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" INTRODECTION

" The Mineral Hill-Daisy Mite ares herein described is situated in the Pima Mining
District, Pims County, Arizoma, and entails Sections 35, T16S, RIZE and Section 2,
T178, R12B. The topography is gentle with seversl small hills that are erosional
remnants of past oregenic disturbances. The average elevation is about 3,3000 feet
and the area has a gentle drainajge to the east inte ths Santa Cruz river, an i

- intermittent stream. The anmual rainfall is approximately 11 inches. This property

is owned by the Banner Mining Company, a Nevada corporatione

- Acknowledgement is hersby given to Mre Ae B. Bowman, General Manager & Vice President.
‘of Banner Mining Company for permissien to publish this article and to the U.S.

Nt

The Pims Mining District is on the eastern margim of the Sierrita Mountains to . = -°

30 road miles southwsouthwest of Tucsohn. It includes the subdistriects of Mineral-:
Hill and Twim Buttes. A plain, ranging in altitude frem L,500 feet on the west: to
about 3,000 feet on the east, slopes gently eastward toward the Santa Cruz River,
However, this plain is surmounted by Mineral Hilly, Helmet Peak, and Twin Buttes,
which rise prominently abeve the piedmont. Draimage is eastward to the Santa Cruz. -

" In general, the Sierrita Mountains are cam_puse& of a granitic’ core with mefazhox"phoééc;

‘sddimentary rocks on the west slope and much less altered sediments on the easte
Goarse-grained imtrusive igheous rocks, ranging from granite and quartz monzonite to
granodiorite, underlie mueck of the eastern pisdmont. Soms intrusive dikes cut ths

sediments and prebably are related te the granitic intrusiome. . . -

The regioma} structurs has besn complicated by folding, overturning, low-angle thwmst.
faulting, and steeply dipping faultingy howver, much of the complicated structure
has not beem worked oute™ 4 :

-

arsTopy X8¥ .

The lode-mining elaims at the Minsral HIIL property originally were located about:
1882, The Emperor Copper Mining Company developed the copper deposits from 1882
until 188k, when the decline in the cepper market forced it to closes It is reported .
that Mineral Hill Minimg Company was formed in 1889 and tock over the property. In
18%h this company consolidated with the Copper King Company which operated the mire

until 189F. In 1897 the ecnsolidated company was reerganized as the Azarite Copper

& Gold Mining Company.

In 1898 the Azurite Copper & Cold Mining Company constructed a small furnace at the
Mineral HilY mine and produced copper for about g yeares The mine then remained
idle until 190k, when the company was taken over by the Mineral Hill Consolidated
Copper Company which operated it umbtil 1907, It then was closed because of the
finanelalk panie of that yeare Ths mine was operated again in 1912 by this samse
company but was closed again in September 1913.. In 1916 the old gmiddter was
enlarged and production was resumed for a few years until the mine finally was
closed in 1921, It remained: shet down: until 1951, .

~ - - : ‘
About 1951 the Barnsdall Corporation of New York 6ity acquired comtrol of the Mineral
Hill Consolldated Copper Company. The last production evidently was done under -

the directien of this company. In 1929 the charter of the Mineral Hill Company
expired, and the total assets were taken over the by Barnsdall Corporatione.

(1} U.S. Bureaw of Mines PR
, Informatiom Cirealar #7786

 (2).Ascobited shove
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GENERAL STATMM

' Early production records for the Mlneral H:Lll propert-y are scarce. Copper ore was

produced from the mine by the Mineral Hill Comsolidated Copper Company. Ore also
was produced from the hesrby Plumed Knight mine by the Pioneer Mining & Smelting
Company. This mine was sold about 1917 to Barnsdall ‘and later acquired by the
Mineral Hill Consolidated Copper Company which he ev:.dently controlled at that time,

It is reported that 9000 tons of high-grads copper ore was produced before 1889, From
1889 to 189L, L,000 tons, averaging 12.5 per cent copper, is said to have been shipped
to E1 Pasoy from 1895 to 1897,.abpit 2,500 tons were shipped, repertedly ranging
from 10.7 to 20,0 per-cent copper. . From 1898 to 1899;. 9,600. tons of ore are said to
have been smelted in the small furndce of the Azurite Copper & Gold Mining. Company o
This ore is supposed to have produced 800 , 000 pounds of copper matte,. rang:x.ng from

65 to 70 per cent coppere . , .

\ v,\ Ce . - LT \ - R R
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No production records are available' from 1899 to- 1915¢ It is said that from 19]5
to 1917, about 46,000 tons of ore were mined, which averaged 3.8 per cent copper
and .77 ounce of silver a tona From 1917 to 1921 the lower levels of the mine were
developed, but ew.dently little or no‘ ore was. preduced. s

s T =t

The Mineral BIll mins remained closed from 1921 mntil 19515 when' the Banner Hming
Company obtalned an option on ths prope&ty and reepened it with Govermment explora«~-

. tion adsistance under the Defense Production Act of 1950. From August 1951 to

December 1952 this cempany pumped out the mine. s rehabilitated most of the old under
ground workings, and thoreughly sampled them. With indication of enough ore, the
company started to cemstruct a }j00=ton floﬁatlon plant in 1953 with the assistance of
the Defense Materials Procurement Agetcy. It was completed and placed in operatien
in June 195ks The Mineral Hill mime began production early in. 1953, the. ore was-
stockpllad ‘O ’che surface until the mlll could be GODIPlBtEde» R

Meanwhlle > the Banner F’lning Companx' had loca é another orebody by‘ geophysical means
some 3,000 feet east of the Mimeral Hill incline and hLad explored. it by surfaes’ .
diamond drill holes.” In 1953 a vertical shaft,\the Daisy, was sunk in this orebody.

A considerable amount ofcoxidized copper ore was \shipped to International Smelting &
Refining Company Inspiration smelter. Sulfide ore from this shaft later was trea.ted- :
in the company flotatiom plante.. The concentrates\ are shlppad to the American e
Smeltlng & Refining Cempany, Il Pasa, Texas smelt. . N -”\ e

E
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The lecatian of the ore bed:l.es in the Mineral Hlll, fsy' area was Coﬂtrou.ed*primar;_ ¥ °5
by fanlting and favorable beds« The ore bodies are ef” the. Pyrometasematie. and re=.

,_placement types,of thesa m the first- type 13 the here mpertant as te size and gradsg ,
SEQUENCE QF EVENTS o A S

- — . - . N \ .
1. From the ijre-Camta the Cretaceous time this. eneral area ultnessed <
sedimentationr ahd erosiok accempanied by various orogeniy disturbances, _Field L
evidence shews that several uncoafermtlhs are present in the geolag:r.c colm& i

this area occurring durimg the Ordmnelan, Slluriab. periods and again. ds:r:.ng the o
Tr:.ass:.c-«lurassic S . . .

