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PIHA MINING CONPANY - A PROGRESS REPORT 
By 

GEORGE A. KO~~DINA 
MILL SUPERINTENDENT 
PIMA :t-IINING COMPANY 
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The Pima Hining Company lies 20 miles southwest of Tucson, Arizona, 
and some 45 miles north of the Mexican border. The mill is situated on 
a hillside overlooking Tucson and the Santa Cruz Valley, the ground gen­
erally sloping northeast at a 2.5 percent grade. The hillside location 
allows for gravity flm>1 generally through the plant as well as for tailing 
disposal. 

HISTORY 

Urtlike many mines whose beginnings are shrouded in antiquity, the 
Pima Mine is in a relatively new district and is a recent discovery. 

In 1950, using geophysical methods, discovery of a buried deposit 
under 200 feet of desert alluvial wash was made by R. E. Thurmond and 
w. E. Heinrichs while engaged by the United Geophysical Company then 
headed by Herbert Hoover, Jr. Subsequent diamond drilling, shaft sinking 
and underground development developed. an ore body amenable to open pit 
mining. 

In the fall of 1955, Cyprus Mines Corporation exercised its option 
on the mine and assumed the management of Pima Mining Company. Union Oil 
Company retained a 25% interest and a 25% interest was sold to Utah Con­
struction & Mining Company. 

After a period of stripping the overburden over the main ore body 
along with construction work, milling was started in January, 1957. 
Initial milling rate was 3,000 tons per day. 

The Pima Mine occurs in two mairi ore zones, the Present Pit and the 
Northeast extension of the Present Pit. These areas are overlain by 200 
feet of alluvial wash and thicknesses of cemented conglomerates up to 40 
feet. Mineralized areas presently known cover an area 4,000 feet x 2,000 
feet comprised of contact metamorphic as well as porphyry type minerali­
zation. The former hornfels rocks contain the high-grade ore as masses 
and disseminations of chalcopyrite in impure limestones. The latter type 
of disseminated mineralization occurs in the Imv-grade hanging wall arkosi te 
rocks. 

MINING 

Alluvium is removed by a fleet of Caterpillar scrapers and bulldozers. 

Primary drilling is done by two rotary drills. Nine-inch diameter holes 
are drilled. Bench heights are 40 feet. 
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FROM FLUOR UTAH'S EXPERIENCE IN ENGINEERING /V 
AND CON S T R U C T ION FOR THE MIN ERA LSI N D U S TRY ~) l:? r-

Two noteworthy 
North American projects 

ISLAND COPPER 
33,000 TPD turnkey concentrator 

PIMA MINING CO. 
--,. .. -."'-....... -~ .... 

Expansion IV to 53,500 TPD 

t FLUOR UTAH, INC. 
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Near Port Hardy on Vancouver Island, 
the Island Copper 33,000 TPD 
concentrator-Canada's second largest 
-is now on stream. Designed, engi­
neered and constructed by Fluor Utah 
at a total cost for concentrator and all 
ancillary facilities (excluding the pit) 
of approximately $50 million. 

Completed on schedule, in a remote location, Island Copper 

represen)s a new milestone in modern copper concentrators. 

The grinding section is semi-autogenous and is the largest such 

installation in the history of the copper industry. 

Fluor Utah's responsibilities included the definitive estimate ... 

flowsheet preparation in collaboration with owner ... preliminary 

design engineering ... design engineering management ... con­
struction and construction management. 

The total cost of approximately $50 million included, in addition 

to the copper processing facilities, a 600-man construction camp, 

maintenance shop and grease building, fresh and reclaim water 

systems, electrical power transmission and distribution systems, 

and various ancillary civil and structural works. 



WORLD'S LARGEST 
SEMI-AUTOGENOUS 
COPPER GRINDING 
CIRCUIT 

Each of the six grinding 
mills is 32 feet in diameter 
and 14 feet shell length; and 
each is driven by two 3,000 
HP, 900 RPM, 13,200 V 
wound rotor motors through 
two pinions to a girth gear, 
nearly 40 feet in diameter. 
The ground product for flo­
tation averages 90% minus 
100 mesh and 70% minus 
200 mesh. 

CYCLONE BANKS 

In closed circuit with the 
mills are six primary cyclone 
banks of eight cyclones 
each. Cyclone wear is mini­
mized by recycling gross 
oversizes back into the mill 
with scalping trommels. 

, . 

GYRATORY CRUSHER 

This 54-inch gyratory 
crusher, processing 3,000 
TPH, reduces ore to minus 
12-inch size. From crusher, 
ore moves on a 50-inch belt 
to the screening tower, 
where it is sorted into plus 
4-inch and minus 4-inch 
sizes by two 5-foot x 20-foot 
vibrating grizzlies. 



FLOTATION 

The copper flotation circuit consists of ten 
banks of rougher flotation, five banks of cleaner 
flotation, two recleaner banks and two scaven­
ger banks. There is a separate molybdenum 
flotation section. 

~ 
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CRUSHING & GRIN 



CYCLONES 
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TAILINGS DISPOSAL 

Tailings are gravity-fed to two 375-foot dia­
meter, earth-bottom thickeners. Thickener 
underflow is maintained at 48-50% solids by 
modulation of rubber-sleeved valves, actuated 
by gamma gauge density controllers. 

OfF TO ROUGHER FLOTATION DISTRIBUTORS 

(

SEMI-AUTOGENOUS MILL 
32' DIA. x 14' 
(2) 3000 HP MTRS. 



Pima Mining Camp 
EXPANSION IV 
Pima Mining Company began operations at its open-pit mine and 
concentrator, south of Tucson, Arizona, in 1955. The Fluor Utah 
organization constructed the original mill and also did pre-pro­
duction mine stripping. Initially the mill's copper/molybdenum 
processing capacity was 3,000 TPD. Today it is 53,500 TPD. 

This almost eighteenfold increase has been .accomplished 
through four separate expansions. The Fluor Utah organization 
performed the engineering and construction for all of them. Ex­
pansion IV, which was recently completed and alone increased 
capacity by 35 %

, brought the annual output up to approximately 
80,000 tons of contained copper in concentrates. 

Fluor Utah's role consisted of engineering and construction of 
additional facilities for crushing, stockpiling, grinding and con­
centrating. The contract amount on IV was $15 million. 
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Pima Mining Company's 
open-pit copper/molybde­
num mine and processing 
facilities, after completion of 
Expansion IV by Fluor Utah. 
The long structure in upper 
right center is the original 
mill after three expansions. 
Facilities added in Expan­
sion IV include the new aux­
iliary mill ("stubby" build­
ing at lower left), primary 
crusher and radial stacker 
at left center, and the 400-ft. 
thickener at bottom right. 

o 

CRUSHING The new single-stage crush­
ing plant, pictured above, contains a 54-inch 

STOCKPILING Crushed ore is conveyed 
at the rate of 3,200 TPH to stockpile by a 

GRINDING From stockpile, ore is fed to 
two semi-autogenous mills. These grinders 
were selected for their ability to reduce the' 
ore size without additional crushing. Conven­
tional rod or ball mill circuits require two or 

CONCENTRATING Following grinding, 
the copper/moly is separated from waste in 
300- and 400-cubic foot flotation cells. The 
concentrate is pumped to the main mill build-

primary crusher which reduces run-of-mine 
ore to minus 8-inch. 

radial stacker. The stacker, 256 feet long, 
traverses on an arc of 106°. 

three crushing stages to reduce the ore to 
approximately half-inch size; Pima IV needs 
but one crusher. After going through the 
semi-autogenous mills, ore is further re­
duced in two ball mills. 

ingfor additional processing, and the tailings 
are sent to a 400-foot thickener to reclaim 
process water. The thickener underflow is 
pumped to tailings ponds. 

\ , 



What you can expect 
from Fluor Utah, Inc. 

~ . 

Task Force Concept 

Fluor Utah's Project Manager and Gen­
eral Superintendent on Pima's Expansion 
IV are shown here checking a construc­
tion detail. This picture typifies the Task 
Force concept of project organization 
which Fluor Utah has evolved from its 
own volume of experience and that of its 
parent company (Fluor Corporation). This 
method establishes the Project. Manager 
as the center of project responsibility 
and liaison with both the client and Fluor 
Utah management. 

Mine feasibility studies, preliminary engineering, complete 
design, procurement, engineering and construction of 
mine and mill facilities. For turnkey operations or for ex­
pansions of existing facilities-anywhere in the world­
Fluor Utah invites your inquiry. If you would like to know 
more about the company, please write Business Develop­
ment Department. 

t FLUOR UTAH, INC. 
177 BOVET ROAD, SAN MATEO, CALIFORNIA 94402 
TELEPHONE: (415) 574-1111 CABLE: FLUORUTAH SMT340152 

Subsidiaries: 

FLUOR AUSTRALIA PTY. LIMITED MELBOURNE 
FLUOR UTAH LTD. TORONTO 
COMPANIA CONSTRUCTORA UTAH LIMA 

Other offices: 

Los Angeles· New York' Houston' London' Calgary' Tokyo 
Dusseldorf' Teheran' Haarlem, The Netherlands' Singapore 
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THE STORY OF THE PIHA MINE ?( 

One of the more outstanding events in the history of ~~e mining industry -

the discove~ of a major copper deposit by geophysics - occurred at . the Pima 

Mining Company's property 17 miles southwest of Tucson, Arizona. Here in a typi-

cal setting of sagebrush and c actus, entirely devoid of surface mineral indications, 

this company has located and developed a promising copper orebody buried under 

200 feet of alluvial wash. 

History 

The Pima. ore body was the first pase':·:metal deposit of any magnitude in the 

western U. S. to be located by geophysical methods. Under the guidance of Herbert 

Hoover, Jr., who was then President of United Geophysical Corporation, Robert 
.j i 

Thurmond and Walter Heinrichs -- exploration engineers for UGC -- made their first 

discovery in this area in 1950, using equipment primarily designed for use in ex-

ploration for buried mineral deposits. Subsequent preliminary drilling indicated 

a deposit of medium size and grade which could be worked by underground methods. 

In Januar.y 1952 an underground development program was initiated and carried 

on until approximately the middle of 1954. During the latter phase of this program, 

it became apparent that the medium size high grade ore body could be more eeonomi-

cally exploited if the halo zone of low grade material were incorporated as a part 

of the entire ore body. After extensive study, it was decided that the deposit 

could be more profitably worked as an open pit mine. 

In the Fall of 1955, Cyprus Mines Corporation exercised its option and assumed 

management of Pima Mining Company. Union Oil Company retained a 25 percent interest 

and a 25 percent interest was sold to utah Construction Company. 

In November 1955, Utah Construction Conpany started removal of the overburden 

,)~- Source: "Ivrining World" and W. J. Rundle of the Pima Mining Co. 
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over the ma~ ore body. In April 1956, Pima started its own stripping operation 

alongside the Contractor. Utah completed its stripping contract on 1 October 1956 

after having stripped 6 million yards of alluvium and waste rock. (Pima had 

stripped an additional 3 million yards of waste material during the time Utah was 

working in the pit). 

Pima moved its offices to tbe mine site on June 1, 1956. All efforts were 

concentrated on completion of the mill, auxiliary buildings and the water supply 

system in order to get the mine into production. Plans were underway for a County 

Road due east of the mine which would shorten the haul of concentrates to our rail-
I 

road spur on the Nogales Highway. Ore was being stockpiled for processing in the 

mill. 

At 8:40 AM on December 15, 1956, the first load of rock was dumped into the 

crusher for a preliminary tryout. The mill turned over for the first time on 

December 21st -- and on December 28th, the first concentrates were made. 

Pima started its shipments of concentrates to the El Paso smelter on 4 

Januar.y 1957. There are still problems to be ironed out end sorne construction to 

be completed; but after almost seven years of hard work, the Pima Mine is adding 

its potential to the copper resources of the Country. 

Geology 

The Pima deposit includes two distinct types of ores: 

(l) A highly altered limestone, strongly mineralized and 
relatively high grade, and 

(2) Low grade disseminated ore mineralization in volcano­
sediments. 

The high grade ore occurs in what was originally a dolomitic limestone 

which has been thoroughly altered by igneous action to a calcium silicate rock 

called tfhornfels rf ; the latter was subsequently impregnated with the ore minerals. 

The ore formation dips about 45 degrees to the s::>uth and trends east-l'lest, 

curving from a northwesterly bearing on the west to a slightly northeasterly 

direction on the east. It is quite variable in thickness but probably averages 



Page 3 

about 200 feet. In the main part of the mine it has been developed over a lateral 

extent of 1,600 feet, extending into neighboring property on the west and being cut 

off by a fault to the east. Its lower lirni ts have not been determined, but it has 

been intersected by drill holes at vertical depths of around 800 feet. 

Enclosing the uhornfelsu band is a thick series of detrital rocks, essentially 

a mixture of ae~ents and volcanic material, known as "pyroclastics". These have 

likewise been altered and mineralized, but the ore values are more sparsely dis­

tributed, yielding a low grade disseminated ore minable only by low-eost (i.e. open 

pit) methods. This type of ore is found in most extensive development to the east 

and northeast of the main lIl.gh grade ore body. It shows no well-defined structural 

form, but occurs in irregular masses. 

The principal ere mineral at Pima is chalcopyrite. There are also small 

alOOunts of sphalerite and molybdenite, neither of 'Which is recovered at present. 

Pyrite and magnetite (magnetitic iron ore) are accessory minerals. For a Short 

distance below the bedrock surface, the copper sulfides have been oxidized to form 

the green copper silicate, chr.ysocolla, and the black copper oxide, tenorite. 

Various t.ypes of igneous rocks have been recognized in the Pima Mine, but none 

shows any direct connection with the ore values. It is generally believed that the 

entire region is underlain at fairly shallow depths by a granite mass which may be 

the source of the ore solution. Granite has been penetrated by drill holes a short 

distance west of the Pima. property but has not been fQund to date"jn any of the Pima 

holes. 

