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Southwest t Exploration Division

FILE MEMO

May 18, 1979

AJO MINE - Cu
Arizona

In 1972 Ajo reserves were reported as 130 million tons of .68% Cu,

or a life of about 12 years at 30,000 tpd .

However, during the recent AIME open pit meeting at Ray, Arizona,

it was learned that deep drilling encountered ore beneath a barren rhyo-

lite (flow?) and the ultimate pit is now projected to a depth of 1,800',

extending the mine life to the year 2020 .

Several years ago, J .Kinnison recognized geologic features at Ajo

as being similar to those at Mission and hypothesized the existence of a

low angle fault with the upper plate having moved north as at Mission .

Subsequently, Quintana put down several deep holes on the south, but failed

to find the "roots" of the Ajo deposit .

The discovery of ore continuing to considerable depth at Ajo does

not prove that the roots of the deposit remain in place, but does suggest

that this is most likely the case .

JHC :jlh

C1 J
. H . Courtright

c .c . T .C .Osborne
W .L .Kurtz/F .T .Graybeal
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MEMORANDUM FOR MR . J . H . COURTRIGHT/CONFIDENTIAL

November 28, 1967

Going South, Ajo

I met with David Lowell yesterday, November 27,
to discuss above subject . We spent approximately two
hours in conversation, and I reviewed some of the core
and rotary cuttings at his office . At this time I can
say only that Quintana's drilling, coupled with drill
holes from other company's south of Ajo--which Lowell
has compiled and which I was unaware of--establishes
without doubt the presence of a "basement fault ."

Mr. Lowell did not seem to be able to defend his
proposal concerning the direction of movement . This
is partly due, to the fact that he personally has spent
only three days in field examination, and seems to lack
approval of the work done by Mr . Logry who was assigned
the project . The one thing that stands out is that the
depth to the basement fault is irregular and deep .

I have a tentative appointment to meet again on
Friday next, December 1, and between now and that time
I will be able to review more properly what has been
done in the past and therefore ask more pertinent questions .

The reason Quintana entered the area for exploration
goes back to my old Ajo report of about 1960 . This
statement was made in confidence, and I ask that it be
left at that .

,rr e
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PHYSIOGRAPHY OF THE AJO REGION, ARIZONA
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January 3, 1967 ~

TO: J . H . COURTRIGHT

FROM : J . R . WOJCIK

1367

READ AND RETURN ...,___-_

PREPARE ANSWERS ww+...HANDLE .ao......

FILE ....
.G
~. .,• .~ INITiAL.S.,,.,_._.,,,.,.,,,,.,,,.

GENERAL EXPLORATION , 12/13-1+/66
SHARP PROPERTY, AJO DISTRICT

During the helicopter work in the vicinity of Ajo, a James
Sharp asked if we were interested in a series of claims he holds
located west of the New Cornelia Pit . While he does hold a few
claims east of the Gibson Fault, the larger block is west of the
fault, and it is the larger block in which he was trying to
interest us. I contacted J. E. Kinnison for his opinion of the
ground before I visited it, and after walking over numerous hills
of unaltered Cardigan gneiss and Cornelia quartz monzonite, I
agree that we are not interested . Reportedly, Great American
Industries, Inc . (Pepsi-Cola) of New York has offered $25,000
for a 120 day drilling option on 59 claims closest to pit, but
were turned down (J . W. Sharp, personal communication) . Property
had been recommended to GAI by Arthur E . Little Company's geologist,
Bill Watson . Occidental Petroleum has also expressed interest in
this group of claims .

Sharp also holds two groups of claims south of the pit . One
group contains the two USBM drill holes that were sunk in 1949
and failed to get through the fanglomerate . J . R . Simplot Co .
of Idaho and their geologist, Ted Hanks, are running I . P . survey
over the Greenway group of claims . Barry Watson visited this
group of claims with Mr . Sharp and feels there is no new infor-
mation available that would make the property attractive to ASARCO
at this time .

/VOLE

J . R, WOJCIK
JRW/kw
Attachment
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December 21, 1956

Mr . James Sharp, President
Western Equipment S ales Corp .
P . 0. Box 6515
Phoenix , Arizona

Dear Mr . Sharp :

I want to thank you again for extending to Mr .
Joe #WdoJcoik and nnyseif the privilege of inspecting
your properties in the Ajo area . We have consulted
Mr . John Kinnison , our geologist most experienced in
the Ajo region, and have decided to take no action
on the area at the present time .

The Information on your properties will go into
our files for future referen ce . Your open and friendly
manner toward us was appreciated , and via hope that you
will feel free to bring to the attention of ASARC0 any
future properties that you might acquire and feel to be
of particular interest .

Merry Christmas and the best of the Now Year to
you and your family!

Yours very truly,

Barry N . Watson
ASARCO Geologist

BJU4 f kw



December 19, 19066

Mr . J . D . Whitnell, Manager
Industrial Power Sales
Arizona Public Service Company
P.O . Box 2591
Phoenix, Arizona 85002

Dear Sir :

Reference is made to your letter of December 16 to Mr . Pollock . This
has been referred to me for reply .

We carry on various kinds of exploration techniques for ore bodies all
over the southw,,{est . We have done a little work some distance south of A jo .
Although all results have not been analyzed, this work has not produced
anything of interest . Therefore, there is no occasion to begin conversations
about electric transmission systems . You can be assured that we wit 11 be
in touch with you if we are fortunate enough to find an ore body in the
southwest .

Yours very truly,

Kenyon Richard

Blcc : TASnedden
path with attachment

JiiCou r t r i ghtV
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American Smelting and Refining Company
120 Broadway
New York, New York 10005 C. P.

Attention : Mr . C . P . Pollock, Vice President, Exploration

Gentlemen :

l We understand that your company has been conducting extensive
exploratory work in the area south of Ajo in Pima County, Arizona .
Since this is in our electric service area, we are, of course,
interested in any development that you may be planning .

We have only one line into the area which is 21,000 volts
and our capacity is somewhat limited .

I call this to your attention because at this time, it takes
about a year and a half to secure such items as insulators and
transformers to build electric transmission systems . Therefore,
we must plan our construction ahead in order to give customers
service when they desire it .

If there is any information that you feel you could release
to us at this time, we would be very happy to keep it confident
and use it to our mutual advantage . I will be glad to meet with
any representative of yours at any time or place at your conven-
ience to discuss the matter further .

Sincerely,

fv v
/ J . D . Whitnell, Manager

Industrial Power Sales
JDWIah
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AMERICAN SMELTING AND REFINING COMPANY
Tucson Arizona

April 28, 1965

TO : J. H. COURTRIGHT

FROM: J . E. KINNISON coy 1€~

PORPHYRY COPPER EXPLORATION
AJO DISTRICT, ARIZONA

When Mr . Robert Gale recently visited the Ajo pit, he
was guided by Donald Dixon, the resident geologist .

Dixon stated that John Cooper of the U .S .G .S . had
recently been in the district and that they discussed simi-
larities larities between the Locomotive fanglomerate and Cooper's
Helmet fanglomerate in the Pima district . The San Xavier-
thrust was also discussed (Basement fault, Asarco files) .
Dixon then mentioned such things as . . ."low angle fault off-
sets in the Ajo pit" . . ."possible exploration for ore effect-
ed by great displacement' . . ."drilling (exploration?) to the
south of the pit, collared in fanglomerate ." In short, then,
Cooper may have caused the P .D . people to think about pos-
sible post-ore faults of large magnitude . To what extent
this type of a program will be followed out, of course, there
is no way of knowing. If we ever plan to suggest a joint
exploration program, along the lines of my proposals for
exploration of a few years back, the local people at Ajo
might now be more receptive than in the bast (for reference,
refer to ray memo to you of a year ago, 11%7/64, on this
subject) .

Y1

JOHiN]'' E. KINNISON

JEK/jak ~'



AMERICAN SMELTING AND REFINING COMPANY
,, Tucson Arizona

May 7, 1964
' .i 1. '1105"(34i l'S3

MEMORANDUM FOR MR . J . H . COURTRIGHT :

Ajo, Exploration

At the A .I .M .E. trip to Ajo April 25, 1964 we learned that :

A. Some drill holes beneath the pit reach to about the 300-foot
elev ., or roughly 800 feet below the bottom of the pit . These
holes leave porphyry and stop in rhyolite with only pyrite .

B . The staff geologist is attempting to put together a geologic
history of the ore body, both for operational purposes and for
expansion of reserves by future drilling .

Mr . Dixon, the resident geologist, largely accepts Gilluly's work on
the district . Because my reconnaissance map and report on low-angle
fault displacement was of a preliminary nature, it may be criticized in
some details ; I have a hunch that the people at Ajo would be skeptical
if asked to review it in terms of a joint venture .

JOHN E, KINN1SON

JEK/jk



AMERICAN SMELTING AND REFINING COMPANY

' MINING DEPARTMENT

120 BROADWAY, NEW YORK 5, N .Y.

K. R.
C_ P. POLLOCK r s`1 fa;1 i,', ..

~~ ~EXPLORATION MANAGER CONFIDENTIAL pR fAnE ANSWERSL~-C,+'~,OLE

Alb€ IL September 14, 1961

Mr . K. E . Richard, Chief Geologist
Southwestern Mining Dept .
Tucson, Ariz .

Possible Roots Porphyry Copper Deposit -
oDistrict, Ariz .

Dear Mr. Richard :

I have now had an opportunity to discuss with Mr . Titt-
mann Mr . Kinnison's report dated August 25th suggesting a
possible root of the New Cornelia orebody in the footwail of
a flat basement fault beneath alluvium five to ten miles south-
east of Ajo . As I understand Mr . Kinnison's theory, the Ajo
situation would be similar to the basement fault in the Pima
district in which you have speculated on the possibility of find-
ing roots of the Mission orebody in the Twin Buttes area .

Mr . Tittmann agrees that we could not undertake an ex-
ploration project in the Ajo area at this time in view of our re-
lations with Phelps Dodge in southern Peru . Furthermore, a project
in that vicinity would not be feasible for any company other than
P . D . due to the unavailability of water and other facilities in
and around Aj o .

While Mr . Titt enn is reluctant to suggest a joint project
to Phelps Dodge at this time, he will keep the matter in mind . In
case there is an opportunity at some future time, he will casually
mention the pos ility to Phelps Dodge officials .

