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THE HISTORY AND DEVELOPMENT OF 
THE SAN MANUEL DIVISION 
MAGMA COPPER COMPANY 

Magma Copper Company's San Manuel Division is 
located in the south-east part of Pinal County, Arizona, 
about forty-five miles northeast of Tucson. Seven head- 
frames and the dome-shaped Red Hill serve as land- 
marks for the mine area. 

The concentrator, smelter, sulfuric acid plant, electro- 
lytic refinery, administration building, and other plant 
facilities are located seven miles southeast of the mine 
area adjacent to the community of San Manuel. 

The district was prospected prior to the Civil War, 
but there was little or no ore production until 1881. The 
chief producers were the Mammoth and Mohawk mines. 
Gold, lead, zinc, and some vanadium and molybdenum 
were the main recoverable metals at these properties. At 
least two exploratory churn drill holes were drilled in or 
near the San Manuel ore zone in 1917. The copper con- 
tent indicated by these holes was not sufficient to en- 
courage further exploration at that time. 

In 1942, through the efforts of the property owners, 
James M. Douglas, R. B. Giffin, Victor Erickson, and 
Henry W. Nichols, all of Superior, Arizona, the Recon- 
struction Finance Corporation and War Production Board 
authorized the United States Geological Survey to investi- 
gate the property. 

The survey confirmed the owners' original conception 
of the probable existence of important copper mineraliza- 
tion and, by its recommendation, the Bureau of Mines 
was authorized to put down a limited number of churn 
drill holes. This test drilling started in November, 1943, 
and was continued until February, 1945, when seventeen 
holes had been drilled for a total of 15,844 feet. 

Magma Copper Company obtained an option to 
purchase the property in 1944. In September, 1944, 
Magma exercised its purchase option, and additional 
adjoining claims held by the Apex Lead Vanadium Mining 
Corporation and the Quarelli family were purchased. Ad- 
ditional claims were located and in December of that 
same year, Magma undertook additional exploration by 
churn drilling. 

The San Manuel Copper Corporation was incorpo- 
rated in August, 1945, and all of the property acquired 
by M~gma Copper Company in the district was deeded 
to San Manuel. The corporate structure was changed in 
1962 to include the San Manuel property as a Division 
of Magma Copper Company, rather than a wholly-owned 
subsidiary corporation. In 1969 Magma was merged with 
Newmont Mining Corporation and operates today as a 
wholly owned subsidiary of Newmont. 

Exploratory churn drilling essentially was completed 
in early 1948, and underground exploration and devel- 
opment was started in March of that year. 

On July 10, 1952, the Reconstruction Finance Corpo- 
ration authorized a loan of $94,000,000 to San Manuel 
for mine development and plant construction. 

TIGER MINE IN THE 1940"S 

In early 1953 Utah Construction Company and the 
Stearns-Roger Manufacturing Company la Joint Venture) 
was awarded a contract for the design and construction 
of the entire surface plant, including the concentrator, 
smelter, and railroads. 

The concentrator was completed in September, 1955, 
and began trial runs on stockpiled and mine development 
ores. Smelter and remaining plant construction was com- 
pleted in late 1955, except for minor cleanup work. The 
smelting of copper concentrates was started January 8, 
1956. Five shafts had been sunk and over twenty miles 
of drifting had been completed to prepare the first lift 
for production. On January 23, 1956, the Mine was in 
production with the first stope undercut completed. 

The 1475', or first level, was mined to completion 
early in 1965. The 2075', or second level, along with 
the 2375' or intermediate level, is now being mined. 
The 2675" level is under development. 

In 1968, Magma purchased nearby mining claims to 
an orebody of similar size and grade to the San Manuel. 
Top of this second orebody lies 2,500 feet deep and will 
be opened for exploration on the 2950 level. 

Since production started in 1956, the mine and plant 
have undergone two expansions., The first in 1965 
boosted production from 30,000 to 40,000 tons of ore 
per day. In 1971, an expansion was completed that in- 
creased production to 60,000 tons of ore per day. 



THE SAN MANUEL MINE 

The orig[na~ San Manuel orebody is part of a mass of 
mineralized rock, chiefly a granltic-appeaHng manzo~ite 
ond a similar, though finer-textured, monzonlte porphyry. 
This large zone of mineralization is covered for the mos~ 
part by unmineralized conglomerater a yovn.ger rock than 
those comprising the mineraffzed zone. T~e orebody, or 
portion of the genera[ mineralized mass, containing ap.- 
preciab~e copper sulfide mlnerals, in addlt[on to iron 
suFfides, covers an area over one mile long by one-half 
mile wide. 

The original orebody in the northerly portTon appears 
to be a taburar mass up to 400 feet thick wffh its ~ong 
dimension bearing northeast and lying at an angle of 
55 ° from horizonfal to the southeast. This atfftude per- 
sists down dip for about 2,4'00 feet where it flattens and 
then ro~ls upward to form a cross-sectional lisle-hook 
shape. Within t~is part .of the orebody there is a pro- 
nounced thicken[n.g, and it is the upper one-third of  this 
southeast portion, starting some T,100 feet below the 
surface, that was serected for initial mining operations. 
Of  this I ~O0-f.oot thickness from the first mining revel to 
the surface, there is an average of about 430 feet of 
ore and 670 feet .of vnrnlne~aUized overburden. 

AERIAL ViEW OF: SAN MANUEL MINE. 
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The thickness of the overburden and shape and size 
of the orebody combine to make open pit mining im- 
practical. For these reasons the underground block caving 
method of mining was selected. The monzonite in which 
the ore occurs is well fractured, caves readily and crushes 
to a size that is easy to transport. 

Block caving entails the undercutting or removal of a 
horizontal slice of ore of sufficient area (stope block) so 
that the unbroken ore above will not support itself, but 
will cave and slough into the undercut. As the broken ore 
is drawn, removing support from the ore above, caving 
extends to the surface, the overburden or waste rock 
following the ore down. When the waste rock reaches 
the undercut horizon, drawing is stopped and the stope 
block is finished. 

The caved ore from the undercut horizon is drawn 
on the grizzly level through a series of closely spaced 
draw raises. The grizzly level which is the control level, 
is 15 feet below the undercut. On the grizzly level the 
ore passes through the grizzlies which consist of rails 
spaced 14 inches apart over the top of each transfer 
raise. 

Two transfer raises funnel the ore from eight draw 
raises to one common loading station on the haulage 
level which is about 60 feet below the grizzly level. A 
loading station serves two transfer raises, each of which, 
when full of ore, holds 55 tons. The ore stored in the 
raises is transported by an underground electric railroad 
system to the ore hoisting shafts. 

Loading operations from the transfer raises to the 
ore cars are controlled through steel chutes and air- 
operated chute gates. The ore cars have a capacity of 
about 12.5 tons, and each train is made up of 15 cars 
or 185 tons per train, pulled by a 23-ton, 250-horsepower 
trolley locomotive. One of these trains is dumped every 
4.4 minutes. The electrical power system supplying the 
trolley is 275 volt DC with rectifier stations so situated as 
to maintain full voltage throughout the haulage system. 

The underground track for the haulage system is 36- 
inch gauge with 70-pound rail through the panels. On 
the main lines between the mining area and the hoisting 
shaft, 90-pound rail is used to accommodate the heavy 
traffic and higher speeds. 

At each of the four ore hoisting shafts, 3-A, B, C, and 
D, the trains pass through a rotary tipple on the haulage 
level which dumps three cars at a time. The cars, 
equipped with rotary couplings, do not have to be dis- 
connected as the tipple turns 180 ° to dump the ore 
into the 1500-ton pocket or underground storage bin 
adjacent to each shaft and then rights itself. 

The ore is drawn from the bottom of the pocket into 
a measuring pocket hopper which in turn discharges into 
skips for hoisting to the surface. The bottom dump ore 
skips, which hold from 21 to 28 tons of ore, are hoisted 
to the surface and discharged into four 5,000-ton surface 
storage bins, which in turn discharge onto pan feeders 
that carry the ore to the four gyratory crushers located 
nearby. Discharge from the crushers is moved by con- 
veyor belts to four 10,000-ton surface storage bins await- 
ing transportation to the Plant. 

Two ore hoisting shafts, 3-A and 3-B, are equipped 
with 6,000-hp hoists with 15-foot diameter drums. These 
hoists can be manually or automatically controlled. The 
operating hoisting speed is from 2500 to 3000 feet per 
minute. The 3-C and 3-D hoisting shafts are equipped 
with 7,000-hp hoists having 15-ft. diameter drums, hoist- 
ing at 2,850 feet per minute. The hoisting cables are 
2-I/~ inches in diameter. The hoisting shafts also serve 
for ventilation up-cast. 

SHIFT CHANGE AT #4 SHAFT 

Nos. 1 and 2 shafts were sunk early in the program, 
and from these shafts the first mining lift was developed. 
No. 1 shaft, steel and reinforced concrete lined, now 
serves for concrete supply and hoisting of development 
waste rock and downcast ventilation. No. 2 shaft, sunk 
for exploration and quick development, has been aban- 
doned. 

No. 4 shaft, steel and concrete lined, serves as a 
downcast ventilation shaft and as a service shaft for 
men and supplies. Men are lowered and hoisted at the 
rate of 100 men per trip; and timber, powder, and other 
supplies necessary for the mining operation are lowered 
to grizzly and haulage levels through this shaft. 

No. 5 shaft is equipped for service and development 
hoisting. The double drum service and supply hoist is 
powered by two 1000-hp DC motors and is capable of 
carrying 100 men per trip in its double deck cages. The 
double drum rock hoist is powered by one 1000-hp DC 
motor with power supplied through a 1000 KW static 
Thrystor. The rock skip capacity is 5.5 tons. It is a down- 
cast ventilation shaft. 

Other facilities at the mine include mechanical and 
electrical shops, modern timber framing shed, timber 
treating plant, warehouse, and change rooms. Mine air 
compressors provide 51,600 cubic feet per minute of 
compressed air for rock drills and other air-driven tools 
underground and on the surface. 

Limestone and high grade silica for metallurgical use 
is mined from two separate quarries. Limestone is mined 
from a quarry site 6 miles south of the plant and hauled 
by truck. Silica is mined at a site 17 miles north of the 
plant and is hauled by the San Manuel Arizona Railroad 
to the flux crushing plant. 





GRINDING MILLS AT SAN MANUEL CONCENTRATOR 



PRECISION ANODE CASTING AT SAN MANUEL SMELTER 

THE SMELTER 

Copper concentrate, avera.g~ng c~bout 28% copper 
and about 10 °/o molst~re, is drawn from s~orage bins by 
conveyor belts and is fed to each of three 102-.~eet long, 
brick, suspended-arch reverbatory furnaces through hop- 
pers located along the sidewalls. 

The concentrate is smelted at temperatures of ap.prox- 
imateTy 2700° F using natural .gas or light .oil for fuel 
interchangeably. Combustion air is preheated for higher 
efficiency and fuel conservation, 

Slag is skimmed from the reverbat0ry bath into rail- 
road slag pots of 380 cubic foot capacity for haullng to 
the slag .dump. 

Matte, composed of copper, iron, and sulfur is tapped 
into 300 cubic foot ladles and transferred by 6O-to~ 
overhead cranes to one of s~x Pierce-Smith type convert- 
ers. Three converters are 13' x 35' and three are TS' x 
35'. 

A high sifica flux is added to the converter bath to 
form a s~ag which ~s returned to the reverberatary furn- 
aces. Compressed c~ir is b~own through the bath, oxidizing 
the sulfur to sulfur dioxide and ~eaving metallic or bFister 
copper. Several charges, slag taps, and blowin.g cycles 
.aver an 18-hour period are required to .finish a batch of 
115- 130 tons of bli~er copper in each converter. 

Moffen copper from the converters is transferred by 
ladle to one of four ho~d~ng ~urnaces where finish blow- 
ing and slagging is performed. Fina~ excess oxygen is 
removed by injection of reformed natural gas or propane 
in the poling process. 

The ~inlshed or " f i re refined" copper, about 99.7% 
pure, is poured by an automatic, computer controlled, 
system which delivers a precise weight of moffen copper 
into anode molds on one of two revolving casting wheels. 
TEe molds are copper c.asfings weighing approximately 
5,700 pounds and are poured as needed. A releasing 
agent prevents the anodes from adhering to the molds. 

SingJe anodes are poured on the smaller wheeU and 
removed by an operator controlled mechanism to a 
quench tank for cooffng. On the larger wheel two anodes 
are automatically poured .and removed to a conveyor for 

co0~ing by water sprays. 
The anodes are removed by fork tilt to the yard 

where they are inspected and loaded into bolsters for 
transport by 20-ton straddFe carrier to the electro~ytTc 
refinery. The bolster racks are designed to hold the cor- 
rec~ number of anodes, at proper spacing, for dkect 
charging ~nto the tank house refining celJs. 

THE SMELTER POWER PLANT 
Approximately 20~o of the Division electrlcal power 

requirements are generated at the smelter power plant 
which has a capacity of 23,60'0 KW. 

Gases from each reverberatory furnace pass through 
two waste heat boilers which f~rnish steam .at 475 psig 
to the pawer house. There are three steam turbine gen- 
erators, one rated at 13,600 KW and two rated at 
10,00D KW. In addition there are five turbine compressed 
alr blowers, three rated 30,000 cfm and two 45,000 
cfm. The electricity feeds into the nearby utility substation 
and can be routed to the mine or plant facilities for 
emergency power. 



San Manuel Division 
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,SAN MANUEL SULFURIC ACID PLANT 

SMELTER EMISSION CONTROL SYSTEMS 

The two independent sources of gas emiss]ons "~rom 
the smeffer are the reverberotory furnaces and the can- 
verters. Each source produces a unique emission and must 
utilize a unique co~tra~ system. 

REVERB EMISSIONS 

The emission gasses from the reverberatory furnaces 
contain large amounts of dust, particulates, and water 
vapor and small amounts of suffur dioxide (less than 2 % 
SO2 by volume~. For control of the particulates the gases 
pass through a three-module e~ectrostotic pre.c[p~tator. 
At ~e=st 98% of the particulate matter is removed and 
returned to the furnaces. The normal pgume from the 
5T5' western smeffer stac1~ is composed of ap.prox[mate[y 
2% sulfur dioxide, 15% water vapor, and 83~o inert 
na~ura~ a~r components. 

,CONVERTER EMISSIONS 

EmTssion gases from the six converters contain greater 
amounts of sulfur dioxide [3% to 7~/= by volume) and 
~esser amaun, ts of moisture and dust. A~I converter emls- 
sions are passed to the sv[furic acid prant which is cap- 
able af recovering approximately 96 % of th~s su]fur. 

The gas correction system Tn the smelter includes water 
cooled converter hoods, balloon settffng flues, and high 
ve]oci~ fives. 'Converter operations are scheduled to pro- 
vide reasonably continuous flows of relatively strong 
sulfur dlox[de to feed t~e acid p~ant. 

An electro,static precipitator removes dust before the 
,gas Ts passed through cooling and hum~difylng towers 
and then through a bank ,of 8 mist precEpitafors to re- 
move aH remaE~ing solids and acid m~s~. 



REMOTE AIR MONITORING STATION NEAR SAN MANUEL 

The resulting clean and dry sulfur dioxide gas is 
split into two trains, or modules, where it is compressed 
and passed through beds of a catalyst, vanadium pen- 
toxide, which converts it to sulfur trioxide. 

The sulfur trioxide passes to towers where it is ab- 
sorbed into circulating sulfuric acid. The resulting saturat- 
ed acid is then concentrated to 93%-94% commercial 
grade for storage and transport to market. 

The plant has a production capacity of approximately 
2,000 tons per day of sulfuric acid. Storage is provided 
at the loading docks for 20,000 tons. Neutralizing facili- 
ties are provided for any amounts of acid, including, if 
necessary, the entire production. A limestone slurry is 
mixed with the acid and the resulting gypsum slurry is 
introduced into the on-line tailings disposal stream from 
the concentrator. 

When the sulfuric acid plant is in full operation the 
eastern 550-foot high smelter stack is dead. Minor tail 

gases from the two stainless steel acid plant stacks are 
invisible. 

An average of the controls over the two emission 
sources at the smelter results in an overall 70°/° positive 
control of sulfuric dioxide and 98% positive control of 
particulates, well within the air quality control standards 
imposed by state and federal governments. 

AIR M O N I T O R I N G  

As a precaution that ambient air standards will not be 
violated during adverse weather conditions an extensive 
system of eight continuous air monitors measures and 
records air quality conditions throughout the area of the 
smelter's influence. Special computer programs produce 
guidance information about potential air pollution epi- 
sodes. The data is monitored in the Smelter Operations 
Center and standing operating procedures provide for 
reduction or curtailment of smoke producing operations if 
necessary to maintain ambient air standards. 
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OVERHEAD CRANE W~TH CATHODES ~N TANK HOUSE 

THE ELECTROLYTIC 
COPPER REFINERY 

The San Manue~ Refinery with annual capacity of 
215,000 tons of electrolytic copper was completed in 
October, 1971. 

The rod plant produces 125,000 tons of continuous 
cast, 5 /16"  diameter copper rod per year. The balance 
of the production is in the form of cathode copper, e~ther 
as full plate or sheared to smaller sizes, meeting specific 
cus 0mer requirements. The c0ntinu0 s cas  rod is shipped 
in co~gs of from 6,000 lbs. to T6,OO0 Ibs. in gross weight 
by rail and/or truck. Cathodes are shipped in bundles 
of appropriate size and weight to facilitate materials 
handling and loc~ding. 

Process and  Facilities 
~e'Fin]ng takes place in the tankhouse. Smelter anodes 

are ~oaded in refining cells with 4"  spacing wffh copper 
starting sheets suspended between the anodes. Electro.~yte 
containing 48 grams per liter copper and 185 grams 
per liter su]furlc acid, wffh solution temperature controlled 
at 150°1:, is circulated throvgh each cell at the ~ate of 
4 to 5 gpm. 

