.cg Solution 

7086 Wash Solution 

7093 Tailing 

Calculated Head 

Recovery by Calcu l~ted I·lead 

Recovery by Assay Head 

Accountabili ty 

Cl.l 
Volume _Ass~ 

100.00 ml 

400.00 ml 

96.10 gms 

,,7385 - .,1825 
- --:-7385 

.7300 - .1825 
.7300 

2.44 gpl 

0 6 78 gpl 

0.19% 

x 100 

x 100 

= 

= 

Cu 
Content 

0.2440 

0.3120 

o. J. 82 .S 

0.7385 

75.29% 

75.00% 

= 101.2% 
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project No" EI - 114.4 June 24, 1971 

Agitation Leach Test Test No. RF-3 

Composite lCKC - 4 - North pit 

Time ~}I Tel2:J:->e rat u rc LC2L ---.... --
9:55 0,·7.9 45.00 Addition of H

2
SO 

"' 4 
10:05 0.75 41.50 

10:15 0.80 41.00 

10:25 0.90 40.00 

10:35 1.00 39 .. 25 

10:45 1.05 40.00 

).0:55 1.05 40.00 

11:05 1.10 40.00 

11:15 1.15 40.0 

11:30 1.20 40.50 

11:45 10 20 40.25 

12:00 1.25 38.25 

12:15 1.25 41.00 

12:30 1 030 39.00 

12:45 1~30 40.00 

1:00 1.30 40.00 

1:15 1.40 39.50 (caused by spilla,gC? on 
hotplate) 

1:30 1.40 40.00 

1:45 1.40 40.50 

2:00 1.40 40.50 
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Project No. EI - 114.4 

Agitation Leach Tc~:;t 

Compo~d. tc ICKC - 4 -. North pit 

TjJne ---El~._ 

2:30 1.40 

3:00 1.45 

3:15 1.45 

3:45 1 .. 50 

3:55 1.50 

7 

June 211, 1971 

Test No. ru~-3 Cont'd. 

_Tempe!..? t ~~~ (oC ) 

39.00 

39.00 

41.00 

40.00 

39.50 
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39.00 

41.00 

40.00 

39.50 



project No. EI - 11404 

Agitation Leach Test 

Composite KKC .. 5 - South pit 

Ore Charge 100.00 grams 

TDp "Ja ter .200.00 ml 

H2SO4 8.85 ml 

0 
Temperature 40 C 

Results 

Assay 
No. product Volume 

7088 Strong preg. Solution 100.00 ml 

7089 Wash Solution . 455.00 ml 

7094 Tailing 

Calculated Head .,,---_ .. _--.. _-_ ... _---------- . 

Recovery by Ca1cul3.ted Head 

Recov2ry by Assay I-lead 

96.85 gms 

.6187 - .1259 
.6187 

.6100 - .1259 
.6100 

8 

June 25, 1971 

Test No. RF-4 

Cu 
Assay 

2.38 gpl 

0.56 9pl 

0.13% 

x 100 ::: 

x 100 ::: 

Cu 
Content 

0.2380 

0.2548 

O.12~)9 

006187 

79.65% 

79.36% 

Accountabili ty _
_ 61.[_1_7 x 100 101 407 

::: • /0 
. 6100 
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project No. EI - 114.4 June 25, 1971 

Agitat ion Leach Test Test No. W"-4 

Composite KI<C - 5 ., South pit 

Time pH .. ___ TcmreratuTc (oeL ---.- --
9 ~ 15 0.60 47 . 00 Addition of H sc, 

2 4-

9:25 Q·7.o 43.00 

9:35 0.90. 39 .. 25 

9:45 1.00 39.75 

9 : 55 1.05 40 . 00 

10:05 l.fs 39.25 

10:15 1.20 40.00 

10:30 1.30 38.00 

10:45 1.35 40.25 

11:00 1.40 37.75 

11:15 1.50 40.00 

11:30 1.55 40.00 

11:45 1.60 36.00 

12:00 1.60 34.00 

12 : 15 1.65 46.00 

12:30 1_70 40.00 

12:45 1 . 70 36.00 

1:00 1.75 39.00 

1:20 1.80 41000 

1:30 1.80 39.00 

l: 45 1.80 39.50 

2:00 1.85 41.00 
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Project No. EI - 114.4 June 25, 1971 

Agitation Leach Test Test No. HF-4 Cont. fd. 