Mr . Kinnison should be . complimented on his alertness in
recognizing this possibility from studying the Govt . report .

I note you have left the original of Mr . Kinnison's report
with me . I shall retain it as our file copy .

cc : E1cLTittmann
D.~~ o

nedden A
o ~7 A

/M (conf
.~

tM . )

Yours v y truly,

C :` P : POLLOCK
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The AJ6 district and the New rnei i mine may lie great post-
ore fault, dipping, at a low angle easterly .

I have not been personally on the ground at Ajo the foregoing asps
i y i u ted by an analysts of Jar s tiluly's work reported insibils
Professional per 209 (1946)*

For reasons set forth below this postulated fault i similar to the
F$ rr r t Fault" a i s b. Although ire may or may not be economic
Justification for _ any In lver t . n such a- problem, It ts at least of
scientific Interest en'view of our studies o the Mission-Twin buttes fault
tab gym, -and o should be #

Basis for the flngt s is

The-pre-ore rock t o, broadly speaking, consist of 4 pre-Cambrian
basemen overlain by the Concentrator volcanics and Intruded by the Cornelia

'
quartz monzon te, Chico shunt quartz monzonito was a laced prior t
Concentrator extrusion . these rocks are minetalized, and overlain by the

70
post-ore Locomotive fan l rate,, Ajo volcanics and younger basaltic rocks .

The attached map copied front Gi i July shows the Locomotive fanglc ,‚.
erete t dip south, overlain conformably (partly i terton ued) by the Ajo
volcanics .' Hear the Ajo Pit and for s distance west, the strike of the
beds In the Locomotive suggest that I t v, geS . out against the erosional
surface at I is base;*

However, note that the entire section of Locomotive and Ajo voIcan
Ics are faulted out by the Chico Shu i fault . This fault must have a huge
displacement is order to cut out thousands o feet of rock -- yet it' mi st
Tie abruptly, north b the Locomotive fangl ra e, because the con-tact
between the Carve i i a quartz a n on to and Ca rd i gain gneiss shows no d i. ap 9 ace b
rent along t faults projection, 1l iui~ noted this, and commented that
north of the Locomotive fang l ri basal contact on Cardigan gneiss, tae
Chico Shun ; fault " st die but within a few hundred feet in this (north)
i rectionf; .‚, but "the throw (in its southern extent) mustt be at least 3500

. .

feet, and i i probably still more ."

r
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311uiy cites an example of the irregular surface on which the Loco,~

. off., .v f I' r' {, ;.:FL% s
• , . . .. -.

the extreme western spar of North Ajo eak . . , the 'north face
i comps ' o fangl rate . . conformably overlain by -the ; ' +va 1-
cams (see attached sketch) . The formation is now tilted so that
i t has a dip of about 400 . . . . ; nevertheless, the Cardigang e-Ias
and rlies the spur at about 'tile same al t1 tude on `kith sides, shows n
that the original hill slope against which the sedimentary formations`
were deposited had a northward slope-on the order of 400 .11

€. This 'is, indeed, most unusual slope, a 1t the' hi . action ovaThe s
contactt

on
`t l little spurthe Chico Shuni fault rather start1 on .

described above was not discussed as though l t' were actually exposed, and
here I will begin the lows-an l fault t th s 'i

1 f this contact i s a low-itngie aul t, the outcrop o t e i the spur",
-Js s 11' a Then' the Ch r c hun i fault might have had but a few hundred
feet of displacement to drop the low-dipping fault out of sight on the east .p

,.'all but small remnant of the hang i n +a l i p la to was "aroded from the West
side wile 2 ‚ iles of tilted strata acrd pi served on the east,, da drop d
stale . "The. Ruby fault in the r district effects pr cisely this outcrop
pattern, by dropping the 'Vasemerit fault's about 200 fee on the east (refer
to Pima district map), causing 3 miles o tilted San avier formation to br
Preserved on the east sloe and leaving a few rosl al flpp i the West .
"in both these examples the high angle fault ~- the one easily recognized on
the surface iw I s caused to have" an a a reat vertical d1 splaeemi t.
and hinge-fault action,' whereas the great a lent actually took place along

low'ai 1e Taunt .

the contact between Locomotive fangs rate and Car igan gneiss, where
" i t lies between the Chico Shun! and Gibson faults, s mapped as covered .a.l ng

most of -1 is length, and everywhere occurs at the base of the hill slope .
This would be t! trace of the low-angle fault, misinterpreted by i i fully
as the extension of t sedimentary contact at the base of the Locomotive'
as ft- appears near the jo

_Pit .
S

ll s l r to the ai assn ult t have tin um displacement
4000 notes that, fee t', He '1 t Opporpnt1 ' does not di sturbl't t- he Locomotive

al n rite iunde €1i ` ire a The 3b b alts y now b 1'e t r r t ,tt
;` have a small to moderate i i yap'laceme"t, enough only to submerge from

low-angle fault, as does the Chow h‚ I fault farther to the west.
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77 'O Ai e "C& 'r!' Heir 1949 ..

Present.~ . $w' ,&L . s+~" .~ia ~N .~'a, sF. . 6:8€ ~J .~+~~Pk:A M~i .~A+~,3.. r&7'kX T~ of W7€~€~J0 a
'thedrilling depths o 4 or feet below the pit b • € .

1/2 inches Id 9-tnt The hots are drille.. r traelt mO~+ ,~,~
, .i t irh tit easing .

foot Intervells . 'i.ng - Samples are taken at
Bans of dart Valve type bailer . A "blast bk l s" ,i ,

of a .err w uprt .fit rf Ice located , the center of the
launder below the dip box, extracts a 1/16 on of the l d

" a Jones-type: further re u e t two gallons € volume.
sp1,t A One pin , . i s d for laboratory examination
dad for properation 0'r a sladge board .

. . . 1W~4•~Y i, ~. ~'`CA stated that o lose supe €4 Yisio,47 o V 9-d .~. the ,€.AG .Jrt..~ ~ii+IMi i.Mr,
d assay B was found d to be necessary obtain reliable results .

, rs n sampling ' of considerable p r an here n view of
irregularity f` the ore, ,e stated further at he

believed tha churn drill sample k b more reliable than the diamond
,l . sample a 4 basis "o ore reserve estimates,
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HISTORY OF AJO

Earliest Mining Attempts

Prior Probably no one will ever accurately trace the history of Ajo from its
to beginnings . When the first Americans arrived in Ajo in 1854, they found

1854 abandoned workings, rawhide ore buckets, and crude tools as mute evidence
of earlier attempts to mine the small veins of native copper, cuprite and
chalcocite occurring in the three small hills that stood where the modern
open pit mine is today . It is probable that Mexican miners from some of
the silver mines in Sonora had prospected as far north as Ajo in quest of
silver ore, worked the veins for a short time and finally abandoned them .
because of low values in precious metals .

1853 The Gadsden Purchase . This area becomes a part of the United States .

1854 The first Americans to mine in Arizona, known as the Arizona Mining and
Trading Company, arrived in Ajo in October, 1854 . The names of the men
in the party as far as is known were Peter R . Brady, F . Ronstadt, E . E .
Dunbar, G . Kibbers, Geo . Williams, Joe Yancy, Dr. Wabster, Charles Hayward,
McElroy, Porter, Bendel and Cook.

1855 Mining was mostly confined to small bodies of native copper and cuprite
ores . The ore mined was hauled by horse and mule teams to San Diego,
California, and Yuma, Arizona, and from these ports was transported in
sailing ships to Swansea, Wales, for smelting .

1859 The Arizona Mining and Trading Company failed .

186 Intermittent attempts to exploit the deposits followed, but the lack of
to water and the difficulties of transportation prevented success . Among the

1890 prospectors who persisted in these attempts were Tom Childs and Reuben
Daniels, who by the late 1890's had acquired many claims in the area .

In the meantime the Civil War was fought and later the Southern Pacific
Railroad built a railroad across southern Arizona within forty-four miles
of Ajo .

Period of Fraud and Folly

1890 A. J . Shotwell, a fake mine promoter and swindler, interested John R .
to Boddie of St . Louis and others in the Ajo mines and they organized the

1899 St . Louis Copper Company .

Shotwell organized the "Rescue Copper Company" to rescue the St . Louis
Copper Company .

Shotwell, Boddie, Capt . Huie, W. W . Brown, E . E . Neely and others formed
the Cornelia Copper Company . The name "Cornelia," was in honor of Boddie'a
first wife . The Shotwell Tri-Mountain Copper Company was also organized .

1900 A weird invention called the "Rendall Process,," which it was claimed
to "would treat all classes of copper ore with equal facility," was tried

1907 out by the Rendall Ore Reduction Company which had optioned some of the
Ajo claims . The Rendall Process proved to be a complete failure .

The Rescue Copper Company, the Shotwell Tri--Mountain Copper Company, and
the Cornelia Copper Company merged under the ownership of the Cornelia
Copper Company .



The mystifying McGahn Vacuum Smelter was built at Ajo at a cost of $311,000,
This invention of "Professor" Fred L . McGahn ?'would melt the ore and pure
gold, silver, copper, etc ., which would then be drawn off in separate
spigots . After the furnace was once started, the oxygen and hydrogen
gases which escaped from the ore would be used to fire the furnace and the
purchase of any other fuel would be unnecessary .'' The McGahn Smelter
produced nothing but a vacuum in the pockets of those who invested in it .

Shotwell and McGahn disappeared from the 4jo scene .

Boddie and his stockholders invested $20,000 in a hydrofluoric;-acid leach-
ing process almost as fantastic as the vacuum smelter . This leaching
plant did produce a few pounds of copper at a cost of a dollar a pound .