Electric current is appaied in a series-paralleled system 
to provide 21,000 amperes per cell. The DC vo~tage per 
cell is nominally 0'.23. This provides a cvrrent density of 
sfight[y over 22 amperes per square ~oot of cathode 
surface. In the electro-refining p.rocess, copper ions go. 
into solution at the surface of the anode. At the same 
time, copper ions are deposited from the eietroly~e on 
the surface of the cathode. As the anode is depleted, the 
cathode grows in thickness .and weight. Anodes are re- 
placed after 28 days in circuit. Each anode charge pro- 
duces two pulls of cathodes. Under normaO operating 
conditions, an anode weighing 795 pounds produces two 
cathodes weighing 33:0 lbs. each. The remaining 137 
lbs. of anode after 28 days exposure is washed and re- 

turned to the smelter converters "For recycling. Cathodes 
are washed and transferred to the rod casting prant, 
shear burJding or shipping docks. 

Saluble impurities and copper which tend to concen- 
trate in the electrolyte are controlled wffhin strict concen- 
tration limits in the e~ectroly~e purification (Liberator} 
section. The process of purifying the electroIyte is a modi- 
ficaffon of the commercial e~ectroq~ic refining process. 
lnsoluable [ead anodes are used with copper starting 
sheets as the cathode. Copper ions in the electrolytic 

deposit .on the catl 0de, thereby depleting copper in the 
electrolyte. Irn~uriffes settle to the boffom as sludge or 
partially plate out in the bw quality Liberator Cathode. 
Impure cathodes and the sludge are recycled to the 
smeffer. 

Copper starting sheets [nterspaced between the an- 
odes c~t the sta~-t of the 14-day cathode cycle are pro- 
duce.d in the stripper (or starting sheet) section of the 
tankhouse. In the stripper section, roiled copper blanks 
wFth prepared surfaces are interspaced between copper 
anodes. Electro-deposition occurs in the same manner as 
the cornmercia! seOTons. Blanks are pulled a'Fter 24 hours 
deposiffon and the thin copper desposits are stripped 
from the blanks. Approximately 5,400 starting sheets 
weighing approximately 12 pounds each are produced 
per day. Two loops cut "From starting sheet stock are 
.automatically attached to each of the starting sheets and 
copper suspension bars inserted to complete the starting 
sheet assembly. 

Impurities in anode copper either go into solution in 
the e~ectroly~re or settge to the bot~orn of the electro]yfic 
ceil as slime. The sffme which contains various impurities 
including precious metals is washed from the cells at the 
end of each 28-day anode cycle. It is collected and trans- 
ferred to an acid reaching, filtering, and drying section. 
The dry slime is sampled and packed in plastic lined 
drums far shipment to a precious metaLs refinery for re- 
cavery of gold, sifver, .and selenTum metals va]ues. 



FIVE SQUARE INCH BAR CASTING 

Continuous Rod Casting 
Refined copper, in the form of cathodes, with dimen- 

sions approximately 38" x 38" and weighing approxi- 
mately 330 pounds are transferred to the casting house. 
Approximately 125,000 tons per year are melted and 
cast into 5 /16"  and 13/32"  diameter rod. 

Cathode melting takes place in a gas-fired shaft 
furnace. Molten copper flows through a heated launder 
system to a 15-ton capacity holding furnace. The holding 
furnace is equipped with an automatically controlled gas 
firing system to control pouring temperature of the molten 
copper. 

Molten copper is fed to the rod casting machine at 
a controlled rate of near 30 tons per hour by rotating the 
holding furnace. The molten copper flows into a casting 
ladle which directs the flow into the cavity of the casting 
wheel. The copper casting wheel is 96" in diameter with 
a rim cavity specifically designed and machined to pro- 
duce a casting with 5 square inches cross-sectional area. 
The entire casting assembly is water cooled and lubri- 
cated to produce a smooth casting. 

The copper casting formed on the casting wheel is 
continuously withdrawn and fed to a large multiple stand 
rolling mill which reduces the original casting in 12 step 
reductions to 5 /16 "  continuous rod or 10 steps for 
13/32"  rod. After leaving the rolling mill, the rod is 
pickled in a dilute sulfuric acid solution, washed and 
coated enroute to the coiling mechanism. Equipment is 
provided to coil and package the rod in various weight 
coils required by the customers. Packaged coils of fin- 
ished rod are weighed and loaded directly into boxcars 
for rail shipment or to trucks for truck shipments. 

FINISHED 8-TON LAID COILS AT 5/16"" CONTINUOUS CAST MAGMA ROD 
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QUALITY CONTROL iS ESSENTIAL iN PRODUCTION OF MAGMA COPPER 

METALLURGY 
The Division Metallurgy Department maint.alns service 

for .assay, quality control, testing, and research for all 
operating divisions. Laboratory equipment and methods 
include x-ray fluorescent spectrometer, atomic absorption, 
optica~ emission spectrometer, gas chromatograph, wet 
chemical and f~re assay, non-destructive testing, micro- 
scopy .and physical metallurgy. 

The rnetalrurgkal department operations include ore 
assc~y, process materials assay, product .quality determina- 
tion, stack gas anorysis, weight and measure standards, 
process e.Fficiency analysis, equipment wear and .Faffure 
analysis, rubrlc.anf controJs, combustion analysts, and re- 
search on new processes an.c~ products.  

Four modern, fuJ~y equipped laboratorles serve the 
Division, one o'F which is a qualTty control unit [ocated at 
the continuous rod cosff~g plan~ "For production testing 
of finished product. 

Extensive use of electronic data pro cessTng Ts utilized 
for me~'allurgical determinations and a teletype network 
gives prompt information at operational control points 
throughout the Division. 

OTHER PLANT FACILITIES 

The frux preparation p~ant is located between the 
smelter and concentrator buildings and [ncPudes receTving 
brns and crushers for handling l[rnestonre c~nd silica "Flux. 
A ~ime kiln for calcining limestone, and a slaker provide 
metaffurgicar lime for the concentrator. 

Other plant ~acffities include a machine shop wlth 
locomotive service .and repair pits, electric sh.ops, carpen- 

ter, and truck shops, warehouses, time offices, and 
change horses. 

The San Manvel Arrzona Railroad Company, a wholly 
owned subsidiary of Magma Copper Company, operates 
on thirty miles of standarc~ gauge railroad from San 
Manuet to connect with the Southern Pacific Ra~[road 
at Hay.den, Arizona. The depot is iust north of the smeffer- 
refinery gate. SMARRCO is a licensed interstate carrier. 
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SAN MANUEL, ARIZONA 

THE TOWNSITE 
To provide adequate permanent housing facilities for 

the construction period, as well as the future productive 
life of the mine, an agreement was made with the Del 
E. Webb Construction Company and M.O.W. Homes, Inc., 
under which they were to finance and build a community 
suitable for the accommodation of San Manuel's em- 
ployes. 

Active construction was started in mid-1953, and by 
late 1954, the community of San Manuel, consisting of 
1,000 homes, shopping facilities, and hospital, was com- 
pleted. Magma Copper Company acquired the property 
early in 1955. Additional houses were built in 1957 and 
in 1971 bringing the total to 1,276. 

The community at San Manuel, Arizona, contains 
modern homes, shops, and surfaced streets, on the 
sloping west side of the San Pedro Valley. To the east 
are the Galiuro Mountains, while to the west are the 
Santa Catalina Mountains. 

San Manuel was conceived and built for those who 
work for Magma Copper Company, as well as for those 
in related activities - -  merchants, police officers, clergy- 
men, and others. 

The main shopping center covers 32 landscaped 
acres off McNab Parkway. The shops located there offer 
San Manuel a wide variety of merchandise and services. 
This is supplemented by a second shopping center located 
in the lower part of the town. 

The townsite properties are managed from the San 
Manuel Townslte Office of the San Manuel Division of 
Magma Copper Company. 

The San Manuel Division Hospital, a half-million 
dollar institution which maintains the very latest equip- 
ment, and a complete medical staff services the needs of 
San Manuel and vicinity. 

Within the hospital there is a completely equipped 
surgery, nursery, two obstetrical rooms, emergency room, 
x-ray room, x-ray developing room, a patients' wing of 
30 beds, doctors' offices, laboratories, therapy rooms, 
reception room, waiting room, offices, kitchen facilities, 
and dining rooms. 

In this same area is located the Administration Build- 
ing which houses the various management, accounting, 
purchasing, and personnel offices. 

San Manuel elementary schools, Mammoth elementary 
school and San Manuel High School and Junior High 
School serve the Mammoth School District, which includes 
students from San Manuel, Mammoth and vicinity. 

Five schools were completed at a cost of more than 
than $5,000,000 for buildings and equipment. The School 
Board is elected by the registered electorate without re- 
gard to property ownership. 

A 10,000-book library'serves the town of San Manuel 
and supplements the school libraries. The library has 
gradually expanded from a small one-room area in the 
Community Center building to its own quarters with over 
1,500 square feet of floor space. 

Parks, playgrounds, community center, and swimming 
pool facilities are provided by the Townsite for the resi- 
dents of San Manuel. 
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STATISgCAt DATA 

Type 
Gangue rock 
Metallic minerc~ls 
Copper content 
Molybdenvm suffide content 
Gold and silver contents 

ORE DEPOS|T 

Desslminated copper 
• Quartz monzonite porphyry 
Pyrite, chalcopyrite, chalcocite, rnolybde~ite, silver and gold 
About 0.75% 
About 0.025% 
Trc=ce amounts 

Orebody 

Fracture paffern 
MineraE occurrence 

OREBODY 
The contro~ as to s~ze and sha~e of the orebody is an economic cutoff basecf on 

copper content of the mineraffzed rock. Therefore, that porffon considered 
economlcaHy feasible to mine appears in the more northerly porfTon as a 
tabular mass up to 400 feet thick with ffs ~ong dimension bearTng northeast anc~ 
lying at an angle of 55 ° from horizontal to the southeast. This attituc~e persists 
down dip for about 2,4.00 feet where it flattens and then roils upward to form 
a cross-sectionaK ~ishhook s.~ape. 

]ntricate, three-dimensiona~ network 
Oessem]nafed throvgh the gangue rock 

Description 
Thickness 

,OVERBURDEN OR CAPPING 
Gila conglomerate and weakly mineralized monzonife 
Averacses 67(]' feet 

Support 
Water 
Temperatures 

MiNE OPENINGS 
All grovnd requires support, either timber, steel or co,ncrete 
Newly-opened areas may show appreciable flow. Orebody drains rapidly 
Moderate 

Cap aclty 
Mining method 
Underground 1~aulage 

Hoisting 

MINE PRODUCTION 
62,500 tons daily 
Block caving 
Ere ctric trolley locomotives; ore car capacity, 12.5 tons; 15 cars per train, ] 80 

trains per day 
Hoisted through four verffcal sh.afts 
First hoisting. ~evel 1475 feet ,[now completely mined out) 
Intermediate hoisting Deve~, ]775 ft. 
Second hoisting level, 2075: feet 
Hoists: 2 - 600O-}tp, double drum 

2 - 7000-hp, double-drum 
Hoisting speed: 2500 to 3000 fpm 
CapacTty of skip: 21 to 28 tons 
Run-of-mine ore: up to 14 inches 

Bin capacity 
Primary crushers 

Storage 
Ore moved 
Raffway construction 
Type of Cars 
Capacity of car 
Cars per train 
Locomotives 

ORE CRUSHING 
Four ore recelv~ng bins ho|d 5,000 tons each. 
Fovr gyratory crushers 1,000 tons per hour each 

ORE TRANSPORTATION m MINE TO CONCENTRATOR 
At mine loading point m fou r  10,000 ton bins 
Rai~ shuttle service, 18 round trips .daily 
Six mile, standard gauge, 132-pound raft, ~evel, minimum curves with ffbera[ radius 
Bottom-dump, air-operated 
100 tons or 72 cubic yards 
36 
4 ALCO ]600hp Electric-Diesels 

Coarse ore bin 
Secondary crushing 
Tertiary crushing 
Fine ore bin 

ORE CRUSHING '[PLANT) 
20,000 tons capacity 
Four 7-foot standard cone cr.ushers, 600 tph each 
Seven 7-foot short-head cone crushers, 360 tph each 
702,500 tans capacity 
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Concentrator 
Rod mills 

Secondary Grind 

Flotation 
Concentrate regrind 
Cleaner concentrate 

Molybdenum plant 

Gold plant 

CONCENTRATION OF ORE 
62,500 tons per day capacity 

Ten 10' x 13' rod mills and three 12'6" x 16' rod mills; primary grind in open 
circuit 

In dosed circuit with 20-inch cyclone classifiers; twenty 10" x 10" and six 12'6" 
x 14' ball mills with twenty-six sets (122) 20-1nch cyclone classifiers 

1056-40 C.F. and 63-300 C.F. mechanical cells. 
Eight 8' x 12" ball mills 

1300 to 1500 tons of concentrate to molybdenum plant for recovery of moly- 
bdenum 

Products - -  90% MoS2 concentrate ready to market and 28 % copper concentrate 
to smelter storage bins 

Products ~ Precipitate with gold assey of more than 1000 ounces per ton, and 
silver assay of more than 1500 ounces per ton 

Copper concentrate 

Reverberatory products 

Matte to converters 
Converter products 

SMELTING OF COPPER CONCENTRATE 

28% final copper concentrate to one of three natural-gas fired, side-feed, 
reverberatory furnaces, 32' x 102', 34' x 102' and 36' x 102'. 

Matte at 32% to 35% copper 
Slag, to slag dump. 
Waste gases - -  about 50% of contained heat recovered by two waste-heat 

boilers on each furnace. Flue dust recovered from gases by a three compartment 
electrostatic precipitator before entering 20' x 515' stack. 

Three 13' x 35' and three 15' x 35" Pierce-Smith type converters. 
Slag, return to reverberatory furnace. 
Waste gases to electrostatic precipitator and contact acid plant• 
Blister copper, delivered to 4 anode holding furnaces where it is blown and poled 

prior to casting into 795 and 760 pound anodes. 

REFINERY PRODUCTION (DESIGN CAPACITY) 
Anodes charged per day . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  795 Tons 
Cathodes pulled per day . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  650 Tons 
Anode scrap pulled per day . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  135 Tons 
Average weight - -  Anodes 

Commercial Sections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  795 Pounds 
Starting sheet section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  760 Pounds 

Starting sheets per day . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5,400 
Starting sheet blanks in cells 2,700 
Average weight - -  starting sheets 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2  

Anodes per cell 
• " • ' . . . . . . . . . . .  ' . . . . . .  • " • • "  • . . . . . . . . . . . . . .  • . . . . . . . . . . . . . . . . . . .  4 6  

Cathodes per cell 
. . . . . . . . . . . . . . . . . . . . . .  • " • " " " . . . . . . . . . . . . .  • . . . . . . . . . . . . . . . . . .  4 5  

Cathodes pulled per day 3,780 

Pounds 

MISCELLANEOUS 
1974 Employees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5,200 

1974 Payroll . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 66,070,927 
1974 Fringe Benefits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 7,500,000 

1974 Hospital & Medical Costs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 4,739,925 
1974 Arizona Purchases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 45,492,902 
1974 Arizona Taxes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 15,230,912 
1974 Copper Produced . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  115,400 Tons 
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STRING OF SULFURIC A,C/D TANK CARS START TO MARKET VIA SMARRCO 

lncorporatec~ 
Track mffeage 
Freight ca~Hed 1974 

Locomotives 

Employees 
Schedule 

San Manael Arizona Railroad Company 
WHOLLY OWNED SUBSIDIARY OF MAGMA COPPER COMPANY 

A COMMON CARRIER 

September 1'953 
San ManueI-Hayden Junction 29.42 miles 
729,T62 Tons 

4 ALCO 1600hp 
Electric diesel ~0a,~ switchers 
2 EMD, 200Ohp 
Electrk cffesel road switchers 
35 

Operates daily t,o Hayden Junction connection w~th Southern Pacific. 



The Mine 
GENERAL INFORMATION 

MAGMA COPPER COMPANY 

A Subsidiary of 
Newmont Mining Corporation 
San Manuel Division 
San Manuel, Arizona 85631 
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This booklet contains basic information re- 
lative to the geology, engineering, statistics, 
etc. pertaining to the Magma Copper Com- 
pany San Manuel Mine. The techniques and 
information described herein are continually 
undergoing change as new, improved methods 
are discovered, but the booklet, for the most 
part, is an accurate assessment of operations at 
the property. 

Geology 

The San Manuel Orebody is a large, low 
grade disseminated orebody in which primary 
chalcopyrite mineralization has been deposited 
as an elliptical, hollow cylindrical shell whose 
present longitudinal axis trends in a northeast- 
erly direction and plunges gently to the 
southwest, interior to the cylindrical ore shell 
proper is a marginally mineralized zone of 
monzonite porphyry rock showing K-Feldspar 
Biotite alteration. Thickness of the elliptical ore 
shell itself (as defined by an 0.50% Cu cutoff) 
varies from 100 to 1,000 feet and the entire 

system of mineralLzation-alterafion of which the 
ore shell ks a part, is known to have a Iongitudi- 
nal dimension of some 8,000 feet, with major 
and minor cr.oss-sectional axis of about 5,000 
and 2,5.00 feet respectively. This system of 
mineralization-alteration is believed to have 
been formed in conjunction ~ t h  the intrusion 
of a Laramide monzonite porphyry into the 
pre-Cambr~an porphyritic .quartz monzonite 
basement rock (the Oracle ~anite), and these 
two igneous masses comprise the major host 
rocks of the orebody. 

Intrusion of the Laramide porphyry and its 
accompanying mineralization-alteration 
phenomena app~entlg occurred along a cen- 

tral 10ngitudina  axis which originally was much 
steeper than the present axis. After the total 
cyl~ndrical system was formed, it underwent 
periodic rotation to the northeast and con- 
comitantly was bisected at an acute an.gle by 
the San Manuel fault, a normal fauXt with post- 
fault rotation, producing two offset segments as 
presently known. The segment in the lower 
plate ks known as the San Manuel Orebody 
while the segment in the upper plate has been 
called the Kalamazoo Orebody. 



Production Control 

Before secondary development is begun, 
cross sections through the orebody are 
diamond drilled by contract drillers under the 
direction of the Geology Department. Core is 
logged and assayed. This information, as well 
as drift sampling, mapping, experience factors, 
etc., are utilized to predict grade, production ef- 
ficiency, extraction and weight problems. 