Composi tc KICC - 5 - South pi t 

0 Time pH Temp'cr~~ure ( C) 
... 

2:15 1.90 39.00 

2:30 1.90 40.00 

2:45 1 . 95 40.00 

3:15 2.00 39.25 

10 
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A~lEI\ICX0J A?\ALYTICAL antI RE5EAI\CH LA BOl~ATOI\IES 

ASSAYERS • CHEMISTS· METALLURGISTS 
TUCSON. ARIZONA B~ 713 

Mctcon nescarch Incorporated SAMPLE5U8MITTED8Y _____________________________ ~ ______ __ DATE June 30, 1971 

GOLD SILVER P!R CENT ---=. . PERCENT PERCENT PE~CENT GV~'ree.· '-
SAMPLE MARKED r!/T --fl .iJ A d 

Ol / TON OZ./l()N COPPER~, ~U ZINC MOLYIWENUM IRON C l 
Soluti~R&-s--4-------~~-------_+---------_r--------+_-----

7078 2.83 26.81 

7079 0.69 

7082 2.58 46.3 

7083 0.83 

0.18 

----------- r-.------I----.- -4--------- - .----;-..----t- --------+---- .---- ------. 

. '\ 

-------+-----i-----.-------+-.-----+__ 

A~lEI\ICX0J A?\ALYTICAL antI RE5EAI\CH LA BOl~ATOI\IES 
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0.18 

----------- r-.------I----.- -4--------- - .----;-..----t- --------+---- .---- ------. 

. '\ 

-------+-----i-----.-------+-.-----+__ 



o l)llllllc 62-+-004-<) 

3226 E,bl ·~6d\ Slreel 0 
A~1ERICAN' A0!AL't'TlCJ\L .:lllll I~E5EARCH 

I I 
LABORATOI~IES 

ASSAYU1S . CHEMISTS· METALLURGISTS 
TUCSON. ARIZONA 85713 

Metcon Research Incorporated 
SAMPLESU8MITTED BY ____________________________ ~ ________ _ DATE June 30, 1971 ! i 

GOLD SILVfR PER CENT ~~" PERCENT PERCENT PERCENT .,.llree' 

SAMPLE M ... RKED 02/TON OZ./TON COPPER G/~u ZINC MOLYBDENUM IRON G.lJ Acid' , 

--Sol~~BA~~~,~~,sr_--~-------
·r ·--------_r--------~----·

----+_--------+_--------
r_------~~-----.--

7078 
2.83 26.81 

7019 
0.69 

2.58 46.3 

0.83 
7083 &4· /;l)::"~.~~ 7,/; 9 /// 

--------------~~~.~~~~~-~~_+--------_+-
--------+_------

--_r--------;_--
------+_--------

-.. 

\j 

Po.lp.;> 

_._7_0_8_1 __ --+ ____ 
I 
.. ______ -r-_O_._1_8_+-,. ______ -4 ___ --+ ___ -+-___ -+-____ .1 

--------------~~--
----~---------+---

------+--------~--
------~--------~--

------+-----~---

t 
I 
• ! 
I 
r 

----------------~
-------+_--------

r-------~r_------
~---------+------

--_+---------r---
-----~ 

--.------------~----
-----~--~----~-----

---+----------r--~~--~-------
-4_--------+_-----

----

....... ::-.. .:, -.-.:::::::, 
· ~\s ·.[Rl:D -1 ~ 

, \~ .' "-'. '-,rJi-"'\.. 
..--- '1.": \ t , ' f;-- -!?":".-, - - --1-------. 

l~/~Z
. \:.A,~~~gjYr'~'J/ 

I 
' I ' ~~ ' }II 

\ I \ FLC~[~ j ',I 

~ Invoice' :-J 6463:~'~-' -. '~-.=.- :-:-. . = .-::-::. = .. =_. J',-, =_ .. =._= .. -:-:-. _ .:-C-:, _=-=-. f-=._=_ .. = .".,:,:",""" ... _= __ -:-::: =:±::==::::c= t:.C~~-<!' ;l~~ ' .... 
11 • 75 

· ·~':.'IIJ u. s. ~'/ 
CHARGES s .. _ .. . _. __ .. __ ... _ _ . ___ _ ----·,.:So;;· ... VE· ·6tEMisr ' ---

---------------.~----
.-----+---------+----

-----~--, 
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Phone 62+·00+9 

Ai--1E[\ICJ\ N ANALYTICAL uncI RESEARCH 

ASSAYEI1S • CHEMISTS· METALLURGISTS 

LAI30RATORIES 
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Copies lo: 

TO: Paul Elmon 

MET REPOr~T 72-5: Acid Consun"lpLion Test s ', )1, 

I<orn Kob Ori 11 Tnte' rccptc"~ and 

Bench Compos 1 tes 

BY: C.K. Chase 

DATE: April 23, 1972 

H. Lanior 

C. Osborn 

The acid consumption tests were perfornlcd by Amcricut) 

Analytical & Re s earch Lab'oratories in accordance with the appended 

copy of thei r procedure which is used at other assay offict:s in the 

same or somewhat modified form. 