1907 Panic of 1907 . Ajo again became practically deserted .

Period of Scientific Error

1908 Success at the . Utah Copper Company at Bingham Canyon, Utah, put an entire-
to ly new aspect on low-grade copper deposits . The desert was alive with

1910 engineers hunting for the new "porphyries ." The big copper companies were
actually bidding against each other for a chance to develop Boddie's
folly. The General Development Company, headed by Mr . J . Park Channing,
secured an option on a majority of stock of the reorganized New Cornelia
Copper Company. Mr . Seeley W . Mudd, and associates optioned the Rendall
Ore Reduction Company's claims on the south edge of the Ajo basin . A
group of English capitalists took an option from Tom Childs on some out-
lying claims in the Ajo basin . The engineers of these three companies
were among the greatest in the world . In the course of their prior suc-
cesses they had acquired theories that guided the development they plan-
ned . Strange to say, all three theories were different but they all'
agreed that the three hills on the New Cornelia property contained a fair
amount of copper, but the rock was far too hard to allow for the necessary
mineral enrichment . None of the companies drilled in the hills and all
three failed to find the ore body .

Peri od of Successful Development

1911 Capt . John C . Greenway, the new manager of the Calumet and Arizona Mining
to Company directed the company's geologist, Ira B . Joralemon,, to find an

1916 open pit copper mine . Joralemon, who had passed through Ajo in 1909,
decided it might be worth a try to return to Ajo to see what was under
the three Ajo hills which the big mining companies had by-passed in their
drilling . A few days of study and sampling convinced Joralemon that there
might be a great mine at Ajo .

Greenway optioned 70% of the New Cornelia Copper Company's stock from
John R . Boddie .

Within two years, 25,000 feet of drilling proved that the Ajo hills were
underlain by millions of tons of 1 .5 percent ore--Carbonate ores on top
and sulphide ores below .

There was still no known method for treating the carbonate ores . Greeiiway
employed Dr . Louis D . Ricketts to help solve the problem . After three
years of experimentation, Greenway, Ricketts and dozens of chemists and
metallurgists developed a successful miniatuve one-ton leaching plant at
Douglas, Arizona .
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A 40-ton pilot leaching plant was built at Ajo and operated sucecssfully .

By drilling a well six miles north of Ajo, sufficient water was found . to
conduct a large-scale operation .

The Tucson, Cornelia and Gila Bend Railroad from Gila Bend to Ajo was
completed in February, 1916 .

Period of Operation and Growth

1917 A 5,000-ton leaching plant -aas built and began operations . First electro-
lytic copper shipped on May 1, 1917 .

1919 Work began on the test mill for the sulphide ores in September .

1922 Construction of a 5,000-ton flotation concentrator was begun in October,
1922, and ore dressing operations started on January 8, 1924,

1926 During 1928 and 1929 the daily production was increased to 8,000 tons by
to the addition of three treatment units .

1930
In 1929 the New Cornelia Copper Company was consolidated with the Calumet
and Arizona Mining Company .

The Leaching Plant ceased operations in 1930 .after all the carbonate ore
had been mined . More than 16 million t ons of carbonate ore had been
treated .

1931 Calumet and Arizona Mining Company merged with the Phelps Dodge Corpora-
tion, and this mine became known as the New Cornelia Branch of the Phelps
Dodge Corporation .

1932 World economic conditions forced a shutdown of the operations on April
20, 1932 .

1934 Production was resumed on July 2, 1934 .

1934 Alterations were made in the Concentrator which increased its capacity to
to 16,000 tons a day .

1940
The Electric shovels replaced the steam shovels in the pit .

1940 The Electrification of mine haulage system was completed in 1947 . Elec-
to trio locomotives replaced the steam locomotives .
1950

The Concentrator capacity was increased to 20,000 tons per day .

1950 The Concentrator was further increased to over 30,000 tons per day.
to

1961 The Smelter was completed and first anodes were produced on July 14 ., 1950.

The Rotary Drills replaced Churn Drills for blast hole drilling in 1955 .



i
prom 1916 to January 1, 1961., 511 million torte of rock had been mined

from the open pit operations of which 263 million tons were ore and 288 million
tons were waste material

y
Since 1916 over $55,000,000 has been expended on the development of the

open pit mine, construction of a mill, smelter, power plant, shops, and purchase of
equipment . Housing, a hospital, a store, a theater, recreationall facilities, and
other elements essential to the modern American community have been provided .

'The New Cornelia Branch operations provide direct employment for approx- .
imately 1,1400 persons, which represents an annual payroll of over $10,500,000 .

The New Cornelia Branch of the Phelps Dodge Corporation is now the second
largest copper producer in the State of Arizona and the third largest in the United
States .

MINING

The Hew C ornelia ore body is a low grade, disseminated copper deposit,
occurring in a hard rock formation classified as quartz monzonite porphyry . The
principal ore rrdnerals are chalcopyrite and bornive . The ore body has been develo+
oped by open pit methods which require the additional removal of large tonnages of
associated rock formations having no economic value . The pit now covers an area of
approximately 400 acres and has reached a depth of about 720 feet below the average
rim elevation. Mining operations are conducted on levels or benches, which are
normally established at verticall intervals of 4.0 feet in the ore body and 33 feet
in the south end stripping . Present production is a rate of 31,000 tons of ore
and 1.7' 000 tons of waste per day .

' All material within the scope of the pit operations must be broken by
blasting,, and the mining cycle begins with the drilling of a series of blast holes .
These are located near the edge of a bank and are drilled somewhat deeper than the
height of the bank to be blasted .

' The New Cornelia ore body is overlain in the south portion of the pit by
a tough., blocky fanglomerate which constitutes a drilling problem separate from
that of the ore body . In this area, 7-inch diameter holes inclined 20 degrees from
the vertical are drilled by heavy percussion "Dawn-.the..Hole" drills in which the
hammer type drill follows the bit down the hole . Heavy rotary drill machines are
used for drilling 121-inch diameter holes in areas other than the fanglomerate .

These primary blast holes are each loaded with from 200 to 1,200 pounds
of explosives, the exact amount depending on the type of rock and the dimensions of
the holes and bank . All holes in a series are connected together with a detonating
fuse and are fired as a unit . A typical rotary drill hole blast will break about
6o,,000 tons of rock .

After primary blasting, some portions of the broken rock may still be too
large to handle in loading operations . The further reduction of such material is
accomplished by one of three methods depending on its nature and accessibility ;
these are (1) blockholing by which small diameter holes are drilled into the boul-
ders or unbroken rock and blasted with small amounts of explosives, (2) 'tadobe"
blasting by which an explosive charge is applied to the surface of a boulder and
covered with a layer of mud, and (3) drop-.ball by which a 6-.ton steel ball is drop-
ped on the boulders by a large mobile crane .

The broken material is loaded into haulage units by electric-powered
shovels equipped with dippers ranging from 6 to 9 cubic yards capacity .
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Rail haulage units normally consist of a ]yon locomotive with seven
to eight 30 -cubic d,., side-dump cars . Each car c ies a payload of 65 tons .
Locomotives are Diesel-electric units with rated horsepower of 3200, 1750 and 2250,

Truck haulage units consist of 25-ton capacity rear dump trucks, which
are used at various times on the upper level stripping areas . A combination truck
and train haulage operation is used when developing a new level in the bottom,,

The railroad track is built in panels or sections normally 39'feet jP
length4 The track is moved with a crane as mining progres ses . Main line tracks
connecting the various levels of the pit with the crusher and waste dumps are 3a .d
on a maximum grade of 3% . Rail traffic over the main line ha ge system ~s ,c.qn
trolled by a dispatcher through the use of two-way radio co r rations, pea ep track
switches and signall lights . Forty-seven miles of standard gauge railroad track are
in use and the haul from the bottom level of the pit is 6,, 4,5 miles to the waste
dumps and ,5€34 miles to the crushers,

MESHING

The purpose of the crushing plant is to reduce the size of the ore by
stages too a minus 5/16ths of an inch product . The m ed ore is dumped into a
receiving hopper and the ore is transported on an apron feeder to the primary
crusher where it is reduced in size to about 8 inches . The ore then is conveyed
to the intermediate crusher bins and then is fed by apron feeders and conveyors to
grizzlies . The minus one-inch size material passes through the grizzlies to con-
veyors and is transferred to the screen bin . The material passing over the griz-
zlies goes through the intermediate crushers where it is reduced in size to a minus
112-inch product and is then conveyed to the screen bin . The ore then passes over
a series of vibrating screens ; the minus 5/16-inch pro 4,Vcb goes through the screens
and is conveyed to the mill Ore bin ; the oversize is routed to the fine crushers
and then returned to the screens,

CCNCENTR ATIX12

Rubber covered conveyors carry the pre from the crushing plant to the
mill bins from which the materiall is drawn and fed into the ball mills with water .
The ball mills are long steel cylinders containing about 30 tons of steel balls .
The grinding action takes place as the hills revolve, and the balls within tumble
and roll and crush the ore particles between themselves and between the balls and
the sides of the mill .

Extra amounts of water are added as the pulp flows from the mill to the
classifier which separates the fine and coarse particles of ore . The degree of
fineness of the grinding product depends upon the dilution in the classifier .
Rotating spirals in the classifier tank return the coarse material to the ball mill
for further treatment, The ore which has been ground . finely enough overflows the
classifier in a more dilute pulp and proceeds to the flotation machines .

Chemicals which were added during the grinding stage and just prior to
flotation serve to separate the copper minerals from the unwanted gangue minerals
such as quartz, mica and feldspars . Low-pressure air is blown into the flotation
cells ; the small mineral particles (less than 35-mesh in size) have a natural
affinity for the air bubbles and are lifted through the pulp on the rising bubbles
which form a froth on the top of the flotation cell ; this froth is removed into
launders at the sides of the machine . This concentrate contains all of the copper



that has been extracted from the raw ore ; the worthless material (or ta iling) dis-
charges from the bottom of the flotation Cell, and, after thickening to recover
water for re-use, is purr.ped to the tailing dams .

The concentrate , which now asseys about 30% copp er, is thickened and
routed to the filter plant where most of the remaining water is removed by filtra-
tion . A filter consists of a rotating cylinder which is connected to a vacuum
system . As the filter rotates through the ccncentrate ?nn the filter tank, the
vacuum sucks the concentrate onto the drum and holds it there while water is being
removed ; the barely moist filter cake is removed from the filter and falls onto the
first of several conveyors which carry it to the smelter .

The efficiency of the concentrating process is illustrated 'by the relative
recoveries of the are constituents ; about 90% of the desired copper is contained in
the concentrate, whereas only 1/3 of . one percent of the gangue minerals are sent to
the smelter .