General Mine Description 

The mining operation is planned for production of 3,500 tons per day. 

The pit development is laid out for a final over-all slope of 1.45/1 in the 

alluvium and 1/1 in the rock. 

Present daily production is as follows: 
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Ore mining • • • •• • • • • • • •• 3,500 tons 
Rock stripping am oxidized ore •• 8,500 tons 
Alluvial stripping • • • • • • • • • 12,000 tons 

TOTAL 24,000 tons 

The mine is operated on a 2-shift basis and equipment maintenance and repair 

on a 3-shift basis. A t this tiroo the total mine force consists of 7.3 men and the 

maintenance force consists of 29 men. These figures include supervision. 

Mining equipment selected to accomplish scheduled production is as follows: 

Alluvial Stripping t 

6 - DW-21 Caterpillar .Carryalls 
(rubber-tired) 

2 - D-8 Caterpillar Tractors 
(pushcats) 

1 - D-8 Caterpillar Tractor 
(ripper-dQ.zer) 

Rock Stripping and Ore Mining: 

• • • • • • • • • • • 

.3 - 54-B Bucyrus-Erie Diesel Shovels • • • • • • • • • 
2l c.y. capacity 

7 - 802 Kenworth Rear Dump Trucks •••••••••• 
23-ton · capacity 

4 - 802-B Kenworth Tractor-Trailer 
Rear Dump Trucks •••••••••••••••• 

1 - D-8 Caterpillar Tractor (dozer) •• • •••••• 
1 - 40-R Bucyrus-Erie Rotary 

PRODUCTION CAPACITY 

122 ~,ns/hr /uni t 

34307 tons/hr/unit 

77.5 tons/hr/unit 

122.6 tons/hr/unit 

Blast Hole Drill •• • • • • • • • • • • • • • • 47 feet/hr/unit 

General: 

1 - No. 12 Caterpillar Motor Grader 
1 - GMC Water Truck - 3,,00 gallon capacity 
1 - GMC Flatbed Truck - l! ton capacity 
2 - GMC Pickups - 3/4 ton capacity 

In addition to this equipment, a rockover skip system is ... " being installed 

and will be in operation in the near future. The double drum hoist for this system 

is powered by four 500 HP wound rotor AC motors. These motors are semi-automati-

cally controlled with grid resistors. Two 22-ton skips will be hoisted in balance 

and will transport ore and waste roek from the loading pocket (now on the 3070 

bench) to the surface. The incline railway for the Sdp hoist has been placed on 
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the north side of the pit on what is considered to be a final pit slope. The 

capaci ty of this system will be 14" 000 tons per day. When this system is in oper­

ation, the 802 Kenworths will be used only in the pit hauling to the loading pocket, 

and the 802-B Kenworths will be used to haul on the surface from the skipway bin 

to the crusher and to the waste dumps. 

At this time, mining has progressed to the 3070 level. This level is roughly 

the top of the sulfide ore zone. A drop cut has recently been started below this 

level to the 3030 level. 

Milling Operation 

The purpose of the milling operation is to separate the wanted copper minerals 

from the unwanted "gangue" or waste rock. The first step in this separation is to 

reduce the ore to a size where the individual mineral and rock grains are sub-

stantially free of attachment to each other. This action is first accomplished by 

crushing equipment Which reduces the ore to almost all minus I-inch in maxirrlum size. 

Next, water is added and the ore is treated in rod and ball mills where the 

tumbling action of steel rods and steel balls grind the ore to a size where a large 

portion of the individual grains of rock and minerals are as fine as face powder. 

The resulting suspension of ground rock and water is known as "pulp". The 

pulp is then agitated and aerated in a series of flotation machines. Certain 

chemicals are added Which have an affinity for the copper minerals and create a 

water repellent coating on the mineral surfaces. The tiny coated mineral particles 

attach themselves to air bubbles created in the flotation machines and rise to the 

top of the machine in the formo! a froth. The froth overflows the lip of the f10-

tation machine. 

The rejected material, consisting of unwanted rock, is not affected by the 

chemicals and flows out of the lower portion of the flotation machines. This material 

is pumped to the tailings disposal area where it is allowed to settle into storage 

basins covering several acres. The clear water resulting from this sett~ing oper-

ation is decanted and returned to the mill water circuit. 
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The froth overflowing from the flotation machines is twice subjected to re-

flotation in order to increase the concentration of copper minerals. The final 

froth is called It concentrate n • 

The concentrate is a thin suspension of copper winerals in water and is 

partially dewatered by thickening in a large circular tank. The partially de-

imtered concentrate is then treated in vacuum type filters Where the water content is 

reduced to about 12% by weight. The filter cake or dewatered concentrate, contain-

ing 20 to 25 percent copper, is now ready for shipment to the smelter. 

Conclusion 

It took seven years of hard work to convert an area of' sagebrush,cactus and 

alluvial wash to a potential source of valuable copper metal. If :. it had not been 

for the application of the latest geophysical know-how, the existence of such a 

copper orebody would never have been discovered. The Pima Mining Company is en-

gaged in adding to Arizonals wealth instead of depleting it. 

May, 1957 
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1~.1/2 x 13~f't(J AllisoChulmars overflow ball m:Ulo trne bill. mill 

discharge!~ at 76 to 82 pe:roent solids ;)} :returns t,c the cyclone feed sumpsQ 

A portion of t.b.e eyc'lo:oe overX-10'.tf is bled of'! ,to matn'&am co:nstar"lt levels 

in t,he s~ bO'..\OOsG The i""err..ainder :ts rOOu.eed to 2'7 to 28 percent solids 

prior to fiotationo 

The regrind ci:ret:.it consists of a ? ;.( 12-ft'j Al1:1.s.-1:n1all'OOl·s 

overnow bal.'t mill oper.aating in closed oirouit with si.~ lQe.,ino mode~ 

D=lQ..~B Krebs e:rclcmeso The eyclo'!1.a o'VerlloW' is used as dilution water 

in the p:rlm.9.l"'Y g:rlnd1~ng circuit(\' lJ:~he 'use of the reg-rind circuit has been 

deferred until 8... change in ch..a1.'acter. ot ore requires riner gr1.nding of 

either the middl::t:ng frat:tion or -the rougher coneen~tes() Durl.ng the 

fiTst 10 loonths of" 1958 ~ 88 pe~eent by w.eieht of J0he middling product 

~ra8 =200 mesh a.nd Ct~m.t.ained 89 percent 'Of 'the tota1 copper in this 

produeto 

The rod mill~ operating at l5~~~ 11l~ was charged t-rith 3<WJ1/2~in(J 

and ht.»ino rods at a rate of' Ov572 lbc> per ton ror' -th{~ tirst ten months of. 

1958 11 the October rate was 0,,712 0 It now appears that~ 4~i.no rods will 

be the standard makeupo Single wav'e (~hroL1~<U$moly steel liners are used(~ 

The init~l set of shell liners treated 1~7199002 dl~ tons of ore~ 

One of t,he ba.11 mills is nm;r operatlrllg 8,t, 160 85 rpm or 7fJ% 

or critical while the otheT one is scheduled to go to 180 6 !"M or 7705% of 

e1'1. tiea1. at an early date o Considerable incretl.3e :i.n ore ha~"'11ne~3s ha.s 

necessitated the spG&Jup of the ~111so Ball consumption for the first 

ten months of this year 'Was 1 c 079 1'00 per ·tion~ in October' t,bs rate was 

J. Q215,. Startil'lg laj~e in C.ret,ohEn.n b:?ll ratiord .. ng was l"esu.~d using one".,thlrd 



- I-.----~··-.,~-·-~---~~·-·~"~v- .. " .... ~--.-.. -....... --~"...",.~""~· _._ .. _~ .. "._ .. _~, ____ ".~"_ .. _._ .. w~.,~~~~~~.~_~_,~~' ...... '~-~ .... - .......... · ... ··~~l 

I I 
; J 

I 
I 
I 
I 

.Opan Pit 
t 
'y 

1m lined Ht)ist 
= ..... L_~~ ___ . . "i', 

.J 

.0jt·e 

~ 
,T".('!J.c!m 

~ 
$toekpi.le 

Ol"l 

Ross Fee.dGl" 
I 
~ 



r-~-----~-~-· _.'______.._'N_'_'-__ 

I Fille Ore Sttv:t~a.ge 
! 
f .. W' 

Ft'JU~ Belt Fewd.f:l"S 

1 
11 

~'-'---~~--~---'-~-~"-----~-'----~-~~---"1 

I 
I 

I 
I 
I 
I 

- - or I .1, /I'--'-~-"--="'--~" ""'--'~ 

I 
Six D$l~B~ Ir~ab~' I 

Cyclo~as i 
f i \ 
i ._, ___ ",~v._.-,.,._<"",_, Ii. 

l t ~ 
i . (}Y;·sz1."J .. U,4' Underfio'W' 
; Ii" 

I_Ji J[ I 
One it x 12 .... :tt.~i AJ.J.l.s4" I 

Chal~lers Regrind 
BBll Mill 

! i 
L __ """ ........ ~t*-1w.~~'t'~~ 



the cyclones;) 

THE Fu.,}TATION SECTION: 

middl.:L"lg pulp is betng pumped to the head o.r the prll'1a:r-j' ~~~nding ci.rouit. 



~.~ 1= r: 
_;.;' _ ... ~~l _,.f 

r--." ~ .... . 
L! '·~I'!J. .r ... L 

... -: :""; 



;' 

~_'_'_'_'_~ __ " _'_ "_' _ _ "_"_~~~'~" '~' __ ~'~A_" "_~~'--'~"" ~ .• " ,,~.-.".-............ .,-~ .• - .. -,.,- ~.~~~~'~;'~."--------,·,-----'1 

I 
! 

',v 
~ 

Si~ lOt5{'iell~ 66 ~in(J singl.e ~el"f'101>J 
Fa.ger'g'~nGl'l Flot,ation l~~chir.1;es 

r .. ; ..... -·--~-·-~·"-· .-,~~o~...,.,--·-i·---···--..................... -.... ~J 
t . ~' 'v 

RoughaT 
l'ai11.ng 

t 
Tail1~1g Disposal 

StC".t~age Area 

l 



(NIBC) are aelded i~(o the :rod rr6..11(J 

Jjilne 
Z-6~ Xa:nth::1.i:.e 
Z<<;Ill.~ Xanth~t,e 
!-!1IBC" 
Dmf'fT"')'lir.i 250 
St,oil1m cyanide 
S-odium su1flde 
Phospha.t.a 
Z..,2OO 

.6" B!.~9 
0.:.086 
o"oh3 
o.;;o9b. 

O{)019 
0(;429 
0,,014 

3 .. 104 
00039 

Ov012 
o~ot~5 
OoOOlr. 
06032 
Co010 
Oooho 



magneti.te content of' the 01"eo 

Grushing 
c000 ontT...a.to:r 
Pre3h watel'" 
Heclatm wate;; 

1,)08'1 
160 312 

2a288 
0,' C'C>!f 

... ..---~~, 



APP]i:NDIT. 

FE:F;n 
--------..---~-eicent ·_'·Cu:m:Pet="= ..... 
Size Retail:led Heta5.n.oo. --.--

0004 
19(.10 

+ 1 inch 
,,,,1 +~ it1Ch 
r~ inQ i'}.t. FI'.esh 
··!;4 mesh 

:rl" 76 
43~lO 

Tot.al 

-}-lOO 
+ 1$0 
~. 2C-t) 
~~ 210 
+ 32~~ 
""" 325 

Total 

,. 

Percent 
Retained 
~.'''"'''-~ 

o~82 
305h 
7-:>70 

13~B2 
8o?3 

65()39 

1006 00 

19(;lh 
~;6w90 

lOOt,lOO 

Cu;m~Pet \i' 
Retained • .,..,_~~.(CI,. 

