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Arizona was t h e  l ead ing  copper producing s t a t e  through 1974-1975. 
I n  1974, Ar izona ' s  primary copper ou tpu t  accounted f o r  54 pe rcen t  
of t h e  n i ~ t f  on's t o t a l  copper product ion .  Ar izona ' s  1975 copper 
ou tpu t  was 56.6 pe rcen t  of t he  t o t a l  U.S .  product ion.  To maintain 
i t s  d i s t i n c t i o n  as the  n a t i o n a s  l a r g e s t  producer of copper,  t h e  
i n d u s t r y ,  i n  1994, mined 178.9 rn i f l ion  tons  of copper ore  which 
contained 1.8 b i l l i o n  pounds of r ecove rab le  copper.  I n  1975, 
Ar izona ' s  copper cmpankes mined 1 6 4 3  m i l l i o n  tone of copper 
o re  which contained 1 .6  b i l l i o n  pounds of recaretable copper .  

Arizona" pprfmry copper industry is comprised of 13 firms, 
Theae f i r m s  conduct copper recovery ope ra t ions  a t  one o r  more 
l o c a t i o n s  w i t h i n  the  s t a t e ,  Two of t h e  c m p a n i e e ,  I n s p i r a t i o n  
Consolidated Copper Canpany and Newmont Mining Corporat ion,  have 
f u l l y  f n t eg ra t ed  ope ra t ions  (nining through f a b r i c a t i o n )  loca ted  
a t  their Arizona p r o p e r t i e s .  Three of the  companies, ASARCO I n c . ,  
JGinnecott Copper Corporat ion and Phelps Dodge Corporat ion,  have 
process ing  f a c i l i t i e s  through the smel t ing  phase w i t h i n  the  s t a t e .  
Four of the companies, Anamax, C i t i e s  Serv ice  Company, Cyprus 
Mines Corporat ion and Lhtval Corporat ion,  mine and concen t ra t e  
t h e i r  o r e s  on 8f tee The concen t ra t e s  a r e  then  shipped t o  sme l t e r s  
and r e f ine r i e s  f o r  t o l l  p rocess ing .  These f a c i l i t i e s  may or  may 
not be Located i n  Arizona. Two of the companies, McAlester Fuel  
Company and Ranchers Explora t ion  and Development Corporat ion,  
produce copper only by hydrome t a l l u r g i c a l  processes ,  i .e. ,  e l e c  - 
e rowiming  and cementat ion.  The copper produced by cementat ion 
i s  smelted and-ref ined a t  p l a n t s  owned by o t h e r  companies. O n e  
company; ~ e c l a  Mining C'ompany, was i n  t h e  -development s t a g e  
through 1975 and r epor t ed  no product ion .  A l l  b u t  two companies, 
Duvak S i e r k i t a  Corporat ion and Newmont Mining Corporat ion,  con- 
due-t some type of leaching and recovery  ope ra t ions  a t  t h e i r  
mine e i t e s .  

Demand f o r  copper was h igh  and supp l i e s ,  were t i g h t  through mid- 
1974. A s  the r ecess ion  deepened, demand f o r  copper took a sharp  
downturn. Consequently, s t o c k p i l e s  a t  the  producer p o i n t ,  w i t h i n  
the copper p i p e l i n e ,  i nc reased .  Product ion cutbacks  were i n i t i a t e d  
in t he  Latter p a r t  of 1974. 

A hoped-for upturn  i n  demand f o r  copper d id  not  m a t e r i a l i z e  i n  1975. 
Further product ion cutbacks  were i n i t i a t e d .  Nonetheless ,  a s  i n  1974, 
producers  were unable t o  s t e m  the i n c r e a s e  i n  s tock  bui ldup.  



I n  June,  1973, p r i c e  c o n t r o l s  were placed on t h e  domest ic  copper  
i n d u s t r y .  The p r i c e  of copper was f rozen  at 6 0 ~  p e r  pound u n t i l  
the c l o e e  of 1973 when t h e  domestic i n d u s t r y  was al lowed t o  i n -  
c r e a s e  i t s  p r i c e  by 8 . 5 ~  per pound. This  p r i c e  held u n t i l  May, 
1974, when the price a o n t r o l s  were removed, A t  t h a t  t ime,  U.S.  
producers '  price r o s e  .to 8 0 ~  pe t  pound. Prices peaked a t  850 per  
pound i n  mid-September, 1974. The year erided w i t h  copper a t  7 2 ~  
per pound. Ea r ly  i n  1975 prices dropped t o  6 3 ~  per pound ind 
remained a t  t h a t  level  throughout  1995, except for a b r i e f  
pe r iod  mid -yeat  when two U. S. producers lowered their prices 
t o  4 0 ~  per pound. 

viii 
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INTRODUCTION 

The Arizona Department of Minera l  R e s ~ u r c e a  was e s t a b l i s h e d  i n  
J u l y ,  1939, and s i n c e  t h a t  t ime has compiled and r e p o r t e d  s t a -  
t i s t i c a l  data on A r i z o n a ' s  pr imary copper  i n d u s t r y .  This d a t a  
was publ i shed  a n n u a l l y  i n  The Copper I n d u s t r y  S t a t i s t i c s  f o r  
<year) Compared With O the r  Years, Arizona ,  The United S t a t e s  

And t h e  World, (The Copper Report)  . Over t h e  i n t e r v e n i n g  "yea r s ,  
e d i t o r i a l  p o l i c i e s  changed, t h e  format  of t h e  r e p o r t  changed, 
b u t  t y p i c a l l y  t h e r e  were two a e c t i o n s  i n  t h e  r e p o r t  -- a n a r - .  
r a t i v e  s e c t i o n  and a s e c t i o n  c o n t a i n i n g  t h e  y e a r ' s  f i n a l  s ta -  
t i s t i c a l  da t a ,  A c o n s i d e r a b l e  t ime lag e x i s t s  between t h e  
c l o s i n g  sf  a c a l e n d a r  y e a r  and t h e  a v a i l a b i l i t y  . - of t h e  s t a t i s -  
tical d a t a  f o r  that year. T h i s  lag ,  p l u s  t he  t ime r equ i r ed  f o r  
w r i t i n g  and p u b l i s h i n g  t h e  r e p o r t ,  c a u s e s  any  n a r r a t i v e  s e c -  
t i o n  on t h e  i n d u s t r i e s t  a c t i v i t i e s  t o  be  o u t  of d a t e  by the 
p u b l i c a t i o n l e  r e l e a s e  d a t e .  To r educe  t h i s  problem, a new 
p u b l i c a t i o n  p o l i c y  is b e i n g  adap t ed .  

Under t h e  new p o l i c y ,  t h i s  r e p o r t  and f u t u r e  Copper Reports  w i l l  
be issueld i n  two volumes. Volume I w i l l  p r e s e n t  a p r o f i l e  of 
Ar i zona ' s  pr imary copper i n d u s t r y  and b r i e f  s t a t i s t i c a l  d a t e .  
T h i s  volrurne w i l l  be publ ished i n  l a t e  s p r i n g .  Volume 11 w i l l  
c o n t a i n  the f i n a l  s t a t i s t i c a l  t a b l e s  and w i l l  be  publ ished i n  
the  l a t t l e r  p a r t  of the y e a r .  

The p r e sen t  r e p o r t  i s  a  t r a n s i t i o n a l  volume and p r o f i l e s  the  
copper i n d u s t r y  f o r  1974-1975. I t  i n c l u d e s  b r i e f  sta t i s t i c a f  
in format ion  f o r  1975. (F ina l  s t a t i a t i c a l  t a b l e s  f o r  1974 were 
publ ishe~d by the Department i n  February,  1976) .  Volume II 
w i l l  con t a in  t he  f i n a l  s t a t i e t i c a l  da t a  f o r  1975. 



Purpose & t h i s  Report 

The purpose of t h i s  r e p o r t  is t o  p r e s e n t  a  b r i e f  non- technica l  d i s -  
cus s ion  of A r i z o n a ' s  copper-producing companies. 

Scope anid L imi t a t i ons  

Only t he  c o m p a n i e ~ ~  Arizona f a c i l i t i e s  which mine, concen t r a t e ,  
sme l t ,  rlef i n e  and f a b r i c a t e  Ar i zona ' s  copper o r e s  are preeented 
i n  t h e  rceport, The excep t ion  Be  the  r e f e r e n c e  t o  Phelps  Dodge's 
Hidalgo ~ m e l t e r .  Theae parameters  @ere chosen knowing, f u l l  
w e l l ,  t h a t  on ly  one a e p e c t  of a h i g h l y  s o p h i s t i c a t e d ,  complex 
i n d u a t r y  would be covered,  L imi t ing  f a c t o r s  i n c l u d e :  (1) t h e  
s h ~ r t  amount of space a l l o t t e d  f o r  t h e  d i ecus s ion  of each com- 
p a n y O s  slegarate o p e r a t i o n s ,  A major r e p o r t  could be w r i t t e n  on 
each ope-cation. (2)  w r i t i n g  i n  l a t e  1976 about a c t f v i t i e s  which 
took p l ace  i n  P974-2975, Some of t h i s  i n f  ormat ion i s  out-dated 
(3) r e l i a n c e  on secondary eources  f o r  a l l  in format ion  publ ished 
i n  t h i a  r e p o r t ,  No pe r sona l  v i s i t s  were made t o  any of t h e  cam- 
paniea  d i s cus sed  i n  t h i s  r e p o r t .  

The bnfsrmat ion presen ted  i n  t h i s  r e p o r t  was c o l l e c t e d  from many 
sou rce s :  companiesv annual  r e p o r t s ;  S e c u r i t i e s  and Exchange Com- 
m i s s i o n ' s  Form 10-K; s t o c k  p rospec tu s ;  p r o f e s s i o n a l  j o u r n a l s ;  
o t h e r  pu'b$dshed sources  and pe r sona l  communication. 

& P'evieTz t h e  P r e s e n t a t i o n  

This  r e p o r t  i s  structured to accomodate a  v a r i e d  audience .  Orig-  
i n a l l y ,  k t  was t o  c o n t a i n  on ly  a  p r o f i l e  of Ar i zona ' s  copper p ro -  
ducers i n  terms of t h e i r  Arizona ope ra t i ons .  T h i s  l im i t ed  t he  
range of t he  r e a d e r s h i p  t o  t hose  persons  a l r e a d y  f a m i l i a r  w i t h  
t h e  copper mining i n d u s t r y .  Severa l  new s e c t i o n s  were incorpo-  
r a t e d  i n t o  t h e  r e p o r t  de s ign  t o  s h i f t  i t s  focus toward those  
who a r e  no t  f a m i l i a r  w i t h  t he  i n d u s t r y .  

The s u b j e c t  m a t t e r  i s  d iv ided  i n t o  t h r e e  major s e c t i o n s .  A 
gloeeary  of mining terms i s  provided t o  a l l e v i a t e  d i f f i c u l t i e s  
r e l a t e d  t o  a s p e c i a l i z e d  vocabulary.  A l o g i c a l  o rde r  of p r e -  
s e n t a t i o n  i s  fo l lowed,  however, each s e c t i o n  of t he  r e p o r t  may 
be read independent ly .  

The Background s e c t i o n  c o n t a i n s  b r i e f ,  e lementary d i s c u s s i o n s  
of t o p i c s  t h a t  w i l l  h e l p  p l ace  Ar i zona ' s  copper i n d u s t r y  i n  
t h e  con t ex t  of t he  copper-producing i n d u s t r y  a s  a whole. 



The second s e c t i o n  of t h e  r e p o r t  c o n t a i n s  a review of economic 
and m a r k e t i n g - f a c t o r s  which a f f e c t e d  Arizona" copper product ion 
f o r  1976-1975. It d i s c u s s e s  the  g e n e r a l  reasons  f o r  the  copper 
i n d u s t r y l s  major a c t i o n s  du r ing  t h i s  pe r iod .  Many of these  
a c t i o n a  a re  expanded upon on an ind iv idua l .  b a e i e  i n  Sect ion 111. 

Sec t ion  111 p r e s e n t e  d e t a i l e d  d e s c r i p t i o n s  of Arizona" copper 
p roducers ,  t h e i r  ope ra t i ons  and a c t i v i t i e s  f o r  1974-1995.  Thie 
i s  t he  s e c t i o n  which s a t i s f i e s  t h e  r e p o r t  t i t l e  and consequent ly  
i s  t h e  l onges t  and most involved p o r t i o n  of the t e x t ,  



11. BACKGROUND INFORMAT I O N  

This  s e c t i o n  c o n t a i n s  g e n e r a l  i n fo rma t ion  on t h e  copper producing 
i n d u s t r y ,  t h e  end-users  of copper and t h e  p r i c i n g  s t r u c t u r e  f o r  
copper .  

Copper ha,s a tomic  number 29 ;  a tomic weight  63.54; a me l t i ng  p o i n t  of 
1 9 8 1 ~ ~  ( 1 0 8 3 ~  c e n t i g r a d e ) ;  a s p e c i f i c  g r a v i t y  of 8.93 t o  8.95; a 
chemical  v a l e n c e  of 1 o r  2 and an el .ectr icaL r e s i s t i v i t y  of 1.682 
microhrns/cm a t  2 0 O ~ .  I t s  chemical symbol i s  Cu. I t s  name i s  der ived  
from the  L a t i n  word Cuprum which i n  t u r n  comes from t h e  Greek - 
Cyprus or Kypros. 

The C O D D ~ P  Producing Indus  t r v  

The copper p roduc t ion  i n d u s t r y  i s  d iv ided  i n t o  two major segments - 
the - primary - -. - i n d u s t r y  and t h e  secondary i n d u s t r y .  (see  F igu re  1,) 

P r i m a r y  I n d u s t r ~  - 
_111___- 

Secondary Industry 

Col  l e c t l o n  - Pnckaglng 

BI lster 

1 ' I 
e c o n d a r y  C o p p e r  
R e f  l n e d  A l  l o y  

V l r g l n  R e f l n s d  
C o p p o r ,  S e c o n d a r y  

R e f  l n o d  C o p p e r  

t 
-- 

~ r a s s ' ~ l  l l s 
I J 3 

W l r e  MlIls F o u n d r  l es Powder  P l a n t s  -- 
5. -- Y 

-- 
ll_J___ * 4- t n d u s t r l a l  M a c : ~ l n u r y  

- 
B u l  l d i n g  Consumor and 

E l e c t r ~ c a l  E n d  

Construction Transportation G e n e r a l  P r o d u c t s  and  E q u  lpment 
E l e c t r o n i c  

P r o d u c t s  
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by S e m i f a b r i c a t o r s  

Source : Char l e s  River  A s s o c i a t e s ,  I n c .  



The domest ic ,  primary copper i n d u s t r y  s u p p l i e s  over ha l f  of t h e  
t o t a l  copper consumed i n  t h e  United S t a t e s .  Ar i zona ' s  pr imary 
copper i n d u s t r y  f o r  1974 and 1975 provided 54 pe rcen t  and 57 
pe rcen t ,  r e s p e c t i v e l y ,  of t he  t o t a l  U. S. p roduc t ion .  The domeet ic ,  
secondary copper  i n d u s t r y  prov ides  a p p r o x i m t e l y  one q u a r t e r  of t he  
copper needed by t h e  U.S.  Xmgorts account  f o r  t h e  remaining 
q u a r t e r  . 

I n d u s t r y  The pr imary i ndua t ry  produces copper from 
'p r imary  sou rce s ,  i , e . ,  i t  r ecove r s  m e t a l l i c  

copper from copper o r e s .  Severa l  ope ra t i ons  a r e  r equ i r ed  t o  produce 
a marketable  p roduc t .  These i nc lude  (1) mining (2) concen t r a t i ng  
(3) smel t ing  and (4) r e f i n i n g .  ( s ee  Figure  2 .) 

Each o p e r a t i o n a l  phase, a f t e r  mining,  i e  designed t o  i n c r e a s e  the  
copper c o n t e n t  of the  r e g u l t a n t  m a t e r i a l  from t h a t  phase.  The 
copper con t en t  bf Ar i zona ' s  o r e  averaged 0.6 pe rcen t  i n  1974 and 
1975, whereas t h e  copper con t en t  of t h e  f i n i s h e d  marketable  p ro -  
d u c t  wae 99.99 pe rcen t .  

Copper is one of t h e  few metals t h a t  enjoye i t s  g r e a t e e t  u se  i n  
the  c s m i e r i c a l l y  pure form r a t h e r  than  i n  an a l l oyed  form. The 
mined ore i s  concen t r a t ed  i n t o  a 20 t o  30 pe rcen t  copper product  
r e f  erred to a e  "'conccantratee. Concent ra tes  a r e  then shipped t o  
a sme l t e r  t o  be f u r t h e r  processed.  The end product  of sme l t i ng  
i a  b l i e t . e r  capper  which has  an upgraded meta l  con t en t  of 98 t o  
99,5 pe rcen t  copper ,  Because of t h e  i m p u r i t i e s ,  such a8 go ld ,  
s i lver ,  a r s e n i c ,  antimony, bismuth,  l e a d ,  se lenium, t e l l u r i u m  
and i r o n ,  (Mc&hsn, 1965, p .  115) b l i s t e r  copper cannot be  used 
f o r  most. a p p l i c a t d o n s ,  The amount s f  t he se  i m p u r i t i e s  v a r i e s  
g r e a t l y ,  depending on the  o r i g i n a l  c h a r a c t e r  of the o r e  and t h e  
degree t:o which t h e  i m p u r i t i e s  a r e  e l im ina t ed  d u r i n g  the  smel t ing  
and converting processes, The removal of t he  impurities from b l i s t e r  
copper a,nd t h e  subsequent  recovery of t he se  economica1fy impor tan t  
m e t a l s  i s  accomplished by e P e c t r o l y t i r  r e f i n i n g ,  

The csmlon sequence of r e f i n i n g  ope ra t i ons  i s  : (1) f f r e  r e f i n i n g  
of conve r t e r  copper ( b l i s t e r  copper) t o  produce pu re r  and more 
hmogsnerous anodes (2)  e l e c t r o l y t i c  r e f i n i n g  of t he  anodes t o  
r ecove r  p r ec ious  me ta le ,  and t o  remove i m p u r i t i e s  and (3) a second, 
f i r e  r e f i n i n g  t o  a d j u s t  t h e  phys i ca l  p r o p e r t i e s  of t h e  e l e c t r o l y t i c  
copper f o r  c a s t i n g  i n t o  shapes  f o r  use  i n  i n d u s t r y  (McMahon, 1965, 
p.  115) ., Refined shapee i nc lude  : (1) w i r e  bar  (2) cake (3) b i l l e t  
(4) ingat  and ingot bar (5) cathode and (6) copper powder. 

The recovery  s f  precioua me ta l s  i n  the e l e c t r o l y t i c  r e f i n i n g  
process  ia of extreme economic importance t o  A r i z o n a ' ~  mine ra l  
i n d u s t r y .  The recovery of gold as a  r e f i n e r y  byproduct  amounted 
t o  approximately 91 thousand t r o y  ounces i n  1974 and app rox i -  
mate ly  82 thousand t r o y  ouncea i n  1975. Theae f i g u r e e  a r e  much more 
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s i g n i f i c a n t  when i t  i s  r e a l i z e d  t h a t  more than  99 pe rcen t  of t h e  
recovered gold i s  a byproduct of Ar i zona ' s  pr imary copper i n d u s t r y .  
A s  a  r e s u l t  of t h i s  o u t p u t ,  Arizona i s  the  f o u r t h  l a r g e s t  producer 
of gold i n  t h e  U. S. Arizona ranked second i n  the  produc t ion  of 
s i lver  i n  t h e  U.S,  f o r  1974 and 1975. Again, t he  s i l v e r  i s  p r i -  
m a r i l y  recovered a s  a byproduct from copper r e f i n i n g .  

Many of the  I n d u s t r y ' s  l a r g e  f i r m s  a r e  v e r t i c a l l y  i n t e g r a t e d  and 
c o n t r o l  t h e i r  mining, smel t ing ,  r e f i n i n g ,  f a b r i c a t i n g  and market-  
i n g  f a c i l l t i e ~ .  Some companies on ly  mine and concen t r a t e  their 
o r e s  and t hen  sh ip  t he  product  t o  custom p l a n t e  f o r  m e l t i n g  and 
re f in ing ;  (MeM.ahon, 1965, p .  2531, 

The fo r ego ing  d i s c u s s i o n  app l i e i  p r i m a r i l y  t o  s u l f i d e  o r e s .  Ores 
o r  copper-bear ing mater ie le ,whi&h f o r  r ea sons  of g rade ,  composition 
o r  o t h e r  cons idera t iowa are n o t  amenable to concen t r a t i on  and pyro- 
meta l lu rg ica l .  ( f i r e )  e x t r a c t i o n , a r e  recovered by ano the r  proceBa, 
i , e ,  , leiaching or  hydrome t a l l u r g y .  

I n  Beaching, t h e  copper i s  taken i n t o  s o l u t i o n  from the copper -  
bea r ing  m a t e r i a l  by d i saoLut ion  with an aqueous s o l v e n t ,  g e n e r a l l y  
d i l u t e  s u l f u r i c  a c i d ,  The h o s t  m a t e r i a l  i s  l e f t  v i r t u a l l y  una f f ec -  
t e d .  Me! t a l l i c  copper i s  recovered from the  copper  -bear ing  (pregnant)  
s o l u t i o n  by one of two methods: (1) chemical p r e c i p i t a t i o n  (cemen- 
t a t i  on) o r  ( 2 )  e l e c t r o l y t i c  d e p o s i t i o n  (e lec t rowinning) .  

I n  t he  cementat ion p roces s ,  copper is p r e c i p i t a t e d  out  of t h e  preg-  
nan t  s o l u t i o n  onto s c r a p  i r o n ,  g e n e r a l l y  shredded de t inned  cans ,  o r  
i n  some cases, sponge i r o n .  The end product  i s  c a l l e d  cement copper.  
The mairk d i sadvantage  of thirs p roces s  i s  t h a t  t h e  cement copper i e  
on ly  between 50 and 90 pe rcen t  copper;  i t  s t i l l  r e q u i r e s  sme l t i ng  
and r e f i n i n g  t o  be marketed a s  high-grade copper ,  

P r i o r  tc) efec t rowinning ,  a l i q u i d ,  ion-exchange process  i s  used t o  
i n c r e a s e  the copper concen t r a t i on  of t he  s o l u t i o n  f r m  which t he  
copper i s  then recovered by e l e c t r o l y t i c  d e p o s i t i o n .  The advantage 
of e fec t rowinning  i s  t h a t  the  end produc t ,  h igh-grade copper ca thodes ,  
can be nntmrketed d i r e c t l y .  The smel t ing  and r e f i n i n g  s t a g e s  a r e  by- 
passed.  

