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FACT SHEET 

D~£AL CORPORATION - S!ERRITA - ESPERANZA - CLEAR 

DAILY TONNAGE - Milled 92,000 Dry Short 
Mined 230,000 

ORE GRADE - Cu. 0.34% 

Mo. 0.038% 

Note: When Esperanza mill is running we mill an additional 18,000 per day and 
mine an additional 40,000. 

TOTAL EMPLOYEES 

Sierrita 2,036 
*Esperanza 89 

**CLEAR 201 

TOTAL 2,326 

* When Esperanza mill is operating an additional 300 employees are required. 
These people now at Esperanza operate the dump leaching system and furnish a 
special maintenance group for projects at Sierrita. 

The total benefits package increases salaries and wages by 38%. 

The average hourly wage is $7.95/hr. The beginning hourly wage - inexperienced 
laborer - $6.53/hr. 

All groups are represented by unions with Steelworkers, Operating Engineers, 
Teamsters, and Laborers, jointly certified. IBEW represents the electrical group. 

** CLEAR is Duval's own patented process for hydrometallurgical treatment and 
recovery of copper from sulphide concentrates. The acronym stands for "Copper 
Leach Electrolysis and Regeneration". This plant is not yet open to visitation 
without prior approval of Corporate management. 

SALLRIES AND WAGES PER MONTH--- 000's omitted 

Sierrita $ 3,404 
*Esperanza 136 
CLEAR 340 

$ 3,880 

*Increases by $600,000 with Esperanza operating 

All power is purchased from Tucson Gas and Electric Company. Presently costs 
about $2,253,000 per month and increases by $1,200,000 when Esperanza mill is 
running. 

PRODUCTS - Average Month (Sierritaonly) 

Cu. 17,100,000 Lbs. 
Mo. 1,500,000 Lbs. 
Ag. 90,000 Oz. 



A qARCO Southwestern Exploration Division 

August 15, 1985 

To: W.L. Kurtz 

From: J. D. Sell 

Bob Metz says that Inspiration Resources and a Japanese group will 
probably announce that they have bought the Dural Sierrita-Esperanza 
complex. The Japanese name was "Sumitomo," which is the same which 
is now rumored in the journals to take a less than 30% interest in 
Morenci Phelps Dodge, rather than more. Perhaps this Sierrita deal 

is the reason for less interest in Morenci? 

JD S : mek 
y J. D. Sell 
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Progressive mixing of isotopic reservoirs during magma genesis at the Sierrita 
porphyry copper deposit, Arizona: Inverse solutions 

/ /  
/ 

ELIZABETH Y. ANTHONY* and SPENCER R. TITLEY 

Department of Geosciences, University of Arizona, Tucson, AZ 85721, U.S.A. 
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VISITORtS 

INFORMATION 

DUVAL S I E R R I T A  C O R P O R A T I O N  

S~I.~E!RK I T A P R 0 P E R T Y 

r. 

SAHUARITA, ARIZONA 



SIERRITA PROPERTY 

The Sierrita property consists of over 13,000 acres, which includes property rights 

for water field, tailing disposal and rights of way for pipelines and a railroad 

spur. Included in this total acreage are 143 unpatented mining claims which were 

purchased by Duval. Approximately 58 percent of the Sierrita ore body was acquired 

in the purchase of these claims. The remaining 42 percent of the ore body was con- 

trolled by patented mining claims owned by Duval° Dural has transferred these pat- 

ented claims to the Sierrita property. 

EXPLORATION AND PRELIMINARY DEVELOPMENT 

A total of 178 test holes has been drilled in order to delineate the Sierrita ore 

body and to test proposed waste dump areas. Some of the tests were drilled to check 

certain holes drilled by another mining company, which had previously drilled 60 core 

tests in the area. 

GEOLOGY 

Rock types within the ore zone consist of quartz diorite, quartz monzonite, and 

quartz monzonite porphyry. Metallization, partly syngenetic, consists of chalcopyrite 

and molybdenite with minor amounts of sphalerite, galena and magnetite. There is no 

enriched blanket in the Sierrita ore body. Dominant structural trend is NE to ENE. 

ORE RESERVES 

The exploration and preliminary development program delineated an ore body of 414 

million tons with an average copper content of 0.35% (seven pounds) and an average 

molybdenum content of 0.036% (0.72 pounds). Engineering pit design indicates that 

a total of 634 million tons of waste must be handled prior to and during the mining 

of the 414 million tons ore reserve. This total of over a billion tons of ore and 

waste, which will be mined, represents more than twice the tonnage excavated in the 

construction of the Panama ~anal. 

Continued... 
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Organization 

MINING @ 

It is anticipated that the eventual perimeter of the Sierrita open pit will encompass 

an area of approximately 460 acres. As presently designed, the pit will ultimately 

reach a depth of 1850' below the highest elevation of the pit area prior to mining. 

Such an ultimate depth will represent a distance of almost one and a half times the 

height of the Empire State Building. 

One hundred and twenty-six (126) million tons of waste was removed during the pre-mine 

stripping period prior to the startup of the mill. A daily average of 200,000 tons 

per day was mined during the pre-mlne stripping period. The mining of ore and waste 

will be conducted on this scale for an initial six-year production period, after which 

the scale of mining operations will be somewhat reduced as less waste will be handled. 

Mining is accomplished by establishing a series of levels or benches. Each bench is 

approximately fifty (50) feet high. The large power shovels are provided digable 

material by blasting the various benches• To blast a bench, rotary drills drill holes 

59' in depth and from 9" to 12~ " in diameter. 

The blast holes which contain water, are loaded with a gelatin explosive called 

slurry. The holes which are dry, are loaded with ammDnium nitrate and fuel oil. 

A typical blast consisting of forty (40) holes requires 76,000 Ibs. of explosive to 

break 200,000 tons of rock. This is enough material to keep one electric shovel in 

production for approximately four (4) days. 

• MINING EQUIPMENT AND FACILITIES 

The mining equipment features six (6) power shovels of P & H manufacture equipped with 

15 cubic yard buckets and 32 electric wheel haul trucks of 120-ton capacity, which will 

be expanded to 36 within the next few months. These shovels and trucks are of the 

largest presently used in the copper mining industry. In addition six rotary 

• : Continued°.. 
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Organization 

MINING EQUIPMENT AND FACILITIES CONTD 

blast-hole drills (two 60-R, three 45-R, and one CP 750), 12 dozers (three D-9, 

five D-8, and four rubber tired), and numerous other units; such as, 3 motor patrols, 

2 forklifts, i crane, 4 water trucks 4 personnel buses and miscellaneous small 

trucks supplement the operation. Service facilities consist of two modern shops, 

steam cleaning pad, change room, and offices. 

Because the power shovels and haul trucks represent the largest of these machines 

used in the industry, some pertinent facts concerning these units are of interest: 

Power Shovels 

I. The weight of each shovel is approximately 450 tons. 

2. Shovels are rated at 750 HP and are electrically powered by 4160 volt AC 

current. 

3. When loaded the 15 cubic yard bucket contains approximately 23 tons. 

Haul Trucks 

Io The truck fleet consists of 14 from KW Dart Company and 18 from Westinghouse 

Air Brake Company. 

2; The truck engines are 12-cylinder diesels, rated at I000 HP. 

3. The engine drives the electric generator, which supply power to electric 

motor assemblies in the rear wheels. 

4. Trucks have a rated capacity of 120 tons and weigh approximately 75 tons 

empty. 

" 5. Fuel tanks hold 450 gallons of diesel oil; the engines use one gallon 

~ per mile under full load conditions and level haul. 

6. Truck tires are constructed of 48-ply; stand nine feet in height, and weigh 

3000 pounds. 

7. The expected life of each truck is 5 to 7 years after which replacement 

is anticipated. 

Continued... 
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PLANT FACILITIES 

Stearns-Roger Corporation of Denver, Colorado,was the engineering construction 

contractor that designed and built the Sierrita concentrator and associated 

facilities. The concentrator, which has a designed capacity of ~ of 

ore per day, and the associated facilities are estimated to cost I00 million. 

This capacity will be greater than any single copper-molybdenum concentrator in 

North America° The construction of plant facilities was completed in the first 

quarter of 1970. 

CRUSHING 

Primary size reduction of the mined ore is achieved by two 60" x 89" gyratory 

crushers located near the south perimeter of the Sierrita open pit and adjacent 

to the main haulroad° The crushers have a total operating capacity of 5,000 tons 

per hou~ reducing the mine ore to about 85% minus 6". The crushed ore is transported 

by a 54" belt conveyor system to a 40,000-ton coarse ore open storage - an overland 

distance of about 2½ miles. 

Feeder belts under the coarse ore pile collect the or~ to feed the fine crushing 

plant. Ore is first fed to four vibrating double deck scalping screens ahead of 

four 13 x 84 hydrocone secondary crushers. The secondary crusher product is again 

screened and the oversize material is further reduced by eight 5 x 84 hydrocone tertiary 

crushers operating in a closed circuit system consisting of a 2400-ton surge bin feed- 

ing the crushers and vibrating screens. The finished product, essentially all minus 

½"f is transported to a 72,000-ton live capacity fine ore bin located in the concentrator 

building. 

CONCENTRATING 

The process of flotation is used to concentrate the copper and molybdenum minerals. 

To accomplish this, the crushed ore must he further reduced by grinding it to achieve 

Continued... 
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CONCENTRATING CONTD 

mineral liberation to effectively concentrate it by floating these mineral particles. 

Copper and molybdenum are concentrated simultaneously and then separated. 

The ore from the fine ore storage is wet ground in fourteen 16½' diameter by 19' 

ball mills driven by 3,000 horsepower synchronous motors. The ball mills operate in 

a closed circuit with cyclone classifiers. The ground ore in an ore-water slurry and 

conditioned with reagents is floated in flotation machines to a rough concentrate of 

copper and molybdenum minerals. The rougher concentrate is reground in two II' diameter 

by 15' regrind ball mills that are operated in a closed circuit with cyclone classifiers. 

The rougher concentrate is floated and refloated to a final concentrate. A total of 

602 flotation machines is used in the copper-molybdenum concentration. Tailings from 

the flotation process are thickened before disposal in four 350' diameter rake thickeners 

and the water is recovered from the slurry for re-use in the process. The concentrates 

are thickened in i00' diameter thickeners. 

The combined copper-molybdenum concentrate is floated to separate the two products. 

The pulp is fi=st steamed and then conditioned with reagent s before flotation. In 

the first flotation, the copper minerals are depressed and the molybdenum floated. 

The copper concentrate is the tailings from this flotation and after thickening in a 

125' diameter thickener, it is filtered in four drum filters and loaded in open 

gondola railroad cars for transporting to the smelter. The molybdenum is concentrated 

more by floating it in cleaning and re-cleaning stages. The final molybdenum concentrate 

is •filtered, dried, and stored for packaging for marketing as molybdenum sulfide or for 

roasting it in two 23½' diameter multiple hearth roasters. The roasted product, 

molybdenum trioxide, is packaged and marketed as technical molydic oxide. 
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PRODUCTION 

The Sierrita property will produce an annual average of 130 million pounds of 

copper during the first five years of operation and 150 million pounds thereafter. 

In addition, the property will produce approximately 13 million pounds of molybdenum 

and 500,000 ounces of silver annually. With Sierrita's production, Duval Corporation 

will rank fourth in U. S. copper mine production and will be the second largest 

producer of molybdenum in the U. S. 

EMPLOYMENT 

Peak employment during construction at the Sierrita property was 1800. The average 

permanent employment during production will be II00. 

UTILITIES 

Power and gas will be supplied by Tucson Gas and Electric Company. Power require- 

ments are expected to be approximately 60,000 kilowatts or 40 million kilowatt hours 

per month. This amount of power would supply an average city of I00,000. 

Gas requirements are expected to be some 50 million cubic feet per month with all 

but a fraction of the gas being utilized in roasting molybdenum sulphide concentrates 

into the oxide .form. 

Water requirements for the operation will be on the order of 15,000 gallons per min- 

ute with most of this amount being used in the milling operation. This water will 

be pumped from wells along the Santa Cruz River basin belonging to the Sierrita prop- 

erty. To secure this advantageous site with its water rights, a 5900-acre ranch, 

which was part of an original Spanish Land Grant, was purchased. 

4 

jeg 
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DUVAL CORPOKATION 

MINING AT THE ESPEP~ANZA PROPERTY 2, I971 

The old New Years Eve underground mine, tbe first workings in the 

Esperanza area, was operated spasmodically, mining copper~ from 1895 until 

the present Esperanza open pit property was developed° 

The area was first visited by Duval personnel in the fall of 1954. 

In May 1955, exploration drilling was started on a 500-foot equilateral, 

triangular grid pattern. By May 1957~ 88 churn and diamond drill holes 

were completed for a total footage of 30,724 feet. In addition, 2~I00 

feet of underground workings were excavated to gather more information 

concerning the ore body. 

Pre-mining stripping of waste was started in November 1957, with 

Isbe!l Construction Company performing the mining under contract. By 
Q 

February 1959, when the mill was completed, sufficient ore ~Jas exposed to 

start actual production from the Esperanza Mine° 

Exploratory drilling discovered ore in an adjacent area called West 

Esperanza in July 1960. Exploration and development drilling of this area, 

during 1961 and 1962, consisted of 141 rotary and diamond drill holes for a 

total footage of 26,139 feet. In March 1963, pre-mining stripping was 

started with the first ore being produced from the West Esperanza pit in 

In July 1965, Duval purchased the mining equipment at Esperanza from 

Isbell and took over the mining operations. 

Pit Dimensions 

Esperanza Pit: the highest original elevation along the west side of 

the pit was 47314 feet. The lowest elevation to be mined will be 3,515 feet 



for an elevationII]ifference of 799 feet. Six b~les, each 35 feet high, 

are presently being mined° The ma×imum dimensions of the pit are 4,000 

feet east-west and 2,500 feet north-south. 

West Esperanza Pit: the highest original elevation was 4,422 feet. 

The lowest elevation will be 3,800 feet for an elevation difference of 

622 feet. Three benches, each 50 feet high, are presently being mined. 

The maximum dimensions of the pit are 2,100 feet east-west and 3,800 feet 

north-south. 

Rock Type s 

The ore bodies are of the porphyry type with the main ore-bearing 

rocks being qusrtz-monzonite porphyry, quartz diorite, and andesite por- 

phyry. Other types of rocks encountered are quartzite, welded tuff, quartz 

latite porphyry and dacite. The rocks are of Cretaceous and Tertiary age. 

The main copper minerals are chalcopyrite and chalcocite. Molybdenum min- 

eralization occurs as molybdenite. 

Blasting and Mining 

In blasting the rock, 9-inch diameter holes are drilled with a rotary 

drill. These holes are approximately 20 feet apart and are drilled to a 

depth of 7 feet below the next lower bench. The holes, when dry, are loaded 

with ammonium nitrate mixed with diesel fuel and blasted. When the blast 

holes contain water, a gelatin type of blasting agent called slurry is used. 

In order to determine whether the material to be mined is ore, leach, 

or waste, a sample is taken of the cuttings of each blast hole and assayed. 

The results determine whether the blasted material is to be designated as 

ore, leach, or waste. Material is considered ore if it contains copper and 

molybdenum equivalent to 0.40% copper or above. All material with a copper 

equivalent content between 0.15% and 0.$0% is considered leach. Any material 

-2- 



containing less than 0o15% copper equivalent is designated as waste° 

Mined Tonnage 0 O 

The total tonnage mined from the Esperanza and West Esperanza pits as 

of July i, 1968 was 116.5 million tons° This represents 43.0 million tons 

of waste~ 33=5 million tons of leach and 40.0 million tons of ore containing 

less than i% copper° At present~ approximately 280,000 tons of material are 

mined per week° 

Equipment . . . . . . . .  

Electrically powered shovels are used for loading the blasted rock. 

Shovels range from five to 12 cubic yard capacity. The capacity refers to 

the size of the bucket on the shovel° Haulage trucks vary from 35 to 75 ton 

capacity. The mine operates 3 shifts per day, 7 days per week during which 

period 35 shovel shifts are worked. The majority of ore is hauled on the 

second and third shifts which enables maintenance work to be done on both 

the crushing and mining equipment on day shift° 

Leach Dum~9 - 

Leach dumps are located bet~een hills and over arroyos in order that the 

return water from the dumps can be collected. Leach solution~ containing 

some aeid~ is sprayed on the surface of the dump. As the solution percolates 

down through the dump it dissolves the copper from the rock. The pregnant 

or copper-bearing solution is then collected below the dump and piped to the 

precipitation plant. Here the copper is removed from the pregnant solution 

by flowing it through beds of shredded iron scrap. The copper precipitates 

out in the form of a mud called cement copper or precipitate copper containing 

approximately 75% to 85°/° metallic copper. 

The Mill 

The mined ore is passed through three crushing stages during which it 

is reduced to less than one inch in size. It is then conveyed to the mill 

,3-1 



~hich~ on an operating basis of 24 hours per day~ 7 days per week, has a 

daily milling capacity of 15~000 tons. llere it is passed through rod and 

ball mills in ~hich it is ground to a very fine~ almost powder~ size° It 

then goes through the flotation sections where the copper and molybdenum 

are separated from the ore pulp. Further processing through flotation 

separates the copper from the molybdenum. The copper concentrate, con- 

raining approximately 25% copper~ is shipped to smelters° The molybdenum 

eoncentrate~ containing approximately 58% molybdenum, is further refined 

and shipped direct to the consumer. 
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June 14, 1968 

To the Shareholders: 

The attached press release should be 

interest to you as a Dural  shareholder. 

of 

WILLARD M. OWEN 

Secretary 



Duval Corporation 
1906 First City National Bank Building 
Houston~ Texas 77002 
Phone: 713-223-4481 

For Release After 4:30 p.m. central 
daylight time 

Houston, June i0 - W. P. Morris, president of Duval Corporation, a 76% owned 

subsidiary of Pennzoil United, Inc., headquartered here, commented today on the 

results of additional drilling in Culberson County, Texas, where Duval had 

announced on May 10, 1968, it was evaluating deposits of elemental sulphur. 

