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Aoril 6, 1962

In oxder to give a background to leaching it ie mecessary to go back to

the ulntng st Miami. The Miami mine started miming in 1910 and finished in

 July, 1959. (Slide #1) The orebody was divided as follows:

3

High Grade 24,400,000 tons - Top slicing sub-level caving, etc.
Low Grede 102,000,000 ctons - Biock Caving
Mixed Ore 9,800,000
Low Grade $2 23,000,000 " " "
TOTAL 159,000,000 tons

Ore minerals sre largely in pre-Cambrian Pinal schist intruded by

‘ tertiery Schultz granite porphyry and covered to some extent by CQuarternary

Gila conglomerate., The structures arse highly faulted and shattered. The
Miami fault on the east cuts off the ore and the ®into fault on the soutimrest

caused reoxidation of enriched sulphides producing mixed ore.

Th§ chief mineral is chalcocite, with chalcopyrite, bornite, covelight,
malachite, esurite, chrysocola, cuprite, native copper, end molvbdenite as
minor @inerals. The ore minersls occur in seams, vetnle;o and dissrmineted
pecticles.

1f the ore body was completely mined out in 1959 v‘hﬁ was left to leach?
(51ide #2) In block caving there is alvays some dilution andfdr§wing of ore
stops when the grade drops past an econcmical point. This réaulu in a
small emount of copper left in the stopes below the capping. There ls some
copper in the capping, probably below 0.1% or less tgan 2 1bs. per ton. Over
the low grade §2 orebody and portions of the bigh gn;de there was an oxide
cnppiﬁgﬁwhich wes not mined. The crushed pillars are another source of

copper. The leaching at Miami is an attempt to recover this last remaining
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copper of a worked-out wine,

The enrichment at the Miami mine had gone more nearly to completion

‘than most ore bodies in the southwest. Thore is practically no pyrite in the
~ capping and very little in the ore.

' HISTORY ;

Leaching started on a small gscale in Dec, 1941. After 20 years of

leaching all the answers should be known. This {s far from true. Some of

‘the early problems that were met are as follows:

(1) The first leaching was tried through the conglomerate over the high

l' grnde mining. No solution came through the fault. There haz been mining
" below the high grade since the first leaching, which has broken the con-

Xsdomerata for the second time, but this problem has not been solved to date.

(2) The next leaching was tried over the mixed ore body with water.

'iThe solution came through with very little copper. UWater was tried over the
~3§u1phide stopes with no recovery of copper. Then acid was added to the

solution over the mixed ore. The first leaching vas starcted with a 3% 1,50,

solution which was immediately dropped to a .6% solution. At the present

::lme we try to control the HyS0, feed by the amount of free acid in the
Vpregnant solution. If the acid in cthe pregnant solutfion drops much below
0.5 1bs. Hy30, per ton of solution the pumps, pipe lines, sumps, etc., are

‘clogged with fron salta,

(3) In order to leach sulphides it was realized that Fe''' would be
necessary, and several attempts waere made to masnufacture a hiﬁ% Fe''!
solution. It wes discovered that by adding acid to the off-solution from the

precipttiting plant, Fe'® was converted to Fe''' as the solution went through

the caved ground. ; L
The underground mine was closed dowm June 24, 1959, ot whici. time full

Eaat

scale leﬁching was started,
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QPERATIONS :
(1) Miami reports assay values in terms of lbs. per ton of solution.
_ Practically, it is a simple term, because all pumps are rated in G.P.M. and

- we talk in G.P.M. end shifts. 1 gellon » 8 1/3 lbs., therefore 1 G.P.M. for

24 hes. = B 1/3 x 1440

(2) Requirements :
The Miagmi plant was destgned to treat 2,000 G.P.M. and to produce
1,500,000 1bs. Cu per month or 50,000 lbs. Cu per day. Therefore

2,000 G.P.M. x 6 = 12.000 tons of solution per day

29,000 :
12,000 =.%.17 1bs. Cu per ton of solution

4.21
£ 0.07 Smelter loss
4,28 Bequired Assay
(3) Leaching can best be thought of in 4 dimensions. The first two
dimensions are the surface to be covered. (Sltdes 3, 4, and 3) We have
approximately 5,000,000 sq ft. to cover. In 20 years we have covered 1/2

.;the srea. 6 years shnuld cover ths balance. althouﬁh that is not the end

tj;ﬂ point of leaching.

