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MARKETING ORES AND CONCENTRATES OF GOLD, SILVER, COPPER, 
LEAD, AND ZINC IN THE UNITED STATES 

by 

Melford H. ~ a l s b u r ~ , '  William H. ~ e r n s , ?  Frank B. ~ u l k e r s o n , ~  and George C. ~ r a n n e r ~  

ABSTRACT 

The maximum net  r e tu rn  from t h e  s a l e  of ores and concentrates of gold,  
s i l v e r ,  copper, lead ,  and z inc  accrues t o  t h e  producer when these  mine products 
a r e  marketed t o  the  b e s t  advantage. Data a r e  presented t h a t  the  producer, 
e spec ia l ly  the  small  mine operator ,  can use t o  survey ava i l ab le  markets and 
make a preliminary est imate of the n e t  r e tu rn  t o  be expected from an ore ,  on 
t h e  bas i s  of t yp ica l  m i l l ,  smel te r ,  and f r e i g h t  schedules. A review of the 
indus t ry  is presented by S ta t e s  i n  which recent  production s t a t i s t i c s  a r e  
given, marketing f a c i l i t i e s  a r e  discussed, and loca t ions  of pr inc ipa l  mining 
d i s t r i c t s ,  custom m i l l s ,  and smelters  a r e  shown. Explanations of treatment 
processes,  ore types, treatment charges, payments f o r  metals,  and deductions 
a r e  given. Published ra i l  and t ruck  f r e i g h t  r a t e s  f o r  mine products,  based on 
marketing pa t te rns  developed over many years ,  a r e  l i s t e d  and explained. 

INTRODUCTION 

A major function of the  Bureau of Mines i s  t o  inves t iga t e  the Nation's 
mineral resources-- their  conservation, development, and u t i l i z a t i o n .  S t a t i s -  
t i c s  on production and consumption of mineral commodities a r e  co l lec ted  and 
disseminated, and s tudies  a r e  made t o  give a b e t t e r  untierstanding of a reg ion ' s  
minerals i n  r e l a t i o n  t o  the Nation's needs and t o  impart information t h a t  may 
cont r ibute  t o  more e f f i c i e n t  mine operations. 

l Mining engineer,  Bureau of Mines, Area V ,  Tucson, Ariz. 
2 ~ h y s i c a l  science administrator ,  Bureau of Mines, Area V ,  Denver, Colo. 
3 ~ m o d i t y - i n d u s t r y  ana lys t ,  Bureau of Mines, Area V I I ,  Albany, Oreg. 
4Formerly Bureau of Mines commodity-industry a n a l y s t ,  San Francisco, C a l i f . ,  

now 150 Scenic Drive, Piedmont, Ca l i f .  

Work on manuscript completed February 1963. 



The primary purpose of t h i s  repor t  is  t o  present  data t h a t  w i l l  be useful  
t o  the  producer of gold,  s i l v e r ,  copper, lead  and z inc  ores and concentrates 
i n  determining i f  a choice of ore markets i s  ava i l ab le  and, i f  so ,  i n  choosing 
which marketing combination i s  l i k e l y  t o  g ive  a maximum re turn  on ore  shipments. 
I n  l i n e  with t h i s  objec t ive ,  an e f f o r t  i s  made t o  answer typ ica l  requests  fo r  
marketing information, of ten  received by the Bureau of Mines i n  the form of 
s p e c i f i c  questions: 

1. What m i l l s  and smelters  i n  my v i c i n i t y  a r e  equipped t o  handle my 
products. 

2.  What a r e  the  f r e i g h t  r a t e s  t o  these  p lants?  

3. What a r e  the treatment charges, what metals a r e  paid f o r ,  and how 
much i s  paid a t  t yp ica l  p l an t s?  

4. What are t h e  pena l t i e s  for  c e r t a i n  mineral  cons t i tuents?  

5. Why do ore purchasers pay fo r  only c e r t a i n  cons t i tuents  and 
penal ize for  c e r t a i n  others? 

6 .  Should a c e r t a i n  ore be & i l l e d  or shipped d i r e c t l y  t o  a smelter? 

7.  What a r e  the meta l lurg ica l  p r inc ip l e s  on which mi l l ing  and smelting 
processes depend? 

Another purpose of t h i s  repor t  i s  t o  r ev i se  the  data published i n  
Information Circulars  (11, 2, and 14)' i n  1935 and 1936, now out of p r i n t .  
Use of t h i s  da ta ,  much of i t  i n  tabular  form i n  t h e  appendix, should enable a 
prospective shipper t o  compute an estimated n e t  r e tu rn  from ore shipments. 

A f i n a l  choice of market and shipping route  f o r  a pa r t i cu la r  ore o r  con- 
c e n t r a t e  cannot be made s o l e l y  from the  information i n  t h i s  c i r c u l a r  because 
appl icable  m i l l  and smelter ore-purchasing schedules and f r e igh t  r a t e s  a r e  
subjec t  t o  change fo r  severa l  reasons, among them the  following: 

1. Treatment and t ranspor ta t ion  cos ts  a r e  increasing.  

2 .  The r a t e  of payment fo r  metals changes from time t o  time, 
according t o  the metal market. 

3. Transportation pa t t e rns  and f a c i l i t i e s  change. 

4. Custom treatment p l an t s  suspend or  resume operations a s  econanic 
conditions d i c t a t e ,  and no l i s t  of ava i l ab le  p l an t s  remains 
v a l i d  inde f in i t e ly .  

'underlined numbers i n  parentheses r e f e r  t o  items i n  the  bibliography a t  the 
end of t h i s  repor t .  



In  some cases, small operators of lead-zinc mines who are  not prepared t o  
m i l l  t he i r  own ore have already suffered a loss of market because very few 
custom mill ing f a c i l i t i e s  remained in  operation a f t e r  lead and zinc pr ices  
declined. Many shippers have only one pract ical  smelter market because other 
smelting plants a r e  not located so as  t o  be competitive with respect t o  a 
par t icular  mine. 

Some smelting companies publish standard or open treatment schedules 
applicable t o  the different  types of ore purchased. Such schedules seldom 
apply i n  the i r  en t i re ty  t o  a spec i f ic  ore, but serve as a s ta r t ing  point from 
which t o  s e t  up a schedule for  each ore product offered. Sane open schedules 
do not contain a f u l l  l i s t  of charges, but s t a t e  tha t  such charges a r e  a matter 
for  individual negotiation. Assurance tha t  a producer w i l l  furnish a steady 
supply of ore on contract or a cer ta in  quali ty of ore desired by a par t icular  
plant may induce that  plant t o  offer  concessions not cal led for i n  any open 
schedule. Obviously, then, problems i n  marketing ores cannot be solved without 
current information. 

The current data necessary for  making a f i n a l  choice of plants must be 
obtained by negotiation with the purchasing departments of custan milling and 
smelting companies. Purchasing departments of custom plants i n  the United 
States  a r e  l i s t e d  i n  appendix R.  A mine operator f i r s t  should submit t o  ore 
buyers information as  t o  the probable quanti ty,  mineral content, and grade of 
ore t o  be offered. If the buyer is not familiar with the ore,  a sample and 
possibly a t r i a l  shipment may be required. I f  the ore i s  acceptable, the 
prospective buyer w i l l  offer  a schedule of treatment charges, penal t ies ,  and 
payments based on inspection and laboratory t e s t s  of the sample. Only then 
can a producer make r e a l i s t i c  comparisons of treatment and transportation 
options and choose the combination most favorable t o  h i s  operation. 

For the operator who does not have a choice of markets, the chief value 
of t h i s  c i rcular  may l i e  i n  the explanations and comparison of treatment 
schedules, ore-buying pract ices ,  and transportation routes. Such data should 
bring a be t te r  understanding of marketing factors tha t  w i l l  help a mine oper- 
a t o r  to  evaluate the probable worth of h i s  ore and the advisabi l i ty  of upgrad- 
ing by select ive mining or beneficiation. The conditions under which an ore 
i s  l ikely t o  be marketed have a bearing on minable grade, as  well as the type 
and capacity of milling f a c i l i t i e s .  Thus the operator of a property i n  the 
exploration or ear ly  development stage might benefit  from such information, 
even though ore production i s  s t i l l  anticipated.  Marketing information only 
supplements other data necessary i n  making decisions bearing on development 
of a mine. New or improved mill ing methods or smelter practices a r e  being 
introduced, and grades and types of ores t ha t  previously were not marketable 
may becane amenable t o  treatment. Such information i s  continually available 
i n  technical and trade journals and i n  reports issued by the Bureau of Mines, 
univers i t ies ,  and professional societ ies .  A number of such publications a r e  
l i s t e d  i n  the bibliography. It should be evident t o  the reader that  profes- 
sional advice, not only on mineral marketing but a l so  on mine and m i l l  opera- 
t ion  and design, i s  essen t ia l  a t  sane point i n  developing a mining property 
t o  the production stage. 



The as s i s t ance  of many companies t h a t  furnished da ta  on base treatment 
charges, payments, and deductions, including copies of set t lement  sheets  fo r  
shipments of custom mate r i a l ,  is g r a t e f u l l y  acknowledged. Trucking and r a i l -  
road companies, S t a t e  public  u t i l i t y  commissions, and the I n t e r s t a t e  Commerce 
Commission cooperated f u l l y  i n  furnishing t ruck  and r a i l  f r e igh t  r a t e s .  The 
General Services Administration, Transportat ion and Public U t i l i t i e s  Service,  
Denver, Colo., and San Francisco, C a l i f . ,  provided the bulk of the  point-to- 
point  r a i l r o a d  f r e i g h t  r a t e s  presented i n  t h i s  repor t .  

The following company o f f i c i a l s  were p a r t i c u l a r l y  he lpfu l  i n  furnishing 
data: 

Max W. Bowen, general  manager, Golden Cycle Corporation, 
Colorado Springs, Colo. 

Glenn A. Burt,  a s s i s t a n t  t o  the manager, Ore Purchasing and 
Metal lurgical  Department, In t e rna t iona l  Smelting & Refining Co., 
S a l t  Lake C i ty ,  Utah. 

Harold Foard, former superintendent of smelter ,  Miami p l an t ,  
In t e rna t iona l  Smelting & Refining Co., Miami, Ariz. 

Darre l l  Gardner, general manager, Magma Copper Co., Superior,  Ariz.  

J. Paul Harrison, manager, Colorado Department, American Smelting 
6 Refining Co., Denver, Colo. 

R. L. Jourdan, v i ce  pres ident ,  American Smelting 6 Refining Co., 
Ore Department, New York 5 ,  N.Y. 

K. A. Marchesi, meta l lurg ica l  ana lys t ,  The Bunker H i l l  Co., 
Kellogg , Idaho. 

Robert M. McGeorge, a s s i s t a n t  manager, Southwestern Department, 
American Smelting & Refining Co., E l  Paso, Tex. 

J. T. Roy, manager, Selby p l an t ,  American Smelting &Ref in ing  Co., 
San Francisco, Cal i f .  

R .  F. Welch, manager, Southwestern Ore Purchasing Department, 
American Smelting & Refining Co., Tucson, Ariz.  

Others i n  the Bureau of  Mines who were d i r e c t l y  concerned with furnishing 
d a t a  or  who a s s i s t e d  i n  the preparat ion of  t h i s  repor t  a r e  F. F. Netzeband, 
mining engineer ,  Mineral Resource Off ice ,  Area I V ,  B a r t l e s v i l l e ,  Okla.; Robert 
D. Thomson, Chief,  Mineral Resource Off ice ,  Area I ,  Pi t t sburgh ,  Pa.; Avery H.  
Reed, Jr., Chief,  Mineral Resource Office,  Area 11, Knoxville, Tenn.; Samuel 
A. Gustavson, Supervisory commodity-industry ana lys t ,  Mineral Resource Office,  
Area 111, Minneapolis, Minn.; and D. H. Mullen, mining engineer ,  Mineral 
Resource Off ice ,  Area V,  Denver, Colo. 



REVIEW OF BASE AND PRECIOUS METAL MINING 

Recent Base-Metal Economic His tory  

The mining, m i l l i n g ,  and smelt ing of ores  and concentrates  of gold and 
s i l v e r ,  and the  base meta ls ,  copper,  l ead ,  and z i n c ,  a r e  economically impor- 
t a n t  i n d u s t r i e s  i n  many p a r t s  of t h e  United S t a t e s .  I n  Arizona, Idaho, 
Nevada, Utah, and South Dakota, base  and prec ious  metals  accounted f o r  over 
h a l f  of t h e  va lue  of a l l  minera l  production i n  1960. The f i v e  leading s t a t e s  
i n  t h e  va lue  of mine output  of gold,  s i l v e r ,  copper ,  lead ,  and z i n c  i n  1960 
were Arizona ($366 m i l l i o n ) ,  Utah ($176 m i l l i o n ) ,  Montana ($68 mi l l i on ) ,  
Nevada ($53 mi l l i on ) ,  and Idaho ($35 mi l l i on )  ( t a b l e  1). 

A severe drop i n  domestic base-metal production occurred i n  1958 ( t a b l e  
2). Production of l ead  continued t o  dec l ine  i n  1959 and 1960, bu t  a t  a slower 
r a t e ,  whereas z i n c  recovered s l i g h t l y  by the end of  1960. I n  s p i t e  of  l o s s e s  
through s t r i k e s  a t  a number of western opera t ions ,  copper production a t  t h e  
end of  1960 had recovered n e a r l y  t o  t h e  l e v e l s  of 1956 and 1957, but  produc- 
t i o n  of l ead  and z i n c  w a s  s t i l l  considerably below t h a t  of 1956. World copper 
demand kept  pace wi th  high production i n  1961 and copper p r i c e s  remained 
s t a b l e .  Consumption of l ead  and z i n c  d i d  n o t  keep up with a g r e a t l y  increased  
world production i n  r ecen t  yea r s ,  r e s u l t i n g  i n  a drop i n  p r i c e s .  Although 
l e a d  and z i n c  mines i n  Idaho were c losed  i n  1960 f o r  many months by s t r i k e s ,  
and  imports were somewhat r e s t r i c t e d  by quotas ,  t h e  domestic supply has 
exceeded consumption f o r  s e v e r a l  years .  An announcement was made a t  the  end 
of 1960 t h a t  l i m i t e d  opera t ion  of s e v e r a l  t r i s t a t e  p rope r t i e s  i n  Kansas, 
M h s o u r i ,  and Oklahoma would be resumed; bu t  a t  t h e  end of 1961 s u b s t a n t i a l  
r e a c t i v a t i o n  of t h e  d i s t r i c t  had n o t  ma te r i a l i zed .  V i r t u a l l y  a l l  small  l ead  
and z inc  mines i n  the  United S t a t e s  were i d l e  a t  the  end of 1961, leaving t h e  
l a r g e r ,  lower c o s t  opera t ions  a s  t h e  only a c t i v e  mines. 

Government a s s i s t a n c e  t o  lead  and z inc  mining i n  r ecen t  years  was a con- 
t i n u a t i o n  of t h e  import quota system, and a subsidy program f o r  small  lead- 
z i n c  mines. Congress has  au thor ized  a s s i s t a n c e  i n  the  form of a l i m i t e d  
subsidy payable t o  small  l ead  and z i n c  producers,  bu t  the  number of mining 
opera t ions  e l i g i b l e  f o r  such a s s i s t a n c e  i s  small.  Import quotas on l ead  and 
z i n c  have remained i n  e f f e c t ,  bu t  no t a r i f f  was imposed. 

I n  November 1961, s a l e  of  U.S. Treasury s i l v e r  s tocks  t o  commercial u se r s  
was suspended, a measure long advocated by s i l v e r  producers i n  a market s i t u a -  
t i o n  where i n d u s t r i a l  s i l v e r  consumption has g r e a t l y  exceeded domestic mine 
production. The immediate r e s u l t  w a s  an inc rease  of  t h e  commercial p r i c e  of 
s i l v e r  t o  more than $1.00 per  ounce. A f u r t h e r  s i g n i f i c a n t  advance i n  the  
s i l v e r  p r i c e  may e a s i l y  occur. The U.S. Treasury has proposed t o  r ep len i sh  
deple ted  s tocks  of Government-owned s i l v e r  needed f o r  smal l  coinage by using 
monetary s i l v e r .  This  supply would be made a v a i l a b l e  by replac ing  s i l v e r -  
backed s i l v e r  c e r t i f i c a t e s  i n  c i r c u l a t i o n  wi th  Federal  Reserve notes .  Such 
a pol icy  would l i m i t  domestic demand t o  i n d u s t r i a l  requirements.  



State 

Arkansas ....... 
California ..... 
Colorado ....... ......... Idaho. 
Illinois ....... 
K1)nsae ......... 
Kentucky ....... 
Miehi$an ....... 
Missouri ....... 
Montafla ........ 
Nevads ......... 
New Mexico ..... 
~ e w  ~ o r k  ....... 
~orth Carolina . 
rxlahma ....... 
Orego" ......... 
Pennsylvania ... 
south Dakota ... 
Tennessee ...... 
Utah ........... 
Virginia ....... 
Washington ..... 
Wiseonein ...... 
wyaning ........ 

Total ..... 
lTotal values < 

3 
value 

thousands: 

$5. 887 
5. 007 

4. 330 
2.144 
215 

1. 607 
2. 037 
190 

64 

29 
(4 ) 
19. 417 

4 
12. 889 

'4.515 

1 

58. 336 
subieet t 

TABLE 1 . . Recoverable gold. eilver . cop~er. lead. and zinc in 1960. by States 
er 
Value 

thousands) 

$ 23 
4. 322 

163 
1. 502 
12. 351 

. 

14 
3. 265 
640 
275 
45 
192 

(" 
(+) 

98 
58 

4. 329 

'569 

C3) 
27. 846 

use eertai 

C 
short 
toms 
. 

41 
538, 605 

1, 087 
3, 247 
4, 208 

56.385 
1. 087 

91. 972 
77. 485 
67. 288 

) 

6 
a7. 907 

1 
12. 723 

218. 049 

78 

- 
,080,169 
relimina: 

er 
Valve 

thousands) 

$ 26 
345. 784 

698 
2. 085 
2. 702 

36. 199 
698 

59. 046 
49. 745 
43. 199 

( a )  

4 
a5. 076 

1 
8. 168 

139. 987 

50 

693. 468 
data used 

. 
Short 
t m s  

. 
23 

8, 495 - 
440 

18, 080 
42, 907 
3, 000 
781 
558 

11, 948 
4, 879 
987 

1, 996 
775 
424 
936 

39. 398 
2. 152 
7. 725 
1. 165 

- 
46, 669 - 
fuels 

. 
Short 
tons 

. 
35, 811 

50 
465 

31, 278 
36, 801 
29, 550 
2, 117 
869 

2, 821 
12, 551 

420 
13, 770 
66. 364 

2. 332 

13. 746 

91. 394 
35. 476 
19. 885 
21. 317 
18. 410 

135,427 - 

1E 

Value 
thou.md8: 

$ 9. 239 
13 
120 

8. 070 
9.495 
7. 624 
546 
224 

728 
3. 238 
108 

3. 553 
17. 122 

602 

3.559 

23. 579 
9. 153 
5. 142 
5. 500 
4. 750 

112. 365 
. 

'~roductlon of North Carolina end Pennsylvania cmbined . 
'~uantity less than I .  000 ounces and value l e a a  than $1.000. 
'Production of Prnneylvonis and Weshlngcon cooblned . 

Total 
Gold. ail- 

ver. copper. 
lead. zinc 
(thousands) 

$ 5. 941 
366. 340 

13 
5. 414 
18. 032 
34. 803 
8. 326 
729 
335 

36. 199 
27. 636 
68. 298 
52. 761 
47. 684 
17. 348 

355 
821 
33 

8. 635 
19;516 
31. 809 
175. 577 
5. 646 
12. 442 
5. 023 

1 

949. 737 

TABLE 2 . . Mine production of recoverable gold. silver. cower. lead . and zinc. 1956-60 
(Quantity and value in thousan&) 

value 
All 

minerals' 
(thousands) 

$ 8 6 2  21. 
415. 776 
153. 813 

1.402. 214 
341.142 

70;005 
77. 171 

436. 335 

8.733. 798 

mtal 

Gold ................ ounces ................ Silver do.. 
Copper .......... short tons 
Lead .................. do.. 
Zinc .................. do.. 

Total value .......... 

1956 
Quantity 
1. 827 
38. 722 
1. 104 
353 
542 

Value 
$63. 950 
35. 044 
938. 532 
110. 787 
148. 503 

1.296. 816 

1957 
puantity 

1. 794 
38. 165 
1. 087 
338 
532 

- ' 

1958 1959 
Value 
$62. 776 
34. 541 
654. 289 
96. 730 
123. 235 

971. 571 

Quantity 
1. 739 

34. 111 
979 
267 
412 

- 

puantity 
1. 604 

31. 194 
825 
256 
425 
. 

Total 
quantity 

8. 631 
172. 958 
5. 075 
1. 461 
2. 346 

value 
$60. 874 
30. 872 
515. 127 
62. 566 
84. 113 

753. 552 

Value 
$56. 133 
28. 233 
506. 455 
58. 786 
97. 787 

747. 394 

1960 
Quantity 

1. 667 
30. 766 
1. 080 
247 
435 

- 

Value 
$58. 336 
27. 846 
693. 468 
57. 722 
112. 365 

949. 737 



A t  t h e  end of 1961, t h e  u l t ima te  combined e f f e c t  on t h e  mining indus t ry  
of t h e  changed market condi t ions  f o r  s i l v e r  and t h e  l ead  and z i n c  subsidy w a s  
n o t  c l e a r .  Lead and z i n c  p r i c e s  had dec l ined  a t  t h e  end of 1961 t o  around 
10 c e n t s  and 12 cen t s  pe r  pound r e spec t ive ly ,  a l e v e l  t h a t  does not  encourage 
opera t ion  of  small, and gene ra l ly  high-cost mines, even wi th  higher  s i l v e r  
p r i c e s .  S i l v e r  mined i n  t h e  United S t a t e s  is l a r g e l y  a byproduct of copper 
and l ead  mining. The s i l v e r  content  of most copper ores  is  s o  small  t h a t  t h e  
e f f e c t  of a change i n  s i l v e r  p r i c e s  is neg l ig ib l e .  The s i l v e r  content  of l ead  
and lead-zinc ores  may be s i g n i f i c a n t  i n  va lue ,  bu t  market changes wi th in  t h e  
probable s i l v e r  p r i c e  range w i l l  have much less e f f e c t  on t o t a l  va lue  of  most 
o r e s  and on production than t h e  p r i c e  of l ead  and z inc .  Inasmuch a s  an over- 
supply of  t hese  metals  i s  l i k e l y  t o  continue,  notwithstanding t h e  low-price 
level, a l o g i c a l  method of support ing t h e  market is promoting increased con- 
sumption. This  is t h e  approach taken by t h e  l ead  and z i n c  indus t ry  through 
t r a d e  a s soc ia t ions .  Improvement admit tedly i s  d i f f i c u l t  i n  the  face  of com- 
p e t i t i o n  with aluminum, p l a s t i c s ,  and o ther  m a t e r i a l s  f o r  markets t h a t  t r a d i -  
t i o n a l l y  have used l ead  and z inc .  A s  one phase of promotion, t h e  indus t ry  has 
sponsored r e sea rch  i n  metal lurgy and i n d u s t r i a l  app l i ca t ions  t h a t  has  improved 
u t i l i z a t i o n  of lead  and z i n c  i n  manufacturing and s t imula ted  some new uses.  
The indus t ry  undoubtedly w i l l  cont inue t o  pursue t h i s  pol icy .  

C l a s s i f i c a t i o n  of Ores and Concentrates 

The following c l a s s i f i c a t i o n  of mineral  products  i s  commonly used i n  t h e  
mining indus t ry ,  and t h e  d e f i n i t i o n s  given w i l l  apply throughout t h i s  c i r c u l a r .  

-Ore is a mineral  o r  mineral  aggregate t h a t  can be mined and marketed a t  a 
p r o f i t .  A t  l e a s t  one mineral  (a n a t u r a l l y  occurr ing  chemical element o r  assem- 
b l a g e  of elements) i s  va luable ;  t h e  va lue le s s  minera ls  make up t h e  gangue o r  
waste .  

A base-metal ore  t h a t  conta ins  va luable  amounts of two o r  more metals  
(i.e., copper, lead ,  and z inc)  is termed a complex ore. Ores a r e  f u r t h e r  
c l a s s e d  by t h e  type of contained va luable  minera ls .  The f i v e  most important 
such  types of  minerals  occurr ing i n  base-metal o re s  a r e  n a t i v e  (metal i n  f r e e  
o r  m e t a l l i c  s t a t e ) ,  s u l f i d e  (metal combined wi th  s u l f u r ) ,  oxide (metal com- 
b ined  wi th  oxygen), carbonate (metal combined wi th  carbon and oxygen), and 
s i l i c a t e  (metal combined wi th  s i l i c o n  and oxygen). Ores containing a combina- 
t i o n  of oxide, carbonate,  and s i l i c a t e  minerals  a r e  camonly  grouped a s  oxi- 
d ized  ores .  The term mixed i s  used t o  descr ibe  o res  conta in ing  both s u l f i d e -  
and oxide-group minerals .  Ores can be c l a s s i f i e d  f u r t h e r  a s  m i l l i n g  or  d i r e c t -  
smelt ing ores .  A m i l l i n g  ore  can be t r e a t e d  and sepa ra t ed  i n t o  one o r  more 
concent ra tes  containing the  bulk of t h e  va luable  minerals  and some gangue and 
a t a i l i n g  cons i s t ing  c h i e f l y  of  gangue minerals  and any unrecwered  r e s idue  of 
va luable  minerals .  Normally t h i s  r e s idue  cannot be recovered economically. 

As  a means of ca t egor i z ing  s t a t i s t i c s  f o r  production of gold,  s i l v e r ,  
copper,  l ead ,  and z i n c  by c l a s s  of ore  and m a t e r i a l  t r e a t e d ,  a c l a s s i f i c a t i o n  
o f  ores and concent ra tes  of gold ,  s i l v e r ,  copper ,  l e a d ,  and z i n c ,  based on 
smel te r  terminology, smelter  s e t t l emen t  c o n t r a c t s ,  and metal  recovery, was 
devised and adopted by t h e  Bureau of Mines i n  1905. This  c l a s s i f i c a t i o n ,  wi th  



modifications t o  cover lpwering of economic ore grades and improvements in  
metallurgy,has been used continuously i n  the s t a t i s t i c a l  tables published by 
the Bureau of Mines i n  the Minerals Yearbook and other reports. Concentrates 
are  c lass i f ied  under the same rules a s  ores. The term "ores" i s  often used in  
a col lect ive sense tha t  includes both ore  as mined and ore products (concen- 
t ra tes ) .  It covers a l l  mined products tha t  are  sold to  smelters or equivalent 
plants for  the valuable metals contained. The current basis of ore c l a s s i f i -  
cation (6) i s  as  follows: 

Copper ores include smelting ores tha t  contain 2.5 percent or 
more recoverable copper and ores and t a i l i ngs  concentrated or  
leached chiefly for the i r  copper content, i r respect ive of the 
precious metal content. Ores leached i n  place or ores for which 
the tonnage cannot be calculated a re  excluded; slags smelted for  
the i r  copper content a r e  included. 

, 
Lead ores a r e  those tha t  contain 5 percent or more recoverable 

lead, i r respect ive of the precious metal content; and ores, t a i l i ngs ,  
or slags tha t  a r e  t reated chiefly for  the i r  lead content. 

Zinc conwutrating ores include those from which a marketable 
zinc concentrate is made, i r respect ive of precious metal content. 
Virtually no zinc ore i s  now smelted d i rec t ly  except s lags ,  which, 
when fumed, a r e  c lass i f ied  as  smelting ore and may contain as  l i t t l e  
as  5 percent recoverable zinc. 

The cmplex ores a r e  combinations of those enumerated above; 
they w i l l  be designated by the names of t he i r  constituent base 
metals i n  alphabetical  order, i r respect ive of the predominance 
of value. 

Gold, gold-silver,  and s i l v e r  ores with the base-metal 
content too small t o  be c lass i f ied  i n  accordance with the abwe 
are  'dry' ores,  regardless of method or treatment. Dry ores,  
chiefly,  s i l iceous,  a r e  valuable for  t he i r  s i l ve r  and gold 
contents and, i n  sane instances, for  the i r  fluxing properties.  
Dry gold ores are  defined as  those i n  which the gold value equals 
or exceeds three-fourths of the combined gold and s i l v e r  values; 
dry s i l ve r  ores a r e  those i n  which the s i l v e r  value equals or 
exceeds three-fourths of the combined gold and s i l ve r  values. 
In dry gold-silver ores both the gold and s i l v e r  values equal or 
exceed one-fourth of the cmbined gold and s i l v e r  values. 

Tailings and slags follow the same scheme of c lass i f ica t ion  
as ores. 

The class i f icat ions  are  not modified by considerations of 
payments of metals by smelters or custom mi l l s ,  or by method of 
rreatment by the smelters. 



On t h i s  basis ,  the 10 classes of ores and concentrates a r e  as follows: 
Copper, copper-lead, copper-zinc, copper-lead-zinz, lead, lead-zinc, zinc,  
dry gold, dry s i l v e r ,  and dry gold-s i lver ,  fur ther  dif ferent ia ted aa su l f ide ,  
oxide, or mixed ore. A l l  data presented i n  t h i s  publication sharing the 
classes of ores and concentrates a r e  based on t h i s  c lass i f ica t ion .  

I n  1957, 43 percent of the  gold output i n  tne United States was recovered 
from dry ores of gold, gold-silver,  and s i l v e r ;  32 percent from copper ore; 
19 percent f r w  gold-bearing placer gravel;  and the remainder from ores of 
copper, lead, and zinc. Thirty-two percent of the s i l v e r  came from dry ores; 
29 percent from copper ore; and the remainder from gold-bearing placer gravel 
and various ores of copper, lead, and zinc. Most copper came from copper 
ores ,  and most lead and zinc came from lead,  z inc,  or lead-zinc ores. 

In  dry ores of gold, gold-silver,  and s i l v e r ,  the gold occurs pr incipal ly  
as  the native metal or as  a l loys  of gold and s i l ve r .  Gold enters i n to  only 
one ser ies  of natural  compounds, the t e l l u r ide  miner~als, calaver i te ,  sylvani te ,  
and petzi te .  Silver i n  dry gold-silver and dry s i l v e r  ores occurs mainly as 
a native element and the s i l ve r  minerals, a rgent i te ,  cerargyri te ,  and i n  
l e s se r  amount as  proust i te ,  pyrargyrite,  and stephanite. Si lver  i s  a l so  a 
minor constituent of gold t e l l u r ide  minerals. 

Gold may occur i n  base-metal ores a s  the recognizable native element, but 
more comonly i s  found i n  auriferous pyr i te ,  chalcopyrite, spha le r i te ,  other 
su l f ide  minerals, and the i r  a l t e r a t ion  products. 

Silver i n  base-metal ores is present as  the s i l v e r  minerals a rgent i te ,  
cerargyri te ,  proust i te ,  pyrargyrite,  and stephanite,  but more cnrnnonly occurs 
i n  argentiferous te t rahedr i te ,  tennanti te,  and galena, and the i r  a l t e r a t ion  
products. Gold and s i l v e r  are  not recognizable except by analysis,  unless 
they occur as  d i s t i nc t ,  v i s ib l e  minerals. 

Copper occurs i n  copper, copper-lead, copper-lead-zinc, and copper-zinc 
ores  as one or more of f ive  types of copper ore minerals; sulf ides  (mainly 
chalcopyrite, chalcocite, bornite,  cove l l i t e ,  and enargite),  oxides (cupri te) ,  
carbonates (mainly malachite and azur i te ) ,  s i l i c a t e s  (chrysolla),  and native 
copper. Most of the copper produced i n  the United States as well as  through- 
out the world comes from ores containing sulf ide copper minerals; however, 
t h e  quantity recovered from oxide, carbonate, and s i l i c a t e  minerals of copper 
has been increasing. 

In lead and lead-zinc-ores, the Lead occurs chiefly as  the lead su l f ide  
mineral, galena; the su l f a t e ,  anglesi te ,  and the carbonate, cerussi te ,  a r e  
l e s s  abundant but important oxide minerals. In  the lead-zinc and zinc ores,  
t he  principal zinc mineral i s  the zinc su l f ide ,  sphaler i te .  I n  the oxidized 
zones, the camerc ia l ly  important zinc minerals a r e  the zinc carbonate, 
smithsonite; the zinc oxides, f rankl in i te  and z inc i te ;  and the zinc s i l i c a t e s ,  
calamine and willemite. 



Ore Marketing Pat terns i n  1960 

The following description of the flow of ores and concentrates of gold, 
s i l v e r ,  copper, lead, and zinc i s  based on marketing pat terns i n  e f f e c t  during 
1957-60. The discussion is  confined t o  the S ta tes  i n  which base and precious 
metals have been produced or  processed. Tables 3,  4, and 5 l is t  the mining 
d i s t r i c t s  from which ores and concentrates came and the treatment plants  t o  
which shipments were made. Figures 1, 2 ,  and 3 show the locations of mining 
d i s t r i c t s ,  m i l l s ,  smelters,  and other treatment plants  i n  the United Sta tes .  
Operations a t  sane of the  mining camps l i s t e d  have been recessed, and a 
number of m i l l s  and smelters a r e  no longer i n  operation. However, because 
some d i s t r i c t s  and treatment plants probably would be react ivated i n  an 
improved market, they a re  noted i n  t h i s  c i r cu la r .  Current production s t a t i s -  
t i c s  can be obtained £ran the Minerals Yearbooks published annually by the 
Bureau of Mines. 

TABLE 3. - Principal  mining d i s t r i c t s  or  areas from which ores and 
concentrates of gold, s i l v e r ,  copper, lead, and zinc 

were produced i n  1957 

Sta te  

Cochise.. . . . 
Gila........ 

Graham...... 
Greenlee.. . . 
Mohave...... 

Pima........ 

Arizona.. . . . . . 
Pinal....... 

Santa Cruz.. 

Yavapai..... 

Y u m a . . . . . . . .  

County 

/ 

{ 

\ 

I Turquoise......................... 
Warren (Bisbee) ................... 
Banner (Christmas) ................ (G lobe-Miami....................... 
Aravaipa.......................... 
Copper Mountain (Morenci)...... ... 

{ 
Owens-Cedar Valley ................ 
Wallapai .......................... 
Ajo. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
bole............................. 
Baboquivari ....................... 
Empire ............................ 
Helvetia (Rosemont) ............... 
Pima.............................. 
Si lver  Bell....................... 

1 
Bunker Hil l . . . . . . . . . . . . . . . . . . . . . . .  
Mineral Creek (Ray).. ............. 
Old Hat........................... 
Pioneer (Superior) ................ 

I Harshaw........................... Oro Blanco..... ................... 
Patagonia (Duquesne). . . :. . . . . . . . . . 

I 
Agua Fria......................... 
Big Bug, Black Canyon, Hassayampa, 

and Walker....................... 
Copper Basin...................... 
Eureka............................ 
Verde (Jerome). ................... 
Castle Dome....................... 
Cienega........................... 

Mining d i s t r i c t  Figure 1, 
symbol 

( ~ o c h i s e  (Dragoon).. ............... I 1 
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TABLE 3 . . Principal  mining d i s t r i c t s  or  areas from which ores and 
concentrates of gold. s i l ve r .  copper. lead. and zinc 

were produced i n  1957.. Continued 

S ta t e  

Grant ....... 

New Mexico .... 

California .... 

Nevada ....... 

Guadalupe ... 
Hidalgo ..... .... Sandoval 
Santa Fe .... 
Socorro ..... 
Torrance .... 
Amador. 

Calaveras . 
E l  Dorado. 
Madera. 
Mariposa. 
Tuolumne . 

Humboldt .... 

Kern ........ 
Mono ........ 
Nevada ...... 
Plumas ...... 
s i e r r a  ...... 
Siskiyou .... 
Tr in i ty  ..... 
Yuba ........ 
Clark ....... 

Esmeralda ... 

Eureka ..... , 
Humboldt ... 
Lander ..... , 

Mining d i s t r i c t  

.......................... Central 
Eureka ........................... 
Pinos Altos ...................... 
swartz ........................... 
Pintado .......................... 
Lordsburg ........................ 
Cuba ............................. 
Cerr i l los .  Cooper. San Pedro. ................. and New Placers ....................... Hansonberg 
Magdalena ........................ 
Carocito ......................... 
East- Belt .  Mother Lode. West Belt 

...... Tr in i ty  River South (Hoopa) ........................... Darwin { . 
Lee .............................. 

{Modoc ............................ pave ........................... 
Randsburg ........................ 
Homer ............................ ......... Grass Valley-Nevada City 
Sawpit P l a t  ...................... ............ Alleghany-Downieville .................... Klamath River .......................... 

{ 
Hayfork 
Tr in i ty  River .................... .................... Browns Valley ........ I ........................ Goodsprings (Yellow Pine) 
Las Vegas ...................... Searchlight .......................... I ........................... Contact 
Delano ......................... Merrimac ......................... ! ........................ Klondyke 
Montezuma 
Silver  Peak ...................... ........................... I ..................... Eureka 
Maggie Creek ......................... .Railroad ........................ 

{ Awakening 
Golconda ......................... .................. Bat t l e  Mountain .......................... Bullion 

igure 1. 
symbol 

31 
32 
33 
34 
35 
36 
37 

38 
39 
40 
41 
42 

43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 ' 

63 
64 
65 
66 
67 
68 
69 
70 
7 1  
72 



TABLE 3 . . P r i n c i p a l  mining d i s t r i c t s  or  a r e a s  from which ores and 

s t a t e  

Nevada- . 
Continued . 

Colorado ..... 

South Dakota. 

Utah ......... 

Wyoming ...... 
Idaho  ........ 

concent ra tes  of gold. s i l v e r .  copper. lead.  and z i n c  
were produced i n  1957.. Continued 

County 

Lincoln ...... 
......... Lyon 

Mineral ...... 
.......... Nye 

Storey  ....... 
\ White Pine ... 

...... Boulder 
Chaffee ...... 
Clear  Creek .. 

....... Custer 
Dolores ...... 
Eagle ........ 
Premont ...... 
Gi lp in  ....... ..... Gunnison 
Lake ......... 
Mineral ...... 
Park ......... 
Saguache ..... 
San Juan. 

San Miguel. 
and &ray . ....... Summit 

T e l l e r  ....... 
Lawrence ..... 

Tooele ....... 

Beaver ....... 

Wasatch ...... 
Fremont ...... ....... Blaine 

Juab and Utah 
P iu te  ........ .... S a l t  Lake ....... Summit 

Mining d i s t r i c t  

I 

............ Jack Rabbit  ( B r i s t o l )  
Pioche (Ely) ..................... 
Yerington ........................ ........................... I ....................... Aurora 
Candelar ia  
Cedar Mountain ................... 
Tonopah .......................... 
Comstock'Lode .................... ..................... I Cherry Creek ......................... 

I ....................... Robinson 
Tungstonia 
Cent ra l .  Gold H i l l .  Grand I s l a n d  . .......................... Monarch 
Alice.  Argentine. Empire. 

G r i f f i t h .  Idaho Springs. 
Montana. and T r a i l  Creek . ..................... Hardscrabble 

Pioneer .......................... 
Red C l i f f  (Ba t t l e  Mountain) ...... 
Cotopaxi ......................... 
Northern. Southern ............... 
Domingo. Elk Mountain ............ 
Cal i fo rn ia  ....................... 
Creede ........................... 
Buckskin Gulch. Horseshoe ........ 
Bonanza ............. .......... ......................... San Juan 

Breckenridge. Montezuma .......... 
Cripple  Creek .................... 
Whitewood ( Ida  Gray). Port land.  

and Bald Mountain . 
Rocky. San Francisco. S t a r  and 

North S t a r  . ........................... T i n t i c  
Gold Mountain. Mount Baldy. Ohio 
West Mountain (Bingham) .......... 
Uintah ........................... .......................... I ........................... C l i f t o n  
Dugway 
Ophir. Rush Valley ............... 
Blue Ledge. Snake Creek .......... 
A t l a n t i c  C i t y  and South Pass ..... 
Mineral Hill-Camas and 

Warm Springs . 

Figure 1. 
symbol 

73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 

87 
88 
89 
90 
9 1  
92 
93 
94 
95 
96 
97 

98 
99 

100 

101 

102 
103 
104 
105 
106 
107 
108 
109 
110 
111 



TABLE 3 . . Principal  mining d i s t r i c t s  or areas from which ores and 
concentrates of gold. s i l ve r .  copper. lead. and z inc  

were produced i n  1957.. Continued 

s t a t e  

Idaho.. 
Continued . 

Montana ....... 

Oregon ........ 

Washington .... 

I l l i n o i s .  Iowa 
Wisconsin . 

...... Michigan 

Kansas. 
Missouri. 
Oklahoma . 

Missouri ...... 
I l l i n o i s  ...... 
Kentucky ...... 
North Carolina 

Tennessee ..... 
New Jersey .,.. ...... New York 
Pennsylvania . . 
Vermont ....... 
Virginia ...... 

County 

........................ ...... Jasper- rri.State 
Newton ....... I I 

Mining d i s t r i c t  

....... Custer 

Lemhi ........ 
Shoshone ..... 

... Beaverhead 
Granite ...... 
Jefferson .... 
Sanders ...... 
Si lver  Bow ... 
Grant ........ 

....... / Chelan 

I Ferry ........ 
Pend Ore i l le  . 

i Stevens ...... 
Jo  Daviess ... 
Dubuque ...... 
Grant ........ 
I m a  ......... 
Lafayette .... ..... ..... .... 1 Ontonagon 

Houghton 
Keweenaw 

Cherokee ..... 

...................... Alder Creek 
Bayhorse ......................... 
Blackbird ........................ 
Blue Wing ........................ ......................... McDevitt 
Coeur dtAlene (Beaver. Hunter. 

Evolution. Placer Center. Yreka) 
Argenta .......................... 
Fl in t  Creek ...................... 
Colorado ......................... ............................ Eagle 
Butte (Sumit  Valley) ............ 
Granite .......................... .......... 

{ 
Railroad Creek (Chelan) 
Wenatchee ........................ 
Republic ......................... 
Metaline ......................... 
Northport ........................ 

Upper Mississippi Valley ......... 

.................... 
I 
) 

Lake Superior i 

Figure 1. 
symbol 

112 
113 
114 
115 
116 
117 

118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 

129 

130 

131 

132 

133 

134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 

[ ottawa ....... ...... . . Madison 
St  Francois 
Washington ... 
Hardin ....... ......... 
Caldwell ..... ... Crittenden ... Livingston ......... 
Halifax ...... 
Hancock ...... 
Jefferson .... ......... Polk I"" sussex ....... 

. . St Lawrence 
Lebanon ...... 
Orange ....... ... Rockingham 

e ........ 

I 
............ Southeastern Missouri 

............... Kentucky Fluorspar I 
Ore Knob ......................... .......................... Enfield 
Treadway ......................... ........................... Mascot ......................... Ducktown ............... Franklin Ogdenburg . ..................... St Lawrence ......................... Cornwall 
Stafford ......................... ...................... Timberville 
Aust invi l le  ...................... 



4 ....... 
5 ....... 

....... 6 

7..... 

15 ....... I. .  .do.. ....... 

CALIPrnNIA 
R.san.nd..... . 
Undeburg ..... 

coLCB*Do 
... Silverroo.. 

..... dp ......... 

9.. ..... 

LO ....... 
....... 11 

12. ...... 
13.... ... 

TABLE 4. - Cvafom mills for rrearinp ores of wld. silver. copper, lead, and zinc 
(rnsludee ovararing plant. and idle plants available on a n d  

as of 1961) 

Idaho Springe, 
cener.1 city, 
Georgec-, 
Silver Pluoe, 
Black Haw*. 

Cripple Creek. 

H m C e r - . . . . .  

Leadvilla..... 

Bonanza ....... 

NlmD of I N m e  of 
plant operator 

Iron King ....... SharruckLDenn 
mining co. 

~vrton  roth hers. Burton ~rothsrs 
Burt  ode... .... ~ u t f   ode 

Mining co. 

Pride ........... 
Shsnandoah...... 

Corp. 
Plpoulh ........ John 6 Vera 

J e f f r e y .  
le.urrection.... ResuEresLion 

Arsyle Mining 
and Killing CO. 

Standard Uranium 
Corp. 

Bay Cicy.... .... 
Ronf  Range, 
Dixie. Black 
Eagle, Silver 
spruce, Silver 
King. canuon- 
uaalth, Bur- 
leigh, HendoLa, 
Boodle, Glory 
Hole, and 
others. 
:arlron. ........ 

nining CO. 
iuperior ........ superior ninea. 
(Nations1 Corp. 
Minerale). 

Bay City Mining 
&Milling co., 
1°C. 

Various ......... 

Golden cycle 

.oleonds ........ Golconda Lead 
Mines. 

iex  ............. zanerti ~ros. 

Type of 
mill 

.... do...... . 

$elective 
flotation 
:yL"idation. 

:yanidarion. 
Lnnlgem~rion 
and tables. 

jclecrive 
flolstio". 
ieleerive 
flolation 
and tables. 
;elective 
flotation 

200 ..... do...... 

..... 1,000 do...... 

300 Au-Ag bullion 

..... 150 do...... 
30 A"-& retort 

aponge. 

80-100 Pb(Cu-Au-Ag) 
and an. ..... ... 750 do... 

..... 100 1 d...... . 
50-200 ..... do...... 

1,000 Au-&-bullion 

50 ?b (Cu-Au-Ag) 
m d  an. 

500 ..... do...... 
150 ..... do...... 

200 ..... do...... 
200 I ..... do... ... 

.harge5 R-rke 
dollar. 

4.50 Mill purchased f r m  The Eagle- 
Pishar Co. in March 19.57. 
Treetmenr charge includes 
delivery of roll consentreses 
into reilroad ears. 

,SO-5.00 Mill acquired fro. American 
smelting and Refining Co. 
A in 9 5 7  Ha8 
pnrehseed ore only f r m  

.Duqueme minsa. - NO custar ore treated eines 
1954. 

5.50 Last operated in 1955. 
00- 12 .oo 

7.00 I n ~ t i v e  in 1961. 

) DO. 

7.00 Do. 

( Inactive in 1961. Ptosr of 
there mill. are intact and 
available for  isase or 

( 6 )  Closed in January 1962. 

4.50 Ineerive in 1962. 



ILLINOIS 
m s i c l a r e  ..... 

... ... do...... 

a l ans . . . . . .  .. 

s i l v e r  Peak... 

NEW MEXICO 
Deming ........ 

Bayard. ....... 

UISCONSlN 
white Oak, 

Rosielare...... 

casetcon ....... 
Si lve r  Peak.... 

Bullfrog ....... 

Barbare J...... 

A b i r a l  ........ 

vinegar H i l l  ... 

tore minor meta l  

h1uni"vo co. 
of America 

mark-mahoning 
co. 

The Eagle- 
Picher co. 

The Anaconda 
co. 

Cmbined MeLeta1s 
Reduction Co. 

uni ted  s t a r e s  
Mining and 
n i t l i n g  co. 

per" n in ing co. 
empire z i n c  
Division. The 
New Jersey 
z i n c  CO. 

uni ted  s t a r e r  
Smelting 
Refining and 
mining CO. 

The Eagle-Piche. 
co. 

m r i c a n  z inc ,  
Laad and 
Smelfing co. 

Cmbined Hefala 
Reduction co. 

I n t e rna t i ona l  
Smelting and 
Refining Co. 

uni ted  Scares 
Smelting 
ReEining and 
Mining co. 

A h i r a l  
Consolidated 
Mining co.  
vinenar H i l l  

American z i n c ,  
Lead and 

1s i n  m i l l  heads an, 

ayy media 
nd s e l e c t i v *  
:1.tation. 
. d o  ........ 

; l e e r ive  
:%oration 
rnd j i g s .  

:1ective 
il0fllLiO". 

..dm ........ 
,anidation..  , 

! leer ive  
i1orntion. 
. . d o  ....... 
. d o  ....... 

do ... ....... 

!avy media, 
e l e c t i v e  
r lo laf ion,  
m d  J i g s .  ... do ....... 

? l ec t i ve  
E l o ~ e ~ i o n .  ... do ....... 

... do.. ..... 

... do ....... 

... do ....... 

ncentratea.  

FluOrBplr-Zn- 
Pb. 

..... do.. .... 
Pb (Ag) ,  zn.. 

C", Pb 
(A"-&), 2". 

hu-Ag bul l ion  

Cu, Pb, and 
2". ..... do.. .... ..... do...... 

..... do...... 

C", Pb, and 
2". 

..... do.. .... 

Purchase 

.. do.... 

.. do.... 

.. do.... 

. d o . . . .  

..do .... 

..do.. .. 

.. do.... .. do.... 

.. do.... 

Purchase 
and 
t o l l .  

.. do.... 

Purchase 

.. do.... 

Purehaas 
end 
t o l l .  

Toll . . . ,  

purchase 

d T k  
benotes ores purchased ou t r i gh i ;  e * r o l ~ 8 r  denotes ores t r e a t e d  under contrac t  vhsn shipper  r e t a i n s  t i t l e .  
data s h a m  i n  appendix. 

ed  ~reamenl charge; paynent negot ia ted .  
ent schedule i n  appendix. 
ehedvle n o t  avai lable .  

No ore purchased i n  1961. 

Inac t i ve  s ince  1957. 

Reopened i n  1961. 

Reopened i n  1961. 

DO. 

Inac t i ve  s ince  1958. 

Inac t i ve  s ince  1958. 
Cusron mi l l i ng  ores 
diver ted  t o  n idya l a ,  
Utah, a f t e r  ch i s  date. 

Inac t i ve  s i n c e  1958 



TABLE 5. - Smelters ,  P l a n t s ,  and r e f i n e r i e s  f o r  t r e a t i n g  pold,  s i l v e r ,  copper, l e a d ,  
end z i n c  ares,  concen t ra tes ,  and meta l s  

- 

Figure 3 
symbol 

I...... 

z...... 

3. . . . . .  

b . . . . . .  

5 ....... 
6 ....... 

7 ....... 

8 ....... 

9 ....... 

10. ...... 

11. ...... 
12. ...... 

13 ....... 

ARIZONA 
Rayden ...... 

Miami ....... 

:an Manuel.. . 
ARKANSAS 

'ort Smith.. . 

IDABO 
rad ley  
(Kellogg). 

Cmpany 

American 
Smelting and 
Refining Co. 

~ n s p i r a t i o n  
Consolidared 
Comer Co. . . ..... do.... .. 
(formerly 
I n t e r n a t i o n a  
Smelting and 
Refining Ca. 
Kennecoct 
Copper Corp. 
Ray nines 
Div. 

. . 
co. 

,helps Dodge 
Corp., Dougli 
Reduction 
works. 
'helps  Dodge 
Corp., 
Mol-enci 
Branch. 
'helps Dodge 
Corp., New 
Corne l ia  
Branch. 
Ian Manuel 
Capper Corp. 

. thleLic 
Mining & 
Smelting Co. 

unker H i l l  
& Sul l ivan  
Mining 
& Concen- 
t r a t i n g  CO. 

Type of 
smel te r  

p l a n t ,  o 
r e f i n e r  

Copper 
emelter .  

E l e e f r o l y t  
copper 
r e f i n e r y .  

Copper 
smel te r .  

.... do.... 

.... do..... 

.... do... . .  

.... do..... 

.... do..... 

.... do..... 

Zinc smelt1 
p lan t . e  

S i lve r - l ead  
smel te r  an 
r e f i n e r y .  

!ine s l ag-  
fuming 
p lan t .  

i i l v e r - l e a d  
~ m e l t e r  en, 
r e f i n e r y .  

(ores and co 
c e n t r a t e s  

un less  o t h e r  
wise s t a t e d  

Copper, gold. 
s i l v e r .  

Leach s o l u t i l  
and anode 
copper. 

Copper, gold. 
s i l v e r .  

..... do...... 

.... do...... 

..... do...... 

..... do... . . .  

z inc ores, 
concen t ra tes  
and fumes. 

Lead, gold- 
a i l v e r .  

!ine s l a g  and 
fume. 

.ead, gold- 
s i l v e r .  

Annuel a 
Charge' 

.a.ityl 
:ens) 

Refines 
meta l  

Purchase 
ore o r  

eoncenrra 
o u t r i g h t  
- 

T r e a t  ore o 
eoncentrare 

on t o l l  b a s i  
and r e t u r n  

product  
t o  sh ipper  

X 

Creat compan 
ore o r  

:oncentrate  
only 

Remarks on p r in -  
c i p a l  source of 
ore and eoncen- 
t r a t e  f o r  p l a n t  

and o ther  
p e r t i n e n t  da ta .  

Major Arizona 
producers  
and 

Company Insp i ra -  
t i o n  mine. 

I n s p i r a t i o n  Con- 
Bolidated cap- 
per Co., Miami 
Copper Co. 
mines,  and j. 

Cmpany Ray 
mines. Smelter  
opera t ion  began 
i n  J u l v  1958. 

CLnnpany Superior  
mines and =. 

2mpany Copper 
Queen and 
Lavender mines 
end 3. 

:mpany Morenoi 
mine and 
C U S t n .  E ~ X .  

:onpany Ajo mine 
and e u s t m  
flulr.  

:ompany Sen 
Manuel mine. 

:mpany Arizona 
mines. ', and 

i n "  s l a g  firm 
l ead  smel te r  and. 
smel te r  dmp. 

ompany Bvnker 
B i l l  and S t a r  
mines, end 



14...... 

15...... 

16.... . .  

17.. .... 

18.... . .  

19...... 

Z O . . . . . .  

Z l . . . . . .  

Z Z . . .  .. 

23..... 

24..... 

- 
See footr 

. I  

. 

I 

. 

. 

. 

, . 

. . 

. . 

. . 

. . 

ILLINOIS 
\Iton 
(Fe<eral) 

zast 
St .  Louis. 

qonsanto..... 

I 

I 

I 

I 

tpres a t  end of 

La Sal le . . . . .  

INDIANA 
East  Chicago. 

KANSAS 
Galena ....... 

MARYLAND 
Baltimore.... 

MICHIGAN 
Hubbell 

he Bunker Hi1 
E l ec t ro ly t i c  
z inc  P lant .  

he Bunker 
H i l l  co. 

lamhieseen 
& Hegeler 
Zinc Co. 

h e  New Jerse] 
Zinc Co. 

I.S.S. Lead 
Refinery,  
1°C. 

:he Eagle- 
Pioher Co. 

Lmerican 
SmelLing 
and Refin- 
ing  co. 

:alumet & 
Hecla, 
1°C. 

>la. 

< l e c t r o l y t i e  
r i n c  p lan t .  

cine slag- 
f m i n g  
p lan t .  

Silver-lead 
smelter  and 
re f inery .  

zinc smelt- 
ing plant2' 

E l ec t ro ly t i c  
r i n c  p lan t .  

z inc  smelt in 
plant. '  

Zinc smelt in 
plant.1 = 

Elec t ro ly t i c  
s i lver - lead  
re f inery .  

S i lver - lead  
smelter  and 
re f inery .  

ElectralyZic 
copper 
re f inery .  

copper 
smelter  anc 
re f inery .  

i.1~ con- 
cent ra te .  

inc  s lag  
and fume. 

ead,  gold- 
s i l v e r .  

inc  (and 
residues).  

i n c  fume, 
ca lc ine ,  and 
residue.  