Production Engineers, using this informa- 
tion, production requirements, and stope 
availability, assign quotas to the operating 
crews. These quotas are designed to maintain 
the desired production and grade for the mine 
and an optimum rate of draw from each area 
and draw point. 

Various factors are involved in determining 
the desirable rate of draw. If not pulled fast 
enough, a draw point or area may take weight 
and cave. If pulled too fast, a draw point may 
pipe through to waste prematurely. Some 
areas contain too much oxide or too little re- 
coverable copper and production may be cur- 
tailed here to maintain a relatively uniform 
grade for the mine output. 

Quality control is effected by a sampling 
program which is basically computer- 
controlled and is another function of the Pro- 
duction Engineers. 

Tonnage drawn from each draw point is 
tabulated daily by computers in the Data 
Processing Section. When the computer de-. 
termines that sufficient tonnage, usually 200 
tons, has been extracted from a given draw 
point since the last sample, it issues a sample 
card for that draw point. 

When production records and assays indi- 
cate a stope is approaching depletion, regular 
sampling procedures are normally suspended. 
At this time, the production engineer initiates 
procedures which include close visual inspec- 
tion of ore drawn and special sampling. The 
engineer manually orders samples on a much 
more frequent basis, perhaps daily, according 
to production pressures and the characteristics 
of each area. 

Development drift samples are taken by 
the Geology Department while mapping the 
headings. Production area samples are taken 
by four full time samplers working a 6-day 
week, who are capable of taking more than 
300 samples a day. 

Samples are assayed at the plant site under 
the direction of the Quality Control Depart- 
ment. 

Conventional wet assaying is being phased 
out by atomic absorption and X-Ray fluores- 
cence equipment which transmits results direct- 
ly to the computer. The computer processes 
the data and can transmit results via teletype di- 
recfly to those portions of the operation need- 
ing rapid analysis. 
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No. I Shaft 

Depth: 2,829 ft. {for the Third Lift.) 
l~mensions: 25'-57/8 " x 6 ' * - - 4  Compart- 

ments: 
2 Hoisting, 6'-5Y2" x 6'-0". 
1 Manway, 5 ' -0 gs" x 6'-0". 
1 Service Cage, 5'-0" x 6'-0". 
*--Inside Concrete 

Ventilation downcast. 
Structural steel sets in reinforced concrete. 
Headframe: 100'-~" to'~_, sheaves. 

Two 12' diameter steel sheaves 
with wear liners. 

Skips: Two, 4-ton capacity each, in counter- 
balance, Kimberly type. 

Hoists: Main Hoist, two 200-hp motors, dou- 
ble drum. 

Rope speed = 800 fpm, with Lebus 
wind. 

Rope size = 1Vs". 
Service Hoist: single drum, 200-hp. 
Rope speed = 545 fpm. 
Rope size = I". 

This shaft is used to hoist rock from the de- 
velopment headings. Manway comp~- 
ment contains main pump d~scharge col- 
umns carrying most of the water pumped 
from the mine and power transmission 
lines. The service compartment has three 
8-in. heavy-duty pipes for passing con- 
crete from the automated concrete batch- 
ing plant at the collar of the shaft to the 
underground mining levels and I pump 
line. 

3A-3B Shafts 

Twin ore hoisting shafts. 
Depth: 2,310 ft. (fort_he Second Lift.) 
Dimensions: 29'  x 7' inside concrete. 

Four compartments, each 
6'-6" x 7'-0". 

Veni~lat~on exhaust shafts, 195' apart. 
Structural steel sets poured in reinforced 

concrete for smooth lining. Reinforced 
concrete curtain walls between each 
compartment, with 3'-7Y2" x 4' win- 
dows in each set. 

In each of the two hoisting compartments steel 
hat-section guides are of Corten steel. 
These guides are supported every three 
ft. 

Timber guides in service compartment are 
supported every 6'-0". 

Headframe: 181' t o ~  sheaves. 
14' diameter cast steel sheaves. 

Coarse 
Ore Bins: Diameten 

Height:. 

Capacity: 

,60' 
66'-6"; top of bin 92' 

above collar. 
75.0 tons total. 

Loading Gates: 2 on each track per 
bin, air operated. 

2 loading tracks. 



3A-3B Shafts, continued 

Fine 
Ore Bins: 

Loading 
Pockets: 

Skips: 

Automation: 

Diameter: 65' 
Height: 81'-6"; top of bin 107' 

above collar. 
Capacity: 10,000 tons total. 
Loading Gates: 6 on each track per 

bin, air operated. 
On same two tracks as 

coarse ore bins. 

Two in 3A; one below 1775 Level; 
one below 2075 Level, capacity 
= 1.500 tons. One in 3B below 
2075 Level, capacity = 1,500 
tons. 

Bottom-dump Corten steel skips, with 
alloy steel liners and impact rail- 
mat, running on solid rubber tires. 

Capacity: 23 tons with _+ 4.0% mois- 
ture. 

Dimensions: 35'-5" long, 6'-1" wide, 
6'-3" deep. 

Weight: 30,000 Ibs. (Approximate) 
Skip loading and hoisting are 

fully automated. Skip load- 
ing and dumping are 
viewed on closed circuit 
television, and the car 
dumping and hoisting sys- 
tems are monitored on a 
control panel. 

Hoists: Double drum with Lebus wind, au- 
tomatic or manual operation; 15' 
diameter drums having a 109" 
face, spooling 4,700 ft. of 2¼" 
rope in two layers. 

Drum Shaft: 27" diameter through 
drums. 

Hoisting Speed: 2,800 fpm. 
Two 3,000-hp DC motors equipped 

with MG set consisting of one 
4,000-hp motor and two 
2,500 KW DC generators. 
Steel plate flywheel, 44 tons 
(approximate) for 80% power 
peak equalization. 

Service hoists are equipped with an 
18-passenger cage and 45 cubic ft. skip 
combination with solid rubber fires run- 
ning on timber guides. Hoisting ropes are 
1" at 3A and 1Vs" at 3B. The cage and 
skip are counterbalanced by an 8,400-Ib. 
counterweight in the shaft manway. 

Primary 
Crusher: The 460' x 50'  crusher building 

houses three 42 x 65 gyratory 
crushers. There are three 96" x 
62'-0" pan feeders, with a 
capacity of 1,500 tons per hour; 
one fed from the 3A, one from 
the 3B and the other from the 
3C coarse ore bins. At 3A and 
3B, 48" conveyor belts transfer 
the crushed ore from the 
crusher building to transfer 
towers(222'), and back to the 
fine ore bins (421'). 

5 
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3C-3D Shafts 

Identical .ore hoisting shafts. 3C is 195 ft. north 
of 3A; 3D is 195 ft. south of 3B. Height of 
the headframe is 200 feet. 

Depth: 3,C = 2,859 ft. The sinking and fur- 
nishing of this shaft was com- 
pleted April 12, 1971. Hoisting 
from 3C started in August, 1971. 

3D = 3,713 ft. Shaft sinking ~s com- 
plete. 

Dimensions: 22'-0" inside diameter, circular, 
concreted. 

Two ore hoisting compartments, 
service cage, manway and 
pipe compartments. 

Ventilation exhaust shafts. 
Steel box-section Corten guides supported 

,every 12 fL in hoisting compartment 
Douglas fir timber guides in service compart- 

ment supported every 6 ft. 
Headframe: Structural box members of Cor- 

ten steel 
15' diameter fabricated steel 

sheaves. 

Skips: Bottom-dump ,Corten steel skips, im- 
pact railmat alloy steel liners, with 
solid rubber tires running on Cor- 
ten steel box-section guides. 

Capadty: 29 tons. 
Dimensions: Length, 37'-4½'J; Width, 

6'-8"; Depth 6'-3½"; Weight 
30,860 Ibs. 

Automation: Same as 3A-3B. 
Hoists: Double drum with Lebus wind; au- 

t omat~c or manual operation, 15' 
diameter drums having a 109" 
face, spooling 2¼" wire rope. 

Hoisting Speed: 2,800 fpm. 
Each hoist has two 3,500-hp DC 

motors powered from a MG set 
consisting of one 6,000-hp 514 
rmp synchronous motor driving 
two 2,8.00 KW generators. MG 
set has no flywheel. 

3C 
Service 
Hoist: Single drum, manually operated, 

powered by a 250-hp DC motor 
capaNe of handling a 8,000-1b. 
load ata  depth of 3,600 ft. Ad- 
justable DC vo[tage for driving 
the hoist motor will be supplied 
by si~icomatic l-power conversion 
equipment converting AC to DC 
power through silicon control 
rectifier cells. Speed is 800 fpm. 
Rope size is 1". 



3C-3D Shafts, continued 

Primary 
Crusher: At 3C, 48 ~' conveyor belts transfer 

the crushed ore from the 
crusher building to transfer 
towers (169)'), and back to the 
fine ore bins (365~). Skip dump- 
ing, fine ore bin capacity and 
transfer belts are viewed on 
closed circuit television. The en- 
tire automated crusher is moni- 
tored from control panels at 
each crusher location. 

No. 4 Shaft 

Depth: 2,729 ft. 
Dimensions: 26'-6 " x 14'. Structural steel sets 

are poured in concrete for 
smooth lining. 

Two cage compartments, each 14' x 8'; two 
rounded end compartments for manway, 
pipes, electric cables and ventilation. 
Manway compartment also contains the 
main compressed air line supplying the 
mine. 

Man and supply shaft, and downcast ventila- 
tion. 

Cages: 2 decks, 50 men per deck. 
Inside dimensions: 6'-9V2" x 13'-6". 
Rated Capacities: 20,000 Ibs. supplies 

per deck. 
12,000 Ibs. men per deck. 
Cage Weight: 24,000 ibs. (approxi- 

mate) 
Headframe: 109 t o ~  sheaves. 

Two 14' cast steel sheaves. 
Hoist: Double drum. 

15' diameter, 90" face drums. 
21/4'~ hoisting rope. 
Maximum hoisting speed: 1,500 fpm. 
Single reduction drive, two 700-hp DC 

motors equipped with MG set 
consisting of one 1,750-hp AC 
motor and two 600-KW DC 
generators. Hoisthouse equipped 
with 30-ton crane, with 5-ton aux- 
iliary. 
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No. 5 Shaft 

Lining: 24" thick reinforced concrete lining. 
Depth: 4,123 ft. 
Dimensions: 25 ft. diameter inside the con- 

crete lining. 
Of the four hoisting compartments, two will be 

used for handling men and supplies, and 
two will be used for hoisting waste rock. 
The shaft will a~so have compartments for 
manway, pipe Rifles, elec~c cables, and 
ooncrete transportation lines. 

Man and supply shaft, downcast ventilation. 

Hoists: Double drum production hoist pow- 
ered by one 1,000-hp DC motor. 

9' diameter, 103.5" face. 
13,6" hoisting rope. 
Hoist speed: 1,925 fpm. 
Skip.capacity: 5.5 tons. 
A static thrystor rated at 1,000 KW will. 

replace ~.e normally-used MG set 
to supply power to the produc- 
tion hoist motor. 

Service 
Hoist: Double drum service hoist (for men 

and materials), powered by two 
DC motors, each having 
1,000-hp. 

15' diameter, 105" face. 
2~"  rope. 
Hoist speed: 1,85.6 fpm. 
Man cage: Similar to that at No. 4 

Shaft. 
Headframe: 157 ft. 



I I 
Mine Surface Map Showing Caved Areas 
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Posts: 12" x 12" x I0,'-4" 
Caps: 12" x 12" x I0 '  
Sets on 5 ~ centers. 
For the lower levels, we are in the process of 

changing to a set having a longer cap and 
posts having less baiter. T/R (completed) 
will be 6 ~' lower. 

Crews: Single Heading- -3  men. 
Two Headings- -4  men. 
44-48 hMes drilled per set. 
50' Ibs. -+ of Ammonium Nitrate 

p~imed with a stick.of 60% 
Amogel per hole. Initiated by 
electric blasting caps 0 to 12 

delay, 

Timber Haulage Drift 

4 5 #  Rail for Development. 
90#  Rail finished track. 

Timber Ladder Drift 

If 75#  rail is used, 64 ~ is the grade. 
4 5 #  rail for Development  
75# rail finished track, 

Rail Measurements 

33A " for 4 5 #  rail. 
4-13/16" for 75#  rail. 
5% ~r for 9 0 #  rail. 
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i ; 4 '  ~ u a g t  h ~ l o w  g e  : 

4" or 6" W.F. arch caps and 9'-6" posts for ini- 
tial ground support. 

Sets on 5' centers. 
Crews same as Timber Haulage Drift. 
On the lower levels, the concrete drifts will 

have a 1' fiat spot in the crown, to allow 
passage of wider equipment. Completed 
T/R will also be 6" lower. 

Initial Ground Support: 4" Steel Set (HC-3) or 
6" Steel Set (HC-4) 

Concrete Ladder Drift 

If 75#  rail is used, 64" is the dev'pt  grade. 
45#  rail for Development. 
75#  rail finished track. 

Concrete Haulage Drift 

45#  rail for Development. 
90#  rail finished track. 
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Gravity Flow Tra nsfer Ra ise 

4' x 4' inside. 
Lining: 6" x 8" cribbing, armored with 3" x 4" x 

3116" steel angles and "T"-irons. 
Inclination: 63 ° 
Length: 48' 
Crews: 2-man crews advance two raises at 

once, using 3" stopers. 14 holes 
drilled 5' deep; 35 Ibs. 60% 
Amogel used per round, deto- 
nated with electric caps. Ventila- 
tion with compressed air. 

Transfer Raise Stations are cut by the regular 
drift crew using the same equipment they 
use to drive the drift. 

They are cut as the drift heading is advanced. 
Raise Stations are steel pony sets on top of 

special drift sets. Lined with non- 
reinforced concrete. 
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Grizzly Level Primary 
Development Drifts 

c3 

19" 
Grade Line 

T u~ 

Steel Ties J 45# Raft 

Concrete Panel Drift 

Excavation only: 
Rock bolts and steel straps .GC-3, GP-3 are 

used as pre-concrete support. 
Size: I0 ' -3"  x 9'-1". 
Each round marked on face by  Boss. 

Two-man crews, or 3 men in two headings. 
44-48 holes drilled 6' deep. 
40 lbs. ammonium nitrate primed with a plastic 

booster per hole. InNated by electric 
blasting caps 0 to 12 delay. 

Ventilation with fans and tubing. 

Initia| Ground Support: 
4" Steel Set {GC-3} or 
6%tee| Set (GC-1) ] Non-reinforced 

Concrete 

] ~  1st Turnout Cap I 

of 
G~ade Dne 

t 
l 
| 
! 

--t 
| i' | 
t 

114 t 

4 Ballast be~0w tie 

Concrete Fringe Drift 

4 5 #  rail and steel ties for 
Development  and Finished Track. 
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sand and aggregate I 

Header 

Remixer 
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x ~ \  Slick Line Header 

Empty Placer 
Placed Concrete 

Placers Loading 

No.l Shaft 
/ 

Header 

Re 

Schematic Diagram of 
Concrete Flow Sheet 

In November, 1964, the surface mixing 
and underground distribution operations were 
automated. The operation of the batch plant, 
including the diversion of the concrete to the 
various levels, is entirely controlled by one 
man located in a central monitoring station on 
the surface. The aggregate is moved from 
underground storage bins to the batch plant 
by conveyor belt. Truck-delivered bulk air- 
entraining cement is transferred from the truck 
by pneumatic elevator into either the 500-bbl. 
or 800-bbl. cement silo. Mixers are 11/4 cubic 
yard double compartment. Mixwater is chilled to 
480-55 ° by a refrigeration plant in the sum mer. 

Dispersing and retarding agents are 
added with the mix water. Mixers discharge 
through a screened hopper into 8" heavy-duty 
pipes suspended in No. 1 Shaft. Concrete dis- 
charges through a header into remixets on the 
various levels, which fill 2.5-cubic yard porta- 
ble placers. The placers discharge pneumati- 
cally through a header and 6" slick line behind 
plywood or steel forms. 

From 6,000 to 8,000 cubic yards of con- 
crete per month are poured on a three-shift- 
per-day, seven-day-per-week basis. Forming is 
also done on three shifts, seven days per week. 
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Dmw 
Raise 

5'-3+' 

[ 
! 

Grizzl,g Level 

Gravity Flow Draw Raise 
i 

Size: 5' minimum diameter, unlined. 
Length: 15'-0" above grizzly. Driven after 

grizzly drift is concreted. 
Crews: 2-man crew drives several raises at 

once. 11 to 24 holes drilled 4' to 
6' deep. 27 lbs. ammonium ni- 
trate with each hole primed with 
plastic booster. Electrically 
b|asted. 

Gravity Flow Grizzly Drift 
i, 

Excavation only; 8'-4" x 8'-0" between draw 
points; 9'-6"  x 8'-0" at draw points. 

Rock bolts and wire mesh used for pre- 
concrete support. 

Size: 5' wide, 6.~,4 ' high finished drift with con- 
crete reinforced at the draw points only. 

2-man .crews used. 13 to 21 holes drilled 6' 
deep. 30 Ibs. ammon}um nitrate with 
each hole primed with plastic booster 
used per round; e lec~c  primer blasted. 
Drilling is done  with Jackleg. Ventilation 
with air mover. 
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Undercut Procedure 
i 

Undercut drifts are 5 x 7 timbered with 6" 
round posts and 6" x 8" caps. These drifts are 
driven over the tops of all the draw raises, 15 ft. 
above the grizzly drift floor at right angles to the 
grizzly drifts. Access undercut  drifts are driven 
parallel to the grizzly drifts over the tops of the 
northernmost  and southernmost  draw raises. 
Undercut  pillar work usually begins before the 
drifts are all completed to prevent excessive 
drift repair and maintenance. 

Undercutting can start at any position in the 
block, but usually is begun against an older 
caved block and retreats to a solid comer  or 
comers. 

Undercut  pillar crews start the cave by drill- 
ing and blasting out a pillar between drifts or at 
a boundary  of the block. The pillar crews re- 
treat away from this initial cave, breaking the 
ground into the caved area. Before each pillar 
is blasted, the drift is widened on one side 
about  four ft. and timbered if necessary. The 
remaining pillar, about eight ft. thick, is drilled 
out to a height of 13 ft. above the floor of the 
undercut, and the pillar and widened drift are 
shot. 