Secondary- I n d u s t r y  The secondary copper i n d u s t r y  i s compri sed 
of numerous e n t e r p r i  sea  which employ many 

of t he  recovery  and r e f i n i n g  p roces se s  used i n  t h e  primary i n d u s t r y .  
There a re ,  however, proces se s  unique to t h e  secondary i n d u s t r y .  
(Spendlove, 1961, p. 1 )  

The i n d u s t r y  r ecove r s  copper from copper ec r ap ,  copper -a l loy  s c r ap  
and other copper-bear ing s c r ap  m a t e r i a l s ,  o r  from copper -bear ing  
chemice f .~  and compounds, (Mcmhon, 1965, p ,  75) Scrap i s  c l a s s i -  
f i e d  accord ing  t o  two p r i n c i p a l  c l a s s e s ;  old  s c r a p  and new sc r ap .  



Old s c r a p  i s  copper  o r  coppe r - a l l oy  p roduc t s  t h a t  have been used 
and then d i s ca rded  because they  a r e  o b s o l e t e ,  worn o u t ,  o r  damaged. 
I t  i s  t h e  o n l y  c l a s s  of s c r a p  which i s  considered a  supplement t o  
pr imary p roduc t i on  f o r  any g iven  yea r .  New s c r a p ,  which i s  s c r a p  
genera ted  i n  f a b r i c a t i n g  and manufac tur ing  semi - f i n i s h e d  and f i n -  
i shed  p roduc t s ,  does n o t  supplement pr imary produc t ion .  Th i s  s c r a p  

r e p r e s e n t s  a c i r c u l a t i n g  q u a n t i t y  of copper p r e v i o u s l y  counted i n  
t he  supply of pr imary copper .  It i s  r e t u rned  t o  t he  f a b r i c a t i n g  
p roce s s  w i thou t  r e ach ing  t he  product  s t a g e  (McMahon, 1965, p .  75) 

End Users  
-- - 

L i t t l e  sf the  copper  ou tpu t  f r 8 m  primary o r  secondary sou rce s  i s  mar- 
ke t ed  d i r e c t l y  a s  consumer goods.  The few i t ems  t h a t  a r e  marketed i n -  
c l u d e  p o t s ,  pans and d e c o r a t i v e  p roduc t s .  The prime ma2ket sou rce s  a r e  
genera ted  by se rn i fabr ica toke  which produce a  v a r i e t y  of p roduc ts  f o r  
i n d u s t r i a l  u s e r s .  ( see  Figu re  1 . )  Copper i s  p r i m a r i l y  a  p roduce r s '  
goods, w i t h  demands f o r  r e f i n e d  copper  and o t h e r  copper o u t p u t s  be ing  
d i r e c t l y  generated by f a b r i c a t o r s .  Refined copper i s  purchased by w i r e  
m i l l s ,  b r a s s  m i l l s ,  f o u n d r i e s  and powder m i l l s  f o r  t he  p roduc t i on  of 
s emi - f ab r i ca t ed  goods. Some f a b r i c a t e d  produc ts  i n c l u d e  r o d ,  w i r e ,  
skee t ,  c a s t i n g s  and t ube .  These p roduc ts  a r e  marketed t o  i n d u s t r i e s  
which use. them i n  t he  manufacture  of consumer i t ems  o r  s e r v i c e s .  Wire 
and b r a s s  m i l l s  p r o c e s s  t he  l a r g e s t  amount of r e f i n e d  copper  i n t o  semi-  
f a b r i c a t e d  produc ts .  I n  1974 and 1975, r e s p e c t i v e l y ,  w i r e  m i l l s  
accounted f o r  about  67 .2  and 69.0 pe r cen t  of t he  r e f i n e d  copper con- 
sumed i n  t h e  United S t a t e s .  Brass  m i l l s  accounted f o r  about  30.5 and 
28.5 p e r c e n t ,  r e s p e c t i v e l y ,  f o r  the  same y e a r s .  

~arnands f o r  semi - f a b r i c a t e d  copper p roduc ts  a r e .  t y p i c a l l y  genera ted  
by f i v e ,  p r i n c i p a l  economic s e c t o r s .  These a r e  (1) e l e c t r i c a l  and 
e l . e c t r o n i c  p roduc ts  (2 )  t r a n s p o r t a t i o n  ( 3 )  c o n s t r u c t i o n  (4 )  consumer 
and g e n e r a l  p roduc ts  and (5) i n d u e t r i a l  machinery and equipment.  
(see Table I) 

TABLE I 

Ul t ima t e  end u s e  markets of copper (pr imary and secondary)  
I 

E l e c t r i c a l  L/. . . . . . . . . . . . . . . . . . . . . .  52% 
Construction . . . . . . . . . . . . . . . . . . . . .  18% 
I n d u s t r i a l  machinery . . . . . . . . . . . . . . . . .  13% 
T r a n s p o r t a t i o n  . . . . . . . . . . . . . . . . . . . .  9% 
O r d n a n c e . .  . . . . . . . . . . . . . . . . . . . . .  3% 
Miscellaneous. . . . . . . . . . . . . . . . . . . . . .  5% 

l.J Inc ludes  copper  s o l d  t o  o t h e r  sectors t h a t  i s  u l t i m a t e l y  
used ae an e l e c t r i c a l  o r  e l e c t r o n i c  p rpduc t .  

Source:  U.S. Bureau of Mines 



P r i c i n g  s t r u c t u r e  
- * 

This  s e c t i o n  p r e s e n t s  a  v e r y  b r i e f  d e s c r i p t i o n  of t he  copper p r i c i n g  
s t r u c t u r e .  P r i c i n g  i s  a  complex system, and a  f u l l  d e s c r i p t i o n  of 

- * i t  i s  beyond t h e  scope of t h i s  r e p o r t ,  

I n  t he  Ur~ i t ed  S t a t e s ,  t h e r e  a r e  t h r e e  main sou rce s  f o r  p r i c e  
q u o t a t i o n s .  They a r e  t h e  U. S. p roducers  p r i c e ,  the  Engineer ing 
and Mining Jou rna l  quoted p r i c e  and custom s m e l t e r  p r i c e s .  Of 
Less importance are t h e  New York Commodity Exchange p r i c e  
(@WEX) and the h e s f c a n  Metal Market p r i c e .  U. S .  copper p r i c e s  
are expressed  i n  c e n t s  per  pound and a r e  quoted f o r  t h e  o rd ina ry  
forms of w i r eba r s  and i n g o t s .  Cathodes a re  p r i c e d  t o  s e l l  
s l i g h t l y  below wfrebar  and smal l  d i f f e r e n t i a l s  e x i s t  f o r  o the r  
r e f i n e r y  shapes .  

The producers ' '  p r i c e  and t h e  custom sme l t e r  p r i c e  a r e  s e t  quo- 
t a t i o n s  which respond t o  supply-demand r e l a t i o n s h i p s .  The En- 
g i n e e r i n g  and Mining Jou rna l  p r i c e  i s  a weighted average  h i s -  
t o r i c a l  p r i c e ,  c a l c u l a t e d  f o r  a day ,  week, month o r  y e a r ,  based 
on t he  s a l e s  r e p o r t e d  b y  p roducers  and t h e i r  agenc i e s  (McWhon, 
1965, p, 2 6 0 ) .  COMEX p r i c e s  a r e  r a r e l y ,  i f  e v e r ,  used as a 
p r i c i n g  medium; however, t h e y  do prov ide  a  f a c i l i t y  f o r  hedging 
as  Ear ahead a s  twelve months. The American Metal  Market p r i c e  
i s  the  n e t  p r i c e  a t  New Ysrk r e f i n e r i e s ,  d e r i v e d  from t h e  p ro-  
d u c e r s  q u o t a t i o n  l e s s  an  average  d e l i v e r y  c o s t .  

Copper s c r a p  p r i c e s  a r e  quoted f o r  numerous g rades  and s p e c i f i -  
ca t ions .  " M Q s ~  scrap e i t h e r  i s  purchased d i r e c t l y  by consumers, 
r e f i n e d  by the  l a r g e  pr imary r e f i n e r i e s  and marketed by them a s  
r e f i n e d  c:opper, o r  i s  smelted and marketed a a  b r a s s  and bronze 
i n g o t s  by secondary producers .  Q u o t a t i o n s  f o r  such i n g o t s  bea r  
no fixed r e l a t i o n s h i p  t o  the  p r i c e  of copper quoted by t h e  l a r g e  
p roduce r s ,  t h e  con t en t  of a l l o y i n g  m e t a l s  and supply-demand 
f a c t o r s  have a marked i n f l u e n c e  on i n g o t  p r i c e s . "  (McMahon, 
1 9 6 5 ,  p .  261) 

I n t e r n a t i o n a l  t r a d e  I n  copper i s  e s s e n t i a l l y  based on t h r e e  
p r i c i n g  systems : (1) t h e  q u o t a t i o n s  publ i shed  by t he  London 
Metal Exchange ( M E )  p r i c e  (2) t he  expo r t  q u o t a t i o n s  publ i shed  
by Engineer ing  and Mining J o u r n a l  ( E W  p r i c e )  and (3) the  quo- 
t a t i o n s  by  Union Min ie re  du  Haut Katanga (Katanga q u o t a t i o n )  
(McMahon, 1965, p. 261) .  



111. A BRIEF REVIEW OF THE ECONOMIC AND MARUTING FACTORS THAT 
AFFECTED ARIZONA'S COPPER INDUSTRY I N  1974 AND 1975 

This  s e c t i o n  d i s c u s s e s  not  on ly  t he  economic and marke t ing  f a c t o r s  
f o r  1974 and 1975, b u t  f o r  1973 a s  w e l l ,  The e v e n t s  of 1974-1975 
can b e t t e r  be  unders tood by rev iewing  the  i n d u s t r y s s  r e sp snee  t o  
t h e  i n c r e a s e d  consumption and s p e c u l a t i v e  purchas ing  which occurred 
i n  3973. 

Copper u t i l i z a t i o n  s e r v e s  a s  a measure s f  a c o u n t r y ' s  i n d u s t r i a l  
dewelopan.ent -- t h e  consumption of copper be ing  r e l a t . i v e l y  propor  - 
t i o n a l  to t h e  l e v e l  of i n d u s t r i a l i z a t f o n .  A s  a b a s i c  and impor tan t  
i n d u s t r i a l  commodity, t h e  demand f o r  copper responds t o  changes  i n  
the  g e n e r a l  l e v e l  of b u s i n e s s  a c t i v i t y .  The demand f o r  copper  can 
be broken down i n t o  two d i s t i n c t  a r e a s ,  i n d u s t r i a l  u se  and specu-  
l a t i v e  purchases .  

I n d u s t r i a l  demands are i n f l uenced  mos t ly  by t he  l e v e l  of economf c  
a c t i v i t y  , Speculat l .ve  demands a r e  h i g h l y  i n f l uenced  by t h e  monetary 
c l i m a t e  i n  t h e  asehse t h a t  copper ,  l i k e  most commodities,  has  p a r t i c -  
i p a t e d  fa t h e  f l i g h t s  from paper i n t o  t a n g i b l e s  du r ing  cur rency  
c r i s i s  p e r i o d s .  Large s c a l e  s p e c u l a t i v e  buying appeared on t he  copper  
market f o r  t he  f i r s t  t ime i n  1973. Both t ypes  of demand r e a c t  t o  
s p e c i f i c  copper i n d u s t r y  developments such as  s t r i k e s ,  equipment 
probfeme and other f a c t o r s  which could prompt sudden change i n  market 
cond i t i ons  and p r i c e  (Conway and Tren than ,  1975) .  The t i m k  frame 
covered b y  t h i s  r e p o r t ,  1974-1975, i l l u s t r a t e s  t he  d i f f i c u l t i e s  faced 
by an i n d u s t r y  r e c o v e r i n g  from a pe r i od  of i n d u s t r i a l  demand coupled 
w i  t h  i n t e n s i v e  specuLatfve purchas ing .  

Domestic copper consumption i n  1973 r o s e  by over  6 pe r cen t  from the  
3972 l e v e l .  U.S. mine p roduc t i on  i nc r ea sed  over  t he  1972 l e v e l ,  b u t  
ou tpu t  of r e f i n e d  m e t a l s ,  a l t hough  i t  i nc r ea sed  somewhat, d i d  no t  
keep pace w i t h  demand. Power s h o r t a g e s ,  p o l l u t i o n ,  c o n t r o l  r e l a t e d  
t e c h n i c a l  problems and breakdowns a t  v a r i o u s  p l a n t s  were s i g n i f f  c a n t  
f a c t o r s  c o n t r i b u t i n g  t o  t h e  f a i l u r e  of r e f i n e d  me ta l  ou tpu t  t o  match 
demand. 

Deliveries of r e f i n e d  copper  f a r  ou td i s t anced  i n d u s t r y  p roduc t ion  f o r  
t he  f i r s t  two q u a r t e r s  of 1973; i n  t he  f i n a l  two q u a r t e r s ,  product ion 
was s l i g h t l y  below d e l i v e r i e s .  (see Figure 3 , )  Thi s  f a i l u r e  of p ro -  
duction t o  keep pace w i t h  d e l i v e r i e ~  r e s u l t e d  i n  an i nven to ry  down- 
t u rn .  CansequsntTy, s t o c k s  of r e f i n e d  copper  i n  t h e  hands of U.S.  
producers ,  LME, COMEX and U.S. f a b r i c a t o r s  was reduced wsr 1972 l e v e l s .  
( see  Table 11) 



In Thousand Tons 

PRODUCTION 

DELIVERIES 

F igure  3 .  Quar t e r ly  Changes i n  
Product ion and Del iv-  
e r i e s  

Source : Merrill Lynch Pierce 
Fenner & S m i t h ,  Xnc, 



TABLE 11 
STOCKS OF REFINED COPPER 

( i n  800 me tons )  

End Of  Year 

1971 1972 1973 1974 

Producer  S tocks  : 
UeSCAm 4 0 . .  e e e .  0 a 75 90 39 138 
Out s i d e  U. S e A e  

& Japan. . . . . . . . . . .  197 189 220 271 
Japan. . . . . . . . . . . . . .  75 66 102 172 
Lonilon Me t a f  Exchange. . . . . .  140 183 35 126 
cornex. . . . . . . . . . . . . .  18 52 5 39 . . . . . . .  U. S , A .  f a b r i e a t o r s  122 70 66 131 

- - - -  
T o t a l .  . . . . . . . . . . . .  627 650 467 877 

Source : World Bureau of Metal  S t a t i s t i c s  

P r i c e s  i n  1973 r e f l e c t e d  t h e  i n c r e a s e  i n  consumption and h i g h  
level o f  s p e c u l a t i v e  buying.  I n  f a c t ,  a  s p e c i a l  cor respondent  
w r i t i n g  f o r  Mining Jou rna l  had t h i s  t o  say abou t  t h e  e x t r a o r -  
d i n a r y  copper  p r i c e  s i t u a t i o n  i n  1973 : 

. . . .  the p r e s e n t  s c a l e  of s p e c u l a t i o n  i s  a n o t h e r  ma t t e r  
and i t s  e f f e c t  i s  n o t  i n  doub t ;  i t  has  s e n t  t h e  p r i c e  
of copper perhaps  200 o r  300 [poundsl above t he  l e v e l  
which t h e  p r e s e n t  ba l ance  of market  f o r c e s  would j u s -  
tify o r  command, though such an e s t i m a t e  c a n  never  be  
more than  a guess .  What i s  c e r t a i n  i s  t h a t  t h e  p r i c e  
would be  lower w i thou t  t h e  c u r r e n t  l e v e l  of specu l a -  
t i o n .  

Copper p r i c e  on t h e  LME began 1973 a t  4 8 ~  per  pound. U. S. p r o -  
ducer  p r i c e  s t a r t e d  a t  5 0 . 5 ~  p e r  pound. By March, U. S. p roducer  
p r i c e  had reached h i s t o r i c  h e i g h t s  - 6 0 ~  p e t  pound. LME p r i c e  
r o s e  t o  7 1 ~  pe r  pound by t h e  middle  of March. P r i c e  c o n t r o l s  
were p laced  on t h e  domes t ic  copper  i n d u s t r y  i n  June ,  f r e e z i n g  
U.S. producer  p r i c e  a t  6 0 ~  pe r  pound. Copper p r i c e s  exceeded 
$1.00 p e r  pound on t h e  LME i n  November and cont inued  t o  c l imb 
r each ing  n e a r l y  $1.20 p e r  pound i n  e a r l y  December. (see  Table  
111). The domes t ic  i n d u s t r y  was al lowed t o  i n c r e a s e  t h e i r  
p r i c e  by 8 . 5 ~  pe r  pound t o  6 8 ~  per  pound a t  t h e  c l o s e  of 1973. 



TABLE 111 
LONDON METAL MCHANGE COPPER PRICES - 

MONTHLY AVEM (323, 1973 

Month 
- -- -- 

U,S .  c e n t s  Pounds S t e r l i n g  
p e r  pound pe r  m e t r i c  ton  

J anua ry  
Feb rua ry  
March 
A p r i l  
&Y 
June 
July 
August 
September 
Bc t ober 
November 
December 

Source :  Engineer ing  and Mining J o u r n a l  

Through imid-1974, demand f o r  copper  remained h i g h  and copper  
s u p p l i e s  were t i g h t .  Th is  demand was p a r t l y  due t o  t h e  fear 
of s t r i k e s  i n  J u l y  f o l l o w i n g  domes t ic  l a b o r  c o n t r a c t  n e g o t i a -  
t i o n s .  P a r t l y ,  no d o u b t ,  i t  was a l s o  a  feedback  from specu-  
l a t i v e  a c t i v i t y  i n  t he  market  which d i d  n o t  f a l l  o f f  till e a r l y  
May. I n  t he  f i r s t  q u a r t e r  of 1974 , '  p roduc t ion  and d e l i v e r i e s  
were about  even,  Second q u a r t e r  p roduc t i on  dropped,  main ly  
because of s t r i k e  l o s s e s .  A s  a  r e s u l t ,  d e l i v e r i e s  r o s e  over  
p r o d u c t i o n a  (see Figure 4 . )  AS b u s i n e s s  and s p e c u l a t i v e  a c -  
t i v i t i e s  began t o  d e c l i n e  i n  the second h a l f  of t h e  y e a r ,  
copper d e l i v e r i e s  fo l lowed  s u i t ,  e s p e c i a l l y  t o  end u s e r s ,  l i k e  
t h e  au tomobi le ,  housing and e l e c t r i c a l  a p p l i a n c e s  i n d u s t r i e s .  

D e c l i n i n g  d e l i v e r i e s  were paralleled by p roduc t i on  cu tbacks .  
However, the copper i n d u s t r y "  p i p e l i n e  i s  long  and p roduc t i ve  
capacities i n c r e a s e  each  y e a r .  Thus,  t h e  e f f e c t s  of t h e  c u r -  
t a i l m e n t s  were  slow i n  coming which i l l u s t r a t e s  t h e  g r e a t  d i f -  
f i c u l t y  of r a p i d l y  r e d u c i n g  o u t p u t  t o  match a sudden f a l l  i n  
demand. The r e s u l t  was an a c c e l e r a t i o n  of s t o c k p i l i n g  and 
s u r p l u s e s  which were a  worldwide problem and plagued t h e  i n -  
d u s t r y  th rough  1975. ( s e e  Table 11) 
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Figure 4.  Q u a r t e r l y  Changes i n  
P r o d u c t i o n  and Deliv- 
e r i e s  

Source: Merrill Lynch Pierce 
Fenner & Smith ,  Inc. 



P r i c e s  on the W cont inued  t h e i r  upward s p i r a l  through mid-1974. 
The LME p r i c e  peaked on A p r i l  1 a t  a $1.52 per  pound. A s  one 
cor respondent  so  a p t l y  p u t  i t ,  "perhaps a f i t t i n g  da t e . "  (Simp- 
son ,  1975) From that p o i n t  on, there was a sharp  downward t r end  
t o  a closing quote  of 5 6 . 3 ~  per  pound. (see  Figure 5 .) 

P1U 

Prices of Copper $ per Ib. 

JAM. FEE;. MAR. APR. MAY JUNE JULY AUG. SEPT. W T .  NOV. DEC. 

- -- - -- 

Figu re  5 .  Copper P r i c e s  i n  1974 and 1975 
Source : Newon t Nining Corpora t ion  Annual Report  

'The U. 3. producer  p r ice , .  which by dec ree  of the Cost  of L iv ing  
Council  c l o sed  i n  1973 a t  6 8 ~  pe r  pound, remained at that p r i c e  
u n t i l  A p r i l  30, 1974. When p r i c e  c o n t r o l s  exp i r ed  on May 1, 
U.S. producer  i nc r ea sed  t h e i r  price t o  $ 0 ~  p e r  pound. That  p r i c e  
he ld  u n t i l  e a r l y  June  when p r i c e s  were r a i s e d  t o  8 5 ~  p e r  pound, 
where they rena ined  u n t i l  mid-September, U.S.  produces  p r i c e  
began i t s  downward t r end  i n  l a t e  September, w i t h  t h e  f i r s t  of 
t h r e e ,  succes s ive  price c u t s  t o  end the  year a t  7 2 ~  per  pound. 
As 1975 began, a f o u r t h  r e d u c t i o n  t o  6 8 ~  pe r  pound was made. 
( see  F igu re  5 .) 