Through June 6, 1968 Duval had drilled 33 test holes on a grid pattern 

with hole spacing of 1,000 ft. within an area which Duval believes will encompass 

the bulk of the sulphur deposition. Such drilled area embraces approximately 

600 surface acres in the central and western part of section 10, and in contiguous 

portions of sections 3, 9 and 15, Block lll, PSL Survey. At that date there had 

been substantial to full recovery of formation samples from each of the holes. An 

analysis of such samples and of those from preliminary exploratory drilling has 

disclosed sulphur mineralization at varying depths ranging from 240 to 1,237 ft. 

below the surface. The vertical thickness of the mineralized formation varied in 

individual holes from the equivalent of two to 80 ft. of solid sulphur (except for 

a stepout hole which showed no sulphur mineralization). The arithmetic average 

of the thickness of the sulphur mineralization found in these individual holes was 

the equivalent of approximately 34 ft. of solid sulphur. The sulphur content in 

the various drill hole sulphur intercepts averages approximately 18~i~ In view of the 

incomplete geological information on hand and the apparent unusual character of 

(more) 
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the sulphur deposition, Dural does not consider the drill and other data sufficient 

to make a representation at this time as to the tonnage of sulphur in place. 

Duval plans to drill approximately 60 additional test holes on the grid pattern 

as a further step in determining the extent and feasibility of mining the deposit. 

Most of such drilling will be conducted in sections 2, 3, 4, 9, 15 and 16 contiguous 

to the area of principal interest in section I0. Dural will also consider whether 

it will be advisable to drill additional test holes within the 600 acre tract 

described above. 

To the best of Duval's present knowledge, sulphur found under the conditions 

and at the depths encountered by l)uval in Culberson County could be mined commercially 

only by the Frasch process. Historically, the Frasch process has been confined to 

the recovery of sulphur found in salt dome structures along the Gulf Coast of Texas 

and Louisiana and in Mexico. The application of the process to other types of 

structures found in far West Texas~ such as Duval's Ft. Stockton property and the 

Culberson County location where a salt dome is not present, is a relatively new 

and untried development. In order to obtain data on the mineability of the sulphur 

deposition by this method, a Frasch pilot plant is being erected in section I0 at 

this time. Initial operation of this plant is scheduled for mid-June, 1968. 

This substantial amount of additional testing and evaluation will be necessary 

before Duval can decide, not only the full extent and continuity of the deposition, 

but whether it can be mined on a commercial basis by the Frasch process. Until 

this work is completed, Duval can give no assurance as to whether it has a mineable 

sulphur deposit at the Culberson County property or what the economic significance, 

if any, of such deposit may be. 
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{1 . ~: ' • D av- l Beg  as 
By JOHN RIDDICK 
Citizen Staff,Writer 

The Dural Corp. has launched 
the opening phases in ~he build- 
ing of the mill and the digging 
of the pit for its new $151 million 
8ierrita copper mine. 

. . . .  The company has given a con- 
tract for about $90 million to the 
Stearns - Roger Corp. of Den- 
ver to build the mill and associ- 
ated fact!tries. And Dural itself 
is putting in roads and assem- 
blying equipment to start open- 
ing the pit. 

"We will be moving 190,000 
• tons of overburden a day by the 
first of May in full production 
on the pit," said George E. At- 
wood, Dural executive vice 
president. 

The new Sierrita. mine will 
adjoin Duval's Esperanza open 
pit copper mine about 30 miles 
south of Tucson and will be the 
largest mine in Arizona, 

The company is on a short 
schedule since it plans to be in 
production within two years and 
must begin delivering copper 
to the government to repay an 

by the spring of 
1970. • 

"The Duval Corp. formed a 
~subsidiary, the Du'~al Sierrita 
Corp., to sign a contract with 
the General Services Adminis- 
tration (GSA) and operate the 
new mine. 

Under the complicated con- 
"tract, GSA, Besides putting up 
the $83 million, is largely guar- 
anteeing a ~ p r i v a t e  
loan from banks. D-rivaL which 
~h'eady has spent $3£ million 

. . . .  ;u ~dd another 

ture of the ore body and the low 
earnings which we projected 
for the early years of the oper- 
ation, the company didn't feel it 
could finance the opening of the 
mine without the assistance of 
th~ type given by the GSA," 
said Atwood. 

Approximately ~ p e r  cent of 
the 8ierrita's copper du-:"i'ing the 
first five and one-half years o~ 
production will ~ v -  
eminent stockpile to repay the 
~83 million loan. 

After an extensive amount of 
drilling, Dural became con- 
vinced early in 1966 that it had 
a massive ore body, 

I t  then approached the GSA 
under a new federal program to 
encourage new domestic copper 
production. 

Up until now, Dural has 
tin'tiled 87 holes delineating an 
e s t i m ~ u i l l i o n  tons of ore 
along with 600 million tons of 
overburden and waste rock. The 
average depth of the holes is 1¢ 
000 feet. 

This has led to a 20-year-pro: 
jection of sales estimated at 
$1.,442,188,000. The total includes 

 nHm: 

.~ t_~$I -57  an ounce. 

The Sierrita is remarkable 
among copper mines for its 
large amount of molybdenum, 
estimated at 30 per cent of its 
total wealth. } 

And the new Sierrita will put i 
Duval among the nation's lard- I 
eat producers of molybdenum, i 

..... ~ .... ~ine steel, with } 

per cent of tim free world's pro- 
duction, 

Atwood said that with further 
dr~31ing Duval express to dis. 
cQver more copper to carry the 
m~e  on beyond the present 20- 
year projection. 

W• P. Morris, Dural presi- 
derit, said that there will be no 
cash flow to the company dur- 
ing the phase when it ~s repay- 
ing its government loan but that 
the 8ierrita would be beneficial 
t~ the company and its share- 
hoI,ters on a long-term basis, 

Dural is spending $19 million 
or~ the equipment to strip the 
105 million tons of overburden. 
T~s will include a fleet of larry 

lifO-ton diesel electric wheel 
trt,~cks. - • . 

l . Oat of the 2,800 manpower 

D° 
force expected at the peak of 
the construction phase in i969, 
about 400 will be working on the 
excavation of the pit. 

Stearns-Roger, which has al- 

2o.b D 
such as in automation in 'its sue- 
cuss in taking a profit out of tlm 
E s p e r a n z a ' s  "tough, low 
grade." 

During the production phase 

MoreneL 1 

The copper ore at the Sierrita I 
/ 

imine is of low grade, presenting I 
a challenge in technology. Dur- 
al earlier made innovations 

o 

C,{ 
/ g  :- ~D 

ready begun grading for the when it finally settles down, the 
mill sitel will employ the others  Sierrip y!lC e ir 2 st .dy 

• " 1 a payron or i,~uu lne  ~speranza to build a lmge mill near y 
quarter mile long• There are t wall continue to operate as a !u- 
approximately 130 working now n!or partner nex~ seer w)m 
on  the beginning stages of the! a°°ut a~o empmyes hanmmg 
mill and pit. i ~  

• The mill will have a min- Duval has its corporate base 
~mum capacity of  60,000 tons of in Houston but its production 
ore a day, slightly larger than, headquarters here at 47t5 E, Ft. 
the 58,000-ton dally operation of[Lowell Rd. The company ~s 
the Phelps Dodge Corp. at owned 76 per cent by the United 

Gas Corp. which in turn is 
owned 42 per cent by the Penn- 
zoil Corp. 

Since 1950, Dural has had a 
growth from $5 million in assets 
to about $200 million today, 
headed towards perhaps $400 
million in two years. 

Among the responsibility of 
the staff in Tucson is bringing 
into production by mid-year an 
enormous $70 million potash op- 
eration in Saskatchewan, Ca- 
nada. DuvaI started to acquire 
land for thisproject in the ear-' 
ly I950s. 

' " W e  hope fro" a bright future' - " 
in potash," said Atwood, who is 
a specialist in that mineral vi- 
tally needed by agriculture. 

Aside from file Esperanza, 
DuvaI now has in production in 
Arizona the Mineral Pack cop- 
per operation m_,at" King,man. 

How has Dural accomplished 
such growth? 

" W e  put together a good team 
of young, talented, able people 
interested in building and croat- 



New York, N. Y. October 25, 1967 

J. H.C. 

FILE MEMORANDUM 

Mr. W. B. Wilkerson, Treasurer, Duval Corporation and J. Kirkland, 
Financial Vice President of Pennzoil, met with J. G. Cox and myself in 
regard to Duval's mostrecent delay in concluding their contract on Sierrita 
with the GSA. 

The project itself is to be financed -.$83 M GSA funds, $49 M private 
capital and $16 M from Duval, for a total of approximately $148 M. The 
$49 M has been arranged foraud the GSAwas to put up the $83 M as advance 
purchase of copper and this was to cover the first $83 M spent on the devel- 
opment of mine and mill. 

Due to the austerity program in Washington, the GSAwas ordered to delay 
transfer of funds into the project until beginning Fiscal 1969 and to delay 
the last $25 M until Fiscal 1970. New financing arrangements were therefore 

:required. 
• 'L , / 

Without going into the complicated details of the Duval financing, Duval 
requires a put of $25 M during Fiscal 1969 to back up short term commercial 
paper in the event the holders of the paper want an out prior to the GSA pay 
off in July, 1969. The put may never be used, but is nece~sary to float the 
loan which must be done to complete finance arrangements and to conform to 
GSA requirements a signed contract. 

Duval isin the process of arranging the $25 M put with various banks 
around the country. Messrs. Wilkerson and Kirkland figure this will require 
2-3 weeks. They discussed the possibility of ASARCO accepting the put in 
order to expedite the GSA contract with Mr. Hamrick, but this was declined. 

We felt the prime purpose of their visit was to show that they are not 
dragging their feet in concluding the contract with GSA and assured us that 
the contract would be successfully closed in 2-3 weeks at the outside. They 
are aware of our pressures and did not want us to jerk the rug out from under 
them in the interimperiod. We advised them that timewas of the essence, 
that we were dealing with a substantial portion of our smelting capacity in 
negotiations which must be successfully supplied, but respected their assurance 
of concluding the GSA deal. They will keep R. Welch advised currently of how 
things are going in this respect. 

As an aside, they said they had $i0,000,000 worth of equipment on site 
or on order to start mlning~ whichw~s evidence of their confidence that the 
project will go forward. 

RM34: ks 

cc: RLHennebach 
ALKatch 
~ D. Lough~Idge i~ ..... 
R°F°Welch ~ 

R. MI~George 

~ ' i  ~ , "~ • ' "  
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To: 

From: 

J. H. Courtright 

S. I. Bowditch 

AMERICAN SMELTING AND REFINING COMPANY 
Tucson ~j,, Arizona 3 H. C° 

January 5, 1967 ~AOAND RETURN ................. JAN 5 ~q~7 

PREPARE ANSWERS---.HANDLE 

0 , 

Exploration Potential Northeast "~o/ 
of Beach Mining Property 
Pima Mining District 
Pima County, Arizona 

I refer to Mr. Kinnison's memorandum to you of Dec. 28,1966, 
above caption (exCept he had the first two lines reversed). In 
accordance with the suggestion contained in the third paragraph 
of his memorandum, I have investigated the ownership of the 
area, particularly section 13, in which the greater part of 
the mineralized area is thought to occur. 

Section 13, T18S, R12E, is State Land. Duval has commercial 
lease C-343N covering all this section. At one time Duval had 
a mineral lease here as well, but canceled it after the commer- 
cial lease was issued, in 1957. The greater part of the area 
of interest is covered by the Duval tailings pond. In order 
to obtain its commercial lease Duval had to prove to the State's 
satisfaction that the ground was unmineralized. Harry Fieldman 
had a prospecting permit on this section in 1964, but this was 
canceled by the commissioner. 

Incidentally, I was told that formerly the State required 
drilling to a depth of only a few hundred feet to prove lack 
of mineral, but that just recently, as a result of Anaconda's 
deep ore, the State now requires that holes go to 2000 feet. 

Section 14, to the north of the Beach property, is also 
covered by Duval's commercial lease, and als 9 by a prospecting 
permit issued to Clare F. Filatrout, et al, (pals of Fieldman?) 
dated April 4, 196~. 

In Section 12, the north 3/4 is pretty well covered by 
patented mining claims, now owned, I believe, by Banner. The 
SW 1/4 SW 1/4 belongs to Dural, which owns surface and mineral 
rights. The SE 1/4 SW 1/4 and S 1/2 SE 1/4 is owned by the 
Boyd Land and Cattle Company (Anaconda) but mineral rights 
belong to the Federal government. 

The Boyd Land and Cattle Company also owns the surface 
of Section 7 of T18S, R13E, and the mineral belongs to the 
Federal government. 



-2- 

Section 18, TI8S, RI3E, is also State Land. Duval has 
a commercial lease on at least part of the surface, but I 
seem to have neglected to note the exact area. Prospecting 
permits have been issued and reissued for odd parts of the 
section, chiefly to Woolsey and his pals. At present a pros- 
pecting permit for one odd shaped part is held by R. L. Stanton, 
who slipped in between two Woolsey refilings, and a permit for 
another piece is held by one Paul Zaches. 

In summary, Section 13 covers the most interesting area, 
and is open for an application for a prospecting permit, but 
as most of the area of interest is now under Duvalls tailings 
pond, any work would immediately involve a dispute with Duval, 
and any mining would require moving the tailings to some 
other location. 

S. I. Bowditch 

SIB:bam 
cc : JEKinnison 
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O N  T H E  C O V E R  Copper bearing solution flowing Jrom Esperanza leach dumps in 
background toward copper precipitation plant. 
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Gross Revenues . . . . . . . . . . . . . . . . . . . . .  $26,236,775 

Net Earnings .......................................... $ 4 ,363,872 

Earnings Per Share . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 3.36 

$27,325,606 

$ 4,462,751 

$ 3.43 

Dividends Paid 

Total  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 1,820,000 

Per Share ........................................ $ 1.40 

Earnings Retained in the Business 

Total  ............................................ $ 2,543,872 

Per Share . . . . . . . . . . . . . . . . . . . . . .  $ 1.96 

Total  Assets ............................................ $58,188,131 

Shareholders' Equity . . . . . . . . . . . . . . . . . . . . . . . . . . .  $89,841, 645~ 

Working Capital . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $11,988,238 

Ratio of Current Assets to 
Current Liabilities .............................. 5.0 to I 

Capital Expenditures ............................. $18,546,636 

Number of Shareholders ..... . .  .-.  ............. 1,668 

Shares Outstanding .... . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 ,300,000 

Production: 

Sulphur - -  Long Tons ................... 174,000 

Potash - -  Short Tons ...................... 4 9 5 , 5 8 8  

Copper - -  Pounds . . . . . . . . . . .  : . . . . . . . . . . . . . .  46,785,955 

Molybdenum - -  Pounds . . . . . . . . . . . . . . .  1,13%886 

S i l v e r - - O u n c e s  . . . . . . . . . . . . . . . . . . . . .  ...*- 137,716 

$ 1,819,996 

$ 1.40 

$ 2,642,755 

$ 2.03 

$42,515,283 

$37,297,773 

$10,664,901 

3.3 to I 

2,8Ol,596 

1,791 

1,300,000 

191,625 

434,925 
45,948,672 

1,248,023 
~ " '  158,610 
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C O R P O R A T I O N  

To the Shareholders: 
Gross revenues in 1963 were $26.2 million compared with $27.3 

million in 1962. Revenues from the Copper Division were in balance with last 
year, a slight increase in copper sales being offset by a decrease in molybdenum 
sales. Potash revenues were down slightly due to a small reduction in the ton- 
nage sold. Sulphur revenues were down substantially due to an overall reduc- 
tion in sales volume and a lower price realization in the foreign market. 

Net earnings were $4.4 million, down $0.1 million from I962. 
Earnings per share were $3.36 compared with $3.43 in 1962. 

Dividends declared and paid in 1963 remained unchanged from 
1962 at $1.40 per share. 

Potash production increased 14 percent in 1963, the increase 
reflecting a combination of high production in 1963 and low production in 1962, 
the year in which the industry experienced an extended work stoppage. Copper 
production was up slightly as an increase in production from leach-precipitation 
operations more than offset a decrease in production from milling operations. 
Sulphur and molybdenum production were down moderately in 1963. 

Development and construction work on the Mineral Park copper- 
molybdenum property near Kingman, Arizona and the Nash Draw langbeinite 
property near Carlsbad, New Mexico was begun in late 1962. Production opera- 
tions at both properties are expected to commence in the latter part of I964. 

The Mineral Park and Nash Draw projects were financed in I963 
by the sale of debentures and the establishment of a line of bank credit. 

The cost of mine development work at Nash Draw, Mineral 
Park and West Esperanza as well as interest costs on borrowed funds during the 
period of development and construction at Nash Draw and Mineral Park are 
being capitalized for accounting purposes. For  Federal income tax purposes, how- 
ever, such costs are being treated as deductions from taxable income. The esti- 
mated resultant tax reduction is being credited to deferred Federal income tax 
liability to be amortized ratably over the operating lives of the properties. In 
1963, the amount deferred was $2,275,510. In 1962, a similar tax reduction of 
$144,990 was credited to income tax expense. 

The Company's exploration group was engaged principally dur- 
ing the year in extensive geological and geophysical work on four properties, 
mineral rights to which are either owned by or under option to the Company. In 
addition, the group conducted numerous geological investigations of mineral 
prospects in the West and Southwest. 

The research and development group devoted its attention to the 
refinement of plant processes and ore treatment techniques. This group also 
assisted in the engineering design of the Nash Draw and Mineral Park plants. 

