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THE CLEVELAND·CLIFFS IRON COMPANY 
INTEB-OFFIOE LETTER 

MINING DEPARTMENT 
May 31, 1967 

SUBJECT: 

REFERENCE: 

Dear Bob, 

Attached is a copy of the metallurgi cal results on the iron 

sample that we picked up that day at the Iron King Mine. 

Results are quite good a.s you can see, however, this was 

evidently a sample of high grade. Never the less the 

libera.tion and concentration characteristicS' are (fuite good. 

Jim Villar ha s initiated a study with ALLIS-CHALM~RS 

concerning the best systems and capital cos s. I recommended 

th~t either Hugh Leach or someone from the ore sales depart-

ment vis1t Arizona and ev~'~ the rna ket potential. 

I will keen you~formed of any develonments. I'm also 

ex-nect1ng some wor ' on the Mexican project very soon. 

S1ncerely, 

JDO/re 

;-L V{j~··. 

REFERRED ro. _____ . _____________________ . ________ . ________________________ _ NOTED ____ ._ .. _ .. ____________ ._~-----.-_._. _______________ . .,.. __ .. _._ ... 
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March 9, 1967. 

Mr. John D. Ortman 
The Cleveland-Cliffs Iron Company 
Ore Mining Department 
tshpeming~ Michigan 49849 

Dear John: 

Re: Iron King Mine 
Gij~ ( co.~ Arizona 

In answer to your letter Of Mareh 2* it seems your plans 
will fit mine very well. I intend to leav~ for Mexico on Frl- ' 
day and be back the latter part of the month. 

So far as the Iron property is conc.rned, I expect to have 
all plan geology maps4' cross sections and other data prepared 
and available. There are many trenches and 14 drill holes from 
which data is available to support our section and outcrop data. 

I doubt if it will be nece$sary to 'dO much field work on 
the Iron King Mine; however~ there are some other prospects 
that would be subsidiary to a direct reduction plant in the 
Globe area. I am also checking on a small coal freld thirty 
miles south of Globe where the U.S.G.S. estimates thirty mil
lion to,ns recoverable anthracite coal bYllnderground mining. 
You might advise Jim Villar of this because it may make a 
di tference in the method of r!duct ion used. 

You afe welcome to use my Jalander but perhaps it would 
be wise to bring some batteries or order some to be sent here. 
I would appreciate your sending the address of the battery 
manufacturer. We will be looking forward to you and Jerry 
coming to Prescott and. I hope we can work out sOlllething mutu
ally advantageous on this and the uranium venture. 

Sincerely, 

RF/pC 

.' I 

.1 t 





... .. 

E . B . JOHNSON, MANAGER, MICHIGAN .MINES 

S . W. SUNDEEN, MANAGER. RESEARCH 8c ORE DEVELOPMENT 

J . W . VILLAR, ASS' T . M _ANAG·ER. RESEARCH AND ORE DE~ELOPMENT 

Mr. Robert B. Ford 
Box 2337 
Prescott, Arizona 

Dear Bob: 

ISHPEMING, MICHIGAN 49849 

March 2, 1967 

In checking with Jerry Anderson, I find that he will be tied 
up on business in Ishpeming the latter part of March. We 
are tentatively planning on a trip to Arizona to examine your 
iron deposit immediately after the 1st of April. Please advise 
if this fits in with your schedule. 

I am considering doing a few days field work on the prospect 
if it appears justified and wonder if your Jalander would be 
available for this. Let me know your thoughts on this. 

Best personal regards to you and your family. 

JDO:kmh 

Sincerely, 

c ~ Q (!);:t:;:La-. 
c; ohn D. Ortman 

Geologist 
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550 W. Fort Str.etDetfoit, MIchigan 

Coolidg., Arizona 
March 1, 1967 

Mr. Herb 1l.iller 
2&71 Sky Harbor Boulevard 
Suite 1 · A 
Phoenix, Arizona, 85034 

Dear Herb: 

t 

I just talked with two Ford Motor Company executivea who are 
old friends of mine ~d acquainted with our process. 

Robert L. Bodor, director of M1ning Properties and his assis
t ant Jim McNelis. were in Longviw when plant runs were made tor 
several steel companies and a180 at Coolidg,. McNelis ls now man
ager of Mew Developments, an imlortant job, of course. 

As you know" Cleveland Cliffs and Ford Motor Company have sev
eral joint ventures in developing ore bodies, concentrating and 
pelletizing plants; Fprd for its own Use and Cleveland Cllffs for 
the market. At one plant alone Ford ls Ill8king pellets at the rate 
of 2 million tons a year (yesterday they made 6,000 tons). He 
has wide aaquaibtanc with steel and mining people in the U. S. 
and abroad and makee frequent trips to Europe , Asis, Australia, 
Japan or what have you. On Ford's part he heads the joint ven
tures with Cleve : and Cliffs. ~_ ~ I~ D 

As I also knew from othet" sources, he said that Cleveland 
Cliffs is eagerly and anxiously looking fir a practical process 
to tum the hot pellets concentrates into welt reduced sponge i .ron. 
This is most urgent. he said. "But so are we that is Ford) and 80 
are all other steel and mining companies who make pellets". Very 
soon pellets will be ~ed at the rate of 50 million tons a year. 

He urged me to see them and also Cleveland Cliffs. He gave me 
names of officials of C. b. I sh ·uld talk with and 8aid he would 
arrange for a meeting. He, with friends at Fords and with others 
of st.el companies often speak. of me and my process. He wants to 
see. me. 

He and the others are now convinced that all direct ";h94 
reduction processes are failures. "except Madaras" and tnat the 
flu1di.ed bed 1s just about the worst. In general he was the most 
frank and wants to be helpful. 



Mr. Herb M11le~ 

page 2 

As to which engineering company they would prefer, he says 
they are a dime a d02en, any of them can be good if we choose 

right. He commented that the engineering company would need to 

carry out the design under my supervision and of course · at their 

Qwn responsibility. The design 1s always (ent out to buIlders for 
construction on a turn key basis. It is done on a 100% guaranty 
bais. 

sinhe 1y 

Uh 
Ju us D. ~aras 

copy fo r;. ~1r. Ford 
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PRELIMI NARY REPORT 

I RON KIN G MIN E 

Gila County, Arizona 

and 

NOTES ON REDUCED IRON FOR COPPER PRECIPITAT)ON 

By 

Robert Ford, Mining Geologist 
Prescott, Arizona 

May 9, 1967 

Including Separate Folder of: 

General Property and Topographic -Map, 1" = 300' 
Geologie Plan Map, 1"= 100', "South Ore Body" 
Geologic Plan Map, 1"= 100', "Nor-th Ore Body" 
Crpss Sections, 1"= 100', "South Ore BOdy" 
Cross Sections, 1"= 100', "North Ore BOdy" 
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Preliminary Report 

I R ON KIN G ~1I N E 
-

Gila County, Arizona 

an,d 

Notes on Reduced Iron for Copper Precipitation 

INTRODUCTION AND SUMMARY 

Widespread occur~ _ 

ences of hem~tite and magnetite as contact replacements' of Precambrian 
Mescal limestone associated with diabase intrusive sills are in Navajo ' 
and Gila Counties, Arizona. These medium to high grade i ron replace~ 
ments have been inferred, in 1945 (5), to contain fourteen million 
tons, averaging forty-six percent (46%) iron. That this estimate is 
L'wefully inadequate is evidenced by the fact that the Iron King Mine 
alone, the subject mine, contains an estimated potential of about ten 
million tons of high grade concentrates. More than thi rty replacement 
deposits are known to exist in the same general area (2) subsidiary to ' 
a contemplated direct-reduction plant in the town of Golbe or of Miami, 
both in Gila County, Arizona. . -

Many of these re
placement deposits have been investigate'd by the writer. From the ,/ 
standpoint of reserves, availability, and access, the Iron King Mini 
is considered the most important. That ~ine, consisting of thi rty- , 
eight unpatented claims is under option. " 

lOCA TI ON 

The Iron King Mine -
is located between Zimmerman and Asbestos Points in the Sierra Ancha 
Mountains of Gila County, Arizona. Sections 16, 20, 21, and 29 of 
Township 5 North, Range , 14;East ~ center the prope~ty. The relationship 
of the outcrops at or near the 5,500 foot contour can be nOI2j on the 
McFadden Peak 15' USGS Quadrangle Map. 

The mine is reached 
by driving fou r miles northwes~ from Globe on U.S. Highway 60-70 to its 
junction with the Apache Trail (Arizona Highway 88), then fifteen milei 
northwest on the Apache Trail to its junction with the YounQ Road 
(Arizona Highl~ay 288), then norte'; :: .7 miles on Arizona Hig h\l:cy 288 to 

ROBERT FORD & ASSOCIATES 
GEOLOGISTS 

./ 

I 



-2.;.. "-.. ': 

the junction with access roads leading no rthea st to the property wh ich 
. is visible from the Highway and about two miles distant. 

GE OLOGY 

Magnetite occurs . 
in irregular contact-metamorphic replacements of serpentinized, chlor"':::
i tized and silicified Mescal limestone that i ~ 100 to 300 feet thick. -
The altered limestone and magnetite iron is sandwiched between two 
large diabase sills. The upper sill is probably 500 feet thick and lower 
about 1000 feet thick. The i ron is enti rely magn etic and occurs as mas
sive high-gra de bodies seperated by disseminated and low-grade areas. 
The magnetite forms t wo or more beds as mu ch as 100 : eet thick. The 
outcrops can be traced intermi ttently more than hiO miles. For purposes 
of map reference the outcrop zone has been separated into the "South" / 
and . the "North" ore bodies. (See accompanying geology maps and cross / 
sec t ions.) 

METALLURGY 
. ... --

Magnetic separation 
bene f iciation tests indicate optimum concent rate at -35 +65 mesh grind. 
Samples submitted to the Pickands Mather Hibbing Laborato ry by the W.S. 
Moore Mining Company when ground to -100 mesh gave an average 63.39% / /: - 
magnetiC concentrate . These magn etiC tube tests averaged 6.26% Si q2/' 
witha weight recovery of the total contained i ron of 96~01 %. (See 
attached summary of testsJ 

.. , 
The samples sent · ,;1 

to the Hibbing Laboratory were from the number fo ur trench on the 
"N 0 r t h" 0 reb 0 d y and pro b a b 1 y met a 11 u r g i call y rep res e n tat i v e 0 f the 
entire property. The higher grade natural ores at a one inch to six . 
inch break should average about forty percent iron. A magnetic con
centra tion ratio of 2 to 2Yz: I should be representative of the mine's 
ore. Certainly the magnetiC concentrates from the Iron Kin~ Mine, as 
well as from other similar contact depOSits would make an ideal di rect-
reduction plant feed. > 

./ 

HISTORY AND PREVIOUS WORK ' -:-<-.. , 
-----

The claims wh ic h 
make up the Iron King Mine were origi nally located by Mr. Charles H. 
Jon as, [VI i n i n g Eng i nee r , i n 1 95 7 . S h 0 r tl y the rea f t e r the y ~'l ere 0 p t ion e d 
to the Cerro de Pasco Copper Company. Cerro spent about $80 , 000 . 00 
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in building roads, tren~hing, and drilling. The results of thei r 
drilling are shown on the accompanying geology maps and sections. 
The contour represeDtation is that of USGS Quadrangle Map, enlarged. 

It is reported that' 
the highest estimate ever expressed by Cer ro for the Iron King Mine 
was eight million tons of plus sixty percent (60%) concentrates. 
Apparently this wai not a sufficient reserve for their plans. CerrD 
made one semi-annual payment 6f $7,000.00 and then canceled the le~ se 
in 1961.W.S. Moore Mining Com pany and others subsequently investi
gated the property. However, the iron market, except for the propo~e d ' 
d ire c t red u c t ion p I ant pro d u c t, doe s not I,rJ a r r en t de vel 0 p :;12 n t oft h e 
Iron King Mine. 

REGIONAL RESERVES 

The Iron King Mine 

/ 

-' 

is perhaps the best of many contact replacement deposits in the district: 
By virtue of access and exploration drilling alone it is probably the / / 
most important. Several geologically similar high-grade replacement 
deposits of magnetite have been examined by the vHiter. Many of these -
are availa ble for location by staking. Grou nd or airborne magnetic sur
veys may wel l establish an additional potential on the Iron King Mine 
and other kno wn deposits. 

/- ..-
I n add i t ion t 0 th e --. 

cont~ct replacement deposits of the Globe~Mia~i area, rese(ves are avail~ 
able from the magnetic sand deposits of adjace nt Maricopa and Pinal 
Counties. The Cuprious magnetites of the Christmas Mine offer a large 
potential reserve. fron reserves immediately available and the tonsid-

- earblt potential future reserves certainly justify consideration of ~ 
small, tw6 hundred to five hundred ton per day direct-r~duction plant : 

.for purposes of furnishing sponge i ron as a sub stitute for tin cans used 
in copper preCipitation. The cans are increasingly difficult to obtain 

· e~en ~t ever higher price$. 

NOTES ON THE IRON POWDER PRODUCT 
/ -

/ 

The precipitation 
of copper on iron is one of the earliest kno~~n chemical reactions (6-) •. ,: 
The iron is usually in the form of shredded arc detinned cans, plate, . 
or sponge iron.- This form of precipitation is called cementation and 
the copper preCipitate is called cement co pper . The copper bearing 
solution is won by leaching oxide coppe r ores ~ ith dilute sulfurit aci d 
or fe r ric sulfate. ~The leach solution is collected and piped over iro ~ 
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to effe ct precipitation. Of the many precipitation agents tested, 
tin ca ns are con s idered the most suitable available (4). 

Copper is also 
produced'in the same genera l manner by leach- precipitati on-float 
(LPF). In thi s process the oxide copper minera ls co mbined wi th sUl- , 
fide minerals are selectively an d effectively sulfated in so lution, 
precipitat~d on sponge iron and recovered with the sulfide minerals 
in floration. Copper produced in the United States from ox ide min
erals, amount ing to 150,000 tons annually, is about ten percent of trle 
total United State s output (8). This percentage is steadily inc rea s
ing. By fa r the greate st part of the cop per produced , from oxides is 
precipi tate d on i ron at a co nsumpt ion of about one and one-~alf tons of 
iron for each ton of copper recovered. 

. Arizona provloe s 
ove r fifty pe rcent of the Uni ted Sta tes ' primary copper production. 
Most of this is cente red in Southeastern Arizona, subs idiary to the 
conte mplated direct-reduction plant near Gl obe- I'vl i ami , Arizona. In 
1965 that part of Arizona produced 50,000 tons of copper by p r ecip~ 
itation from leac h so lution. By 1970 it is estimated that t he pro
duction will be 90 , 000 tons (9). Sponge-iron is produced f rom pyrite 
obt a ined from flotat ion concentrates at Phelps Dod ge Co rpor ation in 
Dou gla s, Arizona and from Kenne co tt ' s Ray Mines at Ray, Ar izona. 
However, thi,s production is inadequate for their own needs and the 
lo w i ron content of the calci ned pyri tes makes an inferior cement copper . 
In fact, Kennecott, on the f irst of May of this year, closed it s pyrite
sponge-i ron plant at Ray and is attempt ing to purch~se fine grained 
magnetite for reduction and use in the LPF ci rcuit. Expa nd ed facilities 
at Ken necott's Ray Division will treat an additional 10,000 tons of ' 
oxide copper ores da11y. The fifty tons per day of cop per so produced 
will requi re about seventy-five tons of iron per day. That sponge-
i ron from di rect-reduct ion processes wi ll play an important part in 

/, 

this simple reaction is well esta bl ished and justified. Kenne co tt (1) 
and Phelps Dodge (3) have each developed precipitation vessels o ~ _ ,-
launde rs to handle sponge i ron. 

Increased pro duc tio,n 
by precipitation on tin ca ns combi ned wit h the decreased~availabilit,y 
of cans due to the sub st itution in packaging of aluminum, plastiC, 
glass, and waxed contai ners has already made it difficult to obtai n 
su ff icie~t quanitie s and quality of i ron from the scra) ma~ket ; ihe 
situation is ste ad ily becoming worse . The cost of cans delivered to ' 
the 'Arizona co pper mining districts is quoted at $55.00 to $57.00 per 
t en. De mand is not satisfie d and standby substitutes such as shredded 
auto bodies, wi re , chai ns , and assorted scrap metal are be ing used. 
The co ntam inat es present in these sub st itute s and the i r rela t ive 

ROBERT FO R D & ASSOCiATES 
GEOLOG ISTS 



-5- --/ / 
.... / 

inefficiency as precipitating agents result in higher cost and le ss 
pure cement c op~er . Reouced i ron pe ll ets were tried and found un
satisfactory (10). 

-- ,/ 

---
Sp onge- i ron 

precipitates copper su l fate in one-thi rd the time with about eighty 
p~rcent of the iron used co mpared to cans. Labor savings ar e also .. . 
consi derab le. Sponge i ron i s certai nly perferab le to other types /~ 
for precipitating i ron and sh6uld sell for $60 .00 to $65. 00 per ton, ' 

May 9, 1967 

Ford, Mining Geo logist 

. ( 
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PRELIMINARY REPORT 

IRON KING MINE 

Gila County, Arizona 

and 

NOTES ON REDUCED IRON FOR COPPER PRECIPITATION 

By 

Robert Ford, Mining Geologist 
Prescott, Arizona 

May 9, 1967 
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Preliminary Report 

I RON KIN G ~n N E 

Gila County, Arizona 

an,d 

Notes on Reduced Iron for Copper Precipitation 

INTRODUCTION AND SU~\t~ARY 

Widespread occur~ 
ences of hemati te and magnetite as contact replacements' of Precambrian 
Mescal li mestone associated with diabase intrusive s ills are in Na~ajo ! 
and Gila Counties, Arizona. The se medium to high grade i ron replace
ments have been inferred, in 1945 (5), to contain fourteen million 
tons, averaging forty-six percent (46%) iron. That this estimate is 
woefully inadequate is evidenced by the fact that the Iron King Mine .~ 

alone, the subject mine, contains an estimated potentia+ of about ten 
million tons of high grade concentrates. More than thi rty replacement 
deposits are known to exist in the same general area (2) subsidiary to 
a contemplated di rect-reduction plant in the town of Golbe or of Miami, 
both in Gila County, Arizona. " 

Many of these re~ 
placement deposits have been investigat~d by the writer. From the ./ ' 
standpoint of reserves, availability, and access, the Iron King Mine 
is considered the most important. That mine, consisting of thirty- " 
eight unpatented claims is under option. 

LOCA TI ON 

The Iron King Mine 
is located between Zimmerman and Asbestos Paints in the Sierra Ancha 
Mountains of Gila County, Arizona. Seciions 16, 20, 21, and 29 of 
Township 5 North, Range , 14;East~center the prope~ty. The relationship 
of the outcrops at or near the 5,500 foot contour can be notej on the 
McFadden Peak 15' USGS Quadrangle Map. 

The mine is reached 
by driving four miles northwes~ from Globe on U.S. Highway 60-70 to its 
junction with the Apache Trail (Arizona 'Highway 88), then fifteen milei 
northwest on the Apache Trail to its junction wi th the Young Road 
(A rizona High~~ay 288), U"len nort ri ~S .7 miles on Arizona HiQh\\2Y 258 to 
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the junction with access roads leading northeast to the property which 
. is visible from the Highway and about two miles distant. . \ 

GE OLOGY 

Magnetite occurs _ 
in irregular contact-meta morph ic replacements of serpentinized, chlor-~
itized and silicified Mescal limestone that is 100 to 300 feet thick: .: 
The altered limestone and magnetite iron is sandwiched between two 
large diabase sills. The upper sill is probably 500 feet thick and 16wer 
about 1000 feet thick. The i ron is enti rely magnetic and occurs as mas
sive high-grade bodies separated by disseminated and lo w-grade areas. 
The magnetite forms t wo or more beds as much as 100 : eet thick. The 
outcrops can be traced intermittently more than two miles. For purposes 
of mqp reference the outcrop zone has been separated into the "South" ;
and the "North" ore bodies. (See accompanying geology maps .and cross .' 
sections.) 

r~ETALLURGY 
. / 

... --
Magnetic separation 

beneficiation te sts indicate opt imum concentrate at -35 +65 mesh grind. 
Samples submitted to the Pickands Mather Hibbing Laborat ory by the W.S. 
Moore Mining Company when ground to -100 mesh gave an average 63.39% /( ~
magnetic concent rat e. These magnetic tube tests averaged 6.26% SiOi .-
witha weight recovery of the total contai ned i ron of 96.01 %. (See 
attached summary of testsJ 

,-:-.-/-. 
The samples s.ent ., 

to the Hibbing Laboratory were from the number four trench on the 
"North" ore body and probably metallurgically representative of trIe 
entire property. The higher grade natural ores at a one inch to six . 
inch break should average about forty percent iron. A magnetic con
centration ratio ·of 2 to 212: 1 should be representative of the mine's 
ore. Certainly the magnetic concentrates from the Iron Kin~ Mine, as 
well as from other similar contact deposits would make an ideal di r~ct
reduction plant feed. 

/ .' 

HISTORY AND PREVIOUS WORK 

The claims wh ic h 
make up the Iron King Mine were originally located by Mr. Charles H. 
Jona s, Mining Engineer, in 1957. Shortly thereafter they ~ere optioned 
to the Cerro de Pasco Copper Company. Ce rro spent about S80,000.00 

ROBERT FORD 8c ASSOCIATES 
GEOLOGISTS 

---

/ 

/ . 

-_. ---- --------~--



-3~ 

in buildlng roads, trenching, and drilling . The results of thei r 
drilli ng are shown on the accompanying geology maps and sections. 
The tonto~r representation is that of USGS Quadrangle Map, enlarged. 

It is reported that' 
th~highest estimate ever expressed by Cerro for the Iron King Mine 
was eight mil lion tons of plus sixty percent (60%) concentrates. 
Apparently this was not a sufficient reserve for the ir plans. Cerro 
made one semi-annual payment of $7,000.00 and then canceled the le~ 5 e 
in 1961.W.S. Moore Mini ng Company and others subsequently investi
gated the property. However, the iron market, except for the proposed ' 
di rect reduction plant product, does not warrent development of the 
Iron King Mine. 

.' -

REGIONA L RESERVES 

The Iron King Mine 

/' 

is perhaps the best of many contact replace ment deposits in the district: / . 
By virtue of access and exploration drilling alone it is probably the / / 
most important. Several geologically similar high-grade replaceme nt 
deposits of magnetite have been examined by the vJriter. Many of these'- ' 
are available for location by staking. Ground or ai rborne magnetic suf-
veys may well establish an additional potential on the Iron King Mine 
and other known deposits. 

./'./ 
I n add i t ion t 0 t.h e .' . 

contact replacement deposits of the Globe:-Miami area, reser'ves are avail-. 
able from the magnetic sand deposits of adjacent Maricopa and Pinal 
Counties. The Cuprious magnetites of the Christmas Mine offer a large ' 
potential reserve. fron reserves immediately available and the consid-

. earbl~ potential future reserves certainly justify consideration of ~ 
small, tw6 hundred to five hundred ton per day di rect-r~duction plant' 

.for purposes of furnishing sponge iron as a substitute for tin cans used 
in copper precipitation. The cans are increasingly difficult to obtain · 
e~en at ever higher price~. 

NOTES ON THE IRON POWDER PRODUCT 
/. , 

The precipitation 
of copper on i ron is one of the earliest known chemical reactions (6} •. ~ 
The i ron is usually in the form of shredded and detinned cans, plate, 
or sponge iron.' This form of precipitation is called cementation and 
the copper precipitate is called cement ~opper. The copper bearing 
solution is won by leaching oxide copper ores with dilute sulfuric 2cid 
or fe r ric sulfate . . Jhe leach solution is collected and piped over i (on 
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to effect precipitation. Of the many precipitation agents tested, 
tin cans are considered the most suitable available (4). 

Copp e r is also 
produced'in the same general manner by leach-precipitatic(l-float 
(LPF). In this process the oxide copper minerals combinec vJi th sUI- ·· 
fide minerals are se lectively and effectively sulfated in solut ion, 
precipitated on sponge iron and recovered with the sulfide minerals ~. 
in floration . Copper produced in the United States from oxide min
erals, amounting tol50,000 tons annually, is about ten percent of the 
total United States output (8). This percentage is steacily increas
ing. By far the greatest part of the copper produced , frcm oxides is 
precipi tated on i ron at a consumption of about one and one-half tons .of 
iron for each ton of copper recovered. 

. Arizona provides 
over fifty percent of the United States' primary copper production. 
Most of this is centered in Southeastern Arizona, subsidiary to the 
contemplated direct-reduction plant near Globe-~\iami, Arizona. In 
1965 that part of Arizona produced 50,000 tons of copper by precip~ 

itation from leach solut ion. By 1970 it is estimated that the pro
duction will be 90,000 tons (9). Sponge-iron is produced fr om pyrite 
obtained from flotation concentrates at Phelps Dodge Co rporation in 
Douglas, Arizona and from Kennecott's Ray Mines at Ray , Arizona. 
However, thi·s product i on is inadequate for their own needs and the 
10~J iron content of the calcinedpyrites makes an inferior cement copper. 
In fact, Kennecott, on the first of May of this year, closed its pyrite
sponge-iron plant at Ray and is attempting to purch~se fine grained 
magnetite for reduction and use in the LPF ci rcui t. Expanded facilities 
at Kennecott's Ray Divi sion will treat an additional 10,000 tons of . 
oxi de copper ores da11y. The f ifty tons per day of copper so produced 
will requi re about seventy-five tons of iron per day. That sponge-
i ron from di rect-reduction processes wil l play an important part in 

/. 

this simple reaction is well established and justified. Kennecott (1) 
and Phelps Dodge .(3) have each developed precipitation vessels or. _ .
launders to handle sponge iron. 

Increased production 
by precipitation on tin cans combined with the decreased~availabilit-i"" . 
of ca ns due to the substitution in packaging of alUminum, plastic, ' 
glass, and waxed containers has already made it difficult to obtain 
sufficie~t quanities and quality of i ron fro~ the sc ra; market; ~he 
Situation is steadily becoming worse. The cost of cans de live red to 
the Arizona coppe r mining districts is quote d at $55.00 to $57.00 per 
te n. Demand is not satisfied and standby substitutes such as shredded 
auto bodies , wi re , chains, and assorted scrap metal are bei~g used. 
The contaminate ~ present in these substitutes and thei r relative 
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ine ff iciency as precipitating agents result in hi gher co s t and les s 
pure cement cop ~er . Re duced i ron pel lets were tried an d found un
satis fa cto ry (10). 

Sponge-i ron 
precipitate s copper sulfate in one-third the time wi th 2bout eighty 
pe rcent of the i ron used co mpared to cans. Labo r savings are also , 
consi derable . Sponge iron is ce rta inly perferab le to other type s // -
for precipitating i ron and sh6u ld sell fo r $60.00 to $65.00 per ton, ' 

May 9, 1967 

... 

Ford, Mining Geologist 

. l 
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Mr. Jerry Milh 
l3la South Z7th Street 
Phoenix, Arizona 

December 9. 1966 

The people in Globe who know tbe roads up the bill anel who mow 
th. pro~rty are: 

1) Rusty Moore - everyone in Globe know him .. e Ruety. 

2.) Wayne Hamman 

3) R. i'. (Red) Hender.on. 

The property i, 34 mile. from Globe and about four mile. from 
the Hi,hw.y to Young (paved) 

You ero •• the bridge at the Intereection ot the OUa and the Rooaevelt 
Lake, then 11 miles to the mine road turn-ot!. 

I wUl eend a map but soing up there alone would be a waste of time. 

A helicopter wOlUd be my choice for efficiency. 

You could land on the outcrop at tbe loath end a.nd then land at the 
North end cabin and walk a half mUe up a badly washed road or 
bave a power wagon meet you. 

Sincerely, 

C. A . .Tob. 



.. " .. 

ttiere wa, one thing left out of my ~eport beeeu.e t did not want 

to exploit iii name. But when I met Donald J, 're.~h, Manager ot Solid Bt te 

Mater!al. at Mot9rola, the first morning (cold) ne made an .ppotn~nt for 

lqnch (and hi paid for it), After that we had breakfast together about ten 

time. in the next two ~ thrae weeks. 

lt fiMl1y sot to the point where he wan~d to continue the tat ... 

ng on a b •• is of 50-50 * wttb , • eon.ultaat, and myself 8. 

the ftnanc1~ part: of the' deal f 

Aleo,when 1 got to the C. K~ Wllu.fimJ Co. (now absorbed by Phetzar 

Pharmaceutical) t they ,bifted me up until 1: was with the head guy in the 

lmeryville plant. 

t was with him several times. ~ finally dii~ •• ed me with the 

ItatemenC. ttl believe tt..t we ean meke ferrite.. more cheaply IYQt~J:i.g!lU." 

He never que.tioned my different ppro~h,. and t am repe-<tUng what 1. said 

in my report • !mP11fle9~ 

My the~n:y was and 1. baffed on the tbeQry or theoriese. follow ' , 

It was aot untll iron oXides wer made into an ab.olut~ly pure 

state ad then r~buLlt • molecularly into ferritet • that tb potential tele

vte10n image was incr .,eel frOll'a 8" to 16". 

It was mw theory that tn certain forms of iron oxides. old Mother 

Nature had iJ.lculcete<l certain toh.arent charaoted.etic8 and phenomena that 

were perpetual as lons ,,. the overall structure was not altered from Mother 

Katute'" QrigtMl fonn through treatment of p~ometal1v.r8Y or chemical dh

solutton. 

I 1,)o1.nted out that what wa • . involveda. 8 change in the eometric 

p ttern, the lattlcd structure, the x~ray diffraction cnaracterl4tlc_. and 

aurface transfiguration.. I wanted to find an iroQ. ore that was amenabl to 



removel of lime, .aLUce. alumina, dUnf.um, vaudium, eulfur and pn08phorou., 

wtthout attack!na the iron molecule . 

The tron lUna ore start • . • o high, ill gradAt. baa auch cOOlnOn impurl. 

ti •• , that I r~gard it a. a perfect $1'1.1 or~ for experiments . 

1 would prefer to come over to fhoentx and meet with YOPr people, 

and if they furni.h the power wagon • go up the hill a 

Aa far •• _howing the pr-operty 1. coocerned, the fol1~tng people 
, 

tn Globe have dOne aaa ••• ment wOl'k on, the property add ~ when the out-

crop. .tart and finiah, wbere the hole, were drillad and where the trenche. 

are .hown. 

* •••• *.**** ••• 
Jerry and Jtm • t kQOw that I have dug up a unique, po'8tbly nutty, 

1~ •• , bUt it Ma been diacua.ed by me, wtth learned technical brain •• ana ao 

far it bee not been laughed at . It might be • patentable breakthrough. Old 

Mother Riture atlll ha •• ecrets . 

BUt the guy. you have f.il tow know more tn a minute than I will ever 

know. (Ma~ I am 8 •• eond Dave McCOnuU . ) 

t ahall forward mapa. a •• ay', road map •• 'drill recorda, etc. 