: inc  and 
residues.  

:opper coneel 
rrates and 
copper scral 

mpmpany Bunker 
1111 and Star  
pines, ", and 

inc s lag  from 
Lead smelter  
md smelter dump 
i i nc  s lag .  

mpany mines i n  
Yissauri and 
rennesaee, 
md 8 .  

l an ts  i n  Idaho, 
Oklahoma, Penn- 
sylvania,  Texas, 
Utah, Canada, 
and Mexico. 
oreher" I l l i n o i s ,  
Wisconsin, Tr i -  
S ta te  d i s t r i c t ,  
and 
ompeny Colorado 
mines, ', and '. 
Treats primari ly 
raaered and 
s in te red  z inc  
concentrates and 
oxide ore. 

ompany Oklah- 
and I l l i n o i s  
mi l l s  and i n  
t r i - a t a t e  dis-  
t r i c t .  Primar- 
i l y  a pigment 
plant .  

:ampany mines and 
reclamation 
p lan ts .  



TABLE 5. - h a l t e r e ,  ~ l a n t s ,  and r e f i n e r i e s  fo r  t r e a t i n g  i la ld,  s i l v e r ,  copper, l ead ,  
and z inc  ores,  concentrates, and metals--Continued 

Figure 
symbol 

Location of 
p lanr  

White Pine.. 

S t .  Louis... 

Herculaneum 

MOhTANA 
East  Helena. 

Anaconda.... 

,..do ........ 

Great P a l l s . .  

NEVADA 
!kcill.. ..... 

W n c y  Mining 
co. 

White Pine 
Copper Co. 

S t .  Joseph 
Lead Ca. 

Lewin-nathea 
co.  Division 
of Cerro Carl 

S t .  Joseph LeC 
co.  

Pmerican 
Smelting and 
Refining Co. 

Ihe Anaconda 
co. 

YMricLLo 
Smelting and 
Refining Co. 

:ennecott 
Copper carp.  
Nevada Mines 
Di".  

Type of 
~ m ~ l t e r ,  

p l a n t ,  or 
re f ine ry  

Copper 
smelter  and 
r e f i n e r y .  

.... do...... 

S i lve r - l ead  
smelter and 
r e f i n e r y .  

Copper 
re f ine ry .  

copper 
smelter .  

E l e c t r o l y t i c  
z inc  p lan t .  

.... do ....... 
I l e c t r o l y t i c  
copper. 

3ilve1-lead 
re f ine ry .  

:opper 
smelter .  

c1aaa of mete 
r i a l  t r e a t e d  
(ore8 and con 

c e n t r a t e s  
unless  other-  
v i s a  s t a t e d l  

Copper coneen. 
traces and 
capper ncrap 

..... do...... 

Lead .......... 

:opper concen. 
c r a t e s  and 
SCrBP. 

.eed, gold..  .. 

:in= s l e g  and 
£me. 

:opper, gold- 
s i l v e r .  
:in= concen- 
t r a t e .  

opper, gold- 
s i l v e r .  

Purchase 
ore o r  

:oncentrats 
ou t r igh t  

Treat ore 01 

concentrate  
~n t o l l  basir 
and return 

product 
t o  s h i m e r  

ore Bnd concen- 
trate for plane 

and orhsr  
percinenr data .  

Cmpany r e e l e m -  
t i o n  planr  and 
Capper Range's 
Champion mine 
concentrates. 
Smelter i d l e  i n  
1958 end f i r s t  
6 months of 1959. 

Zopper Range ores. 

:mpany sourheast-  
e m  Missouri 
n inas ,  Belmmr 
mine i n  New York, 
*, and a .  

lo t  s l a g  and fume 
from laad 
smelter  and 
Bmelter dump 
slag.  

h t t e  mines, 
and '. 

:in= s l e g  from 
lead smalter and 
smelter dunp s lag .  

lut te  mines, 3, 
and =. 
iutte mines, ", 
plan t  c losed i n  
1960. 
lut te  mines, 
and 

(10) 

mpany ninas and 
custom fluxing 
ore. 



NEW JERSEY 
: a r t e r e t . .  ... 

Berber ....... 

Amboy). 
N E W  MEXICO 

Hurley ....... 

NEW YCRK 
Laurel B i l l . .  

uenryet ta . . .  

PENNSYLVANIA 
Josephtovn.. 

. Palmerton.. 

TENNESSEE 
Copperhi l l . .  

tea a t  end of 

meriean Metal 
Climax, 1°C. 

merisen 
Smelting and 
Refining Co. .... do ........ 

:nternationa1 
Smelting and 
Refining Co. 

(ennecott 
copper Corp. 

?helps Dodge 
Refining 
COFD. 

rhe Eagle 
Picher  co. 

National z i n c  
CO. 

St .  Joseph 
Lead co. 

 he New Je r sey  
z inc  co. 

United S t a t e s  
S t e e l  Carp. 

Tennessee 
Copper Co. - 

ble .  

w e r  
m e l t e r  and 
% l e e t r o l y r i c  
md f i r e  
tef inery.  
Llver-lead 
ref inery.  

Lectrolycic 
:opper 
ref inery.  ... do ....... 

DPP= 
smelter and 
f i r e  
ref inery.  

w e r  
smelter  and 
e l e c t r o l y t i c  
re f ine ry .  

i n c  smelting 

i n e  smelting 

opper ares 
~ n d  cmeen- 
CT.L.8 and 
residnes.  

(13) 

opper con- 
centrates. 

i n c  ore and 
concentrates 
and f l u e  dust  
. inc. .  ........ 

:inc concen- 
t r a t e s ,  cal- 
cine., axidea 
and residue.  
:inc..  ........ 

:ine ore and 
concentrates  
and res idues .  

oncentrates frm 
vermmt and 
North Carolina. 

mpnny Chino mine. 
F i re  re f ine ry  

i n t e r -  
mi t t en t ly .  

,ppalachisn 
Su l f ides ,  mc., 
mines i n  Vermont 
and North Caroline 
and Bethlehem Cuba 
I ron  mine i n  
Pennsylvania. 
' r imari ly  

:umpmy & l a h a  
and I l l i n o i s  mimes 
and = from Tr i -  
S t a t e  d i s t r i c t ,  
I l l i n o i s ,  and 
Wisconsin. 
' f r m  Colorado 
Arizona, Tr i -  
S t a t e  d i s t r i c t .  

mines, 3 ,  and '. 
:anpany New Je r sey ,  
Colorado, 
Tennessee. 
~enney lvs& and 
v i r g i n i a  minea, 
3, and ' . 

Material from 
Tennessee and 
New York; c losed 
Nwember 23,  1957 

company minea i n  
Tennessee. 



Figure 3 
symbol 

Location of 
plant 

1umas.. ...... 
I1 Paso...... 

UTAH 
:ooele ....... 

Pmeriean 
Smelting and 
Refining Co. 

..... do ....... 

'helps Dodge 
Refining 
COW. 

Lnternacional 
Smelting and 
Refining Co. .... do ....... 

:ennecott 
copper corp. 

TABLE 5. - Smelters, plants, and refineries for treating gold, silver. copper. lead, 
and zinc ares, concentrates, and metals--Continued 

Type of 
smelter, 

plant, or 
refinery 

- 

-- 

copper 
refinery. 

Zinc smelrin 
plant.' 

Blectz~lyti~ 
zinc plant. 

Zinc smelrin 
plant.s 

Capper 
smelter. 

Silver-lead 
smelter. 

Zinc-slag- 
fming 
plant. 

Electrolytic 
copper 
refinery an8 
copper fire 
refinery. 

zinc slag- 
fvning 
plant. 

Copper 
smelter 
and elec- 
trolytic 

:laas of mate- 
rial treated 
:ores and con- 
centrates 

,"Less ocher- 
wise stated) 

:in= concen- 
trates and 
fume. ... ..do.. ..... 

*ad-zinc, 
gold-silver. 

:ine slag. .... 

ead-zinc, 
gold-silver. 

inc oxide 
and carbon- 
ate ores and 
zinc alag. 
opper con- 
centrates. 

Annual 
(shor 

Charge' 

- 

400,000 

360,000 

300,000 

(10) 

225,000 

ta~ity' 

Refine. 
metal 
- 

'160 

105,000 

"137 

'290,000 
"25,000 

'204.000 

Pvrchasa 
ore or 

:oncentrat' 
outright 

Treat are or 
Concentrate 
on tall basis 
and return 
produst 
to shipper 

'rest canpan: 
ore or 

OncenfraLe 
only 

Remarks on prin- 
cipal source of 
ore and concen- 
trate for plant 

and other 
pertinent data. 

Canpany mines in 
Colorado and New 
Mexico (inactive), 
', and '. 

Do. 

:anpany mines in 
Arizona and 
Missouri, and '. 
:ompany mines in 
Colorado and New 
Mexico (inactive), 
and '. 

lot slag and £ m e  
from lead smelter 
m d  smelter dump 
slag. 
:ompany mines. 

lot elag end f m e  
£ran lead smelter 
and smelter dlrmp 
slag. 
Lmericsn Smelting 
and Refining Co. 
accepted cuetom 
ore and concen- 
trate at the 
copper smelter 
until January 1, 
1959, when the 
new Corp., m e r  assmed Kennecott 

operation. 



61...... 

62.... . .  

63 

- 
'Based c 
a ~ n c l u d e  
=small I 
4Refined 

UTAB-- 
(Coqtinued) 

lidvale.. . . . . 

WASHINGTON 
CBCOmd. . . . . . . 

JEST VlRGlNll 
5eadoubrook.. 

lnifed Sta tes  
Smelting, 
Refining and 
Mining co. 

Lmerican 
Smelting and 
Refining CO. 

eadowbrook 
Corp., sub- 
s i d i a r y  of 
matthieasen 
h Hegeler. 

S i lver - lead  
smelter  
and 
re f inery .  

copper 
smelter 
and elec- 
t r o l y t i c  
re f inery .  

Zinc smelting 

oerican Bureau of Metal S c a t i s t i  
lux but not  f ue l .  
of domestic e u s t m  ore or concentrate. 

.cs Yearbook, 

o t s  
I copper. 

"~u rehased  custom s i l i c a  f luxing ore ot mater ia l  only. 
eHorizantal  r e t o r t s .  
 a ail^ capacity for  spe l t e r .  
sForeign ore and concentrate,  
S ~ e f i n e d  pig lead. 

'Omta conf ident ia l  o r  not avai lab le .  
"Slab zinc.  
"ver t ica l  r e t o p .  
"Not appl icabl i .  
'"ire re f ined  copper (with varying amounts of s i l v e r ) .  

.cad, gold- 
s i l v e r .  

:opper, gold- 
s i l v e r ,  and 
s i l i c eous  
gold ores. 

*72,000 

'114,000 

"42,000 

- 
x the ye 

idvale smelter 
was closed i n  
June 1958 and 
subsequently 
dismantled. 
Company contin- 
ued t o  buy c u s t m  
mater ia l  whish 
was t rea ted  a t  
In te rna t iona l  
Smelting and 
Refining Co. 
Tmele  smelter  
on a t o l l  
bas is .  

p r inc ipa l ly  from 
Arkansas, 
Wisconsin, 
Missouri, and 
pr inc ipa l ly  from 
Canada. 



Alaska 

Production of newly mined base- and precious-metal ores i n  Alaska i n  1960 
was l imi ted  t o  gold,  s i l v e r ,  and a few tons of high-grade lead ore. Over 99 
percent of the gold came from placer  operat ion and t h e  balance from s i x  small 
lode mines sca t t e red  throughout the S ta te .  

Base-metal mining i n  Alaska has been a t  a s t a n d s t i l l  fo r  a number of years ,  
although explorat ion f o r  copper deposi ts  was i n  progress i n  1960 and 1961. The 
only recorded production of base metals i n  1960 cons is ted  of two shipments of 
a few tons each of high-grade lead-si lver-gold ore  from the Hyder d i s t r i c t  i n  
southern Alaska. 

Marketing gold and s i l v e r  presents  no problem. Both metals a r e  recovered 
a s  bu l l ion  by g rav i ty  concentrat ion,  amalgamation, and cyanidation i n  p l an t s  
a t  the mines. Bullion shipments t o  the U.S. Mint a t  San Francisco, Ca l i f . ,  or 
Denver, Colo., can be made conveniently by a i r .  Gold and s i l v e r  i n  bul l ion  
form can a l s o  be s o l d  t o  l icensed buyers; f o r  example, c e r t a i n  loca l  banks. 
Occasionally, heavy mineral concentrates containing gold a r e  obtained as a 
byproduct of placering operat ions.  This c l a s s  of ma te r i a l  can be s o l d  t o  lead 
o r  copper smelters ,  bu t  more often i s  discarded or s tockpiled i n  hope of a 
p r o f i t a b l e  market i n  t h e  fu ture .  

Base-metal ores a s  mined, or a s  concentrated i n  m i l l s  located a t  the 
mines, have been shipped t o  t h e  copper smelter of the American Smelting 
&Ref in ing  Co. a t  Tacoma, Wash., and t o  the Selby, C a l i f . ,  lead smelter of the  
same company. Both p l an t s  a r e  a t  t idewater.  One of the  two small Alaska 
shipments of lead-si lver-gold ore  qade i n  1960 went t o  the  East Helena, Mont., 
l ead  smelter of the  American Smelter & Refining Co., and the  other t o  the  
Selby, Ca l i f . ,  p lan t .  The neares t  p l an t  t o  which Alaskan z inc  ores or  concen- 
t r a t e s  could be shipped is the Bunker H i l l  Co. e l e c t r o l y t i c  p lant  a t  Kellogg, 
Idaho. 

The marketing of ores  from southeastern Alaska is  discussed i n  d e t a i l  i n  
a 1958 Bureau of Mines publicat ion (l.8). 

Arizona 

In  1960, mineral production i n  Arizona increased 27 percent i n  value over 
t h a t  of 1959, l a rge ly  because of increased copper output.  A t  l e a s t  three  new 
copper deposi ts  now under development a r e  expected t o  come i n t o  production i n  
t h e  next few years.  

Most of the major producers of copper have in tegra ted  mining, mi l l i ng ,  and 
smelting operations ( t a b l e  6) .  A l l  have t h e i r  own concentrators  or  leaching 
p l a n t s ,  and e igh t  firms operate  smelters .  

Another method of t r e a t i n g  oxidized copper o re s ,  the  segre ta t ion  process,  
has been introduced r ecen t ly  a t  the Lake Shore property of Transarizona 
Resources, Inc. ,  south of Casa Grande. This process,  which produces a m e t a l l i c  
copper concentrate ,  may have increasing importance i n  copper metallurgy (2, 
11 26). - >  - 



TABLE 6. - Leading copper-producing opera t ions  i n  Arizona i n  1960' a 

Operation company D i s t r i c t  I County I Type of  

San Manuel3. 

New Cornelia 
Lavender p i t  

Copper Queer 
Ray p i t  ..... 
I n s p i r a t i o n .  

S i l v e r  B e l l  

Magma....... 
Copper Cities 
Miami....... 
C a s t l e  D a n e  

dump. 
Pima........ .... ~ a g d a d ~ .  

.. Old ~ i c k ~ .  
Daisy,  Pa lo  

Verde. 

Phelps Dodge Corp. Copper Mountain Greenlee Open pi t . . .  I I I 
San Manuel Copper. Old Hat.. . . . . . .  P inal . . .  Undergrounc 
Corp. 

Phelps Dodge Corp. Ajo... . . . . . . . .  . Pima.... Open p i t . . .  ....... do... . . . . . .  Warren.. ....... Cochise.  .... do... . .  

....... ...... ... ... I I I do......... do... . . . .  do Undergrounc 
Kennecott Copper Minera lCreek . .  P inal . . .  Open p i t . . .  
Corp. 

I n s p i r a t i o n  I Globe-Miami.... I G i l a . . . .  I .... do..... 
Consolidated 
Copper Co. 

Duval Sulphur Pima........... Pinla.... .... do..... 
& Potash Co. 

American Smelting S i l v e r  Be l l . . . .  ... do... .... do... . .  
and Refining Co. 

Magma Copper CO.' Pioneer.  ....... Pinal . . .  Undergrounc 
rennessee Corp .... Globe-Miami.... G i l a . . . .  Open p i t . . .  ....... do..... .......... do.. ........ do... Undergrounc 
....... do.. . . . . . . .  ...... do....... ... do...  Open p i t . . .  

.... Pima Mining Co.... Pima........... Pima.... do..... .... Bagdad Copper Corp. Eureka... . . . . . .  Yavapai. do..... I I 
Cyprus Mines Corp. ...... do .......... do... Undergrounc 
Banner Mining Co. Pima........... Pima.... Undergrounc I I ooen o i t . '  

Type of 
t rea tment  
F l o t a t i o n ,  

leaching.  ... do..... 

F l o t a t i o n .  
F l o t a t i o n ,  

leaching.  .. do... . . .  .. do...... 

.. do...... 

F l o t a t i o n .  

F l o t a t i o n ,  
leaching.  

F l o t a t i o n .  .. do...... 
Leaching.. 
.. do...... 

F l o t a t i o n .  
F l o t a t i o n ,  

leaching.  
F l o t a t i o n .  .. do...... 

a ~ o l d  and s i l v e r  were obta ined a s  byproducts of copper mining. 
3~olybdenum was obta ined as a byproduct o f  copper mining. 
4Company owned smel te r .  
S ~ m e l t e ;  purchased from I n t e r n a t i o n a l  Smelting and Ref ining Co. i n  1960. 
'successor t o  Miami Copper Co. 
' ~ o ~ ~ e r - z i n c  o r e  mined. 
' ~ a i s ~  open p i t  opera ted by Pima Mining Co. 

Concentrator 
(company owned1 
Norenci ........ 
San Manuel.. ... 
i j o . .  .......... 
Bisbee......... 

... do.......... 
Ray............ 

I n s p i r a t i o n  .... 

Esperanza...... 

.. S i l v e r  Bel l . .  

Superior.. . .  ... 
Copper C i t i e s . .  ... do.......... 
............... 
Pima........... 
Bagdad ......... 
Old Dick ....... 
Daisy .......... 

Smelter  

Lorenci .4 

. j0.4 
oug las  .4 

Do. 
layden .4 

layden4 o r  
E l  Paso. 
u p e r i o r  .4 

ustom. 
Do. 
Do. 

DO. 

Do. 

Do. 
Do. 



The f i v e  proper t ies  t h a t  mined complex ores i n  1960 a r e  shown i n  t a b l e  7.  
These mines accounted f o r  most of Arizona's lead and z inc  production i n  1960, 
i n  cont ras t  with 181 producing mines i n  1949. Gold, s i l v e r ,  and copper were 
a l s o  recovered. The p r inc ipa l  product from the  Old Dick mine is  copper, but 
the  zinc content i n  the ore makes t h i s  mine the second l a rges t  producer of 
z i n c  i n  the s t a t e .  

.. 
TABLE 7.  - Arizona mines producing complex ores i n  1960 

Cochise.. .. 
Company 

McFarland & Hullinger.... . 
.......... Nash & McFarland 

Cyprus Mines Corp......... 
B .  S. & K. Mining Co...... 

Shattuck-Denn Mining Corp. 

Santa Cruz. 
Yavapai. ... 
Pima....... 

Mine I Location I County I Pr inc ipa l  

Yavapai :... 

Johnson Camp, 
Moore sha f t .  

Flux......... 
Old Dick..... 
Atlas........ 

I ron King.... 

products 
Zinc. Johnson Camp 

Patagonia... 
Near Bagdad. 
Near S i lve r  

Bell .  
Humboldt... . 

Zinc- lead. 
Copper-zinc. 
Zinc. 

Zinc- lead. 

The f i v e  m i l l s  shown i n  t a b l e  8 a r e  operated pr imar i ly  t o  serve the  owners' 
company or  l e s see  operat ions.  Ores from other  proper t ies  a r e  accepted on a cus- 
tom basis .  However, no ores from lead-zinc mines without mi l l ing  f a c i l i t i e s  
were shipped t o  any of the  p l an t s  shown i n  t ab le  8 i n  1960. 

TABLE 8. - Custom m i l l s  ava i l ab le  t o  Arizona ores i n  1960 

Location of p l an t  Company operating p l an t  

Johnson Camp, Ariz ................. McFarland & Hullinger. 
Patagonia, Ariz.  (Trench) .......... Nash & McFarland. 
Humboldt, Ariz. ( Iron King). ....... Shattuck-Denn Mining Corp.' 
Deming, N. Mex.: 

(Asarco) ......................... American Smelting & Refining Co.' 
(Peru). .......................... Peru Mining ~ 0 . ~  

'No custom ores were being t r e a t e d  by the Shattuck-Denn Mining Corp. 
i n  1960. 

' ~ o t  operating i n  1960. 
' ~ e a c t i v a t e d  i n  1960 primari ly for  ores  from Grant County, N. Mex., 

mines. 

Base-metal ores and concentrates  from operations t h a t  do not  maintain 
t h e i r  own smelt& can be marketed a t  copper, lead ,  and z inc  smelting p l an t s  
i n  Arizona, Oklahoma, and Texas, as  l i s t e d  i n  t a b l e  5. 

Arkansas 

A small production of lead  and z inc  concentrates  from an operation i n  
Marion County was reported i n  1960. 

The z inc  smelting p l an t  of the Ath le t i c  Mining & Smelting Co. a t  For t  
Smith, Ark., operated a t  a very low r a t e  i n  1960 under cont rac t  with the  



American Zinc,  Lead & Smelting Co. This  p l a n t  was suppl ied  c h i e f l y  from 
r e t r e a t e d  t a i l i n g s  from t h e  Tr i -S ta t e  D i s t r i c t  of Kansas, Missour i ,  and 
Oklahoma. 

C a l i f o r n i a  

Marketing of gold and s i l v e r  i n  C a l i f o r n i a  p resen t s  a few problems. The 
output  from p lace r  and lode mining a t  po in t s  s c a t t e r e d  throughout the  S t a t e  
i s  recovered i n  g r a v i t y ,  amalgamation, and cyanide p l a n t s  a s  gold  and s i l v e r  
b u l l i o n  and s o l d  t o  t h e  U.S. Mint a t  San Francisco,  C a l i f .  Small amounts of 
gold  and s i l v e r  a r e  recovered and marketed wi th  base-metal concentrates .  

Copper i s  mined a t  p r o p e r t i e s  i n  f i v e  coun t i e s ,  bu t  an operat ion i n  Inyo 
County and another  i n  Humboldt County accounted f o r  most of C a l i f o r n i a ' s  
product ion i n  1960. 

Inyo County copper,  a long wi th  gold and s i l v e r ,  i s  a byproduct of tungsten 
production. Most of C a l i f o r n i a ' s  yea r ly  lead  and z i n c  product ion of  a few hun- 
dred  tons  each, a l s o  comes from Inyo County. 

I n  1959, t h e  Butte  Lode Mining Co. m i l l  a t  Randsburg accepted custom gold 
and s i l v e r  o re s  amenable t o  recovery by amalgamation and g r a v i t y  concentrat ion.  
No o the r  custom m i l l  was i n  opera t ion  i n  Ca l i fo rn ia ,  a l though opera tors  of 
p r i v a t e  t reatment  p l a n t s  occas ional ly  accepted ou t s ide  o r e  as an accomu,odation 
t o  small  producers.  Gold and s i l v e r  ores  f r w  Eastern C a l i f o r n i a  have been 
t r e a t e d  a t  the  custom cyanide m i l l  of t h e  United S t a t e s  Mining & M i l l i n g  Co. 
a t  S i l v e r  Peak, Nev. Operations a t  t h i s  m i l l  were suspended i n  1961. 

The c l o s e s t  custom m i l l i n g  f a c i l i t i e s  f o r  l ead  and z i n c  ores  from 
C a l i f o r n i a  a r e  a v a i l a b l e  a t  t h e  Midvale, Utah, p l a n t  of  t h e  United S t a t e s  
Smelting Refining & Mining Co. Mi l l ing  p l a n t s  of  Combined Metals Reduction 
Co. a t  Casel ton (Pioche), Nev., and Bauer, Utah, and t h e  p l a n t  of t h e  In terna-  
t i o n a l  Smelting and Refining Company a t  Tooele,  Utah, which formerly accepted 
custom lead-zinc o re ,  have been c losed .  Presumably one of t h e  Combined Metals 
Reduction Co. p l a n t s  w i l l  be a v a i l a b l e  aga in  under more favorable  market 
condi t ions .  

No custom m i l l i n g  f a c i l i t i e s  f o r  copper ores  a r e  a v a i l a b l e  t o  C a l i f o r n i a  
producers.  A l imi t ed  market f o r  copper-, gold- ,  and s i lve r -bea r ing  s i l i c a  . f luxing  ore  is a v a i l a b l e  a t  t h e  copper smel te r  of  Kennecott Copper Corp. a t  
McGill, Nev., where they a r e  accepted by prearrangement on an a s  needed b a s i s .  
Copper ores  and concentrates  can be  s o l d  t o  copper sme l t e r s  of t h e  American 
Smelting & Refining Co. a t  Tacoma, Wash., and Hayden, Ariz . ,  and t o  The 
Anaconda Co. p l a n t  a t  Anaconda, Mont. Shipment t o  t h e  Magma Copper Co. smel te r  
a t  Superior ,  Ariz . ,  o r  t h e  American Smelting & Refining Co. smel te r  a t  E l  Paso, 
Tex., might be advantageous i n  c e r t a i n  cases.  

Logical  markets f o r  l e a d  concent ra tes  a r e  t h e  l ead  sme l t e r s  of the  
American Smelting & Refining Co., Selby, C a l i f . ,  and Eas t  Helena, Mont., and 
o f  The Bunker H i l l  Co., Kellogg, Idaho. However, the  I n t e r n a t i o n a l  Smelting 
& Refining Co. accepts  high-grade z i n c  oxide and carbonate ores  f o r  i t s  



zinc-fuming p lan t  a t  Tooele, Utah, and z inc  concentrates  without de le te r ious  
impur i t ies  a r e  accepted a t  the e l e c t r o l y t i c  z inc  p l an t  of the  Anaconda Co. a t  
Great F a l l s ,  Mont. 

Custom m i l l s  i n  Colorado operated between 1950 and 1960 a r e  l i s t e d  i n  
t a b l e  4. A l l  of these were closed i n  1962, although the  Carlton custom cyanide 
m i l l  of The Golden Cycle Corp. i n  the Cripple Creek d i s t r i c t ,  Te l l e r  County, 
was operated u n t i l  January 1, 1962. This p lant  served an in tegra ted  gold- 
mining operation t h a t  produced s l i g h t l y  more than h a l f  of the  S t a t e ' s  gold 
output i n  1960. Treat ing gold t e l l u r i d e  ore  l a rge ly  from three  mines and 
seve ra l  mine dumps, the Carl ton m i l l  operated i n  1960 and 1961 a t  much l e s s  
than i t s  r a t ed  capaci ty of 1,000 tons da i ly .  The m i l l  i s  not  designed t o  
t r e a t  gold ores containing appreciable amounts of base metals.  However, dry 
gold  ores from other  d i s t r i c t s  would have been t r e a t e d ,  i f  offered. 

In  1960, most of the  copper, lead,  and z inc  ores ,  which a l s o  contained 
some gold and s i l v e r ,  were mined and mil led by the  S t a t e ' s  major producers as  
follows: 

Company 

Idarado Mining Co 

The New Jersey  
Zinc Co. 

Operation 

Camp Bird 
Colorado, Inc. 

Emperius Mining Co. 

Product Conbentrator 

Treasury-Tunnel- 
Black Bear- 
Smuggler Union. 

Eagle ............ 

Rico Argentine 
Mining Co. 

Copper, lead ,  and 
z inc  concentrates 
and gold bul l ion .  

Lead and z inc  
concentrates and 
copper ore.  

Lead and z inc  
concentrates.  

Gold-silver ore ,  
lead and z inc  
concentrates .  

Lead and z inc  
concentrates .  

Pandora m i l l  a t  
Te l lu r ide ,  Colo. 

Eagle m i l l  a t  
Gilman, Colo. 

Camp Bird ........ 
Emperius ......... 

Camp Bird m i l l  
near &ray, Colo. 

Emperius m i l l  a t  
Creede, Colo. 

Rico Argentine ... 

Custom m i l l s  
Copper, lead ,  zinc.1 Midvale, Utah ....... IUnited S ta t e s  Smelting Refining 

Rico m i l l  a t  
Rico, Colo. 

In  1960, Colorado producers of lead ,  z inc ,  and copper ores and concen- 
t r a t e s  had a choice of t h e  following custom m i l l s  and smelters  and p lan t s :  

Class of ore o r  
concentrate 

Location of p l an t  Company operating p l an t  

Custom smelters  

Lead............... 

Zinc............... 

Copper............. 

{ 
E l  Paso, Tex........ 
Tooele, Utah........ 

I . Amarillo, Tex....... 
B a r t l e s v i l l e ,  Okla.. 
Anaconda, Mont...... 
'Corpus C h r i s t i ,  Tex. 
E l  Paso, Tex........ 

American Smelting & Refining Co. 
In t e rna t iona l  Smelting & Refining Co. 
American Smelting & Refining Co. 
National Zinc Co. 
The Anaconda Co. 
American Smelting & Refining Co. 
American Smelting & Refining Co. 



Star t ing i n  1957, low lead and zinc prices forced the closing of many 
Colorado mines and mi l l s ,  including a l l  Leadville, Colo., operations and the 
Keystone Unit of the American Smelting &Refining Co. near Crested Butte, Colo. 
Smaller operations scat tered through the Colorado mineral b e l t  were a l so  
inactive i n  1960 and 1961. None of the 15 or  more Colorado lead-zinc-copper 
custom mills  l i s t e d  i n  table  4 was operating i n  1961. Many cr£ them, including 
the Resurrection m i l l  a t  Leadville, the largest  custom m i l l  i n  Colorado, could 
be reactivated.  The l a s t  remaining custom smelter i n  Colorado, the Arkansas 
Valley lead smelter of the American Smelting & Refining Co. a t  Leadville, was 
closed permanently i n  February 1961. 

Operators who had ore contracts with the Leadville smelter have been able 
t o  market ores a t  the E l  Paso, Tex., plant of the same company, using the 
Leadville treatment schedule and paying fre ight  charge6 equal t o  the former 
cost  of shipping t o  Leadville. Less-than-carload l o t s  can be shipped t o  the 
American Smelting &Refining Co. Globe ref inery a t  Denver, Colo., where ship- 
ments a r e  sampled and accumulated for forwarding t o  Texas plants. Pa r t i a l  
payment i s  made t o  shippers a f t e r  receipt  of the ore a t  the Globe plant.  

Idaho 

I n  1960, Idaho continued as the Nation's premier silver-producing State 
and ranked second i n  the production of lead and th i rd  i n  the output of zinc. 
Most of the metals came from f ive mines i n  the Coeur d'blene mining region of 
Shoshone County i n  the northern par t  of the State.  These mines a r e  l i s t e d  as 
follows : 

Mine 1 Ore 

I I 1 fines CO. 

Star............ 
Sunshine........ 
Page ............ 
Galena.......... 

Lucky Friday .... 

The Bunker H i l l  Co. has an integrated mining, mill ing,  smelting, and 
ref ining operation i n  the Coeur dtAlene mining region. In  addition t o  mining 
and mill ing,  the operation includes a si lver-lead smelter and ref inery and an 
e l ec t ro ly t i c  zinc plant. Custom concentrate from foreign and domestic sources 
furnishes much of the material treated.  Small l o t s  of crude lead ore a r e  
purchased. 

Bunker H i l l  ..... [lead-zinc .... I ~ h e  Bunker H i l l  Co ... l ~ h e  Bunker H i l l  Co. 
Operator 

There i s  very l i t t l e  custom milling i n  Idaho. Two small custom mi l l s ,  
Golconda and Rex, were operated i n  the Coeur dtAlene mining region i n  the 
19501s, but both were shut down by the end of the decade. Ore from the Lucky 
Friday, which had been t reated a t  the Golconda m i l l ,  was diverted t o  a new 
m i l l  a t  the Lucky Friday mine i n  1960. Before declining lead and zinc prices 

Owner 

... .. do. ;.... 
silver. . . . . . .  
lead-zinc.... 

s i lver. . . . . . .  

lead......... 

Hecla Mining Co...... 
Sunshine Mining Co... 
American Smelting 

and Refining Co. 
..... do.............. 

...... Ilecla Mining CQ 

Do. 
Sunshine Mining Co. 
American Smelting 

and Refining Co. 
Callahan Mining Corp. 

(mine leased t o  Asarco 
and The Day Mines, Inc.) 

Lucky Friday Si lver  Lead 



forced closure of many mines, a number of lessees  had ore  mil led i n  p l an t s  
owned and operated by t h e  lessor  companies. 

The p r inc ipa l  mine outs ide  the Coeur dlAlene mining region a c t i v e  a t  the 
end of 1960 was the Clayton mine ( lead-zinc)  of the  Clayton S i lve r  Mines i n  
Custer County. The company operated a m i l l  and shipped concentrates t o  a 
custom lead smelter and an e l e c t r o l y t i c  z i n c  p lant .  

A t o t a l  of 44 base-metal mines and 16 s i l v e r  mines were ac t ive  i n  1960. 
Many were small mines t h a t  sent  crude ore  t o  lead and copper smelters .  
Because mines i n  c e n t r a l  and southern Idaho had t o  sh ip  ore  from 300 t o  600 
mi les  t o  reach smelter  des t ina t ions ,  only high-grade crude ore could be 
shipped a t  a p r o f i t .  Shipments of crude and concentrate  were made from t h i s  
a r e a  t o  smelters  i n  Idaho, Utah, Washington, and Montana. 

S i lve r  i s  an important byproduct from base-metal mining i n  the  S t a t e ;  
s imi l a r ly ,  copper and lead a r e  recovered from the s i l v e r  ore produced. 

I l l i n o i s  

Lead and z inc  production i n  I l l i n o i s  comes from two d i s t r i c t s ,  northern 
I l l i n o i s  (Jo Daviess County) and southern I l l i n o i s  (Hardin and Pope Counties). 

I n  1960, i n  the northern I l l i n o i s  d i s t r i c t ,  a p a r t  of the Upper 
Miss iss ippi  Valley d i s t r i c t  of I l l i n o i s ,  Iowa, and Wisconsin, T r i -S ta t e  Zinc, 
Inc . ,  mined lead-zinc o re ,  and The Eagle-Picher Co. mined z inc  ore and t r e a t e d  
it i n  the company-owned Gray and Graham m i l l s  respec t ive ly .  In  addi t ion  t o  
o r e  from the  company-owned Graham, Snyder, Spi l lane ,  and Feehan proper t ies  i n  
t h i s  d i s t r i c t  and other  mines i n  Wisconsin, The Eagle-Picher Co. accepted 
custom ore from other  operat ions a t  the  Graham m i l l .  Other producers i n  t h i s  
d i s t r i c t  included the  L i t t l e  Ginte Mining Co. (lead-zinc ore)  and Hickory H i l l  
Mining Co. (lead ore) .  Some lead-zinc custom ore has been shipped from t h i s  
d i s t r i c t  t o  the American Zinc, Lead & Smelting Co., Vinegar H i l l  m i l l  i n  
Lafayet te  County, W i s .  

In  the Ill inois-Kentucky f luorspar  d i s t r i c t ,  lead and z inc  concentrates  
were recovered a s  byproducts or coproducts of f luorspar  mining. P r inc ipa l  
producers were Aluminum Company of America, Minerva O i l  Co., and Ozark-Mahoning 
Co. Aluminum Company of America operated the  Fairview-Blue Diggings mine and 
Rosiclare m i l l  and accepted custom ore  from nearby mines i n  I l l i n o i s  and 
Kentucky. Minerva O i l  Co. operated the  Crys ta l  and Minerva No. 1 mines and 
m i l l s .  Ozark-Mahoning Co. operated mines near  Cave i n  Rock and a m i l l  a t  
Rosiclare.  Custom ores were a l s o  purchased from other  companies. 

Custom smelters  and p lan t s  located i n  I l l i n o i s  and neighboring S ta t e s  a r e  
l i s t e d  i n  t ab le  5. 

Kansas 

The e n t i r e  S t a t e  production of lead and z inc  or ig ina tes  i n  Cherokee 
County, a p a r t  of the Tri-State D i s t r i c t  i n  Kansas, Missouri, i n  Oklahoma. 



The mines i n  t h e  d i s t r i c t  were i n a c t i v e  i n  1960 except f o r  cleanup operat ions 
i n  seve ra l  mines and re t rea tment  of  m i l l  t a i l i n g s .  The l a r g e  companies t h a t  
have operated i n  Cherokee County and i n  ad jo in ing  Ottawa County, Okla., e i t h e r  
d i r e c t l y  o r  through l e s s e e s ,  include t h e  S t .  Louis Smelting and Refining Divi- 
s i o n ,  (National Lead Co.) and The Eagle-Picher Co. The National  Lead Co. s o l d  
i t s  Ottawa County i n t e r e s t s  t o  Eagle-Picher Co. and dismantled i ts  Ba l l a rd  No. 
8 m i l l  i n  1959. The Eagle-Picher Co. opera tes  a l ead  smel te r  a t  Galena, Kans. 
Eagle-Picher Co. Cent ra l  custom m i l l  a t  Cardin, Okla., remains a v a i l a b l e  fo r  
T r i -S ta t e  o re s .  De ta i l s  on customary marketing of o r e  and concent ra te  produced 
i n t h e T r i - s t a t e  D i s t r i c t  a r e  given i n  t h e  s e c t i o n  on custom smelt ing.  

Kentucky 

Lead and z i n c  a r e  recovered as byproducts o r  coproducts of f luo r spa r  
mining i n  t h e  p a r t s  of  t h e  Kentucky-I l l inois  f luo r spa r  d i s t r i c t  i n  Livingston 
County, Ky. The d i s t r i c t  i s  d iscussed  i n  t h e  I l l i n o i s  s ec t ion .  No custom 
m i l l s  or  smel te rs  a r e  loca ted  i n  t h e  S t a t e ;  a l l  ores  a r e  shipped t o  I l l i n o i s  
m i l l s .  

Michigan 

The e n t i r e  1960 product ion of  copper i n  Michigan came from underground 
mines and ta i l ing- rec lamat ion  p l a n t s  i n  t h e  Lake Superior  d i s t r i c t .  Calumet 
& Hecla, Inc . ,  operated e i g h t  mines and one reclamation p l a n t  i n  Houghton and 
Keweenaw Counties and a copper smel te r  and r e f i n e r y  a t  Hubbell. I n  Houghton 
County, Quincy Mining Co. opera ted  a ta i l ing- rec lamat ion  p l a n t  and copper 
smel te r  and r e f i n e r y ,  and Copper Range Co. operated t h e  Champion mine and 
Freda concent ra tor .  White Pine Copper Co., subs id i a ry  of  Copper Range Co., 
operated the  White Pine copper mine, m i l l ,  sme l t e r ,  and r e f i n e r y  i n  Ontonagon 
County and smelted concent ra tes  from t h e  Copper Range Co. Freda m i l l .  

A l l  Michigan copper mines t r e a t  o r e  l o c a l l y  e i t h e r  i n  company-owned 
f a c i l i t i e s  or  under con t rac t  i n  nearby p lan t s .  No custom treatment  f a c i l i t i e s  
a s  such e x i s t .  Michigan copper i s  s o l d  mainly as f i r e - r e f i n e d  copper, a l though 
some e l e c t r o l y t i c  copper i s  produced. The small  s i l v e r  content  of Michigan 
o r e s  remains i n  t h e  f i r e - r e f i n e d  product ,  a l s o  known a s  Lake copper,  used i n  
indus t ry  without  e l e c t r o l y t i c  r e f in ing .  

Missouri 

I n  1960, production of  l ead  and z i n c ,  w i th  byproduct copper, s i l v e r ,  
c o b a l t ,  and n i c k e l ,  was centered  i n  t h e  southeas tern  Missouri d i s t r i c t  
(Madison, S t .  Francois ,  and Washington Counties).  The St .  Joseph Lead Co. 
opera tes  mines and m i l l s  i n  Washington and St .  Francois Counties ,  and t h e  
National Lead Co. opera tes  the  Madison mine and m i l l  i n  Madison County. A l l  
mines i n  southeas tern  Missouri a r e  cap t ive  opera t ions ,  and no custom-milling 
f a c i l i t i e s  e x i s t .  

D r i l l i n g  explora t ion  i n  r ecen t  yea r s  near  the  junct ion  of  I r o n ,  Washing- 
t o n ,  and Crawford Counties i n  t h e  southeas tern  Missouri  d i s t r i c t  has d isc losed  
new, l a r g e  reserves  of l ead  o r e  about 40 mi les  west of t h e  o lde r  lead-mining 



a r e a .  The ore  has  a small  content  of copper and z inc .  Development i n  t h i s  
a r e a  by t h e  St .  Joseph Lead Co. reached product ion i n  1961. A complex of 
t h r e e  new s h a f t s ,  m i l l  f a c i l i t i e s ,  and a company-built town a t  Viburnum repre-  
s e n t s  a repor ted  investment of  nea r ly  $20 mi l l ion .  Operation of the  new 
f a c i l i t y  has increased Missouri  production appreciably.  

The p a r t  of t h e  T r i - S t a t e  d i s t r i c t  i n  southwestern Missouri was i n a c t i v e  
i n  1960. 

The S t .  Joseph Lead Co. operaces a lead smel te r  and r e f i n e r y  a t  
Herculaneum, Mo., pr imar i ly  f o r  t reatment  of company ores  from southeas tern  
Missouri .  While custom ores  were accepted i n  t h e  p a s t ,  a pol icy  change i n  
e a r l y  1961 abolished such o r e  purchases, r e s u l t i n g  i n  a l o s s  of market f o r  
most independently produced Tr i - s t a t eand  midwestern l ead  concentrates .  These 
concent ra tes  a r e  now s u b j e c t  t o  high shipping c o s t s  t o  E l  Paso o r  o the r  d is -  
t a n t  custom p l a n t s  a s  l i s t e d  i n  t a b l e  5. 

Montana 

Montana was t h e  Nat ion ' s  t h i r d  l a r g e s t  copper-producing S t a t e  i n  1960. 
The But te  d i s t r i c t  of S i l v e r  Bow County produced from complex ore  99 percent  
o f  the  S t a t e ' s  output  of copper,  80 percent  of t h e  s i l v e r ,  47.5 percent  of t h e  
g o l d ,  and 38 percent  of  t h e  l e a d  and t h e  z inc .  Production was recorded from 
129 S t a t e  lode mines. S i g n i f i c a n t  production ou t s ide  of Butte  came from t h e  
Jack  Waite mine ( lead-zinc)  i n  Sanders County and the  Algonquin mine (zinc)  i n  
Gran i t e  County. Production from o the r  Montana base-metal mines i n  1960 ranged 
from l e s s  than a hundred tons t o  a few thousand tons of o r e  each. The 
Mayflower and West Mayflower mines i n  Madison County produced a s i z a b l e  quan- 
t i t y  of gold.  

The mining opera t ions  of t h e  Anaconda Co. a t  But te ,  t h e  m i l l i n g  and 
smel t ing  p l a n t s  a t  Anaconda, t h e  e l e c t r o l y t i c  z i n c  p l a n t s  a t  Anaconda and 
Great F a l l s ,  and a s soc ia t ed  f a b r i c a t i n g  and marketing s u b s i d i a r i e s  i n  Montana 
and  elsewhere form an i n d u s t r i a l  complex t h a t  performs every s t e p  i n  convert-  
i n g  raw o r e  i n t o  f in i shed  meta l  products .  

The Anaconda Co. opera tes  a copper m i l l  and smel te r  a t  Anaconda. The 
m i l l  was scheduled f o r  removal t o  Butte  i n  1962. Su i t ab le  copper and gold  
o r e s  and concent ra tes  a r e  purchased f o r  t reatment  a t  t h e  copper smelter .  I n  
1959, a change was made i n  s p e c i f i c a t i o n s  f o r  acceptable  go ld - s i lve r  smelt ing 
o r e s  r e l a t i n g  t o  minimum s i l i c a  content .  Other changes may occur from time 
t o  time. 

Also a t  Anaconda, the  company opera tes  a z inc  m i l l  and e l e c t r o l y t i c  z i n c  
p l a n t ;  however, t h e  p l a n t  was s k u t  down i n  1960 because t h e  amount of  z i n c  ore  
mined a t  Butte  was g r e a t l y  reduced. Custom z i n c  ore  occas ional ly  has been 
t r e a t e d  a t  the z i n c  m i l l .  An e l e c t r o l y t i c  z i n c  p l a n t  a t  Great F a l l s  t r e a t s  
concent ra te  produced by The Anaconda Co. and processes purchases and t o l l  
material from many p a r t s  of  t h e  world. 



Lead ores  and concentrates  f r a  Montana mines, inc luding  t h e  But te  mines, 
can be marketed a t  the  lead  smel te r  o f  the  American Smelting and Refining Co. 
a t  East Helena, which t r e a t s  shipments from fore ign  and domestic mines. 

Mine shipments sometimes a r e  made t o  smelt ing p l a n t s  ou t s ide  of Montana, 
p a r t i c u l a r l y  t o  northern Idaho; however, shipments t o  t h e  more d i s t a n t  p l a n t s  
a r e  seldom economical. 

Nevada 

I n  1960, lode mines i n  16 Nevada count ies  produced base and precious 
meta ls ,  recording a 30-percent i nc rease  i n  va lue  over t h a t  of 1959. The 
inc rease  was a t t r i b u t a b l e  l a r g e l y  t o  g r e a t e r  copper and s i l v e r  output  i n  
White Pine County. Zinc  showed an i n c r e a s e ,  bu t  gold  and l ead  output  
decreased. 

The Anaconda Co. opera t ion  i n  Lyon County, t h e  Kennecott Copper Corp. 
operat ion i n  White Pine County, and t h e  B r i s t o l  S i l v e r  Mines Co. opera t ion  i n  
Lincoln County suppl ied  most of t h e  copper. Lead was produced f r w  ores mined 
pr imar i ly  f o r  t h e  l ead  content ,  from copper ,  gold ,  and s i l v e r  o r e s ,  and a s  a 
byproduct of manganese mining i n  Clark  County. Zinc was recovered from ores  
mined p r imar i ly  fo r  a content  of  l ead ,  s i l v e r ,  o r  gold. Production of both 
lead  and z i n c  i n  Nevada has shown an o v e r a l l  dec l ine  between 1955 and 1960. 
The number of  opera t ing  mines had decreased,  and a formerly l a rge  producer of 
both metals i n  t h e  Pioche d i s t r i c t  of  Lincoln County, Combined Metals Reduction 
Co., has been i n a c t i v e  s i n c e  1957. 

A s u b s t a n t i a l  p a r t  of t h e  gold  and s i l v e r  was a byproduct of White Pine 
County copper mining. Mines i n  Lander,  Esmeralda, Nye, and Mineral Counties 
accounted f o r  most of  the  balance of  go ld  and s i l v e r ,  toge ther  wi th  a small 
byproduct product ion from Eureka, Elko,  and Lincoln County l ead  mines. 

In  the  Robinson d i s t r i c t  of White Pine County, t h e  open-pit  and under- 
ground opera t ions  of  the  Nevada Mines Divis ion ,  Kennecott Copper Corp., and 
the  Consolidated Copper Mines Corp. f u r n i s h  s u l f i d e  copper o r e  t o  t h e  
Kennecott copper concent ra tor  and sme l t e r  a t  McGill, Nev. The b l i s t e r  copper 
produced i s  r e f i n e d  out  of t h e  S t a t e .  The McGill smelter  a l s o  accep t s  custom 
ores of copper,  gold ,  and s i l v e r  from Nevada, Utah, and C a l i f o r n i a  by pre- 
arrangement on an a s  needed b a s i s  depending on s i l i c a  requirements f o r  f luxing .  
Deep-dr i l l ing  explora t ion  below p r e s e n t  mine workings i n  the  Robinson d i s t r i c t  
has d i sc losed  s u b s t a n t i a l  a d d i t i o n a l  copper r e se rves .  

Operations of The Anaconda Co. i n  Lyon County on oxide copper ores  mined 
i n  the  Yerrington p i t  a t  Weed Heights and t r e a t e d  i n  a leaching p l a n t  cont in-  
ued i n  1960. A new f l o t a t i o n  m i l l  t o  t r e a t  t h e  s u l f i d e  copper o re s  t h a t  have 
been found a t  depth i s  under cons t ruc t ion .  

No custom m i l l s  f o r  the  t reatment  of copper,  l ead ,  o r  z i n c  ores  were i n  
operat ion i n  Nevada i n  1960. The c losed  Combined Metals Reduction Co. custom 
lead-zinc f l o t a t i o n  p l an t  a t  Case l ton  i n  t h e  Pioche d i s t r i c t  i s  i n t a c t  and 
presumably w i l l  be reopened under improved market condi t ions .  The S i l v e r  Peak 



cyanide p l an t  of  the  United S t a t e s  Mining & Mil l ing  Co. and t h e  new cyanide 
p l a n t  of t h e  Argentum Mining Co., both serv ing  Esmeralda, Nye, and Mineral 
County s i l v e r  mines, were i n  opera t ion  i n  1960 and 1961. Operations were 
suspended i n  the  second h a l f  of 1961, but  t h e  p l a n t s  remain i n t a c t .  

Smelting p l a n t s  i n  C a l i f o r n i a ,  Idaho, Montana, and Utah t o  which Nevada 
o res  may be shipped a r e  l i s t e d  i n  t a b l e  5. 

New Jersey  

The only base- o r  precious-metal o r e  found i n  c m e r c i a l  q u a n t i t i e s  i n  
New Je r sey  is t h e  oxide z i n c  o r e  of  t h e  Franklin-Ogdensburg d i s t r i c t ,  Sussex 
County. The S t e r l i n g  H i l l  mine, c losed  i n  1957, was subsequently r e a c t i v a t e d  
by t h e  New Je r sey  Zinc Co. t o  compensate fo r  a temporary l o s s  of some produc- 
t i o n  a t  t h e  company's Tennessee opera t ions .  Custom-milling o r  smelt ing f a c i l -  
i t i e s  a r e  not  a v a i l a b l e  i n  New Jersey .  

New Mexico 

Most of t h e  base- and precious-metal ores  mined i n  New Mexico come from 
t h e  Cen t ra l  d i s t r i c t  of  Grant County and £ran Hidalgo and Socorro Counties.  
Very minor production comes from n ine  o the r  count ies .  Most of  t h e  copper and 
a s u b s t a n t i a l  p a r t  of t h e  gold  and s i l v e r  comes £ran t h e  i n t e g r a t e d  open p i t  
mining, m i l l i n g ,  and smelt ing opera t ion  of t h e  Chino Mines Division,  Kennecott 
Copper Corp., a t  Santa R i t a ,  Grant County. Except f o r  a s t r i k e  i n  1959, the  
Chino p i t  has operated continuously i n  recent  years .  Three o t h e r  groups of 
mines, c losed  i n  1957 o r  1958, were reopened i n  1959 and produced copper,  
l e a d ,  z inc ,  gold ,  and silver i n  1960. These included l e s s e e  opera t ions  a t  
t h e  Continental  Copper mine of  t h e  United S t a t e s  Smelting Refining & Mining 
Co., t h e  Hanover lead-zinc mine of The New Je r sey  Zinc Co., and t h e  Kearney 
z i n c  mine of t h e  Peru Mining Co. Custom concent ra t ing  m i l l s  run i n  connection 
w i t h  the  t h r e e  operat ions a r e  t h e  Bayard and Ranover m i l l s  i n  t h e  mining a rea  
and Peru Mining Co. concent ra tor  a t  Deming, N. Mex. The Groundhog Unit of the  
American Smelting & Refining Co. i n  the  Cent ra l  d i s t r i c t  remained c losed  i n  
1960. This  opera t ion  included a custom concent ra t ing  m i l l  a t  Deming, N. Mex. 

I n  t h e  Lordsburg d i s t r i c t  of  Hidalgo County, t h r e e  mining opera t ions  pro- 
duce copper, s i l v e r ,  minor q u a n t i t i e s  of l ead  and z inc  and n e a r l y  a l l  t h e  gold  
mined i n  New Mexico ou t s ide  of  Gran,t County. The o r e  f r w  one of t hese ,  t h e  
Bonney-Miser's Chest group, operated by the  Banner Mining Co., i s  concentrated 
i n  the  company m i l l .  No custom m i l l i n g  f a c i l i t i e s  a r e  a v a i l a b l e .  

In  1960, f i v e  mines i n  Socorro County produced l ead ,  z i n c ,  and s i l v e r  
w i t h  minor amounts of gold  and copper. The leading producer was the  Linchberg 
mine of The New Je r sey  Zinc Co., operated by a l e s see .  The ore  i s  shipped t o  
The New Je r sey  Zinc Co. Hanover concent ra tor .  No custom m i l l i n g  f a c i l i t i e s  
a r e  a v a i l a b l e  i n  Socorro County. 

Custom m i l l s  and smelters a v a i l a b l e  t o  New Mexico producers a r e  l i s t e d  
i n  t a b l e  5. 



New York 

The e n t i r e  production of z inc ,  l e a d ,  and s i l v e r  i n  New York comes £ran 
capt ive  mine opera t ions  of t h e  S t .  Joseph Lead Co. i n  S t .  Lawrence County. 
The lead  and s i l v e r  content  of  t h e  s u l f i d e  ores  i s  comparatively minor. 

* 

Zinc concent ra tes  from company p l a n t s  a t  t h e  Edwards z i n c  mine and a t  the 
Balplat lead-zinc mine a r e  shipped t o  t h e  company z i n c  smelt ing p l a n t  a t  
J o s e p h t m ,  Pa. Lead-si lver  concent ra tes  from t h e  Balmat m i l l  and l e a d  r e s i -  
dues from t h e  Josephtown z i n c  smelter  a r e  shipped t o  t h e  company l ead - s i lve r  
smel te r  a t  Herculaneum, Mo. No custom f a c i l i t i e s  f o r  z i n c  or  l ead  o r e  o r  con- 
cen t r a t e s  a r e  a v a i l a b l e  i n  New York S t a t e .  The Phelps Dodge Refining Corp. 
operates  a copper smel te r  and e l e c t r o l y t i c  r e f i n e r y  a t  Laurel  H i l l ,  N. Y. 
This  i s  p r imar i ly  a r e f i n i n g  p l a n t  f o r  the  company's Arizona product ion,  but  
a small tonnage of copper concent ra tes  from opera t ions  i n  e a s t e r n  S t a t e s  is 
t r e a t e d  on a custom b a s i s .  

North Carol ina 

I n  1960, t h c  e n t i r e  base- and precious-metal production of  North Carol ina 
came from t h e  Ore Knob mine of Appalachian Su l f ides ,  Inc .  Su l f ide  ores  con- 
t a in ing  copper and byproduct gold  and s i l v e r  were mined and mi l l ed  i n  company- 
owned f a c i l i t i e s  a t  t h e  r a t e  of 800 tons per  day. Copper concent ra tes  were 
shipped t o  t h e  Laurel  H i l l ,  N. Y., sme l t e r  of t h e  Phelps Dodge Refining Corp., 
the  C a r t e r e t ,  N .  J . ,  smel te r  of American Metal Climax, I n c . ,  and even the  
E l  Paso, Tex.,  p l a n t  of  the  American Smelting & Refining Co. 