The timber is drilled with wood augers 
and shot with the undercut  round. Generally, a 
15-ft. section along the drift length is taken with 
each blast (from one draw raise to the next). 
Care is taken to insure that the pillar is com- 
pletely broken by drawing off sufficient broken 
muck to observe the effect of the blast before 
the next adjoining pillar is shot. Millisecond 
delay electric caps are used in pillar blasting, 
and are wired in series--parallel, with not 
more than 25 primers in any one series. Cir- 
cuits are tested with a galvanometer before 
being connected to the power source. All blast- 
ing lines go through an interrupter switch and 
from this switch to the main pillar blasting 
switch, which is a completely independent  
circuit. 

Timber: 
Round posts and 6" x 8" caps with 6" x 8" 

stringers or sills over raise tops. 
2" x 12" side and back lagging. 
Raise tops temporarily covered with 2" 

lagging. 
Crews: 

2-man crews drill 10 to 18 jackleg holes, 
and 20 to 30 stoper holes per shift, 
depending on draw raise spacing 
and ground condition. Undercutting 
proceeds on a 3-shift, 6-day per 
week basis. 

In blasting 60°/0 Amogel Explosive in 1" x 
12" stick is used with millisecond 
electric blasting. 

19 
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General Mine Operating Data 

Operating Shifts per Day 3 
Operating Days per Week 7 
Operating Days per Year (8 holidaysl 357 
Production per Day, Tons 62,500 
Production per Year, Tons 22,312,500 
Active Undercut Area, Sq. Ft. 446,000 
Draw Point Spacing: 

17.5' East-West x 15 N0rth-South 
Block Dimensional Data: 

Block Width 140' 
Block Length 90~-240 ' 
Present Average Block 140 ~ x 180 r 
Ore Height above 

Undercut Floor I00~-600 ' 
Distance Undercut Floor to 

Grizzly Level Floor 15' 
Distance Floor Haulage to Floor 

Grizzly Level 
Grizzly Bar Spacing 
Grizzly Bar Material 

60' 
14" 

Salvaged 90# Rail. 
Draw Points (Average per Month): 

Active 1,590 
High Pack 65. 
Held for Repair 80 
Held for Grade 80 

Total Draw Points 1,815 

Types of Explosives used: 
Secondary Blasting--60% (No. I) Amogel in 

l-lb. bags. Initiation is with zero deHay 
electric blasting caps. These are con- 
nected into a trunk line to a central un- 
dergro.und location where blasting 
switches are located. 

Primary Blasting--ln the larger heading = 50 
nbs. + of Ammonium Nitrate = primed 
with a stick I x I/8" x 12 '~ 60% Amogel Ex- 

plosive per h01e initiated by electric blast- 
ing caps, 0 to 12 delay. 

All other development, except transfer raises 
and undercuts, uses ammonium nitrate 
with regular delay electric blasting caps. 
Transfer raises load with 60% Amogel 
only. 

A~I blasting is done at the middle and end of 
each shift. 
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General Mine Operating 
Data, continued 

Car Dumps: 
In the dumping cyde the motorman pulis 

through the dump and spots three cars in 
the dumper without uncoupling. Carstops 
rise and lock the train in position. The 
motorman activates the dumper which 
rotates 180 ° and returns to the upright 
position and the operation is repeated. 
Three cars are dumped in about one rain- 
ute, or five minutes per train of 15 cars. 
Development cars are designed to. fit the 
dumper, but because of their ~en.gth and 
type of coupling, they must be uncoupled 
to dump. 

Traffic can flow in both directions through a 
rotary dump, but dumping is done in one 
direction only. 

Mining Equipment: 
Big drifts use a San Manuel-made remote con- 

trol jumbo with three 8' booms and three 
3" drifters with 6' feed shel~s. The booms 
are hydraulically operated and are pow- 
ered by two 13/~ gpm, 11,000 psi hydro- 
pumps that feed into a hydraulic manifold. 

Mucking is done by a rocker shovel with a steel 
flight conveyor dumping into 10-ton 

bottom-dump development cars. The 
cars are switched by an 8-t0n, 40-hp (or 
9-ton, 40-hpl. storage battery 1.0comotive. 

Smaller headings use feedleg drills with 2' or 4' 
single stage legs and stoper drills with 18" 
steel change. 

Mucking is done by Gay0 Rubber Tired 320 
overshot direct into muck car, and a 310 

I yrd, hopper type mucker all air motor 
powered. 

Underground Haulage Data: 
Haulage locomotives are 23-ton, 4-wheeH 

trolley type; each locomotive with two 
125-hp, 275-volt DC motors. They haul 
fifteen 12 to 13-ton working load cars. 

Ore cars. are 300 cu. ft., 15-ton box-type with 
one stationary coupling and one rotating 
coupl~ng. 

Length center to center of coupling: 17'-6". 
Width, overall: 6~-ff '. 
Height above track: 5'-6". 
Couplers: Rotary and non-rotary couplers 

equipped with rubber cushioned draft 
gear. 

Track gauge: 36". 
Car loading through air-operated guillotine 

undercut gates. 



Ventilation 

460,000 cfm goes down # 4  and #1 Shafts 
from the surface. 

364,000 cfm goes down #5  Shaft from the 
surface. 

78,000 cfm Miscellaneous Intakes, in addi- 
tion to shafts. 

92,000 cfm--Sub Level (1715-1775 
Levels). 

612,000 cfm--2nd Lift (2015-2075 Levels). 
147,000 cfm--3rd Lift and Sub Level De- 

velopment. 
Sub-Levels--Three hi-speed Axivane mine 

fans: One MXC, 1715, 200-hp, 1160 
rpm, 5' diameter; one MXC standby, 
1775 200-hp, 1160 rpm, 5' diameter; 
and one MXC, 2315, 200-hp, 1160 rpm, 
5' diameter. 

2nd Lift--Four hi-speed Axivane mine fans: 
one MXC, 2075 450-hp, 1160 rpm, 6' 
diameter; ine VXC, 2015, 450-hp 1160 
rpm, 6' diameter; two No. 5 Shaft Drift, 
2015 Level, 450-hp. 1,160 rmp, 6' 
diameter. 

Auxiliary ventilation air is directed through 
operating blocks by means of ventilation 
doors and Axivane 20-hp, large-volume, 
low-pressure, low-speed mine fans. Indi- 
vidual working places are ventilated by 
10-hp and 20-hp high-pressure, high- 
speed fans through 24" ventilation pipe or 
with venturi type air movers. 60-hp fans 
are used to supplement the major fans in 
problem areas. 

Communications 

On the haulage levels, haulage trains and sup- 
ply trains are moved on direct orders from 
a dispatcher by the use of a radio phone 
system. In addition, radio phones are in- 
stalled in repair shops and at vantage 
points for use by supervision. 

Draw and haulage operations are coordinated 
through the dispatcher by an audio pag- 
ing system. 

A standard telephone system consisting of 
seven circuits aids in coordinating hoist- 
ing, maintenance, and service facilities 
between the surface and the mine 
underground. 
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Drainage 

Newly opened areas show an appreciable flow 
of water which is camed out of the work- 
ing area by air-operated sump pumps, 
with a capacity of 150 gprn at I00' head. 
Mine underground was planned so that 
water drains either to No. 1 Shaft or to 3A 
and 3B Shafts. 

Mine Water = 7,000 gpm, principally from the 
2nd Lift. 

Mine water is pumped approximately eight 
miles to the Plant site for use as Mill water. 

Potable water is pumped from San Pedro wells 
to the Mine for domestic use. 

Surface Ore Transportation 

Cars: 100 tons capacity, 35 to 40 per pain. 

Locomotive: 125-~0n, 1,600;hp, diesel- 
electric. 

Trackage: 132-Ib. rail, 7-mile haul to receiving 

bin at reduction plant, level 
track. 

Change Room No. 4 

Accommodates 1,900 employees with lockers, 

showers, and toilet fatigues. Heated with 
gas space heaters. 

In the same building is the foreman's office, 
time office, mine survey office, Environ- 
mental engineer's office, dispensary, 
lamp room, and dust counting laboratory. 

Change Room No. 3 

Accommodates 1,080, men and has office 
facilities similar to # I  change room. This 
change room is ~ocated in the #3 Shaft 
Area near #5 Shaft. 



Com pressed Air 

Delivering 110 Ibs. air pressure for approxi- 
mately 100 psi mine working pressure. 

No. 4 Compressor House 
Five 3,500 cfm compressors, delivering at 100 

Ibs. air pressure, each equipped with 
600-hp synchronous motor. 

One 1,936 cfm--350-hp synchronous motor. 
One 1,596 cfm--300-hp synchronous motor. 
Total--21,032 cfm, delivering at 110 ibs. air 

pressure for approximately 100 Ibs. mine 
working pressure. 

Three natural gas powered compressors each 
having a 3,200 cfm capacity. "Outdoor" 
type. 

No. 3 Shaft Hoist House 
Two 7,000-cfm centrifugal compressors, each 

equipped with 1,500-hp motor, deliver- 
ing at 110 Ibs. air pressure. 

Total compressed air= 44,632. 

No. I and No. 4 Yards 

Surface installations in this area include a 
machine shop (including car repairs), 
electric shop, drill repair shop, a black- 
smith shop, truck maintenance shop, 
framing shed, carpenter shop, warehouse 
facilities, timber-treating plant, salvage 
area, pipe shop, cylinder repair shed, 
sand-blasting shed, paint shed, fire 
marshal shed, mine rescue training 
center, fuse and cap storage tunnel, batch 
plant (including mix water cooling plant 
and additive storage tanks), compressor 
house, No. I and No. 4 hoisthouses, pot- 
able water treating plant, and 
changerooms. 

There are storage areas for all material used in 
the mining operation. 

Steel: Variety of structural shapes for shop 
fabrication jobs and mine ground 
support. 

Timber: 12" x 12" drift timber. 
2" and 3" lagging, various lengths. 
6" and 8" cribbing, pre-framed. 
Pole posts--Texas pine for undercut 

timber. 
A large explosives magazine is maintained to 

supply the mining operation. 
A planned maintenance and lubrication 

schedule is followed for all surface and 
underground operating equipment. 
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Mine Power 

Power is supplied to the Mine No. 3 Hoist 
Area Substation at 115 Kv from the Plant Sub- 
station over a feeder approximately 6.5 miles 
long. The Mine feeder conductors are 795 
MCM ACSR with a current carrying capacity of 

900 amps, 
The No. 3 Hoist Area Substation Main 

Transformer is rated at 5.0/66.5 MVA, 115/46 
Kv, 3-phas.e. This transformer supplies the 46 
Kv bus at the Sub,sta[on and the feeder to the 
No. I and No. 4 Shaft Area located approxi- 
mate[y one mile away. The 46 Kv bus at the 
No. 3 Hoist Area Substation supplies several 
banks of single phase 4612.4 Kv, 2,500 Kva 
and 7,500 Kva transformers for all surface and 
underground power requirements in this area. 

The 46 Kv feeder to the No. I and 4 Shaft 
Area feeds three secondary substations supply- 
ing all surface and underground requirements. 
These include No. I and No. 4 hoists, com- 
pressor building and all service requirements. 

Metal Production- 
San Manuel Onry 

19'73--12 months of operation. 
Average Dai~y Mine Production, 

Dry Tons 62,000 
Copper P1"oduction, Tons 140,000 
Molybdenum Sulfide Concentrate, 

Tons 4,790' 
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Arizona c u r r e n t  UG Miners ra te  is $5,7825/hr or $46 .26 /sh i f t  
Assume 35% of  crew is on bonus and earning $30/day over wages: 

65% @ $46 .26  ¢ 
~ ~ t h e  3 5 ~ @  $76 .26  . 

n avepaQe - ' - ~ $ 5 6 . 7 6 ,  f u r t h e r  assum in9 t h a t  p a y r o l i  
/ /  -~'- load  c o s t s  ape 32%, t h e  $ 5 6 . 7 6  x i . 3 2  = $ 7 4 . 9 2 ,  

plus Cost of  L iv in9  al lowance = 3 .64  . 
/ ~ ~  then Mine Dept. cost/MS = $78 .56  / 

I 
/ $78.56/3~6)= $ 2 . 1 8 2  labop c o s t / e o n  . 

$ 2 . 1 8 2 / . 6 5  = $ 3 . 3 5  min in9  c o s t / t o n  

8 
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AMERICAN SMELTING AND REFINING COMPANY 
Tucson Arizona 
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FILE MEMORANDUM 

j• <.'L ! 
,77tit 

READ AND RETURN 

PREPAR~ ANSWERS ~.HANDLE 

F t L $ , /  INITIALS. 

CLOUDBURST FORMATION 
SAN MANUEL AREA 
PINAI, COUNTY, ARIZONA 

IktJG IG  GG7 

S. C. Creasey and others who have worked out the geology 
of the San Manuel area place the Cloudburst formation in the 
Laramide, yet state that it is post-mineral with respect to 
the San Manuel porphyry copper orebody. Creasey (USGS Bull. 
1218, p. 55) states: "Fragments of the porphyry are common 
in the fanglomerates of the Cloudburst Formation, and fragments 
of altered porphyry derieved from the San Manuel ore deposit 
occur in the Cloudburst Formation southeast of the deposit 
in the area bounded by the San Manuel and Mammoth faults." 

This post-mineral sequence of andesitic clastic and 
volcanic materials is an enigma in southern Arizona where 
the Larsmide Silver Bell type of andesitic flows and clastics 
pre-date the emplacement of most of the porphyry copper 
orebodies. On August I0, Jim Briscoe and I spent the day in 
the San Manuel area investigating the character of the 
Cloudburst formation. 

In the wash Just south of Mammoth Wash (see ATTACHMENT A), 
Creasey shows a long dike-like sliver of granodiorite porphyry-- 
probably genetically associated with the San Manuel mineralization-- 
faulted into Cloudburst fang!omerate and volcanics. At the 
point noted on ATTACHMENT A, we found a clearly exposed 
intrusive contact between fanglomerate and granodiorite porphyry. 
The fault shown by Creasey does not exist at this point, and it 

,I • Tl • s e e m s  c l e a r  t h ~ . t  t h e  f a u l t e d  s l ! v e r  i s ,  i n  f a c t ~  a d i k e  
intruding the Cloudburst. The fanglomerate is moderately 
altered in contact with the relatively fresh granodiorite and 
contains iron-stained shears parallel the intrusive contact. 
Further reconnaissance in the locality showed that several 
granodiorite dikes intrude the Cloudburst here, and iocaily 
the Cloudburst materials are altered in contact with these 
dikes. No mineralized fragments of porphyry or Oracle granite 
were seen outside the alteration in the Cloudburst immediately 
adjacent the dikes. 

Excellent exposures of the Cloudburst are found in Tucson 
and Cloudburst washes north of the St. Anthony mine. Here, 
well-indurated and pervasively epidotized clastics and flows 
appear to have undergone the aerial metamorphism which surrounds 
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major porphyry copper deposits in the Southwestern United 
States. Feldspars are altered and ferromagnesian minerals 
chloritized. The propylitic alteration (epidote, oc- 
casional disseminated grains of pyrite) clearly pre-dates 
the mid-Tertiary dikes and veins that cut through the area~ 
Briscoe is strongly of the opinion that the Cloudburst 
here is very similar to premineral andesitic sequences in 
the Picacho Peak and Owl Head Buttes areas. Likewise, I 
feel that this Cloudburst sequence closely resembles the 
Picacho Peak succession, and is similar to certain 
portions of the Claflin Ranch-Silver Bell andesite breccia 
interval as seen in the Silver Bell Mountains. Certain 
portions of the Cloudburst in its name-sake wash are also 
very reminiscent of parts of the Fresnal conglomerate as 
seen above th~ Jupiter mine in the Baboquivari Mountains. 

A final stop was made in Section 4, of T9S, RI6E 
over Quintana's Kalamazoo deposit to check an indicated 
granodiorite porphyry-Cloudburst fanglomerate contact. 
Contact relationships were not clear here, but the 
fanglomerate appears to be considerably younger than that 
seen north of the St. Anthony mine. The matrix is punky 
and the fanglomerate overall is crumbly. No epidote or 
other sign of hydrothermal alteration is present. Possible 
granodiorite porphyry fragments were found midst the 
vastly predominant Oracle granite detritus. 

We suggest that the well-indurated Cloudburst seen 
north and southeast of the San Manuel mine is, at least in 
part, pre-mineral. We also suggest that the fanglomerate 
in the Kalamazoo area is of much later origin---possibly 
Pantano-Minetta equivalent. A long traverse up Cloudburst 
Wash to the western edge of the area mapped by Creasey 
would probably turn up evidence one way or the other. 

In discussing this situation with John Kinnison, I 
found that John has previously stated his dissent of the 
inclusion of the Kalamazoo area fanglomerate within the 
Cloudburst. Kinnison (memo to J. H. Courtright, May 19, 
1966) refers to this fanglomerate as possible lower Gila. 
Indeed, even Creasey and Leo Heindl (USGS Bull. II41-E) 
cannot agree on a triangle of outcrop just east of Red 
Hill---the former calling it Gila and the latter it 
Cloudburstl 

BARRY N. WATSON 

BNW/mcg 
Attachment 
cc: JABriscoe w/attachment 
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TO: J. H. COURTRIGHT 

FROM: 

AMERICAN SMELTING AND REFINI ARNEYADANDRETURI~ ~. ~ ,  /~...J'-t #.#~, NG COMP v i  i j = 
j ~ -tj. 0 ~ , ~ s o n  Ar i zona 

January 1 1, 1 967 PREPARE ANSWERS~HANDLE~ 

J. E. KINNISON 
SAN MANUEL FAULT 
Direction @f Dis?lacement i~l#,i~. 

I studied in the field, during the spring of 1964, the San W~1~ 
Manuel fault, and concluded that it was a normal fault with the .vo/ 
throw directly downdip. My reason was an "indirect"one. 

A similar fault, II miles north of San Manuel, and approx- 
imately parallel to it, is cleanly exposed near the junction of 
Putnam and Camp Grant washes. Shear cleavage in the fault zone, 
and antithetic tension joints indicate the movement, and a second 
exposure contained beds of "Gila Conglomerate" which could be 
matched and showed a slight normal slip in these tension joints. 
Xerox copy of my field sketches is attached. 

