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Phelps Dodge 

Morenci Inc. 

Technical Overview 

"- I 'I 'I (., 

---- ~ Mine (Pitl 
~:::~ :>~ Cu Assay O.4~ 

Concentrator 

-, 
Leaching. SX-EW 

[b ISZl ~ U (Pure Copp~r) (Concontrct~ ) 
Cu Assey 307. 

Smelter • 

~ (P:'~ -C~;p~;) --~ ------------ j 
• 

Factory 

Copper Productions 

Wire. Coin. etc. 



(Geology) 
(2) Paleozoic Seas (1) Precambrian 

3,500,000,000-600,000,000 
about 1.4 billion yeors ago 

570.000.000 ...... 2.70.000.000 yars ago 

oter 
Granodiorite Granodiorite 

k, .... ... .. 1\ 
~%\\\\\\;; 

Granite 

(3) Laramide Mountain Build ing 
i'"O.oqO.000 ...... 60.pOO.OOO yeers ago 

(4) Tertlaly 
60.000.000 ..... 

Acid RoiM 

Covelllte 
Bcnket 

1.2 miles 
Eroded 

aI lil'!II I!!1 1 .......... .. Pyrite( 3-77.) O:dd~ 
"chelcopyrit! 

Monzonite Porphyry 
(Mogmo) 

Present 

Diabase sill 

Oxide " Leech" Cu 

Cuprlte­
Na tive Cu-

Chelcoclte-

Covelllte 
(Gray. Rock) 

Chalcopyrite 

Bornite \-. 

Metcalf 

Olebe:" dike 
(Block Rock) 

Cley MInera ls 
Cal cite Biotite 
Gypsum 

, , 
I I I I 

Minerai 
Hematite 
Goethite 
Jarosite 

Chrysocollo 
Malac hite 
Azurite 
Brochanlte 
Turquoise 

Cuprite 

Chalcocite 
CoveHlfe 

limestone 
Sholes 
Sandstone 

Nu tlltl1 Cu!>!>er 
Cuprite 

Turquoise 

Leached Copper 
Hema tite 
Goethite 

Oxide Cu -.. 

Leached Cu 
0.057-

Oxide Cu 

Enrichment 
250m 0.77. 

Ctlolcocite-Ctlolcopyrlte Chelcopyrlte 0.12-0.570 
Bornite 

Morenci Leach Test (MLT) : 
Oxide Cu Recovery 
Ho tlve Cu. Cuprite 

Chalcocite 
Covel lite 

15g/ 1 H2S04 - 5 min - Assay analysis 
70-1007-

5 - 2070 

50 " 
10 - 207-

Chelcopyrlte. Bornite 5 - 107. 



(Pit Des ign ) 

\ -' " 

51 deg rees 

(Pit Locctlons) 

Coronado 

North West Extension 

South Side Pit 

Morenci Concentrator 0 

Metco lf Concen trator 0 

sx. u 

"45 deg ree s 

.,r··············· 50 fee t 

"western Copper 

Pit 

sx -tw PI an+ 

91 

I~ 
dri llin; 

~ ~ --'-'--
~ ," (" 

blast ing 

~ 
Shovelling 

MORENCI PIT . METCALf PIT 

~.....-. NW-Ext Pit South Side 

G~ 
(>0.45~ Sulfide are) I (Oxide Or e. <0.45?; Sulfide Ore) 

ORE Lean Ore 

D.D IN PIT CRUSHER VVI 
~TNG 

~- () 

I. 
MOREN CI METCA LF 

CONC ENTRATOR CONCENTRATO R 

[p [p 
[1: sx f--l 

u 

IS?I IS2J 
I I 

CCCCY'O 
I I fiLTER 

~EJ~ 

MORENCI MINE OPERATION 
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Leaching , 

,.-;---

Water 

H+ 

Waler 

E'IN 

Cu Poor Cu Rich 

~~
o"'t ::::. . .... . •. •.••.. ................. 

::::::::7 '::::::::: ........... Leeching 
:::::: ' ':::::::: .. 

~ 

Solvent ExtractIo n 

Stripping 

1 ;ill .,.. .,.. 
..;:. .,.. .,.. 

Cu++ 

.,.. 
30 feet 

, 
, 

t 

- - - - - - - - - - - - - - - - - - - - - - - - Txample:UX-63 

_ Lamesa" Coli OH NOH 

.,.. ~ Filters Rl_! _ L...Jl3 
.-,-.-.- , ..e--

Ele cfro Winning 
R2 

SX-EW F'LOWSHEET 



Return to Mine PLS 
I 

I . I f 
.......... , 

I ,~'"< lt ill?"\"!;:; . 
q .. _u. ~ 

..... +-
~

' "'"";'~ §:.~\~.' .~.~ .. ..... ~ "~~ I 
I ~~'~O"" 

"'que., ... . I I _ plls"f 
->- ~- ~ 

.. .! 

~l'!ss\\~ ld ' :::::;::: 
" '"', e-:··················,··········jv . .' 

