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AT TERATION AND MINERALIZATION OF THE PALEOZOIC
SEDIMENTS IN THE EL TIRO PIT AREA
.SILVER BELL, ARIZONA )
A talk presented at the Minlng Geology Division
. of the Arizona Section of A.I.M.E.
May 27, 1968 Tucson, Arizona
by
James A. Briscoe
ASARCO Geologist

INTRODUCTION

This morning I'11 attempt to briefly describe the
geology of the sediments and the interrglated igneous
rocks in the El Tiro pit area as it is presently known.
Much of the data presented is based on a private report
to the American Smelting and Refining Company by Mr.
Stephen Von Fay. The stratigrasphic interpretation of
the Union Ridge area has been taken from a recent U of A
masters thesls by Joy Merz. My knowledge of the area
has been enhanced by discussions and field work with ny
co-worker Nick Nuttycombe, Mr. Harold Courtright, Mr. Barry
Watson, and Mr. Charles Haynes. The views expressed
this morning are, however, the responsibility of the speasker.

I'd like to thank the American Smelting and Refining
Company for allowing me to present the talk. 8peilcal thanks
goes to the Silver Bell Unit of ASARCO, and Mr. D.R. Jameson,

‘Superintendent of the Unit for making this meeting possible.



HISTORY

History of mining in the Silver Bell district possibly
dates back as far as Precolumbian times when Indians in the
area dug shallow trenches along fracture zones and andesite
dikes seafchlng for turquois, hematite and ¢élay. Large saguaro
cacti growing in some o these workings indicate they are at .
least 200 years old. - S

The area first came to the attention of the white man in
1865 when prospectors located a small pod of enriched silver
ore in the altered sedimentary rocks near the present southeast
corner of El Tiro pit. Early efforts to mine silver in this
area failed, probably due to the fact that Silver Bell has only
"weak sporadic occurrencesg of silver mineralization...

Well organized mining activity began in 1899 with the
organization of the Silver Bell Copper Company, which evolved
into the Imperlial Copper Company in 1903. The Southern Arizona
Smelting Company or SASCO, built a smelter near the northern
end of the Silver Bell mountains giving rise to the small
smelter town of Sasco, the ruins of which are still visable today.
The Arizona Southern Railway hauled ore between the mines at
Silver Bell and the Sasco smelter, both the railway and the
smelter being subsidiaries of the Imperial Copper Company.

By 1910 the Company or its predecesqors had done some
20.8 miles of underground work in removing about 700,000 tons
of ore averaging approximately 3.7% copper. Yet even by ac-
counting all profits including those from the smelter, the
railroad, and the company store back to the mine, the company
only showed a profit one year. Production ceased in 1910 with
the company going into receivership, and later purchase by the
American Smelting and Refining Company in 1917.

ASARCO operated the mine on a marginal basis until 1919
when all large scale mining was haulted, sporadic small scale
production continuing until 1930. Although the possibilities
of disseminated enriched chalcocite ore was recognized in 1909,
an extensive drilling-program indicated that the tenor was then
subeconomic. .

In the late forties ASARCO undertook 2 program of geologic
mapping and exploratory and check drilling under the direction
of Kenyon Richard and Harold Courtright. This resulted in the
delineation of the Oxide and El1 Tiro enriched chalcocwte ore
bodies, OdeUCthﬂ from which began in 1952..

The qedlmentary rocks whlch had accounted for the early
day production from the disgtrict were largely ignored during the
first part of the open pit development. This was mainly due to
the apverently small smount of mineralized sediments available
for open pit operations. In addition, the early miners being
interested only in the high greade pods of chalcopyrite, con-
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sidered anything below 3% copper as waste rock, giving the.
erroneous impression on old maps that The sediments contained
widely scattered pods of high grade material IiIn barren rock.

During a search through old records late in the 1980's,
Mr. Steve Von Fay found assay records indicating areas designated’
" as waste ran up to 2% copper. Also found was an old drill log
showing mineralized sediments lying below poorly mineralized
dacite between the edge of the pit and the outcropping mineralized
sediments to the east. A detailed surface and subsurface mapping
and sampling program was undertaken. This program was completed
with favorable results and a drilling program was initiated.
After three years of close spaced drilling, an ore zone orf
primary chalcopyrite, mineable for open plt methods was delineated.

GENERAIL, GEOLOGY OF THE EL TIRO PIT AREA

The E1 Tiro plt exposes all rocks typical of the alteration
zone except for the syenodrorite porphyry which is the early
phase of the monzonite porphyry. The main geologic features in
the pit area are the mafic-free alaskite on the southwest and the
dacite intruding Paleozoic sediments to the northeast. These two
features are generally separated by the northwest trending El
Tiro fault, a wide breccia zone which cuts all Laramide rocks in
the pit, and is probably closely related to Richard and Court-
rights ancestral "Major Structure". The fault zone appears to
have been an important conduit for hydrothermal fluids during
‘the period of mineralization, massive sulfides or strong alter-
ation effects occurring throughout its length. Post mineral
movement on the fault is indicated by brecciated and slickensided
sulfides. )

Two other . northwest trending faults indicating recurrent
movement along the northwest zone of weakness are defined by
post-mineral andesite dikes. These dikes are Mid-Tertiary in
age, similar onesg being seen throughout length of the alteration
zone.

.The gediments to the east of the pit are intruded by the
dacite in a sill-1like manner. Drill hole data indicates the
outcropping sediments are floored by the dacite, while the
dacite Jjust to the northeast of the El Tiro fauvlt 1s underlailn
by sedimentary blocks. Several of these blocks are exposed
in the southeastern corner of the pit and along the El Tiro
favlt zone, and more will be exposed as the pit is deepened.

Two stocks of monzonite porphyry are exposed in the pit.

- The stock to the southwest of the El Tiro fault is surrounded
by alaskite, while tThe stock to the northesst of the fault in-
trudes the dacite containing large blocks of sediments and it
is essentially bounded on the east, south and scuthuest sides
by these sediments. The two stocks 2re connected by easterly
trending dikes, and are undoubtedly connected in depth to a
parent monzonite pluton. These two bodies, inspite of their
genetic relationship, are quite differently altered and miner-
alized. The stock to the southwest of the EL Tiro fault is
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strongly altered showing moderate to strong clay, sericite,
secondary potassium feldsvar, and silicification along
with disseminated pyrite, chalcopyrite and molybdenite and
an enriched chalcocite blanket. Moving easterly across the
El Tiro fault the clay—dericite alteration becomes perceptably
weaker in the monzonite dikes the stock itself being only
. weakly argillized with sparse to trate amounts of pyrite

giving rise to scant limonite ‘staining. There is no chalcocite
enrichment, and the rock contains only trace amounts of primary
copprer. ZEasterly trending dikes radiating out from this stock,
which cut the sediments, are occagionally so weakly altered that
twinning of the plagioclase can be seen on a fresghly broken
surface. This lack of alteration of the monzonite I feel to be
due to the fact that it is surrounded by reactive sediments. I
theorize that the hydrothermal fluids that so strongly effected the
monzonite stock to the southwest of the E1 Tiro fault were complete-
ly absorbed by and reacted with the limy sediments surrounding the
stock to the northeast of the fault, leaving that stock a1n0Qu
entirely uneffected by hydrothermal alteration.

The presence of the sediments had a similar effect on the
dacite, so that poorly altered and mineralized dacite may be
underlain by sediments containing primary chalcopyrite ore.

"ALTERATTON AND MINERALIZATION OF THE SEDIMENTS IN THE EL TIRO
PIT AREA

Although the sediments have been intruded by three different
Laramide lgneous rocks, namely the alaskite, the dacite and the
monzonite, the effects of these inftrusions are hard to evaluate.
The dacite was relatively cool and gas charged at the time of
intrusion and had apparently little metamorphic effect on the
sediments. The alaskite and monzonite intrusions may have
marbleized the limes and hornfelzed the sghaley rocks to some
extent. These effects are almost entirely obliterated, however,
by the later intense effects which accompanied the hydrothermal
mineralization.

In the igneous rocks to the southwest of the El1 Tiro fault
innumereble parallel, easterly trending fractures localized and
formed the plumbing for the hydrothermal golutions. This
easterly direction of tension fractures also controlled the
earlier emplacement of monzonite dike swarms in the El1 Tiro Oxide
pit areag. This same easterly trending tension fracture direction
appesrs to be the structural COﬂtPO for emplacement of ore fluids
into the. sedjmenuary rocks

The ore fluids which permeated the sediments along the
eagterly trending plumbing system carried silica, iron, sulfur,
possibly some potassium, aluminum, and magneglum, along with
copper, zinc, molyvdenum and minor lead and silver, these last

two elements possibly being late. ztage or even Mid-Tertiary in
age.
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The hydrothermal flulds altered the sediments to quartzite,
marble, hornfels and tactite. The terms quartzite and marble
are used in the normal sense and indicate an indurated and
gilicified sandstone and a recrystalized probably originally
rather pure limestone. The terms hornfels and tactite are
more ambiguous and have been deflnea for use at Sllver Bell
as f011OWS' _ )

Hornfels 1s a flne textuwed rock consisting of varying

proportions of lime-silicates such as diopside,

epidote, chlorite, feldspar and quartz along with

occasional garnet. It i1s derived from shales,

from thinbedded argillaceous limestones and from

mudstones and siltstones.

Tactite 1s a medium textured rock compoged of a number
of lime-silicate minerals with predominate garnet. It
is usuvally considered To be derived from impure lime-
stones.

In a broad sense the hornfels and tactite units reflect
different stratigraphic units, however, locally they are inter-
mingled within individual horizons

'Generally spegking the impure limes and limy argillaceous
rocks appear to be more receptative to metasomatism and are
therefore good hosts for mineralization.

Garnet (low 1ron-CaA12(8104)3 high iron-CaFep(Si04)3)
lepSlde, CaMg(Si0z)o tremolite- adtinolite ca(MgFe &) 818022
(oH, F wollastonite Ca8103, chlorite and hydrobiotite are the
most 1mportant gangue minerals.

Garnet in the ore bearing areas is usually brouwn in color.
Chemical analyses indicate 1t is composed of equal parts of
calcium bearing grossularite garnet and iron rich andradite garnet.
" This appears to represent iron metasomatism and is contrasted
with the greenish garnet, probably mainly calcium rich grossularite.
which isn't usually associated with ore grade mineralization.

‘Diopside may represent silica metasomatism of dolometic
limes, or merely recrystalization, with the aid of hydrothermal
solutions, where sufficient silica as sand was already present.

Wollastonite repregents silica metasomatism of limestone.
In wollastonite hornfelses it probably represents reaction or
the lime-and gilica already present, assisted by the presence Ol_
.the hydfothermal fluids. :

Increasingly large amounts of metemorphic rock composed mainly
of hydrobiotite and chlorite are being found in the pit. This is
particularly true along the E1l Tiro fault end other major hydro-
thermal channelwsys, where crystals of hydrobiotite up to two
inches acrogg can occasionally be geen. In some plecegs the masiive
mica-rock is richly intergrown with chalcopyrite. Tne presence of
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biotite or chlorite appears to be a fairly good ore guide.
The alteration is thought to represent iron, potassium and
possibly aluminum metasomatism in a water rich environment.

Chalcopyrite is the only important sulfide copper ;
mineral in the sediments., In areas in the orebody, spha-
lerite is closely associated with chalcopyrite. In some ’
cases the chalcopyrite, is found in solid solution with the
sphalerite with exsolution of the chalcopyrite from tne
sphalerite being clearly seen under the microscope. As no
zinc 1s recovered, where the two minerals are found in solid
solution, the sphalerite zcts as a diluent because no clean
separation can be made between the two minerals in the mill.

Molybdenite occurs in thé. sediments as disseminations,
as "paint"” along fractures and with quartz veins in about
the same quantity as occurs in the igneous rocks.

. Iron as hematite and magnetite, magnetite being most
important, appears to be closely associated with the copper
mineralization. The occurrence of magnetite varies from
~disseminated grains.to massive pods of the mineral cut by
veins of chalcopyrite, This close association with chal-
copyrite has made the magnetometer a very useful tool in
the search for ore,

Pyrite, though occuring udbiquitously through the meta-
sediments 1in minor amounts, appears spatially segregated from
-the chalcopyrite when it occurs in massive form. Drill holes
have encountered as much as 100 feet of massive intergrown pyrite
and magnetite.

Small occurrences of galena, sometimes quite argentiferous,
have been seen, but these are not economically significant.
They are either late mineral or may be associated with the
Mid-Tertiary activity.

. As mentioned previously, the introduction of the hydro-
thermal fluids was accomplished along easterly trending struc-
tures. Most of the disseminated chalcopyrite is associated with
small quartz veins, with chalcopyrite disseminating out from
the central conduit.

All graduations, from mineralization confined to the vein,
to blebs of chalcopyrite disseminated through the rock but
associated with vein conduits, to more intense mineralization
where most of the gangue minerals have been replaced by sulfides,
can be seen in.the ore body.  Even the massive replacement type
mineralization appears.to be assocliated with easterly trending
structures, though this relationship is sometimes obscure.

Argillaceous or dirty limestone horizons zappea
partvicularly favorable for tne deposition of ore
occur along an ore fluid conduit. Pure line

s urse quari-
zite horizons are unfavoradle for ore depositi e

r, along

O

3
-

"
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fissures marble will be metasomatized to garnet and carry
some chalcopyrite.

OXIDATION OF THE ORE-BEARING SEDIMENTS AND THE OXIDIZBD OUlCROP
AS A GUIDE TO ORE o
The mineralized sediments which outcrop have been oxidized
to varying degrees. That is, oxidation may extend to a depth '
of inchegs or fractions of an inch or to a hundred feet or more,
dependent mainly on permeability due to faulting and fracturing.
In most cases, sulfides may be found close to the surface, at
least locally.

Because of the high carbonate content of even the most
intensgely altered rocks, the copper from oxidizing sulfides
is almost immediately precipitated in the form of copper car-
bonates, and therefore, there is no enriched chalcocite blanket.
This is important in that copper values found at or near the
"surface are indicative of the values to be expected in the sulfide
zone, providing there is no change in the chemical favorabllity
of the rock. .

Important oxlde minerals are the black copper oxides,
tenorite, and melaconite, the brown amorphous iron-copper complex
known as copper pitch, and the copper carbonates malachite and
.azurilte.

Chalcopyrite undergoing oxidation usually first alters to the
brown copper pitch. This further reacts with the surrounding
carbonate to form malachite. In many cases all that remains of the
original chalcopyrite is copper pitch and some malachite, although
the copper content of the rock does not change with the oxidation.

The oxidized outcrops of the orebearing metasediments are
usually black and lava-like in appearance, with white quartz veins
" Which were the conduits for the mineralizing solutions standing
in relief. In many cases copper minerals are not visable except
in protected crevices or fissures. The dark coloration is due
to manganese and hemztite, probably derived mainly from the
oxidation of sulfides, but possgibly due in part to hydrothermal
hematite, and breakdown of iron rich garnet.

On breaklnm into the rock copper pltch, malachﬂte and possibly
even remanent cnalcopyrlte may be seen.

PALEOZOIC STRATIGRAPHY IN THE UNION RIDGE-AREA

Because of the complex structure and inteube alteraplon of the
sediments in the El Tiro area, all attempts to work out their
stratigraphy by early workers proved fruitless.

The intensity of the alteration is exemplified by the fact
that the early workers thought that the Bolsa quartzite, which
cropg out to the north of the pit, wes merely intensely silicified
ignheous rock. '
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'The stratigraphy was worked out by Mr. Joy Merz in
1967, as his Masters thesis problem at the U of A.

Using the idea that specific sedimentary rocks types when
altered would yield specific metamorphic equivalents, and
working from the numerous drill logs_ from holes in the area,

. Mr. Merz was able to piece together a logical stratigraphic
sequence.