M UON .!m!Q <iJl9Jll Pllimll SeAWS 
CQOH. 9YI&. 4I~9¥ 

My connection with this cup of ruiQtng e18~ et.tteo with • 

(latusl 1nIJp 0 t1ou, Qn tn re.c~~ti~n of AD e~T!enced pr().~ctot' fro 

Miami J Aitzon , 

In ~ sixty yea~ Qf ,poktng round the ~nlng cam I of the outh

W68't and Me":f.CQ,, 1 Mve •• Im pI" bab1,. .. hundJ'ed 11'0 and iron tn8Q8 .. ceee 

t'Qpert1.es liithout, 1.,0 most casee, taki «aecond look. 

III the elle 'of tk. IrOQ K1ng. I pent enough t1ule to COL'lclude that 

1 t w8sunu.ual and worthy of Ii dtlU1.ns progrttul. 

teg 1 Tit! 1 

An lnvefftig tlon .howed that th pl'Dperty(at tbat time 10 01 b.> 
had been hold by doluS 99 . nou 1 labOr ali(t (tIerly fUina 4tl 'ffidavit of 

Labor. 

hoper 10e, tionl W re then made and a Q,11 t Title Suit wal filad 

and won by me, 

Th 1 S 1 fto. 1 .. thi. tmple sallt &uit amount.ed to three thousand 

doUars. 

.. ' •••• ***.*.*. 
When the JUdgement was handad do~, I eSiatel,. contac.ttad ,the 

We.tem unitoffioe of Cerro de Pasco Corporation at 'i'ue 011, (nQ 

the C ltl":Cl COl'poration .. Tue.o office now ~J.QS~d.) 

'Ule Cerro Corporation took .n option Bt a rice of $437.500 • 8 

14.~.r contract with a balloon payment in 14 ~ar 4imd 14,.000 pe~ y ar 

4fter on year. 

5y spent Jnany montheon the ·property With their &eologlcAl .taff 

ftd 'foUol!1ed up with a l1t:'ogram of road b",Udtng, trenching and ~orA d'rUUna 



that, 1 w •• t 'old, coat close to $100,000. 

S1x mouth. after completion of the dr1lling program. Cerro made 

one .erid. .. annual payment under their o-ptton (of $1,000) and 1 figured that 

I w •• going to receive it for fourteen years , aow.ver, five Ulontll. later 

they cancelled out • 

. By this t~. an Arizona corporation com oeed of three stockholder. 

had acquired title ttnd the p1;elent owner_hip t. tn a p~tt!on tc;> deU.ver gOOd 

v.Ud doing ele:b.n title by quit clam, and eventual patent ti deM 
, t I : • 

Cerro de .• a.co·s .... a.on fo1;' . their interest in the tron lUng group 

was that cerro propC)8ed to conatruct in the area between the Iron King group 
. . .. . 

and Globe, a sponge iron plant ' to prOduce iron ' powder a. a .ubatttute for tin 

cane .Qd in copper pre~tptt8tion. 

the idea we. Bound then and is mgl'e than enr .ound ~9d4I. 

the invasion of alumtaum •• a 8U at1tute fot tvon in the ~nufacture 

of ttn can. baa cut the tron ttn- can product in half. . 

In order .to Q~te t the Un can indu~try hal met part: of the com

petition by raducin3 . the gauge of their cane S~. 

Tbie means that the new cane require twice the bulk io; Qtder to 

furnish the s~ tonnase for copper replace nt. 

1:111s baa resulted. 1n more b1.l1k in the original laundrt.s and/or 

., ............ . 
Cerro started out on the e.su~pt1on that they would ba ju.tl£led 

in assuming an $conQlnieal b.lie of amortization Oil a tonnage of 21,000,000 

to~ ore reserve 65"& concentrate. Later • after they bad drUled out jl" ea· 

tlmated 8,000,000 toa. ~f 65' concentrate. on the Iron ling 8roup8~ they 

·told me that they ned cut their requirement to 13 tOOO ... OOO ton. of 65~ ore 

concentr te content. and suggested t~t t find them the e~tra 5.000,000 tons. 

-2-



, , 

A jho~t ttm. later I offered them three h1jh-grade amelI propert!.. -

''the BiS Pig." "The fern, It I1d ,the ''KebD.edy, It "hich ·ov.~all I f1gUred would 

_lee up the 5,000,000 'tons. cau .. the •• three properti.s were non-conti8¥oul, 

they a~n4oned our nttre contract. 

The SpQQ88 iron idea '18 more than eve~ a aoUOd ODe today. 

the drill-hold recorda of 'the Cerro campaisn. I .was told (and the 

10SI of the drill hOle'. ,:conf1l11l ' the -.tory) t~t the aone of iron (magnetite) 

wa. from 200' to 300· in thlolcD.e •• - made up of interbedded tw8CUl1" 11.-

atone and magnetite . , , 

The iron waf enUrely in the form ofmasneUte. 

The crYltalli .. tion was such that due to the abeence of half-breede 
:I.e 

and twining of cryataia, an iron concentr.te of ' 65~ iron plus/obtained with 

relatively coarse crulhing and 'grinding. ' 

J:lowevel', the interbedded formation and the emount of overbUrden 

doe not, at the pre.ent level, of iron price., allow for shipping from the 

aouth' end of the pro.pcirty·, where the major il'Oll depostt h located. to the 

iron or ateel iBdu.try at a profit. 

***** •• *.* •••• 
M l1l8A I08TIUD BY CIJW) f(Il A 8l'ONG1 DOH PLAIT IS narnnm.,y 

it S<IJI11)' PIJW) I'CIl CDNnnC 1NVI8TIU'rlOO • 

. • * •• **** •• *.*. 
However, in ~ 'opinion the QQrth end of the pro~rty containing 

from 1,000,000 to 2,000,000 tou. ia an area of very promising posaibilltle,. 

!be drill bole record. on thi. end of the property show two drill 

hole. haVi 



on the surface in froDt of ODe of the •• hold.. there 1. a .urf.e. 

trench 310' tona on the htll .1o~~ ~ith tbe tron outcrop throughout the 

entire diebll\Ce . 

After the cancellation of the cerro Corporatlon option, I w.. con-

tacte4 by the ., S .. Moore 00 •• through the .on of W. 8. Moore, 1rvio& Moore, 

their seologilt. 

The Moore Company is one of the old · COOlparu... of the Me •• bi laoge 
.... ' . 

in Minne ot aua they are only lntereeted in market~ bulk lump iron ore •• 

After an f.nve.tigat1an they decided that distaQce from th8 coast .. 
foreign shipping dockS made the operation nou.profttable, and I agree a. of 

thi8 time. but not for the future . 

~ver t Hr. MOOre took a 8eriee of .urface lample8 and took OM 

careful leOil type sa pie ~rotn the 310' trench on the north end. 

A copy of his a88ay repOrt hom the 'lcbta. and Mather, Labor • . tory 

at Hibbing., M!nn.aota i •• ttached, and I call your attention to Semple 13 • 

n1.'b8 Iron. Concentrate Value of 69.604" (Where. "r. me .. tite i, 72,41). 

I a1.0 call attention t~ the voluntary atatement made ~ Picken. & 

Mather., Q d I quote J 

·~i. 1. probably .e high grade • concentrate •• 

can be found in .e naturel state tb1, 81de of Ir •• 11." 
J 

-/ 

The north end of the Iron l(1Ilg property could. With proper equipment, 

turn out a grade of IUs_tits iron cOl\centeate of extreme purity ... pro hly 

71.57, to 721. 

Such a grade of iroo concentrate would retatn its internal geometric , 

pattern. it. lattice structure. it x-ray diffraction characteristic., aUd it. 

lurface tranafiguratlon. 



rtve year. or IDOre ago, I worked in conjunction with Dr, DOQald 

J. Preach - who wa. in char.. of olld Stat. Material. at MOtorola in Phoenl •• 

Dr. lre.ch wa. intera.e_d in my ida. whiGh iDVolved making a ferrite by mag-. . . 

netic. and chemical me~n8, but 'no fU.lon of the irOD it .. lf, beceua. he 

thought that 1 we. on the track of purifjina the iron oxide mecb.anlca.Ur and 

chemically, but not by bU,t, t~ 8 point where it would be pure enough t:o enter 

the magaetic core field offerrltes. 

Btl had me write to' Profe.aor M. t... . Qandin. a world authority , OQ 

.111ea of the Ma.eacbu.ettl In.ti·tute of Techiloloay in Ciibbridg4J j Me.a. II 

and J)f • Gaudin •• ked que~ti.ona f.ri ' an a~hilng. of letter •• 
o • t • 

" 

X am att.ch~ng to tbi. report a maS81:.1M artlcle "Pageant" de .. 

'Cl'lbla,g ferrite. and their :value. in .elenttfle a.velopmants. 

Dr. Ite.ch wal intere.ted til my approach froua tbe fil'.t t1me I con-

tacted bim 88 an engineer ... sent to hii8 by top 8q1 .. er. 1il Hughe8 All'cl'aft 

and Jetrooyne of LOa Ailsalea, v",o .al that Dr. rr •• ch wa., tn their opinion, 

"l!!!. USA authority on .01td atate mater! .. l •• " 

Dr . ITeBch va. curious when 1 arguea tblit .11 .oUd aute mate.rt.lt, 

emplo1ea in the mf.crowav field. weI' manufactured from iron oxldea b1 .yn. 
tta.tlc methOds and that the ••• ~lbetlc, procea'" mi.et have de.tr~d cert.in 

lnherent ph8,e. involv~ i.ttlc etructuree. g.~ te ~tternat ~-r.y dif

fraction. ~rf ce tl'anaftguration potentt,aUUe., etc . that might have had 

uQknown natural .o11d state material end P9ints not achiev by the 'XPthesic 

type of treatment. 

I •• aent by Or. fr •• ch to the C. K. Williame Co. in EmeryVille, 

California. who .pe~t cooatderable t:l.ine with me. They ara one of the 1 pat 

prodUcer of .~thetic ferrite. in the country. 

I went to Shell Cbem1cel 1n Ptttsburg, Caltfornt and they li.tened 

e d .et me off tnto iron oxide cat_IYlt • • another brancb of potenttal re •• arch. 



A10 the ..... Une of t , ou8ht. t went to Jolm '.t .. Long of the 

Atl&OIla ae ... rcb Con.ultante in Phoentx. and he carried on .. eerie. of 

, teet. cnemically on .no~her iron ore which ~1d nos ch.nge the iron content 

phys1~al structure .. but, tilth cbemicah euch • hydrofluoric acid, acetic 

a~ld and other chemicale to remov the ,ilica, tbealwnioum aaid tll< 11_. 

etc. and ro1~ ' the iron g~8ije or purity the~eby to 71.4~ • 

•••• .,,**.* •••• 
About thie ti.ine" ' Dr. Preach left Motorola and took a 01J.nilar 

po.ition with MilrtiP 'M4irtetta in Ohiot arid our o~ktoa partner~htp agree Qt 

wu abandoned. 
, , ' 

AS far 48 t , kp,ow. , ~ idea bae never" been exploded or te.t.d. 

* '* ....... ." ,it • *.* .. '" ." 
!Ii clo.ing this repoJl't, l: will $uumtrlze ' my conclUfion&: 

(1) The cerro Corporation ide of,. '''00&8 iron plant is today 

more needed than fiv years ago. 

(2) , ~ tde of ferrite. i8 an inter.atina cientific Dd poten

tially practical profitabL operation and reeeareb. 

(3) The Iron King iron deposit 4a a lource of l~ iroQ ore 1, 

not fea.1ble under pl"e"nt ma~ket1tl cott.dit10l\8. bUt 1a an a_eured profit

~bl. operation of the futur6 .. 

(4) Patenting the property would ~equiro callDerci 1 prOd\1ction 

almo.t ceTtalnly. 

(5) This commercial prOduetion could be brought into existence 

with · very ,mell investment witb a portable or .etid ... portable mIlQnetic.. .. 

rator plant to prOduce a 6S~ to 681 magnetic, concentrate for eale to plauta 

auch .a. Ray COllJolideted or Hayden i their ridll concentratiQn circuits • 

• *.****.* •• ~*. 



On the north end of the proPfJrty there 18 an .open trench 310 feet , 

l~ from wh1(:h the 7f1!. ;t concent't'ate we. plcke4 for concelluation 1n Kiue

sou,.1ld small 0Pe.rations .tart ~ould ~ ,iiiiple arut ia.XP.tnalve. 

Chlrle. H. lonas 
" 

I ' 
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TECHNlcw, 

Dr'1 Line 

Troutl ua" Rejected ' • t-~) 
______ ~L-_ ) ., ~3 +'/41.-'U.' .... It ... e .. J .... e'"c'''1t~e"d+-, 

.. 

rneto 

___________ >~ Non-magnetic Rejected 
By stacker or truck. Magnetics 

.l, 
Trucks or Conveyors 

Rough Concentrate 
Stockpile (at water supply) 

~ 
Feeder 
~ (Water added) 

Belt Scale 

~ .. .: 

~ De Magnetizer (Also screening to get + 1/4" 
~ Hopper Bin 

~ 
Syntron Feeder 

J, 
Wet Scrubber 

for media market if adv.ntageousl 

1~ ___________ ~) -150 Mesh to tailings pond ~ 
J, . 

Low Intensity Magnets 

-l' 
Kagnetics NOn-~gnetics ______________ ~) To tailings p~~ 

'--_____ ~) +20 Mesh to tailings pond 1 L 
-20 Mesh 

B.t1 Mill 

4 -325 Meah 
l ~ 'Ie ~ 1) r:-')J l llot.tion Direct'~x1de Chemical ~o Micron Grind 

Market Plant ~ 
To Ferrites 
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. . 
"P,lMT1t!x Il1lRI I'LOW SHIIT 

.IT 

Kaula.e Devices 

Dra. Line 

LeTourneau 

Conveyor. 

Rough Screening Devices 

Grizzlies 

Troameh 

. .~ .. 0(.1·'· • 

TlCHRlCAL 

L . 12" IaUlftgs .1,1----------.) + 

:to 
+1/4 

Heavy J 
Media 
Product 

To 

Screens ______ --1) + 3/4" T8111A81 

t~ _______ ~> _3/4 + 1/4 Tailings 

Magnets 

I _-----)~ Mon PMgnetic tailings 

Magnetic 
.J, 

" 

Jall Mill 325 
.., 20 +20 te.h _______ ~) Tailing • ., \f 

Portion to 
MapeUte 
Market 

To calci
ning plant 
kiln. for 

cheaical 
plant __ -:-_)~ Ferrite tapes, powder I , 

etc. 

J; 
Piss-nt. 

chang_ to 
Bpatitl 

~ 
Animal Feeds 
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The Mineral Industry of Arizona 

This chapter has been prepared under a cooperative agreement between the Bureau of 
Mines, U.S. Department of the Interior, and the Arizona Bureau of Mines for collecting 
information on all minerals except fuels. 

By Leonard P. Larson 1 and William C. Henkes 2 

The value of the mineral industry of 
Arizona rose to $580.2 million, the highest 
on record, 9 percen t greater than in 1964. 
Responding to high demand, the copper 
industry increased the output of primary 
copper 12,389 short tons (2 percent) and 
$47.5 million (11 percent) in value. The 
average price received for electrolytic cop
per at the refinery rose from 32.6 cents per 
pound in 1964 to 35.4 cents per pound in 
1965. 

The high demand for copper resulted in 
the increased output of silver and molyb
denum, byproducts of milling and smelting 
copper ores, and stimulated that section of 
the economy which provided raw materials 
and services to the industry. Crushed lime· 
stone, sandstone, and pyrite were all con
sumed in greater quantities. 

Activity in the Arizona nonmetal in
dustry declined in value. Output of sand 
and gravel, portland and masonry cements, 
and stone was less because of reduced con
struction, primarily because of overbuild
ing in residential, commercial, and other 
types of construction. A 3-month summer 

. shutdown of nearly all construction in the 
State caused by a strike of most construc
tion trade unions also contributed to the 
lower demand for cement. 

Prospecting and development increased 
over that in 1964. Newmont Development 
Co. drilled exploratory holes in a o/.i-mile 
area east of the Vekol Mountains, 32 miles 
south and west of - Casa Grande; West 
Range Co. explored for molybdenum-cop
per ores at the Ventura mine in the Pal
metto district of Santa cruz County; ex-

ploration work was continued by Hecla 
Mining Co. & Newmont Exploration, Ltd., 
at the Big Bird Development Co. Copper 
Flats claims in the Lone Star district of 
Graham County; Arkla Exploration Co. 
filed on an additional 46 mining claims in 
the San Francisco mining district, T 17 N, 
R 19 and 20 W, Mohave County; and the 
Apache and Big Monument gold and silver 
mines 12 miles south of Arivaca were dia
mond drilled and trenched for George 
Audish of Tucson. 

Arizona mine evaluations increased $9.9 
million over those of 1964. The largest in
crease was placed on the Duval Corp. new 
Mineral Park operation near Kingman, as
sessed at $6.4 million. The remaining in
creases were spread among the Inspiration, 
Kennecott, Magma, and Phelps Dodge 
holdings in the State. 

Kerr-McGee Corp. began exploratory dia
mond drilling on a large group of claims 
in Gila, Pinal, and Santa Cruz Counties. 

Employment and Injuries.-Final statistics 
for 1964 of employment and injuries in the 
mineral industries, excluding the petro
leum and natural gas industries, and pre
liminary data for 1965, compiled by the 
Federal Bureau of Mines, are given in 
table 3. 

Arkansas Louisiana Gas Co. conducted 
an extensive core-drilling program for var
ious minerals on the Holbrook tract in Na
vajo County. 

1 Mining engineer, Bureau of Mines, Denver. 
Colo. 

:! Petroleum engineer. Bureau of Mines. 
Denver, Colo. 
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Table I.-Mineral production In ArIzona' 

Mineral 

Asbestos ___________________________________ short tons __ 
Clays _________ ____________________ thousand short tons __ 
Copper (recoverable content of ores, etc.) ____ short tons __ Diatomite _________________________________________ do __ 
Gem stones _____________________________________ ______ _ 
Gold (recoverable content of ores, etc.) _____ troy ounces __ 
Gypsum _______________ ____________ thousand short tons __ 
Iron ore (usable) _____ thousand long ton s, gross weighL_ 
Lead (recoverable content of ores, etc_) ______ short tons __ 
Lime _____________________________ thousand short tons __ 
Mercury ______________________________ 76-pound flasks __ 
Molybdenum (content of concentrate) __ thousand pounds __ 
Natural gas (marketed) _____________ million cubic feeL_ 
Petroleum (crude) __________ thousand 42-gallon barrels __ 
Pumice __________________ ______ ___ thousand short tons __ 
Sand and gravel ________________________ ___________ do __ 
Silver (recoverable content of ores, etc.) 

thousand troy ounces __ 
Stone _____________ ____ ____________ thousand short tons __ 
Tungsten concentrate (60-percent WO, basis) 

short tons __ 
Uranium ore _________________________________ __ ___ do __ 
Vanadium ______ _____________ ______________________ do __ 
Zinc (recoverable content of ores, etc_l _____________ do __ 
Value of items that cannot be disclosed: Asbestos (1964), 

cement, clays (bentonite, fire clay 1964), feldspar, 
helium, mica (scrap). perlite, pyrites, and values 
indicated by symbol W _________ ______________ ______ _ 

Total __________________________________ ________ _ 

1964 

Q . Value 
uantlty (thousands) 

W W 
2168 ' $213 

690,988 450,524 
460 16 
NA 120 

153,676 6,379 
147 770 

4 32 
6,147 1,611 

177 2,920 
77 24 

6,296 9,532 
r 2,014 241 

64 W 
880 1,635 

18,116 20,868 

5,811 7,613 
3,759 6,283 

16 17 
102,258 3,263 

W 576 
24,690 6,716 

XX r,< 16,111 

XX r 534 ,353 

1965 

Q . Value 
uantIty (thousands) 

3,469 $441 
'129 '164 

703,377 497,991 
295 8 
NA 120 

150,431 5,265 
103 540 

8 51 
5,9 13 1,845 

204 3,543 
168 90 

9,399 16,880 
3,106 376 

97 W 
1,273 1,605 

14,918 16,621 

6,096 7,881 
2,474 4,171 

3 6 
117,898 3,918 

W 381 
21,757 6,353 

XX • 12,933 

XX 580,182 

NA Not available_ W Withheld to avoid disclosing individual company confidential data; 
included with " Value of items that cannot be disclosed." XX Not applicable_ r Revised. 

1 Production as measured by mine shipments, sales, or m arketable production (including con-
sumption by producers)_ 

, Excludes bentonite and fire clay; included with "Value of items that cannot be disclosed." 
'Excludes bentonite; included with "Value of items that cannot be disclosed." 
• Value of mineral fuels, $1,786,001}; value of nonmentals, $14 ,326 ,000. 
'Value of mineral fuels, $2,307,000; value of nonmetals, $10,626,000_ 

Table 2.-Value of mineral production In 
constant 1957·59 dollars 

1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 

Year 

r Revised. 

(Millions) 

Value 

$359 
359 
339 
317 
380 
414 
450 

r 454 
r 473 

471 

Duval Corp. reported that exploratory 
drilling in the Supai salt basin in Apache 
County had disclosed the presence of pot
ash mineralization. Potash was reportedly 
found in the Permian bed 1,000 feet below 
the surface. 

Legislation and Government Programs.
The United States Government played an 
increasingly important role in the copper 

market in 1965 with the release of copper 
from the Government stOCkpiles and the 
request to producers to maintain the 36 
cents per pound price of copper, Other 
steps taken included introduction of legis
lation to suspend the 1.7-cents-per-pound 
import tax on copper, effective February 8, 
1966 and restriction of copper exports_ 

Construction projects financed by Feder
al, State, and municipal funds accounted 
for much of the production of cement, 
sand and gravel, and stone_ State highway 
construction contracts awarded during the 
year totaled $69.9 million. Seventy-three 
percent ($50_8 million) was for construc
ting roads in the National System of Inter
state and Defense Highways_3 Of the 1,166.5 
designated miles in this system in Arizona, 

'Engineering News-Record_ State Highway 
Contracting P lans: 1966 Will be a Record 
Breaker. V. 176, No_ 14, Apr. 7, 1966, pp. 
74-76. 
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' Bagdad Copper Corp . obtained an op
tion on a mica property at Buckeye. At the 
time of acquisition, the property was yield
ing a low-grade ground mica used chiefly 
as roofing material. During the option pe
riod , the company was to study feasibility 
of adapting new processes which would 
produce a much higher grade product. 
During the same period , the company was 
to evaluate markets for this higher grade 
product. 

Phoenix Cement Co. produced portland 
and masonry cements at its cement plant 
near Clarkdale. Limestone, clays, and shale 
IIsed in manufacturing these cements were 
obtained from the company-owned Red
wall limestone quarry and Lakebed clay 
deposits. Slag, gypsum, and resin for manu
facturing cements were purchased by the 
company. 

Arizona Gypsum Corp. operated gypsum 
and clay deposits near Camp Verde. Ben
tonitic clays dug by the company were sold 
for use in pelletizing ores and for reservoir 
pond or ditch lining. Crude gypsum ores 
mined by the company were sold for use as 
a portland cement retarder and in treating 
alkali soils. Yavapai Block Co. produced a 
small quantity of scoria for use as a light
weight aggregate in manufacturing light
weight building block. 

U.S. Lime Products produced quicklime 
and hydrated lime at the lime plant from 
limestone quarried and crushed by the 
company at the Nelson quarry. The quick
lime was sold for use by the coke, gas, 
magnesium, and steel industries and in the 
concentration of copper ores. Hydrated 
lime was sold for construction purposes, for 
use in the concentration of copper ores, 
and for other chemical and industrial uses. 

Iron ore obtaiped from the Cowden and 
Iron Chancellor hematite deposits, 19 miles 
south of Seligman, was sold by G. A_ 
Swartz and Arizona Gypsum Corp. for use 
in manufacturing sponge iron. Ore from 
the Cowden deposit was hauled by trucks 
to Seligman, ground to minus 8 mesh, and 
shipped by rail to Ray Mines for use as 
sponge iron in the LPF plant at Hayden . 
Ore from these deposits was high grade, 
red to black hematite, containing about 61 
percent iron, low silica, and moisture. 

Contractors for the Arizona Highway De
partment produced a small quantity of 
miscellaneous stone used as riprap. Addi-

tional quantities of stone were produced by 
commercial operators: Miscellaneous stone 
for concrete and road stone and dimension 
sandstone for building stone. 

Sand and gravel was produced by com 
mercial producers, contractors for the Ari
zona Highway Department, and crews of 
the Yavapai County Highway Department. 
Most of the product was paving sand and 
gravel produced by the Arizona Highway 
Department; small quantities of building 
sand and gravel and fill sand were pro
duced by commercial operators. 

Yuma.-Sand and gravel and stone-the 
principal mineral commodities produced in 
the county-accounted for 97 percent of 
the value of mineral output. Contractors 
for the Arizona Highway Department and 
contractors and crews of the Federal Bu
reau of Reclamation produced 627,000 tons 
of paving sand and gravel , valued at 
5>557 ,000 . Commercial operators-Arrow 
Transit Mix Concrete Co., Inc. , Janney 
Sand and Gravel, Tanner Paving & Materi
als , Valley Sand and Gravel Co., and Yuma 
Builders Supply, collectively- produced 
241,000 tons of building and paving sand 
and gravel valued at $293,000. Granite, 
limestone, and miscellaneous stone pro
duced and crushed by contractors and 
crews of the Federal Bureau of Reclamma
tion were used for riprap and as a concrete 
and road metal. Dimension sandstone pro
duced by Western States Stone Co. and 
Apache Building Stone from the Scott
Weaver and Quartzite quarries was sold to 

the construction industry as rough con 
struction and rough architectural building 
stone. Agricultural gypsum produced by 
the Harquahala Gypsum Co. at the Har
quahala underground gypsum mine near 
Salome was sold and used uncalcined as a 
soil conditioner. Principle markets for the 
product were in the Aguila, Parker, Yuma, 
and Blythe, Calif., farming areas. 

Gold, silver, copper, lead, and zinc were 
recovered from small lots of ore produced 
at five lode and two placer mines; gold, 
silver, and lead were recovered from lead 
tailings at the Ruby Nos. I and 2 dumps. 
E. F. Peterson and Associates shipped cop
per ore from their lease on the Black Mesa 
copper claims located about 6 miles from 
Brenda_ The ore was trucked 32 miles to 
McVay for rail shipment to the Asarco 
smelter at Hayden. 

u.s. GOVERNMENT PRINTING OHICf : '9170-243-437 
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the trench shaft and tTUcked to the mill. 
Dewatering of the January and Trench 
mines was started in November 1964; min
ing began the following April. Arivaca 
Mining Co .. operator of the Glove mine in 
the Tyndall district, prepared to sink the 
main vertical shaft at the mine from the 
360-foot to the 460-foot level, crosscut to 
the main ore zone, and raise an additional 
shaft to the surface. Lead-zinc ore from the 
mine was trucked to Amado for rail ship
ment to the Asarco smelter at EI Paso. Ore 
mined by the company at the Arizona 
mine in the Oro Blanco district was 
trucked 20 miles to the Cerro Colorado 
mill northwest of Arivaca for processing. A 
bulk concentrate containing lead, copper. 
and zinc was produced and stockpiled for 
future shipment. Both mine and mill were 
operated by Arivaca Mining Corp. West 
Range Co. explored for molybdenum-cop
per ores at the Ventura mine in the Pal
metto district. 

Mineral rights to 8,656 acres in the Sa
lero mining camp, located between Pata
gonia and Tubac, were purchased by Sa
lero International Mining & Milling Co. of 
California. The camp, first developed in 
1895, had been idle nearly 50 years. The 
property, a high-grade copper, silver. and 
lead-zinc source, was worked for low-grade 
ores during World War I. 

Yavapal.-Gold, silver, copper, lead, and 
zinc comprised 78 percent of the total val
ue of mineral production. Except for mo
lybdenum and iron ore, nonmetals produc
tion, led by cement. accounted for most of 
the remainder. The Iron King mine at 
Humboldt, operated by Iron King Branch 
of Shattuck Denn Mining Corp., was the 
leading producer of gold, silver, lead, and 
zinc in the county. According to the com
pany annual report to shareholders, 44.855 
tons of concen trates was recovered at the 
company mill from the milling of 333,743 
tons of ore; the ore con tained 15,677 
ounces of gold. 589,377 ounces of silver, 
71,570 pounds of cadmium, 9,176,020 
pounds of lead, 543,451 pounds of copper. 
and 27 .247.330 pounds of zinc. The 333,743 
tons of ore mined and processed during 
t.he year constituted an all time high for 
the Iron King mine. Approximately 92 per
cent of this production came from the 
2,300- and 2,400-foot levels; the remaining 
8 percent was produced from the upper 
levels at the southern end of the ore body. 

A modified system of sublevel stoping facil
itated mining of the lower one-half of the 
stopes by normal shrinkage methods and 
the upper one-half by vertical long-hole 
stoping. This system has resulted in re
duced cost and better grade control. 

The grade of ore at the Iron King mine 
had decreased as deeper levels were devel
oped. The company reported that the de
crease in grade was offset by lower operat
ing costs and increased metal prices. 
Overall operating costs were reduced by 2.8 
percent. 

Exploration was conducted within the 
mine to evaluate known areas and to 
search for new ore bodies. Drilling on the 
north end of the ore zone did not reveal 
minable widths. Strong mineralization was 
present and deeper drilling was planned to 
explore the possibility of greater widths at 
depths. South of the main ore body, the 
grade of ore appeared to increase with 
depth. A program of deeper drilling was 
planned in this area. 

The Bagdad mine, Bagdad Copper 
Corp., was the principal producer of cop
per in the county and the tenth largest 
producer in the State. As reported to 
shareholders in the annual report, the 
company produced 20,275 tons of copper. 
Recovery of copper from sulfide ores was 
24.7 million pounds, an increase of 4 per
cent over the 23.8 million pounds in 1964. 
A verage ore grade during 1965 was 0.83 
percent, compared with 0.77 in 1964. The 
increase in grade accounted for the in
creased production. Recovery of copper by 
leaching ores in place increased about 2 
percent: 15.5 million pounds in 1964 com
pared with 15.8 million pounds in 1965. 
Molybdenum shipments during 1965 were 
453,364 pounds, compared with 276,624 
pounds in 1964. The sharp increase result 
ed from changes made in the molybdenum 
recovery circuit. Stripping was continued at 
a high rate during the year and was well 
ahead of mining operations. By the end of 
1966, the present ore body was expected to 
be sufficiently developed to reduce the rate 
of stripping. 

Construction at the refinery, a join t ven
ture between Bagdad Copper Corp. and 
Chemetals Corp., was being scheduled; the 
plant was to be completed in May 1966. 
The primary product of the refinery was to 
be pure copper powder; the refinery also 
would be capable of producing high-purity 
copper briquets suitable for melt stocks. 
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Table 3.-Employment and Injury experience in the mineral industries 

Average Number of Injury rates per 
men Days Man-days Man-hours injuries million man-hours 

Year and industry kO activ worked worked 
W~~ilJ;g e (thousandsXthousands l Fatal Nonfatal Frequency Severity 

1964: 
Coal ________ __ ____ _ 3 

10,632 
378 

1.115 
681 

(') 3 
Metal __________ ___ _ 302 3,210 25,633 785 30.94 3.199 
Nonmetal _________ _ 222 85 676 10 14.80 536 
Sand and gravel __ _ 234 261 2.102 53 25.21 562 
Stone ____________ _ 242 165 1.309 13 9.93 199 

Total _______ _____ 12.809 290 3.721 29.723 861 29.24 2.820 
==========================~==~ 

1965: p Coal _____________ _ _ 
Metal _____________ _ 
Nonmetal ____ _____ _ 
Sand and gravel __ _ 
Stone _____________ _ 

Total ___________ _ 

pPreliminary. 
'Less than 1/2 unit. 