I n  Vance County, t h e  Tungsten Mining Corporation recovers  lead  wi th  
byproduct gold  and s i l v e r  by f l o t a t i o n  of accumulated tungsten t a i l i n g s  a t  
t h e  Hame mine. 

Lead and z i n c  mines i n  Ha l i f ax  County were i d l e  i n  1960, al though sh ip-  
ments of l e a d  concent ra tes  were recorded. 

Oklahoma 

The Oklahoma s e c t i o n  of t h e  T r i - S t a t e l e a d  d i s t r i c t  l i e s  w i th in  Ottawa 
County. Except f o r  minor production from s e v e r a l  Ottawa County mines and from 
re t rea tment  of m i l l  t a i l i n g s  a t  t h e  Eagle-Picher Bird Dog m i l l  west of  Picher ,  
Okla., t h e  d i s t r i c t  was i d l e  i n  1959 and 1960. However, production of concen- 
t r a t e s  from these  l i m i t e d  opera t ions  increased  somewhat i n  1960. 

Early i n  1961, The Eagle-Picher Co. reopened t h e  Cen t ra l  m i l l ,  no r th  of 
C m e r c e ,  Okla., and t h e  American Zinc,  Lead & Smelting Co. resumed m i l l i n g  
operat ions a t  t h e  Barbara J. m i l l  near  Cardin, Okla. Although c u r r e n t  market 
p r i ces  fo r  lead  and z i n c  remained low, t h e  opera t ing  companies deemed it 
advisable t o  encourage mining opera t ions  on a small  s c a l e  i n  order  t o  maintain 
o r  r e h a b i l i t a t e  mine workings i n  a n t i c i p a t i o n  of an improved market. Inevi-  
t a b l e  deple t ion  of o r e  reserves  has occurred during t h e  long span of T r i -S ta t e  
operat ions,  and maintenance of a h igh  product ion l e v e l  from remaining r e se rves ,  
many of  them marginal ,  i s  not  t o  be expected. 



A descr ip t ion  of marketing p rac t i ces  t h a t  were i n  e f f e c t  when the  Tr i -S ta te  
D i s t r i c t  was l a s t  i n  f u l l  operat ion i s  included i n  t h e  sec t ion  on custom m i l l -  
ing and smelting. 

The occurrence of lead-zinc s u l f i d e  mineral izat ion i n  t h e T r i - S t a t e  D i s -  
t r i c t  i n  f l a t  sedimentary beds of g rea t  a r e a l  e x t e n e a t  depths up t o  a few 
hundred f e e t  l e d  t o  mine development through many shallow sha f t s .  Only moder- 
a t e  production i s  obtained from any one s h a f t ,  and hundreds of s h a f t s  have 
been i n  operat ion during peak-production periods. A system of mining pecul ia r  
t o  the  Tr i -S ta t e  D i s t r i c t  i s  used. A unique f ea tu re  is  the  hois t ing  system, i n  
which h o i s t s  a r e  mounted d i r e c t l y  over t h e  sha f t s .  Ore i s  l i f t e d  with amazing 
speed i n  buckets (cans) through untimbered v e r t i c a l  sha f t s .  

The normally small production from a s ing le  s h a f t  l ed  eventual ly t o  the 
establishment of a few c e n t r a l  mi l l ing  p l an t s  serving a considerable a rea .  
Noticeable i n  Tri-Statelandscapes a r e  the  p i l e s  of cha t ,  a coarse m i l l  t a i l i n g  
discarded i n  the  j igging operation widely used i n  older  Tr i -S ta te  m i l l s .  Chat 
p i l e s  and slimes from e a r l i e r  operat ions have been and a r e  being r e t r ea t ed  by 
more e f f i c i e n t  mi l l ing  processes.  C h a t  i s  a l s o  s o l d  fo r  road metal and other  
crushed-rock requirements. 

Although a number of the  smelting companies previously a c t i v e  i n  t h e  
T r i - S t a t e D i s t r i c t  a l s o  operated mines on company account, the  l a r g e s t  tonnage 
came from operat ions of independent miners on fee  or  leased land. Ore was 
normally so ld  f.0.b. t h e  mine o r ,  i n  e a r l i e r  years when nea r ly  every mine had 
a m i l l ,  f.0.b. the m i l l .  The producer was responsible  only for  loading o re ,  
e i t h e r  i n  t rucks or r a i l r o a d  ca r s .  The purchaser arranged fo r  de l ivery  t o  
custom m i l l  or  smelter .  

In the  1930's concentrates were shipped t o  a s  many a s  20 d i f f e r e n t  
smelters  o r  z inc  oxide p l an t s .  I n  1959, t h r e e  smelters  t r e a t e d  nea r ly  a l l  
t h e  Tri-State ore  produced. Smelters and pigment manufacturers customarily 
maintain ore buyers i n  the Tri-State D i s t r i c t .  The Central  custom m i l l  of The 
Eagle-Picher Co, a t  Cardin, Okla., and the  Barbara J. m i l l  of t h e  American 
Zinc, Lead & Smelting Co. a t  Commerce, Okla., provide a combined d a i l y  capac- 
i t y  of 13,000 tons,  ample t o  serve t h e  needs of the  d i s t r i c t  and provide a 
market fo r  the  small and the  l a rge  producers. 

Smelters i n  I l l i n o i s ,  Kansas, and Oklahoma l i s t e d  i n  t ab le  5 have been 
log ica l  markets fo r  Tri-State concentrates .  Three a r e  z inc  smelters  i n  Black- 
w e l l ,  Henryetta,  and B a r t l e s v i l l e ,  Okla., t h a t  t r e a t  concentrates  shipped f r an  
o ther  S ta t e s  and foreign countr ies .  However, the lead smelter  a t  Herculaneum, 
Mo., which formerly accepted custom lead concentrates ,  no longer does so,  and 
most independent operators must seek a lead market a s  f a r  away a s  E l  Paso, Tex. 

Oregon 

Production of base and precious metals i n  Oregon is not  cu r ren t ly  s ign i f -  
i c a n t .  Cutput of gold and s i l v e r  i s  a t  an a l l t i m e  low. Placer  mining i n  
Josephine County accounted fo r  63 percent of t h e  835 ounces of gold produced 
i n  t h e  S ta t e  i n  1960. The balance came from other  small placer  operat ions and 



from t h e  Buffalo gold  mine and the  Standard copper mine i n  Grant County. 
Copper w a s  produced i n  small  q u a n t i t i e s  from t h e  Standard mine i n  Grant County 
and t h e  Copper Eagle i n  Josephine County. Only minor q u a n t i t i e s  of l e a d  and 
z i n c  have been mined i n  Oregon and none i n  1959 and 1960. 

No custom m i l l i n g  f a c i l i t i e s  a r e  a v a i l a b l e  i n  Oregon. Copper and gold- 
s i l v e r  concent ra tes  a r e  normally shipped t o  t h e  American Smelting & Refining 
Co. smel te r  a t  Tacoma, Wash. 

Pennsylvania 

The S t a t e ' s  e n t i r e  output  of copper,  gold ,  and s i l v e r  i n  1960 was recov- 
e red  a s  byproducts of i r o n  ore  mined a t  t h e  Cornwall mine of  t h e  Bethlehem 
Cornwall Corp. and concentrated i n  the  company's Lebanon p lan t .  Copper-gold- 
s i l v e r  concent ra tes  were shipped t o  t h e  Phelps Dodge Refining Corp. copper 
smelter  a t  Laurel  H i l l ,  N.Y. 

S i g n i f i c a n t  q u a n t i t i e s  of z i n c  o r e  were mined and mi l l ed  at  t h e  Friedens- 
v i l l e  z i n c  mine of  The New Je r sey  Zinc Co. i n  Lehigh County. Concentrates 
were shipped t o  t h e  company's Palmerton, Pa., sme l t e r ,  which a l s o  t r e a t s  con- 
c e n t r a t e s  and o the r  products from company opera t ions  i n  s e v e r a l  o the r  S t a t e s .  

The Josephtown z i n c  smel te r  of t h e  S t .  Joseph Lead Co. t r e a t s  concen- 
t r a t e s  shipped from company mines i n  New York and Missouri.  Both p l a n t s  . - - - 
accept  custom o r e s ,  i f  o f fered .  

Custom m i l l i n g  p l a n t s  have never been b u i l t  i n  Pennsylvania. 

South Dakota 

I n  1960, gold  and s i l v e r  were t h e  only members of the  base- and 
metal group mined i n  South Dakota, a l l  from t h e  Hanestake Mining Co. 
i n  Lawrence County. h e - t h i r d  of t h e  Nat ion ' s  gold  output  came from 
operat ion.  Gold and s i l v e r  bu l l ion  was obta ined  by amalgamation and 
t i o n  i n  a company-owned m i l l  a t  Lead and shipped t o  t h e  U.S. Mint a t  
Colo. 

precious- 
opera t ion  
t h i s  one 
cyanida- 
Denver. 

Small q u a n t i t i e s  of copper,  l e a d ,  and z i n c  have been mined i n  South 
Dakota. A cleanup shipment of  copper from t h e  dump o f  the  Maloney Blue Lead 
mine i n  Pennington County was made i n  1960. 

Tennessee 

Copper, z i n c ,  gold ,  and s i l v e r  a r e  mined i n  Tennessee exc lus ive ly  by 
l a rge  companies. I n  t h e  Ducktoim d i s t r i c t  of Polk County, t h e  Tennessee 
Copper Co. mines and m i l l s  s u l f i d e  o r e ,  obta in ing  s u l f u r ,  i r o n ,  copper,  z inc ,  
gold,  and s i l v e r .  Su l fu r ,  manufactured i n t o  s u l f u r i c  a c i d  and s u l f u r  diox- 
ide ,  i s  t h e  most va luab le  c o n s t i t u e n t  of  t h e  ore .  Copper concent ra tes  a r e  
smelted i n  t h e  company's smel te r  a t  Copperhi l l ,  Tenn.; z i n c  concent ra tes  a r e  
shipped t o  The New Je r sey  Zinc Co. zinc-smelt ing p l a n t  a t  Palmerton, Pa. 



In  1960, t h ree  companies mined s u l f i d e  z inc  ores i n  Hancock, Jef ferson ,  
and Knox Counties. The New Jersey  Zinc Co. operated the  Jef ferson  Ci ty  mine 
i n  Jef ferson  County and the  F la t  Gap mine i n  Hancock County. The F la t  Gap 
operation has opened up a new z inc  deposi t  45 miles  northeast  of the Mascot- 
Jef ferson  Ci ty  d i s t r i c t .  American Zinc Co. of Tennessee operates z inc  mines 
i n  Jef ferson  and Knox Counties, and the  Tennessee Coal & I ron  Division of 
United S ta t e s  S t e e l  Corp. operates the Zinc Mine Works i n  Jefferson County. 
The American Zinc Co. ships zinc concentrates  t o  the  smelter of an assoc ia ted  
company a t  East S t .  Louis, Ill.; The New Jersey Zinc Co. concentrates go t o  
t h e  company's Palmerton, Pa., smelter .  Tennessee Coal & Iron Division has a 
market f o r  concentrates  a t  the  S t .  Joseph Lead Co. z inc  smelter a t  Josephtown, 
Pa., or a t  any of the other  smel te rs ,  a l l  of which accept custom ores.  

Texas 

S igni f icant  quan t i t i e s  of base and precious metals a r e  not  mined i n  Texas. 
However, i n  1960, a few tons of lead  ore from t h e  Bonanza Mining Co., shipped 
from Sier ra  Blanca, Tex., was received a t  the  American Smelting &Ref in ing  Co. 
l ead  smelter i n  E l  Paso, Tex., and about 20 tons of low-grade copper ore  
shipped by M. Hunt from Munday, Tex., and by H. McEackern from Plainview, 
Tex., was received a t  the  copper smelter i n  E l  Paso, Tex. Copper, lead ,  and 
z i n c  p lants  process ore ,  concentrates ,  and b l i s t e r  copper from other  S ta t e s  
and foreign count r ies  ( t ab le  5) .  

Utah 

Utah has a subs t an t i a l  production of a l l  the  base and precious metals. 
Output of a l l  base metals increased i n  1960 over t h a t  of 1959, the l a r g e s t  
being a 50-percent increase i n  copper t h a t  made Utah the  second l a r g e s t  pro- 
ducer i n  the Nation. 

The ove ra l l  production increases  came l a rge ly  from the mines i n  the 
Bingham Canyon d i s t r i c t ,  S a l t  Lake County, which returned t o  f u l l  production 
a f t e r  labor t rouble  i n  1959. I n  1960, S a l t  Lake County produced over 99 per- 
cen t  of the  S t a t e ' s  copper, 98 percent  of the  gold,  79 percent of the  s i l v e r ,  
73 percent of t h e  lead ,  and 67 percent of the  z inc ,  a l l  from l a rge ,  in tegra ted  
operat ions.  @her Utah production was centered i n  the Park Ci ty  d i s t r i c t  i n  
Wasatch, Summit, Utah, and S a l t  Lake Counties. Nine other  Utah counties ,  
headed by Juab County, produced small tonnages of base- and precious-metal 
ores .  Uranium ores from San Juan County, t r e a t e d  i n  the Texas-Zinc Minerals 
Corp. plant  a t  Mexican Hat, Utah, contr ibuted small quan t i t i e s  of gold,  s i l v e r ,  
copper, lead ,  and z inc  concentrates.  

The Utah Copper Division of the Kennecott Copper Corp., the  l a r g e s t  oper- 
a t o r  i n  the S t a t e  i n  1961, produced from porphyry copper ore most of the  
copper, and the byproduct gold and s i l v e r .  The operation includes the Bingham 
open p i t ,  the  Arthur and Magma concentrators ,  the  Garf ield copper smelter ,  
purchased i n  1959 from the  American Smelting &Ref in ing  Co., and an e l ec t ro -  
l y t i c  copper r e f ine ry .  The United S t a t e s  Smelting Refining &Mining Co. Lark 
and U.S. mines near  the  Bingham p i t  a r e  t h e  S t a t e ' s  l a r g e s t  producers of com- 
p l e x  ores containing lead and z inc  with some copper, gold,  and s i l v e r ,  followed 



by t h e  New Park and United Park C i ty  group of  mines i n  Wasatch and Summit 
Counties. 

A f l o t a t i o n  m i l l  operated by the  United S t a t e s  Smelting Refining &Mining 
Co. a t  Midvale, t r e a t s  complex ore  from t h e  company's Lark and U.S. mines and 
a l s o  purchases custom-milling ores  from t h e  Park C i t y  mines and elsewhere. 
The Midvale p l an t  was t h e  only  opera t ing  custom m i l l  i n  Utah i n  1961. A 
custom m i l l  a t  Tooele was dismantled, and t h e  Bauer custom m i l l  of  Combined 
Metals Reduction Co. was c losed  i n  1958. 

S t r a i g h t  copper ores  and Concentrates from smal l  producers have had no 
l o c a l  market s i n c e  1958, a f t e r  t h e  Kennecott Copper Corp. acqui red  the  
Gar f i e ld  copper sme l t e r ,  formerly operated a s  a custom p l a n t  by t h e  American 
Smelting & Refining Co. However, t h e  Gar f i e ld  smel te r  occas ional ly  purchases 
under con t rac t  c e r t a i n  s p e c i a l  f luxing  ores .  High-s i l ica  ores  containing 
copper,  gold ,  o r  s i l v e r  a r e  a l s o  purchased by nego t i a t ion  a t  t h e  McGill, 
Nev. copper smel te r  of  t h e  Kennecott Copper Corp. on an a s  needed b a s i s .  
Copper o res  and concent ra tes  o the r  than Kennecott o r e  must be marketed a t  
smel te rs  outs ide  t h e  S t a t e .  Arizona and Texas p l a n t s  a r e  poss ib l e  markets 
( t a b l e  5). 

Since t h e  dismantl ing of  the  United S t a t e s  Smelting Refining & Mining Co. 
Midvale lead  smel te r  i n  1958, Utah has had one l e a d  smel te r  a t  Tooele,  operated 
by In t e rna t iona l  Smelting & Refining Co. a s  a custom p lan t .  Lead ores  can be 
marketed he re  or  a t  t h e  Selby, C a l i f . ,  l ead  smel te r  of t h e  American Smelting 
& Refining Co. High-grade oxide z i n c  ores  can be marketed a t  a slag-fuming 
p l a n t  operated i n  connection with the  Tooele smel te r .  Zinc concent ra tes  were 
shipped t o  The Anaconda Co. e l e c t r o l y t i c  z i n c  p l a n t  a t  Anaconda, Mont. This  
p l a n t  was not  opera t ing  i n  1961, leaving the  Great  P a l l s  p l a n t  of The Anaconda 
Co. as t h e  only Montana market. Other poss ib l e  markets f o r  Utah concent ra tes  
a r e  p l an t s  i n  Idaho, Oklahoma, and Texas ( t a b l e  5 ) .  

Exploration and development i n  progress  i n  Utah i n  1961 g ive  promise of 
expanded copper,  l ead ,  and z i n c  production. S u b s t a n t i a l  i nc rease  of lead-zinc 
reserves  i n  t h e  Park C i t y  d i s t r i c t  a s  t h e  r e s u l t  of recent  work by t h r e e  com- 
panies  had l ed  t o  planning f o r  a new m i l l  i n  t h e  d i s t r i c t .  Explorat ion i n  the 
Eas t  T i n t i c  d i s t r i c t ,  a former major Utah producer,  i n  Ir.on County, i n  Beaver 
County, and elsewhere, i n d i c a t e s  the  occurrence of s i g n i f i c a n t  new depos i t s  
of  copper, lead ,  and z inc .  It i s  un l ike ly  t h a t  t hese  developments, c a r r i e d  
on c h i e f l y  by l a r g e  mining companies, w i l l  l e ad  t o  t h e  establ ishment  of new 
custom mi l l ing  f a c i l i t i e s  f o r  small  opera tors .  

Vermont 

No base o r  precious metals  were mined i n  Vermont i n  1959 o r  1960. A 
former producer,  Appalachian Su l f ides ,  Inc . ,  l a s t  mined and mi l l ed  copper ore  
containing a smal l  amount of s i l v e r  a t  the  E l i zabe th  mine near  South S t r a t f o r d  
i n  1958. Copper concent ra tes  were shipped t o  t h e  copper smel te r  of t h e  Phelps 
Dodge Refining Corp. a t  Laure l  H i l l ,  N.Y. I f  mining i n  Vermont i s  resumed, 
t h e  same marketing p a t t e r n  presumably could be e s t ab l i shed .  



Virg in ia  

I n  1960, s u l f i d e  z i n c  ore  was mined and mi l l ed  a t  t h e  T r i - S t a t e  Zinc,  
Inc. ,  Bowers-Campbell mine near  Timbervi l le ,  Rockingham County, and lead-z inc  
ore  a t  The New J e r s e y  Zinc Co. Ivanhoe mine a t  A u s t i n v i l l e ,  Wythe County. 
Zinc concent ra tes  from t h e  Bowers-Campbell m i l l  were shipped t o  t h e  z i n c  
smel te r  of t h e  St .  Joseph Lead Co. a t  Josephtown, Pa. Zinc concent ra tes  from 
t h e  Ivanhoe mine went t o  The New Je r sey  Zinc Co. smel te r  a t  Palmerton, Pa. 
Lead concent ra tes  were shipped t o  t h e  American Smelting & Refining Co. l ead  
smel te r  a t  Alton, Ill., u n t i l  i t  was c losed  i n  J u l y  1959. An a l t e r n a t e  market 
f o r  l ead  concent ra tes ,  t h e  H e r c u l a n e u ~  Mo., l ead  smel te r  of the  S t .  Joseph 
Lead Co., i s  no longer  a v a i l a b l e  f o r  custom,ore. 

Washington 

I n  1960, Washington produced dry g o l d - s i l v e r  ores  and complex s u l f i d e  
o res  of gold ,  s i l v e r ,  copper, l ead ,  and z i n c  from 17 lode mines i n  e i g h t  
counties .  However, n e a r l y  a l l  t h e  product ion w a s  suppl ied  by t h e  Knob H i l l  
mine (go ld - s i lve r ,  Ferry County), t h e  Gold King mine (go ld - s i lve r ,  Chelan 
County), and t h e  Pend O r e i l l e  and Grandview mines ( lead-z inc ,  Pend O r e i l l e  
County). Only small  mines were operated f o r  copper a f t e r  t h e  Holden mine, 
Chelan County, t h e  main producer,  w a s  c losed  i n  1957. Byproduct copper was 
recovered during concent ra t ion  of lead-z inc  ore .  

No custom m i l l i n g  f a c i l i t i e s  a r e  a v a i l a b l e  i n  Washington s i n c e  t h e  c los-  
i ng  of t h e  Admiral f l o t a t i o n  m i l l  a t  Northport ,  Stevens County, i n  1958. A l l  
m i l l i n g  i n  1960 was done i n  p r i v a t e  p l a n t s  a t  t h e  p rope r t i e s .  Copper and gold- 
s i l v e r  concent ra tes  and ores  were marketed a t  t h e  American Smelting & Refining 
Co. copper smel te r  a t  Tacoma. Lead o res  and concentrates  were shipped t o  The 
Bunker H i l l  Co. l e a d  smelter  a t  Kellogg, Idaho, and t o  t h e  American Smelting 
& Refining Co. smel te r  a t  East  Helena, Mont. Available markets f o r  z i n c  con- 
c e n t r a t e s  were t h e  e l e c t r o l y t i c  z i n c  p l a n t s  a t  Kellogg, Idaho, and Great F a l l s ,  
Mont . 

Wisconsin 

I n  1960, mines i n  t h e  Wisconsin s e c t i o n  of t h e  Upper Miss i s s ipp i  d i s t r i c t  
of Wisconsin, I l l i n o i s ,  and Iowa produced s i g n i f i c a n t  tonnages of  lead-zinc 
s u l f i d e  ores .  

The American Zinc Lead & Smelting Co. opera ted  t h e  Vinegar H i l l  mine and 
m i l l  i n  La faye t t e  County. The Eagle-Picher Co. operated t h e  Shullsburg mine 
and m i l l  and Birkett-Bastian-Andrews mine i n  Lafayet te  County. Ore from t h e  
l a t t e r  mine i s  concentrated a t  t h e  company's Graham custom m i l l  a t  Galena, 
Ill. The Eagle-Picher Co. a l s o  opera ted  t h e  Linden mine and m i l l  i n  Iowa 
County. Custom ore  has  been accepted a t  the  Linden m i l l .  The P ique t t e  Mining 
Co. operated a mine and m i l l  i n  Grant County. Custom smel te rs  i n  I l l i n o i s  
l i s t e d  i n  t a b l e  5 a r e  t h e  p r i n c i p a l  markets f o r  Wisconsin ore .  



Wywing 

A few tons of ore containing copper, gold, and s i l v e r ,  and a few ounces 
of placer gold, mined i n  the Atlantic City area  near Lander, consti tuted the 
e n t i r e  Wyoming production of base and precious metals i n  1960. 

Treatment Methods For Various Classes of Ores 

The following section summarizes the usual treatment methods for  various 
types of copper, lead, zinc,  and precious metal ores and sane possible process 
improvements. Advantages and disadvantages of the treatment methods as  they 
r e l a t e  t o  real izat ion from sa les  of various types of ores a l so  a r e  discussed. 
The terms used are  defined e a r l i e r  i n  t h i s  t ex t  (Classification of Ores and 
Concentrates). 

Dry Ores of Gold, Gold-Silver, and Silver 

Dry ores of gold and/or s i l ve r  have, by def ini t ion,  l i t t l e  or no base- 
metal content. They can be marketed a t  a smelter i f  the precious metal con- 
t e n t  i s  enough t o  of fse t  the penalty normally assessed for  base-metal 
deficiency. Such ores generally have a high content of s i l i c a ,  a consti tuent 
often i n  demand a t  copper smelters as  a f lux,  and extremely lowgrade, dry, 
fluxing ores may be marketable because of a premium paid for  s i l i c a .  Many 
gold and s i l v e r  ores too low i n  grade for  d i rec t  smelting can be milled t o  
make a marketable product (7). I f  the precious metals a r e  essen t ia l ly  insep- 
arable  from base-metal minerals by mill ing,  the ores can be upgraded by base- 
metal gravity or f lo ta t ion  methods, producing a marketable concentrate for 
smelting. Ores containing chief ly  native gold and s i l v e r  a r e  referred t o  as  
f r ee  milling ores: tha t  i s ,  the gold and s i l ve r  can be recovered by gravi ty ,  
amalgamation, and/or cyanidation, with production of a precious metal sponge 
or  bullion tha t  i s  shipped d i rec t ly  t o  the U.S.  Mint. 

Because precious metals may be i n  the f ree  s t a t e  or may be present i n  an 
ore i n  forms tha t  cannot be physically separated from base metals, combina- 
t ions  of gravity concentration, amalgamation, f lo ta t ion ,  and cyanidation may 
be necessary t o  recover them. 

Copper Ores 

Copper ores can be shipped d i rec t ly  t o  a copper smelter i f  the content 
of copper plus any gold, s i l v e r ,  and s i l i c a  i s  high enough t o  return a prof i t .  
A minimum content of about 5 percent copper i s  necessary for  ores tha t  return 
no payment for  other metals. Any mineral content or deficiency tha t  ca l l s  for 
a penalty a t  a copper smelter ra i ses  grade requirements. 

Many copper ores tha t  do not qualify a s  direct-smelting ores can be proc- 
essed by other methods. Flotation,  the usual process for  concentrating 
su l f ide  copper ores, predominates a t  copper operations i n  the Western United 
States. 



Oxidized copper ores a r e  not very amenable t o  g rav i ty  o r  f l o t a t i o n  concen- 
t r a t i o n ,  but  many oxide and some mixed ores  too  low i n  grade fo r  d i r e c t  smelt- 
ing a re  leached with s u l f u r i c  a c i d - f e r r i c  s u l f a t e  so lu t ions ,  producing a 
m e t a l l i c  copper product e i t h e r  by chemical p rec ip i t a t ion  with i ron  or  by 
e l e c t r o l y s i s .  Carbonate minerals such as a z u r i t e  and malachite; oxides, 
t e n o r i t e  and cupr i t e ;  t h e  s i l i c a t e ,  chrysocolla;  the  s u l f a t e ,  brochanti te ;  
the  basic  ch lor ide ,  a tacamite;  and other  oxide minerals a r e  r ead i ly  so luble  
i n  water,  s u l f u r i c  a c i d ,  or ac id - fe r r i c  s u l f a t e  so lu t ions .  The s u l f i d e  miner- 
a l s ,  cha lcoci te  and born i t e ,  a r e  a l s o  so luble  i n  a c i d  so lu t ion ,  but most other  
copper s u l f i d e  minerals and na t ive  copper a r e  not .  Even though insoluble 
su l f ides  can be rendered so luble  by roas t ing ,  and na t ive  copper is  so luble  i n  
ammoniacal so lu t ions ,  f l o t a t i o n  general ly i s  a b e t t e r  method of recovering 
these  minerals.  I f  the  oxide content i s  enough t o  j u s t i f y  the  expense of 
leaching the f l o t a t i o n  t a i l i n g s ,  a combination of f l o t a t i o n  followed by a c i d  
leaching i s  f e a s i b l e  fo r  mixed copper ores .  

Amoniacal leaching with ammonium carbonate s a l t s  has been used on na t ive  
copper ores  and on copper carbanate ores t h a t  contain too much acid-consuming 
c a l c i t e  or dolani te  f o r  a c i d  leaching, but  t h e  process has no cur rent  
appl ica t ion .  

A recent ly  developed process,  copper segregat ion,  i s  being used on a low- 
grade,  Arizona chrysocolla  ore  containing too much i ron ,  c a l c i t e ,  and c lay  fo r  
leaching Q, 3, a n d 2 6 ) .  The process appears t o  be applicable t o  other  oxide 
o r  mixed ores.  

Lead Ores 

Lead ores of a l l  c l a s ses  a r e  shipped d i r e c t l y  t o  a lead smelter i f  the 
l ead  content i s  s u f f i c i e n t l y  high (usual ly over 20 percent).  A lower grade 
is commonly smelted d i r e c t l y  i f  associated gold a n d ' s i l v e r  w i l l  compensate 
f o r  a lower lead  content and re turn  more p r o f i t  than mi l l i ng  before smelting. 
Sul f ide  (galena) ores can be r ead i ly  concentrated by standard gravi ty  and/or 
f l o t a t i o n  methods. The same general  methods can be applied t o  oxidized o r  
mixed ores ,  but metal recovery i s  lower, and the  cos t  of mi l l ing  i s  higher 

) Oxide or  mixed ores  of smelting grade sometimes may be marketed t o  
advantage without mi l l i ng  even though concentrat ion i s  poss ib le ,  because the  
n e t  re turn  from d i r e c t  shipment may exceed t h a t  from marketing concentrates 
when cost  and meta l lurg ica l  losses  incurred i n  mi l l ing  a r e  taken i n t o  account. 

Zinc Ores 

Zinc ores  ava i l ab le  i n  t h e  United S t a t e s  a r e  v i r t u a l l y  a l l  t oo  low-grade 
f o r  d i r e c t  treatment e i t h e r  i n  thermal or  e l e c t r o l y t i c  p lants .  Zinc treatment 
schedules places a premium on high-grade ore  and penal ize the  producer severely 
f o r  f a i l u r e  t o  meet grade spec i f i ca t ions .  k l y  high-grade mater ia l  w i l l  r e tu rn  
a p r o f i t  t o  the  shipper under such condit ions.  

Ores containing c h i e f l y  the  z inc  s u l f i d e  s p h a l e r i t e ,  a r e  readi ly  concen- 
t r a t e d  by g rav i ty  and f l o t a t i o n  methods t o  make a high-grade marketable prod- 
u c t .  Ores which a l s o  have a high content of i ron  s u l f i d e  (pyr i te )  may requi re  



s e l e c t i v e  f l o t a t i o n  t e c h n i q u e s ' t o  sepa ra t e  p y r i t e  from s p h a l e r i t e  and thus 
produce a higher-grade concent ra te .  Su l f ide  ores  t h a t  con ta in  apprec iable  
q u a n t i t i e s  of marmatite,  a z inc - i ron  s u l f i d e  of v a r i a b l e  composition, may. 
not  produce a marketable,  high-grade concent ra te  because chemically combined 
i r o n  and z i n c  cannot be sepa ra t ed  by ore-dressing methods. 

Oxidized z i n c  ores  t h a t  meet grade s p e c i f i c a t i o n s  can be  marketed without  
p r i o r  t rea tment ,  bu t  low-grade o res  have no market a s  smel te r  o r  e l e c t r o l y t i c  
p l a n t  feed.  Ore containing t h e  oxides,  z i n c i t e  and f r a n k l i n i t e ,  and the  
s i l i c a t e ,  w i l l emi t e ,  formerly mined i n  Sussex County, N.J. ,  w a s  an exception. 
This  o r e  was concentrated by a combination of magnetic and g r a v i t y  processes.  
S t r a i g h t  oxide o r  mixed su l f ide-oxide  ores  cannot be concentrated t o  y i e l d  
good recover ies  wi th  t h e  usua l  m i l l i n g  processes.  

Large reserves  of z i n c  s u l f i d e  ore  amenable t o  c u r r e n t  m i l l i n g  techniques 
a r e  a v a i l a b l e  on a world-wide b a s i s ,  and t h e  z i n c  p r i c e  l e v e l  t h a t  r e s u l t s  
from t h i s  p l e n t i f u l  supply s i t u a t i o n  has not  encouraged research  leading t o  
u t i l i z a t i o n  of low-grade oxide o r  mixed ores .  However, some promising exper i -  
mental work on f l o t a t i o n  of oxid ized  z i n c  ores  has been 'done (lo), and f l o t a -  
t i o n  i s  used abroad Q, 2). 

Low-grade oxide z inc  o r e s ,  a s  we l l  as  lead-smelter  s l a g ,  can be t r e a t e d  
i n  fuming furnaces t o  produce an impure z i n c  oxide t h a t  can be p u r i f i e d  and 
marketed a s  t h e  oxide o r  used as a feed f o r  z i n c  smel te rs  (7, a. However, 
no market e x i s t s  i n  the  United S t a t e s  f o r  low-grade custom fuming o res .  The 
va lue  of such ores  wi th in  t h e  normal z inc  p r i c e  range i s  n o t  enough t o  pay the 
c o s t  of mining and shipping. Custom p l a n t s  may t r e a t  t h e i r  own s l a g  and other  
res idues  o r  use l imi t ed  amounts of  low-grade o r e  a v a i l a b l e  i n  cap t ive  mining 
opera t ions ,  but  purchase of such ore  from o the r s  i s  not  economical. 

Complex Ores 

Copper-lead, copper- lead-zinc,  copper-zinc, and lead-zinc complex ores  
sometimes p resen t  a f r u s t r a t i n g  marketing problem t o  the  smal l  opera tor .  Sale  
of  any of t hese  ores  without  b e n e f i c i a t i o n  r e s u l t s  i n  t h e  maximum payment f o r  
some metals  and reduced o r  no  payment f o r  o thers .  

No payment i s  normally made a t  a copper smel te r  f o r  l ead  and z i n c ,  and, 
a t  some p l a n t s ,  a penal ty  i s  assessed  f o r  a z i n c  content  above a c e r t a i n  maxi- 
mum. A t  a lead  smel te r ,  p a r t i a l  payment is made f o r  the  contained copper a t  
6 t o  10 cen t s  a pound l e s s  than t h e  quoted market p r i c e .  Some l ead  smel te rs  
pay nothing f o r  contained z i n c  while  o thers  assess a penal ty  f o r  a z i n c  con- 
t e n t  over 5 t o  10 percent .  One l ead  smelter  t h a t  opera tes  i n  connection wi th  
an e l e c t r o l y t i c  z i n c  p l a n t  pays f o r  p a r t  of t h e  z i n c  a t  30 percent  of  t h e  
market quotat ion.  

Rarely,  a complex ore ,  as mined, conta ins  enough z i n c  f o r  d i r e c t  shipment 
t o  a z i n c  sme l t e r ,  where only a p a r t i a l  payment may be  made f o r  copper o r  lead  
a t  a p r i c e  we l l  below market. Payment f o r  the  content  of gold  and silver i n  
mine products shipped t o  z inc  smel te rs  i s  a l s o  much reduced. Lead and copper 
smelters  pay f o r  a s u b s t a n t i a l  p a r t  of t h e  gold  and s i l v e r  content  of  ores .  



The p r i c e  pa id  f o r  meta ls  a t  any p l a n t  i s  based l a r g e l y  on the  recover ies  
of t h e  d i f f e r e n t  metals  t h a t  can be  made wi th  t h e  me ta l lu rg ica l  processes i n  
use.. Valuable metals which a p l a n t  i s  n o t  pr imar i ly  designed t o  recover 
become impur i t i e s  o r  r e s idues  t h a t  r equ i re  f u r t h e r  processing,  poss ib ly  a t  
o t h e r  loca t ions .  The p r i c e  pa id  t h e  shipper  f o r  a byproduct metal r e f l e c t s  
t h e  c o s t  of such a d d i t i o n a l  t reatment .  Where byproduct metals  such a s  a r s e n i c ,  
antimony, bismuth, selenium, and t e l lu r ium a r e  p resen t  i n  ores  and must be  
removed i n  r e f i n i n g  o r  recovered f r m  smel te r  fume a t  a cos t  approaching o r  
exceeding t h e i r  market va lue ,  no payment f o r  them i s  made t o  the  producer,  
and a penal ty  may be charged. 

The answer t o  t h e  marketing of complex ores  i s  bene f i c i a t ion ,  producing 
a concent ra te  of  each meta l  that can be shipped t o  appropr i a t e  p l a n t s  t o  
ob ta in  t h e  h ighes t  payments and t h e  minimum deductions. D i f f e ren t  combina- 
t i o n s  of g r a v i t y  concent ra t ion ,  f l o t a t i o n ,  and leaching a r e  used t o  e f f e c t  
s e p a r a t i o n  of t h e  va luable  minerals  i n t o  marketable products.  For ores  
having a s i g n i f i c a n t  content  of f r e e  gold  o r  s i l v e r ,  amalgamation and cyanida- 
t i o n  a r e  o f t en  appl ied .  

A dec is ion  t o  concent ra te  a given ore  i n  preference t o  d i r e c t  shipment 
h inges  on t h e  amenabil i ty  of  t h e  o r e  t o  t reatment  and t h e  balance between 
o v e r a l l  r e t u r n s  and c o s t s .  Fac tors  that must be considered include m i l l i n g  
c o s t s ,  f r e i g h t  c o s t s ,  smel te r  c o s t s ,  c a p i t a l  c o s t s  f o r  m i l l  cons t ruc t ion ,  and 
r e t u r n s  from smel te rs  o r  o t h e r  o r e  purchasers f o r  the  o r e  o r  concent ra tes .  The 
a v a i l a b i l i t y  of an appropr i a t e  c u s t m  m i l l i n g  p l a n t  may e n t e r  i n t o  t h e  deci-  
s i o n  wi th  re ferences  t o  m i l l  cons t ruc t ion .  I f  a mining opera t ion  does not  
have enough r e se rves  t o  j u s t i f y  m i l l  cons t ruc t ion ,  and no custom m i l l i n g  
f a c i l i t i e s  a r e  a v a i l a b l e ,  a prevalent  condi t ion  i n  t h e  United S t a t e s ,  an 
ope ra to r  necessa r i ly  has a more l imi t ed  marketing choice. 

Ore Prepara t ion  and Sampling Before Shipment 

It has been s a i d  t h a t  o r e  bene f i c i a t ion  begins i n  the mine: That is  t o  
say ,  mining techniques a r e  a s  much a p a r t  of  t h e  concent ra t ing  process a s  
t rea tment  i n  a m i l l i n g  p l a n t .  Se lec t ive  mining, whereby ore and waste a r e  
sepa ra t ed  i n  t h e  a c t u a l  mining process ,  a lone  may provide enough upgrading 
t o  make an economic mine product o u t  of ore  t h a t  i s  t oo  low i n  grade t o  s t and  
d i l u t i o n  wi th  waste. Ore o f t en  i s  separa ted  i n t o  s i z e d  f r a c t i o n s  by screening 
when mineral content  i s  r e l a t e d  t o  t h e  f ineness  of  t h e  ma te r i a l .  Eand s o r t i n g  
t o  sepa ra t e  l a r g e r  fragments of ore  and waste r e s u l t s  i n  an upgraded product.  
Sane mines, p a r t i c u l a r l y  gold  mines, have e l abora t e  o r e  houses equipped wi th  
g r i z z l i e s ,  s c reens ,  ore washers,  and picking b e l t s  t o  remove and d i sca rd  
waste  ma te r i a l .  

To mine and process o r e  e f f i c i e n t l y ,  t h e  mine opera tor  must have t h e  b e s t  
poss ib l e  da t a  on the  mineral  content  of mine products .  I n  the  mine, mineral  
content  and grade sometimes can be est imated by v i s u a l  inspec t ion .  However, 
s ane  ores cannot be  d i f f e r e n t i a t e d  v i s u a l l y  from waste o r  occur i n  depos i t s  
having no v i s i b l e  phys ica l  boundaries.  Ore margins i n  such depos i t s  a r e  



defined only by assay l i m i t s ,  determined by f inding  t h e  po in t  where t h e  min- 
e r a l  content  becomes too low t o  j u s t i f y  mining. I n  any case ,  ana lyses  of ore  
samples must be r e l i e d  on t o  con t ro l  mining and m i l l i n g  opera t ions .  

Sampling may be defined a s  t h e  process of s e l e c t i n g - a  s m a l l  quan t i ty  of 
any m a t e r i a l  r ep resen ta t ive  of a l a r g e r  amount of the  same m a t e r i a l .  Under 
i d e a l  condi t ions ,  a sample would con ta in  a l l  of t h e  c o n s t i t u e n t s  i n  t h e  same 
propor t ion  as t h e  g r e a t e r  mass of  m a t e r i a l .  The success of a sampling proce- 
dure depends on how nea r ly  t h i s  i d e a l  i s  approached. I n  t h e  sampling of ores  
and ore  products ,  i d e a l  condi t ions  do not  e x i s t  because t h e  mineral  content  of 
ore  i n  p l ace  o r  broken ore  i s  e r r a t i c a l l y  d i s t r i b u t e d .  The more e r r a t i c  t h e  
d i s t r i b u t i o n ,  t h e  l a r g e r  o r  more numerous t h e  samples must be t o  approach 
r e p r e s e n t a t i v e  proport ions.  

Proper sampling i s  very important  t o  t h e  mine opera tor  i n  every produc- 
t i o n  s t e p  from t h e  o r e  face  i n  t h e  mine t o  t h e  de l ivery  of t h e  ore  t o  t h e  
u l t ima te  purchaser .  Rock i n  p l ace  i n  mining f a c e s ,  broken n ia te r ia l  i n  s topes ,  
i n  t r a n s i t  underground, and a s  de l ive red  on su r face  must be sampled t o  d i f f e r -  
e n t i a t e  between o r e  and waste  and t o  rou te  t h e  m a t e r i a l  t o  t h e  proper des t ina-  
t ion- - the  ore  b i n  or  waste dump. 

Ore o r  ore  products ,  a s  introduced i n t o  a m i l l i n g  p l a n t ,  a s  formed a t  
d i f f e r e n t  s t a g e s  i n  t h e  m i l l i n g  process ,  and a s  f i n a l l y  discharged a s  concen- 
t r a t e s  o r  t a i l i n g s ,  must a l l  be sampled i n  order  t o  c o n t r o l  t reatment  proc- 
e s ses  e f f i c i e n t l y .  

Proper sampling techniques,  then,  are very  important i n  a l l  phases of  
mining and mi l l i ng .  When samples a r e  n o t  t r u l y  r e p r e s e n t a t i v e ,  disappointment 
and misunderstanding can r e s u l t  n o t  only w i t h i n  a mining organiza t ion  bu t  a l s o  
between producer and u l t ima te  purchaser.  Mis t rus t  of  pub l i c  assayers  and 
custan p l a n t s  is a common outgrowth of  improper sampling methods. 

Sampling the rock i n  p l ace  and t h e  broken ma te r i a l  before  de l ive ry  t o  the  
b ins  of a t reatment  p l a n t  i s ,  wi th  few except ions ,  done by hand. A r a t h e r  
high p r o b a b i l i t y  of e r r o r  e x i s t s  unless  samplers a r e  c a r e f u l l y  t r a i n e d .  There 
is a human tendency t o  take b iased  samples because minera l  content  of  a mine 
product commonly i s  d i s t r i b u t e d  unevenly between s o f t  and ha rd  po r t ions  of 
rock i n  p l ace  o r  coarse and f i n e  f r a c t i o n s  of broken ore .  I n  most cases ,  
t h e  more e a s i l y  sampled po r t ions  of a n  o r e  con ta in  a h igh  propor t ion  of t h e  
valuable minerals .  It is the re fo re  almost axiomatic  t h a t ,  i f  a hand sample 
i s  i n  e r r o r ,  i t  w i l l  be r i c h e r  than t h e  ore  represented .  

Most custom m i l l  and smel te r  opera tors  p r e f e r  t h a t  a prospect ive  sh ipper  
sample h i s  m a t e r i a l  before shipment, have t h e  sample analyzed by a comnercial 
labora tory ,  and r epor t  t h e  r e s u l t s  of  t h i s  t e s t .  I f  a sh ippe r  is  new t o  t h e  
prospect ive buyer,  or  i f  t h e  m a t e r i a l  i s  from a depos i t  unknown t o  t h e  custom 
m i l l  o r  smel te r  opera tor ,  t h e  buyer w i l l  u sua l ly  reques t  a sample and make an 
ana lys i s  f r e e  of charge. Buyers sometimes accept  a t ruckload  or  o t h e r  small  
l o t  of ore  a s  a trial shipment. When f a c i l i t i e s  a r e  n o t  a v a i l a b l e  a t  o r  near  
a mine, a n a l y t i c a l  work is usua l ly  he ld  t o  a minimum c o n s i s t e n t  w i th  t h e  need 
of information f o r  guidance. 



Selected references i n  which are discussed s tandard and accepted methods 
of o r e  sampling a r e  l i s t e d  i n  the  bibliography @, 24, 30). 

CUSTCEd MILLING AND SMELTING 

Ristory of Base- and Precious-Metal Recovery P lan t s  

The h i s to ry  of the  domestic base-metal mining indus t ry ,  covering over 100 
years ,  i s  a p a r t  of the s t o r y  of i n d u s t r i a l  expansion i n  the  United S ta t e s  (3, 
5 7 15 35). I n  the  eas tern  h a l f  of t h e  country, discoveries  of copper, -, -3 - >  - 
l ead ,  and z inc  and an expanding demand f o r  metals and metal products l ed  t o  
e s t ab l i sh ing  smelters  t o  turn  raw ores i n t o  mater ia l s  needed i n  a growing 
i n d u s t r i a l  economy. Because gold and s i l v e r  were not  found i n  the  Eastern 
S t a t e s  i n  s u f f i c i e n t  quant i ty  t o  be an important economic f a c t o r ,  e a r l y  mining 
w a s  concerned c h i e f l y  with the  base metals.  

In  con t ra s t ,  the  e a r l y  development of the  mineral industry i n  the West 
was based almost e n t i r e l y  on gold and s i l v e r .  Before the  mid-s ix t ies ,  t he re  
was l i t t l e  i n t e r e s t  i n  base-metal depos i t s  because the re  was no way t o  market 
t h e  ores;  only the  precious metals ,  which could be recovered on the spot  i n  a 
s a l ab le  form, gave promise of a quick r e tu rn  t o  the  miners. Nevertheless,  
f o l l m i n g  the  discovery of gold i n  Ca l i fo rn ia  i n  1849, the  search for  gold and 
s i l v e r  l ed  t o  the  discovery of base-metal deposi ts  a t  many poin ts  i n  the  
t e r r i t o r i e s  t h a t  eventual ly became the  11 Western S t a t e s  and South Dakota. 
Ear ly  Indian and Spanish workings i n  the  southwest were rediscovered along 
wi th  new deposits.  

A t  f i r s t  gold was won from deposi ts  of gravel  along streams (placers)  
and from the shallow oxidized por t ions  of veins from which the  p lacers  were 
derived by simple but  i n e f f i c i e n t  g rav i ty  and amalgamation methods. Sane of 
t h e  gold, much of the  s i l v e r ,  and a l l  of the  base metals contained i n  the ores  
were l o s t .  As the e a s i l y  worked p lacers  and shallow vein deposi ts  neared 
exhaustion, mining was extended i n t o  deeper unoxidized por t ions  of the veins 
which contained complex s u l f i d e  ores  of copper, lead ,  and z inc ,  as well  as gold 
and s i l v e r .  Because the gold and s i l v e r  i n  these re f rac tory  ores  could not  be 
recovered e f f i c i e n t l y  by mi l l i ng  alone,  smelting was introduced i n  the West 
t o  t r e a t  these  ores and recover gold,  s i l v e r ,  l ead ,  and copper. I n  the e a r l y  
days, z inc i n  complex ores was not  recovered,and an ore  with a high z inc  
content  could not  be marketed. 

Copper smelting was introduced i n  Michigan a s  e a r l y  as  1850, and by the 
18801s,many lead and copper smelters  had been es tab l i shed  throughout the  
W e s t .  The r a t e  of growth of t h e  smelt ing industry i n  t h e  West depended on 
a v a i l a b i l i t y  of t ranspor ta t ion  a s  wel l  a s  ore suppl ies ,  and growth was slow 
before  the  advent of r a i l roads .  One exception was a lead smelter  i n  Nevada 
b u i l t  i n  1866. However, t h i s  p l an t  was constructed t o  recover the s i l v e r  i n  
t h e  ava i l ab le  ores--the lead was discarded. 

Zinc smelting was never e s t ab l i shed  permanently i n  the  Rocky Mountains 
o r  Far West because s u i t a b l e  ores t h a t  could be smelted without concentrat ion 
were not ava i lab le .  Later ,  when e f f i c i e n t  concentrating processes had been 



developed, t h e  a v a i l a b i l i t y  of good rai l  t r a n s p o r t a t i o n  t o  e s t ab l i shed  z inc  
smel te rs  i n  Texas, Oklahoma, and t h e  Midwest discouraged cons t ruc t ion  of l o c a l  
p l a n t s .  Small p l an t s  designed t o  t r e a t  t h e  low-grade z i n c  oxide and s u l f i d e  
o r e s  of t h e  Leadvi l le ,  Colo., mines survived t o  t h e  l a t e  1920's but  never were 
a s i g n i f i c a n t  f a c t o r  i n  U.S. product ion.  

The e a r l y  Western smel te rs  were a l l  custom p l a n t s ,  suppl ied  by many inde- 
pendent mine opera t ions .  A successfu l  smelt ing e n t e r p r i s e  r equ i re s  a complex 
i n s t a l l a t i o n  of  c o s t l y  f a c i l i t i e s  and equipment and an assured  ore'supply f o r  a 
per iod  long enough t o  l i q u i d a t e  t h e  c a p i t a l  c o s t  of cons t ruc t ion .  No one mide 
o r  small group of mines i n  t h e  e a r l y  days could f u r n i s h  an adequate ore  supply, 
and a s i n g l e  smel te r  served  many mines. I n  a few l a r g e  d i s t r i c t s ,  such a s  
Leadvi l le ,  Colo., s eve ra l  smel te rs  were b u i l t .  Inev i t ab ly  a competi t ive s i t u a -  
t i o n  developed where s e v e r a l  smel te rs  b i d  f o r  a l i m i t e d  mine output ,  pa r t i cu -  
l a r i l y  as ore  production dec l ined .  Unlike Leadv i l l e ,  many mining camps were 
t o o  small  t o  support a l o c a l  smel te r ,  and most smel te rs  were b u i l t  a t  loca- 
t i o n s  serv ing  seve ra l  d i s t r i c t s ,  u sua l ly  a t  c e n t r a l l y  loca ted  v a l l e y  po in t s  
where f u e l ,  other  s u p p l i e s ,  and t r a n s p o r t a t i o n  f a c i l i t i e s  were ava i l ab le .  I n  
only a few cases  d i d  a p l a n t  b u i l t  fo r  a s i n g l e  d i s t r i c t  surv ive  dec l in ing  
l o c a l  ore  supp l i e s  by importing ore .  

Operators of t h e  e a r l y  smel te rs  i n  t h e  West u sua l ly  d i d  not  engage i n  
mining by choice,  but  many of them en te red  t h e  mining business  a f t e r  t h e  sup- 
p l y  of ore  from independent opera t ions  dwindled. Today, one company may ca r ry  
on a l l  phases of mining, m i l l i n g ,  smel t ing ,  and r e f i n i n g  as we l l  a s  f a b r i c a t -  
i ng  and marketing of f i n i s h e d  mineral  and meta l  products .  The newer smel te rs  
have been e rec t ed  s p e c i f i c a l l y  a s  u n i t s  of i n t e g r a t e d  mining opera t ions .  As  a 
result,many smel te r  ope ra to r s  no l o n g e r ' t r e a t  custom o r e s ,  although some com- 
panies wi th  a background of custom opera t ion  continue t o  process ore  suppl ied  
by independent opera tors  along wi th  o r e  from t h e i r  own mines. 

Many of  t h e  e a r l y  sme l t e r s  d id  n o t  surv ive  because they were n o t  based on 
sound economics o r  r e l i a b l e  o r e  supp l i e s .  A noteworthy exception i s  t h e  Selby, 
C a l i f .  l ead  smel te r  of t h e  American Smelting and Refining Co. a t  Tidewater o r  
San Francisco Bay, which has operated continuously s i n c e  1866 on fore ign  and 
domestic ores .  Five l e a d  smel te rs  remain a c t i v e  i n  t h e  West, of which two a r e  
suppl ied  l a r g e l y  from fore ign  sources.  The copper indus t ry  continues t o  sup- 
p o r t  14 Western smel te rs ,  8 of them i n  Arizona (Table 5). 

Zinc leaching a s  a s u b s t i t u t e  f o r  z i n c  smelt ing ( r e t o r t i n g )  was i n t r o -  
duced i n  1914. It was p a r t i c u l a r i l y  a p p l i c a b l e  t o  Idaho and Montana o r e s ,  
because these  complex lead-zinc s u l f i d e  ores  conta in ing  gold and s i l v e r  could 
be t r e a t e d  success fu l ly ,  and t h e  necessary cheap e l e c t r i c  paver was a v a i l a b l e .  
Recovery of t h e  z inc  from t h e s e  ores  by smelt ing was n o t  economically f e a s i b l e  
a t  the  time leaching was introduced because a s u i t a b l e  high grade z i n c  concen- 
t r a t e  f o r  furnace feed  could n o t  be produced by a v a i l a b l e  g r a v i t y  m i l l i n g  proc- 
esses .  Moreover, t h e  necessary ' fuels  f o r  smelt ing were not  a v a i l a b l e  l o c a l l y ,  
and shipment of ores  t o  d i s t a n t  e s t a b l i s h e d  p l a n t s  was too  cos t ly .  Even 
though development of  s e l e c t i v e  f l o t a t i o n  l a t e r  made poss ib l e  production of 
high grade z i n c  concent ra tes  s u i t a b l e  f o r  r e t o r t i n g ,  leaching remains t h e  



pre fe r r ed  process i n  Idaho and Montana where two z inc  leaching p lan t s  a r e  i n  
ope ra t ion ,  one i n  each s t a t e .  

Ear ly  Western mine opera tors  were compelled t o  tu rn  t o  lower-grade ores  
a s  t h e  r i c h e r  ores  approached exhaust ion.  I n  order  t o  use them, upgrading 
processes were necessary because t h e  u n i t  c o s t  of smelt ing ore  was too  high t o  
al low a p r o f i t  on low-grade ma te r i a l .  Gravi ty concent ra t ion  methods developed 
from the  simple equipment used i n  p l ace r ing  o r  pa t t e rned  a f t e r  techniques used 
i n  t h e  e a s t e r n  and midwestern mineral  i ndus t ry  were used a t  f i r s t .  Gradual 
improvement of  t hese  processes was achieved i n  t h e  50-year per iod  ending i n  
1910, but  l i t t l e  change i n  m i l l i n g  occurred u n t i l  t h e  in t roduct ion  of t h e  f lo -  
t a t i o n  process i n  1911. This  was followed a few years  l a t e r  by t h e  introduc-  
t i o n  of s e l e c t i v e ,  o r  d i f f e r e n t i a l ,  f l o t a t i o n  whereby two o r  more o r e  c o n s t i t -  
uents  could be e f f i c i e n t l y  concentrated i n t o  s e p a r a t e  products.  F lo t a t ion  
techniques a r e  t h e  b a s i s  of nea r ly  a l l  p re sen t  day m i l l i n g  processes al though 
they may be used i n  conjunct ion wi th  g r a v i t y ,  leaching or  other  techniques. 
Some form of f l o t a t i o n  i s  s u i t a b l e  f o r  s imple s u l f i d e  o res  of copper,  l e a d ,  
and z inc  with o r  without  accompanying gold  and s i l v e r ,  and f o r  complex ores  of 
t h e s e  metals  a s  well .  