This method uses pulverized samples and an excess of 

acid which i s then back-titrated with caustic to determine OCtO C()ll­

sumption. Since the strength of the acid attack on the rock itself 

is in inverse proportion to the amount of acid con::,umers present, 

many rock constituents tend to go into solution; this is a further dis­

advanl.age or the rnl!thod. Since the previous Kurn I<ul) i..Icid con­

sumption t e~,ts had b e en run by this method, i t W~l :: ) cunti nucd in U'lC' 

latest bench composite tests for the sake of consistent data.. 

Better acid consumption tests exist that follow planl practice 

in regard to grind and acid concenlr'dtion and should be used when 

pos s ible. 

The attached log sheets show the amount of sui furic acid 

cons umed per pound of copper di ~.; solved (on an avera~Je l(~ach ex­

traction of 80% a s demons trated in test work) on all available dri II 
intercepts und bench composites for the two proposed Kor'n I<ob piG. 

These dati) ore significant only when computed into a minin~J plan fur 

the ore bodies. It is evident that much of the Korn Kob is very 

calcareous and cannot be processed at a profit unless low cost acid 

is available. However, the Korn Kob could be an efficiet;'lt acid sink 

for the predicted s urplus of sulfuric acid in Arizona. 

The acid consumption figures reported here C1re for ~hC' 

average 80% copper"'- extraction rossible with heated :; olution~:;. 

Ct'\'<- rl 1< . \, 
e. 1<. Ch(l~; l' 

/« . .' <: 
"-----

Att(1chment.~:; : 

Assay ~~l~Dort s 

Acid COll : ;umption Method 

,Ncvadcl Millil "l~J I\ ~:;s l)c'n. Nc'vv~~letler 

~~ l'cLil)n ()n MJ~Jrnu Coppe r' C C)nipdny 
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S SAYFng . C I~r M I <; l<; 

METAIIIJfH,I< AI. HI ~j~AII,H , . 
· ri 

(lin rt <; liN'; 

1 • 

2. 

I'L'lfH' ().~ ,~,(}04<) I l I, I HI lL' Sl~ 

: 'I 

.' 
I ·· i 

I~ 
f~ : 

"' ., 
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\ :;. 
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1-1 A \AI LEY & HAWLEY 
ASSAY~RS AND CHEMISTS, INC. 

1700 WfST GRANT ROAD TELEPHONE 622-.4836 POST OFFICE BOX 5934 

TUCSON, ARIZONA 05703 

THE SOUTHWEST'S LEADING ASSAYERS AND REPRESENTATIVES 

IDENTIFICATION 

2051 

2052 

2053 

2054 

2057 

2058 

2059 

2060 

?-061 

2062 

2063 

2064 
\ 

2055 / 

Branch Rc ;> re sf nt a t iv~s at Puyer' s Plants : 
Phelps Dodge Corp .• Douflds, Arllona; ASARCO, EI Paso, Amarillo, Texas and Hayd!!n, A.rilona 

I I 
_ ._-~o. ICucO % Gold Si Ive r Lead C op l)l~ r Zinc 

o IS. O%S _ I}'o % 'Yo 
=i- ---'----==-~---- - - -~-- ---~--. 

0.65 3.57 
o. 10 14.93 
1.09 3. L~8 

loc kOs 0.89 9.·01 
. I 0.58 27.50 I ~4t(!F/-J -c: ~~/:J- 11'i.E'S 

(IN -1-/1 e. 3~)O If orne!, 0.62 28.32 
Ck ~/ 1. 06 21.63 

.-- , ....... ... 

0.47 13.58 \ , 
i 
• o. 15 4.58 .r I-

I" 

l< ' 1.68 9.90 ,., 

" v 0.h9 6.88 
./' 

~" 

13.58 ~,...-' 0.33 

0054 10.03 

13 Cu, singl ~ $1.7 
13 Fe, verifi~d ~ $4~75 
13 Ca °3, verij fied ~ $8.25. 

---,--Fe % 
_ .1= = 

7.99 
5.82 

18.03 

21.23 

9.13 

23 . 74 

14.61 

8.10 

9.82 

11 . 19 

9.58 

7.76 

10.27 

$ 22 . 
61. 