The San Manuel fault is best exposed in Smelter wash, 3 miles 
southwest of the mine. Joints in the i'Gila" are most numerous near 
the San Manuel fault, and dip in the direction of tension. This, 
compared to the Putnam wash fault, seemed sufficient to regard the 
San Manuel as a normal fault. Sulfides (mostly pyrite) in old 
churn drill holes on the Purcell group, considered also with a 
few NE fissures with sericitic alteration and a little live limonite, 
Seemed rather conclusive that the faulted segment of San Manuel was 
on her claims, downdip above the fault. 

JEK/kw 
Attachment 

" J. E. KIINNISON 
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Geology oF the San Manuel Mine 
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T h i n - b e d d e d  Arkostc rocks 
and f ine cona /omero tes  
a p p e a r ' t o  re~'t on qm =n 
depo~ i t i ono l  con tac t .  Congl and coarse a rkose  

interbeds- conformable 
t with attitude of volcanics 

I J 
I Conglomerate here more tVolcanics composed mainly 
' / o f  Andesi te to basalt ic f lows indurated-a.l terotion in 
I / a n d  f low breccias am2gdaloidal voEcomcs ,ncreases TO 
i / z o n e s  common- some "mud f low eas t -ep idg te  co..rnmon, 
, / b,e.io: b, t  for mos, ~o,, , , , ,  ' r ; , ~e '~ ' l i ; ~ ' ; ' b " ,~ :  '~o 

_ . _ - ( f o r m a t i o n  does not c oseiy 
i ~ \ . . . . . .  , ~ ,, (.flow brecclas or angular cg '. 
, ~ ~ \ resemble typical bHver ue.- 

"~ ~ ~ ~ ~ . . , d q . _ ~ t ~ . . , d q . _ ~ t l  NN,,~utbut may be comparable in age. ds~,~e~-v~,~,~e.--/ ' ~ - -  _ _ _ : ' ~ ' ~  

Sun Manuel (?) Fault 

l cl 

Tcv ] 

C&q 

Cloudburst Formation 

Cloudburst  fonqlomerote 
(composed mmnly of qm and volcamcrocl~s 

boulders anq to sub rot~nded 

Volcanics in Cloudburst 

Pre Cambrin quartz monzonite 

• :?~ 3 

Sketch Section 
About ~ Mile South of Signal Peak 

Section Trends E W Ale ng Cloudburst Wash 
N W of San Manual Mine 

LOOKING NORTH 
SCALE I% 2000' ~t Z7-7/ 
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C~OLO~Z OF .... 

ROCKS 

The San >i~nuel orebo~.v is a diss~2~t,,~d~coppsr d-~posit ~ 

quart~ monzonite~ monzonit~ porp~jry~ ~ud ~abase~ 

Q~zrtz monzen//~e~ which is Pr~C~mbrianlin age~ is ~.~@osed in 

an area including Nee i and . . . . .  ~Oo Z:. shafts and ¢:~.rbend~.g about 2~J,~O0 f~et 

southeast fro~ No° 1 shaft° It is ~3.so e~,os¢~d Jnthe bottcm of Nee 2 

sh~ft and an a zone roughly 500 to l~O0 .~t s~u~nea~,t of Nee 2 shaft 

having its long di~ension along a norohe~st~sou~,.~st ~so @~ti~n drill= 

~g has sho~ all these e~os ~ures to be w~v~n~ ~-~ of• a conti~.uous mass of 

q~r'hZ monzoni'he lying within and ben~th the o~e zoneo 

L~te Cretaceo~s2~onzonite po~p~,~z~ - comprises the bo3.k of the 

re~ai2~ing _oc~ . . . .  ~ encountered belo'~ the conglon%e~atOo I~ g~ne,.a_~ " ~ th~ por~ 

ph~c~ occurs Ja two large m~sses that are seps~-ated b} -~ a projection of 

qla~e~z monzonite so~z~':~.h of' ~[oo 2 shaft° The porph~,,~.~j masses converge to 

the east~ The north area o.~. porphyry: ~s a ~.~ .... --~.ik~. 2 r~ass l~ring abov~ 

quartz monzoniteo The south area has not been bol;tome,,J, b~ '  a ~  d~.u~iling 

.~.=;~.~ ,gr..,d ~ay be a stocko 4 " ' 

as dikes cu'btin Z "~'~'~" 

so~kh%~est o 

znb~ro.s_ve into :~5~.a~%Z monzonite and S®ve.~al diabase d~k~s s ' ' ~  "~ 

~onzonits porphyr~ have. been ~osed i n  the ~f..n~ one.n.~m.~So~_. . . All %he 

Oiabase <Likes are ~'/.neralized a ~ . . ~ r . l ~  to the ~,ocks th~j Intz~adeo 

i References ~nd not~s app~%r at the end of ~o~.e' "~ gape~% 



~ndesite po~nun~ ~ dlk~s haw~ b~n noted in a few .i~ustancsso 

Some of the~ diks~ a r ~  uu~nerali~ed ~il~ others a r ~  lightly ~r~ueral~ 

ized ~'±th pFriteo The ~eralization and hyd~othelm~1 alteration in all 

cases are of a different character than that of the h%truded rook° Andeslte 

porphyry is probably~ as_~h~artz~s~ the intrusive e ~ v ~ e n t  of 

t~ne %av~_ flQ~.~s~0!~e C!o/adb~st formation~ the mineralization being ef 

later age th~u the ore mineralization~ 

The Cloudburst fo~ation was cmt by Nee 95~ and No~ 3B shafts 

and by drifti~ on the ~;esternmoet part of the !~75 Level°. This formation 

contains %.~ me,terSe The upper memb~r is a conglomerate up 

of quartz menzonite...fl-agments but containing some fragments of ~l! the 

older rocks in the area~ The matr~n~ tsnd~ to be arkosic~ brat granitic 

sand and gravel ar~ not uuco~Ono The conglo~.~rate is poorly came:qt~i 

but relatively ~ell sorted co~rpared with th~ overlying Gila(?) conglom~ 

erate~ having beds of sand and gr~.l alte~n~ting ~it~ beds ef largzr 

beulders o Slickensid~ are frequently ~een on b~dding planes° T~ff beds 

are fouud in th~ co~glom,.rat~ ~d in the underlying ms,her ~ich is co~ 

,~er~ not posed of inte~bedd~d flows~ f~_o~ br~ccias~ ~nd conglomerate° ~' ~ 

distorted by drag adjacent to the San Fmnuel xat~t~ the awrage strike 

of th~ conglomerate is N ~o M and th~ averag~ ,-ip is 30 ° to th~ sa~to 

~hs contact of the Cloudburst for~tion with the overlong 

Gila(?) conglomerate in Nee 3A sP~ft ~ae an_ uJ~confo~mityo ~ HOe 3B 

shai~ the contact ~a~ marked by .an irregu!a~, tuff b~d brat her~ and in 

the e~osui~es of this contact on the 1~75 Lev~l~ the bedding of the t~o 

foundations is parallel or vary ne~rl~ parallel and~ ~m the 147~ Level 

expost~es~ it .~as not possible to pin~po.~cat the ~z~ct contact du~ to 

the si~hlarit~ ~f the t~o fermationso 



@ @ 

A ~N~:L! tuff bed near the botto~ of ~t shaft was m~me~alized 

p~.x _~e and a t,~!.c® cf c/-~alco~h_eo This m~merali~ation is la%e~ 

in age than the ore m/neralization s~%ce the Cloudburst fo~_nnation is not 

miner"~lised ~%ere it is seen in depositional conta@t -~Ith mineralized 

po z~hyz~j on the s~faCeo 

Rhyolite dikes were intersected in several p!2ces on all the 

levels of d%e mine° Rhyolite is not mineralized ~ h~osene copper m~u~= 

e~als b~It is occasionally stai2ed by migratory chrysoeho!la ~.~he~ the 

dike is in~ or close to~ the sone of oxidation° Chlorite %~as noted 

ooati~%g joint faces of several rhyolite d~/~e~ E~rolite dikes are k~e~m 

from surface e~q0osures to intrude t.he Clo%~burst _ormaD!on b~t do no% 

intrude Gila(?) conglom~rateo 

Gila(?) conglomerate was cut in th~ upper parts of sh~f~s Nos~ 

2~ 3A~ and 3B~ and on the 1&75 Level south~;est of Noo 2 shaft° F~agm~nts 

- ~ fro~ basic flow ~ocks composing "5he u.pper portion are derived '~-main 

while the lower beds are derived from gz,~'ltic rocks~ The Gila(?) con- 

glom,ra0e contains no b~pogene mine~s!ization or alteration° The average 

s~ike is N ~0 ° %'~ and the average dip is 9~ ° to the northeast° 

! 

STRUCTURE 

The oldest of the i~.~co~r%~nt postoomins-ra! faults is the San 

Man~el fa~lto In its v~ndergro~d e~q~os~mes~ this fault has a2 average 

strike of N 66 ° W and an average dip of e60 to %he sot~thwesto 

T2pi ~cally~ there az~e from one to -three feet of red gouge and 

$1ickensides on the fault surface° ~q the foot~all side~ i~.~mdiately 

beneath the red slickensides; are froa five to fifteen feet of g~-ay ~ouge 



with irregular slick faces aligned more o r  less parallel to the fault 

and sometimes containing harder fra@aents ~ith slightly rounded edges° 

Beneath the gouge s the underlying rock is badly fractured and grades 

into less fractured~ normal rock about 50 to lOO feet below the fault 

surface o 

The conglomerate found in the hanging wall in exposures east 

of the Hm~gover fault is not badly disturbed bu5 contains a few small 

slips close to the fault surface° West of the Hangover fault, besides 

showing small slips adjacent ~o the San ~[anuel fault~ the Gila(?) 

Cloudburst conglomerates ~how considerable drag for a distance of 300 

feet above the plane of the San Manuel fault~ 

There are a number of faults which strike N 20 ° W to N 25 ° W . 

and dip steeply to the east° These faults e~hibit varying amounts of 

normal fault movement and are younger in age th~u the San ~anuel fault° 

The most important of these are known as the ~ast fault~ the West fault~ 

and the Hangover fault~ the latter being in reality a zone of faulting° 

A large reverse fault lying between the north and south limbs 

of ore was intersected by drifting on the )~75 and 1415 Levels° This 

fault~ ~hich is known as the Vent Raise fault~ ~trikes N 59 ° ~ and has a 

dip which varies from vertical to about 70 ° to the southeast° On th~ 

1475 Level~ the Vent Raise fault cut the ~st fault or a branch of the 

~ast fault and is therefor considered to Oe younger than the northwesterly 

striking~ easterly dipping system of faults° 

NL~XZAT£ON AND HYDROTH~AL ALT~g~ATION 

The ore lies within a mineralized sone having a width on the 



o~der o f  8'~000 to  %69© f e e t  ~ .d  a b ~ s s  leng~:& i n  ~ss~tcess o f  9~300 feet, ,  

To d e f i n e  ore s an arhits~ary ass,~, ~" o~.l~=~o.t'f o f  0,~50% coD~.~sr i s  used° 

The ~pper ~nd western pod%ions of t.h~ or.~body are ~epara%ed 

int~ 'b~o b~hes b~ an &?ca of leat~ weal~.~ alte,~'ed h~ng~a~g w~2! rock° 

These two br~u~hes c~nvsrge at depth so that~ iu cross seotion~ they m~y 

be likened to a HU" or e~V~ leaning to the northwsstoo The northwe~terl~ 

ii~ of ore is ~eferred to as the North orebody and the southeaster.~y 

limb as the South orebodyo 

The North orebodj has a strike of about N 600 E e~nd dips approx= 

imateJ~- 50 ° to %~e southeast° ~e westsnl portion of the South o.~bo45~ 

has a str~/<e ve~ n~,~!y parallel with that of the North orebo~.~G or 

N 600 E~ ~ieh ~adus~il~ swings about to the east ~ere the strike is 

appro~nate.~ N i5 ° Eo ~e dip of the So~th orebod~t is variabl% the 

t~.pper portions dipping southeast; and the lower portions arching under 

to the north~;est a~nd jo~ing the Ne~hh orebo~% To the east the c~a= 

t~'a! area of lesm material ~radually dJ~'%nishe~ to a core a~id then dis~ 

appea~-s as the t-~o i~s join to form a single ~.ss of ore~ 

.~le main priz~# minerals are chalcop.yrit % pyrit% and qt~r~% 

~th minor amours of mol~bdeniSe~ %~ese minera3.~s are distributed quan~ 

titatively into three zones ~ich are know,ha a~ t~-9 or~ zon% the hanging 

'wall zone; ~hich lies between the North ~,d So~:hh orebodie% and the 

.foot~Ll zon% ~hi(xh surrounds the ore ~ud ha~..ging ;~3. z.oneso 

The ore zon% ~qieh averages approxln!atel~ 0°80% copper~ con= 

tad~s moat of the chaicop~ite~ q,~artz veinlet,s:~ and m.ol~jh4eniteo ~#rit~ 

is present in about equal proportions to chalccp~ite~ '~e ye~.lo~ s~l~ 

rides are f~mely di~ser~uated th~ot~h the roe~ but also e,ppe~r as vei~l.ets 



in sufficient quantity to b~ recover~. ~etailu~-gic~ l~Xlyo Th~ or~ zone is 

altered by a ~s~ricit~=pj~ite~chal~o~ite ~6 %yp~ ~itoratio~ ,~nlch is 

recognized ~ unde~gyo~nd e=~s~ye~ by the mcd~r~te gr~" color of the 

rock~ the presenc~ of aite~-~d but e~s±~ re~ogni~,b!o blotits~ and the 

presence, of py~t~ and chalcopyri$~ in mode~ate quantities° 

The he~ging v ~ !  zon~ is slm~l~ ~ l~m version of the o~ zon~ 

~Ath lesser amo~nts of all the pr!~y minerals° This zone is gr~,da'~ 

ional ~ith the o~',e zone s~d the ~ouat of mineralization i~ d~p~udent on 

the distance from the ore zOn~o ~iteration h~re is clas~ed as '~margi~mi 

biotite ~6 typ~ and is retOuCh!zeal by the dark ~y appearanc~ of th~ roak~ 

fresh-looking biotit% and weak ~ycite~ahalco~/rit~ minsraii~ationo 

The footwa!l zone is ~adlcally different from the ore z~ne 

except for the area ~here it grades ~a~to Or~o ~/rite i~ the chief min~ 

oral here and occurs in ~uch ~reator quantities than in the ore zone° 

The strongest pyrite is found se~th of the ore zone ~he~ it compo~es - 

about 10% to 20% of the rock by weight° North of the ore zone ~2~e p~Tits 

content is som~ahat less and gradually ~dimlnlshes to a very ~ amount 

~bout l~OO feet north of the ore m~neo Ch~l~pS~ite i~ r~vely ~n in 

the foetwall zen% and th~n usually as a tarnish en pyrite~ Qua~%~ vein= 

lets are very rare and melybd~nlte does not o~eu~ ~n visible quantities° 

The foot~al! zone is altered By "hydromica~pyrlt~ "6 type altm~ation w~imh 

is chs~acte~!sed By the light ~- appe~u¢~ of the ~ock~ absen~ of 

recognizable hi,tit% and the ab~ndauce ~f pyrite° 

A di~tiuctSve chlori%e 7 ~Its~'a%io~ oc~uples an IZTeg~law sons 

u~ithin the Sou~h orehody~ having i~s l~ug dimension in a n~y%heast~ 

southwest direction~ parallel to the l~g dimension of the South erebOdyo 



.~e chlorite is rotund chiefly as a coating on fra&%~m-e sub:faces v~i~h is 

local~f very strong~ and~ iu a fe~ place% p~n~atoes the roek,~, 

It ~s original/~,' thought t~mt a ~.ose rel~t$onship existed 

bs%ween chlorite alteration and the better grade of copper mine~Joizationo 

A comparison of this zone of c?nlorite 81rotation ~-~th the h~tte,~ them 

average ~ade ore sho~s ma~y broad similaritle% though not al~0~eys ~ 

detailo Due to the fact tb.e:~ chlorite also alt~s pest~ine~! ~hyoiit% . 

it is believed that any similarities that exist, are due to a mutual 

struct~a! control z~ther than a mutual sourc~ of ~msralizatiO~o 

@_~e occurs si~ ~lar~ - in quartz mon~o~t% monzonite porq/%yr#_.~ 

a~d dlabas% in a zone ~4~ich is ~o~/t%y coinclden% ~%h the contact of" 

the large shoot-like mass of monsor;Ate porph2~y wit~ t h e  f~,truded quartz 

menzoniteo This relationship does not hold t~ue at the saetern end of 

the orebody but here the ore is 4dmin£shing in cross~seetiono !t i~ 

diffic~ to relate the o~e directly with the intrusion of perp ~hy~ 

since it shows no preference for e_the~ rock ~r~d does not oc~ similarly 

~4nere the large mass of porphy~# to the south ~;mtrudes ~rtz monzoniteo 

It m~y be theorized that the similarity ~n shape of the sheet~l~/~e mass 

of porphyry and the ore zen% as ~l! as the late~ ch!o~ite alteration~ ~ 

may ~ due t o  a mut~l~ though ~ ~  s'~z~cturai ~ntrolo 

OXIDATION AND SECONDARY ~ I ~  

~ne uppe~ port ions of  %he o~ebo~y~ ~ t h  the e~o~pt,~n o f  the 

~restern end~ and much of  the cent r~ l  l e ~  h ~ ! n ~  " ~ . 1  ~o~e haw~ b ~ n  - 

oxidized or p a ~ y  o~:fdizedo 

The chief minerals resulting from e~d~tion and ~ichmen% are 



ch~socol!~ chalcocite~ and varlous iron o~deSo Cuprite~ n~tive ¢opper~ 

and black copper oxides ~s f~.equently ~e~n ~r~ the oxidized zon~ grades 

into th~ chalcocit~ zone° Copper carbonates ~e v~ry r~e~ only one 

e~1 specimen of malachite hevlng been recognized in ell the driving 

that has been donee 

In order to b~tter under~t~d the over~li o~idetion pattern of 

the ~rea~ e~ mine open~Ings and diamond ~.rii l ing ~ k e  more dat~ ava li!ab!e 

con~iderab!e thought ham b~en directed toward separating and classifying 

stages and types of oxidation° 

It is possible to separate oxidized rock ~to two general 

types depending upon the color that the iron ey~d~s im~ to the rock° 

The f~st t~e~ identified by a deep ~ed or r~idi~h-bro~n 

color~ is seau at the surfae~ in the -apper parts of shafts No° i and 

No° ~ and in diamond d~l holes extending ,~bove the top of the sulE±d~ 

ore at the east end of the South orebodyo 

This type of oxidation ~hich comprises much of the oxidized 

ere zon~ with the chief ore mineral being chrg~oco!la~ is characterized 

by co~lete or nearly complete oxidation of the coppar ~ ,minerals and a 

relatively sha~p line of d~mrcation ~atween the oxide ore and the 

underlying s~ifideo The absence of leaching and migration of toper 

from th~ oxidized zone to form an appreciable ~uriched chalcoclte son? 

