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LIX® 34. (ISN'T NEW REAGENT EVALUATION FUN!)
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The Mineral Industries Group of General Mills Chemicals, Inc., had the
pleasure of introducing LIX® 34, "A New Generation Copper Extractant",

at the AIME Annual Meeting in February of 1976.(1)  The paper discussed
the behavior of LIX 34 with respect to a variety of copper containing

feed solutions and in some cases direct comparisons with the behavior

of LIX® 64N were made. Since that time we have had the opportunity fo
examine the behavior of LIX 34 in much greater detail. Furthermore, we
have produced several pilot plant size batches of LIX 34 as a prelude

to commercial scaleup. This péper covers our subsequent work; pointing out
some of the problems encountered; how we solved or.attempted to solve
them; and where-these-adventures have led-us. -We apologize for the -~ ~
places where details may be lacking, but the confidentiality of our

customers and our own confidentiality for competative purposes dictate

this discretion.

Before discussing our recent work with LIX 34, some background on the
reagent will be presented. LIX 34 operates on a hydrogen ion cycle with

the equation below representing the loading f; stripping reactions:
2 R-H(org.) + M2+(aq.)§i RoM(org.) + 20t (aq.)

We have previously reported that LIX 34 is comparable to LIX 64N in
extraction strength when the reagents are evaluated on a molar basis
and indeed presented several independent experiments as evidence (1)
(Figure 1. Tables I and II). We also reported that LIX 34 had good
phase separation properties and showed excellent copper selectivity

over iron. In fact, we had never measured any iron loading on the reagent
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by atomic absorption regardless of the feed. Furthermore, we showed
evidence that LIX 34 loaded and stripped copper only slightly slower
than LIX 64N. Finally, we reported that LIX 34 showed no acid loading

under typical tankhouse conditions.

Recent Work

As our work with LIX 34 progressed we noted some interesting behavioral
differences between LIX 34 and our normal frame of reference, LIX 64N.
First df all, even though mixer box kinetics of LIX 34 are nearly as
fast as those of LIX 64N the approach to equilibrium in a circuit can
be much slower if care is not taken to run the circuit properly: - The
LIX 34 - aqueous feed emulsion is apparently more prone to short circuit-
ing than a similar LIX 64N emulsion. These LIX 34 emulsions also show
a much stronger tendency to run organic continuous at O/A ratios of ome
in our small laboratory units than do comparable LIX 64N emulsions.

In fact, it is possible to run organic continuous even at A/O ratios

of 1.5/1 and under these conditions nice, thick emulsibns which result
in high stage efficiencies are obtained. Thus, the apparent disadvan-
tage of LIX 34 running organic continuous at an O/A = 1 turns out to be
an advantage at the higher O/A ~1.5. Will this behavior remain the
same in commercial size mixers? We think not. Does the problem then
have a solution? Three are readily apparent: A) faster extraction
kinetics would lessen the chances for and effect of short circuiting,
B) care in the mixer design to give better mixing and, C) close cir-
cuit control to maintain the best mixing possible. We have studied

several additives which accelerate closed mixer box kinetics considerably
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yet show no adverse affects on extraction, stripping, selectivity or
phase séparation. These help considerably the approach to equilibrium
in a circuit. Our laboratory has not studied mixer designs, but work
in this area has been reported(z) and I am sure is continuing. Good
circuit control should be a part of normal operating procedure at all

times.

A second behavioral characteristic we found was in the phase separation
characteristics of the first pilot plant batch. All previously prepared
lab samples exhibited quite good phase.separation,.but the first pilot
plant batch of LIX 34 displayed poor initial phase separatiom. ~After
running in a circuit for 16 - 24 hours phase separation did become near-
ly as good as that of the original laboratory batches of LIX 34. We
felt though, that good phase separation from the beginning was important
and, thus, our research staff began to study the problem. At about the
same time several'éompanies were looking at LIX 34 with respect to their
needs. In particular, one company experienced severe phase separation
problems when trying to run aqueous continuous in the extraction side

of the circuit when using their actual feed solution with LIX 34. How-
ever, another company with a feed produced in much the same way as the
first company did not see the very poor ﬁhase separation in their studies.
As this oddity was being digested, our research staff discovered pro-
cess changes in the production of LIX 34 such that phase separation im-
proved dramatically. In a standard type of a phase separation test we
‘normally run on a variety of reagents we noted phase separation times at
levels as low as 1/3 to 1/2 of what is considered acceptable for LIX 64N.

Of course, we felt confident that the problems experienced by the one
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company would now be solVed, but a quick phase disengagement experiment
showed this not to be true. We were still looking at phase separation

8 to 10 times longer than considered acceptable. However, by treating
the aqueous feed under study with a method known to remove impurities
and then filtering, a feed could be produced which gave acceptable phase
separation when running aqueous continuous. We concluded the feed was
causing the problem and indeed, since this feed had been treated with a
flocculent prior to the solvent extraction, this conclusion seems justi-
fied. The strange thing, however, is that with LIX 64N or with a 50/50
mixture of LIX 64N/LIX 34 and the feed in question no phase separation
problems are encountered. An even with LIX 34 phase problems are severe
only when operating under aqueous continuous conditions. Why this type
of behavior? How can the flocculent cause this type of problem when it

is there in very low (.5 - 1 ppm*) levels?

While our laboratory was worrying about some of the problems just dis-
cussed, our research people were trying to identify the villain(s) causing
the phase separation problems in the original pilot plant batch of LIX 34.
To date, we have been somewhat successful not only in identifying the
undesireable constituents, but also in finding they are present at levels

of 50 ppm or less.

Finally, we worried that the newly processed LIX 34 which showed such
fast phase separétion under our standard tests and with a variety of
actual feed solutions might actually phase separate so fast that the

mixer short circuiting problem might worsen - sort of damned if you do

*#,5 - 1 ppm represent 10 - 20% of the total flocculent used to treat the
leach liquor.
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and damned if you don't. Long term phase separation studies on the

newly processed LIX 34 relieved these worries as the extremely fast phase
séparation was somewhat shortlived.. The LIX 34 emulsion band equilibrated
at a height somewhat greater than the initial phase band, but still a

little lower than that shown by LIX 64N under similar conditions.

From the discussion I am sure you can appreciate the difficulties that
can arise in phase separation. The very low levels of some contaminants

that will cause severe phase separation problems often times makes detec-

tion and identification a difficult and exasperating chore. Each feed .. . . ..

is unique and may present problems not previously encountered, each new
reagent may do the same and the behavior of a given feed with one reagent
may not necessarily be the same as with another reagent. Our work indi-

cates that competitive reagents may face real problems in this area.

A third behavioral characteristic which has been noted can readily be
seen by comparing the isotherm data plotted in Figures 2, 3, 4 and 5.
Note that at the lowest concentration of reagents LIX 64N is clearly
the stronger extractant, but that the extraction power of the reagents
becomes more nearly equal as the concentrations of the reagents increase.
Now consider the isotherm data plotted in Figures 6, 7 and 8. Note
that in this case at lowest concentrations LIX 64N is again the stronger
extractant, but that at 6 V/V% reagent both LIX 64N and LIX 34 exhibit
identical extraction isotherms with respect to the particular aqueous
feed that was used in this comparison. Why do the reagents give iden-
tical isotherms with one feed at 6 V/V% while from another feeﬂ LIX 64N

is the stronger extractant at 6.7 V/V%Z, the two reagents show similar
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isotherms at 20 V/V% and at 30 V/V% LIX 34 is the stronger extractant?

We are just not sure.

The V/V% of fhe reagents used in these isotherm comparisons is based on
the fact that a 10 V/V% solution of the respective reagent loads 2.50
g/l Cu under specified conditions. This does not mean, however, thaf
two reagents, each of which loads 2.50 g/1 Cu under the same specified
conditions, are present in the exact same concentrations. One reagent
may be loading to 80% of the total reagent present and another may be.

loading to.only 60% of the total.reagent present. ..Ideally, one.would..

~1ike-a-simple loading testthat could be related -directly to thetotal "~

reagent present. In some instances (we believe LIX 34 is an example)
the reagent will load copper from a Cu - ammonia solution such that all
of the reagent present is in the form of a CuRy complex, and thus copper

loading is a direct measure of the total reagent concentration. With

. other reagents (LIX 64N may be an example) CuRy, CuR3 and bridged com-

plexes of variable stoichiometry can be made depending upon conditions
and thus copper loading may not be a direct measure of reagent concentra-
tions. If 1007 pure reagent were available then comparisons based on
exact reagent concentrations obtained by weighing out the proper amount
of reagent could be run. This may not provide a solution to the problem
of the changing extraction strength of LIX 64N and LIX 34, but at least
the experiments would help to better define the problem. We are hoping

to run these experiments in the near future.

The last problem we encountered that I am going to discuss deals with the

stripping stages in an operating laboratory circuit. While running a
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long term phase separation circuit a small amount of gray solid with some
blue speckling was noted above the emulsion on the mixer walls. The

gray solid was shown to be the hydrogen sulfate complex of the reagent
while the blue speckling was shown to be copper sulfate. The hydrogen
sulfate complex! But we stated the reagent does not load acid. The acid
loading on the reagent was determined in the following manner. A 10 V/V%
solution of copper loaded LIX 34 was stripped at an O/A = 1 with 150

g/l H2804 and then filtered. Next, the organic was washed with deion-
ized water at an O/A of 1 and the pH of the resulting water wash was
measured and found to be 6.6. This means that [H;] = 2.5 x 10~/ and
gives a ratio of LIX 34 to HT in the neighborhood of 100,000 to 1.

Hence, we say the reagent does not load acid. After identifying the

gray solid as the hydrogen sulfate cémplex we tried to generate the

solid by mixing a LIX 34 solution with 150 g/1 HyS0, in a closed glass
vessel - no solid could be generated in this fashion; We also ran a

long term circuit to see if the formation oflthe solid caused a loss in
the loading power of the solvent. Over a 20 day period running 24 hours
per day, the loading on 20 V/V%Z LIX 34 solution remained constant us-

ing a standard loading procedure. It is possible there was a loss of
kerosene due to evaporation and we should have seen a slight increase in
the loading, thus, there may have been a slight loss of reagent, but

I doubt if the loss was too great. The gray solid will readily redis-
solve in kerosene when shaken with a typical copper dump leach solution
and in the process also extract copper thus the reagent is readily
recoverable from the gray solid. Because we could not generate the hy-

drogen sulfate salt in a closed system we ran several circuits with
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partial covers on the mixers and noted that the formation of the solid
was significantly reduced almost to the point of seeing no solid at all.
While all this was taking place, we ran several circuits using 100 g/l
HyS04 and 30 g/l Cu as the stripping electrolyte for LIX 34. It was
found that with the low grade solutions we examined successful circuits
could be run using the lower acid strip solutions and little or no gray
solid was formed even with uncovered mixers. With some of these feeds
the concentration of reagent had to be increased slightly but economic
advantages gained in the tankhouse by electrowinning from a much lower
acid solution may more than offset the slight increase in reagent make-
up costs. Thus, with low grade feed the problem of the hydrogen sulfate
reagent complex may prove to be a blessing in disguise. However, for
high copper containing feeds it may not be feasible to run with the 100
g/l HpS0, strip solution as the reagent concentration may have to be in-
creased to such an extent as to be uneconomical. This can easily be deter-

mined though with a lab circuit run on any particular feed in quéstion.

We feel the problem of the formation of the hydrogen sulfate salt of the
reagent is due mainly to locally higher than normal acid concentrationms.
The small lab circuit motors we use are cooled by pulling room air into

the top and pushing it out the bottom of the motor. This warm dry air
passes over drops of emulsion which have splashed onto the sides of the
mixer causing evaporation of water and kerosene. This increases the acid
concentration of the aqueous drop and the reagent concentration of kerosene
drop and we get formation of very small amounts of the acid sulfate com—.

plex. Over a long period of time this builds to a noticeable level. At
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sometime or another the solid will wash into the mixer disperse in the
emulsion and get washed into the settler where a small amount may settle

on the organic overflow weir.