At the Annual Meeting of Shareholders held on March 19, 1963, 
at Houston, Texas, the name of the Company was changed to Duval Corporation 
and the authorized Capital Stock was increased to 3,000,000 shares from 2,000,000 
shares. 

The Board of Directors acknowledges and expresses its appre- 
ciation for the continuing efforts of the Company's employees who have been in 
such a large measure responsible for the Company's growth. 

Respectfully submitted, 
On Behalf of the Board of Directors 
W. P. MORRIS, President 

January 20, 1964 
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Sulphur loading operations 
at Galveston, Texas. 

S U L P H U R  D I V I S I O N  

Production operations at the Company's Orchard Dome sulphur 
property in Fort Bend County, Texas continued through 1963 on an efficient and 
economical basis. Except for a period of approximately two months in the first 
quarter, during which time hot water input in one area of the mine was curtailed 
to permit the reworking of several production wells, operations were conducted at 
plant capacity levels. Production in 1963 of 174,000 long tons, while 17,625 tons 
less than the abnormally high production of 191,625 tons in 1962, was in balance 
with average annual production in the preceding five year period. The per ton cost 
of sulphur produced, while up significantly from 1962, was below average cost 
during the preceding five years. 

• Sulphur sales volume in 1963 was down 11 percent from 1962 with essentially 
all of the reduction occurring in the domestic market. Prices received for sulphur 
sold in the domestic market were in balance with last year, but prices received 
for foreign sales dropped 18 percent. In the main, pressure on prices in the foreign 
market developed from efforts of producers in Mexico, Canada and France to 
dispose of their production in a market in which supply exceeded demand. As a 
result of the combined effects of lower volume in the domestic market and lower 
prices in the export market, Sulphur Division earnings were down significantly. 

Sulphur consumption in this country and abroad continues to show an 
encouraging annual growth rate, but it is difficult to determine when the present 
imbalance between supply and demand will be corrected and sulphur prices will 
return to more realistic levels. 

P O T A S H  D I V I S I O N  

Operations at the Company's Carlsbad potash properties were normal 
throughout the year. Production of 495,588 short tons was up 60,663 tons from 
1962. Approximately one-third of this increase was attributable to a high rate of 

4 



PotasMum sulphate product 
warehouses under construction 
at Carlsbad, New Mexico. 

production in 1963 while the remainder resulted from reduced production in 1962 
due to a sixty day industry-wide work stoppage. Costs per ton of product were 
substantially unchanged from 1962. 

Sales volume of the Company's own production of potash was down 
approximately three percent from last year. This decline in sales stems primarily 
from a low inventory position at the beginning of the heavy shipping season in the 
early part of the year, a delayed eff~t of loss of production in 1962. Additionally, 
in an effort to re-establish a satisfactory inventory position, the Company virtually 
withdrew from the foreign market during the second half of the year. 

Prices in the domestic market were essentially unchanged from the preceding 
year and demand was excellent. Prices in the foreign market softened during the 
year as increased quantities of North American production became available to 
the market. 

The development of the Nash Draw langbeinite ore body and construction of 
facilities to process the ore to be produced therefrom are in progress. Development 
work at the mine site located 13 miles south of the Company's original mine and 
mill includes the sinking of two circular shafts. The langbeinite ore body will be 
placed in production in the latter part of 1964. 

The langbeinite ore will be transported by rail to processing facilities now 
being constructed adjacent to the existing mill. In one section of the new plant 
the ore will be crushed and washed to produce washed langbeinite, known to the 
fertilizer trade as sulphate of potash-magnesia. A portion of this product will be 
marketed as a plant nutrient while the remainder will be further processed to 
produce potassium sulphate. Storage, loading and shipping facilities for each of 
the two products are now under construction. The designed initial annual capacity 
of the new plant will be 90,000 tons of sulphate of potash-magnesia and 75,000 
tons of potassium sulphate. The plant is designed in such manner that productive 
capacity can be increased readily if additional production is needed to meet future 
market requlremunts. 
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Nash Draw ore hoisffng 
shaft location showing 

refrigerant manifolds 
and :reeze well locations 
prior to commencement 

of sinking operations. 

The Company is presently installing equipment required to increase the 
particle size of muriate of potash now being produced. When this installation is 
completed and the langbeinite processing facilities are placed in operation, the 
Company will be in a position to offer a broad range of high quality potash and 
potash-magnesia products in the most desirable particle sizes. 

\'~) %. 
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~ COPPER DIVISION 
Production of copper at the Esperanza property near Tucson, Arizona 

was 46,785,955 pounds, up 837,283 pounds from 1962. An anticipated slight 
decrease in the grade of the ore milled resulted in a reduction in copper produced 
by milling operations, but this reduction was more than offset by an increase 
in production from leach-precipitation operations. Molybdenum production of 
1,139,886 pounds was 108,137 pounds under 1962. This decrease also stemmed 
from a reduction in the mineral content of the mill feed. The milling rate increased 
from an average of 11,315 tons per day in 1962 to 11,568 tons in 1963. Unit 

/ ~ "  costs and total production costs compared favorably with 1962. 

Copper and molybdanum sales volume kept pace with production in 1963. 
The custom smelter copper price has remained unchanged since May 1961 at 
31¢ per pound, less applicable smelting, refining and transportation costs. Average 
realization per pound of molybdenum sold was in balance with last year. Demand 

for both metals was good. 
~)~/ The removal of waste capping overlying a satellite copper-molybdenum ore 
'~ body situated immediately west of the main Esperan'-"'~a pit was begun in March 

' 1963 and is expected to be completed during 1965. Total capping expected to be 
~ removed in the three years is six million tons. Upon completion of the pre-minlng 

~" stripping, ore from this deposit, known as the West Esperanza ore body, will be 
G'~ mined and milled concurrently with ore from the main pit. 

~'~ \ ~ \ ) ( / ~  The development of the Mineral Park copper-molybdenum ore body near 
v Kingman, Arizona and the construction of milling and auxiliary facilities are well 

S 
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Ithaca Peak at Mineral Park 
showing waste overburden 
removal in progress. 

advanced. Approximately 50 percent of the 18 million tons of waste overburden 
which must be removed prior to commencement of production operations had been 
removed at year end. Office, warehouse and shop facilities are either completed 
or nearing completion. Foundations for crushers and mill buildings have been 
poured and the erection of structural steel is in progress. The water field has been 
developed and a 14 mile pipeline from the water field to the mill site has been 
completed. Present equipment delivery schedules will permit eompletion of the 
project and commencement of production operations late in the third quarter of 
1964. The Mineral Park plant will have a designed ore milling capacity of 12,000 
tons per day which will make it comparable in size to the Esperanza plant. 

Plant construction and 
pre-mining stripping at 
Mineral Park copper-molybdenum 
property at year end. 
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S~te of Company's 
exploration activities in 

the Battle Mountain District 
o] northern Nevada 
showing drill roads, 

drilling equipment and 
old mine workings. 

. ~ , ~  • . . . . .  ~ . ~  ~ . . . . . . .  ~ .... . ~ .  . . 

E X P I .  O R A T I O N  

Additional personnel were employed in the exploration group in 1963 
to provide adequat~ staffing for a continually expanding program, the objectives 
of which are to increase reserves of minerals now being produced and to locate 
and appraise reserves of other minerals. 

An extensive geological investigation and an exploratory drilling program 
on a mineral property in the Battle Mountain mining district in northern Nevada 
have been in progress since the latter part of 1962. This work, expected to continue 
through the first half of 1964, is for the purpose of evaluating the commercial 
possibilities of mineral production from this district. 

Other activities of the exploration group included studies to determine the 
extent of mineralization in areas adjacent to Esperanza and Mineral Park and of 
numerous other mineral prospects in the West and Southwest. A district geological 
office is being established in Vancouver, British Columbia to provide direct 
coverage of mineral developments in the northwestern part of the United States 
and in western Canada. 

R E S E A R C H  A N D  D E V E L O P M E N T  

The primary effort of the research and development group in 1963 was 
directed toward the refining of the processes selected for production of potassium 
sulphate products from the Nash Draw langbeinite ore and for the treatment of 
the Mineral Park copper-molybdenum ore. Additionally, personnel from this group 
collaborated with the engineers of the prime contractors in the design of the 
facilities now being constructed at Mineral Park and Nash Draw. 

The potash solution mining pilot plant in Saskatchewan was in continuous 
operation in 1963. Operating conditions were changed periodically to develop field 
test data on the variables associated with this type of mining. Further experiments 
are scheduled to test the effects of solution temperatures and recirculation rates on 
the production of potassium brines under pilot scale conditions. 
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Numerous other studies are underway in the research laboratories. These 
investigations deal with new processes and new products in a program planned 
to broaden the Company's activities in the mining, processing and industrial 
chemicals fields. 

y P E R Q O N N E I .  

There were 797 Duval employees at year end, an increase of 22 over 
1962. Additional personnel were required in connection with the development of 
the Mineral Park property and expanded activities in the exploration and research 
and development groups. The number of operating personnel was essentially 
unchanged from last year. 

Direct salary and wage payments to employees in 1963 were $5,662,227. In 
addition, the Company paid on behalf of its employees $368,754 as its part of 
the cost of employee retirement, g~oup life insurance, group health and medical 
care plens. 

F I N A N C E  

Funds required for financing the Nush Draw and Mineral Park projacts 
are being provided from cash generation, proceeds from the sale of convertible 
subordinated debentures and from bank loans. The debentures, bearing interest 
of 4¥s% and having a final maturity date in 1983, were sold in August at the 
face value of $10,000,000. A credit agreement which provides a line of credit 
at $25,000,000 was negotiated with three commercial banks. At year end, 
$3,000,000 had been borrowed. 

S O U R C I K I  P R O M  W H I C H  F U N D S  C A M E  

Net income .................................................................................. $ 4,363,872 
Depreciation and depletion .................................................... 2,202,878 
Proceeds from sale of debentures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I0,000,000 
PrOceeds from bank loans current financing .......................... 3,000,000 
Proceeds from short term loan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2,000,000 
Decrease in current maturities of previous bank loan .................. 1,387,500 
Deferred Federal income tax ...................................................... 2,347,150 
Other .......................................................................................... 274,606 

Total .......................................................................... 25,576,006 

u s e s  TO W H I C H  FUNDS W i R i  APPLISO 
Construction, development, acquisition and 

replacement d properties .............................. $18,546,636 
Loss net salvage from retirements .............. 51,467 18,495,169 

Repayment of previous bank loan .............................................. 1,937,500 
Repayment of short term loan ............ : ....................................... 2,000,000 
Dividends .................................................................................... • 1,820,000 

Total .......................................................................... 24,252,669 
Increase in working capital . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,323,337 
Working capital--December 31, 1962 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10,664~901 
Working eapital--Deeember 31, 1963 ................................. $11,988,238 

C O R P O R A T I O N  

S o u r ( e s  

and 
Uses 
q 

F nds' 



C O R P O R A T I O N  
B A L A N C E  S H E E T ,  

"10 

Assets 
CURRENT ASSETS: 

Cash ............................................................ $ 5,543,070 
Working funds ............................................ 38,000 

Accounts receivable: 

Customers (less reserve for doubtful re- 
ceivables) ............................................ 3 ,154,389 

Refundable Federal income tax (Note 1) 729,805 
Other ........................................................ ! 94,576 

Inventories: 

Products (a t  c o s t - -  less than market)  .... 3 ,760,627 

Materials and supplies (a t  average cost) 1,430,715 
Prepayments ................................................ 47 ,276 

Other ............................................................ 76 ,116 

Total  current assets .......................... 14,974,574 

62,254,450 
19,304,73 I 

42,949,719 

124,736 
67,066 
26,783 
45,253 

263,838 

PLANT, EQUIPMENT AND LEASES--At  cOSt 
(Note 2)  ...................................................... 

Less reserves for depreciation and depletion 

Plant, equipment and l e a s e s - - n e t  

DEFERRED CHARGES: 

Unamortized debt expense .......................... 

Advance royalties ........................................ 

Public utility deposit .................................... 

Other ............................................................ 

Total  deferred charges ...................... 

TOTAL .............................. $58,188,131 

The accompanying Notes to Financial Statements are an integral part 

$ 7,128,616 
33,000 

3,209,957 

209,891 

3,060,077 
1,549,220 

51,916 
76,734 

15,319,411 

43,963,036 
16,934,441 

27,028,595 

75,190 
48,9O2 
43,185 

167,277 

$42,515,283 

of this statement. 
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December 31, 1963 and 1962 

Liabilities 
CURRENT LIABILITIES: ~ 

Current maturities of bank loan ................. $ 1,387,500 
Accounts payable ..................................... $ 1,243,356 948,015 
Salaries and wages payable ........................ 203,660 180,119 

Accrued liabilities: 
Taxes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  927,749 1,764,129 
Royalties .................................................. 324,563 292,589 
Interest .................................................... ! 90,349 
Other ....................................................... 96,659 82,158 

Total current liabilities .................... 2,986,336 4,654,510 

LONG-TERM DEBT: 

Bank l o a n s - - p o r t i o n  maturing after one 
year (Note 3)  .......................................... 3,000,000 550,000 

4~Ye % Convertible Subordinated Debentures 
Due 1983 (Note 4)  .................................. 10,000,000 

Total long-term debt ........................ 13,000,000 550,000 

DEFERRED FEDERAL INCOME TAX: 

Mine development and interest costs during 
construction (Note 1) .............................. 2,275,510 

Investment tax credit .................................... 84,640 13,000 

Total deferred Federal income tax . . . .  2,360,150 13,000 

CAPITAL STOCK AND RETAINED EARNINGS: 

Capital stock (authorized 3,000,000 shares 
of no par value; issued and outstanding 
1,300,000 shares) (Note 4)  .................... 16,906,250 16,906,250 

Retained earnings (Note 3) ........................ 22,935,395 20,391,523 

Total capital stock and retained earn- 
ings .............................................. 39,841,645 37,297,773 

TOTAL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $58,188,131 $42,515,283 

The  accompany ing  N o t e s  to Financia l  S ta tements  are an integral part  oJ this s ta tement .  
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CORPORATION 

Statement of Income and Retained Earnings 
For the Years Ended De~mber 31. 1963 and 1962 

1 2  

REVENUES: 

Sales, less freight, allowances, etc ................. $25,935,298 $27,055,410 
Other . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  301,477 270,196 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26,2~,778 27,325,606 

COSTS AND EXFE~SeS: 
Cost of products sold (other than items be- 

low), loading and shipping expenses ........ 14,176,709 15,023,211 
Depreciation and depletion .......................... 2,202,878 2,273,478 
Taxes (other than income taxes) .................. !,503,424 1,511,661 
Retirement plan and group insurance ex- 

pense ........................................................ 368,754 485,074 
Selling and general and administrative ex- 

penses ...................................................... 1,918,962 1,898,358 
Non-productive exploration expense ......... 10,U8 91,939 
Interest expense ............................................ 274,080 131,962 
Interest charged to construction (Note I ) . . . .  (236,976) 
Other expenses .............................................. 38,442 30,416 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20,257,131 21,446,099 
INCOt4E BEFOEe PROViSiON FOR It~COMR 

TAXES ...................................................... 5,979,644 5,879,507 
PROVISION FOR FEDERAL AND STATE INODME 

TAXES: 
Federal (Note 1): 

Current year .............................................. (761,255) 1,358,099 
Deferred .................................................. 2,347,150 13,000 

State ............................................................ 29,887 45,657 
Total ................................................ 1,615,772 1,416,756 

NET INCOMB .................................................... 4,368,872 4,462,751 
RETAINED F~RNINOS AT BEGINNING OP YEAR 20,391,523 17,748,768 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24,758,898 22,211,519 
LEss - -  Cash dividends on capital stock ($1.40 

per share) .................................................... 1,820,000 1,819,996 
RETAINED EARNINOS AT END OF YEAR (Note 

3) ................................................................ $22,935,395 

The aC~ml~nylng Notes t o  Financial Slatements ar~ an Intssral part 

$20,391,523 

ii 
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Notes to Finandal Statements 
I. In accordance with long.established Company practice, certa/n mine development costs 

were charged to plant, equipment and leases for financial report purposes but to operating 
expenses in the computation of the accrual for  Federal income tax. COmmencing in 1963, 
interest costs during construction of new properties were treated similarly. The resultant 
current year tax reduction of approximately $2,276,000 was deferred for amortization over 
the operating lives of the properties being developed. In 1962, a similar tax reduction of 
approximately $145,000 was DOt deferred. 

2. Included in plant, equipment and leases at December 31, 1963 are costs of $16,469,409 
incurred OR the Mineral  Park copper-molybdenum property and the Nash Draw langbeinite 
property now under development and construction and construction contract advances of 
$2,294,071. The Company estimates that these two major projects will be completed in 
1964 at additional costs o f  approximately $21,000,000. 

3. The 5% bank loans at December 31, 1963 totaling $3,000,000 have a stated maturity date 
of July 1, 1973, subject to a two year extension at the Company's election. Under the 
loan agreement, additional borrowings not exceeding an aggregate of $22.000,000 may 
be made. Minimum quarterly payments of $500,000 commencing J'anuary 1, 1966 are 
required and additional annuaI  payments not exceeding $1.000,000 ma 7 be required 
commencing April l ,  196"/, such annual payments being contingent upon the prior year's 
net income and other factors. 
Among otherprovisions of the loan agreement is a restriction on the amount of retained 
earnings of the COmpany available for dividend payments. At December 31, 1963, 
approximately $5,0.54,000 of the Company's retained earnings were unrestricted. 

4. The Indenture related to the Debentures requires sinking fund payments in an amount 
sufficient to redeem $I,300,000 principal amount of the Debentures annually commencing 
in 1976, such required payments being sub~.ct to credit for debentures converted to capital 
stock or redeemed otherwise than through the sinking fund. The Debentures are con- 
v¢rtlble on and after August I, 1965, at the option o f  the holders, into capital stock at 
the conversion price of $40 per share. The conversion price is subject to adjustment upon 
the occurrence of certain events as described in the Indenture. 