Tailing water from tha ptecipttating plant constitutes the most
;\1uportant source of leach solution. Water losses occur prircipally from
evaporation and at Miami they approximate 10%. Fresh water {s used as wash
water in the precipitating plant and usually supplies the make-up water to
msintain the 2,000 G.P.M. from underground. Acid is immediately added to
the off-solution at the sump to bring the solution to .5 lbs. Hy80, per taﬁ
of solution. This keeps the iron from precipitating out, which gives us a
clean sump, pump, and pipe lines to the caved ground. This strength acid

does not deteriorate thé transite pipe line. When the solution reaches the

I
!
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ceved ground {t is mé‘»ared in welr boxes and additiona facid is added to

E
wh
i

bring the strength up to approximastely 10 ibs. per ton., From this point on

the solution is carried in polyethylene plastic pipe to the point of appli-

cation. We have used ponds, sprays, and drill holes to introduce the
ablution to the caved ground. Due to the uneven surface slope encountered {n
"the caved area, sprays sre the most satisfactory. Sprays also allow the
solution to be introduced slower than by ponding. Drill holes were used in
an attempt to introduce the solution below the conglomerate cover east of
" the Miami fault,
The 3rd dimension is the amount of ore and waste to be penetrated. This
 averages about 600 fr. Of this 600 ft. the bottom 150 ft. contains the
jﬁixtwre of ore and waste we are leaching. The capping will average about
0.03% Cu. We try to maintain the underground collecting system so that we
have a free flow of water in the wain haulage ways and we have a few key
>; -snm911ng points. {Slides 6, 7 & 8)
The 4th dimension is the time factor. It takes from 3 to 4 weeks after
ﬁ"a spray i{s turned on to the surface for it to come through on the 1000 level.
The same spray will drop off in about 2 weeks after it is turned off.
(1) The next point is how long cén the epray remain at ome place before the
- grade drops.
ﬁThls depends on the amount of ore in the area being lesched. It is
practically impossible to correlate the mining extraction records with the
material to be leached. So when a new area is to be leeched the spray is
turned on and there is a waiting period of 3 to 4 weeks before a sample can
be taken underground,
The sprays are left in one place until the grade from that area drops

below 3 1bs. Cu per ton. The spray is then turned off and the area allowed

to lie idle for a period of time. The rest and leach periods are alternated
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over and cver. The second time over an area we can remain about one-half

the time used originally and recover about one-half the amount of capper,

”The third time over it is one-half the second, the fourth is one-half the
‘:third, etc.
| There are several explanations for this. During the rest period
\Eréxidization of the sulphides may take place, but since we are leaching with
*;an acid ferric sulphate solution and from observed action on the surface it
“;ppears that a reverse capilliary action is the best explanation. A copper
‘ﬁearing boulder can be put in & flow of leaching solution, then the solution
téhnved, and as the boulder begins to dry, & copper oxide coating forms on
" its surface. When a copper bearing rock is broken, it usually cracks on the
ﬁineralized seams and shows that the solution is actually penetrating the
Crock. (Slide #9)
The sulphide areas do not give as high grade a pregnant solution as the
oxide areas. The leaching of chalcocite, the predominate ore at Miami, seems
i;id take two steps, which are expressed in the following reactions:
| (1) CupS f Fey (So,); w CuSo, # 2 FeSo, # Cus