I hope this paper gives you a feel for some of the kinds of problems
encountered in developing a new solvent extraction reagent. We havel
really only talked about the applications of the reagent to the copper
_industry. When you consider the reagent has potential applications in
Co - Ni separatioms, zn2t extractions, Hg2+ extractions and possibly
others you can appreciate the efforts. required to fully research and

hopefully understand the behavior-of-any solvent extraction reagent.

To this you can then add another full dimension: the production of a
reagent which has an acceptable cost. Our synthetic organic chemists

have the ability to construct molecules which possess just about any‘
desired properties, i.e., extraction strength, proper solubility, selec-
fivity, etc., but when you have to do this for a low cost many if not

most synthetic routes are not feasible. Also, optimizing one desired
property may cause a loss in another desired property and the ballgame
starts anew; more loading and stripping isotherms, phase separation studies,

circuits to be rum, etc.

Where does LIX 34 stand as of now? The reagent has several outstanding
and many good properties with respect to copper extraction from typical
dump leach, agitation leach and vat leach liquors. We have encountered
problems as discussed, but we have also been able to work some of the

problems out. We feel the reagent has strong potential especiglly with

respect to high iron feeds. What is needed is a well planned pilot study
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extending over a reasonably long period of time so that if there are any
long term problems with the reagent they can be identified and solved.
We at General Mills Chemicals, Inc., are evaluating various proposals to

conduct such a pilot study.



FIGURE 1

Cu pH ISOTHERM COMPARISON
OF LIX® 34 AND LIX® 64N

LIX 34
2 .
— LIX 64N
Organic g/l Cu Organic reagents equal .092 Molar
Aqueous = 2.8 g/l Cu ¥
1

pH
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 TABLE I,

Circuit' 2 extraction and 2 stripping stages at 50°C. Mixer residence time = 3 minutes.
Recycles for 0/A = 1 in mixers.

2 . .
,» 2 g/1 Fe 0, (synthetic).

_ Feed: 10 g/1 Cu2 , 10 g/1 HZS

Strip Electrolyte: 29 g/l Cu, 0.040 g/l Fe, 148 g/l HZSOA'

The carrier is Kermac 470B.

%*
ORGANIC MAXIMUM LOAD 0/A 0/A PREGNANT ELECT. LOADED ORGANIC STRIPPED ORGANIC
EXT'N STRIP '
' ' ok
Cu g/l from NH3 g/l Cu g/l Fe g/l Cu g/l Fe g/1 Cu g/l Fe
1) LIX 65N 14.6 1.6 3.6 42.8 .108 6.50 .0030 1.11 ND
2) LIX 34 11.7 1.6 3.6 46.3 - 6.35 - .96 -
3) LIX 34 14.5 1.6 3.6 50.0 .055 7.68 ND 2.08 ND
Two contacts O/A = 1, with an aqueous solution containing 15 g/l Cu and 45 g/l NH,.
ND not detected. : |
TABLE II
Circult: 4 exfractiou and 3 stripping stages at 23°C. Mixer residence time = 3 minutes.
Recycles for O/A = 1 in mixers. :
Feed: 4.42 g/l Cu, 2.07 g/1 Fe, pH = 1.66 (Combination of 2 actual feeds).
Strip Electrolyte: 30 g/l Cu, 0.036 g/l Fe, 150 g/1 stoé.
The carrier is Kermac 470B. '
ORGANIC MAXIMUM LOAD* OZA O/A PREGNANT ELECT. LOADED ORGANIC STRIPPED ORGANIC
EXT'N STRIP " :
sk
g/l Cu g/l Cu g/l Fe g/l Cu g/l Fe g/l Cu
1) 22 v/v%
LIX 64N 5.74 : 1 4/1 44,2 .046 4.50 .0020 .28
2) 20 v/v% : | _ .
LIX 34 5.20 , 1 4/1 46 .038 4.40 ND - : .28

RAFFINATE

g/l Cu

1.12
1.15
.84

RAFFINATE

g/l Cu

.38

937

%
. Maximum Load - 5 two minute contacts of loaded organic from the circuit with fresh feed at 0/A = 1.

oD =ouee deoccted,



' . FIGURE 2

EXTRACTION ISOTHERMS

Organic g/l Cu 1 B 6.7 V/VZ LIX® 64N
© 6.7 V/VZ LIX® 34

Aqueous: Cu

=TFe =4 g/1
pH = 1.

1.90

| |

.2
Feed g/1 Cu

=13~



Organic g/l Cu

FIGURE 3

EXTRACTION ISOTHERMS

@ 13.3 V/vz LIX® 64N
© 13.3 V/VZ LIX® 34

Aqueous: C

us= Fe =4 g/l
pH = 1.

90

Feed g/l Cu
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Organic g/l Cu

FIGURE 4

EXTRACTION ISOTHERMS

@ 20 V/V_Z LIX® 64N

© 20 V/VZ LIX® 34

Aqueous: Cu=Fe=4 g/l
“pH = 1.90
1 2 3

Feed g/1 Cu

~15=-



FIGURE 5

| EXTRACTION ISOTHERMS
8 Snanad
71—
6| —
g L
g .

. Organic g/1 Cu B 30 V/VZ LIX® 64N
© 30 V/VZ LIX® 34
3 - Aqueous:  Cu=<TFe=4 g/1
pH = 1.90

2
1

(

1 2 3

Feed g/1 Cu
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FIGURE 6

EXTRACTION ISOTHERMS

o Gl
05—
5
Organic g/l Cu B 2 V/V%Z LIX® 64N
© 2 V/VvZ LIX® 34
sl Aqueous: .359 g/1 Cu
' pH = 2.6
200
e
L1
0

l i L
K] 2 .3 n
Aqueous g/1 Cu
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FIGURE 7

EXTRACTION ISOTHERMS

1.2

1.0

.8

& 4 V/VZ LIX® 64N

Organic g/l Cu
® 4 V/VZ LIX® 34

Aqu‘eous: .359 g/1 Cu

.6

- pH=2.6
‘4
.2

l ]

.1 .2 «3 A
Aqueous g/l Cu '

~18-



Organic g/l Cu -

.6

FIGURE 8

EXTRACTION ISOTHERMS

6 V/V% LIX® 64N
or 6 V/V% LIX® 34

Aqueous: Cu = .35
- pH=2.6
I ! L
.1 .2 .3

"Aqueous g/l Cu

=19+

4
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The Mineral Industries Group of General Mills Chemicals, Inc., had the
pleasure of introducing LIX® 34, "A New Generation Copper Extractant",
at the AIME Annual Meeting in February of 1976.(1)  The paper discussed
the behavior of LIX 34 with respect to a variety of copper containing
feed solutions and in some cases direct comparisons with the behavior
of LIX® 64N were made. Since that time we have had the opportunity fo
examine the behavior of LIX 34 in much greater detail. Furthermore, we
have produced several pilot plant size batches of LIX 34 as a prelude
to commercial scaleup. This paper covers our subsequent work; pointing out
some of the problems encountered; how we. solved or attempted. to solve.
them; and where these adventures have led-us. ~We apologize for the -
places where details may be lacking, but the confidentiality of our
customers and our own confidentiality for competative purposes dictate

this discretion.

Before discussing our recent work with LIX 34, some background on the
reagent will be presented. LIX 34 operates on a hydrogen ion cycle with

the equation below representing the loading f;;stripping reactions:
2 R-H(org.) + M2*(aq.) > RoM(org.) + 2H'(aq.)

We have previously reported that LIX 34 is comparable to LIX 64N in
extraction strength when the reagents are evaluated on a molar basis
and indeed presented several independent experiments as evidence(1)
(Figure 1. Tables I and II). We also reported that LIX 34 had good
phase separation properties and showed excellent copper selectivity

over iron. In fact, we had never measured any iron loading on the reagent
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by atomic absorption regardless of the feed. Furthermore, we showed
evidence that LIX 34 loaded and stripped copper only slightly slower
than LIX 64N. Finally, we reported that LIX 34 showed no acid loading

under typical tankhouse conditions.

Recent Work

As our work with LIX 34 progressed we noted some interesting behavioral
differences between LIX 34 and our normal frame of reference, LIX 64N.
First of all, even though mixer box kinetics of LIX 34 are nearly as
fast as those.of LIX 64N the approach to equilibrium in a circuit can
be much slower if care is not taken to run the circuit properly. The
LIX 34 - aqueous feed emulsion is apparently more prone to short circuit-
ing than a similar LIX 64N emulsion. These LIX 34 emulsions also show
a much stronger tendency to run organic continuous at O/A ratios of one
in our small laboratory units than do comparable LIX 64N emulsions.

In fact, it is possible to run organic continuous even at A/0 ratios

of 1.5/1 and under these conditions nice, thick emulsibns which result
in high stage efficiencies are obtained. Thus, the apparent disadvan-
tage of LIX 34 running organic continuous at an O/A = 1 turmns out to be
an advantage at the higher O/A ~1.5. Will this behavior remain the
same in commercial size mixers? We think not. Does the problem then
have a solution? Three are readily apparent: A) faster extraction
kinetics would lessen the chances for and effect of short circuiting,
B) care in the mixer design to give better mixing and, C) close cir-
cuit control to maintain the best mixing possible. We have studied

several additives which accelerate closed mixer box kinetics considerably
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yet show no adverse affects on extraction, stripping, selectivity or
phase separation. These help considerably the approach to equilibrium
in a circuit. Our laboratory has not studied mixer designs, but work
in this area has been reported(z) and I am sure is continuing. Good
circuit control should be a part of normal operating procedure at all

times.

A second behavioral characteristic we found was in the phase separation
characteristics of the first pilot plant batch. All previously prepared
lab samples exhibited quite good phase separation,.but.the first.pilot..
plant batch of LIX 34 displayed poor initial phase separation:—After
running in a circuit for 16 - 24 hours phase separation did become near-

ly as good as that of the original laboratory batches of LIX 34. We

felt though, that good phase separation from the beginning was important
and, thus, our research staff began to study the problem. At about the
same time severalléompanies were looking at LIX 34 with respect to their
needs. In particular, one company experienced severe phase separation
problems when trying to run aqueous continuous in the extraction side

of the circuit when using their actual feed solution with LIX 34. How-
ever, another company with a feed produced in much the same way as the
first company did not see the very poor ﬁhase separation in their studies.
As this oddity was being digested, our research staff discovered pro-

cess changes in the production of LIX 34 such that phase separation im-
proved dramatically. In a standard type of a phase separation test we
.normally run on a variety of reagents we noted phase separation times at
levels as low as 1/3 to 1/2 of what is considered acceptable for LIX 64N.

0f course, we felt confident that the problems experienced by the one
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company would now be solved, but a quick'phase disengagement exﬁeriment
showed this not to be true. We were still looking at phase separation

8 to 10 times longer than considered acceptable. However, by treating
the aqueous feed under study with a method known to remove impurities
and then filtering, a feed could be produced which gave acceptable phase
separation when running aqueous continuous. We concluded the feed was
causing the problem and indeed, since this feed had been treated with a
flocculent prior to the solvent extraction, this conclusion seems justi-
fied. The strange thing, however, is that with LIX 64N or with a 50/50
mixture of LIX 64N/LIX 34 and the feed in question no phase separation
proBlems are encountered. An even with LIX 34 phase problems are severe
only when operating under aqueous continuous conditions. Why this type
of behavior? How can the flocculent cause this type of problem when it

is there in very low (.5 - 1 ppm*) levelé?

While our laboratory was worrying about some of the problems just dis-
cussed, our research people were trying to identify the villain(s) causing
the phase separation problems in the original pilot plant batch of LIX 34.
To date, we have been somewhat successful not only in didentifying the
undesireable constituents, but also in finding they are present at levels

of 50 ppm or less.

