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G e n e ~  G e o t e ~  

F: D= NacKenmie~ ~eelogis%~ BaRRer,Min~m~ Co=, 
Tucson..Arimomm 

+ / + - ~  

INTRODUCTIOn; 

The Minera~ ~ i ~ y  M~ are~ herei~ described +is sit,mated in the Pima Mining 
Distric~ Pimm County, Arizona~, .an@ entails Sections 35~ TI6S~ RI2E a~d Section 2~ 
TITS, RIP.Eo. The % o p o ~ p h F  is gentle with several small hills that are erosional 
remnants of past o r o g e ~  disturbances~ The ~verage elevatio~ is about. 3,3009 fee~. 
and the area has ~ gent-le draina~ge to the east into the Sante Cruz river, an 
intermittent stream., Theannmal rainfall is~ approximately Ii inches. This, property 
is owne~ b~ the. Banner Ninin~ Comp~7~ a Nevada corporation~ 

- • .  - . +  
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Acknowledgement is hereby given to Mr., A. B° Bowman~ General Manager & Vice Presiden~.~ 
o f  Banner M~Img Cemp~ fe~ permission to publish this article and to+ the U.S 
B u r e a a  o f  ~ for th~ us@ of the cited references. 

The ~ ~ ~s%z~~ ~ on %he eas~sr~ ma~i~ of .the Sierrita Mountains to . --~ 
30 road miles south-e~thwes% of Tucson. I~ includes the subdistricts of Mineral~u 
Hill and ~ BRt%ae. A, plaiR~ ranging in altitude from h~00 feet. on the wes~ ~ to 
about 3.OGQ fee% on t~e eas%~ slQpes ge~ly eastward toward the Santa Cruz River. 
Howe~er, this plain is S~rmou~ted by Mineral Hill~ Helmet Peak, and Twin But~es~ 
which rise pr~mln~ e~%ly above the piedment.~ Drainage is eastward: to: the Santa Cruz-. ,~ 
River~ . : .... - - 

In general~ %he Sie~i%a Mou~ms are composed of a granitic core with metamorphosed. ~.V.. 
s~Imen%~ re~ks em the west slope and much less altered sediments on the east= " 
8oarse-gra~ i~tr~sIve ~ ~-~g~eous rocks~ rangia~ from granite and quartz monz0nite to 
granodi~ ~der~ - ~ of the eastern pie4mont. Some intrusive dikes cut the 

The r e ~ . . ~  • ~ . ~  ~ "l~m, camp~.l~cate~ by foldi~z everturaim@-, low=angle ~ . ~ _ + . +  
faulting~ and steeply 4~in~ faulting~ howve~ much of the~ complicated structure 

ne~ tm+ee+-'wo~ed m ~  ++~ 

The l o d e ~  claims a~+ %he Mimerai Hill property originally+ were. located about: 
1882. Th~ E ~ r  Cop~. Miming Company developed the copper deposits from 1882 - 
until 188~ ~hen the defiles in the copper market forced it to close~ It i~ reporte~ 
%~a% Minez~l Hill Mdmi~ G~--mFa~V~ was formed in 1889 and took over the property~ In 
1894 thi~ company cense~dated with the Copper. King Company which operated the  mire 
un+~i! 1897. In 189T the e~msolidate~ compa~ny w~s reorganized as the Azurite Coppe: 
& Gold Mi~. Ccm~any~ 

In 1898 th~ Ann-its Copper@ Gold ~ Mining Company. ccnstrmcted a small furnace at the. 
Mineral Hill mine and produced copper for about, a year. The mine then remained 
idle until 190~, when the company was taken over by the Mineral Hill Consolidated 
Copper Company__ • which operated, it until 1907= I~ then was closed because of the 
financia~ _panic o@ tha~ ~ yea~r~ Th~ ~ mime was operated again, in 1912 by this same 
company but was closed ~ again i~ September 1913~ In 1916 the old. 8m~er+ was 
enlarged and production wa~ rsemmed for a few year~ until the mine finally was 
closed in 19+21. It remains@ 5h~+~ ~+ until 1951~ 

~4 

About 19~5~ the Barns~ Corporation of New York 8ity acquired control of the Mineral 
Hill Conso]_%dated Cop~r Company= The last-production evidently was done under 
the direc.tlo~ of this company. In. 192~ the charter of the Mineral Hill Company _ 
expired~ and the to.tal, - assets were~ taken over- the by Barnsdall Corporation.. 

(I) ~ U,So Burea~ of M/Ines 
Informatio~ Circula~ ~7786 -': 
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P. 2 . . . . .  ~ ............ 