is quite marked ~% the San Nannal o~ebodyo Thu~ the chalcocite zone._ 

with v~iable amounts of oxidation and local enrichment is not iz%~o~ant - 

tonnag~wlse so that~ m~tallurgically ~p~aking~ the ore can bs mined as 

clean sulfide ~ith a minimum of mixed sulflde~oxide o~eo 

Oxidation o~ this type occurred in at least three st~s: 

first~ d~ing the erosional cycle preceding d~position of the C~o~burst 

/ 

/ 



foliation9 second~ dur~qg the erosional cTc!e preceding deposition of 

the G~la(?) conglomerate~ and~ third~ during the present erosional cycle° 

Much of the oxidized ore ~lored by churn 4~eilllng in the central and 

eastern portions of the mine is probab3~ '~red ~ type oxidationo 

The second typ~ of oxidation is characterized by the Eellow to 

tm~ color of the rock ~ich is probably due to a lack of h~matite and 

8 
the presence of limenite and goethite and is ~ ~yp_~cal of all the oxidised 

ground encot~i~tered in the deeper mine ops~ingso Oxidation of the sul~ ) 

fid~s is not alw~s com~let: and m~r~ rat~er large areas of prlm~ry su!= / 
fid~ rock or partially o~.diz~d rock are ~ur.cu~uded or nearly surrounded/ ,r;~ ~/~- 

by '~elio~ " type oxidation° The outer margins of this oz~dation gensr~ !~ 

i 
ally contain chalcocite as well as pr~ sulfides and ~/ch iron oxide 1 

~tu~ but ve~j f~ oxide copper minerals. ~ric1~ent is ve W sli~ht~ : 

if any° The copper content is usua~/y not increased to any ~rked degree 

~ud occasional3%~- is less thm~ that of the prim~ ~ ore° Chalcocite~ and/ 

semetLmes native ~pper and cuprit% occur along the top and sides of 

deep ton~es of this ~'yeLle~ ;~ oxidation ~a about the same quantities in 

~ich t~ey are found b~n~ath th~ so that there is often au inversion of 

the normal sequence of oxidation "~lth primary ore lying above second,my 

ore ~hich in t~n overlies oxidized ~ ere° 

D~ep tongues of ~yellm0~ '~ oxidation are kno,~n to follow rhyo= 

l~ke dikes~ the Sm~ M~uel fault~ and other nozth~este~!y~tr~nding post= 

~Inerai fstuitSo In some cases no struct~al cor~&~ol is svldent but it 

m~ be surmised tha'5 the path of oxidation was controlled by local dif~ 

ferences in psrmeability of the rO~ko 

This type of oxidation invades the s~lfide ore local~ along 

certa~ faults and in some fringe areas~ but has not been found to b~ of 



particular economic Import~nceo The in%ausity of oxide%ion of ore min~ 

e~als and the v~lume of such m~%~Aal relative to the volmme of sulfide 

ore is so limited that i% does no% affect st~pe la~u~ or d~wo The 

~istluctive coloratio~ and miaeralogical characteristics do~ in  fac%~ 

provide a marker and guide for the stops enginesrs in evaluating their 

draw data in some instances° 

"Xall~w" oxidation axtaudsd much deeper bet~e~ the t~ limbs 

of ore than in the ore itself and ~%~nded deeper than previous oxidations 

so that, in cr~ss-section~ the oxidized zone has the shape of a tm~u@h " 

with its sides impinging on the %we limbs of ore° 

Acknowledgment is due the officers of ~ Manuel Copper CO~po 

for permission to use the information presentable 
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November~ 1956 
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MAGMA COPPER COMPANY 

5 A N  M A N U E L  D I V I S I O N  
8AN MANUEL, ARIZONA 

OreboclY  

Disseminated mineralization in monzonite porphyry and quartz monzonite. 

Principal SulphideMinerals: Chalcopyrite, chalcoeite, pyrite and molyb- 
denite. The grade of the ore is less than 1%. 

Overburden: 0 to 1,900 ft. thick. Average over the Southeast (Main) 
Orebody is 670 ft. thick, and consists mainly of a very 
competent rock called Gila Conglomerate. 

[The last two pages of this booklet show sections of the orebody.] 

Mine Power 

Power is supplied to the Mine No. 3 Hoist Area Substation at 115 Kv 
from the Plant Substation over a feeder approximately 6.5 miles long. 
The Mine feeder conductors are 795MCM ACSR with a current carrying cap- 
acity of 900 amps. 

The No, 3 Hoist Area Substation Main Transformer is rated at 50/66.5 
MVA, i15/~6 Kv, 3-phase. This transformer supplies the 46 Kv bus at the 
Substation and the feeder to the No. 1 and No. 4 Shaft Area located ap- 
proximately one mile away. The 46 Kv bus at the No. 3 Hoist Area Sub- 
station supplies several banks of single phase 46/2.4 Kv~ 2,500 Kva and 

7,500 Kva transformers for all surface and underground power requirements 
in this area. 

The 46 Kv feeder to the No. I and 4 Shaft Area feeds three secondary 
substations supplying all surface and underground power requirements. 
These include No. 1 and No. 4 hoists, compressor building and all ser- 
vice requirements. In addition, at the powerhouse substation in this 
area, provision is made to tie iu the mine standby generating system to 
the 46 Kv system. 



No. 1 Shaft 

Depth: 2,833 ft. (For the Third Lift.) 

Dimensions: 25'-5 7/8" x 6' -- 4 Compartments: 
2 Hoisting, 6'-5%" x 6'-0". 
I Manway, 5'-0 1/8" (Below 1475). 
1 Service Cage, 5'-0" (Below 1475). 

Ventilation downcast. 

Structural steel sets in reinforced concrete. 

Head frame: 100'-6" to 5 sheaves. 
Two 12' diameter steel sheaves. 

Skips: 4-ton capacity in counterbalance, Kimberly type. 

Hoists: Main Hoist, two 200-hp motors, double drum. 
Rope speed = 800 fpm, with Lebus wind. 
Rope size = 1-1/8". 

Service Hoist, single drum, 200-hp. 
Rope speed = 545 fpm. 
Rope size = I". 

This shaft is used to hoist rock •from the development headings. Manway 
compartment contains main pump discharge columns carrying most of the 
water pumped from the mine and power transmission lines. The service 
compartment has three 8-in. heavy-duty pipes for passing concrete from 
the automated concrete hatching plant at the collar of the shaft to 
the underground mining levels. 

No. 3A.3B Shafts 

Depth: 

Dimensions: 

Twin ore hoisting shafts. 

2,305 ft. (For the Second Lift.) 

29' x 7' inside concrete. 
Four compartments, each 6'-6" x 7'-0". 

Ventilation exhaust shafts, 195' apart. 

Structural steel sets poured in reinforced concrete for smooth lining. 
Reinforced concrete curtain walls between each compartment, with 3'- 
7½" x 41 windows in each set. 
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No. 3A-3B Shafts--continued 

In each of the two hoisting compartments steel hat section guides are of 
Corten steel. These guides are supported every three ft. 

Timber guides in service compartment are supported every 6'-0". 

Headframe: 

Coarse 
Ore Bins: 

Fine 
Ore Bins: 

Loading 
Pockets: 

Skips: 

181' to L sheaves. 
14' diameter cast steel sheaves. 

Diameter: 
Height: 
Capacity: 
Loading Gates: 

60' 
66'-6"; top of bin 92' above collar. 
750 tons total. 
2 on each track per bin, air operated. 
2 loading tracks. 

Diameter: 
Height: 
Capacity: 
Loading Gates: 

65' 
81'-6"; top of bin I07' above collar. 
I0,000 tons total. 
6 on each track per bin, air operated. 
On same two tracks as coarse ore bins. 

Two in 3A; one below 1775 SubLevel, capacity = I,I00 tons; 
one below 2075 Level, capacity = 1,500 tons. 

One in 3B below 2075 Level, capacity = 1,500 tons. 

Bottom- dump Corten steel skips, with alloy steel liners, 
running on solid rubber tires. 

Capacity: 23 tons with + 4.0%-moisture. 
Dimensions: 35'-5" long, 6'-1" wide, 6'-3" deep. 
Weight: 30,000 Ibs. (Approximate) 

Automation: Skip loading and hoisting are fully automated. Skip load- 
ing and dumping are viewed on closed circuit television, 
and the car dumping and hoisting systems are monitored 
on a control panel. 

Hoists: Double drum with Lebus wind; automatic ormanual operation; 
15' diameter drums having a 109" face, spooling 4,700 ft. 
of 2-1/4" rope in two layers. 

Drum Shaft: 27" diameter through drums. 
Hoisting Speed: 2,800 fpm. 
Two 3,000-hp DC motors equipped with MG set consisting of 

one 4,000-hp motor and two 2,500 KW DC generators. Steel 
plate flywheel, 44 tons (approximate) for 80% power peak 
equalization. 

Service hoists are equipped with an 8- passenger cage and 45 cubic ft. 
skip combination with solid rubber tires running on timber guides. 
Hoisting rope is 1-1/8". The cage and skip are counterbalanced by an 
8,400-Ib. counterweight in the shaft manway. 



No. 3A-3B Shafts -- continued 

Primary 
Crusher: The 265' x50' crusher building houses two 42 x 65 gyratory 

crushers. There are two 96" x 62'-0" pan feeders, with 
a capacity of 1,500 tons per hour; one fed from the 3A, 
and the other from 3B coarse ore bins. 48" conveyor 
belts transfer the crushed ore from the crusher building 
to transfer towers (222'), and back to the fine ore bins 
(421'). Skip dumping, fine ore bin capacity, and trans- 
fer belts are viewed on closed circuit television. The 
entire automated crusher is monitored from control panels 
at each crusher location. 

NOo 3C-3D $ a ts 

Identical ore hoisting shafts. 3C is 195 ft. north of 3A; 3D is 195 ft. 
south of 3B. 

Depth: 3C = 2,859 ft. 

3D = 3,700 ft. 

The sinking and furnishing of this shaft was 

completedApril 12, 1971. Hoisting from 3C 
started in August, 1971. 
Shaft sinking is in progress. 

Dimensions: 22t-0 '' inside diameter, circular, concreted. 
Two ore hoisting compartments, service cage, manway and pipe 

compartments. 

Ventilation exhaust shafts. 

Steel box-section Corten guides supported every 12 ft. in hoisting com- 
partnnent. 

Douglas fir timber guides in service compartment supported every 6 ft. 

Head frame : Structural box members of Corten seeel. 
15' diameter cast steel sheaves. 

Skips: Bottom- dump Corten steel skips, alloy steel liners with 
solid rubber tires running on Corten steel box-section 
guides. 

Capacity: 29 tons. 
Dimensions: Length, 37'-4½"; Width, 6'-8"; Depth 6'-3½"; 

Weight: 30,860 Ibs. 

Automation: Same as 3A-3B. 



No, 3C-3D Shafts -- continued 

Hoists: 

3C 
Service 
Hoist: 

Double drumwith Lebus wind; automatic or manual operation, 
15' diameter drums having a 109" face, spooling 2-1/4" 
wire rope. 

Hoisting Speed: 2,800 fpm. 
Each hoist has two 3,500-hp DC motors powered from a MG set 

consisting of one 6,000 - hp 514 rpm synchronous motor 
driving two 2,800 KW generators. MG set has no flywheel. 

Single drum, manually operated, powered by a 250-hp DC motor 
capableofhandlinga8,000-1b, load at a depth of 3,600 
ft. Adjustable DC voltage for driving the hoist motor 
will be supplied by silicomatic I-power conversion equip - 
ment converting AC to DC power through silicon control 
rectifier cells. 

No. 4 Sha{  

Depth: 2;730 ft. 

Dimensions : 26'-6" x 14'. Structural steel sets are poured in concrete 
for smooth lining. 

Two cage compartments, each 14' x 8'; two rounded end compartments for 
manway, pipes, electric cables and ventilation. Manway compartment 
also contains the main compressed air line Supplying the mine. 

Man and supPly shaft, and downcast ventilation. 

Cages: " 2 decks, 50 men per deck. 
Inside dimensions: 6'-9½" x 13'-6". 
Rated Capacities: 20,000 Ibs. supplies per deck. 

12,000 Ibs. men per deck. 
Cage Weight: 20,000 Ibs. (approximate) 

Head frame: 109 ft. to ~ sheaves. 
Two 14' cast steel sheaves. 

Hoist: Double drum. 
15 t diameter, 90" face drums. 
2-1/4" hoisting rope. 
Maximum hoisting speed: 1,500 fpm. 
Single reduction drive, two 700-hp DC motors equipped with 

MG set consisting of one 1,750-hp AC motor and two 600- 
KW DC generators. Hoisthouse equipped with 30-ton crane, 
with 5-ton auxiliary. 



No. 5 Shaft 

Depth: 4,368 ft. at final sinking. 

Dimensions: 25' diameter inside the concrete lining. 

Of the four hoisting compartments, two will be used for handling men and 
supplies, and two will be used for hoisting waste rock. The shaft 
will also have compartments for manway, pipe lines, electric cables, 
and concrete transportation lines. 

Man and supply shaft, downcast ventilation. 

Hoists: 

Service 
Hoist: 

Double drum production hoist powered by one 1,000-hp DC 
motor. 

9 t diameter, 103.5" face. 
1-3/8" hoisting rope. 
Hoist speed: 1,925 fpm. 
Skip capacity: 5.5 tons. 
A static thrystor rated at 1,000 KW will replace the norm- 

ally-used MG set to supply power to the production hoist 
motor. 

Double drum service hoist (for men and materials) 
by two DC motors, each having 1,000-hp. 

15' diameter, 105" face. 
2-1/8" rope. 
Hoist speed: 1,856 fpm. 
Man cage: Similar to that at No. 4 Shaft. 

powered 
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POSTS: 12" x 12" x I0'-4" 
CAPS: 12" x 12" x I0' 
Sets on 5' centers. 

CREWS: Single Heading - 3 men. 
Two Headings - 4 men. 
44J48 holes drilled per set. 
50 Ibs. + of Ammonium Nitrate 

primed with a stick of 60% 
Amogel per hole. Usually 
fuse blasted. 

Timber Haulage Dri f t  45~ Rail for Development. 
- 90# Rail finished track. 

Timber Ladder Drift " If 70# rail is used, 64" is the grade. 
45# rail for Development. 
70# rail finished track. 

• ' III 

iT 

I 

Rail  M e a s u r e m e n t s  

3-3/4" for 45# r a i l .  
4-5/8" for 70# r a i l .  
5-5/8" for 90# rail. 
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4" or 6" W.F. arch caps and 
9'-6" posts for initial 
ground support. 

Sets on 5' centers. 
Crews same as Timber Haulage Drift. 

Initial Ground Support 
4" Steel Set (HC-3) or 
6" Steel Set (HC-4) 

Concrete Ladder Drift - ~f 70~ rail is used, 64" is the dev'pt grade. 
45# rail for Development. 
70# rail finished track. 

Cow, crete Haulage Drift- 45~ :ail for Development 
- 90# rail finished track. 
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BLOCK DEVELOPMENT 

8'-9" to 
~. of 
Haul age 
Drift 
.... -------5- -~ 

l \ 

Gr ii, ity Flow Transfer Raise 
2075  

Last Raise Round 

17 ' - 6" 
>.i < 

18'-9" to 
b of 
Panel 
Drift 

Top of Grizzly Drift Sill "" . Base Rail 

/ 

4' x 4' inside. 

LINING: 6" x 8" cribbing, 
armored with 3" x 4" x 1/4" steel 
angles and "T"-irons° 

INCLINATION: 63 ° 
LENGTH: 48" 
CREWS: 2-man crews advance 

two raises at once, 
using 3" stopers. 
14 holes drilled 5' deep; 
35 ibs. 60% Amogel used 
per round, detonated . . . . .  
wi~h:/~electri~aps ' " i ; :  
Ventilation with compressed air. 

Transfer Raise Stations are~ut by 
the regular drift crew using the 
same equipment they use to drive 
the drift. 

They are cut as the drift heading 
is advanced. 

Raise Stations are steel pony sets 
on top of special drift sets. 
Lined with non-reinforced con- 
crete. 
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GHzzly Eeve~ Prima Developmen~ Ddfts 

Excavation only: 
Rock bolts and steel straps 

GC-3, GP-3 are used 
as pre-eoncrete support. 

SIZE: 10'-3" x 9'-1". 
Each round marked on face by Boss. 

Two-man crews, or 3 men in two headings. 
44-48 holes drilled 6' deep. 
40 Ibs. ammonium nitrate primed 

with a stick of 60% Amogel per 
hole. Usually fuse blasted. 

Ventilation with fans and tubing. I 
4 ~  - ~  ~ g f / ~  

cONCRETE PANEL DRIFT 

Initial Ground Support: i 
4" Steel Set (GC-3) or ~-~ C O N C R E T E  F R I N G E  D R I F T  

t 6 "  S t e e l  S e t  ( G C - 1 ) - ~ _ ~ - ' , I  I _ _  J _ 

I ~ h - I  . t - ~ k ~ , . : ' . "  ,. / 
. . t .  / / ~ ~' . . . . .  ~J ~ t  6"- .~_~ , ~ o ~ - ~ - / ~ t - ~ c ~ z ~  

/// I! 