Finally, we worried that the newly processed LIX 34 which showed such
fast phase separétion under our standard tests and with a variety of
actual feed solutions might actually phase separate so fast that the

mixer short circuiting problem might worsen - sort of damned if you do

*%#,5 — 1 ppm represent 10 - 20% of the total flocculent used to treat the
leach liquor.
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and damned if you don't. Long term phase separation studies on the

newly processed LIX 34 relieved these worries as the extremely fast phase
séparation was somewhat shortlived. The LIX 34 emulsion band equilibrated
at a height somewhat greater than the initial phase band, but still a

little lower than that shown by LIX 64N under similar conditioms.

From the discussion I am sure you can appreciate the difficulties that
can arise in phase separation. The very low levels of some contaminants

that will cause severe phase separation problems often times makes detec-

tion and identification a .difficult and exasperating chore. Each feed .. .. _

is unique and may present-problems not ‘previously-encountered,; each new
reagent may do the same and the behavior of a given feed with one reagent
may not necessarily be the same as with another reagent. Our work indi-

cates that competitive reagents may face real problems in this area.

A third behavioral characteristic which has been noted can readily be
seen by comparing the isotherm data plotted in Figures 2, 3, 4 and 5.
Note that at the lowest concentration of reagents LIX 64N is clearly

the stronger extractant, but that the extraction power of the reagents
becomes more nearly equal as the concentrations of the reagents increase.
Now consider the isotherm data plotted in Figures 6, 7 and 8. Note

that in this case at lowest concentrations LIX 64N is again the stronger
extractant, but that at 6 V/V%Z reagent both LIX 64N and LIX 34 exhibit
identical extraction isotherms with respect to the particular aqueous
feed that was used in this comparison. Why do the reagents give iden-
tical isotherms with one feed at 6 V/V% while from another fee& LIX 64N

is the stronger extractant at 6.7 V/V%, the two reagents show similar
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isotherms at 20 V/V% and at 30 V/VZ% LIX 34 is the stronger extractant?

We are just not sure.

The V/V% of the reagents used in these isotherm comparisons is based on
the fact that a 10 V/V% solution of the respective reagent loads 2.50
g/l Cu under specified conditions. This does not mean, however, thaﬁ
two reagents, each of which loads 2.50 g/1 Cu under the same specified
conditions, are present in the exact same concentrations. One reagent
may be loading to 807% of the total reagent present and another may be.
loading to only .60%.0f. the total reagent present.. . Ideally,. one would.
like a simple loading test that could-be related directly to the total
reagent present. In some instances (we believe LIX 34 is an example)
the reagent will load copper from a Cu - ammonia solution such that all
of the reagent present is in the formlof a CuRp complex, and thus copper
loading is a direct measure of the total reagent concentration. With

. éther reagents (LIX 64N may be an example) CuRy, CuR3 and bridged com-
plexes of variable stoichiometry can be made depending upon conditions
and thus copper loading may not be a direct measure of reagent concentra-
tions. If 100% pure reagent were available then comparisons based on
exact reagent concentrations obtained by weighing out the proper amount
of reagent could be run. This may not provide a solution to the problem
of the changing extraction strength of LIX 64N and LIX 34, but at least
the experiments would help to better define the problem. We are hoping

to run these experiments in the near future.

The last problem we encountered that I am going to discuss deals with the

stripping stages in an operating laboratory circuit. While running a
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long term phase separation circuit a small amount of gray solid with some
blue speckling was noted above the emulsion on the mixer walls. The

gray solid was shown to be the hydrogen sulfate complex of the reagent
while the blue speckling was shown to be copper sulfate. The hydrogen
sulfate complex! But we stated the reagent does not load acid. The acid
loading on the reagent was determined in the following manner. A 10 V/V%
solution of copper loaded LIX 34 was stripped at an O/A = 1 with 150

g/1 HZSOA and then filtered. Next, the organic was washed with deion-
ized water at an O/A of 1 and the pH of the resulting water wash was
measured and found to be 6.6. This means that [HT] = 2.5 x 10~7 and
gives a ratio of LIX 34 to gt in the neighborhood of 100,000 to 1.

Hence, we say the reagent does not load acid. After identifying the

gray solid as the hydrogen sulfate complex we tried to generate the

solid by mixing a LIX 34 solution with 150 g/l HyS0, in a closed glass
vessel - no solid could be generated in this fashion; We also ran a

long term circuit to see if the formation of‘the solid caused a loss in
the loading power of the solvent. Over a 20 day period running 24 hours
per day, the loading on 20 V/V% LIX 34 solution remained constant us-

ing a standard loading procedure. It is possible there was a loss of
kerosene due to evaporation and we should have seen a slight increase in
the loading, thus, there may have been a slight loss of reagent, but

I doubt if the loss was too great. The gray solid will readily redis-
solve in kerosene when shaken with a typical copper dump leach solution
and in the process also extract copper thus the reagent is readily
recoverable from the gray solid. Because we could not generate the hy-

drogen sulfate salt in a closed system we ran several circuits with
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partial covers on the mixers and noted that the formation of the solid
was significantly reduced almost to the point of seeing no solid at all.
While all this was taking place, we ran several circuits using 100 g/l
HyS80, and 30 g/l Cu as the stripping electrolyte for LIX 34. It was
found that with the low grade solutions we examined successful circuits
could be run using the lower acid strip solutions and little or no gray
solid was formed even with uncovered mixers. With some of these feeds
the concentration of reagent had to be increased slightly but economic
advantages gained in the tankhouse by electrowinning from a much lower
acid solution may more than offset the slight increase in reagent make-
up costs. Thus, with low grade feed the problem of the hydrogen sulfate
reagent complex may prove to be a blessing in disguise. However, for
high copper containing feeds it may not be feasible to run with the 100
g/l HyS0, strip solution as the reagent concentration may have to bé in-
creased to such an extent as to be uneconomical. This can easily be deter-

mined though with a lab circuit run on any particular feed in quéstion.

We feel the problem of the formation of the hydrogen sulfate salt of the
reagent is due mainly to locally higher than normal acid concentratioms.
The small lab circuit motors we use are cooled by pulling room air into

the top and pushing it out the bottom of the motor. This warm dry air
passes over drops of emulsion which have splashed onto the sides of the
mixer causing evaporation of water and kerosene. This increases the acid
concentration of the aqueous drop and the reagent concentration of kerosene
drop and we get formation of very small amounts of the acid sulfate com—.

plex. Over a long period of time this builds to a noticeable level. At
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sometime or another the solid will wash into the mixer disperse in the
emulsion and get washed into the settler where a small amount may settle

on the organic overflow weir.

I hope this paper gives you a feel for some of the kinds of prdblems
encountered in developing a new solvent extraction reagent. We have
really only talked about the applications of the reagent to the copper
industry. When you consider the reagent has potential applications in

Co - Ni separatioms, zn2t extractions, Hg2+ extractions and possibly
others you.can appreciate the efforts . required to. fully research and .

hopefully understand the behavior-of-any solvent-extraction reagent.

To this you can then add another full dimension: the production of a
reagent which has an acceptable cost. Our synthetic organic chemists

have the ability to construct molecules which possess just about'any‘
desired properties, i.e., extraction strength, proper solubility, selec-
fivity, etc., but when you have to do this for a low cost many if not

most synthetic routes are not feasible. Also, optimizing one desired
property may cause a loss in another desired property and the ballgame
starts anew; more loading and stripping isotherms, phase separation studies,

circuits to be rum, etc.

Where does LIX 34 stand as of now? The reagent has several outstanding
and many good properties with respect to copper extraction from typical
dump leach, agitation leach and vat leach liquors. We have encountered
problems as discussed, but we have also been able to work some of the

problems out. We feel the reagent has strong potential especiglly with

respect to high iron feeds. What is needed is a well planned pilot study
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extending over a reasonably long period of time so that if there are any
long term problems with the feagent they can be identified and solved.
We at General Mills Chemicals, Inc., are evaluating various proposals to

conduct such a pilot study.



Organic g/l Cu

" FIGURE 1

Cu pH ISOTHERM COMPARISON
OF LIX® 34 AND LIX® 64N

| LIX 34

LIX 64N

Organic reagents equall.092 Molar
Aqueous = 2.8 g/1 Cu =4

pH
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_ Feed: 10 g/1 Cu

 TABLE I

Circuit' 2 extraction and 2 stripping stages at 50°C. Mixer residence time

Recycles for O/A = 1 in mixers.
2+

, 2 g/l Fe3 , 10 g/1 H2804 (syntﬁetic).
Strip Electrolyte: 29 g/l Cu, 0.040 g/l Fe, 148 g/l HZSOA'

The carrier is Kermac 470B.

= 3 minutes.

%
ORGANIC MAXIMUM LOAD 0/A 0/A PREGNANT ELECT. LOADED ORGANIC STRIPPED ORGANIC RAFFINATE
EXT'N STRIP 5
Fedk
Cu g/1 from NH, g/l Cu g/l Fe g/l cu g/l Fe g/l Cu g/l Fe g/l Cu
1) LIX 65N 14.6 1.6 3.6 42.8 .108 6.50 .0030 1.11 ND 1.12
3) LIX 34 14.5 1.6 3.6 50.0 .055 7.68 ND 2.08 ND .84
Two contacts O/A = 1, with an aqueous solution containing 15 g/l Cu and 45 g/1 NH,.
ND not detected. : 4
TABLE II '
Circult: 4 exﬁraction and 3 stripping stages at 23°C., Mixer residence time = 3 minutes.
Recycles for O/A = 1 in mixers.
Feed: 4.42 g/l Cu, 2.07 g/1 Fe, pH = 1.66 (Combination of 2 actual feeds).
Strip Electrolyte: 30 g/l Cu, 0.036 g/l Fe, 150 g/1 sto4.
The carrier is Kermac 470B.
ORGANIC MAXIMUM LOAD* 0/A 0/A PREGNANT ELECT. LOADED ORGANIC STRIPPED ORGANIC RAFFINATE
EXT'N STRIP :
' *¥k
g/l Cu g/l Cu g/l Fe g/l Cu g/l Fe g/l Cu g/l Cu
1) 22 v/v%
LIX 64N 5,74 : 1 4/1 44,2 .046 4,50 .0020 «28 .38
2) 20 v/v% .
LIX 34 5.20 _ 1 4/1 46 .038 4.40 ND .28 .

%
+.Maximum Load - 5 two minute contacts of loaded organic from the circuit with fresh feed at 0/A = 1.

) Toaeo deoccced.



. FIGURE 2

EXTRACTION ISOTHERMS

Organic g/l Cu 1 B 6.7 V/VZ LIX® 64N
® 6.7 V/VZ LIX® 34

Aqueous: C

L l

1 2 3 R
" Feed g/l Cu
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FIGURE 3

EXTRACTION ISOTHERMS

Organic g/l Cu

20  13.3 V/V% LIX® 64N
© 13.3 V/VZ LIX® 34

Aqueous: Cu= Fe =4 g/1
pH = 1.90

Feed g/l Cu
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Organic g/1 Cu

FIGURE 4

EXTRACTION ISOTHERMS

[ 20 V/VZ LIX® 64N
© 20 V/VZ LIX® 34

Aquéousi C

Feed g/1 Cu
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Organic g/l Cu

FIGURE 5

EXTRACTION ISOTHERMS

B 30 V/VZ LIX® 64N

© 30 V/V% LIX® 34

 Aqueous: Cu=TFe=4 g/l

pH = 1.90
L | 1
2 3 4

Feed g/l Cu
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FIGURE 6
EXTRACTION ISOTHERMS
.6_
Sh—
Al
Organic g/l Cu B 2 V/V% LIX® 64N
® 2 V/V% LIX® 34
S Aqueous: .359 g/1 Cu
' pH = 2.6

21

0
1]

C

1 .2 .3 .4

Aqueous g/1 Cu

-17-



FIGURE 7

EXTRACTION ISOTHERMS

1.2

1.0

.8 '
8 4 V/VZ LIX® 64N

Organic g/l Cu
© 4 V/VZ LIX® 34

.'Aquéous: .359 g/1 Cu

.6
- pH=2.6
4
.2
| I
ok | .3 4

Aqueous'gll Cu
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Organic g/l Cu -

.4

FIGURE 8

EXTRACTION ISOTHERMS

: 6 V/VZ LIX® 64N
@ or 6 V/V% LIX® 34
Aqueous: Cu = .359
ins pH=2.6
fa'
; §
:
e A a2 .3

Aqueous g/l Cu
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TWIN BUTTES

LOCATION:

The Twin Buttes Mining District lies in the Sierrita
Mountains, obout 6 miles West of Sahuarita, a stotion on the Southern
Pacific Bailroad, 25 miles South of Tucson, Arizona, toword Nogales.
The Tucson-Nogales oiled highwaoy olso passes through Schuarita. A4
very good graded, gravel road connects the comp with Sahuarite, so
trangportation is most economical. The following are the principol
mines of the districts

\ B | /
Morgan, Minnie, Copper Buties, Copper King, Copper
Queen, Copper @Glonce and Copper'Bullion

CLIMATE ¢

The elimate ig typically that of Tucson and southern
Arizona~-hot days, cool nights, with summer showers. The vegetation
is sparce and that of the arid desert section., Water for domestic
use and for mine operation is availoble ot the Gladstone Sheft, which
is under lease.