Early production records for the Mineral Hill property are scarce~ Copper ore was 
produced from the mine by the Mineral Hill Consolidated Copper Company=. Ore als@ 
was produced from the nearby Plumed Knight mime':by the Pioneer Mining & Smelting 
Company. This mine was sold about 1917 to Barnsdalland. later acquired by the 
Mineral Hill Consolidated Copper Company which he. evidently controlled a5 that time~ 

It is reported that 9000 tons of high-grade copper ore was produced befor~ 1889~ From 
1889 to 1894~. 4,000 tons~ averaging12.5 per cent copper, is said to have been shipped 
to E1 Paso~ ~ from 1895 to 1897,~ ab~t 2~500 tons were shipped~ reportedly ranging 
from 10.7 to 20.0 pertcent copper. • From 18981 to 1899~ 9~600. tons of ore are-. said to 
have been smelted ia the small furnace of the Azurite Copper& GoldMining. CompaRy~ 
This ore is supposed to have pr0duced 800~000 pounds of copper mat te~.ranging from • 
65 to 70 per cent copper~ ~ - - 

_ .  - -. 

No production records are ava~lable~ from 1899" to~1915~ i It is said that from 1915 
to 1917, about 46,000 tons of ore were mined, which averaged 3.8 per cen~ 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 N~neral Hill mine remained- closed ~,rom. 19ffl~until 195i~ when: the~ Banner ~ng 
Company ob%a~e@am optio~ on the propebty and reopened it with Goveroment explora-~ ~- 
tion a~ta~c@ under the Defense Produc'tion Ac~ of 1950. From August 1951 t~ 
December !9~2 this company pmmped ou~ the mine.~ rehabilitated mos~ of the old under~ 
ground workings,--and thoremghly sampled t~em. With indication of enough ore~ the 
company ~tarted to construct a 4CO-ten flotation plant in 1953 with the assistance of 
the Defense Materials Procurement Agency. ~t was completed and placed in. operation 
in J~ne 19~ The Mineral Hillmi~e began p~oduction early !~1953,, ~the ere~w~s~ 
stockpile~ on the_ surface u~til the mill could be completed~. _ . : _ -- ." 

',2anwhil~ the Banner Mining Company. had loca~d another 0reBody by geophysi~ means 
some 3,00 feet eas~ of the Mineral Hill incline ~nd had exploged, it by"surfaco" .: 
diamond drill holes. la 1953 a vertical shaft,\ the Daisy, was sunk in %his orebo@. 
A considerable amount of Oxidized copper ore was ~hipped to International Smelting & 
Refining Company Inspiration smelter. Sulfide o~e from this shaft later-wa@ .treated~ " 
in the company flotatio~ plan%~- The. concentrates\are Shipped to the Ame~c~n"::.~. i " 

Smelting &:Reining Company~ El Paso~ TexaS s m e l ~  . - - " . . . . i.: .] i :.--". -~ ~.:- -L 

by faulti~aad favorable-beds, The ore bodiem ~ ~f~%~e: Pyrome~as~t~e~~~~ 
p!acemen~ %7pes~of ,_ these •tW@ the f£rs%-[type is ~he m~e impertanta~ %~ si~ ~d grade, 

I~ Fro~ the .pPre-Cam~a~to the Cretaceous time this. ~enera1are~ witmesse~ .~"° 
se.d~entatien a~d e rosie~ accompanied by vari'0us croge~ disturbances~ Fiel~.ij" ~ 

t~s are~.o¢cmrr~ug during the Ord~vic~an. Siluria~ periods an d again d~/~.thel ~ / 

2. Durin~ the Cretaceous per~od oF time ~ thrus%In~ and fa~Ifin~ occur~e~ ~th: : ~:~ 
accompany~/valc~i; sm~ - \ 

3- I n t ~ o l l ~ " o f  gra~idal ~ r ocks  fo l lowed  w£~ch s~hseque~n% garne~izatio~ of-the • 
Permian-Pen~sylvanian formations adjacent to th~ intru.~ions,<.. -' ~ - ~--~i. 

ore miner~-.--- . • -. " " .- 

5. OverO  s ing and s ri g occ   ed with di iavement of the v ous ore bodies. 

6° Oxid~t~om and seco~ar7 e.~ic~,e~t followed b~. a drop in %he local water table~ 

7. " ReCen~ faulting ~ had sore@ effec%upo~-the ~ . ~  a~ topograp~"in this area. 