HASKINS & SELLS 
CERTIFIED PUBLIC ACCOUNTANTS 

HOUSTON CLUB BUILOIN6 
HOUaTON a 

Accountants" Opinion 

To TInS SHARBHOLgERS AND TXR BOARD OF DIRECTORS OF 

DURAL CORPORATION: 

We have examined the balance sheet of Dural Corporation as o/~ December 31, 1963 and 

the related statement of income and retained earnings for the year then ended. Our  examina- 
tion was made in accordance with generally accepted auditing standards, and accordingly 
included such tests of the accounting records and such other auditing procedures as we 
considet~l necessary in the circumstances. 

In our  opinion, the accompanying balance sheet and statement of income and retained 
earnings present fairly the financial position of the Company at December 31. 1963 and the 
results of its operations for the year then ended, in conformity with generally accepted account- 
ing principles applied (except as explained in Here 1 to the Financial Statements) on a basis 

consistent with that of the preceding year. 

HASKINS & SELLS 

January 18, 1964 

C O R P O R A T I O N  
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C O R P O R A T I O N  

e n o e m  m , v g u u i s  

10 Year Financial Highlights 

1 4  

F I N A N C I A L  P O S I T I O N  A T  D E C E M B E R  31 
ASSETS: 

C u r r e n t  a s s e t s -  I n  t h o u s a n d s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P l an t ,  e q u i p m e n t  a n d  l e a s e s -  N e t  o f  r e s e r v e s -  I n  

t h o u s a n d s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Other assets a n d  deferred charges - -  In thousands .... 

T o t a l  - -  I n  t h o u s a n d s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L E s s :  CURRENT LIABILITIES AND DEFERRED C R E D I T S -  

In  t h o u s a n d s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TOTAL CAPITALIZATION - -  I l l  t h o u s a n d s  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C o m p o s e d  of :  

B a n k  loans  - -  I n  t h o u s a n d s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C o n v e r t i b l e  S u b o r d i n a t e d  D e b e n t u r e s - -  I n  t h o u -  

, ~ H d S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E q u i t y  c a p i t a l -  I n  t h o u s a n d s  . . . . . . . . . . . . . . . . . . . . . . . . . .  

$ ! 4,975 

42,950 
263 

58,188 

5,346 
$52,842 

$ 3,000 

$10,000 
$39,842 

$15,319 

26,878 
318 

42,515 

4,667 
$37,848 

$ 550 

$37,298 

E A R N I N G S  R E C O R D  

G r o s s  r evenues  - -  I n  t h o u s a n d s  .......................................... 
T o t a l  expense s  excep t  i n c o m e  taxes  - -  I n  t h o u s a n d s  . . . . . . . .  

E a r n i n g s  be fo r e  i n c o m e  taxes  - -  I n  t h o u s a n d s  .. . . . . . . . . . . . . . . . . . .  

I n c o m e  t axes  - -  In  t h o u s a n d s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

N e t  earnings - -  In t h o u s a n d s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E a r n i n g s  p e r  s h a r e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D i v i d e n d s  p a i d  - -  I n  t h o u s a n d s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D i v i d e n d s  p a i d  p e r  s h a r e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

R e t a i n e d  e a r n i n g s -  I n  t h o u s a n d s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R e t a i n e d  ea rn ings  p e r  s h a r e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A n n u a l  r a t e  o f  d i v i d e n d s  p a i d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

$26,237 
20,257 

5,980 
1,616 

$ 4,364 

$ 3.36 
$ 1,820 
$ 1.40 
$ 2,544 
$ 1.96 
$ 1.40 

$27,326 
21,446 
5,880 
1,417 

$ 4,463 

$ 3.43 
$ 1,820 
$ 1.40 
$ 2,643 
$ 2.03 
$ 1AO 

E M P L O Y E E S  
N u m b e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P a y r o l l  a n d  p a y m e n t s  f o r  a c c o u n t  of  e m p l o y e e s  - -  I n  t h o u -  
s a n d s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

( ) Indicates red figure 

797 

$ 6,0Sl 

775 

$ 5,736 

$14,764 

26,274 
518 

41,556 

4,601 
$36,955 

$ 2,300 

$34,655 

$26,306 
20,606 
5,700 
1,596 

$ 4,104 

$ 3.16 
$ 1,625 
$ 1.25 
$ 2,479 
$ 1.91 
$ 1.25 

753 

$ 5,633 
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$15,065 

25,217 
621 

4O,9O3 

4,677 
$36,226 

$ 4,050 

$32,176 

$31,226 
25,385 
5,841 
1,246 

$ 4,595 

$ 3.53 
$1,625 
$ 1.25 
$ 2,970 
$ 2.28 
$ 1.25 

742 

$ 5,261 

hi:, 

$12,554 $ 9,173 

25,893 25,807 
1,128 1,340 

39,575 36,320 

4,269 1,712 

$11,185 $10,579 

14,832 9,728 
1,368 971 

27,385 21,278 

2,241 1,993 
$35,306 

$ 6,100 

$29,206 

$19,055 
16,036 
3,019 

$34,608 

$ 6,125 

$28~83 

$12,631 
10,096 
2,535 

"$25,144 

$ 625 

$24,519 

$13,976 
~,925 
4,051 

$19,285 

$ 1,125 

$18,160 

$12,263 
8,957 
3,306 

2;348 
$18,528 

$ 1,625 

$16,903 $15,090 

$13,362 
9,179 
4,183 

$ 9,946 

8,748 
1,127 

19,821 

2,606 
$17,215 

$ 2,125 

$10,313 

9,552 
1,011 

20,876 

67O 
$ 2,349 

$ 1.81 
$ 1,625 
$ 1.25 
$ 724 
$ .56 
$ 1.25 

(110) 
$ 2,645 

$ 2.03 
$ 1,553 
$ 1.19 
$ 1,092 
$ .84 
$ 1.25 

~ 941 

$ 3,110 

$ 2.91 
$ 1,315 
$ 1.23 
$ 1,795 
$ 1.68 
$ 1.25 

799 
$ 2,507 

$ 2.51 
$ 1,250 
$ 1.25 
$ 1,257 
$ 1.26 
$ 1.25 

• 1,120 
$ 3,063 

$ 3.06 
$ 1,250 
$ 1.25 
$ 1,813 
$ 1.81 
$ 1.25 

$13,344 
8,925 
4,419' 
I ;348 

$ 3,o71, 
$ 3.07 ~ 
$ 1,250 
$ 1.25 
$ 1,821 
$ • 1.82 

~.$ 1.25" 

687 

$ 4,767 

537 

$ 4,058 

550 

$ 3,969 

520 

$ 3,742 

532 

$ 3,583 

511 

$ 3,254 
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C O R P O R A T I O N  

1 9 0 6  F I R S T  C I T Y  N A T I O N A L  B A N K  B U I L D I N 6  H O U S T O N  T E X A S  7 7 0 0 2  

Directors and Officers 

D I R E C T O R S  

G. E. ATWOOD- Tucson, Arizona 
Vice Pres ident - -Duval  Corporation 

E. COCKRELL, J R . -  Houston, Texas 
Independent Oil Operator 

EUGENE GERMAN - -  Houston, Texas 
Vice Pres ident- -Duval  Corporation 

LEON S. GREC, G -  Houston, Texas 
Vice Pres ident- -American General Insurance Company 

N. C. MCGOWEN- Shreveport, Louisiana 
Chairman of the Board and Director 

United Gas Co~oration 

J. H. MIRACLE- Shreveport, Louisiana 
Vice President and Treasurer 

United Gas Corporation 

W. P. MORRIS- Houston, Texas 
President--Dural Corporation 

ED PARKES- Shreveport, Louisiana 
President and Director 

United Gas Corporation 

R. A. SHEPHERD- Houston, Texas 
Partner-- Vinson, Elkins, Weems & Searls 

Attorneys-At-Law 

O F F I O E R 8  

W. P. MORRIS, President 

G. E. ATWOOD, Vice President 

EUGENE GERMAN, Vice President 

R. A. SHEPHERD, Vice President 

W. M. OWEN, Secretary and Assistant Treasurer 

W. ]3. WILKERSON, Treasurer and Assistant Secretary 

H. B. MONDAY, Assistant Treasurer and Assistant Secretary 
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Administrative, Technical and Supervisory Personnd 

G E N E R A L  O F F I C E  - H O U S T O N ,  T E X A S  

O. H. BULL, Chief Accountant C.R.  JOHNSON, Internal Auditor 
C. D. RYEN, Administrative Assistant 

S U L P H U R  D I V I S I O N  - O R O H A R D t T E X A S  

D. E. ~ ,  Resident Manager 

I. T. BWaCH, Field Superintendent E. SBLF, Chief Accountant 
R. C. Mol.~.zsoN, Purchasing Agent V. M. SPILI.EE, Plant Superintendent 

P O T A S H  D I V I S I O N  - C A R L S B A D ~  N E W  M E X I C O  

]. E. TONE, Re~'dent Manager 
ME H. I-L~soN, A~istant ReMdent Manager and Plant Superintendent 

E. D. BOWMAN, JR., Process Superintendent T. H. PATS, J~., Chief Accountant 
J. I. OASPAnlC~, Mine Superintendent L E. SLAY, Chief Chemist 
A. T. JONES, JR., Maintenance Superintendent J.R. $Mrr~, Purchasing Agent 
B. F. McGwA~s, Exploration Geologist B. R. W m T I ~ ,  Shipping Agent 

C O P P E R  D I V I S I O N :  E S P E R A N Z A  P R O P E R T Y  - T U C S O N ,  A R I Z O N A  

C. H. C~TIs, Resident Manager 
J. I. Ball~sY, Mill S u p e r i n ~  G. R. KRMP, Purchasing Agent 
M. C¢~HFFE, Maintenance Superintendent A. F. LIN~OM,  Chief Accountant 
T. J~clc ,  JR., Chief Mine Engineer R.W. LIV~ES°rON, Chief Metallurgist 

E M. TIND~LL, Chief Chemist 

C O P P E R  D I V I S I O N Z  M I N E R A L  P A R K  P R O P E R T Y  - K I N G M A N ,  A R I Z O N A  

I. B. PHILLIps, JR., General Superintendent 
S. C. PoL~s~sr~ Chief Accountant A. F-~ SMrr~ Maintenance Superintendent 

E X P L O R A T I O N ,  R E E E A R C H ,  D E V E L O P M E N T  A N D  P L A N N I N G  

D. J. B O ~ E ,  Carlsbad, Director of Research RoYcaS A. HARDY, Tucson, Development Director 
J. E. FROST, Tucson, Chief Geologist B.G.  M~SER, Tucson, Administrative Assistant 
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C O R P O R A T I O N  



To the Shareholders: 

Gross revenues in the first 
nine months of 1963 were $19.67 million com- 
pared with $20.99 million in the same period 
of 1962. Earnings of $3.24 million, equivalent 
to $2.49 per share, were down $148 thousand 
or $0.11 per share from 1962. 

Gross revenues from copper and molyb- 
denum were essentially unchanged from 1962 
while sulphur and potash revenues were under 
last year. Copper sales volume was up slightly 
but sales of sulphur, potash and molybdenum 
were down from last year. Reduction in gross 
revenues was offset by a corresponding reduc- 
tion in costs and expenses, the net effect being 
that income before provision for income taxes 
equaled that of last year. 

Prices received for all of the Company's 
products except sulphur have equaled or ex- 
ceeded prices received in 1962. Sulphur prices 
in the foreign market continue to follow a 
downward trend although demand in this mar- 
ket compares favorably with last year. Average 
price realization from domestic sulphur sales 
has remained essentially unchanged. 

Production of potash and copper increased 
over 1962. However, moderate decreases have 
been experienced in the production of sulphur 
and molybdenum. Operations at all properties 
were normal  during the quarter. 

Construction at the Mineral Park copper 
property is progressing on schedule with sev- 
eral auxiliary buildings nearing completion. The 
plant water supply system has been completed 
and the excavation and foundation work for 
the concentrator and related facilities is well 
advanced. At  the mine, approximately six mil- 
lion tons of overburden have been removed. 
Construction of the Nash Draw potash project 
surface facilities is on schedule. Difficulties en- 
countered in penetrating a water-bearing for- 
mation have delayed sinking operations on the 
ore-hoisting shaft at Nash Draw by some two 
to three months. 

The  sale of $10 million principal amount 
of Convertible Subordinated Debentures offered 
to shareholders in July was completed in early 
August with the issue being fully subscribed. 

Respectfully, 

W. P. MORRIS 
President 

October 16, 1963 

/ 
B A L A N C E S H E E T / SEPTEMBER 80, 1963 AND 1962 

I 
A S S E T S  1 9 6 3  

C U R R E N T  ASSETS:  
Cash  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 8,863,030 
Working  f u n d s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38,000 
Accounts  receivable:  

Cus tomers  (less r e se rve  for  doub t fu l  receivables)  .......................................................... 2,607,832 
Other ...................................................................................................................................... 246,334 

Inventories: 
Products (a t  c o s t - - l e s s  t h a n  marke t )  ............................................................................. 3,771,374 
Materials and  supp l ies  ( a t  average  cost) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,413,714 

Prepayments  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  51,783 
Other  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  75,985 

Tota l  cu r ren t  assets  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17,068,052 

P L A N T ,  E Q U I P M E N T ,  A N D  L E A S E S  - -  At  cost .......................................................................... 54,257,089 
Less  reserves f o r  deprec ia t ion  an d  deplet ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18,744,395 

Plant ,  equ ipmen t ,  a n d  leases - -  net . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35,512,694 

D E F E R R E D  C H A R G E S :  
Unamor t ized  funded  p a s t  service  cost  o f  ret i rement  p lan  ........................................................ - -  
Advance  royalt ies  ........................................................................................................................ 69,002 
Public utility deposit  .................................................................................................................... 34,349 
Mine  development  cos t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  535,861 
Other  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  165,223 

Tota l  defer red  cha rges  .................................................................................................. 804,435 
T O T A L  .................................................................................................................. $53,385,181 

L I A B I L I T I E S  
C U R R E N T  L I A B I L I T I E S :  

Cur ren t  matur i t ies  o f  b a n k  l o an  .............................................................................................. $ - -  
Accounts  payab le  .......................................................................................................................... 1,038,228 
Salaries and wages  p ay ab l e  .......................................................................................................... 177,932 
Accrued liabilities: 

Taxes (see  No te )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  759,950 
Royalties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  296,719 
Interest .................................................................................................................................. 91,175 
Other ..................................................................................................................................... 93,466 

Tota l  cu r ren t  l iabilit ies ................................................................................................ 2,457,470 

L O N G  TERM D E B T :  
Bank  l o a n s -  Por t ion  m a t u r i n g  af ter  one  year  ........................................................................ - -  
4 5 / 8  % Convert ible S u b o r d i n a t e d  Deben tu res  due 1983 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10,000,000 

Tota l  long t e r m  d eb t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10,000,000 
RESERVES:  

Deferred Federa l  i n c o m e  t ax  liability (see No te )  .................................................................. 1,643,430 
Repair  and m a i n t e n a n c e  .............................................................................................................. 114,766 

Tota l  reserves  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,758,196 

C A P I T A L  S T O C K  A N D  R E T A I N E D  E A R N I N G S :  
Capital  stock ( A u t h o r i z e d  3,000,000 shares at no pa r  value; i ssued and o u t s t a n d i n g  

1,300,000 shares)  .................................................................................................................. 16,906,250 
Retained ea rn ings  ........................................................................................................................ 22,263,265 

To ta l  capi tal  s tock  an d  re ta ined earnings  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  39,169,515 
T O T A L  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $53,385,181 



e 

~ T  O F  I N C O M E  A N D  
R P E R I O D S  E N D E D  S E P T E M B E ~  

1 9 6 3  

w a n c e s ,  e tc  ............................................................................................. $19,438,819 

235,912 

................................................................................................................. 19,674,731 

l o a d i n g  a n d  shipping expenses .............................................................. 10,642,959 

R E T A I N E D  E A R N I N G S  
3 0 ,  1 9 6 3  A N D  1982 

N I N E  M O N T H  S 

1 9 6 2  

$20,803,516 
1 8 8 , 6 2 4  

2 0 , 9 9 2 , 1 4 0  

z t i o n  ......................................................................................................... 

) m e  t a x e s )  ................................................................................................ 

~roup i n s u r a n c e  expense ......................................................................... 

:1 a d m i n i s t r a t i v e  expenses ......................................................................... 

• a t i o n  e x p e n s e  ........................................................................................... 

1,631,194 

1,146,716 

245,484 

1,457,244 

10,345 

138,142 

101,038 Cr. 

25,491 

15,196,537 

n s t r u c t i o n  (see Note)  ............................................................................ 

r l S I O N  F O R  I N C O M E  TAXES ........................................................... 4,478,194 

~ A L  A N D  STATE I N C O M E  T A X E S  (see Note )  ............................ 1,241,452 

3,236,742 

A T  B E G I N N I N G  OF PERIOD ........................................................ 20,391,523 

................................................................................................................... 23,628,265 

c a p i t a l  s tock  .......................................................................................... 1,365,000 

A T  E N D  O F  PER IO D ........................................................................ $22,263,265 

O U T S T A N D I N G  ................................................................................... $ 2.49 

S H A R E  O U T S T A N D I N G  .................................................................... $ 1.05 

N o t e  to  Financial  S ta tements  should  be considered in con]unction with this s tatement.  