5 
11 .575 

285 
1.150 

655 

13.670 

304 
221 
204 
237 

290 

(') 
3.519 

63 
234 
155 

3.971 

645.2 miles was opened to traffic at year
end; 481.2 miles was in the construction, 
engineering, or right-of-way phase; and 
40.1 miles had not been started.4 

A comprehensive review 5 of the geology 
of the U.S. Highway from Douglas on the 
Mexican border to Lupton on the New 
Mexico border was published by the Arizona 

3 
28.102 

508 
1.883 
1.223 

31.719 

11 
1 

2 

14 

658 
19 
27 
18 

722 

23.81 
39.37 
14.34 
16.35 

23.20 

3.715 
12.232 

660 
10.277 

3.923 

Bureau of Mines .. The 68-page guide was 
illustrated with maps; pictures of past and 
current mining operations. and geological 
reports correlated to each' section of the 
highway. A geologic log identified the 
rocks, according to the type and age. seen 
along the highway. An appended glossary 
defined the types of rocks. 

REVIEW BY MINERAL COMMODITIES 

METALS 

Copper.-Production from mines in the 
State was at a record high of 703.400 short 
tons; most mines were worked at or near 
capacity. Shipments exceeded production, 
and stocks declined. 

Mines in Arizona yielded more than 52 
percent of the domestic primary produc
tion and about 18 percent of the free 
world output. Production from the 12 
large open pit and 4 principal under
ground properties accounted for 97 percent 
(684.000 tons) of the State total output of 
703.377 tons of primary copper; 78 percent 
was derived from open pit ores, and 22 
percent was derived from underground ore. 
In 1964, the 11 open pit and 5 under
ground mines accounted for 98 percent of 
the State total output. The remaining 2 
percent was supplied by 72 small opera
tions. 

Copper was mined throughout a large 
area of Arizona and was a significant factor 

in the economy of 7 of the 14 counties in 
the State. Rapidly expanding operations in 
the Tucson area. since 1962, has pushed 
Pima County ahead of Pinal County in the 
production of copper. Greenlee and Gila 
Counties also were substantial producers. 
followed by Cochise, Yavapai. and Mohave. 

Four mines owned by Phelps Dodge 
Corp. accounted for about 38 percent of 
the State production. Magma Copper Co. 
accounted for 16 percent of the total out
put from its two underground properties. 
American Smelting and Refining Co. 
(Asarco) , with two open pits that account

ed for about 11 percent. was third. Ray 
Mines Division, Kennecott Copper Corp .• 
accounted for IO percent followed by In
spiration Consolidated Copper Co. with 9 
percent. Duval Corp. and Miami Copper 

'Bureau of Public Roads. Quarterly Report 
on the Federal-Aid Highway Program. Dec. 31. 
1965. Press Release BPR 66-5. Feb. 9. 1966. 

• Wilson. Eldred D. Guidebook I-Highways 
of Arizona. U.S. Highway 666. Arizona Bu
Mines Bull. 174. 1965. 68 pp. 
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:Figure I.-Value of mine production of copper, and total value of mineral production 
in Arizona. 

Co. yielded about 6 percent and 4 percent, 
respectively. Operations of Bagdad Copper 
Corp. and Pima Mining Co. accounted for 
about 3 percent and 2 percent, respectively. 
Several smaller firms provided the remain
ing I percent. 

Eight primary smelters operated in the 
State during the year, primarily on ores 
produced by the company operating the 
smelter. Phelps Dodge Corp. smelter at 
Douglas, Inspiration Consolidated Copper 
Co. smelter at Inspiration, and Asarco at 

Hayden also smelted ores on a custom or 
toll basis. Phelps Dodge Corp. controlled 
about 55 percent of the smelting capacity 
in the State; Magma Copper Co., Asarco, 
and Kennecott Copper Corp. each about 13 
percent; and Inspiration Consolidated Cop
per Co. about 6 percent. 

Approximately 89 percent of the recover
able copper produced at mines in Arizona 
was smelted locally. About 9 percent was 
shipped to copper, lead, and zinc smelters 
operated by Asarco at Amarillo and El Pa-
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cent sulfide copper, compared with 12.4 
million tons assaying 0.828 percent sulfide 
copper in 1964. Tons of ore mined per 
operating day increased from 34,756 tons in 
1964 to 37,791 tons in the current year. 
With completion of a $10 million expan
sion program, plant capacity was increased 
12 percent in July. The San Manuel con
centrator treated 13.4 million tons of ore at 
an average of 37,591 tons per operating 
day. Approximately 88 percent of the total 
copper and 92 percent of the sulfide cop
per were ·recovered. Copper per ton of ore 
mined in 1965 was 13 .89 pounds compared 
with 14.88 pounds in 1964. A total of 
314,750 tons of copper concentrates assay
ing 30.24 percent copper was processed at 
the smelter, compared with 316,547 tons as
saying 29.91 percent in 1964. Tons smelted 
per operating day averaged about 880 tons 
in 1965. Metal production at San Manuel 
was 93,767 tons of copper, 5.7 million 
pounds of molybdenum sulfide, 21,550 
ounces of gold, and 273,610 ounces of 
silver. 

From quarries operated by the company, 
San Manuel furnished 58,765 tons of lime
stone and 14,532 tons of quartzite for me
tallurgical purposes. 

Copper production at the Magma mine 
increased about 14 percent during the year. 
The mine yielded 439,911 tons of ore assay
ing 4.65 percent copper, 0.031 ounce of 
gold, and 0.99 ounce of silver, compared 
with 377,575 tons of ore assaying 4.78 per
cent copper, 0.030 ounce of gold, and 0.85 
ounce of silver in 1964. Metal production 
was 19,452 tons of copper, 12,748 ounces of 
gold, and 408,366 ounces of silver. 

A replacement ore body in a limestone 
strata lying some 410 feet stratigraphically 
above the area being developed and mined 
was discovered by diamond drilling during 
the last half of the year. Indications were 
that the new ore body, outlined between 
the 3,600- and 3,300-foot levels, may con
tain 2 million tons of ore containing ap
proximately 6 percent copper. Under
ground workings did not provide access to 
obtain information regarding the exten t of 
mineralization below the 3,600-foot level. 
The determination and evaluation of the 
economic possibilities of the ore body were 
expected to influence the life of this prop
erty. 

Americana Investments, Inc., Phoenix, 
stockpiled gold ore obtained from the 

Golden Beauty vein at the White Chief 
mine. Development work, includin£ shaft 
sinking, was continued to evaluate known 
mineralized areas at the property. The 
White Chief mine, owned by Triumph 
Mines Co., Inc., was held by Americana 
under a 5-year lease. 

Phelps Dodge Corp. received daily ship
ments of siliceous flux ore from an open 
pit at the Pico Nos. I and 2 mine operated 
by A. W. Robart. 

McFarland & Hullinger shipped open pit 
copper silica ores from the Del Oro mine 
and gold-silver tailings from the Mammoth 
and Tiger tailings dumps to the Asarco 
smelter at Hayden. Little Hill Mines 
shipped additional quantities of copper 
and silver fluxing ores to the smelter from 
the Canyon Pit, Copper Rose, Gold Hill, 
and Hilltop open pit mines in the Old 
Hat mining district. 

Nonmetals accounted for 2 percent of 
the total value of mineral output. Crude 
gypsum, mined by Arizona Gypsum Co. 
and National Gypsum Co. near Winkelman 
and by Garcia Gypsum Co. near Mam
moth, was shipped to wallboard and ce
ment plants; some was used locally for 
agricultural purposes. Arizona Gypsum also 
produced a small quantity of diatomite 
from the White Cliffs mine near Mammoth 
for use as a filler. Lime was produced by 
San Manuel for use at the San Manuel 
concentrator. Crude vermiculite from Mon
tana was exfoliated by Ari-Zonolite at a 
plant in Phoenix; the product was sold for 
use in acoustical and thermal insulation, as 
an aggregate in plaster and concrete, and 
as a soil conditioner. Perlite produced by 
Arizona Perlite Roofs , Inc., and Harborlite 
Corp. was expanded at Tucson and out-of
State expanding plants for use in building 
plasters and other construction applications 
and as fil ter aids. Con tractors for the Ari 
zona Highway Department and crews and 
contractors for the Pinal County Highway 
Department produced most of the sand 
and gravel in the county. 

Santa Cruz.-Gold, silver, copper, lead , 
and zinc were recovered from five lode 
mines, collectively, and cleanup at the 
Trench mill. The Trench mill, located in 
the Harshaw district, was reopened in the 
middle of May by Nash-McFarland, Inc. 
Lead, zinc, and silver ores from the Jan
uary mine, owned by Asarco and operated 
by Nash-McFarland, Inc. , were hoisted up 
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was the largest source of gold and the sec
ond largest of silveL - The Mission mine 
ranked first in the production of silver and 
zinc. The small quantity of lead produced 
came from the Mission mine and two small 
lode mines. A small quantity of tungsten 
concentrates-recovered from ores obtained, 
mined, and milled at the Carbaloy mine by 
Fernstrom Mining Co.-were sold to Kenna
metals, Inc., Fallon, Nev. 

Cement (portland and masonry) was the 
major nonmetal mineral commodity pro
duced in the county in terms of value of 
mineral output, followed by sanrl and 
gravel and stone. 

Arizona Portland Cement Co. manufac
tured portland and masonry cements by 
the dry process at its plant near Rillito 
from crushed limestone produced at the 
company quarry and from purchased slag, 
gypsum, and iron ore. Cement produced by 
the company was shipped to consumers in 
and out of the State. Grabe Brick Co., Inc., 
Phoenix Brick Yard, and Tucson Pressed 
Brick Corp. mined miscellaneous clay for 
use in manufacturing building brick. 

Twelve commercial operators produced a 
total of 867,000 tons of sand and gravel 
valued at $1 million from 14 operations. 
The sand and gravel. processed in 10 sta
tionary and 4 portable plants, was used 
principally for construction. A small 
amount was not processed. Contractors and 
crews of the Arizona Highway Department 
and the Pima County Highway Depart
ment, respectively, used the remainder. A 
small quantity of marble was mined and 
crushed at the Andrada quarry by Andrada 
Marble Co. and sold for use as roofing 
granules, landscaping, and animal feed. 
Sandstone produced and crushed by San 
Antonio Mine Co. near Ajo was sold to the 
copper producers as a smelter flux. The 
company also sold a small quantity of 
dimension sandstone from the San Antonio 
mine for use in building. Miscellaneous 
stone quarried by contractors for the Ari
zona State Highway Department was used 
as riprap. 

Pinal.-Output of copper was 10 percent 
higher than that of the previous year, 
principally because of increased output at 
Ray Mines and the Magma mine. Gold 
and silver recovered principally as byprod
ucts from copper refining in the county 
accounted for 2 percent of the total value 
of mineral production. 

Kennecott Copper Corp., in its annual 
report, stated that Ray Mines Division 
near Hayden mined and milled 8.6 million 
tons of ore, compared with 6.9 million tons 
in 1964. Copper production from all 
sources totaled 72,153 tons , a 24-percent in
crease. The average grade of ore mined in 
1965 contained 0.86 percent copper com
pared with 0.87 percent in 1964. Installa
tion of a concentrate dryer permitted 
higher throughput in the reverberatory 
furnace and increased copper output. Site 
preparation and excavation were begun for 
a new primary crushing facility at the 
property. The new facility was to include a 
54-inch gyratory crusher, a 54-inch con
veyor belt, a 60-ton overhead crane, and a 
loading tunnel. When the new plant is 
completed, the exis ting crusher was to be 
dismantled to make way for planned pit 
expansion. Completion was scheduled for 
late 1966. 

Pyrite recovered from the mill tailings 
and purchased from Magma Copper Co. 
was roasted in a fluidizing reactor as one 
step in producing sponge iron and sulfur 
dioxide for manufacturing sulfuric acid. 
The final reduction to sponge iron was ac
complished in two parallel Bruckner fur 
naces which were directly fed by hot cal
cines from the fluidizing reactor. Sulfuric 
acid was used as a sol ven t for recovering 
non sulfide copper in the ore. The sponge 
iron was used as precipitant for the dis
solved nonsulfide copper. Copper from two 
underground and one open pit mines ac
counted for $130.4 million (92 percent) of 
the total value of mineral production in 
the county. 

Magma Copper Co. operated the San 
Manuel and Magma underground mines. 
The San Manuel mine was developed by 
large-scale block-caving system; the Magma 
mine by square set and retreat-caving but 
more recently by sandfill. At the San Man
uel Division, according to the company an
nual report, production of all metals, ex
cept silver, increased during the year. The 
sulfide content of the ore mined in 1965 
was less than in the previous year; the in
creased tonnage of ore mined, however, 
more than compensated for the lower 
grade. The drop in grade resulted from 
lower grades of ore being mined in order 
to maintain the normal sequence of opera
tions. During the year, the company mined 
13.5 million tons of ore assaying 0.773 per-
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Figure 2.-Mine production of copper in Arizona, 1955-65, by months, in terms of 
recoverable metal. 

Table 4.-Fifteen leading copper-producing mines in 1965, in order of output 

Rank Rank Source of copper 
in 1965 in in Mine District County Operator 

1965 1964 

2 
3 

4 

Morenci ____ ___ Copper Mountain Greenlee _ Phelps Dodge Corp_ 

2 San Manuel ____ Old Hat ________ Pinal ____ Magma Copper Co __ 
5 Ray ___________ Mineral Creek ____ do ____ Kennecott Copper 

Corp. 
New Cornelia __ Ajo ____________ Pima ____ Phelps Dodge Corp_ 

3 Copper Queen, 

Copper ore, copper 
precipitates, gold
silver ore. 

Copper ore. 
Copper ore, copper 

precipitates. 
Copper ore, gold

silver ore. 

Lavender Pit_ Warren ________ Cochise ___ _______ do ________ Copper ore, copper 
precipitates. 
silver ore. 

Mission ________ Pima __________ Pima ____ American Smelting Copper ore. 
and Refining Co. 

7 Inspiration ____ Globe-Miami ____ Gila _____ Inspiration Consoli- Copper ore, copper 
dated Copper Co. precipitates. 

8 10 Esperanza _____ Pima _________ _ Pima ____ Duval Corp ________ Do. 
9 8 Silver Bell _____ Silver Bell ________ do ____ American Smelting Do. 

and Refining Co. 
10 12 Bagdad ________ Eureka ________ Yavapai _ Bagdad Copper Corp. Do. 
11 11 Copper Cities __ Globe-Miami ____ Gila _____ Miami Copper Co___ Do. 
12 13 Magma ________ Pioneer ________ Pinal ____ Magma Copper Co __ Copper ore, gold-

silver ore. 
13 Mineral Park __ Wallapai _______ Mohave _ Duval Corp ________ Copper ore, copper 

precipitates. 
14 9 Pima __________ Pima __________ Pima ____ Pima Mining Co ____ Copper ore. 
15 15 Miami _________ Globe-Miami ____ Gila _____ Miami Copper Co ___ Copper precipitatas. 
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Table S.-Ore mined, waste and leach material removed, and total copper production at 
principal copper open-pit and underground mines 

Waste and leach material Total copper 
produced from 

all sources t 

(short tons) 
Mine 

Open pit: 
Morenci ______ ______ __ _ 
Ray ________ _____ ________ _ 
New Cornelia ____________ _ 
Mission __ __ __ ___ ________ _ 
Inspiration _______ _______ _ 
Lavender ____ ____________ _ 
Esperanza _________ __ ____ _ 
Silver Bell _____ ____ ______ _ 
Bagdad _________ _________ _ 
Copper Cities ____________ _ 
Mineral Park ________ ____ _ 
Daisy-Pima ______ __ _____ _ _ 

Underground: 
San Manuel _____ ___ __ ___ _ _ 
Copper Queen ____________ _ 

:i:~t _======= == ========== 

Ore mined removed 
(thousand short tons) (thousand short tons) 

1964 

18,632 
6,890 

10,371 
7,561 
5,837 
6,001 
4,292 
3,033 
2,063 
3,164 

387 
2,850 

12,443 
749 
378 
(') 

1965 

19,089 
8,595 

10,655 
6.646 
5,799 
5,661 
4,232 
3,185 
2,091 
3,200 
4,914 
2,646 

13,504 
766 
440 
(5) 

1964 

30,068 
13,330 
18,973 
27,961 
9,293 

19,017 
6,071 
6,974 

12,063 
6,266 

10,238 
• 4,718 

1965 

29,601 
22,061 
15,889 
29,282 
9.491 

21,886 
8,253 
6,951 

10,568 
11,668 

4,822 
• 9,243 

1964 

129,406 
58,235 
70.818 

253,810 
48,908 
41,508 

322,550 
324,142 
3 19,632 
3 21,453 

, 1,350 
, 30,000 

92,588 
32,525 
17,064 
69,037 

1 Includes copper recovered from leaching of material in place and in dumps. 
'Gross metal in concentrate shipped. 
• Gross metal in concentrate and precipitates shipped. 
• Cubic yards. 
• All production from in-place leaching. 
o Gross metal in precipitates shipped. 

Source : Bureau of Mines data or company-published annual reports. 

1965 

127,566 
72.153 
70,905 

256,237 
53,436 
35.687 

321,691 
321,479 
320,376 
320.184 
3 19,039 
218,000 

93,767 
30,948 
19,452 
• 9,111 

Table 6.-Mine production of gold, silver, copper, lead, and zinc, in terms of recoverable metals 1 

Material 
Mines producing sold or Gold (lode and placer) Silver (lode and placer) 

Year treated' 
Lode Placer (thousand Value Troy ounces Value 

short tons) Troy ounces (thousands) (thousan ds) ( thousands) 

1956-60 (average) 128 5 59,703 141,846 $4,965 4,763 $4,311 
1961 ___________ _ 96 4 72,537 145,959 5,109 5,120 4,733 
1962 ____ __ _____ _ 83 5 79,583 137,207 4,802 5,454 5,917 1963 ___________ _ 

90 4 81,214 140,030 4,901 5,373 6,873 
1964 ___________ _ 85 1 86,742 153,676 5,379 5,811 7,513 1965 ___________ _ 92 2 93,466 150,431 0,265 6,095 7,881 

1890-1965 ______ _ NA NA NA 13,321,041 353,732 387,166 310,482 

Copper Lead Zinc 
Total 

Value Value Value value 
Short tons (thousands) Short tons (thousands) Short tons (thousands)( thousands) 

1956- 60 (average) 495,301 $321,221 10,965 $2,879 32,231 $7,704 $341.080 
1961 ___________ _ 587,053 352,232 5,937 1,223 29,585 6,804 370,101 
1962 ___________ _ 644,242 396,853 6,966 1,282 32,888 7,564 416,418 
1963 _________ __ _ 660,977 407,162 5,815 1.256 25.419 5,846 426,038 
1964 ___________ _ 690,988 450,524 6,147 1,611 24,690 6,716 471,743 
1965 ___ _______ _ _ 703,377 497,991 5,913 1,845 21 ,757 6,353 519,335 

1890-1965 ______ _ 20,482,028 8,826,411 639,619 125,666 985,039 239,083 9,855,374 

NA Not available. 
1 I~cludes recoverable metal content of gravel washed (placer operations), ore milled, old tailings 

or shmes retreated, and ore, old tailings, or copper precipitates shipped to smelters during the 
calendar year indicated. 

2 Does not include gravel washed or tonnage of precipitates shipped. 
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contractor (Isbell Construction Co.) at Es
peranza and Mineral Park in Mohave 
County and commenced mining operations 
at these properties. The company completed 
plans for centralizing exploration, research, 
and planning at Tucson. Construction of 
a new office-laboratory building neared 
completion at the end of the year. The 
centralization of the exploration, research, 
and planning groups was to improve co
ordination of personnel and facilitate in
vestigation and evaluation of new projects. 

The 1965 annual report issued b y Cyprus 
Mines Corp. stated that Pima Mining Co. 
(50 percent owned by Cyprus Mines 
Corp.) mined and milled 2.6 million tons 
of ore averaging 0.76 percent copper and 
produced 18,000 tons of contained copper. 
In 1964, production totaled 2.9 million 
tons of ore containing 1.17 percent copper 
and 30,000 tons of contained copper. Cop
per concentrates produced from ore from 
open pit mines milled in the company mill 
were shipped to Asarco for smelting and 
refin ing. In April, the company approved 
plans to expand daily plant capacity to 
18,000 tons of ore. By yearend, this expan
sion was about 70 percent completed and 
was scheduled to go on stream in April 
1966. The larger mill was to lower unit 
costs and make it profitable to process 
lower grade ores from areas adjoining the 
present pit, extending the life of the mine 
in to the 1980's. 

Banner Mining Co. reported that pro
ceeds from the mining of Daisy ore by 
Pima Mining Co. under a custom mining 
and milling agreement between the two 
companies increased 80 percent, from 
$694,623 to $1,247,975. This increase was 
due, primarily, to increased copper prices. 

According to the Phelps Dodge Corp. an
nual report, production of copper from the 
New Cornelia Branch , Ajo mine, increased 
slightly. The ratio of waste to ore mined 
in the A jo open pit was 1.49: I, compared 
with 1.83:1 in 1964. Major developments at 
the property included the use of a new 
type of explosive, high-density hot ammo
nium nitrate, and the installation of remote 
controls on most of the locomotives used in 
the mine. The use of the new explosive, 
although more expensive than other am
monium nitrate explosives, permitted 
wider spacing between blast holes and a 
reduction in drilling requirements. The in
stalla tion of remote controls in the locomo-

tives permitted the trains to be operated 
by one-man instead of two-man crews. The 
remaining locomotives were to be similarly 
equipped in 1966. Automatic control of 
grinding in ball miIls was studied. 

In its annual report Asarco stated that 
production from the Mission copper mine 
totaled 35.9 million tons; 6.6 million tons 
was ore. Concentrates produced at the 
company miII contained 56,237 tons of re
coverable copper. Although harder ore re
duced grinding capacity at the mill, this 
reduction was more than offset by higher 
grade ore mined during the first half of 
the year. Construction was begun to ex
pand mill capacity 50 percen t by early 
1967. The molybdenum byproduct plant 
was operated satisfactorily throughout the 
year. 

At the Silver Bell mine, 40 miles north
west of Tucson, Asarco mined and milled 
3.2 million tons of ore from the EI Tiro 
and Oxide pits, recovering 19,167 tons of 
copper in concentrate form. Leaching of 
waste dumps provided an additional 2,312 
tons of copper as precipitates. Leaching 
operations were expanded during the year. 
Molybdenum production was down slight
ly. Expansion of the company mill to in
crease capacity by one-sixth was to be com
pleted by mid-1966. 

According to its annual report, The Ana
conda Company continued plans to expand 
copper production in Arizona. Exploratory 
drilling at the Twin Buttes area near Tuc
son disclosed a large low-grade sulfide cop
per ore body with appreciable molybde
num. Stripping of 600 feet of overburden 
was begun in September; plans for a con
centrator were being made. Operations 
were sch eduled to begin early in 1969. 
When complete, the mine and plant were 
to handle about 30,000 tons of ore per day. 
A shaft and underground workings at 
Twin Buttes provided access for investiga
tion of the large zone of copper minerali
zation. Ore was tested metallurgically 
through a 200-ton -per-day pilot plant. Ad
ditional drilling supplied information con
cerning the characteristics of the ore and 
its commercial limitations. Drilling was 
continued at nearby Helvetia with favora
ble results. 

Most of the gold and silver produced ill 
the county was recovered as byproducts of 
copper mining. The New Cornelia mine 
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Marble was quarried and dressed at the 
Harquahala quarry by Agnes D. Mick for 
decorative use in building construction. Di· 
mension sandstone for rough architectural 
use was quarried by Apache Building 
Stone at the Drum, Lemons, and Sunflower 
quarries. Contractors for the Arizona High
way Department quarried miscellaneous 
stone for riprap. Scrap mica produced at 
the Buckeye mine by Buckeye Mica Co. 
was ground at the company mill near 
Buckeye for use in manufacturing paint. 

More than 75 percent of the output of 
mercury in the State was recovered by fur
nacing ores from the Big Sam and Pine 
Mountain mines north of Sunflower. 

Output of crude ore totaled 8,1l9 short 
tons, averaging 0.062 and ranging from 0.04 
to 0.8 percent mercury. Most of the ore 
was furnaced, approximately half the ore 
being treated in 50-ton Gould rotary fur
naces, the other half treated in a 100-ton 
Shutte furnace. 

Miscellaneous clay for manufacturing 
building brick was mined by Phoenix 
Brick Yard and Wallapai Brick & Clay 
Products, Inc., at deposits near Phoenix. 
Small quantities of gold, silver, and copper 
were recovered from ores mined by several 
small producers in the county. 

Mohave.-The value of mineral produc
tion in Mohave County increased eightfold 
($2 million in 1964 to $19.6 million in 
1965) because of the first full year of pro
duction at the Mineral Park copper-molyb
denum mine near Kingman, owned and 
operated by Duval Corp. The corporation 
produced all of the molybdenum and most 
of the gold, silver, copper, and zinc output 
in the county. A small quantity of gold, 
silver, copper, lead, and zinc, collectively, 
was obtained from seven lode operations in 
the Cedar Valley, McConnico, and Walla
pai mining districts and in the Hualpai 
Indian Reservation. 

Contractors for the Arizona Highway De
partment and crews of the Federal Bureau 
of Reclamation furnished I million tons of 
paving sand and gravel used on highway 
construction . Commercial production val
ued at $1.1 million was mainly sand and 
gravel for buildings and roads. Three com
mercial operators reported production at 
four operations. Basalt quarried by Peter 
Kiewit Sons' Co. was used as concrete and 
road material. Crushed quartz from the 

Taylor mine near Kingman, operated by a 
contractor for IMC, and from the White 
Spar quarry, operated by C. F. Weeks, was 
used in manufacturing abrasives. Feldspar, 
also from the Taylor mine, was ground by 
IMC and shipped to consumers in Califor
nia, Ohio, Texas, Washington, Wisconsin, 
and the Philippines. Miscellaneous stone, 
quarried by contractors for the Arizona 
Highway Department, was crushed and 
used for road construction. 

Navajo.-Sand and gravel was the princi
pal mineral commodity, accounting for 82 
percent of the total value of mineral out
put. Contractors for the Federal Bureau of 
Public Roads, Federal Forest Service, Ari
zona Highway Department, and the city of 
Winslow produced 605,000 tons of paving 
sand and gravel. 

Uran ium ore production supplied 
$202,143 of the $1.5 million value of min
erai production. The major producer was 
Industrial Uranium Co., operator of the 
Moonlight and South Sunlight mines. 
Properties of the A & B Mining Co., Atlas 
Minerals Division, Atlas Corp., Robert 
Shriver, and Grant L. Shumway were oper
ated during the year. A small quantity of 
vanadium was recovered from uranium ores 
produced by A & B Mining Co. and Robert 
Shriver from the Monument No. I and 
Mitchell Mesa mines. 

Pima.-Five mines--New Cornelia, Mis
sion, Esperanza, Silver Bell, and Pima
were the source of 99 percent of the cop
per produced in the county and 26 percent 
of that produced in the State. Production 
of copper from the county was 12,845 tons 
below 1964 output, reflecting principally a 
lower output at Pima, Daisy, Silver Bell, 
and Esperanza mines. Output of molybde
num rose 34 percent in quantity and 61 
percent in value. Nonmetals-cement, 
clays, sand and gravel, and stone-produc
tion was lower. 

The 1965 annual report for Duval Corp. 
reported total production from the Esper
anza open pit mine (33 miles southwest of 
Tucson) about 21 ,600 tons of copper and 
1.4 million pounds of molybdenum. Pro
duction of copper from leach dumps sup
plemented the output of copper from the 
l2,OOO-ton-per-day concentrator operated by 
the company. On August I the company 
acquired the open pit equipment and em
ployed most of the personnel of the mining 
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Table 7.-Mine production of gold, silver, copper, lead, and zinc In 1965, by counties, 
In terms of recoverable metals 

Mines Material Gold (lode and placer) Silver (lode and placer) 
County producing 1 sold or 

treated 2 Troy Troy 
Lode Placer e short tons) ounces Value ounces Value 

Cochise ---------------- 8 6.453.127 44,046 $1,541.610 962,077 $1,243,966 Coconino _______________ 1 • 100.000 23.248 30,060 
Gila ------------------- 12 10,734,696 3,706 129,710 206,025 266,390 
Greenlee --------------- 3 19,090,733 10,968 383,880 512,873 663,145 
Maricopa -------------- 3 536 9 315 6,843 8,848 Mohave ________________ 8 4,660,607 50 1,750 524,787 678.550 
Pima ------------------ 12 27,218.009 39.552 1,384.320 2,145,008 2,773,495 
Pinal ------------------ 17 22,63~,639 36,279 1,269,765 930,363 1,202,959 
Santa Cruz _____________ 5 5.646 36 1,260 21,795 28,181 
Yavapai --------------- 17 2,553,745 15,771 551,985 759,559 982.110 Yuma __________________ 6 2 12,343 14 490 2,670 3,452 

Total: 
1965 92 2 93,466,081 150,431 5,266,085 6,095.248 7.881,156 
1964 85 1 86,742,262 153,676 5,378,660 5,810,510 7,512,989 

Copper Lead Zinc 
Total 

Short Short Short value 
tons Value tons Value tons Value 

Cochise ________ 67,021 $47,450,585 6 $1,794 86 $24,981 $50,262,936 
Coconino ______ 810 573.268 603,328 Gila ___________ 95,320 67,486,772 67,882,872 
Greenlee _______ 127,586 90,330.640 91,377.665 
Maricopa ______ 12 8.602 17,765 
Mohave ________ 18,483 13,085,858 ef ) 78 28 8,088 13,774,324 
Pima ___ _______ 185.727 131,494,963 11 3,323 1,077 314,470 135.970,571 
Pinal __________ 184,677 130,751,776 133,224.500' 
Santa Cruz ____ 63 44.392 359 111,914 653 190,807 376.554 
Yavapai _______ 23,678 16,763,989 5,465 1,705,236 19,907 5,813,034 25,816,354 
Yuma _________ ef ) 71 72 22,511 6 1.664 28,188 

Total: 
1965._ 703.377 497.990.916 5,913 1,844,856 21,757 6,353,044 519.335,057 
1964,_ 690,988 450.524,176 6,147 1,610,514 24,690 6,715,680 471,742,019 

1 Operations at miscellaneous cleanups not counted as producing mines; various uranium mines 
from which copper was recovered as a byproduct not included as they were in the mine count of 
uranium. 

2 Does not include gravel washed or tonnage of precipitates shipped. 
3 Excludes tonnage of uranium ore milled. 
f Less than "h unit. 

so, Tex.; I percent to the AsarC'o copper 
smelter at Tacoma, Wash.; and I percent 
to The National Zinc Co. zinc smelter, 
Bartlesville, Okla. 