F lo t a t ion  i s  t h e  b a s i c  process respons ib le  f o r  expansion and dominance of 
t h e  low-grade copper-mining indus t ry  i n  world copper production. Se lec t ive  
f l o t a t i o n  has made poss ib l e  the  production of lead  and z i n c  from complex lead- 
z i n c  s u l f i d e  ores  t h a t  formerly y ie lded  l i t t l e  o r  no p r o f i t .  Oxidized and 
mixed base-metal ores  s t i l l  cannot be t r e a t e d  e f f i c i e n t l y  by f l o t a t i o n ,  but  
prpgress  i n  research  i n d i c a t e s  t h a t j t h e s e  problems can eventua l ly  be solved 
G,!, g> XI. 

Other m i l l i n g  processes have been o r  a r e  being developed f o r  t h e  t r e a t -  
ment of ores .  Among them a r e  t h e  cyanidat ion process f o r  gold and s i l v e r  o re s ,  
leaching f o r  oxidized copper o r e s ,  both e s t a b l i s h e d  methods, and the  r ecen t  
copper segregat ion process Q, 11, 26), s t i l l  under development, f o r  t reatment  
of  c e r t a i n  copper o re s ,  Of o ther  techniques developed f o r  ore bene f i c i a t ion ,  
two have important a p p l i c a t i o n s  i n  t h e  base-metal indus t ry :  The s i n k - f l o a t  
process_has found a p p l i c a t i o n  i n  the  Tr i -S ta t e  d i s t r i c t ,  the  Coeur d '  Alene 
d i s t r i c t  of Idaho, and a t  t h e  Old Dick copper-zinc mine of the  Cyprus Mines 
Corp. i n  Yavapai County, Arizona; magnetic concent ra t ion  of z i n c  ores  has  been 
used by t h e  New Je r sey  Zinc Co. i n  Colorado and New Je r sey .  Other processes 
t h a t  have had l i t t l e  o r  no a p p l i c a t i o n s  i n  base-metal m i l l i n g  may be important 
i n  t h e  fu tu re .  



Sampling and Set t lement  of  Ore Shipments 

A purchaser of ore  f i r s t  determines t h e  mineral  content  a s  a b a s i s  f o r  
c a l c u l a t i n g  va lue  and amenabil i ty  t o  t reatment .  General c h a r a c t e r i s t i c s  of 
an ore  i s  usua l ly  obtained i n  advance of shipment t o  t h e  purchasing p l a n t ,  bu t  
each shipment must be sampled ind iv idua l ly  on a r r i v a l .  A sample i s  requi red  
t h a t  conta ins  a s  nea r ly  a s  poss ib l e  a l l  t h e  ore  c o n s t i t u e n t s  i n  the  propor t ion  
they a r e  p resen t  i n  t h e  whole shipment. For completely homogeneous m a t e r i a l ,  
any method of sampling i s  t h e o r e t i c a l l y  s a t i s f a c t o r y ,  because any p a r t  of such 
ma te r i a l  i s  r ep resen ta t ive  of t h e  whole. Examples of camnodities proximating 
t h i s  i d e a l  a r e  such a g r i c u l t u r a l  products a s  wheat, corn,  o r  r i c e .  The fur -  
t h e r  a ma te r i a l  depar t s  from homogeneity, t h e  more care  must be used i n  
sampling; t h i s  i s  genera l ly  the  case  wi th  ores  and ore  products ,  which a r e  
inhe ren t ly  nonhomogeneous. Ore concent ra tes  gene ra l ly  a r e  f i n e l y  d iv ided  
ma te r i a l s  t h a t  approach t h e  i d e a l  more n e a r l y  than o the r  mine products but  
a r e  s t i l l  n o t  homogeneous. 

I n  an ore-sampling procedure, t h e  ob jec t ive  i s  t o  obta in  a s m a l l r e p r e -  
s e n t a t i v e  sample a s  nea r ly  homogeneous a s  c a r e f u l  p repa ra t ion  w i l l  provide s o  
t h a t  analyses of s eve ra l  po r t ions  of  the  f i n a l  sample w i l l  g ive  comparable 
r e s u l t s .  This  ob jec t ive  i s  more n e a r l y  a t t a i n a b l e  by mechanical sampling than 
by any o the r  method. 

Severa l  designs of mechanical ore  sampiers a r e  i n  genera l  use. The d i f -  
f e r e n t  systems have t h e  one ob jec t ive  t o  produce an uncontaminated, represent -  
a t i v e  ore  sample a t  a reasonable c o s t ,  and t h i s  i s  achieved i n  a proper ly  
designed and operated p l a n t .  A mechanical sampling p l a n t  i s  usual ly  p a r t  of 
a primary crushing p lan t  where ore  shipments a r e  processed enroute  t o  b ins  o r  
s tockp i l e s .  A flowsheet f o r  a sampling p l a n t  i s  shown i n  f i g u r e  4. An auto-  
matic  sample c u t t e r  d i v e r t s  about  o n e - f i f t h  of t h e  o r e  s t ream i n t o  t h e  sam- 
p l ing  p l a n t  where, i n  a s e r i e s  of  opera t ions ,  t h e  sample i s  processed t o  a 
progress ive ly  smal le r  weight ,  ending wi th  a bulk sample of  s e v e r a l  hundred 
pounds. Up t o  t h i s  po in t ,  t h e  procedure i s  c a r r i e d  on i n  automatic  equipment. 

The bulk sample from the  sampling p l a n t  is again crushed i n  labora tory  
g r inde r s ,  thoroughly mixed, and passed over r i f f l i n g  devices t h a t  d iv ide  a 
sample i n t o  two equal  p a r t s  a t  each pass .  This  s e r i e s  of s t e p s  can be done by 
hand o r  i n  semiautomatic equipment t o  produce a f i n e l y  ground sample of a few 
pounds weight c a l l e d  a pulp. 

An o lder  method of processing t h e  bulk sample is coning and qua r t e r ing ,  
i n  which t h e  sample i s  mixed thoroughly by hand-shoveling and formed i n t o  a 
coned p i l e  t h a t  i s  f l a t t e n e d  out  and d iv ided  i n t o  four  qua r t e r s .  Two opposi te  
quar te rs  a r e  removed, and t h e  procedure i s  repea ted  on t h e  remaining por t ions  
u n t i l  t h e  des i r ed  sample weight i s  reached. Coning and qua r t e r ing  is i n f e r i o r  
t o  r i f f l i n g  because sane segregat ion  and uneven d i v i s i o n  of t h e  sample a r e  
l i k e l y .  

The r e j e c t e d  p a r t  of t h e  bulk  sample i s  r e t a i n e d  i n  s to rage  f o r  re ference  
i n  the  event  of disagreement between shipper  and buyer. The pulp ,  a f t e r  care-  
f u l  screening and mixing, i s  d iv ided  i n t o  four o r  more po r t ions  of equal  s i z e ,  



RAILROAD CAR OR TRUCK 

4 
DUMPING DEVICE 

J 
PLANT RECEIVING BIN 

I * 
GYRATORYOR JAWCRUSHER 

J- 
SYMONSCONE CRUSHER + 

VEZlN CUTTER ( I  IN  5 CUT1 
I 

REJECT 2i 
I 

VEZlN CUTTER (I IN 10 CUT) 

t 

" O r  
FEEDER 

J 
DUPLEX VEZlN C U ~ T E R  (I IN 10 CUT EACH1 

REJECT zoo-POU~ 
RESERVE SAMPLE IN 
SAMPLE SAMPLE CAR 

t 
BUCKING ROOM 

I 

f 
5d32-1~CH ROLL SCREEN + 

SAMPLE CAR 
(SAMPLE MIXED 
DURING TRANSFER) + 

SAMPLE CAR + 
JONES-TYPE SPLITTER 

JDNES-TY 

JONES-TYI 

REJECT / 
DRYER (301 

ENGLE BATCH-TYPI 
(SAMPLE GROUh 

CUBIC1 
(SAMPLE MIXED 

JONES-TYI 

REJECT / 

BRAUN-TYPE 
PULVERIZER 

\ 
120-AND 200-h 

FOUR TO SIX CO 

SHIPPER 4 

MOISTURE SAMPLES 

JND SAMPLE 

SPLITTER 

15 MINUTES) 

'ULVERIZING MILL 
TO 8 W E S H )  

MIXER 
TO 30MINUTESl 

SPLITTER 

SH SCREENS 1 

MIXER 

ROL SAMPLES 

A E s E u v E  
SAMPLES 

FIGURE 4. - Flowsheet for a Sampling Plant. 



preferably i n  an enclosed automatic device t o  reduce the chances of sample con- 
tamination. Two of these f i na l  samples, ca l led  controls,  a r e  analyzed sepa- 
ra te ly  by or for the buyer and the shipper for each important metal or mineral 
constituent. Analyses are  run i n  duplicate or even quadruplicate. I f  the 
resu l t s  of the control assays a r e  c lose  enough for  agreement as  defined i n  
smelter schedules, settlement of the ore i s  made on the basis of the average 
of the control  resu l t s .  I f  not, a reserve sample i s  analyzed by an independ- 
ent laboratory as an umpire. Usually the  middle assay of two controls and the 
umpire becomes the settlement value. This procedure varies a t  some plants ,  
where the average of the three assays i s  the settlement value. I f  there 
a r e  widp discrepancies between control and umpire assays for any constituent, 
analyses for this consti tuent are repeated; i f  the discrepancies pe r s i s t ,  new 
controls are  prepared from the bulk sample held in  storage, and the en t i re  
procedure of analyzing and comparing assays i s  repeated. I f  the shipper does 
not submit control analyses, the buyers' controls govern settlement. 

The greates t  differences i n  control  analyses, tha t  is the s p l i t t i n g  l i m -  
i t s ,  which ore buyers w i l l  permit i n  making settlements based on average con- 
t r o l  values a r e  not the same a t  a l l  p lants .  Typical s p l i t t i n g  l imi t s  range 
between, 0.25 and 0 . 4  percent for base metals, 0 . 3  and 0 .5  ounces per ton for  
s i lver ,  and 0 . 0 2  and 0 .03  ounces per ton for gold. 

The r a t e  of payment for valuable minerals i n  an ore product, the freight 
and treatment r a t e s ,  and the royalty r a t e s  a lessee-shipper may have t o  pay a 
mine owner are  usually dependent on the grade of the ore. The assay values a t  
which these factors operate t o  increase treatment, royalty,  or other charges 
are  known as breaking points. It may be of advantage t o  the shipper not t o  
exceed a cer ta in  ore value i n  making a settlement on an ore with a value near 
a breaking point because an increase i n  charges may exceed any increase i n  
value. This condition sometimes leads t o  jockeying, a practice whereby a 
shipper, a f t e r  evaluating a l l  factors,  endeavors t o  e f fec t  an ore settlement 
a t  an advantageous level  not necessari ly i n  agreement with control  assays. 

Formerly, commercial sampling plants  were available a t  various points 
throughout the West t o  sample ore i n  t r a n s i t  a s  an independent service t o  
shippers. Thus, a shipment might have been sampled twice, once in  t r a n s i t  and 
again on a r r i v a l  a t  destination. Analysis of two independent samples of the 
same ore normally should show l i t t l e  variation--not over 2 or  3 percent devia- 
t ion i n  the t o t a l  content of each metal, expressed e i ther  in  percent or ounces 
per ton. 

Mechanical sampling i s  par t icu la r ly  necessary for  mine-run ores and 
precious-metal ores because hand methods do not produce representative samples 
from such material .  Mine-run ores generally contain material with a wide range 
i n  par t ic le  s ize ,  and valuable minerals i n  these ores tend t o  segregate i n  
e i ther  f ine or  coarse fractions.  Precious-metal ores contain sparse, e r ra t ic -  
a l l y  dis t r ibuted gold and s i l v e r ,  which have substant ia l  value even though 
present i n  overall  ins ignif icant  quantity compared t o  the t o t a l  weight of the 
ore. A comparatively small error  i n  precious-metal assay i s  costly e i ther  to  
the shipper or buyer. 



Concentrates a r e  f ine ly  divided and s t i cky  when wet. I f  sampled i n  t h i s  
condition, they pack and hang up i n  sampling mechanisms and cannot be sampled 
f a i r l y  i n  automatic equipment. Samples of concentrates o r  other  f i n e l y  divided 
mater ia l  of ten  a r e  taken by th rus t ing  pipes or  augers i n t o  ore p i l e s  a t  a num- 
ber of poin ts  t o  obtain a reasonably representa t ive  sample. This  i s  f eas ib l e  
because f i n e l y  divided mater ia l s  tend t o  be somewhat homogeneous. The r e s u l t -  
ing sample is reduced i n  bulk and prepared by s tandard laboratory methods. 

For extremely wet, clayey, or  frozen ore t h a t  a l s o  tends t o  hang up i n  
the  sampling mechanisms, older  sampling methods, now large ly  discarded,  can 
be used i f  pipe or  auger sampling i s  impract ical .  Grab samples taken from a 
shipment before unloading, or  f r a c t i o n a l  shoveling samples taken by hand dur- 
ing  unloading, occasionally a r e  used; however, because these methods a r e  sub- 
j e c t  t o  the  sampler 's e r r o r  and b i a s ,  they should be avoided i f  t he re  is  a 
reasonable p o s s i b i l i t y  of preparing a shipment for  mechanical sampling. 
Simple drying may s u f f i c e ,  and an e f f o r t  should be made t o  pro tec t  a l l  mine 
products from exposure t o  unnecessary moisture,  both i n  the  mine and i n  
t r a n s i t .  I n  severe winter  weather, frozen mater ia l  may be loaded a t  the  mine 
o r  shipments may freeze i n  t r a n s i t .  Receiving p l an t s  usual ly have f a c i l i t i e s  
f o r  thawing frozen ore,  but  e x t r a  c o s t  t o  the  shipper and delay i n  sampling 
may r e s u l t  from extremely wet ores .  

Selected references on s tandard,  accepted methods of ore sampling a r e  
found i n  t e x t s  i n  the bibliography (24, 29). 

Precautions i n  Sampling 

Cleanl iness  

A number of precautions should be  observed i n  t h e  sampling procedure. 
. A l l  pa r t s  of the  sampling mechanism t h a t  cane i n t o  contact  with the ore  stream 

must be ca re fu l ly  cleaned between sample runs t o  prevent contamination from 
remnants of a previous shipment. A s  a sample is reduced i n  s i z e ,  the  poss ib i l -  
i t y  of acc identa l  or de l ibe ra t e  contamination ( sa l t i ng )  increases ,  s o  the 
f i n a l  s t ages  of sample preparat ion are c a r r i e d  on i n  r e s t r i c t e d  quar te rs  and 
wi th  equipment i n  which a high degree of c leanl iness  can be maintained. 
Obviously, a l l  equipment i n  a sampling p l an t  should be designed fo r  ease of 
cleaning and replacement of worn pa r t s .  

Because excessive dust  l o s s  can a f f e c t  t h e  proportions of valuable miner- 
a l s  and waste i n  a sample, dust should be minimized, p a r t i c u l a r l y  i n  precious- 
metal ores.  A small amount of water sprayed on the ore stream during unloading 
and processing is  he lpfu l  i n  reducing dust l o s s  from unusually dry ores  with- 
out  appreciably increasing moisture content of a sample. 

Metal l ics  

A pulp i s  passed through a 100- t o  200-mesh screen j u s t  before the  f i n a l  
sample d iv is ion  t o  insure  a uniform, f i n e l y  ground product. Any coarse p a r t i -  
c l e s  not r e a d i l y  pulverized a r e  screened out  i n  the  process. Such ma te r i a l ,  
usual ly cons is t ing  of f l a t t ened  malleable f lakes  ca l l ed  me ta l l i c s ,  may be only 



b i t s  of iron worn from machinery, or fragments of copper blas t ing caps or wire 
i n  the ore, but it may a l so  contain native gold, s i l v e r ,  or copper. Irrespec- 
t i ve ,  coarse metall ics a r e  screened out of the f i n a l  pulp because they prob- 
ably would have an unrepresentative d i s t r ibu t ion  i n  the f i n a l  samples. 
Removing metall ics from the pulp i s  suf f ic ien t  i f  the ores do not contain 
native metals. I f  native gold or  s i l v e r  is l ike ly  t o  be present, an assay of 
the metall ics is made and the r e su l t  applied as  a proportional correction t o  
the  control analyses. 

Western ores ra re ly  contain s ignif icant  amounts of native s i l ve r  or cop- 
per, but native gold i s  more cormnon. Michigan ores may contain native copper 
i n  quantity. The importance of removing metal l ics  from gold ores can be empha- 
sized by considering the e f f ec t  of allowing metal l ics  t o  remain i n  the f i n a l  
pulp. A gold content of as  l i t t l e  a s  0.1 ounce per ton (3.4 par ts  per million), 
or even l e s s ,  i s  of consequence. I f  a portion of t h i s  gold should be present 
i n  the f i n a l  pulp as a few, comparatively large,  malleable flakes,  disportion- 
a t e  amounts of metal l ics  may appear i n  the approximately 15- or  30-gram por- 
tions of pulp used for  each assay. Control assay returns on such samples 
would not represent the gold content of the ore f a i r l y  and would probably not 
be in  close enough agreement for settlement. 

Moisture Content of Ore Products 

Payments for  ore products a r e  based on dry weight of a shipment as  
received; therefore, determination of moisture content is made as  soon a s  pos- 
s ib l e  a f t e r  a shipment i s  weighed in .  As many as  four moisture samples, each 
weighing several  pounds, a r e  cut from the bulk sample, carefully weighed, 
dried a t  low heat ,  and again weighed. The difference i n  weights before and 
a f t e r  drying, averaged for the several samples, i s  taken as the moisture con- 
tent  of the ore. Care is taken not t o  subject  moisture samples t o  enough heat 
t o  drive off any other vo la t i l e  elements i n  the ore ,  including water of 
crysta l l izat ion.  

A moisture determination i s  made promptly because ore products tend t o  
dry out, and a sample analyzed some time a f t e r  an ore shipment i s  weighed i n  
would not represent the true moisture content of the ore as  received. Because 
prompt analysis i s  necessary, the moisture content of ores i s  based solely  on 
the buyer's determinations. Several moisture samples from the same ore may 
show a considerable range i n  moisture content,  and an average yalue for  two or 
four samples may d i f f e r  considerably from high and low values. fh high-grade 
ores, where a small difference in  the weight of shipment can make a consider- 
able difference i n  the t o t a l  value, as  many as  10 or more moisture samples may 
be taken. Because crushing and handling i n  the sampling process i t s e l f  cause 
some drying of the sample, sane plants a r b i t r a r i l y  add a small percentage t o  
the moisture content as  determined by the laboratory i n  order t o  compensate 
for t h i s  drying e f f ec t .  A minimum moisture deduction of 1 percent is  made a t  
some treatment plants.  



The Milling Process 

Background 

The cost of shipping and smelting ores i s  re la ted primarily t o  the amount 
of material t h a t  must be handled, although grade of material  i s  a l so  a factor.  
The fre ight  and treatment ra tes  applying t o  higher grade material are  usually 
higher. Cm the other hand, r a t e  of payment by the smelter for  metal content 
may be s l i gh t ly  higher for  higher grade material. A shipper normally can 
expect more gain by shipping a small l o t  of high-grade concentrates than he 
would have by shipping the larger tonnage of ore from which the concentrates 
were produced,even though the higher f re ight  and treatment r a t e s  assessed 
against the concentrates, the cost of mil l ing,  and metal losses i n  mill ing 
pa r t i a l l y  of fse t  the advantage of reduction i n  tonnage. Upgrading of ore 
t ha t  w i l l  re turn l i t t l e  or no p ro f i t  a s  mined i s  commonly practiced to  remove 
a s  much barren or gangue mineral as possible and thus produce a concentrate 
tha t  can be shipped profitably.  

Milling i s  a term tha t  covers upgrading or otherwise processing raw ores 
t o  produce a more valuable product. In the nonmetallic mineral f i e l d ,  milling 
may const i tute  the only processing necessary t o  prepare a markeLable indus- 
t r i a l  product, but i n  the metal-mining industry, milling generally i s  jus t  one 
of a se r ies  of necessary steps in  conversion of metall ic minerals t o  salable  
products. Milling i s  par t icular ly  important i n  base- and precious-metal min- 
ing because few available ores would be prof i table  without t h i s  upgrading step. 

Milling can be divided into two categories,  ore dressing (concentration 
o r  beneficiation) and hydrometallurgy (leaching). Ore dressing consists of 
upgrading an ore by making a physical separation of valuable and barren miner- 
a l s .  In hydrometallurgical processing, ores o r  ore products a r e  leached with 
chemical solvents, extracting valuable consti tuents 5or subsequent precipita- 
t ion  in  metal l ic  form. The many ore-dressing techniques that  have been devel- 
oped have one thing i n  conrmon--they make only a physical separation of ore 
minerals without any chemical changes. Ore consti tuents tha t  are  i n  chemical 
combination with one another i n  a single mineral are not separable by ore- 
dressing techniques. The zinc-iron sulf ide mineral, marmatite, i s  an example 
of such a mineral. Ore dressing w i l l  not e f f ec t  a separation of chemically 
combined zinc,  i ron,  and sulfur i n  marmatite. 

Ore dressing can be further defined a s  manipulation of a mixture of 
ground ore i n  water. Such a mixture is cal led a m i l l  pulp or simply a pulp, 
not to be confused with sample pulp. The proportions of so l ids  and water i n  
pulps have a wide range depending on process requirements. The raw ore enter-  
ing a milling plant is called the m i l l  heads or  heads. The products of m i l l -  
ing are concentrates, which should contain most of the valuable minerals and 
a minimum of gangue minerals, and t a i l i ngs ,  which should contain most of the 
gangue minerals and as l i t t l e  as  possible of the valuable minerals. 

Texts on mill ing are l i s t e d  i n  the bibliography (4, 7, 29, 30). 



Ore Sor t ing  

Upgrading o r e  probably da tes  from t h e  bronze age.  Even then t h e  advan- 
t age  of  d iscard ing  wor th less  m a t e r i a l  before  f u r t h e r  processing must have been 
obvious. P r imi t ive  upgrading at tempts  probably involved no more than picking 
out  pieces of ore  from a p i l e  of rock,  w i th  sepa ra t ion  a ided  by s p l i t t i n g  
rocks containing both o r e  and waste  i n t o  fragments wi th  s k i l l f u l  hammer 
blows--cobbing i n  mining terminology. 

Ore s o r t i n g  has remained a simple f i r s t  s t e p  i n  upgrading. The e f f i -  
c iency of ore  s o r t i n g  sometimes can be  improved by t h e  use of crushing and 
screening equipment, conveyor b e l t s ,  and o t h e r  mechanical a i d s ,  but  consider-  
a b l e  labor  is s t i l l  necessary.  Even simple mechanisms may be u n j u s t i f i e d  i n  
some small  opera t ions ,  and upgrading by hand-sort ing and cobbing, us ing  noth- 
i n g  more than a s o r t i n g  p l a t  and a cobbing hammer, i s  s t i l l  p rac t i ced  
occas ional ly .  

Ore Washing o r  Pr imi t ive  Gravi ty Concentrat ion 

Another advance i n  minera l  concent ra t ion ,  was t h e  invent ion  of  washing 
processes t o  recover gold ,  gem s tones ,  and minerals  of  t i n  o r  o ther  r e l a t i v e l y  
heavy metals  from g r a v e l  depos i t s  (p lacers ) .  By a g i t a t i n g  p l ace r  g rave l s  i n  
wa te r ,  t h e  heavy, normally va luab le  minerals  could be separa ted  from l i g h t  
minerals  t h a t  u sua l ly  had no value.  An e a r l y  discovery w a s  the  f a c t  t h a t  
mercury combines on con tac t  wi th  n a t i v e  gold  and s i l v e r  t o  form an a l l o y  or 
amalgam. Thus, recovery of precious metals  i n  o r e  washing i s  o f t en  improved 
by t h e  add i t ion  of mercury a s  a c o l l e c t o r .  The mercury can be removed from 
t h e  amalgam l a t e r  by d i s t i l l a t i o n ,  leaving  t h e  gold  and s i l v e r  a s  a f a i r l y  
pure product.  

It was only a s t e p  from p lace r ing  n a t u r a l  g rave l s  t o  m i l l i n g  crushed ores 
won from s o l i d  depos i t s ,  us ing  devices t h a t  were t h e  prototypes of modern j i g s ,  
concent ra t ing  t a b l e s ,  and o the r  g r a v i t y  devices.  D e  Re Meta l l ica  (l), t h e  
16th  century t r e a t i s e  on mining and smelt ing by t h e  German teacher  and sc ien-  
t is t ,  Agricola,  descr ibes  s o r t i n g  procedures and ore-dress ing  equipment t h a t  
a r e  recognizable prototypes of present  day p r a c t i c e s  and machines. A modern 
cobbing hammer o r  gold  pan i s  l i t t l e  d i f f e r e n t  i n  b a s i c  design from t o o l s  used 
cen tu r i e s  ago. Ear ly  s l u i c e  boxes f o r  recovering p l a c e r  gold,  stamp m i l l s ,  
and r e l a t e d  equipment f o r  c rushing  and t r e a t i n g  gold  o res ,  and washing equip- 
ment used a t  t h e  t i m e  of t h e  discovery of America f o r  concentrat ing l e a d  o res  
functioned i n  much t h e  same manner a s  s i m i l a r  items i n  cu r ren t  o r  r e c e n t  use. 
So f a r  a s  g r a v i t y  m i l l i n g  i s  concerned, t h e  advances i n  equipment have been 
l a rge ly  i n  design,  capac i ty ,  and e f f i c i e n c y  r a t h e r  than i n  p r i n c i p l e  of  
operat ion.  

Regardless of t h e  m i l l i n g  process used,  a l l  o re s  a r e  prepared by crushing 
and grinding.  An ore  pulp must be ground t o  a degree of  f ineness  a t  which 
ore-mineral p a r t i c l e s  have been unlocked, t h a t  i s ,  l i b e r a t e d  from adhering 
gangue minerals .  Th i s  po in t  d i f f e r s  widely, depending on t h e  intimacy of t h e  
a s soc ia t ion  of t h e  contained minerals  wi th  one another .  Complete unlocking of 
ore  minerals  from ba r ren  minerals  is never  poss ib l e ,  b u t  t h e  success of  a 



process depends i n  l a rge  measure on the  degree t o  which the grinding s t e p  
makes a separat ion.  Rowever, overgrinding i s  undesirable fo r  severa l  reasons. 
(he reason i s  t h a t  undesirable c o l l o i d a l  mater ia l ,  s l imes,  t h a t  i n t e r f e re s  with 
a l l  mi l l ing  processes is produced. Another reason is  t h a t  t h e  cos t  of grind- 
ing,  a major expense of mi l l i ng ,  r i s e s  rap id ly  wi th  increase  i n  f ineness of 
gr ind ,  p a r t i c u l a r l y  fo r  hard ores .  

The same general  types of crushing, gr inding,  c l a s s i fy ing ,  pumping, and 
a u x i l i a r y  equipment a r e  c m o n  t o  a l l  ore-milling p lants .  The spec ia l ized  
aspec ts  of m i l l  design begin with the concentrat ion process i t s e l f .  A wide 
se l ec t ion  of equipment and plans i s  provided i n  flowsheets t h a t  have been 
developed fo r  g rav i ty ,  f l o t a t i o n ,  and leaching processes t o  be applied s ing ly  
o r  i n  cmbinat ions  on many types of ore.  

Gravity Mil l ing 

The o ldes t  of the  mi l l i ng  methods, g rav i ty  concentrat ion,  continues t o  be 
used i n  the  metal-mining industry because i t  o f fe r s  advantages i n  s impl ic i ty  
and economy, even though mineral r e c w e r y  may be lower than with other  proc- 
e s ses .  C m o n  items of equipment i n  g rav i ty  m i l l s  are concentrat ing t a b l e s ,  
used fo r  sands, and j i g s ,  used f o r  coarser  materiaI .  

Gravity concentration depends on the f a c t  t h a t  m e t a l l i c  minerals a r e  
usual ly  heavier than barren gangue minerals ,  and a separa t ion  can be e f f ec t ed  
by ag i t a t ing  ore-water mixtures (pulps).  Gravity and i n e r t i a  ac t ing  on min- 
e r a l  p a r t i c l e s  subjected t o  some type of pulsa t ing  motion i n  a water medium 
cause the heavier  p a r t i c l e s  t o  separa te  from the  l i g h t e r  ones. Gravity m i l l -  
i n g  i s  e f f e c t i v e  on comparatively coarse m i l l  pulps,  t h a t  is ,  sands and l a r g e r  
s i z e s ,  provided the minerals have been unlocked by s u f f i c i e n t  grinding; grav- 
i t y  mi l l ing  i s  not  e f f i c i e n t  on f i n e l y  ground ore. I f  f i n e  grinding of ore  
i s  unavoidable or  is necessary t o  unlock minerals ,  other  mi l l i ng  processes a r e  
more su i t ab le .  

Gravity separat ion works f o r  both s u l f i d e  and oxide minerals,  provided the 
d i f fe rences  i n  s p e c i f i c  g rav i ty  of ore and waste minerals  a r e  s i g n i f i c a n t .  
Speci f ic  gravi ty  differences i n  minerals of copper, i ron ,  and z inc  i n  a com- 
p l e x  ore a r e  not  s u f f i c i e n t  t o  permit complete g rav i ty  separat ion of such min- 
e r a l s .  Even lead  minerals,  which d i f f e r  considerably i n  s p e c i f i c  g rav i ty  from 
t h e  o thers ,  cannot be separa ted  completely from them by g rav i ty  because ore  
minerals  genera l ly  a r e  not  unlocked completely i n  t h e  r e l a t i v e l y  coarse p a r t i -  
c l e  s i zes  on which g rav i ty  methods work e f f ec t ive ly .  Moreover, when minerals 
a r e  not  unlocked, g rav i ty  methods alone do not  produce high-grade concentrates  
o r  high mineral r ecwery .  

The Wilfley sand t a b l e ,  introduced i n  1895, w a s  an improved gravi ty  con- 
cen t r a t ing  device t h a t  not  only made a f a i r  separa t ion  of galena and s p h a l e r i t e  
bu t  a l s o  permitted p a r t i a l  e l iminat ion of i ron  p y r i t e  from a z inc  concentrate .  
J i g s  and t a b l e s  have remained i n  ore dressing flowsheets a s  s tandard items of 
equipment, although, i n  cu r ren t  mi l l ing  p rac t i ce ,  they serve bes t  i n  an auxi l -  
i a r y  capacity. Used wi th  f l o t a t i o n ,  they provide an economical means of pro- 
ducing a low-grade concentrate  fo r  l a t e r  regrinding and f l o t a t i o n  without t h e  
necess i ty  of f ine-grinding an e n t i r e  m i l l  feed. 



Other Gravi ty Processes 

Two o the r  processes t h a t  take  advantage of g r a v i t y  d i f f e rences  i n  miner- 
a l s  t o  e f f e c t  a sepa ra t ion  have been developed. One of  t hese ,  t h e  heavy media 
o r  s i n k - f l o a t  process ,  has  found some app l i ca t ion  i n  lead-z inc  ore  m i l l i n g  i n  
t h e  Coeur d'  Alene d i s t r i c t  of  Idaho and t h e  t r i s t a t e  d i s t r i c t  of Kansas, 
Missouri ,  and Oklahoma. The process r ecen t ly  was i n s t a l l e d  i n  t h e  Old Dick 
copper-zinc f l o t a t i o n  m i l l  of  Cyprus Mines Corp. i n  Yavapai Cqunty, Ariz . ,  t o  
remove bar ren  and low-grade m a t e r i a l  from t h e  m i l l  f eed  a f t e r  coarse crushing 
bu t  before  grinding.  

The process makes use of  a f l u i d  medium of  c o n t r o l l e d  d e n s i t y  i n  which 
substances of lower dens i ty  than t h e  medium w i l l  f l o a t ,  and heavier  substances 
w i l l  s ink .  I n  ore  m i l l i n g ,  a medium of  high s p e c i f i c  g r a v i t y  i s  requi red .  
Normally, heavier  o r e  minerals  a r e  t o  be separa ted  from l i g h t e r  gangue miner- 
a l s ,  and a medium having a dens i ty  between t h e  two is provided. In  t e s t i n g  
and experimental work, l i q u i d  organic  chemicals such as tetrabromoethane or  
o the r  heavy hydrocarbon d e r i v a t i v e s  a r e  s u i t a b l e ,  but  i n  commercial appl ica-  
t i ons ,  s a t i s f a c t o r y  sepa ra t ing  mediums a r e  s imulated f l u i d s  formulated t o  t h e  
des i r ed  dens i ty  by suspending quicksand o r  f i n e l y  ground magnet i te ,  f e r r o s i l i -  
con, o r  s i m i l a r  heavy m a t e r i a l  i n  the  proper amount of water .  

Heavy-media sepa ra t ion  i s  e f f i c i e n t  only on comparatively coarse  p a r t i -  
c l e s  and cannot be used a lone  i n  base-metal m i l l i n g  because base-metal miner- 
a l s  gene ra l ly  a r e  n o t  completely unlocked i n  the  coarse s i z e s .  Thus, heavy- 
media sepa ra t ion  on base-metal ores  i s  l i m i t e d  t o  prel iminary t reatment  of 
o re s  i n  which coarse  crushing produces l a r g e  p ieces  of extremely low-grade 
m a t e r i a l  o r  waste t h a t  can be  e l iminated  before  t h e  gr inding  s t a g e  wi th  a 
saving i n  gr inding cos t s .  

S p i r a l  concent ra tors  s e p a r a t e  minerals  of d i f f e r e n t  s p e c i f i c  g r a v i t y  by 
c e n t r i f u g a l  forces  a c t i n g  on an ore  pulp t r a v e l i n g  downward i n  a s p i r a l  laun- 
der .  The process has had l i t t l e  a p p l i c a t i o n  i n  base-metal mi l l i ng .  

F l o t a t i o n  

The f l o t a t i o n  process,  f i r s t  used c m e r c i a l l y  i n  t h e  United S t a t e s  about 
1911, perhaps has  revolu t ionized  t h e  sc i ence  of ore  dress ing  more than any 
o ther  s i n g l e  development. The process has found a p p l i c a t i o n  throughout the  
mineral  i ndus t ry  f o r  the  b e n e f i c i a t i o n  of many types of simple and complex 
ores .  M i l l  f lowsheets can be  t a i l o r e d  t o  use f l o t a t i o n  i n  any s i z e  p l a n t ,  on 
a wide v a r i e t y  of o r e  types ,  and i n  conjunct ion wi th  o ther  t rea tment  processes.  
A flowsheet f o r  a widely used s e l e c t i v e  f l o t a t i o n  a p p l i c a t i o n ,  m i l l i n g  of  com- 
p lex  lead-z inc  s u l f i d e  o r e ,  i s  shown i n  f igu re  5.  

F lo t a t ion  i s  defined i n  A .  F. Taggar t ' s  t e x t  on ore  dress ing  @) as a 
"process f o r  rendering a mixture of f i n e l y  ground minerals  s u s c e p t i b l e  t o  
g r a v i t a t i o n a l  separat ion."  From t h i s  s tandpoin t ,  it i s  a s p e c i a l i z e d  type of 
g r a v i t y  concent ra t ion ,  but  any r e l a t i o n s h i p  between f l o t a t i o n  and o ther  grav- 
i t y  processes i s  n o t  r e a d i l y  apparent  because, a t  f i r s t  g lance ,  f l o t a t i o n  
seems t o  defy g r a v i t y .  The many aspec t s  of  f l o t a t i o n  as c u r r e n t l y  developed 



FEED : LEAD AND ZlNC SULFIDE ORES WITH PYRITE AND MINOR GOLD AND SILVER 
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involve application of physical-chemical principles that  can only be touched 
on in  a br ie f  discussion. Moreover, the basic theories a r e  s t i l l  somewhat 
controversial a f t e r  more than f i f t y  years of research and operational use. 

The f lo ta t ion  principle i s  based on the r e l a t i ve  a f f i n i t y  of dif ferent  
substances for a i r  or  water. Par t ic le  surfaces of cer ta in  substances are  
wetable; tha t  is ,  do not repel water. This i s  true of many minerals including 
most metal sulf ides .  Other substances, including such minerals as  su l fu r ,  
graphite,  and molybdenite, a r e  not natural ly  wetable and the i r  surfaces tend 
t o  repel water. 

In applications of the principle t o  ore dressing, a gas ( a i r )  i s  intro- 
duced in to  a tank ( f lo ta t ion  c e l l )  i n  which a f inely ground ore-water mixture 
(pulp) is agitated.  Nonwetable mineral par t ic les ,  having a greater a f f i n i t y  
for  bubbles of a i r  than for water, a t tach themselves t o  a i r  bubbles formed i n  
the pulp by pneumatic or mechanical ag i ta t ion  while wetable minerals do not. 
I n  order t o  form stable  a i r  bubbles, a frothing agent, such as  steam-disti l led 
pine o i l ,  is added t o  strengthen bubble walls. Bubbles with attached par t i -  
c les  r i s e  t o  the pulp surface and co l l ec t  as  f roth ,  which i s  skimmed off as a 
concentrate of the floatable (nonwetable) minerals. Wetable minerals co l lec t  
i n  the bottom of the c e l l  where they a r e  drawn off .  

Flotation would have limited application i n  ore dressing i f  only the 
naturally nonwetable minerals could be f loated,  but many other minerals can 
be floated under proper conditions. The a f f i n i t y  of d i f fe ren t  substances for 
water or a i r  i s  re la ted t o  pa r t i c l e  surface character is t ics .  By adding appro- 
pr ia te  conditioning reagents (col lectors ,  depressants, act ivators ,  and others) 
t o  m i l l  pulp, pa r t i c l e  surfaces of many minerals can be modified, regardless 
of natural  charac te r i s t ics ,  t o  make them react  l i ke  wetable or nonwetable 
minerals, e i t he r  enhancing or suppressing natural  surface character is t ics  as  
desired. The in t e r io r  of mineral pa r t i c l e s  i s  not affected and does not enter 
into  the f lo ta t ion  e f fec t .  By the proper choice of reagents, pulps can be con- 
ditioned so tha t  cer ta in  minerals w i l l  be floated and others w i l l  not. Differ- 
ent minerals can be floated successively i n  several  stages t o  produce separate 
concentrates of each mineral. This i s  the basis of se lec t ive ,  or d i f f e r en t i a l ,  
f lo ta t ion ,  which has increased the usefulness of the f lo ta t ion  process so 
greatly.  Complex sulf ide ores of copper, lead,  and zinc can be milled by 
select ive f lo ta t ion  not only t o  produce separate concentrates of each valuable 
mineral but t o  remove iron pyr i te ,  a common undesirable consti tuent i n  cer ta in  
smelter feeds, as  a separate concentrate, i f  desired. 

Mineral separation and concentration by f lo ta t ion  i s  not perfect .  Whereas 
excellent recovery and sat isfactory separation a re  possible on amenable ores,  
some valuable minerals are  l o s t  because they enter t a i l ings  or  the wrong con- 
centrate. Flotation has a l imitation common t o  other concentration processes: 
Before ore minerals can be separated, they must be unlocked from gangue miner- 
a l s .  However, i n  t h i s  respect,  f lo ta t ion  has an advantage over other processes 
in  tha t  it i s  effect ive on f inely ground pulps i n  the range of from 10 t o  100 
micron p a r t i c l e  s ize .  The treatment of co l lo ida l  par t ic les  of l e s s  than 10 
microns (slimes) i s  a problem tha t  may be solved eventually through research. 



Oxide and s i l i c a t e  minerals  of  copper and z i n c  have not  been concentrated 
s a t i s f a c t o r i l y  by f l o t a t i o n .  Lead s u l f a t e  and carbonate minerals  have been 
t r e a t e d  wi th  l imi t ed  success ,  but  more complicated m i l l  c i r c u i t s  than needed 
f o r  s u l f i d e  l e a d  ores  a r e  necessary,  recovery and concent ra te  grade a r e  l m e r ,  
and t reatment  c o s t s  a r e  higher .  S u l f i d e  minerals  o f t e n  acqu i re  a n  oxide coat- 
i ng  through a l t e r a t i o n  by weathering, which, i f  not  removed, causes mineral  
p a r t i c l e s  t o  a c t  l i k e  oxides wi th  r e s p e c t  t o  f l o a t a b i l i t y .  This  coa t ing  i s  
removed, at  l e a s t  p a r t i a l l y ,  i n  t h e  gr inding  s t e p ,  but  the  oxides canponent 
of  such an ore  i s  recoverable only at  e x t r a  c o s t  or  n o t  a t  al l .  For t h i s  
reason,  t h e  oxide lead and z i n c  content  of mixed complex ores  i s . n o t  pa id  fo r  
a t  a custom m i l l  (appendixes C and D) . 

The abundance of lead-zinc s u l f i d e  ores  t h a t  comprise most of t h e  wor ld ' s  
c u r r e n t  reserves  and the comparative s c a r c i t y  of oxidized z i n c  o r  l ead  o res  
have not  made development of f l o t a t i o n  f o r  oxide ores  v i t a l ,  nor  has the  l e v e l  
of  z i n c  and l ead  p r i c e s  i n  r ecen t  yea r s  given much incen t ive  f o r  research .  
Eventual ly,  m i l l i n g  research  on oxidized ores  of copper,  l ead ,  and z i n c  may 
l e a d  t o  development of  economical processes @, i, 9, 25). 

Hydrometallurgical Processes 

Cyanidation 

Un t i l  about 1890, no p r a c t i c a l  a l t e r n a t i v e  fo r  gold and s i l v e r  recovery 
by g r a v i t y  and amalgamation methods had been per fec ted .  I n  t h e  late e i g h t i e s  
and e a r l y  n i n e t i e s ,  t h e  shor t - l i ved  ch lo r ina t ion  process f o r  t h e  e x t r a c t i o n  of 
gold  and the  successfu l  cyanida t ion  process f o r  gold  and s i l v e r  were i n t r o -  
duced. Cyanidation gives metal r ecove r i e s  up t o  95 percent ,  supe r io r  t o  t h a t  
obtained by any o the r  process i n  1890. It remains a s tandard  method f o r  many 
gold  and s i l v e r  ores .  

Cyanidation is a leaching process based on t h e  s o l u b i l i t y  of gold  and 
s i l v e r  i n  a s o l u t i o n  of potassium o r  sodium cyanide. Gold and s i l v e r  leached 
from ores is  p r e c i p i t a t e d  from t h i s  s o l u t i o n  by adding z i n c  o r  a c t i v a t e d  car -  
bon. Thus, a cyanidat ion m i l l  r e q u i r e s  some of the  s p e c i a l i z e d  equipment of 
chemical processing p l a n t s  as wel l  as s tandard  ore-mil l ing equipment. 

The process i s  app l i cab le  p r imar i ly  t o  s t r a i g h t  gold  and s i l v e r  ores .  
Some ores containing lead ,  z inc ,  o r  copper minerals  a r e  amenable, provided 
t h e  content  of t h e s e  metals i s  i n s i g n i f i c a n t  or  can be removed before  cyanida- 
t i o n .  I f  t h e  gold  and s i l v e r  content  i s  locked up i n  the  c r y s t a l  s t r u c t u r e  of 
minerals  such a s  gold and s i l v e r  t e l l u r i d e s  and au r i f e rous  p y r i t e s ,  o res  must 
be condit ioned t o  make them amenable t o  cyanidat ion.  The s tandard  method i s  
r o a s t i n g ,  although some p y r i t i c  ores  have been leached a f t e r  extremely f i n e  
grinding.  F lo t a t ion  can be used a s  a prel iminary s t e p  t o  make a concent ra te  
f r m  gold t e l l u r i d e  o r  p y r i t e  o re s ;  then only concent ra te  need be roas t ed  
r a t h e r  than t h e  e n t i r e  m i l l  feed. The low-grade f l o t a t i o n  t a i l i n g s  a r e  
leached without  f u r t h e r  prepara t ion .  Amalgamation and t a b l i n g  a r e  sanetimes 
used before cyanidat ion t o  recover  any f r e e  gold  promptly, p a r t i c u l a r l y  coarse 
go ld ,  which d isso lves  slowly i n  a cyanide so lu t ion .  



Copper Leaching 

Another hydrometal lurgical  advance of  t h e  l a t e  1800's was the  in t roduc t ion  
of p r a c t i c a l  leaching processes f o r  e x t r a c t i n g  copper from some low-grade ores  
n o t  amenable t o  concent ra t ion  o r  d i r e c t  smelt ing Q, 2, 34). Of poss ib l e  
so lven t s ,  only s u l f u r i c  a c i d  and,  t o  a l i m i t e d  e x t e n t ,  ammoniacal s o l u t i o n s  
have been p r a c t i c a l .  Copper oxide minera ls ,  carbonates ,  ch lo r ides ,  s u l f a t e s ,  
s i l i c a t e s ,  and c e r t a i n  s u l f i d e s  (bo rn i t e  and c o v e l l i t e )  a r e  so luble  i n  one o r  
another  of connnonly used acid-leaching s o l u t i o n s :  Weak o r  s t rong s u l f u r i c  
a c i d ;  s u l f u r i c  a c i d - f e r r i c  s u l f a t e ;  o r  water  a lone ,  i n  t h e  case of s u l f a t e s .  
The f e r r i c  s u l f a t e ,  needed t o  assist i n  d i s s o l u t i o n  of some minera ls ,  i s  not  
added t o  t h e  leaching s o l u t i o n  but comes from a c t i o n  of  s u l f u r i c  a c i d  on i r o n  
minerals  normally present  i n  copper ores .  Copper s u l f i d e s  o ther  than b o r n i t e  
and c o v e l l i t e  a r e  amenable t o  leaching a f t e r  an oxid iz ing  r o a s t ,  bu t  t h e  c o s t  
of roas t ing  would be p r o h i b i t i v e  on low-grade ores .  Furthermore, s u l f i d e  ores  
can be t r e a t e d  economically by f l o t a t i o n .  

Prepara t ion  of  o r e  f o r  t reatment  i n  leaching p l a n t s  c o n s i s t s  of crushing 
t o  about 3/8-inch maximum s i z e  with production of a s  few f i n e s  as poss ib l e .  
An excess of s l imes  prevents  e f f i c i d n t  sand leaching ,  the  p re fe r r ed  method 
from a cos t  s tandpoin t .  Sand leaching can be done i n  open v a t s  and r e q u i r e  
simple equipment compared t o  the  c l a s s i f i e r s ,  a g i t a t o r s ,  t h i ckene r s ,  and e x t r a  
solut ion-handling equipment necessary t o  handle s l imes.  Equipment that canes 
i n  contac t  wi th  leaching so lu t ions  must be impervious o r  a t  l e a s t  h igh ly  
r e s i s t a n t  t o  ac id .  Mater ia l s  camnonly used i n  leaching equipment, perhaps 
only a s  an acidproof l i n i n g ,  a r e  lead ,  rubber ,  a s p h a l t ,  mas t ic ,  g l a s s ,  porce- 
l a i n ,  and more r e c e n t l y  some types of s t a i n l e s s  s t e e l  and p l a s t i c s .  Wood i s  
a c i d - r e s i s t a n t  bu t  f a i l s  eventua l ly .  

Heap leaching and leaching i n  p l ace ,  e i t h e r  i n  dumps o r  underground, a r e  
s p e c i a l  a p p l i c a t i o n s  t h a t  e l imina te  v a t s  and much of t h e  o the r  equipment 
needed i n  complete p l a n t s ,  thus  lowering t h e  c o s t  of leaching enough t o  make 
treatment of very low-grade ma te r i a l  p r o f i t a b l e .  Advantage is taken of 
na tu ra l  weathering processes wi th  water ,  a ir ,  and f e r r i c  sal ts  t o  break down 
any s u l f i d e  content  t o  s u l f a t e s  o r  o the r  copper compounds so lub le  i n  water  or 
weak a c i d - f e r r i c  s u l f a t e  so lu t ions .  S u l f u r i c  a c i d  is generated i n  t h e  system 
and need n o t  be added. The leaching s o l u t i o n s  a r e  c i r c u l a t e d  through heaped 
ore  p i l e s  on t h e  su r face  o r  through permeable, f i l l e d  s topes  o r  caved a r e a s  
underground, tak ing  up the  so lub le  copper compounds formed by the  a c t i o n  of 
weathering. The process i s  very slow and may take  months o r  years  t o  complete. 

Copper i s  recovered from s t rong  acid-leaching so lu t ions  by e l e c t r o l y t i c  
p rec ip i t a t ion  i n  equipment similar t o  t h a t  used i n  e l e c t r o l y t i c  r e f i n i n g .  
Acid i s  regenerated and used over. This  i s  t h e  normal procedure f o r  ores  t h a t  
requi re  s t rong ac id .  I n  leaching processes t h a t  need only weak s o l u t i o n s  from 
which t h e  a c i d  need not  be recovered,  copper i s  recovered by chemical p rec ip i -  
t a t i o n  wi th  i r o n  suppl ied  i n  t h e  form of  shredded, det inned,  scrap  t i n  cans. 
Spongeironhas been used experimental ly and may rep lace  scrap  cans t o  a g r e a t e r  
ex tent  eventua l ly .  The depleted leach s o l u t i o n  i s  discarded. Chemical prec ip-  
i t a t i o n  produces impure cement copper,  o r  mud, which i s  smelted. E l e c t r o l y t i c  
p r e c i p i t a t i o n  from leaching so lu t ions  produces a metal  t h a t  approaches t h e  



p u r i t y  of  e l e c t r o l y t i c a l l y  r e f i n e d  copper. Leaching by weak a c i d  s o l u t i o n s  
followed by chemical p r e c i p i t a t i o n  gene ra l ly  i s  p re fe r r ed ,  when app l i cab le ,  
because cor ros ion  of equipment and c o s t s  a r e  l e s s .  

Whereas a l i m i t e d  content  of i r o n  minerals  i n  copper ores  i s  e s s e n t i a l  
t o  supply t h e  f e r r i c  s u l f a t e  needed f o r  e f f i c i e n t  leaching,  an excess of i r o n  
is de t r imenta l  because t h e  i r o n  consumes t h e  ac id .  Moreover, an excess of 
i r o n  s a l t s  i n  leaching so lu t ions  i n t e r f e r e s  wi th  e f f i c i e n t  e l e c t r o l y t i c  pre- 
c i p i t a t i o n .  The presence of  c a l c i t e  o r  dolomite i n  copper ores  a l s o  is d e t r i -  
mental because these  carbonate gangue minerals  consume ac id .  Ores t h a t  a r e  
pr imar i ly  bas i c  i n  charac ter  cannot be leached success fu l ly  wi th  ac id .  

Ammoniacal leaching,  w i th  ammonium carbonate  a s  t h e  so lven t ,  i s  l i m i t e d  
t o  ores  conta in ing  copper carbonates  o r  n a t i v e  (me ta l l i c )  copper. Copper 
e n t e r s  s o l u t i o n  a s  a copper ammonium s a l t  and i s  p r e c i p i t a t e d  a s  copper oxide 
by bo i l ing  t h e  s o l u t i o n .  However, t h e  process has found l i t t l e  a p p l i c a t i o n  i n  
t h e  United S t a t e s  and i s  n o t  c u r r e n t l y  i n  use. 

h o n i a c a l  leaching was used a t  one time on a copper carbonate o r e  from 
t h e  Kennecott mine i n  Alaska having a carbonate gangue t h a t  precluded a c i d  
leaching.  However, most copper carbonates  a r e  so lub le  i n  a c i d ,  few copper 
o r e s  have such a high carbonate gangue, and a c i d  leaching i s  p re fe rab le .  
Amoniacal  leaching,  once p r a c t i c e d  on low-grade n a t i v e  copper ore  and m i l l  
t a i l i n g s  i n  the  Lake Superior  d i s t r i c t ,  was superseded by f l o t a t i o n ,  a 
supe r io r  process.  

Experimental work on o ther  basic 'copper- leaching processes has been 
c a r r i e d  on f o r  some years .  Economic t reatment  of some he re to fo re  unpro f i t ab le  
o r e s  may be r e a l i z e d  a s  t h e  r e s u l t  of a process under development by a Tucson, 
Ar i z .  firm, the  Banner Mining Co. 

A major l i m i t a t i o n  of copper-leaching processes i s  cos t  i n  r e l a t i o n  t o  
t h e  low value  of  the  ores  normally t r e a t e d .  To keep c o s t s  per  u n i t  of copper 
produced low enough f o r  economic opera t ion ,  l a r g e  tonnages must be t r e a t e d .  
Because leaching p l a n t s  usua l ly  opera te  wi th  a s m a l l  margin of p r o f i t ,  s l i g h t  
changes i n  p l a n t  e f f i c i e n c y ,  c o s t s ,  o r  copper p r i c e s  may make the  d i f f e rence  
between p r o f i t  and l o s s .  

Zinc Leaching 

The z i n c  leaching process i s  not  used on raw ores but  a s  a s u b s t i t u t e  of 
z i n c  r e t o r t i n g  on concent ra tes .  The process the re fo re  i s  considered i n  t h e  
s e c t i o n  of t h i s  c i r c u l a r  on smelt ing as a n  a l t e r n a t e  method fo r  producing z i n c  
metal r a t h e r  than as a means of ore  bene f i c i a t ion .  

The Copper Segregation Process 

In  1923, during experiments on r o a s t i n g  oxide copper ores  wi th  coa l  t o  
reduce  copper t o  t h e  m e t a l l i c  s t a t e ,  i t  was discovered t h a t ,  i n  c e r t a i n  t e s t s ,  
t h e  copper segregated i n t o  f r i a b l e  agglomerates containing carbon and gangue 
minerals  i n s t e a d  of remaining disseminated i n  the  c a l c i n e  a s  expected (26). 



It was f ina l ly  determined tha t ,  in  the presence of heat ,  an involved sequence 
of chemical reactions took place between sodium chloride ( s a l t ) ,  clay gangue 
minerals, carbon from coal,  moisture, and copper minerals, producing agglom- 
e ra t e  metal l ic  copper. 

The process was developed t o  the prac t ica l  stage before 1931 and used 
b r i e f ly  i n  two African plants  before abandonment because of economic condi- 
t ions  a t  tha t  time. Nothing further was done u n t i l  about 1958 when the 
Federal Bureau of Mines undertook research on the process. Recently a proto- 
type plant was put i n to  operation a t  the Lake Shore mine near Casa Grande, 
Ariz., t rea t ing  a chrysocolla ore containing too much iron,  clay,  and ca l c i t e  
for  economical leaching (9,l.l). In the process, crushed ore ,  s a l t ,  and pul- 
verized coal or coke a re  mixed and charged in to  a gas-fired rotary k i ln .  The 
charge roasted a t  about 725" C.,  producing a calcine containing segregated 
copper agglomerates. The metal l ic  copper i s  recovered by f lota t ion of 
reground calcines,  producing a concentrate marketable a t  a smelter. Ore mined 
a t  Lake Shore contains about 2 percent copper and makes a concentrate contain- 
ing 45 t o  50 percent copper. 

The segregation process may be applicable t o  other oxidized copper ores 
and perhaps t o  some mixed oxide-sulfide ores as  well. 

Other Milling Processes 

A number of other concentrating processes for  minerals have been devel- 
oped. Among them a re  magnetic separation, which has had limited application 
i n  concentrating oxide zinc ores, e l ec t ros t a t i c  separation, d i f f e r en t i a l  
grinding, and a i r  c lass i f ica t ion .  Some of these might have further applica- 
t ion i n  base-metal ore dressing. 