STRUCTURE " •" ' "" ~ ......... " " : ' - -:- " .... ' 

The s tructu~ condi*~.~ -~ : : . J~ _~_~V~ ~_~4 sy area are Very complek as well 



. ~  ~ .  . ~  • • 

under- as very i,te~e'sting. :These. conditions are inte~reted t~ough surface and 
ground mapping and the results of diamond drilling i~fermatien. 

J .. 

Although ~tructural features .were very important factors in the mimeralization of 
~the area, they were ~ot the sole determinants. Favorable beds played an important 

. -.-part ~as ~ .in the- co~rol .of ore ~zatlon~,:. - _ , ..... ., ..- 

The major portion of :mi~eralizatio~ ~oc:cu~red along the Mi~era! Hill fault which 
extends ia a general east-west direction for ,well ~ver ~ mile~ This fault is pre- 
~ineral and has various formati0ns as footwall and hanging wall along it~s~rike 
lemgth. The orebodiea along this fault are sporadic and very irregular in shape ~. 
The geueral dip of this thrust faultlis about 35 degrees to ~the south. It is along 
~this fault that several ~gneous i~trusions occurred prior to.and rela~ed-~o the ~ • " 
mineralizatio~ of ~he district.- ~hese intrusions have a very iow grade ~yrite content. 

: ~sociated with the Mineral Hill thrust fault ~e several ncrtherly::st~g shear 
moues which ~ pest mineral in age.' These shear Zones are nearly vertical in most 
cases with a few having a steep easterly dip.. Along some of these post mineral shear 
mo~es some transported or secondary mineralization has tmken place to shallow depth. 
:~I~ ~.vidence indicates that ~ome of these p o s ~ o r e  shears moved up to several 
•-l'ml~.,~ds of f~et in a northerly direction. - 

A~ open l~reccia is encout ' t t e red  umderground im the footwall of the ore bodies where 
the post-mineral t~st~ng brecciated the competent hornfels and deformed the more 
~ c  e verl~ng ~s%emes. - 

The chief primary ore esme as chalcopyrite with minor bornite~ The ore-bearing 
~olutions 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 
~ected into the garnetized limestonss close to the igneous contacts. 

in ~he ~nerai E-Daisy area chrysecolla was the chief ore mine ral in the oxidized 
mene :with small amounts of :Tenorite, Melaconite, Azurite, and Malachite. Several 
fine specimen@ of Azurite crystals up to the size of ~hens eggs were found in the 
oxide zone ~nd have ~ow become col~c~ers items. 

The ,emriched ~upergene sulfide zone in this area is relatively~hin with chalcocite 
andoaprite being the main constituents in the Daisy area. This gone was deprived 
of extensive ~secondary sulfide enrichment by a limestone f ~ ~  which neutralized 
the descending copper-bearing acid solutions. These acid solutions descending along 
the dip :~sldvein comprised chiefly of chr~socolla several feet thick and 
<extending down to a depth of several hundreds of feet below the present ~urface, 
The general grade of this 6upergene ore is considerably greater that that of the 
primary hypegene sulfides below indicating that the vein had beeu somewhat ~riched 
before erosion carried away the upper portion. The leached ~ene above the Mineral 
Hill-Daisy erebodies .is virtually non-existant or only a ~w tens of feet in a few cases. 
The leached zone has been recently eroded away a~d was pro~ably several hundreds of 
feet higher than the present sur~oe as indicated by vein mineralogy and inferred 
~structural conditions. 

• Native eopperj silver and walfenite are present in the secondary enrichment zone 
in very small proportions. The native copper is found mainly along slippage planes 
as very thin sheets. Wulfenite crystals up to ¼" across are fairly abundant in 
spo~s throughout this zone. Smithsonite is present only in small amounts in the 
present workings, but elsewhere on the property it was mined in small underhand s@i 
stopes to shallow depths. 

HYPOG~NE ~ Z A T I O N  

The primsry ere minerals are comprised chiefly of chalcopyrite with some bornite 
and varying proportions of pyrite and ~sphalerite. 

$ 

) 



P.h 

Magnetite is present iR the' hypogene z,one and has. been localized-primarily in close 
proximity to the igneous intrusions=, The magnetite, was the first to form with pyrite 
next, then followed by chalcopyrite~ bornite w sphalerite and galena% -. 

• . . 

Small amounts of scheelite and molybdeaite are dispersed throughout the orebodiee and 
are localized close to  the foo twa l l~  

These latter two minerals are not of sufficient quantities to warran~ separating 
in mills of small dail~ tonnage "capacity~ . 