Production in the State was 2 percent 
(12,000 tons) higher than in 1964. In the 
United States, production increased 8.4 
percent (105,000 tons); output from mines 
in Arizona accounted for 12 percent of this 
increase. 

Porphyry copper ores were mined at 
open pits in Cochise, Gila, Greenlee, Pima, 
and Pinal Counties. Copper recovered from 
the ores ranged from 0.381 to 0.855 percent 
copper, averaging about 0.651 percent. In 
1964, copper recovered from ores from 
open pit mines had ranged from 0.339 per
cent to I percent recoverable copper, aver
aging 0.682 percent. In 1965 ore from the 
underground mines contained from 0.698 

243-4370-67-2 

to 4.52 percent copper; the lower analysis 
represents the copper content of the ore 
block caved at San Manuel and the higher 
analysis the copper content of the ore at 
the Magma mine where sandfill methods 
were used. Companies operating the 12 
large open pit mines moved about 76.3 
million tons of ore to recover 496,772 tons 
of copper. 

Production of 429,794 tons of copper 
from five of the largest mines represented 
61 percent of the State total; the first 10 
major copper-producing mines accounted 
for 600,304 tons, or 85 percent; and the 
first 15 accounted for 682,962 tons, or 97 
percent of the total. The production of 
497,000 tons of copper required the remov
al of 190.1 million tons of waste and leach 
material. The ratio of waste and leach ma
terial to that of ore at the 12 principal 
producers was 2.48: I. 
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Table S.-Mine production of gold, silver, copper, lead, and zinc in 1965, by classes 
of ore or other source materials, in terms of recoverable metals 

Source 

Material 
Number sold or 

of treated 
mines 1 (short 

tons) 

Gold Silver 
(troy (troy 

ounces) ounces) 
Copper 

(pounds) 
Lead 

(pounds) 
Zinc 

(pounds) 

Lode ore: 
Dry gold _____________ 3 96 39 85 100 
Dry gold-silver _______ 6 114,793 428 9.519 1,795,300 
Dry silver _____________ 1_7 ___ 2_3:-.,8_4_7 ___ 24 ___ 3_1_,3_4_8 ___ 1_9_4_,3_0_0 ___ 1_.9_0_0 ____ 9 __ 00 

Total ______________ =o:::2;6===1;38;,;73;;6~==~4;;9;1 ===4;O,;;9~52~=::'C'I~.~98~9~, 7~0~0==~I',::9~00:===:==~9=00 
Copper ______________ 40 92,859,535 J33.830 5,352,850 1.308,809,700 13.200 2,212,200 
Copper-zinc __________ 4 85,172 87 21,602 4,332,700 22 ,500 9,398,000 
Lead ________________ 7 1,403 30 2,812 2,900 109,300 8,900 
Lead-zinc ____________ 4 336,557 15,402 624,807 650,000 11,463,900 30,865,100 
Zinc ___________________ 1 ___ 2~,7_6_3 ______ 8~,8_2_8 ___ 1_1_4_,4_0_0 __ 1_1_2_,2_0_0 __ 9_9_5_,4 __ 00 

Total ______________ 56 93,285,430 149,349 6,010,899 1.313,909,700 11,721,100 43,479,600 

Other "lode" material: 
Gold tailings ________ _ 
Gold-silver and silver 

tailings 2 __________ _ 

Copper cleanup and 
copper smelter 

19 

29,815 

cleanup 2 ___________ (3) 807 
Copper precipitates ___ 19 63,159 
Lead cleanup ______ __ (a) 2 

529 

43 

2 

15,213 

1,061 

Lead tailings 2 11,200 1 946 

97,400 

176,900 
89,282,500 

Lead-zinc mill cleanup_ (3) 472 f 2 f 26,174 f 1,297,800 
Zinc mill cleanup _____ (a) (f) (f) (f) (f) 

1,500 
6(),900 

f 40,600 
(f) 

3,400 
f 30,100 

(f) 
Uranium ore ________ ______________ (f_) _____ (_f_) _________ _ 

Total ______________ ==2=6==1=0=5~,0=7'C'4===:'=5==8==3 ===4=3~.3=9==6~=.9:':0~,8:':5:':4~,6==0'C'0~~1::0==3~,O==0==O=.=:=::':'3';'3=:, 5=00 
Total "lode" material 92 93,529,240 150,423 6,095,247 1,406,754,000 11,826,000 43,514,000 

Placer ___________________ 2 8 1 

Total, all sources ___ 94 93,529,240 150,431 6,095,248 1,406,754.000 11,826,000 43,514,000 

1 Detail will not necessarily add to totals because some mines produce more than one class of 
material. 

, Combined to avoid disclosing individual company confidential data. 
J From properties not classed as mines. 
, Lead-zinc mill cleanup, zinc mill cleanup. and uranium ore combined to avoid diclosing individual 

company confidential data. 

Table 9.-Mlne production of gold, silver, copper, lead, and zinc in 1965, by types 
of material processed and methods of recovery, in terms of recoverable metals 

Type of material processed 
and method of recovery 

Lode: 
Amalgamation: 

Gold 
(troy 

ounces) 

Silver 
(troy 

ounces) 

Ore _____________________ 20 1 

Copper 
(pounds) 

Lead 
(pounds) 

Zinc 
(pounds) 

Tailings ____________________ 8 _______ 2 __________ _ _____ _ 

Total ________________ _ 
Concentration and smelt

ing of concentrates: 

28 3 

Ore t _____________ _____ __ 135,681 5,622,805 2 1,282,293,300 11.185,500 43,246,700 

============================== 
Direct-smelting: 

Ore _____________________ 14,140 453,239 29,439,800 
Cleanings _______________ 45 3,987 177,500 
Precipitates _____________ 89,282,500 

598,400 
42,100 

237,200 
30,100 

Old tailings _________________ 5_29 ____ 1_5_,2_1_3 ____ 97_,_4_0_0 _ _ ________ _ 

Total ________ _________ 14,714 472,439 118,997,200 640,500 267,300 
Other: 

Leaching of copper ore __ 5,463,500 Placer ______________ ____ _____ _ 8 
============================== Grand total __________ _ 150,431 6,095,248 1,406,754,000 11,826,000 43,514,000 

1 Includes uranium ore concentrate. 
2 Includes copper recovered from leaching of ore at operations that employ "dual-process" treat

ment of leaching followed by flotation concentration. 
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Greenlee.-Morenci Branch, Phelps Dodge 
Corp., the largest producer of copper in the 
State, was ranked second in the Nation. 
According to the company annual report, 
production of copper was 127,566 tons, 
compared with 129,406 tons in 1964. The 
open pit mine at Morenci was operated 
on the equivalent of 6.5 days per week. 
Operations were continual throughout the 
year, except for regular 2·week vacation 
shu tdowns. Ratio of waste and leach mate
rial to ore was 1.55: I compared with 1.61: I 
in 1964. 

Installation of the leach-precipitation
flotat ion system for recovering part of the 
nonsulfide copper content of the Morenci 
ores was completed and was partly in 
operation at the end of the year. The 
plant was to reach its designed capacity 
during the first half of 1966. Built at a 
cost of SIB.7 million, the new system when 
operating at designed rate was to add 
10,000 tons of copper to the annual output 
of the mine. 

Work was continued on the application 
of X-ray analysis to the continuous analysis 
of feed, concentrate, and tailing streams in 
the concentrator and ore-dressing pilot 
plant. The mechanical tuyere puncher de
veloped by the Morenci staff was installed 
at the Morenci smelter. 

The Blue Ridge Dam project on East 
Clear Creek, a tributary of the Little Colo
rado River in central Arizona, begun in 
May 1963, was completed in November at 
a total cost of $6.9 million. The project 
provided additional water for the Morenci 
operation. 

With increased quantities of water avail
able, production of copper from leaching 
waste dumps was increased . Construction 
of a new precipitation plant, begun during 
the year, was to be operated in the second 
quarter of 1966. The new facilities, when 
operated on a full-year basis, were to in
crease copper production at Morenci an 
addi tional 15,000 tons per year. 

Expansion of the Morenci pit was to re
quire the relocation of a part of the town 
of Morenci over the next several years. 
This project was begun in 1965 with the 
relocation of the ind ustrial railroad, some 
site preparation and design, and start of 
construction of the first new buildings, in
cluding the administration building and 

shopping center. Thirty-seven new houses 
also were under construction. 

The Morenci mine yielded significant 
quantities of gold, silver, and molybdenum 
as byproducts from treatment of copper 
ores. Limestone mined by the company at 
the Morenci quarry was used as a flux and 
in manufacturing quicklime used for met
allurgical purposes. The company also 
produced crushed sandstone from a quarry 
near Morenci for use as a flux in smelting 
copper ores. 

Charles E. Stevens reported production 
of a small quantity of copper ore from the 
Molinar-Alaska mine in Copper Mountain 
mining district. The mine was recently re
opened following the repairing, retimber
ing, and laying new track in 1,400-foot adit. 

High-grade silica rock from the Har
mony claims was quarried and shipped by 
O. Brice Willis to Phelps Dodge Corp. 
smelter at Morenci for use as a flux in th e 
reverberatory furnaces. 

Nonmetals accounted for about 2 percent 
of the total value of mineral production in 
the county. Sand and gravel was produced 
and most of it prepared in portable plants 
by contractors for the State highway de
partment and crews of the county highway 
department for use in road construction 
and maintenance. A small quantity of mis
cellaneous crushed stone was produced by 
contractors for the Arizona Highway De
partment. 

Marlcopa.-Maricopa County was the 
leading producer of sand and gravel, pro
ducing 32 percent of the State's entire 
output. Nonmetals comprised 99 percent of 
the total value of mineral production of 
which 97 percent was sand and gravel. 
Thirteen commercial operators, utilizing 12 
stationary and 4 portable plants, produced 
4.4 million tons of sand and gravel valued 
at $5.4 million. More than 4.3 million tons 
of sand and gravel was produced for the 
construction industry. Much of the output 
came from pits in Buckeye, Mesa, Phoenix, 
and Tempe, United Materials, Inc., sup
plied most of the blast sand produced in 
the State. American Sand and Rock Co., a 
subsidiary of California Portland Cement 
Co., began producing precast, prestressed, 
hollow-cored, machine-extruded concrete 
slabs at its new Phoenix plant on April 6. 
The company produced sand and gravel 
for aggregate from pits near Phoenix. 
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miles north of Hayden. Early in the year, 
underground mining was curtailed because 
of ground movement on the 1,300-foot lev
el. Extensive repairs required caused a de
crease in production. With ground support 
a major problem, the ore body was mined 
in limited segments and back-filled as soon 
as possible. A new area in the mine was 
developed for mining by smaller stoping 
areas, a method permitting earlier back 
filling. The older areas in the mine were 
to be more extensively back filled at an 
earlier date than before. Course mill tail
ing, obtained from the treatment of open 
pit and underground ores, together with 
dump material, was used as back fill. 

Concentrates produced from under
ground ores at the Christmas mine were 
trucked 36 miles north to Miami and dis
chal·ged into railroad cars for transpor
tation over the Inspiration railroad, a short 
distance up the hill . to the company 
smelter for extraction of blister copper. 
Blister copper for producing refined cath
odes was moved to the nearby Inspiration 
electrol ytic refinery. 

Miami Copper Co. Division, Tennessee 
Corp. (a subsidiary of Cities Service Co.) 
recovered copper from low-grade copper 
ores obtained from the Copper Cities open 
pit mine, from leaching low-grade dumps 
at the Castle Dome property, and from in
place leaching of ore at the Miami mine. 
The Miami mine, closed in 1959, had been 
operated by block caving. Copper concen
trates produced at the Copper Cities mill 
were shipped to the smelter operated by 
Inspiration Consolidated Copper Co. at In
spiration. Copper precipitates from Copper 
Cities and Miami were trucked to the 
Phelps Dodge Corp. smelter at Douglas. 

Ten other properties yielded ore from 
which gold, silver, and copper, collectively, 
were recovered. Ranchers Exploration and 
Development Corp. increased the output of 
copper precipitate at the Blue Bird mine 
lIear Miami and prepared to expand min
ing·leaching plant operations to produce 
20,000 pounds of cement copper per day. 
Production was reported to have been lim
ited by shortages of water. Asarco recov
ered silver and copper from silver tailing 
contained in dump material from the 
Christmas tailing dump. Copper ore, 
shipped from the Copper Hill mine by E. 
M. Moores, Jr., was used at Inspiration in 
smelting copper ore. 

Nonmetals production accounted for 2 
percent of the value of mineral production . 
Asbestos and lime were the main nonme
tallic minerals produced. Jacquays Mining 
Corp. (Regal and Chrysotile mines), Me
tate Asbestos Corp. (Lucky Seven mine), 
and Asbestos Man ufacturing Co. (Phillips 
mine) produced asbestos fiber, dust, and 
tails from ores obtained from deposits in 
the Salt River Valley. Crushed limestone 
produced at quarries operated by Hoopes 
& Co. near Miami and Ray Mines near 
Hayden was used in producing quicklime 
and as a flux in smelting copper ores. A 
small quantity of noncommercial granite 
and miscellaneous stone was obtained from 
deposits on the San Carlos Indian Reserva
tion for use as rip-rap. George O. Gould 
shipped dimension sandstone from the 
Yellow Stone quarry near Pine for use as 
a decorative stone in fireplace (hearth) con
struction; a small quantity also was sold as 
rubble. McKusick Mosaic Co. mined fire 
clay from the Weary Lode No.2 for use in 
manufacturing pottery and floor and wall 
tile. 

Five properties yielded ore from which 
mercllry was recovered. Output of crude 
ore totaled 3,132 tons containing 0.049 per
cent mercury, ranging from 0.02 to 0.25 
percent. Most of the ore was retorted; only 
4 percent was furnaced. Gordon K. Grimes, 
operator of the Rattlesnake mine, was the 
largest producer. A small qUjlntity of mag
netite ore was mined and shipped by H. 
M. Seitz from the Margaret-Howard mine 
for use as a processing agent. The deposit, 
located about 38 miles north of Miami, 
was as a contact metamorphic or pyrometo
somatic replacement of Mescal limestone 
associated with diabase intrusives. 

Graham.-The value of mineral produc
tion in Graham County declined. More 
than half of the value of mineral produc
tion was derived from crushed limestone at 
a stationary plant near Safford. Accounting 
for the remainder, volcanic cinders pro
duced by Gila Valley Block Co. from the 
Pumice, Blue Bird, and Triangle claims 
were used as aggregate in manufacturing 
lightweight building blocks. 

Exploration was conducted at the Cop
per Flat claims in accord with the terms of 
a lease with purchase option held by New
mont Exploration, Ltd ., & Hecla Mining 
Co. 
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Production of copper during the first 6 
months averaged about 61,000 tons per 
month. During the second 6 months, pro
duction dropped to 56,000 tons per month. 

Cement copper, recovered by precipita
tion from leach. splutions obtained from 
dihnp- Ieaching, contained 44,600 tons of re
coverable copper, lighili less than the 
45,400 tons recovered the pr~i2.us year. In 
addition, 2,732 tons was recovered by heap 
leaching in 1965 compared with 1,044 tons 
in 1964. Output was to be increased ap
proximately 50 percent with completion of 
plan ts curren tl y under construction. 

The price of copper increased from 34 to 
36 cents per pound in May. Early in No
vember almost all major producers in
creased their price to 38 cents; a few days 
later at the urging of the Government, 
domestic producers returned to the 36-cent 
level. Copper prices remained at the 36-
cen t level for the balance of the year. The 
weighted· average domestic price for 1965, 
calculated from sales of electrolytic copper 
at producer plants as reported to the Fede
ral Bureau of Mines, was 35.4 cents per 
pound. 

Gold.-Output of gold totaled 150,431 
ounces, 2 percent less than in 1964. Eighty
nine percent was recovered as a byproduct 
in the refining of copper, 10 percent recov
ered from lead-zinc ores, and I percent 
from other ores. The major mines, listed 
in order of output, were Copper Queen
Lavender Pit, New Cornelia, San Manuel, 
Iron King, Magma, Morenci, Christmas, 
and Ray. The eight leading producers ac
counted for 148,000 ounces, 98 percent of 
the total. Two percent of the production 
came from 43 smaller operations through
out the State. 

In its annual report to the shareholders, 
Phelps Dodge Corp. stated that the com· 
bined output of gold recovered as a by
product of copper mining at Morenci, New 
Cornelia, and Copper Queen branches to
taled 96,000 ounces, 64 percent of the State 
total. 

Magma Copper Co. reported to its share
holders that production of gold at the San 
Manuel Division was 21 ,550 ounces. Output 
at the Superior Division, Magma mine, was 
12,748 ounces. Combined output from the 
two properties was 8 percent above that of 
1964, resulting from a sligh tl y higher gold 
content in the ore and the higher tonnage 
of are milled. 

Cochise was the leading gold-producing 
county, followed in close order by Pima 
and Pinal Counties. Other counties report
ing production were Yavapai, Greenlee, Gi
la, Mohave, Santa Cruz, Yuma, and Mari
copa. 

Shattuck Denn Mining Corp., third lead
ing producer in the State, recovered gold 
from lead-zinc ores obtained from the Iron 
King mine in Yavapai County. According 
to the company annual report, 1965 pro
duction totaled 15,677 ounces compared 
with 18,749 ounces in 1964. 

Iron Ore.-Arkota Steel Corp., the largest 
prod ucer of iron ore in the State in 1964, 
was idle. Production of small quantities of 
hematite ore was reported by Arizona Gyp
sum Corp. from the Iron Chancellor mine 
and by G. A. Swartz from the Cowden 
mine near Seligman, Yavapai County. Mag
netite ore produced by H. M. Seitz from 
the Margaret-Howard mine in Gila County 
was used as a processing agent. Sponge iron 
was produced from iron oxides obtained in 
the smelting process at the Phelps Dodge 
Corp. smelter at Douglas and from pyrite 
at Ray Mines. 

Lead.-Production of lead declined 4 
percent in 1965. Ore produced at the Iron 
King mine and concentrated in the com
pany mill accounted for most of the out
put. Concentrates from the company mill 
were shipped to the Asarco smelter at El 
Paso for processing. Arivaca Mining Corp., 
the second largest producer of lead in the 
State, mined lead-zinc ores from the Ari
zona, Idiho, and Glove mines in Santa 
Cruz County. Indiana Minin~ Corp. oper
ated the Indiana mine near Nogales. Yava
pai County with six operators led the State 
with the production of 5,465 short tons , 
representing 92 percent of the total output. 
Santa Cruz County with five operators was 
second, accounting for 6 percent. The re
maining 2 percent came from operations in 
Cochise, Mohave, Pima, and Yuma Coun
ties. 

Mercury.-Output of mercury from seven 
mines in the Mazatzal Mountains in Gila 
and Maricopa Counties, principal produc
ing area in the State, reflected the high 
demand for this commodity in domestic 
and world markets. Production and value 
of mine shipments more than doubled 
with the price of mercury rising from $475 
per flask to $740 per flask between January 
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and May. Since May , prices ranged from 
$525 to $550 per flask. 

Mercury content of ore mined in the 
State averaged 0.059 percent and ranged 
from 0.02 to 0.25 percent. Seventy· three 
percent was furnaced; the balance was re
torted . The Pine Mountain mine, Marico
pa County, operated by United Nuclear 
Corp. and Bacon & Brunson, was the larg
est mercury-producing mine, followed in 
descending order by National mine, Mari
copa County, operated by V. D. Bradley 
and Dr. Duane Brown; Valley A~say mine, 
Gila County, operator unknown; Rattle
snake mine, Gila County, operated by Gor
don K. Grimes; Mercuria mine, Gila 
County, operated by Five Points Mining 
Co.; and an unnamed deposit in Gila 
County, operated by Associated Interna
tional Mineral and Mountain State Elec
tric. Sales of mercury totaled 158 flasks val
ued at $90,000. Buyers of mercury in order 
of purchases were Chemical Manufacturing 
Co., Piggott Projects, and Braun Corp. 

Molybdenum.- Arizona accounted for 12 
percent of the total U.S. molybdenum pro
duction. 

Molybdenum concentrate produced in 
the State as a byproduct in the processing 
of copper ores increased 49 percent. The 
molybdenum content of the concentrate 
ranged from 38 to 60.1 percent molybde
num, averaging about 54 percent for 9.4 
million pounds produced. The large in
crease in output resulted primarily from 
the first full year of operation at the Mine
rai Park plant operated by Duval Corp. 
near Kingman, Mohave County, and of the 
zinc-recovery unit at the Mission mine in 
Pima County operated by Asarco. The 
modification of the mOlybdenum circuit at 
the San Manuel concentrator, operated by 
Magma Copper Co., was a contributing 
factor. Inspiration Consolidated Copper Co. 
reported a decline in production because of 
lower grade ores being mined . Asarco re
ported lower production from the Silver 
Bell property. Approximately 50.3 million 
tons of ore was processed in the recovery of 
8,782 tons of molybdenite concentrates, con
taining 4,750 tons of molybdenum. 

Shipments of molybdenum concentrates 
from nine mines in six counties contained 
9.4 million pounds of molybdenum valued 
at $15.9 million. The average price report-

ed for molybdenum in concentrate form 
was $1.69 per pound. In 1964, the average 
price per pound of molybdenum in con
centrate form was $1.51. Exports of molyb
denum concentrates from mines in Arizona 
contained 2.1 million pounds of molybde
num, 23 percent of the total shipments. 
Stocks increased. 

Listed in order of decreasing production, 
the mines and operators were San Manuel. 
Magma Copper Co.; Mineral Park , Duval 
Corp.; Esperanza, Duval Corp.; Mission, 
Asarco; Silver Bell, Asarco; Bagdad, Bagdad 
Copper Corp.; Morenci , Phelps Dodge 
Corp.; Inspiration, Inspiration Consolidated 
Copper Co.; and Childs-Aldwinkle, Burney 
Mines, Inc. 

The new molybdenite extraction process 
installed at San Manuel concentrator, oper
ated by Magma Copper Co., was reported G 

to have increased flotation capacity of the 
existing plant by at least 25 percent. The 
change from the sodium hypochlorite-fer
rocyanide process to the new process in
cluded a conditioning step with hydrogen 
peroxide, sulfuric acid, sodium cyanide, 
and zinc sulfate; a two-stage rougher-flota
tion step with stove oil and sodium ferro
cyanide; one-step cleaning with ferrocya
nide; one-step cleaning with sodium 
hypochlorite and potassium ferrocyanide 
used to treat the pulp; and four cleaning 
steps with anti-foam Exfoam 636 and po
tassium ferrocyanide. The high rate of cor
rosion and the high maintenance cost expe
rienced with the hypochlorite process 
formerly used was to be greatly reduced. 

Following completion in 1966, the $1 
million molybdenum recovery unit, Ray 
Mines was to become the 10th Arizona por
phyry copper mine to recover molybdenite 
as a byproduct of copper mining. The de
cision to build the plant followed several 
years of testing and design. 

Silver.- Production of silver was only 
slightly higher than that of the previous 
year. Copper ores, primarily porphyry, 
from 16 mines yielded 5,352,850 ounces of 
silver, 88 percent of the State output. 
Lead-zinc ores was the source of 10 per
cent, and other ores 2 percent. In 1965, the 
ratio of silver to copper was 8.2 ounces of 
silver for each ton of copper produced 

• Burke. Harry K ., and Shirley. Joseph F. 
San Manuel's New Process for Molybden ite 
Recovery. Min. Eng. v. 17, No.3, March 1965, 
pp. 79-84. 
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About 89 percent of the total production 
was gravel; the balance was sand. Pumice 
and pumicite material produced at quar
ries in the Flagstaff-Winona area was sold 
for use as concrete aggregate, as railroad 
ballast, and in road construction. Paul 
Zanzucchi and Roberta Forehand produced 
volcanic cinders (pumice) from deposits 
near Flagstaff which was sold to Haren
berg Block Co., Inc., in Flagstaff for manu
facturing building block. Peter Kiewit Sons' 
Co. quarried and crushed sandstone and 
miscellaneous stone for use in road con
struction. Companies operating quarries in 
the Williams-Ash Fork-Drake area quarried 
and prepared dimension sandstone for use 
as a building stone and flagging. 

Gila.-Output of copper and associated 
metals from mines in the Globe-Miami and 
Christmas areas furnished 98 percent of the 
total value of mineral production in the 
county. Nonmetallic minerals and mineral 
products, together with iron ore and mer
cury, accounted for the remainder. 

Inspiration Consolidated Copper Co., 
operator of the Live Oak and Thornton 
open pit- mines and Christmas under
ground mine, was the largest producer. Ac
cording to the company annual report, the 
Live Oak and Thornton open pit mines 
were operated continually throughout the 
year, except for seven holidays and two I
day wildcat strikes. Mine operations were 
routine, except for the month of December 
when heavy rains dir""pted surface opera
tions. The high rate of waste stripping was 
maintained, particularly on the Thornton 
'-Vest extension, established in 1963 and 
1964. The division mined and treated 5.8 
million tons at an average rate of 16,521 
Ions per day. The ore contained 0.894 per
cent total copper (0.416 percent oxide cop
per and 0.478 percent sulfide copper) , indi
cating that the ore was slightly lower in 
grade than in the previous yeaI'. The ratio 
of waste to ore was higher (1.64: I in 1965 
and 1.59: I in 1964); the higher ratio re
sulted from development work at the 
Thornton West extension. 

The Inspiration Division used several 
processes for producing copper. Leaching
in-place was employed on waste dumps or 
mined-out areas. Copper was dissolved and 
subsequently precipitated as cement copper 
on scrap iron. In 1965, 7.19 percent of the 
total output by the Inspiration Division 
was obtained by this method. Vat leaching, 

a similar process involving the treatment 
of ore-grade material (part is acid soluble 
and part is not) , accounted for 40.67 per
cent of the 1965 production. Leach solu
tions in this process were stripped of their 
copper content by electrowinning which 
produced a refined copper cathode and by 
precipitation in the form of cement cop
per. The leached ores were retreated by 
grinding and flotation concentration to lib
erate and recover the sulfide copper. This 
process recovered 40.18 percent of the total 
copper produced during the year. The re
maining 12.8 million pounds representing 
11.96 percent of the total production was 
recovered by separately treating ore parti
cles too small for vat leaching, first by 
flotation concentration and then by agita
tion-leaching; the process produced a con
centrate and a copper precipitate. Copper 
concentrates and precipitates obtained 
from the above processes were further 
treated by smelting and electrorefining to 
produce cathodes. A small quantity of cop
per precipitate was upgraded and sold for 
powdered metallurgy and chemical opera
tions. Overall recovery through the refinery 
was 87.05 percent, compared with 85.33 
percen t in 1964. 

Molybdenum content of the concentrate 
produced by retreating copper concentrates 
totaled 355,503 pounds, compared with 
587,014 pounds in 1964. The smelter treat
ed 176,112 tons of concentrates, precipi
tates, and other materials; 108,031 tons was 
company material, 68,081 tons was custom 
or toll intake. During the year one of the 
old reverberatories at the smelter was dis
mantled to permit construction of a large 
furnace. Design began in February 1965; 
completion was expected in the second 
quarter of 1966. The remaining reverbera
tory was operated at capacity; some materi 
al was shipped elsewhere for treatment to 
avoid accumulation of inventory. The new 
furnace was to handle normal smelter in
take, and the remaining old furnace was to 
be held on standby. 

Operations at the refinery were conduct
ed at or near capacity during most of the 
year. Extensive repairs were made on the 
old section of the refinery principally to 

refining tanks, solution heating equipment, 
and facilities for byproduct recovery. 

The company continued to have 
difficulty in mining the O 'Carroll ore body 
of the Christmas underground mine, 10 
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Table 16.-Value of mineral production in Arizona, by counties 

County 

Apache ____________ _ 

Cochise ____________ _ 

Coconino __________ _ 

Gila _______________ _ 

Graham ___________ _ 
Greenlee __________ _ 

Maricopa __________ _ 

Mohave __ __________ _ 

Navajo ____________ _ 

Pima 

Pinal 

Santa Cruz ________ _ 
Yavapai ___________ _ 

Yuma _____________ _ 

Undistributed 1 ____ _ _ 

1964 

$5,483,255 

53,727,756 

7,367,976 

64,278,510 

W 
87,325,743 

9,088,660 

2,092,263 

1,004,117 

148,899,356 

119,452,151 

356,623 
32,570,543 

2,428 ,721 

r 277,271 

196" 

$4 ,347,106 

W 

W 

70,389,453 

W 
93,809,251 

6,004,733 

19,586,739 

1,468,466 

149,153,395 

141,730,125 

377,323 
33,054,812 

1,290,738 

58,969,629 

Minerals produced in 
1965 in order of value 

Helium. uranium ore, natural gas, sand 
and gravel, vanadium, petroleum, 
pumice, clays. stone. 

Copper, gold, silver, stone, lime, sand 
and gravel, zinc. lead. 

Uranium ore, pumice. sand an d gravel. 
copper. stone, silver. 

Copper, lime, molybdenum, asbestos. 
silver, stone, sand and gravel, gold, 
mercury, iron ore, clays. 

Stone, pumice. 
Copper, lime, molybdenum, silver, stone, 

gold, sand and gravel. 
Sand and gravel, mercury, mica 

(scrap) J clays, stone, s ilver. copper, 
gold. 

Copper, molybdenum, sand and gravel. 
silver, stone, feldspar, zinc, gold. 
lead. 

Sand and gravel. uranium ore, stone, 
vanadium. 

Copper, cement, molybdenum, silver, 
l':and and gravel. gold, stone, zinc. 
clays, tungsten concentrate, lead. 

Copper. molybdenum. sand and gravel . 
gold, silver, gypsum, lime, pyrites. 
perlite, stone, diatomite. 

Zinc. lead. copper, s ilver. gold, stone. 
Copper, zinc, cement, lead, silver. 

molybdenum, sand and gravel, gold, 
stone, lime, gypsum, clays, i ron ore, 
pumice. 

Sand and gravel, stone, lead, gypsum, 
silver, zinc, gold, copper. 

Total _________ r 534,353,000 580,182,000 

W Withheld to avoid disclosing individual company confidential data; included with "Undis
tributed." 

1 Includes gem stones that cannot be assigned to specific counties and values indicated by symbol 
W. 

Sandstone quarried by Andrew J. Gilbert 
Construction Co. at the Gilbert Silica pit 
near Courtland was used as a smelter flux 
by Phelps Dodge Corp. at Douglas. A small 
quantity of miscellaneous stone was quar
ried for use as riprap by contractors for 
the Arizona Highway Department. 

Sales and shipments of quicklime by 
Paul Lime Plant, Inc., near Paul Spur, 
were less than those of the previous year; 
sales of hydrated lime increased. The com
pany operated four natural-gas-fired rotary 
kilns. The lime was sold primarily for in
dustrial and chemical uses; smaller quanti
ties were sold for use by the building and 
agricultural industries. 

Limestone-used in producing its lime, as 
a flux by the copper industry, an aggregate 
in road construction, as a mineral food, 
and for other uses-was quarried by Paul 
Lime Plant, Inc., near Paul Spur. 