His work shows that the pure monomineralic rocks such as
guartzite and pure limestone were poor hosts for metasomatism
and copper mineralization, the best host rocks being Impure
limestone and limy siltstones. :

The stratigraphic sequence in the Union Ridge area is
the Lower Paleozolc sequence of the Bolsa quartzitfe through
the Escabrosa limestone. Because 0f their impure thinbedded
-argillaceous nature, the lower Abrigo, the Upper Abrigo,
and the Lower Martin limestones are the best hosts for ore,
while the Bolsa quartzite, the more pure Middle Abrigo, and
the Escabrosa limestone are relatively unmineralized.

SUMMARY

In summary, the Lower Paleozoic sediments in the E1 Tiro
area have been altered and minerallzed by the same hydrothermeal
fluids that altered and mineralized the Laramide igneous rocks.

Although easterly trending structural conduits were
important, fthe mineralizing solutions preferentially metasoma-
tized and mineralized thinbedded units of the Lower and Upper
Abrigo formation and the lower part of the Martin limestone.

" The mineralized sediments form an orebody amenable to open
pit mining.

This alteration and mineralization appears typical of limy
sediments which are adjacent to bodies of copper bearing
porphyrys, similar examples beling seen at Santa Rita, New Mexico;
Ely, Nevada; the Pima district sout of Tucson, and elsewhere.
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UPDATING THE GEOLOGY AND STRUCTURAL ORE CONTROLS
AT SILVER BELL, ARIZONA

by Barry N. Wetson
ASARCO Geologist

A talk to be presented to the Mining Geology Division
of the Arizona Section of A.I.M.E. on May 20, 1968.

One of the more complete stratigraphic sections in
southern Arizona can be pieced together in the Silver Bell
area. Much of the geology has been worked out by ASARCO
geologists, while a few important areas have been mapped by
students as thesis problems. Other portions of the Silver
Bell area have yet to be mapped in any kind of detail, and
some of this yet-uncharted geology could well be critical to
a better understanding of the complex Mesozoic and Cenozoic
stratigraphy.

It is my strong belief that a knowledge of certain
of the stratigraphic units in the ‘Silver Bell area--their
lithologic characters and structural settings--would be of
considerable help to field geologists dealing with similar
phenomena elsewhere in southern Arizona. Parts of the
Silver Bell stratigraphic section are accessible only by washes
or somewhat obscure truck trails, and other portions of the
section are on, or readily reachable only by passage through,
private property owned by ASARCO.

In the following, I will attempt to briefly describe
the geologic history of the Silver Bell area, with particular
emphasis on the Mesczoic Era. My knowledge of the area has
been greatly enhanced through field excursions and conversations
with Harold Courtright, Kenyon Richard, Jim Briscoe, Craig Clarke,
Chuck Haynes, Nick Nuttycombe, Joy Merz, Fred Graybeal and
Dr. Willard Lacy. I must take, however, the respon51b111ty for

the interpretations drawn herein.

Figure 1 is a location map showing the principal topo-
graphic features mentioned below. Figure 2 is my diagrammatic
representation of the Silver Bell stratigraphic column.

PRECAMBRIAN

Pinal Schist .

The only outcrop of the basement Pinal Schist known to
the author in the Silver Bell vicinity straddles the E1 Paso
Natural Gas pipeline road about two miles east of Ragged Top.
Relationships with other rock units are obscured by cover, except
on the south where the schist is bounded by a mid-Tertiary dike
filling the major WNW-trending Ragged Mountzin fault.
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Many fragments (ranging up to boulder size) of Pinal-
. like schist are seen in Cretaceous sediments just south of
Ragged Top, indicating the presence of a considerable area of
that schist at the surface in the near vicinity during the
Laramide igneous activity. '

Granite

A coarse-grained granite is found extensively to the
north of the Ragged Mountain fault. Large and numerous quartz
grains--frequently.25 inch in diameter--are set among pinkish
crystals of’ feldspar and clumps and books of biotite. In many
places orthoclase porphyroblasts up to an inch in length are
common. This granite megascopically resembles the Precambrian
Oracle granite seen near the town of Oracle. ’

Paleozoic sediments in the Waterman Mountains southeast
of Silver Bell are also underlain by porphyroblastic granite.

Apache Group

Younger Precambrian Apache Group metasediments lie on
granite just northeast of Ragged Top. Locally more than 200
feet thick, these south-dipping beds are sharply cut off to the
south by the Ragged Top intrusive which wells up along the
Ragged Mountain fault. The Apache Group stratigraphy here is
not well worked out, but it appears as if a few tens of feet
of probable Pioneer Formation (mixed sandy and shaly beds) are
overlain by 2-3 feet of Barnes Conglomerate, which is in turn
overlain by thin-to moderately thick-bedded quartzites of the
Dripping Springs Quartzite.

Apache Group metasediments are missiﬁg in the Waterman
Mountains where McClymonds (1957) notes. Cambrian Bolsa Quartzite
to conformably overlie basement granite.

Diagbase

Well-altered diabase of possible Precambrian age irre-
gularly intrudes the granite on the northern slopes of Ragged
Top. As it is found only within granite, it's relative age
cannot be stated with certainty. The principzal period of Pre-
cambrian diabase intrusion in southern and central Arizona is
post-Apache Group.

PALEOZOIC ERA _

: The Paleozoic stratigraphy of the Waterman Mountains has -
been deciphered by McClymonds (1957) and Ruff (1951) who mapped
a well-faulted pile of limestones, guartzites, siltstones, and
shdles amounting to a thickness of 4,400+ feet. In the Silver
Bell Mountains, Paleozoic stratigraphy was unravelled by Kingsbdbury,
Entwistle and Schmitt in 1941 in a private revort to the American
Smelting and Refining Co. Mersz (1967) undertook the difficult
study of the altered and mineralized Paleozoic sediments on Union
Ridge east of ASARCO's El Tiro pit. The alteration and mineraliza-
tion of these Union Ridge sediments will be described in the next
paper this morning. :
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The Paleozolc section in the Silver Bell Mountains is
well faulted, locally intensely altered, and generally inundated
by various Laramide intrusive units. Although each of the
Paleozolic periods represented in the Waterman Mountains also show
in the Silver Bell range, the section in the latter is obviously
incomplete. A brief tabulation of units with thickness estimates
is presented below: v :

Permian quartzites, limestones, shales..55é ft. apprbx.
Pennsylvarian Horquilla Limestone.......220 ft. max.

Mississippian Escabrosa Limestone.......275 ft. max.
Devonian Martin Formation....... ceeeers300 ft. max.
Cambrian Abrigo Formation............. ..430 ft. max.
Cambrian Bolsa Quartzite.....ce..eeeeeen. 230 ft. min.

‘Total.....2,005+ £t.

In the E1 Tiro Hills section of the West Silver Bell
Mountains, Clarke (1965) mapped 1,200+ feet of uppermost Permian
sediments. Approximately 300 feet of quartzites and dolomitic
limestones belonging to the Scherrer Formation are overlain by
jﬂeo feet of Concha Formation Limestone and +550 feet of Rain-
valley Formation limestone and argillite. These Permian rocks
protrude from alluvial cover and are overlain by Mesozoic sediments.

MESOZOIC ERA

Amole-type arkose

A clearly exposed contact between Mesozoic and Paleozoic
sediments is found in the El1 Tiro Hills where Clarke (1965) has
mapped an estimated 5,000+ feet of probable Cretaceous Amole-type
sediments overlying Permian Rainvalley rocks. The basal Amole-
type units, lylng on a disconformity, is a massive arkosic con-
glomerate containing rounded quartzite cobbles up to several inches
in diameter. This unit of the Cretaceous (?) 1s several feet
thick; the remainder is generally more thinly bedded.

Hayes and Drewes (1968) consider the Amole Arkose of the
Tucson Mountains to be more or less a time-equivalent of the
lower Middle Cretaceous Bisbee Group sediments. If the Amole-
type materials in the E1l Tiro Hills can be considered correlative
with the Amole Arkose, then Clarke's basal guartzite pebble
conglomerate gqualifies as a far-western equivalent of the basal
Bisbee Glance Conglomerate. The presence of Cretaceous (?) beds
lying disconformably on the uppermost Permian Rainvalley certainly
suggests that the Silver Bell area did not experience, at least
locally, the degree of structural unrest manifested farther to the
‘east, S

Another interpretation suggested by the near-conformable
nature of the Paleozoic-Mesozoic contact related to recent U.S.
Geological Survey recognition of Triassic sediments in southern
Arizona, Possibly the hiatus between Permian and Mesozolc deposition
is not as great as might be thought, and the lowermost Amole-iyve
sediments are of Triassic age?
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A few tuffaceous beds are scattered through the Amole-
type arkoses, indicating periodic volcanic activity in the general
region. Red-colored shales and conglomerates are found here and
there through the sequence and are most brevalent in the upper
portions. A 20-30-foot thick sandy limestone occurs nezr the top
of the exposed older Cretaceous beds. : S -

) The Amole-type sediments are overlain in angular uncon-
formity by interbedded tuffs and coarse clastic sediments of

the Claflin Ranch-type. A similar mid-to late Cretaceous uncon-
formity has been noted elsewhere across southeastern Arizona.

It is felt that this unconformity reflects initial upheaval
related to Laramide deformation.

Amole-type arkoses, conglomerates and sandstones also
crop out in the valley between the Waterman and Silver Bell
Mountains. Immediately overlying the arkoses near the south-
east corner of the older Silver Bell tailings dam is a limestone
unit probably exceeding 200 feet in thickness. Donald Bryant
of the University of Arizona was able to identify recrystalized
pelecypods here as of definite Cretaceous age. Outside of the
Bisbee Group Mural Limestone, this localized unit is probably
the thickest Cretaceous limestone known in southcentral Arizona.

Village Redbeds and red conglomerates

: A sequence of red-colored clastics is found overlying
the limestone unit and Amole-type arkoses south of the Silver
Bell tailings dams. These clastics, which also underlie Silver
Bell village, are locally several hundreds of feet thick, but
faulting and alluvial cover prevent thickness determinations.

The author originally considered this unit to be an equivalent

of the Recreation Redbeds of the Tucson Mountains. However,
detailled mapping plus radiometric age-dating have recently proven
the Recreation Redbeds to be of pre-Amole age, and evidence is
now overwhelming that red coloration represents restricted
environmental conditions that could, and do, appear at various
times throughout the Mesozoic. Consequently, I am here desig-
nating the Cretaceous redbeds and red conglomerates near the
Silver Bell townsite the "Village Redbeds”

In places redbeds and light-colored Amole-type arkoses
are found interbedded, suggesting a somewhat gradual transition
from the Amole to the Village environmen:t. Several hundred
feet of red silts, sands and arkoses occur in the lower portvions
of the Village Redbeds and are seen to grade upward to red
conglomerates. At first these conglomerztes contain only
sedimentary detritus. Higher in the sequence igneous materizls
begin to appear, however, and in the uppermost known portions
the red conglomerate consists almost entirely of purple zn
fragments set in a detrital matrix. Deformation of an anc
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, The Village red conglomerates are cut off by a major
WNW-trending fault in the tailing pond area, and their relation
to overlying units is not presently known. - '

‘Claflin Ranch Formation

The Claflin Ranch Formation is something of a catch-all
term, and the rocks it represents are not limited to any one
specific time of deposition. The formation represents a type
of sedimentation associated with a terrane undergoing volcanic
upheaval and rapid erosional deformation. Thus, in the Silver
Bell Mountalns where Richard and Courtright first used the name
(1960), the conglomerates, mudflows, landslide blocks, aeolian
tuffs, water-lain tuffs and pyroclastic layers included within
the Claflin Ranch Formation have ambiguous relationships with
associated volcanic units. They are pre-dacite and post-dacite,
pre-Silver Bell andesite and post-Silver Bell andesite. In the
West Silver Bell Mountains Claflin-like conglomerates are inter-

bedded with pyroclastics and overlie earlier Cretaceous sediments
by angular unconformity.

The thickest continuous Claflin Ranch sequence in the
Silver Bell Mountains--approximately 1800 feet--occurs south-
west of Ragged Top. This accumulation is, at least in good
part, pre-dacite porphyry (the earliest of the Laramide volcanic
and sub-volcanic rocks in the Silver Bell range). Coarse,
greenish clastic materials megascopically identical with parts
of the Claflin Ranch Formation are found as a matrix of the
Tucson Mountain Chaos in the Tucson Mountains. Claflin Ranch-

type rocks also are seen in roadcuts north of Sonoita along
Arizona State Highway 83.

It seems reasonable to expect that the Claflin Ranch-
type of surface accumulation of detrital and volcanic debris
might be found throughout southern Arizona wherever Laramide
volcanic piles exist. Such depositional sequences--seemingly
thickest in earlier Laramide time--would run the gamut from
fairly thin-bedded sands to chaotic masses of landslide-block
accumulations. '

Alaskite

Richard and Courtright (1966), in accounting for the

- WNW-striking zone of alteration at Sllver Bell, conclude that
"indirect evidence suggests a fault representlno a line of
profound structural weakness existed in this position prior

to the advent of Laramide intrusive activity." This line is
referred to as the ”major structure." They go on to note that
this major structure "was largely obliterated by the Laramide
intrusive bodies, but 1t effected a degree of control on tnelf
emplacement, as evidenced by their shaoes and positions.'

The first indication of activity alQng the Silver Bell
fault zone came in early Laramide time with the intrusion of a
coarsely granitoid alaskite along the southwest side of the
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major structure. This alaskite, which contains a very low
ferromagnesian mineral content, intrudes Paleozoic sediments

and Cretaceous Amole-type arkoses in the El Tiro area. Aplite
dikes are found through the alaskite, and, locally, fine-grained
border phases of alaskite are found in contact with other rock
units. ’ '

- The alaskite is .one of the principal hosts for the
later porphyry copper mineralization. This coarse-grained
felsic'rock locally shows high chalcopyrite-to-pyrite ratios.

Dacite porphyry

The dacite porphyry is a sub-volcanic rock character-
ized by numerous rounded or triangular quartz "eyes" set in
a very fine-grained matrix. Orthoclase and sanidine phenocrysts,
vague but consistent flow structure, and up to 20% of xenoliths
are also commonly seen. Chemically, the dacite porphyry is
more accurately a quartz latite porphyry.

The dacite occurs extensively northeast of the major
structure in the form of sills and dikes within Paleozoic
and Mesozoic sediments. The largest body of the porphyry--
a sill + 3,400 feet thick--occupies the stratigraphic interval
in the Silver Bell range proper where Amole-type arkose should
occur. This sill is floored by Paleozoic sediments and roofed
by an 1800-foot sequence of Claflin Ranch materials. The dacite-
Claflin Ranch contact is gradational over several feet, but dikes
of dacite porphyry are found locally in the overlying Claflin
Ranch beds. ,

An explosive history for the dacite porphyry is strongly
suggested by the numerous xenoliths, the large fragments of
quartz, and the shards of former glass in the matrix. The
nature of the rock is believed to reflect an emplacement by
fluidization in the following manner;

The gas-and fragment-charged dacite porphyry magma
(actually quartz latite in compogition, suggesting greater visco-
sity and more explosive potential) rose along the Silver Bell
fault zone into Paleozoic strata. The higher the porphyry
magma ascended, the more the confining pressure decreased,
causing exsolution of gases and thus lending an explosive and
dilative nature to the intrusive material.

Its extension to the southwest blocked by the large
body of alaskite, the dacite porphyry welled up, sending small
dikes and sills northeastward into the Paleozoic beds. Damp
Amole-type Cretaceous (?) sediments were reached and more gas
evolved., The megmatic material, expanding constantly, spread
laterally to the northeast in the weak Cretaceous (?) sediments.
Dilation occurred, as did the incorporation of fragments
broken by churning gas action.
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The dacite porphyry probably surfaced in one or more
places, venting gases as 1t did. Gas also escaped laterally
through the just-formed sill and vertically into overlying
Claflin Ranch sediments. The heat and vapor action altered
the immediately overlying gquartzo-felspathic clastic sediments,
giving rise to the gradational contact seen today.