1975 su r f aced  a s  t h e  w o r s t  year f o r  t h e  copper i n d u s t r y  s i n c e  
the  1930qis.  A hoped f o r  up tu rn  i n  demand d i d  n o t  m a t e r i a l i z e .  
In i t s  s t e a d ,  U . S .  demand f o r  copper was of f  3 1  pe rcen t  f rom 
1971  and 38 pe rcen t  from 1973. A d d i t i o n a l  r e d u c t i o n  i n  mine 



produc t ion  was i n i t i a t e d  by (1) f u r t h e r  r e d u c t i o n  of p roduc t ion  a t  
e x i s t i n g  p r o p e r t i e s  (2) de l ay ing  b r i n g i n g  scheduled new p r o p e r t i e s  
on l i n e  o r  b r i n g i n g  them an l i n e  a t  r a t e s  cons ide rab ly  below r a t e d  
c a p a c i t i e s  (3) slowing down o r  s t opp ing  development on p r o j e c t s  
which were scheduled t o  come on-s t ream i n  t h e  n e a r  f u t u r e  and (4) 
by c l o s i n g  marginal p r o p e r t i e s .  Neve r the l e s s ,  l i k e  1974, p roducers  
were una.ble t o  stem t he  i n c r e a s e  i n  s tock bu i ldup .  ( see  Table IV) 

TABLE liV 
STOCKS OF REFINED COPPER 

( i n  800 t ons )  

End O f  Year 
1973 1974 1975 

Producer  s t ocks  . . . . . . . . . . . .  UeS.A. .39 
Outs ide  U, S.A. . . . . . . . . .  and Japan.  197 . . . . . . .  Japan: a l l  s tocks  102 

r = E  . . . . . . . . . . . . . . .  35 
C C I ~ B X .  . . * . . . . . . . . . .  5 . . . . . . . . .  U,S.  Consumers 66 . . . . . . . . .  U,,S. Stockpile 228 
E~~rapean.  . . . . . . . . . .  Consumers. 125 
(Prance, Germany 
and U. K, ) - 

Source : Copper S t u d i e s  
- 

A s  s t a t e d  e a r l i e r ,  t he  U.S. producer p r i c e  began 1975 a t  6 8 ~  pe r  
pound. A t  the end of January, the producer  p r i ce  was reduced by 
5q p e r  pound' t o  6 3 ~  and t h e r e  i t  s t ayed  u n t i l  mid -year  when 
Asasso and Phe lps  Dodge c u t  t h e i r  p r i c e  t o  6 0 ~  p e r  pound. The 
r e s t  of the industry d i d  no t  fo l low suit. By l a t e  June, there 
was a s l i g h t  u p t u r n  i n  the marke t ,  a t  which time Asarco and 
Phe lps  Dodge upped t h e i r  p r i c e  t o  6 3 ~  p e r  pound. U.S. producer  
p r i c e  closed t h e  year  a t  6 3 ~  pe r  pound. (see F i g u r e  5 . )  



16V. THE COPPER M I N I N G  COMPANIES I N  ARIZONA 

Th i s  s e c t i o n  of t he  r e p o r t  a u m a r i z e s  Ar i zona ' s  mining companies i n  
terms of t h e i r  Arizona ope ra t i ons .  The d a t a  on each company i n c l u d e s  : 
(1) t he  l o c a t i o n  of t he  company's ope ra t i on (8 )  (2) t he  type of oper -  
a t i o n ( ~ )  conducted a t  the  p rope r ty  (3)  t he  de s ign  c a p a c i t y  of p l a n t  
f a c i l i t i e s  ( f o r  many r ea sons  t h i s  may v a r y  from a c t u a l  product ion 
ou tpu t )  and (4) the  produc t ion  d a t a  f o r  1974-1975. 

Arizona r e t a i n e d  i t s  s t and ing  as t he  Larges t  copper producing s t a t e  
i n  t he  U.S. through 1974-1975.  I n  1974, Arizona's product ion ac- 
counted f o r  54 percen t  of thvs n e t i o n i s  t o t a l  ou tpu t .  The 1975 ou tpu t  
rose t o  57 p e r c e n t ,  p l ac ing  i t  f a r  ahead of t he  second ranked a t a t e ,  
Utah, which accounted f o r  on ly  13 pe rcen t  of t h e  t o t a l  p roduc t ion .  

Most of APizona8s producers  a r e  v e r t i c a l l y  i n t e g r a t e d .  However, 
no t  all of t h e  process ing  f a c i l i t i e s  a r e  l oca t ed  i n  Arizona. Two 
of t h e  c o r p o r a t i o n s  have v e r t i c a l l y  i n t e g r a t e d  ope ra t i ons  i n  the 
s t a t e .  Other producers  mine, concen t r a t e  and smel t  o r e  i n  Arizona.  
Same companies mine and concen t r a t e  t h e i r  o r e s  on e i t e  and s h i p  t he  
concent:rates t o  custom p l a n t s ,  e i t h e r  i n  Arizona o r  o the r  s t a t e s ,  
for sme'lting and r e f i n i n g  on a  t o l l  baasli~. (see  F igu re  6 . )  Cur- 
r e n t l y ,  a l l  b u t  one Arizona company is conduct ing some l each ing  
and recovery  ope ra t i on .  

Informat ion on i n d i v i d u a l  ope ra t i ons  was ob ta ined  from (1) company 
annual  i reports  (2) S e c u r i t i e s  and Exchange Commission Form 10-K's 
(3) p r o f e s s i o n a l  j o u r n a l s  (4) o t h e r  publ ished sou rce s  and (5) p a r -  
sona l  c o m u n f c a t i o n s .  



Company Where Smelted Where Refined Sold By 

ASARCO Incorporated 

Anamax Mining Co., Twin Buttes,  
Ariz. 

Cyprus B a g d a d  Copper Corp, 

C l t i e s  S e m i  ce Company 
Maoaf Operations 

Duval Corporation 

Own p l a n t s .  Own r e f i n e r i e s .  

I n s p i r a t i o n  Consolidated Copper U. S, Metals Refining 
Co., Miami, Ariz., Asarco, Co., C a r t e r e t ,  N , J ,  

- --. 

Hayden, A r i z  , 

Phelps Dodge, Ar iz  . , - _ Bhelps Dodge, Laurel 
Hill, N.Y. 

Xnspfrat isn Sm,, Miami, Asiz. Asarco Inc , ,  Amarillo, 
Texas, Tacoma, Washing- 
ton 

Asarco, T a c o m a ,  Washington, Asarcs, Arrmarillo, Texas, 
Nayden, Ariz., and E l  Paso, Tacoma, Washington 
Texa s 

I n s p i r a t i o n  Consolidated Copper Own plant, I n s p i r a t i o n ,  
Cornpan y Arizona 

p l a n t ,  Insp i ra t ion ,  
Ariz, 

Kennecott Copper Corp. m e l t e r e ,  k r f i e l d ,  Utah; r e f i n e r i e s  a t  @r- 
Ray, Ariz.; McM11, Nevada; f t e l d ,  Utah; b r l e y ,  
Harley, N,M, N . M . ,  Qnnecott &fin- 

ing  Cssp, a t  Anne 
ArundeP County, Md, 

ASARCO Incorporated 

Anaconda and h a x  
Copper Inc , 

Cyprus Mines Corp . , 

C i t i e s  Service Company 
Metal Sales Dept. 

Asarco, Duval Sales  Corp. 

Insp i ra t ion  Consolidated 
Capper Company 

Kennecott Sales Csrp. 

(continued next  page) 



Where Smelted Where Refined Sold By 

Magma Copper Company 
Superior  Divis ion  
San Manuel Divi sf on 

Phelps Dodge Csrp. 

Cyprus Pima Mining Co. 

O m  p l a n t ,  San Manuel, Ariz .  Own r e f i n e r y .  
Own p l a n t ,  San Manuel, Ariz .  Own r e f ine ry .  

M a p  Copper Company 
Magma Copper Company 

Own p l a n t s ,  Douglas, Morenci Phelps Dodge Ref. Corp. Phelps  Dodge Sales  
and Ajs, Ariz . Company, Incorporated 

Phelps Dodge Corp. , Hagma Phelps Dodge a t  E l  Paso, Ametalco, Inc. 
Copper, San Manuel, Ariz .  Texas ; Magma Copper, 

San Manuel, Arizona 

Figure  6 .  P r i n c i p a l  Arizona Copper Producers and the Dispos i t ion  of Their Copper 
Source: Asler icanBureauof  Metal S t a t i s t i c s ,  Ine, 



Anamax Mining Company i s  a 50-56 partnership between the  Anac~nda  
Company and the American Metal Climax (Amax) Company. 

I n  June,  1973, Aw(%x acquired t h e  Banner N n i n g  Company, owner of 
ac t ens ive  mineral. p r o p e r t i e s  i n  Pirna County, which ineluded t h e  
Twin Butt.@$ copper mine. Thiss mine i s  Iscsated near  Green Val ley  
i n  t h e  Santa C m z  River Valley.  Anaconda, holder  of sr h n g  term 
l e a s e  fram Banner Mining Company on the  Twin Bu t t e s  mine, formed 
a j o i n t  ven tu re  w i t h  Amx a t  t h a t  t ime,  The purpose of the new 
Anamax Mining Company i e  t o  ope ra t e  the open-pi t  mine, t h e  con- 
c e n t r a t o r  end the  new s o l v e n t  ex t r ac t ion -e l ec t rowinn ing  plant a t  
Twin Bu t t e s .  

Each p a r t n e r  purchases i t s  own sha re  of product ion  of copper 
concentra . tes  and i s  r e s p o n ~ l i b l e  f o r  i t s  own m e l t i n g ,  r e f i n i n g  
and sales. h a % %  ashrare sf  Win  Buttea concentratels  i s  t o l l  
smelted and i s  r e f i n e d  p a r t l y  a t  Amax'a r e f i n e r y  a t  C a r t e r h t ,  
New J e r s e y ,  and p a r t l y  on t o l l  a t  other f a c i l i t i e s .  A po r t ion  
of Anaconda s ehare of c o n c e n t r a t e s  i s  t o l l  amel ted  ; t he  ba lance  
i s  shipped t o  i t s  Anaconda, Montana, sme l t e r .  Anamax i s  respon-  
s ib le  for the  so lven t  ex t r ac t ion -e l ec t rowinn ing  p l a n t  through 
the  product ion o f  cathode copper .  Each p a r t n e r  purchases i t s  
share of cathode copper from the e lec t rowinning  p l a n t .  

I 

1 Twin B u t t e s  has  been the ecene of an e x t e n s i v e ,  t h ree -yea r  ex-  
I pansion program. The s u l f i d e  concen t ra to r  ' e  cepaci  t y  was i n -  . 

creased from 30,000 tons  pe r  day ( tpd)  t o  40,000 tpd.  Dsvel-  ' 

opment work was undertaken on t h e  e a s t  p i t  which con ta ins  a  
high graile ~ f :  s u l f i d e  o r e .  The so lven t  e x t r a c t i o n - e l e c t r o -  
winning plant has t h e  capac i ty  f o r  t r e a t i n g  l O , O O O  tpd of 
oxide ore and f o r  producing 100 tpd of cathode copper.  Ap- 
proximately $246 m i l l i o n  were expended i n  t h i s  program 
through I)ece&es 31, 1975. 

Overburden removal was completed a t  t he  e a s t  p i t  du r ing  t h e  f i r s t  
p a r t  of 1976. Unant ic ipa ted ,  poor ground cond i t ions  i n  t h e  west 
p i t  r e s u l t e d  i n  s l i d e s  which l imi t ed  a c c e s s  t o  p rev ious ly  exposed 
o r e ,  This, coupled wi th  an extremely weak copper market,  l ed  
ananagemaat t o  two important  d e c i s i o n ~ l  : (1) t o  commit more men 
and equipment i n  an i n t e n s f  f i e d  overburden removal p r o j e c t  a t  t he  
east  p i t  and (2) t o  c l o s e  t h e  s u l f i d e  concen t ra to r .  

T w i n  But te8 '  concen t ra to r  operated a t  approximately 100 percent 
c a p a c i t y  i n  1974 producing 92.95 m i l l i o n  pounds of recoverable  
copper;  shut  down f o r  t e n  montha i n  1975, i t  produced only  18.31 
m i l l i o n  pounde of recoverable  copper (gee Table V). 



The complet ion of t h e  i n t e n s i v e  overburden removal which i nc r ea sed  
t he  s t r i p p e d  o r e  r e s e r v e s  and t h e  expansion of t h e  concen t r a to r  s 
c a p a c i t y  p laced  t he  mine i n  an e x c e l l e n t  p o s i t i o n  t o  r a i s e  produc- 
t i o n  w i  t h  improved coa t  performance. 

Aearcs Incorpora ted  
(American S m l  t i n g  and Ref in ing  Company) 

Asarco was i nco rpo ra t ed  I.n 1899 as  "The h a r i e a n  Smelt ing and Re- 
f i n i n g  Company." I n  A p r i l ,  1975, a t  t h e i r  annual  meet ing,  t he  
~ t o c k h a l d e r s  adopted a new name - ASARCO Inco rpo ra t ed .  

ASARCO E n c .  (AURCO) owns and o p e r a t e s  f o u r  open-p i t  mines and one 
smelter in three of Arbzssaa'a countPe%r, The M i  ejeion Un i t ,  t h e  
San Xasvi.er Uni t  and the  S i l v e r  B e l l  Uni t  a r e  i n  Pima County, The 
f o u r t h  ornine, t he  Sacaton Un i t ,  f e  l oca t ed  i n  F i n a l  County. 
AMRCO'a Arizona ~tmelter, the  Hs.yden s m e l t e r ,  i a  i n  Gila County. 

M s s i  oq. Unit  

The Missfan Uni t  i s  AWRCOb l a r g e s t  Arkzsna mining p rope r ty  and 
is loca t ed  i n  s o u t h c e n t r a l  Arizona near  Tucson. The open-pi t  mine 
takes its name from a famous soeathwesterm landmark - t h e  Mission 
San Xavier d e l  Bac, 

k a i g n  c a p a c i t y  of t he  Mission concen t r a to r  i s  22,580 t o n s  of o r e  
per day (tpd). Late i n  1974, a  cutback i n  p roduc t ion  was i n i t i a t e d .  
I n  t h e  Pakter  part. s f  19"B5, a r educ t i on  in t h e  work week and a t h r e e  
week v a c a t i o n  shutdown kept  Mise ion ' s  p roduc t ion  w e l l  below capac i t y .  
The Mimion Unit processed 7.54 m i l l i o n  tone of copper o r e  i n  1974 a s  
compared t o  5.09 m i l l i o n  t o n s  i n  1975 ( s ee  Table V). 

A new computer program i a  i n  ope ra t i on  a t  t h e  Mission Unit  which an -  
alyzes t h e  o p e r a t i o n  of open-p i t  mines. Th is  program, c a l l e d  Optimum 
Reaowrce E x t r a c t i o n  (ORE), has  been used s u c c e s s f u l l y  t o  op t imize  
ope ra t i ons  a t  t h e  Mission Uni t .  ORE e x p l o i t s  a  computer b u i l t  model 
of the orebody. The computer model i s  der ived  from d r i l l  ho le  d a t a ,  
geo log i c  inf orme t i o n ,  topographic  con t o u r s  and gene ra l  economic 
f a c t o r s  a f f e c t i n g  p i t  de s ign .  It i s  used t o  determine t h e  b e s t  p r ec -  
t i c a l  p i t  form, i n c l u d i n g  bench con tou r s  and hau l  roads .  ( P h i l l i p s ,  
p, 14,  1973) 

The emoany has cont inued with i t s  r e v e g e t a t i o n  program a t  t h e  Mieeion 
Unit. The p r o j e c t  ie designed t o  s t a b i l i z e  and improve t he  sppearance 
of t a i l i n g s  dam s lopee  end overburden dumps. The o v e r a l l  ope ra t i on  
c o n s i s t s  of (1) cover ing  s e l e c t e d  areas w i t h  a l l u v i a l  t o p a o i l  (2) i n -  
s t a l l i n g  a temporary i r r i g a t i o n  system and (3)  p l a n t i n g  g r a s s  and 
desert v e g e t a t i o n .  For t he  year  1975, approximately 12,000 t ons  of 
a l luv ium were used f o r  r e v e g e t a t i o n  a t  t h e  Mission Uni t .  



San Xavier  Uni t - -- - 
The San Xavier Unit  i s  c u r r e n t l y  mining two s e p a r a t e  o r sbod ie s .  
The ox ide  o r e  whf ch o v e r l i e s  bo th  orebodies  i s  be ing  t r e a t e d  a t  
t he  u n f t a s  v a t  l e a c h  p l a n t ,  S u l f i d e  o r e ,  which u n d e r l i e s  t h e  
oxide capping,  w i l l  be t r e a t e d  a t  t he  Mission c o n c e n t r a t o r .  The 
u n i t  c a n . a i ~ t s  of t h r e e  ope ra t i ons  : (1) the San Xavier Vat Leach 
P l a n t  (2) the South San Xavier p i t  and (3) the North San Xavier 
P i t *  

Cutbacks f n  1995 produc t ion ,  which a f f e c t e d  two s f  A s a r c o s s  o the r  
Arizona u n i t s ,  were n o t  r e f l e c t e d  i n  San X w i e r ' e  produc t ion .  I n  
1975, the u n i t  mined 1 . 3 7  million t s n a  s f  copper o r e  a s  opposed t o  
X $22 m i l l i o n  t ons  i n  1974 (see Table V) , 

San X ~ v i e r  Vat Leach P l a n t  ------ The San Xavier  l e a c h  p l a n t  i s  
Asarco ' s  newest copper recovery  

ope ra t i on .  It i s  designed t o  p roces s  4,000 tpd  of copper oxide o r e  
and reeclver the  capper  a s  cement copper precipitates, For  each ton  
of o r e  p rocessed ,  approximately 16 pourndsl of copper are produced. 

Yearly ,  the p l a n t  i s  expected t o  consume about  50,000 t o n s  of s u l -  
f u r i c  a c i d  and apprsx2mteI .y  15,000 t o n s  of shredded t i n  can8 i n  
the leaching p r s c e s e ,  The San Xavier  v a t  l e a c h  p l a n t  i 8  one ex-  
ample of hydrometa l lu rg ica l  technology.  It u s e s  consumer-generated 
s o b i d  waste and a c i d  genera ted  by p o l l u t i o n  abatement t o  produce 
copper from law-grade o r e  which p rev ious ly  wae diegosed of a s  waste  
rock.  

The Soazt:h San Xtlvier P i t  The sou th  p i t  i s  an ex t ens ion  . 

s f  the Mission U n i t 1 s  p r e sen t  
orebody, The $are -mining o p e r a t i  on of overburden removal began i n  
March, 3.973, Actual  mining of o r e  began mid-year 1975, fo l lowing  
a year and a ha l f  of a t r i g p i n g .  This  mine i s  expected t o  supply 
copper oxide are t o  t h e  u n i t ' s  vat  l e ach ing  p l a n t  f o r  approximately 
3 y e a r s .  

The North San Xavier P i t  S t r i p p i n g  a t  t h e  n o r t h  p i t  began 
i n  1967, Nine m i l l i o n  tone of 

unmineral ized overburden were removed t o  a l l ow  a c c e s s  t o  t h e  oxide 
ore. 31+0,000 tons  of this overburden, c o n t a i n i n g  77 pe rcen t  silica, 
were crushed and shipped to Asarca s amef t e r  s a t  b y d e n ,  Arizona,  
and El Paso, Texas, for converter f l u x  (Roberts ,  l974), Copper 
oxide ore from t h i s  p i t  i s  expected t o  eupply t h e  u n i t  Is v a t  l e ach -  
i n g  plant f o r  5 y e a r s  of t h e  p l a n t  ' e  expectad 8 year l i f e .  



S i l v e r  B e l l  Uni t  

The S i l v e r  B e l l  Uni t  was Asarco ' 8  f i r s t  i m p o r t a n t  mining o p e r a t i o n  
i n  Ar izona  and i s  l o c a t e d  i n  t h e  S i l v e r  B e l l  Mountains nor thwes t  of 
Tucson, ALrizona. The company hae opera ted  t h e  S i l v e r  Bell  mines 
s i n c e  19512. T h i s  u n i t  consiets of (1) two a p e n - p i t  mines ,  the 
Oxide  p i t  and t h e  E l  T i r o  p i t  (2 )  a 10,500 tpd c o n c e n t r a t o r  and 
(3) a dump l e a c h  o p e r a t i o n .  S i l v e r  B e l l ' s  normal p r o d u c t i o n  of 
10,500 tpd was c u t  1 4  p e r c e n t  i n  l a t e  1974. Likewise ,  r e d u c t i o n  
i n  t h e  wcrk week and a v a c a t i o n  shutdown c u t  t h e  u n i t ' s  p r o d u c t i o n  
by approximately 57 p e r c e n t  of c a p a c i t y  d u r i n g  the l a t t e r  part of 
1975. 2 .54  m i l l i o n  tons  o f  cop$er o r e  were mined a t  the u n i t  i n  
1975 compared t o  3.85 m i l l i o n  tons  i n  1974 ( see  Table  V) . The 
u n i t ' s  molybdenum c o n c e n t r a t o r  was c l o s e d  th rough  1974-1975. 

Saca ton 'TJnit 

The Sacatan U n i t ,  a i t u a t e d  5 miles nor thwes t  of Casa Grande, i s  
Asarco9s newest producing Arizona mine,  The mine,  named a f t e r  
t h e  Saca tow Mountai ns , came on -8 t ream i n  March ;' 1974. 

Pre -produc t ion  s t r i p p i n g  began a t  S a c a t o n s s  west  orebody i n  May, 
f 972. Approximately 3 3 . 5  m i l l i o n  t o n s  of overburden were removed 
A 9,QOO tpd c o n c e n t r a t o r ,  r e l a t e d  s u r f a c e  f a c i l i t i e s  and a  2 . 3  
m i l e  r a i l r o a d  spur  were c o n s t r u c t e d  a t  a cost of abou t  $40 m i l l i o n .  

The Sacaton Unit was u n a f f e c t e d  by p rodue t ion  cu tbacks  d u r i n g  1975. 
The u n i t  m h e d  1,93 m i l l i o n  tons  of copper o re  i n  1974 and i n c r e a s e d  
that ffgrare t o  3 .61  m i  a l i ~ n  d u r i n g  1975 (see Table  V) . 
S a e a t o n 8 s  s t o r y  goes back beyond t h e  p r e - p r o d u c t i o n  work which s t a r t e d  
i n  1972, Aaarco" g e o l o g i s t s  made t h e  o r i g i n a l  d i s c o v e r y  i n  1961. 
Drilling o p e r a t i o n s  d e l i n e a t e d  two s e p a r a t e   reb bodies d u r i n g  t h e  i n -  
t e r v e n i n g  years.. Geolog ica l  e v a l u a t i o n s  and m e t a l l u r g i c a l  t e s t i n g  were 
conducted after which t h e  d e c i s i o n  was made t o  mine t h e  sha l low wes t  
orebody 1~y  o p e n - p i t  methods.  Two y e a r s  were s p e n t  p l a n n i n g  t h e  open- 
p i t  mine,  c o n c e n t r a t o r  and s u r f a c e  f a c i l i t i e s .  Design s t u d i e s  are 
r~till. underway t o  mine t h e  e a s t  orebody by b lock-cav ing  methods. It 
is expec ted  t h a t  t h i s  phase of t h e  Sacaton Unft  w i l l  be  on l i n e  i n  1980. 