(2) CuS # Fep (Soy)3 = CuSoy # 2 FeSo, ¢ 8
fﬁe first reaction takes place fairly rapidly. The second reaction fa much
“8lower. Chalcopyrite, a minor ore mineral at Miami, does leach but it is
‘MQefy difficult to set up equations for the reactions.
The time to allow for an area to rest is difficult to determine due to
:thé varying depth of the column being leached, the type and amount of
t1?mtﬁeralization. With a depth of 500 fr. the minfomm rest period seems to be
three months,

To date the Miami Mine has produced by leaching 140,000,000 lbs. of
copper. The {ron to copper ratio = 1.3 and the acid to copper ratio = 2.4,

S

both figures based on net smelter returns. It is apparent that the largest
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factors affecting thojgcolt per ib. of Cu are the iron and acid consumption.
If the acid in the pregnant sclution becomes too high the iron consumption
per 1b. of Cu will go up. (The ferric iron in the pregnant solution also
affects the iron consumption.) If the acid strength is too high the gangue
consumption of acid will go up. The acid astrength is kept below 15 1lbs.
even in the high grade oxide asreas unless the ore is very close to the

surface. The time lag between the solution entering the ceved ground and

the same solution appearing underground wheze it can be sampled and sssayed

'» 'ukas this problem of control difficult. The best way we have found {s ¢to

keep grephe of the assays of the underground sample peints. From these

graphs we can check che trend and anticipste a drop n grade or a decrease

" a seld consumption, .

Iron salts do precipitate as the solution goes through the caved

" weterisl. From the attached typicel assay report it cam be seen that iron

"lou from the cave area feed to the pracipitation plant feed s 4.2 1bs. Fe

per ton of solution. It has been our experience that there is no plugging
action of the cave ground from these basic iron salts, It is not known
where the iron precipitates, but it s probably high in the colusm,

The precipitating plant (Slides 10 to 19) at Miami is eimilar to other

‘wash down plente in the scuthwest. The only difference is the method of

cell loading. De-tinned shredded cens are received by rail and unlosded by

'8 magnet. The magnet drops the cans fnto a hopper which feeds a belt

conveyor. The belt travels over the center of the cells, and by means of &
traveling tripper the cells are evenly cherged with iren. The precipitated
eopper is washed from the cams through wooden screens by bhigh pressure Iwatcr.
The precipitates discharge onto a decant sglab. Washing e done on the day
shift only. Solutions are dreined from the precipitated copper and pumped
back to the cells on sfterncon shift. The copper ie moved from the decant

R A - R D R T % . N




slab to a drying slab ;;rly £he next morning before wa;ﬂ;ng starts. The
conper is moved with a fronf'end loader. The same loader loads the dry copper
ints the railroad car. The copper i3 shipped to the smelter at Douglas.

The plant operates every day in the year. The copper recoverv at the
plant = 99% »r an 0.04 lbs. copper per ton solution tail. The precipltates
shipped average 23.5% moisture and agsay 79% copper.

The operating crew consists of the following:

( 1 operator or pumpnan 3 shifts

Precipitating Plant ( 1 equipment operaiour day shifr
7-day operation (1 cave area pumpman day shift

( 3 c¢ell washers day shift

{1 foreman day shife

( 3 timber crews 6 men day shift
Undergroynd ( 2 hoist engineers day shifc
J-day operacion (1 foreman day shift
Maintenance creus (1 pipeman day shift
from Copper Cities ( 1 wmachinist day shift
5-day operation {1 mechanic day shift

The over-all recovery by leaching at Miami will be impossible to
determine as we do 1ot know exactly how much copper we had o atare., A
percent recovery figure for leaching is a mislesding figure. A 50% recovery

of a 0.2% copper orebody would be considered good, but a 59% recovery of a

1% orebody would be poor.

The first 197 or 20% of the copper in place is very easy to recover. It
is only possible through careful attention to details to maintain a steady
production and to get s good over-all racovery by this methed,

~ In order to give a complete picture of the leaching at liiaml a flow

sheet, a typical assay report and a sheet of leaching reactions are

attached,
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PULLCIPLTATION
EN.