11 ~490 ,282  

1 , 7 5 5 , 8 8 0  

1,1 5 6 , ! 9 0  

4 9 9 , 4 7 8  

1 , 4 7 1 , 1 0 9  

2 4 , 9 3 3  

! 0 6 , 0 8 0  

1 1 ,4 1 1  

1 6 , 5 1 5 , 3 6 3  

4 , 4 7 6 , 7 7 7  

1,09 1 ,777  

3 , 3 8 5 , 0 0 0  

1 7 , 7 4 8 , 7 6 8  

2 1 , 1 3 3 , 7 6 8  

1 , 3 6 4 , 9 9 5  

$ 1 9 , 7 6 8 , 7 7 3  

$ 2 . 6 0  

$ 1.05 

C O R P O R A T I O N  

C O R P O R A T I O N  

Quarterly 
S E P T E M B E R  3 0 ,  

el) or t  
1 9 6 3  : 

The statements contained herein have been 

prepared without audit and are subject to 

year end adjustments, if any, upon examina- 

tion by independent public accountants. 

c i a l  S t a t e n ~ e n C s  

te d e v e l o p m e n t  are being charged 
o f  p r o p e r t i e s  not  yet in operation 
t h e  ca se  o f  properties in opera- 

, r r o w e d  f o r  construct ion is also 
c c o u n t  du r ing  the construction 

tax liability. The amount of such tax reduction, a g g r e g a t i n g  
approximately $1,604,000 for the nine months e n d e d  S e p -  
tember  30, 1963, has been deferred from income by  c r e d i t i n g  
a reserve for deferred Federal income tax liability. I n  t h e  
same period of 1962, a reduction in current tax l i a b i l i t y  o f  
approximately $143,000 resulting from expensing m a j o r  m i n e  
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F~LE ~E.~GPJ~U~ Ha~ch 2?, t958 

ESPERA~ZA HIHE 

P I P,A COUI~W / ~  ! ZO~A 

A ~BS~[ I  0 ~he Esperanza ~|ne was ma~e ~ March 2~o D¢~ 
Kteppi~ge~ a~d Bill Rope~ geo log is ts ,  ac~ed as ~uldeso The ~ o l ~ v ~ | ~  
cons is ts  o~ a g ~ e r a l  s ~ a ~ y  of l n f o ~ t ¢ ~ ,  p~ inc tpa l l y  on ~ e  ~eseP~s 
e~d geology, ava i l ab le  ¢o da~eo 

Started las¢ yea~, is  ~0~'~ wel l  u n d e ~  vtay= P~od~atiOn o~ copper ~s ~ -  
pecked ~ o ~ c e  in Lhe sp~i~g o~ ~95~o .. 

Tons Grade 

T o ,  a t  8eServes . . . .  o o o47,@~,~ °~8~Cu 
A,Je~age ~o|¥ co.temPo o o . . . .  - . . . .  o o oG2 HoS 2 
S~rlpping r a t i o ,  ~/©o o ~ o o o o o o . . . .  I/l 

Cap|¢al ~ ~2@ G ~  O~O V ~ ~ o  o o o ~ o o o o o o o o o = = o 

A be~ch helgh~ ~ 25 ~ee~ ~as ~|~st c~nside~ed= b~¢ t h e y ~ | ~ ]  
p r ~ a b t y  use ~5 ~ee¢ ~¢~ b o t h  v;aste and o~e= ~uch o~ ~he ~ c ~  drills a~d 
brea~$ e~si~y; s ~  o f  the capp|~ h~,~ever is  ~F~e  ~l~do The rg ta ry  
d r ~ l | s  a~e penetrat ing th~s ~aLeria~ s~¢cessfu|ty~ but b ~  c~su~p~i~ ~ s  
high ~nd p ~ r e s s  re ta~ i ve | y  steWo 

GEOLOGY" 

.A general r e v i ~  o~ ~ol~:jlc ~e~tu~es a ~ c ~ a ~ i e d  by a s~et~ 
.scale geol¢~3|c ~ap O~ the d i s t r i c t  ( e ~ i ~ | a d  ~ Years Eve area= T~i~ 
8ueLes d | s t r i c ~ )  ~as v ~ | ¢ ~ e n l ~ a b e r  28= I~55. A C ~ y  O~ ~hiS ~ 0  iS 
ateached F¢~ re~ere~ceo 

~n b~efo th~ Esperanza d e p o s | ~ ' c ~ i s L s  of a raLhe~ ~ta~- ty i~g 
secondary cha~coct~e b l a ~ | ¢ e %  a p~L~o~ o~ wh|ch |~ u n d e ~ a ~  b y  ~,r~-~j~a~ 
p ~ ' ~ y  chalco~yr~te a~ineralizatiOno Tt~ chatc~c~e bta~¢e¢ var ies s ~  = 
~ha~ in th ickse t5 ,  .but averages abo~t 12(~ ~e~:~ Th~ ~ i~e o f  ~:h~ ~en=  
pt~: ~ e  bc~y =- about l~j~9 ~to b V 2 ~ 0  ~'to i~ ho~'|zc~ta~ di~ens|ons - -  
is e s s e n t i a l l y  ~.~ ¢~¢~¢~i6 t i c | t ,  a l | ne  d ~ a w n ~ ' e  the b~a;~keE bec_~a~s 
~o~ t;~in o~ 1 ~  grade ~0 s ~ p o ~  ~he ~ecessa~y s t r i ~ g o  

c¢~v~c~eee  as i~'reg~ta~ ~sses~ d~l~cs cad s i ~ s ,  ~he ~des i~e  bein~ ~he 
e a ~ ~ i e S ¢ l 0 f the ~ o o  



.4W, 

-2.° 

The C~9er ~cc~rs as ~h~lcoci te ~nd ¢~a|copyr i te ,  assoc~e~e~ 
~h s~e ~yrite, as 4isere~e ~rains and very ~hin fracture fi%~n~S. 
Ue~n$ are ~'aZe ~o sbsent. 0f ne~e is £he relative favorabi~]ty o9 ~he 
a~4esi%~ to p~ery cop~ mi~e~e~zatlon. |t ~S s£ate4 ~het~ bene~t~ 
Z~e ¢halco¢IZe z,~e, {~ C~s£e|~S an avere~e 09 over . ~  copper, wh||e 
t~emosa~{te and conS~Cmerate aver~Se around o~0~ ¢~er~ As mi~h~ b~ 
eape=ted~ ~he a~deslte also c&nZa{ss the s~ro~gest second,at? copper (~ 
%0 |.5°/~ cA~). FurZ|%er~ the e n~es~t~ is ]ess e~£ered ~ appearen~e, helm 9 
e 4enseblec~ £o ~reenlsh rock -~ aR eppee~ance p~*obab~y 4ue to the 
abundance of hydro~her~a{ b{o~teo 

As ~s{~te4 out in the a~tache4 ~ren~um, ~he ~tcrops ~ver 
the depos|~: are re~p.ose~ me|n{y of d~nse s|{~ceou$ ap~eer~.~ renS]~e~-ate 
~5 ~y re~at{v~y s ma~ arees e:¢h~Slt|nS appre~|eSle a~n~.s of 

Is nC~,~ appare~: £~e ce~g|~te~e c~teined relatlve{y less ¢~)per, 
either as secondery, or primarv, p~'i~ ~:o Bearh~;~; but 4ue ~o its ~'ela~ 
t {ve resi-s~nce ~o e ros i~ . .  ~ c~m',.pr~ze~ ~he bul,~ of t h e " ~ c r o p s  in-'~-~e 
ereeo ~ever, in thwarter o~ |~e~'~tetatian of {esched outcrops, ~he 
b~{ed en4es{~e~ ~.~ e~¢posed by ~:he s~ippln 9 i~ the o~i~Je zone~ ellen's 

|oO{~SrOc|~,0 e~p~rent|y u~mioera~lzedo L|{¢e~,~lse, i~: ~zas 4 | f ' ~ i ~ } t  Zo 
f{~4 c~per su|ph~s ~ pyrite ~s andes{re ore h% "£he p~es ~f ~'e~erZs 
f rc~ ~.~e u a 4 e ~ r ~ 4  s~p~|n~ C~se~uent}y~ ~he ct~alc~e ~s£ occur 
larsely as m|c~'OS¢@|¢ S~;ainS; b~Z e'¢~ sO~ the py r i t e  c~ter~Z appears 
~er Z ~  ~,~ ZO have provide4 suff$c|en~: ac|4 fo~" e~¢tens~ve |eecS{n 9, |£ 
m~gh% 5e ~her{zed ~ha% tb~ acid cou~, h.~v~ b~n 4erbsed fr~,~ either tSe 

~o~ Sy~'ite =- approarhin s tSe pe~'ce~ase ~'oDur~4 l~:~ the aye~'aSe e~che4 
porphy0"y ¢~e~"  4e~OS| ~:. ... 

E~Ioratim of ~'he dmposi~ (prlnnlpally bV churn drill) ~as 
srr(ed ~t o~ a 500 foot lee0 e~uile?,era} triamS)e 9rido S~bsequently 
~;~o ~rs oq t~'~a~S~s ~2e~'e check(e4 by 4ri||~n s 5 i~t~rsgare4 hO~eS {~ 

~:~ ¢~ose~ s~ece4 ~|es am~n~:$ ZO abo~: |2~ o~ ~he ore d~pos~:. ~; wes 
s~a~:e4 ~ha~: {~ ?,{me Gese of o~e pe|~ Of 500 ~:t° tr{a~S~s~ Zhe c~o~k h~eS 
geve }~er res~{t.s& |m £h~ o~.her, the resu|~s %.fete aho~ ~Ve~o A|$~ ~[~e 
~e¢~ h~e emceuD~e~'e4 ~5 ~:eet O~ ~}4a~:~ ~-~ ~Rud~ 9reeZrr t~en ~e 
average depth 0"~ ce~{n9 ~h{ch is 95 feet. A|t~ou~h we have l~t~e ie- 
{:O~a~.i~ ~m ~he 4esree Of ~sife~|ty of ~|nera|iza~..~on in, ice,e4 by 

s@arh~3 ~x{14 be ~e~|red {s o~4e~" ~o pr~uce a ~'eas©~bly fi~'~ es?,ieaZe 
Of Sra4e, £~saSe ~,nd |~at{~ of pit @er~n~et~r; b~I: ~:he D~va| C&~pan? 
a~pe~'en~y h~s ~ p|e~s ~:~" ed4{th~na~ ~nte~s~aced d~'~ { ~J {'~Oles, 

To ~es~ the eccuracy of ~he chur,~ d r i l ~  sa~p}es (holes ~ere 
cased ~t $0 ~oo~ {~ terva ls}  ~ edit: '.'~s dr ive~ ~:~ erie hole, am~ ~hree 
o~.er ho|es re~¢hed by ~5~ fee~: of d~'~to g~{k s~r,~{es e S ~ e d  f~em 
the ~'a{ses ~ these f~r ho|es re~rtedl~, checked closei~/ w~th the d~,:|~ 
~'esu % t s o 



The ~r~de ~f  ~¢'=~ Esper~ :~  ~ep~t t :  i~ obviously ~ r g i n a l ,  re= 

pr~f~¢ a f t e r  re~:ura o f  capi~;~l -,,. essu~zia9 ~ver,~e oper~¢i~g c~d i~ ic~So 

grade h~ui ¢o ~ ~ i t t ,  ~ d  (2) favorabl~ p o s i ~  wi~h rcs~e¢~ i:~ Cr,~as- 
por~a~ion of  ¢ O n c e ~ - a ~ $  a~d ~a~er i~ | s~  and i;o | i v [ ~  fa~i  i i ~ieS~ ~i imi- 
~ g  che c~s¢ ~ f  hoics~ugo 

0¢ is reF~ed ti~at ~he grsde cf '~he ~r~ fo r  th~ f~'st f©,,~r 

years} ~.~[ I | pr~su~ab|y average o65% ¢opp~ro 

Jo Ho C~JR~R|~HT 

c¢: DJPo~ 
LHH~rt 
KE~ $ chard 



Rov~ber 28, ~955 

~ YFJ~R$ EVE ASEA 
TD~  BUTTES D~STR@CT 

Since ~ay of ~hls year ~h¢ ~vva~ Sulphur Cc~pamy ha~ b~e~ 
d r i ~  ~he ~ s ¢ ~  prope~'W ~m the vic~i~.~ of the N ~  Y~ars Eve ~ n e ,  

• r ~ z ~ ,  ~hey  have f ~ d  a ~ ~rad~ cha~coc~e o ~  bCdY ~ ~he ar~a be- 

~t ~ $  ~ r m e d  rec~y ~ha~ 22 ho~s averag~n9 abo~t 500 fee~ 
B~ depth have beam c~p~e%edo A~ pr~$ea~, s ~  d r i | i ~  a re  operat~mB tyro 
~h~ft~ each per day° ~r~o of @~ese are Joy co{~ract dB~od drSB%s a~d 

¢haraccer of  th~ rock f ~ r m a ~  --  ge~raB%y s~ic~f~d a~d hard, w~h  
f r~q~e~ brokem z~es s~bj~c: ~o ¢ a v ~  -- dr{~ p~©~res~ has been p ~ ,  
~v~raOin 9 a r~nd  ~0 or ~3 fee~ p ~  ~hi~t ~or both ~ypes ~f driP,into 
Ch~r~ d r ~ ]  holes ar~ cased on ~0 %o ~0 f ~  {nZervalSo 

Th~ ~ c c ~ r e a c o  of d { s ~ a a ~ e d  copper ~ i~era~aa~on ~m Zh~s 
~rea h~$ bee~ c ~  k~ow~ed~e f©r ~o~¢ t ~ r ~  The rscord da~s ba¢~ ~o 

ho~e~o A f ~  Vear~ ~a~er ~he P~aa~e Copper C~paay chu te  dr i~ted 
ho~es ]a ~h~ Espcrea~a ~Ca~a~a~ ar~a ~saa~p  a~ach~d~o ~ r e  recea~% V 
C]~#~}, ~he ~o$oBo~ sa~pBmd the N~V~ars  ~a~rgr~und  vm~rk~a~ aad put 
d~a  ~ d ~ a ~ d  dri~ ho~es ~ the ~ a r g o s a ,  aad {a ~950 C~r~ado ¢Cypress~ 
d r ~ d  ~ or ~ ho~ ~¢hur~ d ~  i~ the v{c~m~ty of ~he ear ly  d r ~ 9  

s e d ~ m ~ ,  g raa i t i a  rc)cSs aad T e ~ a ~ y  vo~aaaic~ c~t~pr~se ~:he ~o~'~i~ bad-- 
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these ~:~¢o prospecLs° In She aria nc~ bein9 ei-@lc~ed by Ib~va] ~.he roct,.~s 
are ++inly st+icll:ied pyr~cl~s~ics or c~glc~er~.eso Ilui:crc~ps e~d rcoad- 
cut ~4f~osures display de~sei t=t|n~y ~ n ~ f e s  f©r ~h~ ~os~ p~rto wigh ev l -  
d~¢e ~ I y  oF 9~3ra i17  w~t¢ p r t ~ r y  a~d s~:o~d~ry ccll~per m l~er~ iz~ l lo~o  
In m y  res.~¢ts ¢.hese ~ul:c~'~ps c losely  r es~b le  ~hose o~ Portland r idge 

Oh~ s~u~h $l¢I~ ot~ ~tie O~tde ¢le~os|l~ e¢ Si lv~.~ 8el lo H~ever,  as ~o~,ed 
above= vei~s ©r ~iner~i t~ed jOi~t$  ere a l ~ s ~  ~ t t r e l y  la¢lcingo A.Iso= 
tee N@~ Years o~¢crOps ~ I y  shl~ s ~  py~=i~e, i~dlca¢t~g l.¢¢~plel;e 
IP.~chlng of l:he dease, stlici'l:ied 8"~clc+ 

ll~e ~ c = r ~ ¢ e  ot ~ ,~llt~eciab~e thicknesses of' ¢halc~cl te ~mrich- 
~ t  b ~ h  such outcrops Is ~o be rcg~trded ~ a s ~ t ~  ~ l o u . :  p 
¢ ~ d l ~ | ~ o  ll~al: Is, tl~ ¢ l~r~¢~er  oG She tlm~iP+es ~t~d alter~l~i~m in 
<mlclgpS is ~ot i ~ l i o a l i v e  of  ~n u~de0°lylng body ot: ere-grade mmfceralo 
t~eveP,  jmdgim 9 ~ r +  +hi +mistiP+ l~++ern of  + r i l l  t~+mm { d r i l l +  ~m a 
5 ~ - f ~ l  l+fimngulaP grid)+ I t  is poss|ble t~he+ ~bmy hmve a +¢~ grade 
ore body ~ ~ to ff~l~ tee+ +tide eed +r.j~) feel: +mgo According to 
I~i%~¢I~ ob~ai~P.~l G~¢~ drlll~rs~ ~he 1~¢hed c~ppi~j varies ~0"¢~ ~00 
l~e~t i~ thicl~ess ~lo~g ~I~ ridge cr~s~ ~o I00 ~ei Icier ©~ th~ slcll~So 
i~ so, the ~ e  mlghi: r~nge F r ~  l~ t  to  200 ~eel: ~:ht¢1¢ l~ a body Of ~0 
¢o 2G m i l t i m  ¢o~s+ 

+. 0uring my recP~i¢, brief: v i s i t  to the ~r~per~y i t  ~as l+am+d 
thai  l h r e e  oF t h e i r  b i tes  dr i l~+d ++¢+r "~he ++,@+++~Ima gave  resuli;s s im i la r  
to  ttiose o b i ~ i ~ d  by. the OoSoiloHo, ~ d  l:ha~ ~l~ch o~ l:he ~lde spaced 
d r l l i l m g  (lll0t) f~o 1500 foot  sl~ci+g) m s  +ls+ tieg+~tV+o A l ~ g h  tirmpara o 
t i m  of  lste¢-spa¢~d d r i l l  Iota+iotas ~ s  Pot lm progress, Itmo Pl~sser 
stated they p r c ~ b l y  ~ u l d  do such d r l l l l t l +  by p la t ing  holes ~ the mid+ 
pol i l l  lip ~.+aGh frith+l+ I++o 

~ r r l s e n  $cl~il~t. (¢o~sult~.,t ¢~' lluval) si~ated th~ he regards 
tt~e | '¢halco¢lte bo~l~ ~ #s ~n erostenal r+mnatit ~t~ce ue~+~rlched pr lm+ry  
mimerml l~mlm is l s e d  i+ e~he c+nyon b o l + ~  mrouncl ml~ deposit° I t  
was t+uri~her tndlc~t~d by Pits r~m~rks t h a t  subs tan t ia l l y  al~ l h~  o++e 

preslmm~.~l ~ e  body t~ ~r~!¢r ~o ~# ~o d e ~ m i ~  ~hy t i~s e~4ts~P+mc~ ~as nol 

n ~  ¢SassP_~l a~ havlsg ~o ¢~m~mer¢ial p o s s i b i l i t i e s  s l i ~ d  be ~e-eva~ua~ed 
i~ t h i s  ¢ o i ~ e : t i ~ o  

d 

Gel FVR | ¢h~ rd 

KERJ ¢ ~ r d  

Jo ilo COtlRTRtltlh'i" 
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'Papke and'i ~ e i t e a  the Ne~ Year's Mine '~hi'e~h: was repor~e~[inR,". %~elph~'s 
Deeember .~ ield N~e~ as ha~ng shipped once ~r~~: ~,00~ copper ore, ~r, 
Vai N.utt~ll~. for~man,~k:Us ~ergroun~' ford ~rlef inepee~ion o£ ~he 

a °sillce~s pe~ti%e"~o~e i.n po~hybi~i,= ~ranite.  The ore is found in dis- 
~ontinuous'~ ~m~ ~Od~ '~ithin mS ~rade ~ ~s~Ve q~art~ ahd w~hln highly silieified 
p o r p h ~  A prospect" ~¢~~ (SW at ~IuS" ~5 ~egreeS)" encoun%er~ 10% eOpper 
ore at 50 feet above ~he 200 lev~l~" ~%: 60"feet"thelface is.still in strong 

• ''~' . 