. ,.,;;;;:.; ..... I~ Fil te r »::: 

'm [ .== mIEilll mm: I 

Paralle l Flawsheet for SX Plant 

leeching & SX (Totcl Acid Consumption O.771b/lb cathode Cu) 

EW 

PLS Cu g/l 
Fe g/I 

Raffinote 

Cu g/I 
Cycle doys 

Sulfide 

Oxide 
leoc:h:rest 

Qrg:Aque 

Solvent 

Kernsene :::: 

Electrolyt e 

Remove Orga nic 

Number of cell 5 

Cell Dimensions 
Cell Type 

A.node spacing 

CUlTl!nt density 
Anode 
Cathode 

Metcal f Centrol Modoc: 

2.5-3.5 2.0-2.5 2.0 - J.0 

'.0 8.5 '.2 

0.2 -0.5 0.2-0.35 0.15-0.35 

60-70 90 70 

70 
1 : 1 1 : 1 1: 1 

1 : 1 1:2 1.07:1 

UX-84,8S0 MOC-45 MOC-4.5,55 

90-<12 89 90-93 

45 g/I Cu, 170 g/1 acid, 2.0 g/I ra, 
200 ppm Co, .o&5ppm CI. 170 ppm t.4n 

Jameson Call. seVe" duel media f ilte r 

548 

Southwest 
1.2- 1.5 
2.0 

0.15-0.25 

60 

t: 1 

1: 1.2 

MOC......s.5,55 
94-95 

3'10" W X 4.'5" 0 X 22'10" L 
Porc line Concrete 376 Polymer Concrete 172 

~' 

'0 _/«2 
98.7. Pb . 1.57. Sn. O.S 7. Co 
3 ppm Pb, 9 ppm S, 



MO 

O,e 

Ore (>=0.4S%Cu) 

Inpit drusher 

1 
Intermedlote Ore Stockpile 

Morenci 
I 

Concentro tor 

1 
Cru$her 

Bal} Mill 
I 

nnt~tlnn 

I 
Metcorf Concentrator 

1 
Crusher 

Bolli Mill 

flotltl cn 

Cu conCjntrote TOiiil'l9 Cu ccnientrote TOil1in g 

ThlClne, Thl'ikene, ThlCjne, Thlckene' 

I 
--- -------

Mo flotation T 'II 0 
01 ng om 

Concentrate Cu Concentrate 

1 1-----' 
Filtering FIltering (Ceramic Filter) 

ORE FLOW 

~ChalcocJte (Cu2S) 

Cu Assay (0.6 .... 0.8%) 

~Pyrite (FeS2) 

Chalcopyrite (CuFeS2) 

Size Redu ctions 

l~ -7 

Flota tio n 

Collector 
Easy Attached to Ai r 

... ~ t> 
t:> ~ <) D ""l 

(]"'""" 
V 

G2. 
'0000000 

000000 
0 .. 

0 0 
0 0 0 

0 
0 

0 0 

Crusher 

Boll Mill 

0 

00 
0 

0 0 r:
-H Choln 

Attached to copper 

MINERAL PROCESSING 

: ::.:.::::: .. :-:-.:-:-:-:-

CONCEPTS 

Bubble 



(Collector) 

Xanthate R _ ° _ C _ S- ............. Na+ 

5 

Thlophospote R _ 0 , /S-
P 

R _ 0 / '\. 5 

No ... 

Thlocorbomote R 
~ _ C _ s-

R / 5 

No ... 

Merc::lpton R _ S- No ... 

thiourea 
R 

....... N _ C .... 
5- ... Na+ 

R / NH 

MercapfobenzofhloczoI e N • , 

~ \ 
5/ '\ 5-, 

No ... 

(rro th.r) 
Alcohol Glycol 

glycol 
ether 

Terpineol Cresyllc Acid 

Ex. MIBC 
Metyle 1$0-
butyle 

Corblnol 

CH3 OH 

I \ 
H3C- CH- CH2.- CH- CH3 

Pine 011 

CH3 

¢ 
HO-C-CH3 

\ 

CH3 

cresol 

OH 

00- CH- CH2- 0 - {CHl - CH- O)nH 
¢ 

I \ CH3 
CH3 CH3 

Law Viscosity ______ ___ __ __ _ High 
High ___________ _____ . Dispersion ______ __ _ ____ low 
Strong ____ __ __ _ _ ___ _ . frothing. _____________ _ Week 

Soft , LIght, un$table . __ ___ _ Froth Condition . _________ _ Sticky 
le$s . _______________ . Persistency . _ ___ _ _______ .More 
More ___ ___ ________ _ _ Selectivity _ _____ _____ __ less 



are from tilne 

I 
<70\1 
VC:3~ 

<7""" VCS'4 

Fine Ore Bin 

Grlzzlles(4) 
6'4" X , 1', 30 Degrees 2.00" opening 

Stondord Crusher(4) 
7' Heovy Duty Cones 

1.75" Closed Side Setting 
(2)300HP 
(2)365HP 

Vibrating Screen(16) 
5'X10' 10HP O.SO"Openlng 

Short Head Crusher(8) 
7' Heavy Duty Cones 3QOHP 

0.25" - 0.375" Closed Side SeHing 

MORENCI CONCENTRATOR CRUSHER 

Ore from Mine 

rlne Ore 81n 

Double Deck Scalping Screen(2} 
6'X14' [-900 2SHP 
Opening Top: 1.5" Bot: 0.75" 

Standard Crusher(2) 
7' Cone 350HP 1.7S"Set 

Secondary Double Deck Screen(2) 
6'X14' f-900 2SHP 
Opening Top: 1.5" Bot: 0.75" 

Short Head Cru~her(4) 
7' Cones 350 HP O.2S"Set 

Tertlory Screen(8) 
S'X,4' f-600 10HP 
Opening 0.63" or 0.50" 

METCAlf CONCENTRATOR CRUSHER 



fine Ore Bin 

Spl r 

5 

R. 

3- 30 

8011 Mill (3Z) 
, O'Xl 0' Grote Discharge 800HP 

Rougher Cell(109) 
Wemeo 1000 75 HP 

Closslfler(63) .". ,' .. 
'''Spiral 10HP. 

jrindlng MIII(6) 
5)8.5' X 12' Overflow 

Cleaner & 
, )S'X 12' Overflow orlex3" 

Scavenger( 48) 
IHP 2-350HP 1-4QOHP 

Wemco300 30HP 

1'f .. ,:<:- .. ' :.> ;. ... -: 

Column Cell(4) 

(Z)S' X 40' '.' .'. 
(Z)S' X 4S' 

Copper Concentrate Toi ing 

MORENCI flOTATION FlOWSHEET 

Orlglnol 
Section 1 

-Do- ' 
:; :::;:;:: 
'. 