The dacite porphyry was a poor host rock for porphyry
- copper mineralization because of its flinty, "tight" nature.

Silver Bell Formation

The Silver Bell Formation (Richard and Courtright,
1960) consists of laharic, autobrecciated, and intrusive andesitic
to dacitic breccias, andesitic to dacitic flows, and andesitic
intrusions. These materials overlie Claflin Ranch sediments and
daclte porphyry in the Silver Bell Mountains. The rugged nature
of the basal Silver Bell contact and the fact that it locally
lies on unroofed dacite porphyry points to a pericd of rapid
uplift and erosion following intrusion of the dacite porphyry
sills. : :

, Purplish Silver Bell-type breccias are seen to be inter-
layered in places with overlying Mount Lord Ignimbrite. Such a
transition from andesitic activity to more felsic and explosive
volcanism is seen throughout the world and is commonplace in
the Laramide rocks of southern Arizona and southwestern New
Mexico.

It is believed that the Silver Bell Formation is roughly
correlative with the Demetrie Formation of the Sierrita Mountains,
the Picacho Peak volcanics (Briscoe, 1967), the Owl Head vol-
canics, and that portion of the Cloudburst Formation north and
~east of the San Manuel mine. '

Mount Lord Ignimbrite

A welded ignimbrite lithologically similar to, and
stratigraphically a time-equivalent of, the Cat Mountain Rhyolite
of the Tucson Mountains overlies the Silver Bell Formation in the
Silver Bell Mountains. This quartz latitic ignimbrite is up to
800 feet thick, including an 80-foot thick cap of lithic vitric
tuff. As Silver Bell Peak was formerly known to residents of the

~area as "Mount Lord" and since the peak is composed of the pyro-
clastic unit, the name "Mount Lord Ignimbrite" has been given to
this Cat Mountain-type unit.

T Intrusive ignimbrites--genetically related to the Mount
Lord Ignimbrite, and megascopically and petrographically identical
with it--occur as dikes and sills in the underlying Silver Bell
Formation and dacite porphyry. These feeder materials once en
route to the surface spread along bedding and formational contacts,
apparently when vents became choked.
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The Cat Mountain Rhyolite of the Tucson Mountains evinces
an average age of 68 million years (Damon, 1968), and it is felt
that the Mount Lord Ignimbrite is of similar age.

Syenodiorite porphyry

. The syenodiorite porphyry is an early and somewhat exten-

~ sive pyroxene-bearing phase of the composite intrusive thought to:
be related to the copper mineralization at Silver Bell. Later

phases- of this composite intrusive are monzonitic and guartz

monzonitic. The syenodiorite porphyry is found principally in

the southeastern portion of the Silver Bell Mountains. It occurs

as massive bodies in Oxide pit (where it was previously called

both "andesite" and "dacite") and east -of Oxide pit along the ]

-major structure, and is found ds east-trending dikes north of Oxide
pit in the mountain range. :

The syenodiorite porphyry is the best host rock in Oxide
pit. It shows the highest primary copper sulfide content of any
of the igenous rocks at Silver Bell and has allowed precipitation
of a substantial chalcocite blanket.

» Only occasionél,dikes of syenodiorite porphyry are seen
in E1 Tiro pit.

Monzoﬁite porphyry

The later monzonitic and quartz monzonitic phases of the

. composite intrusion are found as massive bodies scattered along

the major structure. They occur also as generally east-trending
dikes in the mountain range to the northeast of the major structure.

The principal porphyry copper. mineralization followed
emplacement of the monzonite porphyry, and a zone of alteration
was superimposed on the major structure. K-Ar age-dating (Mauger,
Damon and Giletti, 1965) has shown that the solidification of the
monzonite porphyry and the subsequent hydrothermsl alteration
occurred at approximately 65 million years and within a short enough
time span so that, considering the limits of error of the age-dates,
the two events are radiometrically indistinguishable. I do not
mean to imply here that the Silver Bell deposits are to any %reat
extent syngenetic as has been suggested recently (Mauger, 1966).
It may be that a small amount of chalcopyrite became trapped as
discrete grains in the monzonite magma at the time of solidification.
The great preponderance of copper mineralization, however, was
emplaced in the various host rocks through veins, veinlets, and
hairline fractures with values diffusing into wallrocks, possibly
with-the aid of a certain amount of igneous rock recrystallization.

. It is interesting to note that both the Oxide and El Tiro
orebodies occur at structural intersections (see Figure 3). Oxide
pit is located at the junction of the WNW-trending major structure
with an ENE-trending swarm of syenodiorite and monzonite porohyry
dikes. Similarly, E1 Tiro pit exists at the junction of the
major structure with a northeast-trending swarm of monzonite porphyry
dikes.,
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CENOZOIC ERA

It is preferred here to set the lMessozoic-Cenozolic time
boundary at 63 million years as defined by Folinsbee, Bzadsgaard,
and Lipson (1961). This allows the Silver Bell mineralization
to fall at the end of the Cretaceous Period,

Reclonal northeasterly tlltlnc of 200-30° occurred some-
time oetween the emplacement of the com0051te Laramide intrusion
and the mid-Tertiary volcanism., It probably was a result of
late Laramide upheaval. This tilting, shown by the present
orientation of Laramide depositional units, appears to have taken
place by rotation of WNW-elongate, fault-bounded olocxs in the
Silver Bell area.

The mineralized rocks at Silver Bell were exposed to
~weathering and probably supergene enrichment in ezrly Tertlary
time. This 1is strongly suggested 3 miles east of Oxide pit
where pieces of leached capping were found in a conglomerate .
immediately underlying an' andesite flow dated at 28 million
years {Damon and Mauger, 1966). A mid-Tertiary period of
rhyolitic to andesitic volcanism evinced widely over southern
Arizona probably covered and thus preserved the Silver Bell
mineralization. This mineralization has been exhumed in more
recent times and 'is presently undergoing destruction thfourn
weathering processes.

North~northwest;trending quartz latite porphyry and
andesite porphyry dikes of the mid-Tertiary volcanic epoch
cut all earlier rock units in the Silver Bell Mountains.

The quartz latite dikes have a strangely discontinuous line
of outcrop which is caused not by faulting, as has been pre-
wviously suggested by Schmitt (l9ﬁl but by intrusion into

a very broken and faulted terrane. A few of the andesite
porphyry dikes are conspicuous in E1 Tiro pit where they are
locally collectors of green copper oxide.

The Ragged Top Latite Porphyry dated at 25fl.0 million
years {(Mauger, Damon and Giletti, 1965) intruded the prominent
Ragged Mountain fault which had dropped Laramide rocks on the
south some 5,000-7,000 feet against Precambrian granite.
Andesitic and rhyolitic flows of probably similar age are seen
severzal miles west of Ragged Top in the northeastern part of
the West Silver Bell Mountains.

A lete‘ahd minor lead-silver-copper mineralization is
"found in the Silver Bell range. North-trending epithermal
veins carrying galena, native silver and cerargyrite with a
barite-quartz-calcite-fluorite gangue were mined in the early
deys. Copper stain is seen on the old dumps. This lat
period of mineralization has been superimposed very locally
on the porphyry copper deposits to the south. On the other
hand, 2 mid-Tertiary ouartz latite porphyry dike cuts one
of the epithermal veins, thus estzblishing a2 general minimun
date to this mineralization. :

Quaternary-Tertiary basalt cones and flows are found
north of the Ragged Mountain fault.
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Dump leaching at Silver Bell started in Jﬂnuar?, 1960. The durps
now being leached aré tﬁe results of selective mining during the stripping
“and active mining phases of the development of the two pits. Barren cop-
rock {s segregated and dumped separately in waste dumps. The copper bearing
material in the leach dumps consists of oxide copper minerals and low grade
sulfide copper minerals. Neither of these two classcs of-mnterial.could be
profitably treated by flotation in the concentrator. The copper values are

amenable to dump leaching in closed circuit with iron launder precipitation.

.%he more basic criteria for dump leaching are: (a) copper mineral-
ization capable of dissolution in leachinpg solutions within reasonable
lengths of time; (b) a host rocR whicih will not consume inordinate quatititics
of acid, or decrcpitate to prevent proper passage of solutions; and (c) a
»suitable site for placement of the dumps to insure minimal losses o} pregnant

solution to seepage and good drainage to a central vecovery dam.

Additional advantages which are desirable, but not basically neces-
sary are: (a) sufficient pyrite present in the dump méterinl to generate
enough free acid and ferric sulfate to dissolve the copper minerals without
acid having to be added to the leaching solutions; and (b) not too much ferric
sulféte-produced in the dumps, which would make subsequent precipitation of

the copper difficult or costly.

All of the above basic criteria are realized in the dump leaching
operations at Silver Bell. However, H2504 is added to the leach sclutions

to ald in dissolving the copper minerals. .

P

LEACH DUMPS AND DAMS
At the present time, there are four dumps undergoing lcaching, i

(Figure 1). The original dump, upon which the leaching plant started operations,



¥ N ' T e 2 - i

R QS{K« ’ w
is in a canyon adjacent to the Oxide Pit. This is nd@ called the Upper Oxide

Leach Dump-{Ox. II). The ravine underlying this dump runs directly to the

main pregnant solution dam near the precipitatian cells,

<

The main pregnant solution dam is of concrete construction, abutting
in solid rock on both walls of the canyon. It has a storage capacity of about

750,000 gallons.

The lower Oxide Lecach Dump (Ox. I) was started in another ravine west
of the Upper Dump (Ox. I1). It has becen formed mainly with leach material
develcoped by stripping and mining after ore production for the concentrator

was started in the Oxide Pit. In fact, leach material is still being added

3

to its north-western end while the rest of the dump is being leached. The
pregnant solution collecting in the ravine under the northern two-thirds of
this dump {s diverted with an earth-fill dam &and a l6-inch pipeline some 250

feet long to the main pregnant solution dam.

The diversion dam has a 12-inch thick concrete key and the earth face
is sealed and protected with gunite, The footings of this dam are in conglom-
erate but there has been very little leakage., The inlet to the diversion pipe
is provided with slots for weir boards so the dam can be used as emergency
storage of about 100,000 gallons of pregnant solution in case of trouble with

Y
- the pumps at the main pregnant solution dam,

The southern one~third of Oxide I dump drains to the same canyon as
the Ox. II dump and the solution goes directly to the main pregnant solution

dam.

About 250 yards below the diversion dam and the pregnant solution dam
, - i
the two ravines from the Oxide Dumps joins as one (Fig. 2). Below this junction

another 50 yards lies the barren solution dnm; another earth-fi{ll dam with a

-



tamped-ecarth key, The footings of the key are”in solid rock on one side and
conglomerate on the other. The storage capacity of this dam is roughly one and

one-half million gallons.

-

In-early 1961, the west leach dumps bein; prepared adjacent to the

El Tiro Pit (E.T. I) were ready for leaching. In order to accowplish this, it
was necessary to put in a pump and a pipeline from the barren solution dam to
the E1 Tiro #I dumps, construct a dam across the canyon below, and provide
pumps and a pregnant solution return line to the main pregnant solution dam,
Also, the additional amount of copper to be precipitated required an increase
in the number of cells and in drying areca at the precipitation cells. Con-
struction was completed and leaching started on the EI.Tiro_#I dumps in July,

1971.

The El Tiro I dumps.overlie four branches of a main canyon which
drains the area. fhese fqur join under the dumps and there is only a single
underflow. The pregnant solution dam is about 500‘feé£ downstream from the
toe of the dumps. It is of concrete, tied into solid rock and has & storage

capacity of about 100,000 gallons.

In 1965, the El Tiro South Dumps (E.T. II) were large enough to allow
starting several rows of ponds on the established area while the crest was
. continuously being advanced by additional leach ﬁaterial. This required a
third barreﬁ solution pump installation at the barren solution dam, a pipelinc

nd diversion :

to the dump, a pregnant solution?dam across the drainage canyon, pumps
and return lines to the main plant, as well as additional drying pad area at
the plant to allow for the anticipated additional production. As is explained
later, only modest changes were necessafy on the precipitation cells, with no
increase in number. The construction work waS’ﬁomple:ed and leaching of thei

El Tiro II dumps started in December, 1965,
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The concrete pregnant solution dam for the El Tiro II dumps is tied

into solid rock and has a storapge capacity of about 350,000 gallons.

.4

LEACHING SOLUTICN DISTRIDBUTION

At the barren solution dam, there are two 6-inch vertical centrifugal
pumps of type 304 stainless, driven by 100 HP mofors, for pumping the solution
to the Oxide area and El Tiro #I. The pump to El Tiro #II is an B-inch pump,
driven by a 150 HP motor. They are floated on rafts to maintain constant
submergence regardless of the rise and fali of the water level in the dam.
The raft for Oxide and El Tiro #I is made up of a wooden deck floating on
24 sealed ten-foot lengths of 12-inch I.D. PVC plastic pipe, The separate
raft for El Tiro #II is floated on polystyrenec flotation billets. The pumps
are connected to thelr respective discharge lines by flexible hoses. The
rate of the flow of barrcn‘solution from each of the pumps is measured and

recorded by orifice plate mcters.

The Oxide dumps receive their leaching solution through a 10-inch
pipeline approximately 3950 feet long, with a static head of 260 feet. On |
the Upper Ox. fI dump, the solution was Initially distributed from ten lateral
pipes six inches in size. These laterals were provided with one and one-
half inch plastic valves on caéh side of the pipe every 50 to 60 fcét. The
valves regulated the flow of solution to smnll,‘irregular ponds which averaged

about 50 to 60 feet square,

When the Ox. #I dump was being readied for leaching, it was decided
_to try a less elaborate method of distribution. In this system, the solution

W23 simply delivered through an open-end 10-inch pipe to a high point and

: !
discharged to an open ditch. From the ditch, the solution wa cut into one :

" (1]
or more 100°' square ponds as desired. This irrigation system has proven
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quite successful and the same method is now in use on all dumps. The barren

-

solution is being distributed at a rate of 1 gal/min. to 200 square feet of

dump surface.

El Tiro #I barren solution is delivered through 16,940 feet of
§-inch pipeline with a static head of 163 fect‘to the upper benches. EL Tiro II

solution travels two miles through a l4-inch line, against a static head of

260 feet.

The El Tivo #I pregnant solution used to be pumped the full 16,940'
back to the main plant in its own separate 8-inch line. Since the installation
_ fPrcgnant
of the El1 Tiro II pregnant solution dam, however, the ET.I/solution is simply
pumped by two 4-inch pumps to thc new dam where it joins the underflow of
the g, TI1 dump. The combined underflows are then pumped by two 6-inch and one
8-inch, Type 316 stainless steel pump through an 8-inch and a 12-inch pipeline

to the main pregnant solution dam, Magﬁctic type flow meters on the two lines

measure and record the flow rates.

On all ponds, every effort is made to get the solution to spread
out and cover as much area as possible and not short-circuit through the
dump. In'some rocky areas, it has been necessary to bring in concentrator
tailings and crusher fines, to be spread in thin layers over the pond's
surface, to reduce the porosity. The whole purpose is to gain as wide a
distribution base as possible to get drop—by—dfop penetration into the dump.
This gives maximum expectation of wetting every rock in the dump, maximum
‘contact time for leaching, minimum of channeling,‘and above ali, a higher
grade pregnant solution.

' ¢
There is a practical limit, however, to these large pond areas, ;

because of the high evaporation rate in the desert country which creates

an appreciable loss of water. The percent recovery of leaching solutions

-

e g

. e R R



varies widely but averages 90 to 95 percent., Most of};hé loss cam be
attributed to evaporation, with minor losses to seepage and seeping into

the pores of the rock in the dump.