SOLTIN0

When filtered concentrates arrive by conveyor at the Smelter building,
they are discharged into containers holding about 10 tons each . The containers, or
"cans," are carried by overhead crane to the reverbe ratory furnace which is about
100 feet long , 30 feet wide , and 11 feet high . The concentrate is dropped from the
cans into machines called slingers , which charge the material into the furnace
through openings in the s idewalls . The main purpose of the furnace is to melt the
concentrate . This is done by firing with a large amount of natural gas . Melted
concentrate accumulates in the bottom of the furnace making a pool or "bath" about
four feet deep . The lighter components of the bath rise to the top making a "slag"
which is periodically skimmed off and is a waste product. The heavier (copper-
bearing ) part of the bath seeks a lower level and is withdrawn into ladles for
further treatment . This product is called "matte " and is composed primarily of
copper , iron and sulphur . As the slag and matte are withdrawn from the furnace,
more concentrate is added ; the melting process proceeds continuously .

The next step in the smelting process is converting the liquid matte into
metallic copper . Periodically , several ladles of liquid matte are transferred from
the reverberatory furnace to one of the converters , which are cylindrical furnaces
30 feet long and 13 feet in diameter ; low pressure air is blown through the liquid
material. Oxygen in the air unites with sulphur to form sulphur dioxide gas which
goes through the flue system to the chimney or stack . The iron in the matte is
also oxidized and when silica ore is added to the converter , the iron oxide and
silica combine to make a slag which is skimmed off and returned to the reverberatory
furnace . This process is repeated until a charge of "blister" copper ( about 50 tons)
is left in the converter .

Blister copper, which contains a small amount of sulphur , is transferred
from the converter by ladle and crane to a smaller vessel which is called an
"oxidizing " furnace . Air is blown through the liquid copper until all the sulphur
is removed , leaving in the copper a small excess of oxygen.

The copper is then transferred to the anode furnace where it is accumu-
lated for a twenty-four hour period and then refined by blowing a reducing gas
(reformed mixture of natural gas and air ) through the molten charge . The carbon in
the gas unites with the oxygen in the copper, thereby purifying it . When nearly
all the oxygen has been eliminated,, the copper is cast into 700-pound bars called
anodes which are shipped to El Paso where they are put through the electrolytic
process for further refining and for recovery of the small amount of gold and silver
that is carried with the copper through the smelter .



Gases from the reverberatory furnace pass through a pair of boilers,,
which make supplemental steam for use in the power house, AD gases pass through
a Cottrell Plant ., where valuable dust is recovered before the gases pass to the
chimney which is 360 feet high and 15 feet in diameter at the top .
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ARIZONA SECTION

A .I .M,E . .
MINING GEOLOGY DIVISION

SPRING MEETING : APRIL 25 ., 1964

SCHEDULE FOR THE DAY

9 :00-10 :00 A . M,

REGISTRATION
(The Recreation Hall in the Town Plaza at Ajo)

Coffee and Doughnuts will be Served by the Ladies of the WAAIME,
FOR THE CONVENIENCE OF GUESTS, MEMBERS OF THE AJO SUBSECTION WILL

WEAR GREEN NAME TAGS .

1 . "AJO IN THE

2 . "THE GEOLOGY

3, "ORE CONTROL

10 :00-12 :00 A, M,

TECHNICAL SESSION
(Recreation Hall)

10RMATIVE YEARS" By W. J . Thomas

OF THE NEW CORNELIA MINE" By D . W. Dixon

AT THE NEW CORNELIA MINE" By T€ R, Couzens

12 :00-1 :30 Pa. Ma

LUNCH
Luncheon Guests will Board the Mine Busses in Front of the Recrea-
tion Hall for Transportation to the Luncheon Where Mexican Food

will be Served

1 :30-1 :30 P .M .

TOUR OF THE NEW CORNELIA OPEN PIT MINE
(TRANSPORTATION WILL BE FURNISHED)

(Anyone That Wishes to Visit Other Areas of Interest
can Make Arrangements at Registration)

6 :00-7:00 P, MQ

COCKTAILS
(Recreation Hall)

7:00-9:00 PQ. Mo

DINNER
(Recreation Hall)

THE NEW CORNELIA BRANCH OF THE PHELPS DODGE CORPORATION IS PLEASED
TO SERVE AS YOUR HOST FOR THIS ONE-DAY MEETING
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LOG OF PIT TOUR

1 :30 P. M. START OF TOUR - Visitors will board busses at
the Restaurant immediately after the luncheon .

1 :30-3-000 P . Mo STOP NO . 1 - NO . 9 CROSSOVER ON THE 1500 LEVEL

From this point we will have a panorama of the west
side of the Pit, The Able Fault can be seen in the slide
area at the northwest corner of the Pit . In addition, we
will see a vertical sequence across the high grade tail
of ore in Rhyolite in the bank to the east, On the south
is leached Rhyolite, then Rhyolite with secondary Chalco-
citea then primary Bornite and finally Rhyolite with
Pyrite and Chalcopyrite on the north end .

3 :00-ks00 P . M. STOP NO . 2 - THE GRAVEYARD POWER LINE ON THE
1300 AND THE 1260 LEVELS

At this point the busses will leave the group . The
new shot to the south is in oxidized Monzonite and Rhyo-
lite, Native Copper and Oxide Copper minerals are com-
monly found just west of the Graveyard Power Line . To
the east, the Charlie Fault ends in oxidized Monzonite
breccia . As we move east ., we see a small intrusive pipe
in Monzonite . Following the mainline as it goes down,
we will see the-highly altered east side Monzonite at
the foot of the first truck ramp that we reach . Here we
will cross the mainline and walk in on the 1260 Level .
At the Graveyard Power Line the hard high-grade west
side Monzonite is exposed in the bank . Here we will
again board the busses .

!000.4 :30 P . M, STOP NO . 3 - THE ARKANSAS STUB LINE ON THE
1620 LEVEL . PASSENGERS WILL NOT DEBARK AT
THIS STOP .

At this point we will have a panorama of the east
side of the Pit . The small intrusion that we saw on the
1300 Level can readily be outlined from this point . The
steep southward dip of the locomotive fanglomerate is
readily visible from here . The sharp change in rock
character across the Charlie Fault can be seen in the
northeast corner of the Pit,

1 :30 P .M. STOP NO, 4 - RECREATION HALL .. TOWN PLAZA -
END OF TOUR
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Introduction :

This paper is a short summary of the literature concerning the

Ajo Mining District which was written during the past by others ; geolo-

gists., mining engineers and historians . Their names are familiar to

' most of us and it is from the words of James Gilluly, Ira B, Joralemon9

A . B. Parsons, and Thomas E, Farish that this story unfolds . With the

aid of a map prepared by the Rendall Reduction Co ., in the year 1908,

~, we are able to piece together this early history of Ajo .

,~ Location and Physical Features :

€€ The New Cornelia open pit mine, a property of Phelps Dodge

Corporation, is located at Ajo, Arizona, near the western end of Pima

County . The City of Tucson is 136 miles to the east on State Highway

86, Southward, 42 miles away, is the Mexican border town of Sonoyta,

State Highway 85 meets Highway 80 at Gila Bend, 42 miles north of Ajoa

I The region around Ajo is typical of the Sonoran desert section

€/ of the Basin and Range province . Average annual rainfall is about 9 .0

inches . Maximum summer temperatures range from 110 to 115 degrees

,r Fahrenheit., while minimum winter temperatures range from 39 to 17 de-

grees,

Early History.-

The date of the earliest mining activities in the Ajo Region

cannot be set with any accuracy, but they were probably later than

1702. Father Kino, the famed Jesuit priest, made extensive journeys

through these regions in the years between 1691 and 1702, but he

1 m



0
makes no mention of any mining at Ajo in his very accurate and detailed

descriptions of the country . Historical writers say that Spanish pros-

pectors from the Tucson Missions worked the high grade copper veins as

early as 1750 . Abandoned workings, rawhide ore buckets, and crude

tools provided evidence of the earliest attempts to mine small veins

of native copper occurring in the Ajo hills .

When the Gadsden Purchase made the Ajo area a part of the

United States in 185)4 , there was a rekindling of interest in explor-

ing the new territory .

From 1854 to 1859, the Arizona Mining and Trading Company made

the first attempt, by Americans,, to mine the copper deposits . High

grade copper ores of native copper and cuprite were hauled by oxen

and mule 'teams to Yuma or San Diego, and from these points it was

taken in sailing ships around Cape Horn to Swansea, Wales .

From 1860-1890 numerous attempts were made to exploit the high

grade vein deposits but failed due to lack of water and the difficul-

ties of transportation,

Period of MetallurGical Promotions :

Between 1890-19079 after these other efforts had failed, the

principals fell victim to a series of metallurgical promotions that

proved both bizarre and worthless .

The first of these visionary schemes was a smelting process

known as the Rendall Ore Reduction process . It was claimed that this

weird invention would treat all classes of copper ore including

oxides, carbonates, sulphides, chlorides, silicates, and arsenides

with equal facility . It was a shocking process in which a special

fluxing gas was to prevent the fusion of both metals and gangue rock .

Even so, the volatilized ore was to be plunged into a vat containing

- 2 -



water to shock it t into breaking up . The ore was then to be crushed

in an arrastrao As it turned out,, the plant' treated all ores with

difficulty and was a complete failure.

The next visionary scheme on the list was promoted by Profes-

sor Fred R, McGahan with his vacuum smelting method for ore treatment .

The smelter was a marvelous piece of equipment . The furnace itself was

a brick lined steel cylinder twenty-five feet high and six feet in

diameter . Supported on a steel frame were smaller horizontal cylind-

ers, to hold the oxygen and hydrogen gases that entered into the re-

actions . There was a powerful pump to maintain the vacuum . A be-

wildering array of pipes, guages and spigots stuck out from all sides

of the furnace . MoGahanQs marvelous discovery was that when the air

was pumped out of the furnace and ore fed in with a little fuel oil

and just enough oxygen to burn it, he could regulate the temperature

so accurately that all the elements in the ore would be melted, one

by one . First, the gold would melt and sink to the bottom, where it

could be drawn off through the lowest spigot . The next spigot was

for silver, and the next for copper, then one for calcium, then

sodium and silicon,, and finally, up at the top, spigots for oxygen

and hydrogen gas . After the furnace was once started, he could burn

the hydrogen again with the oxygen, and so get along without any out-

side fuel at all . Nothing was lost, and all the elements came out

absolutely pure,

The Professor achieved a number of things ., He condensed a

unique amount of pseudo-scientific nonsense in one invention; he ex-

ploded a dozen then-prevailing theories in chemistry and physics and

he dissipated the funds invested .
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A third visionary scheme cost the early stockholders another

$20,000 for a hydrofluoric-acid leaching process almost as fantastic

as the vacuum smelter . This promoter built a leaching plant that did

turn out a few pounds of copper, but at a cost of a dollar a pound!