45# railand steel ties for 
Development and Finished Track. 
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. . . . .  In Nov~nber, 1964, the surface mixing and underground distribution : ~ 

-/~_~--~-~z~//yz~ _5-2-~/;~- operations were automatedo The operation of the batch plant, in- 

'i ~12~ID ~Mz~ ~-~z-~2-~- cluding the diversion of the concrete to the various levels, is en- i } 
tirely controlled by oneman located in a central monitoring station /)~/5"~'~7" 

on surface. The aggregate is moved from underground storage bins to the batch plant by conveyor ~" I ~  
belt. Truck-delivered bulk air-entraining cement is transferred from the truck by pneumatic ele- ',~i 
vator into either the 500-bbl. or 800-bbl. cement siloo Mixers are 1-1/4 cubic yard double corn- ~ 
partment. Mix water is chilled to 48o-55 ° by portable refrigeration plants in the summer° Dis- ~ 
persing and retarding agents are added with themix water. Mixers discharge thru a screened hopper, I~i 
into 8" heavy-duty pipes suspended in No. i Shaft. Concrete discharges through a header into re- 
mixers on the various levels, which fills 1.5 cubic yard portable placers. The placers discharge 
pneumatically through a header and 6" slick line into plywood or steel forms. ~ 

F ,  

t > "  . . . . . .  , ' - - - = . - . - - - ~  . . . .  ~ : . . : , .  ~ / . - ' ~ - ~ -  _ . ~ - ~ I / _ ~ 2  " i -  . . . . . . . . . .  : , , . , : . . , . . . . . . . ~ . . ~ . , . , - . , ~ , _ . ~ . _ ~ , / / . ~  ]____.j ~ 

_ . . i  . . . .  - , . ~  - .  ~ -  : . - y ; ~ -  .- .. _ . i  ~ .  ~ _ ~ - ., . . . . .  ~. 

,e--X--.~.,~'7-y" ¢~'.d,,~,?,~'-.~ =" ' . .I l .,4/.~#'.,~'~,~--.~- 

From 2,500 to 7,000 cubic yards of concretepermonth " ~l ~ 1 " 
are poured on a two-shift-per-day, Six-day-per-week i~/~//.. 

done on two ~hifts, six days . .~/hi , / / /~,, , ,~ " basis. Forming is also 
week. ~z-/~/X~-~ . . , , " ~ / - - ~  ~ ~! per  

CONCRETE FLOVV SHEET ~ v,, 
..,.- < ~  , : C - ' ~ ' k ' ~  ' ' - , [ ' , ' , ' - -  . : "  - , ~  .r  , "  " 7 
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(3RAVIT¥ FLOW_ DRAW RABSE 

Size: 5 ~ minimum diameter~ unlined. 
Length: 15'-0" above grizzly. 

Driven after grizzly drift is 
concreted. 

] 

Crews: 2-man crew drives several raises 
at once. II to 24 holes drilled 
4' to 6' deep. 27 Ibs. ammonium 
nitrate with each hole primed 
with a stick of 60% Amogel. 
Electrically blasted° 
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G R A V I T Y  FLOW GRIZZLY DRIFT_ 

E : E c a v a t i o n  o n l y ;  8 v - 4 "  x 8 1 - 0 1 1  b e t w e e l l  

draw points; 9'-6" x 8'-0" at draw 
points. 

Rock bolts and wire mesh used for pre- 
concrete support. 

Size: 5' wide, 8-3/4' high finished drift 
with concrete reinforced at the draw 
points only. 

2-man crews used. 13 to 21 holes drilled 
6' deep. 30 ibs. ammonium nitrate with 
each hole primed with a stick of 60% 
Amogel powder used per round; electric 
primer blasted. Drilling is done with 
jackleg. Ventilation with air mover. 

e : 



holes to Bell ~ ~ ~ 09 
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East -West  Sectioq 
[Across any intermediate 
line of draw raises.] 
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UNDERCUT PROCEDURE 

Undercut drifts are 5 x 7 timbered with 6" round posts and 6"x 8" caps. 
These drifts are driven over the tops of all the draw raises, 15 ft. above the 
grizzly drift floor at right angles to the grizzly drifts. Access undercut 
drifts are driven parallel to the grizzly drifts over the tops of the north- 
ernmost and southerrunost draw raises, and in blocks with five or more grizzly 
lines, an additional access undercut drift is usually driven across the cen- 
ter of the block. Corner raises are driven unless the rock is relatively soft-- 
or where the block joins an older block. Undercut pillar work usually begins 
Before the drifts are all completed to prevent excessive drift repair and 
maintenance. 

Undercutting can start at any position in the block, but usually is be- 
gun against an older caved block and retreats to a solid corner or corners. 

Undercut pillar crews start the cave by drilling and blasting out a pil- 
lar between drifts or at a boundary of the block. The pillar crews retreat 
away from this initial cave, breaking the ground into the caved area. Before 
each pillar is blasted, the drift is widened on one side about four ft. and 
timbered if necessary. The remaining pillar, about eight ft. thick, is drilled 
out to a height of 13 ft. above the floor of the undercut, and the pillar and 
widened drift are shot. The timber is drilled with wood augers and shot with 
the undercut round. Generally, a 15-ft. section along the drift length is 
taken with each blast (from one draw raise to the next). Care is taken to 
insure that the pillar is completely broken by drawing off sufficient broken 
muck to observe the effect of the blast before the next adjoining pillar is 
shot. Millisecond delay electric caps are used in pillar blasting, and are 
wired in series - parallel, with not more than 25 primers in any one series. 
Circuits are tested with a galvanometer before being connected to the power 
source. All blasting lines go through an interrupter switch and from this 
switch to the main pillar blasting switch, which is a completely independent 
circuit. 

i 

TIMBER: 
Round posts and 6" x 8" caps with 6" x 8" stringers or sills over 

raise tops. 
2" x 12" side and back lagging. 
Raise tops temporarily covered with 2" lagging. 

CREWS: 
2-man crews drill i0 to 18 jackleg holes, and 20 to 30 stoper holes 

per shift, depending on draw raise spacing and ground condition. 
Undercutting proceeds on a 3-shift, 6-day per week basis. 

45% N.G. powder or ammonium nitrate, primed with a stick of 60% Amogel 
is used with millisecond electric blasting. 
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GENERAL,.~q,fNE Op, E.,RATLNG DATA, 

• Operating Shifts per Day 
Operatin~ Days per Week 
Operating Days per Year (7 holidsys) 
Production per Day, Tons 
Production per Year, Tons 
Active Undercut Area, Sq. Ft. 

Draw Point Spacing: 
17.5' East-West x 15' North-South 

Block Dimensional Data: 
Block Width 
Block Length 
Present Average Block 
Ore Height above Undercut Floor 
Distance Undercut Floor to Grizzly Level Floor 
Distance Floor Haulage to Floor Grizzly Level 
Grizzly Bar Spacing 
Grizzly Bar Material 

Draw Points (Average per Month): 
Active 
High Pack 
Held for Repair 
Held for Grade 

Total Draw Points 

3 
7 

358 
43,000 

15,800,000 
368,000 

140' 
90' - 2401 

140' x 180' 
I00' - 600' 

15' 
60[ 
14" 

Salvaged 90# Rail. 

1,350 
50 
80 
20 

1,500 

Types of Explosives Used: 

Secondary Blastin~ -- 45% (No. 3) Amogel in I - I/8" x 6" sticks or 60% 
(No. i) Amogel in 1 - lb. bags. Initiation is with zero delay electric 
blasting caps. These are connected into a trunk line to a central un- 
derground location where blasting switches are located. 

primary Blas tin $ - In the larger headings an ammonitnnnitrate explosive 
is used, except in wet holes. Initiation is by a 1-1/8" x 6" stick of 
60% Amogel which, in turn~ is ignited by a fuse cap. 

An 8-ft. length of fuse with a spitter cord fuse igniter on the end op- 
posite the cap is ignited with a hot wire fuse lighter. 

All other development, except transfer raises, uses ammonium nitrate with 
regular delay electric blasting caps. Transfer raises load with 60%Amo- 
gel only. 

All blasting is done at the middle and end of each shift. 

J 



Mining Equipment : 

Big drifts use a San Manuel-made jumbo with three 8' booms and three 
3" drifters with 6' feed shells. The booms are hydraulically oper- 
ated and are powered by two 1-3/4 gpm, II,000 psi hydropumps that 
feed into a hydraulic manifold. 

Mucking is done by a rocker shovel with a steel flight conveyor 
dumping into i0 - ton bottom - dump development cars. The cars are 
switched by an 8-ton, 40-hp (or 9-ton, 40-hp) storage battery loco- 
motive. 

Smaller headings use feedleg drills with 2' or 4' single stage legs 
and stoper drills with 18" steel change. 

Development slushing is handled by air-powered, double-drumslushers. 

Underground Haulage Data: 

Haulage locomotives are 23-ton, 4-wheel trolley type; each loco- 
motive with two 125-hp, 275-volt DC motors. They haul fifteen 12- 
to 13-ton working load cars. 

Ore cars are 300 cu. ft., 15-ton box-type with one stationary coup- 
ling and one rotating coupling. 

Length center to center of coupling: 17'-6". 
Width, overall: 6'-0". 
Height above track: 5'-6". 
Couplers: Rotary and non-rotary couplers equipped with rubber cush- 

ioned draft gear. 
Track gauge: 36". 
Car loading through air-operated guillotine undercut gates. 

Car Dumps: 

In the dumping cycle the motorman pulls through the dump and spots 
three cars in the dumper without uncoupling. Carstops rise and lock 
the train in position. The motorman activates the dumper which ro- 
tates 180 ° and returns to the upright position and the operation is 
repeated. Three cars are dumped in about one minute, or five min- 
utes per train of 15 cars. Development cars are designed to fit the 
dumper, but because of their length and type of coupling, they must 
be uncoupled to dump. 



VENT! LAIr ION 

530,000 cf~ goes down #4 and #I Shafts from the surface. 
180,000 cfm goes down #5 Shaft from the surface. 
50,000 ef~ Miscellaneous Intakes, in addition to shafts. 

170,000 efm - SubLevel (1715-1775 Levels). 
530,000 cfm - 2nd Lift (2015-2075 Levels). 

Sub-Level - Two hi-speedAxivane mine fans: OneMXC, 1715, 200-hp, 1160 
rpm, 5' diameter; one MXC, 1775 200-hp, 1160 rpm, 5' diam- 
eter. 

2nd Lift - Four hi-speed Axivane mine fans: OneMXC, 2075 450-hp, 1160 
rpm, 6 w diameter; one VXC, 2015, 450-hp 1160 rpm, 6' diam- 
eter; one VXC, 2015, 200-hp, 1160 rpm, 5' diameter; one #5 
Shaft VXC, 2015, 450-hp 1160 rpm, 6 t diameter. 

Auxiliary ventilation air is directed through operating blocks by means 
of ventilation doors and Axivane 20-hp, large-volume, low-pressure, low- 
speed mine fans. Individual working places are ventilated by 20-hp, high- 
pressure, high-speed fans through 24" ventilation pipe or with venturi 
type air movers. 

C O M M U N I C A T I O N S  

On the haulage levels, ha~age trains and supply trains are moved on 
direct orders from a dispatcher by the use of a radio phone system. 
In addition, radio phones are installed in repair shops and at van- 
tage points for use by supervision. 

Draw and haulage operations are coordinated through the dispatcher by an 
audio paging system. 

A standard telephone system consisting of seven circuits aids in coord- 
inating hoisting, maintenance, and service facilities between the sur- 
face and the mine underground. 

DRAINAGE 
Newly opened areas show an appreciable flow of water which is carried out 

of the working area by air-operated sump pumps 3 with a capacity of 150 



gpm at I00' head. Mine underground was planned so that water drains 
either to No. I Shaft or to 3A and 3B Shafts. 

No. I Shaft is pumping 3,200 gpm~ principally from the 2rid Lift; 
700 gpm, from 3B Shaft Bottom; 

Present pumping is 3~900 gpm Total. 

Mine water is pumped approximately eight miles to the Plant site for use 
as Mill water. 

To prevent surface drainage from entering the mine, surface washes lead- 
ing to the cave area are either diverted or dammed up to hold the water 
for evaporation. 

S U R F A C E  ORE T R A N S P O R T A T I O N  

.Cars: 
Locomotive: 
Trackage: 

I00 tons capacity, 35 to 40 per train. 
125-ton, 1,600-hp, diesel-electric. 
132-Ib. rail, 7 - mile haul to receiving bin at reduction 

plant, level track. 

C H A N G E  R O O M  NO. 1 

Accommodates 1,900 employees with lockers, showers, and toilet facili- 
ties. Heated with gas space heaters. 

In the same building is the foreman's office, time office, safety engin- 
eer's office~ dispensary, lamp room, and dust-counting laboratory. 

 RANGE ROOM NO.2 

Accommodates 1,000 men and has office facilities similar to #I change 
room. This change room is located inthe #3 Shaft Area near #5 Shaft. 



C O M P R E S S O R  HOUSE 

Five 3,500cf~ compressors, delivering at I00 Ibs. air pressure, each 
equipped with 600-hp synchronous motor. 

One 1,936 cfm - 350-hp synchronous motor. 
One 1,596 efm - 300-hp synchronous motor. 
Total = 21,032 efm, delivering at II0 Ibs. air pressure for approximately 

I00 ibs. mine working pressure. 
Four natural gas powered compressors each having a 3,200 cfm capacity. 

"Outdoor" type. 

NO. 1 a n d  NO. 4 Y A R D S  

Surface installations in this area include amachine shop (including car 
repairs), electric shop, drill repair shop, a blacksmith shop, truck 
maintenance shop, framing shed, carpenter shop, warehouse facilities, 
timber-treating plant, salvage area, pipe shop, cylinder repair shed, 
sand-blasting shed, paint shed, fire marshal shed, mine rescue training 
center, fuse and cap storage tunnel, batch plant, (including mix water 
cooling plant and additive storage tanks), standby power plant, compres- 
sor house, No. i and No. 4hoisthouses, potable water treating plant, and 
changerooms. 

There are storage areas for all material used in the mining operation. 

Steel: 

Timber: 

Variety of structural shapes for shop fabrication jobs and 
mine ground support. 

12" x 12" drift timber. 
2" and 3" lagging, various lengths. 
6" and 8" cribbing, pre-framed. 
Pole posts - Taxas pine for undercut timber. 

A large explosives magazine is maintained to supply the mining operation. 

A planned maintenance and lubrication schedule is followed for all sur- 
face and underground operating equipment. 

METAL P R O D U C T I O N - - S a n  M a n u e l  Only. 
1970 - 12 months of operation. 

Average Daily Mine Production, Dry Tons 
Copper Production, Tons 
Molybdenum Sulfide Concentrate, Tons 

43,227 
95,000 
2~960 
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MA£~+~ ~OPB~ C~{PAN~ 
2 ~  '.++.h+~ual Div is ion  
San t.~mtml+ Arizona 

.+~ber, 1963 

I,Ise~te~l ~lu~ru&!~.~t, ion in m~nzonlte po~ph~r~ and quartz 
~nzcallt@o 

Principal Sulphide }~Luerals: 
~u-~ lblybdenlte. 

Gn.~loo;~'tte, C h a l o ~ e ,  P~r~%e, 

+ 

Sul~hlde, &97,900,000 t~.~ a~. O.7&?~ Gu; +.02 
U~Ide s I~0,000,000 tons at 0.700); Ou 

~am~ r~ov~rabl~ A~ and Au. 

O V ~ B @ ~ t :  G ~o 1.900 fee% th~% AVerage o v e r  %he ~ ~  
o ~  ~ ,  1 .  670 feet ta~ok, and oona i s t e  m a t n ~  o f  

v~zv oompo%ent rock ~ ~ ~ o n g ~ o ~ t e +  

(~1~.~ as the la r~  t, wo l~ge~ o f  ~ ~ are ~ o f  the 

+++o__+ 1 remiT_= 

Depth: 

Dimensions: 

Z m~, 5 t x 6 '  
1 e4wvioe ho i s t .  ~t x 6t 

hoad/h~u~o: !JO -6" ~+ + m~.m,++,,res+ 

dhipV+' ~i+%, Pwo aimed -,-~m~o~l~- ~ n ~ r o l i e t  +t~ow %he e a ~ o  



Vemtilation Downcast ~ d  to hoist ~st~ muck and fo r  
;~sti~o I-kuruS7 ~ ~onta ins  main 
~ 4 ~ r ~ s ~ d  a i r  l i n e  8upDl.yi.~ t he  mine, 
dlscharg~oool~ ¢ar~Q,~.g m ~  Of ~@ 1~t8~' 
ptm~ed from the  mine, and po~a- % ~  
1~r~e8 Se,r~oo oouq:m~mant has  U u ' ~  81 
heavy duty pipes f o r  o o ~  ~ % i o r ~  
'¢ent.i.ln'alon d c ~ c a m t  120,000 c.f.m~ 

Twin Ore Boi~t~ S~af~s, 195 feet a~. 

DeptO, 2,~05 f~t~ (For Seeond Le~m~) 

29 ' ~,. 7 ~ :~side ~on~rete~ 

V~,~I !a ~ion i~hau~, 5haf%s~ 

Structural Steel ~¢.s b~mie~ in ~,na~M~ ~ ~ ~ . I ~ , ,  

:~' ~Lndows in eac ~ ~r~t. 

Stea l  gv.ides 8uppor'...~,d ~v~c~ ~ ~:hrclm f ~ t  i n  h o , % ~  mW)at'4mm~o. 

D ~ :  60 ~ 
~ ,  66 ' -6"  ~op o f  b i n  9~'  ~ m l l ~ .  

. ~  ~ ~d. 

S~ips:  ~ttom-d~r~, L~ ~hor~ Je~o a&:L~o 

O~mms:J.o~, 33 ' ' J "  Io,~. + 6 ' -1 "  ",,~Io~ 6 ' -6"  d++l~ 

3B Sha~ - 2O75 
Automatd~n- Seml-autemJt~d ~r ~ .  ~ ~ ~  

d~mps l~s o~m train Im tae ~ ~ I~ a m~.~ ef 

m).l  t e  v t w e d  on a 
% 



Poists, Nord.he~.g b~uble ~ with LeBus wind; euto~tio or  
m%nual operation, ~, dlamater f~oe drums ~ith 3,700 
feet of 2¼" rope ~elty An ~o :L%yerSo 

~haft:, A~" d~e~er through drums. 
l~)i~n~ ~ :  3,000 f.p.m. 