CHEMICAL REACTIONS OF LEACHING
The chcmical‘rcactions involved in lcacﬁing of copper minecrals
were thoroughly studied by John S. Sullivan and others, about 1930. From
‘this source and others, the following overall reactions are given for the
dissolution of.the principal minerals in Silver Bell dump leaching.
Chrysocolla: Cu $i03.2Hy0 + HySO4—>Cu 504 + $102 + 3H0
" Azurite: Cu3(OH)9(C03)2 + 3HpS0,—33CuSO4 + 200 + 410
Malachite: Cup(0H),C03 + 2HpS0;——>=2CuS0; + CO2 + 3H20
Cuprite: Cu0 + HS04 '+ Fep(50,) g~ 2CuS0O, + 2FeS04 + H20
Chalcbcitei CupS + 2Fe2(804)3—2CuS04 + 4FeS04 + S
In vat leaching or agitatéd léaching, chalcopyrite is usuvally
considered to be 1nsolublé in leaching sélutions or,-at best, has a re-
action requiring such an extremely long time that the amount dissolved
is negligible. For these methods of leaching tﬁis is true. However, in
dump leaching, time of reaction is measured in years. It is probable, then,
that a sm#ll amount of chalcopyrite does dissolve slowly but inexorably over
the years due to the action of ferric sulfate, oxygen, and water.

Chalcopyrite: CuFeSp + 2Fe2(S04)3 + 2H20 + 302-4~CuSO4 + 5FeS0; +
2H250,

At Silver Bell, extra acid is added to the barren solution when
it is pumped to the dumps as leaching scolution, Experiments indicated that the

extra acid addition helped!to keep Iron scale from forming in the pipelines;

and the leaching mechanisms previously described. A minor source of sul-
' l
furic acid and ferric sulfate required by the above reactions is the reaction

of pyrite in thé dump with water and oxfgen to form these solvents; probably
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assisted g& irou-based bacterial action.
Pyrite: 4FeSy + 1507 + 2Hp0-d2Fep(50,) + 2HpS0,
Table I shows typical flow data and analysis of solutions to and

from the dumps., Assays are reported in grams per liter.

TABLE 1
Dump Leaching Data

Barren Solution to Dumps

Oxide El Tiro 1 El Tiro I1 TOTAL

cPM , 700 ~ 500 1500 2700
Cu gms/liter : .030
Hp SOy, " " 15 - .30
Fe'+ oo .5 - 1.0
FC-H—*- " " . ) .05
pH wooow ’ 2,70
Pregnant Solution from Dumps

Oxide  El Tiro I ~ El Tiro II ’ TOTAL
GPM 690 ~ 700 410 - 500 1400 2500 ~ 2600
Cu gms/liter 0.6 -.800 1.0 - 1.60 .5 - ,700 .6 - .900
HyS0y, " " 40 1.00 .15 .50
Fett " "0l .01 .01 .01
Fe'ltt o v g5 .06 .08 .06
pH " " 2,50 2.00 3.05 2.3 - 2.50

As can be seen from the nBove data, the barren solution consists
mainly of é slightly acidic solution of iron salts, most of which i{s in the
ferrous form. In passing through the dumps, the pregnant solution has
accumulated copper, gained in aciditﬁ, and converted 1ts remaining iron
content almost entirely to the ferric state. Some of the original iron
content was precipitated in the distributing ponds and some in the dqmp
itself. There has been some indication that the iron precipitated in the
dump way have a deleterious effect on the leathiﬁg of the dump material in
the form of an iron coating which seals off rock from additional leaching. i

This can be miniumized by periodic working of the dumps and additions of

acid to the leach solution.
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PREGNANT SOLUTION GRADE CONTROL

The copper content of the prégnant solution underflow is maintained

by gradual, progressive changes from one pond to another on the surface of

the dumps. Usually, several small ponds are being leached at the same time,
As the grade of copper in the underflow tends to fall, a new pond is cut in,
and the pond which has been leaching the longest is cut out. The length of
time during which a particular pond may be covered by solution varies frowm a
few days up to several weeks., Since this time {s dependent only on the copper
being ext;acted.»it followus that'tﬁe depth of the leaching column, the cébper
content of the rock, the type of mineralization, and the efficiency of the

leaching solution distribution are all factors in its determination,

After a pond is cut out of the leaching cycle and the excess solution
has drained, the ﬁaterinl in the leaching column underneath this pond will
remain unwetted until the pond is agéin‘cuc in for legching in its turn in
the progression from pond to pond to maintain copper grade. The time of this
drying or rest period varies from six months to a year at the present rate

of operation.

During this rest period, there is still enough moistﬁre in the rock
to maintain the humid, oxildizing conditions requ;red by serveral of the
chemical reactions to create aéditional solvents and to dissolve the copper
minerals.- By diffusion, capillary action, and evaporation, these salts con-
centrate at the surface of the rocks and are readily dissolved by the leaching
solutions during the next wetting cycle.

PRECIPITATION OF COPPER

’ t

To precipitate the copper from solution, detinned scrap cans, supplied

by Proler Steel Corp., of El Paso, Texas are used. The main advantage of cans
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is the large surface area presented to the solutions per pound of metal. This
large surface area promotes more efficient precipitation per unit of cell volume,

than with hedvier pieces of iron.

“Cans are prepared for use in precipitation by burning in kilns teo
remove the tim plating and paint from the surfnce, and the solder from the
seams., After this, they are passed through a hammer mill, a toothed roll or
some other shredder of suitable design to make them morc compact and icsé bulky

to handle, and less wasteful of space in the cells.

Untreated cans will<§eigh only 8 to 12 pounds per cubic foot, Aftcy
shredding and compacting, they will weigh 20 to 30 pounds per cubic foot., The
lim{ting factor of the compaction is that if it is carried ;oo far, there will
not be enough porosity remaining to get adequate solution penetration and
efficient precipitation, Baled cans have never been widely used for this reason.

CHEMICAL REACTIONS OF PRECIPITATION '

There are three principal reactions taking piace simultaneously in
the iron launders. Only one of these is profitable. The other two represent
a necessary operating loss to achieve the first; the precipitation of cement
copper. The overall reactions are:

CuS0y + Fe—>= Cu + FeSOy
H250, + Fe___>.H2+-+ FeSO0y4

Fez(804)3 + Fe——>» 3FeS0y
There is also a fourth reaction, between ferric sulfate and metallic
copper, whi;h undoubtedly takes place, but yields the same net effect as the
overéll reactions given,
Fep(504)5 + Cu—a CusQ, + 2FeS0,,
.The cbppcr sulfate formed in this reaction is reprecipitated on i
wetallic iron as in the first equation. The overall effect is that at equal

concentrations, the reduction of ferric iron to ferrous iron is the fastest

.
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of the three basic reactions. The reduction of coppér_is the next in rapidity,

followed by the reaction between acid and iron.

PREGNANT SOLUTION PUMPING TO CELLS

-

At tge wain pregnant solution dam there are three five-inch vertical
 centrifugal pumps of 315 stainless, tyg are driven by 50 HP motors. and the
third by a 30 HP wotor, to pump the solution to the cells. A magnetic type

flow meter in the wmain header of the three pumps measures and recorc;s ther r;\tic

and quantity of flow. The discharge pipe is 16 {Inches iIn diameter, and about

. 400 fect long from dam to cells.

Sulfuric acid is being added to the pregnant solution ahead of the
precipitation cells. The amount of acid added is small; only enough to lower
the pH to about 2.3; The purpose of this addition is to gain better copper
precipitation conditions in the cells by preventing hydrolysis and precipitation
of hydrous iron salts in the lower cells where the acid‘conccntration {s low.
About half of the acid is being added to the pregnant solution at the El Tirol
dam to prevent scale forming in the 3-1/2 miles of pipe which return this
pregnant solution and combined El Tiro underflow to the main plant. 'The cther

half of the acid is added at the pumps on the feed to the precipltating cells.

Sulfuric acid is stored in a 10,400 gallon tank at the plant's

-

office and in a 4,090 gallon tank on a dump above the El Tiro 1 pregnant
solution dam. Deliveries from the tanks are metered by vnriablé—stroke dia-
phragm acid pumps. In the warmer months all the acid is 98% H,S0, or 66.4?
Bauﬁe'. In the Winter months 93% or 66.0° Baume' is used, to prevent the

- acid from freezing in the lines. In the near ifuture plans are being made

to use a 75% HpS504 or 55.1° Baume‘; which will be more plentiful and cheaper
H

to buy than the 98Z or 93% acid.
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CEMENTATION CELLS

The original plant consisted of six precipitating cells. This

humber was increased to ten in 1961 to pain the needed capacity for the

precipitation of the El Tiro solutionms.

Hlowever, an economic analysis of the precipitating cell operations
is 1964 showed that not all of these ten cells were needed. The study made
clear that the iron consumed in the lower cells was costing mdre than the
copper precipitated there wos WOrth; As a result of this invcstigqtion.'five
of the cells were cut out of operation and only the remaining five were used

to precipitate the copper from the 1000 GPM of solution flow.

Then, when the El Tiro II dump was brought into production in late
1965, with nearly another 1000 GPM of solution to be treated, it was only
‘ﬁecessary to cut these five cells back into opcration? with minor modifications,
to have adequate capacity to handle the flow rate. The economic study of

1964, therefore, has paid off in continuing savings of can consumption and

of 1965. The present flow rates of 2500 - 2600 GPM are at times too much for

the 10 cells, especially when the heads are high in copper: Therefore, plans
are beiﬁg made for a nceded expansion in 1974, in the form of new precipitation
cones in service along with the 10 precipitation.cells. Each cell is eight
feet wide by five feet deep and is divided into two compartments, each twelve

feet long, by a dividing center wall. The tops of the concrete walls are

protected by 6" x 10" timbers. At the five-foot depth in the cells is a

perforated screen made of 3/4 inch polypropelyne which has been locally drilled

H

with one and a quarter inch holes on one and one-half center. The poly- '

propelyne screens are supported by type 316 stainless steel grids which have

*

approximately two inch by four inch openings. The grids rest on two git ' g"
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timbers which are keyed into the side walls in each clopartment, Beneath

this Scfe;u bottom, the concrete floor of the cells si&pes to a twelve inch

drain valve. This valve is operated by a bell crank and handwheel from lhe
walk;ay on top of the cells. Stainless steel gf;tcs with 1" x 2" openings

were tested, but allowed too many scrap cans to escape into the final precipitate
during washing and coused an increase in can consumption and lowering of the

grade of the precipitate.

CELL OPERATION

Feed solution to the cells passes through cells 1, 2, 3 and 4 in
parallel flow from the feed launder and then returns, iﬁ parallel, back through
cells 5, 6, 7 and 8. The advantage of parallel flow on these first cells is
that the heavy, precipitation from the strong solutions i{s divided and there is
less back-pressure or resistance built up to flow of solution. After these
cells, the solution passes through cells 9 and 10 1in parallel. ?hc discharge
of cells 9 and 10 is tailings solution which returns-th;ough a sump and a 16—

inch pipeline to the barren solution dam by gravity.

In each cell (Fig. 3) the solution enters through a gateway from a
launder into the upstream co@partment. Most of the solution flows down through
the cans in that compartment and through the holes in the screen bottom. The
majority of it then passes under the center dividihg Qall, up through the
screen bottom and through the cans in the sccond compartment before overflowing
the discharge gate, Some of the solution willvpass longitudinally through
the top section of the cans in both compartments by way of the gateway in the
center dividing wall., Especially, when the gallonage is extremely high or
the cells are full of precipitated copper. |

_ . o
Detinned and shredded cans are delivered to the plant by Proler®

Steel Corp, in side-dump semi-trailers. The loads are dumped off the side

of a ramp about eight feet above the stockpile area. The cans are placed



in piles by a diesel-driven mobile rubber-tired crane with a 65 foot boom
and a five foot diameter electromagnet, The cans are‘éransferred'from the
stockpile to the cells as needed, by the crane and magnet. FEach magnet ~oad

of cans welghs about 650 pounds.

Table II shows typlcal precfpitntion cell data. Assays arve reported
in grams per liter.
TABLE 1I Coo o T o
PRECIPITATION CELL DATA

Cell Feed Cell Tafilings

Cu gms/liter 0.717 - 018
Hpso, ¢ .67 . .06
Fett " " . .01 1.00
Fet™ v w .05 Tr.
pH 2.32 . 3.28
labSo ACid/Lb- CU Pptdo 150 - n80
Lbs. Iron/Lb. Cu Pptd. 1.3 - 1.5
Manshifts/week 18

The above data illustrates the salient features of the brecipitation
cell operations. 97.5 percent of the copper is stripped from the solution,
the acid content is decreased, and the ferric iron content is reduced to ferrous

iron.

A comparison of the cell tailings solution which returns to the
barren solution dam with the barren solution being pumped t; the dumps, shown
in Table I, demopstrates that a certain amount of the iron content is precip-
itated in the barren solution dam. This is advantageous in preventing an
excessive build-up Qf iron in the leaching solutions. Unfortunately, some
~ iron precipitates out in the lines and pump intakes in the form of scale.

This can be readily controlled by descaling of the barren solutions lines twice

a month with chain-covered, rubber balls and the use of acid, which is added
o {
to the barren solution. ?
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CELL WASHING
The first four cells always receivevthe strongest solution and
must be washed the most oftén. They precipitaté:about 70 percent of the |
total pro&uction and at present are being washed ﬁwice a week. The next group,
cells 5, 6, 7 and 8, make about 25 pefcent more of the total and are washed

once a week. Cells 9 and 10, producing the remaining 5 percent, are washed

once a week, : -

Situsth below the ten drain valves from the cells are‘five settling
Vtanks, each 16 fect, 10 fcet square by four feet deep. .When the cells are
being washed, the slurry of copper precipitate and wash water flows to these
tanks., After allowing time for the copper to settle, the élenr water is
decanted, and pumped, by a three inch vertical centrifugal pump of 316 stain-

less, from a reccovery sump back to the cells, to entrap any fine particles

5

of copper,

When a cell is to be washed, wooden gates cut the flow of solution,
and the drain valve 1is opened to the settling tanks. The magnet transfers
any loose cans which were not covered by solution to an adjoining cell., When
the mass of copper and partially consumed cans is exposed, the copper is
.Washed off the cans through the polypropelyne screen bottoﬁ and out the drain
valve., Washing is done with twé one and one-half inch high pressure hoses
equipped with quick shut-off fire nozzles; Water for washing is furnished
from the tailings solution sump by a two and one~half inch vertical centrifugal
pump of 316 stainless, Driven by a 350 RPM, 25 HP motor, this pump can deliver
200 GPM to the wash hose at 100 pouﬁds pressure,

As the cans are washed clean, the magnet lifts them to the next cell,
When the cell is empty, the screen bottoms are inspected and répaired, if '

needed. Earlier in the plant's operation, drilled, plywood sheets were used,



but the pglypropelyne sheets proved to have a much longer life with less

maintenance troubles and eventually replaced tth. The polypropelyne sheets
havé an i?finite 1ife and have to be replaced only when accidently broken or
cracked by the magnet. When repairs arc complete, the washed cans are replaced,
new cans are added, the drai; vlave {s closed, and the gates are remerd to

put the cell back in the circuit., Ordinarily, a cell can be washed in 1-1/2 to

2 hours by two wen on the hoses and one crane-man.

The operating crew consists of two operators, one helper, and &
crane-man, All operatiens, from leaching solution distribution changes to
cell washing, are performed on day shift only, Shift bosscs from the con-

centrator check the plant on afternoon and night shifts to sce that the pumps

are running properly.

Beside dump work and cell washing, the operators are responsible
for sampling of the solutions, controlling the acid addition by pH‘measure-
ments, and miscellaneous oiling and maintenance around the plant.