- , " -- '. 
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Pae~ production has  been 

~ensionS of'a~ ie~S% I00 

.~ ~~the 200 an~.~ the %~ levels 
;iOn o~"~he ea~faoe andof  the .Workings the 
~tim%ed in the po~phyr~)'~ m~y have horizontal 
feet, O~side of these llmi~s thereis less 

evidence of S~!phide ~e~a!Isa~o~ an~il,oompa~atively weak alteration. 
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Relative Reliabili~ ~ ~0~ f Rotary Drill Sampling Against Churn Drill Sampling 

By Go E. Napp 

When asked to prepare a paper on 0hurn Drill and Rotary Drill sampling~ 

it was felt the best we could do in the time available, was to match the 

assays achieved by ~he two methods, against our mill heads and corrected 

grade° The churn drill assays were examined over the first two years of Cop- 

per Cities production and the Ro~ary's over the following two years° Hoth 

~rpes of drills were drilling nine inch holes in similar ground° The ~Lue 

grade.was 7°44% higher during the first two years° 

Churn drill blast hole drilling terminated at Copper Cities in August 9 

1956o The machines were equipped with a dump box and a splitter, which took 

a 1/12 cut out of each bailing by means of a single slot in the bottom of the 

lau~dero When the hole was down to grade, this retained 1/12 fraction was 

then cut in a Jones splitter to approximately one gallon of sludge° 

A 40-R Bucyrus Erie Rotary Drill was put into service in August~ 1956o 

This drill utilizes a 600 O~ single stage compressor, at 35 Ibso pressure 

for cleaning holes° A wedge shaped container is used to catch the sample° 

The narrow end of the can is placed normal to the hole casing so as to catch 

a representative portion of the hole cuttings° The container is 12" high~ 

2~" in width at the small end, I0 '~ at the wide end, and each leg is 24½11 longo 

This sample is also pulled at grade and cut to size in a Jones splitter° 

To arrive at a mine grade~ the average of the blast hole assays in each 

shot is applied against the tonnage mined from that shot° A blast hole assay 

represents about 4,000 tons of material° 

The mill heads are obtained by taking a manual sample of the Ball Mill 

feed every 30 minutes at each millo These samples are combined at the end of 

the shift for a shift assay. 



A 
A corrected grade i~oaloulated by adding the ~ds of copper lost in 

the. tailimgs to the gross pounds of copper credited to us by the smelter° 

This is divided by the pounds of dry mill reeve An automatic sample~ is 

used for the tailings sample° 

The following chart shows the results of our investigatlon~ 

Per 0ent Variation of Mine Grade against Mill Heads and Oorreoted Grade 

.Ohu.n  .Dril:L S 

August, 1954-July~ 195~ 
August, 1955 = July~ 1956 

Ass~y Average for the 2 years 

~ill Corrected 
Heads Grads 

=1.22% =1.9~ 

=o o12 o'55 

Rotar  Drill 

Au~st, 1956 -July, 1957 $5.68 
Au~s%, 1957 -July, 1958 ~2.5______~2 

Assay Average for the 2 years ~ ,04 

®0°52 

4,0.54 

Mro J o Jo Spencer presented a paper, ORE SA~G~LTNG AT OASTLE DOME, at 

the Arizona Semtlon AIME meeting in 1951o This paper was later published 

in the April 1951 issue of Miming Engineering° For one phase of this paper, 

tests were ran comparing flat valve and dart valve bailers o The reason for 

this test was to cheek the possibility of values being shaken to the bottom 

of the hole through the bumping of the tools~ Tm. 16 holes~ the flat valv~ 

assays averaged 9% more than the dart valve assays° These holes were in a 

disseminated ehalcocite area° In 19 holes, drilled in a disseminated 

ehaloopyrite areas the flat valve 8.ssays were 2% lesso Evidently~ some 

assays values were being lost in the bottom of the hole in the ohaloocite 

areas° The ability of a Rotary Drill to blow a hole clean could be a partial 

explanation of the Rotary assays running higher than those of the Churn 

Drills o 

~2- 
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DUVAL SULPHUR & POTASH COMPANY 
TUCSON, ARIZONA 



Esperanza ,  the  Spanish  word  for  Hope, was  the  name given Duval ' s  copper  
p r o p e r t y  b y  its la te  president ,  George  F. Zoffman.  Loca ted  some 30 miles  
south  of Tucson  in the  Sierr i ta  Mounta in  foothills,  Esperanza  joins the  long 
and colorful  l ist  of Arizona 's  fab led  mining opera t ions  which  now accoun t  for 
50% of the  copper  p roduced  in the  Uni ted States .  

Background 
In 1691, F a t h e r  Franc isco  Euseb io  Kino, a Jesu i t  pr ies t  in the  service  

of the  Spanish  crown, f i rs t  visi ted Tumacacor i ,  now a na t iona l  m o n u m e n t  on 
the  h i g h w a y  be tween  Tucson  and Nogales.  F a t h e r  Kino r o a m e d  the  sur round-  
ing a rea  and b rough t  not  only  the  f i rs t  touch  of Chr i s t i an i ty  and wes te rn  phi- 
losophy  bu t  also sounded  a note  t ha t  r ings today .  His diaries of 1705 are  
full of re fe rence  to the  minera l  r ichness  of the  su r round ing  area. 

Af te r  the  Gadsden  Pu rchase  in 1853, miners  wi ths tood  the  r avages  of the  
Apaches  as t h e y  fough t  to win si lver f rom the  high g rade  deposi t s  of this 
region.  The f i rs t  copper  deve lopment  in the  vic ini ty  was  a t  the  n e a r b y  
Mineral  Hill depos i t  be tween  1882 and 1884. Small  mines  and mills have  
ope ra t ed  for  va ry ing  periods,  a l t e rna te ly  f lour ishing and  shu t t i ng  down as 
t h e y  fo l lowed meta l  prices. 

The  old New Year ' s  Eve  mine made  the ~irst ac tua l  pene t r a t ion  into w h a t  
is now Duval ' s  Esperanza  proper ty .  Tke  original  work ings  were  r e a c t i v a t e d  
b r i e f l y  dur ing  • t h e  yea r s  of World  Wa r  II. This  r ecen t  ef for t  fa i led to 
develop suff ic ient  high grade  ore for  prof i table  small  mine  operat ion,  even 
though  t races  of m o l y b d e n u m  mineral izat ion were  found.  

B y  la te  s u m m e r  of 1954, local mining in te res t s  had  a c c u m u l a t e d  the  150 
mining  claims which  cover  the  present  ore body  and ad j acen t  areas.  

Prospecting and Development 
Dr. Har r i son  A, Schmit t ,  consul t ing mining geologist ,  a ccompan ied  by  

the  head  of Duval ' s  explora t ion  team,  f i rs t  set  foot  on the  Espe ranza  in / 
t the  fall  of 1954. Dr. Schmi t t  i m m e d i a t e l y  recognized the  potent ia l  of the  i 
{ p rope r ty  and con t rac t  discussions wi th  the  claim holder  were  begun  a t  once. 

Tes t  hole No. I was  s t a r t ed  on May  8, 1955. Some 49 churn  drill holes  
and 34 d iamond drill core tes t s  were  comple ted  to de l inea te  an adequa t e  ore 
body.  Two yea r s  of in tensive w o r k  in drilling, mapping,  sampl ing  and assay-  
ing were  requ i red  before  final appra isa l  and the  decis ion to p roceed  could be 
reached.  

Deta i led  meta l lu rg ica l  s tudies  were  conduc ted  concurren t ly .  P rocess  
deve lopmen t  p roceeded  f rom the  l a b o r a t o r y  to a pilot plant.  Basic  f l owshee t  
d rawings  were  p repa red  for  the  r ecove ry  of bo th  copper  and mo l ybdenum.  

A cons t ruc t ion  con t rac t  was  awarded  June  29, 1957 for  the  c o n c e n t r a t o r  
and re la ted  facilities. Pre -min ing  s t r ipping opera t ions  began  in N o v e m b e r  
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of 1957 fr o r emove  6 million tons  of bar ren  ove rbu rden  to expose  enough  of 
the  ore body  so t ha t  rou t ine  bench mining could proceed.  Both  s t r ipping 
and cons t ruc t ion  were  comple ted  by  la te  F e b r u a r y  of  :1959 and the  f i r s t  ore 
was  fed into the  process  equipment .  

Mining Practice 
The ore body  as out l ined b y  the  dril l ing p rogram is rough ly  .contained 

in a Sierr i ta  Mounta in  foothil l  which is some 350 fee t  high and 4,00.0 fee t  
long. The mineral ized sect ion is covered b y  a b l anke t  of ba r ren  ove rburden  
va ry ing  in th ickness  and averag ing  a round  100 feet. 

~ dr/~/'" "" "~ Q 

o /  

Copper-Molybdenum Ore "~, 

' 

I 1 _ _  

I OREBODY 

x..... Was h ~ r  

J 
CROSS-SECT~ON I 

The  mining prac t ice  is the  s t andard  bench opera t ion  typica l  of open 
pit mines.  Blas t  holes are  drilled a long t he  bench face and loaded with 
a m m o n i u m  ni t ra te  explosive.  Af te r  detonat ion,  the  shot -down face  is loaded 
wi th  5 cubic  ya rd  electr ic  shovels  into 40-ton dieseI t rucks.  

The  na tu re  of the  .deposit is such t h a t  was te  rock  mus t  be cont inua l ly  
r emoved  to expose  f resh ore for  ~mining. The  ra t io  of was te  r emoved  to ore 
mined,  genera l ly  re fe r red  to as the  s t r ipping ratio,  will ave rage  abou t  1 to 1 
over  the  life of the  ore  body.  Thus,  for  the  dai ly  12,000 tons  of  ore hauled  
to the  concen t ra to r ,  a like tonnage  of was te  goes  to the  dump. 

Careful assaying, mapping and mine planning are necessary to assure 
continuous daily production of ore, a low stripping ratio and a minimum 
loss of ore values to waste. 

Milling Practice 
A. Crushing 

Mine run  ore conta ins  f inely dtsserainated c rys ta l s  of the  b lack  copper  
sulfide minera l  chalcoci te  a long wi th  lesser  pe rcen tages  of the  so-called 
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oxide minerals of copper. Total  copper concentrat ion in the ore averages 
less than one percent. Also present in addition to the copper minerals, is 
a significant quant i ty  of the molybdenum sulfide mineral  called molybdenite.  
Molybdenum metal  concentrat ion is expected to average 0.022% throughout  
the ore body. 

The first  refining problem is size reduction to unlock the mineral  crys- 
tals f rom the mother  rock and to reduce such crystals to dimenions suitable 
for flotation. 

The mining method produces broken rock up to 4 feet  in size. P r imary  
crushing of this mater ial  is done by the 48 inches gy ra to ry  crusher  which is 
housed in its seven-story building. 

~ Screen 
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The pr imary crusher  reduces the ore to a maximum size of 7 inches. Fur ther  
size reduction is carried out in two stages by similar gy ra to ry  crushing 
machines of smaller size. Dry crushing ul t imately reduces the particle size 
to less than 3/4 inch. This material  is t ransferred by belt conveyors to the 
20,000-ton storage bunker  at the head of the concentrator.  

Throughout  the crushing system dust collectors are used at  all crushing 
and t ransfer  points to prevent loss of fines and eliminate a serious house- 
keeping problem. 

Electronic instrumentat ion has been used throughout  the system to pro- 
vide maximum capacity without  overload. 

B. Grinding 

Fur the r  size reduction to less than  1/100 of an inch is accomplished in 
large wet  grinding mills. Crushed ore from the 20,000-ton storage bunker  
is fed to two of the worlds largest  rod mills at the rate  of 250 tons per 
hour  each. Sufficient water  is added with the feed to give the result ing 
pulp fluidity and the desired pulp densi ty  or percent solids. 
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The rod mill d i scharge  is split  to two bali mills where in  fu r the r  and 
final size reduc t ion  is accomplished.  The ball mill d ischarge  is pumped  
wi th  a s lu r ry  pump to the  p r imary  cyclone separa tors .  These  devices  m a k e  
a size c lass i f icat ion and send the ore  of desired fine size fo rward  to f lo ta t ion 
and r e tu rn  any  oversize back  to the  ball mills. 

These  gr inding milIs have  outs ide d iamete rs  of th i r teen  fee t  th ree  inches. 
The rod mills are  s ix teen fee t  long and each is charged  wi th  130 tons of steel 

rods. The  ball  mills each ca r ry  150 tons  of steel  balls. These  tonnages  of 
gr inding  media  a~e main ta ined  by  periodic addi t ions  equal  to the  we igh t  of 
meta l  which  is worn  a w a y  in the  gr inding of the  ore. The  recharg ing  

ave rages  some e igh t  tons  of steel per  d a y  and is one of the  ma jo r  costs  in the  

mil l ing opera t ion .  

Here again in the grinding section the use of recording and control instru- 
mentation is evident, These sensitive instruments keep a constant vigil on 

each phase of the section to assure maximum efficiency and reliability. 

C. Flotcttion 

H a v i n g  accompI ished  the  desired size reduct ion,  next  begins  the  impor t an t  
t a sk  of s epa ra t i ng  the  va luab le  minera ls  f rom the  m o t h e r  rock.  

The p r i m a r y  cyclone discharge  en ters  the  d is t r ibutor -condi t ioners  where  
the  f lo ta t ion  r eagen t s  are added.  These  reagents ,  ignoring the  gangue  rock,  

se lec t ive ly  seek ou t  the  va luable  minera ls  and are  adsorbed  on the i r  surfaces.  

Once adso rbed  t h e y  e f fec t ive ly  resur face  the  mineral  and a l te r  the  sur face  

charac te r i s t i c s  to one hav ing  a w a t e r  repel lent ,  air- loving nature .  
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From the  condi t ioner -d is t r ibu tor  the  reagent ized  s lur ry  en te r s  the  long 
t rough- l ike  f lo ta t ion  cells. The cells provide ag i ta t ion  such t h a t  t he  minera l  
par t ic les  are  gen t ly  suspended  in the  w a t e r  ca r ry ing  medium.  Air is intro- 
duced into each cell be low t h e  ag i t a to r  resul t ing  in a mul t i tude  of smal l  
bubbles  r ising th rough  the  suspended  slurry.  The  reagent ized  minera ls  are  
a t t r a c t e d  to the  bubbles  and f loa ted  to the  sur face  of the  cell. Addi t iona l  
r eagen t s  are  added  to provide  a s table  f ro th  on t he  cell sur face  where in  the  
f loa ted  minera l  col lects  and overf lows the  cell lip. Addi t ional  f lo ta t ion  s teps  
are  requi red  to fu r the r  refine the  f lo ta t ion  p roduc t  to the  des i red chemica l  pur-  
ity. 

The  m o t h e r  rock,  unaf fec ted  b y  the  ac t ion of f lotat ion,  moves  f rom cell to 
cell down the  series and  u l t ima te ly  d ischarges  ou t  the  b o t t o m  of the  las t  cell 
in the  row. 

D. Molybdenum Recovery 

Both  of the  principal  products ,  copper  and molybde ,mm,  plus a t r ace  of 
s i lver  are  concen t ra t ed  in the  f lo ta t ion  product .  The p rob lem of s epa ra t i ng  
m o l y b d e n u m  is one of des t roy ing  the  r eagen t s  used  ini t ia l ly to m a k e  the  cop- 
p e r -mo lybdenum minera ls  f loa t  and then  recondi t ioning  for  specific molyb-  
denum flotat ion.  