Period of Scientific Error :

In 1907, pioneers had started production of a large tonnage

low-grade copper deposit at Bingham Canyon, Utah . Their theory was

that costs could be significantly reduced with the treatment of thous-

ands of tons of ore per day produced by using steam shovels to load

railroad cars in an open pit operation . It was predicated that costs

would be low enough to profitably mine 2% copper ore . Because of the

success of the experiment at Utah Copper Co ., the desert was alive

with engineers hunting for new porphyry copper ore deposits!

The map presented with this paper is part of one prepared by

the Rendall Ore Reduction Company during 1908 . This marks the period

of scientific error prior to successful development of the Ajo Mining

District,

Geologically, the area consisted of barren quartz monzonite

on the North . In the middle zone, the rock was a pyrite-rich rhyo-

litee Copper Mountain consisted of a group of three quartz monzonite

hills that out-cropped as an island in the rhyoliteo To the South

the rock was a poorly-sorted, well-cemented alluvial conglomerate .

Along the conglomerate contact the rhyolite carried a wide zone of

strong hematite and limonite stain . Many of the hills throughout the

area carried segregations of copper oxides (malachite) that varied

from 2 to 12% copper .
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The bulk of the area was held by three groups of owners .

Copper Mountain was covered by the claims owned by the Cornelia

Copper Co . The oxide-covered rhyollte hills were in the much larger

holdings of the Rendal]. Ore Reduction Co . The third group of claims

covered the small valley that separated the two oxide-rich areas

described above, This group was owned by the Childs family .

In the Fall of 1909, the Lewisohn Interests,, advised by JA

Park Channing, optioned a majority of the New Cornelia Copper Co .

' Stock, Seeley Wo Mudd and Associates optioned the Rendall property

and an English Syndicate took an option on the Childs claims . The

three groups began development about the same time .

1. . EnGlish Syndicate and Childs Group : The English group sunk

a shaft as we think., on the Hermosa claim . We do not know what phil-

osophy of ore-search guided the efforts of the English Syndicate that

sunk this shaft because the high-grade cuprite and chalcocite veins

mined before 1908 came from veins Southeast of the Childs claims,

The English found nothing in their area but high pyrite and low copper

mineralization,

2 Seeley Wo Mudd. and Rendall Proper: The Mudd group put

down four churn drill holes on the Rendall area . Two holes were in

favorable locations and two others were in the barren conglomerate

to the East . The dip of the high grade cuprite and chalcocite veins

on the Rendall property must -have guided the Mudd group in locating

their holes . This group missed the orebody by not drilling deeper

through the rhyolite on their favorable locations and by drilling the

unfavorable areas to the East .

3 . Jn Park Channing and Cornelia Copper Co o The Channing

group drilled five diamond drill holes on the fringes of Copper
A5



Mountain, This group located their holes in this way because no one

wanted to drill the hard, silicified, monzonite hills . Their reason-

ing was that the siliceous rocks were too impermeable to permit the

secondary enrichment necessary to produce the sought-for chalcocite .

Two shallow holes, Numbers 3 and 5, drilled by Charming developed a

small amount of low grade, siliceous malachite ore and several deeper

holes penetrated to underlying copper sulphides assaying 2-4% copper .

However, since Channingts work was in the lower ground surrounding

the hard silicified outcrops of Copper Mountain, he also missed the

ore deposit . Channing discontinued drilling because the little amount

of ore found was not enough to justify continued exploration .

All three groups missed the three hills of Copper Mountain that

contained the orebody, and due to the disappointing results of their

drilling, they allowed their options to lapse . After this burst of

activity the Ajo District returned to idleness .

Period of Successful Development :

In the Fall of 1911, John C . Greenway, General Manager of the

Calumet and Arizona Mining Coo ., on the advice of Ira B . Joralemon,

Geologist, optioned the New Cornelia Stock, and started diamond drill-

ing to prove more thoroughly what lay beneath the highly stained out-

crops of Copper Mountain . The initial drilling was favorable, so

test pitting was started to speed development and to check drill hole

results . All but 12 holes were checked by pits normally CEO to 50

feet deep . Drifting was also done in the sulfide zone to prove the

continuity of the ore between the drill holes . This work showed that

the silicified iron and copper stained hills of Copper Mountain were

the outcrop of a great low-grade copper orebody . Calumet and Arizona
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Q
drilled 84 diamond drill holes on the three green hills of Ajo between

December, 1911, and May ., 1913 . By September, 1913, an aggregate of

,~ 40 millions tons of oxide and sulphide ore had been blocked out . The

area covered approximately 55 acres and reached a depth of over 600

feet,

After the development of Copper Mountain was begun, an option

was taken on the Rendall property that Mudd had dropped . Greenway

drilled five churn drill holes 65A through 69A . Two of the holes,, 65A

and 66A, were located on the same coordinates as Mudd's "At' and "B"

holes respectively . Four of the five holes never left the conglomerate

and the assay reports on these holes were so discouraging that the

option was dropped . This property was then bought by a group organ-

ized as the Ado Consolidated Copper Coo and it lay idle until 1915 .

The option on the Childs group, dropped by the English Syndicate .,

was taken up by the United States Smelting Refining and Mining Co . A

few churn drill holes were sunk in this area . The results were un-

favorable and this option was also dropped .

In 1913, development work on the Calume t and Arizona property,

New Cornelia Copper Co ., was discontinued because no known practical

metallurgical process was available for treatment of the oxide ore .

Research on the problem was s tarted in 1912 and by 1915 a suitable

leaching method was developed .

By 1914, Joralemon had worked out the geology of the Ajo

District and in Augus t of that year he published the results of his

work . At this time he knew of the 2% sulphide orebody with its oxide

capping that made up the three hills of Copper Mountain . He also

knew that rich chalcocite and cuprite veins cropped out in the rhyo-

lite to the South and suggest ed that they might yield considerable
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tonnage, Since, the area had never shown favorable results with

drilling, he did not speculate further .

In 1915, the owners of the Rendall property,, Aj o Consolidated

Copper Co . ., started diamond drilling on the oxide-covered rhyolite

hills to the East of Copper Mountain and on the high-grade vein area

to the South of the New Cornelia property . This drilling soon out-

lined a large tonnage blanket of chalcdcite-bornite ore in this sec-

tion. After drilling 64 holes the Ajo Consolidated Copper Co . out-

lined the limits of the chalcocite zone in 1917, and in this same

year sold the property to the New Cornelia Copper Co . By this time,

New Cornelia had also purchased the Childs group to consolidate the

ownership of the Ajo District,

Recent History :

From 1915 to 1917, the New Cornelia Copper Co . had consoli-

dated ownership, built a whole mine plant, developed a source of

water, and started production in April of 1917 . In 1929 the New Cor-

nelia Copper Co . was consolidated with the Calumet and Arizona Copper

Co,, with which its affiliations had always been-close, and the new

company was merged with the Phelps Dodge Corporation in 1931 . The

Ajo mine now operates as the New Cornelia Branch of the Phelps Dodge

Corporation .

Elpilogue

All of the orebodies known today had been found by 1917 . The

great bulk of the ore remaining today, and the ore that has contribut-

ed to the production of the past 47 years, became so through the in-

creases in mining efficiency that has enabled management to progress-

ively lower the cut-off grade during this period of time .



This has been a brief chronicle of the making of a mine .

A disappointing prospect has been followed from the initial

discovery to the final outline of a low-grade orebody of many millions

of tons .

In ending I might note that the mine produced 17 million tons

of oxide copper ore from 1917 to 1930€ Sulphide ore production

started in 1924 and to January 1 . 1964, has yielded 247 million tons

of ore . This mining has required the removal of 287 million tons of

waste rock .

Initial mill capacity was 5,000 tons per day, The mill is

now treating in excess of 31,000 tons per day, and in addition, we

mine 55,000 tons of waste rock per 24 hours .

u1
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GEOLOGY OF THE NEW CORNELIA MINE

AJO, ARIZONA

By

D. W € Dixon, Engineer
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T. THE GEOLOGIC PROGRAM AT AJO .

Numerous references to Ajo are found in the geologic literature .

However, only four papers are based on any degree of field work in the

area . These are Joralemon (1914), Bryan (1925) . Ingham and Barr (1932)

and Gilluly (1946) .

In the years since 1934 when the last published field work was

completed, the mine has been deepened by 600 feet and many thousand

feet of prospect holes have been drilled .

During these years the geology maps have been revised at regular

intervals, and prospect hole samples have been identified and cata-

loged .

"In 1946-1947 the pit area was remapped in detail . Geological

cross-sections were then constructed , based upon this new work and the

prospect drill information that had been accumulated since 1934 .

Since 1960 a detailed pit mapping program has been underway .

This mapping has been conducted with the ultimate goal of working out

the structural history of the immediate pit area . During this period

a systematic drilling program was conducted in the pit area . This pro-

gram utilized diamond drills to recover solid cores . The cores were

carefully logged, and particular attention was given to characterist-

ics that would be significant to structural studies, A field log sheet

of a hypothetical drill hole that penetrates the chalcocite enrichment

zone is shown on page 2. The criteria found to be most useful were

rock type , hardness , evidence of oxidation and degree of fracturing .
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II . GENERAL GEOLOGY 0 0

Regional Se sting

The Ajo quadrangle lies between meridians 1120451 and 1130001

West and parallels 3201.51 and 320301 North. The New Cornelia Mine, in

the Little Ajo Mountains, covers portions of Sections 22, 23, 26 and

27 in Township 12 Soux h, Range 6 West of the Gila and Salt River

Meridian, An area map is shown on page 4 .