LABOR ¢

Labor ts largely Mexica n and seems to be abundant in this
particular section. The proxmity to the border assures a fair suppllye
The camp has proctically all the buildings necessary to begin operation,
though the ore bins, etc., will need repairs before commencement o/f
operations

HISTORY:

The known history of Twin Buttes mining district dates from
the nineties, when four prospectors gophered various surface outcrops
of copper carbonates, hauling same to Tucson by wagon. This continued
up to the year 1905, when a group of men heoded by Dovid 'S, Rose, then
Mayor of Milwaukee, formed the Twin Buttes Mining and Smelting Company,
which ccquired all the favorable property in the district. They built
a stendord gauge ratlroad from Tucson to Twin Buttes, 28 miles in length,
and began mining operations in 1906, erecting a smelter near the fanta
Cruz River, 9 miles from the minese. They operated until the spring of
1918, directing most of their oatiention on the Morgan Group, as this
particular group hod the best surface showing.

: During these operations the Twin Buttes Mining and Smelting
Company produced a gross of $3,110,000,00. Most of this came from the
Morgan'Mine, the balance from the Copper '@lance, Copper Queen and Copper
King, the latter group being on a different contact with very little

surfaece showing, and waes not worth considering at that time. However, -
later operations proved this contact to be the richest zone of this districl
higher grade ore and larger ore bodies. The gross production from this
contact to dete is $6,115,597.30. This, with the old company’s produc-
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tion of $3,110,000.00, mokes o grand total of $9,225,597.30 for
the districte

In 1918, after some of the older officials of the Com-
pany had died or passed out of the picture, operations cecseds JFrom
then on until 1918 the Morgon Mine was worked by leasers. In 1914
bd. '‘Bush of Butte, Montaene, who hed been leasing at the Morgan, took
a lease and bond on the old Minnie Kine, which lay on the Glance-King
contact adjoining the Copper Butte on the West. Bush and his paritners
netted over $400,000,00 in the yecrs 1914-15 and 16. It was while
operating the Minnie and seeing the possibilities of this contact that
Bush took a lease and bond on the Copper: Glance, which hod been pre-
viously worked by the old company. This contract was for $300,000.00
Jor 8 years on o 10 % royalty basis, during 1916-17-18, untilt he drop
of copper after the Armistices DBush paid $233,%96.16 1in royalties to
the old company and netted o substantial sum besides.

In 1217, being more convinced than ever of the possibilities
of the Copper 'Queen, Bush took a 3 year lease and bond for $100,000,00
on this property. He paid this $100,000.00 in royelties after the
second year and netted besides $180,648,72 for himself and partners.

We F, Foy became associated with Bush in 1917, when they
took over the Copper Queen, cnd Foy carried on operations after Bush’s
death in 1920, by reopening the Copper Queen, and during the 1923-26
period paid dividends totalling $412,000.00, besides sinking a 500°
shaft on the Bullion and o 400°shoft on the Gladstone. This expense
was absorbed In opercting costse

Foy purchased the properties from hisa ssociates in 1938,
Jorming the Butteg Copper Company, embracing all the properiies in
the distriet, but the panic halted this project and the properties
reverted to their original owners.

In 1988 Mr. Foy arronged o new decl and I become associated
with him in 1942. A4 loan of $9,000.00 was granted by the R. F. (.
to start unwatering the mines and show suyfficient evidence to warrant
gdditional funds to equip and place them in production. Due to dif=
Jicult opercting condi¥ions, this was not sufficient, and I, personul-
ly, advaenced some $15,000.60 to complete it. The Glance and Queen
Mines were unwatered to the 3525 level, where o personal examination
showed the ore expected did eriste The shaft was re-timbered, the
headfreme repoired, two 310 cu. ft. Chicago Pneumctic air compressors
were bought and instelled, air and water lines installed in the shoft
and a Comeron sinking pump obtainede. The small amount of water re-
maining can be easily removed with this equipment and the mine
equipped for production.

Mr. Foy eventually relinquished his contract so I could
arrange o more favorable one., The mines held under t he present lease
and option ares

Name Survey No.
VORTHERN l Gopper Prince (Dodge) 2641
GROUP s Senctor Stewart 2648
' James (. Blaine 2640
Qarfield 2640
“Admirel Dewey 2640
»McKinley Lode 2640
*Hobson Copper 2640

“CGonper Hill 2640
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Name gurvey .
CENTRAL
GROUF " Copper Butte 2643
" Copper King 26438
* Copper Glance _ 2648
" Copper Bullion 2643
- Bullion No. 2 2643
» Copper Eagle 2643
« 8tandaerd Copper 2643
SOUTHERN " Gladstone . 2030
GROUP ‘P Summit Fraction 2030
' Senator Morgan 2030
[ Senator Morgan No. 2 2080
« Daily News ~ 2030
« Nellie 2030

Morgeret or Margarita 2080

The terms of the lease-option from the owners; Twin Buttes
Mining ond Smelting Compony, Room 1112, 259 East Wisconsin Avenue,
¥ilwaukee 2, Fisconsin, areg

Date October 1, 1948, Term 5 years, Price § 105,000,00
Minimum payments, $200,00 monthly.,

We Fo Foy owns the Minnie and Copper Queen and will include
etther or both in any deal, under separate agreement,

, The following gives detalls of shipments from the various
mines. These were shipped to the Southern Paeific Railroad ot
Sahuarite over the Twin Buttes Railroad, a company roaed now ahandoned
and dismaontled.,

Que R.E. Dry T Groes Vet
Mine Dgte Price Cors Tons sl G - Cua & dgs.. FProfits
Minnie 1914 o , |
1918 282,78 1370 62,477 471 $1,262,202  $498,805
Queen 1917 _
1980 19,1454 310 15,234 9ald ¢ 558,808 $180,648
Queen 1923
1986 13.83 1078 59,952 6055 $1, 060,872 412,218
dlance 1916 ~
1919 18.0114 2432 118,066 .72  _ 2,786,126 629,289
Total 255,729 # 5,685,596 $1,715,9583

Notes The Morgan Mine is reported to have produced previouvs %o 1914,
ore of a value of # 3,110,000, but tonnage and profits are not
availablea

GEOLOGY ¢

In generacl, the geology is that common to replacement in o
contact zone between bedded limestones and underlying gronite., This
contact has roughly an East-Fest strike and dips to the South et about
60 degrees. The contect lies in the form of o shallow are, whose con-
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tinuity is broken in several places by rolls, which are usually
accompantied by cross frocturinges These rolls probably were cccasioned
by pressure due to the granite intrusions, which also may have caused
the frocturing,

The lime is metamorphosed along the contact to a garnet and
these gurnet occurenceg extend into the ]limestone for consideraeble
distances ot the location of the rolls and fractures, A4ll of the ore
Jound to date oceurs in the garnet in the "roll" crea.

The lime beds have been tilted by the granite intrusion and
Joulting, but in general the contaet crosses the beds, so there is a
vaertation in the garnetization Sfrom the surface down, due to varig-
tions in the solubilities of the beds itraversed,

The persistonce of the lime i shown by a diamond drill hole,
drilled vertically from the 625 level of the Glance Mine, which show=
ed lime to a further depth of 500 feet, with the hole bottom still in
lIime.

The "Central’ contact is known for a distance of 9,000 feet and
the recognized "rolls"™ which have been named for the claims on which
they occur, are, from East to West,¢ Copper Bullion, Qopper Glence,
Copper Queen, Copper King, Copper Buttes, and Minnie. The Copper
Glance, Copper Queen and Kinnie have been developed into good pro-
ducing mines. The Copper King has produced an estimated $150,000.00
JSrom o small fracturs., The Copper Bullion has encountered o strong
frocture filled with leached oxidized ore (not commercial ), Neither
of these developments has reached the contact so their present interegt-
ing showings worrant the expectonce of ore bodies on the contact similoer
to those found in the other three mines.

There is an unprospected "roll" between the Glance and Queen,
which could be prospected from the drift connecting these two shafts,

and which was driven ofS the contact for permanences Also, there are
several other :8reas where "rolls" can be expected, os between the King,

Butées and Hinnie.

The outerops of contact gernet, or ore, are so inconspicuous
a8 to have been practically none-existent. The small minerelized frace-
ture on the surface ot the King is the beste JIn the Queen and &lance
the surface showed o very small frocture filled with oxidized ore but
no commercicl ore bodies were encountered until adepth of 300 feet was
reached. However, [from this point the ore has been practicolly continuous
to their pressnt bottoms, which ore in oreés

In general, five "rolls" have been found in the 9,000 feet of
known central contoct, leaving a good ¢ hance for ¢ similar number 4o
be found by intelligent prospectinga

. The "Morgan" contact lies about one mile South of Twin Buttes
camps JLts productive lijfe wcs from 1906--1213 and resulted in the
production of ore valued at § 8,110,000,00, consitruction of a 28 mile
gtandard gauge railroaed Srom Jucson and a small smelter. During this
period the discovery oft the "Central” contoct occured, The Morgan Mine
hos been operated occasionally by lecsers since 1913 but today is full
of water. Mr. Foy states that it has some considerable promise for
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mill ore, which warrents serious s tudy and unwatering end . sampling.

The "Worth" group is purely prospective with 1ittle work and
no production.

The ore found to date 1§ almost entirely o massive pyrite
containing bornite ond chalcopyrite, there being almost no pxidized
ore in any of the mines, These ore minercls aore found in the garnet
in irregular shaped ore bodies typical of replacement depositse
There has been no sign of dimunition in intensity of mineralization
or grade to the present depth.

MINE WORKINGS:
Central Contocte

| Copper Bullione

This shoft is in solid limestone and is open all the woye It
contains little seepage water and hag no surface improvements at
presente

J Copper Glanges

The shaft hos been retimbered to 525 Ievel, which hos been une
wotered for inspection,s The level is in Jair shape, permitting access
to ¢ll the stopes., The drift to connect with the Queen is open. The
workings below the 525 level are probably all in good shape since
they are relctively new. The headframe has been put in good shape
and the shaft is opercted by a 15 HP gasoline hoists

On the 400 and 585 levels there exists ore faces which will
mine 4% copper, making it possible to begin production al onceé.
When we unwolered these levels, I had an opportunity to take o Jfew
check samples to confirm thiss

" Qopper Queent

The shoft has caved around the collar for o depth of 38=4

sets, reguiring reopening to restore ventilation in the @Glance and
Queen Mines through the 525 deift, which is the 7th level of the
Queen, Unwatering the Glance tukes the Queen wotber to the 7th level,
but supplementary equipment 18 needed in each cose to unwater the
bottom of the mine. It is confidently expected the Queen Mine will
prove similar to the Glence in that Joirly recent timbering, which
has been under water, will be in such shape it will not have to be
replaceds The Queen has a headframe, hoist house and o S50 HP hoigte

" Copper Kings

The shaft has been re-laddered and the timbering repaireds
It has no surface improvement. The rehabilitation to the 200 level
was for the purpose of preparing Jor diamond drilling to the con-
taecte

OEE RESERVES:
The caleulation of ore reserves in lime replccement bodies

is o difficult matter, but the Sollowing is good practice ond de-
tails the manner in which the Copper Glance reserves are estimateds
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The ore cccurs in connected lenses in a large mass of garnet,
which oceurs along the contact of the granite and overlying lime=
ratones. Using the known tonnage mined above the 525 level and be=
low the 300 level from the garnet area there, we find a block of
100 feet by 200 feet extending from the 300 to the 525, an incline

digtance of 270 feet. This block contains 5,400,000 cubic SJeet
of garnet or 540,000 tons of garnet zone, which actually has pro-
duced 118,066 tons of ore averaging 6.72 % copper,

From the 525 level to the bottom of the 626 winze, which is

still in ore, using the same manner of ealeulation, we are justified
- in ewxpecting 400,000 tons of garnet ore zine which could produce
87,400 tons of ore of similar grode. The particl development on
these lower levels does not shkow any dimunition in size or grede.