Coconino.-The county was the leading 
producer of uranium ore in the State. All 

of the ore was produced by Western Equi
ties, Inc. , at its mine on the south rim of 
the Grand Canyon. Silver and copper were 
recovered as byproducts in the processing 
of uranium ores produced by Western 
Equities, Inc., at the EI Paso Natural Gas 
Co. Tuba City Mill. Zontelli Western Min
ing Co. operated its precipitation plant at 
the Mardun copper sandstone mine in the 
White Mesa district, Navajo Indian Reser· 
vation, for producing cement copper. 

Construction materials-pumice, sand 
and gravel, and stone-comprised 43 per
cent of the total value of mineral output 
in the county. Sand and gravel was pro
duced from 14 pits; 80 percent was pro
duced by crews and contractors for the 
Federal Bureau of Indian Affairs and by 
contractors for the Federal Forest Service 
and the Arizona State Highway Depart· 
ment. All of the sand and gravel sold by 
commercial operators and 83 percent of 
that used by Government-and-contractor 
operators was proccessed in portable plants. 
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from copper ores, compared with 7.7 
ounces of silver for each ton in 1964. The 
four leading silver producers in the State
Phelps Dodge Corp., Asarco, Duval Corp., 
and Shattuck Denn Mining Corp.-ac
counted for 74 percent of the total State 
output; in 1964, the same companies fur
nished 71 percent. Counties in which pro
duction was reported, listed in descending 
order of output, were Pima, Cochise, Pinal , 
Yavapai, Mohave, Greenlee, Gila, Cocon
ino, Santa Cruz, Maricopa, and Yuma. 

Tungsten.-A small quantity of tungsten 
concentrate (65.51 percent W03) was pro
duced from ore mined a t the Carboloy 
mine in Pima County in 1964 and shipped 
to Kennametals, Inc., Fallon, Nev., by 
Fernstrom Mining Co. 

Uranium Ore.-Shipments of crude ore 
from 26 operations to processing plants at 
Tuba City; Grand Junction, Colo.; Ship
rock, N. Mex.; and Mexican Hat and 
Moab, Utah, totaled 117,898 short tons, 
valued at $3.9 million, an increase of 15 
percent in quantity and 20 percent in 
value. The f.o.b. mine value of the ore 
produced ranged from $1.96 for crude ore 
containing 0.07 percent uranium oxide 
(U30S) to $145.50 per ton for crude ore 
containing 1.51 percent UgOs. The average 
grade of ore shipped from mines during 
the year was 0.38 percent UgOS, compar
able with that shipped in 1964. The aver
age value of the mine shipments was $33.24 
per ton. The Orphan Lode mine, owned 
by Western Equities, Inc., on the south 
rim of the Grand Canyon, was the princi
pal source. 

Vanadium.-Uranium ores in Apache 
County, and to a lesser extent in Navajo 
County, contained sufficient quantities of 
vanadium to warrant recovery. 

Zinc.-Ores from four lode mines, three 
in Yavapai and one in Pima County, yield
ed 96 percent of the recoverable zinc pro
duced in the State. Output declined 12 
percent in quantity and 5 percent in value 
because of lower grade ore mined at the 
Iron King mine operated by Shattuck 
Denn Mining Corp. and because of a decline 
in ore production at Old Dick Division 
mines operated by Cyprus Mines Corp. Ac
cording to the company annual report, re
serves of developed ore at the Old Dick 
and Copper Queen mines were essentially 
exhausted at yearend. 

NONMETALS 

Asbestos.-Output of asbestos-dust, sands, 
and fiber-from three underground mines 
in the Salt River Valley of south central 
Arizona totaled 3,500 short tons valued at 
$441,000. The leading producer, Jacquays 
Mining Corp., selectively mined and hand
sorted chrysotile asbestos ore at the Regal 
and Chrysotile mines for shipment to the 
company mill at Globe. Production also 
was reported by Asbestos Manufacturing 
Co. from the Phillips mine and by Metate 
Asbestos Corp. from the Lucky Seven mine. 
Prices ranged from $6 per ton for chrysotile 
sand (tails) to $460 per ton for filter-grade 
material. 

The Fort Apache Indian Agency at White
river issued a call for bids for leasing two 
tracts of tribal lands in Gila County. The 
tracts have had a history of commercial 
production. 

Cement.-Activity in the Arizona cement 
industry declined in 1965. Arizona Port
land Cement Co., a division of California 
Portland Cement Co., and Phoenix Cement 
Co., a division of American Cement Corp., 
produced portland and masonry cements at 
plants in Pima and Yavapai Counties, re
spectively. Shipments of cement were 24 
percent below those of 1964. Average price 
per barrel for portland and masonry ce
ments remained aprpoximately the same; 
the downward trend in shipwents reflected 
the decline in construction. 

Portland-cement capacity was 5.3 million 
barrels, the same as in 1964. The entire 
output was by the dry process. All electri
cal energy used by the cement industry was 
purchased. Cement stocks at the end of the 
year were more than those at yearend 1964. 
Of the total shipments, 75 percent was 
shipped by truck and 25 percent by rail. 
Most of the shipments were in bulk form 
(83 percent) ; 17 percent was in containers. 

Clays.-The quantity of bentonite and 
miscellaneous clays produced at mines in 
the State declined; that of fire clay in
creased slightly. The lower output of mis
cellaneous day was attributed to reduced 
construction activity. Increased demand for 
clay products manufactured by McKusick 
Mosaic Co. accounted for a larger produc
tion of fire day. Miscellaneous clay and 
shale used in manufacturing building brick 
and portland cement comprised most of 
the total output. 
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Bentonite clays were mined from two de· 
posits, one each in Apache and Yavapai 
Counties; miscellaneous clay came from 
three deposits in Pima County, two in 
Maricopa County, and one in Yavapai 
County; and fire clay came from a deposit 
in Gila County. Most of the clays were 
mined at captive operations. 

Diatomite.-A small quantity of crude 
dia tomite-prepared and sold for use as a 
filler-was mined by Arizona Gypsum 
Corp. from its White Cliffs property near 
Mammoth, Pinal County. 

Feldspar.-Industrial Minerals Division, 
International Minerals & Chemical Corp. 
(IMC), was the only producer of crude and 
ground fe ldspar in the State. All of the 
crude potash feldspar produced by a con· 
tractor for IMC from the pegmatite deposits 
at the Taylor mine was ground in the com· 
pany mill near Kingman and used in 
manufacturing glass, pottery, and soaps 
and abrasives. 

Gypsum.- The gypsum industry in Ari· 
zona in 1965 consisted of five mining 
operations; three in Pinal County and one 
each in Yavapai and Yuma Counties. Out· 
put was lower than in the previous year. 
National Gypsum Co. calcined crude gyp. 
sum obtained from the company open pit 
mine near Winkelman (Pinal County) at 
the company plant at Phoenix for use in 
manufacturing wallboard, lath, and other 
plaster products. Gypsum mined by Ari· 
zona Gypsum Co. from deposits near Wink· 
elman and Camp Verde in Pinal and Ya· 
vapai Countid was sold uncalcined for use 
as a cement retarder and as a soil condi· 
tioner. Garcia Gypsum Co. sold crude gyp. 
sum from an open pit deposit near Mam· 
moth; Harquahala Gypsum Co. sold the 
product from an underground deposit near 
Salome for use as a soil supplement. 

Llme.- Marketed quicklime (calcium ox· 
ide) and hydrated lime (calcium hydrox· 
ide) increased 15 percent because of a 
greater demand for quicklime by the cop
per industry. Of the quantity sold or used, 
94 percent was quicklime and 6 percent 
was hydrated lime. Chemical and industri· 
al uses consumed most of the output; in· 
cluded were 178,000 tons used by the cop· 
per industry. Sales for use by the 
construction industry. principally for soil 
stabilization, were higher. A small quantity 
was consumed in refining magnesium, in 

manufacturing open·hearth steel, and in 
gas purification. 

Most of the lime was used within the 
State; a small quantity was shipped to can· 
sumers in California, New Mexico, and 
Mexico. About 48 percent was used by a 
captive market. Morenci, Ray Mines, and 
San Manuel used their entire output for 
concentrating copper ore. Lime was pro· 
duced and sold by Paul Lime Plant, Inc., 
in Cochise County; Hoopes & Co. in Gila 
County; and U.S. Lime Division, The Flint· 
kote Co., in Yavapai County. 

Six companies operated six plants in five 
counties-one each in Cochise, Greenlee, 
Pinal, and Yavapai, and two in Gila. 
Greenlee County replaced Cochise County 
as the leading producer in the State. Co· 
chise County, the second largest producing 
county. was followed in order by Gila , Ya· 
vapai, and Pinal Counties. 

Approximately 392,000 tons of limestone 
was used in producing the lime. Natural 
gas was used as fuel for one Ellernan, sev· 
en rotary, and five shaft kilns used in the 
State; fuel oil was used for one rotary kiln. 

Mlca.-A small quantity of scrap mica 
produced by Buckeye Mica Co., at its mine 
near Buckeye in Maricopa County, was 
dry-ground in the company mill in Buck· 
eye. The ground mica was sold for use in 
manufacturing paint. 

PerUte.-Output of crude perlite from 
three mines in Pinal County increased 4 
percent in quantity but declined Il per· 
cent in value. Most of the crude was 
shipped to processing plants outside the 
State. Arizona Perlite Roofs, Inc.. operated 
the Adams and Iberri mines near Superior 
in Pinal County and shipped crude perlite 
to the Supreme Perlite, Inc.. expanding 
plant in Maricopa County and to an ex· 
panding plant outside the State. Expanded 
perlite produced by Supreme Perlite, Inc., 
at Phoenix was used as a concrete aggre· 
gate, as an aggregate replacing sand in 
plaster, as loose·fill insulation, and as a soil 
conditioner. Harborlite Corp. operated the 
Harborlite perlite mine in Pinal County 
and shipped crude perlite to company· 
owned and other expanding plants outside 
the State. 

Pumice.- Output of pumice and pumi· 
cite materials from 11 mines-12 opera· 
tions, collectively, in Apache. Coconino, 
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REVIEW BY COUNTIES 

Apache.-Mineral fuels accounted for 
63 percent of the total value of mineral 
output in the county. All of the helium, 
the most valuable mineral commodity. pet· 
roleum. and natural gas produced in the 
State came from fields in Apache County. 
Fifty·five percent of the wildcat drilling in 
the State was in the county. 

Uranium ore was mined at 18 operations 
-mostly from the Carrizo and Lukachukai 
Mountains in the northern part of the 
county. Principal producers were Vana· 
dium Corporation of America; Pioneer 
Drilling Co .; Climax Uranium Co., a unit 
of Climax Division, American Metal Cli· 
max, Inc. Vanadium was recovered from 
Apache County uranium ores at the Grand 
Junction, Colo. . and Shiprock, N. Mex., 
mills which were equipped with vanadium· 
recovery units. 

The sharp decline in the output of sand 
and gravel and stone reflected a red uction 
in road construction in the county. Filtrol 
Corp. mined and processed nonswelling 
bentonitic clays from the Cheto mine near 
Sanders for use as a filter in refining min · 
eral and vegetable or animal oils and fats. 
Pumice mined near Springerville by the 
Apache County Highway Department was 
prepared and used in road construction. 

Cochise.-Copper mll1l11g in Cochise 
County, principally in the Douglas·Bisbee 
area, accounted for $50.3 million of the to· 
tal value of mineral output. Construction 
materials-lime, sand and gravel, and stone 
-accounted for the remainder. Cochise 
Coun ty. the leading producer of gold in 
the State. ranked second in the output of 
silver and fifth in copper. 

Phelps Dodge Corp.. Copper Queen 
Branch , produced most of the gold, silver, 
and copper at the Copper Queen under· 
ground mine and at the Lavender open pit 
mine in the Warren district at Bisbee. The 
Copper Queen Branch , the oldest of the 
three big active branches, was the cradle of 
mining by Phelps Dodge in Arizona. Ac· 
cording to the company annual report, 
production from th is property was less 
than in 1964. The ratio of waste and leach 
material to ore mined at the Lavender Pit 
increased from 3.17: 1 reported in 1964 to 
3.87 : I in 1965. Part of the ore from the 
underground mine was shipped to the 
company smelter at Douglas; part was 

treated at the Lavender Pit concentrator. 
All of the concentrate produced at the con· 
centrator was smelted at Douglas. 

In November the company announced 
plans for a minor westward expansion of 
the Lavender open pit. The enlargement 
of the mine was expected to extend the 
life of the pit about 2 years. 

Underground exploration continued duro 
ing the year; the tonnage of ore developed 
was less than the tonnage mined. The sys· 
tern for pumping sand tailing into mined· 
out areas as waste fill , introduced into 
some parts of the mine in 1964, was ex · 
tended throughout the mines in 1965. The 
system of waste fill has materially reduced 
expenses and speeded up mining opera· 
tions. Metall urgical testing of mixed oxide· 
sulfide copper· bearing material was carried 
out at Bisbee. The application of automat· 
ic con trol of grinding in ball mills was 
studied. 

The Douglas smelter. 40 miles east of 
the Copper Queen Branch operations at 
Bisbee, treated ores from the underground 
mines at Bisbee, concentrates from the 
Lavender Pit concentrator, and copper pre· 
cipitates from leach material obtained from 
the Lavender Pit. The smelter also treated 
a small tonnage of other materials on a 
custom or toll basis. The tonnage of cop· 
per scrap treated at the smelter in 1965 
was considerably higher than that of the 
previous year. During the year, improve· 
ments were made in facilities and methods 
for handling the increased flow of this rna· 
terial. At the Douglas smelter, adaptation 
of a mechanical tuyere·puncher. developed 
by the staff, was studied. 

Small quantities of gold, silver, copper, 
lead, and zinc were recovered from ores 
mined at seven small properties collective· 
ly. Siliceous copper ore produced at the 
Burro claims by Ira L. Moseley & Sons was 
trucked to Dragoon for rail shipment to 
the Asarco smelter at EI Paso. 

Interstate Accounting & Office Service 
continued work at the Marne mine of 
Hope Mining and Milling Co. in the Tul" 
q uoise mining district . Pipelines installed 
between the Marne shaft and the Musso 
shaft provided an adequate supply of water 
for leaching. Cement copper was produced 
from the leaching of underground stapes. 
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Table 14~Stone sold or used by producers, by uses 

1964 1965 
Use 

Quantity Value Quantity Value 

Dimension stone: 
Rough construction ____ shorl tons __ 2.355 $23.957 3.037 $22.428 Rubble ___ ______________ ______ do __ 380 1.634 496 11.293 
Rougb architectural __ cubic feeL_ 23.935 14.192 31.822 26.419 
Dressed architectural _________ do __ 34.962 57.226 13.252 27.174 
Curbing and flagging _________ do __ 106.211 122.612 52.744 52.542 

Total (approximate. in short tons) _______________________ _ 15.300 219.621 10.900 139.856 

Crushed and broken stone: 
Riprap _______________ short tons __ 977.720 1.618.123 286.073 413.228 
Metallurgical _________________ do __ 526.962 1.147.114 63 0.658 1.138.903 
Concrete and roadstone ______ do __ 676.340 925.825 362.684 731 .568 
Lime ________________________ do __ 316.871 746.246 391.835 717.420 Other _______________________ do __ '1.246.026 1.626.018 2891.890 ' 1.030.200 

-----------------------------------Total ______________________ do __ 3.743.919 6.063.326 2.463.140 4.031.319 

Total stone (approximate. in 
short tons) ________________ _ 3.759.200 6.282.947 2.474.000 4.171.175 

1 Includes stone used in abrasives. agriculture. animal feed. cement. ceramics, cleansers. exposed 
aggregates. gunite, landscaping. marble fines, mineral food. porcelain, pottery. roofing granules. 
terrazzo. and tile. 

2 Includes stone used in abrasives. animal feed. cement. landscaping, mineral food, roofing granules: 
in making book ends. clocks. etc.; and for unspecified use. 

Table 15.-Drilllng for petroleum In 1965, by counties 

County Dry Total Footage 

Exploratory completions: Apache ___ ___________________ ______________ 16 16 88.936 
Coconino _______________________________ ____ 1 1 6.998 Graham ______________ ______________________ 1 1 5.321 Navajo ____________________________________ 7 7 37.852 Yavapai ____________________________________ 4 4 5.519 

-----------------------------Total _______________ _____________________ 29 29 144.626 
Development completions: 

Apache ____________________________ ____ ____ 4 10.186 

==7================== Total all drilling ________________ ___ _____ 33 33 154.812 

Source: Oil and Gas Journal. 
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Graham. and Yavapai Counties--increased 
45 percent in quantity but declined 2 per
cent in total value. An increased demand 
for pumice and pumicite material as rail
road ballast was the principal reason for 
the higher output. Pumice produced for 
use as road base and surfacing material in 
Apache and Coconino Counties increased. 
partly offsetting the decline in pumice and 
pumicite materials used as concrete aggre
gate. Accounting for 37 percent of the Na
tion's requirements, Arizona led all other 
States in the output of pumice and pumi
cite materials. 

pyrites.-Ray Mines recovered pyrites as 
a byproduct in milling copper ores. The 
pyrite was used in manufacturing sulfuric 
acid and sponge iron. The company also 
purchased a quantity of pyrite from the 
Magma mine as a supplemental feed for its 
sulfuric acid and sponge iron plant. Sulfu
ric acid was used in leaching copper from 
waste dumps and with sponge iron in 
leaching and precipitating oxide copper by 
the leach-precipitation-flotation process. 
Production of pyrites increased 29 percent 
in quantity and in value over that of the 
preceding year. 

Sand and Gravel.-Sand and gravel ranked 
second in value of mineral output. Of the 
14.9 million tons produced, 7.4 million tons 
was Government-and-contractor output 
used for highway construction; 7.6 million 
tons was classified commercial. Production 
was reported from 59 commercial and 84 
Government-and-contractor operations. Ap
proximately 90 percent of 7.3 million tons 
shipped by commercial carrier was by truck 
and 10 percent by rail. 

Table 10.-Sand and gravel production in 
1965, by counties 

(Thousand short tons and thousand dollars) 

County Quantity Value 

Apache ____________________ 277 $367 
Cochise ____________________ 341 350 
Coconino __________________ 1.016 90S 
Gila _____ __ ____ ____________ 93 132 
Greenlee ___________________ 104 liS 
Maricopa __ ________________ 4.737 5.829 
Mohave ____________________ 1.981 2.008 
Navajo _____________ ____ __ 1.186 1.201 
Pima ______________________ 1.811 2.173 
Pinal ______________________ 1.824 1.947 
Yavapai _________________ __ 680 748 
Yuma _____________________ 868 850 

Total ________________ -:1:-:4-;.9""1"'8 ---:1:-::6-;. 6"'271-

Stone.-Production of stone in Arizona 
declined 34 percent in quantity and value. 

Lower construction actiVIty. resulting from 
overbuilding and a 3-month construction 
strike that occurred during the summer 
were the primary reasons for the decline. 
Stone produced by or for the use of Gov
ernment agencies used in highway con
struction declined 74 percent in quantity 
and 72 percent in value below figures for 
the previous year. Large quantities of lime
stone were used in manufacturing cement 
and lime and as a flux in the smelting of 
copper ores. 

MINERAL FUELS 

Coal.-Coal owned by the Navajo and 
Hopi Indians was to be used for generating 
1.5 megawatts of power at an electric gen
erating plant to be constructed in Clark 
County, Nev .• by Western Energy Supply & 
Transmission Associates (WEST), a group 
of public and private utilities. Under an 
agreement between Southern California 
Edison Co. and Peabody Coal Co .• Navajo 
and Hopi coal reserves in the Black Mesa 
area were to be transported by pipeline or 
rail to the plant site in Nevada. The gen
era ting plant. to be known as the Mohave 
Steam Station , was to be constructed as a 
part of the regional power plan developed 
by WEST. The agreement called for an 
expected consumption of 140 million tons 
of coal to be delivered over a 35-year 
period. 

Helium.-Helium was extracted from he
lium-bearing, naturally occurring gas pro
duced from the Pinta Dome and Navajo 
Springs fields, Apache County, at the Kerr
McGee Corp., Navajo plant. Based on Ari
zona Oil and Gas Conservation Commission 
reports of gas production , helium content 
of about 8.5 percent, and on assumed he
lium recovery of 97 to 98 percent, the 
plant produced an estimated 58 million cu
bic feet of grade A helium during the year. 
This output would be an increase of more 
than 17 percen t over the 1964 indicated 
production of 46 million cubic feet. At $35 
per 1,000 cubic feet. the price established 
by the Federal Bureau of Mines for sale of 
Government-produced helium to Govern 
ment and industrial consumers, the Navajo 
plant output was valued at $2 million. 

Kerr-McGee marketed the helium pro
duction from the Navajo plant to private 
customers, principally on the West coast. 

Nine wells in the Pinta Dome and two 
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Table 1l.-8and and gravel sold or used by producers, by classes of operations and uses 
(Thousand short tons and thousand dollars) 

1964 1965 
Class of operation and use 

Quantity Value Quantity Value 

Commercial operations: 
Sand : 

Construction: 
Building -------------------------- 1,782 $2,346 1,207 $1,601 
Paving --------------------------- 782 912 491 591 
Fi11 - --------------- - ------------- '202 1 101 153 105 
Other ---------------------------- (1) (1) 11 9 

Industrial : 
Blast ----------------------------- ' 161 2348 351 3 76 
Engine --------------------------- (3) (3) 

Oil (hydrafrac) ------------------- (') (2) 18 196 
Other ---------------------------- 12 16 

Total --- - --- ------------ - - ------ 2,927 3,707 1.943 2,594 

Gravel: 
Construction: 

Building ----- -------------- - -- --- - 2,484 3.149 1.553 2,056 
Paving --------------------------- 4,117 4,881 3,409 3,945 
Rail road ballast ------------------ ' 698 ' 373 • 64 • 36 
Fill - - -- --- ----------------------- (.) (.) 548 630 
Other ---------------------------- (.) (0) 

Miscellaneous ------------------------- 18 28 47 63 

Total - - - - --------- - ----------------- 7,317 8,431 5,611 6,635 

Total Band and gravel -------------- 10,244 12,138 7,554 9,229 

Goverment-and-contractor operations: 
Sand: 

Paving - - -- ----- - ----- ----- - - - - ------- 1,167 1.373 1,274 1,429 
Fill ----------- - - --- ------ - -------- --- 64 49 92 84 

Total - - --- - - - - - --- - -- - --- - - -------- 1,231 1,422 1.366 1,513 

Gravel: 
Building - --- - -------- - -- ------ -------- 16 16 
Paving ---- - ------------ ------ -------- 6,625 7,292 5,924 6,827 
Fill ------ - -------------- - ----- - ------ 66 48 
Other - - ------- ---------------- - - - - - -- 8 4 

Total - - ----- - - - -------- -- - --------- 6,641 7,308 5,998 5,879 

Total sand and gravel -------------- 7,872 8,730 7,364 7,392 

All operations! 
Sand ------------------------------------- 4,158 5,129 3,309 4,107 
Gravel ------------------------------------ 13,958 15,739 11,609 12,514 

Total -- --- --- --- --- - -------- - ----- - ---- 18,116 20,868 14,918 16,621 

1 Fill and "other (construction)" sand combined to avoid disclosing individual company confiden-
tial data. 

• Blast and oil (hydrafrac) sand combin ed to avoid disclosing individual com pany confidential data. 
I Blast and engine sand combined to avoid disclosing individual company confidential data. 
• Railroad ballast and fill gravel combined to avoid disclosing individual company confidential data . 
I Railroad ballast and other gravel combined to avoid disclosing individual company con fidential 

data. 

• 
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Table 12.-8tone production in 1965, 
by counties 

County 

Apache ________ ___ _ 
Cochise ____ ______ _ _ 
Coconino _____ _____ _ 
Gila ____ ___ _______ _ 
G .. aham ___________ . 
Greenlee __________ _ 
Maricopa _______ __ _ 
Mohave ________ ___ _ 
N avajo ____________ . 
P ima ______ _______ _ 
Pinal ____________ _ 
Santa Cruz _______ _ 
yavapaL _____ ____ _ 
Yuma ___________ _ 
Undistributed _____ _ . 

TotaL ______ _ 

S hort tons 

16 
437.984 
149,981 
159,649 

W 
W 

2,772 
142,737 

W 
553,882 
74,091 

513 
370,756 
274,088 
307,572 

2,474,041 

Value 

$24 
1,031,808 

390,118 
240,706 

W 
W 

15,176 
338,214 

W 
621.008 
153,582 

769 
478,654 
397,938 
503,178 

4,171,175 

W Withheld to avoid disclosing individual com
pany confidential data; included with "Un
distributed .1t 

in the Navajo Springs fields yielded he
Iium·bearing gas. 

At yc:>rend, Apache Drilling Co., Phoe
nix, and La Fleur Corp., Los Angeles, 
Calif., announced that construction was to 
begin on a new helium plant at Navajo. 
The new plant, to be near the Kerr-McGee ' 
plant, was expected to be in operation by 
January I, 1967; planned output was I 
million cubic feet per month. Apache was 

to be the operator; La Fleur, owned by 
Douglas Aircraft Co., was to market the 
product. 

Natural Gas.- Marketed natural gas in· 
creased 54 percent over that of 1964. Pro
duction was from the Bita Peak, East 
Boundary Butte, North Toh Atin, and 
Twin Falls Creek fields. With the excep
tion of output from the one gas well at 
Bita Peak, all of the gas was associated 
with crude oil. 

Petroleum.- Output of crude petroleum 
increased 52 percent, to 97,000 barrels. East 
Boundary Butte had the greatest produc
tion, 43,600 barrels; followed by Dry Mesa. 
27,600; and Walker Creek, 19,400 barrels. 

Thirty-three unsuccessful wells were 
drilled in the State: 29 exploratory and 4 
development wells. Five of the exploratory 
wells marked the first drilling on lands in 
the Hopi Reservation-lands first available 
for leasing in 1964. 

Leasing in the State was at a much 
lower level than in 1964 when the Hopi 
Reservation was opened for leasing. Total 
acreage leased in 1965 was 13,280 acres for 
a bonus of $227,284, an average of slightly 
more than $17 per acre. 

Table 13.-8tone sold or used by producers, by kinds 

Year 

Short 
tons Value 

Basalt and related 
rocks (traprock) 

1961 __ __ _____ 285.371 
1962 ________ _ 586 ,323 
1963 __ __ ____ _ 80,816 
1964 ____ ____ _ 40,814 
1965___ ______ W 

$285,850 
879,482 
208,716 

36,370 
W 

Sandstone 

1961 ___ ___ __ _ 334 ,557 
1962 ___ ______ 601,532 
1963 ______ __ _ 714,897 
1964 ___ ______ 788,171 
1965 _____ ____ 460,152 

$942,155 
1,486,902 
1.574,782 
1,675.194 
1 ,233 , 788 

Short 
tons Value 

Granite 

7 ,155 
113 , 274 
20,705 

W 
236,735 

$7,155 
117.424 
32,738 

W 
362,186 

Slate 

84 $837 

Short 
tons Value 

Short 
tons Value 

Limestone Marble 

1,099 , 455 
1,986,091 
1,771,114 
1,800,623 
1,601, 867 

$2,458,371 
2.430,203 
2,307.107 
2,483,623 
2.146,626 

4,513 
12,528 
22,713 

'22,476 
W 

$60 ,732 
104 ,929 
287,042 

'275,787 
W 

Other stone Total 

851,276 
1,033 ,310 

646,370 
1,107,096 

175,287 

$872,217 3,582,327 
1 ,596,130 4,333,142 

658,765 3,256,615 
1,811,973 3,759,180 

428 , 575 2,474.041 

$4,626.480 
6,615,907 
5 ,969 , 150 
6.282.947 
4,171.175 

W Withheld to avoid disclosing individual company confidential data; included with "Other stone. " 
1 Excludes dimension marble ; included with "Other stone." 



McALESTER FUEL COMPANY 
McALESTER, OKLAHOMA 

May 4, 1967 

Mr. George F. Pry, 
3000 Phyllis Lane. 
Dallas, Texas 75234 

Dear Mr. Fry: 

I am returning to you berewith the copy 
of the iron ore reserves of certain claims made 
August 23, 1965 by Gifford A. Dieterle, with our 
thanks. 

We have reviewed your discussion of this 
matter and must say that we regret we oannot go any 
further with it at this time. 

TEG:BP 
Encl. 

With all thanks; I am, 

Very truly yours, 

T. E. GARRARD. 
President. 

~bCC: Robert B. Ford -- Are you interested in his mercury? 

T.E.G. 



Mr. Tom Garrard 
·McAlester Fuel Company 
Box 907 
McAlester, Oklahoma 

Dear Tom: 

May 3, 1967 

Re: Reduced Iron 

In regards to your letter of A~ril 21, concerning Mr. 
George Fry of Dallas. Texas who stopped into your office to 
promote several ventures, let me add something to your under
standing of the reduced Iron project. The Archean Corporation 
of Phoenix was statted as a $300,000.00 public stock offering. 
The promoters of the Company are also the authors of the re
port which accompanied your letter. The ore reserves at the 
Archean Property were developed on three or four drill holes. 
Be that as it may, they do have some considerable iron ore 
reserves in a V€fY inaccessible area. My personal opinion is 
that Archean Corporation will never make any reduced iron and 
we should neither rely on them for any production nor consider 
them any type of competition for any proposals that we may be 
considering. 

Very truly yours, 

RF Ipe 



McALESTER FUEL COMPANY 

TCM E. GARRARD 
PRESIDENT 

MR. ROBERT B. FORD: 

MCALESTER, OKLAHOMA 

April 21. 1967 

Today one George F. Fry. 3000 Phyllis Lane. Dallas. Texas 
75234, Phone: Chapel 7-6232, a nice little man - a broker or 
promoter - was in to see me about several things. and particularly 
he was pushing some 300 iron ore claims near the Indian Reservation 
wherein C. F. & I. are mining iron ore. This is about 30 miles 
from Young. Arizona. These claims are owned by one Rex Ricks. whom 
one gets in oontact with through the attorney John Goodson of 
Goodson & Rose. located in Phoenix. 

Fry says that Rex Ricks owns a considerable amount of the 
Archean Corporation of Phoenix. which is installing a 100 tons per 
day plant at Young to process this iron ore. using a cost of about 
$4.50 per ton of iron as the ore cost. He left with me a report on 
the Archean Corporation, whose claims join the Rex Ricks' 300 in 
this vicinity. 

It is not at all certain what Fry's real objective in talking 
to me was. He wanted to buyout McAlester Fuel Company for the 
Leidtke Brothers who have taken over control of United Gas and 
Pennzoil. he said; he wanted to interest us in 3.000.000 tons or 
more of 3-lb. per ton mercury in Nevada near the Arizona line; he 
told of the great sulphur potential near Thermopolis. I believe he 
figured that if he could get us to agree that the Fuel Company is 
for sale he could find a buyer and the other was just to keep his 
hand in. Probably the Archean people and Ricks would welcome some 
money either to make their affairs go or to buy them out. 

In view of your interest in 1~on ore in this part of the 
world, and the process and the use in particular of powdered iron 
in copper production (which Fry emphasized very strongly and it is 
mentioned in the report). I talked to him somewhat at length and 
have had copied and am sending you herewith copy of his report. 

TEG:BF 
Encl. 