This  is accompl i shed  b y  f i rs t  f i l ter ing the r eagen t  c o n t a m i n a t e d  m i 1 1 
water f rom the  combined  concen t ra te  and repulping wi th  f resh  water .  The  
resul t ing  s lu r ry  is fed to a g ian t  p ressure  cooker  where in  the  r e a g e n t s  coat-  
ing the  minera l s  a re  disti l led away.  To the  then  s ter i le  pulp is added  a col- 
lec tor  se lect ive  for  m o l y b d e n u m  and f lo ta t ion is again  conducted.  The  f ro th  
p roduc t  f rom this  s tep is t he  m o l y b d e n u m  sulfide, while  the  ta i l ing is t he  
f inal  copper  product .  
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The  mo lybdenum sulfide concent ra te  is then  fed to ,~he ten-hear th  roaster  
where  it is oxidized to the  oxide form for sale to the  metaIs trade. 

E, Copper Concentrate Shipment 

The final copper concentrate ,  the  unfloated mineraI  from the  molybden-  
u m  f lotat ion section, is fi l tered and conveyed by beIt conveyor to the  s torage 

house adjacent to the miII building. 

Each day the  accumula ted  tonnage  is weighed into t rucks  for t ranspor t  
to the  ra i lhead some eleven miles away from the  plant.  At the  siding the  
t rucks  dump into open gondolas  for sh ipment  to the  cus tom smelter.  

This  concentrate ,  soId as such to the  sme]ter, contains between 25 and 
35 percent  copper and three  to four  ounces of recoverable silver per ton. 

F. Gangue Tailing Disposal 

The m o t h e r  rock waste  leaving the  plant  presents  the  dual problem of 
u l t ima te  disposal and  water  reclamation.  

The  magn i tude  of the  disposal proSIem can be appreciated when one con- 
siders t ha t  near ly  the  entire 12,000 tons per  day of finely ground plant  feed 
mus t  be disposed of every day for the  life of the  property.  Obvious too, is 
the  fact  t h a t  if the  water  used to t r anspor t  this waste  away from the immedi-  
ate  vicini ty could be salvaged for reuse, a t remendous  saving in both money  
and a precious na tura l  resource would  result.  

An adroi t  solution to these  problems has evolved th rough  the  years. 
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In essence, it takes  advantage of a gravi ty flow tailing line to provide 

feed to the tailing cyclones. The cyclones discharge their  relat ively course 
underflow on the top of the growing dam and there compact. The relat ively 
fine, c layey overflow discharges inside the dam. The fines settle out making 
a water  t ight seal against  the dam and the clear water  forms in a back lake 
for reuse in the milling process. 

Instrumentation 
Various types of industrial instrumentat ion have been used throughout  

the entire processing facility. Where ever possible the tasks of operat ing 
personnel have been replaced by electronic-pneumatic recording and control 
devices. In addition to providing process records for metallurgical  study, 
these controlling ins truments  sense process upsets imperceptible to human 
beings and constant ly react  to maintain desired equilibrium. In this manner  
the duties of the operating personnel have been largely reduced to tha t  of an 
at tendant .  Each section of the plant has a central station where both power 
and process controls have been assembled in consoles and graphic panels. In 
this manner  the scope of each operator  is expanded without  sacrifice of ei ther 
efficiency or reliability. 

One example of applied instrumentat ion is in the operation of the water  
field system. Water  wells are located some six miles from the plant proper. 
Level control devices at the plant sense the process need for more or less fresh 
water.  An automat ic  control signal is sent by radio to the water  field where 
unat tended pumps correct  for the need. 

Another  example of the use of automat ic  control is in the molybdenum 
recovery section. Here a combination of flow, density, level, pressure and 
tempera ture  measurements  are integrated to maintain the desired metallurgi- 
cal condition in the pressure cooker. The a t tendant  operator  functions only 
when process upsets  and mechanical failures are beyond the range of the con- 
trol devices. In such an event both light and sound alarms function to alert  
the operator.  
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Exploration 
The  Copper  Division conducts  an in tens ive  explora t ion  p rogram to aug- 

m e n t  the  metal l ic  mineral  r ese rves  of the  company.  Scout ing  personnel  
are  on cons tan t  a ler t  for  a reas  and proper t ies  w o r t h y  of field pa r ty  recon- 
naissance.  P r o p e r t y  eva lua t ions  are made  b y  an explora t ion  t e am t h a t  in- 
c ludes geologis t s  and mining engineers.  Advan t age  is t aken  of the  mos t  re- 
cent  advances  in methods ,  equ ipment  and geochemis t ry .  

Research 
Modern l a b o r a t o r y  facil i t ies are  equipped not  onty  for  rout ine  analys is  

and process  control,  bu t  also for  research  in the  mineral  dress ing field. Those  
s tudies  tha t  apply  d i rec t ly  to copper  me ta l lu rgy  can be t r ans fe r red  f rom labor- 
a t o r y  scale d i rec t ly  into the  p lant  for  cri t ical  appraisal .  This  has  been 
made  possible  b y  the  unique design of the  main  plant  which  affords  two com- 
p le te ly  independen t  ha tves  t ha t  a re  mir ror  images  of each other.  This  de- 
sign wilt a l low a new process  deve lopment  to be con t ras t ed  with the  p resen t  
s t anda rd  opera t ion  on a s imul taneous  basis, at  high tonnage  ra tes  and on the  
exac t  s ame  ore condit ions.  This fea ture  is expec ted  to yield improvement s  in 
r e c o v e r y  and eff ic iency no t  o therwise  obta inable .  
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Esperanza, the Spanish word for Hope, was the name given Duval 's copper 
property by  its late president, George F. Zoffman. Located some 30 miles 
south of Tucson in the Sierrita Mountain foothills, Esperanza joins the long 
and colorful list of Arizona's fabled mining operations which now account  for 
50% of the copper produced in the United States. 

Background 
In 1691, Fa ther  Francisco Eusebio Kino, a Jesuit  priest in the service 

of the Spanish crown, first visited Tumacacori,  now a national monument  on 
the highway between Tucson and Nogales. Fa ther  Kino roamed the surround- 
ing area and brought  not only the first touch of Christ ianity and western phi- 
losophy but  also sounded a note tha t  rings today. His diaries of 1705 are 
full of reference to the mineral richness of the surrounding area. 

After  the Gadsden Purchase in 1853, miners withstood the ravages  of the 
Apaches as they  fought  to win silver from the high grade deposits of this 
region. The first copper development in the vicinity was at  the nearby  
Mineral Hill deposit between 1882 and 1884. Small mines and mills have 
operated for varying periods, a l ternately flourishing and shutt ing down as 
they followed metal  prices. 

The old New Year's Eve mine made the ~irst actual  penetrat ion into what  
is now Duval's Esperanza property.  The original workings were react ivated 
briefly during the years of World War IL This recent effort  failed to 
develop sufficient high grade ore for profitable small mine operation, even 
though traces of molybdenum mineralization were found. 

By late summer of 1954, local mining interests had accumulated the 150 
mining claims which cover the present ore body and adjacent  areas. 

Prospecting and Development 
Dr. Harrison A, Schmitt, consulting mining geologist, accompanied by 

the head of Duval 's exploration team, first set foot on the Esperanza in 
the fall of 1954. Dr. Schmitt  immediately recognized the potential  of the 
property and contract  discussions with the claim holder were begun at once. 

Test  hole No. 1 was s tar ted on May 8, 1955. Some 49 churn drill holes 
and 34 diamond drill core tests were completed to delineate an adequate  ore 
body. Two years  of intensive work in drilling, mapping, sampling and assay- 
ing were required before final appraisal and the decision to proceed could be 
reached. 

Detailed metallurgical studies were conducted concurrently. Process 
development proceeded from the laboratory  to a pilot plant. Basic f lowsheet  
drawings were prepared for the recovery of both copper and molybdenum. 

A construction contract  was awarded June 29, 1957 for the concentra tor  
and related facilities. Pre-mining stripping operations began in November  
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of 1957 to. r emove  6 million tons  of bar ren  ove rbu rden  to expose  enough  of 
the  ore body  so t ha t  rout ine  bench  mining could proceed.  Both  s t r ipping 
and cons t ruc t ion  were  comple ted  by  la te  F e b r u a r y  of 1959' and the  f i rs t  ore 
was  fed into the  process  equipment .  

Mining Practice 
The ore body  as out l ined b y  the  dril l ing p rogram is rough ly  conta ined 

in a Sierr i ta  Mounta in  foothi l l  which  is some 350 fee t  high and 4,000 fee t  
long. The  mineral ized sect ion is covered by  a b lanke t  of  ba r ren  overburden  
va ry ing  in th ickness  and  ave rag ing  a round  100 feet.  
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The mining prac t ice  is the  s t anda rd  bench opera t ion  typical  of open 
pit mines.  Blas t  holes  are  dril led a long t he  bench face  and loaded with 
a m m o n i u m  ni t ra te  expIosive.  Af t e r  detonat ion,  t he  shot -down face is loaded 
wi th  5 cubic y a r d  electr ic  shovels  into 40-ton diesel t rucks.  

The  na tu re  of the  depos i t  is such t ha t  was te  rock  mus t  be cont inua l ly  
r emoved  to expose  f resh ore for  mining. The  ra t io  of was te  r emoved  to ore 
mined,  genera l ly  re fe r red  to as the  s t r ipping rat io,  will ave rage  abou t  1 to 1 
over  the  Iife of the  ore body.  Thus,  for  the  .daily 12,000 tons  of ore hauled 
to the  concent ra tor ,  a like tonnage  of was t e  goes to the  dump. 

Careful  assaying,  mapp ing  and mine planning are  necessa ry  to assure  
cont inuous  dai ly produc t ion  of  ore, a low s t r ipping ra t io  and a min imum 
loss of  ore  va lues  to was te .  

Mi|ling Practice 
A. Crushing 

Mine run ore conta ins  f inely  d i ssemina ted  c rys ta l s  of t he  black copper  

sulfide minera l  chalcoci te  a long wi th  1.esser pe rcen tages  of the  s0-called 
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oxide minerals of copper. Total  copper concentrat ion in the ore averages 
less than one percent. Also present in addition to the copper minerals, is 
a significant quant i ty  of the molybdenum sulfide mineral  called molybdenite.  
Molybdenum metal  concentrat ion is expected to average 0.022% throughout  
the ore body. 

The first refining problem is size reduction to unlock the mineral  crys- 
tals from the mother  rock and to reduce such crystals to dimenions suitable 
for flotation. 

The mining method produces broken rock up to 4 feet  in size. P r imary  
crushing of this material  is done by the 48 inches gyra to ry  crusher  which is 
housed in its seven-story building. 

°,,,-, u i / / \  i , o o o  i ,'Y/ , I to,. jV,/X . . . .  , ,  . . . .  
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CRUSHING SYSTEM Crusher 

Is Ounbar~ 

The pr imary crusher  reduces the ore to a maximum size of 7 inches. Fur the r  
size reduction is carried out in two stages by similar gy ra to ry  crushing 
machines of smaller size. Dry crushing ul t imately reduces the particle size 
to less than 3/4 inch. This material  is t ransferred by belt conveyors to the 
20,000-ton storage bunker at the head of the concentrator.  

Throughout  the crushing system dust collectors are used at  all crushing 
and transfer  points to prevent loss of fines and eliminate a serious house- 
keeping problem. 

Electronic instrumentat ion has been used throughout  the system to pro- 
vide maximum capacity without  overload. 

B. Grinding 

Fur ther  size reduction to less than  1/100 of an inch is accomplished in 
large wet  grinding mills. Crushed ore from the 20,000-ton storage bunker  
is fed to two of the worlds largest  rod mills at the rate  of 250 tons per 
hour  each. Sufficient water  is added with the feed to give the result ing 
pulp fluidity and the desired pulp densi ty or percent solids. 
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The rod milI discharge is split t0 two ball mills wherein further and 
final size reduction is accomplished. The bah mill discharge is pumped 
with a slurry pump to the primary cyclone separators. These devices make 
a size classification and send the ore of desired fine size forward to flotation 
and return any oversize back to the ball mills. 

T h e s e  g r i n d i n g  mi l l s  h a v e  o u t s i d e  d i a m e t e r s  of  t h i r t e e n  f e e t  t h r e e  inches .  
T h e  r o d  mi l l s  a r e  s i x t e e n  f e e t  l o n g  a n d  e a c h  is c h a r g e d  w i t h  130, t o n s  of  s t ee l  

rods .  T h e  ba l l  mi l l s  e a c h  c a r r y  150 t o n s  of  s t ee l  bai ls .  T h e s e  t o n n a g e s  of  
g r i n d i n g  m e d i a  a r e  m a i n t a i n e d  b y  p e r i o d i c  a d d i t i o n s  e q u a l  to  t h e  w e i g h t  o f  
m e t a l  w h i c h  is  w o r n  a w a y  in t h e  g r i n d i n g  of t h e  ore .  T h e  r e c h a r g i n g  
a v e r a g e s  s o m e  e i g h t  t o n s  of  s t ee l  p e r  d a y  a n d  is o n e  o f  t h e  m a j o r  ,costs in t h e  
m i l l i n g  o p e r a t i o n .  

Here again in the grinding section the use of recording and control instru- 
mentation is evident. These sensitive instruments keep a constant vigil on 
each phase of the section to assure maximum e~iciency and reliability. 

C. Flotat ion 

Having accomplished the desired size reduction, next begins the important 
task of separating the valuable minerals from the mother rock. 

The primary cyclone discharge enters the distributor-conditioners where 
the flotation reagents are added. These reagents, ignoring the gangue rock, 

selectively seek out the valuable minerals and are adsorbed on their surfaces. 

Once adsorbed they effectively resurface the mineral and aIter the surface 

characteristics to one having a water repellent, air-loving nature. 
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From the  condi t ioner -d is t r ibu tor  the  reagent ized  s lu r ry  en te r s  the  long 
t rough- l ike  f lo ta t ion  cells. The  cells provide  ag i ta t ion  such t h a t  t he  minera l  
par t ic les  are  gen t ly  suspended  in the  w a t e r  ca r ry ing  medium.  Air  is intro- 
duced into each  cell be low the  ag i t a to r  resul t ing  in a mul t i t ude  of  smal l  
bubbles  r is ing th rough  the  suspended  slurry.  The  reagen t ized  minera l s  are  
a t t r a c t e d  to the  bubbles  and f loa ted  to the  sur face  of the  cell. Addi t ional  
r eagen t s  are  added  to provide a s table  f ro th  on the  cell su r face  where in  the  
f loa ted  minera l  collects and overf lows the  cell lip. Addi t ional  f lo ta t ion  s teps  
are  requi red  to fu r the r  refine the  f lo ta t ion p roduc t  to the  des i red chemical  pur- 
ity. 

The  m o t h e r  rock,  unaf fec ted  b y  the  ac t ion  of f lotat ion,  moves  f rom cell to 
cell down the  series and u l t ima te ly  d ischarges  ou t  the  b o t t o m  of the  las t  cell 
in the  row. 

D. Molybdenum Recovery 

Both  of the  pr incipal  products ,  copper  and molybde ,mm,  plus a t r ace  of 
s i lver  are  concen t ra t ed  in the  f lo ta t ion  product .  The p rob lem of s e p a r a t i n g  
m o l y b d e n u m  is one of des t roy ing  the r eagen t s  used ini t ial ly to m a k e  the  cop- 
p e r -mo lybdenum minera ls  f loa t  and then  recondi t ioning  for  specific molyb-  
denum flotat ion.  

This  is accompl i shed  b y  f i rs t  f i l ter ing the  r eagen t  c o n t a m i n a t e d  m i 11 
w a t e r  f rom the  combined  concen t ra t e  and repulping wi th  f resh  water .  The  
resul t ing  s lu r ry  is fed to a g ian t  p ressure  cooker  where in  the  r e a g e n t s  coat-  
ing the  minera ls  a re  dist i l led away .  To the  then  steri le  pulp is added  a col- 
lec tor  se lect ive  for  m o l y b d e n u m  and f lo ta t ion is again  conducted.  The  f ro th  
p roduc t  f rom this  s tep is the  m o l y b d e n u m  sulfide, while the  ta i l ing  is t he  
final  copper  product .  
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The molybdenum sulfide concentrate  is then  fed to the  ten-hear th  roaster  
where  it is oxidized to the  oxide form for sale to the  metals  trade. 

E. Copper Concentrate Shipment 

The final copper concentrate,  the  unfl.oated mineral  f rom the molybden- 
u m  f lota t ion section, is f i l tered and conveyed by belt  conveyor  to the  s torage 
house  ad jacent  to the  mill building. 

Each  day the  accumula ted  tonnage  is weighed into t rucks  for t ranspor t  
to the  ra i lhead some eleven miles away from the  plant. At  the  siding the  
t rucks  dump into open gondolas  for sh ipment  to the  custom smelter.  

This  concentrate ,  sold as such to the  smelter,  contains  between 25 and 
35 percent  copper and three  to four ounces of recoverab]e silver per  ton. 

F. Gangue Tailing Disposal 

The m o t h e r  rock waste  leaving the  plant  presents  the  dual problem of 
u l t imate  disposal and water  reclamation.  

The  magn i tude  of the  disposal pro51em can be appreciated when one con- 
siders tha t  near ly  the  entire 12,000 tons per  day  of finely ground plant  feed 
mus t  be disposed of every day for the  life of the  property.  Obvious too, is 
the  fact  t h a t  if the  water  used to t ranspor t  this  waste away f rom the immedi-  
a te  vicinity could be salvaged for reuse, a t r emendous  saving in both money 
and a precious na tura l  resource would result.  

An adroit solution to these problems has evolved through the years. 
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WASTE DISPOS 

In  essence,  it t a k e s  a d v a n t a g e  of a g r av i t y  f low tai l ing line to provide  
feed  to the  ta i l ing cyclones.  The  cyclones  d i scharge  the i r  r e la t ive ly  course  
under f low on the  top of the  g rowing  dam and the re  compact .  The  re l a t ive ly  
fine, c l a y e y  overf low d ischarges  inside the  dam. The fines se t t le  ou t  m a k i n g  
a w a t e r  t igh t  seal  aga ins t  the  dam and the  clear  w a t e r  fo rms  in a b a c k  lake  
for  r euse  in the  mill ing process.  