41)36 
1200'S 
25088 
34.Q61 

100(000 

Sizc.'-1 

~ 8 
': .. 10 
i· 28 
1- h8 
{o 65 
+ 100 

-"l- 150 
+ 200 
+ 325 
!5t "lI")c' 

n}t:..;1 

Ir()'ttll 

Assa.,..'V Pet~ 
']:Iotal Cu 

~.:i.'t'. , 

16~~ 77 
20<])09 
23·,, 56 
25,,3b 
25~65 
21.,,1 

DISCHAHGll.! 

~~~~~ ~~~~~ 

311>02 
3097 60 99 

26 (1 22 33"321 
1'1>09 48':130 

5e23 53,,?3 
60 03 S9(1,6 
5t)lB 641>74 
4~10 68 ... 84 
7ttl~ "'599 , .') ./ 

2!tr;Ol 100~JOO 
~·,~ .... ~l"-~O"'::lO'"..... .. ~rroJt.~ 

l00c,()() 

Dir:rt:-t;lbut:ton 
"~fjri~1t-~- 9-,~~1~-

O(J60 
2 \} "'Ii.! 3t}3h 
6~91 106 2, 

13.;21 23o~..t6 
8dJ46 31c.92 

tS8~08 100 a 00 



Size --
~ 6!) 
+100 
+ 150 
+200 
+ 270 
+ 325 
~ 325 
Total 

APPJENDIX 

FJ.:sO~.rATI ON 'fiAIi.JING .ASSAYED SCltF.;EN AN11LYSrS 
_~. _.~g~!ty r1'HHOUGH . S~PTEr1B~~19S8 _ 

Percent CumcPct.:l Asss~y Pet\') Distl'41bution 
Rf;'\iaL"too Re~a:t~ Tot&,~ Percent 9.ElLPctu ----

1~91 0 0 49 3036 
6,~74 8965 OG34 80 63 11099 

10 .. 23 18.:;88 OQ28 120 26 2!~~25 
9(;172 286 60 0 0 24 9~91 3ho16 

~lQ38 39098 O~21 100 16 41"032 
60 39 h6 0131 0111 19 5u24 L.9oS6 

53~~63 100000 00 22 50u41~ 1000 00 
__ ~" ___ '._~ ___ ~_.:.I~r"'· ... _,. .... ______ .. --=-.,.... ............ __ --.:w:_. ____ ~~~· . .iI _____ _ 

1000 00 

Flotation f 'e-ed pH 
Rod cons1..Uf~pt.iOll 
Ball C011Stlrr.rotion 
C h - t ~ I. '1 . ~ ~.lv - i '\, rus er opere aa \ Sl.r1g () S n:~..l·{) flaB S l 
f·all operated (3 5hift~ 7<~daJ" basis) 
Ol"'e~ Spe,~:lfie Gr'av:l:by 

Rod mill disch~ .. T.'g:e 
Cyclone f~1ed . IJo~. 
Cyclone UndeI'floW' No '" 
Cyclon.e oV'erflmi No" 
Ball mill d:l.ache.7rge N'oc 
Rougher flotat.ion feed 

1, 

1 
1 
J_ 

54~)O5 
82t:-9'--t 
29013 
'l9~?8 

Cleallel' flo'-catton :rCBa. 
R(~cleaner flota.tiol"! :!:-(::ed 
Coneent.:rate ;JJdcken01~ Ur:.<{i·~r'f·loYr 

1000 00 

11\)13 
Oo.~;72 in" per; to'l! 
10 019 Ib e pelt ton 
86~11 p·al"\~ent 
9611-23 percont 
2';093'1 

27 0 01 
1'{o30 
16~,oo 
53 0 80 

No., 2 
NO a 2 
NO'~1 2 
No" 2 

54v85 
81061 
30010 
'19.;10 



Product __ En» 

Vd.l1 Feed 
COlle en:iirat4s 
Ta:tl:t.'lgs 

It'fill Feed 
Coneantl~a't.e 
Tailings 

APPEND!X 

Hi1:TALIl''RG !CAL STJ11HARY 
JANUARY THROUGH OCTOBER~ 1958 
~\:.111:... LA... . .... .. _ .... _ ,~ 

1081i 
26 c 39 

0(;21 

1075 
26 (i/jJ .. 

0.,13 

100000 
88.,98 
110 02 

O'~TOBER, 19,8 HEStr.LT3 
EMPIlJ'll'NG Z.,,200 AND Z~-6 AS COLLEGTOH. 
~'~"'~~."~-""--',,"~~""'~~--I~"""'. 

1078 
21,.85 
0 .. 15 

0,,03 
0«118 
OG02 

l(f"IS 
27.;67 
O~.13 

1000 00 
92 Q OB 
7~,92 

1000 00 
180 27 
81073 

lOO~OO 
36 0 0tS 
63.,94 

1000 00 
92~83 
7,,11 

100~OO 
9jo02 
6,,98 



, 
j 

I~{]~·~~· ·IJrJX8 ::.1JP }~CQ~~ :tl~1·C.~ ()j?I[;r~"11~~r::C()1\f 
~tl.'t.';""~ "' ~~~:!'.I:'~· . '~""": .n ; ' '': - L'''00\1;'·-,:" 'f'''~''''~< · ···''' ' ·'· ''~ " r .:I"'o;J._ " .. ......-a:--I'. :... Io:I'.I~ . · ..... l~·" 



Thw P1~;m. ~\:r~ b~dy 'W'~,s 'U10 ;r.j.;r~t bru:;la ~D·~~.. dePOi'B:1:~ of .ur:t 
l~4~d.tude ~n the~iKtst,~n 'fhdt0d St~,t~ fA') oej lott:rted by" fE€iopJ:~1cal 
~@1i~h.tc~:lgo Expl.Ol~ti~'ll t$Ji;lg1;..t~B ,fo:r' Umtetl: {~"'sical Cottparq made 
·t..h®:\l~ £;tl~~rb, ~~~':l;tery 11'1 t:tds ~:rf$a :In 19,O~ umJ~~ 9(f..d~ pr.baarUy 
dt~lIigned for ~ 1y.L (~fJlo:r,~t1on fClJ.:2, 1:mti(4(i lKtl:ueril d~~~!10 Subs~ 
f:rt!l~fXC lyz'elimirJWf,7l d:t1J.l:lng 1.1ld:J~~.tc(d adepord.t o.f meQ1Ul'Ji ' &be aM 
g.rad4S w"iti():h e:(,r..tltl 'b:i~l "6rOl~r.f~;,1 by undt;}~A.1d A)~thod,JQ 

Iu J~';'l;fJI.l~ :19;:2 an ln~~\J~iP-~1lnd ~~;lt71~!1tt P%~.m vm~ :i.n1t1a~d. 
f~~",:t ·t..;;~,r!1.ed1 O~\ until ~P'1)1];mr.1mat0l:r the lldildJ.& of. 19~~o During the 
l~'tf~tS}~) phMe or i11i,fj pt~~)gr~ml~ ~:t hi~ttmn1) a.pp~'i1.rsnt '~hat the: nied1um 
u}):l~ll@ high g~.1e (,~{'-$. 'b~ f.~1Ultl be mo:r~:~ {~ono:zt:desl~ly trgploit$d, ~~ 
iJ.l~ r,H.l~t.o ~~ of 1@M' gB,~l.d9 llmtal~el. '!}'b~"t.' m~orpol't~t&d asa pu,~t 
OJ: the ani:!l.N or.e h~xtr() A:i:.1:All:'r mi~ttm,s:twe ~tufq ~ ~:~ Y!'lit. decided, tl:m.t 
tl~ d~x};td.t eQ~;ttld ll/~ ~1~!llfft l}l~f~l i~.ab:i.,y "lilffJ'.tllt~& s\~ ~m open 13:i:t~ ~~¢o 

I~l ;th~ Fall of 19$!;!? Cjijfitilt9 H1Q~;J1 Cf.}l~»)[,li~~ti()r.;, ~'frol:re~ i.tiS op'Mml 
~<jjjY1 ~'9t1Jt:(Ilu6d lt~~~!m1:1~ of" :r~l1>m. l~Hxt:btg, (kmiPm:vo v·~ Oil C~~ 
:t!~~1Mld ~ 25 p8~~ilft. intti]:"atJt oo~l So 25 ~'i:"t?;~nt 1;~~lat wms obulbletl 
l»:rl' utah. C~'flll~ztl:'UffJt;W:fl (:~J(r 0 

m 'NtMr$)'11her.~ j9$',~ V~tth (1{Y.~(01t1~liQetJ..orJ\ C~iW«1'fJ4r fttartad l;~:smt,,1 of the 
+:rlfmr4l~r.en ~~~ tM s:ino].;:.!f) b~~ (l In ~.Jt 19,6$ P,:LB nwt)t!l(l i tal 
~~m ~,t~,ppl~tf~ ~~·tlon all,l~h[~ s~ ·tht& e6nt~;;aiOtoro lrtah (!:ompl,®'OO4 
~;ttii mttrippl1l\g ccnt:~tiet~ 00. 1 ~'hobsa~ 1956 af'1:.;er lmm.,g aJ'Gnl'ped. 6 
~~n 7a~ of ~&l..lUv:!.l1J;l JJm.(1 .. ~:roo~ «:F~ had stripped m 
:~~d!:t1.ma.l, , md.l.l1crI! yardtJ or ~lmStt1 ~~1 dttr!",;~ the t~ t1t~ 
~ wrk~t"!g :iu 'the pit,(,) 

Orl DOO_fll:lr lS, 1950$ the i~~'t, l~!~d of rook was dnmpOO :b~o the 
~rfJ.~h~:r tf'lr a prtttlli'~iI?3' tl~~~o 'rhea 11dl1 tu~.tlBd O''H'<flr ttt.!D thr® 
f1:t~t t1.- em, ~~el\} 2ltrt m:> am:l (In D~.,;e.ta'b~~ 26~n~ the r~lJt ow .. , 
~~'W.a:t.\9s'W'we lmcle<;1 



j ' 

nJL ~LLI;'i~dt,~;:;'DA~:j rrt/r''it~11g1;~r :«;(),:tF31"tU~~~1tWd ~{fld 
:?;\~~ ·:t.;J~, "t1:j" i!::/ $:t~r .t~l~i. f~;~l {SX~ ~;t~Je ~, l;~\!l~t! 

(ii-,3 i){;(i~U? :}%'~1·a';:~; '~!$tS tJlrig:.li;;'.'311y ,9. doJlJJJKCi 1~:~,!t~ 1:bn!:1erfA1:tll~ 

'bjl;:'>t~:i~:([?h:J;~V' al \~e:t1wd by ~[~?~:~1t.f~.lI.'1J i.;!.t'l;t~:lC? to t\ ~!d?c:b.;ml 
n~hlti:'·; 't~.l.;r!(;1'lt:H\fJ ~ tghc~ l;l;r,t~·{;.fZl:f.'" f'!~~lS SliJ.i:)t%;;\t)iu~:rt.t;jr 

{'J:;:'''~j m~t;::,l.£} r't1l.!.~ ,= 

~ .. :) ~(.{®~;lt~~~j~f~ ·;t);~} ~t~~~~) f:l(>t.l t~h 9~~:!f~ t;:tT'~~11j;~tl~] 
!?J:~)J·~t~~(lw~ri~{~gr~(:~t··:Jt:.y~> 1~®.~1~f.<tr.'!.~: ~;~~~', ~i+l£ ,m t.;r·:a~!t~. ~·· to 4'~ 

d::Lwf} ;:rti';)H (');t! tht::· 0~~'I:rt, ,:, :.rt. l,fl qt:d.t~ ·~'l'Qi.¥'-:!.~ibl~ 
:~i.\n':~}: ·:~r,~gos .~~l(t)\)lt Q(jf.j f~xjtJ) In ·thtG liw,lrl 

'hp? '~i'. /' 1;'J.':>'T:f(·,,~·'{I,r"~'1L,~;.~:j '~·:f!rn'.>t ,:\ "'l:~+ ... ~,."",~C\!q~ t;)l ·lI"·l·~l'·"f., h.f' "ft too 
k ) . .p~"..·. · • ..[", 'lJ , .... ",\f:· \,t.#.I~~Fftd ·c..?O, i;,.~ \\.,J".·VJ;, { .... :. J,,,,fJiJ.,.,../t'C- j.f.Il,J.., ~,,,"Al..I4 ,.1;. '1>.>' \,J'.,L "-'~f) ..... I\' 

i :: '\~ ~lr~jhb" v:l"i:i1g r)i:r'2.D!p\j~1:""i3y an tihEl '(.1!$s1t iLu;ld ~)$:tng i:~ut 
'f~f) t~l:.n t!;;::~\Tr(" ,:) Xtl!l; lat{.;F,t~~~ :t:h~.d.t,D hav~ not boon d~t@~!\r.tnedg; 
i'{:tt!En.'\f}ll'!~{rt;€,d. 1~ d'):~:ilJt holitilG Sl:t vc~;t"ica1. d~ptrlS of 

ux.'·::n:nJ::t CliO :ti'~}If.;·t~l f) 

rCi~;J~~t\J~I:JJ~.g~ lbJ:1\'~~. 1 ~ 1~4 ·~tf~r~e·~J):t}:jY!~ 1'J'c"Y~1 ~tfj ·v. tt~j~<t-k ~(~:l~:Jr-e~ (,r {le·tl~ ~:t xoolt:tl~) 
(~,;:;;;';};v:i.'t{~:L~~11y fB; } ;t't~:i:tL~'~~ ,:d~ r:~ 'G:{:~.:iJ~;!~;~t~& and '\f!,')11~®J'lie !t!$1'he:n:~'~al;i) knG"1.~a as 
H:P:T;:~C)t.;::j~~Ir~t: :i'J~l';;} ?~ ,Thl[)£~43!;\1'fl.'\;'(1', "1 ilk~)j,,,~~~ 'Zl~~ h ·~*~'.fl a~ "t~:r'~l aM J'~~t~l~:"tll1'1l.'~ 

?:n:rt '';iH?t (;9:r0) 'VB( ; tH~:.!.i', ;rU'!~~t _:.I::';'~' ;;"-'~~'·I":'.~"'; "I~~a~~.~!;:!,~.,.1,.,i~.·~,.~.·~i,'.:,~"rt,~_l~,. "~~,~~,,,:,~,:;,,~~,j;,[., .'1, J,'11" :6.:'). ·t;.~~,1· :J~:,'i' : "t1;,;-- 9 
gl\~~)(~ ;,::t ~I:Lj~;E1';~1!}t2y~:~,.Fi.·~L:-tj(~1 f :. 7(':{:; " ,j!L ___ A~ :_; _: r.''':-~ r",J.'~'~:"~if wr; ~ · ;./~ .. ~' - M'r .• ",:. ,\'~, ~ '.Ai - ~ __ - ~-.!1r-Qi.a i\.: } 

:~~n!2:'1~~hl;}(hL Thitl typ~) ljl';,<',e is .f.o'tttd 1~~ mt'i3t~;:t&'tl~~1:,{r¢~ d®'\icr~lo¥1i~'d} 
tJ!::ll("itlzG;}ltrl'~ o:t' 1thtJ yae.:tn high g1".ad,et o:tW bl,,.,Jy 4,} It~ t~~htOl;1iS 

Y~1~\&t~J'~;::r.d~:r;'~~,al :;,::'Ol"t'!t;:jl btr~~, €j,t!1"~1n~S 'In. iJ'(l~tagul[iir,t m.IDl,%1f.H~&(" 

~r1.~\i~:i kjr~·~~.~~'l~ :l . .r.;~~!t~~J ~ 
~;~1';.r~,aJ~l.t 

iXJ:?,'~ i'~d,LW :?'D':L ~;t Pi\~~:t itf. {;.h~~.1eio:.vJr:~-·i ti!~'~ Thnre Gxr's l\li~t1:~ 

~b!& t:1:~n~~O~;~,':~:~~r~:p (~~:!!~~I,t~:; ~~~;.~h{)~~) 
!?<:;<:t" S), £J;horf;, d.istcrt;}::~e 'bml~:i'7 \~h~l b~h"C~fJk 

H~.iiJ:~; !.d0J hr~:~tG l~[~~n oJ'ddiged t;O forl:1 't.nt';.' ~1~t~H.m(l 
i? b:r;VE'j~>:1~ i:.'f:1.,l ':l~',0 ~41,11d ·the 'blat~'k fj{~jp·1-'~~ ;y.' n;~:ld@~; tt;rl:tCll'~;li;i;,m(, 

It: ,,1~A •. ,(:F!;','J :1 , F_\L;,:,r"itt,:~:f;i'~ ';):" V } 'ire; htl'~f'i!1l> 'b"; ";t~1 'l'<,:r,~'~I" '~f:'t<;; ·~ ':'r. ~: !1 .~ ~ ,t-.h~" 1':"~( ~~'!. M4l T,;~~\ __ ~ .... - \ . ~ ... A'l.-t ; vr(.~~ .. I·," ,1f· .. 'JJ , .. ~~ .. ,l., "'~''Ir'I!I~l6:~.:rt..u..a!j ·~.~ J..c,.;)~ v·~"·/fl . . ..8~{~ . """~,9 

V)u·{:. non<i e;}~M!.i.IS(:t.1.,{pr:!.w1.tl1! th~ 101~~ vdu<~sQ ~t·~ ie 
g~~Hl£{t~'::jlI:r bi[~1.1L;X'v '~~il th~:li, ·trhiPJ ~:nt1Li:i~ ~,!,$gi~,~x1 is t!IDd0r'lrl~ ed:. faJ..l"ly 
1~ht~11e'i: f;' (9Ji:>f4th~ 'OS" a gJt2::ntt,~ m!'J~;1~ Ir}itd,c;h r~t~a;;l' ba 'l.i:'he SOUl'1t1'S of' tJ~1t~ (}r~ 
.S}o'1tltill'.:(r.;:c' (h~\'DJ'dt,!fJ bnBh:~~'~:'.r;1 p~:nm"f~l'!f.i;·ti£Hi by driJJL hCil®s a shc·~g~t 
(tils1; fl1:'{;,f ! t~ ,(?,~-~t c<f t.b.{J: PImtl In,,{l~f.i;r-li::.gl'' l:r.:d;" h2.ts not 'bi!ten fe:r;md tt) date 



r 

~Eh~ t.'}l"t det,#\f;~1f."ljf~~t1.1,~ i.~ ltd"d out f.~o'X~ ,rA f':bltU (J17~~~t;,ll sletpta} of 
~:LJ! .~;.{) 1 :tn 1~hH (~llU'trlum';i} ;j.{}'t!hank he~Lg!':r~.t:lF: 01..'6 t,.o 1 Deu"'.ikslopesi\I 
~}'l(P'ljfl '!'Ir..t"",.<'\)~·~llJ<lf,' .1~~i' lI' .M~lnt: 'i';:.'*' t~".~,'r& 'i'\ ;'~\!e:~;:); Pl.',!" -1'~"!t'1l- .\a\~'~'Ij,<fO:i'~'·: t"li~ 'I',~ .. ;.~lll _/'I Ot!U· ·':l>...~~l.'I'!:.~ ":l3-' b.! "":....l."u~ .L •. ~ I.~ ~;J.~.~~.~ "'......, . t· .. -l .d .. ~",. ',J·~~ I~.~~~" 'b'f~ \J,jL.~u ~~Al,r.i.r .. "4-\i J.tr..M~ t\lA"~16 -\~ ~.& (J,.,/ u~u 

~1J.1~ l~tf~t tiM!~ iD. Jf!Ha;~U"~~;' o:f' tl'c~rtoot~.,Ot1 :~'J!-lQm ~~~t(t~~~d:tire slorJ..~~11.1g(.) 
ff·1 'lI'h< .~ ""ll #mlft.;t'f; olJ-, .. ".·~~· t'l' ':I~ · ·''' '''''1,'''' ~ "" ;~1' d ff?i.1o'l'*'loo . • ~J:, l ' .1: • • ,. "r ~'ir\l.'l.b. ~d' fJ ·11 ....... ,...1·1"· '(" \<":i~ tlfo~;t!.-
ri . ~~>l,~!?i!:h.J" 6~.Jl~1ol"r',.J~... ~~.~ .~ ~~ '!!.." ~~.!.1 ... ~.~·f"t .... ~::, •• {/~'~\! ;· • .. '.. 'V· v.(..~ t:in r..) (I .'~ i,.f~..; cf!Ql ·.fv~ .. ti ~.v ti~~&h~ i-I~~~a.~:i9 

Oo ,;r7~; t~ 1.. K:\\~1.nk ~j1j .. tli~e5lj' n.n.d al\i';e:1~ID.~11~e 1011 aJ~"i. 40U bG~..ll.OOc 