--; .. ;..it7.. :~'., ---.. ~-- - .. . '- "-:-'.'- -:--'~----, ,_ •. ---. ----.-.---.-.- ---~ 

>, 

i," ', 

" 

; . 

, " 

) .... 0 0 

I 

II 

III 

/ . 
I' • 

REPORT 

IRON ORE RESERVES OF THE 
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Gila County, Arizona 

THE MANUFACTURING. OF SPONGE . 
IRON FR01.1 CONTAINED · ORES 

THE ~~KET FOR SPONGE IRON 
IN THE COPPER MINING INDUSTRY 

ARCHFAN EXPLORATION CORP • 
. Phoenix, Ariz. ..-J . . 

'" 

__ ~ t .. ~-

.' . ' 
'. 

, j , 

.. ', ~ 

' .. 
' . . 

.By; Giff~rd A. nieterle 
Consultant Geologist 
52 Wall Street 
New York, N.Y. 

" Dated: August 23, . 1965 
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Ir-...1TRODUCT ION 

A geological investigation w~s carried out on the iron ore -claims 

of Archean Exploration Company, locatod near the town of Young, Gila 

County, Arizona, for the purpose of developing _ sufficient ore reserves 

to co~~cnce a small sponge iron operation. 

Tochnical aspocts regarding tho rcductio~ of this ore to sponge 

iron' wore discus sod with Or. Groene and Mr. Allison, both familinr with 

the process involved. A preliminary cost estimate of producing sponge 

iron was provided by Archean Exploration Company. 

A markot study was mad~ for the possible sale of sponge 1ron to the 

copper 11£i.ni~g industl'Y in A.l:lzona ~ Inform~tion was obtained by inter

viewing purchasing agents with the major copper companies, suppliers 

to the copper industry, and various other informed persons. 

l ' 

SUMMARX 

A geological investigation was carried out on the iron ore claims 

of Archean F.xploration Company, near Young, Gila County, Arizona, to 

detormine sufficient iron ore reserves to establish a commercial sponge 

iron plant" capable of providing a reliable supply of good quality 

'ponge iron to the copper mining industry. 
, 

Tho field investigation which I personally carried out was supple-

mentod "by important drilling information, surface sampling, assays, 

eurveys, and other pertinant data, provided by Archean Exploration Co., 

O.M.E., and other kn?wlesgeable geologists and engine~rs. 
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The results of this investigation proved 14,487,000 tons of iron ore 

grading 55% Fe. on the Lady Bug Claims, and a possible 85,937,000 tons 

on the Zerox Claims. 

, The technical feasability of the reduction process was discussed in 

detail \'Jith Dr. Greene, Mr. Allison, and Mr. Hartman, and a proliminary 

~ost oS,timate of delivering sponge iron to the copper companios was es

tablishGd. The production cost w~s estimated at $27.50/ton. 

Tho pxoceGo was termed absolutely faa sable and co~petetive; with a 

delivery price of $55.00 to $65.00/ton at the coppe~ plants. 

A mark~t study was conducted, geared at selling iron sponge to the 

copper mining industry in Arizona. This resulted in favorable responses 

from all. sources contacted, and it was determined beyond doubt that sponge 

i ,ron had a real and growing place in the industry. It was further' a

knowledged that the time would S90n be over for the tin can and scrap 

iron inth(! ,'precipitation of copper cement. 

.--~------
I 

THE CLA. J:r.$ 

Owned: or partially own€:d by Archean Exploration Company in Gila County, 

Arizona. own~~sh'·R : Do.c!aim§ ~ 

L~dy Bug Cl~ims 100~ 18 371 acres 

Noz,th Carbox Claims 10% 132 2720 It 

South Carbox Claims lO~ 
/ ' 

100 2060 .. 
Zerox Claim~ 100% 119 2451 ' .. 

Comot Claira~ 100% 27 556 .. 
r ' . 
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, LOCATION " 

The Claims are located in Gila County, Arizona; 9 degrees North, 15 
, . 

degrees East, Salt River meridian; sections 8, 9, 16, 17. The site of " .. ' 

proposed sponge iron plant is located near highway 160, and about 38 

miles northeast of claim groups. . ," { .. ~ . 

ACCESS AND TRANSPORTATION 

The Claims can be reached by ~ruck and aut~ via highway 160, and thence 

11 miles south on county road 288 towards Young. The plant site can be 

reached both by auto, truck, and railroad. 

Excellent transportation conditions e~ist. , 

TOPOGRAPHY A~~ ~EATHER 

The Claims are situated on Lost Tank Ridge Mesa, and constitute a por

tion of Sierra Ancha Mountains. The ore is a stratigraphic unit, horizont

ally disposed within the meaa and extending ,southward along an irregularly 

projecting a~m. The mesa is bordered by fairly steep canyons on all sides 

and elevations v~ry from 6400 to 6800 feet. The top of the mesa is rel

atively flat and' covered ~ith Ponderosa pine. 

The weather is mild and pleasant throughout the summer, with plenty of 

rain. The winter months are moderate. with fair amounts of snow which 

does not last long, and with temperatures rarely dipping below zero. 

GEOLOGY 

The geology consists of a series of predominantly flat-laying ' formationu 

of Pre-Cambrian Age, consisting of the Martin Limestone, the Troy Quartz-

~ itc, theChediski 5a~dstone, the Mescal Limestone, and the nripping Spring 

Ouartzite; the last overlaying igneous basement. 
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TheS0 formations have been subjected to a series of northeast-south- ' 

WGst and oo~theast-south~est striking faults, wherein the movement a

pears to have been one mainly of vertical displacement or rotation in 

blocks~ Vertical displacements in excess of 700 feet have been determ-

ined. . ~ . ' ' 

The iron ore bed is situated near the basal member of the Mescal Form-

ation. It forms an irregular, bosically horizontal sheet, varying in 

istance throughout these Groups is assured, based on outcroppings low 

on the canyon walls .-. The iron ore bed is exceptionally well exposed in 

the Zerox, Claims along the west side of the ' canyon, and at a place called 
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Iron Springs. 

Throughout this area, the Martin Formation is generally well intrud-

ded by diabase dikes and sills. Howeber, few if any of these intrusives 

cross the Mescal Formation, and only occagionally ~o they contact the '; 

iron member. 

' EXPLORAT ION 

Exploration programs on the Lady Bug and Zerox Claims have beeh carr

ied out in several stages. In 1943, the O.M.E. conducted a drilling pro- ' 

gram of 4 holes on the Zerox Claims. This program seems to have been ' 

conducted in a sloppy and haphazzard manner, with little or no engineer

ing supervision, and resulting in little or no knowledge sbout the nat

ure and depth of the iron member. V~at was discovered however, was a 

thick diabase sill and the fact the iron ore must lie at a depth greater 

tnan 700 feet. 

Several years ago, Archean F.xploration Company conducted a drilling 

and sampling program on the Lady Bug Claims. The results of this pro

gram are as follows: 

Drill 
Hole No. Location DeI2th Intersects As sa:;t Fe 

1 2050' N2011 of SE co:cner sec.8 147· .91-120' broken hem-
atite ? 

2 1200' N20W of SE corner sec.8 157' 141.5-152.5' 50.3% 

3 1250' N37E of SW corner sec.9 235' 251 - 231' 51.~ 

4 825' S37F. of NW corner sec.17 ? 26 - 37' 40.45% 

Sample No. Location Thickness Assa:;t Fe 

1 1800' S58E of NW corner sec.17 15' 57.9% 

• 
2 700' ' N74W of SW corner sec.8 18' 55.8% 

3 1750' N59E of SW corner sec 9 12' 56.1% 
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4 2100' N45W of SE corner of sec.8 16' 59.9% 

LB 1 Top of creek, 800' S of Frog Pond 12' 60.8% 

LB 6 225' SE of LB 1 (see map) 14' .' 61.8% 

LB 12 200' SE of LB 6 (see map) 12' 62.2% 

A surface geological map of the Mescal Formation w~th iron bed was pre-

pared by Archean Rxploration Company, and susequent studies made by Dr. 

Greene, Mr. Ha~mond, Dr. Ridland, and myself, tend to agree with the re

liability of it's contents. 

The unfortunate situation still remains however, that littl~ is pres

ently known about the nature and condition of the iron bed in the Zerox, 

North and South Carbox, and Comet. Cla ims. ' 

THE ORE 

The iron ore consists of hematite and specualr hematite, and sometimes 

includes the faruginous chert. 

The average iron content of the hematite on the Lady ' Bug Clalms is about 

55% Fe. The chert varies in iron tentent from 20 to 50% Fe, but is gen-

erally not considered to be ore. / 

ORF RESERVES 

Lady Bug Claims:: 

Calculations based on iron shows along the rim and top of mesa, and 4 

drill hole 

Proven Ore 

intersections in NE section. 
2 ....•...... !3 , 171 ~ OQ9~t x 

. 10 it lton 
11 ft(av. thickness) 

• • • • • • • • • • • • • • • • • 14,487,600 tons 

6 Zerox Claims: 

Ca lculation~ b~sed on iron shows on west side of canyon and at Iron 

Springs, and assuming that the same conditions exist here as throughout 
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the Lady Bug Claims. 

Possible Ore • • • • • • • • • • • 

II 

THE SPONGE IRON PROCESS 

9 -

78,125,000 ft2 x 11 ft(av. thickness) 
10 ftJ/ton 

••••••••••••••••.• 85,937,000 tons 

•• ~ 1" ,.' 

Sponge iron is a metalic product reduced from iron ore at such low 

temperatures that melting of th~ iron or gangue constituents has not 

taken place. 

The process of making sponge iron is a simple one, consisting basically 

of heating a mixture of finely crushed iron ore and coal in an oxygon-

, ,free furnace at temperatures of 14-1700 degrees Fahrenheit for a period 

of 90 to 120 minutes. The result is a more or less porous substance, with 

a metalic iron conte'nt of 85 to 95 %, depending on the degree of re

duction. 

A more detailed description of the process is available from nr. Greene 

and Mr. Allison. 

FUEL, POWER, REAGENT, AND ORE 

Fuel to fire the reduction process is available near the proposed plant 

" , 

" i 
" 
.1 

, :. 

site from a large gas transmission line. Electrical power is also avail- ~ 

able. Bituminous coal(reagent) is found on the Federal Reserve, 10 miles 

away, and can be mined by anyone for a fee of $.lO/ton. Iron ore is 

located on the claims near Young, and requires trucking 38 miles. 

TRANSPORTA.TION TO M~RKEI. 

The railroad runs directly adjacent to the proposed p~ant site. Only 

I 
" ' 

1 ': .. 
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a short ra i l-spur and loading platform need be constructed. 

Sponge iron can thus easily be shipped to all consuming centers. 

PRonUCT ION COSTS 

The cost of producing and delivering sponge iron, based on a 50 .ton/ 
.-;; .. 

day operation, using a modified form of the Routhern Iron Ltd. Process, 

has been itemized by nr.Rtdland and Mr. Allison as follows: 

Mining and hauling iron ore(105/mile/ton) . . . . . . . . . . . . . . . 4.50 

Mining and hauling coal(2 tons of coal per ton of iron) •• 5.00 

Gas consumption .•••••••••.•.•••••••••••••••.•••••••••••.• 2.00 

F.lectrical power consumption •••••.•••••••••••••••••••.•• .60 

Labor(3 shifts/day) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.50 

Supervision ............................................. .65 

Office staff, office, insurance & tel(l2% of above) ••••• 2.25 

-
Freight cost per ton •••••••••••••••••• ~ •••••••.••••••••• 6.00 

Cost of production • • • • • • • • • • • • • • 27.50/ton 

Various economies indicated by Mr. Allison and Or. Greene, such as pre

heating the iron-coal mixture with the excess heat from the furnace, and 

re-using part of the charged coal, may cause to bring the cost of pro

duction down to$2l.00/ton 
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QUALITY OF THE FINAL PRODUCT 

All those concerned at tha copper companies, and at the Arizona Bur

eau of Mines Division in Tuszon, having received samples of sponge iron 

from the Compan¥~s pilot plant in Phoenix, had high regard for it's 

quality. 
. ,- if . 

III 

THE COPPFR INDUSTRY - COPPER LF.ACHING 

The major copper compan~e~ in Arizona today are mining two forms of 

copper; copper sulfides and copper oxides. 

The oxida form of copper is generally found in great volume associat

ed with primary sulfides in the copper porphyries of the Arizona copper 

b2lt. :~etalic copper is recQvered from the oxide form by a process 

known as nleach-precipitation~ Sulfides are recovered by conventional 

crushing, milling, and floatation. 

The "leach-precipitation" process is briefly described at follows: 

The surfaco oxide ores are mined,crushed, then placed in great piles 

under conditions of controlled drainage and draw. Weak sulphuric acid , 

'(1 part per 100)is then pllred on the piie and permitted to perculate 

through, oxidizing sulfides, becoming more acid, reducing copper ox~ 

ides ~nd taking copper into solution. The resulting solution is called 

is called a~ot liquer" and is drawn off the bottom of the pile jnd 

piped into the precipitation vats. 

PRODUCING COPPER CF.MFNT 

The resulting "hot liquer" consisting of concentrated sulphuric acid 

and ions , of copper and sulphate are brought i ,nto contact with metalic 
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iron, and the common ion eff~ct takes place, whereby ferJ;ic iron goes 
, 

into solution and the coppe~ : procipi tates out. The resulting··' Rrecipi-

' I ' 
tate is known as copper cement . . 

The ferric iron used to precipitate copper from solution has classic

, ally consisted of "tin" cans. l.ately, standby substitutes such as auto

mobile bodies, engine blocks, chains, scrap metal, etc., isbeeng used. 

The newest and most favorably accepted precipitant is sponge iron. 

CONSUMPTION OF TIN CANS & OTHER FERRIC WASTES 

The amount of "tin" cans and other ferric wastes consumed by the copper 

industry is reported by Mr. Allison and Mr. Hartman to be about 18,350 

tons per month. 

AVAILABILITY AND COST OF "TIN" CANS 

"Tinw cans in sufficient quantities are difficult to get, and the sit

uation is getting worse. Changes from iron .to aluminum, plastic, glass, 
, 

and vaxed containers, is driving the "tin" c~n off the market. Also, high 

cost of collection, preparation, shipping, and new ordinances forbidding 

burning of garbage within city limits, is causing the price of cans to 

rise every year. 

The cost of burnt "tin" cans delivered in the Arizona copper mining 

district is quoted around $55.00/ton, with demand not beeng satisfied. 

EFFICIENCY AND PRICE OF SPONGE IRON 

The efficiency of sponge iron in the precipitation of cement copper 

has been indicated as follows: 

, Mr. E. J. Stebbin$; "sponge iron works 20% better than -tin" cans" 

(purchasing agent, Kennecott Copper Co., Ray, Ariz.t 
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Mr. Bill Hoag; " sponge iron does in 20 seconds what atinlt cans do 

in one hour" 
(purchasing agent, Phelps Dodge, Bizbee, Ariz.) 

The price of sponge iron has be6n tentatively set by Archean Explor

ation Company at $55.00/ton, based on the present price of "tin" cans. 

However, w~th a metalic iron content of 90% Fe, one ton of sponge iron 

has a far greater metalic content than one ton of burnt cans, which 

after burning oxidizes rapidly, thus reducing the Fe content, and in

directly much of it's intended efficiency. 

On th~basic knowledge, Archean Exploration Company believes that 
" . sponge iron can be compet~tively sold to the copper mining industry 

for up to S65.00/ton. 

TRENDS IN THE COPPER MINING I NnUSTRY 

The trend in the copper industry is to convert from the present use 

of "tin" cans and other ferric wastes to a more reliable and efficient 

substitute. Sponge iron has qualitias idially suited to taka this place. 

With .a r~liable source of supply of inexpensive sponge iron at hand 

it apears very likely that the copper mining industry would rapidly 

convert to this product. 

Based on .what I have seen, I believe that Archean Exploration Company 

has all the basic materials to supply such a product. 

OPINION IN INDUSTRY 

Throughout the copper industry, and those associated with it, the 

opinion is ~that the age of the "tin" can is over, and that sponge iron 

wheather p~oduced from pyritic slag or virgin ore, will be taking it's 

place. If locally produced 'sponge iron can be made available. reliably, 
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and in suff~cient quantities, a strong new industry will be developed 

in Arizona. 

QE.INtON 
. ,~ ." , 

Tho iron ore deposit owned by Archean Exploration Company, in Gila 

County, Arizona, is of considorable economic importance, and ,measuring 

appro)cimntely 14,487,600 tons of proven ore, and a possible,85,937,OOO 

of other o~e, assaying 55% Fe. 

This ore 'can easily be mined Gnd treated to form sponge iron, and , 

sold to the copper industry as precipitation stock at a competitive 

price. " 

Sponge iron will be an excelle~t substitute for the inefficient and 

dwindling supply of "tin" cans. The copper industry is in a critical 

stage as it departs from the classical "tin" can, and Archean Exploration 

Company ~hould ,not delay in preparing to meet this new demand, or risk 

the chance ,of lOQsing this golden oportunity • 

.§m',?~ARY 

On the b~sis of this investigation it is clearly evident that the 

the iron ore deposit owned by Archean Exploration Company, in Gila 

County, Arizona, is of important economic significance, wit~ proven re

servas of 14,487,600 tons and possible reserves of 85,937,000 tons of 

'iron ore grading 55% Fe. 

This ore ~an successfully be mined and used in the manufacture of 

sponge iron~ employing a standard reduction process, and be competit

ively sold toth ~ copper companies as precipitation stock in their 
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leach operations. 

"Tin" cans, the classical precipitating agent in the manufacture of 

copper cem~nt, is in a short and dwindling supply, and that ;a conver

sion to a more efficient and reliable substitute is at hand. 

Ton for ~on, the meta lie iron content of sponge iron is considerably 

greater than that of burnt cans, and the efficiency is likewise much 

,greater. Tqe sales price of sponge iron will range from $55.00 to $65.00 

per tQn. Tbe estimated Cost of production i~ about $27.00 per tori. 

Archean Exploration Company can have a very promising future in the 

manufaetur~ng of sponge iron for the copper mining industry, but in 

·order for it to accomplish this, a minimum of $400,000 wil1be required 
.. 

to build a ·furnace · and commence operations • 

.' I 
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.Dated" Au~~st 23, 1965 
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0,·. GaralJ U. Gro!c/HI 
OONtlUL'1'ANT 

P. O. Do" G81 -1- PhOD. (1106) 8811·1U. 

80COHRO. NEW MEXIOO 81801 

September 9, 1905 

Mr. R. Jay Allison, Pres1dent, 
Archean Exploration Corporation, 
1416 East Thomas Road, 
Phoenix, Arizona. 

Dear Sir: 

.. - ~ ... 

REPORT ON THE FEASIBILITY OF CONSTRUCTING 
A SPONGE IRON PLANT IN ARIZONA 

INTRODUCTION 

. , 

The writer spent four days in June of 1965 examining mineral 

depos'i ts and visi tins plants whioh use some form of metallic iron 
I 

to precipitate copper from solution. 
I 

While time did not permit 

examining all the properties of the Archean Exploration Corpora

tion enough was seen to assure one that there is sufficient iron 

ore for many years operation on even' a larger soale than is 

. ' ". 

presently anticipated. The reaotion of the officials ot the copper 

companies to the ,proposed plant was even more favorable than was ' 

anticipated. In the writer's opinion, the time is now "ripe" 

for the production of sponge iron on a commeroial scale in Arizona. 

IRON ORE DEPOSIT - The property oonsists of several groups of 

claims, some of whioh have out-crops showing. The present report 

oonsiders only the "Lad~r Bug" group of clai.ma. This group of . 

claims lie in Gila County, ~rizona, in Township 9 and 10 North 

and Range 15 East. 

, . 
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~his deposit lies in low hills and shallow valleys and has 

exposures in numerous places. The presenoe of the ore body under 

the hills has been proven by drilling in the areas between the 

surfaoe exposures. 

The deposit has apparently been formed by replaoement ot: a 

linestone bed by hematite and ohert. The hematite is ' a very good 

grade of ferric oxide. Chert is a crypto-crysta1line' variety or 

chalcedonio silica. Because the deposit i~ a replaoement 01' a 

sedimentary rock. it is sat'e to assume that the ore '1s oontinuous 

under the hills whioh have exposures on both sides. 

The area covered by~the body of iron ore in the "Lady Bug" 

group was caloulated from a topographic map. A,total area of 
6 

14.590 x 10 square feet was found. The thickness of the bed may 

be oalculated from the thickness 01' the exposed areas and trom 

the drill hole cores. An average of 11 feet was found as a fair 

but conservative figure fodr the third dimension. The speoific 

gravity of the ore is such that the figure of 10 cubio feet ot 

ore equals one ton is again a fair but conservative figure. 

The approximate total tonnage may be oalculated: 
6 6 

(14.590 x 10 ) x 11 divided by 10 equals (16.049 x 10 ) tons. 

The percentage Of iron in the deposit vuries but an average 

may be obtained from the analyses made on the out-cropping and 

from the drill holes. The drill holes show thin. low grade beds 

in some instances. These have not been inoluded and they have no 

etfeot upon the mining. operation as the oost ot mining has been -

~, 
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" 

Cal~ulated to inolude these variations in the deposit. 

Drill hole No. 1 -- 15.0 teet thick @ 57.90 % Fe 
t t , t No. 2 18.0 t t t • @ 55.60 % Fe . , , , No. 3 12.0 ' , • t @ 56.~0 % Fe 
, , , , No. 4. -- 22.0 t , , , 

@ 46.70 % ~e 
16.0 ' , t t , C 51.20 ~ Fe 

3.5 - " , , 
@ 4G.30 % Fe 

5.0 ' , , , , 
@ 44.20 ~ Fa 

, , , t No. 5 -_ 11.0 ' , , , 
@ 50.30 % Fe 

For No. 4 dTill hole an average of 48.06 % Fe was found. The 

samples taken from the side exposures run higher, in the upper 

50 per cents and the lower 60 per cents so an average of 55% was 

used. This, again, is quite oonservative 'but it 1~ well known 

that 1n sampl~ng surface material analyses tend to run high. 

Considering all factors, an average .iron content for the entire 

deposit of 52.0 per cent is accepted with the certain knowledge 

that this is a safe value to use. 
6 

The amount of iron present 1s: (16.048 x 10 ) X .52 equals 
6 6 

8.345 x 10 tons and the amount of hematite is ( 6.345 x 10 ) x 
o 

160/112 ~s 11.896 x 10 tons. Assuming that the ore oonsists ot 

hematite and chert, the amount of ohert in the deposit 1s then ' 
, 6 
4.153 x io tons. One ton 01' ore oontains 1485 pounds 01' hemat1te 

and 515 pounds 01' ohert. 

. , , 
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~ - The writer did not visit the coal deposit but from reports 

trom others there appears to be a huge tonnage available. This 

is on Government land and a royalty ot 10 cents per ton is written 

' into the lease held by the Oorporation. 

UTILITIES - Water, power and natural gas are all available within 

reasonable distanoes of the. :proposed plant site. Most ot the dis- ' 

tance from the ore deposit to the plant is paved. Roads from the 

plant to the markets are all paved • The plant site has been well 

seleoted from a standpoint of raw supplies and utilities. 

V.ARKET FOn SPONGE IRON - The discovery of new deposit's ot: oxide 

oopper ores whioh respond to a leaching prooess and which necess-

i tates an inoreasing quani tiy of iron in some form to'. preoipi tate 

the oopper from solu,tion makes a oontemp1ated sponge iron plant 

appear very attraotive at the present time. The following data werG' 

obtained on the Arizona tour: Insptrat10n Con at Globe uses about 

1800 tons of tin cans per month; Miami Copper requires about 2500 

tons per month; Silver Bell about 1200 tons per~onth; Kennecott, 

Ray Division, uses 1800 tons per month; Phelps-Dodge 'at Warren 

requires 2500 tons per month and ,so it goes. Smaller oompanies' 

use a smaller tonnage of cans and there are other prQperties 
, .. 

coming into production in the next tew years that will require 

iron to preQititate the copper. 

So tar the preoipitation has been made by buying tin oans 

and tin oan sorap. The market has grown so large that the majority L 
. ~ , 

of old souroes of supply have been exhausted and the produotion 
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Of new oans has not ke?t up with the demand. Also more and more 

material is being oanned in plastios and other than iron oontainers 

so that the aotual supply is deoreasing while the demand is in-

oreasing. 

Some ot the oompanies have already started produoing sponge 

iron, more will have to do the same unless a new source of supply 

of iron is soon found. While the producing oompanies have a talk

ing point on the prioe of sponge iron, it seems evident that they 

would welcome an adequate source of supply and welcome a ohance 

to stop producing their OWn sponge. No figures were mentioned 

but their method of produotion is rather oostly and the writer 

believes that their costs are abov~ the prioe of tin cans but 

that they have to produoe the sponge regardless of oost. In most 

cases they stated that they would tryout any new product and some 

went so far to state that~le it would necessitate some changes 

in the plant flow sheet, they would not hesitate to change. The 

'big fao~or, however, is that the souroe of supply must be adequate 

so that no lost time would be enoountered beoause of lack of 

supply. This must be thoroughly understood and any plant producing 

sponge iron must have surplus stock so that shipments can be made 

even is the plant is olosed for a few days. 

MANUFACrruRE OF SPONGE IRON - Several different prooesses have 

been invented for the produotion of sponge iron. Some are based 

entirely upon gaseous reactions While other. similar to the present 

flow~sheett are based upon a oombination of the gaseous and the 

',',,: . . :<,"!"",l " . 
. : " . , .. ,' : " . . .. ~ . ;,;. \, . . 
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solid reductants for the iron oxide. The essential reaotions 

are: 

Fe 0 t 30 = 2Fe t 300 
2 3 

Fe 0 t 300 : 2Fe t 300 
232 

00 to: 200 
2 

Fe 0 t 3H : 2Fe t 3H 0 
232 2 

Fe t CO = CO t FeO 
2 

. . ~ ~ ... 

All of these reactions may be calculated thermodynamlcally 

and for the first resction, the free energy value is positive at 
, 

, 

This means ~hat the reaotion will not proceed as written 

at any appreciable rate. The second reaction which produces CO 
2 

will proceed more readily but there is the danger that some of 

the reduced iron will be re-oxidized to form FeO. At the reaotant 

temperature, 00 is rapidly reduoed to CO by the C in the ' ooal ' 
2 

so it is doubtful it any remains to oxidize the iron. Vihen the 

amount of ooal is increased beyond the stoichiometric amount, it 

tends to force the reaction in the direction of iron production. 

Since the reduction of ferric oxide by oarbon is endothermic, 

heat must be supplied from some other source and in this case " 

natural gas is used. .The constants are not available tdr the :': 
. 

calculations ot the reaction rates. Therefore it is not possible ' 

to state just how long it will take to reduce X pounds ot hematit~ 

" 

------ _ ._- -----... ----
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The time must be determined experimentally. It has been stated 

that the reaction rate i3 doubled for each 10 degrees Centi~rade 

increase in temperature. 

TEE IHOI~-CARB01'~ Er~0ILI3RIm\r. DIAGRAM - The pertinenta,r,~lls of 

this diagram are ~lven on pa~e 6A. In the area murked alpha the 

reaction rate is very slow because alpha iron is the 10wt~ILpera

ture form of the elenlent iron. Alpha'iron is a body-centered cube 

and is one of the allotropic modifications of iron. It dissolves 

only a few hundr6ths of one per cent of iron. In the area marked 

alpha and gamma, ga~a iron which is a face-centered cube end 

which dissoves up to about 2% of carbon is also present. In thej 

upper area marked gwruna, only the face-centered cubic form is 

present. It will be rioted from the diagram that if a tempere
o ture of 1800 F is used, all of the iron will be in the form of 

the face-centered oubic structure. This is immaterial since the 

amount of carbon dissolved at this temper~ture and in the time in 

the furnace will be _ ne~ligible. It should be furthermore remembered 

that a small amount of carbon dissolved in the iron has no effect 

~n its use os a precipitant of copper. 

The tin cans used 'at the present time are of steel and con-

tain more carbon than will the sponge iron made by this process 

at a temperature even in excess of ISOOoF. These facts may be 
I 

used to argue that an even hip'~er temperature would be benef1,cial 

to ' the process but there is considerable danger that a higher 

i, 

-. 
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temperature would cause the mass to become sticky and this would 

make it difficult to handle. To maintain the best conditions ot 

operation the temperature should never be high enough to oause 

the oharge to stick to the :furnaoe or to itself. The "tenperature 

that causes stickiness will vary with the particle size and again 

must be determined experimentelly. 
-

HEAT REQUIRED TO RAISZ THE REA-CTANi'S TO TIili T];MP:;;RATURE OF l8000 F 

Assume one ton of iron ore. It has been shown that one ton 

oontains . 1,485 pounds of hematite and 515 pounds of sll1ca. 

The specific heat of hematite rrBY be represented by the 

equation: 
-3 5 -2 

C = 24.72 t 16.04 x 10 T - 4.234 x 10 T • 
P 

Now d H = 5" 11 edt, 
p 

C1255 -3 5 -2 
and~H:' (24.72 t 16.04 x 10 T - 4.234 x 10 T ) dt • 

.J2~8 

Integrating this expression between the limits shown, there is 

obtained a value of 34,462 gram calories per gram mole required 

to raise the temperature from room temperature to one of l800oF. 

In the expression, the temperatures tor the limits must be in 

absolute and the units are either 'in gram-calories per gram mole 

or in kilogram-oalories per kilogram mole. For simplicity, the 

gram-calorie pel' gram mole unit will be used in all calculations 

involving the Centigrade temperature scale. H represents the heat 

contents of the material under discussion. Now the molecular 

, weight of Fe 0 is 160 units and the number of grams per pound 
2 3 

. -.--- - .---------~-----------~-- .--.---.- - .. ----~- .~-
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avoirdupois ma~ be roun'dad off to 454,454/160 x 34,462 '- 97,345 

gram-calories required to raise one pound of hematite to l8000 F. 

(982°C). There are 1~85 pounds of hematite in a ton of ore and 

1485 x 97,345 = 144.437325 gram calories. This is equivalent to 

573,495 B.T.U. For the s111ca 1n one ton of the ore, the specific 

heat equation 1s: 
-3 

C = 11.22 ~ 8.20 x 10 T - 2.70 
P 

51255 -3 
l,H = (11.22 ~ 8.20 x 10 

298 

5 -2 r ' 
x 10' T andLlH =)~c dt as before, 

, " p 
5 -2 

T - 2.70 x 10 T ) dt and upon 

intergation it is found that it requires 16,156 grB..r.l-oalorles per 

gran-mole to raise the temperature to l8000 r. Tren454/60 ~ 16,156 ~ 

122,140 gram-calories are required for one pound of silioa. For 
I 

-3 

one ton of iron ore, 122,140 x 515 =62.902,100 x (3.968 x ~O ): 

249,721 B.T.U. and the total B.T.U. required for one ton of iron 

ore is 823,216. 

~ - The mean specific heat for coal between room temperature 

and 18000 F may be taken as 0.30 B.T.U. per pound per degree F. 

Then 0.36 x 1732 • 623.52 B.T.U. are required to raise the temper

ature of one pound of coal to the r ~ acting temperatu~e. 