I n s t r u m e n t a t i o n  

Various  t ypes  of indust r ia l  i n s t rumen ta t i on  have  been  used  t h r o u g h o u t  
the  ent i re  process ing facil i ty.  Where  ever  possible  the  t a sks  of ope ra t i ng  
personnel  have  been rep laced  b y  e lec t ron ic -pneumat ic  record ing  and  cont ro l  
devices.  In addi t ion  to providing process  records  for  me ta l lu rg ica l  s tudy,  
these  control l ing ins t rumen t s  sense process  upse t s  impercept ib le  to h u m a n  
beings  and cons t an t ly  r eac t  to main ta in  des i red equi l ibr ium. In this  m a n n e r  
the  dut ies  of the  opera t ing  personnel  have  been la rge ly  reduced  to t h a t  of an 
a t t endan t .  Each  sect ion of the  p lant  has  a cent ra l  s ta t ion  where  bo th  power  
and process  cont ro ls  have  been  assembled  in consoles  and graphic  panels.  In 
this  m a n n e r  the  scope of each  ope ra to r  is expanded  wi thou t  sacrif ice of e i ther  
eff ic iency or  rel iabi l i ty .  

One example  of appl ied i n s t rumen ta t i on  is in the  opera t ion  of the  w a t e r  
field sys tem.  W a t e r  wells  a re  loca ted  some six miles f rom the  p lan t  proper.  
Level  control  devices  a t  the  p lant  sense  the  process  need for  more  or  less f resh  
wate r .  An au toma t i c  control  s ignal  is sen t  b y  radio  to the  w a t e r  f ield w h e r e  
u n a t t e n d e d  pumps  cor rec t  fo r  the  need. 

A n o t h e r  example  of the  use  of a u t o m a t i c  control  is in the  m o l y b d e n u m  
r e c o v e r y  section. Here  a combina t ion  of flow, densi ty,  level, p ressure  and 
t e m p e r a t u r e  m e a s u r e m e n t s  are  i n t eg ra t ed  to ma in ta in  the  des i red meta l lu rg i -  
cal condi t ion in the  p ressure  cooker .  The a t t e n d a n t  ope ra to r  func t ions  only  
when  process  upse t s  and mechan ica l  fa i lures  are  b e y o n d  the r ange  of the  con- 
t rol  devices.  In such an even t  bo th  l ight  and sound a la rms  func t ion  to a le r t  
the  opera tor .  
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Explo, mtion 
The Copper Division conducts an intensive exploration program to aug- 

ment the metallic mineral reserves of the company. Scouting personnel 

are on constant alert for areas and properties worthy of field party recon- 
naissance. Property evaluations are made by an exploration team that in- 
cludes geologists and mining engineers. Advantage is taken of the most re- 
cent advances in methods, equipment and geochemistry. 

Research 
Modern laboratory facilities are equipped not only for routine analysis 

and process control, but also for research in the mineral dressing fie|d. Those 
studies that apply directly to copper metallurgy can be transferred from labor- 
atory scale directly into the plant for critical appraisal. This has been 
made possible by the unique design of the main plant which affords two corn- 
pleteIy independent halves that are mirror images .of each other. This de- 
sign ~vfi]l allow a new process deve]oprnent to be contrasted with the present 
standard operation on a simultaneous basis, at high tonnage rates and on the 
exact same ore conditions. This feature is expected to yield improvements in 
recovery and efficiency not otherwise obtainable. 



Relative Peliability of Rotary Drill Sampling Against Churn Drill Sampling 

By Go E o Napp 

When asked to prepare a paper on Churn Drill and Rotary Drill sampling, 

it was felt the best we mould do in the time available, was to match the 

assays achieved by the two methods, against our mill heads and morrected 

grade° The churn drill assays were exemined over the first two years of Cop- 

per 0ities production and the Rotary's over ~he following two years° Both 

~ypes of drills were drilling nine inch holes in similar ground° The ~ine 

grade was 7°44% higher during the first two years a 

Churn drill blast hole drilling terminated a~ Copper Cities in August~ 

i9~6o The machines were equipped with a dump box and a splitter, which took 

a 1/12 cut out of each bailing by means of a single slot in the bottom of the 

launder° When the hole was down to grade, this retained 1/12 fraction was 

then out in a Jones splitter to approximately one gallon of sludge° 

A gO-R Buoyrus Rrie Rotary Drill was put into service in August~ 1956o 

This drill utilizes a 600 ON single stage compressor, at ~5 IbSo pressure 

for cleaning holes° A wedge shaped, container is used to catch the sample° 

The narrow end of the can is placed normal to the hole casing so as to catch 

a representative portion of the hole cut-~ings. The container is 12" high~ 

2~" in width at the small end, I0" at the wide end, and each leg is 24½" longo 

This sample is also pulled at grade and cut to size in a Jones splitter° 

To arrive at a mine grade~ the average of the blast hole assays in each 

shot is applied against the tonnage mined from that shot° A blast hole assay 

represents about $~O00 tons of material° 

The mill heads are obtained by taking a manual sample of the Ball ~i!l 

feed every 30 minutes at each millo These samples are combined at the end of 

the shift for a shift assay° 
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A corrected grade i ~ c a l c u l a t e d  by adding the ~ d s  of  copper l o s t  in  

the. railings to  the gross pounds of copper credited to us by the smelter° 

This is divided by the pounds of dry mill feed° An automatic ssmple~ is 

used for the tailings sampl~o 

The following chmrt shows the results of our investigatlon~ 

Per Cent V ariatlon of Mine Grade a~ .~%..!nst ~,Till Heads and 0orreoted Grade 

Churn Drill S ~ ! : ~ g  

August, 1954 - July, 195~ 
August, 1955-July, 1955 

Assay Average for the 2 years 

~II 0 orreoted 
~eads Grade _ 

=1o22g =z.9  
....  o.ss =oo75. _ 

®Oo12  1o35 

AugUst~ 1956 -~uly, 1957 $3.68 
Augast, 1957 -July, 1958 oL~ ~2~52 

Assay Average for the 2 years ~. 04 

=0.52 

$0~54 

Mro 3o Jo Spencer presented a paper, ORE SA~Q~LING AT CASTLE DOME, at 

the AriZona Section AIME meeting in 1951o This paper was later published 

in the April 1951 issue of Mining Engineering° For one phase of this paper, 

tests were run eompazing flat valve end dart valve bailers° The reason for 

this test was to check the possibility of values being shaken to the bottom 

of the hole through the bumping of the tools~ In 16 holes~ the flat valve 

assays averaged 9% more than the dart valve assays° These holes were in a 

disseminated chalcocite area° In 19 holes, drilled in a disseminated 

chalcopyrite area~ the flat valve assays were 2% lesso Evidently, some 

assays values were being lost in the bottom of the hole in the chalcocite 

areas° The ability of a Rotary Drill to blow a hole clean could be a partial 

explanation of the Rotary assays running higher than those of the Churn 

~rills o 

=2- 



AtCe~ ~r~ l  Sulphur ~ Pot~h C~p~ny h~ 9 ~ I ~  c~tr~ l  ~f th~ lar~ nece~= 
.~ ~o pmocee~ ~Ith • ~ o s ~  d~!lllmg #eo~mm m~m c~mlm.~  ~b~ Es~nm~ Pi% 

~ r ~  on ~ t000 ~ee~ ~o the i~ch ' b l ~ p "  of  a UoSoG.$° ~u~r~m~le ~heeto After 
se '~r~ l  ~ay,s of  such ~ r ~  ~mo Sch~t~ ~me~ a~ ~i ~m ~ map ~iCh am ~mmn~= 
~ole~ pe~c~l ~md s a i d ,  "The om~b~? sh~Id li~ ~Ithlm ~hi~ o~l, ~ d~c~'t km~ 

a ~ e  ~ i , ~ b ~ y  ~i~h veiny mino~ except i~n~.  

Sin~ ~ ~ere  d e s i ~  o~ ob~i~In~ "~b~ mc~t ace.urine d~¢~ p~s~ibie~ 
Din. Schm~.~t s ~ l e c ~  ~ 500-~o~ i~¢smval drillln~ ~ t e ~  ~f ec~ll~em~l de~ 

~s . ~  be~ed ~ the he~! ~e~ ~f Infi,~c~ ot a helmo As the ps¢¢ern 
exp~nde~, e~ch ~i~Ion ~:o "the ~b~dy ~a~ simple. 

~l~m cem~mli~ o{ the ol~ ~e~ Ye~r~s E~e ~i~ sh~ ~as ~bi~ra~ily ~e® 

also a l l ~  ~he s h ~ t  to s~l~r~ ~s o~e ~mple po in t  In  ~bs system. The ~ce~s~z~ 

e~ll~te~als bsguno Thts ~ras e~!~ed ~s ~cess~z'y. 

at  points on ~he p ~ . e ~  ~b~u~, 1800 ~ee~ ~ m ~ .  Eoth holes p te~¢~ ~he ore ~P~ 
• ~d th~ ~¢!lllng Fi~r~ ~cceler~t~° At ~.b~ p e ~  of  Chi~ ~ m  Chece ~s~ 
three chin d~ills ~d ~e ~i~o~ ~mills in oper~¢i~ ¢~ mhlfcs ~r d~y 
~i~ d~ys a ~ e ~ .  Since ~he thorn ~ill ~ c ~ m s i c b ~  ¢~ gi~ ~h~ ~ a © c ~ m  
~pllng~ it ~a~ u~ed ~n ~he e~i~g g~id p~,~ern  ~nd ¢o till Im ~ ' ~ e n  h ~ n  

~ ~ele~ o~ ~ssibili~ie~ in a ~ a s  ~le©~ed f o r  ~s~e ~ p ~ ,  ~al].Ing ~isp~s~l 
~ mill si~e. O~Iy 7 ~i~ drill h~le~ lie ~i~hln ~he ome ~erm ~s co~p~zed 
~o ~ ~ h ~  ~mill holes. 

CHt~  ~ l ing P R C £ ~ 5  

API pipe ~th ~I~ Joi~ it no ti~ ~ s  ~ er~ o f  ~,~ t~l ~¢mln9 ~t 

T ~  d r ! l l l n ~  s l ~  ~ b ~ i l e d  f~om ~ h o l e  u s i ~  a s h o ~ .  d ~  ~ i ~ e ~  
o~ ~ d i ~ e r  no~ l e s ~  th~n  2-1riches in d l ~ e ~  less than the casing tn 
which  i ~  ~ s  u ~ °  A m ! n l s ~  of f~m b ~ l l l n g  t ~ i p s  ~ r  sample ~ s ~ s ~ a z ~ i ~  
bu~ ~ s u a l I y  s e ~ r a l  ~ e  were made ~o ~hceoughly clean out ~he c ~ ¢ t n ~ .  



Churn D~lllln~P~oce:~q~~. 

The cu t t i ngs  were dumped in a nearby splash-proof  duap box and then passed 
through a sample s p l i t t e r  i n to  ~ s~p~e tub. Th~ d r ~  tool~ and bai~e¢ 
were washed c~ean at  th !~ p~Int. ~ i~  was sp~ l t  a~atn ,  i f  ~azge t~ volu~e, 
unt£~ about a 3-ga l lon  sample ~ent to  the s~mple p~epatat ion shack. 

New d~ l l~ ing  wate~ ~or the nex¢ run was added by lowering i t  tn to  the 
ho~e with  the b a i l e r  so as net to wash the sides~ and d ~ i l l t n g  begun again. 

D ~ A ~  DR ILI=~IG= PROCEDI~RE 

Diamon~ d r t ~ l  holes were s ta r ted  at  RX core si=e a~d completed at no 
~ess than AX s i z e  wi th  the standard c ~ e = d ~ t ~ t ~ g  machin~s~ so l id  d~t l~ stems. 
A~ter reaching th@ ~ =o~e~ the "M" ser~e~ core bar~el ~ f  the #oy Mfg. Co. 
was used, ~hus prevent ing g~tnding of  the c~re. This resu l ted In a good many 
sho~t run~ because of  the f rac tured n a t u r e  of  the g~ound and ~nc~eased ~he~e 
d r i l l i n g  costs a great  deal .  Ten-foot  assay ~uns were gene~a~ fo r  co~'e teS~So 
A ~  s ~ g e s  were co l lec ted in  a thz~e-c~pa~tmen~ s ~ g e  tank. Two ~uch fanes 
set a~ each d ~ l l l  we~e u~ed a l t e r n a t e l y  ~o~ set t~ tng o~ sludges and p~eventi~g 
delay,  Ho~es wave washed we l l  between ten - foo t  run~. The~e sludge ~amp~es 
were sp~ i t  and se~t ~o the sample p r e p a ~ t ~ , n  shack. A~I cores ~sce placed 
in  special .boxes and saved. 

SAI~,(PLE PREPARATIO~ A~,D ASSAYDIG 

Cores wa=e spl~¢ and ~he h a l f  crushe~ and a s p l i t  taken fo~ assaying= 

The sludge samples ~e~e d=led on a butane-~t=ed ~team t a b l e .  The dr ied 
sample was p~ve~t~ed and s p l i t  fo~ assay purposes. Fou~ s~a~l s~mp~es were 
taken - two going to Assay Ot t i ces ,  one f i~ed,  and one u~:~ by the geolog is ts  
~o~ study= 

At ~he c h i n  d r ~ l  holes the sampler p~epe~ed by panning w~¢h a go~d pan 
~ o  s ~ l l  sacks o~ m a t e r i a l ,  one o f  the coarser cu t t i ngs  an~ o~e o~ the = t h -  
e=a1 contend=ate  ~o~ study° Sample boards ~ = e  p=epa~ed whe¢eon some o f  these 
cuttings we=e g~ued side by side g~vlng ~ ~e~ativeIy g~od p ic tu re  of  the hole. 

Assays fo= coppe~ ~ r e  made by two ~ssay o ~ l c e s ~  one a wet de te~ i~e~ to~ ,  
the othe~ e ~ e c t r o I y t i c .  The e l e c t ~ o l y t i c  assay was t~ken as. Final f o r  use tn  
~ e s t i m a t e s .  Assays fo= mo~ybden~we~e made by Our own ~ssayers. 

A11 co=es and samples o~ a~l ~udges,  diamond o= chur~ d=tg~lng, have 
bee~ saved ~nd st~=ed. 

SAMP  C CKI.G 

Two a~eas were selected w l th tn  the o~e zone, wherein the ~O=foo t  tn~er= 
cos were dr t~ Ied  ar~ resu l t s  compared. The averaqe ho~e assays in each case 
~ere about ~O~ low, howeVe~o the o~e colu~l~s ave=aged ~ r e  in he ight  so tha t  
the assay un~¢~ checked w i t h i n  ~ .  Th~s ~oul~ hsve been chance. Howeve=~ 
I f  flnal ~electlvlty ~f m~Ing wa~ considered, an accurate check ~e~ulted, 

!' 



To fur ther  check ~amp~ing methods and resul ts ,  to check ore cont inui ty  
between holes~ and to furnish mater~al ~o~ metallurgical tests~ an adtt  was 
driven tnt~ the orebody and c~sscuts m~de ~o two churn and two diamond d ~ i ~  
holes. These holes were raised on to the top of the oz~ and a wince taken 
t o  the bottom of the o~e on two of them. 

Each z~und b~asted was crushed sepa~ately~ automatically sart~p~ed and 
assayed. Results indicated that  diamond d r i l ~  hole assays were about 5~ 
high and churn d¢fl~ holes about 4~ low as c~pared %0 the bulk sampling. 

This underground work proved cont inui ty  %o the ocebody and that our 
sampling p~ocedure by d r i l l i n g  was essent ia l ly  correct.  

GENERAL 

Following is a table o f  t o t a l  £ootages d~t~led, 

3 4  diamond drill holes 
4~gchu~n d r i l l  holes 
83 total 

- 12,3~6 feet 

Average cost o f  each: 
Diamond drill h~es 
Churn  d~ill ho!es 

- $ 1 2 . 0 ~  per f~. 
- $ 1 1 . 9 1  p e r  f t .  

In generaZ, the gcound was qu~te broken and hard tO diamond drill. Core 
recovery was around 88% in the ore zone. Some areas w~e quite s i l iceous and 
caused s~ow chucn d¢ i l l i ng  ~ f t h  l o t s  of b~t wear. Analysis o~ zones be%%~een 
seCtlng o f  the churn drill casing llne~s showed no sa~¢ing of s~mp~es. 

D~i111ng ef f ic !enc ies w~re on the average f o r  diamond dr i~ l !ng o f  11.3 
f t .  per sht~t, a ~  fo~ churn d~illlngo 10.3 f t .  per sh i f t °  

ASsays o f  diamond drill sludges wez~ about ~O~htgher then ¢o~e assays. 
This was expected because the seams in the oTebody are mineralized, and in 
d r i U l n g  these pa~ted causing some loss of mineral from th~ core to the sXudge. 

Within %he orebody there were ? dlamond drill holes and 36 churn drill 
holes i n  o : ~ .  

The assay value o f  the f i r s t  eight holes d r i l l e d  were v e ~  close to  the 
f i na l  g~ade accepted for the orebody. A~so averages of the a ~ r n a t e  l ine of 
d r i l l  holes checked each ocher. Only %-~o holes wi th in  the ore zone showed 
abnomslly In assays, but they were hoe  blank, 

Since there we~ no b~ank holes wtthfn the o~eb~dy and check resul ts  made 
were good, i t  was decided that the 500=ft. d r i l l i n g  pat%am was adequate %o 
deC@mine a commerclal o~body of approxlmaCe~y 50,000,000 Cons averaging 0.7~ 
copper and 0.02~moIybdentno A study of ~e~ults were made by D¢. Schmltt s~ 
by Ira 3oralemon with the same conclusions. 