Factors Governing M i l l  Performance 

Before cyanidation, f lota t ion,  and improved gravity concentration meth- 
ods were introduced, perhaps no more than 50 or 60 percent of the valuable 
minerals i n  a m i l l  feed was recovered. With advances since 1890, recoveries 
i n  the 90 to  95 percent range a re  common with f l o t a t i on  and cyanidation. 
Recoveries with modern gravity equipment are  generally be t t e r  than with older 
equipment, but tend t o  be lower than with f lo ta t ion ,  i f  a sat isfactory r a t i o  
of concentration i s  maintained. 

The efficiency of a mill ing operation i s  gaged by a number of factors ,  
among them: 

(1) Mineral recovery: the amount of valuable minerals entering a 
concentrate compared t o  the amount of the same minerals i n  the 
m i l l  feed, expressed as  a percentage r a t i o ;  and conversely, 
mineral losses i n  ta i l ings  (100 percent l e s s  recovery ra t io) .  

(2 )  Ratio of concentration: the t o t a l  weight of m i l l  feed com- 
pared t o  the  weight of concentrates produced from i t ,  
expressed as  a r a t i o .  



(3) The degree t o  which minerals t h a t  a r e  undesirable impuri t ies  
i n  a concentrate  can be removed. 

(4) Comparative mi l l i ng  cos ts .  

The importance of high mineral recovery and low content of impuri t ies  i n  
concentrates  i s  obvious. A high-concentration r a t i o  is des i rab le  t o  e f f e c t  
t h e  maximum reduction i n  the amount.of concentrate  t h a t  must be subsequently 
processed. The at tainment  of both the  highest  poss ib le  mineral recovery and 
concentration r a t i o  would seem t o  be the  most des i r ab le  r e s u l t  i n  mi l l i ng ,  
but  p r a c t i c a l  achievement of both i n  the  same operat ion is n o t  f eas ib l e .  An 
exceptional ly high recovery o r ,  conversely, a very low t a i l i n g  lo s s  may be 
poss ib le ,  but  probably only a t  the expense of concentrate  grade. This i s  
p a r t i c u l a r l y  t r u e  of g rav i ty  concentration. A good concentration r a t i o  fo r  
precious metal ores  is about 100 t o  1 or more; f o r  copper ores ,  30 t o  1, fo r  
lead-zinc ores ,  10 t o  1 o r  l e s s .  Rat io of concentrat ion is  not  used a s  a 
measure of the e f f i c i ency  of leaching processes.  Bet te r  m i l l  performance 
may r e s u l t  from increased processing time o r  from i n s t a l l a t i o n  of add i t iona l  
equipment. Ei ther  course tends t o  r a i s e  treatment cos ts .  The co r rec t  balance 
between mineral recovery, concentrate  grade, and cos t  of mi l l ing  is usual ly a 
compromise. The following t ab le  i l l u s t r a t e s  a good meta l lurg ica l  balance f o r  
a s e l e c t i v e  f l o t a t i o n  c i r c u i t  ( s imi lar  t o  t h a t  s h a m  i n  f i g .  5) of a lead-zinc 
s u l f i d e  ore with concentrat ion r a t i o s  (weight of heads t o  weight of concen- 
t r a t e s  produced) of 8.4 t o  1 f o r  lead concentrates and 17.3 t o  1 fo r  z inc  
concentrates  : 

Item 
ounces e r  ton * Product analysis :  

Feed (millheads). 
Lead concentrates 
Zinc concentrates 
Tai l ings. .  . . . . . . . 

Metal recovery..... 

'Based on lead repor t ing  i n  lead concentrate.  
' ~ a s e d  on z inc  repor t ing  i n  z inc  concentrate.  
'~n percent ;  based on s i l v e r  report ing i n  lead concentrate.  
* ~ n  percent;  based on gold report ing i n  lead concentrate.  

Rela t ive  
weight 

I n  planning and operating any mi l l ing  f a c i l i t y  t o  produce a maximum 
r e t u r n  t o  the  operator ,  a l l  f ac to r s  concerned with a c t u a l  m i l l  operation must 
be weighed and balanced; but  more than t h i s ,  the  mining and mi l l ing  operat ion 
a s  a whole must be cohsidered in the l i g h t  of mining and marketing f ac to r s  a s  
w e l l .  Methods and formulas f o r  analyzing and balancing mi l l ing  performance 
and se l ec t ing  appropr ia te  processes and equipment a r e  included i n  a number of 
textbooks and handbooks on ore  dressing (27, 29, 30). However, design, con- 
s t r u c t i o n ,  and operation of m i l l s  should be  placed i n  t h e  hands of experienced 
personnel.  Many manufacturers of mining machinery and m i l l  construct ion firms 
are prepared t o  make benef ic ia t ion  t e s t s  and design mi l l i ng  p l an t s .  A number 
of c m e r c i a l  labora tor ies  and mineral research organizat ions a l s o  t e s t  ores  
on a fee bas is .  

Content 
Lead, 1 Zinc, 1 Si lve r .  I Gold, - 

100.0 
11.9 
5.8 

82.3 

percent 

8.73 
68.78 

0.84 
0.60 

l93.8 

percent 

4.80 
2.24 

60.13 
1.22 

'72.5 

ounces per ton 

8.98 
53.46 
4.63 
2.86 

370.9 



The Smelting Process 

General 

Smelting, simply defined, i s  any process for reducing metals from the i r  
ores by some means tha t  includes fusion. In  base- and precious-metal produc- 
t i on ,  copper and lead smelting f u l f i l l  t h i s  definit ion.  Zinc re tor t ing,  
although commonly referred t o  a s  smelting, does not, because complete fusion 
of the charge does not take place i n  a zinc r e to r t .  Some standard reference 
works on smelting are  l i s t e d  i n  the bibliography (3, 1, 2, 21, 2, 35). 

The process of smelting lead and copper ores ,  including any associated 
gold and s i l ve r  and sometimes minor base metals, consists of heating i n  a 
refractory-lined vessel (furnace) a charge of ore or  concentrates, roasted 
or  sintered i f  necessary, mixed with fluxing material and added fuel .  Heat 
is furnished by combustion of the fue l ,  which may be coke, pulverized coal,  
gas, o i l ,  or  i n  par t ,  sulfur i n  the ore .  The necessary oxygen i s  supplied 
by a i r  under pressure, sometimes supplemented i n  recent practice with the 
pure gas. 

Carefully controlled chemical reactions take place within the furnace 
between ore, f lux,  carbon, and carbon monoxide i n  the fuel ,  and oxygen i n  the 
a i r .  The valuable ore minerals are  reduced t o  a metal or metal l ic  product 
that  col lects  as  a heavy molten bath i n  the base of the furnace (hearth or  
crucible).  Gangue minerals, which include zinc minerals i n  the case of lead 
and copper smelting, combine with f lux t o  form a l igh te r  f l u id  slag tha t  i s  
insoluble i n  and f loa t s  on top of the metal bath. Metal and slag a re  tapped 
off separately. The gaseous products of combustion include sulfur  dioxide 
and carry f ine material from the furnace charge ( f lue dust) and fume (metall ic 
oxides). 

The metal l ic  products of primary smelting a re  base bull ion,  i n  the case 
of lead, copper matte (copper-iron su l f ide)  i n  the case of copper, and occa- 
sionally speiss ,  an a r t i f i c i a l  arsenide of iron, copper, and lead. A l l  three 
products contain, as impurities, most of the gold, s i l v e r ,  and minor metals 
i n  the original  ore; these m u s t  be removed by refining.  

Charge constituents entering the s lag a r e  iron s i l i c a t e s  carrying oxides 
of basic gangue consti tuents,  most of any zinc i n  the furnace feed, anu as  
l i t t l e  as  possible of valuable metal l ic  products. Lead furnace slags contain- 
ing enough zinc can be treated i n  a fuming furnace t o  recover zinc as  an oxide. 
Slags a r e  a l so  u t i l i zed  as  a source of i ron,  i n  cement manufacture, and for 
construction materials.  Imperfect separation of s lag and metal tapped from a 
furnace w i l l  produce some material  with a content of valuable metals tha t  must 
be retreated.  

Flue dust and fume are  separated from furnace gases i n  s e t t l i n g  chambers 
(flues),  cloth f i l t e r s  i n  baghouses, and e l ec t ros t a t i c  precipi ta tors  (Cot t re l l  
t rea te rs ) .  The materials saved a re  processed t o  recover arsenic ,  antimony, 
lead, z inc,  gold, s i l v e r ,  and perhaps other metals by appropriate ref ining 
processes or by adding them t o  furnace charges for  retreatment. Sulfur - 



dioxide i n  copper furnace and roaster  gases may be'used i n  su l fur ic  acid pro- 
duction, and the heat i n  such gases may be used in  waste heat boi lers .  

Roasting 

Ore roasting may be defined as  a heating process for  t rea t ing  ore prod- 
ucts a t  temperatures below the fusion point. The purpose i s  t o  change ore 
minerals chemically and/or physically by driving off uncombined moisture 
(drying), chemically combined water and carbon dioxide (calcining),  or sulfur  
and possibly arsenic ,  antimony, or other v o l a t i l e  metals such as  tellurium 
(roasting).  By these means, valuable metall ic minerals a r e  converted t o  a 
form more amenable t o  treatment. For some requirements, the roasting tempera- 
ture i s  purposely raised t o  the point of incipient fusion, i n  which case the 
process i s  cal led s inter ing,  although roasting reactions a r e  involved. A t  one 
time, the ores marketed a t  base-metal smelters required l i t t l e  or no prepara- 
t ion before smelting, but a s  the bulk of smelter feeds changed from oxide t o  
su l f ide  ores and from raw ore t o  f inely divided concentrate, the ores and ore 
products required conversion t o  a form sui table  for further processing. 

Drying as a separate s tep  i s  seldom necessary on base- or precious-metal 
ore shipments. Unless it i s  necessary t o  prepare extremely wet or frozen ore 
a s  received for  sampling, the drying s tep normally i s  accomplished as the 
f i r s t  stage of calcining or roasting. 

A primitive roasting procedure (heap roasting) requires only a f l a t  
surface on which coarse ore i s  p i led  up on stacked wood i n  a pyre. The heat 
from burning wood plus sulfur  i n  the ore does the roasting. The labor cost  
is high, roasting i s  not complete, noxious fumes a re  released without control ,  
and f ine materials cannot be t reated by th i s  means. 

A reverberatory roaster ,  i n  which the ore i s  spread out on a f l a t  
enclosed hearth and heated by the gases of combustion from a firebox a t  one 
end, i s  a more e f f i c i en t  means of calcining or roasting. The ore can be 
spread on the hearth and s t i r r e d  a t  intervals  by hand-raking or ,  i n  improved 
equipment, by systems of mechanical rakes (rabbles) tha t  move the materials 
through the furnace. 

Calcining or  roasting can be accomplished in  firebrick-lined rotary 
k i ln s  of the type used i n  cemenhnaking. However, t h i s  method i s  not idea l  
because large amounts of dust a r e  formed, and heat losses from radiation are  
high. Before r e t o r t  smelting, oxide zinc ores sometimes a re  calcined i n  the 
type of open-shaft k i ln  used i n  burning limestone t o  quicklime. In  t h i s  
method, ore and crushed coal or coke are  charged through the top of the ki ln  
i n  a l ternat ing layers,  while a i r  i s  introduced through tuykres near the bottom. 
Any fine material i n  the charge impedes f ree  passage of a i r  through the fur- 
nace and must be removed before calcining. 

Another type of roasting furnace i n  general use i s  the multiple hearth 
roas te r  i n  which as  many as  13 hearths are  arranged one above another, each 
with  a mechanical rabbling device for  moving and s t i r r i n g  the ore as  i t  passes 
by gravity from one hearth t o  the next. Raw ore or concentrate, entering a t  - 



t h e  top of t h e  r o a s t e r ,  is d r i e d  on t h e  top  hea r th .  Mater ia l  passes from 
hea r th  t o  h e a r t h ,  f i n a l l y  reaching c a l c i n i n g  o r  roas t ing  temperatures ,  and 
leaves t h e  bottom hea r th  as a roas t ed  o r  ca l c ined  product ready f o r  a copper- 
smelt ing furnace,  z inc  r e t o r t ,  o r  z inc- leaching  p l a n t .  I n  r o a s t i n g  s t r a i g h t  
s u l f i d e  ores  o r  concent ra te ,  very l i t t l e ,  i f  any, supplementary f u e l  i s  neces- 
s a r y  a f t e r  i g n i t i o n  t o  augment hea t  requirements .  Coal can be mixed wi th  t h e  
charge o r  pulver ized  c o a l ,  o i l ,  or  gas blown i n t o  t h e  furnace. 

F lash  r o a s t i n g  can be used t o  prepare  z i n c  s u l f i d e  concent ra te  f o r  leach- 
ing .  Dry, f i n e  concent ra te  conta in ing  a t  l e a s t  40 percent  s u l f u r  is f e d  wi th  
air i n t o  a r o a s t i n g  chamber near  the  top  through a burner of the  type  used f o r  
burning pulver ized  coa l .  Addit ional  a i r  i s  fed  i n  a t  t h e  bottom of the  chamber 
a t  a r a t e  ad jus t ed  t o  e f f e c t  complete corhbustion and t o  con t ro l  t h e  r a t e  a t  
which burning p a r t i c l e s  f a l l  through t h e  chamber. Waste gases ,  leaving  the  
furnace through t h e  top a t  r a t h e r  high temperature, conta in  enough s u l f u r  and 
h e a t  fo r  worthwhile recovery i n  an a c i d  p l a n t  and waste-heat b o i l e r .  The 
roas t ed  concent ra tes  c o l l e c t  below t h e  combustion chamber from which they 
pass t o  leaching.  A f l a sh - roas t ing  furnace may be designed wi th  mul t ip l e  
hearths with s e v e r a l  hea r ths  both  above and below t h e  main roas t ing  chamber. 
Waste h e a t  i s  used t o  dry wet concent ra te  on t h e  upper hea r ths  s o  t h a t  i t  can 
be  dry-ground before  roas t ing .  I n  t h i s  des ign ,  t h e  waste gases pass  downward 
through the  hea r ths  below t h e  r o a s t i n g  chamber t o  use  t h e  hea t  f o r  burning a 
small percentage of t h e  s u l f u r  remaining a f t e r  f l a s h  roas t ing .  

I n  f l a s h  r o a s t i n g ,  concent ra te  p a r t i c l e s  come i n t o  f r e e  con tac t  w i th  
gases a t  roas t ing  temperature f o r  no more than a few seconds, and t h e  mate- 
r i a l  must be extremely f i n e  t o  br ing  about  a complete o r  n e a r l y  complete 
roas t ing .  A r ecen t  development, F luoso l id  Roast ing,  a patented process ,' 
employs suspension roas t ing  on s u l f i d e  concent ra te  without  t h e  extremely 
f i n e  gr inding  necessary f o r  f l a s h  r o a s t i n g .  A F luosol id  Reactor conta ins  
a roas t ing  chamber i n t o  which concent ra te  i s  f e d  a t  t h e  bottom by a screw 
conveyor. The f l o o r  of t h e  chamber i s  a pe r fo ra t ed  p l a t e  through which a i r  
and f u e l ,  i f  needed, a r e  introduced under enough pressure  t o  keep the  concen- 
t r a t e  i n  suspension i n  a f l u i d i z e d  bed a s  r o a s t i n g  proceeds. The length  of 
the  roas t ing  per iod  i s  a d j u s t a b l e  by c o n t r o l l i n g  t h e  r a t e  of feed. The thor-  
oughness and per iod  of r o a s t i n g  can a l s o  be con t ro l l ed  by a d j u s t i n g  t h e  depth 
of the f l u i d i z e d  bed. Roasted concent ra te  flows out  through a d ischarge  
opening a t  the  top  of  t h e  f l u i d i z e d  bed as i t  i s  d isp laced  by ma te r i a l  en te r -  
ing a t  t h e  bottom. Roasted concent ra te  can be discharged i n t o  quenching 
tanks o r  s e n t  d i r e c t l y  t o  o the r  processing.  Waste gases a r e  discharged 
through t h e  top of t h e  r e a c t o r  fo r  recovery of d u s t ,  s u l f u r ,  and waste  hea t  
a s  desired.  Close con t ro l  of t h e  thoroughness of t h e  r o a s t  and product ion of 
a gas discharge wi th  a high concent ra t ion  of  s u l f u r  dioxide is poss ib le .  This 
comparatively new process now has a p p l i c a t i o n  i n  r o a s t i n g  c q p e r ,  z i n c ,  and 
gold concent ra tes ;  o the r  uses w i l l  no doubt be  developed. 

S i n t e r i n g ,  o r  b l a s t - r o a s t i n g ,  i s  an extens ion  of roas t ing  i n t o  t h e  region 
of i n c i p i e n t  fus ion  f o r  the  purpose o f  making a hard ,  porous c l i n k e r  o r  s i n t e r  

'Reference i s  f o r  information only,  and does not  imply endorsement by t h e  
Bureau of Mines. 



that  w i l l  permit f ree  passage of furnace gases through the charge i n  a b l a s t  
furnace. A s inter ing machine consists of a traveling cast-iron grate  that  
slowly ca r r i e s  a 4- or 5-inch bed of a prepared charge of su l f ide  ore or con- 
centrate mixed with f lux and possibly s o l i d  fuel over a suction box that  pulls  
an a i r b l a s t  downward through the charge. The charge f i r s t  passes under an 
igni t ion muffle f i r ed  by gas or  fuel  o i l  and continues t o  burn during passage 
over the suction box. The roasted charge emerges from the machine a s  a porous 
s in t e r  su i tab le  for b l a s t  furnace or  zinc r e to r t .  A considerable amount of 
dust entrained by the a i r b l a s t  as  it passes through the charge i s  recovered 
and mixed with the entering feed. The operation of a s inter ing machine i s  
f lex ib le ;  process time, temperature, and canpleteness of roast  can be con- 
t ro l led  by adjusting the r a t e  of grate t rave l  and the a i rb l a s t .  The process 
sometimes is carr ied on i n  two s teps  with roasting f i r s t ,  followed by s inter-  
ing. The Dwight-Lloyd s inter ing machine perhaps i s  the best  known of several  
types t ha t  have been developed. 

Copper Smelting 

The product of primary copper smelting i n  current U.S. pract ice  i s  not 
metall ic copper, but matte, an a r t i f i c i a l  a l loy of cuprous and ferrous sul- 
fides. Thus, furnace charges must contain sulfur and i ron i n  order t o  form 
matte. This i s  no problem because present day smelter feeds are  largely con- 
centrates of natural  su l f ides ,  which contain more than enough sulfur  and i ron 
t o  form a matte. Figure 6 is a typical  flowsheet for  a copper smelter. 

Roasting a t  a temperature below fusion before smelting once was common 
practice on su l f ide  ores and concentrates i n  order t o  burn off excess sulfur  
i n  advance of smelting, thus lowering the processing time i n  the smelting 
furnace and increasing throughput. More recent smelter practice permits 
charging of green unroasted concentrates--wet charging--directly i n to  smelt- 
ing furnaces and disposing of excess sulfur  i n  t h i s  furnace instead of i n  a 
roaster. This method has been adopted a t  many smelters, most recently a t  the 
Garfield, Utah, plant of the Kennecott Copper Corporation. 

Copper can be smelted i n  a b l a s t  furnace similar t o  a lead or iron b las t  
furnace. This was a t  one time standard practice on oxide and nat ive copper 
ores,  producing metall ic copper. It was the process used i n  t rea t ing  Lake 
Superior native copper ores,  which required l i t t l e  more than melting t o  
separate copper from gangue minerals. The b l a s t  furnace a l so  has been used 
on sulfide ores t o  produce matte or metal l ic  copper, but the reverberatory 
furnace, a development of the ear ly  Welsh copper-smelting industry similar t o  
the open-hearth s t e e l  furnace, is now generally used. Blast furnaces were 
su i tab le  for high-grade crude, oxidized ores ,  native copper ores and concen- 
t r a t e s ,  and even crude, coarse sulf ide ores ,  but not for  the f ine ly  divided 
sulf ide concentrates tha t  have largely replaced other smelter feeds. It i s  
possible t o  make b l i s t e r  copper d i rec t ly  i n  e i ther  b las t  and reverberatory 
furnaces using any type of feed, but the process is uneconomical. 

A modern reverberatory furnace i s  an enclosed, refractory-lined oblong 
vessel up t o  30 feet  wide and 100 f ee t  or  more i n  length covered by an arched 
roof. The bottom and lower walls form a hearth or crucible i n  which metall ic 



FEED: BLENDED OXIDE AND SULFIDE ORES OR SULFIDE CONCENTRATES OFCOPPER 
CONTAINING SMALL AMOUNTS OF GOLD,SILVER,LEAD,ZINC,AND MINOR METALS (ARSENIC,BISMUTH) 
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NOTE 2 THE KulSTING STEP IS OFTEN BY~ASSED IN MODERN SMELTER PRACTICE. 
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(VOLATILE OXIDES OF LEAD. ZINC. ARSENIC AND POSSI8LY BISMUTH OR OTHER MINOR 

FIGURE 6. - Simplified Flowsheet for a Copper Smelter. 



c o n s t i t u e n t s  of t h e  charge c o l l e c t  i n  a molten bath.  Heat f o r  the  process i s  
furnished by combustion of gas ,  f u e l  o i l ,  o r  pulver ized  coa l  i n  t h e  space 
above the  h e a r t h  enclosed by t h e  upper w a l l s  and roof of t h e  furnace (cmbus- 
t i o n  chamber). Fuel and combustion a i r  a r e  introduced through burners s e t  i n  
one end w a l l  of t h e  furnace,  t r a v e l  t h e  l eng th  of t h e  furnace,  and a r e  d is -  
charged a s  spen t  gases  through p o r t s  i n  t h e  o the r  end wal l .  The charge i s  
hea ted  by r e f l e c t i o n  of t h e  h e a t  generated i n  t h e  combustion chamber. 

Smelting t akes  p l ace  on t h e  h e a r t h ,  where m e t a l l i c  and gangue minerals  
and f luxing  m a t e r i a l s  i n  t h e  charge segregate  i n t o  a molten b a t h  of copper 
mat te  covered by an i m i s c i b l e  s l a g  composed of barren gangue minerals  and 
f lux .  The matte and s l a g  a r e  drawn o f f  s e p a r a t e l y  a s  they accumulate. 
Reverberatory smelt ing i s  e s s e n t i a l l y  a mel t ing  process with chemical reac-  
t i o n s  l imi t ed  t o  conversion of t h e  m e t a l l i c  c o n s t i t u e n t s  i n  the charge t o  
t h e  des i r ed  copper mat te  and e l iminat ion  of excess s u l f u r .  I n  roas t ed  s u l f i d e  
o r e s  or  concen t ra t e s ,  t h e  n a t u r a l  h igh-su l fur  copper and i r o n  minerals  a l r eady  
have been converted l a r g e l y  t o  t h e  cuprous and f e r rous  s u l f i d e s  needed f o r  
ma t t e ,  and most of t h e  excess s u l f u r  has been burned o f f .  Green concent ra tes ,  
however, s t i l l  con ta in  h igh-su l fur  minerals  t h a t  must be disposed of  i n  t h e  
smelt ing furnace. A t  furnace temperature, h igh-su l fur  minerals  a r e  not  s t a b l e  
and break down i n t o  matte-forming cuprous and f e r rous  s u l f i d e s  and elemental 
( f r e e )  su l fu r .  The f r e e  s u l f u r  e n t e r s  combination gases,burning t o  s u l f u r  
d ioxide  t o  the  e x t e n t  t h a t  f r e e  oxygen i s  a v a i l a b l e .  

Whereas copper smel te r  feeds a r e  l a r g e l y  concen t ra t e s ,  the  charge a l s o  
may conta in  copper leaching p r e c i p i t a t e s  (cement copper) and, r a r e l y ,  oxide 
o res .  The s u l f u r  needed t o  produce mattes from a mixed charge is furn ished  by 
t h e  excess i n  s u l f i d e  concent ra tes .  Some m e t a l l i c  copper may form i n  smelt ing 
oxide and m e t a l l i c  o re s  and r e p o r t  i n  t h e  m a t t e  a s  inc lus ions .  

Ore products i n  copper smel te r  feeds usua l ly  conta in  i r o n  minerals  i n  
excess  of  matte  requirements a s  wel l  a s  o t h e r  gangue minerals  such a s  s i l i c a ,  
l i m e ,  magnesia, alumina, and z inc ,  a l l  of which must be disposed of  i n  s l ag .  
A furnace charge must have t h e  proper balance of f lux ing  materials t o  form a 
s u i t a b l e  s lag .  S i l i c a ,  i r o n ,  and lime a r e  necessary ing red ien t s  of s l a g s ;  any 
content  of  alumina and z i n c  i n  smelt ing charges r e q u i r e s  e x t r a  f lux ing  mate- 
rials t o  form a f l u i d  s lag .  Fluxing m a t e r i a l s  used t o  balance gangue minera ls  
i n  t h e  feed  are s i l i c a  o r  l imestone. S u f f i c i e n t  i ron ,  a necessary f luxing  
ing red ien t ,  i s  normally present  i n  ore  products .  E s s e n t i a l l y ,  a s l a g  i s  a 
molten so lu t ion  of f e r rous  s i l i c a t e s  i n  which smal le r  amounts of b a s i c  oxides 
(alumina, l ime, magnesia, and perhaps z inc )  a r e  d isso lved .  Slags have s m e -  
what the c h a r a c t e r i s t i c  of an a l l o y  and consequently can have a wide range of 
f l u i d i t y ,  mutual s o l u b i l i t y  of c o n s t i t u e n t s ,  and f r eez ing  poin ts .  I n  making 
up a furnace charge, an at tempt i s  made t o  balance f l u x  and ore  feed  t o  pro- 
duce a f l u i d  s l a g  t h a t  w i l l  n o t  c a r r y  o f f  va luab le  metals  or  a t t a c k  furnace 
l i n i n g s ,  using t h e  l e a s t  poss ib l e  amount of  ba r ren  f lux .  Des i rable  reverber-  
a t o r y  s lags  have gene ra l ly  been s i l i c e o u s ,  and s i l i c e o u s  ores  of gold ,  s i l v e r ,  
and copper, ores  t h a t  sometimes could n o t  be  smelted p r o f i t a b l y  f o r  meta l  con- 
t e n t  alone, have been i n  demand t o  balance a s i l i c a  def ic iency  i n  o the r  fur-  
nace feed without  us ing  ba r ren  s i l i c a  f lux .  More r e c e n t l y ,  the  t r end  i s  
toward l e s s  s i l i c e o u s  s l a g s ,  and the  demand f o r  s i l i c e o u s  ores  has lessened 



correspondingly. The composition of reverbera tory  s l a b s  gene ra l ly  ranges 
between 30 and 38 percent  s i l i c a  (S i$) ,  45 t o  52 percent  i r o n  oxide (FeO), 
5 t o  8 percent  alumina (A1,0,), and 1 t o  5 percent  l ime and/or  magnesia 
(ca(%)O) 

A charge i s  fed  through p o r t s  i n t o  t h e  furnace by some type of semiauto- 
ma t i c  feeder  whereby t h e  blended c o n s t i t u t e n t s  a r e  discharged i n  p i l e s  along 
t h e  wa l l s  beneath t h e  po r t s .  The p i l e s  absorb heat  and gradual ly  mel t  down 
as t h e  charge components sepa ra t e  i n t o  matte  and s l a g .  Reverberatory smelt ing 
i s  a continuing process.  A pool of matte covered by s l a g  i s  maintained con- 
t inuous ly  during the  l i f e  of a furnace,  and t h e  charge i s  fed a t  s h o r t  i n t e r -  
v a l s  t o  r ep len i sh  t h e  charge p i l e s  as they mel t  down. Matte and s l a g  a r e  
tapped o f f  a s  they accumulate according t o  the  r a t e  a t  which excess s u l f u r  
i n  the  charge i s  removed. Mattes ,  being m e t a l l i c  s u l f i d e  a l l o y s ,  can have a 
wide range i n  t h e  propor t ions  of cuprous and f e r rous  s u l f i d e s  and the re fo re  
an equa l ly  wide range i n  copper content .  Mattes produced a t  d i f f e r e n t  p l a n t s  
have ranged between 20 and 80 percent  copper content .  An optimum content  
would appear t o  be 40 t o  50 percent .  

I n  add i t ion  t o  copper and i r o n  compounds, mat tes  c a r r y  m e t a l l i c  impuri- 
t i e s  t h a t  were present  i n  t h e  o r i g i n a l  ores .  These may be gold ,  s i l v e r ,  
a r s e n i c ,  antimony, bismuth, l ead ,  z i n c  s u l f i d e ,  or  o t h e r  base metals  i n  small  
amounts. Mattes may a l s o  have minor inc lus ions  of m e t a l l i c  copper o r  s lag-  
forming substances.  Speiss  w i l l  form i f  a r s e n i c  o r  antimony a r e  present  i n  
t h e  charge i n  excess of  t h e  s m a l l  q u a n t i t i e s  of  these  metals  so luble  i n  matte.  
Bowever, formation of s p e i s s  i s  uncomnon i n  copper smelt ing.  

Zinc and copper oxides a r e  so lub le  i n  s l a g s ,  and copper lo s ses  on oxide 
ores  tend  t o  be high because some copper w i l l  e n t e r  t h e  s l a g  before it i s  
reduced t o  metal o r  matte .  Matte is s l i g h t l y  so lub le  i n  s l a g ,  but  l o s s e s  by 
mechanical entrainment i n  t h e  slag a r e  more important.  Good s l a g  f l u i d i t y  
and s e t t l i n g  bas ins  t o  a l low matte  and s l a g  t o  sepa ra t e  during tapping opera- 
t i o n s  reduce entrainment lo s ses .  

The gaseous discharge £ran reverbera tory  smelt ing c a r r i e s  va luable  mate- 
r i a l s  such a s  s u l f u r  d ioxide ,  f l u e  dust  (mechanically en t r a ined  ma te r i a l  from 
t h e  charge) and fume ( v o l a t i l e  oxides of a r s e n i c ,  antimony, l ead ,  z inc ,  or  
minor metals) .  -Sulfur  d ioxide  is used i n  s u l f u r i c  a c i d  manufacture. Gases 
a r e  a l s o  processed t o  recover  any va luable  c o n s t i t u e n t s  i n  f l u e  dus t  and fume. 
Beat c a r r i e d  out  of r o a s t e r s  o r  furnaces i n  gases can be used i n  waste-heat 
b o i l e r s ,  and i n  a few ins t ances  has been used i n  prehea t ing  b l a s t  a i r .  

Copper mat te  i s  processed t o  m e t a l l i c  copper i n  a conver te r ,  a r e f r ac to ry -  
l i ned  v e s s e l  t h a t  can be t i l t e d  t o  discharge t h e  contents .  Modern converters  
a r e  c y l i n d r i c a l  i n  shape, up t o  13 f e e t  i n  diameter and 30 f e e t  long, w i th  a 
charge capaci ty  of about 60 tons of matte .  The copper converter  i s  similar t o  
t h e  bessemer converter  of t h e  s t e e l  indus t ry  i n  opera t ion  bu t  not  i n  appear- 
ance. Copper convert ing i s  a ba tch  process wi th  a cyc le  of operat ion cons is t -  
ing of charging wi th  molten mat te  and s i l i c a  f l u x  and blowing with air i n  two 
stages.  A l l  of  the  h e a t  necessary f o r  t h e  process i s  furn ished  by oxid iz ing  
the  s u l f u r  i n  t h e  matte.  Addit ional  hea t  normally i s  necessary only t o  keep 



the  converter hot i n  the event of delay between blows o r  t o  co r rec t  e r r o r s  of 
operat ion t h a t  otherwise might cause the charge t o  freeze.  

The process takes p lace  i n  two stages because oxygen combines preferen- 
t i a l l y  with ferrous s u l f i d e ,  and a reac t ion  with cuprous s u l f i d e  does not  
occur u n t i l  a l l  of the  fe r rous  s u l f i d e  has been converted t o  i ron  oxide, 
leaving e s s e n t i a l l y  pure cuprous s u l f i d e  (white metal) .  I n  the f i r s t ,  or  
slag-forming s t age ,  the  ircm oxide combines with s i l i c a  f l u x  t o  form an i ron  
s i l i c a t e  sl-g, which i s  poured a t  i n t e r v a l s  a s  i t  forms. Elemental s u l f u r  is  
re leased ,  burning immediately t o  s u l f u r  dioxide i n  t h e  oxidizing converter 
atmosphere. In  the  second, or  blister-forming s t age ,  oxygen combines with 
s u l f u r  i n  t h e  white metal,  re leas ing  copper a s  the element. 

Completion of the  bl is ter-forming s tage  i s  c a r e f u l l y  determined because 
overblar ing produces undesirable copper oxide and, i f  prolonged, w i l l  c h i l l  
t h e  charge. Not enough hea t  t o  keep copper molten evolves a f t e r  a l l  the  
cuprous s u l f i d e  i s  converted t o  copper, 

B l i s t e r  copper contains 98 percent  or  more copper p lus  most of the  metal- 
l i c  impuri t ies  t h a t  were i n  t h e  matte,  including p r a c t i c a l l y  a l l  of any gold 
and s i l v e r  t h a t  i s  present  and possibly minute q u a n t i t i e s  of t h e  platinum 
group metals.  To produce pure copper fo r  the market, the  b l i s t e r  copper must 
be re f ined  t o  remove impur i t ies  whether valuable o r  not .  Oxygen i n  the b l i s t e r  
copper can be el iminated by poling a f t e r  the  charge is  removed from the con- 
v e r t e r ,  a process whereby green wood poles a r e  repeatedly plunged i n t o  the  
molten copper, causing oxygen i n  t h e  charge t o  combine with wood carbon. 
Natural gas ,  processed (reformed) s o  as  t o  increase the content of hydrogen 
and carbon monoxide, has replaced wood a s  a purifying agent a t  sane p l an t s ,  
and the p rac t i ce  of poling probably w i l l  d i e  out. Poling i s  i n  e f f e c t  the 
f i r s t  s t e p  i n  copper r e f in ing ,  a process t h a t  i s  continued by f i r e - r e f i n i n g  t o  
remove v o l a t i l e  impur i t ies ,  and may be completed by e l e c t r o l y t i c  re f in ing  t o  
remove nonvolat i le  impur i t ies ,  including the  precious metals.  Molten copper 
discharged from the reverberatory furnace may be t r ans fe r r ed  d i r e c t l y  t o  be 
r e f ined  o r  c a s t  i n t o  ingots  f o r  shipment t o  another p lant .  

Copper is  sometimes marketed a s  f i r e - r e r ined ,  p a r t i c u l a r l y  i f  the pre- 
cious metal content is  in s ign i f i can t .  Copper from t h e  Lake Superior region,  
Lake copper, i s  exceptional ly pure a s  it comes from the r e f in ing  furnace, and 
i s  superior  t o  f i r e - r e f ined  copper from other  sources. A small-amount of si l-  
v e r  i n  Lake copper does not  de t r ac t  from the  qua l i ty  and i n  f a c t  i s  considered 
t o  improve e l e c t r i c a l  conductivity.  

The gaseous products of the  copper converter  contain usable su l fu r  diox- 
i d e  and small amounts of any v o l a t i l e  metals t h a t  were present  i n  the matte 
( a r sen ic ,  antimony, lead ,  z inc) .  These products a r e  used i n  the same manner 
a s  reverberatory gases and fumes. Converter s l ags  contain s i g n i f i c a n t  amounts 
of copper and a r e  returned t o  the  reverberatory furnace for  retreatment.  

Lead Smelting 

The product of lead smelting a r e  base bu l l ion ,  matte ,  spe i s s ,  s l ag ,  f l u e  
dus t ,  fume, and gases. Figure 7 is a typ ica l  flowsheet f o r  a lead smelter.  
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The s tandard  process r equ i re s  a b l a s t  furnace,  a r e f r a c t o r y - l i n e d  rec tangular  
v e s s e l  s e t  on end wi th  a v e r t i c a l  length  up t o  24 f e e t  and a ho r i zon ta l  c ros s  
s e c t i o n  of up t o  60 by 180 inches.  I n  t h e  base of t h e  furnace i s  t h e  hea r th  
o r  c r u c i b l e  i n  which molten lead  b u l l i o n  c o l l e c t s  a s  i t  i s  formed. The l ead  
b l a s t  furnace is s i m i l a r  t o  t h e  copper b l a s t  furnace i n  operat ion and gene ra l  
design but  operates  a t  a gene ra l ly  lower temperature. Both copper and lead  
b l a s t  furnaces a r e  similar i n  opera t ing  p r i n c i p l e  t o  t h e  i r o n  b l a s t  furnace.  

The c h i e f  me ta l lu rg ica l  r e a c t i o n  i n  t h e  b l a s t  furnace i s  formation of 
m e t a l l i c  l e a d  by reducing l e a d  oxide wi th  carbon o r  carbon monoxi.de i n  a 
reducing atmosphere. Oxidized l ead  ores  and concent ra tes  can be charged 
d i r e c t l y  i n t o  a b l a s t  furnace. Few such ores  a r e  a v a i l a b l e ,  and present  day 
feeds a r e  l a r g e l y  preroas ted  s u l f i d e  o r e  products.  Lead s u l f i d e s  a r e  n o t  
broken down e f f i c i e n t l y  i n  t h e  b l a s t  furnace,  a necessary r e a c t i o n  before 
m e t a l l i c  lead  w i l l  form. Ins t ead ,  l ead  s u l f i d e s ,  toge ther  w i t h  any copper 
s u l f i d e s  i n  a furnace charge, tend  t o  form a lead-r ich  matte  t h a t  must be 
given a d d i t i o n a l  t reatment .  Therefore,  most of the  s u l f u r  i n  l ead  ores i s  
removed before  smelt ing,  leaving  only enough t o  make matte  out  of  any copper 
i n  t h e  ore.  The hear th- roas t ing  procedure used on copper concentrates  would 
e l imina te  s u l f u r  from l ead  s u l f i d e s ,  but  the  f r i a b l e  product  of hea r th  r o a s t -  
i ng  is too f i n e  t o  make a d e s i r a b l e ,  hard,  porous furnace charge. A non- 
porous charge prevents  uniform passage of  furnace gases a t  des i r ab le  low 
v e l o c i t y  throughout t h e  charge column, but  i n s t ead ,  causes t h e i r  r a p i d  passage 
through r e s t r i c t e d  channels.  Under t h i s  condi t ion ,  the  charge is  not  uni- 
formly o r  completely smelted, and dust  l o s ses  occur through entrainment of 
f i n e  ma te r i a l  i n  r e s t r i c t e d ,  h igh-ve loc i ty  gas streams. 

Blas t - roas t ing  ( s i n t e r i n g )  is  used t o  prepare lead  s u l f i d e s  f o r  smelt ing.  
A dead r o a s t ,  t h a t  is  e l imina t ing  p r a c t i c a l l y  a l l  t h e  s u l f u r ,  is poss ib l e ,  but  

-. leaving enough s u l f u r  t o  combine wi th  any copper i n  the  furnace feed  is 
d e s i r a b l e .  

The normal b l a s t  furnace charge c o n s i s t s  of s i n t e r e d  s u l f i d e  o r e  or  con- 
c e n t r a t e s ,  lime o r  s i l i c a  f l u x ,  and coke in t ima te ly  mixed i n  c a r e f u l l y  con- 
t r o l l e d  proport ions.  The charge e n t e r s  the  top of the  furnace and i s  spread 
i n  uniform l aye r s .  A i r  under p re s su re  e n t e r s  t h e  furnace through tuyhres 
(nozzles)  j u s t  above the  h e a r t h  and passes upward through the  charge,  combin- 
i n g  with coke t o  hea t  the charge and form t h e  requi red  reducing atmosphere. 
The charge gradual ly  absorbs hea t  during i t s  descent  through t h e  furnace s h a f t  
as smelt ing proceeds but  remains dry;  t h a t  i s  does n o t  so f t en ,  u n t i l  i t  
approaches the lower end. However, me ta l lu rg ica l  r e a c t i o n s  s t a r t  before  melt- 
i n g  occurs. The r a t e  of  descent  depends on t h e  r a t e  a t  which the  charge is 
mel ted  and discharged through the  bosh, a c o n s t r i c t i o n . i n  t h e  lower end of the  
s h a f t  j u s t  above t h e  tuykres t h a t  marks t h e  bottom of t h e  smelt ing zone. 
Molten l ead ,  t h e  f i r s t  m e t a l l i c  product formed i n  t h e  process ,  t r i c k l e s  down 
through t h e  smelt ing zone. This  a c t i o n ,  c a l l e d  t h e  l e a d  f a l l ,  c o l l e c t s  pre-  
c i o u s  metals i n  t h e  charge, and enough l ead  must be p resen t  i n  t h e  charge t o  
i n s u r e  a generous l ead  f a l 1 , i f  c o l l e c t i o n  of prec ious  metals  i s  t o  be com- 
p l e t e .  Matte,  s l a g ,  and perhaps s p e i s s  a l s o  form i n  t h e  smelt ing zone but  do 
n o t  melt  completely u n t i l  they reach t h e  bosh. A l l  products then drop i n t o  
t h e  hear th  where they accumulate i n  mutually in so lub le  l a y e r s  of molten base  



bullion,  matte, and slag.  As they accumulate, matte and s lag a re  tapped off 
i n t o  a s e t t l i n g  basin from which slag overflows and i s  sent  t o  a zinc-fuming 
plant or the dump, perhaps granulated for  l a t e r  s a l e  as  a commercial product. 
Matte i s  tapped from the s e t t l e r  and can be charged, s t i l l  molten, i n to  a 
copper converter or  a special  furnace, o r  cast  i n to  pigs for  shipment t o  a 
copper smelter. As it co l lec t s ,  base bul l ion,  containing speiss and other 
metal l ic  impurit ies,  flows continuously £ran the hearth in to  a well through 
a siphoning tube. This bullion is t ransferred t o  a drossing ke t t l e ,  where 
speiss separates out as dross and i s  returned t o  the b l a s t  furnace. Bullion 
may be cas t  in to  pigs for l a t e r  treatment, or s t i l l  molten, s ta r ted  through 
the refining process. I f  produced from pure ores, base bull ion i s  s o f t ,  tha t  
i s ,  comparatively f ree  from impurities, and sometimes i s  marketed without 
refining. However, most bull ion contains some copper, iron, arsenic ,  antimony 
s i l ve r ,  gold, or other metals and must be softened (refined) t o  remove delete- 
rious impurities and recover valuable ones. 

Furnace gases carry fume and entrained dust t ha t  a r e  diverted through a 
f lue  t o  reduce the i r  velocity and condense vo la t i l e  matter by cooling. Some 
f lue dust and fume condense and s e t t l e  out i n  the f lue ,  and the balance is 
recovered by f i l t e r i n g  i n  a baghouse or precipi ta t ing i n  an e l ec t ros t a t i c  
(Cot t re l l )  t rea te r .  Temperatures i n  lead smelting are  kept as l o w  as  possible, 
par t icular ly  i n  the upper pa r t  of the furnace, i n  order t o  minimize the Eorma- 
t ion and discharge of lead oxide fume. 

Satisfactory lead furnace slags have a reasonably wide range of accept- 
able compositions, so the slags used may be basic or s i l iceous within l imi t s ,  
depending on the available ores and fluxes. As in  copper smelting, iron must 
be present t o  form iron s i l i c a t e ,  a necessary s lag consti tuent.  Any i ron 
deficiency in  the feed usually i s  made up by adding scrap iron t o  the charge. 
Enough fluxing material  m u s t  be used t o  form a f l u id  slag with the z inc present 
i n  the charge. Typical slags may contain 22 t o  35 percent s i l i c a  (Si$), 28 
t o  36 percent iron (manganese) oxide, and 17 t o  22 percent lime (magnesia). 
In current pract ice ,  slags tha t  w i l l  accmnmodate 20 percent or  more zinc oxide 
may be used. However, a lead furnace charge with a high zinc content i s  
costly t o  t r e a t  for several  reasons: More f lux  i s  necessary; zinc tends t o  
increase s lag accretions within the furnace shaf t  and on the hearth, thus 
lowering capacity and increasing maintenance; zinc tends t o  carry s i l v e r  in to  
the slag; and zinc tends t o  form viscous s lags ,  with the danger tha t  the 
charge may freeze i n  the furnace. High viscosi ty  a l so  inh ib i t s  f ree  separa- 
t ion of metal and s lag,  with resul tant  loss  of metal i n  the slag by entrapment. 
Although higher operating temperatures a r e  p a r t i a l  cures for  the d i f f i c u l t i e s  
brought about by a high zinc content, high temperatures a l so  tend t o  increase 
operating costs and fume losses. 

Zinc Smelting 

Zinc smelting does not involve complete melting or fusing of the charge, 
so, i n  tha t  sense, i s  not a smelting process; ra ther  it i s  a d i s t i l l a t i o n  
process carried on i n  sealed r e t o r t  (5, 1, 35). Economic ores or concentrates 
suitable for zinc re tor t ing contain more than 50 percent zinc. Rowever, 
regardless of the zinc content, ore products must be prepared for use. 



Oxidized z i n c  ores  a r e  given a ca l c in ing  r o a s t  t o  d r i v e  o f f  carbon dioxide and 
moisture.  S u l f i d e  ores  and concent ra tes  a r e  given a s i n t e r i n g  r o a s t  t o  remove 
s u l f u r  and form a porous r e t o r t  charge. Calcined oxides and s i n t e r e d  s u l f i d e s  
a r e  r e t o r t e d  sepa ra t e ly .  

The o l d e r  type of z inc  r e t o r t  i s  a ho r i zon ta l  ceramic cy l inde r  i n t o  which 
a r e  charged ca l c ines  o r  s i n t e r e d  m a t e r i a l  i n t ima te ly  mixed wi th  coa l .  The 
r e t o r t  i s  s e a l e d  t o  exclude a i r  and f i r e d  e x t e r n a l l y  wi th  n a t u r a l  gas t o  hea t  
the  charge t o  t h e  po in t  (2,200' P.) a t  which m e t a l l i c  z i n c  i s  formed by react- 
ing  the z i n c  oxides i n  t h e  charge wi th  carbon monoxide generated from t h e  coa l .  
Zinc meta l ,  v o l a t i l e  a t  the  temperature of formation, leaves  t h e  r e t o r t  w i t K  
t h e  gas.  The gas passes through a condenser, i n  which cooled z i n c  vapor con- 
denses t o  a l i q u i d  t h a t  i s  c a s t  i n t o  t h e  commercial s l a b  z inc  ( s p e l t e r ) .  The 
waste gases conta in  considerable recoverable hea t  t h a t  can be used i n  waste- 
hea t  b o i l e r s .  

Smelting i n  ho r i zon ta l  r e t o r t s  i s  a ba tch  process.  The o r e  and coal  a r e  
charged i n t o  t h e  r e t o r t ,  f i r e d  u n t i l  z i n c  vapor ceases t o  form, and then 
removed. Material i s  handled i n  p a r t  by mechanical equipment t h a t  has sup- 
planted e a r l i e r  hand methods, bu t  considerable labor  i s  s t i l l  necessary. 

The f u e l  e f f i c i e n c y  of the  h o r i z o n t a l  r e t o r t i n g  process i s  poor,  p a r t l y  
because of hea t  l o s ses  i n  ba tch  process ing ,  and l a rge  amounts of f u e l ,  both 
c o a l  and gas ,  a r e  requi red .  Even under t h e  most advantageous cond i t ions ,  - .  - 
t h e  c o s t  of r e t o r t i n g  pe r  ton of o r e  t r e a t e d  i s  high,  and high-grade ores  
must be used t o  keep t h e  c o s t  per  u n i t  of  z i n c  produced at  a reasonable l e v e l .  
Obviously, a cheap and abundant supply of  n a t u r a l  gas i s  advantageous, i f  no t  
e s s e n t i a l ,  under competi t ive condi t ions .  

Retor t  res idues  conta in  from 5 t o  15 percent  z inc ,  and some z i n c  i s  l o s t  
as aluminates and s i l i c a t e s  absorbed i n  r e t o r t  w a l l s  a s  a r e s u l t  of  i n t e rac -  
t i o n  between t h e  charge and t h e  ceramic ma te r i a l  i n  t h e  r e t o r t s .  Residues 
a l s o  conta in  any lead ,  copper,  gold ,  and s i l v e r  present  i n  t h e  charge. 
Depending on t h e  va lue  and amount of metals  contained, res idues  can be t r e a t e d  
by ore-dressing methods t o  recover  a meta l  concent ra te ,  s e n t  t o  a l ead  smel te r ,  
poss ib ly  a f t e r  s i n t e r i n g ,  or  used as feed  f o r  a Waelz k i l n  o r  s i m i l a r  type of 
fuming furnace t o  recover z i n c  oxide. 

A v e r t i c a l  r e t o r t  t h a t  opera tes  continuously,  introduced i n  1925, has 
replaced hor i zon ta l  r e t o r t s  i n  seve ra l  p l an t s .  I n  a v e r t i c a l  r e t o r t ,  the  
charge descends by g r a v i t y ,  a s  i n  a b l a s t  furnace,  bu t  never reaches fus ion  
temperature. The charge cons i s t s  of  porous b r ique t s  of  roas ted  ore  o r  con- 
c e n t r a t e s  mixed wi th  bituminous c o a l  and coke or  a n t h r a c i t e  c o a l  i n  excess of 
r eac t ion  requirements ,  plus a b inder  of s u l f i d e  l i quor  and c l a y ,  o i l  and c l ay ,  
o r  p i t ch .  Af ter  being formed i n  a p r e s s ,  the  green b r i q u e t s  a r e  heated i n  a 
coking r e t o r t ;  v o l a t i l e  ma t t e r  is  dr iven  o f f ,  leaving s t rong ,  hard b r ique t s  
t h a t  r e t a i n  t h e i r  shape and remain porous throughout t h e  subsequent zinc-  
r e t o r t i n g  process.  . 

V e r t i c a l  r e t o r t s  a r e  a s  high a s  35 f e e t  w i th  a c ross  sec t ion  of about 1 
by 6 f e e t ,  cons t ruc ted  of s i l i c o n  carb ide .  The charge i s  fed i n  at  t h e  top 



i n  batches and i s  gradually heated during descent a t  a r a t e  governed by 
removal of the spent briquets through a water s ea l  a t  the base of the furnace. 
The r e to r t  i s  heated externally by burning natural  gas i n  combustion chambers 
adjacent t o  the r e to r t s .  Producer gas from the r e t o r t  i t s e l f  may be used 
along with the natural  gas. The zinc-forming reaction and the temperature 
reached i n  the reducing zone a re  the same as i n  horizontal r e to r t s .  Zinc 
vapor from the r e t o r t  i s  conducted in to  a condensing chamber and drawn off as  
l iqu id  zinc. The waste heat i n  the r e t o r t  gases i s  used i n  a heat exchanger 
t o  preheat combustion a i r  for external r e t o r t  heating. 

Among the advantages of ve r t i ca l  r e t o r t s  over horizontal r e to r t s  are:  
Better zinc recovery, mechanical charging and discharging with consequent 
lower cost ,  higher thermal efficiency through continuous operation and be t t e r  
use of waste hea t ,  and long r e t o r t  l i f e  (up t o  5 years).  Horizontal r e t o r t s  
eventually may become obsolete, but the i r  use is being continued i n  older 
plants i n  the United States because economic conditions i n  some zinc-producing 
areas do not jus t i fy  replacing them. 

Electrothermic r e t o r t s  tha t  use resistance heating of the charge have 
a l s o  been introduced successfully a t  several  plants.  These units use a ve r t i -  
c a l  r e to r t  and d i f f e r  somewhat from thermal r e t o r t s  i n  construction and opera- 
t ion,  but they re ly  on the same basis metallurgical  reaction for reduction of 
zinc t o  the vapor form. 

Zinc Leaching 

Although the pr inciple  of e lec t ro ly t ic  precipi ta t ion of zinc metal from 
sulfur ic  acid solution had been known for many years (2, 34, 35), a successful 
process for leaching zinc ore products was not introduced u n t i l  1914. Zinc 
leaching, which requires large amounts of e l e c t r i c a l  energy for precipi ta t ion 
of the zinc,  was developed i n  the Northwest as  an a l te rna te  to  smelting, 
par t icular ly  for  low-grade concentrates (40 percent or l ess  zinc) tha t  could 
not be t reated economically by re tor t ing.  Leaching i s  not used c m e r c i a l l y  
on raw zinc ores, probably because such ores a r e  now unccmmon, although high- 
grade oxide ores presumably are  amenable. 

Sulfide zinc concentrates must be roasted t o  convert zinc sulf ides  t o  
acid-soluble oxide and water-soluble sulfa te-- the su l f a t e  providing the sul- 
fur ic  acid needs of the leaching process. Either hearth or  f lash roasting 
i s  used under controlled temperature conditions t o  convert most of the zinc 
minerals t o  zinc oxide, t o  prevent formation of zinc su l fa te  i n  excess of the 
2 or 3 percent needed for replenishing acid losses i n  the leaching c i r c u i t ,  
and to minimize the formation of insoluble zinc-iron oxide ( f e r r i t e ) .  

Zinc leaching and precipi ta t ion both require careful  operating control  
because operating conditions and the composition of leaching solutions,  both 
as  to  acid strength and contained impurities, a r e  c r i t i c a l .  The weak su l fur ic  
acid solution used w i l l  dissolve not only zinc oxide and zinc su l f a t e  from 
roasted concentrates but other compounds, sane of which a re  undesirable. 
Among soluble s a l t s  tha t  should be removed from the leaching solutions because 
they in te r fe re  with e l ec t ro ly t i c  precipi ta t ion of zinc a r e  metal l ic  compounds 



of antimony, arsenic ,  copper, and cadmium, possibly nickel and cobal t ,  and 
rarely ,  germanium, one of the most injurious of a l l .  Soluble iron,  s i l i con ,  
aluminum, or f luorine compounds a re  a l so  detrimental i f  they enter leaching 
solutions i n  excess. By careful ly  adjusting solution acidi ty  and temperature 
and adding zinc dust or other chemicals i n  several  stages of pur i f icat ion,  
most of the deleterious compounds can be precipi ta ted chemically and f i l t e r e d  
out .before e lectrolysis .  With e f f i c i en t  operation, a leaching plant w i l l  pro- J 
duce cathode metal with a zinc content exceeding 99.9 percent. 

Residues a r e  removed from the leaching c i r c u i t  by thickening and f i l t e r -  
ing. They contain lead, s i l v e r ,  zinc i n  the form of f e r r i t e ,  undissolved or  
inadvertently reprecipitated zinc oxide, plus antimony, arsenic., and copper, 
and perhaps other minerals. Leaching residues can be t reated i n  several  ways 
of which two a re  commonly used. Residues a r e  processed d i rec t ly  i n  a fuming 
plant t o  recover zinc or, i f  copper, lead, and s i l v e r  content jus t i fy  i t ,  sent 
t o  a lead smelter where these metals a r e  recovered i n  bullion or matte, zinc 
being recovered indirect ly  by fuming high-zinc s lags .  

I f  present i n  the leaching solution,  cadmium i s  precipitated chemically 
before e lectrolysis  and l a t e r  refined t o  a salable  product. 