8011 MIII (S) 

Section 2. 

-Do-
Boll MiIl(S) 

Extension 
Section .3 

p 
8011 MIII(S) 

Section 4 

~."" 
~ 

8011 MIII(S) 

~1¥L lS7llSpl 1¥L.:.:.... lSiZl·:·:···· ," ... " ." .. ". 1¥L 1¥L 
Rougher 

A,C 
(14) 

Rougher Rougher 
8, 0 A,C 

(14) (14) 

-{Pr-
Regrlnd(3) 

Rougher 
8,0 
(13) 

C1 &. (~c;) 1¥1- lSjZL(~ '2f Sov 

.c?..d? -U -l1 
Co lumn(Z) 

Rougher 
A,C 

(14 ) 

Rougher 
8,0 

(14 ) 

Rougher 
A,C 

(1 Z) 

-tJ:o-
Regrlnd(3) 

Rougher 

B,D 
(14) 

CI &. (~~v) ¥ ~(~12~ 5cv 

11-tr 
Column(2) 

MORENCI EOUIPMENT LOCATIONS 



Cyclone(16) 33" 26" 
nne Ore Bin Vortex 14" 12" 

Apex a" a.s" 5" 

Boll Mill (15) 
(1.3)12'X14' Grote 1500HP 
(2)1 O.S'Xl3' Overflow 

Regrind 114111(4) 
8.S'X12' Overflow 

Rougher Cell( 44) 
(32)OK38 (1350 cu.n.) 100HP 
(12)Wemcol000 75HP 

>K ·. ·. 71<-.. · .·.7 
··· · ~·I · ...... ·.· .... 

Vortex 4.0 
Apex 2.5" 

«-

Coppe r Concentrote 

Cleaner &: 

Scaveng er(28) 
Wemco300 30HP 
••• )1( .•. JK 71 

··x -:7.·1:"*:: . 

Column(2) 
(1 )8'X'0' 
(1 )8'X'8' 

Telling 

METCALF flOTATION flOWSHEET 

Section A 

lI:st­IF' 
BoU 114111 12'X14'(6) 

l¥1- l¥1-
Rougher Rougher 
OK38(9) OK38(9) 

~ 
~ 

Rogrlnd (2) 

(lC~)~~:'8 1¥i 

11 
Column 

Section ex 
Section e 

...fl:=­
~ 

Section C 

~ 
IF' 

Ball Mill 12'X14'(5) Ball Mill 12'X14'(2) 
10.5'X13'(2) 

~~1:¥L~ 
Rougher Rougher Rougher Rougher 
OK38(7) OK38(7) Wornca(6) Worn ca(6) 

{lzl-
Regrlnd(2) 

CI &: Scv ~ 
(14 )2+4+8 "'T"-

11 
Column 

METCALF EOUIPMENT LOCATIONS 
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A GENERAL DISCUSSION OF DRILLING AND BLASTING PRACTICE 
AND EQUIPMENT IN THE MORENCI OPEN PIT MINE 

by 

Lester D. Olson 
Drilling and Blasting Foreman 

Prepared for presentation at the Arizona Section, AIME, 
Open Pit Division Spring Meeting. Morenci, Arizona, May 18, 1964 

(Not for publication) 



RAIL HAULAGE AT THE MORENCI OPEN PIT MINE 

by 

Charles E. Stott 
Mine Shift Foreman 

Prepared for presentation at the Arizona Section. AIME, 
Open Pit Division Spring Meeting. Morenci, Arizona. May 18. 1964 

(Not for publication) 



UTILIZATION OF CROSS-TIES AT THE MORENCI OPEN PIT MINE 

by 

Dwight C. Jacoby 
Assistant General Mine Foreman 

Pr epared for presentation at the Arizona Section, AIME. 
Open Pit Division Spring Meeting. Morenci, Arizona. May 18 . 1964 

(Not for publication) 



A GENERAL DISCUSSION OF SHOVEL MAINTENANCE AT THE 
MORENCI OPEN PIT MINE 

by 

James L. Armstrong 
Mine Master Mechanic 

Prepared for presentation at the Arizona Section, AIME, 
Open Pit Division Spring Meeting. Morenci, Arizona. May 18, 1964 

(Not for publication) 



A-92-64-A 
OPEN PIT 

Figure 1 

HEAVY EQUIPMENT INSPECTION 
Foreman, ____________________ __ Type~ ____________________ __ 

Inspector __________________ __ Equipment No. ____________ -" ___ 

Date Department . 

OK BO MARKS 
A. HOUSEKEEPING 

1. Accumulated Dust on Machinerv 

2. Accumulated Grease on 'Machinery 

3. Dirt & Trash on Deck or Walkwavs 

4 . Grease on Deck Walkways Scaffolds etc. 

5. Stora~e Boxes & Bins 

6. Windshields & Windows (Cleanliness) 

B. CONDITION OF HOUSE CAB ETC. 
, 

1. Scaffolds Ladders Walkways 

2. Handrails and Machinery Guards 

3. Electrical Wirin2 

4. Fire Extin~uishers 

5. Windows & Windshield s 
. 

6. General 

C. OPERATING CONDITION 

1. Electrical 

a. Li2hts 

b. Switches 

c . Meters 

d. Controls 

e. General 

2. Pneumatic and Hydraulic Systems 

a. Gal!ges 

b. Controls 

c. General -

(over) 



A·92·64·B 

OK BO 

3 . Mechanical 

n. Motor 

b, Control's . 

c. Gauges 
, 

d. 'Brake$ 
.. .. 

e. General 

D 'HAND TOOLS 
.. . , 

1 . Hammers 

". .. 