Q~;do~ It~hdJ~l~r ' :.;· 1;.:;. ",~ ,,', Hi' .,,. "" ... ' '.",. """-.' 

Ii.1N.llk !illt.$~~~I~p~lY~lg ~:~.~d i~jttdjtJ~~ fJiJ:t0' 
A]J;tnfjt~l!,l N1tj~~i.pl>j.'t::i!2{ .. t> 

:L~~t\~ N:t'lM i~ t'~EftJJ1·"j?>'~;~lld. C~ · ~i\ :l; .,t.~hi.ttl:id\tJJ;ii] amd ;~fitd .. l~~m~ Yl.!alID;t~~1KS0 
.m:ul ;t~f.~pa~U~ ~.~ titlt!}~~ ~n.1t iti ~)lQrtl )~t1f'~~ ·lH.1l!?\jt,w;.; At this t:.Ur~ the t,0t~~ ~~ 
~e'I~JJ.P.'t:ilI~! j1.~\ll'~l!f~;'·~) 1\).f ,,,::t!~ }jtE?fil tlr:,d. 'U"1€~ 11:}Ed,xttt1a;itllmfia f'o:f'l:~~' tflQ~m$t~~ of i.(~ 
~M~Ii~.o T.h(~£'~~i :r:~4ti:qzt'~I~ :i:r.'1fI.lu.~~I.2: ;tl.lgy&"11'9.r~d,,'~1",,:, 

J1:1n:1x).t.!~ ~;{j;~~i!1w::tH'~~ tU~l.®(~~·~~i~d. t:;i;J; 0t~l;~till1f.(ti,~ J~ohmi'.'.hilj~~it lP';r-odt~~1et1ca W 
il\l1t f{t?/l.:t©.~l~ ~ 

Pi~OD·OCTl(}~1 C·,APAC1'TY 
.'M~'~'IIt"""""-'-"I$;'oU"_"""""'-'_I&.~ ......... ~,",""\ 

() ~. 

2~ l\:~ 

,* . 

. t ~ 
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Getn~1fU Hil'l}St If i~':i.pti.(jJn~ ct)nt1nued Page 4 

PRODUCTION CAPACITY 

!1~ .. ~~!:~ and Ore }11~11i.!!&~ 

:3 ~;. S4~B Bu.ey:ru;~"",E:tbta Diesel ShovllNtla ~~ 12305 cubic ya.rds/hour/un1t 
:~i cubic yard {~f~.q:VlCi ty 

7 G11' Bce K€~mmrth Rea~~ l)UJUp ~Ttteks ,;:0, ."."" 4S;)8 cubic yards/hour/unit 
4 c;, 802~B Kenworth 'l?a!~t;ol~'1~rai.1Gr 

R~"l..f9 Dump Trnc!f.8 t 'l"> coo "'" - .." ~ "l) .,. ~ ,9 r) 0 cubic yards/hO'O:r/uni t 
1 "'" Dr.:?8 Ontsrpillar ;:rracrt;f.,r (do~~er) <=0 a. 

1 ~" '~lestflU1 :Rubber \rl;~ed ThJ;2\er ." 0 .." IX> 

1 ~ 4~R J1UCYTuB=l~r:l(l Hc)ta17 
D1Ja,si~ Bola Drill UT> .... - ~"' ..,. - '. = ' .T; 4~ 0 0 feat/hour/unit 

Genew ... ~ 
........ ~""'tW~.:J 

1 ~.. ~J~c, 12 C~:c:&ll!1pilli'llr P'.iljtor Grader 
1 ~ rn-1C; Water frru.~~k ~ 3~59!)ga11on Cal:lP.A!1t;y 
1. ~ CtMC; F].Jltb~1 r~iI<UC'k ~.. l'i ton caps.ei'Q? 
) ~ GMD :P1©lru.ps '!;i .3/1t ten capacity 

In addit·1ol'A 'f.8() tl'H9i ;,00V8 listed @quipil'~nt~ ~ N)Ck~ver sldp system 1s 
U1l1Sd tvO ho~t.~~t ore U j,d 'Wutft. from 'l~@ 3070 bench to the surface ()31Se)" 
"'1(& double d!~.1nl hoist tor the syatif'1l'a 1s pt.m'creti by four ~OO Ho Po (17,0 
ru~M) 'tfOUM 1.~iN1;'r AC motorso The hoist is so!l1eMhat. unique in that high 
apeod AC MtOr.~ are U:1)eQo J'fha ttnl 20 ton skips are normall1' hoisted in 
bt11~:e but ~1 b~ t~l""a~1 se.pal~tely (when not loaded) lJY tmelutohing 
the d~o ~~h! h(llit4t I~pe ~ is 1650u!mino 

T'b.e 'inclined jf,d1.l!,~l' f~:t.(, tho ~18tem has been placed on the north side 
ef th~ p1t~ on 'rJlhat it} con.td.dfal~ to be a final slopeo The maxilvAml 
capaci'ty of the :I.}'-stem :'-.G 2800 cubic yards per shlf'to 

The 802 Kemfrt.rth truclt~ 8.ra 'U~ad maj,nl.y in th& pit hauling trom the 
5hm'sls tl.) 'tha sld .. p loading strl1c'ru:r~ and the Kern,mrth B02=B trucks 
are 'U$OO !a1.nly en the r;ru.nhace~ hauling from the h(ladframe to the 
cru8he~r or the ~t11 dWl':ipo 

At thi.s t:t~ llt},ining MS progNssed to the 29S0 bemho This bemh 18 
rOt1gh~ !r.t1O teeio belmr f:.he 3ur.f:'ace 0 

The Olroe baing min.ad varies oOM1derably in grade and bleMing 1s a 
pro'blcmJ.o Umlal1y one shcifV*:~l :'La worked in h~.gh grade ore running trom 
3% itO 7% t~OppElr and one sh(YVol ia lforked in low g-?ade :running from 
006% to lf~o.t Ctopparo Tl'~se classes ot ore are being blended to 
about 10 8,% eoppar xTdll ha,~d,~ 

To date 18)312$l~'! tl')llS t~f ilY.t'8 averaging 1,/1L% copper have been mined. 
~Jld miD .. G4io 



• I. PIMA MINING COMPANY 

PIMA MINE 
TUCSON, ARIZONA 

GENERAL AREA MAP 

~~. -~*.-7'--~-j . ::,,~ :--- :....:..~~'"7"':--·.,-~7·-+"'C-~ . . ~. ~' .•. -~-~--:>-- __ ':~_~~~~:,.~,_ §B IGi NA.t:._._~_~:.~~ E. ':'7"~~':~~'.-~-------,-.-. - ~--C __ ,', __ -.. 

3300 

3250 -

ALLUVIUM 

3200 

3150 -- -~= ~~'T-;~~1f~E~:~-: - . 
3110 

3070 

3030 

2990 

2950 . 

2910 

~2 870 

<'830 

2 7 90 

;:.750 

'2 7 ~ ( , 

2670 

WA S T E 
. \ 

/ 
./ 

WOij'i(ING 

T9P OF BEDROCK ", . . ·' _t ·-:_ , 

:BOO 

3-200 

-r-t'--..... g;;~1t~(;'.cOM'1Ri~t"'\" :':\ f::"'":~;"''-'-.. ~,~-; 31!>0 

ORE 

CLASTICS 

T-YPIC AL S-E-£T--t-oN ' 

LOQKING WE ST 
''',,''"IC SCALE IN FEET 
~O 0 a ~o 

AIME OPE Nf»l T SEC T I ON 

ANNUAL SPRING MEETING 

APRIL 25, 1958 

, \ . . , ·3110, 

- 3-07{) 

3-030 

2990 

2950 

2910 

28·7<) 

283-0 

2790 

2750 . 

2670 



.. ,' ~ 

::,* 

Dtu!tp 

CRUSHI NG · 
.:'&'1l~~"'Nftb..wn.~u.lt~ 

'l'r'lCkS 

"f ' 
·r .. ~ ,if. r. "",/b,~ .... ~ ~ .~ 
: ,-' ~ ... J 'I. ... .1'\,!.-, olio ,,\I,, '\iii 

or 
~ -. '~'-"S Jlf!l\."'\dC!l '~'" 
'.- \>1 .: " jj;. t .,. "'" \ -\t, "" . 

4: . 
,I 

) 

= :5 '.7. 



,w: 

Fine Ore Storage 

i 

f-"" .. ··_'_M~_"'- i":'-=::=:.:lf'-=--=::=-" ::i-·--·-·~M·-----l 

1 (,,'U \l ~~ ~~ .. ~ '/:<l'.t'i< 4. t ~..,I' l·(..'" ~a" ~(A, " t ~,r,:, ~1' "~ 1, ',) H , A 'I, ,·ll:1.':~ j ... ..,. ' ,' 'I', l~f ~'V.f~.~,.k. ~~. t::;· t:. l:lit\'~J:~ ... t.Ji'1.,,·;U~lhP" n', rt .rl~ """"'tJ..-,,,",P 

Type CT Pump 'rype T l~um,p • 
t __ ·-'-"--r··'--.... ,,,·· __ .:t I 

,t:S ], tt;~ t a ti Of:-!, 

.M ~J; ddllx.lg 
i 

t t:; .1t1·');'Ul-.lt>)I'·'l;::n..~"Jq.l'!:U1'K~J~~l'l"fY-l~11'Wt1\'."J.n"rt~.7rJ~"fo.lo .~~ ·. 1i~ '-P "' · . . ' ~It 

~t~ 

C: v,~.iLO<""B Krebf~~ 

:~ 

(; '," 



Cleaner Concentr.ate 

} 
1 ~ 4 cell 661i

@ Slug Ie 
{werfiow Fagergren 
Flotation Macnine 

",----t------, 
Recleaner Recleaner! 

Concentra.te T~l:i).,;tng . I ~,,...'''''.-....... ,-,.. .. ,.-"... ---'-'~~\ 11'0 Reg rind or Ih~ad of 
t Prirllar}' Grinding 

50 tr Thickener 

.r-..L..if 
Underflow Overflow t .L' __ ........... ."...... ... _._",. __ h"'''"' 

1~~di~H: 6 11 Bimco 
Pilter 

~~ 
CC;llcen t 1"8. te 

Stor~tge 

," 

I 
. i 

. ! 



PRlr~1ARY BLASTING WIllH FRILLED AM1VlONIUM NITRAiJ;E 

Isbell Go:n~trl1ctlon Company 



) 

.2$;? 000» 000 tons of ground with Amro.on.:lurn Nl tratss (} Two «3thil'ds 

of~ this being with fel~tilizel~ gl?ad(:l ArrW101uilffi Nitrate prl11s 

and fuel oil j flnd the remaind@r with cOmYtierclally prepared 

:n:i.tro-oarbon llltr~at;es; Carbamits J LDX~ tina NP161., 

The ohange to fartil:i,zer grS\uf) pzaills 2nd i't;iel oil, 

gallon ot fuel 011 is then pout-ad :11,1tO e2ch 80# b2g~ and 

~/heXl allowed to Sfj "t fo:.) 4,5 r!liXHltas so the exceilS 0:11 will 

draln~ the l,:;ight~ ratio of fU01 oil tit) p!~il1s is obte.lned@ 

In the beginnlng the p!~im,ing oharge used. vue.s 60% gelat ill 

dynamite, 8 x 22 Amogel w whioh was split on the sides and 

dropped into the hole after the primacol~d hsd been lowerad; 

the prills now sensitizad by the fuel oil are poured into 

the hole with additionsl priming chaj:~ges added at l.ntarvals 

v.n:i;il the prin1.ng was 20 to 30% by vJeig.'b.t or the total charge (} 

In the event of decking the ch&rge~ a new primaco~d line and 

was oompletadc Using Amogel as a pr:tmars ~i'ihe net l'~esul t6 

W(JlJ?iJ equtll to using a L~rf% 8tl~aight dynamite c Thim has held 



true fo'i.~ blast holes ranging in size from 2 311~n up through 

9i1
, in. all types of ground$ Andaaitesf.j PorphYllies~ Shales~ 

We have maintained our hole 

spacing ~~d burden oonsistent with whst it would have been 

with conventional explosives, varied of course to su.it the 

grovnd baing ahoto 

Be.,fol'fe going fUI-ther, it must be s·tated~ that in 

extremely hard gl"3ound. where bit cos ·t would be prohibitive 

to close up on spacing and burden, it is our custom to usa 

it col~~~ of Amogel together with prl11s and fv.a). oil to get 

a denser charge where needed. Also, In wet holes, Amogel is 

used to raise above the water, and than the charge is com­

Pleted with prills and fuel 0110 

At the present time we are using ~OO grain prlmacord 

in one foot; prepared lengths, tied with rubber bands to tha 

standard reinforced 50 gl~sln primacord at intervals through~ 

out the chaI~ge aa a p~~1mel')fi< This use of 400 grain series 

together with delayed shooting has given excellent results 

in the pionesl" work Vie al~e now doing at Duval Sulfur and 

Potasho We have pulled. as hIgh as 35 toot tOG on 20 foot 

hole spacings:1 in what we wouJ.d nlassify as medium hal~d 

grow1d Q Better fragmentation is quiet apparent as reflected 

in reduced shovel wear and maintenance" As to ~ehat the 

u.ltimate y~esu.lts will be regarding comparlaon to frtraig..,ht 



dyrl.amites when working on oonventional benches, it Is hard 

to say" but indications are to a better than 50% straight 

dynamIte,. 

Regarding powder ractor~ we are conscience of a good 

powder factor but are not w1duly i~11ueneed by it, at the 

expanse of wear and tear on equipmE:Jnt& Afaw extra pounds 

of powder to make better digging is well worth the price~ 

In comparing oosts betwGon 60% Amogel~' pril1s-fuel 011 

with 25% by weight Amogel~ and prl11s~fuel oil using 400 
~eries pr1macol'o.t, in a typical 9n blast holee The results 

are about as follows: Prill:·:~ru.ol 011 with 25% by weight'; 

Amogel is 65% less in cost than using all Amogal; Prl11~ 

fuel 011 with 400 series is 42% less in cost than prl11s~ 

fuel 011 t AmQgal~ and is 80% lass in cost than using all 

Amogela 

Other properties that fal"'tll!zer grade Ammonium 

Nitrate prills havo 8 1s safe handling and easy storageo 

Our storage faoilities consist of five well ventilated van 

type seml~trailers, each with a capacity of 25 tons of prl11s~ 

and parked near the plt~ Handling is safe lfprl11s are 

accorded the same respect as any other potential explosiveo 



t~iAIN'I'ENANGE PROCEDURES AND 11IE NEED FOR ftJJEQUATE PERSONNEL 
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By 

Me> Ho Nicholson 
Mechan1.cal Superintendent 

?~O!l . f1Ain:U1g . C~ny 
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p;reatest inventlon of.~ a:;~l t :lme» f\-:lP eve!i~I'y present day m8:.chin~ employe 

the pr1nciple of the wtN::el tn ane form or anothel'c Just when the tllheel 

ca.rne jnto existence 1s gl~l,ded in the dim shado\'fs of c.1v11izat:tan~s 

p~U)t ;; It is sate to asZW1\9 tha.t it was first used for the transport 

of material from one pla.ce to another and 1t~ is conce:tvt-.tble that this 

mater:tal m.~ have been for' d~j'v'el1ing constructionG It Is d(JttotfuJ. that 