Asarco ' a  Hayden U n i t ,  l o c a t e d  i n  Hayden, Ar izona ,  i s  composed of 
(1) a copper s m e l t e r  with t h e  capacity  t o  treat 960,OQO tpy  of 
i n p u t  mat:erirsl and (2)  a s u l f u r i c  a c i d  p l a n t  c a p a b l e  of producing 
1 ,000 tpd of s u l f u r i c  a c i d .  



Bilf Hole Mining Company 

The Big IIole Mining (Big Hole) Cmpanyla  ope ra t i ons  a t  Jerome, 
Yavapai County, Ar izona ,  i n c l u d e s  (1) t h e  c o n t r a c t  mining of 
high-grade o r e  pocke ts  (2) conduc t ing  dump l e a c h i n g  ope ra t i ons  
and (3) o p e r a t i n g  a  p r e c i p i t a t i o n  p l a n t .  -- 

I n  t h e  e a r l y  1950 ' s ,  &he lps  Dodge Corpora t ion  c losed  down i t s  
United Verde mining ope ra t i one  a t  Jerome. A t  t h a t  t i m e ,  Big 
Hole con~:raetad w i t h  Bhelps Dodge t o  mine remaining ore and t o  
r e cove r  leachable copper from t h e  dumps. Big Hale ' s  o p e r a t i o n s  
continaxeti from t h a t  t ime u n t i l  the  c m p a n y  s h u t  down t h e i r  op- 
e r a t i o n  in June ,  1975. 

Cf t i e s  Se rv i ce  -pany0s 
Miami D i v i s i o n  

C i t i e s  Se rv i ce  Company's Miami D i v i s i o n  o p e r a t i o n s  a r e  l oca t ed  i n  
the Globe-Miamf area ,  about  90 m i l e s  e a s t  of Phoenix,  Ar izona ,  and 
approximiatel y  120 m i l e s  n o r t h  of Tucson, Ar izona ,  

C i t i e s  Service Company announced, on A p r i l  2 3 ,  1976, t h a t  i t s  
Miami Opera t ions  became a s e p a r a t e  d i v i s i o n  w i t h i n  t h e i r  newly 
organized Minerals Group. The new d i v i s i o n  c o n t r o l s  the  fo l l owing  
major f a c i l i t i e s  : (I)  P i n t o  Val l e y  opera t f  ons  (2) Miami Leaching 
(3)  Miami Eas t  underground mine (4) Copper C i t i e s  open-p i t  mine 
and (5) Copper C i t i e s  l e ach ing  u n i t .  A 1 1  f a c i l i t i e s  a r e  l oca t ed  
i n  Gila County, Arizona.  

P i n t o  Val1ey Opera t ions  

Cities Service Company's newest development,  P in to  Va l l ey ,  was 
placed im product ion d u r i n g  1974. The o p e r a t i o n  c o n s i s t s  o'f 
(1) an open -p i t  mine (2) a 40,000 tpd concen t r a to r  and r e l a t e d  
s u r f a c e  f a c i l i t i e s  and (3) a 1 0  m i l e  c o n c e n t r a t e  s l u r r y  p i p e l i n e  
t o  the I n s p i r a t i o n  s m e l t e r .  

P re -produc t ion  s t r i p p i n g  began a t  the P i n t o  Vs l l ey  orebody i n  1972. 
About 60 mi f l i o n  tons of overburden were removed. The c u r r e n t  p i t  
de s ign  c o n t a i n s  r e s e r v e s  of approx imate ly  350 m i l l i o n  t o n s  of o r e  
averag ing  0 .4% pe rcen t  copper .  Based on an i n i t i a l  p roduc t ion  
t a r g e t  s f  4Q,000 tpd o r e  and 60,000 tpd waate,  mine l i f e  i s  e s t i -  
mated a t  24  years. 

The c u r r e n t  s t r i p p i n g  r a t i o  i s  1.5:1,  r e q u i r i n g  the  u l t i m a t e  r e -  
moval of more than 500 milPion t o n s  of waste  and leach-grade  ma- 
t e r i a l  (Li and C a r t e r ,  1975) .  The 40,000 tpd c o n c e n t r a t o r ,  a c -  
co rd ing  t o  P i n t o  Val ley  e n g i n e e r s ,  w i l l  be monitored and c o n t r o l l e d  
by  s o p h i s t i c a t e d  e l e c t r o n i c  moni to r ing  systems complete w i t h  a u t o -  
mat ic  ana log  c o n t r o l  systems s u i t a b l e  f o r  f u t u r e  computer hookup, 
and an X-ray minera l  a n a l y s i s  syrstem (Li and C a r t e r ,  1975) .  



P i n t o  Valley's 1974 produc t ion  of 3 . 2 6  m i l l i o n  tons  of o r e  mined 
r e f l e c t  the mid-year s t a r t - u p .  For 1975, t h e  ope ra t i ng  r a t e  av- 
eraged approximately 90 percen t  of c a p a c i t y  o r  13.90 m i l l i o n  tone.  
(see  Table V) 

By 1959, o r e  from the old  Miami I n s p i r a t i o n  orebody which could 
p r o f i t a b l y  be mined by underground methods was exhausted.  Y e t ,  
as  i n  any mining o p e r a t i o n ,  s c a t t e r e d .  m a l l ,  high-grade pocketa 
remained u m i n e d ,  Aleo, most of t he  minera l ized  rock  t h a t  wae t oo  
low i n  copper  con t en t  f a r  mill feed  remained i n  p lace .  To e x t r a c t  
t h i s  copper ,  l each ing  s o l u t i o n s  are f ed  i n t o  t he  block-cave eub- 
s idence  area and recovered through old  undarground openings.  The 
pregnant s o l u t i o n s  are  pumped t o  the s u r f a c e  f o r  cement copper 
p r o d u s t i  on.  

Currently, copper seeovered by s o l u t i o n  mining i s  be ing  p r e c i p i  - 
t a t e d  on shredded t i n  cans .  A s o l v e n t  ex t r ac t i on -e l ec t rowinn ing  
unit f s under  c o n s t r u c t i o n  which w i l l  r e p l a c e  t h e  o l d e r  ope ra t i on .  
T h i ~  new l each ing  p l a n t  i~ expected t o  be on-stream sometime i n  
1976 (on-line May, 1976,  expected ou tpu t  i s  30,000 pounds p e r  day) .  
The new p l a n t  w i l l  produce cathode copper .  Cu r r en t l y ,  p r e c i p i t a t e  
copper i s  being  m e l t e d  and r e f i n e d  eleewhere.  

M i a m i  E a s t  Mine 

Thia deep ,  underground orebody i s  loca ted  i n  the  down-faulted e e c t i o n  
of the clld Miami - I n s p i r a t i o n  orebody. Diajcovery of t h i e  l a r g e  mfn- 
eralized zone was t he  r e s u l t  of an ex t ens ive  s u r f a c e  d r i l l i n g  program. 
Once development work i s  completed, t he  mine 1s expected t o  produce 
about 5,000 tpd of copper o r e ,  u s i n g  the c u t  and  f i l l  mining method. 

Cities Service announced September 24, 1975, t h a t  s t a r t - u p  of t he  
Mami E a ~ s t  Mine, scheduled f o r  e a r l y  1976, had been postponed and 
a e t i v i t i , e a  a t  the  mine will. be g r a d u a l l y  reduced. The p r o j e c t  i s  
t o  be pl.aeed on standby maintenance i n  e a r l y  1976 u n t i l  economic 
cond i t i ons  war ran t  resumption of development. 

Copper Cif t it3 B open - p i t  mine 8 

The Copper C i t i e s  and t he  Diamond H open-p i t  mines,  which have been 
i n  p roduc t ion  since 1954, were s h u t  down on May 9,  1975, because of 
d e p l e t i o n  of ore reserves, M i l l i n g  o f a  low-grade s t o c k p i l e  cont inued 
u n t i l  September 12 ,  1975, when a l l  mining and m i l l i n g  o p e r a t i o n s  
ceased. 



Copper C i  t i e  s Leaching Uni t  

Th i s  u n i t  i s  r e s p o n s i b l e  f o r  t h e  dump leach ing  a c t i v i t y  a t  Copper 
C i t i e s  mines.  Copper from the  pregnant  l e ach  e o l u t i o n  i s  recovered 
a t  t he  u n i t ' s  p r e c i p i t a t i o n  p l a n t .  Since 1962, t h e  u n i t  has  been 
leach ing  copper v a l u e s  f r m  low-grade, n o n a i l l a b l e  o r e s .  

Con t inen t a l  M a t e r i a l s  Corporat i  on 

Cont inen ta l  P i a t e r i a l s  Corpora t ion ,  through i t s  wholly-owned sub- 
s i d i a r y ,  Cont inen ta l  Copper Company, i a  deve lop ing  an underground 
ore  d e p o s i t  a t  t h e  Con t ro l  mine p rope r ty .  The p rope r ty  i s  pa ten ted  
and l i e s  w i t h i n  the  Goronado Nat iona l  F o r e s t ,  on t he  n o r t h e a s t  s l o p e s  
of the  Santa  C a t a l i n a  Mountains, Pima County, Arizona.  Cont inen ta l  
Copper acqu i r ed  t h e  p r o p e r t y  i n  1969 and s i n c e  t h a t  time has  conducted 
an a c t i v e  e x p l o r a t i o n  program. In August, 1976, Con t inen t a l  M a t e r i a l s  
Corporat ion announced t h a t  i t  had s igned a  l e t t e r  of i n t e n t  wi th  Union 
Miniere  of B rus se l s  t o  j o i n t l y  deve lop  an underground mine on t he  Con- 
t r o l  group proper ty .  The completed p r o j e c t  w i l l  c o s t  an  ee t imated  
$35 m i l l i o n  and w i l l  r e s u l t  i n  t h e  development of  a  smal l ,  bu t  h igh-  
g rade ,  underground copper mine, a  2,000 tpd concen t r a to r  and r e l a t e d  
ground f a c i l i t i e s ,  

Con t inen t a l  O i l  Cmpany 

Cont inen ta l  O i l  Company (Conoco) i s  e v a l u a t i n g  t he  f e a s i b i l i t y  of 
c o n s t r u c t i n g  a n  open-p i t  mine and r e l a t e d  f a c i l i t i e s  nea r  F lorence ,  
P ina l  County,  Arizona.  

I n  1970, Conoco announced the  d i s cove ry  of porphyry copper mine ra l -  
i z a t i o n  whi le  conduct ing p r e l im ina ry  d r i l l i n g  nea r  F lorence .  Tes t  
mining and ope ra t i ons  a t  t h e  p i l o t  m e t a l l u r g i c a l  recuvery  p l a n t  were 
completed du r ing  1975. A comprehensive engineer ing  and economic 
a n a l y s i s  of a  commercial mine and p l a n t  i s  be ing  prepared.  This  
s tudy  w i l l  u s e  d a t a  ob ta ined  du r ing  ope ra t i on  of t he  t e s t  mine and 
p i l o t  recovery  p l a n t ,  ongoing environmental  and hyd ro log i ca l  s t u d i e s  
and i n d u s t r y  market ing f o r e c a s t s ,  

Archae log ica l  s t u d i e s  conducted by t he  U n i v e r s i t y  of Arizona and 
sponsored by Conoco d i s c l o s e d  s e v e r a l  p r e h i s t o r i c  s i t e s  l y i n g  w i t h i n  
t h e  proposed miping a r e a .  The major e i t e ,  t h e  Esca lan te  r u i n ,  and 
s eve ra l  ou t l y ing  s i t e s  were excavated by a team of a r c h a e o l o g i s t s  from 
t h e  Univerof t y  of Arizona. The company is conduct ing f u r t h e r  a r chae -  
o l o g i c a l  s t u d i e s .  



Cyprus Mines Corporatf  0~ 

The Cyprus Mines Corpora t ion  whol ly  owns o r  c o n t r o l s ,  a s  s u b s i d i -  
aries, fou r  mining companies i n  t h r e e  of Ar i zona ' s  c o u n t i e s .  They 
a r e :  (1) Cyprus Bagdad Copper Company, Yavapai County (2) Cyprus 
Bruce Copper & Zinc Company, Yavapai County (3)  Cyprus Johnson Cop- 
per  Company, Cochise County and (4) Cyprus Pima Mining Company, 
Pima C o ~ ~ n t y .  

Cyprus 

Cyprus1 Bagdad o p e r a t i o n  i a  loca ted 102 mi l ee  nor thwes t  of Phoenix, 
Arizona,  and 68 mikes west  of P re scok t .  The preaen t  ope ra t i on  con-  
s is ts  of (1) an open-p i t  mime (2 )  a 5,880 tpd concen t r a to r  producing 
copper and molybdenum c o n c e n t r a t e s  (3) an oxide dump l each ing  eystem 
(4) a solvent ex t r ac t i on -e l ec t rowinn ing  p l a n t  and (5) a  town wi th  a 
h o s p i t a l ,  schools ,  a shopping c e n t e r  and o t h e r  f a c i l i t i e s  for i t s  
550 employees and t h e i r  f a m i l i e s .  

I n  May, 1973, a t  t h e i r  annual meet ing,  the e tockholdess  vo ted  t o  
merge Bagdad Copper Corporat ion i n t o  Cyprus, The merger was com- 
p l e t ed  i n  June of t h a t  year. The b a s i c  reason  f o r  t h i s  merger was 
t o  fac i  l i t a g e  expansion of t he  Bagdad o p e r a t i o n ,  I m e d i d t e l y  f o l -  
lowing the merger,  Cyprus undertook a major f e a s i b i l i t y  s t udy  f o r  
the  expansion of the mine, m i l l  and the  p o s s i b l e  c o n s t r u c t i o n  of a 
amektsr and a r e f i n e r y *  Au tho r i za t i on  t o  proceed w i t h  t h e  expansion 
p r o j e c t  came i n  1974. 

I n  Octoiaer, 1974, Cyprus Bagdad choee Holmes & Narver,  Pnc., i n  con-  
junc t ion  wil t h  F luor  Utah, I n c . ,  t o  complete the des ign ,  eng inee r ing  
and groceurernent f o r  the  p r o j e c t .  The planned expansion i s  t o  i nc lude  
(I) a 40,000 tpd concen t r a to r  u s i n g  an autogenous g r ind ing  method w i t h  
secondary b a l l  m i l l s  (2)  a wate r - supply  eystem (3) a t a i l i n g s  d i s p o s a l  
and rec:%airn wa te r  systems ( 4 )  warehou~les and (5) mine and m i  11 off  i c e s  
and shops.  A g r e a t l y  en l a rged  and improved employee c s  n i t y  a l s o  i e  
t o  be a major p a r t  of t h e  expansion.  

Proven ore r e s e r v e s  of approxi* t e l y  300 m i l l i o n  t ons  c o n t a i n i n g  an  
average of 0.49 percen t  copper w i l l  a s s u r e  o p e r a t i o n  a t  t h e  a c c e l e r a t e d  
rate f o r  about 20 y e a r s .  Meanwhile, d e t a i l e d  d r i l l i n g  i s  be ing  con- 
ducted :&n the surrounding a r e a  of m i n e r a l i z a t i o n  w i th  t h e  i n t e n t  of 
developing o r e  f o r  f u r t h e r  expansions and extended mine l i f e .  

A t  the  end of 1975, a l l  major c o n s t r u c t i o n  p r o j e c t s  were on echedule .  
The e n t i r e  program, es t imated  t o  c o s t  $240 m i l l i o n ,  i s  expected t o  be 
completed du r ing  t he  l a s t  quarter of 1977, 

S t r i p p i n g  a c t i v i t i e s  f o r  the  c u r r e n t  expaneion p r o j e c t  are  expected 
t o  add approximately 28 miPl ion t ons  of l e achab l e  oxide m a t e r i a l  t o  
the  existing 88 m i l l i o n  t ons .  However, Cyprus Bagdad does  no t  pro-  
pose any expansion of  i t s  copper oxide leach ing  eyatem, 



Electrotvon ca thodes,  firoduced a t  t h e  company's so lven t  e x t r a c t i o n  - 
e l ec t rowinn ing  p l a n t ,  were c e r t i f i e d  f o r  New York Commodity Exchange 
contract ls .  This  was an  impor tan t  m i l e s tone  f o r  t h e  p l a n t  because 
Cyprus k2agdadVs ca thodes  were t h e  f i r s t  e lectrowon cathode8 t o  r e -  
c e ive  suck c e r t i f i c a t i o n .  The ca thodes  have c o n s i s t e n t l y  had t h e  
same o r  b e t t e r  q u a l i t y  t h a n  ca thodes  made by convent iona l  e l e c t r o -  
r e f i n i n g .  

Cyprus Bruce & Ztnc Company 

Cyprus Bruce i s  l oca t ed  5 miles southweet s f  t h e  Cygrue Bagdad Mining 
complex, The mine p r o p e r t y  c o n s i s t s  s f  (1) a small., h igh-grade,  un-  
derground, capper and z i n c  mine ( 2 )  a 2763 tpd concen t r a to r  and (3) 
r e l a t e d  f a c i l  i t f e s ,  

New f a c t o r s  have been in t roduced  i n t o  t he  mining system. Theee 
f a c t o r s  g r e a t l y  improved produc t ion  and have s i g n i f i c a n t l y  reduced 
mining c o s t s .  The c u t  and hyd rau f i c  f i l l  mining eyatem h a s  been 
mechanized by a d d i t i o n  of LHD ( l oad ,  hau l  and dump) equipment. I n  
1975, a new, l a r g e ,  mobi le  d r i l l  jumbo was placed i n  s e r v i c e .  

The Bmce mine i s  Arizona" l a r g e s t  z i n c  producer .  I n  1975, t h e  o r e  
t r e a t e d  a t  Cyprus Bruce conta ined  an  average of 12.5 pe rcen t  z i n c  
and an swerage of 3 . 7 3  pe rcen t  copper .  The concen t r a to r  t r e a t e d  
94,608 t o n s  of ore  c o n t a i n i n g  6.54 m i l l i o n  pounds of copper and 19.12 
rnPlEion pounds of z i n c .  (see Table V) 

I n t e n s i v e  underground e x p l o r a t i o n  a c t i v i t y  was c a r r i e d  ou t  through 
1975 and w i l l  con t inue  i n  1976. Thus far ,  no a d d i t i o n a l  o r e  has 
been developed. Proven r e s e r v e s  of 195,000 t ons  a r e  e u f f i c i e n t  f o r  
l i t t l e  more then two y e a r s  of o p e r a t i o n  ao t h e  c u r r e n t  mining rate. 

Johnson Copper Company 

The Cyprus Johneon p r o p e r t y  is s i t u a t e d  65 m i l e s  e a s t  of Tucson near  
Benson, Arizona. I t  c o n s i s t s  of a smal l  oxide-copper open-p l t  mine 
wi trh a s o l v e n t  ex t r ac t i on -e l ec t rowinn ing  p l a n t  and r e l a t e d  f a c i l i t i e s .  
Product ion began i n  March, 1975. I t  i s  expected t h a t  by 1976 des ign  
c a p a c i t y  of 5,000 tons  per  yea r  ( tpy)  of h i g h - q u a l i t y  copper ca thodes  
w i l l  be  achieved.  

A t  t h e  planned mining r a t e ,  Cyprus Johnson's r e s e r v e  of n e a r l y  13 
m i l l i o n  tons  of oxide -copper o r e ,  w i th  0 3 0  percen t  a c i d  - so lub le  copper 
c o n t e n t ,  w i l l  assure an operating life of nine years.  



Pima Mining Company 

Cyprus 'Mines Corpora t ion  i s  t h e  ope ra to r  and owner of 50.01 pe rcen t  
of t he  Cyprus Pima Mining Company loca t ed  nea r  Tucson, Arizona. The 
non-opera t ing  p a r t n e r s ,  Union O i l  Company of C a l i f o r n i a  and Utah I n -  
t e r n a t i o n a l ,  each o m  approximately 25 pe rcen t .  The o p e r a t i o n  con- 
s i s t ~  o f  (1) 8n open-p i t  mine (2) a concen t r a to r  and (3) a recsearch 
and deve lopmnt  s e c t i o n .  

Resulta of an e x t e n s i v e  d r i l l i n g  program &onal~leted i n  September of 
1974 a re  being eva lua t ed  t o  determine i f  expansion of t he  p r e sen t  
p f t  t o  t he  east  and sou theas t  might be p r o f i t a b l e ,  I f  8uch expansion 
proves  f e a s i b l e ,  t he  ope ra t i ng  l i f e  sf t h e  mine w i l l  be  extended s i g -  
n i f i c a n t l y  , 

The 53,500 tpd concen t r a to r  produces both copper c o n c e n t r a t e  and 
molybdenum sulfide . S i l v e r  eon t  a ined i n  t h e  copper concen t r a t e  i s  
an impor tan t  byproduct .  The semi-autogenous g r ind ing  w i l l s  i n s t a l l e d  
i n  the c o n c e n t r a t o r  i n  1973 have cont inued t o  prove s a t i s f a c t o r y  w i th  
a r e s u l t a n t  r e d u c t i o n  in per  t on  m i l l i n g  c o s t s .  

The Reaearch and Development Sec t i on  i s  con t inu ing  w i t h  the  deve lop-  
ment of the Cymet procees .  The p roces s ,  being developed j o i n t l y  by 
Paul R. Kruesf ,  Hazen Research and Cyprus, has  a s  i t s  o b j e c t i v e  t h e  
d i r e c t  r educ t i on  of copper from copper s u l f i d e s .  Such a process  
could reduce the need f o r  t h e  py rome ta l l u rg i ca l  p rocees  of sme l t i ng  
and fte r e s u l t a n t  product ion of s u l f u r  gases .  Tes t ing  and improve- 
ment of t ha  C p e t  p rocess  cont inued du r ing  1975 a t  t h e  demonstrat ion 
plant, Another r e s u l t  a% t he  r e s e a r c h  and development program i s  a 
new p a t e n t e d  p roces s  f o r  removing t a l c  from molybdenum o re  by f l o t a -  
tion s e p a r a t i o n .  The process  makes posclible s i g n i f i c a n t  m e t a l l u r g i c a l  
improvements i n  the t rea tment  of copper-molybdenum o r e s  con t a in ing  t a l c .  