2. Bars 
, 
, 

3. SUn •• & Chain. 
.. . 

4. Brooms Scraper Rakes ei:c . , 

5. Qth~r 
. . . " ... : . .. 

.. . 

... ~ . 
INSTRUCTIONS TO INSPECTOR ; Check each item in appropriate column. Draw a line 
through items not applicable. Explain',' nll BO items in remarks , ie . • location. 
defects , condition, e tc . 

~ _. -----_ .. --- -- -_ .... ------ -- --_ .... -----." .. .. ---_ ..... '--.. .... -_ .. --.... '''; .. -... -- -_ .. --_ ........ . --_ .. -- .... 
THE FOLLOWING SECTION TO 'BE FILLED OUT BY THE IMMEDIATE FOREMAN: 

INSTRUCTIONS TO FOREMAN: List a11 reported defect s with the corrective action . 
being -taken'. ·Report a ll -repair i t ems to repair crews for" correction ." 

I EM NO. CORRE T VE AC 0 

, . 

. 



LUBRICATION SCHEDULe fUR ELECTRIC SHOVELS BY SHIFTS 
Figure 2 

Regardless of which shift you He working, g r ease hot bearings aft er each train , o r 

unl d repair c rew arrives. or until the shovel is shut down. 

PLEASE CHECK ( 1/) EACH SQUARE WHEN GRIlASED 

Shovel No. ___ _ START GREASING WHERE LAST SHIFT STOPPED 

EVERY 4 HOURS SHn=T EVERY 8 HOURS 

R. & L. Swing Gear Cases Lower Rollers 

Center Journal & Back Nut P ropel Shaft & Bearings 

Check Oil Flow to Gear Cases R & L Crowd lntermed. Shaft Brg s. 

Boom Th r owOU.t Collar Oiler: 

Ship . Shaft. Saddle Blocks Hours Shovel Worked: 

Top & Bottom of Sticks Da te: 

Crater - C r owd I n t er. Gear & Ship. Sha ft 

EVERY 4 HOURS SHIFT EVERY 8 HOURS 

R. & L. Swing Gear Cases Circle Gea r s & Rollers 

Center J ournal & Lock Nut (Crater) - Shipper Shaft Bull Gear 

Check Oil Flow to Gear Cases R & L (Crat e r) - Crowd lntcr med. Gear 

Boom Throwout Collar Oil er: 

Ship . S ha ft. Saddle Blocks H o urs Shovel Wo r ked: 

Top & Bottom of Sticks Da t e: 

EVERY 4 HOURS SHIFT EVERY 8 HOURS 

R. & L. Swing Gear Cases Fast Coupling & Brgs. Hoist Mtr. _. 

-

Center Journal & Lock Nut Ext. S ha ft 

Check Oil Flow to Gear Cases R & L Boom Heel Sockets 

Ship. Shaft . Saddle Blocks Propel Cl ut ch & ·Fittings 

Top & Bottom or Stic ks (Crater) • Herringbone Hoist Gear 

OHer: 

Left Side Hoist Drum (o nly ) HIS. Shovel Worked: Da .e: 

Note: C om pleted form is to. be turned in to the Mine Office at th e end of t he 4th shift - that 

is, t he lst shift using a new sheet. 



WEEKLY REPORT ON SHOVEL HOUSEKEEPING AND LUBRICATION 

Shovel No. Date _ ________ _ 

OperaWf _____________ _ 
Operator Helper 

0< 
Oiler 

Housekeeping: 

Timec-~ __ c-_ ___ _ 

First Inspection 

Time,o:::;:",-..::::::;;:::;-_ 
Second Inspec tion 

Lubrication: 

Time,_~~~~~~~ __ 
First Inspec tion 

Time'_-__ --_-­
Second Inspec tion 

Inspec ted by 

Shift Foreman _ ______ _ 

Title 

Remarks: ______________________________________________ _ 
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STORY OF TIlE m RENCI OREBODY 

The Morenci Branch of the Phelps Dodge Corporation has averaged a 

production of 245 million pounds of copper per year since it began production 

in April, 1942. In 1950 it produced the amazing tctal of 309,353,406 pounds . 

This production is all the more impressive 'When one realizes that it equals 

the capacity production of the four new Ari~ona developments , San Manuel, 

Lavender Pit, Copper Cities and Silver Bello The Morenci Mine is the largest 

copper-producing mine in Ar izona . In addition to copper, the lnine has pro­

duced as by-products , gold, silver and molybdenum concentrate . 

The Morenci orebody, from ~ich this copper has been taken, is located 

in the Eastern part of Arizona, about fifteen miJ.es !'rom the New Mexico border, 

and 70 miles by road trom Lordsburg . Though the Morenci mine has produced 

some are from rich fissures that traverse the deposit , it was essentially a 

distinct deposit of low grade ore Which was recognized as such as far back as 

1904. Development work pushed spasmodically, increased the tonnage of lmown 

ore , but the aver age copper content waa only a little above 1 percent, or 20 

lbs . p~r ton, exploitation was not attempted. In 1 929 when Mr . Cates r esigned 

.from Utah Copper to accept the presidency of the Phelps Dodge Corporation, his 

experience with the Utah Copper enterprise and the Ray Mine block caving deve­

lopment, naturally prompted him to push the exploitation o.f the Morenci orebody. 

Here was a problem worthy of his great abilities. 

Early HiStory of the Distri.ct 

Rickard, Joralemon am Parsons have written interesting accounts of the 

early history of the Clifton-Morenci mining district wherein the Morenci orebody 

i.s l ocated, and much of this story was gleaned from their writings . The 



Page 2 

district was first of the southwestern copper camps to become important. 

Spanish and I1exican explorers had reported the presence of copper in the pre-

cipitous mountains north of the Gila River early in the nineteenth century. 