the first load ¥'la'S of rtlcJ:;erial fran which rfH~tal was to be extracted 

but by the mHa.~ure of mi:U1 t s ex1s'cence on. earth, thi8 p:r'Ocess \'laS SCtX'l 

to fQllOWr; 

a hole in the center lnt~o vID.ich the axle \-/as affbcecL In all proba.b1.1:tty.;; 

the axle was made of \:vood m':' posslbly stone 0 But regaroles8 of the 

the ma.:lntenancB of' the mach:l.nes \'fh:1.ch he has created ~ 

Webster def:tnes mrunt;e;nance as ua ma1nt~aining or betllf1 lTh'j5.nt.alned; 

In a 11te!'8.1 sen5(~ fI rnalntenance 1s the everyday attentlon ","JJr 

lubricating, cool:l.ng~ cleaning arid the compensating for we2.W or 

o-f component parts 18 dE:pt!ndent entlrely upon the effectiveness of 



the daily service al1ott'.:~d toW'ar.~ ltscontlnued u.sage ,., SInce the 

dependent trpa'l his ma.ilrtf.ma.nee prog:r~un ,) '.Phls if'!E,y be demonst.rated 

today in your own operatiOtlB () T.magine 11" you v!lll;, how loryg the 

plant would operate :f.f' 'the maintenanee program were to c(-:aSf! (> In a 

fe'ltl shor~t days the plant wot.tld fail to funetlon" 'I'h1.s f9 of (!onl"se if 

practical example or this importanee rIlft.,V bf~ observed tn th0; (1hoDB 

a roo(~hanlc 'I s shoulder \\'htlf": inquiring TN"hen the rna.chine IJrll.1 be 

back to the .first repair j Db .J H1sto:r"y does not reco!u th~7 t~rue 

date of the first \'theel nor does it mentIon thls ~ ~ over-thc"""'should.er~~ 

can be 5U4.~ that the f"1rst me(~hanic was not alone ,; 

main 'tategol~l,es: service.>J scheduled !naintena.nce B.nd unscheduled 

.f.Ltrther d.i vlded into m1re t mi 11 and e lectrtcal maintenan~;-e groups 

wtrl,ch may be 3upe.Mrlsed by on{~ marl or splIt into various re5pons:lbilitle~s ,: 

my corrrne.rlta are intended basIcally in f5upport of this type of 



When a maintenance organization 1s established it 1s normally 

headed by one indiv1dual who is responsible to management for the 

entire programo He is supported directly by his foreman t his craftsman 

and his warehouse organization" Indirectly J he 1s supported by 

manufacturers v parts supplies, service personnel and by vendor shops 0 

rue to great diversification of demand and application, there 1s no 

universal organization upon which he may pattern his own organizat1ol'lo 

FUrther, procedures must be var1ed when he considers the type, quantity, 

and schedultngof equ1pmento Available shop facilities will vary the 

planned program as applied to his particular operation CI 

Service procedures are basic and involve the fueling, lubricating 

and cleaning of machineso Equipment manut"'acturers supply adequate 

service literature with machines r.rom which an excellent servic.e 

program may be drawo 

Some manufacturers ofter a prevent at 1 ve maintenance program which 

may serve as a base f while others make no recarmendatlons 0 A procedl.lre 

based on past operation or experience may be formed. but only thl'Ough 

mach1ne operation over a given period of time can a true preventattw 

maintenance program be scheduledo The time period Invol ved may be 

subdi v1ded as follows; 

Fran 0 - 2500 hours - A period of acquaintenance and observation 

during which time performance is only indicated 0 

From 2500 - 5000 hours - A period during which performance 1s 

recorded and some component life expectancies may be established~ 

3 



From 5000 - 10~OOO hours - A period during which total 

performance can be critically appraised and true preventative 

maintenance can be scheduled to apply to future operations 0 

But regardless of how rigidly the service and prevent at 1 va me.intf.:fuinCt;: 

programs are stressed j these two procedures are contlnually interrupted 

by the element of unscheduled maintenance or breakdown of equlPlOOnt 

which may necessitate sacrificing one program to accomplish major repalro 

Depending upon the severity of the breakdown and equ1proont t.ype involvoo;) 

it may be necessary to reschedule equipment to maintain pruduction at 

normal levels 0 In maintenance shops there is an axiom which goes uwhen 

things get rough for usJ) the rest of you people are in deep trouble" c 

'Ibis 1s certainly tru.e j for when maintenance organ1.zatlons fall to 

provide equipment on schedule ~ the whole plant suffers with theme) 

In cmtemplat1ng a maintenance program~ adequate shop facilities fi! 

warehousing and personnel trUSt be consideredo Shop fac1lities depend 

upon area location and the percentage of repair to be done on the property 

as oanpared to the arrot;nt sent out tor repatr at other shops':J Parts 

warehousing is established by plant inventory allotment levels and 

the ability of vendors to supply adequately upon demando 

Basic persamel requirements are estimated on ~chanl{~al man-,hour's 

available for equipment shifts scheduled o Since there are so many 

extenuating circumstances involved in this evaluation, no lndustry­

wide figure can be derived which might apply to all operatlons o An 

area check of five properties in this vicinity shows an ave!~~ of 

l4063 rrechanlcal man-hours available for each equipment shift scheduled" 

I, 
1.\ 



Serv"ice Pt'!rsonnel ~ 
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lWf.~ Ide!"s ~ 
"'<r.C:'.-.:"."'1":!":"~::-:"'!':"~¥~.-r. 

'Ire personnel in this r..;:raf't are 1nvolvc..-el in the fabrication of 

new c{1{r1ponents and build up or repair of existir~ COHlpOfl€ntso 'Ille 

supply ot person.'1el in thi8 c.lassification 1.8 adequate and 'the 

supply appea.rs adequate o 

MechHn1.cs~ 
2";1"""..!!:.~""'::-~' ;"::.~!~:;";;.:r.-..,r;:...~ 

and eventual life of equipment,:, Recent tFdde and technlcal journa1s 

!he fw:;t; .()f' theIr absence is borne OlJ.t. not only by 'v'lrtut:11 ~t; open 



five to seven years beh:lnd demand (J 

f',t'om t>ne mine in the area indicate that the average age ls li2 years "" 

18% are 55 or older; 29% are 50 or older; yet only 22% ar~ under 3:;" 

The a~{el1>age education level is 10th grade; 7,.,,1/2% hav'.:,! had one nr' 

procedure of a uni~; " 

also instruct the inspr~;:;t. lon!f repair and re.1nstallat1on of parts 1.1'1 

pr'Oper sequence and srx:;e1fic.at tons" A shovel hoist~ drum sha.ft rer'nlr 

is equally s:1.mpl1t.~1E.!'(i (ty thls Tl1€'thodr:, ~rhus, ir:t<li vidual In.~)tn.I,ct:ton 

is made avail.oCl.ble w'j,th)ut loss of supervlsol'Y time and little losn <)f 

productlvlty f'rom the '.' r8.f~·s;Tt:!JL Instructlon mH.y bo and Grlould be 



Presently ~ ther~ fLY"~:;\' no such tr?.J.ning atds available to us but 

equIpment ma,p.ufactu:ret~; !J who invest thous8.1'1Cls of dollars yearly 1.n 

cm~tly using plCtUl~S in these publicatlons f.rom t.helr Ok;11 f"1J..rnlng 

processes SI would be recept:tv€' t.o t;hls practical tra,ln1.ng method if <l 

strUlg demand. WdS madE~ G 

C..ono:tiderlng agaIn the lo(~al SUIVfJY of m:tntng properties 1n the 

In the next. ten ye~~ ~ 33 will have T'eacherj the T"et :11"f~ment R~e 

of 650 Forty vl111 ha.'\tH boon lCAc;t; to other fields and other ~1obs () 

is calculated that a 20% In.c:r->~a.ae 1n procluctlon t.n.ll dariand an. 

tr-crlr~.in.g 1n 8ll.tornotlv8' mr;(:banics stress €~ngj.ne r<.7pa1.r ~lrld only toucb 

8 



adept 1n tra'i.nlng; "A> and ~~hich '~le can watch rn-ore clnse1y due tn the nattl1'>e 

of the repairo Also~ the p:Cf.~8ent 'tI~nd to engtne repalr :1.n dealer 

shops reduces the deniandf'or hig;h technical sk:t11 tn th1.t) area l' 

rrents is entlrely our r~sr)on81J:rLlity,:) Not only thQ nineg;; but alno 

ment tONarrl appreJl't:tcechip trai.n1ngo Regardless of our present views 

state') Tols agreernent ":Ot~ld include ~ 

2 a Ol'gart1.Z('-¥J lnat.:rLlctlon in the claSS1"OtCrn and ontha job", 

:3 0 A schedu141 of \'iork p!~~esses and a number~ of hours 



50 vlagea and hours of worko 

6:1 'I~he number of training hours required for the apprentice 

to becam:1: a qualified journeyman in the trade f) 

~l () A grading system for both classroom studies and on-the,··j ob 

training which would serve as a guide toward advancement and/or 

addit10nal requirementso or course, grades would also be used in 

determining whether the appI~nt1ce should stay In the pro~illn0 

Classroom instructioo appears to be the greatest dra'wbac.k at 

this tj.me 0 Lack of both classroan facilities and qualified ins,t;ructors 

are contributing factorBo However, I reel this 1s a problem that can 

be worked out through cooperat1ve effort between the public school 

systems and our own 1nstructlor~1 potentlalc 

CUrrently ~ the traditional ratio of one apprentice t~o ten journey~· 

men applies and the number in training 1s far below this level t, r 

suggest a more practical, ratio of three to ten in this classification 

since the- finishet:l product will not be realized until 1967 or 1968 0 

Gl1()llP trairling in the classroan and early stages of on the job ' trainirltS 

is as easily accanp11shed as individual lnstruct1ono Employer's should 

consider seriously an increase in personnel authorized for maintenance 

departments to allow for these trainees who a.ppear to be our only 

source to fill present and future detnandsfor· skilled craftsrnen o 

In surrrnat1on, I appeal to all of you to consider strongly a joint 

demand fo!' supplementary tra1rdng aids more suited to our requirements 

that we may stock ind1 vidual instructional libraries for the upgI-ading 

of present crews and the reeducating of future crews 0 Further, let 

us cooperate in a concentrated study toward immediate participation 

In apprentice training, which will be to our mutual benef1to 
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PROGR.AH: 

Ao I. M. E. 

SPRING OPEN PIT MEETING 

TUCSON. A,.llIZONA 

April 2$, 1958 

/ 
I 

9100 AoM~ lID Registration Oat Pima M1ne~ General tour ot open pit. 
Return t~ starting point at approximate17 lll30 A.oM<~ 

12&00 N d!>Luncheon, Karich1maka ~~vem.. ? m1les south ot A~o Va,. 
on Mission. Road . I 

2800 Po~ - Technical _aion a E1 Conquistador Hotel" 3300 block, 
eastB~ 

PAPERS, 10 dTurbccbugen. at Iup1ration Coaaol1dated 
• J Copper Compa.u:T' _ 

by Ro V. BuIer10 

20 wPr1Jul7 BlastlDg vith Pr1U.ed .AJa7rda 