Physiography

There are two types of mountains in the quadrangle . The Little

Ajos are maturely dissected Sierra-hype mountains with sharp ridges

and peaks . Other mountains around Ajo are youthful mesas composed of

gently inclined blocks o .' massive lavas .

Strong pediments have been developed on the bases of the Little

Ajo Mountains . The narrow ranges are separated by broad,, detritus-

filled alluvial valleys .

Rock Types

The New Cornelia mine is located. at he east end of the Little,

Ajo Mountains, which are composed of rocks which range in age from the

Pre-Cambrian gneiss of the Cardigan area to the later Tertiary lavas

of Black Mountain . Very detailed descriptions of these rocks may be

found in Giliuly (1946) .

Structure

The Little Ajo Mountains are made up of a series of Milted fault

blocks . The fault block that includes the mine area is bounded by two

northeast trending normal faults - the Gibson and the Black Mountain

and the northwest trending Little Ajo Mountain fault .
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' The oldest of these is the Gibson Arroyo fault, a normal vault

,~ that has brought the Concentrator Volcanics down against the Cardigan

gneiss . Estimated displacement is about 4,000 feet,, and the fault is

I believed to be post-Cornelia monzonite0

Next in age is the Little Ajo Mountain fault which bounds the

I mountains on the north, trends about north 600 west, and dips steep-

ly north . It may have as much as l0 000 feet displacement . A rota-

tional movement along this fault tilted the entire mountain range about

50 degrees to the south .r
~, On the east the Little Ajo Mountains are cut off by the Black

I Mountain fault, a northeast trending fault,, that is exposed on the

west flank of Black Mountain. This fault, downthrown on the east,, is

I believed to limit the Little Ajo Mountain faulty at its eastern extrem-

ity*

- 5 -



r III. MINE GEOLOGY

Ao Rock Types

0 0
(Map on Page 15

Concentrator Volcanics

This is the oldest formation exposed in the mine area . It out-

crops along both the east and west sides of the pit . The exact strati-

graphic relationship of these volcanics is not known . They abut against

the older Cardigan gneiss along the Gibson fault and are intruded by the

Cornelia monzonite, both of which are unconformably overlain by the Lo-

comotive fanglomerateo The rocks vary in lithologyo They consist of

flows, flow breccias and tuffs . The massive flows generally crop out

in the center and north part of the mine . The flow breccias are found

along the south end of the mine directly under the fanglomerate . The

rocks range in composition from soft, dark gray andesites to white,

hard brittle rhyolites . Throughout the mine area and to the west the

formation is predominantly rhyolite with numerous irregular residual

patches of andesite0 In almost every case, deep drill holes in the

mine area bottom in rhyolite or andesiteo

Cornelia Quartz Monzonite

This rock occurs as hard, massive,, unaltered, grays equigranular

quartz monzonite throughout the Little Ajo Mountains and in the area

where it outcrops immediately north and west of the mine . In the pit

area it exhibits two very different facieso On the west side of the

mine the monzonite is very hard, massive ., porphyritic quartz monzoni€be

with strong silicification and minor sericitization of feldspars, On

the east side of the mine, the monzonite is a soft to medium-hard porn

phy€ritic quartz monzonite with strong sericitization and minor clay

alteration .

-6-
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Com eh a Quartz Diorite

This is the dioritic border fao.s s of the monzonite intrusion .

It occurs in the mine area in two distinct typos . On the east side of

the mine above the 1300 level the formation occurs as a modi= grained,

equigranular, dark gray quartz diorite . On the west side of the mine

the formation occurs as a border phase of the monzonite on the upper

levels. Here it is a finer grained diorite. In recent years, with

mining below the 1300 level, another body of diorite has been exposed .

This block shows as an island of diorite in e monzonite at the center

of the pit, It is generally like the west side diorite but is very

fine grained . .

Locomotive Fan lomerate

This is an alluvial conglomerate that rests on an erosion sur-

face that cuts all the older rocks in the area . It is a land-laid de-

posit, and it contains boulders of all the previously described rocks,

Many hundred feet in vertical sequence of fanglomerate are exposed in

the pit area, and it is very frequently in erbedded with the Ajo vat,-

canics o

joo Volcanics

These are a thick series of andesite breocias, flows and tuffs,

which are interhedded with and overlie the fanglomerate € They make up

a very large part of the rocks that overlie the old Tertiary erosion

surface in the mine .

-7-
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B. Nature of the Orebody

The New Cornelia orebody lies in the apex of an offshoot from a

quartz monzonite stock to the west" . The mineralized part of the apex

is about 3/4 of a mile wide and 1 i/.i miles long . The deposit is mined

by an open pit that is roughly ellipticall in plan . The long axis of

the pit trends about north 30 degrees west . The vertical range of min-

ing extends from about 2000 feet elevation to 1140 feet elevation at

the present bottom of the pit . The pit encompasses the entire width

of the mineralized monzonite apex and cuts deeply into the Concentrat-

or Volcanics rhyolite that served as host for the intrusive monzonite0

On both sides of the apex, a fine to medium-grained border facies of

quartz diorite fringes the monzonite .

The plus 0,8% copper ore zone follows the long axis of the pit

and at the south end turns abr .ptly to the east . After making this

turn, the copper mineralization disappears about 1,000 feet east of

the long axis of the pit . To the east of the pit axis, the ore con-

tains less than 0 .6% coppers is can be seen on the plan view of

the 1020 level on page 9 m

Generally,, the values are concentrated in the monzonite and to

a slightly lesser degree inn the quartz diorite, As the monzonite-

rhyolite contact is crossed, the disseminated mineralization becomes

restricted to microf ractures which soon become barren, The apex of

the monzonite has a known floor where the rocks revert to rhyolite

and aTidesite . This contact limits the economic mineralization in

depth. Only in the plus 0,8% ore zone that hooks to the east does

the rhyolite carry significant values. To the north, mineralization

ends at a pre-mineral fault and to the south it is cut off by the tip

of the apex that was truncated by erosion .
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' C , Structure

' The detailed mapping of structure and rock types in the pit,,

along with study of drill cores, has shown the existence of a series

€ of well defined faults in the pit, These are shown on the Pit Geol-

ogy Map .

The faults are listed in heir estimated chronological order .

1
Able fault

This is a very strong pre-mineral fault that cuts across the

I northwest corner of the pit . The fault strikes north 400 east and

dips about 600 southeast, Economic mineralization is found in the

I hanging wall of the fault . Across the fault the mineralization drops

' to 0,2% copper,, then to 0 .1% and within a few feet to traces of cop-

per . This is the same fault that Gilluly shows extending westerly

I from the pit in plate 21 of Uo S o0 o S • Prof. Paper 209, A zone of

' strong hydrothermal alteration about 20 feet wide follows the fault

surface. This fault limits mineralization to the north and the north-

' west .

' Baker fault

' This i s a small fault in the southwest corner of the pit which

strikes about north 8C• east and dips about 25‚ southeast, It has

~!. offset the m.onzonite-rhyoi ,te contact about 400 feet to the west and

is cut off to the east by the Charlie fault .

Charlie fault

This is a major fault that extends from the northeast rim of

' the pit southwesterly to the bottom of the pits thence southerly

' along the pit axis almost 'to the fanglomerate contact where it is cut

10



off by a northeast trending fault . It has a dip varying from 4€o to 650

to the east, and is by far the most significant fault in the pit, The

rocks in the footwa l of this fault are -hard massive monzoniteo usually

containing chalcopyrite-bornite mineralization and minor amounts of

pyrite . These rocks show heavy fracturing in some areas near the fault .

At the south end where the fault is cut off,, the footwall . rock is a

monzonite brecciam The rocks in the hanging wall block are a complex

mixture of diorite, rhyolite and monzonite• They are much softer than

the footwall rocks and invariably show much more intense hydrothermal

alteration . The mineralization in these rocks is pyrite and chalcopy-

rite with rare borniteo The block is cut by innumerable subsidiary

faults that roughly parallel the main fault and dip at moderate angles

to the east . It is striking to see the large number of similarly ori-

ented parallel faults on the east side of the pit as one proceeds from

the bottom to the east rim of the pit, This block shows another unique

structural feature, a flow sheeting that occurs indiscrii h ately in all

rock types . It is sometimes so strong as to form groups of chevron

folds in the solid intrusive rocks .

At one point in the northeast corne r of the pit, the Charlie

fault cuts across a monzonite bank . The monzonite in the footwall is

hard and -massive with no evidence of folding, sheeting, jointing or

cleavage planes . Mineralization is chalccpyrite . Ten feet away in

the hanging wall of the fault, the same rock Hype,, monzonite, i s soft,

has strong hydrothermal alteration, is abundantly folded due to sheet-

ing and the mineralization is pyrite with minor chalcopyrite, Much of

the apex has been mined out, and the drill logs are not sufficiently

detailed to reveal what spatial relation the soft ., highly-folded in-

- -



S
'' tr ,sives of the east side originally had to the hard,, massive intru-

sives of the west side,

' Dog fault

The tip of the monzonite apex and its accompanying rhyolite capp-

ing were leached in middle Tertiary . Oxidation and enrichment extended

' to about 600 feet . After substantial enrichment., a low angle fault

(250) that roughly paralleled the erosion surface shifted the rhyolite

' capping and the accompanying chalcocite blanket about 1,200 feet to

the southeast . The fault is shown by extensive brecciation encountered

in drill holes that penetrate under the chalcocite blanket, The fault-

/ ing occurred in rhyolite which shows very abundant fracturing . The

I rhyolite and minor monzonite in the chalcocite zone immediately above

is massive and hard and totally without brecciation . This fault ac-

' counts for the geometrical configuration of the +0,8% ore zone to the

east as shown on the plan view of the 1020 level,

The following features support this theory .-

1 . The displaced blanket has a width, in so far as drilling in-

formation is available,, that matches the width of the truncated tip of

the monzonite apex .