PRECIPITATION DRYING AND SHIPMENT

In order to reduce the weight of the cement copper shipped to the
smelter and more importantly, to improve its handling characteristics, a
., drying pad of concrete has been provided on the opposiie side of the settling
tanks from the cells. The original pad was 35 feet by 105 feet and at times
was not qﬁite adequate for the amount of precipitate to be dfied. With the
extension for the El Tiro west production (E.T.I), the pad was enlarged to
60 by 145 feet. For the El Tiro South dump production (E.T.II), it was enlarged
to its n:eéent size of 115 by 195 feet, |

{
13

Once each week, the settling tankg{which have copper in them from

washing the cells,are bailed out with the crane and a clamshell bucket.
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When first placed on the pad, the preéipitatstwill contain 35 to 40 percent
moisture. It {s placed in an irregular pile and nllo;;d to drain.for a day
and a half. It is then picked up in small bucket-loads with a front-ena
loader and laid out in rows about eight to ten i;ches deep, Occdsionally,

especially in the winter, there is further drainage of free water from these

rows. The drying pad is sloped toward the settling tanks to help in the drainage.

The precipitate is left in rows for 2~3 days in summer and up to
5 or 6 days in winter until the desired shipping consistency is reached. 1In
~winter, it is sometimes reworked with the lpader to turn the material over
and hasten the drying process. When dry enough, the precipitate is placed

in a stockpile for case of loading for shipment.

Carload lots of cement copper average 80 to 82 percent copper and

10 to 15 percent moisture,

The Company railroad siding is a spur off the Southern chific
mainline at Plata, near the Tucson Casa Grande Highway, a distance of 23 miles
from Silver Bell. The same trucks and ;railers which haul the concentrates
from the mill are used to haul the precipitate to the siding. Usually three
trailers, each hauling 35,000 to 40,000 pounds of precipitate, are sufficient
to £ill a carload. At the siding, the end-dump trailers are unloaded by means

of a head-frame and winch into a hopper. From there, conveyor belts deliver

the material to open gondolas. The loaded cars are sampled for moisture and
copper assay, weighed, and sent to ASARCO's Smelters at Hayden or El Paso.
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LEACH PLANT PUMPS

gr Serial Purchase Purchase , Present :
red Pump Type¥* Kusrber Order Wo. Order Date lMotor Size Location Remarks .
&" C-v3M N-5357 $-58-2082 11-26-58 - 100 HP - AC* Oxide Barren
N-6538 61-333-3 2-146-61 100 HP - AC ET I Barren :
N-6539 61-333-3 2-14-61 75 HP Rel.* ET II Preg.———Installed w/50 HP motors,
B-6540 61-333-3 2-14-61 75 Hp " ET II Preg.. at ET I Preg. in '61l.
Changed to present location
and motors in 1965.
5" - vs K-6049 1-870-3 3-30~-59 50 HP - AC Feed to Cells Originally installed w/10 HE
N~-6050 1-870~3 3-30-59 50 HP = AC Feced to Cells motors, replaced w/50 HP
N-10181 69~632~3 4~29~69 30 HP - GE* Feed to Cells motors from ET II Preg.
: pumps in 19635,
8" E-VNA N-8222 65~945-3 5~-10-65 125 HP Rel ET II Preg.
8" H-VNM N-101~80 69-632-3 4-29~69 200 HP-GE ET II Barren
&' C=-VSM N-86220 65-1104~3 - 6-10-65 25 HP Rel. ET I Preg. Converted fros B type to
N-88221 65-1104-3 6~10-65 25 HP Rel. ET I Preg. C type in 1963,
T Converted frcmn B type to
C type In 1977.
3" vs N-6051 HM-870~3 3~-30-59 15 HP - Us#* Sump Pump Converted from 3 HP to
- 15 P wotor in 1971,
24" B-VS | N-6048 14-870~3 3-30-59 25 EP = AC Wash Down
LDMDL~-31-748P 59833 §~60-2007 9-12-60 1/3 HP MAS.¥ Main Acid Tank
WVDL~25-41R 50310 57-213 3-18-57 1/4 HP - US ET Acid Tank Originally usad {n Moly

Circuit in Mill - brought
to Precip. plant in 1963,

* AC = Allis Chalwrers Motors

Rel -~ Reliance lotors*
MAS - Masters Motors

GZ - General Elecirice Motors

US - United States Electrical
Motors

* All vertical -pumps manufactured by Barrett-
Haentjen and of 316 or 304 S5.8.
All Acid Pumps manufactured by Milton Roy.
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Dump leaching at Silver Bell started in Januvary, 1960. The dumps
now being leached are the results of selective mining during the stripping
and active mining phases of the development of the two pits. Barren @apw
rock is segregated and dumped separately in waste dumps. The copper bearing
material in the leach dumps consists of oxide copper minerals and low grade
sulfide copper minerals. Heither of these two classes of material could be
profitably treated by flotation in the concentrator, The copper values are
amenable to dump leaching in closed circuit with iron launder precipitati@n.

The more basic criteria for dump leaching are: (&) copper minera-
lization cépable of dissolution in leaching solutions within reasonable
lengths of time; (b) a host rock which will not consume inordinate quantities
of acid, or decrepitate to prevent proper passage of solutions; and (c) a
suitablelsit@ for placgmen& of the dumps to insure minimal losses of pregnant
solution to seepage and good drainage to a central fQCQV@ry dam,

Additional advantages which are desirable, but not basically neces-
sary are: {a) sufficient pyrite present in the dump material to gemerate
gnough free acid and ferric sulfate to dissolve the copper minerals without
acid having to be added te the leaching solutions; and (b) not too much ferric
suifate produced in the dumps, which @ould make subsequent precipitastion of
the copper difficult or costly.

All of the abo&@ basic criteria and additional advantages are

realized in the dump leaching operatioms at Silver Bell.

LEACH DUMPS AND DAMS
At the present time, there are three dumps undergoing leachings

(Figure 1), The original dump, upon which the leaching plant started operations,
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is in a canyon adjacent to the Oxide Pit. This is now called the Upper Oxide
Leach Dump. The ravine underlying this dump runs directly to the mainm pregnant
solution dam near the precipitation cells.

The main pregnant scolution dam is of concrete constructiom, abutting
in solid rock on both walls of the canyon. It has & storage capacity of about
160,000 gallons.

The lower Oxide Leach Dump was started in another ravine west of
the Upper Dump. It has been formed mainly with leach materizl developed by
stripping and mining after ore production for the concentrator was started in
the Oxide Pit. In fact, leach material is still being added to its northern
end while the rest of the dump is being leached. The prégnant solution col-
lecting in the ravine und@r.the northern two-thirds of this dump is diverted
with an earth=fill dam and a l6-inch pipeline some 250 feet lomg to the main
_ pregnant salﬁti@n dam.

The diversion dam has a 12-inch thick concrete key and the earth
face is seéled and protected with g@nite° The footings of this dam are in
conglomerate but there has been very little leakage. The inlet to the
diversion pipe is provided with slots for weir boards so the dam can be used
as emergency st@rag@ﬁof about 100,000 gallons of pregnant solution in @55@
of trouble with the pﬁmps at the main pregnant solution dam.

The southern one-third of the Lower Dump drafins to the seme canyon
as the Upper Dump and the solution goes directly to the main pregnsnt solution
dam.,

About 250 yards below the diversion dem and the pregnant solution
dam the two ravines from the Oxide Dumps join as ome (Fig. 2). Below this

junction another 50 vards lies the barren solution dam, another esarth-fill
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dam with a tamped-earth key. The footings of the key are in solid rock om

one side and conglomerate on the other. The storage capacity of this dam

is roughly one and ona-half million gallons.

In early 1961, the West leach dumps being prepared adjacent to the
El Tiro Pit were ready for leaching. In order to accomplish this, it wéé
necessary to put im a pump and a pipeline from the barrén solution dam to
the El Tif@ West Dumps, comstruct a dam across the canyon belo@z and provide
pumps and a pregnant éolutiQn return line to the main~pr@gnént é@lutidn dam,
Also, the additional amount of copper to be precipitated required am increase
in the number of cells and in drying area at the precipitation cells., Con-
structi@npwas completed and leaching started om the El Tiro West Dumps in
July, 1961,

The El Tiro West Dumps overlie four branches of a main canyon which
drains the area. Ihese'four‘join under the dumps and there is only a single
underflow. The pregnant solution dam is about 500 feet downstream froﬁ the
toe of the dumps. It is of concrete, tied into solid rock and has a storage
capacity of aﬁout 100,000 gallons.

In 1965, the El Tiro South Dumps were large enough to allow starting
several rows of ponds on the established area while the crest is continucusly
being advanced by additional leach material., This required a third barren
solution pump installation at the barrem solution dam, a pipeliﬁewpquthe

dump, a pregnant solution dam across the draimage canyon, and pumps and return
lines to the main plant, as well as additiomal drying pad area at the plant.

to allow for the anticipated additional production. As is explained later,
only modest changes were necessary on the precipitation cells, with no increase

in number. The construction work was completed and leaching of the El Tiro
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South Dumps started in December, 1965,
The concrete pregnant solution dam for the El Tiro South Dumps

is tied into solid rock and has a storage capacity of about 750,000 galloms.

LEACHING SOLUTION DISTRIBUTION
At the barren solution dam, there are two 6-inch vertical centrifugal
pumps of type 304 stainless steel, driven by 100 H,P. motors, for pumping the
solution to the Oxide area and El Tiro West. The pump to ElL Tiro South is
an 8-inch pump, driven by & 150 H.P. motor, They are floated on rafts to
maintain constant submergence regardless of the rise and fall of the water

level in the dam, The raft for Oxide and ELl Tiro West is made up of a wooden

deck floating on 24 sealed ten-foot lengths of 12-imch 1.D. PVC plastic pipe.
The separate raft for El Tiro South is floated on polystyreme flotatiom

billets. The pumps are comnected to their respective discharge limes by

flexible hoses., The rate of the flow of barren solution from each of the
pumps is measured and recorded by orifice plate meters.

The Oxide Dumps receive their leaching solution through a 10-inch
pipeline approximately 2,000 feet long, with a static head of 250 feet, On
the Uﬁper Oxide, the solg;ion used to be distributed from ten lateral pipes
six inches in size. These laterals were'provided with one and one-half imnch
plastic valves on each side of the pipe every 50 to 60 feet., These valves
regulated the flow of solution to small, irregular ponds which averaged about
50 to 60 feet square,

When the Lower Oxide was being readied for leaching, it was decided
to try a less slaborate method of distribution. In this system, the solution

is simply delivered through an open-end 10-inch pipe to a2 high point and
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discharged to an open ditch. From the ditch, the solution is cut into one
or more ponds as desired, This irrigation system has proven quite successful
and the same method is now in use on all dumps.

El Tiro West barren solution is delivered through three and one-
half miles of 8=irch pipeline with a static head of 165 feet to the upper
benches. El Tiro South sclutiom travels two miles through a 12-inch 1ine9
against a statigwhead of 260 feet,

The El Tiro West pregnant solution used to be pumped the full three
and one-half miles back to the main plant in its own separate 8-inch line.
Since the installation of the El Tiro South pregnant solution dam, however,
the West solution is simply pumped by a 4-inch pump to the new dam where it
joins the underflow of the South dump. The combined underflows are then
pumped by two 6-inch Type 316 stainless steel pumps through fwo parallel
8-inch pipelines to the main pregnant solution dam. Maénetic type flow
meters on the two lines measure and record the flow rates,

On all ponds, every effort is made to get the solution to spread
out and cover as much area as possible and not short-circuit through the
dump., In some rocky areas it has been necessary to bring im concentrator
tailings to be spread in thin layers to reduce the porosity. The whole
purpose is to gain as wide a distribution base as possible to get drop~by-
drop penetration into the dump. This gives maximum expectation of wetting
every rock in the dump, maximum contact time for leaching, minimum of chan-
neling, and above all, a higher grade pregnant solutiom.

There is a practical limit, however, to these large pond areas,
because of the high evaporation raté in the desert country which creates amw

appreciable loss of water. The percent recovery of leaching solutionms varies
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widely but averages 85 to 90 per cent. Most of the loss can be attributed
to evaporation, with minor losses to seepage and soakage into the pores of

the rock in the dump.

CHEMICAL REACTIONS OF LEACHING

The chemical reactions involved in leaching of copper minerals
were thoroughly studied by John D. Sullivam amnd others, about 1930,
From this source and others, the following overall reactioms are given for
the dissolution of the principal minmerals involved in Silver B@l@ dump
leachingo

Chrysocolla: Cu 8105.2H,0 + H380, = Cu S04 + S$i0p + 3Hp0

Azurite: Cuq(OH)(COg)9 + 3Hz804 = 3CuS04 + 2C07 + 4Hy0

Malachite: Cup{0H)5CO3 + 2H380, = ZCU504 + COz + 3H,0

Cuprite: Cu,0 + Hy50, + Fe2(804)3 = 2CuS0; + 2FeS0; + H»0

Chalcocite: CupS + 2Fep(S04)y = 2CuSO, + 4FeSQ, + S

In vat leaching or agitated leaching, chalcopyrite is usually con-
sidered to be insoluble in leaching soluti@ﬁs or, at best, has a reaction
requiring such an extremely long time that the amount dissclved is negli-
gible. For these methods of leaching this is true. However, in dump leaching,
time of reaction is measured in years. 1t is probable, them, that a small
amount of chalcopyrite does dissolve slowly but inexcrably ocver the years
due to the action of ferric sulfate, oxygen, and water,

Chalcopyrite: CuFeSy + 2Fe3(50,)3 + 2Hy0 + 302 = CuS0,; + 5FeS0; + 2H2S0,

At Silver Bell, no extra acid is added to the barren solution when

it is pumped to the dumps as leaching solution. Experiments early in the
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operation of the plant indicated that extra acid additiom was neilther necessary
nor particularily bemeficial at this point in the circuit. The source of the
sulfuric acid and ferric sulfate required by the above reactions is the
reactionrof pyrite in the dump with water and oxygen to form these solvents,
probably assisted by iron-based bacterial action.
Pyrite: 4?@52 + 1502 + 2H30 = 2Fep(S04) + 2H2504
Table I shows typical flow data and amalyses of solutions to and from
the dumps. Assays are reported in grams per liter.
TABLE I
Dump Leaching Data

Barren Solution to Dumps

Oxide El Tiro West El Tiro South _ _Total
GPM 710 450 870 2030
Cu ems/liter .030
H2S0y " .06
Fel;, " 1.18
Fe " o 04
pH " 3.51
Pregnant Solution from Dumps
Oxide El Tiro West El Tiro South Total
GPM 630 410 770 1810
Cu gns/liter  0.622 1.613 . 337 717
Hy 80, " 053 033 .22 -
Feit, . .01 .01 .01 .01
Fe " o4l 025 - 31 .31
pH " 2.50 2,65 3.05 =

As can be seen from the above data, the barren solution consists
"mainly of a slightly acidic solution of iron salts, most of which is in the
ferrous form., In passing through the dumps, the pregnant solutionm has
accumalated copper, gained in acidity, and converted its remaining iron con-

tent almost entirely to the ferric state. Some of the original iron content
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was precipitated in the dis&ributing ponds and some in the dump itself. To
date, there has been no indication that the irom precipitated in the dump may

have a deleterious effect on percolation through the dump material,

PREGNANT SOLUTION GRADE CONTROL

The copper content of the pregnant solution underflow is maintained
by gradual, progressive changes from one pond to amother om the surface of
the dumps. Usually, several small ponds are being leached at the same time.

As the grade of copper in the underflow tends to fall, 2 new pond is cut imn,
and the pond which has been leaching the longest is cut out. The length of
time during which a partigqlar pond may be covered by solution varies from a
few days up to several weeks. Since this time is dependent only on the copper
being extracted, it foll@WS that the depth of the leaching column, the copper
content of the rock, the,type of mineralization, and the efficiency of the
leaching solution distribution a%e all factors in its determination.

After a pond is cut out of the leaching cycle and the excess solution
has drained, the material ip the leaching column underneath this pond will
remain unwetted until the pond is again cut in for lesching in its turn im
the progression from pond to pond to maintain copper grade. The time of this
drying period varies from six months to & yvear at the present rate of operatiom,

During this drying period, there is.étill @n@ugh moisture in the
rock to maintain the humid, oxidizing conditions required by several of the
chemical reactions to create additional solvents and to dissolve the copper
minerals. By diffusiom, capillary action, and evaporation, these salts com-
centrate at the surface of the rocks and are readily dissolved by the leaching

solutions during the next wetting cycle.