Nitrate" --

bT l'qaD Cbriat1a:rl 

30 ttReceAt Hining DtmlOJDll' in iaat At.noa" ..... 
bT A. AQ Fr1ed1a 

6100 P oHC) - CooJcta1ls - E1 CoDqu1stador BotelQ 

1JOO PoL - Dinner - El CCI1qU1stador Hotelo 
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PDA'A MINE 1 

Itoe.ation" 
. ','Y"1:N,.s' mine is in the Pima Mining District, 20 miles south of Tucson 

. and mo~tly is Sey~ion 1, T. 178. R12 E. Elevat~on is 3300 ft. Good roads 
. .. , ,;-. "; . ': .. ' «.:; ' . ' 
c.orm.eQt,. it with Tuqson and with a shipping point near Sahuarita, 12 miles . - . , . . 

, "" ' . . , 

eastw~d. It adjoins the copper property of the Banner Mining 80mpany to 
. . : 

t~e WeE?t 'auci the San Xaxier mine of Eagle Picher to the southwest. The 

p~oper.t:r embraces 46 claims. 

History, ' 
~ ~. - :· .. ·····:· ·0 . 

':'/~ ' ,.~~,e i m:i.ne . ~s , owned by th~ Pimjl Mining Company, ' a who 11y oymed 

~"~btd~¢t\~ :' of Ubi ted ' Geophysic~l Company, which is wholly owned by the 
" . ..: ! ,":: ': . ....• ·· . ·:i"' ' .. :.", . .~ . < • ' " . . 

" \ .. , : 

: :' strong geophysical anomalies were found by United Geophysical 
. . . . 

· ... ; ~d atter proving ore-by diamond drilling, Pima Mining C~. was .formed. 
',: . , : :~ ", ':~. : ' ' ,' . ', . : 
·'·j>i'· '.;'. 

G~()i~i~;V-L' 
.. 

' ·.;; Tn~ ore occurs in an al tared and brecciated raul t~one in sed­

imef.l~$, largely limestones, that appear to dip a.bout .350 to the south. 
: ,' . . 

Th~ " ore d).p conrorm~ only generally to thsdip'-ot the host roc~, average 
. ( (."~. ! 

; ti.ip " 1$:abdut45~'.: south, but b~colIle$ vertical between the north ' end$ of the 
• "', k " ':"" . ... . :; : •••• • .••• , 

.;, .; .::-: . :~'.> " ;··f ,:'. 

~t?~; 'and . , ?th~ If;lveler. 

, .': ' , Tp:e ' b,r~body is overlain wi thabout 200 feet of lo,?sely consolid~ted 

gra!~ls;.6r·E;) , >ntl.nerals are chiefly chalcopyrite and chalcocite , with scant . 
. , - ", ,', " . ,' : !, ' " ',;. 

' ~~~~J~, :~opper ill the upper levels. Gangue contains abundant magnetite and · 

: ~6m~:3ppi t~ . 
, ";~ ' . . , . . . 

; P.rjf)sent s~:f.'~c_~ p~ant ~tl.;~d~ng~ consist 'of a smat~ combinat~on 

office and change room, hoist and c.ompress~r houses, blE).cksmith:'welding 
. ', . . . , '. ; " : . ' , ." : . ; , " " ~. . : ... : ' " 

' ~~op-, ; c.¥penter shop and shelter over the Diesel generators, a 5.0~ ' ste,e~ 

he adf';r?Jliewi th steel ore bin. 

\ . 

" , { 



... ~: ' 

:{ .. 

' .: : 

; l(O~l[f?r:: is p'lP?c.l;lasecl, and there are twost$tld~y G.M. diesel generatorS . 
1 . 

'C::~~t~*:t~~:~~~' ~oubl~ drum we~lman Seaver MOrgan unit suitable only 

:'?\!~0;t~e.edS~af1; is q20 , deep, has tv<o compartments , each 5 I X 5 I 

with,' :L~,\liels at 100 ft. intervals commenc:i.ngwith the 300'. Hoisting ~8 
f:' · , . 

do~~ '~th a ,c~g(Z, " using a'-counterbalance in one compartment Q 

\. . .: ' ~. : . ;..: . . . . , 
, ', ;';:':. ' :" .. : . . ",' ... . : 

) :., i, Ve~tilatioh air is returned to surface thru a h2 u drilled hole 

a~ ffer~esof manway raises extendin.g down to the 600' 

" ,,' :"LPrGduetion to date ': ' ,p , ha.s been ' from development work with some tonnage 

trom 6"s.lll8.11 sto'Pei~,' t~t a.:r'6 beillg' carried acros£) the ore t;,ody on three 
. " . • .. . : .'. ;]:) . .. ~ : .. ~-: '~. : .. . " . . '! , ~)' .. ' . . ... ' .. . . " ::. .. .. ... . ; ~. . ' . ". . . . ~ , 

'. i$V~~s.t.~ · deterwine · 'physical stoping characteristics' and to check mining 
, ~~t, ; \ ::: . ~. :, :." . . I"> ' ... . ;." ' ' . ; ' . •.• :' , ,' : . ,. , . .•• • • .. . ... . . ' \ .-

. · · .· ~~~~:i,' TQ : d.ate35.~ D,QO '; t~nS' ha.i/e b~e!l shipped ' t~ta~er'ag'E?d5 /{9?b Cdpper. 
" ;i,~!:r·~ . . :" ". '. ':.. .. .. . , 'j' .• ,' .. : . ... .. . , ': ':." :-: .... ~ ... ~: .. . " ;:'. '.,; . . ,.... '.' ,,; : t··· .,'· . ', . ':~ <':'. .. .... . ':"{.;,,: .. , .:... .. :. 

, ; :G:r~~~i~l:'~;J.lle i~ ' ~v~~ $9_00, 060~'~lld ll~t value, ab,out$550, 000'. " , , 

~~;;~~~~n;s. 
' -:r: ':~, There ~El ' abOut 'OQD.i'eet o±:drifts and crosscuts ' on the four 

, .. :,: . : ; ... .... . 
' !'" . 

, . . ', . ' .• ~~ . ' . ... . ..• . " . '. . '. ' . •. ' . ' . •.....• i .' · . ' . ' . 

l~y@l,s t : a..nd lind ts andgr. ade of ore . are . furtherdef'ineq by:' numero~s drill 
;' , ··yc , :\. :i:rJ~i, : ,,:,: ;, · ...... ,' , '. " i : . ' ': ', .:. ~" /',:\ , , :: '~. . ,./ . ', ::, ~ ., .,:".:!. ' . • ' " , .." . ••• " ' . . . 
" ~ hGle~f1:r'o~und~rgroUnd viorkings. Fromthi.; work, EX r~asona.bly acctlrfj.te . 

. : : .' .' ': .. ~ .J: .... ~ .~~ ~/: : :<:';' ;';' :" . . '. ;;'. '., . ; :' . . :-.... ';~' '. '. .<. ' ''''; ' . {~~ \ . ." . '.! ' . . '. . .. '. ":' . ,.' .':::. -. " :' ••. . ' >. /, ... l; :. 

~,~ti~~'Peqfo're , : reserves ' 'cap _ ~~ :, macle '~ ~ So~e . que_~r~on exists ..• a$ ' to " th~: ' 

.......•.... ·~:~~a:~::::~~~;~,):·· ~:~i::e o:r:h:b:::
nt::1

::::

e l::~t ~:~::~~a 
' ", ,n~~ttj~~~ 's~uth from .. thew;est '; 'e~d ;0£ ' the · 600' level ' show ore ' apPC¥61'itly 

" ;'j,,:.,"': ',; ., .- .•. . .. ' .... . ....... ;' .. .. . . .. ,' .. ' ' . ' ' . ... . . .......... ' 
s~p~~ted!rom : the main body, _and ore has ; been. discover~d ~nas'w:-face ' 

di~~~~i1i h~leat ~de~t,~~,f'7~i,so.Dle566Ii sO\lil~eastoft~e,~haft . 
;';:.T~~: ihdiQ&tes . tha~ t -he appafent ; b'otto~nga,a" iIlterpreted. -from' the '~ level 

'~:<'.':'::~~:;' ;." ~ ' .' : :: . . . . '. " . .' . . -' .: . . :,'~' . ': ". ...'.. , : . . ' 

only' a featureca'lised 1:,)ya ' local ' change or' dip.' 
'.: " . . ': '\ ". ; : .:~~ :. , .' ' 

'~" . 



Levels 

. Length Ol"e -, ........ , ... ~ 

76.9 

'. q3Q 

200 

Av. Width. , 
, '. 

'5,' 

60 

,57 

40 

. Tonnage &. Grade 

At>917~ , 7.eO $,oi~ ,, 5,'W, 2800(]) . 

3QQ~4~6: ' . 6$5 · ~, ' 57! J 7~62 
•. :. . ~ , i"i· ::" ,\ i. ; :::.:; ~ " : 

· 4p,q.4~p~·· ;;:~::~· i '" ' ?~5 .... . , .' . 58! 406,7 
. " , - . . 

Pimq. .3 

Area , ,Assay. -
28000 3080 Cu~ 

45600, 5.38% 

35200 h.92 

100 

. it · 

8000 5.27 

Vol. 
· 1400000 

3766000 

' 4065700 

Assay Tons 
3.8% '. 121272 

".0' 
5418 

' 342 363 

369 '608 

?OO~6~9.'~ ' , 415 '48 19920 ' . n 199~OOO 4.98 · 181 09l 

h.91 1 020 ' 334 
.:! . .. "; 

. . ,' ,;;; ': . '. , .. : 

, . J?~illtj.o~ ~Ofo ' 

; . 

. . 
'.~ 

"350 . 11223700 
... ' 1122)00 . 102 q33 
1','2346000 " · 4.~4'? · . 1 123 :;67 

. .;, 

L 

'. 5.79 : ;3,000 
'. · 4~37' . ··· 1 · 087 " 367 

".;. . . \ 

' •• A n~~r ~f ; te$tSr~!lt , Ir,Otl , King on a he,ad sample tMt!lssayed 

3.Se\1c~ iiihdP ~~ liZ. silver ' ~nctioa~e~~at!l 90% re~oVerY' ~feOPp~r ~nd ' 
. . ... ~' ~::_" \';'!. ; . " " .. " "." . . . - . I • • ." • 

. ' ,65% .. p{:·:th.e s.i:Lver will report inaconoentrate as~aying 25% copper an9,. 
. . . ' . , , : .• . .' . . " '. ~ . . ., .' ,i ,::; 

. ·.{ , .... g:~% : '\roh,~ ~ Re~gent · cost is moderatean~ grind, no~cliffioult~ ~he " ,n~t ' ~a:~\le of 
. ',' -:':' ', '. ": . . /. . . . . . '. . . ' ,. . . - , . ...... ."' 

ore ' on ; th~$e 'tesults is the same as with 95% recovery in a 20-' 21%, grade 
" :-.'. . ' . : 1';' . ~ . ' . ' • 

. , Tlj,e c,Brlculation .for value qre ' b~,sed .on shipping to E1P¢iSO, about 

Superior . an4 ' Aj~ are about 150miie~ ,~nd Inspiratioh"is" .. . 

. : 



\ 

Pima 4 

Mining & Milling Costs. 
-------.--~~~~~ 

The ~~e isstructur~llY weak, as are the walls and the following is 
" 1, ', . ..• • 

based 'on m,ining with timber and 9ru:'efulfilling d~ stopes. 

. Stoping labor 
timber ' 
e;plo9ives 

1.40 per ton 
1 .. 00" . ' 

.10 

filling stapes 
development& 'exploration 

· hatUa.ge & . hoisting . . 
rriechanieal mnt .. . " & repa.ir. 
drill steel "& drills ' . 
P9~\9l" · >:, ' :" 

',m.i so ellirl~'ous 

TQt'~l 'di;'~ct ' mining 
Miiling '. .';. ". .. .. . 

, Office 'expe,ns.e etc, 
local taxes " . ' 

· Dep:reciatio,n , replacements 
::'''' ! \. . . . 

Tot'a~ Operating cost 

2050 
.50 
.50 
.80 
.50 
.20 
.30 
.20 

'76.8/1 payable copper per ton 

$5.50 
.3.0Q 

. :' ~50 

030 
.50_ 

9.80 is 11.13¢ lb. contained Cu. 
12.76¢ if payabJ.e Cu . 

. ¥~keti~~ 
. · .. . 'Heads 4.4%.Cu.. 1.0 oz. Silver 90% recov~ry oc coppe.r65% of silver 

; , Recovered by mill 80/1 coppe~and.65 oz • . silver. Ratio 6.2, to 1 .. 

C.o.ot.entr a tes . 
, .:.',: ' .,! " ;; .. " . . . . . 

; QOl'per . 500/1 
Less, . 20 
f.ayabl~' 4H9fI 

· Silver4~O ~ ~ oz 

: Total Value ' 

. Treatment . 
'. , ~rt·~·' (5% .. H20) 

T~cldng ' .... 

Net Smelter 

9~42 
4.55 , 
1.00 -

Per ton or mine ore 

. 29t¢ Copper 

29.556¢ 
).080 

26.476 

J.' 
$127.08 

' ).10 

1,30.18 

Ih.97 
li$ .21 . 

Per pound pa.yable copper . 

Per pound' copper in ore 

$ 18.43 

.24 

.2095 

. $99.82 
3.10 

102.92 

14.97 
87.95 

$14.07 . 

.1832 

' 01599 



~ ' . . 

. , . 

Gel~~r~l ,Co'ndi tions ~.ifeeting Plan't, Investment. 
-"I~~~ •. ', . ' '7~~ . . '\'" '' I 

~he pre·sent. f~cill ties repr~sent over ~~lOO, 000 in bui~d~ng, 
:, .• ~:. 

machine1?Y a~d. equipment, part. of wh~c.h can be utilized in the future. 

The two.; la:r,g$st items of · cost , for a 400 ton opera,tion are the mill and 

a sh~i''Q.. it JleW mill of 400 ton capacity can be constructed for' $500,000. 
. . , 

To, d~$~aJ,1tle" mov~ and erect ,with some new equipment , the Denn mill Vlould 

cos.t .~bout$250, oqO • . From this ', and because of the used nature of some 

o£th.e maehinety, it 'may 1:>e estima~ed that the Denn mill has a worth in 

-ltiiace:.a.,t L9wel1 of ~ii50,OOo-$200,OdO if it' fs used for the Piraa'. 
'""!' • •• : .' ,",,: ' .;.." . • . • • " , .' . ' : " , 

I: ,?he, @.ne m~kes350 G.P.M. of ' good quality 'water, and this is more 
~ "... . .. .. 

thanenQugh for l1l;i.lling and camp purposes. . The mill could operate on as little 

. a$l$Oa.F.~. and it i$ . felt that this · am01lI\tot wE\ter would always be 

procUrable :from the ' mine. ' .' . 
. . . 

.' . .' ..' The present shaft . is"l ,arge enough to handle the proposed mill ' 

.. ' . . t~nnage'~ThiS sM.ft · is ~ppr,o:rl~t'~lY 200 feet in. the h~nging , !all at 
, . : .. >' . . . . . " . . ~ . 

.. . ;L~d~~ \~ eross.e.s;l:.nto the footwall just below thehoo lev~1. · To properly 