In 1864, Henr,y Cl ifton and a group of prospectors from Silver City, New Mexico, 

rediscovered the rich copper carbonate are, but the district was so remote they 

made no attempt to l ocate th.e mines. Six years later, a prospector named 

Isaac Stevens, together with Bob Metcalf and six others, found striking out-

cr ops of beautiful green copper carbonates near the top of the limestone cliffs 

two thousand feet above the bed of Chase Creek. They located the first claims 

in 1872 and founded the tow of Clifton in the deep canyon mere Chase Creek 

and the San Francisco River came together. 

A little one-ton adobe furnace was built by the Leszinsky brothers who 

organized the Longfellow Copper Company in 1873, to smelt the 20 percent are 

from the Longfellow mine . They later built a larger blast-furnace pl ant at 

Clifton. 

The first concentrator was built in 1886, but the ores were principally 

oxidized, and direct smelting are still supplied most of the production. As 

early as 1893, the mining of somewhat leaner porpbyry ores, containing copper in 

the form of sulphide mineral , chalcocite , was commenced; but these still were of 

corrparatively high grade and the concentrators were pl ants of only 100 to 400 

tons daily capacity. The backbone of operations was still the production of 

rich oxidized ores for direct smelting. They assayed 10 to IS percent copper 

and the sulphide milling ores assayed 3 to 4 percent . Although the concen-

trating are was t,ypical of that in the Porphyry group of mines, except for its 

richness, Horenci can hardly be claimed to have been the pioneer in large -scale 

operations on lean copper ores, which honor unquestionably belongs to Jackling 

at Utah . 



Page 3 

The Longfellow was the nucl eus for the group that was subsequently ac-

quir ed by a syndi cate of capitalists who or ganized the Arizona Copper Co . , Ltd., 

i n 1884. The Humboldt and Morenci mines were i ncluded i n the Company ' s hol dings . 

Wil liam Church , who came to Joy ' s Camp (now Morenci) in 1874 , obtai ned an 

option on four patented cl aims , including the Copper Mountain, and organized 
, 

the Detroit Copper Mining Co . , with Capt . E. B. Ward and some friends from Detroit . 

By 1880 , enough or e was devel oped t o warrant a smelter on the San Francisco River, 

thr ee mil es below Clift on. Indians frequently interfered wit h the hauling of ore 

from mine to smel ter, so lat er a 20- in. gauge r ailroad was built, using t he first 

l ocomotive ever operated in t he Ter ritor,y of Arizona . 

The year 1882 marked t he entry of Phelps Dodge CoIli>!ll1Y into the Clifton 

district . On the r ecommendation of James Dougl as , the Phelps Dodge Company ad-
, 

vanced $$0 , 000 t oward the building of a new smelter by the Detroit Copper Co . 

and acquired a half - interest i n the pr operty . By 1 883 a railroad was built from 

Cl ifton to Lordsburg , t hr ough which the Southern Pacific had been extended westward 

from El Pa so .. Early in 1886 Church built and operated the first copper concen-

trator i n Ar izona, treating oxidized are averaging 6 . $ percent copper, Which at 

t hat t ime was not suit abl e f or smelter feed . The r ecovery was only 55 per cent 

and the concentr ate averaged 23 percent copper . The pl ant had a capacity of 50 

tons per day and consisted of a jaw crusher, a set of rolis , three revolving 

t r ommel s and six jigs .. 

James Col quhoun, a young Scott ish engineer , who was sent to America by the 

Scotch capitalists who bad a bi g investment in the Ar izona Copper Company, had 

watched t his exper iment with consider able interest because the ore on his property 

had. also declined in copper content.. A few mnths after Church I s plant started 

to operate, Col quhoun built anothe r and larger concentrator for his compaI\Y on 

the sane principle and with the same grat ifying r esults . 
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But six years later, copper prices dropped to ten cents on the New York 

market, and Church's firm was obliged to shut down. The situation of Colquhoun ' s 

company was just as grave . The cessation of Church ' s are shipment on the A. G.I S 

railroad to Lordsburg caused a serious loss of revenue, and production in its 

own mine s declined as the dwups of low-grade ore 'Were exhausted. 'llie company 

treasury sometimes did not have enough cash to pay wages, and no hope at all 

seemed to exist for income to meet interest due on the million dollar zoortgage. 
,;( 

The mine appeared doomed. 

As a last resort the Directors in Edinburgh asked Colquhoun to become 

general manager of the company . Fortunately, the new manager had an i dea. 

The jigs on his concentrator worked well enough with six percent are, but the 

only are now avail able was the low-grade oxidized porphyry near the sur£ace which 

could not be successful1y treated by the old mechanical means alone. Fooling 

around with a forty-gallon barrel and a can of sulphuric acid, Colquhoun proved 

to his own satisfaction that the tailings could be l eached . Unable to get 

financial backing for his idea, he built a plant with funds obtained by cutting 

into the slender reserves of high grade are. 

It was one of the most extraordinary plants ever erected under the direction 

of a mining engineer. '!he foundation was an old slag dump; the engine was an 

old machine from the mines; the copper for barrel ends came direct from the blast 

furnaces; mine timbers served as lumber; and iron and steel fittings were fash-

ioned at a blacksmith ' s forge. When finished, the plant cost a hundred thousand 

doll ars and had a capacity of a thousand tons a year. Extraordinary or not, it 

worked . Within a short t:iJre, production was increased forty percent, and the 

cost of copper reduced by two cents a pound. 

By 1895 the company was not only able to meet payments on its mortgage, 

but declared a small dividend, the first in its history. 

Under the management of James Colquhoun, the Arizona Copper Co. paid roore 
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than twent y million dollar s in dividends . After Worl d War I , the company was 

faced with ilia expenditure of several million dollars to allow the treatment 

of still leaner or e, and it sold out to Phelps Dodge Corporation for a large 

stock interest . '!he Phelps Dodge Company had purchased Captain Ward I s Detroi t 

Copper in 1895 . All of these t r ansactions by Phelps Dodge had been made on the 

recommendation of James Douglas . Cl ifton became for many years the gr eatest 

copper dist rict in the Soutblrest. 