[N . -
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2. Durlng 'bhe Cretaceous period of tims thrusting an:i fadltlng occurred. w:.th

accompanﬁng wlcamsm

3. Intrusions of grani{:m.dal rocks followed with subsequeat garneﬁiza:t.mn ef ’c.he
Peman-Pennsylvanian fomatlons adjacent to the in’c.rus:r.ons.L S -

-

ore mineraks -

-

h. . Minerallzatlnn follmed the pyromtasamtism mth chalcopynte ihe chief pr]:mary ﬁ

Se Overﬁhms’slng and shear:l.ng occnrred Wl‘bh dlsplacement ‘of the various ore bodles.

6.: Ondation and seeendary snn.ehmen'b follcmed by a dmp :Ln the local water table%~

u,

7+ ~Recent faulting has had some effeet upon the mgigg. and topography in this areas

- 3 ‘ - . Ay T e . e s . 1

STRUCTURE - ‘ : “; - . vLE .

The structural condii Chs st hmmliuprenipdii L. 1al sy area are very complek as well.
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"ﬂlthough structural features were very important factors in the mineraligation of

’ P. 3 - o .

as very interesting. These conditions are interpreted through surface and nnder-
ground mapping and the results of diamond drilling —iﬁi‘ermati_qn. '

‘the area, they were not the sole determinants, Favorable beds played an important

. ‘part as well in the control.of ore lecalizatiocns -

The maéor"portion of mimralizatibﬁ occurred along the Mireral Hill faul’d which
. extends in a general east-west direction for well over a mile, This fault is pre-
- mineral and has varicus formatipns as footwall and hanging wall aleng itsstrike

lengths The orebodies along this fault are sporadic and very irregular in.'f;hape’.
The general dip of this thrust faunlt is about 35 degreeés to ihe south. It is along
this fault that several ignecus intrusions occurred prior o and related to the -

- ‘mineralization of the district. These intrusions have a very low grade pyrite _content.

" Associzted with the Mimeral Hill thrust fanlt ‘are several netrtherly strlkz.ng shear

gones which are post mineral in age. These shear wzones are nearly vertical in most
cases with a few having a steep easterly dip, Aleng some of these post miheral shear
zohes some iransported or secondary mineralization has taken place to shallow depth.
Field evidence indicates that some of these post-ore shears moved up %o several

‘hundreds of feet in a aortherly direction. -

An open breccia is encountered underground in the footwall :of the ore bedies where
the post-mineral thrusting brecciated the competent hornfels and deformed the more
plastic overiying limestones, N

]

The chief primary ore came as chalcopyrite with minoer bornite, The ore-bearing
solutions followed various courses, some replacing the thin layers of limestone
between the hornfels in the Naco formation, some replacing limestone at the contact
of Permian and Cretaceous formation. In most cases, however, the chalcopyrite was
injected into the garnetized limestenes close to the ighecus contacts.

SUPERGENE MINERALIZATION

in the Mineral Hill-DBaisy area chrysocolla was the chief ore mineral in the oxidized
zone with small amounts of .Tenorite, Melaconite, Azurite, and Malachite., Several
fine specimens of Agurite crystals up to the size of ﬁhens egegs were found in the
oxide zohe and have how become collectors items. o

The enriched supergene sulfide gone in this area is relativelythin with chalcocite
andcuprite being the main constituents in the Daisy area. This zone was deprived
of extensive secondary sulfide enrichment by a limestone footwail which neutralized
the descending copper-bearing acid solutions. These acid solutions descending along
the dip formedsadvein comprised chiefly of chrysocolla several feet thick and
extending down to a depth of several hundreds of feet below the present surface,

The general grade of this supergene ore is considerably greater that that of the

- primary hypogene sulfides below indicating that the wvein had beeh somewhat enriched

before erosion carried away the upper portion. The leached gone above the Mineral
Hill-Daisy erebodies is virtually non-existant or only a £éw tens of feet in a few cases.
The leached zene has been recently eroded away and was probably several hundreds of

feet higher than the present surface as indicated by vein mineralogy and inferred
structural conditions,

Native copper, silver and wulfenite are present in the secondary enrichment gzone

in very small proportions. The native copper is found mainly along slippage planes
as very thin sheets. Wulfenite crystals up to ;1;“ acress are fairly abundant in
spobs throughout this zohe., Smithsonite is present only in small amounts in the

‘present workings, but elsewhere on the property it was mined in small underhand si
stopes to shallow depths, :

HYPOGENE MINERALIZATION

" The pr:imary ore minerals are comprised chiefly of chalcopyrite with some bornite

and varying proportions of pyrite end sphalerite.




P. L

Magnetite is present in the hypogene zome and has been localized primarily in close
proximity to the igneous intrusionse The magnetite was the first to form with pyrlte
next, then followed by chalcepyrlta, bornlte, sphalerita and galena,é

Small amounts of scheelite and molybdem.te are dlspersed throughorut the orebodles and '
are localized close to tlie footwalle. .

These latter two minerals are not of sufficient quantltles to warrant separatlnr!
in mills of small daily tonnage capacrby.. : :
There is a- dlstlnct zonal arrangement of the mre minerals that, can be obsemd 3
underground: in the Mineral Hill Mine and even more prohoucedly in- the Daisy Minee -

In each case we have the igheous intrusive in the footwall which caused the: o
mineralization. In order of formation and sequence going away from the igneous

mass we have zones of magnetite, pyrite, chalcopyrite, borhite, sphalerite and galenae
There is definite interfingering of the zones with each other as depicted.in the
generalized: NS vertical section (Fige #1) of the ore bedisse ' As a result of these
maghetite zones, several hidden orebedies were dlsclosed by geaphys:.cal means- and

: by later dlamend drilling.‘

Y

Hanging wall

e ~—— ORE aoY

DIAGRAMMATIC REPRESENTATION OF THE ZONAL ARRANGEMENT
OF ORE AT THE MINERAL HILL- DA!SY MINES AREA.
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HYDRAYLIC SAND FILL AT MINERAL HILL MINE
Generals |

The Mineral Hill Mine Is a copper nine owned and operated by the Barner Mining
Company., It iz located in the Mineral Hill HMining District, Pime Counby, b miles south
of Tueson, Arizons.