PRECIPITATION OF COPPER

To precipitate the coppér from solution, detinned scrap cans are
used. The main advantage of cans is the large surface area presented to the
solutions per pound of metal. This large surface area promotes more efficiént
precipitation per unit of cell vbluma than with heavier pieces of irom.

Cans are prepared for use in.precipitatioﬁ by burning in kilns to
remove the tin plating and paintlfrom the surface, and the solder from the
seams, After this, they are passed through a hammer mill or a toothed roll
or some other shredder of suitable design to make them more compact and less
bulky to handle, and less wasteful of space in the cells.

Untreated cans will weigh only 8 to 12 pounds per cubic foot. After
shredding and compacting, they will weigh 20 to 30 pounds per cubic foot. The
limiting factor of the compaction is that if it is carried too far, there will
not be enocugh porosity remaining to get adequate solution penetration and

efficient precipitation. Baled cans have never been widely used for this reason.

CHEMICAL REACTIONS OF PRECIPITATION
There are three principal reactions taking place simultaneously in
the irom launders., Only ome of these is profitable. The other two represent
a necessary operating loss to achieve the first; the precipitation of cement
copper. The overall reactiomns ares
CuSQ4 + Fe = Cu + FeS04
H2 S04 + Fe = Hz + FeS04
Fey (S04)3 + Fe = 3Fe304
There is also a fourth reaction, between ferric sulfate and metallic

copper, which undoubtedly takes place but yields the same net effect as the
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overall reactions given.
Fe3(S04)3 + Cu = CuS0,, + 2FeS0
The copper sulfaté formed in this reaction is reprecipitated om
metallic iron as in the first equation. The overall effect is that at equal
concentrations, the reduction of ferric iron to ferrous iron is the fastest
of the three basic reactions. The reduction of copper is the next im rapidity,

followed by the reaction between acid and irom.

PREGNANT SOLUTION PUMPING TO CELLS

At the main pregnant solution dam there are two five-inch vertical
centrifugal pumps of 316 stainless driven by 50 H,P, motors to pump the
solﬁtion to the cells. A magnetic type flow meter in the discharge piping
measures and records the rate and quantity of flow., The discharge pipe is
ten inches in diameter, about 400 feet long from dam to cells.

The only sulfuric acid being added to the entire circuit at present
is going into the pregnant solution ahead of the precipitation cells. The
amount of acid added is small; only enough to lower the pH to about 2.4. The
purpese of this addition is to gain better copper precipitation conditioms in
the cells by preventing hydrolysis and precipitation of hydrous irén salts in
the lower cells where the acid concentration is low, About half of the acid
is being added to the pregnant solution at the El Tiro West dam to prevent
scale forming in the 3-1/2 miles of pipe which return this pregnant solution
and combined El Tiro underflow to the main plant. The other half of the acid’
is added to the pumps on the feed to the precipitating cells.

Sulfuric acid is stored in a 10,300 galloms tamk at the plant and im



- 11 =
a 4,090 gallon tank on a dump above the El Tiro West pregnant solution dam.

Deliveries from the tanks are metered by variable-stroke diaphragm acid

]
pumps. Until 1967, virtually all the acid was 98% HS80, or 66O'Baume.
Recently, because of a shortage of sulfur, the acid has beem 78% H2S504 or

]
60° Baume.

CEMENTATION CELLS

The original plant consisted of six precipitating cells. This
number was increased to tenm in 1961 to gain the needed capacity for the pre-
cipitation of the El Tiro solutions.

However, an economic analysis of the precipitating cell operations
in 1964 showed that mot all of these ten cells were needed. The study made
clear that the iron consumed in the lower cells was costing more than the
coﬁper precipitated there was wofth. As a result of this investigation, five
of the cells were cut out of operation and only the remaining five were used
to precipitate the copper from about 1000 GPM of solution £low.

Then, wher the El Tiro South dump was brought into production in
late 1965, with nearly another 1000 GPM of solution to be treated, it was
only necessary to cut these five cells back into @ﬁerationg with minor modifi-
cations, to have adequate capacity to handle the flow rate. The economic study
of 19643 therefore, has paid off in continuing savings of canY¢0nsumpti@n and
in preVenting an unnecessary over-capitalization during the plant expansion
of 1965,

Each cell is eight feet wide by_five feet deep and is divided into

two compartments, each twelve feet long, by a dividing center wall. The tops
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of the conerete walls are protected by six by ten timbers. At the five=foot
depth in the cells is a perforated screen made of one-inch exterior grade
plywood which has been locally drilled with thréeaquartér inch holes om ome
and one-half centers. The plywood screens are supported by type 316 stainles:
steel grids which have approximately two inch by four inch openings. The grids
rest on two six by eightktimbers which are keyed into the side walls in each
compartment. Beneath this sér@em bott@m,.the concrete floor of the cells
slopes to a twelve inch drain valve. This valve is operated by a bell crank

and handwheel from the walkway on top of the cells.

CELL OPERATION
Feed solution to the cells passeé through Cells 1, 2, 3 and 4 in

parallel flow from the feed launder and then returns, in parallel, back through

Cells 5, 6, 7 and 8. The advantage of parallel flow on these first cells is
that the heavy precipiation from the strong solutidns is divided and there

is less back-pressure or resistance built up to flow of solution. After these
cells, the'sdlution passes through cells 9 and 10 in parallel. The discharge
of cells 9 and 10 is tailings solution which returns through a sump and a 16-
inch pipeline to the barren solution dam by gravity.

In each cell (Fig. 3) the solution enters through a géteway frbm a
launder into the upstream compartment. Most-of the solutiqn flows down through
the cans in that compartment and through the holes in the screen bottom. It
then passes under the center dividing wall, up through the screen bottom and
through the cans in the sec@ndACOmpartment before overflowing the discharge

gate, Some of the solution will pass longitudimally through the top sectiom

~of the cans in both compartments by way of the gateway in the center dividing

wall.
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Cans are delivered to the plant B& side=dump semi=trailers. ' The

loads are dumped off the side of a ramp about eight feet above the étockpile

area, The cans are placed in piles by a diesel-driven crawler crane With a

65-foot boom and a five foot diameter electromagnet. The cans are transferred

from the stockpile to the cells as needed, by the crane and magnet. Each
mggnet load of cans weighs about 500 pounds.
Table II shows typical precipitation cell data, Assays are reported
in grams per liter.
TABLE II

PRECIPITATION CELL DATA

Cell Feed Cell Tailings

Cu gm/liter 0.717 s018
HySO, .67 .06
Fett " .01 1.28
pettt v .31 Tr
pH 2.32 3,28

Lbs. Acid per 1lb, Cu Pptd .50

Lbs, Iron per lb. Cu Pptd 1.65

Man Shifts per Week 18

The above data illustrate the salient features of the precipitation
cell operations. 97.5 per cent of the copper is stripped from the solution,
thevacid content is decreased, and the ferric iron ¢@ntent is reduced to ferrous
iron,

A comparison of the cellxt@ilings solution which returns to the barren
solution dam with the barren solution being pumped to the dﬁmp,s3 shown iﬁ
Iablé I, demongtrat@s that a certain am@untvdf the iron content is‘pre@ipitated
in the barren solution dam. This is advantageous in preveﬁting:an @xc@ésive

build-up of iron in the leaching solutions.
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CELL WASHING

The first four cells always receive the strongest solution and
mgst be washed the most often. They precipitate about 70 per cent of the
total production and at present are being washed twice a weekf The next
group, cells 5, 6 7 and 8, make about 25 percent more of the total and
are washed every other week, Cells 9 and 10, producing the remaining 5 per
cent, are washed 5nce a month,

Situated below the ten drain valves from the cells are five settling
tanks, each l6-feet, 10=ipches square by four feet deep. When the cells are
being washed, the slurry of copper precipitate and wash water flows to these
tanks, After zllowing time for the copper to settle, the clear water is de-
canted, and pumped byba three:inch vertical centrifugal pump‘@f 316 stainless

from a recovery sump back to the cells to entrap any fimé particles of copper.
When a cell 1s to be washed, wooden gates cut the flow of solutiom,
and the drain valve is opened to the settling tanks. The magnet transfers
any loose cans which were not covered by solution to an adjoining céll, When
the mass of copper and partially consumed cans is exposed, the cgppér is washed
off the cams through the plywood screen bottom and out the drain valve. hashing
is done with two one and one-half inch high pressure hoses equipped with quick
shutjoff fire nozzles., Water for washing is furnished fr&m the tailings solu-
tion sump byatwo and one-half inch vertical centrifugal pump of 316 stainléss.
Driven by a 350 RPM, 25 H.P. motor, this pump can deliver 200 GPM to the wash
hose at 100 pounds pressurza.

As the cans are washed clean, the magnet lifts them to the next cell,
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When the cell is empty, the screen bottoms are inspected and repaired, if
needed, Average life of the screens is about four months in the first four
cells; longgr in the others. When repairs are complete, the washed cansg are
replaced, new cans are added, the drain valve is closed, and the gates are
removed to put the cell back in the circuit., Ordimarily, a cell can be washed
in about an hour and a half by two men on the hoses and one crane-man.

The operating crew consists of two operaters and a crane-mam., All
operations, from leaching solution distribution changes to cell washing9 are
performed on day shift omly. Shift bosses from the concentrator check the
plant on afternoon and might shifts to see that the pumps are running properly.

Beside dump work and cell washing, the coperators are responsible for
sampling of the solutions, controlling the acid addition by pH messurements,

and miscellaneous oiling and maintenance around the plant,

PRECIPITATE DRYING AND SHIPMENT
In order to reduce the weight of the cement copper shipped to the
gmelter and more importantly, to improve its handling characteristics, a
drying pad of concrete has been provided on the opposite side of the settling
tanks from the cells, The‘@riginal pad was 35 feet by 105 feet and at times
was not quite adequate for the amount of precipitate to be dried. With the
extension for the ElL Tir@‘West production9 the pad was enlarged to 60 by

145 feet., For the El Tiro South dump production, it was emlarged to its

present_size of 115 by 195 feet.
About once each week, the settling tanks which have copper in them

from washing the cells are bailed out with the crame and a clamshell bucket.
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When first placed on the pad, the precipitate will contain 35 to 40 per cent
moisture, It is placed in an irregular pile and allowed to drain for a day
and a half., It is then picked up in small bucketnloaas with & front-end loader
and laid out in rows about eight to tem inches deep. Occasionally, especially
in thé winter, there is further drainage of free water from these rows. The
drying pad is sloped toward the settling tanks to help in the draihagem

The preeipitate is left in rows for five more days in summer and up
to 12 or m@ré days in winter until the desired shipping consistency is reached.
In winter, it is sometimes reworked with the loader to turn the material over
and hasten the drying process. When dry enough, the precipitate is placed
in a stockpile for eaé@ of loading for shipment.

Carload lots ofgcement copper average 82 per cent copper and 15 per
cent moisture, | |

The Company railroad siding is a spur off the Southern Pacific main=
line at Plata, near thé Tucson-Casa Grande Highway, a distance of 23 miles
from Silver Bell. The same trucks and trailers which haul'the concentrates
from the mill ére used to haul the precipitat@ to the siding. Usually three
trailers, each hauling 359000 to 40,000 pounds of precipitate, are sufficient
to fill a carloéd. At the siding, the end-dump trailers are unloaded by means
of a head-frame and winch into a hopper. From there, conveyor belts deliver
the material to open gondolas. The loaded cars are sampled for moisture and

copper assay, weighed, and sent to ASARCO's Smelter at El Paso.
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BY=-PRODUCT MOLYBDENUM RECOVERY AT SILVER BELL UNIT

AMERICAN SMELTING AND REFINING COMPANY

INTRODUCTION

The Silver Bell Unit of American Smelting and Refining Company
is an open pit copper operation located forty miles northwest of Tucsom

in the Silver Bell Mountains.

Although Silver Bell is known primarily for copper production
molybdeniteis also produced as a by-product im the 11,500 ton-per=day

flotation mill.

The Silver Bell ore comes from two pits approximately two miles
apart, Copper mineralization is essentially chalcocite resulting from two
to three-fold secondary enrichment im a highly altered zome., A typical
porphyry copper deposit, Silver Bell ore is of medium hardness. The molybdenum
occurs in the ratic of about one part molybdenum to seventy-five parts of
coppér. In the copper concentrate, which is the starting poimt for separate
molybdenum recovery, the ratio is onme part molybdenum to forty parts ofd
‘cobper.

Molybdenum mineralization is primary. Enrichment is not evident but
it is notable that the molybdenite content is higher in the more siliceous,
harder rocks. The mineral occurs as diversely oriented flakes of fairly
constant grain size, mostly in fractures associated with quartz veins. Most
of it appears unoxidized; secondary coatings on the molybdenite flakes are

fortunately rare,

In May of 1962 a modification of the earlier molybdenite circuit

was put into operation. This paper describes the mew molybdenite plant.
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The metallurgical design and layout of the circuit was by Mr. A. B. Romney
and Mr, Russell Saiter under the direction of Mr. Norman Weiss. Detail design
was handled by the Central Engineering Office of American Smelting amd Refining
Company, Salt Lake City, Utsh. Construction was by Western Knapp Engineering

Company of San Prancisco, California.

THE SILVER BELL MOLYBDENITE CIRCUIT

Sulfide Copper Circuit:

The starting point for the molybdenite eircuit is the cleamed copper
concentrate, but a few words on the copper circuit are in order simce this

has a bearing om subsequent results.

The ore is ground with lime im ball mills and classified to 15% om
65 mesh and 50% minus 200 mesh in am all-cyclone circ@itQ. C@pper flotation
collector is primarily potassium hexyl xzanthate £Z=1®) plus occasional
auxiliary use of a dithiophosphoric salt collector (AF-238), and the frother
is a mixture of 75% hardwood crecsote-25% steam distilled pine oil. The
copper‘rough@r is in opemn circuit, rougher tailimgé being ﬁh@ greater portion
of final tailings. The rougher concentrate is classified, the sands reggouﬁdg
end the combined sands and slimes cleaned twice with lime to attain the usual
shipping grade of about 30% copper., TLhe first cleaner tailing is scavenged,
the séavenger tailing joining the final tailing amnd the scavenger concentrate
joining the rougher céncentrates

Dextrin Depression of the Molybdenite:

The circuit is shown schematically in Figure 1. Copper concentrate
is withdrawn from a 100 foot diameter thickenmer to a 6 ft. x 6 ft. open
conditioner tank at the rate of about 195 TPD. Dextrim (either Stadex 120 or

Clinton 761) in 12% solutiom is added at the approximate rate of one and ome-

half pounds per ton of concentrate, and make-up water is added from th@‘5@=£oot



- 3 =
diameter thickener further down the circuit. The pulp is diluted to about
20% solids with this water (which contains some dextrin), and lime is added

to the level of 0.2 pounds free Ca0 per ton of solutiom.

Next this slurry is fed to the molybdenite .depression section, the
first stage of which is a 3@ foot long Miami-type air cell, Most of the
copper floats here tggether with a small proportion of the molybdenite.

T@‘the froth from the air cell are added a half pound of dextrin per ton and

a small amount of lime, in a bank of six #24 Denver G@llSe The froth from
this bank ef cells is a final copper concentrate low inbﬁﬁlybdenum and goes
directly to the copper filtgr plant. The rougher and.cl@amer de§§rin tailings

containing the molybdenum are combined and sent to a 50 foot diameter thickenmer.

Since the combination of dextrin and high alkalimnity frqm thé lime
produces a virtually nonfsettling pulp, acid isbused to settle this mat@rialo
The zcid added modifies the pH from 1; to 8. Tﬁe source of the acid used,
both sulfurcus and sulfuric,is the sérubber slurry from the dust éoll@@tiom
system on the five-hearth furnace described below. S@ttling'is adequéte at

this point.