DUVAL CORPORATION 

h v a l  Corpora t ion  (DuvaL) i s  t h e  mining s u b s i d i a r y  of the Pennzoil  
Company,, W v a l  o p e r a t e s  t h r e e ,  l a r g e ,  open-p i t  mines i n  two of 
Arizona 's  countie8: (1) t he  Esperanza p rope r ty  i n  Pima County (2)  
the Mineral  Park p r o p e r t y  i n  Mohave County and (3) the  S i e r r i t a  
p rope r ty  i n  Pima County, opera ted  through i t s  wholly-owned aubeid - 
i a r y ,  Duval S i e r r i t a  Corpora t ion .  The company a l s o  completed con-  
s t r u c t i o n  of a new CLEAR-procese hydrometa l lu rg ica l  p l a n t  nea r  i t s  
S i e r r i t a  p roper ty .  Copper p roduc t ion  from t h i s  p l a n t  began i n  t h e  
first q u a r t e r  of 1976, 

The E s p ~ r a n z a  p rope r ty ,  located n e a r  Tucson, Arizona,  c o n s i s t s  of 
(1) a copper-molybdenum open-p i t  (2) an 18,000 tpd concen t r a to r  and 
(3) a l e a c h - p r e c i p i t a t i o n  ope ra t i on .  



T h i s  cspper-molybdenum p r o p e r t y  resumed o p e s a t f o n s  e a r l y  i n  1973 
fol lowin,g  a  one-year  shutdown i n t e n d e d  t o  , r educe  t h e  copper  con- 
c e n t r a t e  i n v e n t o r y  which had accumulated d u r i n g  a s m e l t e r  s t r i k e .  
A 25 p e r c e n t  i n c r e a a e  i n  p r o d u c t i o n  was made p o s s i b l e  t h r o u g h  
p l a n t  moldif ica t ion i n i t i a t e d  d u r i n g  t h e  shutdown. However, i n  
February ,  1975, because  of t h e  weak deman6 f o r  copper ,  Duval was 
a g a i n  forced t o  r e d u c e  p roduc t ion  a t  t h e  ~ s p e r a n z a  p r o p e r t y  t o  
5.49 m i l l i o n  tons  of copper  o r e .  The I974 produc t ion  was 6 .41  
m i l l i o n  t o n s .  (see Table  V) The molybdenum o u t p u t  was n o t  a f -  
f e c t e d  by  the cutback i n  copper g roduc t f  om. E ~ p e s a n z a  ' e  con-  
c e n t r a t e s  and p r e c i p i t a t e s  are t o  be  t r e a t e d  a t  h v a l b  new 
CLEAR-proceas h y d r o m e t a l l u r g i c a l  plant, 

Mineral  Park  

Minera l  Park i s  l o c a t e d  approx imate ly  16  m i l e s  nor thwes t  of 
K i n m a n ,  Ar izona .  P roduc t ion  began a t  t h f s  h v a l  p r o p e r t y  i n  
l a t e  1964. The o p e r a t i o n  c o n s i s t s  of (1) a copper-molybdenum 
o p e n - p i t  mine (2)  an 18,500 tpd c o n c e n t r a t o r  (3)  a  dump l e a c h i n g  
o p e r a t i o n  and ( 4 )  molybdenum t r f o x i d e  p l a n t  (no t  i n  u s e  a t  t h i s  
t ime)  , 

I n  l i n e  w i t h  a g e n e r a l  p o l i c y  of c u r t a i l m e n t  of copper p r o d u c t i o n ,  
hva3, reduced copper  p r o d u c t i o n  a t  Mineral  Park i n  1975. Because 
of a mechanical  problem, t h e  mine had been o p e r a t i n g  a t  a reduced 
c a p a c i t y  f o r  two months p r i o r  t o  t h i s  l a s g a r  cu tback ,  6.38 m i l l i o n  
t o n s  of copper o r e  were mined i n  1994 a s  compared t o  5.57 m i l l i o n  
t o n s  En 1975. Copper c o n c e n t r a t e s  and copper p r e c i p i t a t e s  produced 
a t  t h i s  p r o p e r t y  a r e  expec ted  to b e  t r e a t e d  a t  t h e  new CLEAR-process 
h y d r o m e t a l l u r g i c a l  p l a n t  a t  t h e  S i e r r i t a  p r o p e r t y .  Minera l  P a r k ' s  
molybdenum c o n c e n t r a  t e a  a r e  shipped t o  Duva l l  s S i e r r i  t a  p r o p e r t y  
where they are processed .  

In 1975, Duval C o r p o r a t i o n ' s  Minera l  Park D i v i s i o n  p a r t i c i p a t e d  i n  
the  c o n s t r u c t i o n  of two h i a t o r i c a l  markers .  The markers  were con-  
s t r u c t e d  as a Bi 'centennia l  -approved p r o j e c t  and were p l a c e d  a long  
U., S, Highway 93 ,  n o r t h  of Kingman. Constructed of redwood and 
placed on n a t i v e  s t o n e  f o u n d a t i o n s ,  t h e  markers  commemorate t h e  
o l d  mining camps of C e r b a t  and Minera l  Park.  

Duval S i l e r r i  ta C o r p o r a t i o n  -- 
Duval S i e r r i  ts C o r p o r a t i o n ,  a wholly-owned s u b s i d i a r y  of t h e  Duval 
C o r p o r a t i o n ,  owns and o p e r a t e s  the S i e r r i t a  mine. Thia p r o p e r t y  
i s  l o c a t e d  a d j a c e n t  t o  Duve l ' s  Esperanma mine n e a r  Tucson, Arizona.  
Duval acquired t h e  S i e r r i t a  p r o p e r t y  i n  1964. The purpose  of t h i s  
a c q u i s i t i o n  was t o  p rov ide  f u t u r e  r e s e r v e s  for t h e  Esperanza prop-  
erty, 



The S i e r r i t a  p r o p e r t y  i s  composed of (1) a copper-molybdenum open- 
p i t  mine (2)  a  90,000 tpd c o n c e n t r a t e r  and r e l a t e d  ground f a c i l i t i e s  
(3)  a 2.2  m i l e  long  conveyor system ( 4 )  a molybdenum procesa ing  p l a n t  
which produces  molybdenum t r i o x i d u  (5) a new f e r r o  -molybdenum p l a n t  
which came on - l i ne  February,  1975, and (6) t h e  CLEPIR-proces~ hydro- 
m e t a l l u r g i c a l  p l a n t .  

I n  May, 11966, the General  S e r v i c e s  Admin i s t r a t i on  (W), in t h e  i n -  
t e r e s t  of n a t i o n a l  s e c u r i t y ,  announced a program t o  encourage ad-  
d i t i o n a l  do rnea~ i e  p roduc t ion  of copper ,  nuval formed t h e  Duval 
S i e r r i t a  Corpora t ion  (Duvak S i e r r i t a )  which s u c c e s s f u l l y  conducted 
n e g o t i a t i o n s  w i t h  G3.A f o r  t h e  development o f  t h e  S i e r r i  t a  p rope r ty .  
The con tracts were s igned Norannber, 1969. Under t he  c o n t e a c t  , 
Duwal S i e r r i t a  waa advanced $83 m i l l i o n  aga ins t  f u t u r e  d e l i v e r y  of 
copper t o  t h e  government a t  a f ixed p r i c e  of 38 c e n t s  p e r  pound, 
Total c o s t  f o r  t h e  development of t h e  p r o p e r t y  approached $200 
milk lo^^. 

UnPf ke Dnval" o t h e r  Arizona proper  t i e  a ,  h v a l  S i e r r i  t a  ' s groduc - 
t i o n  was n o t  c u r t a i l e d  du r ing  the g e n e r a l  I975 produc t ion  slowdown. 
S u b s t a n t i a l l y  a11 of Buval S i e r r i t a b s  1975 copper  p roduc t ion  was 
d e l i v e r e d  t o  the C;SA pursuan t  t o  an a c c e l e r a t e d  loan  repayment 
schedule .  Duval S i e r r i t a  mined 30.50 m i l l i o n  t one  of copper o r e  
i n  1974. Product ion r o s e  t o  31.43 m i l l i o n  tons of copper o r e  
mined ( s ee  Table V) i n  1975. 

I n  February ,  2 9 7 5 ,  h v a l  S i e r r i t a ' a  new ferro-molybdenum p l a n t  
began produc t ion .  The p l a n t  i s  des igned  t o  p roce s s  3.61 m i l l i o n  
pounds sf rnalybdenum t r i o x i d e s  a n n u a l l y  f o r  t h e  p roduc t ion  of 3.5 
m i l l i o n  pounds of ferro-molybdenum pe r  yea r .  P r i o r  t o  t he  open- 
i n g  s f  t h i s  p l a n t ,  t h a t  p o r t i o n  of Buval.Oas molybdenum c o n c e n t r a t e s  
which were marketed a s  ferro-molybdenum were conver ted  on a  t o l l  
b a a i s ,  The remafning concen t ra  t e a  are now marketed a s  molybdenum 
s u l f l d e  o r  are processed and so ld  a s  molybdenum t r i o x i d e .  

The CLEAR-process , a  new hydrome t a l  l u s g i c a l  p roce s s  devef oped by 
Duval and t e s t e d  over  a two-year p e r i o d ,  i s  no longer  i n  t h e  ew- 
per imenta l  e tage .  The absence of s o l i d ,  l i q u i d  and gaseous p o l -  
l u t i o n  i s  one of t h e  major de s ign  f e a t u r e s  of t h e  pa t en t ed  CLEAR- 
p roces s ,  The p roces s  r e c o v e r s  m e t a l l i c  copper from c h a l c o p y r i t e  
and o t h e r  copper -con t a i n f n g  m a t e r i a l s  by f e r r i c  c h l o r i d e  oxida - 
t i o n  t o  produce c u p r i c  c h l o r i d e .  The cupric c h l o r i d e  i s  reduced 
t o  cuprous c h l o r i d e  and copper i s  recovered by electrolysis 
(Engineer ing and Mining J o u r n a l ,  June ,  1996, p. 245).  

Duval began c o n s t r u c t i o n  i n  1974 on t he  32,500 t py  CLEAR-process 
p l a n t .  W i  t h  cons t r u e  t i o n  completed , the p l a n t  comeneed produc t ion  
of copper c r y s t a l s  ( equ iva l en t  t o  a  high-grade b l i s t e r  copper )  
du r ing  t he  f i r s t  q u a r t e r  of 1976. 



Hecla Mining Company - Paso Natural  Gas Company -- 
Hecla Mining Company (Hecla) , t h e  o p e r a t i n g  company, and E l  Paso 
Natural  Gas Company (El Pam) each own 50 pe rcen t  i n t e r e s t  i n  t he  
Lakeshore copper mining complex. The Lakeshore p rope r ty  i s  pres- 
e n t l y  under development and i s  expected t o  come on-stream e a r l y  
1976, Mine product ion w i l l  beg in  a t  a r e l a t i v e l y  low r a t e  and 
w i l l  g r a d u a l l y  i n c r e a s e  over s e v e r a l  months. Each p a r t n e r  w i l l  
s h a r e  e q y a l l y  i n  a l l  p reproduc t ion  and p l a n t  c o n s t r u c t f a n  c o s t s  
which are c u r r e n t l y  e s t ima ted  a t  $195 mi lk ian .  

When p r ~ ~ d u c t i o n  c n c e s ,  h e l a  and E l  Padp0 w i l l  each r e c e i v e  
a one-half  share of t he  product ion ou tpu t  and a l l  product ion 
c o s t s  w i l l  be d iv ided  e q u a l l y ,  

The Lakeshore mine is l oca t ed  i n  the  S l a t e  Mountains w i th fn  the 
Papago Ind i an  Reserva t ion ,  approximately 30 m i l e s  sou th  of Casa 
Grande and 3 miles east of Komelik, Penal County, Arizona. 

Eakeshau:e I s  orebody c o n s i s t s  of t h r e e  sections: (I) a t h i c k ,  
c e n t r a l  co re  sf s u l f i d e  zone porphyry-type ore m i n e r a l i z a t i o n  
s i m f l a r  t o  o the r  Arizona deposf t s  (2 )  a t a c t i t e  s u l f i d e  o r e  
occu r r i ng  a t  t he  ba se  and margina l  t o  t h e  porphyry-type miner-  
a l i z a t i o n  and (3) an oxide zone, P r e s e n t  mine development a l lows  
f o r  concur ren t  mining of the  t a c t i t e  s u l f i d e  a r e  and t he  oxide 
ore.  The c e n t r a l  co re  porphyry-type m i n e r a l i z a t i o n  w i l l  be  developed 
f o r  l a t e r  rnfning, 

The Lakeshore proper ty  c o n s i s  t e  of (1) an underground mine (2) a 
17,500 t p d  f i n e  c rush ing  p l a n t  (3) a 6,450 tpd v a t  l each ing  p l a n t  
(4) an f1,000 t p d  s u l f i d e  concen t r a to r  and r e l a t e d  ground f a c i l i -  
t i e s  (5) a sponge i r o n  p l a n t  and (6) a r o a s t i n g ,  l e ach ing  and 
e lec t rowinning  p l a n t  w i t h  an a s s o c i a t e d  a c i d  p l a n t .  Hec la ' s  
Lakeshore f a c i l i t i e s  are designed t o  produce h i g h - p u r i t y  cathode 
copper u s i n g  a p o l l u t i o n  f r e e ,  c lose- looped ,  hyd rome ta l l u rg i ca l  
o r e  t rea tment  p roces s .  

Underground mining i a  c a r r i e d  o u t  i n  two r e l a t e d ,  bu t  d i s t i n c t ,  
ope ra t i ons .  The s u l f i d e  ore  i s  mined by a cont inuoue panel-caving 
method. It is then t r anspo r t ed  t o  an underground primary c ru she r .  
From the c r u s h e r  the  s u l f i d e  o r e  i s  brought  t o  the aurface v i a  a  
conveyor b e l t  syetam and s t o c k p i l e d ,  Oxide ore  i e  a l s o  mined by 
a panel-caving method, but t he  ore  i s  ho i s t ed  t o  the  s u r f a c e  then 
crushed and s t ockp i l ed  , 

Af te r  c ru sh ing ,  t he  sulfide o r e  i s  concent ra ted  and the  concen- 
trates a r e  s e n t  t o  t he  r o a a t i n g ,  l e ach ing  and e lec t rowinning  p l a n t  
(RLE p l a n t ) .  Waste p roduc ts  from t h e  RLE p l a n t ,  i . e . ,  r o a s t e r  
gases, spen t  e l e c t r o l y t e  and l e a c h  r e s i d u e ,  a r e  e f  t h e r  converted 



Oxide Ore Sulfide Ore 

Water 1 

Res idue VAT LEACHXNG GRXrnING AND FLOTATION 

Air 

ROASTING 

Water 

I 
Sponge Iron. 

Spent 
Solutio 

v 
Cement Copper 

~ r e g l i o n t  
Solution 

0 

Figure  7. Lakeshore Pro jec t  - P l a n t  Flawsheet 
Source : Mecla Mining Company 



o r  a r e  used "as i s "  and recyc led  through the ox ide  o re  t r ea tmen t  
system. ( see  F igure  7.) When o p e r a t i n g  a t  f u l l  p roduct ion ,  t he  
IPLE p l a n t  i s  expected t o  produce 30,000 tpy  of e lectrowon copper  

The oxide o r e  t r a v e l s  d i r e c t l y  from t h e  f i n e  c rush ing  p l a n t  t o  
t he  v a t  l e a c h i n g  p l a n t  where cement copper i s  p r e c i p i t a t e d  by t h e  
u se  s f  sponge i r o n .  The waste  p roduc t s  from t h e  s u l f i d e  o re  
treatment -- s u l f u r i c  a c i d  from r o a s t e r  g a s e s ,  spen t  e l e c t r o l y t e  
from the p roduc t ion  of ca  tkode copper ,  and sponge i r o n  from s u l -  
f i d e  ore l e a c h  r e s i d u e  -- a r e  used  i n  the p roduc t ion  of cement 
capper  a t  the v a t  l e a c h i n g  p l a n t .  A t  f u l l  p roduct ion  c a p a c i t y  
the  l each ing  p l a n t  will produce 55,000 tpy  of copper p r e c i p i t a t e s  
c o n t a i n i n g  35,000 tons  of copper .  The p r e c i p i t a t e s  a r e  p e l l e t i z e d  
and skipped t o  ASARCO s m e l t e r s  f o r  f u r t h e r  p roces s ing ,  

I n s p i r a t i o n  Consol idated Copper Company 

The I n s p i r a t i  on Consol idated Copper Company ( I n s p i r a t i o n )  was the 
f i r s t  Arizona copper company t o  mine, sme l t ,  r e f i n e  and f a b r i c a t e  
Arizona copper i n  Arizona.  Tfxe company s main o p e r a t i o n s ,  t h e  
I n s p i r a t i o n  D iv i s ion ,  are cen te red  about  90 m i l e s  e a s t  of Phoenix 
a t  the  town of I n s p i r a t i o n ,  Gi la  County, Arizona. The Chris tmas 
D i v i s i s n  i s  loca t ed  about  t h i r t y - e i g h t  m i l e s  s o u t h  of I n s p i r a t i o n ,  
a t  t h e  town of Chris tmas,  G i l a  County, Arizona. S t i l l  under con-  
s i d e r a t i o n  by t h e  company i s  a j o i n t  v e n t u r e  wherein I n s p i r a t i o n  
would ope ra t e  the  Sanchez mine n e a r  Saf f o r d ,  &aham County, A r i -  
zona. 

1nspirat:i - on Div i s ion  

The I n s p i r a t i o n  D iv i s ion  i s  composed of (1) t h r e e  open -p i t  mines 
(2) a 20,000 tpd c o n c e n t r a t o r  (3) heap and was te  dump l each ing  
o p e r a t i o n s  (4) i n -p l an  t l e ach ing  (vat - leaching)  (5) an e l e c t r o  - 
winning p l a n t  (6)  an e l e c t r i c  sme l t e r  w i t h  a c a p a c i t y  of 595,000 
t p y  of i n p u t  m a t e r i a l  (7) a n  a c i d  p l a n t  capable  of producing 
14,000 tpd (8) an  e l e c t r o l y t i c  r e f i n e r y  w i t h  a  c a p a c i t y  of 70,000 
t p y  and (9) a cont inuous  - c a s t  copper rod p l a n t .  

I n s p i r a t i o n  a r e a  mines - Ore from t h e  I n s p i r a t i o n  a r e a ' s  t h r e e  
p i t s  -- t h e  Thornton, L ive  Oak and Wd 

H i l l  mines - c o n t a i n s  v a r y i n g  deg rees  of s u l f i d e  and oxide min- 
e r a l s .  T h a t  ore which has  a predominance of oxide mine ra l s  i s  
t r e a t e d  by heap leaching.  O r e  which has a predominance of s u l -  
fide mine ra l s  i s  s e n t  t o  the c o n c e n t r a t o r ,  Dual p rocess  o r e ,  
ore which c o n t a i n s  a more balanced amount of oxide and s u l f i d e  
m i n e r a l s ,  i s  f i r s t  t r e a t e d  by v a t - l e a c h i n g .  The leached mater-  
i a l  i s  then  taken  t o  t h e  c o n c e n t r a t o r  where the s u l f i d e  mine ra l s  
are recovered by f l o t a t i o n .  



C i t i e s  Se rv i ce  Company and I n s p i r a t i o n  completed n e g o t i a t i o n s  under  
which I n s p i r a t i o n  w i l l  mine and t r e a t ,  on a  r o y a l t y  b a s i s ,  o r e  from 
C i t i e s  Se rv i ce  p r o p e r t y  a d j a c e n t  t o  I n s p i r a t i o n ' s  Joe  Bush mine. 
The agrecament w i l l  a l s o  a l l o w  the  campany t o  mine a  substantial ton -  
nage of m a t e r i a l  which o the rw i se  could n o t  be mined wi thou t  d i s t u r b -  
i n g  a cotmon boundary.  Preproduc t ion  ~ t r i ~ p i n ~  f o r  t he  Joe  Bush 
mine began i n  the f i r s t  q u a r t e r  of 1975. By the end of 1975, some 
5.21 m i l l i o n  tons  of overburden had been removed. 

I n s p i r a t i o n  % mnmine s began 1975 on a  seven -day -per -week schedule .  
E a r l y  i n  1975, t he  work week was reduced t o  f i v e  days ,  b u t  t he  
d a i l y  mining r a t e  of 27,500 t ons  was main ta ined .  For economic 
r ea sons ,  a t  rnid-year I n e p i r a t l a n  @topped mining ox ide  o r e  and 
mined on ly  d u a l  p rocese  and s u l f i d e  o r e e  f o r  t h e  remainder  of 
the year. The d f v i e i o n  mined 8,45 m i l l i o n  t ons  of copper o r e  
i n  1974 a s  compared to 6 , 2 9  m i l l i o n  t ons  i n  1975. 