4n average of all the mine samples taken during the last
40 days® operation showse

585 level workings assayed 6.80 % copper
625 level workings assayed 7.70 % copper
Average 7,45 % CGopper

. There is no reason to expect the ore bodies to bottom ot the
present level as diamondd rilling shows the limestones, which are
essential to ore [formation, econtinue ot least 500 Jeet deeper,

This diomond drill hole was drilled from the 625 level so
there is 400 feet of limestone below the 700 level, The 400 feet
of Iimestone from the 300 to the 700 level produced 118,066 tons
ond i& estimated to contain 87,400 tons more, a total of 205,466 tonse
It is possible the succeeding 400 feet will contain ¢ similor amount
of similar grodee

Copper Queens

The Queen has been mined 4o a grecter depth than the Glance,
but an estimate using similaor reasoning shows epproximately 40,000
tons reasonably expected, and a possible additional 50,000 tons
eueraging 6.50 % coppers

' Gopper Bullioneg

' Copper Kings

These two areas have just as good a chance of developing sub-
stontial ore bodies as the Glonce and Queen had, and of gimilar
grade, It is remarkable that the three mines on this contact that
were developed to the contaet in the favorable "roll" area, all
proved very profitable, and adds to the possibility o/ that two known
ereasalse developing similarlys.

In addition to these, there are other likely "roll" areas
between the Glance and the Queen, and the King and the Minnie.
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Gopper Kings (continued)

Production _Probable Ore ,ﬁjmgsible,Ore
| | Tons e Tong. % Cue Tong._ % Cu,
Copper Glance 118, 066 6,78 87,400 .45 205,466 8, 00
Copper Queen 75, 066 7,08 40,000 7,00 50, 000 6,50
Minnie | 62,477  4.71 30,000 8,25 30,000 4.00
255,689  6.35 157,400 6.53 285,466 6.23

In the unprospected "rolls", Copper King ond Copper Bullion,
it is possible they will each contain a somewhat similar tonnage to the
average of the three, which is 232,830 tons, averaging €6+.35 % copper.

There is u good "roll” between the (lance and the Queen Kines,
which can be prospected from the 525 level of the Glance, ond 1t
also could develop a similar tonnage and grade like that estimated
in the Copper King and CGopper Bullion, '

The property has an entirely possible chance of producing four
or five times the quantity in the future that it has produced in the
puste

CosST OF PRODUCTION:

Since the Copper Queen mine was unwatered, rehabilitotated and
put into production in 1919, under circumstances existing todey in
a sitmilar way, costs and outcome could be very much alike. Mr. Foy
started with o capital of $:51,000,00, copper price averaged 13,83 £,
shofts were caved ond mine full of water. The net profits for 1983
to 1926 were § 412,216,00 on 59,952 tons.

The detailed costs at that time were as followsy

Direet Per Ton _JIndirect Fer Ton
Labor # 1.686 Prospect Outside
Labor Ins, . 088 Mines $ .688
Power ’ « 097 General 062
Explosives 1789 Hepuire Renewals 112

Smelter Represgsents « 058 Toxes=-S5t, & Co, 218

Pumping . 076 Tares--Fed., . 476
Timber 022
Total Direct § 2.372 Totel Indirect $1.556

Total all costs 3,988

Puture costs of mining will not include "prospect outside mines",
but Jeber will be higher, so a cost of $5.00 per ton is estimated.
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Cost of Smelting--Transportation aond OQuitcomes

Assuming the first production would come Jrom the Copper
Glance Mine, and using an approximation of tThe average cssays
gf_the last 58 roilroad cars, 8,154.3 tons, nemely, copper

6.0 %, Silver 2,0 0%e, the following figures will show the oute
come §

Pay
Silver 2.0 02. less 0.5 oz. at 90 £ $§ 1,35
Copper 6.0 % 120 # - 18 # = 108 #
at 18.5 - 2.8 15.7 £ 16,96
15,81
Deduet
El Paso Smelting # 2,50
B.R. Freight plus 5% Hp® B.52
Truck to R. K. oo 84
‘ 5486
Net Smelter Return 12e45
Royalty 10 % 1.54
11.581
Mining 5¢00
Net Profit $ 6.21

The average grade shipped to date from the Glance was 6,79 %
copper and the net profit with this grade is § 8.04.

“Sinilar profits should be cvailable from the adjoining mines
because ores are similaer in grode and occurence, making similar

mining costs probablés

All of the orcs frow the district are amenable to concentra-
tion by flototion but due to the prevalence of high grade ore,
production until now has all gone direct to smelters., PFProximity
to the modern flotation mill of the Eagle Picher Company at ‘
Sahucrita, Arizona, mokes milling the ores locally well worth in-

vestigating.



FUTURE QPERATIONSS

Considerable thought has been given to o diamond drill-
ing campaign as the first step, but the locotions for the most
promiging holes wure ot depth and largely under water, therefore o
campaign to reopen the (lance and Queen Mines ghd make it possible
to commence actuel mining and at the somé time permit the first
digmond d rill operations, is suggested.

The bulk of the woter has been removed and now stands
at chout the 460 level., The mines only made 50 G P M when un-
watered to present boitoms. The hoist, headframe and shaft on the
Glance are in working order., There are two new 3" lines to the
928 and new guides to 500 ft. peint. There are two Chicago Pneu-
matic Diesel (Hothead) 310 ¢ f m compressors instelled, renovated
and reedy with starting equipment. It is plonned to take out the
balaence of the woter with a No., 7 Cameron Pump to the 625 #lance,
and then use 1%t as a station pump while unwatering the mine work-
ings with o Chicago Pneumatic pump., (air) It would be better o
rent and install o deep well type pump to unwater to the 625 and
then use the Comeron, etc.

At the same time pumping begins, reopening of the Queen
shaft should be begun so when the 525 is unwatered a second e scape
and ventilotion will be avatlable. The two compressors will fure-
nish enough air to opercte the Cameron once the 625 is dry and
will give some air for diamond drilling.

Mining can be started en the 525 and 625, but will be
limited by the aveilable air.

Some diamondd rilling was done in the old operations but
Mr. Foy says the holes all were into the H W or South. The first
area to be drilled should be between the Glance and Queen Mines,
where the long connecting drift is well in the lime hanging woll.
Thege holes should have a downward inclination ond be spaced about
100 feet opart., They should cut an ore body since there is a "roll”
there and geo-physical tests are positive, The 585 drift should be
extended East a couple of hundred feet and drilled similarly to the
N or toward the contact,

The Copper Bullion shaft offers a good spot for a long
hole from the bottom (500 level). This area shows ore according to
the geo-physical tests. The shoft requires ¢ hoist and tripod to
make this drill stotion accessible., The Copper King area also has o
Eositiue geo~physical test, has had some production and is in a
'rol11" area. This warrants drilling.

There are several other likely areas in which exrtensions
of known ore bodies might be found, but these are the main chances
Jor finding ore bodies of the size known on the Glance and Queen.

The possibility of getting electric power should be in=
vestigateds The Trico Cooperotive is considering entering the dis-
trict and there is always power available from the Tucson-Nogales
high tension line a few miles to the East,

In the past, Twin Buttes was o fuovorite camp for miners ond
probably will continue to be for particularly the Mexrican type, due
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to it8 nearness to the border and good climate. Wages will prob-
ably be controlled to considerable extent by those at the Trench

lfine at Patagonia and the San Xavier Mine ot 0Olive Camp.

The estimated cost of rehabilitetion and operating cap-
ttal to get into production is as follows, This does not ine
clude diamond drilling, which could be paid out of operating income

if the operation staerted wells,

Hoisgt Move SO HP Diesel Hoist Queen Mine to
Flance. FExtend building foundations,
smal—z rep@ir'gnlﬂllntQ‘QQIOGIlh'&ﬂ.l"n..nbﬁﬂ'& #

Shaft Repair, tighten guides and sets,

Jaddereg $0 G088, snescosssvistonnbnssnnnsnnnvunse
Levels Clean up 585, 625, Repair, install trock.....
Ore Bin BepPailreccsncsscsccsssssbssussonasconnosonosnsss
Unwater 585, 625 levels, 625 winge with Cameron Pump..
4 ir Receiver FRETAIL svevnveovnavnssossnnnssunesnvoy

Eguipmente

3 Jackhammer type drills, hoses, tanks,
1 cradie, 1 stoper, hose tonk, line ovileérs...

4000 # drili steel (use Contention sharpener
or Throwoway Bits).......

2500 Ft, 12# rail and spikes (5 t0n) veveeso
10 mine cars (us€d) «civeesvesnonsanoonaninens
BB00 Fta B” pipeesBl # sasvsnsvesssssssnssns
2500 Pt, 1 2”'%ipe«-15 B pansEsninmssnnant sy

.ZGOO & .,Z‘ T e e lg,éaa.¢00l-voruselutotn

Fittings’ Ualues’ eﬁC' .,.'.’l"..'oe.‘.'....‘..
Air }IO?:S'{;-—ﬁgs winge 964 %05 960 % 6000805 mese0 b e 0

dﬁir Pump"'"“‘ " " »oonnohtonoono‘oo---ooo-u'n

“Shovels, picks, wrenches, miscellancous t00lS..

Reopening Queen Shoft for ventilotioNeesoosasos

Carload miscellaneous timber (repairs & eperation
30 day pGyT‘Oll--l,OOO 'L‘OT&S B 860 60 6L d oD E SOOI GORS

PiCk'up TT'UC;C % 2 6 % VO VOO s P S DO E OGO O F O E U O A DO SO

750,00

500,00
1, 000,00
250,00
1,000, 00
75, 00

£4000,00

750,00

300,00
1,000, 00
525,00
375,00
120,00

250,00
500,00
250,00
250,00

0,00

1,350

5,000, 00
1,000.00

Total 4 18,695, 00
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In order to meet any unforeseen contingencies, o jfund
of $25,000,00 should be available.

All the maps and records were furnished by Mr. Foy, who
was the manager under the lust operotions. When I was ore pur-
chasing agent for the dmerican Smelting and Refining Company, I
bought the Copper Queen production from Mr, Foy during 1953--26.
I sow his opera%zons and was so very favorably impressed that I
have confidence in all this data. The evidence disclosed in un-
wetering to date has confirmed his statementsa

Asgide from the Senator korgan iine, tie moin contact
hes o length of 8,000 feet, of which 6300 feet is open through
exisgting sheftss Of this distance, 6300 feet,there remains 2500
Seet of contact which has an excellent chance of containing similor
ore bodies to those already discovered. The ore trend ig raking to
the kaost and probably will be found 500 feet deeper thaen at the
Glaonce or at 800 feete

While the ore in the Quepn wag much narrower ot the
ch level, a winge below this level shows it is widening and has
4 feet of high grade copper. This is typical of replacement-ore
bodies and has occured many times in the mine before and definitely
gshows the Queen 18 not bottomed.