Zinc leaching i s  done both i n  continuous c i r cu i t s  and i n  batches, and 
plants  use d i f fe ren t  equipment, flowsheets, and procedures according t o  needs. 
Batch processing i s  sa id  t o  be be t t e r  for  ore feeds tha t  vary widely i n  min- 
e r a l  content because control of the composition of leaching solutions i s  
eas ie r .  The corrosion problem i n  zinc leaching is minor because leaching 
solutions a r e  maintained a t  low acid strength.  

Zinc Fuming 

Zinc fuming is a pyrometallurgical process tha t  was developed for  the 
manufacture of indus t r ia l  zinc oxide Q, 1, 35). Because a marketable prod- 
uct  must be f ree  of impurities, high-grade oxide ores were used. These ores 
have been replaced largely by reasonably lead-free, sintered su l f ide  concen- 
t r a t e s .  Low-grade oxide ores, zinc retort ing- and leaching-plant residues, 
and even molten lead-smelter slags can be fumed. However, the zinc oxide 
produced from these materials usually contains impurities that  must be 
removed and i s  not marketable as  an indus t r ia l  chemical without fur ther  
processing. 

When used on so l id  materials,  fuming processes have a superf ic ia l  resem- 
blance t o  calcining or roasting but are  actual ly  more similar t o  zinc re tor t -  
ing.  Much of the equipment could a l so  be used for  calcining or roasting,  but 
the  basic metallurgical reaction involved is the reduction of zinc oxide t o  
metal l ic  zinc vapor by carbon monoxide jus t  as  i n  zinc re tor t ing.  The maximum 
temperature reached i n  the process, 2,200' F., i s  the same temperature reached 
i n  the zinc r e to r t .  Fuming d i f f e r s  from re tor t ing  i n  tha t  the zinc vapor i s  
not  recovered as metal but is burned i n  an oxidizing amosphere, e i t he r  i n  
the  furnace or  an attached combustion chamber, removed from the furnace as  a 
fume with the gases of combustion, and condensed by cooling or  f i l t e r e d  out 
i n  a baghouse. 



Grate-type furnaces and revolving k i ln  r e t o r t s  a r e  used. The standard 
method for manufacturing indus t r ia l  zinc oxide i s  the gra te  process i n  which 
an intimately mixed charge of calcined or roasted zinc ore or concentrates 
and coal or coke i s  gas-fired through a perforated grate on which the charge 
r e s t s .  In  the or iginal  Wetherill grate  furnace, the process i s  a batch opera- 
t ion requiring about 12 hours for a complete cycle of charging, baking of the 
charge, burning, reducing, and discharge. An improved furnace uses a travel-  
ing grate  and operates continuously. 

The Waelz process i s  used on both low-grade zinc ore and zinc re tor t ing  
or leaching-plant residues. It uses a refractory-lined rotary k i ln  up t o  
150 fee t  long and 8 fee t  i n  diameter, f i r ed  a t  the charging end with gas or 
powdered coal. The charge is calcined or roasted ore or residues mixed with 
coal or coke, and the reactions are  the same as  i n  the grate  process. Zinc- 
oxide fume i s  produced by burning zinc vapor i n  a combustion chamber a t  the 
discharge end of the ki ln .  Zinc ore or residue containing cadmium, lead, t i n ,  
and germanium can be t reated by the Waelz process, recovering pxides of these 
metals as  well as  zinc. A l l  fuming processes for sol id  materials produce a 
semifused clinker re jec t .  The clinker from high-grade material t reated by the 
grate  process may contain enough zinc f o r  retreatment i n  a Waelz ki ln .  

In  recent years,  lead smelters have been successfully t rea t ing  furnace 
feeds with a higher zinc content than formerly, producing high-zinc slags.  
The increased zinc content of these slags i s  a valuable byproduct t ha t  can be 
recovered i n  a fuming furnace designed t o  t r e a t  molten slag.  Slag fuming i s  
a process i n  which a coal-air  mixture i s  introduced in to  a crucible-type 
furnace through tuyeres near the base. The reducing mixture bubbles up 
through a bath of molten s lag,  and zinc vapor i s  formed by reduction of zinc 
oxides and zinc s i l i c a t e s  i n  the s lag.  Slag fuming i s  a batch process con- 
s i s t i ng  of charging, blowing (about 2 hours) and tapping. The metallurgical  
reactions and recovery of the zinc oxide fume a re  the same as  i n  grate  and 
Waelz furnaces. Hot gases evolved i n  the fuming process a r e  an excellent 
source of heat that  can be u t i l i zed  for  other plant needs. 

An electrothermic slag-fuming furnace i n  use a t  some plants since 1955 
produces slab zinc instead of zinc oxide. The process i s  carr ied on i n  a 
sealed crucible by the reducing action of coke breeze f loat ing on top of the 
molten bath. Heat t o  maintain the necessary temperature i s  furnished by 
res is tant  heating of the molten slag. Zinc vapor forms i n  the reducing atmos- 
phere above the bath and i s  condensed and cast  i n to  s lab zinc as i n  zinc 
smelting. 

When the market price of zinc i s  low, there i s  very l i t t l e  p r o f i t  i n  zinc 
fuming, but returns tha t  plants get from zinc tha t  would otherwise be l o s t  
undoubtedly contribute t o  the removal or lowering of zinc penalt ies charged 
shippers a t  lead smelters and t o  a be t t e r  r a t e  of payment for  zinc a t  plants 
that pay for  zinc content. 



Recent Developments i n  Smelting 

Metallurgical principles i n  smelting are based on fundamental laws of 
chemistry and physics, and basic smelting practices have changed very l i t t l e  
over a long his tory of operation. Improvements have come i n  bet ter  opera- 
t iona l  control ,  advances i n  equipment design, and adaptation of new methods 
of bulk material handling and processing developed i n  other phases of indus- 
t ry .  Some recent innovations indicate the poss ib i l i ty  of radical  changes i n  
the future,  but no new basic principles a r e  involved. 

A zinc b las t  furnace that w i l l  smelt complex, mixed, copper, lead, and 
zinc ores o r  concentrates i n  a continuing process without p r ior  separation of 
ore  consti tuents and with a minimum of ore  preparation has been operated com- 
mercially i n  Great Bri ta in  (20, 35), and elsewhere i n  Europe and Africa. The 
only ore preparation necessary i s  bulk concentration, i f  the metal content of 
ores is low, and s inter ing of the feed t o  provide a porous furnace charge. 
Fluxing materials are  added before s inter ing.  The zinc content of the feed 
can be lower than i n  conventional zinc re tor t ing.  By close control of the 
temperature and gases within the furnace, a balanced atmosphere is maintained 
i n  which zinc metal, formed as  a vapor a s  i n  conventional r e t o r t s ,  is con- 
densed within the furnace by a molten lead spray. The molten, zinc-saturated 
lead i s  cooled outside the furnace, and zinc separates out.  Simultaneously, 
base bullion and even copper matte a r e  produced, thus recovering i n  one oper- 
a t i on  and with one smelting cost lead,  copper, gold, s i l v e r ,  and minor metals. 
The process has possible applications for  mixed sulf ide and oxide ores tha t  
have been uneconomical and for complex sulf ide ores currently milled a t  sub- 
s t a n t i a l  cost  t o  produce separate lead and zinc concentrates. The cost of 
fue l  (coke) for  the process i s  reported t o  be higher than i n  lead and copper 
smelting but less  than i n  conventional z inc re tor t ing.  

Oxygen-enriched a i r  i s  being t r i ed  i n  roasters ,  i n  copper converters, and 
even i n  reverberatory furnaces t o  improve efficiency and boost capacity. I n  
Japan, smelting copper sulf ide concentrates d i rec t ly  in  a converter using 
oxygen-enriched a i r  has proven feasible.  A small f ract ion of the converter 
charge must be copper matte, but the remainder can be pel le t ized sulf ide 
concentrates @). 

Control of Smelting Cperations 

The smelting process, l i ke  ore beneficiation,  does not yield perfect  
r e su l t s .  Metal losses i n  slags a r e  never completely eliminated, and close 
control  of a l l  plant operations i s  necessary t o  maintain the highest possible 
metal recovery a t  the lowest cost .  

The composition of a smelter charge i s  c r i t i c a l  because s l i g h t  variations 
i n  the ingredients can cause c r i t i c a l  differences i n  physical and chemical 
properties of the s lag produced. Slag f l u i d i t y ,  metal recovery, and furnace 
capacity may be affected seriously. Slags of high viscosi ty  w i l l  increase 
metal losses by entraining valuable products. In  extreme cases, slag freezes 
i n  a furnace, necessitat ing complete and cost ly  shutdown. Zinc tends t o  make 



s l a g s  v iscous ,  and l a rge  amounts of f luxing  m a t e r i a l s  a r e  necessary t o  d i l u t e  
them. This i s  t h e  b a s i s  f o r  z inc  p e n a l t i e s  i n  smelt ing.  

The c a l c u l a t i o n  of a furnace charge i s  a sc i ence  i n  i t s e l f .  On t h e  b a s i s  
of t h e  content  of s i l i c a ,  l ime, i ron ,  s u l f u r ,  z inc ,  and occas ional ly  o the r  ore 
c o n s t i t u e n t s  considered i n  conjunct ion with t h e  cos t  and a v a i l a b i l i t y  of f lux-  
ing  ma te r i a l s ,  t h e  optimum combination f o r  a d e s i r a b l e  s l a g  with t h e  use  of a s  
l i t t l e  barren f l u x  a s  poss ib l e  i s  determined. Frequent monitoring of t h e  c m -  
p o s i t i o n  of t h e  charge and of  the  s l a g  i s  necessary t o  maintain the  des i r ed  
me ta l lu rg ica l  balance,  p a r t i c u l a r l y  i n  custom smelt ing where purchased ores  
may vary widely i n  mineral  content .  The p e r f e c t  smelter  charge would be a 
s e l f - f l u x i n g ,  s e l f - sme l t ing  ore  conta in ing  t h e  r i g h t  combination of f lux ing  
ma te r i a l  fo r  a f l u i d  s l a g  and enough s u l f u r  f o r  f u e l .  Obviously t h i s  i d e a l  
is never r ea l i zed .  

Set t lement  of Ores a t  Custom Treatment P lan t s  

Treatment Charges and Payments a t  Mi l l ing  P lan t s  

A buying schedule f o r  a cyanidat ion p l a n t  i s  comparatively simple a s  
shown i n  appendix B. I n  t h i s  example, a l l  m i l l i n g  c o s t s ,  including t a i l i n g  
losses  and marketing charges ,  a r e  covered by a s i n g l e  s l i d i n g - s c a l e  t reatment  
charge based on t h e  gross  va lue  of t h e  ore.  

Treatment charges assessed  a t  base-metal m i l l i n g  p l a n t s  t h a t  buy o res  
r a t h e r  than t r e a t  them on a t o l l  b a s i s  a l s o  r e f l e c t  smelt ing o r  o the r  c o s t s  
t h a t  must be met when concent ra tes  a r e  so ld .  Schedules 18 and 19 of appendix 
A ,  appendix C ,  and appendix D apply t o  complex lead-zinc s u l f i d e  ores .  
Because t h e  s e l e c t i v e  f l o t a t i o n  c i r c u i t s  normally used i n  custom m i l l i n g  such 
ores  a r e  e f f e c t i v e  only on s u l f i d e s ,  any oxidized l ead  and z i n c  content ,  a s  
determined by analyses  a t  t h e  time o f  purchase, i s  deducted from t h e  t o t a l  
metal content  before  payment i s  ca l cu la t ed .  

Metal Payments, Treatment Charges, and Pena l t i e s  a t  Smelters 

Smelting base meta ls  is e s s e n t i a l l y  a manufacturing operat ion i n  which 
r a w  ma te r i a l s  (ores  and concent ra tes )  a r e  processed,  r e f i n e d ,  and marketed. 
Smelter economics a r e  based on t h e  genera t ion  of a n  average p r o f i t  pe r  ton of 
ma te r i a l  t r e a t e d .  This  p r o f i t ,  then,  a long wi th  t rea tment ,  r e f i n i n g ,  and 
marketing c o s t s  i s  a charge a g a i n s t  t h e  gross  va lue  of t h e  r e f i n e d  products 
obtained from t h e  m a t e r i a l  t r e a t e d .  The p ropos i t ion  can be s t a t e d  another  
way: The e n t i r e  c o s t  of mining, m i l l i n g ,  smel t ing ,  r e f i n i n g ,  and marketing 
an ore  must be covered by t h e  va lue  of t h e  contained minerals  i n  t h e i r  f i n a l  
marketable form i f  t h e  o v e r a l l  opera t ion  from mining through marketing i s  t o  
be p ro f i t ab le .  However, t o  t h e  producer ,  t h e  va lue  of an ore  expressed a s  t h e  
amount the  contained minerals  a r e  worth i n  t h e  r e f i n e d  s t a t e  i s  meaningless. 

The p r i c e  pa id  f o r  t h e  raw m a t e r i a l  depends, as it does f o r  any cammodity, 
on q u a l i t y ,  a s  represented  by t h e  content  of va luab le  minera ls ,  t h e  impur i t i e s ,  
and the  s u i t a b i l i t y  of t h e  o r e  t o  t h e  t reatment  process used. No two o r e s ,  
even l o t s  of o r e  from t h e  same mine, a r e  e x a c t l y  a l i k e  e i t h e r  i n  va luab le  



metal  content  o r  t h e  amount and cha rac te r  of  waste cons t i t uen t s .  An excess or  
def ic iency  of a c e r t a i n  c o n s t i t u e n t  may c a l l  f o r  a penal ty a t  one p l a n t  and no 
penal ty o r  even a premium a t  another.  To provide f o r  the  range of ores  t h a t  
a r e  o f f e red  t o  custom p l a n t s ,  many d e t a i l e d  t reatment  schedules a r e  o f f e red .  
The terms governing purchases a t  p l a n t s  t r e a t i n g  d i f f e r e n t  base and prec ious  
metals  a r e  shown i n  appendix A, and examples of  buying schedules and s e t t l e -  
ment shee t s  i n  appendixes B through L. Competition may be a f a c t o r  i n  t h e  
terms o f fe red  a sh ipper  i f  a demand f o r  t h e  same ore  e x i s t s  a t  more than one 
p l a n t ,  bu t  n o t  i f  p l a n t s  a r e  s o  loca ted  wi th  r e s p e c t  t o  t h e  mine concerned 
t h a t  d i f f e rences  i n  ore  f r e i g h t  a r e  more important than t reatment  c o s t s .  
This  i s  p a r t i c u l a r l y  t r u e  of small  o r e  shipments because smelters accept  them 
l a r g e l y  a s  an accomodation.  Competition f o r  t h i s  c l a s s  of  ore  i s  v i r t u a l l y  
nonexis ten t ,  and shipping c o s t s  con t ro l  t h e  choice ,  i f  a choice e x i s t s ,  of 
market f o r  most small  mining operat ions i n  t h e  Western United S t a t e s .  

The s t r u c t u r e  of  payments, deduct ions,  t reatment  charges,  and p e n a l t i e s  
i n  most smelter schedules  i s  s i m i l a r  i n  p r i n c i p l e ,  even though d e t a i l s  w i l l  
vary  from o r e  t o  ore  and from p l a n t  t o  p l a n t .  Except i n  t h e  T r i - S t a t e  
D i s t r i c t ,  methods of c a l c u l a t i n g  metal payments and t h e  assessment of penal- 
t i e s ,  t rea tment ,  r e f i n i n g ,  and marketing charges a r e  gene ra l ly  uniform. The 
p r i c e s  paid t h e  sh ipper  f o r  metals  depend on t h e  value of t h e  r e f i n e d  metal  
de l ive red  t o  c e r t a i n  basing po in t s  shown i n  published metal quota t ions ,  as 
defined i n  smel te r  schedules and cont rac ts .  Def in i t i ons  of methods of  sam- 
p l i n g  and a n a l y s i s ,  u n i t s  of  weight and percentage,  condi t ions  of  o r e  de l ive ry ,  
and metal quota t ions  governing payment a r e  l i s t e d  i n  examples of western 
sme l t e r  and m i l l  buying schedules  i n  appendixes B through L. Midwestern and 
e a s t e r n  p l a n t s  that accept  custom ores do n o t  i s s u e  open buying schedules bu t  
nego t i a t e  purchase terms wi th  ind iv idua l  sh ippe r s  on a con t rac t  b a s i s .  

Metal payments t o  the  sh ipper  a r e  based n o t  only on market quota t ions  
and cos t  of  processing,  including r e f i n i n g  and t r anspor t a t ion  of  products  
t o  market, bu t  a l s o  on smelt ing lo s ses .  Normally, over 97 percent  of t h e  
copper i n  an ore  shipped t o  a copper smel te r  i s  recovered d i r e c t l y ,  but  any 
l e a d  content  e n t e r s  a res idue  a s  a fume o r  a byproduct of r e f i n i n g  b l i s t e r  
copper and must undergo f u r t h e r  t rea tment ,  u s u a l l y  a t  another  p l an t .  Conse- 
quently,  t h e  l e a d  content  of copper ores ,  u sua l ly  smal l ,  is pa id  f o r  a t  a 
much reduced r a t e ,  i f  a t  a l l .  Recovery of l ead  a t  a l ead  smel te r  as b u l l i o n  
averages around 96 percent .  A good recovery i s  a l s o  made on any copper i n  
such  ores ,  but  i n  t h e  form of matte  t h a t  must undergo f u r t h e r  t rea tment ,  and 
payment f o r  copper a t  a l ead  smel te r  i s  reduced accordingly. The recovery of  
s i l v e r  and gold  a t  l e a d  and copper smelters approaches 100 pe rcen t ,  s o  t h e  
p r i c e s  paid f o r  these  metals  l a r g e l y  r e f l e c t  r e f i n i n g  and marketing c o s t s .  
Z inc  recovery a t  a z i n c  p l a n t  ranges from about  88 t o  96 percent .  Recoveries 
of  copper, lead ,  s i l v e r ,  and gold  i n  ores  shipped t o  a z inc  p l a n t  depend on 
t h e  e f f i c i ency  of subsequent processing t o  e x t r a c t  these  metals from z i n c  
r e s idues .  The p r i c e  pa id  f o r  these  metals  a t  a z i n c  p l a n t  r e f l e c t s  metal  
recovery and t h e  c o s t  of t h e  retreatment .  

The base  t reatment  charge r ep resen t s  opera t ing  c o s t s ,  inc luding  l a b o r ,  
f u e l ,  f lux ,  power, and o the r  supp l i e s  a t  a p r i c e  l e v e l  defined i n  a schedule ,  
and  appl tes  only t o  t h e  ore  f o r  which t h e  schedule i s  s e t  up. Adjustments f o r  



any changes i n  l abor  and supply c o s t s  a r e  provided f o r  by a d d i t i o n a l  charges 
o r  c r e d i t s ,  a l s o  defined i n  t h e  schedule. The base  t reatment  charge a p p l i e s  
only t o  ores  up t o  a c e r t a i n  maximum value .  Addit ional  charges,  computed a s  a 
percentage of  metal  payments above a def ined  maximum, a r e  assessed  f o r  excess 
va lue .  Presumably the  charge f o r  excess value compensates t h e  sme l t e r  f o r  
i n t e r e s t  on t h e  c a p i t a l  t i e d  up i n  s tockp i l ed  ore  and metal  i n  t r a n s i t  and 
g ives  p r o t e c t i o n  a g a i n s t  f l u c t u a t i o n  of metal p r i c e s  between the  d a t e  of ore  
purchase and f i n a l  s a l e  of t h e  f in i shed  product some months l a t e r .  Assessment 
of  e x t r a  charges f o r  h igher  grade o r e  may enable custom smel te rs  t o  o f f e r  
lower treatment  charges on low-grade o r e ,  thus subs id i z ing  t h e  product ion of 
otherwise unmarketable low-grade o r e s ,  perhaps t o  assist mine development. 

The penal ty  sec t ion  of a l ead  o r  copper smel te r  schedule covers  ore  con- 
s t i t u e n t s  t h a t  a r e  de t r imenta l  because they inc rease  smelt ing c o s t s  o r  because 
they e n t e r  smel te r  products a s  undes i rab le  impur i t i e s .  Examples a r e  zinc.  
p a r t i c u l a r l y  s u l f i d e  z i n c ,  a r s e n i c ,  antimony, bismuth, t i n ,  and s u l f u r  i n  
metal  s u l f i d e s .  

Zinc i s  always a detr iment  i n  conventional  l ead  o r  copper smelt ing f o r  
the  reasons given previous ly  i n  desc r ip t ions  of smelt ing processes ,  and an 
excess may incur  a penal ty .  A high s u l f u r  content  i n  l ead  o r e s ,  which must 
be removed by roas t ing  before  smelt ing,  u sua l ly  incu r s  a penal ty .  

Arsenic,  antimony, bismuth, o r  o the r  minor meta ls  a r e  coonnon o r e  impuri- 
t i e s  wi th  a market va lue  i n  r e f i n e d  form t h a t  w i l l  n o t  compensate r e f i n e r s  
fo r  t h e  f u l l  c o s t  of removing them £ran copper o r  l e a d  smel te r  products.  
Consequently, a penal ty  normally i s  charged t o  cover r e f i n i n g  c o s t s  i n  excess 
of the  r e t u r n  from s a l e  of t hese  minor meta ls .  When any o f  t hese  meta ls  a r e  
present  i n  smel te r  feeds i n  amounts t h a t  w i l l  j u s t i f y  s p e c i a l  recovery f a c i l i -  
ties, payment may be mad2 f o r  them. For example, a p l a n t  purchasing l ead  ores  
wi th  a s u b s t a n t i a l  content  of antimony pays f o r  t h e  antimony (schedule 14, 
appendix A). Another p l a n t  pays f o r  cadmium content  (schedule 17,  appendix A). 
Selenium, t e l lu r ium,  gal l ium, t i n ,  and o the r  meta ls  may be p resen t  i n  smel te r  
feeds,  but  while  t b e y z y  be recovered during copper and lead  r e f i n i n g  o r  
from smel te r  r e s idues ,  the  amount present  i n  most o re s  is  too small t o  j u s t i f y  
any payment t o  the  producer f o r  them. 

S i l i c a ,  alumina, l ime, magnesia, and i r o n  a r e  c o n s t i t u e n t s  of  ores  and 
f luxing m a t e r i a l s  t h a t  have no  market va lue  as smel te r  products except  a s  
minerals  t h a t  must be p resen t  i n  the  c o r r e c t  propor t ions  t o  make f l u i d  s l a g s .  
Whether they a r e  sub jec t  t o  penal ty  i n  an ore  because they r e q u i r e  add i t ion  of 
barren f luxes  t o  form s u i t a b l e  s l a g s ,  or  command a premium because they reduce 
the  f luxing  requirements f o r  sane o t h e r  o re ,  depends on t h e  requirements a t  
each smel te r .  Copper sme l t e r s  may penal ize  o r  g ive  c r e d i t  f o r  excess s i l i c a ,  
depending on t h e  o v e r a l l  f luxing  needs. Lead smel te rs  pena l i ze  f o r  s i l i c a  and 
give c r e d i t  f o r  i r o n  and lime because a v a i l a b l e  l ead  o res  usua l ly  con ta in  an 
excess of  s i l i c a  and a r e  d e f i c i e n t  i n  i r o n  and l i m e ,  n e c e s s i t a t i n g  add i t ion  of 
barren i r o n  and lime f lux .  If the  i r o n  i n  an o r e  i s  p resen t  a s  a s u l f i d e  min- 
e r a l ,  a penal ty  f o r  s u l f u r  may o f f s e t  any c r e d i t  f o r  i r o n .  



Defic ienc ies  i n  t h e  major base  meta ls  may, i n  s p e c i a l  cases ,  incur  a 
penal ty:  For example, copper def ic iency  i n  a go ld - s i lve r  o r e  o f f e red  t o  a 
copper smel te r  (schedule 1, appendix A), o r  l ead  def ic iency  i n  ores  purchased 
a t  a l e a d  smel te r  (schedule 12, appendix A). The j u s t i f i c a t i o n  f o r  such 
charges is t h a t  t h e s e  d e f i c i e n c i e s  may be  d i f f i c u l t  t o  compensate f o r  w i th  
t h e  o r e  supply a v a i l a b l e  t o  the  smelter .  

Computation of Metal Payments 

A s  shown i n  appendix A, payment f o r  t h e  gold  content  of an ore is  usua l ly  
made on t h e  f u l l  assay  content ,  sub jec t  t o  a minimum content  f o r  which payment 
w i l l  be made. This  minimum, ranging £ran 0.01 ounce per  ton t o  0.03 ounce pe r  
ton  depending on t h e  smel te r ,  r ep resen t s  t h e  gold  l o s t  i n  t h e  t reatment  proc- 
ess. Payment i s  computed a t  a percentage of  t h e  U.S. Mint p r i c e  f o r  domesti- 
c a l l y  mined gold  a s  set by t h e  Gold Act 'o f  1934. Since 1935, t h i s  p r i c e  has 
been $35.00 per  ounce, l e s s  a handling charge of one-fourth of 1 percent .  
The d i f f e rence  between t h e  f u l l  mint  p r i c e  and t h e  percentage of t h i s  p r i c e  
p a i d  t o  the  sh ipper  r ep resen t s  a small  smelt ing l o s s ,  t h e  r e f i n i n g  c o s t ,  t h e  
c o s t  of de l ive ry  t o  t h e  mint ,  and t h e  p r o f i t .  The range i n  percentage shown 
i n  appendix A, r e f l e c t s  t h e  v a r i a t i o n s  i n  these  f a c t o r s  a t  d i f f e r e n t  t reatment  
p l a n t s .  The h ighes t  deduction f o r  gold  i s  made a t  5 z i n c  smel te r  (schedule 15, 
appendix A). A t  a few p l a n t s ,  t h e  r a t e  of  payment f o r  gold  r i s e s  with inc rease  
i n  gold  content  of  the  ore.  One custom cyanide mi l l ' (appendix  B) ,  used a s i m -  
p l i f i e d  t reatment  schedule i n  which payment f o r  gold  w a s  computed a t  t h e  f u l l  
mint  p r i c e  and f o r  t h e  f u l l  assay  content .  

I n  genera l ,  payment f o r  s i l v e r  follows t h e  gold  pa t t e rn ;  t h e  minimum 
con ten t  pa id  f o r  i s  0.5 o r  1.0 ounce. A por t ion  of t h e  s i l v e r  content ,  
u s u a l l y  about 95 percent ,  i s  pa id  f o r ,  s u b j e c t  t o  a minimum deduction of 0.5 
t o  1.0 ounce. The p r i c e  pa id  f o r  s i l v e r  i s  the  mint  p r i c e  o r  t h e  Handy and 
Harman, New York, quota t ion ,  whichever is g r e a t e r ,  l e s s  a r e f i n i n g  and market- 
i n g  deduction expressed e i t h e r  a s  a percentage of  t h e  market p r i c e  o r  i n  cents  
pe r  ounce. Only domest ical ly mined s i l v e r ,  f o r  which a n  a f f i d a v i t  of  o r i g i n  
is furn ished ,  is e l i g i b l e  f o r  Government purchase. Since 1946, t h e  mint p r i c e  
has  been $0.905 per  ounce f o r  s i l v e r  1.000 f i n e  ( t echn ica l ly  $1.2929, l e s s  30 
percent  se igniorage  accruing t o  t h e  Treasury,  o r  $0.90505 cen t s  per  ounce). 
A f t e r  1947, t h e  New York market quo ta t ion  f o r  s i l v e r  0.999 f i n e  ranged between 
$0.70 and $0.91375 per  ounce. I n  1960 and 1961, t h e  p r i c e  remained s teady a t  
t h e  l a t t e r  f i g u r e  u n t i l  November 1961 when the  New York quota t ions  rose  t o  
more than $1.00 per ounce a f t e r  the  Government suspended s a l e s  of U.S. Treasury 
s i l v e r  s tocks .  

Payment f o r  copper is  based on a percentage of  t h e  assay  content ,  s u b j e c t  
t o  a minimum deduction pa id  f o r  a t  t h e  Engineering and Mining Journal  of New 
York market quota t ions ,  averaged over the  week of  o r e  de l ive ry ,  l e s s  a deduc- 
t i o n  f o r  r e f i n i n g  and marketing expressed as c e n t s  per  pound of metal .  

Payment f o r  l ead  is  based on t h e  New York quota t ion  f o r  d e s i l v e r i z e d  l e a d ,  
l e s s  a r e f i n i n g  and marketing deduction expressed i n  c e n t s  per  pound of  metal .  



Payment f o r  z i n c  a t  western p l a n t s  i s  based on a percentage of the  assay  
content ,  sub jec t  t o  a minimum deduction, pa id  f o r  a t  t h e  Eas t  S t .  Louis ,  Ill., 
quota t ion  l e s s  a marketing deduction. The l a t t e r  deduction may be computed a s  
a percentage of t h e  market p r i c e  or  a s  a n e t  f i g u r e  expressed a s  cen t s  per 
pound of metal.  

I n  t reatment  schedules applying t o  complex ores  where l e a d ,  copper,  and 
z i n c  a r e  a l l  pa id  f o r ,  a s l i d i n g - s c a l e  schedule f o r  metal payments may be used 
whereby t h e  deduction from market p r i c e s  t o  determine r a t e s  of payment depends 
on t h e  inc rease  o r  decrease of  t h e  market p r i c e  above o r  below a base quota- 
t i o n  used a s  re ferences .  The r a t e  of payment may a l s o  be a f f e c t e d  by t h e  
metal  content  of t h e  o re ,  r i s i n g  wi th  inc rease  i n  grade. The r e l a t i v e  l e v e l  
of market quota t ions  on s e v e r a l  meta ls  may a l s o  e n t e r  i n t o  t h e  c a l c u l a t i o n  of 
metal  payments. Calcula t ion  of metal  payments can be very  involved f o r  sched- 
u l e s  of t h i s  king (schedule 14 ,  appendix A ) .  Such schedules  apply t o  complex 
ores  t h a t  may be m i l l e d  by t h e  purchaser be fo re  smelt ing and treatment  i n  an 
e l e c t r o l y t i c  z i n c  p l a n t .  Examples of se t t lement  s h e e t s  i l l u s t r a t i n g  methods 
of  computation a r e  given i n  t h e  appendixes D, F, H ,  and K. 

T r i s t a t e  Ore Marketing 

Schedules f o r  purchase of  ore  i n  t h e  Tr i -S ta t e  D i s t r i c t  of  no r theas t  
Oklahoma, southeas t  Kansas, and southwest Missouri a r e  s e t  up on a d i f f e r e n t  
bas i s  than elsewhere i n  the  United S t a t e s .  T r i - S t a t e  schedules have a back- 
ground of  m i l l i n g  and marketing pracf i c e s  an teda t ing  t h e  h i s t o r y  of smelt ing 
i n  the West. Tri-State  ores  a r e  a l l  purchased f.0.b. t h e  mine, and t h e  pur- 
chaser  assumes a l l  f r e i g h t  and handling charges ,  inc luding  loading and 
unloading. 

I n  former yea r s ,  nea r ly  every one of t h e  t y p i c a l  small  mining operat ions 
i n  the  T r i - S t a t e D i s t r i c t  included a g r a v i t y  m i l l ,  perhaps only a simple j ig-  
ging p l a n t ,  i n  which l ead  and z i n c  concent ra tes  were made. The product s o l d ,  
t he re fo re ,  was a concent ra te  r a t h e r  than mine-run ore .  La te r ,  custom p lan t s  
serv ing  groups of mines rep laced  many of t h e  ind iv idua l  m i l l s .  The smal le r  
custom m i l l s ,  operated on a t o l l  b a s i s ,  d i d  n o t  ccunmingle ores  bu t  produced 
concentrates  f o r  t h e  account of t h e  shipper  i n  sepa ra t e  l o t s  corresponding t o  
t h e  ore  shipments received.  The l a r g e r  custom m i l l s  sampled the  ore  shipments 
on de l ive ry ,  processed t h e  commingled o r e ,  wi th  se t t l emen t s  ad jus t ed  t o  t h e  
t o t a l  concent ra tes  produced during t h e  previous months' opera t ions .  These 
concentrates  were purchased by brokers  o r  ore  buyers f o r  shipment t o  smelters  
or  oxide p l a n t s  where they were reduced t o  metal  o r  oxide pigment. The o r e s ,  
sampled as rece ived ,  were converted t o  equ iva len t ' s t anda rd  concent ra tes  by 
ca l cu la t ion  on t h e  b a s i s  of t h e  assay.  

The s tandard  method of s e t t l emen t  forTr i -Sta te  D i s t r i c t  ores  used before 
the v i r t u a l  shutdown i n  1958-60, follows: 

1. Set t lements  were usua l ly  made by telephone,  t h e  buyers represented  
by the  brokers  o r  smel te r  r e p r e s e n t a t i v e s ,  and t h e  s e l l e r s  agree ing  on assay ,  
tonnage, and de l ive ry  date .  The ores  were s o l d  f .0 .b.  t h e  mine, with t h e  
buyer doing t h e  loading e i t h e r  i n  t rucks  o r  r a i l r o a d  ca r s .  Mine weights were 



accepted by both buyer and s e l l e r .  Appendix Q i s  a l i s t  of  Tri-State ore-buyer- 
r ep resen ta t ives  a c t i v e  i n  1960. 

2.  Mine o r e  w a s  hauled s e p a r a t e l y  from each mine and sampled sepa ra t e ly  
be fo re  commingling a t  t h e  custom m i l l s .  Three samples were taken,  one each 
f o r  buyer and s e l l e r  and one f o r  an umpire. I f  buyers '  and s e l l e r s '  assays 
were not  w i t h i n  se t t lement  l i m i t s ,  se t t lement  was made on t h e  b a s i s  of an 
umpire a s say  made by a chemist agreeable  t o  both p a r t i e s .  

3 .  Pr ices  f o r  concent ra tes  were quoted on t h e  b a s i s  of 60-percent z inc  
concent ra tes  and 80-percent lead  concentrates  a t  J o p l i n ,  Mo. These concen- 
trate p r i c e s  f o r  many yea r s  were based on 6.7 x 100 f o r  z i n c  and 12 x 10G f o r  
l ead ;  m u l t i p l i e d  by the  z i n c  and l ead  metal  p r i c e s  quoted a t  East S t .  Louis. 
These f a c t o r s  have decl ined i n  r ecen t  years  because of  mounting smelter c o s t s .  
Carbonates and s i l i c a t e s ,  produced i n  minor amounts before  1944, were quoted 
on t h e  bas i s  of 40-percent z i n c  content .  The following i s  an example of a 
p r i c e  schedule f o r  z i n c  and l ead  concent ra tes  t h a t  i l l u s t r a t e s  t h e  r e l a t i o n  
between payments and metal  p r i ces .  The numerical va lues  a r e  n o t  necessa r i ly  
v a l i d  a t  t h e  present  time. 

Zinc 

Inspect ion of t h e  t a b l e  w i l l  show t h a t  f o r  every cen t  change i n  t h e  Eas t  
S t .  Louis, Ill., p r i ce  per  pound f o r  prime western z inc ,  t h e r e  i s  a change of 
approximately $8.00 per  ton i n  t h e  J o p l i n  z i n c  concent ra te  p r i c e ;  f o r  every 
c e n t  >hawe i n  t h e  New York quota t ion  f o r  l e a d ,  t h e r e  i s  a change of approxi- 
mately $14.40 per ton i n  t h e  l ead  concent ra te  p r i c e .  S p e c i f i c  p e n a l t i e s  such 
a s  $1.00 per  u n i t  f o r  i r o n  content  i n  excess of 1 percent  and $1.50 per  u n i t  
f o r  lime i n  excess of 1 percent  may be assessed ,  but  m i l l i n g ,  smelt ing,  and 
marketing charges i n  genera l  e n t e r  i n t o  t h e  c a l c u l a t i o n  of  the  concent ra te  
payment schedule r a t h e r  than appearing a s  sepa ra t e  deductions. A charge f o r  
f i n e  concent ra tes ,  assessed  a f t e r  f l o t a t i o n  concent ra tes  appeared i n  t h e  
market i n  t h e  t h i r t i e s :  was l a t e r  removed as smelters devised methods fo r  
handling t h e  f i n e r  ma te r i a l .  TAe Cent ra l  m i l l  of  The Eagle-Picher Co. has on 
occasion pa id  an e x t r a  premium of $4.00 t o  $6.00 per  ton of z i n c  concent ra tes  
produced. 

East  S t .  Louis, Ill. 
metal  p r i c e ,  

c e n t s  per  pound 

10 
10-1/2 
11 
12 
1 3  
14 
15 

- - - - -- - - - -- -- 

Lead 

Payment f o r  
60 percent  
concent ra te  
J o p l i n ,  Mo., 

per  ton 
$56.00 

60.00 
64.00 
72.00 
80.00 
88.00 
96 .OO 

New York 
metal  p r i c e ,  

cen t s  per  pound 

10 
10- 1 /2  
11 
12 
13 
14 
15 

Payment f o r  
80 percent  
concent ra te  
J o p l i n ,  Mo., 

per  ton 
$112.92 

120.12 
127.32 
141.72 
156.12 
170.52 
184.92 



TRANSPORTATION OF BASE-METAL ORES' AND CONCENPRATES 

Transpor ta t ion  P a t t e r n s  i n  t h e  West 

Transpor ta t ion  p a t t e r n s  f o r  ores  and concent ra tes  produced i n  t h e  West 
(Rocky Mountain S t a t e s  and west) have changed g r e a t l y  i n  r ecen t  y e a r s ,  p a r t i c -  
u l a r l y  i n  regard t o  base meta ls .  Many f a c t o r s ,  sane da t ing  back t o  the  e a r l y  
1900's ,  a r e  respons ib le .  Among these  a r e  dec l ine  of mining a c t i v i t y ,  abandon- 
ment of r a i l  r o u t e s ,  improvement of highways, and development of l a r g e  and 
r e l i a b l e  t rucking equipment. I n  mining d i s t r i c t s  t h a t  no longer have d i r e c t  
r a i l  connections, movement of  mine products n e c e s s a r i l y  has been s h i f t e d  t o  
t rucks  f o r  a t  l e a s t  p a r t  of the  haul  t o  market. Examples include most of t h e  
o lde r  Colorado mining d i s t r i c t s .  Many of t h e  r e c e n t l y  discovered ore  depos- 
i ts ,  l a r g e l y  uranium mines, a r e  i n  l o c a t i o n s  remote from r a i l  rou te s .  For new 
d i s t r i c t s ,  t h e  f l e x i b i l i t y  and comparatively low investment c o s t  of t rucking 
equipment favor use of t ruck  t r a n s p o r t a t i o n  over r a i l r o a d s  inasmuch a s  roads 
usual ly  a r e  b u i l t  wi th  some type of Government a s s i s t ance .  

When d i s t ances  by r a i l  and highway a r e  comparable, t r a n s p o r t a t i o n  of ore  
products e n t i r e l y  by r a i l  i s  inva r i ab ly  cheaper ,  provided t h a t  the  sh ipper  
accumulates mine products i n  car load  q u a n t i t i e s .  However, d i r e c t  r a i l  connec- 
t i o n s  a r e  now a v a i l a b l e  a t  very few smal l  mine opera t ions .  Ore shipments 
o f t en  a r e  t r a n s f e r r e d  from t ruck  t 6  rai l ,  bu t  i f  t rucking  c o s t s  over t h e  road 
rou te  f o r  which r a i l  haulage might be s u b s t i t u t e d  a r e  a t  a l l  competi t ive,  such 
a t r a n s f e r  may not .be  economical. I n  mountainous t e r r i t o r y ,  highway rou te s  
between c e r t a i n  mines and markets may be much s h o r t e r  than any t r u c k - r a i l  
route .  This  was t r u e  of hauls  from many mining d i s t r i c t s  i n  Colorado t o  t h e  
Leadvi l le  smel te r  of  the  American Smelting & Refining Co. When the  sh ipper  
may e i t h e r  t r a n s f e r  products from t r u c k  t o  r a i l r o a d  c a r s  a t  some po in t  along 
t h e  route  from mine t o  market, o r  use t r u c k  haulage f o r  t h e  e n t i r e  d i s t ance ,  
t h e  comparative length  of t ruck  and r a i l  po r t ions  of the hau l ,  a s  we l l  a s  t h e  
d i f fe rence  between app l i cab le  t ruck  and r a i l  f r e i g h t  r a t e s ,  e n t e r s  i n t o  a 
choice of rou te s .  

Appendixes M, N,  0, and P show r e p r e s e n t a t i v e  r a i l  and t ruck  f r e i g h t  
r a t e s  compiled from published t a r i f f s  of  10 r a i l r o a d s  opera t ing  i n  the  West 
and from data  furn ished  by t ruck  c a r r i e r s ,  t r u c k  t a r i f f  bureaus, and pub l i c  
regula tory  bodies i n  seve ra l  Western S t a t e s .  Rates i n  appendix M cover r a i l  
routes  which a r e ,  o r  have been r e c e n t l y ,  i n  use f o r  t r a n s p o r t a t i o n  of o r e  and 
concentrates .  The car load  (CL) f r e i g h t  r a t e s  quoted a r e  commodity r a t e s  
appl icable  between s p e c i f i c  poin ts .  Less-than-carload (LCL) r a t e s  can be 
ca l cu la t ed  by adding a percentage t o  the  car load  r a t e  i n  some cases ,  and by 
applying genera l  c l a s s  r a t e s  i n  o the r s .  Few s p e c i f i c  LCL r a t e s  on ores  and 
concentrates  a r e  published because t h e r e  i s  l i t t l e  o r  no r a i l  t r a f f i c  i n  less -  
than-carload l o t s  of base- o r  precious-metal ores .  LCL r a t e s  have been omit- 
t e d  from appendix M. 

Appendix N covers t rucking  routes  f o r  which s p e c i f i c  commodity t a r i f f s  
on mine products have been e s t a t l i s h e d ,  and a l s o  routes  t o  which d i s t ance  
commodity o r  c l a s s  r a t e s  have been app l i ed .  Comparatively few commodity 
r a t e s ,  e i t h e r  f o r  t ruckloads  (TL) o r  less - than- t ruckloads  (LTL), between 



s p e c i f i c  po in t s -have  been s e t  up f o r  ore  and concentrates .  Most shipments a r e  
handled by con t rac t  c a r r i e r s  r a t h e r  than camnon c a r r i e r s ,  and f r e i g h t  r a t e s  
a r e  s e t  by nego t i a t ion  o r  by reference  t o  d i s t a n c e - c m o d i t y  t ab le s .  

Appendix 0 p resen t s  distance-commodity o r  c l a s s  r a t e s  on t ruck  haulage 
i n  e f f e c t  i n  s e v e r a l  Western S t a t e s ;  from t h e s e ,  f r e i g h t  rates between spec- 
i f i c  po in t s  can be es t imated  i f  no poin t - to-poin t  r a t e s  have been e s t ab l i shed .  

Appendix P l is ts  l o c a l  haul ing  r a t e s  i n  e f f e c t  i n  two mining d i s t r i c t s  
where ore  was hauled from mines i n  a  s m a l l  a r e a  t o  c e n t r a l l y  loca ted  m i l l s .  
There a r e  no  published t a r i f f s  covering t h i s  type of haul ing .  

Fre ight  Rates 

Rela t ion  of Rai lroad Fre ight  Rates 
t o  Distance and Other Factors  

Pr imar i ly ,  r a i l r o a d  f r e i g h t  r a t e s  a r e  a  funct ion  of the  length  of haul .  
However, c a l c u l a t e d  ton-mile r a t e s  a r e  not  the  same over the  e n t i r e  range of 
d is tances .  On s h o r t  hauls  t h e  c o s t  of o the r  s e r v i c e s ,  such as s e t t i n g  out  and 
picking up c a r s ,  i s  l a rge  i n  comparison wi th  the  a c t u a l  haul ing c o s t ,  and the  
ton-mile r a t e  i s  high. A s  t h e  l eng th  of haul  i nc reases ,  t h e  ton-mile r a t e  
decreases.  Volume of t r a f f i c ,  type  of t e r r a i n ,  and competition a l s o  e n t e r  
i n t o  f r e i g h t  r a t e s .  Fre ight  movements over branch l i n e s  o r  over l i n e s  of  more 
than  one r a i l r o a d  a r e  usua l ly  s u b j e c t  t o  h igher  r a t e s  t h a n h a u l a g e  on main 
l i n e s  o r  on a  s i n g l e  r a i l r o a d  system. 

This  range i n  r a t e s  is i l l u s t r a t e d  i n  appendix M. The h ighes t  ton-mile 
r a t e  fo r  a  s p e c i f i c  d i s t ance  i s  a s  much a s  50 percent  more than the  lowest 
r a t e .  

I n  p r a c t i c e ,  rail  hauls  of less than 25 mi l e s ,  o r  even 50 mi l e s ,  a r e  
uncommon f o r  small  mine opera t ions .  Nearly a l l  t h e  s h o r t  r a i l  hau l s  being 
made today se rve  l a r g e ,  i n t eg ra t ed  mining opera t ions ,  many of which inc lude  
a p r i v a t e  r a i l r o a d  system. 

When volume of t r a f f i c  is low, o r  shipments a r e  made from new loading 
po in t s  o r  t o  new d e s t i n a t i o n s ,  a  f r e i g h t  r a t e  may be s e t  temporari ly by use 
of  distance-commodity o r  d is tance-c lass  t a b l e s .  L a t e r ,  i f  t h e  volume of t r a f -  
f i c  warrants ,  a  commodity r a t e  covering t h e  s p e c i f i c  haul  i s  e s t ab l i shed .  A 
point- to-point  ccinmodity r a t e  i s  usua l ly  lower than a  r a t e  f o r  t h e  same haul  
der ived  from t a b l e s .  

Rai lroad r a t e  s t r u c t u r e s ,  sub jec t  t o  both  S t a t e  and Federal  r egu la t ion ,  
a r e  complicated, p a r t i c u l a r l y  where more than one l i n e ,  o r  competing l i n e s ,  
a r e  involved. Fre ight  r a t e s  applying t o  o r e  and concent ra tes ,  a s  we l l  a s  t o  
o t h e r  commodities, a r e  sub jec t  t o  modif ica t ion  i f  t h e  t r a f f i c  volume changes. 
Rates presented i n  t h i s  c i r c u l a r ,  be l ieved  t o  be c u r r e n t ,  a r e  s u b j e c t  t o  
change. Most of  t h e  f r e i g h t  r a t e s  applying t o  ores and concent ra tes  r e s u l t  
i n  a  much higher  ton-mile c o s t  than 1.45 c e n t s  per  ton-mile,  t h e  est imated 
average c o s t  of shipping a l l  commodities i n  ca r load  l o t s  i n  t h e  United S t a t e s  



i n  1958. An upward nationwide t rend  i n  f r e i g h t  r a t e s  n e c e s s i t a t e s  f requent  
r e v i s i o n  of  published t a r i f f s .  

E f f e c t  of Ore Valuat ion on Rai l road  Fre ight  Rates 

R a i l  f r e i g h t  r a t e s  a r e  usual ly  inf luenced by t h e  value o f . t h e  product  
shipped. The metal content  of ores  and concent ra tes  i s  used, a s  determined by 
c o n t r o l  assays  t h a t  s e rve  as a b a s i s  of s e t t l emen t  between ore  sh ipper  and 
buyer. The c a l c u l a t e d  va lua t ion  i s  an a r b i t r a r y  f igu re .  The a c t u a l  p r i c e  
rece ived  by t h e  producer f o r  gold  and s i l v e r  i s  used, but  t h e  va lue  of base  
meta ls  is  ca l cu la t ed  from a s e t  p r i c e  schedule r a t h e r  than by the  a c t u a l  
market quotat ions:  

P r i c e  per  pound 
Metal: .......... Copper............ $0.14 

Lead.... .................... .07 
Zinc........ ................ .08 

Published camnodity t a r i f f s  u sua l ly  conta in  s p e c i f i c  f r e i g h t  r a t e s  on mine 
products car ry ing  va lua t ions  up t o  $100 per  ton  and occas ional ly  h igher .  
For higher  va lua t ions ,  a percentage formula i s  used whereby increases  i n  r a t e s  
a r e  ca l cu la t ed  by adding a percentage of  t h e  r a t e  on $100 ore .  A s  an example, 
a method of c a l c u l a t i o n  used by the  Denver & Rio Grande Western Rai l road  i s  
quoted. 

Basis f o r  a r r i v i n g  a t  r a t e s  on ore  and concent ra tes  or  o ther  
commodities when va lue  exceeds $100.00 pe r  ton: 

On Ore and Concentrates ,  or  o the r  commodities, when value i s  
i n  excess of $100.00 per  ton ,  except  where s p e c i f i c  r a t e s  a r e  
provided, apply the  following percentages of r a t e  applying on Ore 
and Concentrates ,  o r  o the r  commodities, of  $100.00 per  ton i n  value:  

Value over $100.00, but  not  over $125.00 per  ton ,  109 percent  
Value over $125.00, but  not  over $150.00 per  ton ,  118 percent  
Value over $150.00, but  n o t  over $175.00 per  ton,  127 percent  
Value over $175.00, bu t  n o t  over $200.00 per  ton ,  135 percent  
Value over $200.00, but  n o t  over $225.00 pe r  ton ,  144 percent  
Value over $225.00, but  not  over $250.00 per  ton ,  153 percent  
Value over $250.00, bu t  not  over $275.00 per  ton ,  162 percent  
Value over $275.00, bu t  not  over $300.00 per  ton ,  170 percent  
Value over $300.00, but  not  over $350.00 per  ton ,  185 percent  
Value over $350.00, but  n o t  over $400.00 per  ton ,  200 percent  
Value over $400.00, but  n o t  over $450.00 pe r  ton,  215 percent  
Value over $450.00, but  n o t  over $500.00 pe r  ton ,  225 percent  

For Ore, va lue  i n  excess of $500.00, t h e  r a t e  w i l l  be made by 
adding t h e  following t o  the  r a t e  f o r  $500.00 va lua t ion:  



Value over $500.00 and under $1,000.00 per  ton of 2,000 pounds, 
add 2 percent  of  va lua t ion  above $500.00 per ton.  
Value $1,000.00 and under $1,500.00 per  ton of 2,000 pounds, 
add 3 percent  of  va lua t ion  above $500.00 per  ton. 
Value $1,500.00 and under $2,000.00 per  ton  of 2,000 pounds, 
add 4 percent  of va lua t ion  above $500.00 per  ton.  
Value $2,000.00 and over per  ton of 2,000 pounds, add 5 percent  
of va lua t ion  above $500.00 per  ton.  

Ore of g r e a t e r  va lue  than  $1,000 .OO pe r  t on  i s  n o t  proper ly  
sub jec t  t o  c a r r i a g e  by f r e i g h t  t r a i n ,  and i f  o f f e red ,  agent  
w i l l  r e f e r  sh ippers  t o  Express Company. I f  sh ippers  p r e f e r  
f r e i g h t  s e r v i c e  however, the  ore  may be accepted. 

Agents must n o t i f y  t h e  t r a f f i c  department by wire  a t  once when 
such shipments a r e  tendered,  i n  order  t h a t  necessary arrange- 
ments may be made t o  proper ly  care  f o r  same. 

Basis f o r  r a t e s  on l e s s  than ca r load  l o t s :  

I n  t h e  absence of s p e c i f i c  r a t e s ,  t h e  r a t e s  on l e s s  than 
car load  l o t s  w i l l  be 130 percent  of the  r a t e s  au thor ized  he re in  
as app l i cab le  t o  ca r load  l o t s  of t h e  same v a l u a t i o n  per ton.  

Lots less than car load  must i n  a l l  cases  be prepaid;  prepayment 
on b a s i s  of lowest va lua t ion  w i l l  be s u f f i c i e n t ,  bu t  i n  no case 
s h a l l  shipments be waybil led on va lua t ion  l e s s  than $100.00 per 
ton of 2,000 pounds, bu t  i n  cases  where r a t e s  a r e  not  provided 
fo r  Ore of $100.00 valuation,shipment t o  be forwarded a t  h ighes t  
va lua t ion  f o r  which r a t e s  a r e  provided. 

I n  computing charges under t h i s  i tem, f r a c t i o n s  w i l l  be disposed 
of i n  accordance wi th  t h e  provis ions  of Rule 36,  of Western 
C l a s s i f i c a t i o n .  

Several  ve r s ions  of  t hese  formulas a r e  used by d i f f e r e n t  western r a i l r o a d s .  
Very l i t t l e  r a w  o r e  worth as much a s  $100 per  ton i s  now mined i n  t h e  West. 
Concentrates may exceed t h i s  value.  

Carload and Less-Than-Carload Shipments 

Fre ight  t a r i f f s  covering car load  (CL) shipments spec i fy  a minimum tonnage 
which may be a set f i g u r e ;  t h e  r a t e d  capac i ty  of t h e  r a i l r o a d  c a r ,  or  a per- 
centage the reo f ;  o r  t h e  v i s i b l e  capaci ty  of  the  ca r .  The l a s t  l i m i t a t i o n  i s  
seldom ope ra t ive  f o r  ore  or  concent ra tes  because of t h e i r  high s p e c i f i c  gravi-  
t i e s .  I f  t h e  r a i l r o a d  fu rn i shes ,  f o r  i t s  own convenience, a c a r  having a 
marked capaci ty  g r e a t e r  than ordered by the  sh ippe r ,  t h e  minimum tonnage regu- 
l a t i o n  applying t o  t h e  ca r  ordered governs. 

Less-than-carload (LCL) shipments a r e  c o s t l y .  On bulk shipments, the  
minimum carload tonnage must be paid f o r  t o  g e t  the  carload r a t e s .  I f  c a r r i e d  



i n  cars  with other c m o d i t i e s  i n  mixed fre ight  service,  a shipment must be 
packed i n  containers (bags, bar re l s ,  or  boxes), and a much higher LCL ra te  i s  
charged. Formerly, LCL shipments of mine products of high value were made 
occasionally i n  less-than-carload lo t s  for  the greater securi ty  t h i s  service 
afforded. Express service was and is available for  the same class  of products. 

Because the volume of LCL r a i l  t r a f f i c  in  mine products i s  low, very 
few point-to-point LCL commodity ra tes  have been established. The methods 
of se t t ing  them up d i f f e r :  Some rai l roads add a percentage of the carload 
r a t e  t o  a r r ive  a t  an LCL r a t e ;  i n  other cases, LCL r a t e s  a r e  derived from 
distance-class tables ,  using specified percentages of the r a t e s  i n  the tables.  
I f  the t o t a l  f re ight  on a shipment computed a t  the LCL r a t e  exceeds the cost  
computed for  a minimum carload a t  the carload r a t e ,  the  l a t t e r  cqst governs. 
Thus, i f  the weight of a shipment approaches a minimum carload, the t o t a l  
f re ight  computed for the minimum carload tonnage i s  l ike ly  t o  be less  than 
for the actual  tonnage computed a t  the LCL r a t e .  Because truck transporta- 
t ion i s  normally available,  a r a i l  shipment of ore a t  an LCL r a t e  would be 
unusual. For t h i s  reason, LCL r a t e s  a r e  omitted from appendix M. 

Railroad t a r i f f s  make provision for  shipment for several  bulk LCL lo t s  
i n  one car.  A bulkhead or other divider between l o t s  may be necessary. Under 
such an arrangement, the f re igh t  on each l o t  i s  b i l l ed  a t  the applicable car- 
load r a t e ,  but the minimum carload tonnage specified for  the c m o d i t y  must be 
paid for even though the combined weight of the several  l o t s  i s  l ess .  Such 
r a i l  shipments usually incur extra  handling and switching charges and a re  
avoided, i f  possible. 