Ox Hide  and the W%f 
- - < - - -  

low Springs Nine$ - I n s p i r a t i o n  o p e r a t e s  two proper  t i e s  
where heap- leach ing  ope ra t f  ons a r e  con- 

duc ted .  They a r e  t h e  Ox Hide mine which has  been i n  p roduc t ion  s i n c e  
1968 and Willow Spr ings  which came on-stream i n  t h e  eecond q u a r t e r  of 
1974 ,  

Heap-leaching d f f f e r s  from waste dump l each ing  i n  s e v e r a l  important  
a apec t a .  Heap-leaching m a t e r i a l  i s  u s u a l l y  crushed o r  r i p p e d ,  then  
placed on specf a l l y  prepared " leach ing  padetO, whereas ,  g e n e r a l l y ,  i n  
dump l e a c h i n g  t he  m a t e r i a l  i s  n o t  s p e c i a l l y  prepared p r i o r  t o  t he  
l e a c h i n g  p r o c e s s ,  

S u l f u r i c  a c i d  f o r  t h e s e  two ope ra t i ons  and f o r  I n s p i r a t i o n ' s  o t h e r  
leaching  p r o j e c t s  i s  supp l i ed  by t h e  new, 1400 t p d ,  double-absorp-  
t f o n  ac id  p l a n t .  This  p l a n t  produced 175,000 t o n s  of s u l f u r i c  a c id  
i n  1975, 

Chr i s tmas  D iv i s i on  

The Chris tmas D iv i s i on  c o n s i s t s  of (1) a n  open-p i t  mine,  fo rmer ly  an 
underground mine (2) a  5,500 tpd c o n c e n t r a t o r  and (3)  r e l a t e d  ground 
f a c i l i t i e s ,  I n s p i r a t i o n  acqui red  t h e  Christmas p rope r ty  i n  1955 and 
from t h a t  time u n t i  l l a t e  i n  1966 t h e  p rope r ty  was mined by under -  
ground methods. I n  l a t e  1966, open-pi t mining was in t roduced  and 
s t i l l  con t i nues .  S t u d i e s  a r e  be ing  conducted t o  determine.  t h e  a d -  
vi sabiPi ty of resuming underground operations . 
The d i v i s i o n  en t e r ed  1975 wf th a  seven-day work week which was r e -  
duced t o  a  f i ve -day  work week i n  February.  La t e r  i n  t h e  y e a r ,  
shutdown8 were scheduled from November 24 t o  December 7 and from 
December 20  t o  January  5.  The l a t t e r  per iod was extended through 
January 2 0  because of t h e  ahutdown a t  the  E n s p i r a t i ~ n  m e l t e r  where 



Christmas concen t r a t e s  a r e  t r e a t e d .  Consequently,  t h e  1975 p ro -  
duc t i on  o f  1.40 m i l l i o n  tons .  of o re  mined was down from 1974 ' s  
1.68 m i l l i o n  t ons ,  (see Table V) 

T e s t s  were conducted by t h e  d i v i s i o n  on the p r a c t i c a l i t y  of 
l each ing  o r e  from a new, l a r g e ,  low-grade orebody whose near  - 
au r f ace  o r e s  do no t  y i e l d  adequate  recovery by f l o t a t i o n .  P l ans  
a r e  a l s o  underway f o r  a n  oxide ore  mining f a c i l i t y  wi th  dump 
l each ing ,  s o l v e n t  e x t r a c t i o n  and e lec t rowinning  ope ra t i ons .  A 
new $632,080 primary c ru she r  was i n s t a l l e d  du r ing  t he  l a t t e r  
p a r t  of 1974. 

Kenneco t t C s ~ ~ e r  C o r ~ o r a t i o n  

Kennecott Copper Corporat ionb Arizona d i v i s i o n ,  t h e  Ray Mines 
D i v i s i o n ,  o p e r a t e s  (1) an open-p i t  mine (2)  a 25,400 tpd concen- 
t r a t o r  w i th  r e l a t e d  ground f a c i l . i t i e s  (3) dump l each ing  i n  con- 
junc t ion  w i t h  a p r e c i p i t a t i o n  p l a n t  (4) a 10,000 tpd s i l i c a t e  
o r e  l each-e lec t rowinning  p l a n t  (5) a smel te r  capable  of t r e a t i n g  
420,000 tpy of i n p u t  m a t e r i a l  (6)  an  a c i d  p l a n t  designed t o  p ro-  
duce 1,9'TO tpd of s u l f u r i c  ac id  and (7) a  6  mi l e  r a i l r o a d  from 
t h e  mine t o  t h e  Southern P a c i f i c  j unc t i on  a t  Kelvin.  The Ray 
Mine I s  ' located 10  m i l e s  nor thwest  of Kearny, P i n a l  County, A r i -  
zona. L~acated a t  the  mine s i t e  i s  t h e  s i l i c a t e  l e ach -e l ec t rod  
winning ]plant  a long w i t h  t he  dump l each ing  o p e r a t i o n s .  The 
o the r  f a c i l i t i e s  a r e  approximately 18 milers reouth a t  t he  town 
of Haydeal, Gi la  County, Arizona. The Ray Mines D i v i s i o n ' s  
headqua r t e r s  are a l s o  l oca t ed  a t  t h e  Hayden p l a n t  s i t e .  

The Ray Mine was mined by underground methods u n t i l  1955 when 
Kennecott i n f  t i a t e d  open-p i t  ope ra t i ons  a t  t h e  s i t e ,  I n  t he  
mid-1960fs ,  a s  t h i s  p i t  expanded, t h e  company began s t o c k p i l i n g  
s i l i c a t e  o r e s  con t a in ing  0.8 pe rcen t  copper and began e x p e r i -  
menting t o  deve lop  a l e ach ing  system (Bea l l ,  1973, p .  45). The 
r e s u l t  was a  10,000 tpd s i l i c a t e  l each-e lec t rowinning  p l a n t ,  
designed and completed by 1969. Kennecott announced p lans  i n  
1973 t o  expand the l e ach ing  f a c i l i t i e s  by 40 pe rcen t  t o  14,000 
tpd .  The expansion was expected t o  coa t  $7 m i l l i o n .  The ex -  
panded p l a n t  began produc t ion  mid -1976. 

The Ray Nine Div is ion  mined 11.72 m i l l i o n  tons  of copper o r e  i n  
1974, Tlze 1975 product ion was cons ide rab ly  lower a t  6.69 m i l l i o n  
tons .  Ray was shu t  down f o r  12 weeks du r ing  t h e  summer of 1975. 
(see Table V) 

Kennecott i s  con t inu ing  t o  e v a l u a t e  a l a r g e  copper d e p o s i t  near 
Safford ,  Ar izona ,  The company has been experiment ing w i t h  a 
s o l u t i  on mining procese .  This p roces s  would u s e  high p ree su re  
t o  f ~ r c e  a l e ach  s o l u t i o n  through i n j e c t i o n  h o l e s  which are 
s e v e r a l  thousand f e e t  deep. The copper-bear ing rocks  a t  t h a t  
dep th  would be soaked w i th  leach ing  s o l u t i o n  which would a t t a c k  



t he  copper mine ra l s ,  Recovery w e l l s  i n  t he  l e a c h  a r e a  would e s t a b -  
Zf s h  a  c i r c u l a t i o n  system r e  t u rn ing  t o  the  s u r f a c e  t he  pregnant  
s o l u t i o n s  (Dimock, 1976, p. 581, 

M c A h  e t e r  Fue l  Company (McAle a t e r )  opera ted  t h e  Zonia mine l oca t ed  
22  m i l e s  southwest  of P r e s c o t t  n e a r  Kirkland Junc t i on ,  Yavapai 
County, Ar izona ,  

McAlestes began mining opera t io$s  at the  Zonia mine i n  1966. The 
ope ra t i on  cons i s t ed  of a n  open-$i t  mine which suppl ied  low-grade 
oxide o r e  f o r  heap-leaching.  The company changed i t s  mining 
methods in 1973 by p repa r ing  the  mine area  f o r  i n - s i t u  ( i n  p l ace )  
l each ing .  

I n  -si tu l e ach ing  d i f f e r s  f r o a  o t h e r  beaching p r a c t i c e e  i n  t h a t  
t h e  m a t e r i a l  t o  be leached i s  n o t  t r anspo r t ed .  P repa ra t i on  s f  
t h e  ore f o r  i n - s i t u  l e ach ing  ~ o m t  fmee r e q u i r e s  f r a c t u r i n g  which 
i s  accomplished by b l a s t i n g  o r  h y d r a u l i c  f r a c t u r i n g .  M a i l e s t e r  
prepared a  p a r t  of t h e  Zonia o r e  d e p o s i t  w i t h  (a8 of A p r i l ,  1973) 
t he  wor ld ' s  l a r g e s t ,  man-made, nan-atomic blast. The b l a s t  u t i l -  
i zed  4,125,000 pounda of exp los ive s .  The b l a a t  a r e a  covered 10 
a c r e s .  

Economic reasons  fo r ced  Mdi l e s t e r  t o  cease  ope ra t i one  a t  t h e  Zonia 
mine i n  March, 1975. The company p l a n s  t o  re-open when t h e  economic 
climate improves, 

Newmon t Corpora t i o n  

Nemont 14ining Corporat ion Is r ep re sen t ed  i n  Arizona, by f  ts  whol ly-  
owned s u b s i d i a r y ,  Magma Copper Company (Maw). Magme i s  t h e  second 
Arfzona mining company t o  mine, s m e l t , r e f i n e  and manufacture A r i -  
zona's copper i n  Arizona. I t s  o p e r a t i o n s  a r e  d iv ided  i n t o  two d i -  
v i s i o n s  *-- t he  San Manuel Div is ion  and t h e  Supe r io r  D iv i s ion .  

The Sen Manuel Div is ion  i s  l oca t ed  i n  s o u t h e a s t e r n  P i n a l  County, 
Ar izona ,  approximately f o r t y - f i v e  m i l e s  n o r t h e a s t  of Tucson. The 
concen t r a to r ,  sme l t e r ,  e l e c t r o l y t i c  r e f i n e r y ,  a d m i n i s t r a t i o n  
b u i l d i n g  and o t h e r  p l a n t  f a c i l i t i e s  a r e  loca ted  some seven m i  l e a  
sou theas t  s f  t he  mine a r e a ,  a d j a c e n t  t o  t h e  town of San Manuel. 

The Super ior  D iv i s ion  i s  e i t u a t e d  a t  Super ior  i n  P ina l  County, 
Arizona ,  a p p r o x i m t e l y  7Q mi l ee  eou t h e a s t  of Phoenix and 2 1  m i l e s  
west of Miami. 



San Manuel D iv i s i on  - -- 
%an Manuel i s  Magma's l a r g e r  divirs ion,  It i s  the  l a r g e s t  uhdergraund 
mining ope ra t i on  i n  t h e  U.S ,  lit c o n s i s t s  of (1) an  underground mine 
w i th  a r a t e d  au t p u t  of 62,000 tpd 92) a 62,000 tpd c o n c e n t r a t o r  w i th  
r e l a t e d  ground f a c i E i  t i e e  (3)  a n rnd t e r  w i t h  a  r a t e  c a p a c i t y  of 1 
million t p y  of i n p u t  m a t e r i a l  (4) an ac id  p l a n t  capable  of producing 
from 1,000 t o  2,868 tpd of s u l f u r i c  a c i d  and a  n e u t r a l i z a t i o n  p l a n t  
w i t h  r e l a t e d  f a c i l i t i e s  f o r  d i s p o a a l  of the  s u l f u r i c  a c i d  produced 
by the  a c i d  p l a n t  (5) an e l e c t r o l y t i c  copper r e f i n e r y  w i t h  an  annual  
production c a p a c i t y  of 200,006 tons of r e f i n e d  copper  ( 6 )  a c o n t i n -  
usus c a s t  capper r o d  mill capab le  of conve r t i ng  120,000 t p y  of r e -  
f i n e d  copper i n t o  rod ( 7 )  a thirty mile s tandard  gauge r a i l r o a d  
system and (8) a modern, employee town. 

The D iv i s i on  was the l a r g e s t  producer  ~f  copper  i n  Arizona f a r  t h e  
y e a r s  1974 and 1975. The mine i s  an  underground block cav ing  ope r -  
ation which produced 248,85 m i l l i o n  pounds of r e cove rab l e  copper 
i n  1974. L t s  1975 produc t ion  was l 8 7 , 4 9  m i l l i o n  pounda* ( see  
Table V) 

Mapa % 5San Manuel D iv i s i on ,  like many o t h e r  Arizona copper  p roducers ,  
began r educ ing  produc t ion  e a r l y  i n  1974. The r educ t i on  cont inued 
through 1975 wi th  a cor responding  temporary r e d u c t i o n  i n  t h e  work 
E ~ s c e ,  T h i s  measure was designed t o  p r even t  further i n c r e a s e s  i n  
the copper  metal i n v e n t o r i e s  and i t  succeeded, b u t  a s  a p a r t i a l  con- 
sequence !, u n i t  o p e r a t i n g  c o s t s  per pound of capper i n  1975 were c l o s e  
t o  21 percent  h ighe r  than  i n  1974. The weak copper market fo rced  
mgma t o  d e f e r  p r e v i w s 1 y  announced p l a n s  f o r  expanding t h e  c a p a c i t y  
of t h e  mine and c o n c e n t r a t o r  from 62,080 tpd t o  75,000 tpd and f o r  
doubling the  c a p a c i t y  of t he  con t inuous  c a s t  copper rod  m i l l ,  

S u ~ e r i o r  D iv i s i on  

The Supe r io r  Div i s ion  c o n s f s t s  of (1) an underground mine w i t h  a  
r a t e d  out:put of 3,3QO tpd and (2)  a 3,300 tpd c o n c e n t r a t o r  w i t h  
related ground f a c i l i t i e s .  Concen t ra tes  have been shipped t o  t h e  
San Manuel sme l t e r  s i n c e  J u l y ,  1972, when t h e  Super io r  s m e l t e r  was 
c losed  down a f t e r  47 y e a r s  of o p e r a t i o n .  

A program of modernizat ion and expaneion was completed i n  1973 a t  
the  Superior Divf s i o n i  s mine and c o n c e n t r a t o r ,  This  expans ion  ap -  
p rox imate ly  doubled the  d i v i e ~ i o n  produc t ion  c a p a c i t y .  

M a p s D s  Supe r io r  D iv i s i on  mine, u n l i k e  most o t h e r  Arizona mines ,  
d i d  no t  s u f f e r  from produc t ion  cu tbacks  i n  1974 o r  1975, The 
d i v i s i o n  mined 732,937 t ons  of o r e  i n  1974 and i n  1975 i nc r ea sed  
t h a t  t o  1.087 m i l l i o n  t o n s .  ( see  Table V) 



Phelpss Dodge Corpora t ion  

Phelps  Dodge Corpora t ion  (Phelps Dodge) i s  Ar izona ' s  l a r g e s t  copper 
p roducer .  The company owns and o p e r a t e s  n i n e s ,  c o n c e n t r a t o r s ,  
l e ach ing  o p e r a t i o n s ,  smel te ra  and a c i d  p l a n t s  i n  t h r e e  of Ar izona ' s  
c o u n t i e ~ .  Two projectasi under deve lopmnt  by Phelps  Dodge, i n  A r i -  
zona, a r e  (1) the Saf ford  P r o j e c t ,  an underground mine n e a r  Sa f f a rd ,  
Arizona, where preproduct ion work i s  i n  p rog re s s  and (2) t h e  Copper 
Basin P r o j e c t ,  an a r e a  of copper minera l f  z a t i o n  southwest of Pres -  
c s t t ,  Arf zona, where t he  company i s  s tudying  the f e a s i b i l i t y  of 
developing an open-p i t  cspper  mine. Phelps Dodge i s  a190 e o n e t r u c t i n g  
a  new s m e l t e r ,  s modern employee town and a 36 n i l e  i n d u s t r i a l  rail- 
road in FLidalgo County, New Mexieo . 
Phelps  Dcdge 's  Arizona sperationra a r e  d iv ided  i n t o  four o p e r a t i n g  
u n i t s  : (1) the  Copper Queen Branch (2)  t he  Douglas Reduction Works 
(3) t he  Morenci Branch and (4) t h e  New Corne l ia  Branch. 

Queen Branch 

The Copper Queen Branch ope ra t i ons  a r e  l oca t ed  a t  t he  town of Bisbee,  
Cochkse Clountly, Arizona.  The ope ra t i ons  c u r r e n t l y  c o n s i s t  of (1) 
dump l e a c h i n g  (2) underground l e a c h i n g  and (3) a p r e c i p i t a t i o n  p l a n t .  
The Laverider p i t  mine, concen t r a to r  and r e l a t e d  ground f a c i l i t i e s  
w e r e  c lo sed  down on December 14 ,  1974, Underground mining ope ra t i ons  
cont inued u n t i l  June 1 3 ,  1975, (FrPday t he  1 3 t h )  when Phe lps  Dodge 
t e m i n a t e d  t h e  las t :  of I t s  o re  mining ope ra t i ons  i n  the  Bisbee a r e a .  
This ended 95 years of con t inua l  mining a c t i v i t i e e .  Reasons c i t e d  
f o r  the  c l o s u r e  were a combination of dep l e t ed  o r e  r e a e r v e s ,  r a p i d l y  
dropping copper p r i c e s  and a dec rea s ing  demand f o r  copper.  However, 
the C ~ p p e r  Queen Branch w i l l  con t i nue  t o  c o n t r i b u t e  t o  Phe lps  Dodge's 
copper p roduc t ion  by recovery of copper through leach ing  a c t i v i t i e s .  

$teduction Works 

The Douglas Reduction Works, a t  Douglas, Cochbse County, Ar izona ,  
e a n s i a t s  of a sme l t e r  w i t h  r e l a t e d  ground f a c i l i t i e s .  The Douglas 
smelter has a r a t e d  c a p a c i t y  of 700,000 tpy  of i n p u t  m a t e r i a l .  

Phelps  Dodge's wes te rn  ope ra t i ons  headquar te rs  a r e  a180 l oca t ed  a t  
Douglas. 

Marenci Branch 

The Morenei Branch o p e r a t i o n s  a r e  loca ted  i n  t h e  C l i f t ~ n - M o r e n c i  a r e a  
nea r  t h e  town of Morenci, Greenlee County, Arizona.  



The Branch ope ra t i ons  i n c l u d e  (1) two open-pi t mines,  t h e  Morenci 
and t he  Metcalf  (2) two c o n c e n t r a t o r s  w i th  r e l a t e d  ground f a c i l i t i e s  
(3) dump leach ing  ope ra t i ons  (4) a new f a c i l i t y  t o  l e a c h  concen t r a to r  
t a i l i n g s  (5) a emel ter  w i t h  a r a t e d  c a p a c i t y  of 900,000 t p y  of i n p u t  
m a t e r i a l  and (6) an a c i d  p l a n t  w i t h  a  c a p a c i t y  t o  produce 2,500 tpd 
of su l fu . r i c  a c i d .  

Marenci Mine Mining ope ra t i ons  a t  t h e  Morenci mine c o n s i s t  
of (I) a r a i l  and truck haulage ,  open-p i t  mine 

(2) a 60,000 tpd concen t r a to r  w i th  r e l a t e d  ground f a c i l i t i e s  (3) 
dump leach ing  ope ra t i on  w i th  a p r e c i p i t a t i o n  p l a n t  and (4) newly 
cons t ruc ted  f a c i l i t i e s  f a r  l e ach ing  concen t r a to r  tailings f rm the  
Morenci and Metcalf c o n c e n t r a t o r s ,  

The Mc4re;crei mine i s  t he  o l d e s t  mining ope ra t i on  i n  t he  C l i f  t s n -  
Morenci a r e a .  Mining ope ra t i one  began i n  the  Morenci area i n  t h e  
9860% s. The p r e s e n t  open-pi t  was s t a r t e d  i n  1938 and has expanded 
u n t i l  mining i s  be ing  conducted i n  what was once part of t he  o ld  
town sf Msrenci , Phelps  Dodge cons t ruc t ed  t h e  c u r r e n t  townei te  
p rov id ing  i t  w i th  housing u n i t s ,  a motel ,  a  hosp i t a1 , a  shopping 
c e n t e r ,  a l i b r a r y  and s choo l s ,  

Prodwetion cu tbacks  r e f l e c t i n g  the dec rea s ing  demand f o r  copper were 
i n i t i a t e d  a t  t he  Morenei Mine through 1974 and 1975. For a time 
du r ing  1975, mine ope ra t i on  was equ iva l en t  t o  a 4-day work week. 
The Moremci mine mined 16.79 m i l l i o n  t ons  sf o r e  i n  1974 a s  compared 
t o  16 ,17  m i l l i o n  t ons  in 1975. ( see  Table V) 

Metcalf The Metcalf  mine i s  l oca t ed  s e v e r a l  m i l e s  n o r t h  
of t he  Morenci mine, The ope ra t i on  c o n s i s t s  of 

(1) an open-pi t mine and (2) a 30,800 tpd concen t r a to r  w i t h  related 
ground f a c % f i t i e s .  Metcalf  i s  Phelps  Dodgeq s newest producing Arizona 
copper p rope r ty .  The mine and r e l a t e d  f a ' c i l i t i e s  came on-stream i n  
January ,  1975. It i s  expected t h a t  copper product ion from the  Metcalf  
mine will more than o f f s e t  t he  product ion l o a s e s  incur red  by c l o s u r e  of 
the BPsbee a r e a  mines.  Development work on t h e  Metcalf mine began 
i n  1969. Phelpa Dodge has  spen t  more t h a n  $200 m i l l i o n  and 6 yea r s  
time br ing ing  t h i s  new mine on-s tream. Metcalf  s 1975 product ion was 
5,564 m i l l i o n  t o n s  of ore mined, (see Table V) 

New Cornt;Pia Branch 

The New Corne l ia  Branch f a  loca ted  i n  wes te rn  Pima County a t  the town 
of A j o ,  Arizona.  The b r a n c h s @  ope ra t i ons  c o n s i a t  of (1) a r a i l  haulage 
open-pi t  mine (the A j o  p i t  and t h e  Morenci p i t  a r e  the  on ly  Arizona 
mines which  u t i l i z e  rail haulage)  (2) a 33,000 t p d  concen t r a to r  wi th  
r e l a t e d  ground f a c i l i t i e s  (3) a smel te r  w i t h  a r a t e d  c a p a c i t y  of 250,000 
tpy of i n p u t  m a t e r i a l  (4) an a c i d  p l a n t  capable  of producing 640 tpd 
of s u l f u r i c  ac id  and (5) the Tucson, Corne l ia  and Gila Bend Rai l road 
Company. 



The New C o r n e l i a  Branch, l i k e  Phe lps  Dodge ' e  o t h e r  Arizona p r o p e r t i e s ,  
opera ted  a t  a reduced c a p a c i t y  d u r i n g  t h e  l a t t e r  p a r t  of 1974 and 
through 1975. Produc t ion  from t h e  Ajo p i t  i n  1974 was 9.04 m i l l i o n  
t o n s  of ore mined and 7 , 2 7  m i k l i o n  t o n s  i n  1975. (see  Table  V) 

Saf f o r d  P ' ro jec t  

Phe lps  Dodge i s  d e v e l o p i n g  a  deep underground orebody approx imate ly  
10 m i l e s  n o r t h  of S a f f o r d ,  Graham County, Ar izona .  