I% is an underground mine sexviced a:)y twoe qhafts; one a compariment and a half 500 foot
vertical shaft, the oﬁher a @OQ foob incline hoisting shaft. It produces approximately 350
tons per da:,r, |

Hydraulic sand was first uvsed to mine the 500 = 300 ore body. This orebody was of the
clay-garnet type and contained approximetely 100,000 tons, I% measured 186 feet long and
averaged 60 feet wide. The foob wall was granite and the hanping wall limestone, Thely
average dip being sbout 35% Both walls were wery irvepular in dip, some places being almost
fiat and others almost vertlcal. ‘ |

AL fPirst we trisd mining the orebody by the shrinkage system. This proved ur»suecessful
because of :L”b% irregularity, but we found the optimum limiits that the ore and hanging wall
could be opened up along the stmke and sti1l be self supporting. Thig 1imit waos ‘25 faet

- and was the basis of our stoping method. It was decided to run horizonbal slot cub and £1ll
stopes 25 feet wide perpendicular bo the strike. Once we sebtled on the mining system, the
‘next problem was transferring the usnal mine £ill down such a flab irregular dip. Testing
was done on the mill tailings by Equipment Engineers Inc. of San Francisco and it was > found
‘chat after desliming they would make a sastisfactory fill materdial. We refer to this fill as
hydraulic sande

Hydraulic Sand Preparation Plant

The hyd:rau.ue sand preparation plsnt is located at the collar of tzﬁe:%vinclined shaft. MILL
tailings are pumped by 2 3 inch Wemco sand pump through a D10B Krebs cyclone located on top of
a 1h foot diamster, 16 foob high éteel mﬂu This tank will hold a O tom batch of hydraulic
sands While the tank is beu‘g filled the sand is agitated by a Wemeo Deversaux typs L blade

Ty iier,



The hydrauvlic sand is fed into the stopes through 2 inch stamdard victraulic pipe.
This pipe line has a 3" rubber pinch valve at the tank discharge and no other valves or
quick bends, The sand will flow freely at 77% solids, You will notice from the screen
analysis that the sand contains 10% -325 mesh. These slimss are very important from the
standpoint of lubricating the pipe. They are held to a minimum because of thelr poor
settling qualities. |

Two :ﬁen are regquired for the opevatlion of filling. ne & sand plant opsrater on sur=
face and the other a sand man underground, They commmicate through two Signal Corps FE.B
telephones. The 2 inch line is flushed with water and compressed air before and after sach
pouring. The underground sand wan is responsible for all secking and sealing of the chutes
and manways. T clarifly the advantage of the Hydraulic Sand as o £ill I will discuss two

mining methods used at the Mineral Hill Mine.

Horizontal Cut and Fill Method

On the 500 level, chutes were cub in the footwall granite on 35 foob centers. Two
cormpartment raises wers driven on the 70° dip o *i:ifle ore. The raises were then changed to
a 15° = 6 x § raw raise and were driven to the 300 level. These ruises were used for ven-
tilation and service.

As soon as a valse was completed the actual stoping coeration was started. A 7 x 8
| slusher Iédi-if"b was started off the raise ab the point vhere the ore was first can‘c.actedg‘
These I=drifts were run horizomital and from footwall to hangwall. As soon as the I«dvift was
completed it was slabbed to a 25 foot widthy this complebed the fizst horizontal cute The
eribbed chute and manway were raise and the stope filled within twe feet of the bask with
hydraulic sand. Once 'She stope was £illed. a new §! x 25 cut was starited off the reise ho
start 2 new cycle.

In 2 fer ingtances the ground becams too loose for safe mining. We would cilean the
stopes oub, raise the chute and mangay and £i11 them tight with sand. This meant we had to |
dyive new “ de?ii‘ts and start a new uwndercui, The original é“soping method called for a 25 fooh
gtope and 10 fooh pillars. We found the sand so satisfactory that most stopes were mined

against the sand of the adjoining stope



The most satisfactory slushing equipment prmed o e 2 15 H.P. electric slusher
equipped with 3¥ 6 x 19 IWRC V&S preformed wire rope and AB 36Y Pacific slusher buckeis.

A1l drilling was done with jack leg type drills and 8-7/8% hex dovble diamond alloy
steel fitted with a 1-3/8" threaded carset bit. ALl holes were drilled horizontal and
.blasted electrically with Millisecond Delay Flectric Primers and Semi~Gelatin 50% dynamibe.
Considerable resesrch was carried out to obtain the best fragmentation through hole spacing,
iaaﬁing and timing, Several patiternrounds were established, bub a lot of gecondary blasting
was necessary in this type of ground. _

Manwa}s were built of 3 x 129 x L'6" wood cribbing and lined %rith 30 lagéingo_ Chutes
were bullt of 6% x 8% x 5 cr:bbmg arpored with 23" x 2%% x I arrgle iron. A1l chutes were
covered with 1LY square hole steel grizzlies.

Because of the loose and sofi nabture of the ore 2 suitable slasher pin for the %haul
back® sheave produced snite a problem. In the softer ground 2 6%;’ x 17 CoF&l, wedge type
rock bolt was used: in the harder ground we used a spocial 2! rock beld mde in our shope
During the filling operation the slusher and bucket were hung from rock bolts placed in the {
" back of the stope. |

Timbered Slot and Fill Method

- The other place that hydraulic sand is very successful is in mining the 300 orebody.
This orebody is alse very irregular in dip and strike and is of a chlovitic maturs. It is
practically non=self sunpoﬁtingn Ttg width varied from 10t to 36, Because ofa. horizental v
faul‘t at the 200 1eve1 W h:t.ch cuts the ore off cmrale“selyg all stopes were rua ‘oliz%xd with only
ap" service from the 300 'ievelg | | &

This method could probably be called & "Reverse Mitchell Slicve‘ % VWe drive timbered
sqimre set slot raises on 30 foot centers, after each floor is completed the pillar'b.etween
raises is blasted out and the ore slushed in bthe chute, The raises are then gob lagged &
off and the pillliar area filled tight with sand. | By cubting the solids ratio, we have been
able to run hydraulic sand up 15 feet vertically above the 300 level, -



Conclusion
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Hydraulic Sand is the mogt versatile £i11 you cap use. You can fill vy place

that can be reached with a 2 inch nipee

Yie had a raw pocket thal started sloughivg to the point

shove, Wwe cribbed th

o

nocket with 6 x § cribbing and poured sand around
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Of course, any systenm has

of the particular nature of our £i11l the water always percelated through

SETEY

ag 3 result we had no control of it, The water conbtinually drained inte the

cavsing wet muck and consldsrable trouble pulling the chutes and pockebs.
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faults and hydrawlic sand has its share,
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cribiing,
Baozuse
sand and

chutes

Every so often we sould develop a hole in the seal during a pouring cperation ard

run sand on the siil below fiiling the track and diiches. Ve have an cceasional hreak

in the sond line that will run on the 311l or in the shaft. buw
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o