pl:'btect 'thisshaftaga1nst any fut~e mis~lignment due tostoping operatiollS 

it ~vlOu~4be~eqeS'sary to leaveap:prqximat~ly150,bao tORS of' , ~re~~ i ~upport 
. • , . 

pi:Uar$': .fr'~ the :' 400' lev~l up~ , While :these pillars could be ' recoV'er~d . 
. '::. !:; . .. " . ' , . ',.,:; . . ". ' .-

•• ! • . • 

+~~e.~}?<~![belieV~i..:t advis~ble 'to:insuretha 'future : Yd th .a 'n,e?l shaft, the '.' 

c~s~ : Pi:,:; ~rhi'C'h is' only ' ~smal1partofthe tota~ ' pl~t investment. :Thts 

' neYlshaft .r~ill b~Bome 200 feet north of· the, present shaft ; ,.and will' be 

,. ent.i:r~:t.y~n the footwall . below the top of mining operations. , 

. I . ' , ' 

':-' :" , 

~ . 



'- . ; ~ : " ~ . 

.. , 

" 1 

:J.st~m;~,t~~" ,;f ·,Capi~~l. E?q?endi tures~ 
. . 1 .-" ':'.'~':;::·~: :::: " ;::; '": :!" 1 • • / .) .,;' •••• : ' .: :., ' • • ; • .":. -'\ :,:- • , •• ' • ; . :, •• • • • • • 

, Mo,v.i.:P.~,):':' dis~arltljng &erectingDenn ~11. 

·· Shat~· , :·~' : 659' @ · $120. 
Guid¥~/, ,&" SignalS, ladders 
H9i~t{,i ~' " :.c;, .. (us,ed ) 
Headfram$· .' ' ... 

. . .:.- ~. '. ' . ~ \ . ." ' .. ~ .;- " . , . 
" '.;; . : :. 

_; ~hait :B~n~~ , qQU"veyors etc. 
. S~~~: ~~eages, ,' 
Unde~gr6Und, eq~pment 
, '. 6 :s1:u~hers, '3 '. mucker~, . 2 motors 

. 12..i'¢,3z'a. maaw,ne . drills & .hQses · 

s~1~J!~~a0~~ssor . 
. Cl?F'eS,Bor & hoist · housing 
, ~4~chine' ·s~op ' ' .. 
,:Of tioe . & :warehous e ., 

. . .. . ~." .,' . ..; ..: ; '. . . 
. :'.. . . . '. . . 

Tot§11. . Improv~merits 
\ .. .. : . ' 

Pre~naryunQergrO~ld work. 
' lk~~ti~g top of Ore . . 
': 30\) '> l~vel . 

4.00,' ,· .. · n· •. 
' ,p,6' ·· u 

700' 
500 

; 72.0 ·' 
600 

78 000 
1.3 000 
35000 
~?,_o£q 

. 10 000 
10 ' 00.0 

. ll000 
12 000 

<: ~':~ ::> , 2520 1 @ $30 • . . 

' cf'6~~cuts trom new shaft to new drifts 
.:r . . . 1200' @ 30 

, . ,.:.:.,. " 

Sh~~ p:opk~'t,S. ,: 4 thanq 6th. levels 
2 · Tr.an~t~ raises . ". ." . . " , 

~i~g:kng ventilation ,' to surfac e 
•• • ; ; _ , ' ••• : . .. . . . . . . . 1 • • • ;.' . . ; 

" 

. . . ' . 

Xotal' " Undergr~und . 

. Total · 
, " 

)\d~forpresent value ,Dann Mill 

. 110tal cost of equipping ore hody_ ' 

Pi~ 6 

250,000 

141,000 

25 000 
.10 000 

39 500 

43 000 

$508 500 

75 600 

36,000 

. aO 000 , 
6 000' 

~o. 000 ,., 
.. J ' 

'157 600 : 

$ 666 100 

150 000 

816100 

. . ; .. ··:11 



~. ';:. . 

) . 

..-, 
J ' 

, -" ;' 
f ', 7 

' T6n,s , 1; 087~OOO (At. 11 clltlft. per tOn,) 
'Glfad:e :" L. .40 Cu'. ' i. O ' : ,~il ver ~ , 
Ml.tlSliOo tons per day 140, 000 tons ' yea:r< 
,ti~e " , · " 8 y~ara. ' 

qopp~r 

, $18$43 per ton 
,' 9Q 8Q 

" ," 8.63 '(11 . 24¢#) , 

$1,,?.o8200 · 

, ,. 894 · 070 , 
- .' ·r"" 

' incr.~Il1etit for possible addi tionalore. 
~ ·::t· ,:;". . ", '" { . . '. " : . . . "' . 

24~q¢ 

$14.07 
, 906Q 

"!~~f ( 5·5M Lb.) 

$ 597,800 

, 443 :112 ' 
, " 

'3,44 896 

.. ·.~~j~~;~~J:·;~~P1,,~~ '~ne . haa a ' C9~~eteon~inuoU:Otebqdj co~ta~ning 
:' 9yei" ~~~1'~l!ion tons Of . h .40$ copper ,with j)rob~bnities ,oJ;addltiQnal 
". ·~~t,i~('~r~ ' .. >,:~~b~SSibill ty ~tQP~gr~j)~ " ~limate, ' :vai~abili #otW!lte~ ·· 

• . . ' .. _ ' . : ;~.: : :-: .J, ' '" • ::" . . : . .. . • 

~~¢ PrpJdm1ty t.qTucsqn ' aJ;K~ labor markets are all tavqrable factors -', " ;'~ .:~. ' .. :,,: >.: ,' ..... ' .~ ", : :, ' .... ::'. . . ',. ' " .: . '.' . '.... . : . :. -' .. ' I . 

:",", 

: '. J, •. anJ5'~ · ' 1954 • .. . . . , . 

4rizona. 
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l\1l~ • Cly:d~ 1-1\111 
453:5 rrol~~h 18th Ave. 

: l?liq,tllf.?~, A:r1z;oM 

De~ ~~l).Bull: 

April 19 J 1966 

The tQllGliiU8 is a. li3t of assay results frOln th~ $amples collected from 
yow mine : " 

Sample ~~2. 

1.2301 
12302 
12303 
12304 

"12305 
12306 
~307 
12.308 
12309 
12310 

, 12311 
12312 

Au ~ -
Tr 1\/i1 
Tr Nil 
Tr, Nil 
rrX; Nil 
,T" Nil 
Tr ~:tl 
Tr Nfl 
~O3 Nil 

T:r N~l 
Tr l~il. 
.01 Tr 
.Ol~ Tr 

, , 

Cu 

4 .. 20 
0.68 
0·36 {, 

l~OO 

2.70 
0.14 
0.88 
1.46 
0 .. 30 
4.80 
0.20 
3.28 

Tll0$.esarrAP~eaw1,th. pa,;rticul$rly higb aopp~r ~ts'Ult$ a.re due tO$elected 
~inplins. o( c~lcowrite ve¥ll~t$ et~. , " " 

:, ', O~J'~'\f+e~'i~g thepr~perty a.gain, I think the ' to~ge. pO'tentialwO,uld be a 
' pr<?bl.~~f·~ our., eon~ideration.However, ae. I mentio¥cd, on. the phone, r ' 

: tS~lf'rel8;~the pertinent da~reg&r(ilng the lll1na to ~notherwhomight )JS 
1nte~~$te.a.,*I wil1leavett withhina to' contact you .. , ' , 

. . .' . " '. '. 

Thank you r~~tthe OPP~tuni ty to examine 'thisp;roperty. 

~ros/db 

YOW"s t:r.;uly, 
S,HATTUCK DEN"1'q MINING CORPORNliION 

J .• -Oaf Sund " ' 
Chi ~t Geologi ~·t 

B~O 
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A greater public awareness of the environment, pollution and 

the increasing scope of ·industrial activities, has brought mine reclama­

tion to the public's attention. The prime aim of the reclamation of 

mine wastelands, as viewed by Pima Mining Company, is to bring about the 

establishment of a permanent, self-sustaining, maintenance-free 

vegetative cover to the tailing disposal berms. This is to be achieved 

by utilizing the tailing material as it occurs on the constructed 

disposal berm, without the expense of capping the tailing with overburden, 

or mix overburden with the tailing material. Tailing material contains 

only trace amounts of copper and is principally worthless rock. Tailing 

material is spherical in shape and does not lend itself to compaction. 

Soil samples indicate that tailing material has no organic matter and 

is completely lacking in clay content. Tailing commonly has the texture 

of fine sand, is deficient in plant nutrients, and lacks normal microbial 

populations. The disposal berms resulting from the accumulation of tailing, 

often range from the very acid to the very alkaline pH conditions. 

To provide for stabilizing tailing berms and to help meet the 

aesthetic objectives and overcome possible pollution problems posed by mine 

wastes, efforts have been made to produce vegetative growth on sterile 

tailing soil. However, mine wastes are often unfavorable growth media, 

due to presence of iron sulfides, which when present, will have formed 

armor-like crusts on portions of the tailing surface. Wind erosion will 

have carved ridges and large holes; and water erosion from escessive 



) 2. 

summer and winter rains creates numerous deep gullies. Therefore, 

special treatments and techniques are required for plant establishment and 

continued growth. 

At the present time, a large excess of tailing is being produced 

from mining operations. Ceramic tests have demonstrated the feasibility 

of using copper mill tailing for making building bricks (1). Some tailing 

material has been used as railroad and highway ballast and even land fill 

in some cases (2). The amount of tailing used for the foregoing purposes 

is very small compared to the ever growing tailing ponds. Thus, the 

principle answer to this particular problem is stabilization. The 

successful initiation and preparation of vegetation on fine mill wastes 

involves improving a number of adverse factors. 

Mill wastes are usually deficient in plant nutrients, contain 

excessive salts and heavy metal phytotoxicants, consist of unconsolidated 

sands that when wind-blown destroy young plants by sandblasting and/or 

burial, and lack normal microbial populations (4). 

The sloping sides of tailing berms receive varying amounts of 

solar radiation depending upon the direction of exposure. Gates (3) 

indicated that, contrary to popular belief, photosynthesis in plants is 

not a continuous process while the sun is shining. Under high temperature 

conditions, photosynthesis may almost completely terminate. Furthermore, 

most tailing materials are light in color and may reflect excessive 

radiation to plant surfaces, thus intensifying physiological stresses. 



\ 
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For these reasons, vegetation that may be effective on northern and 

3. 

eastern exposures may not be suitable for southern or western exposures (5). 

Ideally, vegetative stabilization should produce results necessary to 

provide for the many problems concerned with stabilizing the tailing berms. 

Over the past couple of years copper mill tailing has been tested and 

it is possible to bring about the establishment of vegetation on tailings 

by satisfying certain conditions, and to add the essential elements. 

Thes~ elements would be humus, nutrients, moisture and bacteria or 

microorganisms. The conditions are that the climate must permit the 

vegetation to become established and to persist. This condition can be 

met by supplementing the moisture requirements at times of distress, 

as well as following .planting dates. 

Tests have also been conducted on tailings utilizing hay or barley 

straw as a mulch. This provides the following results. 

1. The straw mulch insulates the surface from both heat and cold. 

This stabilizes the temperature of the soil, creating a better 

environment for the fast germination and root growth of the seed. 

2. A uniform coverage of straw mulch over the area to be seeded 

breaks up the fallen raindrops and permits the soil to absorb 

this moisture . . The mulch also creates small dams to slow down 

the velocity of fallen water which causes erosion. 

3. Finally, the use of mulch adds to the growth of bacteria and 

microorganisms. 



Salinity is also a common problem in arid soils thus leaching 

must occur before vegetation can be properly established. In the initial 

vegetative process it is desirable to utilize plants that can withstand 

high concentrations of salt. 

The pH rating of the tailing will initially dictate the vegetative 

procedure and it will be essential to know the representative pH values 

of the surface and plow layers. Tailing pH values clearly illustrate 

three definite categories. 

1. Tailing of normal or neutral pH (6.5 to 8.5). 

2. Tailing of low or acid pH (6.5 to 2.0 or less). 

3. Tailing of high or alkaline pH (8.5 to 12 or more). 

4. 