20 The oxidation products over the chalcocite zone in the rhyo-

lite lite are similar to those in the monzonite zone except that the latter

has a larger concentration of hematite . Primary chalcopyrite is known

I to be more abundant in the monzonite than in the rhyolite,

' 3, The depth of leaching in the rhyolite is about 600 feel., but

in the monzonite it does not exceed 150 feet . This discrepancy sug-

gests two periods of enrichment since the monzonite is probably more

I permeable than the rhyolite,

12 -
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4 . The rhyolite in the +0 .8% ore zone to the east is massive .

if it were assumed that this zone was a recemented breccia and that

the mineralization came in prior to recementation, 'there would be no

reason to expect the zone to feather out towards the main orebody as

it does . This can be seen on the plann view of the 1020 level . Like-

wise, the width of the zone would not be expected to match the width

of the apex. Finally, mineralization would be concentrated on frac-

ture planes, but this is not the case,

5 . The monzonite in this easterly ore zone is exactly like

the hard, massive monzonite in the apex to the west .

6, Numerous bodies of diorite are found on the west end of

the easterly +008% ore zone . This diorite megascopically resembles

the hard, black, fine grained diorite that fringes the west side of

the monzonite apex,

Easy fault

This is a strong, almost vertical north-south fault that off-

sets the fanglomerate at the southwest corner of the pit . The ver-

tical displacement on the fault appears to be about 700 feet with

the block on the west being faulted down . There has been about 700

feet of movement to the north for the west block as measured in plan .

Fox fault

This is one of a group of late faults that strike north to

northeast and dip about 300 east, It can be traced from the south

rim of the pit down to the Tertiary unconformity where it offsets

the fanglomerate-monzonite contact about 100 feet in plan . At this

point the fault cuts off any easterly extension of the Charlie fault .



' The fault then trends northeasterly at a decreasing dip and is lost in

the complexity of the east side rhyolite and, diorites

George fault

This is a very strong fault of northeast trend that is first

yen at the southeast corner of the pit . It dips about 600 to the

Lst at this point, cuts across the east fringe of the pit, thence

-'ross the west slope of Concentrator Hill and is lost in the alluvium

the north . This fault is known to have as much as 1,000 feet of

:rtical displacement as rhyolite on the west side of the fault has

?imary pyrite at the surface and rhyolite on the east side shows

Lmost 1,000 feet of leaching before sulfides are reached . The fan-

Lomerate-rhyolite contact is offset about 600 feet where it inter-

:cts this fault. On this basis, it can be estimated that the amount

horizontal displacement on the fault is at least 600 feet .

- 14
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! r
Ea Ore Controls

The primary ore control appears to have been the line of frac-

turing on the long axis of the pit . This is the so-called pegmatite

I axis and it corresponds with the zone of +0 .8% copper mineralization

I except where the zone is offset to the east . The offset block of ore

appears to be a faulted segment of the tip of the apex .

If this is true, then the picture becomes one of a fracture

zone through the center of the apex which allowed the spread of

mineralization laterally in the highly fractured monzonite and to

€ the very tip of the apex which at the time was covered by a rhyolite

capping . Strong bornite mineralization probably penetrated several

• hundred feet into the rhyolite above the apex .

F, Supergene Enrichment

There were two widely separated periods of oxidation and enrich-

ment at Ajo‚ The first period of oxidation came in Middle Tertiary

when the rhyolite capping was oxidized to a depth of about 600 feet .

As would be expected.. only a minor amount of chalcocite formed in

the rhyolite where primary mineralization was weak, In the small

area of rhyolite that overlaid the monzonite apex, the strong bornite

I mineralization yielded a considerable thickness of chalcocite enrich-

went which merged gradually in depth with primary bornite mineralization .

After faulting displaced the rhyolite capping,, the monzonite

I which was exposed at the tip of the apex carried strong bornite and

I chalcopyrite mineralization . Oxidation of this zone yielded an oxide

zone with very abundant hematite and minor cuprite which changed in

I depth to chalcocite and finally to bornite and chalcopyriteo The only

I
- 16 -
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copper carbonates or silicates found in this area occur in the oxidized

part of the surrounding rhyolite as chrysocollaD shattuckite and mala-

chite,

The second period of enrichment was on the present erosion sur-

face . Here the oxidation yielded malachite and chrysocolla to an

average depth of about 50 feet, There was very little migration of

copper values during this enrichment which took place over the ex-

posed monzonite that carried strong bornite-chalcopyrite mineraliza-

tion, In the rhyolite areas a slight amount of downward migration

of copper occurred . The copper redeposited as sooty chalcocite0

The pyrite was unaffected but with exposure to the atmosphere it is

now beginning to break down, In these areas secondary chalcocite

is occasionally associated with high concentrations of pyrite, The

yellow ferrous sulfates are extremely common .

m '7



IV. GEOLOGIC HISTORY

The decipherable history of the Ajo area actually begins with

the formation of the Pre-Cambrian basement gneiss that presumably

underlies the mine area . Since this is treated in exhaustive detail

in Gillulyrs paper, it will not be reviewed here .

The oldest rocks in the mine area are the Concentrator Volcan-

ics, which were Cretaceous flows that were deposited on the basement

gneiss . After being chloritized, albitized and sericitized the for-

mation was intruded by the Cornelia Quartz monzonite in early Tertiary .

The copper orebody is localized in the apex of an offshoot of the large

monzonite stock to the west . At the time of intrusion, a border

facies of quartz diorite developed around the apex . Soon after con-

solidation, north-south fractures developed in the apex . These were

filled by orthoclase-rich pegmatites . The mineralizing solutions

chloritized and sericitized the apical rock and deposited the copper

sulfides .

Following the mineralization, the Gibson fault dropped the hang-

ing wall block several thousand feet . The mineralized apex was in this

block. After long erosion the rhyolite capping was removed to within

about 500 feet of the tip of the mineralized monzonite apex . During

this period leaching penetrated about 600 feet into the rhyolite and

underlying monzonite . This leaching caused secondary enrichment in

the rhyolite capping over the apex with the formation of a chalcocite

blanket, Then a low angle fault shifted the rhyolite capping about

1,200 feet to the southeast . This movement exposed a small area of

monzonibe at the tip of the apex . This area was along the pegmatite

axis and carried strong chalcopyrite-bornite mineralization . For a

- 18 -



shorter interval of time, a brief period of enrichment followed and

allowed leaching to a maximum depth of 150 feet . In some areas mon-

zoni€te with primary mineralization occurs on the old erosion surface,

directly under the fanglomerate . Enrichment was brought to a quick

end by the deposition of the rapidly accumula wing fanglomerate and

the interbedded Ajo Volcanicsa

After deposition of the fanglomerate, the northwest trending

Little Ajo Mountain fault developed and tilted the entire Little Ajo

Mountain block about 500 to the south . There is direct evidence for

this in that the unconformity upon which the fanglomerate rests has

a consistently high dip to the south along the rhyolite-fanglomerate

contact in the mine area,

I Once again after prolonged erosion, the mineralized monzonite

apex was exposed at the surface . This time the surface exposed was

essentially what would have been a vertical section through the center

of the apex in the original orientation . With this exposure the at-

mospheric moisture content was so low that oxidation occurred only in

zones of strong mineralization, and there sulfides were oxidized to

I carbonates with little migration of copper .

19 -



V, SUMMARY

In the past few years, the geology of the New Cornelia pit has

been reviewed, A fault pattern, based on current mapping and drill

I hole data, was worked out .

The pit rocks fell into two groups - divided by the Charlie

fault . This is a north-south fault that dips steeply to the east and

passes through the center of the pit . The rocks on the west side, in

the footwall of the fault were hard, massive quartz monzonites with

bornite-chalcopyrite mineralization and weak hydrothermal alteration,

The rocks in the hanging wall block, on the east side of the pit, were

soft quartz monzonites, quartz diorites and rhyolites with abundant

flow sheeting and strong hydrothermal alteration . Mineralization is

pyrite and chalcopyrite . In spite of the diversity in rock type,

the east side of the pit is a structural unit with similar mineralogy

and hydrothermal alteration .

A plus 0 .8% copper zone occurs in the displaced block at the

southeast corner of the pit, This block consists of massive rhyolite

with secondary chalcocite deposited with primary bornite€

- 20
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INTRODUCTION

Ore control is the process of distinguishing between ore and

waste., while mining., and insuring that a blend of ore of the desired

character and content is sent to the concentrator . There must be a

daily detailed examination of the material being mined and the material

immediately available in order to determine its destinaw:ion and to plan

further mining . Ore control involves continual sampling of the rock as

a t is exposed., it involves keeping detailed production records, and it

involves presentation uc management of information that will enable the

producers to maintain a steady flow of ore . Achieving this steady

flow requires a team effort ; the informational side of the effort is

provided by engineers, laboratory technicians, and samplers ., and the

planning and producing side is provided by the mine management and

engineers

The importance of ore control is obvious from the standpoint

ofproducing a given amount of copper concentrate . At the Phelps Dodge

Corporation's New Cornelia Branch at A j o9 a further control requirement

lies in the fact that the smelter does not blend

lies on the daily concentrator output for feed .

Lion must be such as to keep the smelter adequat,

cenWrate0 This requires frequent reappraisal of

the framework of monthly ., yearly., and long range

ore must be developed in a way that will prevent

the smelter .

concentrates, but re-

Therefore, ore produc€

ply supplied with con-

mining plans within

estimates . And the

serious imbalance at

m



THE ORE CONTROL MAY

Ore control begins with a map,, An assay map of the mine is

maintained at a scale of 1 inch to 100 feet ., showing the toe and crest

of each bench and the location of prospect holes, blastholes, survey

stations ., and such culture as railroad tracks and power lines . Each

month the toes and crests are surveyed in active mining areas and the

map is revised . Along each bank are depicted the drill holes and their

assays that are taken to represent the material that could be mined

from the bank . Copies of this map, showing the estimate areas for the

month,, are issued to operating departments . A representative portion

of this map is shown in Figure i,

The ore control work map is kept in the mine engineers' office .

New blastholes are plotted on it daily, and as assays are received from

the laboratory they are entered in the proper circles on the map . Load-

ing tracks are stationed and marked at 50 foot intervals, the even 100

foot stations are located with transit and stadia rod, and the track is

plotted on the map . This track stationing serves as a valuable tool in

the field work of ore control ; it enables the engineer to locate accur-

ately the digging pits where the shovels are working, it enables him to

find points of critical assay information in the field so that regions

of ore and waste can be staked out for the production men, and it is

very useful in mapping geological data . By the end of the month the

ore control map has become a graphical history of the month's mining,

a record of drilling and blasting, locations and progress of the shov-

els, successive positions of work tracks, and accumulated assay and

geological information .