P r e l i m i n a r y  development con t inued  through 8974 and 1975. During 1974, 
work on the e x i s t i n g  No, 1 shraft  W ~ E I  f i n i e h e d  f o r  a  t o t a l  d e p t h  of 
2,150 feet . .  S ink ing  of the new No. 2 $ h a f t  was a t a r t e d  i n  c o n j u n c t i o n  
w i t h  t h e  b e g i ~ n i n g  construction on underground and s u r f a c e  facilities 
r e q u l r e d  f o r  t h e  o p e r a t i o n  of a  l a r g e  underground mine. The No. 2 
a h a f t  wag1 at a d e p t h  of 1,439 f e e t  by t h e  end of 1975. C o n s t r u c t i o n  
con t inued  th rough  I975 on t h e  s u r f a c e  i n s t a l l a t i o n s  and t h e  underground 
f a c i l i t i e s .  The development p r o j e c t  w i l l  proceed through 1976 b u t  a t  
a s lower  pace ,  

The S a f f o r d  orebody i s  e~at i rnated t o  c o n t a i n  400 m i l l i o n  t o n s  of o r e  
w i t h  an average  g r a d e  of 0.7 p e r c e n t  copper .  

Rancher8 E x p l o r a t i o n  and Development Corpora t ion  

Ranchers E x p l o r a t i o n  and Development Corpora t ion  (Ranchers) o p e r a t e s  
i n  twa o f  A r i z o n a ' s  c o u n t i e s  (1) two mines ,  t h e  Blueb i rd  and t h e  Old 
R e l i a b l e  (2)  e s o l v e n t  e x t r a c t i o n - e l e c t r o w i n n i n g  plant and (3) a p r e -  
e i p d t a t i s n  p l a n t .  

B lueb i rd  Nine 

Rancher% Blueb i rd  mine i a  l o c a t e d  approx imate ly  2 m i l e s  west  of Miami, 
GiPa County, Ar izona .  The o p e r a t i o n  c o n s i s t s  of (1) a n  o p e n - p i t  mfne 
(2) s p e c i a l l y  cone t r u c t e d  l e a c h i n g  pads  and (3) a s o l v e n t  e x t r a c t i o n  - 
e l e c t r o w i n n i n g  p l a n t ,  

B l u e b i r d %  ore  i e  r i p p e d ,  loaded i n  s c r a p e r s  and hauled t o  dump l o c a -  
t i o n s .  The o r e  P s  s t a c k e d  on heaps  i n  layers 20 f e e t  t h i c k .  Each 
new l a y e r  is s p r i n k l e d  w i t h  a  l e a c h i n g  s o l u t i o n  which p e r c o l a t e s  
through the heap. The p regnan t  s o l u t i o n  i s  t h e n  c o l l e c t e d .  The 
heap c u r r e n t l y  e x t e n d s  a maximum of 180 f e e t  above ground (p roduc t ion  
began a t  t h e  mine i n  1964) , 

I n  1974, Ranchers c a n c e l l e d  a  proposed v e n t u r e  i n  which M i t s u b i s h i  
I n t e r n a t i o n a l  would o p e r a t e  the  Blueb i rd  mine.  The company t h e n  
began p l a n s  t o  expand i t s  own o p e r a t i o n s  a t  t h e  mine. However, t h e  
expansion planned f o r  1975 wae postponed because  of t h e  unf a ~ o r a b l e  
economic c l i m a t e  and t h e  lower copper  p r i c e s .  



Nine produc t ion  f o r  1974 was 15.34 m i l l i o n  pounds of copper;  t h e  
1975 produc t ion  was 15.12 m i l l i o n  pounds. ( see  Table V) 

Old R e l i a b l e  Mine - -- - 
The Old R e l i a b l e  mine f s s i t u a t e d  n ine  m i l e s  e a s t  of Mamoth, P i n a l  
County, A.Pizona. The mine i s  composed of (1) an in -s f  t u  l e ach ing  
operat ion.  and (2)  a p r e c i p i t a t i o n  p l a n t .  Rancher 's  owna 83 percen t  
of t he  mine and i s  the ope ra t i ng  company. E. 1, du Pont d e  Nemours 
and Co. c~wns t h e  remaining 17 pe rcen t .  

The Old Weliable p r o j e c t  r e p r e s e n t s  a p iodee r ing  e f f o r t  i n  copper 
p roduc t ion .  The p r o j e c t  i s  be l i eved  t o  be the f i r s t  i n  mining 
h i s t o r y  f n  which an e n t i r e  orebody was f r a c t u r e d  wi th  exp los ive s  
f o r  i n - s i . t u  l each ing  (Sfk i l l ings  J r* , 197LC9 p. 12) Four m i l l i o n  
pounds of exp los ive s  were used t o  f r a c t u r e  t h e  orebody. The b l a s t  
was detona ted  on March 9,  1972, (A l a r g e r  b l a s t  was de tona ted  by 
McAhester Fue l  Co. i n  A p r i l ,  1973) .  

Copper product ion from the  Old R e l i a b l e  mine f o r  1874 amounted t o  
4.35 m i l l i o n  pounds of copper.  The mine was placed on s tandby i n  
1975 by F!ancher1s management i n  a tk t ic ipa t ion  of h igher  copper p r i c e s .  
P r i o r  t o  shutdown, 466,506 pounds of copper were recavered .  (see  
Table V) 



APPENDIX A .° TABLE V 

A 
Twin But tes  

Cathode Copper I/ 
Total  

COPPER 
. .- 

GE: ARIZONA COPPER MINES 

1974 1975 
Tons Pound s Pounds 'Pons Pounds Pound s 

Copper Ore Recoverable Recoverable Copper Ore Recoverable Recoverable 
Mined Copper Pdo1ybdenum Mined Copper Molybdenum 

S i lve r  Bel l  3,848,500 
P r e c i p i t a t e  Copper 

Mission 7,539,100 
San Xavier 

Brec ip i  tate Copper 1,221,008 
Sacaton ZJ/ 

Tota l  

CITIES SERVICE --I OPERATIONS 
-COPPER CITIES OPERATIONS : 

Copper C i t i e s  3( 3,698,317 
Copper C i t i e s  P r e c i p i t a t e  
Miami  - P r e c i p i t a t e  

Tota l  3,698,317 
Pin to  Valley Operations &/ 3,263,331 

Tota l  6,961,648 



COPPER AND MQLYBDE PRQI>UCTIQH OF LARGE ARIZONA COPPER MINES (csntd . ) 
2974 

Recoverable Recoverab ke 
Copper Molybdenum 

1975 
Pound s Pounds Tons 

Copper Qse 
Mined 

Tons 
Copper Ore 

Mned 
Recoverable Recoverable 

CYPRUS MINES : 
Bagdad 

Cathode Copper 
Bruce 51 
Pima 
Johnson 6/ 

Cathode C ~ p p e r  
Total  

DUVAL : 
Esperanza 

P r e c i p i t a t e  Copper 
Mineral Park 

P rec ip i  tate Capper 
S i e r r i  t a  

Total  

INSPIRATION : 
I n s p i r a t  ion 

Copper recovered by 
dump, in-place and 
vat leaching 

Christmas Division 
@be Hide Mine 

Total  



MENNECO'H"r : 
Ray 

P r e c i p i t a t e  Copper 
Total 

McUESTER FUEL C . . 
Zsnia Mine a/ 

P r e c i p i t a t e  Copper 
Total 

mm: 
San Manuel 
Superior 

T o t a l  

PHELPS DODGE: 
Morenci Branch 

Morenci Mine 
Metcalf Mine £5-/ 

P r e c i p i t a t e  Copper 9-/ 
New Cornelia Branch 
Copper Queen Branch 

Lavender P i t  g/ 
P r e c i p i t a t e  Copper 

Copper Queen Mine =/ 
Total 

COPPER AND MOLYBDENW PRODUCTION OF M R a  ARIZUNA COPPER MPNES (contd . 1 

1974 1975 
Tons Pound s Pounds Tons Pound s Pound s 

Copper Ore kcoverable &coverable Copper Ore ReeoverabPe Recoverable 
Mined Mo 'B ybdenum Mned Copper Molybdenum 



Company 
Mine 

RANCHERS EXPLOMTIm AND 
DEVELOPMENT CORPORATION : 

Bluebird Mine 
Cathode Copper 

Old Rel iab le  =/ 
P r e c i p i t a t e  Copper 

Tota l  

COPPER AND MOE19BDEm PRODUCTION OF LARGE AEPICZOm COPPER MINES (contd .) 

1974 1975 
Tons Pounds Pound a Tons Pound s Pound s 

Copper Ore Recoverable Recoverable Copper Ore Recoverable Recoverable 
Mned Copper Molybdenum Mined Copper Molybdenum 

To ta l  Large Companies 178,884,730 1,766,395,267 27,332,190 164,526,602 1,633,652,571 28,312,423 

Tota l  (Az. Dept. of H n .  Res. e s t ima te )  1,766,864,434 1 ,633 ,749 ,690~  
Tota l  (USBM-Of f i c i a l )  178,913,296 1,717,566,000 28,346,000 n.8 . 1,626,422,000 26,409,063 

Footnotes  : 

p pre l iminary 
n.a , -not a v a i l a b l e  
1/ Twin But tes  oxide p l a n t  came on l i n e  August 1975 - 
2_/ ASARCO1s Sacaton Unit  was formal ly  dedicated i n  March 1974 
3-/ Copper Cities open-pi t  mine shutdown May 9, 1975 
41 Pin to  Va l l ey ' s  i n i t i a l  s t a r t - u p  w a s  i n  J u l y  1974 - 
5-/ Cyprus Bruce Copper & Zinc Company mines a copper -z inc o r e .  

The company i s  Arizona 's  l a r g e s t  z i n c  producer.  I n  1974, 
the  mine produced 20,211,000 pounds of z inc .  The 1975 
production was s l i g h t l y  l e s s  a t  19,124,000 pounds of z i n c .  

6 1  Cyprus Johnson came on-stream March 15 ,  1975 - 
7/ Stopped product ion i n  March 1975 - 

8 /  Phelps Dodge ' 8  Metcalf Mine and concen- - 
t r a t o r  began product ion i n  January  1975 

9/ The 1974 f i g u r e  ref l s c t s  p r e c i p i t a t e  - 
copper product ion f o r  the Morenci Mine 
only. The 1975 f i g u r e  r e f l e c t s  both the 
Morenci and Metcalf Nines. 

101 The Lavender p i t  and Bisbee concen t r a to r  - 
ope ra t i ons  were terrnina ted December 14,  
1974, 

11/ Phelps Dodge '8 Bisbee underground mines - 
ceased ope ra t i ons  on June 13, 1975, thus 
ending 100 y e a r s  of product ion 

12/ Stopped product ion July 1975 I - * 
(r 
I 
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APPENDIX B : GLOSSARY OF MINING TERMS 

Acid p l a n t :  The p l a n t  a t  t h e  sme l t e r  s i t e  t h a t  r ecove r s  s u l f u r  
d iox ide  and manufactures  from i t  s u l f u r i c  a c i d ,  

Anode : F i r e  - re f ined  copper  c a s t  a t  the sme l t e r  i n t o  a l a b s  
weighing 680 t o  1280 pounds of about  99.5% p u r i t y ;  skipped 
t o  an e l e c t r o l y t i c  r e f i n e r y  f o r  f i n a l  p u r i f i c a t i o n  p roces s .  
(eee Anode copper) 

Anode copper : Spec i a l  -shaped copper  slabs, re rsu l t ing  f  rm the 
re f inement  of b l i e t e r  copper i n  a  r e v e r b e r a t o r y  fu rnace ,  
uaed a s  anodes i n  e l e c t r o l y t i c  re f inement .  (see Anode) 

Autogenous: The eeeondsry g r i n d i n g  of o r e  by tumbling t h e  
m a t e r i a l  i n  a  revolving c y l i n d e r  w i t h  no b a l l s  o r  b a r s  t ak ing  
part i n  the  ope ra t i on .  

B a l l  m i l l  : A r o t a t i n g  h o r i z o n t a l  s t ee l  c y l i n d e r  loaded w i t h  
a t e e l  balls which gr ind  the o r e  t o  a  f i n e  powder cons i s t ency .  

Bene f i c f a t i on :  Concent ra t ing  t h e  copper con t en t  of the o r e ;  
t he  c rush ing ,  s c r een ing  and g r i n d i n g  of ore and removal of 
copper-bear ing m i n e r a l s  by a f l o t a t i o n  p roces s  p r i o r  t o  
smeHting t h e  copper c o n c e n t r a t e s .  

Billet : Ref ine ry  shape p r i m a r i l y  f o r  tube manuf a c t u r e .  C i r  - 
cular  i n  c r o s s - s e c t i o n ,  u s u a l l y  3 t o  1Q i n .  i n  d iameter  and 
i n  l e n g t h s  up t o  52 i n . ;  weight  from 100 t o  1500 l b s .  

B l i s t e r  copper : An impure i n t e rmed ia t e  product  i n  t he  r e f i n i n g  
of copper ,  produced by blowing copper ma t t e  i n  a  c o n v e r t e r ,  
the  name being de r ived  from t h e  l a r g e  b l i a t e r  on t h e  c a s t  
sur face  t h a t  r e s u l t s  from the  l i b e r a t i o n  of SO and o t h e r  
gases. Normally b l i s t e r  copper  i s  f u r t h e r  r e f l n e d  a t  t he  
sme l t e r  i n t o  a f i r e - r e f i n e d  copper  and c a s t  i n t o  anodes.  

Block cav ing :  A form of underground mining wherein a  b lock  of 
o r e  i s  removed by unde rcu t t i ng  i t ,  causing i t  t o  f a l l  by 
g r a v i t y  through prev ious ly  d r i v e n  r a i s e s  and i s  loaded 
through chu t e s  i n t o  nine c a r s ,  hauled t o  t h e  s h a f t  and 
l i f t e d  t o  the s u r f a c e ,  

Cake: Ref inery  shape f o r  r o l l i n g  i n t o  p l a t e ,  sheet ,  s t r i p  o r  
ehape. Rectangular  i n  crose -section of various sf zes. 
Cast  e i t h e r  h o r i z o n t a l l y  o r  v e r t i c a l l y ,  w i t h  range of 
weights from 148 t o  4000 Ibs. o r  mare,  



Cathode: UnrnePted f l a t  p l a t e  r e f i n e d  from anodes i n  t h e  e l e c -  
t r o l y t i c  r e f i n e r y  f n t o  p l a t e s  of 99.99 pe rcen t  pure copper ;  
t h e s e  a r e  shipped t o  f a c t o r i e s  t o  be melted and c a s t  i n t o  
shapes ready  f o r  r o l l i n g ,  drawing o r  e x t r u d i n g  i n t o  f i n i e h e d  
produc ts .  The customary s i z e  is about  3 f t .  square  and about  

t o  718 i n .  t h i c k  weighing up t o  280 I.bs. 

@a thode clopper : E l e c t r o l y t i c a l l y  r e f i n e d  copper which has been 
depos t ted  on the  cathode of t h e  e l e c t r o l y t i c  b a t h  of a c i d i f i e d  
copper s u l f a t e  e;lolution, Such copper i s  u s u a l l y  mel ted a s  
e1estx:olytic copper .  (see Cathode) 

Chemical p r e c i p i t a t i o n  : I n  the l e ach ing  p roces s ,  d isplacement  
of a meta l  from e o l u t i o n  by a l e s s  noble m e t a l .  Usua l ly  
l e s s  c o s t l  y than e l s c t r s % y t i e  p r e c i p i t a t t o n ,  b u t  t he  l a t t e r  
produces a purer  meta l  and r e g e n e r a t e s  t he  so lven t .  Also 
c a l l e d  cementat ion,  

Concentrate  : Copper -bear ing  m a t e r i a l  from the  f l o t a t i o n  proeeee ;  
c o n t a i n s  15% t o  30% p l u s  v a r i o u s  q u a n t i t i e s  of s u l f u r ,  i r o n  
and other impurf t i e a ,  

Concent ra t ing :  See beneff  c i a t i  on. 

Concentrator  : A p l a n t  where ore o r  metal  i s  f r e e d  and eepara ted  
frm i t 8  con t a in ing  rock  o r  e a r t h ,  The c o n c e n t r a t i o n  of o r e s  
always proceeds i n  s t e p s  o r  s t a g e s ,  e . g , ,  c ru sh ing ,  s i z i n g  
and f l l o t a t i a n  t o  produce a c o n c e n t r a t e ,  

Convertel:: A br ick-Pined  c y l i n d r i c a l  v e s s e l  i n  t h e  sme l t e r  f o r  
p rocese ing  molten copper mat te  from the r e v e r b e r a t o r y  fu rnace  ; 
the i m p u r i t i e s ,  p r i n c i p a l l y  i r o n  and s u l f u r ,  a r e  removed by 
blowing air through t h e  molten b a t h ;  t h e  r e s u l t  i s  b l i s t e r  
copper ,  about  99% p u r e ,  

Copper powder: Fjlnely d iv ided  copper  p a r t i c l e s  produced by 
(1) h igh  v e l o c i t y  a tomiza t ion  of molten copper  w i th  s t ream 
of compressed g a s ,  ateam or  wate r  (2) gaseous r educ t i on  of 
f i n e l y  d iv ided  ox ides  and (3) p r e c i p i t a t i o n  from s o l u t i o n s .  

Crusher  : A machine f o r  c rush ing  rock  o r  o t h e r  m a t e r i a l s .  Among 
the v a r i o u s  types of c r u s h e r s  a r e  the b a l l  m i l l ,  g y r a t o r y  
c r u s h e r ,  rod m i l l ,  r o l l s ,  stamp m i l l  and tube m i l l .  



Development: The p roces s  ~f  p r epa r ing  an  orebody f o r  mining;  
s i n k i n g  a s h a f t  and d r i v i n g  haulage t u n n e l s  f o r  an under -  
ground mine, o r  removing t he  overburden f o r  an  open-p i t  
mine; i n s t a l l i n g  c r u s h e r s ,  c o n c e n t r a t o r s ,  t r a n s p o r a t i o n ,  
power and wate r  l i n e s ,  o f f i c e s ,  shops,  warehouses,  e t c .  

Dump: The s i t e  f o r  dispaesal of waete  rock from the  mine, o r  
s l a g  from the  s m e l t e r ;  may be extremely bow-grade or where 
dump l each ing  takea  p l a c e ,  

E l e c t r o l y t i c  d e p o s i t i o n :  The produc t ion  of a me ta l  from a 
s o l u t i o n  con t a in ing  i t s  s a l t s  by t he  passage of an e l e c t r i c  
c u r r e n t  through t h e  s o l u t i o n .  (see Electrowinning)  

E l e c t r a l y  t i c  r e f i n e r y  : The p roces s  i n  which f i r e - r e f  ined  copper 
anode8 a r e  immersed i n  an  ac id  s o l u t i o n  w i t h  pure copper 
cathode s t a r t e r s h e e t s .  An e l e c t r i c  c u r r e n t  pasaed between 
them d e p o s i t a  99,99% pure copper  on t he  cathodee.  

E lec t rowinning :  Recovery of a me ta l  from an o re  by means of 
e l ec t rochemica l  p roceases .  ( see  E l e c t r o l y t i c  d e p o s i t i o n )  

E l e c t r o l y t i c  winning process ,  wherein copper from copper 
s u l f a t e  ( l each)  s o l u t i o n  i s  e l e c t r o p l a t e d  on to  ca thodes ,  
ready  f o r  market.  

Exp lo ra t i on :  The p r o c e s s  of l o c a t i n g  and p rov ing  t h a t  a 
minera l  occurrence i s  indeed an orebody; t h a t  i s ,  d e t e r  - 
mfnfng, t h a t  i t  i s  l a r g e  enough, con t a in s  enough copper 
t o  be mined p r o f i t a b l y .  

Ferro-molybdenum: Fe r ro  -molybdenum i s  a. f e r r o a l l o y  which 
cons ide rab ly  i n c r e a e e s  t h e  mechanical and phys i ca l  grop-  
e r t i e%r l  of s t e e l $ ,  

F i r e  r e f i n i n g :  Las t  s t e p  i n  a  sme l t e r  wherein molten b l i s t e r  
copper from the  conve r t e r  i s  depos i ted  i n  t he  r e f i n i n g  (or  
c a s t i n g )  fu rnace  and gas blown through i t  t o  remove more 
of the  impurities, p r i n c i p a l l y  oxygen. Also,  gene ra l  term 
f o r  py r s rne t a l l u rg i ca l  r e f i n i n g  o r  smel t ing .  

P l a t  p roduc t s :  A r e c t a n g u l a r  o r  square  s o l i d  s e c t i o n  of 
r e l a t i v e l y  g r e a t  l e n g t h  i n  p ropo r t i on  t o  t h i cknes s .  
Included i n  t he  d e s i g n a t i o n  " f l a t  product"  depending 
on t he  wid th  and thickness, a r e  p l a t e ,  s h e e t ,  s t r i p  
and b a r .  Alao inc luded  i s  the product known as " f l a t  
w i r e .  



Fl~tation: The p roces s  of mixing powdered o r e  w i t h  water  and 
chemical r eagen t s  t o  s e p a r a t e  the m e t a l l i c  p a r t i c l e s  from 
the waste rock ;  the  m e t a l l i c  p a r t i c l e s  a r e  c o l l e c t e d  and 
d r i e d  and t h i s  concen t r a t e  i s  s e n t  t o  t he  smel te r  f o r  f i r e  
ref Sining * 

Flux:  A r ~ y  chemical o r  r ock  added t o  an ore  t o  a s s i s t  i n  f t s  
reduet:ion by Rest, euch ss s i l i c a  and l imestone w i th  capper  
o r e  i n  a conver tor  f u rnace .  

k n g u e  : Undeeired mine ra l s  a s s o c i a t e d  w i th  o r e  ; t h a t  pokt%on 
s f  ths o r e  r e j e c t e d  a s  t a i l i n g  i n  t he  f l o t a t i o n  p roces s .  

Hydrome t a l l u r g y  : The t rea tment  of o r e s ,  c o n c e n t r a t e s  and 
s t h e r  meta l -bear ing  m t e r i a l s  by wet p roces se s ,  u s u a l l y  
i n v o l ~ r i n g  the s o l u t i o n  of  some component and i t s  gubse- 
quent recovery  from the  s o l u t i o n .  (see Leaching) 

Ingot  and Ingot  b a r :  Ref inery  shape8 employed f o r  a l l o y  pro- 
d u c t i o n  (not f a b r i c a t i o n ) .  Both used f o r  r eme l t i ng .  I n g o t s  
u s u a l l y  weigh from 2 0  t o  35 l b s .  and i n g o t  b a r s  from 50 t o  
70 I b g ~  Both usually notched t o  f a c i l i t a t e  b reak ing  into 
smaller pfeces .  