[
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g

trovhles are offset by the versatility and chearmess of hydraulic szand as



SCEEEN ANALYSIS OF RYDEAULIC SAND

Cyclone Feed « Sp, G, 3,20 77.15% Moisture
22.85% Solids

Mesh %
4 48 3,22
£ 65 1.31
A100 6,93
£150 10.26
£200 11.78
£325 17.00
"”"‘3 25 52 @ 50

100 .00

t

d Fill - Sp. G 3.hli 21.6% Moisture
78.1% Solids

Cyelone Undexrflow or Hrlraulic Sa:

Mesh %
£ L8 .28
£ 85 5,70
£100 13.70
£150 20.30
#£200 22,60
£325 27.10

100,00

Cycione Overflow = Sp. G. 2.29 73.2% Moisture
26.8% Solids

Mesh %
#200 0.33
4325 6,35
"325 93 @J-io

160,089
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SUMMARY AND INTRODUCTION

This paper, which describes mining methods and practices at the Mineral Hill
copper mine, 1s one of a series being prepared by the Division of Minerals of the
Bureau of Mines on mining methods, practices, and costs in various mining districts
of the United States,

e The Mineral Hill mine is situated on the northeastern piedmont of the Sierrita

f

\

AN

Mountains at an altitude of 3,650 feet in sec. 35, T. 16 S., R. 12 E., and sec. 2,
T. 17 5., R. 12 E., Pima mining district, Pima County, Ariz, (fig. 1). The claims
(figs. 2 and 3) are in a gently rolling area with only scant desert vegetation. The
average anmual precipitation is about 1l inches. The nearest surface water is the
Santa Cruz River, an intermittent stream 8 miles east of the mine, The property is
owned by the Banner Mining Co., a Nevada corporation.

This report presents a brief history of the mine, describes the geology of the
area and the ore deposits, outlines methods of prospecting and exploration, and gives
methods of sampling and the estimation of ore reserves and values, Development and

. stoping methods are explained, and methods of underground tramsportation, ventila-

!

tion, mine drainage, and safety measures are described. The concluding section of
the paper is a section on milling,

The Mineral Hill mine is an old mine that was réopened in 1951 after having been
closed for 30 years.
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The lode-mining claims at the Mineral Hill property originally were located o
about 1882, The Emperor Copper Mining Co. developed the copper deposits from 1882 |
until 1884, when the decline in the copper market forced it to close., It is reported\
that the Mineral Hill Mining Co. was formed in 1889 and took over the property. In

3/ Wilson, Eldred D., Arizona Zinc and Lead Deposits, Part I: Arizona Bureau of
Mines Bull, 156, 1950, pp. 39-50. ‘
4/ Weed, Walter Harvey, The Mines Handbook: . The Mines Handbook Co., Tuckahoe, N. Y.,
vol. 13, 1918, p. 548; vol. 14, 1920, p. 292; vol. 16, 1925, pp. 107, 385.
Neale, W. G., The Mines Handbook: The Mines Handbook Co., Inc., New York, N. Y.,
vol. 17, 1926, p. 319,
Rand, L. H., and Sturgis, E. B.,, The Mines Handbook: Mines Information Bureau,
Inc., Suffern, N. Y., vol. 18, 1931, p, 375.
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1894 this company consolidated with the Copper King Co., which operated the mine
until 1897. In 1897 the consolidated company was reorganized as the Azurite Copper
& Gold Mining Co.

In 1898 the Azurite Copper & Gold Mining Co. constructed a small furnace at the
Miteral Hill mine and produced copper for about a year. The mine then remained idle
until 1904, when the company was taken over by the Mineral Hill Consolidated Copper
Co., which operated it until 1907. It then was closed because of the financial
panic of that year. The mine was operated again in 1912 by this same company but
was closed again in September 1913. 1In 1916 the old smelter was enlarged, and pro-
duction was resumed for a few years until the mine finally was closed in 1921, It
remained shut down until 1951,

About 1914 the Barnsdall Corp. of New York City acquired control of the Mineral
Hill Consolidated Copper Co. The last production evidently was done under the di-
rection of this company. In 1929 the charter of the Mineral Hill Co, expired, and
the total assets were taken over by the Barmnsdall Corp.

Early production records for the Mineral Hill property are scarce. Copper ore
was produced from the mine by the Mineral Hill Consolidated Copper Co. Ore also
was produced from the nearby Plumed Knight mine by the Pioneer Mining & Smelting
Co. This mine was sold about 1917 to Barmsdall and later acquired by the Mineral
Hill Consolidated Copper Co., which he evidently controlled at that time,

It is reported that 9,000 tons of high-grade copper ore was produced before
1889. From 1889 to 1894, 4,000 tons, averaging 12.5 percent copper, is said to
have been shipped to El Paso; from 1895 to 1897, about 2,500 tons was shipped,
reportedly ranging from 10.7 to 20.0 percent copper, From 1898 to 1899, 9,600
tons of ore is said to have been smelted in the small furnace of the Azurite
Copper & Gold Mining Co. This ore is supposed to have produced 800,000 pounds of
copper matte, ranging from 65 to 70 percent copper.

No production records are available from 1899 to 1915. It is said that from
1915 to 1917, about 46,000 tons of ore was mined, which averaged 3.8 percent copper
and 0.77 ounce of silver a ton., From 1917 to 1921 the lower levels of the mine were
developed, but evidently little or no ore was produced.

The Mineral Hill mine remained closed from 1921 until 1951, when the Banner
Mining Co. obtained an option on the property and reopened it with Government ex~-
ploration ‘assistance under the Defense Production Act of 1950, From August 1951
to December 1952 this company pumped out the mine, rehabilitated most of the old
underground workings, and thoroughly sampled them., With indication of enmough ore,
the company started to comstruct a 400-ton flotation plant in 1953 with the assist-
ance of the Defense Materials Procurement Agency. It was completed and placed in
operation in June 1954, The Mineral Hill mine began production early in 1953, the
ore was stockpiled on the surface until the mill could be completed. '

Meanwhile, the Banner Mining Co. had located another ore body by geophysical
means some 3,000 feet east of the Mineral Hill incline and had explored it by sur-
face diamond-drill holes., In 1953 a vertical shaft, the Daisy, was sunk in this
ore body. A considerable amount of oxidized copper ore was shipped to International
Smelting & Refining Co. Inspiration smelter. Sulfide ore from this shaft later was
treated in the company flotation plant. The concentrates are shipped to the
American Smelting & Refining Co. El Paso, Tex., smelter,



GEOLOGY

’/V'General Geology N}

™

~, e
The Pima mining district is dn-the.eastefii margin of the Sierrita Mountains 18

to 30 road miles south-southwest of Tuecson., It includes the subdistricts of Mineral

Hill and Twin Buttes. A plain, ranging in altitude from 4,500 feet on the west to

about 3,000 feet on the east, slopes gently eastward toward the Santa Cruz River
~Efig 3}, However, this plain is surmounted by Mineral Hill, Helmet Pezk, and Twin

Buttes, which rise prominently abowe the piedmont. Drainage is eastward to the

Santa Cruz River.