In "Mineral Industry" for 1900, Dr . Dougl as wrote regarding the outlook for 

copper mining in Ar izona, as follows : 

liOn the sol ution of the probl em of how to handle economically the very 
large bodies of very lean aluminous and siliceous ores which exist in 
the southern counties of the Ter ri tory depends in great measure her 
future position as a copper producer . In Graham, Gil a , Pinal and 
Pima Counties , and in fact throughout the whole of southeast and south­
west Arizona, there are l arge areas of copper stained rock resulting 
f r om the decay of sulphide ores in a feldspathic gangue • • • • • • 
These l ean surface carbonates all represent sulphides in depth. Ex­
perience heretofore tends to show that the. average copper content of 
the sulphide ore is l ow, but, being capable of concentration, a com­
paratively lean average may be economically valuable . The iron of such 
concentrates suppl ies a nux to a l imited extent for handling the 
siliceous and aluminous carbonates , and, men roasted, an acid solvent. 
There is no field where metallurgical skill could be better applied 
than in handling these vast quantities of very low- grade ore with which 
large areas of the r ocks of this territory are permeated. 

The new enterprises which the high price of copper has tempted Eastern 
Capital to invest in, have as yet increased the Territory ' s pro­
duction to a very i nsignificant extent . Most of them, it is fair to 
assume , will never do otherwise . 'ltIose that have some substantial 
basis for existence will, before they become profitabl e, confirm the 
experience of all those who have had to do with copper mines, that an 
outl ay of money, worry and exper ience that finds no pl ace in the pro­
JOOter ' s prpspectus , will have to be made before returns, in cash, 
balance expenditure s. II 

When in 1897 , Dr . Douglas became president of the Detroit Copper Co ., he 

put Charles E. Mi lls in charge of operations at MOrenci . An era of expansion 

and improvement at both properties commenced under the direction of Mills and 

Colquhoun. When it bec8JTe necessary to exploit the leaner sulphide area, 

Colquhoun constructed No. 6 concentrator , first operated in August , 1906. The 

two companies continued their separate existence" though in 1917 the Detroit 
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Copper Company had come to be called the Morenci Branch of the Phelps Dodge 

Corporation. In 1922 the A. C. Company was absorbed by Fhelps Dodge, and 

virtually the entire district carne under a singl e control. Included also were 

the properties of the Shannon Copper Co . at l1etcall, which had been acquired 

by the A. C. Company in 1918 . 

}i'rom 1907 to 1931 the mines now included in the Horenci Branch produced 

95'3 , .500 tons of smelting ore and 31,100,000 tons of concentrating ore , with a 

yield 1,222,200,000 Ibs. of copper in the form of blister . They had been profit­

abl e ventures. But the greatest era of production ~ ahead , in the Morenci 

orebody. To the engineers this deposit offered a most fascinating probl em. It 

was possibl e to mine it with power shovels oreven by under ground methods . It also 

offered two methods of treating the ore: either by concentration of the ore and 

smelting of the concentrate, or by leaching and the production of pure el ectro­

l ytic copper near the mine. 

From 1929 to 1942 when regular production from the Horenci open pit connnenced 

in January, Mro Cates directed a thorough program of testing and development Which 

culminated in the construction of a 25,OOO-ton concentrator and a smelter to 

handle its product at the mouth of Morenci Canyon 2 mil es from the open pit . A 

more for tuitous date for starting this operation could not have been chosen, for 

it was the year of "1orl d War II, and Uncle Sam had need for every pound of copper 

he could get his hands on. In 1943, the Phelps Dodge Corporation in combination 

with the Defense Pl ant Corporation prepared for a dailY production of 45, 000 tons 

of copper are, which was the designed capacity of the combined P. D. and Defense 

Corporation concentrators. 111e present capacity is 50,000 tons daily. 

As may well be imagined, the long period of eJq>erimentation and planning, 

between 1929 and 1942 , was marked by many failures and changes of plans. While 

the big problem was the choice of open~pit or underground mining , and leaching 

or regular concentration methods , there were many other worries facing the company. 
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By no means the least was the uncertain future of the copper indust ry during 

the long depression "period . Metallurgical problems , involving t he choice of the 

proper equipment to use after the selection of the method of concentr ation , in-

el uded the necessity for large-acale practical testing , and the choice was not 

an easy one . '!hen there was the smelting problem, f or the character of the oon-

centrates made by the mill naturally varied with the modifications of the crushing , 

grinding and concentr ation processes . 

Descri ption and Geol ogy of the MOrenci Or e Deposit * 

The li:lrenci open-pit mine is on the southlrest side of Chase Creek and north 

of the area that had been roost productive in the past - namely the Copper I1ountain­

Longfellow area . The ore body, as now defined has a maximum length of 4,400 feet 

and a maximum width of 2, 800 feet . The mine is entirely within the quar tz !lDn-

zonite porphyry body, which is highl y altered and .fissured throughout the mineral-

ized area . Di.fferent parts of the ore body have been devel oped by di.fferent 

methods . Senne of the earliest openings .followed the lOOre prominent fissures for 

hundreds of feet. Later areas were developed by underground openings , and the 

latest developments were by churn drill . 

The primary mineralization, as shown in the deep l evels, is quartz, pyrite , 

chal copyrite and sphalerite veins with most veins contai ning much pyrite . Outcrops 

over the. are are largely l eached of both iron and copper . Bel ow the leached 

caprock, which has a maximum thickness of 500 .feet, the ore consist s of secondary 

chalcocite that has replaced pyrite extensively i n the ore and decreasingly with 

increased depth or decreased permeability of the rock. 