Relation of Truck Freight Rates 
t o  Distance and Other Factors 

Ton-mile f re ight  ra tes  for  truck haulage vary inversely with the length 
of haul as  do r a i l  ra tes .  Also, as  i n  r a i l  transportation,  factors other than 
length of haul enter i n to  trucking costs: Volume of t r a f f i c ,  type of t e r r a in ,  
condition of roads, loading and unloading f a c i l i t i e s ,  and distances from the 
car r ie rs '  bases of operations t o  loading or unloading points. Most of the 
cost of trucking ore over short  distances consist  of the cost  of loading, 
unloading, and possibly deadhead t ravel  from the c a r r i e r s '  bases of operations. 
Truck t a r i f f s  usually s t a t e  t ha t  the r a t e s  quoted cover loading ore from bins 
by gravity or by the shipper 's  equipment, unloading 'at  destination by dumping 
or mechanical devices, and a def in i te ly  limited amount of deadhead t rave l  
(not over 15 miles for  a contract ca r r i e r  operating i n  Arizona). An extra 
charge i s  made for  use of addit ional labor or equipment or for loading and 
unloading delays beyond the control of the car r ie r .  

In a few instances, mine operators have found i t  advantageous t o  haul 
ore in  t he i r  own trucks, but, i n  general, the required investment i s  not 
jus t i f ied  unless reasonably f u l l  use of the trucking equipment can be made. 
Normally, i n  the case of small operations, it i s  cheaper t o  contract hauling 
t o  established car r ie rs .  



Few point- to-point  commodity r a t e s  applying t o  t h e  t ruck  movement of ore  
and concent ra tes  have been e s t ab l i shed .  This  condi t ion  i s  p a r t i c u l a r l y  t r u e  
f o r  base-metal shipments because t h e  volume of t r a f f i c  i s  low. Truck r a t e s  on 
ores  a r e  c m o n l y  the  sub jec t  of nego t i a t ion  between sh ipper  and c a r r i e r .  A 
distance-commodity t a b l e  can be used, a t  l e a s t  temporari ly,  i f  it app l i e s  t o  
t h e  type of haul ing  operat ion under cons idera t ion .  Distance-class  t a b l e s  have 
been s e t  up i n  some S t a t e s  t o  cover cases where no s p e c i f i c  r a t e s  a r e  i n  
e f f e c t ,  and a  r a t e  t o  cover a  p a r t i c u l a r  commodity can be ca l cu la t ed  from them. 
However, such r a t e s  a r e  high,  p a r t i c u l a r l y  i n  t h e  low mileage range (example 4 ,  
appendix O), and a c o n t r a c t  would undoubtedly be nego t i a t ed  i f  poss ib le .  

Many t rucking  f i rms i n  common-carrier s e r v i c e  a l s o  t r anspor t  ores  and 
concent ra tes ,  bu t  they normally opera te  a s  c o n t r a c t  c a r r i e r s  because s p e c i a l  
equipment, nd t  adaptable t o  gene ra l  f r e i g h t  s e r v i c e ,  is employed. 

Short  Truck Hauls 

Short hauls  of ore  and concent ra tes  a r e  almost i nva r i ab ly  made by l o c a l  
t rucke r s  on c o n t r a c t .  Distance-camnodity t a b l e s  i s sued  by some t ruck  opera- 
t o r s  presumably cover t h e  s h o r t  d i s t ance  range, but  an examination of examples 
of  such r a t e s  i n  appendix 0 w i l l  r evea l  t h a t  f r e i g h t  c o s t s  based on such 
t a b l e s  a r e  n o t  r e a l i s t i c  i n  t h e  d i s t ance  range under 15 miles .  Some schedules 
r e s u l t  i n  an impossibly low c o s t  f o r  s h o r t  h a u l s ,  and o the r s  i n  an equal ly  
impossible  high c o s t .  Inves t iga t ion  shows t h a t  l o c a l  condi t ions ,  f o r  which 
t h e s e  p a r t i c u l a r  rates were set up, do n o t  r e q u i r e  any s h o r t  hau l s .  There- 
f o r e ,  t h e  t a b l e s  a r e  inope ra t ive  i n  t h i s  range. Actua l ly ,  a  r e a l i s t i c  f r e i g h t  
r a t e  f o r  hauls  under 10 o r  15 miles  must be based more on volume of t r a f f i c ,  
loading and unloading f a c i l i t i e s ,  and o the r  f a c t o r s ,  r a t h e r  than on d i s t ance .  
Appendix P g ives  examples of s h o r t  hauls  t o  a  c e n t r a l l y  loca ted  Colorado gold  
m i l l ,  and one example i n  a  base-metal d i s t r i c t .  These unpublished r a t e s  
r ep resen t  negot ia ted  r a t e s  based on the  condi t ions  p reva i l ing  i n  each ins tance .  
For t h e  gold  mining d i s t r i c t ,  t h e  con t rac t  c a r r i e r  was a  subs id i a ry  of t h e  
company t h a t  operated the  m i l l  and most of  t h e  mines, and t h e  haul ing opera- 
t i o n  probably y ie lded  only a nominal p r o f i t .  A Bureau of Mines pub l i ca t ion  
(l3) on t h e  c o s t  of t rucking  and packing ore  i n  western gold  mining d i s t r i c t s  
i s  of h i s t o r i c a l  i n t e r e s t .  

Less-Than-Truckload Shipments 

Less-than-truckload (LTL) shipments of o r e  and concent ra tes  a r e  uncommon. 
Such shipments must be i n  con ta ine r s  f o r  acceptance i n  general  f r e i g h t  s e rv ice .  
LTL r a t e s  can be der ived  £ran a d i s t ance -c l a s s  t a b l e  bu t  r e s u l t  i n  a  prohib- 
i t i v e  cos t  (example 4 ,  appendix 0). LTL s e r v i c e  might be used f o r  t r i a l  sh ip-  
ments t o  prospect ive  buyers f o r  a p p r a i s a l  o r  t e s t i n g ,  bu t  not  f o r  t r anspor t ing  
o r e  on a continuing bas i s .  

E f f e c t  of  Ore Valuat ion on Truck F re igh t  Rates 

Truck f r e i g h t  t a r i f f s  normally make no mention of t h e  value of ore .  Eow- 
e v e r ,  t h e  probable va lue  is no doubt considered when a f r e i g h t  r a t e  f o r  a  
p a r t i c u l a r  haul  i s  s e t .  Sane r a t e s  inc rease  f o r  va lua t ions  over $50 o r  over 



$100, but  t hese  a r e  uncommon. Two examples have been l i s t e d  i n  appendix 0: 
The t ruckload and less - than- t ruckload  r a t e s  i n  example 4 apply t o  o r e  having a 
va lue  up t o  $100 pe r  ton;  ore  of  higher  va lua t ion  i s  sub jec t  t o  h igher  r a t e s .  
I n  example 8, t h e  t a r i f f  provides f o r  a 5-percent i nc rease  i n  f r e i g h t  r a t e  f o r  
each $10 inc rease  i n  ore  va lua t ion  above t h e  $50 per  ton. 

Garernmental Regulation of Ore Hauling by Truck 

Fre ight  r a t e s  f o r  i n t r a s t a t e  ore- trucking opera t ions  i n  the  Western 
S t a t e s  a r e  sub jec t  t o  a minimum of r egu la t ion .  Regulations i n  t h e  d i f f e r e n t  
S t a t e s  d i f f e r  i n  d e t a i l  b u t ,  i n  gene ra l ,  a r e  concerned c h i e f l y  wi th  assignment 
of f ranchises  covering rou te s  and t e r r i t o r i e s .  Contract  c a r r i e r s  a r e  n o t  
r equ i red  t o  f i l e  r a t e s  i n  most S t a t e s ,  and t h e  few published r a t e s  a r e  i ssued  
by c a r r i e r s '  cooperat ive t a r i f f  bureaus. A t  l e a s t  two S t a t e s  have a r equ i re -  
ment t h a t  a con t rac t  r a t e  o f f e red  by a c a r r i e r  must not  be l e s s  than an 
approved commodity r a t e  i s sued  by a common c a r r i e r ,  bu t  no l i m i t  i s  s e t  on the  
maximum charge. One S t a t e  i s s u e s  a distance-commodity r a t e  t a b l e  which repre-  
s e n t s  t h e  minimum r a t e s  t rucke r s  may charge (example 8 ,  appendix 0). The 
r a t e s  i n  t h i s  t a b l e  a r e  below a c t u a l  r a t e s  c u r r e n t l y  i n  e f f e c t .  

Comparison of  Rai l road  and Truck Fre ight  Costs  

By r e fe rence  t o  f r e i g h t  r a t e  t a b l e s ,  a comparison can be made of t h e  
t ruck  and r a i l r o a d  f r e i g h t  r a t e s  applying t o  c e r t a i n  ore-hauling routes .  I n  
nea r ly  every case ,  t h e  c o s t  of an a l l - r a i l  haul  on any o r e  o r  concent ra te  i n  
car load  q u a n t i t i e s  over a given r o u t e  is l e s s  than f o r  an a l l - t r u c k  hau l ,  
t h e  advantage of r a i l  shipments over t r u c k  shipments increas ing  wi th  t h e  
d i s t ance ,  bu t  decreasing with inc rease  i n  o r e  va lua t ion .  Two exceptions 
appear t o  be shipments from P l a c e r v i l l e  and Colfax,  C a l i f . ,  t o  t h e  Selby, 
C a l i f .  sme l t e r ,  d i s t ances  of 105 and 113 m i l e s ,  r e spec t ive ly  (appendix M and 
appendix N ) .  . I n  both cases t h e  t ruck  r a t e  is less than t h e  r a i l  r a t e .  LCL 
r a t e s  f o r  a given haul  a r e  always h igher  than t ruck  r a t e s  i n  t ruckload  l o t s .  
Truckload q u a n t i t i e s  range from 5 t o  20 tons  and occas ional ly  more, depending 
on road condi t ions ,  length  of hau l ,  a v a i l a b l e  equipment, and sh ippe r s '  
requirements. 

The high f r e i g h t  r a t e s  applying t o  less - than-car load  and less - than-  
t ruckload l o t s  show conclus ive ly  t h a t  shipment of l e s s  than minimum car load  
o r  t ruckload q u a n t i t i e s  i s  uneconomical f o r  most base-metal ores .  For high- 
grade ores  or  concent ra tes ,  such shipments may be  economically f e a s i b l e  but  
a r e  probably avoided i f  t h e r e  i s  a p o s s i b i l i t y  of  accumulating a car load  or  
truckload. 

Figure 8 shows ton-mile r a i l  shipping c o s t s  f o r  ore  products  i n  car load  
l o t s  based on point- to-point  commodity r a t e s  published by four  western r a i l -  
roads. The da ta ,  p l o t t e d  according t o  length  of h a u l ,  cover a d i s t ance  range 
up t o  250 miles .  A value of $50 per  ton i s  assumed f o r  a l l  shipments. An 
average curve has been cons t ruc ted  t o  show t h e  r e l a t i o n  between ton-mile c o s t  
and d is tance .  An extens ion  of t h i s  curve i n t o  a d i s t ance  range over 250 miles  
would show t h a t  t h e  ton-mile c o s t  cont inues t o  l e v e l  o f f ,  approaching a lower 
l i m i t  of about 1.5 cen t s  per  ton-mile. The d i f f e r e n t  ton-mile c o s t s  r epor t ed  



FIGURE 8. - Freight Rates for Ores and Concentrates on Four Western Railroads. 

f o r  the  same d i s t ances  a r e  caused by t h e  operat ion of such f a c t o r s  a s  type of 
t e r r a i n  t r ave r sed  by t h e  r a i l  rou te s ,  branchl ine  o r  mainl ine ope ra t ion ,  
volume of t r a f f i c ,  and competition. 

Figure 9 i s  a graphic  canparison of  r a i l  and t ruck  ton-mile cos t s  based 
on the r a i l r o a d  r a t e  da t a  used i n  f i g u r e  8 and truck-distance-commodity r a t e s  
i n  examples 2 and 3 of appendix 0. This  graph shows c l e a r l y  t h e  r i s e  i n  both 
t ruck  and r a i l  ton-mile r a t e s  wi th  decreasing d i s t ance  and t h e  r ap id ly  increas- 
ing  r a t e  of r i s e  below 25 mi les .  Although t h e  curves a r e  extended i n t o  t h e  
d is tance  range under 10 mi l e s ,  based on a few r a i l r o a d  r a t e s  and truck- 
distance-commodity t a b l e s ,  t h e  va lues  a r e  misleading f o r  e s t ima tes  because 
t h i s  d i s t ance  range gene ra l ly  i s  i n  t h e  f i e l d  of l o c a l  t r u c k  haul ing where 
r a t e s  a r e  governed by l o c a l  condi t ions  and s e t  by c o n t r a c t  r a t h e r  than by 
published . t a r i f f s .  

When a l l - r a i l  f a c i l i t i e s  a r e  not  a v a i l a b l e ,  a sh ippe r  may have a choice 
between a l l - t r u c k  haulage and combined t r u c k - r a i l  haulage, assuming good 
highway condi t ions .  Under normal cond i t ions ,  t r u c k - r a i l  haulage f o r  d is tances  
over 50 mi les  tends t o  be cheaper than t rucking  a lone ,  unless  t h e  necessary 



FIGURE 9. - Comparison of Railroad and Truck Freight Rates. 

truck portion of the haul approaches or exceeds the possible rail portion. 
For total distances under 50 miles, straight truck haulage normally is cheaper. 
Each case must be considered individually in the light of all the factors 
involved. Some of these factors may be: The cost of transferring ore from 
trucks to railroad cars; additional charges, if any, for unloading trucks at 
destination; disparities in total hauling distances due to differences in the 
routes followed by railroads and highways; and limitations on size of trucking 
equipment because of the road or other conditions. 

Freight costs applying to shipments of a mine product to different markets 
may have a wide range. The distance, and consequently the shipping cost, to 
one market may be lower than to any other; when the differences are large, the 
market requiring the shortest haul is more likely to bring the highest return 
to the shipper. Possible exceptions are cases where treatmnt rates at a more 
distant plant are favorable enough to compensate for the greater shipping cost. 

Obviously a shipper's choice of transportation routes is limited to the 
means available. After a survey of possible routes, an estimate of the prob- 
able cost of delivering ore or concentrates to market can be made, based on 



d i s t ance ,  comparison of t r u c k  and r a i l  r o u t e s ,  readiness  of s u i t a b l e  t rucking  
f i rms  t o  se rve ,  and perhaps o t h e r  f a c t o r s .  I f  t h e  prospect ive  haul i s  i n  an 
a c t i v e  mining d i s t r i c t ,  f r e i g h t  r a t e s  can be a sce r t a ined  quickly from t r u c k  
opera tors  o r  r a i l r o a d s .  I f  a new haul ing  opera t ion ,  perhaps remote from t h e  
t e r r i t o r y  served by a c t i v e  c a r r i e r s ,  i s  proposed, a prel iminary c o s t  es t imate  
can be made, f o r  which da ta  included i n  t h i s  c i r c u l a r  may be  h e l p f u l .  C a r r i e r s  
who w i l l  undertake the haul ing opera t ion  must then be found, and t h e  f r e i g h t  
rates quoted by them w i l l ,  of course,  govern. Such r a t e s  may n o t  n e c e s s a r i l y  
ag ree  with previous ly  est imated r a t e s  but  ought t o  be i n  t h e  same gene ra l  
range. A r a t e  f o r  a new haul quoted by a c a r r i e r  may be experimental and w i l l  
probably be  s u b j e c t  t o  r ev i s ion ,  i f  l a t e r  experience and volume of t r a f f i c  
r e q u i r e  a change. 

Transpor ta t ion  Pa t t e rns  i n  the  East 

Few small  base-metal mines a r e  i n  opera t ion  e a s t  of  the  Rocky Mountains, 
and an inc rease  i n  t h i s  type of operat ion i s  not  a n t i c i p a t e d .  Consequently, 
t h e  problems of haul ing ore  from such opera t ions  a re-minor ,  and d e t a i l e d  
a n a l y s i s  of t r anspor t a t ion  p a t t e r n s  i n  these  S t a t e s ,  a s  a f f e c t i n g  small  mines, 
i s  n o t  warranted. 

Most of t h e  product ion of base  meta ls  i n  t h e  Midwestern and Eas tern  
S t a t e s  i s  i n  the  hands of  l a rge  opera tors .  An exception i s  i n  t h e  Tr i -S ta t e  
D . i s t r i c t  of Missouri,  Kansas, and Oklahoma, where smal l  lead-zinc mines a r e  
c m o n .  However, few of these  remain i n  operat ion,and i n  any case t ranspor ta-  
t i o n  of ore  c o n s t i t u t e s  no problem because ore  i s  t r a d i t i o n a l l y  s o l d  f .0 .b.  
t h e  mines. The buyer furn ishes  t ruck  t r anspor t a t ion  t o  c e n t r a l l y  loca ted  
concent ra t ing  p l a n t s .  

I n  genera l ,  t h e  f a c t o r s  a f f e c t i n g  the  t r a n s p o r t a t i o n  of ores  i n  t h e  
Western S t a t e s  a r e  a l s o  ope ra t ive  i n  t h e  S t a t e s  e a s t  of t h e  Rocky Mountains. 
The ton-mile r a t e s  should, however, be lower. Few point- to-point  r a i l  o r  
t r u c k  f r e i g h t  t a r i f f s  have been e s t a b l i s h e d  by common c a r r i e r s  t o  cover move- 
ment of base-metal ores  over e a s t e r n  routes  t h a t  might .be used f o r  shipping 
t h e  product of small  mines t o  markets.  Most r a t e s  quoted by ccmnnon c a r r i e r s  
would probably be  derived from d i s t ance -c l a s s  schedules  o r  s e t  by nego t i a t ion ,  
s u b j e c t  t o  l a t e r  rev is ion .  
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APPENDIX A. - n P I u L  OPEN PURCHASE S C H B D I ~ E S  AT SELECTED COPPER AND LBAD SMELTERS, 
ZINC PIANTS, AND CONCENTRATING MILLS IN THE WEST' 

Schedul 

- 
1 

7 

-3 

- 
4 

- 
5 

- 
s e e  foc 

marketing andlor r e f i n i n g  charges  
I I I I for r e f i n i w  meta l  

copper Copper ore copper 0 .5  pay f o r  95 p e r c e n t  o f  asaay  contenta 
rev at market l e s s  3.50 ~ e r  ~ o m d  

Cold 0 .03  ouncelton 

S i l v e r  0.5 ounceifrm 

( s u b j e c t  co a d iducr ion  of 
8 pounds p e r  ton). 

pay f o r  100 p e r c e n t  o f  a s s a y  content 
a t  $32.3185 p e r  ounce. 

pay f o r  95  p e r c e n t  o f  a s s a y  content 
a t  market or min t  p r i c e  l e s s  1 . 5 ~  
~ e r  ounce (minimum deduct ion  of 

Copper 
coocen- and pay fo r  100 p e r c e n t  of remein- 
rrates d e r  a t  marks 1e.a 3.5C p e r  pound. 

ar $32.3185 p e r  ounce. 

a t  marker o r  min t  p r i c e  l e s s  1.5C 
~ . e r  ounce (minimun deduct ion  of 

do. 
s i l v e r  ore a n d  pay f o r  100 p e r c e n t  of remain- 
or concen- der  ar marker l e s s  3 . 5 ~  p e r  pound. 

wich minor c o n t e n t  at mint  p r i c e .  

at market o r  m i n t  p r i c e  l e s s  1.5C 
per ounce (minimum deduct ion  of 

I 
do. ~ r y  gold- Gold 0.03 ouneei~on pay for 100 percenc  of assay  contenl 

~ i l v e r  ore a t  $32.3185 ~ e r  ounce. 

p e r  ounce (minimum deduction of 
0.5 ounce per ton). 

copper copper  ore Copper 0 . 8  p e r c e n t  pay f o r  90 p e r c e n t  of aeaay content 
~ ~ e l t e r  and concen- (deduction t o  be not l e s s  than 

B Llafes 10 pounds or more t h a n  2 0  pounds 
(krirone) per ton) ar market l e e s  4 . 0 ~  p e r  

pound. 
Gold 0 .03  ouneeiton Pay for 100 p e r c e n t  of a s s a y  content 

at $32.20 (92 p e r c e n t  o f  U.S. 
Treasury  p r i c e  o f  $35.00). 

s i l v e r  1.0 I Pay f o r  95 p e r c e n t  of a s s a y  contenr  
BC market or mint  m i c a .  

ies a t  end of  f a b l e .  

Treatment 

per ton 

m e t a l  payments 

maximum of $7.50. 

m e t a l  payment. i n  
excess of  $15.00 
up t o  a meninum 
of  $7.50 t o t a l  

metdl  payment8 i n  
excess of $15.00 
up t o  $40.00 and 
an a d d i t i o n a l  5 
p e r c e n t  o f  pay- 
"tents i n  excess 
of $40.00 

wges 
: r e d i t  f o r  o t h e r  m i n e r a l  content 
Debit f o r  undesirable conrent  above 
the maximum s l l a r e d  free o r  c r e d i t  
for d e s i r a b l e  conrenr for which 

premium is p a i d  

r b i r  f o r  content above 5 p e r c e n t  et 
$0.30 p e l  unie.' 
o t  a c c e p t a b l e .  
% b i t  for content above 10  percenr  
of sio, conrenr a t  $0.25 p e r  u n i t .  

e b i r  f o r  conrenr above 1 0  p e r c e n t  
o f  s i a  content at $0.25 oer u n i t .  
e b i t  €;.or eonrent above 5 bereant at 
$0.30 p e r  u n i t .  
a t  e e c e p t a b l e .  

e b i r  f o r  content above 7 p e r c e n t  et 
$0.30 p e r  u n i t .  
e b i r  for cmfent  a b w e  1 percent a t  
$1.50 p e r  u n i r .  

DO. 
e b i t  f o r  a l l  at $0.50 p e r  pound. 

e b i ~  f o r  t h e  d i f f e r e n c e  i n  pounds 
between t h e  a c t u a l  eonreor  and 8 
~ o u n d s  per t o n  e m p u t e d  at the t e r n s  
ippiicai~e f o r  c o p i e r  payment. 
( schedule  nor a p p l i c a b l e  i f  copper 
conrenr exceeds 8 pounds per ton). 
r e d i t  $0.05 oer u n i r  of s i a  i n  



schedule P l a n t  rypr 

copper 
s m e l t e r  

(Arizona) T 

Nina 
products  
e w e r e d  

i1 ieeous  
gold-si1ve 
ore (mini- 
mm s i l i c a  
content 70 
percent )  

opper ore 

w e r ,  
P l d .  
.and/or 
s i l v e r  
ore 

- 
sad  ore  
or con- 
ce"tr8fea 
( z i n c  
EonLent 
recovered 
but "OL 
p i d  fox) 

p a i d  f o r  

Opper 1.0 percent  

i l v e r  1 . 0  ouncelron 

>pper 0.5 percent 

, 

l l v e r  1.0 ounce/ron 

:ad 3.0 

lpper 1.3 percent  

n a l e r i P 1  created, l e a s  any deduc- 
t i o n s .  computed e~ a p p l i c a b l e  charge 

ar $32.20 p e r  ounce. 
PBY for 95 rrercent oE aessv conrenr 

ac marker or mint  p r i c e .  
'ay f o r  90 persenr  of a s s a y  content  
(deduction r o b s  nor l e s s  than  10 
pounds or  more rhan 20 pounds p e r  
ton)  a t  market less 4.00 per  pound. 

I 
'ay f o r  90 p e r c e n t  of asaay  conrenr 6.00 
(deduction ro be no t  l e a s  than  10 
pounds or more t h a ~  30 pounda per  
ton)  a t  market l e a s  3.50 per  pound. 

'ay f o r  100 p e r c e n t  of assay value  
a t  $32.20 Der ounce. 

'ay f o r  95 percent of assay content 
at marker or mint p r i c e .  

'ay f o r  96 p e r c e n t  of aaaay content  
(n in imm deduction 10 pounds per  
ton) at  market l o s s  3.50 p e r  pound. 

*duet 0 .01  ounce per  ton f r m  a s s a y  
contsnt and pay for 100 percent  of 
rernsinder at $31,81825 per  ounce. 

k y  f o r  95 percenc of a s s a y  content 
aL narhl or mint  p r i c e  l e e s  6 . 0 ~  
p a r  ounce (minimum deduction of 
1.0 ounce p e r  LO"). 
10 peyruent. I 
leduCf 1 .5  percent  f r m  aaaay 7.50 
conrenr and pay for 90 percent  of (30 per 
the remainder a t  market l e a s  2 . 0 ~  cent pb 
per  pound. content: 
ledust 1.3 percent  from a s s a y  
content and pay f o r  100 p e r c e n t  
of che remainder at market l e s e  
9.00 p e r  pound. 
'ay on the f o l l m i n g  percentage  o f  
m i n t  p r i c e :  0.03 ounce or wer 
and less than 5.00 ouncelton-- 
91.14 percent ;  5.00 rruncee or 
w e r  and l e s s  rhan 10.00 o u n c 4 t o n  
--92.57 p e r e s n r ;  10.00 ounces o r  
w e r  and l e s s  than 15.00 ouneee/ton 
-93.28 p e r c e n t ;  15.00 ounces per  
eon or over--94.00 percent .  

u r g e s  or c r e d i r  
added to or  aub- 
f m c f e d  frm the  

base charge 
per  eon 

,dd 10 percent of 
meta l  payments 
i n  excess of  
$15.00 up To 
$40.00 and  an 
a d d i t i o n a l  5 
percent  of pay- 
ments i n  excess 
of  $40.00 

.dd 10 percent  of 
meta l  payments 
i n  excess of 
$15.00 up ro 
$30.00 and an 
a d d i t i o n a l  5 
percent  of  pay- 
ments i n  excess 
of $30.00 up CO 
e maxim, of 
$20.00 t o t a l  

i n  excess o f  
$15.00. 

. . 
per  u n i t  Of Pb 
under 30 percent  
eonrent. ~ e d u c t  
100 per  ton p e r  
u n i t  of Pb aver 
3 0  parcent. 

t h e  maximum e l l w e d  f r e e  or f r e d i r  
for d e e i r n b l e  content for which 

p r e m i m  i s  pa id  

> ? b i t  f o r  the d i f f e r e n c e  i n  pounds 
between a c t u a l  content and 8 ~ w n d s  
p e r  con computed a t  t h e  rema 
a p p l i ~ a b l e  f o r  copper payment. 
(NO= a p p l i c a b l e  i f  copper eonrant 
exceed. 8 oounds oer ton) .  

: r e d i t  $0.05 u& o f  bi4 i n  
excess o f  a conrent equal  t o  the  
sum of 10 rives A L O ~  chtent p l v s  
Pe content plus  c a o  sontsnr. 

) e b i r  f o r  content of  a b w e  10 
percent  at $0.25 p e r  u n i t .  

: r e d i t  f o r  CaO c o n t e n t  a b w e  10 
percenr  at $0.04 per  u n i t  up t o  a 
maxim, of 25 u n i t e ,  i f  s i4  
c o n t e n t  i s  l e s s  than 40 percent  
and Al2OS content i a  l e s s  than 
10 percent .  

m b i c  $0.12 per  percsnr  per  ton. 
: r e d i t  $0.025 per  percent per  ton 
i n  sxcess of ~ 1 . 0 ~  conrent. 

k b i t  for  content a b w o  10 percent  
at $0.30 per u n i t .  
Ieb i t  f o r  content above 1 percenr  
e t  $0.50 p e r  u n i t .  
l e b i t  f o r  a l l  at $0.50 par  pound. 



- 
do. 

- 
Lead 

smelLeT 
B 

with z i n c  
recovery 
p lan t )  

- 
Buying 
s t a t i o n  

C 
f o r  lead  
s n a 1 i s r  

- 
Lead 

s m e l t e r  
D 

with lead-  
r i n c  con- 
centrator 
snd r i n c  
recovery 
p l a n t )  

- 
ce8 BL en< 

io1.3-sliver 
oras or 
concen- 
crates 

e n d  ore 
or con- 
centrates 
( z i n c  
conrent 
recovered 
bnt  not 
p a i d  f o r )  

.em-than- 
c a r l o a d  
I.?* of 
load  con- 
canfratas 

Lad-z inc  
01e or 
C0"ee"- 
r r a t e e  
w i t h  
recDVez- 
a b l e  r i n c  

i i l v e r  

- 
~ e a d  

:opper 
:old 
s i l v e r  
- 
:sad 

:opper 

:old 

s i l v e r  

Lead 

:opper 

%Id 

s i l v e r  

Lead 

zopper 

z i n c  

Gold 

S i l v e r  

0 ounceiron 

,O percent  

0 percent  

.75 percent  

.02 ouncelron 

.O percent  

.75 p e r c e n t  

.O percenr 

bay fo r  95 percent  of a s s a y  content  
at mrket or mint p r i c e  less 1.00 
per ounee. 

?amant aaole &a i n  preceding  l e a d  
ore schedule  9 .  

do. 
do. 
do. 

>ay f o r  W peroenc of dry  assay 
(vet a s s a y  l e e s  1.5 p e r c e n t )  a t  
market l e a s  2.650 per pound.' 

?ay Lor 80 p e r c e n t  of a s s a y  conrenr 
(minimum deduct inn  1 5  pounda per  
ton) ac marker l eaa  9.50 per  pound 

'a" f o r  100 Dercenr of the eoncent 
& t h e  f o l i w i n g  rare based  on a 
mint  p r i c e  of $$34.9125 per  ounce: 
0.02 ounce oq over and up t o  5.00 
ounce. p e r  can--$31.8183; wer 
500 ovnees and up r o  10.00 ounces 
par  fon--$32.3183; over 10.00 
ounces p e r  ton--$32.8183. 

pay f o r  95 percent  of a s s a y  content 
(",inim"m daducrion 0.5 ovnce per  
LO") a t  narks= o r  mine m i c e .  

%duct; f r m  the v e t  a s s n y  1.5 
percent  and pay f o r  90 percent 
o f  the r e m i n d e r  a t  t h e  marker 
l e e s  2 . 4 ~  per  pound. 

Ueducl f r m  the wee assay 1.0 
percent  and  pay for 95 p e r c e n t  
of the r e m i n d e r  at marker l e s s  
9 . 0 ~  p e r  pound 

Pay for a l l  a t  91.14 percenr  of 
mint  p r i c e  ($35.00 l e s s  0.25 
p e r c e k )  when a a s a y  c o n t e n t  ie 
over 0.03 ounce or war and l e s e  
than 1.0 ounce per  ton. Pay fo r  
a l l  at  92.57 percent  of t h e  mint 
p r i c e  when a s s a y  c o n t e n t  i s  1 . 0  
ounce per tan or aver. 

Pay for 95 percenr  of t h e  aasey  
content (minimum deduct ion  1.0 
ounce per  ton) sr t h e  marker or 
mint   rise l e a s  1 . 5 ~  p e r  ounce. 

Oedvcr 1.5 p e r c e n t  f r m  a a s a y  
conrenr and pay for 9 0  percenr  
of r m a i n d e r  at market l e s s  
2 . 4 ~  per  pound. 

Deduct 0.75 percenr  f r a n  a s s a y  
SO"LB"T y l d  pay for 100 percent 
of the r e m i n d e r  a t  m s r b t  less 
6.79 per  pound. 

pay f o r  75 percent  of the assny  
sonfent a t  30 percenr  o f  the 
mark*?. 

Pay for 91  percenr  of the a s s a y  
conrsnt at t h e  mint  p r i c e .  

Pay f o r  95 percenr  of the a s s a y  
content (rni"irn"m deduct ion  0.5 
ounca per  t o n )  a t  t h e  market 
01. mint  p r i c e .  

- 
0.00 

1 .00  
0 p e r  
"f Fb 
,"tent 

'Y 
s a y )  

- 
5.00  
15 per  
,nt Pb 
lnrent 

LZ.00 

i d  10 p e r c e n t  of 
n e r d  mnoenrs . . 
wer $20.00 p a r  
Lon up rrr * "!Ax- 
Lmw of $17.50 
,er ton. 
3d 109 p e r  t o n  
,e. ""if of Fb 
m d e r  30 percenr 
:ontent. Deduct 
IOC per  ton par  
u n i t  o f  Pb over 
10 ocrcent; 

dd LO base  charge 
loc per ton  f o r  
each ""it of lea.  
(by w e t  e s s e y )  
vndex 25 p e r c e n t .  
Pdd f r e i g h t  rrr 
m e l t e l :  a t  mini- 
"m. c a r l o a d  rare 
and $25.00 sam- 
p l i n g  charge. 

, Sb, S" 
. m b i n s d  

s r g e  s m e  es i n  preceding  l e a d  ore 
chedvle 9. 

DO. 

DO. 

b i t  f o r  content above 12 percent  
r $0.30 per  u n i t .  
b i t  f o r  a l l . ?  $2.25 par u n i t .  
biC f o r  content above 2 percenr  at 
0.25 per u n i r  (naximun charge  
2.25); 
b i t  €0. a11 el $0.10 per  u n i t .  
e d i t  f o r  a l l  a t  $0.05 per  u n i t  i f  
percent or more i s  c.nlained. 

! b i t  f o r  a l l  a t  $1.00 per  u n i r .  
!bit f o r  a l l  ar $0.75 per  u n i t .  



Plant  rypr 

- 
Laad 

8mslLer 
E 

r i c h  lead- 
zinc con- 
:entracor 
,"d z i n c  
'ecovery 
11-t) 

- 
z i n c  

s m e l t e r  

n i n e  n e r a l s  
produs ts  pa id  fa,  
covered 

smel t ing  
l e a d  ore, 
lead-z inc  
m i l l i n g  
ore, l e a d  
eoncen- 
trates, 
z i n c  con- 
centrates 

copper 

Gold 

S i l v e r  

z i n c  

Antimony 

.ad z i n c -  1 
lead eon- 

Minimum 
l e t e l  conre, 

p a i d  for 

. 5  percenr  

5 percent  

03 ouncelrc 

0 ou.ee/mn 

5 p e r c e n t  

0 percent  

0 percent  

1 1  p8ymenlsd 
Payments baaed on e s s a y  contenr of 
m a t e r i e l  c r e a t e d ,  l a s s  any deduc- 

c i o n s ,  c m p u t e d  a t  a p p l i e e b l e  
market o r  Goverment p r i c e s .  l ens  
marketing e n d l o r  ~ f i n i q  

f a r  r e f i n i n g  meta l  
Pay on t h e  following parsenrages 

of assay conrent  ac market l e a s  
1.5C per pound when l e a d  quofa- 
r i m  i a  159 per pound:. 2.5 
percent  or  aver and l e e s  rhan 
25 percenr--90 parcenr ,  25 
percenr  or over and l e a s  than 
50 percent-91 perrent, 50 
percent  or over--92 percent .  
For each 1.0C per  pound i n c r e a s e  
or decreane i n  t h e  l e a d  quofarion 
of 15.2 per  pound i n c r e a s e  o r  
decrease  rhe  marketing deduecion 
charge of 1.50 p e r  pound by 
0.0330 per  pound. 

Pay f o r  85 percent  o f  t h e  e s s a y  
content e l  6 0  percent  of the  
a p p l i c a b l e  copper q u o t a t i o n  
less 30 p e r c e n t  o f  the  a p p l i c a b l e  
lead  q u o t a t i o n ,  negar ive  v a l v e s  
apply ing .  

pay f o r  85 percenr  of t h e  assay  
c o n t e n t  a t  60 p e r c e n t  of t h e  
a p p l i c a b l e  copper quota t ion  l e s s  
30 percent  of t h e  a p p l i c a b l e  
l e a d  q u o t a t i o n ,  negat ive  v a l u e s  
apply ing .  

Pay f o r  100 percent  o f  t h s  content 
a t  t h e  fo l lowing rate: 0.03 
ounce or over and l e s s  rhan 3 .0  
ounces per  ron--$31.81825/mnce; 
3.0 ounces per  ton m d  over- 
$32.81825/rrunce. 

Pay f o r  95 percant  oE t h e  e s s a y  
antent at t h e  marker o r  m i n t  
p=ice  l e s s  than 1.5C per  ounce. 

Pay for 50 percenr of the assay 
content at 25 percent  o f  t h e  
a p p l i c a b l e  z i n c  quola t ion .  

pay for 70 percent  o f  t h e  eontent 
a t  50 percent  of t h e  a p p l i c a b l e  
antimony q u o t a t i o n  l e s s  t h e  
a p p l i c a b l e  lead  q u o t a t i o n ,  
nss.tiue vr1uas  app1vin.. 

I f  eontent i s  40 percenr  o r  more, 
pay f o r  8 5  percenr  of the  a s s a y  
content at market 1e.e 57.59 per  
100 pounds of z i n c  accounted f o r .  
If content i s  l e s s  than 40 per- 
cant, deduct 8 u n i t s  and pay f o r  
the runainder  a t  the s m  rate. 

Dedvct 4 p e r c e n t  f r a n  t h e  wee 
e s s a y  concent and pay for 80 

- 
Base 

chargl 
er Tor 

- 
$8.00 
50 pen 
eni ~t 
onten, 
r w e ,  

18.00 

harges o r  c r e d i t  
ridded t o  or sub- 
t racead  f r w  t h e  
base charge 

per  t o n  

id 1 0 ~  per  t o n  
1-r u n i t  of Pb 
inder 50 parcenr 
:onrent. ( m e a t  
m n t  charge  
:overs m i l l i n g  
:.st, i f  any) 

!d $1.00 for eact 
.OC i n c r e a s e  i n  
he SI. ~ o u i s  
i n c  quotecion 
wer  6.05 per  
ound. Add 
0.15 f o r  each 
.OC i n c r e a s e  i n  
our1y labor  rat< 

'barges 
r c r e d i t  f o r  o t h e r  minera l  

Debit  f o r  undeai teb le  content  a b w e  
t h e  maximum allowed free or c r e d i t  

f o r  d e s i r a b l e  conrcnt  f o r  which 

1 p r e n i m  i s  p a i d  

o e b i r  $0.40 per  u n i t  for Pe eonrent 
under 1.8 times t h e  Zn c o n t e n t .  

C r e d i t  $0.40 per u n i t  of Pe w e r  1.8 
! times the Zn content. 
Debit  under $0.08 Fe content .  per  u n i t  C r e d i t  f o r  s i  

u n i t  f o r  S i a  conrent w e r  re 
, concent. 
Debir $0.10 per  u n i t  f o r  c a o  sonrent 

under Fe conlenc. C r e d i t  $0.10 p e r  
u n i t  for c a o  eonrenr over ~e - ~ 

contenr. 
Debi t  for content  above 1 

$1.00 per  u n i t .  
Debit  for content e b w e  0 . 1  percent 

o f  the  w e t  l e a d  assay at $0.50 per 
pound. 

W b i f  f o r  eonfenr s b w e  16 percent  
at $0.10 per  unir. 

Debit  for conrenr above 70 p e r c e n t  
a t  $0.50 p e r  u n i r .  

Debit  f o r  content above 0 .5  percenr  
a t  $1.00 per u n i t .  

Debir for c o n t e n t  a b w e  1 . 0  
st $1.00 per  v n i r l  



- 
1ectro-  
l y r i c  
s i n s  
planr 

A. 

- 
l ec t ro -  
l y r i c  
&in= 
plant  

8 

-- 
; e l ec t ive  
flaLBLiOl 

m i l l  
A 

- 
L ~ S  BL en 

laad-zinc 
ores with 

minor 
copper,  
gold, 
andlor 
s i l v e r  

L)z con- 
centrates 
( lead 
3mten t  
ncseprable) 

1.0 percent Lead 

1.25 percent 

1.0 percent 
(sul f ides  
only) 

do. 

&ker l e s s  2 . 0 ~  per  pound. 
>ay fo r  65 persenr of assay content 
sz the marker l e s s  6.OC per pound 
of Cu accoun~sd  for .  
%y For 80 percenr of the assay 
conrent at 92.57 percent of the 
mint pr ice .  
'ay fo r  80 percent of the  aasay 
conrenr (minimum deduc r im 1.0 
ounce per ton) a t  lnarlret or 
mint pr ice .  

k d u c r  3.0 percenr f r m  assay 
crnrenr end pay for  80 percen? 
of r eminde r  ar market. 

Ieducr 3.0 percent from assay 
content and pay fo r  80 percenr 
of remainder at  market. 

pay for  80 percent of assey content 
ar $34.2425 oer ounce. 

pay fo r  80 percent of assay content 
at market ol; mint p r i ce .  

~ a y n e n t  on s l i d i n g  s c a l e  frrm 80 
t o  85 percent of marker fo r  aaaay 
content from 50 t o  55 percent and 

p a p e n t  fo r  assay content 
under 50 persenr a t  75 percent of 
market. 

oeducr 3 percent of assay content 
and pay f o r  remainder ar market 
l ea s  2.OC per  pound. 

Deduct 0.25 percent frrm aasay 
eonrenr and pay fo r  r e m i n d e r  ar 
market l e s s  50.00 per  pound. 

pay f o r  80 percent of s seay  content 
a t  $34.2425 per  ounce. 
Pau for 70 oercenr of t he  combined 
&ide lehd and copper conrenr a1 
the market quoration fo r  l ead  lea8 
3.1% per pound. 

pay fo r  60 percent of the su l f ide  
r i n c  content a t  40 percenr of the 
market. spec ia l  peynent: Por 
each percent r i n c  i n  excess of 15 
~ e r c e n r  add I percenr ro the  zinc 
percentage paid  fo r  up to a mani- 
mwn of 70 percent.  @or each per- 
cent of r i n c  i n  excess of 15 per- 
cent  add t o  the  payment for  such 
.era1 $0.0005 per  pound. but  i n  
no event s h a l l  the  add i t i ona l  
p q m n t  exceed $0.005 (5 m i l l s )  
per  pound. 

Fay for  50 percent of t h e  assay 
eonrenr at $22.4643 per ounce 
while  mint p r i ce  i s  $34.9125. 

Pay for  70 percenr of the  essay 
.,renr (minim- deduction 1.0 

per  ton) a t  marker or minC 
price. 

- 
.6.00 
&5 per 
m t  Z" 
lntenr 

d.00 

- 
4.00 

- 

ver $1.677/hour. 
dd $0.40 for  eacl 
.O increase  i n  
aLur.1 888 =Oat 
ver 7.00 per 
.C.P. 

d $2.50 Lor eact 
.OC increase  i n  
he zinc  quota- 
ion over 4 . 0 ~ .  
dd $0.05 per 
on per vn i r  of 
n under 45 
ercent. 

d $2.00 per  ran 
or each 1.OC 
"crease i n  the  
i n e  quotation 
b w e  10C per  
ound 

ducf ion made i n  
mpuring metal 
,symenra cover 
, I 1  smelting and 
'ef in ina  costs 
hat  ~ i i ~  be 
."curred i n  
iurrher proc- 
,ssiog of inill 
,roduets.  

e b i r  for  a11 at $0.30 per un i t .  
= b i t  $1.00 per ton fo r  each un i t  
of lead under 3 un i r s .  

lebit  fo r  conrenr above 2 percent a t  
$0.40 par uni t .  
k b i t  Lor content above 4 Dercent at ~-~ - 

$0.60 per uni t .  
)*bit  f o r  content above 0.5 percent 
ar $0.50 par un i t .  
,=bi t  Lor ebme  0.1 percent 
a t  $2.50 per unic. 
@ b i t  f o r  content above 0.1 percent 
a t  $1.00 per  uni t .  
lebir fo r  content above 0 .1  pereenr 
at $3.00 per un i t .  

b l y  s u l f i d e  Pb, C", and zn content 
i s  paid fo r ,  s o  cmfenc of these  
metal8 preeenr as oxides muat be 
deducted f r m  t o r e l  metal Content 
before  cmpvtar ion of metal 
products.  



Mine 
products 
c w e r e d  

anp1ex 
s u l f i d e  
leed-z inc  
orea with  
or without 
minor gold 
andlor  
iii1var 

I 

Metals 
paid fo 

- 
zinc 

Lead 

Gold 

s i l v e r  

- 
Ehaae O 

t e l  ~symenta'  I ~ r e a m e n t  cl 
I Payments based on assay content of 

Me 

Minimum 
oeral eontent 

paid f o ~  

ma te r i e l  c rea ted ,  l e s s  any deduc- 
t i ons ,  canpured a t  app l i cab l e  

market or  Owernment p r i c e s ,  l e s s  
marketinn andlor  r e f i n i n s  charaes 

f i r  r e f i n i n s  merai 
'ay f o r  70 percent of  the eu l f i de  
z inc  content (minimum deduction 
3 percent)  a t  the  marker l e s s  
5.3C per  pW"d "hen the z i n c  
p r i c e  is 1 0 . 0 ~  per pound. The 
deduction i s  incre88ed by 0.40 
f o r  each 1 . 0 ~  inc rea se  i n  the  
market; p r i c e  above 10.OC per  
pound, or decreased 0 . 4 ~  for  
each 1 . 0 ~  decrease i n  the pr i ce  
b e l w  10.OC per  pound. 

%y fo r  80 peroenc of  the  au l f i de  
l ead  content (minimum deduction 
1 percent)  a t  the  marker l e s s  
3 . b ~  per  bound. 

?ay for 70 per sen^ of t h e  amsay 
conrent (ninimum deducr im 0.02 
ounce m r  ton) ar rhe mine m i c e .  

'ay f o r  80 pe r i en l  of rha assay 
eonrenr (minimum dmducrion 0.5 I ounce pe; Con) a t  the  market o r  

:barges o r  crediLs 
addad t o  o r  sub- 
t r B ~ t i n P  f r m  the - 

base charge 
per L o n  

kduot ions  made in  
cmpuring meta l  
payments cover 
a l l  m e l t i n g  end 
r e f in ing  costs 
t h a t  w i l l  be 
incurred i n  
fu r the r  pro=- 
esa ing oE m i l l  
D ~ O ~ Y E L B .  

:reatmen= charge 
and p a ~ n f s  are 
based on labor  
c o s t  of  $19.56 
and $26.52 bul- 
l i o n  f r e igh t .  

narzes 
w 
0 

c r e d i t  fox other  minera l  content 
Debit for  undesirable eontent a b w e  
the maximum a l l n r e d  free or c r e d i t  

f o r  ~ e d i r a b l e  content f o r  which 
premim i s  paid 

m l y  au l f i de  ~ b ,  cu, and zn content 
i s  paid f o r ,  ao content of these  
merals present as oxides must be 
deducrsd £ran cola1  metal cmrenr 
before  smpurscion oe meta l  
paymenre. Debit f o r  content 
above 1.0 percent at $1.00 per  
un i t .  

1. sumliem.  markerin=. and 
I I L I n i ne  p r i c e .  I 

1p.r ca l cu l a t i on  purposes only; pur, L m  t o  c h m w  virhovr  motice i n  accordance A - . . . . -. 
r c f in ing  charges.  The examples given apply ro minimum shipnenC~ (uau=lly nt  l e a s t  10 rona) del ivered to the  buyers '  p lants  i n  r a i l  or truck sqvipmcnr t h a t  can be 
unloaded i n t o  receiving hoppers by ava i l ab l e  n ~ e h e n i c a l  f ae i l i t l em.  Extre charges are made for ma te r i a l  t h a t  does n o t  meat rha s tandard  conditions spec i f i ed  by the 
m e  buyer (aee the  seer ion of the  tear covering general spee i f i ca f ions  of  purebase pod aerriemaac).  

'~nymenrr fo r  nstalm are based on the  assay contenr of m i e r i e l  8-  received,  metal lossea  incurred i n  rreafment;, marketing and r e f in ing  costa,  and cuxrent market prices 
f o r  r s f l ned  merals (see eecf ion on baais  of  payments). The "SaaaY content" of en ore product i r  the  content with  r e spec t  t o  any metal or mineral conariruenr expressed 
as a grade and is determined f r m  a representar ive  sample by a n a l y t i c a l  means. Assay content of gold and s i l v e r  i a  expressed aa ounce par r-0 and of base metals  
o ther  minera l  const icuenrs ,  as s parcentage. The eonrent of gold, s i l v e r ,  l s ed ,  antimony, and t i n  can be deeermined by f i r s  assaying,  8 miniarure snc l r i ng  procesl 
c a r r i ed  on i n  rhs  labora tory  i n  a amall furnace. F i r e  a8sayina i s  no longer used f o r  the baae metals but renains  the ~ c a n d a r d  method fo r  gold and a i l u e r .  ~ a ~ a ~ i ~ g  
for  concent of base metals and other  minerals is n w  done by chemical a n a l y s i s ,  r e f e r r ad  ro ns u e f  assaying as c m r r a e r e d  wi th  f i r e  or dry assaying. For ore .ertlemenr 
pvrposes, 1.5 percent is evbtracred f ran  the  vet lead assay or  an ore ha fo re  caleulacicm of lead  payment. =h i s  1.5 percenr represent.  m e l t i n g  lo.sas. ~r one cine, 
l e ad  payment was made on the  bas ia  of s lead concent r n  f i r e  asaay which took i n t o  account m e l t i n g  lasses .  (he cvrrent s n e l r e r  schedule,  schedule 11, a t i l l  re laced 
lead conrent t o  f i r e  essay r e s u l t s ,  although t h i s  confent i s  a c tva l l y  empured by subtrac t ing 1.5 percent f r m  the  vet lead  assay. ~ x e n m s n r  achedulea a l so  a l l w  
for  smelting or processing losses  on orher merala by speci fy ing a deduction £ran the  assay conrent before  ca l cu l a t i an  of a e t a l  payments. 

'Ton: Tha u n i t  of veighr  used f o r  bulk mater ia l*  i n  the base-metal smelting indust ry  i e  tho sho r t  ton of 2,000 pounds avoirdupois.  This  un i r  should ooc be confused 
wi th  Lha long ton of 2,240 pounda used i n  the  s t e e l  induarry. 

'Chemicel ambola  
Cmpound of metal Chemical symbol Cmrround o r  mere1 Chemical symbol 
Cold & Tin Sn 
s i l v e r  Y '  ~ r o n  Fe 
copper cu  .' si1iu 
Lend Pb Alumina 

91% 

Zinc Zn Insoluble  ("Insol") 
A 1  4 

31% + &la% 
Antimony Sb Lima caO 
hraanic  As Hsgnesis 
Bismuth 

Hgo 
Bi Sulfur  S 

Cedmilun Cd 
'Percent: BPBB metal ore grades are o m o n l y  exprssaed as percentages.  
' b n c e :  The t roy  ounce i s  the  weight u n i t  used f o r  precious roetale. Cold and s i l v e r  ore  grades are expressed i n  ounces per fon.multiplied by the  t o t a l  weight of the  l o t  

i n  ton8 s i v e s  the  t o t a l  precloua metal content i n  ounces. Prefiaua metal mrket quotsf ions  i n  rhe ""iced Srarea are a l l  i n  terms of the  troy .unce. (he rOn 
conta ins  29,166 t r a y  ounces end 1 ~ o u n d  avoirdupois is equivalent  t o  14.583 t roy  ounces. 

'Unit: I o  the sne l t i ng  indvsrry t h e  r m d  "unit" means 20 pounds, vhieb i s  1 percent  of a shor t  eon of 2.000 pounds. Therefore,  1 u n i t  per  ton of any baee-metal or .ineral 
cons t i t uen t  is equal numerically t o  s I-percent content ,  and ore grades of I percent .  1 un i t  per  con, and 20 pounda per ton are equivalent .  A" ore grade 
e i t h e r  i n  percent or i n  u n i t s  Per ton of any c o n ~ r i t u e n r  mvlr ip l ied  by the  t o t a l  w i g h t  of en ore l o t  i n  tons g ives  Che t o t a l  eonrent i n  un i t s  of  t h a t  ermatitueot.  
Units mul t ip l ied  by 20 gives  t o t a l  content in  pounds. Smelter trsafrnenf schedules may l i e t  pena l t i e s  o r  premiums i n  terms e i t h e r  of  un i t s  or pounda of tha  ore con- 
a r i t u e n t  concerned. An exception i r  c i t e d  i n  echeduls 8 ,  i n  vhieh pena l t i e s  and premium are l i s t e d  es cent. per percent per  ton. 



Gold: 

S i l v e r :  

APPENDIX B. - CYANIDATION PIANT TREATMENT SCHEDULE APPLICABLE 
TO DRY GOLD-SILVER ORES 

Payments 

No payment f o r  gold when under 0.03 ounces per ton. When 
se t t lement  i s  0.03 ounces per  ton or  over, pay f o r  a l l  gold 
a t  $35 per  ounce. 

No payment f o r  s i l v e r  when under 1.0 ounce per  ton. Payment 
f o r  s i l v e r  w i l l  be made, under t h e  e x i s t i n g  Government regu- 
l a t i o n s  on t h e  b a s i s  of 90 cen t s  per  ounce, on t h e  following 
schedule, providing, a s  requi red  by t h e  U.S. Treasury Depart- 
ment, miner 's  s i l v e r  a f f i d a v i t s  a r e  promptly furnished;  
otherwise the  fol lowing r u l e  w i l l  be followed: Market quo- 
t a t i o n  d a t e  immediately preceding d a t e  of se t t lement ,  exclud- 
ing  f r a c t i o n s  of cen t s .  

S i l v e r  contents :  Pay f o r  50 percent  of s i l v e r  i n  o r e  conta in ing  1 ounce and 
inc luding  10 ounces. Pay 75 percent  of s i l v e r  i n  o r e  when 
over 10 ounces. The above payments sub jec t  t o  change with- 
out  no t i ce .  No payment f o r  meta ls  o the r  than gold and 
s i l v e r .  

Note: The fol lowing products w i l l  no t  b e  accepted f o r  t reatment  a t  t h i s  
p l a n t  : 

Concentrates,  except by s p e c i a l  agreement. 
Ore conta in ing  copper i n  excess of 0.1 percent .  
Ore conta in ing  z i n c  i n  excess of 0.3 percent .  

Treatment Deduct ions 

Base charge $3.00 per  ton, on dry weight, when gross va lue  does not  
exceed $5.00 per ton. When gross  va lue  exceeds $5.00 p e r  ton, add t o  base  
charge 25 percent  of excess over $5.00 per  ton t o  a maximum r a t e  of $12.00 per 
ton, when gross va lue  does not  exceed $100.00 pe r  ton. When gross  va lue  
exceeds $100.00 per  ton, add t o  the  $12.00 t reatment  charge, 5 percent  o f  
excess over $100.00 per  ton. 

An e x t r a  charge of $10.00 per  l o t  when i t  conta ins  l e s s  than 30 tons dry 
weight and not  l e s s  than one ton dry weight;  an e x t r a  charge of  $25.00 per  l o t  
when l o t  conta ins  l e s s  than one ton dry weight;  an e x t r a  charge of 10 cen t s  
per ton i f  o r e  i s  sacked; an e x t r a  charge of 10 cen t s  pe r  ton i f  o r e  i s  f rozen;  
an ex t r a  charge of  5 c e n t s  pe r  ton f o r  each 1 percent  moisture i n  excess of 10 
percent;  Minimum moisture deduction of 1 percent .  The above r a t e s  a r e  exclu- 
s ive  of t rucking r a t e s ,  and a r e  sub jec t  t o  change without  n o t i c e .  