In general, the Sierrita Mountains are composed of a granitic core with meta-
morphosed sedimentary rocks on the west slope and much less altered sedimenis on the
east {fig. &3, Coarse-grained intrusive ignecus rocks, ranging from granite and
quartz monzonite to granodiorite, underlie wmuch of the eastern pledmont. Some in-
trusive dikes cut the sediments and probably are related to the granitic intrusion.

The regional structure has been complicated by folding, overturning, low-
angle thrust faulting, and steeply dipping faulting; however, much of the complicated
structure has not been worked ocut,

e S —

i T s e T Ore Deposits

Sedimentary rocks, ranging from Cambrian to Cretaceous In age and consisting
principally of limestones, shales, and quartzites, outerop in the vicinity of the
Mineral Hill mine {fig, 5}, Farther eastward these rocks are covered by surface
material, which is some 150 feet deep at the eastern property line. These sediments
have been intruded by granite, which underlies much of the area, and cut by several
porphyry dikes.

4 large east-west preore thrust fault, the Mineral Hill fault, tramsverses the
claims for almost 5,500 feet. At places this fault strikes almost northwest, but
its general trend is east-west. It dips about 35° scuthward. Ore mineralization
occurs aleng this large fault, usually at intersections with cross faults, or at
or near intrusive contacts with limestone or quartzite.

Copper—-ore deposits at the Mineral Hill mine are of the contact metamorphic
type; the deposits msually occcur sporadically along shear zones in the limestome
and alsoc disseminated through the contact- silicates. Chalcopyrite is the principal
ore mineral, although small amounts of chalcocite and bornite also occur. Some
magnetite, pyrite, and small amounts of sphalerite, molybdenite, and scheelite are
found, The gangue consists of limestone, guartz, pyrite, hematite, calecite, and
contact silicates.

Two ore bodies are being mined at the Banner property, the Mineral Hill amd
the Daisy (some 3,000 feet east of the former}.

At the Mineral Hill deposit some of the ore on and above the 300=foot lewvel
is very fractured and chloritie, and the ground is heavy. Below the 300~ and above
the 500~foot level the ground is better in some sections, but stope walls still re=-
quire support. On the 600-foot level some of the ground is fairly strong, and some

5/ Work cited in footnote 3.
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stopes stand open with only chain pillars on 35~foot centers and roof bolts on a 5«
foot pattern on the hanging wall to hold the back. The ground in chloritic areas
on all levels is soft, weak, and heavy; in clay-garnet areas the ground is medium
in strength but still requires sand £ill to support the stope walls; in garnetite
areas on part of the 600~foot level the ground is strong, and stopes may stand open
after ore has been extracted.

Many ore shoots dip about 35° and are very erratic, both in dip and strike.
Many shoots do not continue from one level to the next but pinch out, usually
against a fault (see fig, 6 and 7).

The Dailsy ore body was developed first by diamond~drill holes from the surface,
then by a 450-foot vertical shaft. Bedrock was covered by 25 feet of overburden,
mostly sand, gravel, and caliche. Ore came within 25 feet of the surface, It was
localized along a northeast to east striking fault, which probably is a segment of
the main Mineral Hill fault. Ore cccurs in sedimentary rocks in a zone near the
contact between Permian limestone and quartzite; the best ore is in the limestone,

PROSPECTING AND EXPLORATION

The Mineral Hill mine originally was located in the 1880's and by 1921 had been
developed by several shafts and several hundred feet of underground workings. It
would seem that all prospecting and exploratory work before 1951 was done by actual
shaft sinking, drifting, and crosscutting.

The mine was reopened in 1951 and 1952 by the Banner Mining Co. after it had
been idle since 1921. The water was pumped out, and all principal underground work-
ings were rehabilitated. Since that date considerable exploratory work has been
done by drifting, crosscutting, and diamond drilling, chiefly on the 600=-foot level
(fig. 8).

The area east of the Mineral Hill mine also was explored by diamond-drill holes
before and after a geophysical survey had indicated possible ore in that area. Ore
was discovered by this drilling under 25 feet of surface alluvium, about 3,000 feet
east of the Mineral Hill mine., This ore body then was developed by the Daisy shaft,

SAMPLING AND ESTIMATION OF ORE

When the Mineral Hill mine was reopened and rehabilitated in 1951-52, all
underground mineralized areas on the several mine levels were carefully cleaned and
sampled., The assays of these samples then were plotted on large~-scale level maps.
From these sampled areas a number of ore bodies were outlined and plans made to
mine them.

After production from the Mineral Hill mine began, only mine cars and develop~
ment workings were sampled. Samples from mine cars, as ore is pulled from stope
chutes, are taken for stope control, No actual samples are taken in the stopes, as
all ore areas merely are checked "by eye," Channel or chip samples are seldom taken,
Drift or crosscut faces may be channel-sampled, although much reliance is placed on
car samples from those workings.

In estimating ore: (1) Plans and sections are drawn on each ore body on each
level; (2) the area of ore on each level 1s measured; and (3) the cubic feet and
tonnage in the block between levels are calculated, using 10,5 cubic feet per ton
of ore, Many ore bodies pinch out between levels, but company engineers and
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geologists have found that enough new ore usually is discovered to make their calcu-
lations nearly correct.

DEVELOPMENT

Two separate ore bodies have been developed at the Banner Mining Co. property =
the Mineral Hill and the Daisy deposits., The former was explored and developed be~
fore 1921 by at least 1 inclined and 4 vertical shafts, with many hundred feet of
drifts and crosscuts; the latter was developed only recently by a 450-foot vertical
shaft and some 2,500 feet of underground workings (see fig. 2).