. c.~ - 

There is a I distinct zonal arrangemen~ Of the rare minerals tha~ can be. observed -: 
underground: i~ th~ Mineral Hill Mine and even more pronoucedl~ in ~ the Daisy Mine~ - 
In each cas~ we have the igneous intrusive in the footwall whick caused the. 
mineralization. In order of formation and sequence going awa~ from the igneous 
mass we hav~-zones of magnetite, pyrite, chalcop~ite, bornite~ sphalerite and galena= 
There is definite interfingering of the zones with each other_ as depicted.in the: 
gen~ralized: N-S vertical section (Fig= #l) of the ore be~ies~ " As a resul~ of these 
magnetit~ zones~ several hidden orebodies were: disclose:d-by geophysical means and: - 
by l a t e r  diamomd d r ~ ~ .  ' " 
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HYDPAYLIC SAND FILL AT ~I~F~%L HILL I~E 

Ge~eral~ 

.The N~nerai Hill Mine is a copper mine ~ned and operated by the Bar~er ~?~ning 

Compa~ It is located in the Mineral Hill ~ning D_s~ct~ ~ Cou~i~ ~ "~ m~es south 

of Tucson~ ~izon~.~, 

It is an underground mine sex, iced by 9~o shafts~ one a compartment and a half 500 foot 

~ertical shaft, the other a 900 foot incline hoisting shaft. It produces approximately 350 

tons per d a y .  

Hydrailic sand was first used to ~e ~ne 500 - 300 ore body. This orebody ~ms of the 

clay-garnet type and contaiued approxim~te!y iOC4000 tons° It ~as~ed 180 feet long and 

averaged 60 feet %~ide~ The foot ~,,~all ~as gran~e and %.he hanging ~7 

aversge dip beino~ abo~t 35°~ Both ~alls ~ere very irregular in dip~ so~.,~ places be~ag ahaost 

i~lat and others almost vertica!~ 

N At first we tried mining the orebody b~r the shrinkage s~sDem~ Ti~s pr~ed unsuccessful 

because of its irreg~3~itS~= but we fo~d the optim~ l~ts that the ore a~Id hanging ~ai! 

cSuld be opened up along the strike and st-Lil be self supporting° This limit ~{as 25 feet 

and was the basis of our stoping method~ It ~as decided to rt~.u horizontal slot cut .~md fill 

stopes 25 feet wide perpendicular to the s%rZ~e~ Ones ~e o~u~_~u on the m~n~%g s~stem~, the 

:next pz~blem ~as transferring the neut. miae fill do~n such a flat irregular dip~ Te~,~"~,~-~g 

~as done on the m i l l  " " = " ' tallyhos by Equzpmen-0 Engineers Inc~ of San Francisco and it ~.~as found 

th~s " ~ fi~. tha~ after desl~dng they would make a satisfacto~# fill ~terialo I~ refer to .~_~ as 

~draulic s~nd. 

~ i i  O Sand FreDaration Plan%_ ........... 

The hydraulic sand preparation pl~.nt is located a% the col!a? of "&~_e :Lnclined shaft. ~.~ili 

railings are pt~ped by a 3 inch 14emco send p~mp through a DIOB Erebs cyclone located on top of 

a lh foot diameter~ 16 foot hi~1 steel tani% This "~l~ ~f~i hold a hO ton b_-0ch of hydraulic 

ss.na~ ~b_!e %he tank is beiD~: filled the sand ~ a~i~a~,~G b 2- a ~co Devereaux t~e h blade 



The h~draulic sand is fed into the stopes through 2 inch s~m.dard victraulic pipe~ 

This pipe line has a 3 ~ rubber pinch valve at the tank discharge and no other ~'alves or 

quick bends, The sand ~,~ill flo~ freely at 77% solids~ You will notic~ from %he screen 

analysis that the sand contains !O% ~3~5 mesh~ These sl'~J~s are very important from %he 

standpoint ~f l~bricatin~ the pipe~ They are held %o a minimum because of their poor 

se%tling qualities ~ 

Two men are required for the operation of filling° ne a sand plant opera%or on sur- 

face a~d the other a sand man under~ro~nd~ They communicate through two Signal Corps ~E~8 

telephones. The 2 inch line is flushed with ~m%er and compressed air Before a~d after each 

po~ri~g® The wndergroD/~d sand man Is responsible for all sec ~ki~g and ses/i~g of the chutes 

and ~a~m~s~ To clarif~ the advaata~e of the Hydraulic Sand as a fill I ~.;ili discuss rye 

m.lning methods used at the F~ineral Hill ~ne~ 

Horizontal Cut and Fill ~thod 

On the 500 level~ chutes ~ere cut in the foot~al! granite on 35 foot centers° ~o 

compart~nt raises ~ere driven on the 70 ° dip to the ore° The raises were then c.~anged to 

a ~5 ° ~-6 X 8 ra~T raise a~d were driven to the 300 levele These raises ~ere used for ven- 

tilation and servlce~ 

As soon as a raise ~as completed the actual stopiug ooeration ~as started. A 7 x 8 