HR~T AVAILABLE FOR RAISING THE TE~W~RA1~RE - The heat of com-

bustion of this coal has been determined as 10,300 B.T.U. per 

po~nd. It should be kept in mind that this value is for complete 

combustion, i.e., for oxidation of the carbon to oarbon dioxide. 

In this process this is not true. the carbon dioxide will be unstab~ 

, ~ 

u---------___ _ 
---~----~--- -------------------,-------- --- -----
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at the ter.perature of operation and carbon monoxide will form. 

The analysis of the coal is unknown and 'an approximation should 

be made. The hydrogen in the coal will burn to H 0 and. it will 
2 

be a!3sumed that 25% of the heat of combustion comes, ,.~.~om this 

element. The tree energy of formation of oarbon dioxide is about 

94,000 gram oalories while that of carbon momoxide is only about 

32,00 gram calories. On the assumption that 75% of the heat of 

combustion comes from the carbon, a correction must be madG and 

on this basis the heat evolved from one pound of cqal is only 

5175 B.T.U. 

There are 800 pounds of coal per ton of iron ore added to 

the furnace charge. The total heat requirement for this amount" 

and for the hematite and silica in one ton of ore ' is 1,322,032 

B.~.U. to raise the temperature the de.ired amount. 

The 800 pounds of ooal burnine "to CO and H ° will produce 
2 

about 4,140,000 B.T.U. The composition of the exit gases is not 

known but from the reduction of the hematite and the @fises of 

combustion of the natural gas, about 2,000 cubic feet per ton ot 

ore, it appears that about 1,600,000 B.T.U. are carried out of 

the furnaoe by these gases. The combustion of this amount of 

Natural gas will furnish about 1,800,000 5.T.U. Some heat will 

be lost through the furnace walls. the amount is unknown. 

Until the composition of the exit gases are known it is not pos

sible to calculate the value of the endothermio reaction, 

,-
-,- - .- .-,---- ------... ~ .. ------ ..... . ---":' .... --.--- -- ... ... -.-- . --.--..----.;. ... --- - .-.--... --.\~-
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CO f C ~ 2CO. How~ver. there are suffioient B.T.U. present 
2 

to permit the reaction. 

These calculations indioate that the relative amounts of 

materials used in the experimental ~urnaoe should be satisfactory 
. 'W ~" .. ' 

in the production furnace. 

Labor Men/Shift Shifts/Day Pay rate/nour Cost/Day 

FUrnace 
Operator 

Helper 

,Crushing 

Finishlng* 

Supervision 

1 3 

1 3 

2 1 

1 1 

$3.25 °t 78.00 

2.15 66.00 

2.75 44.00 
, 

2.,75 22.00 
r 2l0.00 

35.00 

Total $245.00 

*It ~ay be found necessary to add another helper with two furnaoes. 

COST OF MAT~RIAL LAID DOWN AT PLANT 

Iron ore per ton 

Coal per ton 

Wood chips (if used) 

$ 4.50 

2.75 

3.00 
I c>. 1- S 

NRtural gas - @ 50¢ per lOOOcubic feet deoreasing to 36¢ per 

1.OOOcubic feet depending upon quantity used. 

I • : .~ ~:. • • . , ~ ..... -- -------- -.. _-._-
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Archaen ~xploration Corporation Page 12 

TONN.~GE TriEAT !~D l:.Ed DAY - It is not definitely known what time 

is rdquired to finish a heat in the furnaces which are to be 

installed. It is assw~ed thnt by proper operation and proper 

mechaincal installation that a heat can be rinished ~ in two hours 

it' the temperature is maintained at about 1700 to lSOOdegrees F. 

If the temperature drops too much waile dischargin~ the ,heat, more 

natural gas should be used to raise the temperature ' rapidly. After 

the plant is in operation consideration should be ~iven to using 

t:'1e 'v'laste heat ir. the exit gases for preheating the incoming charge. 

This has been mentioned by Mr. Allison and this will lead to 

economy in operation. The exit gases should be , analyzed and it 

the CO/CO ratio is high enough, the gases oould be burned to 
2 

eive even more thermal saving and greater efficiency. It is not 

neoessary to try for 100 per oent reduotion of the ferric oxide 

beoause as the reduction proceeds, the reaotion rate decreases 

and the labor cost per pound of iron jur.,ps up. It will probably 

be round that about 75 per cent reduction is the most eoonomical 

paint. This can be checked in a9tual produotion. 

Assume tiat 12 heats are finished in eaoh furnaoe per 24 hours. 

Assurr.e also tnat five tons of iron are a~e treated in each heat, 

then a total of 120 tons of ore are treated daily. At 52% iron 

in the ore, 2,00 x .52 : 1,040 pounds of iron per ton, 1,040 x 

120/2,000 : 62.4 tons~ This will v9ry some 8S ~11 of the hematite 

is not reduced; ~:4~~e Nill be some inert m~terial that will not 
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be removed and against this there will be some loss in handling 

so the 'daily production should approximate this tonnage. '. 

COST PErt TON OF IRON l'ROCUCED 

Labor $ 3.93 .... {,~. 

Material 13.91 

Power 0.80 
-Overhead @ 15% 3.30 

Total$21.94 

This figure does not include amortization charges. 

S~LLING F~ICE OF S?ONGE IRON 

No definite price can be stated until the product has .been 

tried in plant operation. The price of tin cans was stated to 

be $5J.00 per ton of the material available today. On this basis, 

the minimum price on should expect is $60.00 per ton. The ditferonoo 

between the selling price and the oost (without oapital retire-

ment) is then $28.06. 

COST 0]' PLANT. 

The figures furnishea by ~~. Allison, which are list prices, 

show that a plant can be built for about $150,000.00. To allow 
I 

for exigencies and for a fund to tide over the period betwoen 
\ 

the start of the ope~ation and the return of sales, another 

$100,000,00 should be allowed. 
! 
I 
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Archean Exploration Corporatlon

RECOlvID'NDATIONS 

Page 14 

It 13 recommended, after a study of the prooess and the 

market conditions, and the costs, that ·a minimum of $250.000.00, 

and preferably' ·more. be allotted to build and operat.~,.a plant 

for the product1on of sponge iron in Arizona at the sit~ seleoted 

by Mr. Allison. 

Reg. Prof. Eng. 
No. 11,242, Ohio 

GUG/bj 

. ' . 

Respectfully submitted, 

. . ' 

, . 
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CHESTERFIELD REALTY 
LARRY CHANTLER, Broker 

Ranch, Farm and Mining Specialists 
119 North Montezuma Phone 445·3070 

PRESCOTI, ARIZONA 86301 

INFORMATION IRON KING MINE 

OCTOBER 3,1968 

Assessment work on the IRON KING CLAIMS namely 1-3-4-.5-6-10-12-1), 
and FERRO 13 has been recorded in the County Court House in Globe Arizona. 
Gila County, in the Sierra Ancha. Original claims dated as Docket 82, 
Pages 62,63,64, Docket 83, Pages 43, & 44, Docket 86, Pages 12 & 73. 

Between the 1st of August 1968 and the 31st of August 1968 there 
was expended at least $900.00 by Charlie Moore, R. Keith Hazen & William 
M. Curtis. They claim they cleared off all roads with Cat and Dozer and 
made exploratory Cuts. Recorded at the request of Chatlie Moore on the 
28th day of August 1968. 

)Ie" Notation « ( Mail to IRON KING MINES INC. % W. T. Elsing, Arizona 
Bank Building Phoenix Arizona 8500). ») 

I noted that the assessment work was all in order for the previous 
years . Upon an inspection of the property I noted that as claimed they had 
dozed a new road to the property and that all roads had been cleaned off 
with a dozer. I attempted to drive up to the claims but it was impossible 
because of the bad rain while I was on the property. I also decided against 
walking upon the property as it was clearly evident that the work had been 
done as claimed. 

Also I noted that the Uranium claims in front and West of the Iron 
King Claims had drill holes. I counted 15 holes. 

Lawrence G. Chantler 

t 7 
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ROB~RT FORD & ASSOCIATES, INC. 
Consulting Geologists 

110 UNION STREET 

PRESCOTT, ARIZONA 86301 

October 10, 1968 

Mr. Chuck Arms, Vice President 
Pickands Mather & Co. 
2000 Union Commerce Building 
Cleveland, Ohio 44115 

Dear Chuck : 

PHONE (602) 445-0050 

Trying to promote an iron property is anything but exciting; 
however, this is a special purpose property with a guaranteed market 
for production. The attached report is short and covers the situation. 

You may find the first part of the report "Notes on Reduced 
Iron for Copper Precipitation" interesting. What we are proposing is 
a small direct-reduction plant to produce sponge-iron or particulate 
iron for precipitation of copper. There are a number of methods by 
which copper can be recovered from copper sulfate solutions, but the 
use of metallic iron to produce cement copper precipitate is the best 
known and most used. 

The use of sponge-iron offers considerable advantage in faster 
precipitation and lends itself to automation. The price of scrap for 
this purpose has reached $55.00 per ton. What we are suggesting is 
a small, 200 ton per day, facility on rail near the center of existing 
markets ; ample ore reserves exist. This facility would probably be 
what the steel industry would consider a "pilot plant", with the pro
duct salable at $60.00 per ton ; with mines in which I own interests 
taking 70 tons per day and the remaining market almost assured, this 
situation could not only make a nice profit but also lay the ground
work to make Pickands Mather a leader in direct-reduction . 

We control the iron reserves and would be glad to go over all 
reports and maps concerning the property with you. 

RF/ pc 
Enc. 

With kind regards, 



NOTES ON REDUCED IRON FOR COPPER PRECIPITATION 

and 

PRELIMINARY REPORT 

IRON KING r~INE 

Gila County, Arizona 

By 

Robert Ford, Mining Geologist 
Prescott, Arizona 

October 1, 1968 

Including Separate Folder of: 

General Property and Topographic Map, 1" = 300 1 

Geologic Plan t~ap, 111 '" '100 1
, "South Ore Body" 

Geologic Plan Map, 1" = 100 1
, "North are Bodyll 

Cross Secti ons, 111 = 100 I, "South Ore Body" 
Cross Seci tons, 1" = 100 I, "North Ore Body" 

ROBERT FORD Be ASSOCIATES 
GEOI.OGISTS 



Notes on Reduced Iron for Copper Precipitation 

The precipitation 
of copper on iron is one of the earliest known chemical reactions (6). 
The iron is usually in the form of shredded and detinned cans, plate, 
or sponge iron. This form of precipitation is called cementation and 
the copper preciptiate is called cement copper. The copper bearing 
solution is won by leaching oxide copper ores with dilute sulfuric acid 
or ferric sulfate. The leach solution is collected and piped over iron 
to effect precipitation. Of the many precipitation agents tested, tin 
cans are considered the most suitable available (4). 

Copper is also pro
duced in the same general manner by leach-precipitation-float (LPF) (7). 
In this process the oxide copper minerals combined with sulfide minerals 
are selectively and effectively sulfated in solution, precipitated on 
sponge iron and recovered with the sulfide minerals in flotation. Cop
per produced in the United States from oxide minerals, amounting to 
150,000 tons annually, is about ten percent of the total United States 
output (9). This percentage is steadily increasing. By far the great
est part of the copper produced from oxides is precipitated on iron at 
a consumption of about two tons of iron for each ton of copper recovered. 

Arizona provides 
over fifty percent of the United States' primary copper production. 
Most of this is centered in Southeastern J\rizona, subsidiary to the 
contemplated direct-reduction plant near Globe-Miami, Gila County, Ari
zona. In 1965 that part of Arizona produced 50,000 tons of copper by 
precipitation from leach solution. By 1970 it is estimated that the 
production will be 90,000 tons (10). Sponge-iron is produced from pyrite 
obtained from flotation concentrates at Phelps Dodge Corporation in 
Douglas, Arizona and from Kennecott's Ray Mines at Ray, Arizona. How
ever, this production is inadequate for their own needs and the low iron 
content of the calcined pyrites makes an inferior cement copper. In ~ 

. fact, Kennecott, on the fi rs t of May, 1967, closed its pyri te-sponge
iron plant at Ray and is attempting to purchase fine grained magnetite 
for reduction and use in the LPF circuit. Expanded facilities at Kenne
cott's Ray Division will treat an additional 10,000 tons of oxide copper 
ores daily. The fifty tons per day of copper so produced will require 
about one hundred tons of i ron per day. That sponge-i ron from di·rect
reduction processes will play an important part in this simple reaction 
is well established and justified. Kennecott (1) and Phelps Dodge (3) 
have each developed precipitation vessels or launders to handle sponge
iron. 

Increased production 
by precipitation on tin cans combined \tJith the decreased availability of 

ROBERT FORD Be ASSOCIATES 
GEOLOGISTS 
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cans due to the substitution in packaging of aluminum, plastic, glass, 
and waxed containers has already made it difficult to obtain sufficient 
quanities and quality of iron from the scrap market; the situation is 
steadily becoming worse. The cost of cans delivered to the Arizona cop
per mining districts is quoted at $55.00 to $57.00 per ton. Demand is 
not satisfied and standby substitutes such as shredded auto bodies, wire, 
chains, and assorted scrap metal are being used. The contaminates pre
sent in these substitutes and their relative inefficiency as precipitat
ing agents result in ·higher cost and less pure cement copper. Reduced 
iron pellets were tried and found unsatisfactory (11). 

Sponge-iron pre
cipitates copper sulfate in one-third t he ti me with about eighty percent 
of the iron used compared to cans. Labor savings are also considerable. 
Sponge-iron is certainly perferable to other types for precipitating 
copper and should sell for $60.00 to $65.00 per ton. 

Preliminary Report 

IRON KING MINE 

Gila County, Arizona 

INTRODUCTION AND SU MMARY 

Widespread occur
rences of hematite and magnetite as contact replacements of Precambrian 
Mescal li mestone associated with diabase intrusive sills are in Navajo 
and Gila Counties, Arizona. These medium to high grade iron replace
ments have been inferred, in 1945 (5), to contain fourteen million tons, 
averaging forty-six percent (46%) iron. That this estimate is woefully 
inadequate is evidenced by the fact t hat the Iron King Mine alone, the 
subject mine, contains· an estimated potential of about ten million tons 
of high grade concentrates. r~ore than thirty replacement deposits are 
known to exist in the same general area (2) subsidiary to a contemplated 
direct-reduction plant in the town of Globe or of Miami, Arizona. 

Many of these re
placement deposits have been investigated by the writer. From the 
standpoint of reserves, availability, and access, the Iron King Mine 
is considered the most important. That mine, consisting of thirty
eight unpatented claims is under option. 

ROBERT FORD 8c ASSOCIATES 
GEOLOGISTS 
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LOCATION 

The Iron King Mine 
is located betvveen Zimmerman and J\sbestos Points in the Sierra Ancha 
f~ountains of Gila County, Arizona. Sections 16,20,21 and 29 of 
Township 5 North, Range 14 East center the property. The relationship 
of the outcrops at or near the 5,500 foot contour can be noted on the 
McFadden Peak 15 1 USGS Quadrangle Map. 

The mine is reached 
by driving four miles northwest from Globe on u.S. Highway 60-70 to its 
juncti on with the Apache Trail (Ari zona Hi gh"Jay 88), then fi fteen mil es 
northwest on the Apache Trail to its junction with the Young Road (Ari
zona Hi ghway 288), then 15.7 miles on Ari zona Hi ghway 288 north to the 
junction with access roads leading northeast to the property which is 
visible from the Highway and about tvJQ miles distant. 

GEOLOGY 

Magneti te occurs 
in irregular contact-metamorphic replacements of serpentinized, chlor
itized and silicified Mescal limestone that is 100 to 300 feet thick. 
The al tered l i mestone and magnetite iron are sandwiched between two 
large diabase sills. The upper sill is probably 500 feet thick and the 
lower i s about 1000 feet t hick. The iron is entirely magnetic and occurs 
as massive high-grade bodies separated by disseminated and low-grade 
areas . The magnetite forms two or more beds as much as 100 feet thick. 
the outcrops can be traces intermittently more than two miles. For pur
poses of map reference, the outcrop zone has been separated into the 
"South" and the "North" ore bodies. 

METALLURGY 

Magnetic separation 
beneficiation tests indicate optimum concentrate at -35 +65 mesh grind. 
Samp les submitted to the Pickands Mather Hibbing Laboratory by the W. S. 
Moore Mining Company when ground to -100 mesh gave an average 63.39% 
magnetic concentrate. These magnetic tube tests averaged 6.26% Si02 with a weight recovery of t he total contained iron of ~6.01 % . (See the 
attached summary of tes ts.) 

The samples sent 
to the Hibbing Laboratory were from the number four trench on the 
"North II ore body and were probably meta 11 urgi ca lly representa ti ve of 
the entire property. The higher grade natural ores at a one inch to 

ROBERT FORD 8c ASSOCIATES 
GEOI..OGISTS 
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six inch break should average about forty percent iron. A magnetic con
centration ratio or 2 to 2~: ,1 should be representative of the mine1s 
ore. Certainly the magnetic concentrates from the Iron King Mine, as 
well as from other similar contact deposits would make an ideal direct
reduction plant feed. 

HISTORY AND PREVIOUS WORK 

The claims which 
make up the Iron King Mine were originally located by Mr . Charles H. 
Jonas, t~ining Engineer, in 1957. Shortly thereafter they were optioned 
to the Cerro de Pasco Copper Company. Cerro spent about $80,000.00 in 
building roads, trenching, and drilling. The results of their drilling 
are shovm on the geology maps and secti ons. The contour representati on 
is that of USGS Quadrangle Map, enlarged. 

It is reported that 
the highest estimate ever expressed by Cerro for the Iron King Mine was 
eight million tons of plus sixty percent (60%) concentrates. Apparently 
this was not a sufficient reserve for their plans . Cerro made one semi
annual payment of $7,000.00 and then canceled the lease in 1961. W. S. 
Moore ~/l i ni ng Company and others subsequently i nvesti gated the property. 
However, the iron market, except for the proposed direct-reduction plant 
product, does not warrent development of the Iron King Mine. 

REGIONAL RESERVES 

The Iron King Mine 
is perhaps the best of many contact replacement deposits i n the district. 
By virtue of access and exploration drilling alone it is probably the 
most important. Several geologically similar high-grade replacement de
posits of magnetite have been examined by the writer. Many of these 
are available for location by staking. Ground or airborne magnetic sur
veys may well establish an additional potential on the Iron King Mine 
and other known deposits. 

In addition to the 
contact replacement deposits of the Globe-Miami area, reserves are avail
able from the magnetic sand deposits of adjacent Maricopa and Pinal Coun
ties. The Cuprious magnetites of the Christmas Mine offer a large poten
tial reserve. Iron reserves immediately available and the considerable 
potential future reserves certainly justify consideration of a small, 
t\.vo-hundred to fi ve hundred ton per day di rect-reducti on plant for pur
poses of furnishing sponge iron as a substitute for tin cans used in cop
per precipitation. The cans are increasingly difficult to obtain, even 
at ever higher prices. 

ROBERT FORD 8: ASSOCIATES 
GEOL.OGISTS 
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CHESTERFIELD REAL TV 

LARRY CHANTLER. Broker 

Ranch, Farm and Mining Specialists 
119 North Montezuma Phone 445·3070 

PRESCOTT, ARIZONA 86301 

IRON KING MINE 

Located in Gila County. Sierra !ncha Mining District, State ot 
Arizona. Jack Aneas, Jesse A. Clark, Cletu8 Baker, and Wayne Willyerd 
are the locators ot Record. Also James W. hller D. 172-99 Jan 4-65. Usesment. 

Jack Aneas claims assessment work tor Iron King 1 thru 8 on 
January 4. 1965, in Docket 172, Page 99. I also note he claimed labor 
on Easy Money same date and Docket but page 98. 

Arizona Iron Mines Inc. claim assea811.ent work on 11"2n King claims 
1-1-3-Lt..,5-6- et al Sept 7-65 in Docket 181, Page :rn. Iron K ng 10-12-13, 
Sept 7,1965. Iron King 1 et al Sept 28, 1965. Dacket 182. Page 262. Iron 
King 1-3-4-,5-6-10,12,13 August 31,1966 Book 195, Page 511. Iron Kine 1-3-
Lt..,5-6-10-12-13- &: Ferro 3 asseRent work August 30,1967 in Docket 219, 
Page 174. I note this is the tirst time Ferro 13 bas been cla1med tor 
assesment work in the docket. 

Docket 219. Page 174 Mr. Charley L. Moore claims uses.ent work 
on Iron King 1-3-lt.. ,5-6-10-12-13- &: Ferro #3 on August 26, 1967. He claiu 
$900.00 by clearing all roads, dug 9 exploration cuts 4 X 8 on all ot the 
claims for sampling. Location: Docket 82, Pages 62,63,64,69. & 72. 
1st to 16th Aug 67. Docket 83. Pages 43 & 44. 

Docket 86, Pages 12 & 73 

Lawrence. G. Chantler 

cc. Kelsey Boltz 
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Docket 269 oage 68 states, "Charlie Moore 'worked all roads with cat and 
dozer and made ex!=,loration cuts'''. Was unable to get a copy of document 
as the Globe office is in the process of microfilming that particular docket, 
and their Xerox machine cannot make a copy of the photostat. This affidavit . 
of Labor was made August 21, 1969 . for i·he a ssessment year 1969-1970 . 

A copy of Affidavit Of Labor dated the 20th of May, 1970, by Nathan E. 
Ellison, is attached. 

An earlier copy of an Affidavit of Labor is attached also. These were the 
only two copies I could get at the time. 

Since mining locations 'are listed only by locater's name and the mining 
district was not noted, I was unable to find out if any relocations or 
new locations were made in the vicinity. 

' ./ 1/ .. l. 
"""1.~ //~. Lt. .-(~l(~-L 

'.-: <' :;;, /7/ 
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To: Bob Ford t/ 
Herb Miller 
Joe Walton 

From: Kelsey Boltz 

April 14, 1971 

Re: Iron King Property North-East of Roosevelt Lake 

-

The owner of the property is Mr. Charles Older of Los Angeles. His 
attorney is Bill Elsing of Phoenix, a good friend of Joe Walton1s. 
Elsing has done work for us, and you may reca II, he did the title 
examination for the Mammoth property. 

Today I spoke with Bill Elsing regarding the Iron King property. 
He advised me as follows: Older has indeed kept up the assessment 
work on the F.ron King group of claims. He, Older, would be very 
amenable to almost any type of reasonable arrangement on the claims 
to be made with a company who was serious about getting something 
done. Elsing indicated that Older is getting tired of paying for 
the assessment work and would be very anxious to make a deal. 
Elsing suggests that any offer be made through him (Elsing) as he 
will recommend us very highly to Older. 

Incidentally, Older1s son is the judge who is and has been trying 
the Charles Manson case. 

RECEIVED APR ;2 0 1971 
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NOTES ON REDUCED IRON FOR COPPER PRECIPITATION 

and 

PRELIMINARY REPORT 

IRON KING MINE 

Gila County, Arizona 

By 

Robert Ford, Mining Geologist 
Prescott, Arizona 

October 1, 1968 

Including Separate Folder of: 

General Property and Topographic Map, 111 = 300' 
Geo log; c P1 an Map, 111 '" 1 00 " IISouth Ore Bodyll 
Geologic Plan Map, 111 = 100', IINorth Ore Bodyll 
Cross Sections, 111 = 100', IISouth Ore Bodyll 
Cross Secitons, 111 = 100', IINorth Ore Bodyll 
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Notes on Reduced Iron for Copper Precipitation 

The precipitation 
of copper on iron is one of the earliest known chemical reactions (6). 
The iron is usually in the form of shredded and detinned cans, plate, 
or sponge iron. This form of precipitation is called cementation and 
the copper preciptiate is called cement copper. The copper bearing 
solution is won by leaching oxide copper ores with dilute sulfuric acid 
or ferric sulfate. The leach solution is collected and piped over iron 
to effect precipitation. Of the many precipitation agents tested, tin 
cans are considered the most suitable available (4). 

Copper is also pro
duced in the same general manner by leach-precipitation-float (LPF) (7). 
In this process the oxide copper minerals combined with sulfide minerals 
are selectively and effectively sulfated in solution, precipitated on 
sponge iron and recovered with the sulfide minerals in flotation. Cop
per produced in the United States from oxide minerals, amounting to 
150,000 tons annually, is about ten percent of the total United States 
output (9). This percentage is steadily increasing. By far the great
est part of the copper produced from oxides is precipitated on iron at 
a consumption of about two tons of iron for each ton of copper recovered. 

Arizona provides 
over fifty percent of the United States' primary copper production. 
Most of this is centered in Southeastern Arizona, subsidiary to the 
contemplated direct-reduction plant near Globe-Miami, Gila County, Ari
zona. In 1965 that part of Arizona produced 50,000 tons of copper by 
precipitation from leach solution. By 1970 it is estimated that the 
production will be 90,000 tons (10). Sponge-iron is produced from pyrite 
obtained from flotation concentrates at Phelps Dodge Corporation in 
Douglas, Arizona and from Kennecott's Ray Mines at Ray, Arizona. How
ever, this production is inadequate for their own needs and the low iron 
content of the calcined pyrites makes an inferior cement copper. In t 

. fact, Kennecott, on the first of May, 1967, closed its pyrite-sponge
iron plant at Ray and is attempting to purchase fine grained magnetite 
for reduction and use in the LPF circuit. Expanded facilities at Kenne
cott's Ray Division will treat an additional 10,000 tons of oxide copper 
ores daily. The fifty tons per day of copper so produced will require 
about one hundred tons of i ron per day. That sponge-i ron from d ~'rect
reduction processes will play an important part in this simple reaction 
is well established and justified. Kennecott (1) and Phelps Dodge (3) 
have each developed precipitation vessels or launders to handle sponge
iron. 

Increased production 
by precipitation on tin cans combined with the decreased availability of 

ROBERT FORD 8: ASSOCIATES 
GEOLOGISTS 
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cans due to the substitution in packaging of aluminum, plastic, glass, 
and waxed containers has already made it difficult to obtain sufficient 
quanities and quality of iron from the scrap market; the situation is 
steadily becoming worse. The cost of cans delivered to the Arizona cop
per mining districts is quoted at $55.00 to $57.00 per ton. Demand is 
not satisfied and standby substitutes such as shredded auto bodies, wire, 
chains, and assorted scrap metal are being used. The contaminates pre
sent in these substitutes and their relative inefficiency as precipitat
ing agents result in higher cost and less pure cement copper. Reduced 
iron pellets were tried and found unsatisfactory (11). 

Sponge-iron pre
cipitates copper sulfate in one-third the time with about eighty percent 
of the iron used compared to cans. Labor savings are also considerable. 
Sponge-iron is certainly perferab1e to other types for precipitating 
copper and should sell for $60.00 to $65.00 per ton. 

Preliminary Report 

IRON KING MINE 

Gila County, Arizona 

INTRODUCTION AND SUMMARY 

Widespread occur
rences of hematite and magnetite as contact replacements of Precambrian 
Mescal limestone associated with diabase intrusive sills are in Navajo 
and Gila Counties, Arizona. These medium to high grade iron replace
ments have been inferred, in 1945 (5), to contain fourteen million tons, 
averagi ng forty-s i x percent (46%) iron. That tlli s estimate is woefully 
inadequate is evidenced by the fact that the Iron King Mine alone, the 
subject 'mine, contains' an estimated potential of about ten million tons 
of high grade concentrates. More than thirty replacement deposits are 
known to exist in the same general area (2) subsidiary to a contemplated 
direct-reduction plant in the town of Globe or of Mi ami, Arizona. 

Many of these re
placement deposits have been investigated by the writer. From the 
standpoint of reserves, availability, and access, the Iron King Mine 
is considered the most important. That mine, consisting of tllirty
eight unpatented claims is under option. 

ROBERT FORD & ASSOCIATES 
GEOLOGISTS 
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LOCATION 

The Iron King Mine 
is located between Zimmerman and Asbestos Points in the Sierra Ancha 
Mountains of Gila County, Arizona. Sections 16, 20, 21 and 29 of 
Township 5 North, Range 14 East center the property. The relationship 
of the outcrops at or near the 5,500 foot contour can be noted on the 
McFadden Peak 15 1 USGS Quadrangle Map. 

The mine is reached 
by driving four miles northwest from Globe on U.S. Highway 60-70 to its 
junction with the Apache Trail (Arizona Highway 88), then fifteen miles 
northwest on the Apache Trail to its junction with the Young Road (Ari
zona Highway 288), then 15.7 mil es on Ari zona Hi ghway 288 north :. to the 
junction with access roads leading northeast to the property which is 
visible from the Highway and about t'lW miles distant. 

GEOLOGY 

Magnetite occurs 
in irregular contact-metamorphic replacements of serpentinized, chlor
itized arid silicified Mescal limestone that is 100 to 300 feet thick. 
The altered limestone and magnetite iron are sandwiched between two 
large di~base sills. The upper sill is probably 500 feet thick and the 
lower is about 1000 feet thick: The iron is entirely magnetic and occurs 
as massive high-grade bodies separated by dissemt~ated and low-grade 
areas. The magnetite forms two or more beds as much as 100 feet thick. 
the outcrops can be traces intermittently more than two miles. For pur
poses of map reference, the outcrop zone has been separated into the 
IISouthll and the IINorthll ore bodies. 

METALLURGY 

Magnetic separation 
beneficiation tests indicate optimum concentrate at -35 +65 mesh grind. 
Samples submitted to the Pickands Mather Hibbing Laboratory by the W. S. 
Moore Mining Company when ground to -100 mesh gave an average 63.39% 
magnetic concentrate. These magnetic tube tests averaged 6.26% Si02 with a weight recovery of the total contained iron of ~6.0l%. (See the 
attached summary of tes ts.) 

The samples sent 
to the Hibbing Laboratory were from the number four trench on the 
IINorthll ore body and were probably meta 11 urgi cally representati ve of 
the entire property. The higher grade natural ores at a one inch to 

ROBERT FORD 8c ASSOCIATES 
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six inch break should average about forty percent iron. A magnetic con
centration ratio or 2 to 2~: ,', should be representative of the mine1s 
ore. Certainly the magnetic concentrates from the Iron King Mine, as 
well as from other similar contact deposits would make an ideal direct
reduction plant feed. 

HISTORY AND PREVIOUS WORK 

The claims which 
make up the Iron King Mine were originally located by Mr. Charles H. 
Jonas, Mining Engineer; in 1957. Shortly thereafter they were optioned 
to the Cerro de Pasco Copper Company. Cerro spent about $80,000.00 in 
building roads, trenching, and drilling. The results of their drilling 
are shown on the geology maps and sections. The contour representation 
is that of USGS Quadrangle Map, enlarged. 

It is reported that 
the highest estimate ever expressed by Cerro for the Iron King Mine was 
eight million tons of plus sixty percent (60%) concentrates. Apparently 
this was not a sufficient reserve for their plans. Cerro made one semi
annual payment of $7,000.00 and then canceled the lease in 1961. W. S. 
Moore Mining Company and others subsequently investigated the property. 
However, the iron market, except for the proposed direct-reduction plant 
product, does not warrent development of the Iron King Mine. 

REGIONAL RESERVES 

The Iron King Mine 
is perhaps the best of many contact replacement deposits in the district. 
By virtue of access and exploration drilling alone it is probably the 
most important. Several geologically similar high-grade replacement de
posits of magnetite have been examined by the writer. Many of these 
are available for location by staking. Ground or airborne magnetic sur
veys may well establish an additional potential on the Iron King Mine 
and other known deposits. 