In the Glance there has been no dimunition in size of the
ore on the lower lewvel., Therefore, horizontally the end of the
contact limits the extension but there is ample room for severocl
large ore bodies. Vertically there has been no limit found as yet.
The Twin Buttes Camp is still only partially prospected.

Considering the history of prnductaon and profits from
these mines, and reviewing the maps ond considering M¥r. Foy’s
statements concerning the ore in the Glance Mine aveilable for
immediate production, 1t is entirely probable that more than enough
ore can be easily and quickly produced to repey the capital invest-
ment, o drilling and development cempaign, and furnish profits soon
after production beginse.

With intelligent menagement, the purchose price of the
mines con be accomplished through royalty payments, ore can be
developed for the future, and ¢ long time mining operation of fair
size can be developed.

Howard H., Fields

March, 1950,
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Twin Buttes Gamp

Pima County, Ariz,

The wiones of the Pwin Buttes Gamp are at contascts of intrusive
grenite with older gediments, largely limesione., The ores arg nrin-
cipally the contect metamorphic btype and are loeslized in the hanghiges-
wall sediments at the junetion of amall Fissure veins with the granite
contact. No lmporbant ore bodles were exposed at the gurface, but °
were dlscovered by sinking on the Pissure veins to the contact zone,
Magses of garnetized rodk in the contact zone also serve as noagible
indieators of underlying ore bodles,

, Bilve mines in the area--Blnnie, Copper Eing, Qopper Queen, Copper
GFlance, and Senabtor' Mersan--have yielded 388,000 tons of ore avarage
ing 6,17 percent copper and a small tonnage of high=-grade oxidiged
zine ore. Developed reserves in two of thege mines amount to 30,000
tong of & percent copper ors, The Contention mine, on another segment
of the granite contact, has 15,000 tons of develoved zine=-conper ore
averaging 17 percent gine and 2 percent copper. B '

: Ore developmént is in
progresg at this mine, financed by a $20,000 Reconstruction Pinsnce
Corporation loan, '

All of the copper mines except the Senator Morsen 1lis aleng an
8,000 foot easte-west gegment of the granite-sedimentary contact, Twé
other shafts, which yielded no production, were sunk on this contaet,
80 that some 6,300 feet of the contact zone is accesalble for under-
ground exploration, Geologle conditlons favorsble to ore 4 epogition
are found along some 2,500 linear feet of unexnlored portions of this
contaet zone, - '

ALl of these mines are controlled by the owner and operater of
‘the Copper Queen and Contention mines, who holds the other nines undeyp
lease. Pinencing has been arraiged for extracting shivplne ore now
expoged on the lower levels of the Conper Qusen and Copper Qlance
mines and for continued development and wining, Prelininary rehabili-
tatlon is under wey, Four of the shafts have been made accessible,
end the lower levels of the Copver Queen snd Copper Glance, now under
water, will be unwatered zcon,

Mining cost of shipving ore is estimated at $5.00 a ton., Ore
of lower grade than 5 percent copper will yield little profit when
ghipped b0 the smelter,

The Buresu of Mines has begun an gxploration program in whieh it
is planning to include {1) msvping and seologic study, both at ocutcrop
and underground; {2} s

vling of underground workings and dismondw-drill
testing of parts of the Twin Buttes contact wzone for extenzions of
known ore bofoes and zearch for new ones; and (3) gampling the Cone
tentlon mine and diamond drilling to prove extenslona of that ore body.
About 4 ,000nfeet of dlamond Arilling snd 500 feet of underground drifte
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ing will be needed. The total

at §h5,606.065 This program has & dusl purpose--Tirst, bto dis-
cloze additional regerves of shipping ore, and second, Lo es=
timate the tonnag T milling-grade ore and, 1f the availabls
tonnagzes of the r iz sufficlent to jJustify the erectlon of.

g mill, to meks lurglcal tests and preposals Tor s custom mill
id thig canp, '

3

This program offers an opportunity to disclose ore hodles
that should yield copper ore and zine-copper ore of shipping
grade, The esxpsctation lg 25,000,000 pounds. of copper to be nroduced
from 1943 to 1947, inclusgive. ‘

THTRODUCTION

The Twin Bubttes Canmp embraces eight mlnes that lie slong
a2 conbtact of granite with Psleozoic limestones and guartzite.
Five of these heve besn producersg] another ls in active develons
ment and has aohe zine-copper ore blocked out, There ig Known reo-
gerve of some copper ore 1o two of the 0ld producers.

In June, 1942, when a Buresu of Hines engineer investigated
these mines, only one of them wasg accezslble, Maps of the others
‘are available, &3 well ag records and suelter gettlements covering

the greaber part of the copper produced frowm the camp, and a
geological report on the Twin Buttes district by Renald I Brown in
the Uply, of Ariz, livrary. The pPredent operator, who has Leen
connected with these mines since 1516, suoplied much information,

% i
The Senator Morgan group, under leasse to Charles Tayler of
Tucsony Ariz., iz owned by the Twin Buttes Mih%ng'anﬁ Smelting Co.
of Milwsukee, Wis,, which slso owns the Copner Glence, Copper
Buttes, CGopper Bullion, s=nd Copper King mines. Thess are leased
to William Foy, of Twin Buttes, untll 1948,
\

The Midland Gopper Co., now defunet, owned the Copper Queen
mine, Willism Poy, & former shareholder in that company, has been
paying taxes on the nilne for several ysarg, '

: The Ariz, Buttes {Minnie) group of claims end the Contention

group, all unpatented, are held by William Foy.

The Taurus elaim (unpatented) is held by G. Gavin, Box 13,
Ruby Star Route, Tucson, Ariz.

Work has been started at the Copper Glance to rehabilitate
the shaft and unweter the mine snd the Covper Queen, which ig
sconnected with the Copper Glance on the seventh level, William
Poy has unwatered the Contention mine ané lg dolng development
work thers,

HISTORY

The first locatlons are sald to have been made in 1876, Little
mining was done before 1905, when D. 3, Rose, of Mlilwemukes, organized
the Pwln Buttes Mining and Smelting Co., =znd acquired the more
promlaing eclains o the ares, sxzvept the Minnle Group, This comnay
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bullt 28 nlles of standsard gege railroad from Twin Buttes to
Puczon and erscted a smelter on the Santa Cruzm Rlvar. it
opereted from 1906 to 1yl;§ but was not highly successfule It
pro@uced 132,500 tons of ore averaging 5.92 percent copper, maln-
1y from the Morgan mine, Dan some of 1Y from the Copver G&an@e-
and Gop per King mxnpa,

EG.Bugh leased the ﬁor an mine in 3913 and produced a few
carlioads of low grade Ore. Ha relinguished that lease in 1914
end took a lease and purchase epbion on the Minnle mins, whieh he
developed and oper rated from 191k to 1917.

& Bush and sssociates Ovmdnizeé the Midland Covper Co. in
1917 and took the Gopper Glance and Gopper Queen mines under lesse °
and purchase eption., The Covper Queen was paid for out of royalbies,
The leamse on the Copper Glance wag surrendered-in 1918, and the
mine has since lain idles It bhag produced 118,066 tons of ordy
averaging 6.72 pereent copper, Bush dled in 1920. The company
zaopened the Gopper Queen mine in 1922 under the management of
Willlem Foy; and shivped oré from 1923 to 1926, The Covper Quesn’
produced 75,186 tons of 7,05 percent cope r ors from 1917 to 1926,
Wllllam,ﬁev produced a 1ittle ore from the Minnie mine in 1028,

.

Total production from the camp has amounted to 388 271 tOHﬁ
aversging V.17 percent CoPLET, Gont?ibateé 88 foli@

¥ine Ery Tonsg G@épemgnare&gg Conper Genﬁaﬂt’wﬁgmnﬂg
. Benator M@rgunl 132, 3502 5.92 : lﬁy'fm?oﬂf"
Gopper @lance 118 066 6.72 1587054
Gopper Queen 75 "186 7405 1@ 608 048
Minnle ve ,A?? L7l 5 865,333
- 388.,2’31- 6,17 w_-l,aizz',am

1., L i - e - . '

“Produoction credited to the Senator Morgan wmine in-
cludes 21l of the ore produced frowm the Copper King
and the sarly production from the Copper Glance.

i

EHYSIGA& FEATURES

The Twin Buttes qum, in the Pima Mining Distriet, is 28
miles south of Tucson on the Tucson-Continental Gounty road,
It is 6 miles soubth of Mineral Alll., Almost half of the rosd
iz paved and the remsinder is well 5rﬂd@é. A graded road
O miles long connsets the camp with ahuifitd, on the Nagmlea
branch of the Southern Pacific Rallread and on paved U, S, High-
way 89,

Topographle relief iz not greab. The altlitude is aboub
3,400 feet wherefore ?mm§@T“LU?gm are somewhst lower than at
Tncs Ofle
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able water is obtainsble from three old progpect shalts
res, but the nearest supply is rether scant in dry

3

Pot
in the a ,
weather, Mine weter 13 used for other than camp parposcE,

1]

Althouzh labor ig not abundent, a Tew experienced men are
available, and some ordinary laborers can be ohtalned,

GROLOGY

Trhe ore deposits of the camp, as indlcated by past develop-
ment, are malnly the gontact-metanorphic type and are at or near
the contaets of intrusive granite with Paleosméle limestones and
quartzites, The ore shoots lle in metamorphosed sediments adjacent
to a zone of garnet roek that separates the ore from the Tootwall
granite, ‘

The principal group of copper mines lies along the north
alde of a gedimentary ridge that nmay be completely surrounded by
grenite, The greaber pert of the contact lz masked by alluvium,
The clalms lie end to snd, with thelr aside lines roughly parallel
to a nearly esst-wesigeguent of the granite-sedimentary contaect,
which is about 8,000 feet long{fiz., 1). Prom west to east the
mines ere Minnie {Arizona Buttes); Copper Buttes, Copper King,
Gopper Queen, Copper Glance, and Copper Bulllen, The contact
is aporoximately defined by outerops toward the wesb but 18 magke
ed by a thick mantle of alluvium toward the east, The dip of the
eonbact i south., Some transverse faulting has been noted along
this sgegment of bhe conbact,

The Gontention zine-ecopper ore body on the North Star claim
about 3,500 feet south of the Minnie mine, is on the granite
sedimentary contagt at the northesst side of another bloek of sedi-
mentz, The intervening contact line between the mine and the Twin
Buttes Group is several miles long, within which interval the ’
granite precents many phasesy grading from true granite to diorite,
Quarts segrecabions and lawmprophyric dikes also oceuw,

The old Senator Morgan mine, adjoining the Contentlion st the
goutheast, 1ls nesr a fatlted segment of the same granite-limestons
contset thet trends northwesterly, Severs]l faults are noted in
this general area,

ORE DEPOSITS

Tne Gopper Bullion, Copper Glance, Copper Queen, Covper
King, and Minnie form & geologie unit, Mining on the Glauce,
gueen, and Minple has stown that these are contact-metanorphle
deposita. Chalecopyrite, together with a little bornite, 1s the
principal copper nineral, although coppsr sarbonates and native
copper are found., The gangue consists of garnet, epltodized lime-
atone, and some specular hewatite, The three mines have the fol«
lowing characteristioss

1., Initial work was on smsll-fizsure velns containing copper-
carhonale Ores
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2. The velnz led to contact-mebtancrphic devosits of
esonomic dmportance .

3¢ The contact-metamorphle ore hodles 4lid n t outerep,

be The ore shoot developed; in esch insbance,; has an easte
erly rake and conslats of connected, lrregulerly shaped ore .
bodies within the contect zong, The shoots sre lenbticular in _
general outline,; have an average thlckness of 3080 Teet, and are
&hsu@ half rﬁwkagaé by copper ors nbove § percent grede,

5 At the surface and in the vielniby of the upward pro-
jecstlon of the ore bodlisz, is a wohe of ga rws%izatzun, contalaning
minor amounts of copper carbvonated,

b ﬁrtgrﬁaﬂivaly from weat Lo sasty the acnﬁqat»m@tamarﬁ ie
bodies osecour st greater depth ﬁ&l@W'hA% gurfacea,.