Shafts

Shafts 1, 3, and 4 were sunk on 3 different mineralized outcrops at Mineral
Hill for exploration purposes. Shaft 2 and the 54° inclined shaft were sunk to
develop the main ore body, The former is a 2~compartment vertical shaft from the
surface to the 500-foot level, a distance of 468 feet. The latter is a 2-compart-
ment 54° inclined shaft from the surface to about the 800~foot level., Four levels
have been developed from the inclined shaft - the 300, 500, 600, and 700. Only 2
of these levels, the 300 and 500, join No. 2 shaft. The 300-foot level is 348 feet
vertically below the inclined shaft collar and 316 feet below the No. 2 shaft collar;
the 500-foot level is 152 feet vertically below the 300; the 600~foot level is 100
feet vertically below the 500; and the 700 is about 90 feet vertically below the 600,

Both No. 2 and the inclined shaft have two compartments, the second compartment
in each contains manway and pipes. The main compartment in the inclined shaft con=
tains a 2~1/2-ton self-dumping skip running on 20-pound rails; the main compartment
of No. 2 shaft contains a small cage used for men and supplies and sometimes for
caging cars of muck to the surface. Both shafts were sunk before 1921 (the inclined
shaft was sunk an additional 100 feet in 1955) and only recently were rehabilitated
by the Banner Mining Co. Neither is completely timbered, the rock section in No. 2
being too small in places to hold anything except stulls for cage guides and for
ladder and pipe supports. The inclined shaft 1s completely timbered only where the
ground is heavy, otherwlse track, ladder, and pipe are supported by stulls or sills
across the incline bottom, or footwall,

The vertical Daisy shaft was sunk by the Banner Mining Co. after the ore de~
posit had been explored by surface diamond=-drill holes.

Drifts and Crosscuts

All drifts and crosscuts are at least 5 by 7 feet in the clear., Haulageways
usually are 7 by 8 feet, Timber 1s used only where necessary. Roof bolts are
used where the ground is not too heavy but where some support is needed.

In developing the No. 1 ore body on the 600-foot level (fig. 6) a 12« by 12-
foot haulageway was driven along the hanging wall of the ore shoot. Roof bolts,
1 inch in diameter and 6.5 feet long, were used to hold the back, They were spaced
on the corners of a 5-foot square pattern, with 3~ by 12« by 36~inch headboards and
8- by 8- by 3/8-inch washers. The bolts were of the slot-and-wedge type and were
tightened by an impact wrench on the l=inch nut. Roof bolts also are used in the
smaller drifts and crosscuts where some support 1s necessary but where timber sets
are not needed.
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All drilling in drifts and crosscuts is done with medium-weight jackhammers on
3- and 4-foot feed legs. In both the Mineral Hill and Daisy mines, 7/8 inch, hexag-
onal, alloy-steel drill rods are stamdard and are used with 1 3/8-inch, detachable,
tungsten carbide, 4-point star bits. Some drill steel has 1 9f16-inch tungsten
carbide chisel bits formed directly on the end of the rod.

Drill rounds vary with the kind of ground emncountered. Usually a buzn cut is
used, although a bottom or side wedge cut may be used in difficult rock. Forty~-
percent ammonia gelatin is used with 9-foot fuse and No. 6 blasting caps in dry
headings. Where much water 1s emcountered, regular~delay electric caps are used.
Usually a S~foot round is pulled in ¥~ by 8~foot drifts and crosscuts, AlL mucking
is done by mechanical shoveling machines.

Raises

Raises at the Mineral Hill mine usually are drivem at a very flat angle, so
are stulled only. Manways and chutes through stope £ill are cribbed, the inside
of each being & by 4 feet im the clear on the inside.

MINING (STOPING)

At least four different methods of stoplng are used by the Bamner Mining Co.
At the Mimeral Hill mine both ore and countrxy rock vary from soft and fractured to
very hard and demse, On and above the 300=foot level much of the area is soft and
badly brecciated and contains considerable soft gouge and chlorite. Between the
300~ and 5300=-foot levels the ore and country rock are more firm outside of chlorite
areas. On and above the 800~foot level much of the ore is hard garnetite=-
chalcopyrite,

In chlorite ore a system of slot mining is uvsed; the clay-garmet ore is mined
in long, narrow, cut-and-fill stopes; and om and abowe the 600-foot Level in the
Mo. ! ore body a modified swystem of shrinkage stoping was used.

At the Dalsy mine the ore is fairly hard, so it is mimed chiefly by cut~and-
fill stopes.

During December 1955, 12,800 toms of sulfide ore and 1,600 tons of oxide ore
were mined, About two-thirds of this tomnmage came from the Mimeral Hill mine, the
remainder from the Daisy. The average dailly production is about 5350 tons of sul-
fide-oxide ore.

Slot Mining Method

Much of the ore that remains above the 300-foot level is fractured and broken,
with much chlorite and gouge. To mine this ore with least danger tc mimers, a slot
system of mining was devised {(see figs. 9 and 10}.

First a ¥~ by 8-foot haulage drift was driwven near the footwall side of the
ore body. Mext, square-set slots, 2 sets wide, were driwen om 30-foot centers from
the footwall for 35 feet, or to the hanging wall if the ore was not over 7 sets wide
{it was seldom over 35 feet). The pillar between the two slots then was drilled and
blasted out and the broken muck removed with a scraper attached to a double~drum
slusher hoist. The slots were raised another set, a chute and manway were built into
the first set off the haulage drift, then the haulageway was carefully lagged, and
the two sill slots and the pillar were filled with sand prepared from mill tailings.
No floor was used on this type of fill.
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The slots now were advanced 1 set upward; then the pillar was drilled and
blasted (see fig. 9) in successive vertical slices, the pillar face being kept about
normal to the slots. The broken ore in the pillar was scraped to one of the slots,
then moved to the chute by a second scraper, operating within the square sets, This
cycle was repeated until the top of the ore body had been reached. Only alternate
pillars were mined and filled as the slots were raised; the other pillars were re-
covered after the slots had been completed,

The chute and manway were carried up on an incline so the bottom usually rested
on the square-set caps, as shown on figure 10, Figure 9 shows a plan of this type
of stope, and figure 10 shows a cross section through one of the stopes.

Medium-gize jackhammers with feedlegs were used for drilling, the same as in
drifts and crosscuts. Hexagonal alloy=-steel drill rods (7/8=inch) were used with
detachable, 1-3/8-inch, tungsten carbide, 4=-point star bits. Forty-percent ammonia
gelatin was used with No. 6 caps and fuse for blasting. About 0,15 pound of powder
was used per ton of ore broken. Production was 10 tons per man=-shift, including
mining, stope filling, and repairs.