Blusher l-drift was started off the raise at ~he point ~.~ere the ore was first contacted~ 

These I-drifts were run horizontal and lh'om foot~all to ham.~all~ As soon as the I-drift ~sas 

completed it v;as slabbed to a 25 foot ~;idth~ this completed the first horizontal cu%,~ The 

cribbed chute and ~n~4ay ~ere raise a~_d the stope filled within two feet of the back ~gith 

~raulie sand~ Once the stope ~;as filled~ a n~ 8 ~ x 25 ~ cut ~ras s+~rted off the raise to 

start a new cycleo 

In a fe~ instances the groined became too loose for safe ~ining~ ~4e ~ould clean the 

stopes out~ raise the chute and rmr~ay and fill them tight ~ith sand~ This meant we had to 

drive ne~ I~d~ifZs and start a n~,~ thnderc~t~,, The original stoping method called for a 25 foe% 

stope and 10 foot pillars~ ~,Je found the sand so satisfac%orTf that mmst stopss "~;ere mined 

against the sand of the adjoining stops 



The most satisfactory s!1~hing equipment proved to be ~ J5 HoPo ! ~.'- e_e,., ~ric s!usher 

equipped ~th ½~ 6 x 19 I'~.C V ~  preformed ~zire rope and AB 36 ~t Pacific slusher buckets~ 

All drilling ~s done ~ith Jack leg typ~ drills and 8~-7/8 '' hex double diamond alley 

steel fitted wAth a 1-3/8" threaded carset bits all holes ~ere drilled horizontal and 

blasted electrically ~ith Millisecond Delay ~_ectric £r.imers and Se~i-Cmlatin ~0% dynamite~ 

Considerable research was carried out to obtain the best frag~mn%ation through hole spaoiug, 

loa&ing and timlng~ Several patter~rouuds were established~ but a Io% of secondary blasting 

was necessary in this type of ~rmmd~ 

}~an~ays ~ere built of 3 '~ ~ 12" x ~6".~ood cribbing and lined ~.~th 3" lagging° Chutes 

~ere built of 6" x 8 ~ x 5 ~ cribbing armored ~lth 2~" x 2½ ~ x ~" aug!e iron~ All chutes ~ere 

covered ~;ith'lh" square hole steel grizzliese 

Because of the loose and soft nature of the ore a suitable slusher pin for the #haui 

back" sheave produced quite a problem~ In the softer ~round a 6~ ' x l" C~Fo&I~ w~edge type 

reck bolt ~as used~ in the harder gro#_ud ~e used a special 2' rook bolt ~de in our shop~ 

During the _~ug operation the slusher and bucket ~{ere hung from rock bolts placed in the 

• back of the stops, 

Timbered Slot and Fill Method 

• The other place that h~raulic sand is very successf~tll is in mining the 300 orebodyo 

This orebo~r Is also very irregular in dip and strike and is of a chloritic nature~ It is 

practically non-self supporting~ Its width varied from lO' to 30~ Because of a horizontal 

fault at ~he 200 level ~y hich cuts the ore off completely, all stopes ~-~ere run bl~nd ~ith only 

'~up" service from ~e 30~ !evel~ 

" ] This method could probs}oly be called a ."Reverse ~itchel_ Slice. ~ We drive tiabered 

square set slot raises on 30 foot centers~ after each floor is completed the p~.lar beseech 

raises is b~sted out and the ore slt~hed in the chute~ The raises are then gob .-tagged 

off and the pillar area filled tight ~zLth s~nd~ By cutting the solids ratio~ ~e b~.ve beeo_ 

able to run hydraulic sand up 145 feet verticall~ - above the 300 !evel~ 



!%~draulic Sand is the ~st versatile fill you c~ use~ You can z;L~.! a~y ip!a<~e 

tL~,t, can be reached ~,~i'bh a 2 inch 1~ipe~ 

~Je had a "ra~ pocket ~0_m~ s~ar~e~ sio~g~in~ ~m the ooin%~ of ~n~.~ng~~ ~" ~'~_ n,~ t~, ..... level 

~bove~ %{e cribbed %he Docket ~{ihh 6 x 8 cribbLD.g and poured sand ai~o~mC bhe <...~'ib~ng~'~" ' 