2



k U

y +

J~ IC

V 6JV

~IC~UR ~ . A SECT~oN of Tare O co^17 eJL /MAP.



SAMPLING AND DETE:F KING ORE AREAS

When the time comes to mine a section of bank, areas of ore and

waste are determined by the use of blasthole assays . Most of the holes

in the orebody are 12 inch diameter holes made with rotary drills . The

drill crew sets a wedge-shaped sample collector against a short length

of casing placed at the collar of the hole and this sample collector

receives about 1/44 of the cuttings as they are blown out of the hole .

They withdraw the collector when the depth to -the next level is reached

and samplers repeatedly split the cuttings until they have reduced the

sample to about ten pounds . An engineering crew assigns matching num-

bers to the holes and samples, locates the holes and plots them on the

map . When the assays are entered in the circles that denote the holes,

the decisions can be made as to which portions of the blast are ore and

which are waste .

There are two cutoff grades now used at Ajo, one for the major-

ity of rocks and a higher one for the hard, west side rhyolite . Sulfide

material with slightly less than the cutoff grade of copper is desig-

nated "marginal ore" or "lean ore" and is stockpiled on special dumps

for possible future classification as ore . Thus for production purposes

there are three kinds of rock : ore, marginal ores and waste,

I In the main part of the orebody, where the rock is character-

ized by a low grade disseminated primary mineralization, the separation

between ore and waste is made on the basis of "two hole segregation" .

That is, the average of two adjacent assays must equal or surpass the

cutoff grade to indicate ore . Each assay is given influence half the

distance to the next assay . A line drawn midway between holes and per-

pendicular to the track shows the track station at the point of change .
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At this point the engineer places a metal tarp near the track to noti-

fy fy the foremen and operating crews that a change is 'to be made in the

destination of the material,, Other aids in determining ore are pros-

pect drill logs, which often yield information that supplements blast-

hole assays, and composite level maps, which show all holes and assays

since the level was begun . Both of these tools are more used in esti-

mating than for production .

Special situations, usually on the fringes of the orebody, call

for less statistical approaches to the problems of separation . Visible

distinction between mineralized zed and unm nera ized rocks barren dikes g

and isolated veins are examples of features for which an average of

assays may not be the goverl ng criterion for milling or wasting . Such

occasions, however, relate to only a tiny fraction of the total ma-

terial mined; they are dealt with by decisions made after examination

of the broken material . Copper oxides, carbonates and silicates, sooty

/ chalcocite, and tome native copper are examples of mineralization that

may lead to wasting of the rock regardless of the total copper content .

Such rock requires closer study than the ordinary sulfide "porphyry"

material , by panning drill cuttings,, by analyzing nor oxide copper,

and sometimes by batch flotation tests . Whenever the evidence indicates

that recovery will be too low to warrant milling,, the rock is sent to

the lean ore or wast e dumps . A small part of this kind of material is

sometimes salvageable as smelter flux, if the silica content is high

enough .



PETOGRAPHIC DESCRIPTIONS

Between 1957 and 1960 a series of bulk samples were taken from

different parts of the pit for metallurgical testing in the pilot plant .

Some of these samples were also the subject of petrographic study .

Megascopic description of the rocks was followed by microscopic study

of thin sections and polished surfaces . Concentrates from these samples

were also studied in, polished specimens and the minerals identified in

the non-opaque fraction of each concentrate .

The quartz monzonites are holocrystalline porphyritic intrusives

with phenocrysts averaging 3 millimeters in size . In the phenocrysts

plagioclase is most abundant ., followed by quartz, orthoclase, and chlor-

ite .

The quartz diorites are hypidiomorphic granular-textured rocks

with numerous quartz veins . The grain size is generally less than 2

millimeters .

The rhyolites are holocrystalline and porphyritic with quartz

and orthoclase phenocrysts under 2 millimeters in a microcrystalline

groundmass .

Mineralization in these rocks is disseminated throughout the

rock and also distributed along veinlets, The monzonites tend to show

predominantly disseminated mineralization associated with the quartz-

orthoclase matrix . The diorites, and the rhyolites9 feature more

prominent distribution of sulfides along veins and small cracks as well

as some disseminated distribution .

€ 6 -



Principal, ateration products are seri€ e . and clay, chi orite

and minor leucoxene and rutile e Calcite and, to a lesser extent ., gypsum

are present in veinlet s and filled cavities .

The mine naturally divides into two major parts corresponding

with the structural units of the orebody . All three rock . types are

represented in both parts . There are the generally hard, massive west

• side rocks with hydrothermal alteration estimated at about 20% of the

volume . Their average borniteochalcopyrite :pyrite ratio is about 3 .2 m

1,0 : 007 . The other group is composed of soft ., altered rock from the

i east side of 'the pit ., characterized by hydrothermal alteration of about

40% and a borniteochalcopyrite :pyrite ratio of 0,1 : 1,0 : 1@1 . The

orthoclase content is about the same in these two groups of rocks, but

in the non opaque part of their concentrates the orthoclase fraction

' from the east side was about twice that from the west side .

Figure 2 is a map of the pit showing sulfur :eopper ratio con-

tours . Thousands of blastholes have been assayed for sulfur in the

' last several years and it can be seen that- these ratios outline the

' high pyrite zones in the mine, From the pilot plant tests the metal-

lurgists have discovered an empirical relationship between the sulfur :

copper ratio of the ore and the expected iron : copper ratio in the final

concentrate . This relationship has value in predicting amounts and

• composition of concentrates to be produced by various ore shipments .
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ORE CONTROL ENGIN€ S DUTIES
•

The ore control engineer visits each shovel every morning,

examines the rock in the digging pit and ahead of the shovel, and notes

the track station of the pit or otherwise locates it as accurately as

possible . Returning to the office, he plots the shovel positions on the

map, including shovel moves and changes of direction . By averaging as-

says between shovel positions, with occasional weighting of assays ac-

cording to tonnage factors for different bank heights or digging condi-

tions, he figures an ore and waste grade for the material mined by the

' shovel during the preceding day. Using tonnage figures derived from a

count of the cars loaded ., he calculates the total grade of ore mined

• and the cumulative grade for the month to dated This calculation serves

' as a continuous check on mine sampling because the mill feed is thor-

oughly sampled during processing . Figure 3 is a graph of the cumulative

• mine and mill grades during an actual month . Some indication of the lag

between mine and mill can be seen as well as certain vagaries that are

hard to understand, but the overall agreement, particularly late in the

month when many days are represented., is typical . This agreement allows

confidence in the mine blasthole sample results . In 1963 the largest

discrepancy between end of month mine and mill grades was 0 .008% copper .

• The average discrepancy during 1963 was 0 .003% copper,

' The daily mine report is completed before noon and contains the

€, following information-,

Pit map coordinates of the shovel locations at the beginning
of day shift.,

Grade and tonnage of material mined by each shovel during the
preceding day,

-9-
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Grade and tonnage of material mined bySacn, shovel for the
month to date,

Cumulative totals of tonnage and grade for the day and month
to dates

Hardness and size description of ore,

Geological description of ore and waste .

' This daily report is typed and distributed to company officials

concerned .

Tonnage records are kept by levels for each of nine combinations

€ of rock type and mineralization . The three major rock types -- quartz

monzonite,9 quartz diorite, and rhyolite -- are each divided into three

classifications according to the sulfide minerals present . These cate-

r gories provide for a predominantly chalcocite-bornite type, a chalco-

' pyrite-bornite-pyrite type, and a chalcopyrite-pyrite type, of minerali-

zation . The value of this kind of produc tion reporting for ore control

work is that it permits correlation of the concentrator's performance

with the character of the ore as an aid in making metallurgical predic-

tions .

€ After the daily report is submitted,, the ore control engineer

prepares a line-up for the general mine foreman . This line-up is a

prediction of the grade and character of material available for the

three following shifts and aids in making the shovel working assign-

ments . A similar line-up is prepared for the concentrator metallurgist

_ indicating the sulfur : copper ratio and milling characteristics of the

ore to be mined .

The remainder of the ore control engineer9s time each day is spent

in preparation for the coming days mining . He makes additions to the

€ map to bring it up to date with respect to assays, track moves,, and

€ newly exposed geology . He places targets in the mine to show areas of

I.



ore, marginal ore, and waste . In all this wo 3'~k he is in frequent touch

with shift foremen and other interested production men .

ORE BLENDING

Ore blending is achieved by working shovels in various combina-

tions of ore types . There are fourteen shovels at Ajo, and twenty-two

shovel shifts are worked each day, Some of the shovels are confined to

stripping operations, others are almost entirely worked in ore, while

others are in mixed areas where they mine both ore and waste . Except

for minor variations because of surge in the ore bins or crusher down-

timei two shovels work in ore on day shift and three on each of the

night shifts for a total of eight shovel shifts of ore in each twenty-

four hours . Shovels must be worked in relatively high grade areas as

well as in lower grade areas in a balanced manner that will contribute

to the systematic development of new ore .

In a daily conference with the general mine foreman, the ore

control engineer points out the location of the shovels with respect

to the assay information, The general mine foreman assigns the shovels

to be worked each shifts guided by the ore control engineer's line-up .

Of course, these assignments depend on operating requirements such as

necessary maintenance of equipment,, track construction, and drilling

and blasting . Metallurgical and physical properties of the ore are

also factors ., but blending to maintain the daily and monthly grade is

of primary importance,
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USES t_3. F ORE CONTROL INFORMATION 0

r The informational aspect of ore control work is of value in

€ estimation of future production . For example., the empirical relation-

' ship between the sulfur :copper ratio in the ore and the iron :copper

' ratio of the concentrate is used both in daily predictions and in

longer range estimates of concentrate production . Extrapolation of

' assay information often hinges on geological contacts which are kept

' up to date on the map by the ore control engineer. Production report-

ing brings to light special milling problems of different rock types

' and mineral groups . All of this information that accumulates during

daily ore control activities is available to the engineering depart-

mOnt for use in intermediate and long range planning and, together with

prospect information,, furnishes knowledge that contributes to the

profitable exploitation of the orebody,
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