All broken muck is scraped to the chute with scrapers pulled by double=drum
holsts, When the distance for the muck to be moved is less than 40 feet, a 5~hp.
double~drum air hoist with a 30-inch scraper is used., When this distance is over
40 feet, a 15-hp., double-~drum electric hoist is used with a 36~inch scraper.

Cut-and-Fill Mining Method

Between the Mineral Hill 500- and 300-foot levels the ore and country rock
stand better than in the area above the 300; but the wall rock still needs some
support, as does the ore. In this area horizontal cut-and-fill stopes are used
with roof bolts to temporarily hold up bad ground, and sands prepared from mill
tailings to fill the stopes as the ore is being extracted,

On the 500~foot level a 7~ by 8=foot, timbered haulage drift was driven length-
wise through the ore body; then raises were driven up on the approximate dip of the
ore body to the 300-foot level. A 20-foot pillar was left above the haulage drift,
then a stope was silled out from the raise, 20 feet wide, 8 feet high, and approxi-
mately 100 feet long across the ore body, A 13-hp., double-drum electric hoist with
a 36~-inch scraper was used to scrape the broken muck to the raise. Medium=weight
jackhammers on feed legs were used. to drill horizontal holes, first from the raise
to start the stope and thereafter from the stope face. Drill steel and bits were
similar to those used in drifting.

At first conventional detonators were used in the stope blast holes, but con=-
siderable trouble was encountered as the ore broke with many large boulders. These
large pieces of ore caused trouble in slushing in the stope, in the chute pockets
above the haulage level, and also at the grizzly over the shaft pocket. Millisecond
electric blasting caps were tried and solved this problem., Much finer fragmentation
resulted from the use of these millisecond caps, thus speeding loading at all points.
Powder consumption in these stopes is about 0.65 pound per ton of ore broken.
Ammonia gelatin, 40 percent strength, is used,

After the stope was sllled out about 20 feet above the level, another 8- or 10=-
foot cut was taken, starting from the ralse, The chute and manway then were raised
to within 3 feet of the stope back (see figs. 11 and 12), and the stope was filled
with sand from mill talls to this level. Chute and manway were cribbed, the chute
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being 4 by & feet on the inside, and lined with 2~ by 12-inch boards, The chute~
manway usually was inclined at about 55° with the manway above the chute. Produc-
tion was 14 toms per mam=shift, incleding mining, f£filling, and repairs.

Horizontal cut~and-=fill stopes also are used at the Daisy shaft, azlthough the
hanging wall usually is wery weak., Ordinary waste rock and zliuvium are used for
stope fill instead of sand from mill tails, as at the Mineral Hill mine. A floor
of 2= by 12- or 3= by l2«inch boards, 5 feet im length, is laid on the waste £ill.
Production here was only 7 toms per man=-shift.

Shrinkage Stopes

The No. L ore body on the 600~foot level of the Mineral Hill mine was mined by
shrinkage-stoping methods, as the ore was a hard mixture of chalcopyrite and garnet-
ite, The ore body was about 300 feet long and 80 feet wide and dipped at about 30°.
It was developed by a 12~ by l2~foot, double~track haulage drift along the hanging
wall {see £igs. 13 and 14}, with ralses near the ends of the ore body and sublewel
drifts commecting these raises gbout halfway between the 600~ and 500-foot Levels.
The main 12- by 12-foot haulage drift was rock=bolted and did not require timber.

At 30~-foot intervals along the drift, as shown on figure 13, 8- by 8-foot stope
openings were driven into the ore about 4 feet abowe the track level. These open-
ings were widened to 25 feet and continued to the fooiwazll of the ore, Broken muck
was scraped from the stope with a 42~inch secraper pulled by z 3=-drum, 25-hp. elec-
tric slusher hoist. This holst was set up on the outer track im the 12- by 12-foot
haulage drift and fastened temporarily to the drift wall by rock bolts., A portable,
steel chute plate then was placed from the stope opening out over the inner track,
so that muck could be scraped directly from the stope opening into l-ton cars om
this inmer track.,

After the stope had been silled out to a height of 8 feet, a second slice,

. about 6 feet thick, was taken from the stope back. Enough broken muck was left in
the stope for miners to work upon. Jackharmers on feed legs were used for drilling;
8~foot horizontal holes were drilled after the cut had been started. 4s shown in
figure 1%, about 4 such 6-foot slices were takem from the stope back. Only emough
broken ore was scraped out to allow working space above the muck pile. & 45° cut
then was started a short distamce from the stope copening and driven up to the hang-
ing wall., This cut was enlarged the full width of the stope; then successive cuts
were taken, as shown in figure 14, until the hanging wall had been reached., The
hanging wall then was roof-bolted for safety. Only emough brokem ore was pulled
from the stope to allow space for mimers to work. Access was either from an adjoin~
ing stope or from the inclined raise at the end of the ore body.

After this hanging=-wall ore had beemn mined, slices again were takem from the
back of the footwall section until the ore body had been mined cut. The excess muck
in this section was scraped down to the haulage-lewel opening, but difficulty was
experienced with the hoist cable when broken ore was scraped from near the footwall,
Because of this, some footwall ore was left in the stope and will be recovered later,
Openings were broken through the pillars that separated the stopes for access and
ventilation,

Forty~percent ammonia gelatin was used for blasting in these stopes with milli-
second electric blasting caps, About 0.75 pound of powder was used per tom of ore
broken.
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Stope Fill

Horizontal cut-and-fill stopes at the Daisy mine are filled with waste from
development openings and with alluvium. In the Mineral Hill mine stopes are filled
with sand from mill tails.

On the surface at the Mineral Hill mine, mill tails to be used for stope fill
are pumped to a 14~ by l6-foot tank near the collar of the inclined shaft. The
tails first go to a 10-inch, single-~stage cyclone mounted on top of the tank and
are pumped into this cyclone with a 3-inch sand pump at 30 pounds per square inch.
The slime part of these mill tails, containing about 97 percent minus=325-mesh, isg
taken off in the cyclone and returned to the tailing thickener for transfer to the
tailing pond. The sand part, or underflow of the cyclone, containing about 50 per=-
cent of the total tailing to the cyclone, falls into the l4=- by 16~foot tank, which
is equipped with a heavy-duty, propeller-type agitator. Sands are kept in agitation
before a pour into the mine at about 78 percent solids,

A 2-inch, victaulic pipeline leads from the agitator tank down the inclined
shaft to the several mine levels, Only one valve is in this line; this is a rubber
pinch valve at the tank to control the sand flow., ALl pipe bends are of the sweep
type to keep pipe friction at a minimum and lessen pipe wear. An independent tele-
phone line leads from each level to the agitator tank. Underground portable, Army
field-type telephones with long extension cords are used, so that they can be taken
into stopes,

When a stope is ready to be filled (either one of the square-set slot stopes
or a cut-and-fill stope), the 2~-inch victaulic pipeline, which already has been
run up a manway to the stope, is extended into the stope. The cribbed chute~and-
manway, which has been raised to the proper level for the £ill, is sealed thoroughly
all around with burlap. Quick-setting cement is used for sealing difficult joints.
The man in the stope then telephones the man at the agitator tank, and the fill is
started. Water drains from the sand fill quite rapidly, so a man may walk out on
the fill within an hour after it has been poured. Within 8 hours the miners can
begin work again as the fill has solidified by that time,

Separate water and compressed-air connections have been installed in the
sandline at the surface, so that more water may be added to the sand if needed and
the line may be washed out; compressed air may be used to clear out obstructions
in the line.