In addition to the 
contact replacement deposits of the Globe-Miami area, reserves are avail
able from the magnetic sand deposits of adjacent Maricopa and Pinal Coun
ties. The Cuprious magnetites of the Christmas Mine offer a large poten
tial reserve~ Iron - reserves immediately available and the considerable 
potential future reserves certainly justify consideration of a small, 
two-hundred to five hundred ton per day direct-reduction plant for pur
poses of furnishing sponge iron as a substitute for tin cans used in cop
per precipitation. The cans are increasingly difficult to obtain, even 
at ever higher prices. 

ROBERT FORD Be ASSOCIATES 
GEOLOGISTS 
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October 10, 1968 

Mr. Chuck Arms. Vice President 
Pickands Mather & Co. 
2000 Union Commerce Building 
Cleveland, Ohio 44115 

Dear Chuck: 

Trying to promote an iron property is an,thing but exciting; 
however, this is a special purpose property with a guaranteed market 
for production. The attached report is short and covers the situation. 

You may find the first part of the report "Notes on Reduced 
Iron for Copper Precipitation" interesting. What we are proposing is 
a small direct-reduction plant to produce sponge-iron or patticulate 
iron for precipitation of copper. There are a number of methods by 
which copper can be recovered from copper sulfate solutions. but the 
use of metallic iron to produce cement copper precipitate is the best 
known and most used. 

The use of sponge-iron offers considerable advantage in faster 
precipitation and lends itself to automation. The price of scrap for 
this purpose has reached $55.00 per ton. What we are suggesting is 
a small, 200 ton per day, facility on rail near the center of existing 
markets; ample ore reserves exist. This facility would probably be 
\'/hat the steel industry would consider a "pilot plant ll

• With the pro
duct salable at $60.00 per ton; with mines in which I ownsinterests 
taking 70 tons per day and the remaining market almost assured, this 
situation could not only make a nice profit but also lay the ground
work to make Pi ckands r4ather a 1 eader in di rect-reducti on. 

We control the iron reserves and would be glad to go over all 
reports and maps concerning the property with you. 

RF/pc 
Enc. 

With kind regards. 

Sincerely, 

Robert Ford 
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Preliminary Report 

IRON KING MINE 

Gila County, Arizona 

~tes Otl Reduced Irsf1 feF Gef)f)er Preeil'itati-Qn 

INTRODUCTION AND SUMMARY 

Widespread occur
ences of hematite and magnetite as contact replacements of Precambrian 
Mescal limestone associated with diabase intrusive sills are in Navajo 
and Gila Counties, Arizona. These medium to high grade i ron replace
ments have been inferred, in 1945 (5), to contain fourteen million 
tons, averaging forty-six percent (46%) iron. That this estimate is 
woefully inadequate is evidenced by the fact that the Iron King Mine 
alone, the subject mine, contains an estimated potential of about ten 
~illion tons of high grade concentrates. More than thirty replacement 
deposits are known to exist in the same general area (2) subsidiary to " 
a contemplated direct-reduction plant in the town of Golbe or of Miami, , 
both in Gila County, Arizona. . . 

Many of these re
placement deposits have been investigated by the writer. From the 
standpoint of reserves, availability, and access, the Iron King Mine 
is considered the most importan~. That mine, consisting of thirty
eight unpatented claims is.under option. 

LOCA TI ON 

The Iron King Mine 
is located between Zimmerman and Asbesto s Points in the Sierra Ancha 
Mountains of Gila County, Arizona. Sections 16, 20, 21, and 29 of 
Township 5 North, Range 14 . East ~ center the property. The relationship 
of the outcrops at or near the 5,500 foot contour can be noted on the . 
McFadden Peak 15' USGS Quadrangle Map. 

. 
; 

1 , . 

The mine is reached 
by dr iving four miles northwest from Globe on U.S. Highway 60-70 to its 
junct ion with the Apache Trail (Arizona Highway 88), then fifteen miles .' 
northwest on the Apache Trail to its junction with the Young Road 
(Arizona Highway 288), then north 15.7 miles on Arizona Highway 288 to . 
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the junction with access roads leading northeast to the property which 
is visible from the Highway and about two miles distant. 

GEOLOGY • 

Magnetite occurs 
in ir regular contact-metamorphic replacements of serpentinized, chlor
itized and silicified Mescal limestone that is 100 to 300 feet thick. 
The altered limestone and magnetite iron is sandwiched between two . 
large diabase sills. The upper sill is probably 500 feet thick and lower 
about 1000 feet thick. The iron is enti rely magnetic and occurs as mas- .' 
sive high-grade bodies separated by disseminated and low-grade areas. ' 
The magnetite forms two or more beds as much as 100 feet thick. The 
outcrops can be traced , intermittently more than two miles. For purposes 
of map reference the outcrop zone has been separated into the "South" 
and the "North" ore bodies • ..,fSee aesQAlpanyir:lg geology maps and cr9-&5 
~etioll~ 

METALLURGY 
I , I 

Magnetic separation 
beneficiation tests indicate optimum concentrate at -35 +65 mesh grind. 
Samples submitted to the Pickands Mather Hibbing Laboratory by the W.S. 
Moo re Mining Company when ground to -100 mesh gave an average 3.39 
magnetic concentrate. These magnetic tube tests averaged 6.26%~"""""'-~""'
with a weight recovery of the total contained iron of 96.01 %. 
attached summary of testsJ 

The samples sent 
to the Hibbing Laboratory were from the number four trench on the 
"North" ore body and probably metallurgically representative of the 
entire property. The higher grade natural ores at a one inch to six 
inch break should ave rage about forty pe rcent iron. A magnetic con
centration ratio of 2 to 2~: l ' should be representative of the mine's 
ore . Certainly the magnetic concentrates from the Iron King Mine, as 
well as from other similar contact deposits would make an ideal direct
reduction plant feed. 

HISTORY AND PREVIOUS WORK 

The claims which 
make up the Iron King Mine were originally located by Mr. Charles H. 
Jonas, Mining Engineer, in 1957. Shortly thereafter they were optioned 
to the Cerro de Pasco Copper Company. Cerro spent about $80,000.00 
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in building roads, trenching, and drilling. The results of their drilling are shown on the a€€gm~aAyi~~ geology maps ~nd sections. The contour representation is that of USGS Quadrangle Map, enlarged. 

It is reported that the highest estimate ever expressed by Cerro for the Iron King Mine was eight million tons of plus sixty percent (60%) concentrates. Apparently this was not a sufficient reserve for their plans. Cerro made one semi-annual payment of $7,000.00 and then canceled the lease in 1961.W.S. Moore Mining Company and others subsequently investigated the property. However, the iron market, except for the proposed direct reduction plant product, does not warrent development of the Iron King Mine . 

REGIONAL RESERVES 

The Iron King Mine is perhaps the best of many contact replacement deposits in the district. By virtue of access and exploration drilling alone it is probably the most important. Several geologically similar high-grade replacement deposits of magnetite have been examined by the writer. Many of these are available for location by staking. Ground or ai rborne magnetic surveys may well establish an additional potential on the Iron King Mfne and other known deposits. 

In addition to the contact replacement deposits of the Globe-Miami area, reserves are available from the magnetic sand deposits of adjacent Maricopa and Pinal Counties. The Cuprious magnetit~s of the Christmas Mine offer a large potential reserve. Iron reserves immediately available and the considearble potential future reserves certainly justify consideration of a small, two hundred to five hundred ton per day direct-reduction plant : for purposes of furnishing sponge iron as a substitute for tin cans used in copper precipitation. The cans are increasingly difficult to obtain; even at ever higher prices. 

atloced to~ COf(lti" rr-el'lp' kf/o ,,> -.::;> ~ NOTES ON +flE IRON POWDER PRODUCT 

The precipitation of copper on i ron is one of the earliest known chemical reactions (6). The iron is usually in the form of shredded and detinned cans, plate, or sponge iron. , This form of precipitation is called cementation and _ the copper precipitate is called cement copper. The ,copper bearing solution is won by leaching oxide copper ores with dilute sulfuric acid or ferric sulfate. The leach solution is collected and piped over iron 

ROBERT FORO a ASSOCIATES 
GEOLOGISTS 

,. 
j' ," , 

, " 

• I I. 
; . 
" .i 

.' 
" 



, ' 

.' .. !., 

. , 

fl" 

, ; I ~ 

-4-

to effect precipitation. Of ,the many precipitation agents tested, 
tin cans are considered the most suitable available (4). 

Copper is also 
produced In the same general manner by leach-precipitation-float 
(LPF)L1)In this process the oxide copper minerals combined wi th sul
fide minerals are selectively and effectively sulfated in solution, 
precipitated on sponge iron and recovered with the sulfide minerals 
in flaiation. Copper produced in the United States from oxide min
erals, amounting to 150,000 tons annually, is about ten percent of the 
total United States output (f). This percentage is steadily increas
ing. By far the greatest part of the copper produced~from oxides is 
precipitated on i ron at a consumption of about gn@ ang one-half tons of 
i ron for each ton of copper recovered. -tu:>o 

Arizona provides 
over fifty percent of the United States' primary copper production. 
Most of this is centered in Southeastern Arizona, subsidiary to the 
contemplated direct-reduction plant near Globe-Miami, Arizona. In 
1965 that part of Arizona produced 50,000 tons of copper by precip
itation from leach solution. By 1970 it is estimated that the pro
duction will be 90,000 tons ue). Sponge-i ron is produced from pyrite 
obtained from flotation concentrates at Phelps Dodge Corporation in 

. Douglas, Ar izona and from Kennecott' s Ray Mines at Ray, Ar izona. 
However, this production is inadequate for their .own needs and the 
low iron content of the calcinoopyrites makes an inferior cement copper. 
In fact, Kennecott, on the first of MaY J 6f tAi'6"~~r, closed its pyrite
sporge-iron plant at Ray and is attempting to purchase fine grained 
magne t.Lt e for reduction and use in the LPF circui t. Expanded facilities 
at Kennecott's Ray Division will treat an additional 10,000 tons of 
oxide copper ores daily. The fifty tons per day of copper so produced 
will require about seventy-five tons of iron per day. That sponge-
i ron from di rect-reduction processes will play an important part in 
this simple reaction is well established and justified. Kennecott (1) 
and Phelps Dodge (3) have each developed precipitation vessels or 
launders to handle sponge iron: 

Increased production 
by precipitation on tin cans combined with the decreased~availability 
of cans due to the substitution in packaging of aluminum, plastic, 
glas s, and waxed containers has already made it difficult to obtain 
sufficient quanities and quality of iron from the scrap market; the 
situation is steadily becoming worse. The cost of cans delivered to 
the Arizona copper mining districts is quoted at $55.00 to $57.00 per 
ton. Demand is not satisfied and standby substitutes such as shredded 
auto bodies, wire, chains, and assorted scrap metal are being used. 
The contaminates present in these substitutes and their relative 
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inefficiency as precipitating agents result in higher cost and less 
pure cement copper. Reduced iron pellets were tried and found un
satisfactory (It). 

Sponge-iron 
precipitates copper sulfate in one-thi rd the time with about eighty 
percent of the iron us~d compared to cans. Labor savings are also . 
considerable. Sponge i ron is certainly perferab1e to other types 
for precipitating ~ and should sell for $60.00 to $65.00 per ton. 

CffJfo\-

May 9, 1967 

Respectfully Submitted 
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Preliminary Report 

I RON KING MINE 

Gila County, Arizona 

and 

Notes on Reduced Iron for Copper Precipitation 

INTR ODUCTION AND SUMMARY 

Widespread occur
ences of hematite and magnetite as contact replacements of Precambrian 
Mescal limestone associated with diabase intrusive si ll s are in Navajo 
and Gila Counties, Arizona. The se medium to high grade iron replace
me~ts have been inferred, in 1945 (5), to contain fourteen million 
tons, averaging forty-six percent (46%) i ron. That this estimate is 
woefu lly inadequate i s evidenced by the fact that the Iron King Mine 
alone, the subject mine, contains an estimated potential of about ten 
million tons of high grade concentrates. More than thirty rep lacement 
depos it s are known to exist in the same general area (2) subsidiary to 
a contemplated direc t-reduction plant in the town of Golbe or of Miami, 
both in Gila County, Arizona. 

Many of these re
placement deposits have been inve st igated by the writer. From the 
standpo int of reserves, availability, and access, the Iron King Mine 
is considered the most important. That mine, consisting of thirty
eight unpatented claims is under option. 

LOCA TI ON 

The I ron King Mine 
is located between Zimme rman and Asbestos POints in the Sierra Ancha 
Mountains of Gila County, Arizona. Sections 16, 20, 21, and 29 of 
Townsh ip 5 North, Range l~ , East ~ center the property. The relat ion sh ip 
of the outcrops at or near the 5,500 foot contour can be noted on the 
McFadden Peak 15' USGS Quadrangle Map. 

The mine is reached 
by driving four miles nor thwes t from Globe on U.S. Highway 60-70 to its 
junction with the Apache Trail (Arizona Highway 88 ), then fifteen miles 
northwest on the Apache Trail to it s junction with the Young Road 
(Arizona Highway 288 ), the n nor th 15.7 miles on Arizona Highway 288 to 
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the junction with access roads leading northeast to the property which 
is vi s ible from the Highway and about two miles distant. 

-GEOLOGY 

Magnetite occurs 
in irregular contact-metamorphic replacements of serpent inized, chlor
itized and si lici fied Mescal lime stone that i s 100 to 300 feet thick. 
The altered limestone and magnetite i ron is sandwiched between two 
large diabase sills . The upper s ill is probably 500 feet thick and lower 
about 1000 feet thick. The iron is entirely magnetic and occurs as mas
s ive high-grade bodies sepa rated by disseminated and low-grade areas. 
The magnetite forms two or more beds as much as 100 feet thick. The 
outcrops can be traced intermittently more than two miles. For purposes 
of map reference the outcrop zone has been separa ted into the "South" 
and the "North" ore bodies. (See accompanying geology maps and cross 
sections.) 

META LlURGY 

Magnetic separa tion 
beneficiation tests indicate optimum concentrate at - 35 +65 mesh grind. 
Samples subm itted to the Pickands Mather Hibbing Laboratory by the W.S. 
Moore Mining Company when ground to -100 mesh gave an average 63.39% 
magnetic concentrate. These magnetic tube tests averaged 6.26% Si02 
with a weight reco very of the total contained i ron of 96 .01 %. (See 
attached summa ry of testsJ 

The samp le s sen t 
to the Hibbing Laboratory were from the number four trench on the 
"North" ore body and probably metallurgically rep resen tative of the 
enti re property. The higher grade natural ores at a one inc h to s ix 
inch break should average about forty pe rcent i ron. A magnetic con
centration rat io of 2 to 2~: 1 shou ld be representative of the mine's 
ore. Certainly the magnetic concentrates from the Iron King Mine, as 
well as from other s imilar contact deposits would make an ideal di rect
reduction plant feed . 

HISTORY AND PREVIOUS WORK 

The claims which 
make up the Iron King Mine were originally located by Mr. Charles H. 
Jonas, Min ing Enginee r, in 1957. Shortly thereafter they were optioned 
to the Cerro de Pasco Copper Company. Cerro spent about $80,000.00 
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in building roads, trenching, and drilling. The results of their 
drilling are shown on the accompanying geology maps and sect ion s . 
The contour representa tion is that of USGS Quadrangle Map, enlarged. 

It is reported that 
the highest estimate ever expressed by Cerro for the Iron King Mine 
was eight million tons of plus sixty percent (60%) concentrates. 
Apparently this was not a sufficient reser ve for their plans. Cerro 
made one semi -a nnual payment of $7,000.00 and then canceled the lea se 
in 1961. W.S. Moore Mining Company and others subsequently investi
gated the property. However, the i ron ma rket , except for the proposed 
direct red uction plant product, does not warrent development of the 
I ron King Mine. 

REGIONAL RESERVES 

The I ron King Mine 
is perhaps the best of many contact replacement deposits in the district. 
By virtue of access and exploration dril ling alone it is probably the 
most important. Several geologically similar high-grade rep lacement 
deposits of magnetite have been examined by the writer. Many of these 
are available for locatio n by staking . Ground or ai rborne magnetic sur
veys may well establish an additional potential on the Iron King Mine 
and other known deposits. 

In addition to the 
contact replacement deposits of the Globe-Miami area, reserves are avail
able from the magnetic sand deposits of adjacent Maricopa and Pinal 
Counties. The Cuprious magnetites of the Christmas Mine offer a la rge 
potential reser ve. I ron reserves immediately available and the consid
earble potential future reserves certainly justify consideration of a 
small, two hundred to f ive hundred ton per day direct-reduction plant : 
for purposes of furn ishing sponge iron as a substitute for tin cans used 
in copper precipitation. The cans are increasingly difficult to obtain 
e~en at ever higher prices. 

NOTES ON THE IRON POWDER PRODUCT 

The precipitation 
of copper on i ron is one of the earliest known chemical react ion s (6). 
The i ron is usually in the form of shredded and detinned cans, plate, 
or sponge iron. This form of precipitation i s called cementation and 
the copper precipitate is called cement copper. The copper bearing 
solution i s won by leaching oxide copper ores with dilute sulfur ic acid 
or ferric su lfate. The leach solut ion is collected and piped over i ron 
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to effect precipitation. Of the many precipitation agents tested, 
tin cans are considered the most suitable available (Ll). 

Copper is also 
produced in the same general manne r by leach-precipitation-float 
(LPF). In this process the oxide copper minerals combined with sUl
fide minerals are se lectively and effectively sulfated in solu tion, 
precipitated on sponge i ron and reco vered with the sulfide minerals 
in floration. Copper produced in the United States from oxide min
erals, amounting to 150,000 ton s annually, is about ten percent of the 
total United States output (8). Thi s percentage is steadi ly increa s
ing. By far the greatest part of the copper produced , from oxides is 
precipitated on i ron at a consumption of about one and one-half tons of 
i ron for each ton of copper recovered . 

Arizona provides 
over fifty percent of the United States' primary copper production. 
Most of this is centered in Southeastern Ari zona , subs idiary to the 
contemplated direct-reduction plant near Globe-Miami, Arizona. In 
1965 that part of Ari zona produced 50,000 tons of copper by precip
itation from leach solu tion. By 1970 it is estimated that the pro
duction will be 90 ,000 tons (9). Sponge-iron i s produced from pyrite 
obtained from flotation concentrates at Phelps Dodge Corporation in 
Dougla s, Ar izona and from Kennecott's Ray Mines at Ray, Ar izona. 
However, th is production is inadequate for their own needs and the 
low i ron content of the calcinedpyrites make s an inferior cement copper. 
In fact, Kennecott, on the first of May of this year, closed it s pyrite
sponge- iron plant at Ray and is attempting to purchase fine grained 
magnetite for reduction and use in the LPF circuit. Expanded facilities 
at Kennecott's Ray Division will treat an additional 10,000 tons of 
oxide copper ores daily. The fifty tons per day of copper so produced 
will requ i re about seven ty-five tons of i ron per day. That sp onge-
i ron from direct-reduction processes will play an important part in 
this s imple reaction is well established and ju st ified. Kennecott (1) 
and Phelps Dodge (3) have each developed precipi tat ion ve sse ls or 
launde rs to handle sponge i ron. 

Increased production 
by precipitation on tin cans combined with the decreased ~ availability 
of cans due to the subst i tution in packaging of aluminum, plastiC, 
gla ss , and waxed containers has already made it difficult to obtain 
sufficient quanities and quality of i ron from the scrap market; the 
s ituation i s steadi ly becoming worse. The cost of cans delivered to 
the Arizona copper mining distr icts is quoted at $55.00 to $57.00 per 
ton. Demand is not sat i sfied and standby substi tutes such as shredded 
auto bodies, wi re , chains, and assorted scrap metal are being used. 
The contaminates present in these substitutes and their re lative 

ROBERT FORD Be ASSOCIATES 
GEOLOGISTS 



-5-

inefficiency as precipitat ing agents resu l t in higher cost and less 
pure cement copper . Reduced i ron pellets were tr ied and found un
sat isfactory (10) . 

Sponge- i ron 
prec ipi tates copper sulfate in one- th i rd the t ime with about eighty 
percent of the i ron used compared to cans. Labor savings are al so . 
cons iderable . Sponge i ron is certa inly perferab l e to other types 
for precip i ta t ing i ron and should sell for $60 . 00 to $65 . 00 per ton. 

May 9,1967 

Respectfu lly Subm i t t ed 

Robert Ford , Mining Geologist 
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ARIZONA ' IRON UlNES, INC. 

( Iron King Group ) 
,/ 

Pickru:ds Uo.ther ' 
H1boing Laboratory 
W. S. Moore Mining Co. 

MAGnETIOTUBE TESTS 
' .. 

3-23-61 

,/ 
/ - /' 

PRODUCT 
ASSA.Y ~ 

.!!!Q! SILICA 
" TOTAL 
IROll 

• -lOOH Mag.Conet. 79.06 
NonMag .tai1 820.9~ 
TOTAL 100.00 

66,.23 
4.82 

G3,37 

98.11 ' 
1.89 / ' , 

100.00 

2. 

3. 

SAMPLE 

li -100M ~ag. onet. 2!.12 

-100 , 

!fonMag. Tail 77.'88 
TOTAL 100.00 

Mag.Conet. 82.69 
NonMag . ta11 17,.31 
TOTAL 100.00 

CRUDE ANALYSIS 

l)~.33 
1.29 , 
13~02 

69.60 
8.:52 

58.99 

..l:!.- S 102 .:..L 

92.32 
7.68 

100.00 

97.60 
2.40 

3.84 100.00 

s Ti02 

9.67 . • 072 ' .007 

./ 
,/ 

, 1.- South Outcrop - 63.37 

2.~ South-Low Grade-13.02 5.37 .:S48 (High in C"C03) 

3.- orth trenehea- 58.99 5.84 .021 .003 .11 ' 

Exp1an~tory Not0 I 
Above seples taken by Irving ,/ 

Uoor~~ Geo1&g1st ot Duluth, inn. 
Sp001a1 attention is called to th0 

# :; sample, where 'at 100 grind, the iron contant is 
69.60. 

At 325 M, vh1eh eBB not triod, the 
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Mr. Jerry Anderson. Chltf Geologist 
Th. CI.vt1and ell Us· I ron (O.'"Y 
IshPtllno. Rlchlglft 

Dtar Jerry: 

ft.: Iron Kine Mine 
Gila County, Arltona 

Under sepat.ie cover J have sent Ofte set of plan g,o100Y 
Ind CfO~$ $.ctlort .. ps ot tn. ~vbJ.Ct property for your Ini~tCtlon • 
If any additionAl ,.ctlons art nt,ded for your U$t plta$' advIse Ie. 

The attach.d report on the .fne Is based larg.ly upon data ,t
celv.d fro. Cerro Corpor.'ion, the for." 1esiee. The ditl has 
bet" tie14 ehecked by _e. In addition there are oth.r co.uaet de
posits available ~ich would lend ~h additlon.l Iron res,rve$. 

You lay find the ~nott' on "lUeed iron tor copper prtciJllatlon" 
IntertJting and 'nfor.ative. P1"$' r..,8btr that tn •• ,nes In which 
J h~ld an interest will COniult I.venty tons of scrap fron daily. J 
can l~o atteit to the incre.sing dlfficulty~ rising cOat, and poor 
quali ty of flit'rial available. tt ..ould see. lhtH thi s would bt an 
Ideal tiae for Cliff& to cunsider a di(ect~reduction plint on a $-.11 
~cale to gain both experience and profit. 

John Or .an advi~td that you and Jill Villar .rt coaina ,Wist on 
May 1'. Perhaps thi ' would be a gQod ". to aft. 

I take tn liberty of ending a copy of the report,lifl thou, .P$_ 
tg Me ... sr .... Vi nar and Or ltafl in Ci:.e any ot you are absent so that 
circf,lla Ion before h.e W'olt ward trip .iOnt be j)os~lblt. 

With klnd'$t rtgaros. 

RF/PC 
ce~ Jales VJllar 

John Ort.., 

Sincerely. 
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ARIZONA IRON MIKES, I NC. 

( Iron King Group ) 

Pickands Mather ' 
Hibbing Laboratory 
tv . S., Moore ~in1ng Co. 

GHETIOTUBE TESTS 

-..S=-.;;P ..... L=E ~ PRODUOT 

• -100 

, . 

~-23-61 

ASSAY ~ 
1.!!Q!! SILICA 

- , 

/ 

..... ;'~ 
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~ TOTAL 
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Mag .Conot . 79 . 06 
NonMag .ta11 s20 . 9~ 
TOTAL 100.00 
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100.00 
. '. 

2. 

SAMPLE 

\i -100M Mag . onct. !2.12 64.33 
1. 29 , 

-lOOH 

NoDMag .Tal1 77.8e 
TOTAL 100.00 13~02 

Mag .Conct. 82.6969.60 
Non!1e.g . tail 17·. 31 8 . 32 
TOTAL 100.00 58.99 

CRUDE AliALYSIS 

Fe S102 p -

3.84 

s 

92.32 
7.68 

100 .00 

97.40 
· 2.40 

100.00 

Tl02 

", '. 

1.- South 'Outcrop - 53.37 

2.- South-Low Grade-13.02 

9 . 57 . • 0"12 . • 007 . .04 /- ~ 
/ " 

" 

5 . 37 . ~~ (High in CaC03) 

3.- North trenchao- 58.99 5.84 .021 ~003 .11 . . - .' 

. :'1. 

Expl~atory Bote : 
Abov samples taken by Irvi g 

oors, Goo16gist ot Duluth, Minn. 
Spaoial attention 1s called to the 

II 3 s ample , where 'at 100 gr'~nd, the iron. contcuit 18 ' 
69.60 . 

At S25 M, whleh ~au not tr1 d, the , 

/ 

d tt.T uld b 70 . (f1 ""'0 tm-i'" ~" ·- or ..... h ,- ',, - -r ' 'i '. ' " ... - ',"\ ,~ ~ :'f'>. g1's. 0 , ... 0 Co ' r> J."' . ~~..::::...-~~!!~.t~~~~;:.!~_ r:_~ 
eonc0nt:.. .... ~t (:) D..."l C~1 ,;:),:) t ou.ud :L~ n, Pi ·.;-'," '. '}, ,.-, - ,..- - ",.1. ;:...cL. 
-Cleo of i3~~ ::~il . 

, 
,/ 



:':'.',: 

ROBERT FORD 8: ASSOCIATES 
GEOLOGISTS 





J 



r .. 








	2004-01-0009_000001
	2004-01-0009_000002
	2004-01-0009_000003
	2004-01-0009_000004
	2004-01-0009_000005
	2004-01-0009_000006
	2004-01-0009_000007
	2004-01-0009_000008
	2004-01-0009_000009
	2004-01-0009_000010
	2004-01-0009_000011
	2004-01-0009_000012
	2004-01-0009_000013
	2004-01-0009_000014
	2004-01-0009_000015
	2004-01-0009_000016
	2004-01-0009_000017
	2004-01-0009_000018
	2004-01-0009_000019
	2004-01-0009_000020
	2004-01-0009_000021
	2004-01-0009_000022
	2004-01-0009_000023
	2004-01-0009_000024
	2004-01-0009_000025
	2004-01-0009_000026
	2004-01-0009_000027
	2004-01-0009_000028
	2004-01-0009_000029
	2004-01-0009_000030
	2004-01-0009_000031
	2004-01-0009_000032
	2004-01-0009_000033
	2004-01-0009_000034
	2004-01-0009_000035
	2004-01-0009_000036
	2004-01-0009_000037
	2004-01-0009_000038
	2004-01-0009_000039
	2004-01-0009_000040
	2004-01-0009_000041
	2004-01-0009_000042
	2004-01-0009_000043
	2004-01-0009_000044
	2004-01-0009_000046
	2004-01-0009_000047
	2004-01-0009_000048
	2004-01-0009_000049
	2004-01-0009_000050
	2004-01-0009_000051
	2004-01-0009_000052
	2004-01-0009_000053
	2004-01-0009_000054
	2004-01-0009_000055
	2004-01-0009_000056
	2004-01-0009_000057
	2004-01-0009_000058
	2004-01-0009_000059
	2004-01-0009_000060
	2004-01-0009_000061
	2004-01-0009_000062
	2004-01-0009_000063
	2004-01-0009_000064
	2004-01-0009_000065
	2004-01-0009_000066
	2004-01-0009_000067
	2004-01-0009_000068
	2004-01-0009_000069
	2004-01-0009_000070
	2004-01-0009_000071
	2004-01-0009_000072
	2004-01-0009_000073
	2004-01-0009_000074
	2004-01-0009_000075
	2004-01-0009_000076
	2004-01-0009_000077
	2004-01-0009_000078
	2004-01-0009_000079
	2004-01-0009_000080
	2004-01-0009_000081
	2004-01-0009_000082
	2004-01-0009_000083
	2004-01-0009_000084
	2004-01-0009_000085
	2004-01-0009_000086
	2004-01-0009_000087
	2004-01-0009_000088
	2004-01-0009_000089
	2004-01-0009_000090
	2004-01-0009_000091
	2004-01-0009_000092
	2004-01-0009_000093
	2004-01-0009_000094
	2004-01-0009_000095
	2004-01-0009_000096
	2004-01-0009_000097
	2004-01-0009_000098
	2004-01-0009_000099
	2004-01-0009_000100
	2004-01-0009_000101
	2004-01-0009_000102
	2004-01-0009_000103
	2004-01-0009_000104
	2004-01-0009_000105
	2004-01-0009_000106
	2004-01-0009_000107
	2004-01-0009_000108
	2004-01-0009_000109
	2004-01-0009_000110
	2004-01-0009_000111
	2004-01-0009_000112
	2004-01-0009_000113
	2004-01-0009_000114
	2004-01-0009_000115
	2004-01-0009_000116
	2004-01-0009_000117
	2004-01-0009_000118
	2004-01-0009_000119
	2004-01-0009_000120
	2004-01-0009_000121
	2004-01-0009_000122
	2004-01-0009_000123
	2004-01-0009_000124
	2004-01-0009_000125
	2004-01-0009_000126
	2004-01-0009_000127
	2004-01-0009_000128
	2004-01-0009_000129
	2004-01-0009_000130
	2004-01-0009_000131
	2004-01-0009_000132
	2004-01-0009_000133
	2004-01-0009_000134
	2004-01-0009_000135
	2004-01-0009_000136
	2004-01-0009_000138
	2004-01-0009_000139
	2004-01-0009_000140
	2004-01-0009_000141
	2004-01-0009_000142
	2004-01-0009_000143
	2004-01-0009_000144
	2004-01-0009_000145
	2004-01-0009_000146
	2004-01-0009_000147
	2004-01-0009_000148
	2004-01-0009_000149
	2004-01-0009_000150
	2004-01-0009_000151
	2004-01-0009_000152
	2004-01-0009_000152_1
	2004-01-0009_000154
	2004-01-0009_000155
	2004-01-0009_000156
	2004-01-0009_000157
	2004-01-0009_000158
	2004-01-0009_000159
	2004-01-0009_000160
	2004-01-0009_000161