Of course~, any system has its ~.aults s~%d h~m~ca[itic sand has its sh:~.re~ ~aca~se 

of the parbic~].a:~' n[~..%u~-e of our fill the }rater al~yays percolated th~o~lgh the sand and 

as a ~'~esul% we had no control of it~ The ~.;ater continually drained into the chutes 

ca'asi~g ',.~e% .~mck and considerable %ro%Ibie pl~!ling the chutes and pockets~ 

Every" so o~,~=n ~eo so~)id cie.~-e_~op a bole in ;"une -~ seal dt~ing a pou2Jaqg operation and 

r~n sand on the sill belo~-~ f~i~ag %he %rack and dihches,~ ]~e :_~h~ an occasional. _ A~-~,~-<~,~= ~. 

:Ln ~e sc.nd line '̂~ _ _ ~, ca3'~.ed " th-.,.<, ~,:ill ~un on the ~ill or in the shaf~5~ but any o.~. " ........ ~ . . . . . . . . . .  

tro~bles a.~'e offset h~ the ve~-sa%~!ity and cheav;~.ess of ~rauiio sand as ~;. back ~i~ '~ 



SCPEEN A~%LYSIS OF HYDBAVLIC SA~D 
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SUMMARY AND INTRODUCTION 

This paper, which describes mining methods and practices at the Mineral Hill 
copper mine, is 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. 

The Mineral Hill mine is situated on the northeastern piedmont of the Sierrita 
Mountains at an altitude of 3,650 feet in SeCo 35, T. 16 S., Ro 12 E., and SeCo 2, 
T. 17 S., R. 12 E., Pima mining district, Pima County, Ariz. (fig. I). The claims 

f (figs. 2 and 3) are in a gently rolling area with only scant desert vegetation. The 
average annual precipitation is about ii 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 transportation, ventila- 
tion, mine drainage, and safetymeasures are described. The concluding section of 
the paper is a section on milling. 

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

~/ Wilson, Eldred Do, Arizona Zinc and Lead Deposits , Part I: Arizona Bureau of 
Mines Bull. 156, 1950, pp. 39-50. 
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vol. 13, 1918, po 548; vol. 14, 1920, po 292; vol. 16, 1925, pp. 107, 385. 

Neale, Wo Go, The Mines Handbook: The Mines Handbook Co., Inc., New York, No Yo, 
vol. 17, 1926, p. 319. 
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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 
Mideral 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. In 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 Corpo 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 Barnsdall 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 Barnsdall 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 E1 Paso; from 1895 to 1897, about 2~500 tons was shipped, 
reportedly ranging from 10o7 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 enough ore, 
the company started to construct a 400-ton flotation plant in 1953 with the assist- 
ante of the Defense Materials Procurement Agency. It was completed and p!aced 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. E1 Paso, Tex., smelter° 
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GEOLOGY 

\ i 
The Pimamining district is ~t~ast~n margin of the Sierrita Mountains 18 

to 30 road miles south-southwest of Tucson. It includes the subdistricts of Mineral 
Hill and Ek~in 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 

--<q~i~--~-~, However, this plain is surmounted by Mineral Hill: Helmet Peak~ and Twin 
Buttes~ which rise prominently above the piedmont= Drainage is eastward to the 
Santa Cruz River. 

In general, the SierritaMountains are composed of a granitic core with meta- 
morphosed sedimentary rocks on the west slope and much less altered sediments on the 
east ~g~4~. Coarse-grained intrusive igneous rocks, ranging from granite and 
quartz monzonite to granodiorite, underlie much of the eastern piedmont. 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 out. 

~-- ........................ Ore Deposits 

Sedimentary rocks~ ranging from Cambrian to Cretaceous in age and consisting 
principally of limestones, shales, and quartzites, outcrop in the vicinity of the 
Mineral Hill mine (fig. 5). Farther eastward these rocks are cowered 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 seweral 
porphyry dikes° 

A large east-west preore thrust fault, the Mimeral Hill fault: transverses 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 = southward~ Ore mineralization 
occurs along 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 ~sually occur sporadically along shear zones in the limestone 
and also disseminated through the contact silieates. 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 ar~ 
found. The gang~e consists of limestone, quartz:, pyrite, hematite, calcite, and 
contact silicates. 

Two ore bodies are being mined at the Banner property~ the Mineral Hill and 
the Daisy (some 3~000 feet east of the former). 