The mineralized body, in common with other disseminated deposits , can be 

separated into t hree parts or zones: (1) the upper or surface zone , which has 

an average thickness of 216 feet ; (2) the ore zone , lilich is a net"10rk of 

fissures composed ma~ of quartz and pyrite , the latter coated and r eplaced 

* Fr om a paper presented to the A. I .M.E. at Tucson, November 1-3, 1938, and 
Lindgren ' s Professional Paper A ) , 1905, u. S. Geol . Survey. 
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by varying degrees of chal cocite. The thiclmess of the are body is irregular, 

but over much of tile area is' 500 to 700 feet; and (3) in depth many drill holes 

show a r ather sharp drop from near 1 percent to l per cent, there i s no general 

r ecord of the copper content of the under lying mat erial. 

material the copper is probabl y chalcopyrite . 

In this l ow gr ade 

The Morenci Or ebogy Devel opment and Exploitat ion 

When devel opment of the low- grade ar e body was fi r st under consider ation, 

careful estimates we r e made to determine whe t her it woul d be adVisable to use 

under ground me t hods or an open-pit. Thor ough drilling and sampling were done to 

check the tonnage and gr ade . With undergr ound mining, it would be necessary 

to confine operati ons to a smal ler t onnage of the bet ter grade of ore . In an 

open-pit a much l arger tonnage of l ower- gr ade material could be profitabl y ex­

tracted . After consideration of al l of the factors it was decided t o make use of 

an open-pi t . 

Following parallel test s between a small pilot concent rating pl ant and 

l eaching pl ant , it was decided to adopt the concentr ation method . 

To mine by open-pit methods r equired the r emoving of a l ar ge amount of waste 

capping. This was estimated to require nearl y five years of pr eparatory wor k 

befor e uncover ing enough or e to make possi ble a steady production of 25, 000 tons 

per day. Also , pl ans were made f or constructing a concentrator , smelt er and 

power pl ant, and providi ng the many other necessary facili ties required to take 

car e of th i s l arge production . 

Louis Cates and the Directors of Phel ps Dodge had to have courage to l aunch 

a $76, 000, 000 enterprise , and they made sure t hat this, the first major copper 

devel opment in Arizona in 30 years , would be as well pl anned and well equipped 

as human i ngenuity, experience and determination could make it . 

It was f ortunat e that the Morenci enterprise had such exhaustive attention 

pai d to every de t ail of its design for befor e the new smel ter poured i t s first 
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copper in April 19h2 , the W. P . B. called on Phelps Dodge for an 80 percent ex­

pansion in output. Even this had been anticipated, and. t he plans were ready. 

Horenci quickly expanded its production, increasing each year until in 1947 it 

attained one hurrlred percent expansion. '!his expansion progr am took anotl1er 

tremendous expenditure of many millions of dollars, provided by the Defense 

Plant Corpor ation, which leased the new sections of the concentrator to Phel ps 

Dodge to oper ate . Thus it may be st ated that it took over $76, 000,000 to open up, 

develop and equip MOr enci . Subsequently , the Defe nse Plant Corporation facilities 

were purchased by Phelps Dodge Corporation. 

Mining 

Pit benches, which are all carried at a unirorm height of 50 feet, have been 

established at even elevations above sea level, the top bench being at elevation 

5,500 . The ultimate r ange of mining is estimated to be slightly in excess of 

1,300 feet . '!he economical thiclmesa of the orebody is 850 feet . When fully 

developed, the pit will be 5, 800 feet long and 4,000 feet wide, and the final 

excavation will cover 350 acres. 

During the early stages of the Morenci development, trucks, because of their 

flexibility, were best suited for the preparation of the mining benches. These 

operations included dumping of the waste rock in the deep rough canycns to be 

utilized later in the construction of track r oadbeds . Soon most of the material 

was handled by standard gauge locomotives and dump cars . Di esel-electric and 

comhination trolley-diesel locomotives are used. The track section between the 

pit and the crushing plant has been electrified. 

On the established benches drilling for primary blasting is done with electric 

churn drills using 9- in.and l2- in. bits . Loading equipment has been more or less 

standardized, all units being of the 5 cu. yard revol ving type shovels using 

electric power at 2,300 vats. are is delivered to the crushing plant, about 21 

mil es from the pit, in trains made up of eight 40 cu . yard cars . Traffic on 
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the main haulage aystem is regulated by .means of both hand-operated and auto­

matic signal s,ystems controlled from a central tower at the pit entrance. 

Established at I OO-ft. intervals, each waste disposal dump serves two benches . 

A portion of the waste loaded in trains of eight uO-yard cars, moves in the 

opposite direction f r om the ore movement. Average hauling distance is about 

2t miles . 

Crushing, Grinding , Concentration and Smelting 

Primary and secondary crushing pl ants and concentrator are situated at 

the northern end of the plant site , wher e a natural slope proVided adequate fall 

through these units. A level section extending to the south. contains the sm;!lter 

and beddi ng plant, power house , machine shops, war ehouse and t ailings dewatering 

plant. '!he entire system is a masterpiece of engineering design. The crushing 

plants and concentrator are almost entirel y automatic in oper ation . The major 

buil dings are accessible by r ail and truck, and cranes available on the different 

f loor levels, as well as elevator s , faci l itate secondary handling of materials, 

suppli es and equipment. Treatment involves thr ee- stage crushing, singl e- stage 

grindi ng, flotation, r egrinding , cl eaning , thickening and filtering concentrate. 

The first stage of crushing is a 6o-in. gyratory. Reducti on of the gyratory 

product i s accomplished by 7-ft. standard cone crushenA fo llowed by 7-ft. short­

head cone crushers. The final stage i s a grinding oper at i on in 10 x 10 ft . gr~te 

mills, using 2 ih. and 3 in. grinding balls . Each mill operates in closed c i rcuit 

with spiral classifiers. 