% The 4 epth of these bodies iz & funetion of the horimon=
tal dlstance between the granite conbtsach anfd the Piggure veln
au%@a?iag aver sach body,.

&s The imvportance of the underlying ore body avpears to be
reflected in the aﬁrsmgﬁh of gernetization, where the limestones
ars of sguel samenabil lity to contaet metsmorphism.

The water table le about 435 feet bélow the collsr of the
Gopper Glance sheft, Thet mine nakes 50 zallons of water ' mindbE
et the 625 foot horizon. ,

Dageription of Hines
i §

.  Minnie {Arizona Buttes)--This wes the flrst of ths group

to be expleref. Most of the flsgsure veln over the ef@ ghoot hasz
been sroded, so that strong minersllzation was evideny s 8t tha sur-
face. The srﬁ shoot lleg h@t@@@ﬁ 1imestone and a ;ﬂmthll wedge of
quartzite, the thin e@wa of the wedge belng towerds the east, The
wag pesged in driftl cast on the 325 foot lewyel, whefe granite
was encountered on the footwall of the mineralized zones The coppe
content there fell below 3 percent. Mineralizetion svpears to
have been loealized by transverse Tractures that pass from the
granite through the quertzite into the limestone hangling wall, The
quartzite ls partly mineralized adjacent to thege Iractures and
ylelded asome ore. ‘

PThe -ors ghoot, as developed, iz ahuut 500! along its pltoh=
ing axis, roughly ovel in oross seotiom and sbout 707 wide, Total
production has smounted to 624477 tons with sversge graode of AG71
% sovper. The @r@ diminished in grade on the lowest levelf 5,100
tons mined there in 1929 sveraged 3,15 percent copper, Gre of
gimilar graede remainﬂ.im the ”ina, nocording to assay napa, but
the thickness of the ore shoot 1s decressging downward. Puture
grploration in this mine had best be directed eastward along the
pranite~linestone contret toward the Copper Bubttes shaflt about
l,&OQ feet awgye The 325 ' level wes driven 3737 eezt on this
ponteact without sncounbering ﬁhiﬁ%iﬁ@ ore, Thiz explorstion is netb

_=;.~a
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gterted @ﬁfay in the csubury on &

Phaaure veln contalaldl :-1W@f earboneates, The shalt wss last used
in 1913 and 1z wmzart%é wo be 300 feat { &ﬁﬁ The vein iz in

iimestone and dipe steeply bowasrd the %@&ﬁﬁ. Ei iz expusel for a

length of B0 L@ﬁﬁ at the surface, where it pinshes and gpwells along

the strike; underground apenings show the Mnm% voriation in width
dowe tho é*? AVErags wa&%ﬁ iz sbout 5 feet, itas&@ arg now fine

fng ay the surface, working westward towsnrd the grenlte contaet,
wﬁﬂmh 1z masked by alluvivm,

Bine records ghow thet oxidized zing ore was fﬁuﬁﬁ in the

Poaranll limesbone o shovt-distance no sy m L veline Smelier
uwﬁhiﬁﬁﬁﬁ? indiente thet 2,183 tona af ove rgiag 29 to 3L pere

eent wing wes shiocped Lo ﬁﬁﬁﬁ“@ and hmlmrmﬁ$ 3rﬁ? e 8y

There iz »n moferste developnent of garuet in bhe hange
ine well limestone over thae King fracturs, Eﬁ@ﬁﬁﬁrﬁly the surfsoe
tpaos of the Practure Teles out into a ﬁaa bmﬁy pf garnst rock
preriying the %ﬁ?@ sbopen, Although th %,my Plasure Ly well
within the hanging el {perhaps 300 fﬁ@t), Pﬁlﬁiiv to the Guesn
ghaft, 1t is notb yn?i kely that 1t connsets with the Queen ore
bmﬁya The imﬂsr?@ﬁi wr block of ground, sbout K00 Peet measured
along ?cr vakes of the Huden ove %}&mtg WElh e explored bhroush
# wﬂf?iﬁﬁ{l in the two miﬂ{*aﬁu

Pue block of grousd below the King warkings is congidered

& oronising potentlal msouse of copper ore gnd ﬂﬁﬂgi*lv of sine
ora, also. A0 ore shoot should be found at @aa Jjunction of the
Fing rissure with the granlte contact, sssunl ing that ore dendgie
%i@m;hﬁfﬁ Fallowed the nabttern, exposed by development, et the
Winrie mine to the west and st the Queen and {(lsnoe Wines imvedipe
tely .s Lhz enat, The strike snd the sttitude of the grenite Toote
wall R neWn b@ﬁWﬁen the Queen mine gnd the Copper Hutte she Tt
@i B zz-i;« ‘i;%,s@ Adgtunes Cpom the lowest leovel of the Zine working
the granite footwell L2 “w%vwalw%aulme ’
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Gopver Queen:

The first work at the Queen mine wag on a smell frace
ture filling of copper cerbonate ore, ag st the Mlnniej King, and
Glance mines, A shaft was supk on the frecture sbout 00, almost
vertically. XIn view of geologie conditions already proved at the
Minnie and Glance mines, this shaft ¥me sbendoned snd snother was
abarted, inclined 720 gouth. The sccond shaft intersected the
hanging wall limestone and- encounbered the mwtamorphic ore body
at 440 Teeb inclined depth, and has been sunk to 40 Pest, Ore was
gtoped from sbove the A&G émwn to the 700 foot level, The ore
bady ig said to diminish ian thickness and grade in the backs of
the atopes above the 440 foot level, ~OComplste assay records of
this lest work indlcate that the grade of ore is sbout the same as
that of the ore mined abowve, Selective mining iz necessary, as at

¢ Blance and Minnle mines, About helf the materisl in the ore
shoot 1g shipping ore of 6 percent grade,

The ahaft eut the granite contast at an inollined depth

of 570 Teety on the 700 fuﬂu level it is 70 feet in the footwall
granite, & wall of granlte was encountered 175 feet west of the
sheft on the 700 footb lavsl, Th@ o8 leul&taé din of the contacth
betwesn these noints iz 45 © gouth, ©Ore wsas mined from the ree
entrant angle, and the grenite was Pollowed 66 feet towsrd the
hanging wall - without finding 1ts contaet with the limestone. Theére

is low grade mineralizatlon along this crosseut. A gimilay
granite wragmah ion was found east of the Quéeen stopes on the 650
foot level about 300 Peet east of the shaft, Here it is clearly
the rezullt of trensverse ghearing, The ore continued well bafk inb

the foetwmll aﬂl@e, Heither of these nrojectionz wes found on
the higher ?ev“l Ir they ocontinue downward, they msy form the
western and s t”TP 1imits of the Queen ore body, They are 500 feeb
apart where Gbﬂ%fved, bubt it iz reported that they incline slighte
ly toward wach other downward, The major ore shoot has s width
of about 200 feet, although some ore has been mined alanw the sn-
tire strike ieﬁwtu of 500 Teet, :

The Coppen Qu@aa could be explored at both upper and lowsr
ends of the developed part of the ore zone, The upper and westerly
%?Gﬁ@GtLOH would be difficult and castlv bo reach by diamond drill-
ing. Gontinuation tod epth could he proved only by ﬂinking on the
ore body or erosscutting into the hunying weall qnd diamond drilling,

The Copper Queen has produced 75,186 tons of ore containe
ing 7.05 percent copper and gbhout 2 0%s, 411V@r ner ton,
g P

 Copper Glances

The first work at the Copper Glance was an inclined
ghaft on s swall fissure in limestone that strikes N. 60° W, and
dipe gteeply south. Two ore shoots were found on opposite sides
of the ghaft, about 100 feet apart, on the 150 foot level, The
first shaft wes abandoned, and a vertical shaft was sunk, directed
at the athe wesbern ore ghoot, Phis shaft entered the contact
zone between granite snd limestone at 330 feet. Two lobes of ore
were developed, which join on the 400 level and connect with the
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engtern ore body found on the 150 font level in the fissure veln,
The ore in the contaet zone was developed casterly and downward
to @ verticald enth of 550 feet,

The shaft intersected the granite contact at 380 feet and
wes sunk in the footwall granite to 623 feet, where the crosscut
to Bhe ore zone is 150 Teet long. Two winzws wére sunk in ore
on the 625 foot level, The ore there le similar in grade to that
mined at higher levels, The ore sheot rakes to the east, It has
been developed for a length of 400 feeti it is about 200 feet wide
and 60 feet thick, About half of the shoot 13 oree L6
- A west Arift on thes 525 foot level connects with workings
of the Queen mine, Phis drift wag carried along the granite Toote
wall for 365 feet from the Glsnoe workings, and thence, due to the
undulating conteet surface, in the limestone hanging wall fTor
the Tinal 1,000 Teet,

Above the L50 foot 1@velylth@ ilance stopes are aslmost enw
birely west of the shaft, bub the ore body lies directly in frout
of the shaft on the 625 foot level,

Drifts were carried asbout 275 feel east of the shaft in the
contaet 2o0ne on the 450 foot and 525 foot levels, Wo profitable
ore was found in thése drifts nor in ghort erosscuts ariven north
ané gouth from them, B ‘

Considerable dlamond 4 rilling has been done from underground
stations in both the Glance and the Queen mines, PThese holes
were all dlreeted inbto the hanging wall at various angleg, but, so
Tar ag known, none was directsd toward ths granite contaet,.

' Gopper Bullions

A vertical shaft on the Copper Bullion elainm was sunk .
500 feet to explore s gtrong vein in the cherty Cambrian lime-
stone known ag the Abrige formation, The vein has an average
width of 18 feet, dips steeply northward, and strikes N, 60 We
in eonformity with the bedding of the formation, *The cherty
sountry rock suffsred little alteration, but there is some
garngtization in the fissure £11lding, The shaft is in the vein
to a depth of 50 feet and 1n the hard, cherty limestone footwall
below the depth. OCrosscuts were driven to the vein at the 100,
200 ané 300 Poot levels, and reises were carried up in the vein
from these crosscuts, A 100 foot winze was gunk in the vein en
the 300 foot levels A crosscut was gbtarted toward the vein on the
500 foot level but wag not finished, A diamond drill hole 380
feet deep and almost horizental weas directed northessterly and aid
not reach the granite contact, ' '

; 2

‘ The Copper Bullion vein filling is largely iron oxide,
- garnet, snd partly garnetized llmestone, with stresks of conner
sulfide snd oxide, 4 little ghipping ore was mined from the
unper part of the veln, ‘
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toward the hanging wall limestones to discover the ore. A4 sini-
lar explorabion program on Hhe Gladstone elaim, undertaken
later, waa unsuccessful,

" Tanrug !