At the Mineral Hill deposit some of the ore on and above the 3O0-foot level 
is very fractured and chloritic: 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 

~/ 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 chlorltic areas 
on all levels is soft, weak, and heavy; in clay-garnet areas the ground is medium 
in strength but still requires sand fill 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 Daisy 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 1921o The water was pumped outj 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: (i) Plans and sections are drawn on each ore body on each 
level; (2) the area of ore on each level is 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 COo property - 
the Mineral Hill and the Daisy deposits. The former was explored and developed be- 
fore 1921 by at least i 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 I, 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 i00 
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 i00 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 is completely timbered only where the 
ground is heavy, otherwise 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 Coo after the ore de- 
posit had been explored by surface dlamond-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 is 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. i 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, 
i 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 1-inch nut° Roof bolts also are used in the 
smaller drifts and crosscuts where some support is 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 - f o o t  feed  l e g s .  In  bo th  t h e ~ i n e r a l  H i l l  and Daisy mines ,  7/8 i n c ~  hexag-  
ona l ,  alloy-steel drill rods are standard and are used with 1 3/8-inch, detachable, 
tungsten carbide~ 4-point star bits. Some drill steel has 1 9/16-inch tungsten 
carbide chisel bits formed directly on the end of the rod° 

Drill rounds vary with the kind of ground encountered. Usually a burn 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 NOo 6 blasting caps in dry 
headings. Where much water is encountered, regular-delay electric caps are used. 
Usually a 5-foot round is pulled in 7- by 8-foot drifts and crosscuts. All mucking 
is done by mechanical shoveling machines. 

Raises 

Raises at the Mineral Hill mine usually are driven at a very flat angle, so 
are stulled onlyo Manways and chutes through stope fill are cribbed, the inside 
of each being ~ by 4 feet in the ~lear on the inside. 

M ~  (STOPXNa) 

At least four different methods of stoping are used by the Banner Mining Co. 
At the Mineral Hill mine both ore and country rock vary from soft and fractured to 
very hard and dense, 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 500-foot levels the ore and country rock are more firm outside of chlorite 
areas° On and above the 600-foot level much of the ore is hard garnetite- 
chalcopyrite. 

In chlorite ore a system of slot mining is used; the clay-garnet ore is mined 
in long, narrow~ cut-and-fill stopes; and on and above the 600-foot level in the 
No. I ore body a modified system of shrinkage stoping was used° 

At the Daisy mine the ore is fairly hard, so it is mined chiefly by cut-and- 
fill stopes. 

During December 1955, 12,800 tons of sulfide ore and I~600 tons of oxide ore 
were mined. About ~o-thirds of this tonnage came from the Mineral Hill mine~ the 
remainder from the Daisy. The average daily production is about 550 tons of sul- 
fide-oxide ore. 

Slot Minin$ 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 to miners, a slot 
system of mining was devised (see figs° 9 and 10). 

First a 7- by 8-foot haulage drift was driven near the footwall side of the 
ore body. Next~ square-set slots, 2 sets wide~ were driven on 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 railings. 
No floor was used on this type of fill. 
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The slots now were advanced i 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 manwaywere carried up on an incline so the bottom usually rested 
on the square-set caps, as shown on figure I0. Figure 9 shows a plan of this type 
of stope~ and figure i0 shows a cross section through one of the stopeso 

Medium-size 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, l-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 i0 tons per man-shlft~ including 
mining, stope filling, and repairs. 

All broken muck is scraped to the chute with scrapers pulled by double-drum 
hoists. 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 36-1nch 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 
railings 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 i00 feet long across the ore body. A 15-hp., double-drum electric hoist with 
a 36-inch scraper was used to scrape the broken muck to the raise. Medium-welght 
jackhmmners on feed legs were usedto 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 silled out about 20 feet above the level, another 8- or 10- 
foot cut was taken, starting from the raise. The chute and manway then were raised 
to within 3 feet of the stope back (see figs. ii and 12), and the stope was filled 
with sand from mill tails to this level. Chute and manway were cribbed, the chute 
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being 4 by 4 feet on the inside, and lined with 2- by 12-inch boards. The chute- 
manway usually was inclined at about 55 a with the manway above the chute. Produc- 
tion was 14 tons per ma~-shift, including mining, filling, and repairs. 

Horizontal cut-and-fill stopes also are used at the Daisy shaft, although the 
hanging wall usually is very weak. Ordinary waste rock and alluvlumare 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 12-inch boards, 5 feet in length~ is lald on the waste fill. 
Production here was only 7 tons per ma~-shift. 

Shrinkase Stope~ 

The No. I 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 chaleopyrlte and garnet- 
ire. The ore body was about 300 feet long and 80 feet wide and dipped at about 30 °. 
It was developed by a 12- by 12-foot, double-track haulage drift along the hanging 
wall (see figs. 13 and 14), with raises near the ends of the ore body and sublevel 
drifts connecting these raises about halfway between the 600- and 500-foot levels. 
The main 12- by 12-~oot haulage drift was rock-bolted and did not require timber. 