A large quantity of commercial and organic fertilizers are normally 

worked into the tailing berm. The amount of N-P-K will be made to vary 

according to tailing conditions. The organic fertilizers applied provide 

little complete fertilization but are rich in bacterial populations and 

are therefore considered soil conditioners rather than fertilizers. 

One key element that inert soils or sterile tailing lacks is, of course, 

an adequate bacterial population, numerous and varied to permit the 

germination and growth process of plants to proceed in aiding the 

absorption of added nutrients. Therefore, new plantings are carried out 

throughout the year to properly utilize both of the Arizona growing seasons. 

In winter, cover crops such as barley and rye, are planted to be utilized 

as green manure crops. Other types of winter and summer annuals are also 



disked back into the ground as a mulch. Ultimately indigenous 

vegetation will take over. There are very encouraging signs that 

this is already taking place. 

Grasses are essential to the establishment of an initial 

vegetative cover. Grasses become well rooted rapidly and will provide 

for the necessary vital protecti 'on against erosion. They also act as 

a nurse crop to the slower growing, more vulnerable leguminous plants. 

However, the legumes do thrive in the favorable micro-climate provided 

by the proper selection of indigenous grass species. 

The legumes are a basic tool of the reclamation process due to 

their precise ability to fix nitrogen from the atmosphere with the help 

of the rhizobium bacteria contained in the nodules and make it available 

to benefit not only the legumes themselves but the entire vegetative 

cover. An excellent grass and legume mixture will develop a dense 

subsurface netting of roots: rhizomes, vertical taproots, sod forming 

roots, deep rooting fibrous bunches, that are capable of reaching down 

and considerably consolidate the tailing soil. 

Often, the immediate concern of the public is to desire planting 

' of trees when the natural process of reclamation of tailing berms are 

not fully understood. Numerous trees planted on extensive barren tailing 

slopes do nothing to preverit erosion either by wind or water, and under 

ideal circumstances barely succeed in surviving in a stunted condition of 

5. 
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growth. As a rule, most of the trees will die as seedlings, and if 

transplanted, hardly sustain a chance for survival. However, once the 

6. 

tailing slopes have properly provided a thick cover, the legumes have been 

fixing nitrogen into the soil and the root systems of various types of 

plants have firmly stabilized, aerated and otherwise properly preconditioned 

the tailing soil, a planting of indigenous trees could be considered. 

Preparation of a tailing slope for planting includes numerous 

steps to follow: 

1. · Heavy or fine grading to smooth up the deep gullies formed 

on the side of the tailing berm. 

2. Dragging a spiked chain over the surface of the slope to 

break up areas where iron sulfides have created a crust, and 

to rough up the excessive compacted areas and smooth out 

irregularities. 

3. Grading a two foot lip on the leading edge of the slope to 

insure against runoff water eroding away the surface. 

4. Grading cross dikes adjacent to the slope in order to collect 

excessive water from rainfall and prolonged irrigation. 

5. Application of .compost manure at five tons per acre to provide 

for a better soil condition. 



6~ Compaction of barley straw at 2.5 tons per acre with a sheep­

foot roller to adequately provide mulching. 

7. Preirrigation with application of fertilizer injected into 

irrigation line. 

8. Hydroseeding a mixture of desired seeds with various rates of 

woodfiber as the artificial seedbed. 

9. Hydraulic spraying of sewage effluent at 1,000 gal. per acre 

to act as a soil conditioner. 

10. Additional irrigation with a liquid fertilizer added to 

insur~ germination and seedling emergence. 

Major emphasis has been directed towards developing vegetative, 

physical and chemical stabilization and combinations thereof. To 

protect the seeded tailing soil from tremendous heat, and to retain 

moisture in the uppermost layer of the tailing in order to permit 

successful initial growth, and to insure against surface erosion, 

a combined chemical-vegetative stabilization procedure utilizing a 

resinous adhesive compound in conjunction with selected vegetation 

appears exceptionally effective for achieving this desired affect. 

A large area of tailing slope exposed to the summer heat will 

quickly lose all the available moisture in its surface layer and will 

adequately reach temperatures over 100oF. A moderate wind, blowing 

7. 



against the tailing slope will cause a sand storm condition close 

to the surface and the sand blasting effect will quickly destroy the 

established plant material either by sand blasting or burial of the 

seedlings. These conditions tan occur in practically all areas where 

there is tailing material to be vegetatively stabilized, even if it 

only occurs once or twice a year. Environmental irregularities in the 

climate pattern, either high temperatures or freezing snow conditions, 

are also factors which alter vegetative response on tailing material. 

8. 

Hydroseeding has been utilized extensively in Arizona in a great 

variety of landscaping situations, along highways, railroads, canal banks, 

and for the seeding of tailing disposal berms, where the fastest possible 

"methods of seeding under adverse conditions exist. Hydroseeding permits 

the conditioning, seeding, fertilizing, and mulching at a high rate of 

speed, but it does not surpass mechanical seeding for accuracy. 

Cattle, rabbits, pocket gophers, javelina, field mice, deer and 

other animals have invaded the tailing ponds seeded with various 

succulent grasses and forbs and have been a disruptive influence. 

However, the tailing ponds appear to be completely stable, and excessive 

damage is not apparent. In attempting to restore nature's balance, 

and even improve on it, Pima constructed a small game refuge which is 

utilized by the animals in" the surrounding area. A 750 gallon watering 

tank has been placed below the tailing pond, and it has been surrounded 

by desert plants that are natural habitat for the animals. 



Tests have been conducted recently utilizing a combination 

system of hydroseeding and the chemical-vegetative method. This 

system was applied to a 20 acre test plot on a copper mine tailing 

disposal berm. The following was applied per acre in this testing 

program. 

9. 



TABLE I 

COST OF CHEMICAL-VEGETATIVE STABILIZATION 

Item 

0.5 inch covering of overburden 

Compost Manure @ l3.00/ton 

Barley straw @ 37.00/ton 

Dairy Sewage Sludge @ 150.00/A 

Seed source - Pecoff Seed Mix 
(trees, shrubs, and 
ground cover) 

Soil Seal 

Fertilizer - Ureasol 25-00-35 

Wood Fiber - Aspen Wood Filings 

Hydroseeder - Application Cost 

Labor @ 4.00/hr. 

Rate of Usage 

5 tons/A 

2.5 tons/A 

1,000 gal./A 

750 lbs./A 

80 ga 1./ A 

200 lbs./A 

1 ,500 1 b s . / A 

seed one acre 

3 men 

Water Truck Supply water to seeder 

Total 

$ 

10. 

Cost 

90.00/ Acre 

65.00/Acre 

92.50/ Acre 

150.00/ Acre 

287. 00/ Acre 

387.00/Acre 

80.00/Acre 

l20.00/Acre 

200.00 

288.00/Acre 

lOO.OO/Acre 

$ 1,859.50 



Item 

TABLE II 

COST OF VEGETATIVE STABILIZATION WITH 
TAILING SLOPE PREPARATIONS 

Rate of Usage 

Overburden Capping .5 inch cover 

Compost Manure 5 tons/a. @ $13/ton 

Barley Straw 2.5 tons/a. @ $37/ton 

Sewage Sludge · 1,000 gal./a. @ $150/a. 

Ureasol Fertilizer 25-00-35 200 1bs./a. 

Hydroseeding 1,200lbs./a. 
200 lbs. Barley 

Preparations $477 

Hydroseeding 385 

$ 

TOTAL $862/acre 

11 . 

Cost 

90/acre 

65/acre 

92/acre 

l50/acre 

80/acre 

385/acre 



Item 

Sewage Sludge 

TABLE III 

COST OF VEGETATIVE STABILIZATION WITHOUT 
TAILING SLOPE PREPARATIONS 

Rate of Usage Cost 

1,000 gal./a. @ $150/acre $ 150/acre 

Ureasol Fertilizer 200 lbs./acre 

1,2001bs./acre 

BO/acre 

360/acre 

$ 590/acre 

Hydroseedi ng 

TOTAL 

12 . 



TABLE IV 

COST OF VEGETATIVE STABILIZATION WITHOUT TAILING 
SLOPE PREPARATIONS AND WITH MECHANICAL (HAND) SEEDING 

Item Rate of Usage Cost 

Fertilizer - Ureosol 25-00-35 200 1bs./acre $ BO.OO/acre 

Sewage Sludge 1,000 gal./acre @ $150/acre 150.00/acre 

Hand Seeding - labor (broadcast seeding) 79.46/acre 

TOTAL $ 309.46/acre 
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It was revealed from the testing program that the chemical-vegetative 

stabilization (Table I) did perform adequately, however, the cost factor 

was high. The vegetative stabilization with tailing slope preparations 

(Table II) provided the best results with a cost figure far below the method 

of chemical-vegetative stabilization. Vegetative stabilization without 

tailing slope preparations (Table III) was equal in results obtained and 

was also less expensive per acre with adequate vegetative stabilization 

occurring. Finally, Table IV illustrates that hand seeding on tailing 

slopes without slope preparations was the cheapest of all the methods 

tested, but did not result in adequate vegetative stabilization of the 

tailing berm. 

Severe windstorms and excessive rains have passed over the 

stabilized tailing berms without raising dust clouds or carving unsightly 

erosion crevices into the slopes. The vegetation has satisfactorily 

maintained the surface of the tailing berms and appears fully resistant 

to wind erosion . As tailing berms increase in height, successive benches 

will be planted with material that has proven successful. The ultimate 

objective is, of course, to maintain the natural splendor of low desert 

environment to the disposal area. The success of the vegetative 

stabilization has illustrated that such an objective is feasible, at 

a reasonable cost, and is being accomplished. 
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