.lQL 
19l. 

Plus 50 air p ' llutio surcharge ~-
201. 
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SKYLINE LABS. INC. 
SPECIALISTS IN GEOCHE~ICAL EXPLORATION 

. 12090 WEST 50TH PLACE. WHEAT RIDGE, COLORADO 80033 TEL.: (303) 424-7718 

REPORT OF ANALYSIS 

The Golden Cycle Corporation 
P.O. Box 4576 
Colorado Springs, Colorado 80909 

1 Pulp Sample 

Item Sample No. 

1. ...., .. ,. ,,",("9! 7-89- :..,A .. -.<.o'O 

Fe 
(%) 

Job No. 12093 
May 20, 1970 

Mg 
(%) 

1.2 

tZ~c:a~~ 
Charles E. Thompson -
Chief Chemist 
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\ ,,I 

." . l ~ 

SKYLINE LABS. INC. 
SPECIALISTS IN GEOCHE~ICAL EXPLORATION 

. 12090 WEST 50TH PLACE. WHEAT RIDGE, COLORADO 80033 TEL.: (303) 424-7718 

REPORT OF ANALYSIS 

The Golden Cycle Corporation 
P.O. Box 4576 
Colorado Springs, Colorado 80909 

1 Pulp Sample 

Item Sample No. 

1. ...., .. ,. ,,",("9! 7-89- :..,A .. -.<.o'O 

Fe 
(%) 

Job No. 12093 
May 20, 1970 

Mg 
(%) 

1.2 

tZ~c:a~~ 
Charles E. Thompson -
Chief Chemist 



/
' , . ..... , , :vr // 

32,:: 

, " 

,~ - - ..... 
, J 

. r' I 
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ASSAYERS • CHEMISTS· METALLURGISTS 
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55-75 0.83 62 
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COLPOSI11ESA~lEI\ICAN ANALYTICAL and RESEARCH LADORATOl\IES 

;~orn 1\0 b Pro ,j nc t: ASSAYERS • CHEMISTS · METALLURGISTS 
TUCSON . ARIZor,A OS71J 
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c; 0 LOS I L V [ R f' (R C E. NT P ( n c [ .. T P [ A C [ NT P E Ii C [N T f' L r; C [N T i: I 

OZ IrON OZ hON Cor' PER L[A.O ZINC MOlYiJO£NUM Ifl ON f\. Co: SA.MPL£ MA.nKEO 

l~rOTC-q ---A'--"------4------ .- ------t------\_-----+---.-.--------.----- r-- - ... - - - . 

~_0--190 0.23 

190--210 0.28 05 
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250--270 0 ~A j n' 
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. __ ?:LQ...--=?_9JL ____ --.--f-----.-.---+-- .-' . 

. _?_9..0_-~~O-._.~~ .. =~ __ -__ -__ -t--_______:7-._7-_ ~ ______ . ___ ... ___ .... _... _ _ __ _ ______ : ±5~ .. _-
---------- - ·· .. f------ ----t--------. ---- -'.---.--.-- -_.--- --- - --. -- ---. -- -- ----- -- " 

--E---
H

- .H_~ ___ --+---+----------+-_---=. = -r--.. 
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I 
-.---------------~-----+-------~---------_+--------_+--------__1.-------+----------------. 

---------I---j.---/ ----+----t---t----'---+----i---'.--
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0.59 70-90 --------- 56 - ----.r-----~-t_.----_+----.-_l-----l__-----+----~-.. - .. ---- - . 

9 0-110 . 0.52 41 ----- -'---. 'r--" - _.-- f---.--c-f---.-------.-----+-------+-------+-----.~----. - --- .. -.---. 
Hole It 11 

40-60 0.39 359 
.----------.. ----I--.- ---I----- .. -----{------+------f------if--.---f----.---- --- --------

60-80 0.19 )G3 
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80-10(' 0.46 192 ------ ------- - --+-----.- ~-------+----__ f_.---- -------1------4----.-.- ---------
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A~1ERICAN A.NALYTICAL l1nc1 RESI:Al~CIl L\BOI\ATOI~I ES 
CO~,'jPOS T'l'G-j -----. . ~-- ASSAY £ RS • CH CMISTS • METALLURGISTS 
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