Concentration is dona by flotation in mechanical flotation machines. The 

tailings go to traction thickeners from which the thickened pulp goes to the tail­

ings dams, and the overflow water is pumped back to the head-water tanks for re­

useo The concentrates are given a re-treatment in additional flotation machines, 

called cleaners, 'Which produce a suitable smelter feed . The tailings from these 

cl eaning machines are reground in ~ x 12 .ft. overflow type ball ndlls, and 
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returned to the primary rougher machines . '!he .final flotation concentrates are 

thickened, filtered, and transported to the smelt er bedding plant by a belt 

conveyor. 

The srrelting plant consists of a bedding plant, crushing plant, sampling 

tower , r everberatory furnaces, converters , anode -casting furnaces and an anode 

casting wheel . All equipment including the dust collecting system, is the last 

word in mechanicaJ. design . 

The towns of Clifton snd Morenci are up to date in every respect , with fine 

home s built by the Company for its employee s . There is a modern he api tal, fine 

club houses, churches and excellent tax-supported schools . According tc the 1950 

census the population of Clifton is 3 , 466 and 110renci 6, 541 . There are appro xi-

mately 2, 500 workers on the ¥.tOrenci Branch Phelps Dodge payroll. The economic 

existence of both towns i s entirely dependent upon the Morenci enterprise. 

The 1956 annual report of the Phelps Dodge Corporation states that, at all 

of its oper ating properties in Arizona , the corporation has expended over $13 

million for housing facilities , and owns 2, 236 houses , 379 apartments and 174 

dormitory units. 

Total pr oduction from the Norenci Orebody from 1939-1956, incl . was as 

follows: 

Total tons ore mined 
Total l bs . copper recovered 
Total ounces gol d (approx. ) 
Total ounces silver (approx.) 
Total tons !-lol ybdenite concentr ates 

207,283,300 
3, 587 , 344,000 

100, 000 
6,$00, 000 

$,40$ 

Ore reserves are not publ ished, but assuming the reported tonnage of 400 

millions at the beginning of operations in 1 942, to be a fair estimate, then 

there should be in the neighborhood of close to 200 million tons left since the 

removal of 207 million tons during the period 1 942-1956 inclusive . '!he ratio 

of waste to ore has increased over the years from less than Ii to 1 ton of ore, 

to 2t tons waste to 1 of ore . 
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A total of approximately $76,500,000 had been expended for the purchase , 

development, capital additions and improvements on the Morenci enterprise to the 

end or 19$1. 

Although Hr . Louis S. Cates is aclmowledged to be the guiding spirit that 

br ought the Morenci enterprise to fruition, he very iOOdestly gives all the credit 

to team work . Mr . Cates made the following remarks in the May, 1942 issue of 

Mining and Metallurgy: 

"Modern technical and mechanical progress has made the Morenci 
achievement possible. Hard and loyal efforts of many men have made 
it a reality. To the officers, engineers, miners , construction 
gangs , and all 'Who have labored on this task sincere appreciation 
and thanks are given. Modern industry reqUires teaJm«>rk, of which 
all that has been done at Morenci is a conspicuous example. 

Much help and valuable information have been secured from many sources, 
but notably from our two chief competitors . Over a long period the 
mining industry has maintained a iOOst l iberal attitude toward the 
exchange of technical data . To this attitude, I am sure , can be attri­
buted much of the r emarkabl e progress that has taken place in the last 
gener ati on . 

Thr ough the kindn:lss of Cornelius F. Kelly we were able to secure, 
as chi ef desi gning and construction engineer , Wilbur Jurden, head 
o:f the engineering department of the Anaconda organization . To 
Mr . Jurden and to the Phelps Dodge engineering department , 'Which he 
built up to design and construct the new r eduction works, can be 
credited the e:ffici ent arrangement , convenience and economy of these 
plants . The concentrator , smelter,power pl ant , and other facilities 
have been located at an entirely new site so the design and l ayout were 
\U1hampered by the exist ence of older structures . The pl ants have 
started operation srooothly and "idth the necessity for only minor changes . 
Plans were made in New lork, steel was fabricated in Kansas City, and 
equipment was manufactured and shipped from numerous points throughout 
the country. When one reflects that all these many parts have been 
brought together and erected into large plants with scarcely a hitch 
of any kind, a picture of modern engineering competency is presented . 

In no less degree has the Kennecott Copper Corporation been most 
helpful in making available data and Wormation tl1at have been of 
gr eat value and saved endless time . It is impossible to mention all 
,,/ho have assisted, but I want to naIre' especially my old friends and 
former associates, Daniel C. Jackling and D. D. 110ffat , both of whom 
have met with such success in developing and oper ating other open-pit 
mines. 

'!he results of nea rly f ive years of untiring work by the Phelps Dodge 
organization are now visibl e at Morenci. In looldng at the open-pit 
now, it is difficult to realize the enormouB aroount of planning and 
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engineer ing work necessary to create this mine with its orderly benches, 
roads, t r acks, switchbacks , and waste dumps . Simil ar ly in the new 
reduction wor ks the casual observer i s apt to forge t the months of 
hard and highl y technical work done in the laborator ies, the test mill , 
and the Dougl as smel ter t o deter mine the f l owsheet and metall urgy best 
adapted to the Morenci ores . 

This wor k has been done creditably by the engineering and operating 
staffs at I>for enci and with the full co-oper ation of the staffs of the 
other Wester n Br anches of Phelp s Dodge" I n Ari zona general supervisi on 
of the Mor enci project has been i n the hands of P. G. Beckett , Vice­
president, wi th the mor e det ailed di recti on under H. M. Lavender, 
Gener al Manager, who has concentrated on this work since i t s s t art. 

To all i n thi s loyal orgailization, grateful aclmowledgment is due . 1I 
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