3~,,K}O-h~) D.C. too:iota eq~ppod -.d.th M.G. set  
conala%t-4 o~ one 4,000~.p. motor and t~o 2,~00 ~ 
DoC. ~,nersto~s. S%ael plate flywheel° 
n~eel ~m~t, &A tons (a~roxi~te) for ~ 

.-q 
ChOppy Hoists are e q ~  )~ . ,~an  8)4DO.Ib. C O ~ # . ~ ,  

~q~.ppod .~i%h s a ~ . y  do~s and i s  hois ted ~. th  a 2 ~  ~x)l~) 
7x 18 r~n-rotatln~,~, 3/h" d.%ame%e~. 

~__~ ~_~ 

Dept~-~ 

D 2 ~  a l o ~  I ~6,-6" x 1A ° . B t ~ t u ~ k l  s t e e l  ~ ~ In  ~ o ~  
~r ~ Im~ma. 

~ '~  and ~ p l , y  .A,ha,t'% and ~ VmtLlat t .on  - ~D, OOO o.t ' ,m.  

Ca~s, 2 4~c~a, ~0 ~ per ~,~ 

}rated Capaci t ies)  

12,000 lb~. men per d ~ .  

lo9 fee~ ~ ~ shoa~se. 
Two l&' cast steel s h ~ m e .  

Nordbea.& double d~mm. 
15; diameter, 90" i~ cirums. 

S~n&le reduction drive, two 700-h,p. D.C. mortars 
eq,~Ipoed with :~;, set eonsiatln~ of one 1750-h.p. 

house equlplx~l ~:J~t.h 30-ton crane with 5-ton ~r~o 
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on C~tm~'e 

39 ~ ~ ~  
75 Lb~. ~ u~md par' 

~t.ah 
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aA~@IS ~, 

L~ ; ,NGTH:  

6~ 

two  r a , i . ~  a t  ~r.,:., |  

a,i.l% 

Tz~ansfer ~li~e Stations a r e  ~ h~ the 

Th~ a r e  cut ms the d . . ~  h~'.~:4 .ta 
~vancw~1~ 

~ o n ~ i n f c n - c e d  ~ n c ~ t ~  o 
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J~avation o.~I~: 
~c~ Bolts ~ s ~  etr~ps 
used as pre~ncl~te support.,, 

P~ch round L~rks~ on fac~ 
by boss. 
' i ~ o  ~ a n  crews,, 
29 holee dri)led 6' deep,,, 
C~) ibso I~oG. l~#der  u~od 
~ r  c o u n d ; . d r i ] / / n ~  done 
',dt~ two 3" driftm's on 
h;/drallllc boom ~ 
venti],at~on with fans and 

F~ni~hed d~'i~ 8~6 '' in diameter 
~ith rtol~--l'atrt~or~d ooncret~ ~r~ngr~ 

L~c~ 

~r~ 

! 

'~J MJ z L~TS 

t~t ch plant 

Concrete ~tr~ batch is nailed ~.., four l~bic yard batcshee per  
t,~c~ to the m~xm--~- 

~.Rxcrs arc l~-cub~c yar.[ doUb;..e d~,~ track mot~It~, pa~i~g ~yp~. 

!-~x water ie c~!lod ~o 38-~' b~ po~able refrigeration plaa~. 

A~r entraln~., disp~i~ -~i rotardln~ agemta az~ ~ wlth 
tJ,e mix water. ~'-~Lxsr ~hlsc~ r~s t/~rut~ a ~c~em~i hopper 
two 8" hoavy~<tut~ pipes su~;~,er.ded :In ~. I Shaft. 
disebar&~s throt~h a dis~h~rLe heade~- Int~ a ~ ~ t~ 

p~i~cecso Flacor~ ~%~ch~.rGe )n~un~ti~ ~ o ~  a FIo~ 
h~ader and 6 ~ slACk iA:t~ ].nto p~ood or  ~ ~r~M~ 

From 3:.OOO to ~,5~J cu~c ~r~s of concre~ per month are poured 
on a one s~ per d~-~ ~£x ~ ~eek bea~s, Forming is 
on two shafts# s ix  d~s per .~ee<~ 
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,2.~¢~. ~ ~..~ ~' .~. 

. i  . ¸  

..-N~ 

/, .... 

Top ~.~_r~a~ ~o 8~ when pillar is 
bla'~ed 

EFF[C//NCY 2-amn crm~ d~i~e~ aev~a~l ~!sos 
at On~o 9 to i~ hol~= 8r111~ 

E;~ava~zon onl~ 8 ~ x 8~o 
Ro~ bol%s and wi?e m~=h used for 
pre-~concre%e s~% o 
S/~ &~ wido~ &~ hi,to F~2!shed 
d~if% ~'rith ~on~einfor~ ooncr~te~. 
2~man ~ws used° 13 to 2/ holes 
d~ill~d 6 | deop~ 30 to 40 lbso N~G~ 
powd~ used per round; drill~ i~ 
done with jackleg:, V~tilation %.~th 
air mov~ and t~i~go 
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~,~..'~"--°,~i: ;If0 °If°  II0 ° .i ° 
-,,, ~,I~, ~0 ,I° 0]! 0 )j0 . , 

'~v. 1 

Top of ~ e ~  

°! 
ii° ° 

o .  

i 

~!" 15 '  

c : holes t~ 

D r i l l  r~  
down holes 

; ; .  h 

• ! 

~q,=~.bT H SECTX.O~ (Alor~sie~ ~e~y) 

~0 ~ T'~ ~)~ ~.~.t~g t~ .~ ~ ~.:~ ....... Top of Un~e~ .... 

,,:,,, i \ , \  / < : . . . .  : 
~:i~: ! \ \  /< / \ \  \ ~ / < A \  ) /  

• @%, ~ ~ . ~  • : ~ , .J 
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ZAST-~-W~T SE~ ION 
Lt~ of D~aw ~ai~) 
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'&~devc.ut drifts ~e 6N.~r~.~ ,> -~ 7' and are t.t~beN, onl~ as na~e~ 
~y ~.4~h ~m.f'~a~d ,~,,inch ~wf. po~,ts and 6" x 8" eap~ or pole st~%lso 
The i~dtial d~iftir G %s ai.o~j tb6: ~ps of the o~%~r row of d~aw rai~s~ 
,~mp!etel~t ~J.rcli~!g th,~, b~ sCk'.. !~, the D hal sta~s of ~nder~u~ dri~ 

~,~ bells .the.top of ,-~.~.eh j-..~: ~'a-i.~¢... ~. a dJ~.~et~r of 8 fee~ a~ i~ i~ 

Underct~ pill~ w~w~ ~ t a ~ ,  th~  c~:c,',~ ~r dJcillin~ and b l a ~  o ~  
a p i l l a r  b ~ t ~ n  dI~j.'hs ,,~...~t ~ h ~ r ~ , y  o f  t h e  b looko  The p i l l a r  cr~w~ 
x~t~eat a~:m.y from thia i~:~..t; C~ c-.,v~., b~~." the ~ou~d in~ ~hs eave~ 

about t~o~r £e@t and bi~w'~ ~ ~ "'~c~,~s~,~.r~r~ The ~ pillox~ aholfg 
8 .¢.~e~;. wide, and 'the bark o~ ti, , ,  ,,~id~a~,~ dri.~:.~ ar~ them drill~d o a t  %o 

and ~ot wi~h ~he ~u.de.~-<~* ~-- ,i~...,:'. ;;~,.~"al'Ly~ a 15~fo~t ~tlon a l o n g  
th,~ d~f~,, length is %..~.~:,:~ ~,d'; ~, .~...',-.,.."" -,la~. CK~ is ta~ to insure 
Lbo.t. t!~,~ p!)/ta~ i~ ' . : ,~dcteR.:" h.:,.,~.'~r; %,. ~a";z~.dng off s~Ificien~ broken 
r~ck to o~v'¢o th~ ,~ff,~.: ,.~ ;" '.':~. ,.,. J..:,~ before th~ next adjczLu~.ug pill~ 
i~ s~ot,, Mi]3.1~.~,.~o~ de lay  ,,,'~ n,:-~:: ~ ? ca!:s ar~_ used in pJJ.lar blasK~, 

~,Cot~d to th~ p~J'~- ~u~-c~.<. C ~ ~,;t.,,)~:%i>.~ firms go through an intex~ 
x"~v ~'.~:~.-Loh :a~d fro~ thi~ .v;~.: ",~~ ":,o the main pillar blasting m~i%~h 

','i 7 ~;:¢,-'~J 

i ¸: ./•i~:~ 

i>,;~:: ,7 
• . x , ,  ", 

2 '~ x ,12 ~ sid~ ~d b,~ k~ggir~.. 

2~zan ~r~s dr~Jl TO to I~ .J.~kleg h~!.es and 20 to ~0 
s%olx~r ho~i~ d~c~,4.J~,; o~~ Gva~ rai~ s p a ~  and 
ground ~dit.-b:,)n,-, 

!QO to 175 lbs 45:~ ~o-.. F~m.M~ ~ is u ~ d  p e r  ~ d ~  

% 
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F~HA COPPEZ CO~,~AN~ 
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ii! ~+;+ + :, 

],ud' . " 

~m ,~ . , ,  O~,mAmr:m DATA 

Operatlr~ Shlz%s per D~y 
Opiating ~ s  per l<le~ 
Op~ting Days per Y~r 
l>~>ductlon p~" De~'~ t~ns 
Pru~uchi~n p~r Xear~ ~ns 
Amtiv@ Undex~u% Ax~a~ ~q~ 
Uade~u% Res~s~ %~ 

~o 

7 
3~8 

3~3~O8S 
7~273~0OO 

D~w Poi r~  Spa~m~ 

Ae%Ivl 

Held ~ Repair 
Held far Grad~ 
Total ilraw ~Imt~ 

!~175 

81 

~ of ~w~ Inch~s per 
Tons of Oi~ p~r Pound ~£ P++mimia, r 
Type o f  Explosive U ~ t ~  

45% Amog~! i~ drF  area~; ~ Ga!etdm in wet a+,-~a° 

15 
lO 

BlasSiug f~ B]~k D~lo~ ~%d seeondamy bla~ is 
done ~ l ~ = ~ r i ~ a / l ~  ~yom er~ ~;:-en%~al locahion= G~neral/y~ 
large d~if% h~5~ ~m~ d~ a~ ~ ~h ~eg~ 
bla~g ~ps and sa£e~y f~,~ All bla~4mg is done a% 
t+he ~iddle and end of ,~++ e+ui.~t+ 

bi~l P m ~ u ~ o n  ~r i762~ 
P~nds o f  C~pp~  ~e~vem~d j>a~" Ton o f  O~e Hin,eml, 
Ck~p i~  p o ~  

Gold~ @~Icss 
S i l ~  ounces  

~ 6 ~ 0 ~  
~L~7~OZ~ 

302,953 

? 

- : ) :  

!•ii•!•-• ~,.~, ~ 

iD,~,+7< ,' +t 
+>'->7Y + '  7~ 

:'7~!m / - +  + 

mmcK Ds~sx0~ DATA 

illock ~id~h 

~esen~ Average ~ . o c k  
Ore Hsighh above L~de~ ~,~o~" 
Distance ~e~c~ F ! ~ r  to  Gzlzziy L~v~I F loo r  
Dis%anc~ ~Ioo~ Haulac~ ~o ~l~:or " .~Izzly L~val 
Gsizzly Ba~ s~oing 
Gr'.izzkv L ~  l ~ : ~ a l  

.~8 ~ ~00 ~ 

1250 - 6OO~ 

@ 



C 

~ ( ~  o n  35,000 %ons 

Man-shifts pel- Day 
To~ pea- Mss1~shii~ 

of ore production I : )~  

FRDDUCTION: Drawing Or~ 
Hauling Ore 
Hoi~t~ Ore 
T~%~l Pr~duct~n 

T o t a l  D ~ v e t ~  . . . . . . . . .  !t~z D ~ ~ ~  

GEN~L ~GRO__ ~_ UND: P~lm~r '  
Salvage 

Track 
Smpp~v~ervi~ ~ M~sc. 
To~ Gen'! U~uud 

MiNE E~CTEICAL 
~CH~N~DAL 

per ~r 

120 '- 292 
~6 ~78 

~. _ ~  

733 
I0 

8~ " a 5  

126 ~78 
_m 

0 . • •~ 

MoS. Tor~ 

I08 : 3Z~ 

I 

i 

, t 

! 

. 

~ ~ ! ' ~ i  ~ 

"!L :' 

. ~ ~'~ .q~ 

i !::/ 

~33 

The above %mrklng force is direct.led ~j L~/) supervisors ~md an engineering s~ff ..... 

of ~9 l~r~onnalo 

I-MmlaE~, ~o~tives aa~ :%~ .,-~on:~ &-~h~ %ro!ley %~pe~ They haul 
~ , ~  • 

~/'~n 12~-ton ca2~ 2~h.p.~ 275 volt D.G~ 

O~e ceres ar~ 19-ten hex~t~r~e with ~ statlor2my ~p~.tug and o n e  
rota%~ ~o~~ 

Wid%h~ ovea~ll~ 6'-O = 
H~iaht ab~ve t~a~k: 5'-,6" 
Tr~ak~ Nstlonal I , ~ 1 ! ~ b ] ~  ~ L v ~  Oa~ Track; 

Coupl~s~ Nat~mzk%l M ~ . l e , % b l e  ~ ~  r o ~ - ' y  a~zl 
~=a~ro tary ~upler~ o 

Rubber 4ral% a~ar f~: COUl~/ng ~hock al~o~, 

Traclc ~uge = 36". 
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COi.goFJNiCAT!ONS 

Ha~t!age %~s and ~ap[~j ~:~.ns a~e m~ved o n  dlre~% orders f~om 
a Dispatch~ b 5. hho u~e of a radio pb~e ~stem~ In addition e 
r~xL%o phones a1~s in~.%!l~, in r@pai~- shopg ~nd at van~a~ points 
l b r  u.se N~ s~e~:sio:a~,  

o 
.D}.~w and haulago ope~ atlons ,we ~oo~Lip.%ted ~ou~h the Disc,,hem 

by an aad~ p~in.~: ~rS~mo 

i stan4.ard t~l~phone ~rst.~.2 ~n~!stdn£ of seven ~drc~its aids in 
coordir~%inz hoistin~ mmintmmnce~ and service f~ci!ities 
be%w~en the sm~faee ~?md th~ ~d.ne un~er~our~o 

VENT ILAT iON 

57°...;900 ~..f~m,:, -. }'.• ~'~/!~.ue.ous 7mtako~ ~ "~kiition ~o S~mfts~ 

290~0~9 c.fom~ ,,o ,%'.~4 ~ i f t  (R~I5 ~md 2075 Lowxls) 

.:,, P L;<~zlL T'~ J~ HJ-~','/~' .... '' 
I!60 ~%, 5': dL:,.. .,,~i-~r',, On,~ on the ]~5 Yen% 
Cr~ss~a~. 2~ om~- ~n ~:.im 1415 ~!n Cr~as~ut 

One ,o M~in Cr.o,~:~ "~t~, ~75~ :~O.~p~ Ii60 ~T~ 5 ~ diamo 
One o,o Ve~'. G~o~,:':o~.:. ;~i5~ 450-~hp.~ 1160 rpm~ 6~ 4iam. 

;..u~dlLa.~y "JentJ.lation ~$~.r i:-~ ..~gr~w~'ted <b~u.Dh oper~%in~ blocks h~j 

Dff~ NAC~] 

%o Noo I S~af% ~r to 3A a~ 3B ~haf%eo 

3P Shaft is p~:~Ing c~l,O g,~i ~, h~o'~ 3P S~mf% Bottom~ 

the ~.<~ter for ev~rationo 

.... ,.% 

• " '7.-. ~ " 

:•~i 



i00 tons oapacitys 35 bo hE per train. 
125-bon s l,(~JO h~p. dJeoel-elect~leo 
13~ibo r~41~ 7 mile haul to r~eelving bin at reduo- 
~Lon plant., level tr~e~o 

Five C h ~ ~ e  3~50~ o . f ~  e C ~ e e a e ~ %  d e l i v e r i r ~  at  
lO0-1b, a i r  F r N ~ a ~  e a ~  eq~R~e~ - i ~  ~ . p . ,  ~ r o a o u ~  

Tetal - ~.~02~. e.f.a.s ~li,~ at 100 I~,,. air pressure. 

Aeeommda~e~ Is~O0 ma ~Lta ~ ~we~ and t o i l e t  facilitAeSo 
~¢ed wA~tl ~,o epuo  be~. 

In the ~ b ~  is t~ ~ ' m  ~fE~e~ TAw O~ce~ ~afe~ 

S.rZaee ~ t A o a ~  An ~ a~ea A n e l ~ e  • ~ Shops ,~.~.r~@ 

Shed, ~ p ~ t e ~  ~ ~ ~  ~aeLYlties~ T i ,~o r  'h,eat:,. 

Shed s P~ Shed~ ~ ~ Sbed~ ~ Rescue Tralnin~ Centers 
and Babeh Plant° 

a ~  s ' ~  a r m s  £or all na~ea-AaX u~d .in ~ mining opemtiono 

Steel t Var,~'~ of  ~,ruc?.urLl ~ l  ~ ~mp ~ab¢-'l@atAon 
Jobe and mt.~ g~o. .d ~ p p . ~ .  

T~34L~S 12" x 12" drlft timber. 

6"z 8" m-lbbd~ prlt~Vm~o 
Pole Po~.w - T~x ~ far w~d~ tlmb~o 

A l~'ge e~Ice£vee ~ m e  is mA.~a~Wd to euR~ly ~ ~ o p ~ . .  
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San Fmauel Division 

LON~IT[DI~ SECTION T}~O~ ~ 2 
A~) 3B SmUtS D ~ ~  ~ ~ o  
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