Heating Step:

| The thickener underflow is pumped to an 8 ft. x 8 £t. Eimco drum
filter mounted directly on top of the 18=foot diameter Bartlett-Snow=-Pacific
five-hearth furnace firediby natural gas. The filter cake drqps through a
slot onto the tog}or drying hearth, and proceeds downward by action of the

rabble arms.

The furnace operates more as a drier than a roaster. Evolutiom of

-sulfur dioxide is not our objective, although some does occur as‘a result
of the fall of fines from hearth to hearth through the flame areas. Retention

time in the furnace was about four hours during initizl operations but this
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has been reduced to 1-1/2 hours by increasing the number and lemgth of the
teeth on the rabble arms in the three upper hearths. The shaft speed was

also increased from 2/3 to 1 BRPM. The effect of these adjustments was to

increase through-put while still maintaining satisfactory heating.

Measufgggnt of hearth temperatures is accomplished through thermo-
couples indicating on an 8-point strip chart recorder. Final product
teﬁperatur@ is 5?5 to 625 degrees Fahrenheit and it is importanﬁ to keep it
in this range since under-heating fails to destroy the dextrin coating With.
poor recovery and over-heating calcines the material with res@ltant high lime

requirement and poor flotation conditioms.

The furnace feed is occasionally wet and sticky. Under these comditions
lumps can form and move through the furnace unbroken. Testing proved that
the interior of such lumps cam be under-heated, so two foll@rs_were chained
180 degrees apart to the rabble arms on the middle hearth. Each roller is
two feet in diameter by ome foot wide. Constructed of 3/8" steel plate, they

weigh about 250 pounds apiece and crush the lumps thoroughly.

The dust in the furnace gases is removed in a Doyle stainless steel
wet scrubber., Installed between the exhaust fan and the stack, this unit
scrubs out virtually all of the dust inm the stack gases and the resulting
slurry is returned to the thickener ahead of the furnace for recovery of the
melybdenum and copper values.

Reflotation of the Molybdenite:

Hot calcine frqm the furna@e drops through a chute intc a 4 ft. % 5 ft,
repulper tank and is slurried with fresh water. A mnormal roast will over-=
treat some fine particles and an acid repulp results. Since acid conditions
hére tend to activate coﬁper and iron minerals that we want to depress, lime

is added to the repulper under automatic control to maintain the pH near 7.



Soda ash is also an effective alkali, but is more costly. Lime is fed»from
a branch line off the regular mill milk-cf-lime loop to a supply tank in the
molybdenite plant. This was necessary because the molybdenite plant is distant

from the milk-of-lime loop and considerably lower in elevation.

Fuel o0il is added to the repulper as a collector for molybdenite,
Fuel oil and an alcohol frother are added at the head of the refloat section
which consists of six #48 Agitair cells, These reagents may also be stage
added along the cells. Emulsification and dispersion of the oil im the pulp

is added by addition of 0.1%Z surfactant,

The original laboratory work showed refloat recoveries in the middle
nineties, Plant operations have not been up to this level because of the
effect of the circulatiﬁg middling particles in the first, second, and third
cleaner tailing streams. Effect of these return streams was not easily

assessed in laboratofy testing,

The effect of slime coating on dextrin depression and refloat of the
molybdenite mineral is difficult to determine but we feel that they may be
responsible in part for occasional sub-standard performances.

Cleaning Operation:

The refloat concentrate, containing minor amounts of copper and iron
minerals, is ciéaned twice in #36 Agitair cells without fur ther reagent
addition. The first cleaner tailing can be returned to the refloat or can
Be routed to the roaster or the final copper concentrate. The refloat
‘Goncentrate, twice cleaned,is then ground in a 3 ft. x ,4 ft.. Marecy
oﬁerflow ball mill. We now have this mill in open circuit after several years
of struggle to keep a small cyclone in operation but betéer regrinding through
classification and return of oversize to the regrind unit would be helpful

at times. The reground concentrate is cleaned five more times in a counter-
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current cleaning circuit, with sodium cyanide and frother added to the final
cleaner. The final product usually averages 51% Mo and less than 0.3% copper,

Iron and insocluble commonly run about 3,5% each.

The third cleaner tailing was originally returned to the refloat
stage but it soon became evident that the copper=-cyanide complex anion was
activating copper and iron minerals. Further testing established that this-

intermediate tailing should be returmed to the furnace, This has been done

but results in a long recycle path for a portion of the molybdenite.

Filtering and Drying:

7 Froth from the final cleaning stage runs by gravity to one of thre@
holding tanks where it can be cyanide-leached, if required, to lower the
copper content. This is seldom necessary. It is fed from the holding tanks
to a three foot diameter,‘two=disc Eimco leaf filter., Filtered concentrate
is held on the floor below in a surge pile whence it is charged into an
enclosed"Abbe’rotary.vacuum drier in 1800 pound bét@h@s,. Discharge is by
’sflexible tube into 55=gallon drums fitted with removableTtopS. Dust loss at

this point is minimal, even though moisture averages only a half percent.

The circuit described above has not changed in any important respect

since initial operation in May of 1962 but small mechanical impr@vementsvhave

been made from time to time which have made operations easier.

Some operating data appear in Table I, Also, a bibliography of

literature of interest is appended.
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SUMMARY

A considerable proportion of the molybdenite in the Silver Bell
porphyry ore floats with the finished copper concentrate. This is the
starting point for thebmolybdenite circuit, which includes the following steps:

l. Two-stage dextrin depression of the molybdenite into a product

representing.one=third of the copper concentrate tonnage.
2. Thickening, filtering, and heating of this fractiom.

3. Reflotation of the molybdenite by addition of lime, fuel oil,

and frother.,

4, Seven-stage flotation cleaning with the addition of sodium

cyanide to attain sbecification grade of mclybdenite.

The foliowing conclusions result from our experience with this
circuits |
1. The dextrin circuit performs efficiently, @oncentrating most of
the molybdenite into a fractiom répr@senting one-third of thg
copper concentrate weight, a dextrin coating on the molybdenite

surface probably being the mechanism of depression.

2. Heating is a positive process to effect oxidation of the
collector ccating on the copper and iron mineral surfaces and,
most importantly, to destroy the dextrin coating on the

molybdenite surfaces so that the molybdenite can be re-floated,

3. Very satisfactory copper suppression in the final molybdenite

goncentrate is achieved im this operation.
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Production of a satisfactory concentrate from the Silver Bell
igneous ores is generally independeﬁt of the copper mineralogy.
Since parts qf the ore body contain copper alse as chalcopyrite

altbough mineralization is primsrily chalcociteg and the pro-

. portion of chalcopyrite may increase further im the future, the

ability to recover molybdenite from both these copper min@ra159
and mixtures thereof, is important, Chalcopyrite in sedimentary
ores at Silver Bell is a special problem for which circuit

modification may soomn .be necessary.

The first three full years of operation of the new'molybdenite
circuit showed twice as much production as the average of the
six preceding years. It should be noted, however, that the

capacity of the mill was increased by 20% during the latter period.
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TABLE I

OPERATING DATA - SILVER BELL MOLYBDENITE PLANT

Reagent Consumption = Typical Year

Reagent Pounds Consumed per tom of
Copper Concentrate Treated
Dextrin 2.0
Lime : 15.9
Fuel 0il 6.7
< Frother 0.1
. Sodium Cyanide L.5

Regrind Balls, used, scrap 0,2 #/ton concentrate treated
Natural Gas ' 555 Cu ft./ton Conct. treated
Kilowatt Hours 29,9 per tom Comct. treated

Percent Mo Distribution = Typicel Year

Mill Feed 100.0%
Molybdenite Concentrate 58.7%
Copper Concentrate 24,7%
Final Tailings 16.6%

In-Circuit Tonnage and Assays, Typical Day

Approx. . Approx. Approx.

Circuit TED % Cu % Mo
Dextrin Cleaner Feed 195 30 0.5
Dextrin Tailings (to furmace) 85 20 1.0
Copper Concentrate (to Cu Smelter) 110 35 9.1
Refloat Feed 100 14 1.6
Refloat Concentrate 15 14 9.0
Refloat Tailings 85 14 0.2
First Cleaner Tailings®* 8.3 17 1.9
Second Cleaner Tailings¥ 4.4 15 5.0
Third Cleaner Tailings#® 2.0 7 15.0
Final Molybdenite Concentrate 1.3 0.4 51.0

*These products are in circulation.
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CYCLONES AS PRIMARY CLASSIFIERS AT SILVER BELL
By Rassell Salter

Mill Superintendent, Silver Bell Unit American
Smelting and Refining Company, Silver Bell, Arizona

OCTOBER 1959

The removal of the spiral classifiers from the primary grinding circuits of
the Silver Bell concentrator and their substitution by cyclones climaxed our
investigation for a more satisfactory means of primary classification. The
work leading to this substitution was motivated by the high charges for labor
and parts needed for maintenance and repair of the spiral units, the lengthy
shut-downs incurred, and the nuisance of replacing the frequent broken
shafts.

Our search of published literature revealed that experience with cyclones
in primary single-stage grinding circuits was not extensive. The only
local investigation reported at that time was that of Morenci 1/. The work
of a group of South African gold mine operators reported by Dennehy 2/
among other, provided much evidence of the worth of the cyclones.

h Some of the advantages of the cyclones reported or inferred were (1) sharper
classifications - less misplaced material, (2) saving in floor space - im-
portant in new design - or to relieve crowded space, (3) saving in capital
investment, (4) saving in maintenance cost and plant down time, (5) ability

to shut down under full load, (6) ability to brlng the circuit to balance rapidly,
(7) elimination of cyclic surges, and (8) saving in power.

Whether or not less power would be used by cyclones would appear to depend
on an individual installation and its relative pump head, inlet pressure need-
"ed, flow volume, etc. The other points seemed valid and attractive.

An additional advantage from a metallurgical point of view is the ability of
the cyclone to produce a suitable overflow at higher density than the
mechanical classifier and still provide a sand of proper dilution for return
to the mill. Also, an improvement in the size relationship of gangue to
mineral was expected to be advantageous in the flotation circuit.

Although these published reports indicated that successful cyclone separa-
tions could be made on pr1mary circuit products, a tabulation by Hitzrot 3/
of major applications of various types of classifiers indicated that cyclones
would handle separations only in the range of 100 mesh to 5 microns (as-
compared with 20 mesh to 100 mesh for mechanical classifiers), and the
maximum top size given (for up to 30 inch cyclones) was only 14 to 20 mesh,
The normal feed density range was given as 1 to 30 pct. solids - a far cry
from a ball mill discharge. Morenci's experience, however, had shown
that these limitations could be exceeded considerably.
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The scbering consideration was excessive pump wear. Pumping the full
ball mill discharge of silicecus, angular and coarse (2% plus 3/8', 20%
plus 10 mesh} material against much of a head would ruin ordinary pumps.
Since pump wear increases approximately as the cube of pump speed, the
lowest permissible speeds were seen to be vital to hold wear to a minimum,
We believe that the use of large capacity cyclones at low inlet pressures
might permit acceptable pump life,

Experience at Morenci indicated that it was advisable to prevent entry of
the larger particles into the pump. Use of a spiral classifier for the first
stage of classification, sending the spiral overflow into the cyclone as the

second stage was recommended.

With this background we converted one of the primary grinding circuits at
Silver Bell into dual-stage classification with the original 78 inch duplex
spiral classifier serving as the first stage and a bank of three 20 inch Krebs
cyclones, fed by 10 x 10 inch Linatex pumps, as the second stage.

One-fourth of the rougher flotation cells - two banks of 12 No. 66 Fagergrens
- was isolated with this test grinding circuit so that the effect of the cyclone
classification on rougher flotation could be compared with "normal® flota-
tion of spiral overflow., This isolation was possible since we have no re-
turn of middling to the rougher circuit., It was impossible to isclate the
flow beyond the rougher circuit so the effect on the cleaning circuits and on
regrinding was indeterminabie.

The initial test program and some of the objectives of the program were first
described in our 1957 article on the status of cyclones in Arizona. 3/ At the
time that this initial presentation was prepared, the test program had been
in progress less than five months. During the interval between then and the
final removal of the spiral classifiers, many modifications were made in
eguipment and operating procedure. A chronological summary of the test
program will be given later,

Our present primary classification is handled by banks of four 20 inch

Krebs cyclones fed from a common header by a 10 x 10 inch Linatex horizontal
slurry pump. Pump protection from tramp steel in the ball mill discharge

is provided by hydraulic ball traps and large pump sumps. The pumps, which
are equipped with manually adjusted variable pitch sheaves, operate at 360-
390 rpm to suit circulating loads and draw from 22-23 ph, handling 1570 to
1670 gpm against 25 feet of total discharge head.

The gyclo‘nes are operated at an inlet pressure of 2-1/2 psi. The cone angle
is 157 ; the vortex finder diameter is nine inches and that of the orifice is
three and one-quarter inches,

OPERATING AND MAINTENANCE DATA

The prime benefit of the conversion to cyclones has been in reduced operating
and maintenance requirements. Mechanically the pump-cyclone units are
more reliable than the spirals; there has been no failure with the cyclones
whereas there had been frequent occasions of replacement of spiral com-
penents because of breakage or excessive wear. The cyclones require no
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special consideration when shutting down either normally or in case of
power failure and there is no special technique needed to start after shut-
downs.

Our maintenance costs for cyclone-pump units vary between 40 and 50 per
cent of those for spirals. Plant lost-time due to classifier maintenance is
considerably less. The biggest single maintenance item of the cyclone
system is the pump which accounts for two-thirds of the total cost.

Pertinent maintenance data of the cyclone circuit can be indicated in days
of useful life and tons handled but note that some parts were removed
before necessary because of convenience. The impeller of the Linatex
pump suction plate and glands all lasted about 120 days, equivalent to
235,000 tons of new feed or including circulating loads, 1,175, 000 tons.
Back plates lasted twice as long and casings and bearings have not yet
shown excessive wear, The cyclone head liners have lasted 840 days and
cone liners 365 days, handling tonnages of 1, 640, 000 and 714, 000 tons of
new feed respectively, or 8,200,000 and 3,570, 000 tons including circulat-
ing loads, Vortex finders and the currently used apex orifices of Refrax,
a bonded silicon carbide, have been very durable.

EFFECT OF CYCLONES ON METALLURGICAL RESULTS

The data of Table I were selected from regular monthly reports to illustrate
the operating results during all-spiral and all-cyclone periods. The periods
chosen had very nearly the same head assays of copper and non-sulfide
copper.

The copper recoveries are about the same: 80,2 from cyclone overflow and
79. 9 pct from spiral product. The higher grade of copper concentrate for
the later period is a direct function of the fineness of the regrind product,
which in turn was influenced by the finer rougher concentrates obtained
from the cyclone sized feed.

More detailed comparative data is available from data taken during plant
tests such as the data for March 1957, summarized in Table Il and am-
plified in Figures 1, 2, and 3. Note that the increased revovery of copper
in the minus 200 mesh fraction is off set by a reduced revovery of the copper
in the plus 200 mesh fraction, so that the net recovery from the cyclone
product is only slightly greater than that from the spiral prepared feed.