Cog8 4 Faglouugds = 2 Tusls # 6 FeShy £ 5
A ) AT & 7 &
Cugh + Fep (S04)7 = CuSOy 4 4 FaS0y # Cus
Al f Fep (L0g)a = "uSTy 4 2Fesily ¢ &

CONVERSION - FERROUS TO FIDRIC

& FeSdsy £ 2 H2004 4 97 & 2 Fep (S0433 £ 2 420

& FeSy 4 11 05 = 2 Fey Uy 4 3 S0y

2 Fes04 ¢ S03 4 07 s Fes (804)3

(Fep (80432 $ 502 4 H20 = 2 7S04 £ 2 WS04
4 TeSy £ 2 Ha0 47 0z s 2 FeS0s4 ¢ 2 HpSC,

ATUEITE -Cuy (0H)2, (00332 # 343804 = 3 CuSl4 # 2 €Oy ¢ 4 Hzo

VALACHLTE - Cup (0H)2.003 # 2 H2S04 z 2 Cu3dy # €O, 4 2 10

TYSOCOLLA - CuSL05. 2 Hpl & H2504 « CuS0y £ 5105 4 3 30

UPRITE = CugC f HpS0, =
Cu f Fap(S0)y
¢

2

2 ﬁ&ﬁ‘@ ?{ tH '5{ 7:'?.20
= Cubly f27eSOy
¥

80433 =2 2 CuSl4 £ H20 4 2 FeS04

>

Cuz0 4 43504

2 {
CHALCOCITE -  CugS # Fep(S0s)a = CuS 4 CusSlsy 4 2 Fes0y
CuS # Fea(Sl4l1 s Cusly 4 2 FeSG4 4 5
Cus$ £ 2 F@zﬁﬁﬁﬁga z 2 Cusly £ & Fesly £ S

COVILLITE « Tul # Fep(80433 » Cubly £ 2 FeSly 4 S
BORNITE = CusFeS4 » ¥

BORNITE a% # 2 Cupf ¢ Cu§. Teactions are
provably as foy

chalcocite., fron is alse actacked

TAALCOTYRITL AND PYPITE - Not atracked by acid farric suliphare
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MIAMT — The Qccidental Petroleum
Corp. amounced vesterday tie discov-
ery of a new copper deposit of undeter-
mined size al Miami.

The announcement was made in the
annual report released to stockholders.
It's the first ofiicial word concerning the
firms cxplovatory drilling program that
was launched in and around Miami
three vears ago by Occidental Min-
erals. a subsidiary of Gecidental Pe-
troleum.

Occidental said that copper oxide mi-
neralization was found at depths from
1,100 to 2,000 feet underground. The
thickness of the ore varied from 160 to
368 feet, graded {rom .56 to 1.26 per cent
copper, the report stated.

The company said also that 10 of the
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18 wide-spaced drill holes compleied to
hte have intercepted cepper mineral-
jzation.

The company said additional drilling
and testing would be required o deline-
ate the limits of the ecopper orc and {o
cather data necessary for a feasibility
study.

Cceidental holds 7,000 acres of mincral
rights by lease or by claim in the Miami
area including 90 per cent of the town
itsclf and since January of this year
the {irm has been offering six-year pur-
chase options to Miamii property owners.

The Occidental announcement is the
third release during the past year by a
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mining company of the discovery of new

- copper deposits in the Miami area.

Less lha_n one-half mile east of Ocei-
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dental's present drilling sites in the town
of Miami, the Cities Service Co. earlier
announced (he discoverv of a eopper mi-
nervalization that ranged from 2,400 to
3.560 feet with an average assay of 1.35
per cent.

A 83.5 million underground shaft is un-
der development for the purpose of eval-
uating the ore deposit.

About one half mile east, Inspiration
Consolidated Copper announced last
month to stockholders that it has discov-
ered copper mineralization that ranged
from 4.800 feet to 5,500 feet in depth,
with a copper content of more than 1
per cent.

Inspiration said further slow,. costly
deep drilling will be required to analyze
that deposit.
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