Leach ma:er%al: M a t e r i a l  suf f i c i e n t l y  mine ra l i z ed  t o  t h e  
extent: t h a t  f t can be economical ly  recovered by a e b e c t i v e l y  
d i s s o l v i n g  t he  wanted minera l  i n  a s u i t a b l e  s o l v e n t ,  

Leach pi1.e: Minera l ized  m a t e r i a l s  stocked l~lo a s  t o  permit  
wanted  mine ra l s  t o  be efEeet iveEy and s e l e c t i v e l y  d i s so lved  
by a p p l i c a t i o n  of a s u i t a b l e  s o l u t e l  

Leaching:  A prsceas of u s ing  a weak s u l f u r i c  ac fd  s o l u t i o n  t o  
d f sao lve  copper from low-grade oxide o r e s ;  may t ake  p l a c e  
i n  V B ~ S ~  heaps,  dumps or  i n  s i  t u  ( i n  p l a c e ) .  

Matte : A mixture of s u l f u r ,  iron and copper con t a in ing  approx-  
ima te ly  20'33 t o  45% copper tapped from r e v e r b e r a t o r y  fu rnace  
i n  the sme l t e r .  

M i l l :  The f a c i l i t y  c o n t a i n i n g  r o d  m i l l s  ( i f  used) b a l l  m i l l s  
and f l o t a t i o n  c a l l s  where t h e  o r e  i e  ground and copper c m -  
cen t ra te  e x t r a c t e d .  A 1  so  eal l e d  t he  cqncent re  t o r .  ( see  
Concent ra tor )  



Open-pit mining: A s u r f a c e  mining method i n  which ove r ly ing  rock 
and s o i l  a r e  removed t o  expose t he  orebody which i s  t hen  d r i l l e d ,  
b l a s t e d  and loaded i n t o  t r ucka  or  r a i l r o a d  e a r s  f o r  haulage from 
the  p f t .  

Ore : Ros:k conta in ing  enough mineral, va lue  t o  war ran t  the expense 
of mining i t .  

Brebody: General ly  a go l i d  and f a i r l y  con t inuous  maee of o r e  which 
may iraclude low-grade and waste  a s  we l l  oe pay ore, but i s  i n d i -  
v i d u a l i z e d  by form or c h a r a c t e r  f rm a d j o i n i n g  count ry  rock. 

mide o r e :  Ore con t a in ing  copper mine ra l s  which have bean a l t e r e d  
by o x i d a t i o n  or  wea ther ing  p roces s .  

Fe%letiz!Lng: A method I n  which f i n e l y  d iv ided  m a t e r i a l  i a  r o l l e d  
i n  a drum sr on an i n c l i n e d  d i s k  so  t h a t  t h e  p a r t i c l e s  c l i n g  
t o g e t h e r  and r o l l  up  i n t o  emal l ,  s p h e r i c a l  p e l l e t e .  

Pipe:: St;ssmlees tube conforming t o  t he  p r t i c u b a r  dimensions,  
c o m e ~ r e i a l l y  known a s  "gstandard pfpe e i z e s ,  g 8  

Porphyry copper: a ,  Disseminated copper m i n e r a l s  i n  a large 
body of porphyry. b .  In t h e  c o m e r c i a 1  s ense ,  the term i s  n o t  
restricted to ore  i n  porphyry b u t  i s  a p p l i e d  t o  d e p o e i t s  char- 
acter:lxed by huge s i z e ,  g a r t i  c u f a r l y  with r e s p e c t  t o  h o r i z o n t a l  
dimension, uniform d i s semina t i on  and law-average -per - ton copper 
con t en t .  

Pregnant s o l u  tbon : A va lue  -bear ing  s o l u t i o n  i n a hydrome t a l  bu rg i ca l  
o p e r a t i o n ,  

Prospeet:Lng: The p roces s  of s ea r ch ing  f o r  new mine ra l  d e p b s i t s .  

P.gm:ometa:L$urgy: Meta l lu rgy  involved i n  winning and r e f i n i n g  me ta l s  
where h e a t  i t 3  used ,  as i n  r o a s t i n g  and smel t ing .  It i s  t h e  most 
impor tan t  and o l d e s t  of t he  e x t r a c t i v e  p roces se s .  

Rebated ground f a c i l i t i e s :  Roads, power and wa te r  l i n e s ,  o f f i c e s ,  
shops,  warehouses,  e t c ,  

Reverberatory furnace  : I n  t he  s m e l t e r ,  the furnace  i n  which copger 
concen trateea a r e  me1 ted  , s l a g  drawn o f f  and molten copper -bear ing 
matte tapped f o r  f u r t h e r  p roces s ing .  



Rod : A round, hexagonal o r  oc tagona l  s o l i d  s e c t i o n .  Round rod 
f o r  f u r t h e r  p roces s ing  i n t o  w i r e  (known a s  "ho t - ro l led  rod ," 
"wire--rod," o r  "redraw wire")  i s  fu rn i shed  c o i l e d .  Rod f o r  
o t h e r  u s e s  i s  fu rn i shed  i n  s t r a i g h t  l e n g t h s .  

Rod m i l l :  A r o t a t i n g  h o r i z o n t a l  s teel .  cy l i nde r  i n  which s t ee l .  
rods  i , n i  t i a l l y  g r ind  the crushed o r e .  

Shape : Ai e a l i d  s e c t i o n ,  o t h e r  than  r e c t a n g u l a r ,  square  o r  
s tandard  rod and w i r e  a c t i o n s ,  f u rn i shed  i n  s t r a i g h t  l e n g t h s .  
Shapes1 are  u s u a l l y  made by e x t r u e i o n  b u t  may a l s o  be f a b r i c a t e d  
by drabwing. 

, 

Shee t :  aee F l a t  p roduc t s .  

S lag :  Wa.ste rock from t he  m e l t e r ,  The b l ack  l a v a - l i k e  m a t e r i a l  
i a  p r i m a r i l y  i r o n  and s i l i c a ,  

Slurry: A l i q u i d  mix ture  of f i n e l y  ground p a r t i c l e s  of r ock  and 
m i n e r a l s  i n  wate r .  

Smel t ;  sme l t i ng :  Any m e t a l l u r g i c a l  operat ' ion i n  which me ta l  i s  
reparted by f u s i o n  from those irnpuri t i e s  w i t h  which i t  may be 
chernf c : a l l y  combined or  p h y s i c a l l y  mixed, such a s  i n  o r e s .  

Smelter : I n  t he  United S t a t e s ,  smel t ing  works; an  e s t ab l i shmen t  
where o r e s  a r e  smel ted.  

J 

Smelting: The chemical r educ t i on  of a metal  from i t s  o r e  by a  
p roces s  u s u a l l y  invoZvfng f u s i o n ,  eo t h a t  t h e  e a r t h y  and o t h e r  
i m p u r i t i e s  s e p a r a t i n g  a s  l i g h t e r  and more f u s i b l e  e l a g s ,  can 
r e a d i l y  be removed from t h e  reduced me ta l .  

Sponge i r o n :  E i t h e r  poroue o r  powdered i r o n  produced d i r e c t l y  
wi thout  f u s ion .  

S u l f i d e  clre : Ore composed of copper ,  s u l f u r  and u s u a l l y  i r o n  
along w i t h  the v a r i o u s  o t h e r  mine ra l s  making up t h e  h o s t  
rock .  

T a i l i n g  pond: Area c lo sed  a t  lower end by c o n s t r a i n i n g  w a l l  o r  
dams t o  which m i l l  e f f l u e n t s  a r e  run .  C lea r  wate r  may be  
r e t u r n e d  a f t e r  s e t t l e m e n t  i n  dam, v i a  penetock(s9 and p ip ing .  

Taf l i n g e :  The f ine ly-ground  ree idue  or  waste  m a t e r i a l s  con ta ined  
i n  the ore remaining a f t e r  floating o f f  the copper-bearing 
concen t r a t e  , 



T a i l i n g s  dam: One t o  which s l u r r y  i s  t r a n s p o r t e d ,  t h e  s o l i d e  
s e t t l i n g  wh i l e  t he  l i q u i d  may be withdrawn. 

Tube : A hol low produc t  of round o r  any o t h e r  c r o s s - e e c t i o n ,  
hav ing  a con t inuous  pe r i phe ry .  

Underground mining : Ext r ac t i on  of o r e  through v e r t i c a l  ahaf ts 
from the s u r f a c e  o r  h o r i z o n t a l  t u n n e l s  d r i f t s  o r  cross-cuts 
d r i v e n  i n t o  the  orebody. 

Vat : A v e s s e l  o r  tub i n  which o r e  i s  washed o r  sub j ec t ed  t o  
chemical  t r e a t m e n t ,  Used a s  a  synonym f o r  t ank .  

V e r t i c a l l y  i n t e g r a t e d :  A combining of b u s i n e s s  f i rms  engaged 
in d i f f e r e n t  phaaes  s f  the manufacture  and d i s t r i b u t i o n  of 
a p roduc t  i n t ~  an i n t e r a c t i n g  whole.  

Wire:  A s o l i d  s e c t i o n ,  i n c l u d i n g  r e c t a n g u l a r  f l a t  w i r e  b u t  
exc lud ing  o t h e r  flat p roduc t s ,  f u rn i shed  i n  c o i l s  o r  on 
spoo l s ,  r e e f s  o r  bricke. F l a t  w i r e  m y  a l s o  be fu rn i shed  
i n  s t : r a i gh t  l e n g t h s ,  

Wire bar:  Re f ine ry  shape f o r  r o l l i n g  i n t o  rod (and subeequent  
drawing i n t o  w i r e )  s t r i p  o r  shape.  Approximately 34 t o  5 i n .  
square  i n  c ro se - eec t fon ,  u s u a l l y  from 38 t o  54 i n ,  i n  l e h g t h  
and weighing from 135 t o  420 l b s .  Tapered a t  bo th  ends when 
used f o r  r o l l i n g  i n t o  rod f o r  subsequent w i r e  drawing and may 
be unpofnted when used f o r  r o l l i n g  i n t o  s t r i p .  Cas t  e i t h e r  . 
h o r i z o n t a l l y  o r  v e r t i c a l l y .  



Amax Incorporated . 1974 Annual Report , Amax Incorpora ted  , New 
York:, 1975. 

Amax Incorpora ted .  1975 Annual Report,  Amax Incorpora ted ,  New 
York:, 1976. 

Amax Incorpora ted .  February,  1976, 

h a w  Inccrrporated . Secur i  tieas And Commission, F o m  
10-M 1975, Amax Incorpora ted ,  New York, 1975. 
---$ - 

American Bureau of Metal S t a t i s t i c s  I n c .  NON-FERROUS METAL 
Dm,1975, Ameriean Bureau of Metal S t a t f a t i c e  Inc., New 
York;, 3.976. 

American moJog iea1  I n s t i t u t e  . Glossary sf Geology and Related 
Sciences w i t h  -- - h r i c o n  Geo'logfcal I n s t i t u t e ,  
Waehkngton, D. C, , 1966. 

Armericm Smelting And Ref in ing  Company. 1974 Annual Report, 
American Smelting And Ref in ing  Company, New York, 1975. 

Asareo Inco rpo ra t ed .  1975 Annual Report,  Aaarco Inco rpo ra t ed ,  
New York, 1976. 

American Smelt ing And Ref in ing  @ampany. S e c u r i t i e s  And Exchange 
C o m ~ i a s i o n ,  Form 1 0 - K ,  1974, American Smelting and Ref in ing  
Cofn~mrny, New York, 1974. 

Asareo Incorpora ted  . S e c u r i t i e s  and Exchange Conmisaion, Form 
20-El, 1975, Asarco Inco rpo ra t ed ,  New York, 1975. -- 

The Anaconda Company. 1974 Annual Report ,  The Anaconda Company, 
New York, 1975. 

The Anaconda Company. L975 Annual R e p o r t ,  The Anaconda Company, 
New York, 1975. 

The Anaconda Company. Secur i t i e s  and Comies ion ,  Form 
10-E:, 1975, The Anaconda Company, New York, 1975. 
-m 

Beall, John V. "Copper i n  the U . S . - - a  Poaition Survey." Mining 
, Vole 25, No. 4 (Apr i l  1973) :35 -47. 



Benne t t ,  Harold J., e t  a l .  A n  Economic Appra i s a l  of t h e  Supply 
of Copper From Primary Domestic Sources .  Bureau of Mines - 
In format ion  C i r c u l a r  8598, 1973. 

Bureau of Mines. 4 d i c t i o n a r y  pf , Minera l  and r e l a t e d  
terrna, U. S .  Dept. of t h e  I n t e r i o r ,  Bureau of Mines, 1968. 

C i t i e s  Service Company, 1975,Annual Repor t ,  C i t i e s  Se rv i ce  
Company, Oklahoma, 1976, 

C i t i e s  Selrvice Company. S e c u r i t i e s  A& Exchange C 
Form 10-K, 1975, Cities Service Company, Oklahoma, 1975. 

Clay, J.A,. "Copper i n  t h e  Mining Annual +view." 
J o u r n a l ,  London, (June 1976) :37 -41. 

Con t inen t a l  O i l  Company. 1974 Annual Report ,  C o n t i n e n t a l  O i l  
Company, Connec t i cu t ,  1975. 

Cont inent ;a l  O i l  Company. 1975 Annual Repor t ,  Con t i nen t a l  011 
Company, Connec t icu t ,  1976 .  

Conway, Vincent  J, and Threnthan,  Robert  E. Copper -S i tua t ion  
7 Repcjrt, M e r r i l l  Lynch P i e r c e  Fenner & Smith I n c .  September 

19751. 
I" 

'Copper i n  t h e  Mining Annual Review. " M%nlng J o u r n a l ,  London 
(June 1974) : 41 -44. 

"Copper i n  t he  Mining Annual Review." Min ing  J o u r n a l ,  London 
(June 1975) :45 -48. 

Cyprus Mines Corpora t ion .  1973 Annual Repor t ,  Cyprus Minee 
Corpo ra t i on ,  C a l i f o r n i a ,  1974. 

Cyprus Mines Corpora t ion .  1974 Annual Report, Cyprus Mines 
Corpora t ion ,  C a l i f o r n i a ,  1975. 

Cyprus Minee Corpo ra t i on ,  S e c u r i t i e s  And Exchange Commiesion 
Form 10-K, 1974, Cyprue Mines Corpora t ion ,  C a l i f o r n i a ,  1974. 

Cyprus Minee Corporat ion.  S e c u r i t i e s  A n d  Exchange Commission 
Form1 -- - 1 Q - K ,  1975, Cyprus Mines Corpo ra t i on ,  C a l i f o r n i a ,  1975. 



Dimock , Itober t R. "Solut ion Mining, I' Mining Engineer ing  , Vol . 
28, No. 2 (February 1976) :58-61. 

Evans, Lamar and S h e f f e r ,  Herman W. "Bump and Heap Leaching P rac -  
t i c e s  i n  the  Western United S t a t e~a . "  Mining, Congress J o u r n a l ,  
Vol .  54,  No. 9 ,  (September 1968) :96-100. 

E v e r e t t ,  Floyd D. "The Mineral  I ndus t ry  of Arizona i n  1974,'' 
Mineral  I n d u s t r y  Surveys, Bureau s f  Mines, Waehington, 
December 197G. 

Everett, Floyd D. "The Mfneral, I ndue t ry  of Arizona i n  1975 ." 
Mnt:& 12 Bureau of Mines, Waehington, 
Dect2mber 1975, 

F le tcher ,  James B. "In-Place Leaching." S k i l l i n g s  Mining 
Review, -- Vol. 6 3 ,  No. 17 (April, 27,  1974) :I, 8-10. 

&if fi th, W.A. e t  a 1  , 'Development of t h e  Roa~t -Leach-Elec t rowin  
Process f o r  Lakeshore," Hecla Mining Company, Wallace,  Idaho, 
1973. 

Hecla Mining Cmpany. 1974, Annual Report ,  Hecla Mining Company , 
Idaho, 1975. 

Hecla Mining Company, 1975 Annual Report ,  Hecla Mining Company, 
Ida110 , 2 976. 

"Hydrometallurgy . Engineer ing and J o u r n a l ,  Vol. 177, No, 6 
(dune 1976) :244 -46. 

I n s p i r a t i o n  Consol idated Copper Company. 1974 Annual Report ,  I n -  
s p i r a t i o n  Consol idated Copper Cmpany, Arizona,  1975, 

I n a p i r a t i o n  Consol idated Copper Company. 1975 Annual Report ,  I n -  
s p i r a  t i o n  Consol idated Copper Company, A r i  zona, 1976, 

Kennecott  Copper Corpora t ion .  1974 Annual Report ,  Kenneco t t  
Copper Corpora t ion ,  New York, 1975. 

Kennecott  Copper Corpora t ion .  1975 Annual Repor t ,  Kennecott 
Copper Carpsra t  i on ,  New York, 1976'. 

Kennecot t Copper Corpora t ion .  Secur i  t i e s  and Exchange Commission 
Forrn 20-K, 1974, b n n e c o t t  Copper Corpora t ion ,  New Ysrk, 1974. 



Leseman, Robert H. "Copper-Huge Stock Buildup W i l l  Slow Market 
Recwery  . " Engiaeer ine,  and Mining J o u r n a l ,  Vol . 177,  No. 3 ,  
(March 1976) :88-91. 

E i ,  Ta M ,  and C a r t e r ,  Russ. "Pin to  Valley Copper Mine - Blue- 
print f o r  Insured  P roduc t iv i t y . "  , Vol. 
27,  No. 6 ( ~ u n a  1976) :25 -33. 

McMsahon, A.D, 4 M a t e r i a l s  Survey, Bureau of Minee I n -  
fortnation C i r c u l a r  8225, 1965. 

Newmont Mining Corpora t ion .  1974 Annual Newmont Mining 
Corpora t ion ,  New York, 1975. 

Newmont Mining Corporat ion.  1975 Annual Report ,  Newmont Mining 
Corpora t i  on, New York, 1676, 

Nemsnt  Mining Corpora t ion .  S e c u r i t i e s  and Exchange Cammiseion 
Form 10-K, 1975, Nemont Mining Corporat ion,  New York, 1975. 

Parkinson, Gerald.  "Cyprus develops moly- ta lc  s e p a r a t i o n  f l o a t . "  
kneering and Journal, Vol. 177, No. 5 (May 1976):97. 

i 

$cC _ Pennzoi l  Company. 1973 Annual Report ,  Pennzoil  Company, Texas, 1974. 

Pennzoil  Company. 1975 Annual Report,  Pennzoi l  Company, Texas, 1976. 
*I 

a 

PennzoPl Cmpangr. Prospec ts  o f f e r i n g  debentures. Pennzoi l  Company, 
May 1975. 

Pennzoi l  Company. S e c u r i t i e s  and Conmission, Form 1 0 4 ,  
1975, Pennzoi l Company. Texas, 1975. 

Perlman, Louis ,  "Copper -There has  never been a  year  l i k e  1973, " 
end Mining J o u r n a l ,  Vol. 175, No. 3 (March 1974):  

Phelpe Dodge Corpora t ion .  1974 Anrlual b p o r t ,  Phelpa Dodge Corpor- 
a t i o n ,  Mew York, 1975, 

Phelps  Dodge Corporat ion.  1975 Annual Report ,  Phelps  Dodge Corpor - 
a t i o n ,  New Y ~ r k ,  1976. 

Phelps Dodge Corpora t ion .  Prospectus  o f f e r i n g  debenturers, June 1971. 



Phelps Dodge Corporat ion.  S e c u r i t i e s  Exchange Commieaion 
Form -_ - 1&K, 1974, Phelps Dodge Corpora t ion ,  New York, 1974. 

Phelps Dodge Corporat ion.  Securl tkea and Exchange Colnwission 
Form 10-8, 1975, Phslps Dodge Corpora t ion ,  New York, 1975. 
-9 

P h i l l i p s ,  Ken A .  THE COPPER INDUSTRY - S t a t i s t i c s  For 1974 
Compared With Other 'Years Arizona,  The United S t a t e s  Grid 
The World. Arizona Department of Mineral Resourcee , 
Phoenix, Arizona,  February, 1975, 

P h i l l i p s ,  Ken A. and Miller, Glenn A,. THE COPPER INDUSTRY - 
S t a t i s t i c s  For Other Yeate Arizona 
The United S t a t e s  , Arizona Department ;)of 
-l 

Mineral Resources, Phoenix, Arizona,  February 19'16. 

Ranchers Errplorati on and Development Corpora t i o n .  1974 An-  
nual Ranchere Explora t ion  and Development Cor- 
p o r a t f m ,  New Mexico, 197%. 

Ranchers Explo ra t ion  and Development Corporat ion.  1975 A n -  
nual  , Ranchers Explora t ion  and Development Cor- 
po ra t ion ,  New Mexico, 1976. 

Roberte ,  R o l l i n  W. San Xavier Vat Leach P l a n t  ope ra t ion ,  p r e -  
sented a t  t h e  1974 Mining Convention/Exposi t i o n  of the 
American Mining Congress,  Las Vegae, Nevada, American 
Mining Cmgresa ,  Washington, D. 6 .  , 1974. 

Schroeder ,  Haro ld  J. "Copper in 1974." Mineral I n d u s t r y  
S u r v e ~ ~ ,  Bureau of Mines, Washington, A p r i l  1975. - 

Schroeder , Harold J. "Copper i n  1975 .'I Mineral  Indus t ry  
, Bureau of Mines, Washington, March, 1976. 

Sheffer, Heman W. and Evane, La Mar G. Copper Leaching. 
~racticss In The Western United S t a t e s .  Bureau of 
Mines Inf  o m a t i o n  C i rcu la r  8341, 1968. 

Simpson, William A.B. "Copper-Demand drops ,  prices plunge, 
- ref lee t i n g  World economic b l u e s ,  Engineer ing  and 

Mininpr Journal ,  V o l  . 176, No. 3 (March 1975) :90-92. 

Skillings Jr . , David N.  "Ranchers Old Reliable P r o j e c t  
Reaches F u l l  Capaci ty.  " Skillinge Mining Review, Vol. 
63, No. 12 gf.lar.ch 23,  1974) :I, 12 -15. 

Spendlove, Max J. Methods For Producing Secondary Copper. 
Bur~eau of Minee Znformation C i r c u l a r  8002, 1961. 

U. S. Congress. Senate Committee on Government Operations. 
Mate r i a l  a Shortages - . S. Rept. 1975, 94th Cong., 
lot Sossion,  1975. 