TRANSPORTATION

At the Mineral Hill mine ore is hoisted in a 2-1/2~ton skip in the inclined
shaft. Men and supplies are hoisted and lowered in No. 2 vertical shaft, and
occasionally some waste rock is caged to the surface there.

The inclined shaft is equipped with a 250-hp. single-drum hoist and a 2~1/2-
ton self-dumping skip, which can hoist 50 tons per hour from the 500~ and 600-foot
levels. A 100-ton ore bin and a 75~ton waste bin are installed on the surface at
the inclined shaft headframe, Material from these bins is loaded into 18-ton dump
trucks and hauled either to the mill or to the waste dump.

No. 2 shaft is equipped with a 75-hp., gear-driven, double~drum hoist and a
l-car-capacity cage, A 45-foot wooden headframe has been constructed over this
shaft.
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Underground, all transportation on the levels 1s by tralms running on 18~inch-
gage tracks, with 20-pound rails. Ome-ton, 20-cubic foot, side~dump cars, pulled
by l-1/2-ton storage-battery locomotives haul the muck to the inclined-shaft loading
pockets, which are below the 300-, 500- and 600-foot levels; one 1s now being con=
structed below the 700-foot level. Each such pocket contains a measuring pocket
for loading the skip. Battery-charging statlions are on each level near the No, 2
shaft,

& telephone on each level at Mo. 2 shaft connects directly with the hoistman.
Electric signals also are used to signal the hoistman from each level,

VENTLLATTON

Forced ventilation is provided in the Mineral Hill mine by a 36~inch fan driven
by a 30-hp. electric motor on the 500-foot level near the No. 2 shaft., This fan has
a capacilty of 25,000 cublc feet per minute, Air is drawm down No. 2 shaft and blown
out through the 500+foot level and down to the 600-foot level through raises, then
back to the surface up the inclined shaft. Dead-end workings and some stopes are
ventilated by small blowers with vent tubing.

MINE DRATNAGE

41l water in the Mineral Hill mine drains to a sump below the 600=-foot level,
then is pumped tc the surface by either of 2 routes. COne pump is Imstalled so that
water may be pumped directly to the surface, An alternate method is to pump from
the sump below the 600=foot level to one at the 300-foot level, then from there to
the surface. Average water pumped is about 140 gallons per minute although water
pockets often are encountered by development workings, especially on the &00-foot
level, which increase this amount to approximately 400 gallons per minute,

SAFETY MEASURES

At the Mineral Hill and Dalsy mines a first-aid box is provided on each level
and a stretcher at the collar of all shafts. The Banmer Mining Co. owns an up-to-
date ambulance, which is stationed at the company office a short distance from the
Mineral Hill mine and about 1 mile from the Daisy shaft. This ambulance contains
complete first-aid equipment, stretchers, etc,

ve

All key personmel has taken first-aid traiming andfié qualified to give aid

to the injured.

MILLING

As has been previously menticned, a 400~ton flotaticn plant was constructed
during 1953-534 at the Mineral Hill mine with the assistance of the Defense Minerals
Procurement Agency. Recently the daily capacity of this mill has been increased to
500 tons by the addition of a middling regrind unit.

Ore is trucked from the Mineral Hill and Daisy mines to a 50-ton truck scale
on the hillside above the mill. The ore is weighed and dumped into three 180-ton
coarse~gre bins through grizzlies spaced 11 inches apart. From these bins, the
ore is fed by three 36~inch apron feeders to a 30-inch conveyor belt feeding a 2-
inch vibrating grizzly. The plus-2-inch material goes to a 30- by 18~inch jaw
crusher. The minus-2-inch joins the crushed ore on a belt passing under both the
vibrating grizzly and the crusher and 1s carried to a 4~ by 8-foot, double~deck
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vibrating screen., The top deck carries a 3/4-inch scalping screen and the lower
deck a 3/8-inch finishing screen, After passing an automatic sampler, the minus-
3/8-inch material goes to the three 500=ton ore bins by means of a bucket elevator
followed by a shuttle belt conveyor. The plus~3/8~-inch material is returned to a
4~foot cone crusher discharging onto the belt passing under the vibrating grizzly
and the jaw crusher.

Each fine~ore bin is equipped with a volumetric feeder, so that ore can be fed
from any bin or combination of bins. The feeders discharge onto a collector belt,
which in turn discharges onto the ball-mill feed belt., This belt passes over a
weightometer and discharges into an 8 by 6 ball mill, A 5~foot classifier is used
to close the mill circuit.

The classifier overflow is pumped to the flotation section, which consists of
_sixteen 44~ by 44-inch flotation machines divided into the following subdivisions:
Cleaners, 2 cells; first roughers, 4 cells; second roughers, 3 cells; and scaven~
gers, 7 cells, The concentrate from the first roughers goes to the cleaners, The
concentrate from the second roughers goes to the head of the first roughers. The
concentrate from the last seven cells (the scavengers) goes to the regrind, as does
the cleaner tailing,

The regrind unit is a 42~inch by 7-foot ball mill operating in closed circuit
with a 6~inch Dorrclone. The reground middling is returned to the head of the
first roughers.

Final concentrates go to a 30-foot thickener from which they are pumped to a
6=foot~diameter, 4~disk filter, The filter concentrate discharges into a storage
bin.

The final talling goes to a 60-foot thickener, then to the tailing pond,

Water from both thickeners 1s returned to the mill steady-head tank.

Automatic samples are taken of the classifiler overflow, tailings, and final
concentrate,

About 95 percent of the copper i1s recovered in a concentrate assaying 25.50
percent copper,

INT.2BU,OF MINES,PGH.,PA., 8306
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