The lower copper and sulfur distribution in the coarser size fractions, and
the higher soluble, indicate that the copper in the large particles tends to
be more locked with gangue - the more free chalcocite and chalcopyrite
having been dropped into the underflow and subjected to additional grinding.
Note also that the sulfur in the plus 65 mesh fractions of the flotation feed
from the cyclone is insufficient to satisfy the iron in these fractions as
sulfides. The excess iron is probably in the form of the oxides and silicates
of lower specific gravity. The bar chart of Figure 1 and the curves of
Figure 2 illustrate the difference in the copper and sulfur assays and dis-
tributions in the spiral and cyclone overflows., The major part of the shift
in concentration is in the sand sizes; there is no undue enrichment of the
slimes,
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These observations agree with the original expectation that the cyclones
would not improve selectivity between pyrite and chalcocite, nor directly
improve the recovery of copper in the rougher circuit. OCn an ore in which
the copper and the pyrite are intimately associated the cyclone would show
metallurgical benefit because it would return even fine aggregate sulphide
particles to the mill. The association of pyrite with chalcocite in the Silver
Bell ores is not at all intimate, whereas the association of the copper
minerals with the siliceous gangue is more intimate. The action of the
cyclone is to exaggerate small differences in specific gravity, and there-
fore the cyclone tends to reject into its spigot product a larger amount of
sulphides and a lesser amount of gangue than a mechanical classifier. The
result at Silver Bell is that a lot of pyrite which from the metallurgical point
of view has reached finished size, is returned to the ball mill instead of
being finished in the overflow, while on the contrary, gangue which still
contains copper escapes in the overflow when it might have been rejected in
a mechanical classifier. The effect, therefore, is to produce a flotation
pulp in which there is more middling of copper and gangue, and more
pyrite ground considerably beyond the size of liberation. Since the pyrite
is ground finer than necessary its recovery in the rougher concentrate

would tend to be more favored, The higher recovery of iron from the
cyclone overflow {see Figure 3} illustrates the operation of this principle.

Although the use of cyclones as primary classifiers at Silver Bell has not
been the basis of metallurgical improvements, neither has it been detrimen-
tal, The decision to convert from spiral classifiers was based almost en-

tirely on the anticipated savings in maintenance and down time, rather than
cn improved metallurgy.

PLANT TESTS

During the elapsed time between the initial test work on Section 4 and the
final conversion of the last section, a span of about two years, comparisons
were made among the following classifier types or combinations: Four 20
inch cyclones, two 30 inch cyclones, one 30 inch cyclone, four 20 inch
cyclones plus the spiral classifier, three 20 inch cyclones plus spiral, and
of course spirals alone., Various modifications were made to the cyclones,
such as changing vortex finders and apex valves, varying the length of the
cyclone cylinder, adding hydraulic water to the underflow, and varying the
input pressure.

Testing was started on July 10, 1956, As previously mentioned, the first
trials were with a two-stage scheme in which the overflow of the spiral
classifier became the feed to the cyclone, thus eliminating danger of pump
damage or excessive pump wear due to the coarser ore sizes and tramp
steel. During the first several months, operation of the test section was
somewhat erratic due fo the frequent shutdowns for changes in pump speeds
and classifier settings but the conclusion was soon reached that the cyclones
would produce acceptable classification at as low as 3 psi inlet pressure
and that the circuit was satisfactory from an operating viewpoint. Com-

parative data taken over a period of even operation proved that the test section
was doing as well as the rest of the mill, reaching a slightly leaner rougher
concentrate with slightly higher recovery.
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Early test data indicated that increased flotation time, obtained by in-
creasing the solids-liquid ratio,. did not result in a lower copper tailing.
Tests with densities ranging from 20 to 32 per cent showed that increase
in tailing losses was experienced when the flotation feed density was over
24 per cent. As a result of these tests, the per cent solids was held to
24 rather than the 20 per cent used until then, thus providing a small in-
crease in flotation time. This experience agreed with contemporary lab-
oratory tests.

The last few months of 1956 were devoted to the accumulation of operating,
maintenance and metallurgical data using cyclones to produce a finer grind
than standard. It was felt that previous fine grinding tests were inconclusive
due to excessive dilution of the flotation feed pulp (18 per cent solids),
necessary for obtaining the finer overflow from the spiral classifiers. The
cyclones were capable of producing a sharper classification at a higher
density (26 to 28 per cent solids) than previously obtained, but the benefit
was not as great as might be expected., During a period of 45 days, the
tailing loss of copper was about 0. 3 pounds less per ton of ore milled than
the check sections, but the grinding rate was reduced from 84 to 67 tons
per hour. The percentage on 65 mesh for the test section was 12. 3 and the
remainder of the mill was 21, 3; the corresponding percentages through 200
mesh were 54.5 and 46, 6 per cent, respectively.

Early in January 1957, a fourth 20 inch cyclone was added to the original
three. We found, however, that there was no practical benefit gained by
using this additional cyclone in the two-stage classification circuit.

In February, the ten inch Linatex pump was dismantled for inspection and
repair. By this time, it had pumped spiral classifier overflow at 58 per
cent solids for 180 days, handling over one million tons of solids, including
circulating loads but not the coarse spiral sands. The impellar was found

in good condition with about half of its useful life remaining. Minor

repairs were necessary on the suction cover, and gland seals were replaced,
No parts were replaced on the cyclones except for the expansion type apex
valves, '

In view of the fact that maintenance costs experienced with the cyclones
were less than half of those with the spirals, we believed that a substantial
saving might be realized by going to an all-cyclone classifier circuit. At
this time, the spiral classifier of the test section was by-passed. The ten
inch Linatex pump delivered the ball mill discharge at 60 per cent solids
to the four cyclones, which overflowed the finished material at 33-35 per
cent solids and underflowed the oversize at 78 per cent solids. The cir-
culating load tonnage was maintained equal to that returned by the spirals
(400-500 per cent of new feed).

After several months operation to confirm the dependability of the all-
cyclone circuit, the spiral classifier was removed from the test section.
This conversion was finished in October, 15 and one-half months after the
start of plant testing.

A month later, No. 3 Section was equipped with a single D-30L, large inlet
cyclone to be used in the transition from spiral classifiers to cyclones. This
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unit, mounted at the rear of the ball mill-classifier space, facilitated the
removal of the spiral classifier and installation of the four 20 inch cyclones
without interrupting production.

Data provided during the transition period permitted comparisons to be
made among the three types: One 30 inch, four 20 inch and spirals. The
single 30 inch cyclone was found to operate at a higher inlet pressure, and
overflow at a higher density for a given size of classification than the four
20's. The overflow solids consistently showed more tramp oversize for a
given weight on 65 mesh,

Later, No. 3 Section was equipped with two standard D-30L cyclones, As
the results produced by these cyclones were so close to those of the other
sections, the test was extended for a period of eight months, January to
August 1958, at which time the section was converted to the four 20 inch
cyclones, thus completing the mill conversion. Comparisons of size
distributions from grinding-classifier circuits during this test period are
given in Table IIL

The two 30 inch cyclones produced a screen sizing equivalent to that of the
20's using slightly more horsepower to elevate the somewhat more dilute
pulp to a higher point. The wearing parts of the 20 inch cyclones have
lasted about twice as long as those of the 30's, The advantages of the 30
inch cyclones, less fioor space and better ability to handle overloads of
abnormally cocarse ball mill discharge were insufficient reason to sub-
stitute them for the 20's which were more flexible, required less inlet
pressure, and were more easily relined.

AUTOMATIC CONTROLS

Recently, No.2 Grinding Section was equipped with automatic controls to
keep the size distribution of the flotation feed approximately constant in the
face of changing ore hardness. After investigation of three other systems
of control, the present "Float and Density Control System" was found to be
most applicable,

The systems rejected included a vacuum control, similar to that of Marmora
2/. 1t was found that our coarser overflow product, multiple cyclones, and
in particular lower inlet pressure all contributed to the impracticality of
this method at Silver Bell, Severe fluctuations of vacuum and unsatisfactory
correlation with grind forced the abandonment of this methed.

The second method of approach was to use the angle of the underflow spray
as a measure of the amount of material in the cyclone underflow. Measuring
the interruption of a light beam by photoelectric cells was attempted but was
soon set aside because of equipment difficulties. Complete tests were never
run.

Following the presentation of data by Littlewcod here two years ago, a
recording watt-hour meter was installed to follow the power wvariations at
two points in the grinding circuit. The power trace on the cyclone feed
pump motor was soon shown not to be a reliable parameter for circuit
control purposes. The trace on the ball mill motor seemed to follow mill
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loading conditions and a system of recording and control was set up. It

was soon found that changes in power consumption were often due to changes
in outside factors having no relation to the relative hardness or sizing of
the ore feed. For example, the starting or stopping of the primary crush-
ing motor among others, was sufficient to displace the ball mill power con-
sumption curve about as much as a normal change in ore. Although changes
in dilution within the mill and of source the addition of balls were readily
apparent on the power graph, normal changes in grind and amount of cir-
culating load produced too small a power variation to be used as a control
directive.

The system next tried, and still in use, is based on the density of the cyclone
overflow slurry, using equipment similar to that described by Rachlin 6/.
Any increase or decrease of density from a reference point is used to control
the rate of feed to the circuit according to the sequence described and il-
lustrated in Figure 4.

Although no direct control of dilution water is exercised by the instruments,
excellent control is maintained on the density, and consequently on the size
distribution of the finished product. Variations in feed rate from 60 to

105 tons/hour have been handled with ease., Graphical records of finished
product density and ore feed tonnage have reduced maintenance and attendance
to that of periodical inspection and checking, Manpower requirements are
certainly less with this control system, although other factors have pre-
vented a reduction in operating crew.
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TABLE |

COMPARISON OF DATA FROM ALL SPIRAL AND ALL CYCLONE PERIODS

MONTH 2/56 2/59
FEED SP1RAL CYCLONE
B U woee e 0.91 ... 0.90
% HaS. Cu ..., 0.1 ... 0.13
B OF@ heeieeeierinaannn 3.0 iiieiann... 2.4
TAILS
B CU et 0022 v 0.21
% Se Cu oo 010 ............ 0.10
CONCT.
A 3T 26066  .oeoienn... 31.28
A 2.4 ..., 25,3
% Insol.  ...icononccoans 22.6 cieeeeconon 1.9
% Revova Cu  .......ccveoon- 79.9 ... i..i-.. 80.2
" Se Cu ..., 4.4 ... 87-3
% tron Rejected ........... 77.9 i 75.7
Ratio of Conct., ........... 36,8 .....cccccn0n 43.3
Grind Rate TPH ........c.... 8l1.7 ..., 80,9
Grind=KWH/Ton .............. 8:2  iiicioeon 8.3
Class. O'Flow +65 .. .. 161 ............ 20. 4
" " =200 .... 7.9 ... ... 48.0
Conct. - 325.... 82.0  ...eiiaeoan 94,0
Class. 0'Filow % Solids .... 200 L. 35
Flot. Feed % Solids ........ 20 e 23
B.M.Disch, % Solids ........ 72 e 75



TABLE 1]

COMPARISON OF DATA FROM 'SPIRAL AND CYCLONE ROUGHER FLOTATION SECTIONS

MARCH 1957

% Solids OTFIOW . .uo i erenennennncoannnns

% Solids Flot. Feed .........cccccvcoannn

TePaHo ottt iaieeoaeeonaaaacooooanoonnn

Ratio of Conct. .....cci i ernnnen
FLOTATION FEED

% Cu +65 L iieeenaaoaon

=200 ...

% s +65 ...

=200 i

%7 Fe +65 Lo

=200 L.l

% Insol 465 ... ... ... ....

Ro. Tails % Cu .. ..oeneonvncnnonncennenn

Ro. Conco % CU . oreoninenenconcaconanans
% CU RECOVERY

1 T

=65 F200 ...t ie i

m200 + e

Total ......ciiiiiennaan.
% FE REJECTION

S -

=65 +200 ... ...

=200 ... it

Total ..o i

> D1ST. CU

Feed  +65 m.
Tail +65 m.
Feed =200 m.
Tail =200 m.

....................

SPIRAL

54.9
72.5
78.4
77.6

g, 3
3.9
59. |
50.6

L. 4
18. 1
58.7
59. |

CYCLONE

31.9
24,2
86.1
12.5

0.38
1.58
0.65
2,72
.31
3.35
93.2

1. 18
1.5

42.3
69,1
80.8
78.9

63.8
29.9
52.6
uu.3

6.2
17.7
67.2
61.2



TABLE

'SIZE DISTRIBUTION FOR ALL MILL-CLASSIFIER CIRCUITS USING SPIRAL

FOUR 20

INCH CYCLONES AND TWO 30

CUMULATIVE PER CENT RETAINED

INCH CYCLONES

BALL MILL FEED BALL MiLL DISCHARGE CLASS SANDS CLASS O'FLOW
THRU ON SPIRAL  4-20's 2-30"s SPIRAL  4-20's 2.30"s SPIRAL  4-20"s 2-30"s SPIRAL  4-20%s 2-30's
- u7.6  92.3 49.5 5.7 3.8 10,2 7.1 5.2 8.5
4 8 65.3 61.4 66.3 10.4 906 18.0 12.6 11.4 17.8
8 13 76.4 73.7 76.8 17.7 16.5 26.7 21.8 20.5 22.9
i 28 82.) 81.7 82.6 32.2 29.9 39.0 42.1 36.9 46.3
28 us 86.7 86.6 86.9 60.0  57.3 58.5 79.1  69.9 73.1 5.8 1.1 7.1
48 65 88.5 88.3 88.6 70.0 67.5 67.1 88.2 79.9 81.7 19.5 16.0 19.0
65 100 90.1  90.1 90. 2 76.2 76,0 73.3 92.7 87.0 86.8 31.0 30.3 30.4
100 150 91.6  91.4 91.6 80.8  80.9 78.2 95,1  90.8 90.3 31,3 40.5 u.2
150 200 92.5 92.2 92.4 83.2 83.5 80.7 96.0 92.5 91.7 47.8 48.9 47.9
— 200 100.0 100.0 100.0 100.0  100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
-200 7.5 7.8 7.6 16.8  16.5 19.3 4.0 7.5 8.3 52.2 51.1 52.1
% Solids 72.6 72.0 72.5 - 75.0 76.0 24,0 31.0 33.8
Feed Rate 89.8 99.8 93.9
{tph)
% Circulating Load 275 400 320




SUMMARY

At the time of this writing, the Silver Bell Concentrator has been operat-
ing for a little over a year with cyclones serving as the only primary
classifiers., The cyclones have performed their job satisfactorily, pro-
ducing the desired flotation feed without undue problems of maintenance
or operation.

Operating costs have been less than half of those experienced with the
spiral classifiers formerly used and operation has been greatly simplified.
Use of the cyclones has permitted a satisfactory method of automatic
control of finished product size in the face of changing ore hardness.

The physical difference between flotation feed produced by the cyclones
has not been detrimental in the rougher flotation circuit and is presumed
to be of benefit to the scavenging and cleaning circuits.

In summary then, our conversion to cyclone classification has resulted
in improved process control and has provided us with another tool in
the job of lowering costs.
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EQUIPMENT LIST

- Fine Ore Bin

- Actuator with Side-Mounted Moore Positioner (M-H)
- Conveyor Scale (F-M)

- Motion Transmitter, Electric (M-H)

10-1/2 x 12 - ft, Grate Ball Mill (A-C)

- Constant Level Float Valve in Pump Sump

- 10 x 10~in. Pump (Linatex)

- Four 20-in. cvclones (Krebs)

- Density Receiver and Differential Converter (M-H)
10 - Single Pen Recorder-Controller (M-~H)

11 - Single Pen Pneumatic-Motion Receiver - Controller-Recorder (M-H)

VOO UL WD -
1

PRINCIPLE OF OPERATION

Entry of softer ore to grinding circuit results in decrease of circulating

load so that the volume of ball mill discharge decreases, thus requiring

water addition by the float valve to maintain constant volume in pump
. sump (6). This results in lower pulp density in cyclone overflow causing
displacer of density-receiver unit (9) to sink, thus, via the differential
converter, signalling density recorder-controller (10) which moves index
of tonnage recorder-controller (11) causing actuator (2) to release more
ore. Tonnage is detected by conveyor scale (3) and transmitted by motion
transmitter (4) to tonnage receiver recorder-controller. Increased ton-
nage restores circulating load which cancels sequence.

Hard ore results in higher circulating load, higher overflow density, and
subsequent decrease in tonnage. Manual over-riding is possible at all
times.

FI1G.4 - AUTOMATIC DENSITY CONTROL OF CYCLONE OVERFLOW.
Silver Bell 10/59
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