- This is a unpetented claim of irregular ghave sd-
joining the North Star {Gon+fﬂt on) ¢laim on the &ovtuea 3t
The ﬂeuvaly garnetized contact zone on the North Star claim
eontinues &omLﬁedﬁterly aéross the Paurus clainm but ﬂlnchﬁﬁ out
near the southeast end line of that claim,  On the Taurus, aboub
800 feet southeast of the Conbvention whﬂfﬁ, measgured along the
sontaet {500 feet southeast of the nsarest proposed diamend -
drill hole) is an ouborop eannaining ¢opper carbounates senclosed
in the gzarnetized and epidotized limestone, This copper straesk
is about 1 foot wide Th@re ig no development except
test Qj. L84

ORE BE uﬂﬁvﬁ
v Binnle Mines

Records and 2388y naps indifate that the developed
ors shoot in the WMinnle mine way be nearly exhausted., Both
grade and thickness of the ore are diminishing at the edges
of the erpe@ area, The last ore shipped averaged 3,15 percent
copper, which is not shipping ﬁiade at this tlmﬂ. No reserveas
are credited to this mine. ‘

ﬂbﬁapp@r King Mines

: fre probably remains in the King frmetura. Both
‘zing and copper ores were being shipped from the mine when the

- Pwin Buttes Mining and Smelting Co. suspended operation in 1913,
Ko =ssay naps are ﬂvailableu The shaflt has been cleaned oubt and
retimbered, ’

/ Gepp@r Queen WMines

Assey records indicate that ore of the same grade
ag that mined above fabout 6 percent coprer) can be mined from
the lowest levels, The thickness of the ore shoot diminighes
within the lowest 100 feet of its depth,

Copper Glance Hine:
The Goap@r Glance ore shoot hasg beeﬁ ﬂkove& on the
525» and 625= foot levels but only vartly extracted there,
Reserve iz estimated at )G 000 tons of 6 percent covper ore,
baged on past production from higher levels, '
Contention Mines

Proved reserve is about 15,000 tons of ore that will
average about 17 parcent zine snd 2 percent copper.
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Total reserveg are thus 30,000 tons of 6 percent copner

arn aﬁﬁ'l;,OGO tong of zinaucagj@r ore at 17 percent zine end
< percent eopper,

MINING Coars

¥ining costs per ton of shipping ore at the Copver Quesn
mivg from 1923 to 1926 were as follaﬁsz

L&hgrﬁteono-uoevuanqc$1 éég
Ingurante,ccescsoscse uﬁ%?
Power and Alr,c.ve.ss o097
Bxplogivegessssscoacas o197
Bmelter representation ,058
Fuﬁpiﬁgulonnasgooaawcq 0976
Migcellaneous supplies ,171
*:E‘im'b@f.eboyaaeao.sor.c {}F"}"’

T$2.372

?raa@@cting and B@velomm&nt.na 588

Geﬂ@val afiice exwease .'é£
Repairs snd renswals.. 112
Taxes, 3tate and Co. « 218
Taxes, Federal, Xn@nn. ATT

T 869

Total cogt per ton of ;
Shi@ping OPBossvcunvoonennognona 36929

Batimated prezgnt €¢o08%eivesse 5.00
Smelter returns at the mine, asccording to American Smelting

and Refining CGo. schedule, on copper org delivered at
Hayden, are as f@llwmﬁf

Cu, 13.85 ¢ Ag. 70 ¢
On 4.5 percent copper, 2 oz. per ton silver -~ §5.87
Less royalty 10% of net smelter returns 59

ﬁ&t p@r tgﬁ ﬁt ﬁh@ miﬁ@@oeuouwauna@p;a¢n %Saﬁg

On 5 percent copper ore, 2 0z pér ton silver 7.L8
Leas royslty 10 percent of net suelter re- -

t‘url’lstodvloqoapsa-nobqogtvws‘on.ilooe,oqope»cQ

e
H@t @@r %Oﬂ ﬂt tuﬂ mineoea-‘natuqogwoan $ 6.;;

n 6 percent copper ore, 2 0%, ver bton Ag. 11,10
Lesg royalty 10 % of net smelter retnrns edd

Het per ton'at the min€eseesces § 94,99
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The leasse terms under which the ﬂ*ﬂ%&‘#i]l he opersted
are not known, but a royalty of 10 perceﬁt of net swelter re-
burns 18 e general standard on this grade of ore. Acearéing
to the above calculsblons there will be no profit in shivning

2eg

Le5 p&raémt ore, and 5 percent vopper will be nrobable cutoff
for shinping ore,

PROPOSED BAPLORATION BY BUREAU OF MINES

The complets program includes the following items, nt thelr
egtimated costss

1. Burveying and mapping surface &15 underground work-
ings and prellm*ﬁfrv character aWﬂlinp...,.en.,...jh,ﬂoﬁ 80

2. Rehabilitation of mine to give scoess for drilling
mapping, and cutbting of unde srpround Grill stetions 3,000,00

36 aux’fﬁﬂﬁ% tfai‘aﬂ}}iﬁg].eq@lunac&o'@aaooﬁo‘p»socg 2’006000

L, Diamond drilling, ineluding supsrvislon, sam=
pling, and anelyses, 4,000 feet a% $6.00 per Ttees24,000,00

5, Driving expleratory headings to Tavorable - '
areas, 500 Pt. abt Lk dollars o fleesvssvecuscncoss 7,000,00

6, Mine ERRPAIRE . en penspessassxirpranysenans 3 008,00
7. GontingencieSieessrsnresrorrsratssscncaan 2,000,00

$ 7500000
Por the immediamte fubure, work wlll be limited to item 3, -

the reaults of whiech wxli largely deterwine the advisability
of further procedure. -

Gopper King Mines

Objectives sre bto extend the known ore reserve and
determine its grade, Diewond drilling is proposed to test the
Gopper King fracture down to the granite contact and alse the
contaet mone., It ia proposed to drive a crosscut 100 T, iutoe
the hanging wall on the 300 ft., level snd to cut a dismond drill
stetion at its end, Drill holes totalling 1,310 feet will be
directed at Alfferent sngles to crogseut the vein at intervals
down to its junction with the contact and also to crosscut the
contact wone., JSome holes will be conbinued into the footwsll
of the veln to tegt the continuity downward of the footwall
zine-ore body, from which it ls eatinated thet 1,100,000 lve,
of zine hag been shipped in ore,
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' Gopper Queen and Copper Glances:

It is proposed to tegt o 14,000 £, gap or unexplored cone
tact zmone between Copper Queen and Copper @lanoa'werkings
by diamond drilling from stations in the long drift on the
325 £, level of the Glance, The drill holes Will be spaced
at 100 Tt. intervels and will be directed northeasterly with
459 downward inelination., The total foctage to be drilled ig
eatimated at 1,375 1%,

' Gopper Glanceg

The aﬁerat@r.prgpsgﬁs Lo extend the sast drif't on the
5250t. level 250 faet easbward, and to drive along the lime-
stone hanging well, thus leaving nost of the contact wone
un@xplored.__?hexﬁaﬂﬁaetvzanﬁ contiguous to the proposed drift
seems particularly promlsing because of its proximity o %nown
ore and becauge it is under 8 very heavy msss of sarnet rhek
at the surfsce. The Buresu of Mines proposes to drill Pive
holes from this drift northerly to the granite footwall, The
holea will be inclined about 45 © downward and will be about
100 feet dpep, The total drilling ls esbimated at 500 Test,
This mey diseloge at ore shoot asimilar to the Glance ore body,

'G@pper Bullions

The drilling proposed on thig claim is 4o determine the
copper content of an 18-t vein at and below the 500 Pt level,
The wein has been exposed near the shaft to the 400 Py level,
It 15 loached and oxidized and has spots of covrer mineralizg-
tion te that depth. The drill will be stetioned =t the botten
of the shaft, If the teat holes Pind prmfitable'@ra, divergent
holes will be drilled to explore the ore body along the gtrike

R .

as far as ig practicable from one statien, The proposal Grlls
Tor 8LO £t of initial and 845 feet orf Jupplementary drilling,
This work may dlzclose an ore body extending to congidersble
depth,

'Contention:

The propesed drilling is dipcted Towad proving the
continuatlion of this ore body in depth and along the strike,
It will also test the mohne between the footwail of the proved
ore body and the granite contact. About 1,300 feat or drilling
1s required, This ig expetted to incresse the present reszerve
of zine-copper ore, It will 2130 test the type of mineralizew
tion that prevells st greater d epth, It ig suspected that the
Copper content of the ore will incresse and. the zine content
decrease as denth is atbained, If,a4fair1y larse tonnage of
the zinc-copper ore should be developed, a mill will be re-
guired to beneficinte thig oOre,
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Tauruss

It is provosed to drill two holes on’ the Taurus claim
unless the results of drilling on the Contention are discourage
ing. The holes are designed to cut the contmet at vertical
depths of 150 and 250 feet under the sgurface ghowing of covpper
ore, This drilling may digoover an ore gshoot similar to those
already proved along this contact,

CONOLUSIONS

It 1s believed that the sbove program should giclose adde
itional ore bodies, The work will decide whether a custom nill
should be bullt in the distriect. There are two posaible sources
of will ore-copper ore at the Pwin Buttes group of mines too low
1n grade to ship directly to a gmelter and zinc-cowvper ore at the

Contention mine that will need both concentration and seperation,

The Bureau's sawpling will determine the available tonnegs o
sueh ores, If the tonnage 1s high enough to Justify a mill,
then ore-dresging tests will be made by the Bureau of Mines mekal-
lurglenl leboratory followed by vroposals for a custonm milly It
is probable, however, that enough mill ore will be indicated
to recommend a 100 ton milling unit that tan begin operation by
the end of 1943, '

EXPE@TE@ PRODUCTION

Gopper, nounds

From smeltinge ore From milling ore

lgi@-gnaeapoonomqoua R R 2’192'6{}0 o ’ ¥

l@l@l@ §00¢006¢005000060688c00 3&288;(}@ 2’386"00{}
19&-5 LI A R A R T U SR 3’288’0{)@ 2 K 386;@00
1‘91';1»6 LT R O I S S SP S ] 3’288’008 2’386,0(}9
AOhT s v eseeivaninsavens oo 3,288,000 2,386,000

15;352&,@0@ 9 454k.,000 |

Production of zine probably will not be high, its amount
cannot be estlmated at this time becsuse it -ig likely that the
zine content of the Contention ore will deeline as depth is

attained,



McKee's WKE Operations, as sponsor
in a joint venture with another
engineering company, provided
facilities to process copper oxide ore
and to produce commercial cathode
copper for Anamax Mining Company,
Sahuarita, Arizona.

Ore, reclaimed from stockpiles at a

rate of 10,000 tons per day, is reduced
to one-half inch size by three crushing
stages. The fine ore is then reclaimed
from a covered 15,000-ton live capacity
storage pile for further reduction by
grinding in two parallel rod and ball
mills in open circuit.

Fine ground ore passes to five agitation
leach tanks where sulfuric acid solution
leaches soluble copper oxide from the
ore. The resultant slurry passes through
four 400-foot-diameter countercurrent
decantation thickeners. The copper
bearing solution is then passed through
a pH adjustment step and a 400-foot-
diameter clarifier to produce a clarified
leach liguor for the solvent extraction
process.

The solution passes through polishing
sand filters and into two separate
circuits, each with six solvent extraction
mixer-settler tanks. Electrowinning
feed solution containing copper flows
from the last two tanks in each circuit.

Copper Oxide Ore Leaching
and Electrowinning Plant

Anamax Mining Company
Sahuarita, Arizona

The electrowinning plant produces
copper cathodes at the rate of 100
tons per day.

Scope of Project:

Copper oxide ore process plant with
crushing, grinding, leaching,
countercurrent decantation circuit,
and solvent extraction facilities;
electrowinning tank-house; and
power plant.

McKee Services:
Engineering, procurement,
coenstruction.




Copper Oxide Ore Leaching
and Electrowinning Plant

Anamax Mining Company
Sahuarita, Arizona

Legend:

Letter designation refers to photograph.

Color designation refers to processing
area of flowsheet.

A. Crushing plant, screening facility, dust
collection system and fine ore storage
building.

B. Grinding, agitation leach, sulfuric acid
storage facilities and clarifier.

C. Four thickeners for countercurrent
decantation, one for pH adjustment and
one for clarification.

D. Solvent extraction facilities and
electrowinning plant.

E. Electrolytic copper recovery cells.

F. Electrowinning plant cathode shipping
area.

COVER ILLUSTRATION:

Overall view of copper oxide
ore leaching and electrowinning planit.
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Copper Oxide Ore Leaching
and Electrowinning Plant

Anamax Mining Company
Sahuarita, Arizona

G. Fine crushing surge bins, screens and
dust collection scrubber.

H. 15,000-ton live capacity fine ore storage
building and reclaim conveyors to rod mills.

I. Control room for milling, leaching, acid
storage and slurry thickening equipment.

J. Power plant with nine 6.2 megawatt
diesel generators.