At 30-foot intervals along the drlft~ as shown on figure 13, 8- by 8-foot stope 
openings were driven into the ore about 4 feet above the track level. These open- 
ings were widened to 25 feet and continued to the footwall of the ore. Broken muck 
was scraped from the stope with a 42-inchscraper pulled by a 3-drum~ Z5-hp. elec- 
tric slusher hoist. This hoist was set up on the outer track in the IZ- by 12-foot 
haulage drift and fastened temporarily to the drift wall by rock Doits. 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 1-ton cars on 
this inner 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 muckwas left in 
the stope for miners to work upon. Jackhammers on feed legs were used for drilling~ 
8-foot horizontal holes were drilled after the cut had been started. As shown in 
figure 14, •about 4 such 6-foot slices were taken from the stope back. Only enough 
broken ore was scraped out to allow working space above the muck pile. A 45 ° cut 
then was started a short distance from the stope opening 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, uzltil the hanging wall had been reached. The 
hanging wall then was roof-bolted for safety. Only enough broken ore was pulled 
from the stope to allow space for miners 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 been mined, slices again were taken from the 
hack of the footwall section until the ore body had been mined out® The excess muck 
in this section was scraped down to the haulage-level opening~ but difficulty was 
experienced with the hoist cable when broken ore was scraped from near the footwall. 
Because of this, some foo~all 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 ton 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 16-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, is 
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 14- 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 stopeso 

When a stepe 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 stopeo The cribbed chute-and- 
manway, which has been raised to the proper level for the fill, 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-drumhoist 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. 

Noo 2 shaft is equipped with a 75-hp°, gear-driven, double-drum hoist and a 
1-car-capacity cage. A 45-foot wooden headframe has been constructed over this 
shaft. 



24 

Underground= all transportation on the levels is by trains running on 18-inch- 
gage tracks~ with 20-pound rails. One-ton~ 20-cubic foot~ side-dump cars~ pulled 
by l-i/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 is now being con- 
structed below the 700-foot level. Each such pocket contains a measuring pocket 
for loading the skip. Battery-charging stations are on each level near the No. 2 
shaft. 

A telephone on each level at No= 2 shaft connects directly with the hoistman. 
Electric signals also are used to signal the hoistman from each level. 

VENTILATION 

Forced ventilation is provided in the Mineral Hill mine by a 36-inch fan driven 
by a 30-hpo electric motor on the 500-foot level near the Noo 2 shaft° This fan has 
a capacity of 25~000 cubic feet per minute. Air is drawn 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 DRALNAGE 

All water in the Mineral Hill mine drains to a sump below the 600-foot level~ 
then is pumped to the surface by either of 2 routes. One pump is installed 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 600-foot 
level~ which increase this amount to approximately 400 gallons per minute° 

At the Mineral Hill and Daisy mines a first-aid box is provided on each level 
and a stretcher at the collar of all shafts. The Banner 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 i mile from the Daisy shaft. This ambulance contains 
complete first-aid equipment~ stretchers, etc. 

All key personnel has taken first-aid training and qualified to give aid 
to ~he injured. 

M~ING 

As has been previously mentioned, a 400-ton flotation plant was constructed 
during 1953-54 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 regrindunit. 

Ore is trucked from the Mineral Hill and Daisy mines to a 5g-ton truck scale 
on the hillside above the mill. The ore is weighed and dumped into three 180-ton 
coarse-ore bins through grizzlies spaced Ii inches apart. From these bins~ the 
ore is fed by three 36-1nch apron feeders to a 30-inch conveyor belt feeding a 2- 
inch vibrating grizzly. The plus-2-inch material goes to a 30- by iS-inch jaw 
crusher. The minus-2-inch joins the crushed ore on a belt passing under both the 
vibrating grizzly and the crusher and is carried to a 4- by 8-foot~ double-deck 

/_ 
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vibrating screen. The top deck carries a 3/4-1nch 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 flne-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 sectlon= which consists of 
sixteen 44- by 44=inch flotation machines divided into the following subdivisions: 
Cleaners~ 2 cells; first roughers 3 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 bali 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 d£scharges into a storage 
bin. 

The final tailing goes to a 60-foot thlckenerj then to the tailing pond~ 

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

Automatic samples are taken of the classifier overflow= taillngs~ and final 
concentrate. 

About 95 percent of the copper is recovered in a concentrate assaying 25.50 
percent copper. 
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