General Conditions 

A l l  new shippers  o r  shippers  whose o r e  changes i n  charac ter ,  o r  sh ippers  
who move from one mine t o  another ,  must send a 5- lb  sample of new ore, charges 
prepaid,  f o r  t e s t i n g  purposes, before  shipments a r e  consigned, and must r e t u r n  
t o  m i l l  o f f i c e  an in t e r roga to ry  s igned by t h e  owner of proper ty  before ship- 
ment i s  consigned. 

Shippers a r e  requi red  t o  n o t i f y  m i l l  promptly of a l l  shipments by w r i t t e n  
n o t i c e  s t a t i n g  name of mine, owner, l e s s e e  ( i f  any) and t rucking  company. Bin 
charges may accrue and se t t l emen t s  cannot be  completed without such 
information. 

Shipper agrees t h a t  a f t e r  sampling, t h e  shipment (with exception of sam- 
p l e  he ld  u n t i l  se t t lement  e f f ec t ed )  may be commingled wi th  o t h e r  ores ,  or  
otherwise disposed of by t h i s  p l a n t .  

Shipper must agree  t o  s e t t l e  shipments i n  accordance with e s t ab l i shed  
p r a c t i c e  a t  t h i s  p l a n t  a t  t h e  time of shipment, and t o  i n s u r e  prompt s e t t l e -  
ments, must compare assays promptly by telephone, assay  c e r t i f i c a t e  o r  l e t t e r  
t o  Set t lement  Clerk, o r  au thor i ze  se t t lement  on m i l l  assays a t  time of con- 
s ign ing  shipment. In  t h e  absence of such information wi th in  10 days a f t e r  
r e c e i p t  of shipment, se t t lements  w i l l  be made on m i l l  assays.  

No resamples on any shipments t o  t h i s  p lan t ,  on which t h e  m i l l  assay i s  
l e s s  than 0.15 oz gold per  ton. I f  an - i re  i s  des i r ed  on a shipment on 
which t h e  m i l l  a ssay  i s  l e s s  than 0.15 oz gold p e r  ton, then sh ipper  must pay 
umpire expense. 

The weighing and sampling of any shipment may be inspected a t  t h i s  p l a n t  
bu t  shippers  must pay f o r  t h e s e  se rv ices  d i r e c t .  No deductions f o r  such 
s e r v i c e s  w i l l  be made on o r e  se t t l emen t s .  

Trucking charges must e i t h e r  be  guaranteed o r  prepaid  by sh ipper  t o  t h e  
t rucking  company. 

Shipment must be completed on t h e  working day fol lowing t h e  day on which 
b i n  was assigned.  
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APPENDIX C.- TYPICAL OPEN BUYING SCHEDULE FOR LEAD-ZINC SULFIDE MILLING ORE 

Delivery:  

Sampling : 

Gold : 

S i l v e r :  

Lead and copper: 

Zinc : 

Specia l  payment : 

F.0.b. p l a n t  

By buyer f r e e  of charge 

Payments 

Pay f o r  50 percent  of t h e  gold content  a t  $22.4643 pe r  ounce, 
a s  long a s  present  U.S. Mint p r i c e  of $34.9125 p e r  ounce 
p r e v a i l s .  No payment i f  l e s s  than 0.02 ounce pe r  ton.  

Pay f o r  70 percent  of t h e  s i l v e r  content (minimum deduction 
one ounce pe r  ton) a t  t h e  Handy and Harman New York o f f i c i a l  
quotat ion,  a s  published i n  t h e  Engineering and Mining Journal  
Metal and Mining Markets of New York, f o r  d a t e  of assay  a t  
p lan t ,  or  i f  higher ,  a t  t h e  r e a l i z e d  U.S. Mint p r i ce ,  i f  
s i l v e r  q u a l i f i e s  f o r  Government purchase. No payment i f  l e s s  
than one ounce p e r  ton. 

Pay f o r  70 percent  of t h e  s u l f i d e  lead  and copper combined, 
a t  the  average New York quota t ion  f o r  lead a s  published i n  
t h e  E & M 3 f o r  t h e  hournal  week previous t o  d a t e  of rece ip t ,  
l e s s  3.15 cents  per  pound. No payment i f  l e s s  than 3 percent  
t o t a l  lead  and copper combined. 

Pay f o r  60 percent  of t h e  s u l f i d e  z inc  content  a t  40 percent 
of t h e  Eas t  S t .  Louis p r i c e  f o r  z inc  as  published i n  t h e  
E & M J f o r  t h e  journal  week previous t o  da te  of r ece ip t .  
No payment f o r  z inc  i f  product conta ins  l e s s  than 3 percent  
zinc, t o t a l  assay. 

For each percent z inc  i n  excess of 15 percent  add 1 percent  
t o  t h e  percentage z inc  pa id  f o r ;  but  i n  no event s h a l l  t h e  
percentage z inc  pa id  f o r  exceed 70 percent .  

For each percentage of zinc i n  excess of 15 percent  add t o  
t h e  payment f o r  such metal  0.05 cen t  pe r  lb ,  but  i n  no event 
s h a l l  t h e  a d d i t i o n a l  payment pe r  pound exceed 0.50 cent  per  
lb .  

Treatment charge: $4.00 per  ton 

I f  l o t s  of  l e s s  than 10 tons a r e  shipped t h e r e  s h a l l  be a 
charge of $15.00 on t h e  l o t  t o  cover sampling and assaying.  

Abwe r a t e s  a r e  sub jec t  t o  change without  no t i ce .  





APPENDIX D. -EXAMPLE OF ORE SETTLEMENT CUSTOM LEAD- ZINC FWTATION MILL 

PHNEPlT FOR KCCAIS 

Note: 
Compare with m i l l  schedule 19 APpndFr A 





APPENDIX E.  - TYPICAL COPPER SMELTER BUYING SCHEDULE FOR WESTERN ORES 

The following purchase terms a r e  sub jec t  t o  t h e  General Clauses a t tached,  
and a r e  subjec t  t o  change on 30 days no t i ce .  Unless shipments a r e  begun 
wi th in  30 days t h i s  quota t ion  i s  automat ica l ly  canceled. 

Delivery:  F.0.b. unloading bins a t  p l a n t .  The r a t e s  quoted a r e  based upon 
shipment i n  gondola equipment. Ext ra  unloading charges of $1.00 
pe r  dry ton w i l l  be assessed f o r  products  received i n  box ca r s .  

Gold: I f  0.03 of an ounce per  dry ton o r  over, pay f o r  92.57 percent  
a t  t h e  n e t  r e a l i z e d  p r i ce .  Under present  U.S. Mint p r i c e  t h i s  
i s  equivalent  t o  paying f o r  100 percent  a t  $32.3185 per  t roy  
ounce. 

S i l v e r :  Pay f o r  95 percent  (minimum deduction of 112 ounce) a t  t h e  a v e r  
age Handy and Harman, New York, s i l v e r  quota t ions  f o r  t h e  ca l -  
endar week, inc luding  d a t e  of de l ive ry  of l a s t  c a r  of each l o t  
a t  p l a n t  of buyer, or,  i f  higher ,  a t  t h e  r e a l i z e d  U.S. Mint 
p r i c e  provided s i l v e r  q u a l i f i e s  f o r  Government purchase and 
a f f i d a v i t  i s  furnished,  l e s s  a deduction i n  e i t h e r  case of 
1-1/2 cen t s  p e r  ounce. 

Copper : Deduct from t h e  wet copper assay 8 pounds and pay f o r  95 percent  
of t h e  remaining copper a t  t h e  Custom Smelter Copper p r i ce ,  
f.0.b. r e f ine ry ,  f o r  e r e c t r o l y t i c  copper s o l d  i n  s tandard  shapes 
i n  t h e  United S t a t e s  market a s  published i n  t h e  E & M J Metal 
and Mineral Markets of New York f o r  t h e  7-day period ending on 
t h e  Wednesday following t h e  ca lendar  week inc luding  d a t e  of 
de l ive ry  of product a t  t h e  p l a n t  of buyer l e s s  a deduct ion of 
3.50 cen t s  pe r  pound of copper accounted fo r .  Nothing pa id  f o r  
copper i f  l e s s  than 0.5 percent  by wet assay. 

No payment w i l l  be made f o r  any metal o r  content  except a s  above 
spec i f i ed .  

Deductions 

Base charge: $6.50 per  n e t  dry ton of 2,000 pounds; provided t h e  sum of pay- 
ments f o r  gold, s i l v e r ,  and copper does n o t  exceed $15.00 per 
ton. Add t o  t h e  base charge 10 percent  of t h e  excess over $15.00 
t o  a maximum charge of $8.00 per  dry ton. The base charge j u s t  
spec i f i ed  i s  f o r  o re s  conta in ing  a t ' l e a s t  8 pounds of copper per 
ton;  when a smaller  quan t i ty  i s  contained, t h e r e  w i l l  be added 
t o  t h e  base charge a sum equivalent  t o  t h e  va lue  of t h e  de f i -  
c iency between a c t u a l  contents  and 8 pounds pe r  ton computed 
according t o  t h e  t e rns  s p e c i f i e d  he re in  f o r  copper payment. 
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Inso lub le :  

Zinc : 

Arsenic:  

Antimony : 

Bismuth : 

Taxes : 

Fre igh t  : 

Tonnage : 

Allow a l l  u n i t s  f r e e ;  charge f o r  excess a t -  cents  per  un i t ,  
f r a c t i o n s  in  proport ion.  

Allow f i v e  u n i t s  f r e e ;  charge f o r  t h e  excess a t  30 cents  pe r  
un i t ,  f r a c t i o n s  i n  proport ion.  

Allow two u n i t s  f r e e ;  charge f o r  t h e  excess a t  50 cents  per 
un i t ,  f r a c t i o n s  i n  proport ion.  

Allow one u n i t  f r e e ;  charge f o r  t h e  excess a t  $1.50 per  u n i t ,  
f r a c t i o n s  i n  proport ion.  

One-tenth of 1 percent  (0.1 percent)  by wet assay  allowed f ree ,  
excess charged a t  50 cen t s  pe r  pound, f r a c t i o n s  i n  proportion. 

Sce c l ause  1 of  genera l  c lauses  governing open schedules.  

A l l  r a i l r o a d  f r e i g h t  and d e l i v e r y  charges f o r  account of shipper. 
Deduct from se t t lement  f r e i g h t  and o the r  advances made by buyer. 

Limited t o -  tons pe r  month except by s p e c i a l  arrangement. 



APPENDIX F. -EXAMPIE OF ORE SETTLEMENT CUSTOM COPPER SMELTER 

m t e  of payment for gold i s  computed on the basis cb $20.M) per ounce plua 90 percent 
of the Government premium in excess cb $20.67 per ounce. A t  the Mint price of $35.00 
par ounce less 114 of 1 percent ($34.9125) this is equivalent to  $31.81825 per ounce. 
Noh: 
Compare this settlerent sheet vith open smelter schedule8 Appendix A. 





APPENDIX G. -TYPICAL LEAD SMELTER BUYING SCHEDULE FOR WESTERN ORES 
APPLICABLE TO LEAD ORES ANJJ CONCENTRATES 

Delivery:  F .o .b. smelter  

Payments f o r  Metals 

Gold: 

S i l v e r :  

Lead : 

Copper : 

I f  0.03 oz per  dry ton and up t o  and inc lud ing  3.0 
ounces, pay f o r  a l l  a t  $19.00 per  t r o y  ounce; i f  over 
3.0 ounces pe r  d r y  ton, pay f o r  a l l  a t  $19.50 per  t roy  
ounce, p lus  90 percent  of t h e  r e a l i z e d  gold premium 
i n  excess of  $20.67 pe r  t r o y  ounce. 

(Under present  Government p r i ces ,  t h e  above i s  equiva- 
l e n t  t o  paying f o r  gold a t  $31.81825 per  ounce when 
under 3.0 ounces, and $32.31825 per  ounce when over 
3.0 ounces .) 

Pay f o r  95 percent  a t  t h e  average of  t h e  Handy and 
Harman, New York, s i l v e r  quota t ions  f o r  t h e  calendar  
week inc luding  d a t e  of  a r r i v a l  of the  l a s t  c a r  of  each 
l o t  a t  the  p l a n t  of t h e  buyer, or  a t  U.S. Mint p r i c e  
provided s i l v e r  q u a l i f i e s  f o r  Go7..ernment purchase, and 
a f f i d a v i t  i s  furpished,  minimum deduction one t roy  
ounce pe r  dry ton. 

I f .  3.0 percent  o r  over by wet assay, deduct from t h e  
wet lead assay, 1.5 u n i t s  and pay f o r  90 percent  of 
t h e  remaining lead a t  t h e  average of t h e  d a i l y  pub- 
l i s h e d  quota t ions  f o r  common des i lve r i zed  domestic 
lead  f o r  de l ive ry  i n  New York C i ty  f o r  t h e  calendar  
week inc luding  d a t e  o f  a r r i v a l  of t h e  l a s t  c a r  of  each 
l o t  a t  t h e  p l a n t  of t h e  buyer, l e s s  a deduction of 2.0 
cen t s  pe r  pound of  lead accounted f o r .  

I f  1 percent  o r  over,  deduct from t h e  wet copper assay 
one u n i t  and pay f o r  100 percent  of t h e  remaining cop- 
pe r  a t  t h e  d a i l y  n e t  r e f i n e r y  quota t ions  f o r  e l ec t ro -  
l y t i c  cathodes a s  published i n  t h e  E & M J Metal and 
Mineral Markets of New York averaged f o r  t h e  calendar  
week preceding d a t e  of a r r i v a l  of l a s t  c a r  of each l o t  
a t  t h e  p l a n t  of t h e  buyer, l e s s  a deduction of 6 cents  
per  pound of copper accounted fo r .  

Bullion f r e i g h t  : Lead and copper quota t ions  a r e  based on a bu l l ion  
f r e i g h t  r a t e  of $24.24 pe r  ton from smelter ,  t o  New 
York Ci ty .  

No payment w i l l  be  made f o r  any metal  or  content  
except a s  s p e c i f i e d  above. 
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Base charge: 

Deductions 

$8.00 per n e t  dry ton f o r  ores  having a se t t lement  
lead content  of 20 percent  o r  l e s s ;  deduct 10 cents  
per  ton f o r  each u n i t  of lead  over  20 percent ,  f rac-  
t i e n s  i n  propor t ion .  $7.00 per ton f o r  ores  having 
no payable lead  content .  

Arsenic and antimony: 2 percent  f r e e .  Excess charged a t  50 cents  pe r  un i t ,  
(combined) f r a c t i o n s  i n  propor t ions .  

Bismuth : 

Zinc : 

0.1 percent  of t h e  lead content  by wet assay allowed 
f r e e ,  excess charged a t  50 cen t s  pe r  pound, f r a c t i o n s  
i n  proport ion.  

10 percent  f r ee .  Excess charged a t  30 cen t s  per  u n i t ,  
f r a c t i o n s  i n  proport ion.  

Sampling and assaying:  Charge $10.00 per  l o t  when o r e  i s  l e s s  t h e  $200.00 
va lue  and $20.00 pe r  l o t  when o r e  i s  over $200.00 
value, fo r  shipments conta in ing  l e s s  than 5 tons dry 
weight.  

Charge $5.00 pe r  l o t  when o r e  i s  l e s s  than $200.00 
va lue  and $10.00 p e r  l o t  when o r e  i s  over  $200.00 
value,  f o r  shipments conta in ing  l e s s  than 10 tons dry 
weight. 

Weighing and sampling ( a t  which s e l l e r  o r  a represent-  
a t i v e  may be present )  a s  done by buyer according t o  
s tandard p rac t i ce ,  promptly a f t e r  r e c e i p t  of product, 
w i l l  be accepted a s  f i n a l .  The absence of s e l l e r  o r  a 
r ep resen ta t ive  shall be deemed a waiver of t h e  r i g h t  
i n  each ins tance .  Af t e r  sampling, t h e  product  may be 
placed i n  process,  commingled, o r  otherwise disposed 
of  by buyer. I n  case  of disagreement on assays, an 
umpire s h a l l  be s e l e c t e d  i n  r o t a t i o n  from a l i s t  
mutually agreed upon whose assays s h a l l  b e  f i n a l  i f  
w i th in  t h e  l i m i t  of t h e  assays of t h e  two p a r t i e s ,  and 
i f  not  t h e  assay  of t h e  p a r t y  nearer  t o  t h e  umpire 
s h a l l  p reva i l .  Losing p a r t y  s h a l l  pay c o s t  of umpire. 
I n  case  of s e l l e r ' s  f a i l u r e  t o  make o r  submit assays, 
buyer ' s  assays s h a l l  govern. 

S e l l e r  should advise  a t  t h e  time shipment i s  made 
whether o r  not  he  d e s i r e s  t o  submit assays, a l s o  d i r e c t  
buyer where t o  send con t ro l  pulp samples. 

A l l  r a t e s  quoted sub jec t  t o  change without  no t i ce .  
The Company reserves  t h e  r i g h t  t o  r e j e c t  any o r  a l l  
shipments. 



APPENDIX H.-EXAMPLE OF ORE SETTLEMENT CUSTOM LEAD SMELTER 

Note: Compare this  settlement with open smelter sclpdule 11. ApEendFx A. 





APPENDIX I. -TYPICAL LEAD- ZINC ORE SCHEDULE FOR SMELTER 
WITH ASSOCIATED ELECTROLYTIC ZINC PLANT 

Metal Payments 

Gold: No payment f o r  gold when under 0.03 oz per  ton 
0.03 but  under 3.0 oz per ton pay f o r  100 percent  a t  $31.81825 
3.0 oz pe r  ton o r  over pay f o r  100 percent  a t  $32.81825 

S i l v e r :  No payment f o r  s i l v e r  under 1.0 oz pe r  ton 
1.0 oz per  ton o r  over pay f o r  95 percent  a t  t h e  app l i cab le  
quota t ion  

Lead : No payment f o r  lead  when under 2.5 percent  
2.5 percent  but  under 25.0 percent  pay f o r  90 percent  of wet assay1 
25 percent  but  under 50.0 percent  pay f o r  91 percent  of wet assay1 
50 percent  o r  over pay f o r  92 percent  of wet assay1 

' ~ t  t h e  lead quota t ion  l e s s  1.5 cents  pe r  pound when t h e  lead  quota t ion  i s  15 
cents  per pound. For each 1 cent  i nc rease  o r  decrease  i n  t h e  lead  quota t ion  
of 15 cen t s  per  pound, t h e  r e f i n i n g  and marketing deduction charge of 1.5 
cents  per  pound s h a l l  be accordingly increased  o r  decreased by 0.033 cents  
pe r  pound. F r a c t i o n a l  propor t ions  applying. 

Copper: No payment f o r  copper when under 0.5 percent  
0.5 percent  o r  over pay f o r  85 percent  of t h e  contents  a t  60 percent 
of t h e  app l i cab le  copper quota t ion  l e s s  30 percent  of t h e  appl i -  
cab le  lead quotat ion,  negat ive  va lues  applying 

Example Copper quota t ion  Lead quota t ion  

$25.00 pe r  cwt $16.00 per  cwt 
10.00 per  cwt 22.00 per  cwt 

(1) 0.85 (0.60 x 25.00 -0.30 x 16.00) = $0.0867 payment pe r  pound of  
( 100 100 ) copper contained 

(2) 0.85 (0.60 x 10.00 -0.30 x &OO) = $0.0051 pena l ty  pe r  pound of 

( 100 100 ) copper contained 

Zinc : No payment f o r  z inc  when under 2.5 percent  
2.5 percent  o r  over pay f o r  50 percent  of t h e  content  a t  25 percent  
of t h e  a p p l i c a b l e  z inc  quota t ion  

Antimony: No payment f o r  antimony when under 1.0 percent  
1.0 percent  o r  over pay f o r  70 percent  of t h e  content  a t  50 percent  
of t h e  app l i cab le  antimony quota t ion  l e s s  t h e  app l i cab le  l ead  
quotat ion,  negat ive  va lues  applying 



Example Antimony quota t ion  Lead quota t ion  

$40.00 per  cwt $16.00 pe r  cwt 
20.00 per  cwt 16.00 pe r  cwt 

(1) 0.70 (0.50 x 40.00 - 16.00) = $0.0280 payment per  pound of antimony 
( 100 100 contained 

(2) 0.70 (0.50 x 20.00 - 16.00) = $0.0420 penal ty per  pound of antimony 
( 100 100 ) contained 

Smelting and Refining Deductions 

The minimum combined smelt ing and r e f i n i n g  deduction w i l l  be $11.00 pe r  dry 
ton.  

Smelting Deductions 

Base charge: 
$8.00 pe r  d ry  ton on products conta in ing  50 percent  wet lead o r  over. 
Debit t h e  base charge 10 cents  per  u n i t  f o r  wet lead  under 50 percent .  

I ron compensation: 
Credi t  t h e  base  charge f o r  percent  i r o n  over  (percentage of z inc  x 1.8) 
a t  40 cen t s  per  un i t .  
Debit t h e  base charge fo r  percent  i r o n  under (percentage of z inc  x 1.8) 
a t  40 cents  p e r  u n i t .  

S i l i c a  compensation: 
Cred i t  t h e  base charge f o r  percent  s i l i c a  over  percent  i ron  a t  8 cents  
per  u n i t .  
Debit  t h e  base charge fo r  percent  s i l i c a  under percent  i r o n  a t  8 c e n t s  
per  u n i t  . 

Lime compensation: 
Credi t  t h e  base charge f o r  percent  lime over percent  i r o n  a t  10 cents  
per  un i t .  
Debit t h e  base charge fo r  percent  lime under percent  i r o n  a t  10 cents  
per  u n i t .  
The maximum n e t  combined c r e d i t s  f o r  i ron ,  s i l i c a  and lime w i l l  be 
$3.00 per  dry ton.  

Refining Deductions 

S i lve r :  Debit t h e  base  charge f o r  a l l  s i l v e r  i n  excess of 50 oz per  ton 
a t  1.5 cen t s  per  ounce. 

Arsenic: Debit t h e  base charge f o r  a l l  a r s e n i c  i n  excess of 1 percent  a t  
$1.00 pe r  u n i t .  

Bismuth: Debit t h e  base  charge f o r  a l l  bismuth i n  excess of 0.1 percent  
of t h e  wet lead  content  a t  50 cents  per pound. 



Moisture: Debit t h e  base  charge f o r  a l l  moisture i n  excess of 10 percent  
a t  20 cents  pe r  u n i t .  

Sul fur :  Debit t h e  base charge f o r  a l l  s u l f u r  i n  excess of 16 percent  a t  - 
10 cents  pe r  u n i t .  
A l l  f r a c t i o n a l  propor t ions  applying.  

F r e i g h t :  This schedule i s  based on t h e  lead  f r e i g h t  r a t e  from smel te r  t o  New 
York of $16.84 per  ton, plus t a x  of 3  percent .  Any increase  o r  
decrease s h a l l  be f o r  account of t h e  s e l l e r .  

A l l  f r e i g h t  on t h e  product from shipping  po in t  t o  buyer 's  smelter 
s h a l l  be  f o r  account of t h e  s e l l e r .  

Quotat ions 

Gold: 

S i l v e r  : 

Lead : 

Copper : 

As long as  t h e  Government pays t h e  p resen t  f ixed  p r i c e  f o r  gold, t h e  
gold payments a s  ind ica t ed  here,  s h a l l  apply. I f ,  a t  any time, the  
Government should change t h e  p resen t  p r i c e  pa id  f o r  gold, o r  discon- 
t i n u e  an e s t ab l i shed  p r i c e  f o r  gold, t h e  p r i c e  t o  be  paid f o r  gold 
s h a l l  be 91.137 percent  of t h e  recognized gold p r i c e  when t h e  gold 
content  i s  0.03 ox but  under 3.0 oz pe r  ton.  When t h e  gold content  
i s  3.0 oz, o r  over  pe r  ton, a d d i t i o n a l  payment of $1.00 per ounce 
w i l l  be made. 

Based on t h e  f ixed  Government p r i c e  f o r  e l i g i b l e  domestic s i l v e r  a s  
indica ted ,  o r  t h e  o f f i c i a l  p r i c e  f o r  bar  s i l v e r  i n  New York a s  
quoted by Handy and Harman, New York, and published i n  t h e  E & M J 
Metal and Mineral Markets of New York, whichever p r i c e  i s  t h e  h igher .  
For s i l v e r  o t h e r  than t h a t  e l i g i b l e  f o r  t h e  Government p r i c e  sup- 
por ted  by a f f i d a v i t s ,  t h e  Handy and Harman quota t ion  s h a l l  apply. 

I n  t h e  event t h e  Government should d iscont inue  purchasing s i l v e r  a t  
a  f ixed  pr ice ,  then the  p r i c e  paid f o r  s i l v e r  s h a l l  be t h e  o f f i c i a l  
New York p r i c e  f o r  s i l v e r  a s  quoted by Handy and Harman, New York, 
a s  ou t l ined  above. 

I n  t h e  event,  f o r  any reason whatsoever, t h e  Government s h a l l  r e fuse  
t o  accept  s i l v e r  covered by s e l l e r ' s  a f f i d a v i t ,  t h e  d i f f e r e n c e  
between t h e  p r i c e  paid t o  s e l l e r  f o r  s i l v e r  under t h i s  schedule and 
t h e  p r i c e  p r e v a i l i n g  i n  t h e  open market a t  t h e  time of such r e f u s a l ,  
s h a l l  be refunded t o  the  buyer. 

The New York quota t ion  f o r  l ead  as  published i n  t h e  E & M J Metal 
and Mineral Markets of New York. 

The New York quo ta t ion  f o r  e l e c t r o l y t i c  cathode copper as  published 
i n  E & M J Metal and Mineral Markets of New York. 



Zinc : The S t .  Louis quota t ion  f o r  prime western z inc  as  published i n  t h e  
E & M J Metal and Mineral Markets of New York. 

Antimony: The quota t ion  f o r  bulk antimony i n  car load  l o t s  f.0.b. Laredo, Tex., 
a s  published i n  t h e  E & M J Metal and Mineral Markets of New York. 



APPENDM J. - TYPICAL ZINC SMELTER BUYING SCHEDULE APPLYING TO WESTERN ORES 

Quota t ion  f o r  zinc concentrates  f o r  ca l cu la t ions  only 

Pavmen ts 

1 I f  0.03 of a t roy  ounce p e r  dry ton o r  over, pay f o r  80 percent  a t  
92.57 percent  of t h e  n e t  p r i c e  pe r  ounce pa id  by U . S .  Mints f o r  gold 
recovered from domestic mine production on t h e  15th  day fol lowing t h e  
r a t e  of de l ive ry  of -product  a t  buyer ' s  p l an t ,  provided however, t h a t  
t h e  payment t o  be made f o r  t h e  gold content  of s e l l e r ' s  product s h a l l  
be subjec t  t o  t h e  terms and condi t ions  of t h e  Gold Schedule he re to  
a t tached and expressly made a p a r t  hereof .  Nothing paid f o r  gold i f  
assaying l e s s  than 0.03 of a t r o y  ounce pe r  dry ton. 

S i l v e r :  I f  1.0 ounces pe r  dry ton o r  over, pay f o r  80 percent  on t h e  b a s i s  of 
t h e  mint p r i c e  a s  defined i n  t h e  S i l v e r  Schedule he re to  a t t ached  and 
expressly made a p a r t  hereof ,  except a s  t h e r e i n  otherwise provided. 
Minimum deduction 1.0 ounces pe r  dry ton. Nothing pa id  f o r  s i l v e r  i f  
assaying l e s s  than 1.0 t r o y  ounces per  dry ton.  

I f  however, t h e  s e l l e r  s h a l l  s o  e l e c t ,  the  p r i c e  payable f o r  t h e  
s i l v e r  content  of s e l l e r ' s  product s h a l l  be based on t h e  average of  
t h e  Handy and Harman, New York, quota t ions  f o r  s i l v e r  f o r  t h e  calen- 
dar  week fol lowing d a t e  of de l ive ry  a t  t h e  p l a n t  of t h e  buyer, 
provided, however, t h a t  w r i t t e n  n o t i c e  of such e l e c t i o n  s h a l l  be  
given t o  t h e  buyer p r i o r  t o  s a i d  d a t e  of de l ivery ,  and f u r t h e r ,  t h a t  
i f  during s a i d  ca lendar  week, i n  t h e  s o l e  judgnent of  t h e  buyer, t h e  
market f o r  s i l v e r  f o r  3 months' forward de l ive ry  s h a l l  be  inadequate,  
and t h e  buyer s h a l l  s o  n o t i f y  t h e  s e l l e r ,  s a i d  p r i c e  s h a l l  be  based 
on t h e  average of t h e  Handy and Harman, New York, quota t ions  f o r  
s i l v e r  f o r  t h e  ca lendar  week inc luding  t h e  19th day fol lowing s a i d  
d a t e  of de l ive ry .  In case  Handy and Harman, New York, s h a l l  discon- 
t i n u e  publ i sh ing  quota t ions  f o r  s i l v e r  then t h e  New York quota t ions  
f o r  s i l v e r  a s  published by t h e  Engineering and Mining Journal  s h a l l  
govern. 

Lead: From t h e  wet lead  a s say  deduct four  u n i t s  and pay f o r  80 percent  of  
t h e  remainder a t  t h e  p r i c e  f o r  common d e s i l v e r i z e d  domestic lead f o r  
d e l i v e r y  i n  New York Ci ty ,  a s  published i n  t h e  Engineering and Mining 
Journal  of New York, averaged f o r  t h e  ca lendar  week inc luding  d a t e  of 
a r r i v a l  of t h e  l a s t  c a r  of each l o t  a t  buyer 's  smelter ,  l e s s  a deduc- 
t i o n  of 2 cen t s  per pound of l ead  accounted f o r .  Nothing pa id  f o r  
lead  i f  assaying  l e s s  than 4.0 percent  by wet assay.  

Copper: I f  1.0 percent  o r  over wet a s say  pay f o r  65 percent  of content  a t  t h e  
d a i l y  n e t  r e f i n e r y  domestic quota t ion  f o r  e l e c t r o l y t i c  cathodes, a s  
published i n  t h e  Engineering and Mining Journa l  of New York, averaged 
f o r  t h e  calendar week inc luding  d a t e  of a r r i v a l  of  t h e  l a s t  ca r  of 
each l o t  a t  buyer 's  smelter ,  l e s s  a deduct ion of 6.0 c e n t s  pe r  pound 
of copper accounted f o r .  Nothing paid f o r  copper i f  assaying  l e s s  
than 1.0 percent  by wet assay .  



Zinc: I f  40 percent  o r  more contained pay f o r  85 percent  of content,  o r ,  i f  
assaying l e s s  than 40 percent  deduct e i g h t  u n i t s  and pay f o r  remain- 
der .  Payment i n  e i t h e r  case s h a l l  be made a t  t h e  East  S t .  Louis 
p r i c e  f o r  prime western zinc a s  published by t h e  Engineering and Min- 
ing  Journal  of New York, averaged f o r  t h e  ca lendar  week inc luding  
d a t e  of a r r i v a l  of t h e  l a s t  c a r  of each l o t  a t  buyer ' s  smelter,  l e s s  
a  deduction of 57.5 cents  per  100 pounds of z inc  accounted f o r .  

From t h e  t o t a l  of t h e  above payments make t h e  fol lowing deductions. 

Deductions 

Base charge: 

I ron :  

Arsenic and 
antimony 
combined : 

Lime and magnesia 
combined : 

Moisture: 

Labor :l 

$38.00 pe r  n e t  dry ton of 2,000 pounds. ( I f  t h e  f u l l  Eas t  
S t .  Louis quota t ions  f o r  z inc  app l i cab le  under t h e  above 
z inc  payment c l ause  i f  more than 6.0 cents  pe r  pound, t h e r e  
s h a l l  be added t o  t h e  base charge $1.00 per  n e t  dry ton f o r  
each one cen t  i nc rease  above 6.0 cents ,  f r a c t i o n s  i n  
proport ion.)  

Plus manganese 7.0 percent  f r e e ;  charge f o r  excess a t  50 
cents  pe r  un i t ,  f r a c t i o n s  i n  proport ion.  

0.5 percent  f r e e ;  charge f o r  excess a t  $1.00 pe r  un i t ,  
f r a c t i o n s  i n  proport ion.  I n  t h e  e v e n t m a t e r i a l s  de l ive red  
hereunder conta in  i n  excess of 2.0 percent  combined a r s e n i c  
and antimony i t  s h a l l  be  op t iona l  wi th  t h e  buyer t o  accept  
o r  r e f u s e  such ma te r i a l .  

1.0 percent  f r e e ;  charge fo r  excess a t  $1.00 per  u n i t ,  f rac-  
t i o n s  i n  proport ion.  

Minimum deduction 1.0 percent .  

This  quota t ion  i s  based on a n  average hourly labor  cos t  of 
$1.677 a t  buyer ' s  p lan t ,  based on t h e  wage r a t e s ,  s h i f t  
d i f f e r e n t i a l s ,  hol iday,  vaca t ion ,  and overtime payments and 
payro l l  taxes  pa id  t o  o r  on behalf of the  employees (exclud- 
ing  foremen and o the r  s a l a r i e d  employees and men on con- 
s t r u c t i o n  work) a t  s a i d  p l an t .  Any increase  o r  decrease i n  
s a i d  average hour ly  labor  cos t  i n  e f f e c t  during t h e  month 
p r i o r  t o  ( including)  d a t e  of de l ive ry  of product s h a l l  be 
f o r  s e l l e r ' s  account and t o  a d j u s t ,  add 15 cents  per  dry 
ton f o r  each 1 cent  per  hour t h a t  t h e  average hour ly  labor  
cos t  s h a l l  be  i n  excess of $1.677 and deduct 15 cents  pe r  
dry ton f o r  each 1 cent  per  hour t h a t  t h e  average hourly 
labor  c o s t  s h a l l  be l e s s  than $1.677, f r a c t i o n s  i n  
proport ion.  

'Labor adjustment--Average labor  c o s t  December 1958 $2.327 
Schedule 1.677 
Inc rease  a t  $0.15 .650 = $9.75 per  dry ton 



S p e l t e r  f r e i g h t :  This  quota t ion  i s  based on t h e  present  f r e i g h t  r a t e  on 
s p e l t e r  from smelter ,  t o  East  S t .  Louis, Ill., of 57.5 
cents  pe r  100 pounds. Any inc rease  o r  decrease i n  t h i s  
r a t e  s h a l l  be f o r  account of sh ipper  and proper c r e d i t  o r  
deduction f o r  z inc  p a i d  f o r  s h a l l  be made accordingly. 

Delivery:  Delivery under t h i s  schedule s h a l l  be  made f.0.b. c a r s  a t  
unloading b ins  a t  buyer ' s  smel te r .  

Other terms : This quota t ion  inc ludes  t h e  provis ion  of t h e  complementary 
schedule he re to  a t t ached  and express ly  made a p a r t  hereof .  

Unless otherwise s t i p u l a t e d  a l l  quotat ions a r e  f o r  h e -  
d i a t e  acceptance only  and unless  shipments hereunder a r e  
made wi th in  30 days from t h e  d a t e  hereof ,  t h i s  quota t ion  i s  
au tomat ica l ly  canceled.  

Fuel  := This schedule i s  based on a  cos t  of n a t u r a l  gas a t  buye r ' s  
p l a n t  of 7.0 cents  p e r  ~ c f . ~  Any inc rease  o r  decrease i n  
such cos t  i n  e f f e c t  dur ing  and averaged f o r  t h e  ca lendar  
month p r i o r  t o  t h e  d a t e  of  de l ive ry  of product s h a l l  be  f o r  
s e l l e r ' s  account, and t o  a d j u s t  charge 40 cen t s  p e r  dry ton 
f o r  each . l . 0  cen t  pe r  Mcf inc rease  i n  such cos t ,  and c r e d i t  
40 cen t s  per  dry ton f o r  each 1.0 cent  pe r  Mcf decrease i n  
such cos t ,  f r a c t i o n s  i n  proport ion.  

' ~ve rage  c o s t  n a t u r a l  gas per Mcf December 1958 $08.3 - 
schedule 
Increase  a t  $0.40 

"Thousand cubic f e e t .  

As' 
01.3 = $0.52 pe r  dry ton 





APPENDIX K.-EXAMPLE OF ORE SETTLEMENT CUSTOM ZINC SMELTER 

BOUGWI' OF C W S  OF ORE 

ADDRESS 

Short dry ton8 @ 

CBARGE BPSE, PEX TON 

.zn PRICE VAR. 8 1 1 ~ ~  /~.<o#woI //5 jb@ /zi~h.d.r/ , 
zn COImxl VAR. BASE ACTUAL 

L A ~ ~ R  VARIATION BAS&~L~ACIV~BJ/O~/BG- / ~ k  I/ 

4iX0 
/J. 50) 

/ 

f~974 

1/ Labor variation charge i s  made at  the rate of 18 cents for each 10 cents difference 
between base and actual labor costs per ton of ore treated. 

OTAXR DEDUCTIONS 
FREIGFT &  PORTA AT ION TAX 

WKRE CRAROES 

, g05z ly  

OTRW ,2058?67 
q o o .  /4 





APPENDIX L.-EXAMPLES OF GENERAL CUUSES I N  COMPIEMENTARY SCHEDULES 
ATTACHED TO AND MADE PART OF SMELTER SCHEDULES 

Taxes - 
A l l  taxes o r  o the r  Governmental charges, na t iona l ,  l o c a l  o r  municipal,  

now o r  h e r e a f t e r  imposed i n  r e spec t  t o  o r  measured by t h e  product purchased 
hereunder, or  t h e  production, ex t rac t ion ,  smelting, r e f in ing ,  s a l e ,  t rans-  
po r t a t ion ,  proceeds o r  va lue  thereof ,  o r  of t h e  meta ls  der ived  therefrom, 
o t h e r  than income taxes  l e v i e d  upon t h e  buyer, s h a l l  be  f o r  account of  t h e  
s e l l e r  and s h a l l  be deducted from t h e  purchase p r i c e  payable hereunder.  

A l l  schedules on o r e  not  under con t rac t  f o r  a d e f i n i t e  period of t ime 
a r e  sub jec t  t o  change without  not ice ,  and sub jec t  a l s o  t o  the  provis ion  t h a t  
n e i t h e r  buyer o r  s e l l e r  s h a l l  be respons ib le  f o r  delays,  f a i l u r e ,  o r  omissions 
due t o  s t r i k e s ,  ce s sa t ion  of opera t ion  a t  smel te r  f o r  f a i l u r e  of o r e  supply o r  
o the r  opera t ing  requirement o r  any cause o r  causes beyond i t s  con t ro l ,  however 
a r i s i n g ,  and which cannot be overcome by due d i l i g e n c e  o r  by t h e  means normally 
employed i n  performance. 

Def in i t i ons  

The d a t e  of de l ive ry  i s  t h e  d a t e  of a r r i v a l  of t h e  l a s t  ca r  o r  t ruckload 
of each l o t  a t  buyeras  p l a n t .  The d a t e  of Sunday d e l i v e r i e s  w i l l  be t h e  fo l -  
lowing work day. 

A calendar  month means a named month i n  t h e  calendar .  
A calendar  week begins wi th  Sunday. 

I n  t h i s  schedule where t h e  word "ton" i s  used, i t  i s  understood t o  be a 
ton of two thousand pounds avoirdupois;  where t h e  word "ounce" i s  used, a s  
r e f e r r i n g  t o  gold and s i l v e r ,  i t  i s  understood t o  mean t h e  t r o y  ounce; and 
where t h e  word "unit" i s  used, i t  is understood t o  mean one percent  of a ton, 
0.r twenty pounds avoirdupois .  

Sampling and Assaving 

Weighing, moisture, and o r e  sampling ( a t  which s e l l e r  o r  a r ep resen ta t ive  
may be  present )  a s  done by buyer according t o  s tandard  p r a c t i c e ,  promptly 
a f t e r  r e c e i p t  of product,  w i l l  be accepted a s  f i n a l .  The absence of s e l l e r  o r  
a r ep resen ta t ive  s h a l l  be deemed a waiver of  t h e  r i g h t  i n  each ins tance .  
After  sampling, t h e  product may be placed i n  process,  comingled ,  o r  otherwise 
disposed of by buyer. In c a s e  of disagreement on assays,  an umpire s h a l l  be  
se lec ted  i n  r o t a t i o n  from a l i s t  mutal ly agreed upon, whose assays s h a l l  be 
f i n a l  i f  w i th in  t h e  l i m i t s  of t h e  assays of the  two p a r t i e s ;  and i f  not ,  the  
assay of t h e  p a r t y  nea re r  t o  t h e  umpire s h a l l  p r e v a i l .  Losing p a r t y  s h a l l  pay 
cost  of mupire. I n  case  of s e l l e r ' s  f a i l u r e  t o  make o r  submit assays,  buyer 's  
assays s h a l l  govern. 



The r a t e s  quoted h e r e i n  a r e  f o r  car load  l o t s .  A charge of $20.00 per  l o t  
w i l l  be made f o r  sampling each l o t  conta in ing  l e s s  than  5 tons n e t  dry weight. 
A charge of $15.00 per  l o t  w i l l  be made f o r  sampling l o t s  weighing 5 tons o r  
more, but l e s s  than 15 tons n e t  dry weight.  I n  t h e  event me ta l l i c s  a r e  
recovered a mel t ing  charge w i l l  be assessed with a minimum of $5.00 pe r  l o t .  
The r a t e s  quoted apply only t o  ore, concentrates ,  e t c . ,  i n  bulk. A charge of  
$1.50 per ton w i l l  be charged f o r  shipments rece ived  i n  sacks,  and $2.50 pe r  
ton f o r  shipments rece ived  i n  drums and o the r  types of containers ,  t o  cover 
e x t r a  c o s t  of handling.  

I n  case  any f i rm o r  pub l i ca t ion  whose quota t ions  a r e  the  bas i s  f o r  p r i c -  
i n g  any metal under t h e  p r i n c i p a l  agreement s h a l l  go o u t  of business,  cease  
publ ica t ion ,  o r  d iscont inue  t h e  making of quota t ions ,  then t h e  buyer s h a l l  
e s t a b l i s h  a quota t ion  o r  quota t ions  which s h a l l  be used i n  making se t t lement  
i n  respec t  t o  t h e  meta l  o r  metals i n  quest ion.  

I n  t h e  event any quota t ion  d a t e  should f a l l  on a l e g a l  hol iday  o r  one 
upon which no quota t ion  i s  issued,  t h e  next  succeeding quota t ion  w i l l  be used 
i n  set t lement .  

I n  order  t h a t  d e l i v e r y  of shipments a t  our  p l a n t  may not  be unnecessar i ly  
delayed, we make i t  a gene ra l  r u l e  t h a t  THE FREIGHT CHARGES MUST BE PREPAID OR 
GUARANTEED BY THE SHIPPER. 

The r a t e s  quoted h e r e i n  a r e  based on present  e x i s t i n g  s c a l e  f o r  common 
l abor  a t  t h e  p l a n t .  Any inc rease  o r  decrease i s  f o r  account of s e l l e r ,  and 
proper  deduction o r  c r e d i t  s h a l l  be  made accordingly.  

Representat ion 

Representat ion i s  urged and welcomed. Every sh ipper  i s  urged, e s p e c i a l l y  
f o r  h i s  i n i t i a l  shipment t o  be represented i n  person o r  by a member of h i s  
company while  the  shipment i s  being wekghed and sampled. I n  l i e u  of t h i s ,  t h e  
s e r v i c e s  of an independent p ro fes s iona l  r e p r e s e n t a t i v e  a r e  ava i l ab le .  Because 
of  l imi ted  s to rage  space f o r  i nd iv idua l  shipments, i t  i s  imprac t ica l  t o  hold  
shipments i n t a c t  u n t i l  assays and se t t lements  a r e  completed. The company, 
therefore ,  reserves  the  r i g h t  t o  commingle a l l  shipments immediately upon com- 
p l e t i o n  of weighing and sampling. 

~ d v ' i c e s  and Shipments 

Shippers s h a l l  n o t i f y  t h e  company promptly a t  t ime of shipment, adv i s ing  
number of l o t s  i n  c a r  ( i f  more than one l o t )  and g iv ing  i n s t r u c t i o n s  a s  t o  how 
remi t tance  i s  t o  be made, inc luding  t h e  p a r t i c u l a r s  of r o y a l t i e s ,  i f  such pay- 
ments a r e  c a l l e d  f o r .  

Smelter schedules applying t o  ores  purchased under con t rac t  usual ly 
inc lude  add i t iona l  c lauses  i l l u s t r a t e d  by t h e  fol lowing examples : 



Force Maieure 

Prevention o r  delay i n  t h e  performance hereof caused by a c t  of na ture ,  
s t r i k e ,  f i r e ,  f lood,  t r a f f i c  i n t e r rup t ion ,  de lay  i n  t r anspor t a t ion ,  war, 
i n su r rec t ion  o r  mob violence,  requirement o r  r egu la t ion  of Government, finan- 
c i a l  c r i s i s ,  ce s sa t ion  of operat ion a t  buyer ' s  p l an t  designated t o  r e c e i v e  
product purchased hereunder f o r  f a i l u r e  of o r e  supply o r  o the r  opera t ing  
requirement, o r  any d i sab l ing  cause, without  regard t o  the  foregoing enmera-  
t i on ,  beyond t h e  c o n t r o l  of e i t h e r  pa r ty ,  o r  which cannot be overcome by means 
normally employed i n  performance of t h e  con t rac t ,  including, without  l imi t a -  
t i o n  upon t h e  gene ra l i t y  of t h e  foregoing, any cause which would produce a  
f i n a n c i a l  l o s s  t o  e i t h e r  p a r t y  through performance hereof ,  i n  mining, smelting, 
r e f i n i n g  o r  otherwise, s h a l l  e n t i t l e  t h e  p a r t y  a f f ec t ed  t o  suspend t h i s  con- 
t r a c t .  A suspension of performance pursuant  t o  t h i s  c l ause  s h a l l  no t  have t h e  
e f f e c t  of abrogat ing t h e  con t rac t ,  but  immediately upon t h e  terminat ion of the  
cause of d i s a b i l i t y  t h i s  con t r ac t  s h a l l  aga in  come i n t o  f u l l  fo rce  and e f f e c t ,  
and t h e  time of performance of any o b l i g a t i o n  prevented o r  delayed a s  afore-  
sa id ,  and t h e  term of t h e  con t rac t  s h a l l  be  extended f o r  a  per iod  equal  t o  the  
'period of suspension, but  i n  no event s h a l l  such extended term of t h e  con t rac t  
be of longer dura t ion  than t h e  unexpired term of t h e  con t rac t  a t  t h e  time of 
suspension. 

Diversion 

Buyer may s e l l  o r  d i v e r t  t h e  product t o  any o the r  smelter ,  and any 
increase  o r  decrease i n  f r e i g h t  a s  a g a i n s t  d e l i v e r y  a s  provided i n  t h e  con t rac t  
s h a l l  be  f o r  buyer 's  account. I n  case  of such d ivers ion ,  weighing and sam- 
p l ing  s h a l l  be  performed a t  t h e  r ece iv ing  p l a n t  and d a t e  of de l ive ry  s h a l l  be  
t h e  d a t e  of a r r i v a l  of t h e  l a s t  c a r  o r  t ruckload  of each l o t  a t  t h e  r ece iv ing  
p l an t .  A l l  o the r  provis ions  of t h e  c o n t r a c t  s h a l l  apply i n  a l l  r e spec t s  a s  i f  
no d ivers ion  had occurred. 

Succession 

This con t rac t  s h a l l  bind and i n u r e  t o  t h e  bene f i t  of t h e  p a r t i e s  here to ,  
t h e i r  executors ,  adminis t ra tors ,  l e g a l  r ep resen ta t ives ,  successors,  o r  ass igns ,  
and s h a l l  be  a  covenant running wi th  t h e  land. 

Waiver 

Waiver of any breach of  any provis ion  hereof  s h a l l  not  be deemed t o  be a  
waiver of any o the r  provis ion  hereof o r  of any subsequent breach of such 
provision.  
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I W Lard conc. 
5 W Lead ore 

UP b a d  cons. 
5 W z inc  are 
i UO L h e  eons. 
i UP zinc ore 

W z i n s c o n c .  
i WP or capper ore 

SP 
W or copper cane. 
8P 

VP o r  mpper  ore 
SP 

VP or copper eonc. 
SP 

leul.red 
carload 
rate. i n  qlZ i l e s  ton nile 

for ore 



:V*OA-- 
lonrinued 
:.rlin 

d. 

h n n l c t  
do 
do 
do 
do 
do 
do 

Ilk0 o r  
llonte11o 
Ilk0 

"Hsade 

YLLh 
m u n t a i n  
do 

do 

do 

do 

do 

do 

Piache 
do 
do 
do 
do 
do 
do 

do 

do 
dl, 
do 
do 
do 
do 

do 
Ynbuslul 

do 
do 
do 
80 
do 
do 

ntns 
do 
do 
do 
do - 

otmees ac 

Tooale, Utah 

Selby, c a l i f .  

do 

"ayden, Ari r .  

do 

hMson*a, mnt. 

do 

H ~ O i l l ,  N W .  

do 

do 

Ip or 
SP 
IP or 
SP 
m 
IP 
IP 
IP 
IP 
IP 
m 

iP or 
VP 

iP or 
W 
iP or 
WP 

iP ar 
w 

IP or 
w 

IP or 
WP 

I? or 
WP 

IP or 
VP 

I? or 
W 

iP or 
W 

JP 
m 
JP 
IP 
i~ 
IP 
UP 

Copper ore 

capper sons. 

Copper ore 
Copper sono. 
Copper ore 
Copper cons. 
capper ore 
Copper mns. 
m u - s i l v e r  
ore 
Lead ore or 

cons. 
do 

do 

Copper ore 

capper eanc. 

Copper ore 

Copper oonc. 

Copper ore 

Copper conc. 

&Id-a i lve i  
ore 

Copper ore 
copper sons. 
Copper ore 
copper cone. 
~ o p p e r  ore 
Copper eonc. 
Cold-si lver  

UP 

"T 
UP 
"P 
UP 
UP 
"P 

188 3.7 

188 3.7 

,269 2.5 
,269 3.3 
462 3.6 
462 4.8 
211 5.6 
211 7 . 5  
211 6.8 

193 3.6 

528 2.4 

279 2.5 

,237 2.5 

,237 3.3 

646 1.4 

646 1.4 

288 2.4 

288 2.4 

288 1.5 

764 I . %  
764 1.8 
801 2.9 
801 3 . 2  
577 3.3 
577 4.3 
577 4.c 

324 1.2 

324 1.1 
756 I.! 
756 I.: 
801 1 . 2  
801 1.2 

,146 2.1 

4 Z.' 
,087 2.t 
,087 3.1 
875 1.' 
875 l . !  
119 1.: 
519 1.: 
519 1.; 

,176 2.: 
,176 3.: 
964 I . ;  
964 1.; 
606 1.1 

ore 
Laad ore 

Lead conc. 
L e d  ore 
-ad cone. 
zinc axe 
zcne conc. 
zinc ore 

UP 
w 
UP 
w 
UP 
UP 
w 
w 

UP 
UP 
UP 
UP 
UP 

z inc  cons. 
Cower ore 
copper cons. 
Copper ore 
Copper cons. 
Copper: ore 
Copper cano. 
Cold-si lver  
ore 

copper ore 
Copper sonc. 
copper ore 
copper cone. 
copper ore 



Copper cone. 1; I:!-:== 
6 SPE Copper, lead 

ore or C 0 " C .  

SPE do 
5 SPE Lead-zinc-ore 

SFE do 
6 SP capper, lead 

ore Or_ SO"C_ 
6 SF Zlnc ore or  

con=. 
6 SP Copper ore 

con=. 
SP 40 

6 8P do 
6 SP do 
5 SP do 
5 SFE Copper conc. 

and flux 
SBK Copper conc. 
SEE do 

5 SFE Copper ore 

SPE do 
I SFE do 

SFE L a d  cone. 
SPE do 

I SFE TBed zinc ore 

8 SFE Blvr 

IIP Oold ore or 
come. 

"P do 



234 do 
235 do 

236 do 

237 do 
238 Eureka 

239 do 

240 do 

248 do 
249 1 do 
250 ST. John 

251 do 
252 do 
253 do 
254 do 
255 do 
256 Cedar C i t y  

d~ 
dl, 
do 

do 
do 
do 
do 
do 
do 

:ute ~ m e l e .  Urah 

do 
m a m i ,  A d & ,  

do 
Superior, hrir.  

do 
El Paso, Te.. 

do 

do 
,ab 

do 

do 

Selby, CnliP. 

da 
Tmele. Utah 

da 

Bauer, U t a h  

SP capper .re ' 1  1 I.] 

11. Lake 

do 
do 
do 
do 

-it, 
Iasaieh 

do 
do 

,oe,e 

6 UP Copper ore 
or G 0 " C .  

UP do 
3 6 U P  do 

UP do 
6 UP do 

UP do 
6 Copper, lead 

ore or con=. 
W do 

6 UP L e a d - r h o  oro 
UP or cons. 
UP do 

6 W Copper ore 
or cm,c. 

6 UP Lead ore 
or W S C .  

W do 
6 W or L e d  ore 

DbRCW or eonc. 
UP or Lead o r e  
D6ROW 

5 UP or do 
M C W  

6 UP or Gold-silver 
D6RGW fluring ore 

Midvale, Utah 

do 
Bauer, Urah 

do 
Toode, Utah 

do 

Hidva le ,  "rnh 
Bllver, Utah 
Toode, Uiah 

O W  Lead-zinc ore 

D6RG" do 
O m , ,  d. 
W G W  do 
W W  Lend ore 

or cone. 
W do 

UP Lead-rins  ore 
UP do 
W Lead ore 

or mnc. 
UP do 
UP laad zinc are 
UP do 
UP do 
UP do 
UP Zinc-lead, 

eoppeli ore 1" .= P:.. do 





APPENDIX N. - RBPRBSENTATIVE mUCK PRBIGET UTES ON ORB AND WNCENITATES I N  THE WEST 

ARIZONA 
Cripple Crew mine 
north of Yenden. 
Y W  county. 

muhide mine near 
Signal, Nohave 
Counry. 

Do 

si1ve1 s t a r  mine 
a0uthea.f of 
Hape, YW County. 

CALIWRNIA 
Plncery i l l e ,  
E l  b r a d o  county. 

lane Pine-Olancha, 
1nya County. 

Colfax, Placer County. 

TrOM. San BernsTIdim 
County. 

Cmpo, San Diego 
County. 

Hseel Creek. Shaata 
County. 

m w m  
mvlder  County mining 
d i a t r i c t a  (Withi" 20 
milee of Boulder, 
Col0.) 

h o o t  Unge m i l l  v e s t  
of Idaho springs,  
M l 0 .  

m i r e  pine,  ~ u n n i s o n  
Counry. - 

Do 
I(ry*tone mi11 near 

Crested Butte, 
Gunnieon M l n t y .  

Keyatone m i l l  near 
Crested Burre. 
Cvnniaan county. 

m r a y ,  hlray Counry. 
Camp Bird nine,  near 
Ouray, hlray,  County 

R laeding point ,  
Yenden, Arir .  

LR loading point ,  
yucca, Ariz. 

Wenden, Ariz. 
R loading poinr 
ucvay, Aria. 

ielby, Cnlif.  

do 

do 

do 

do 

do 

ial ida,  Colo. 

k a d v i l l e ,  Cola. 
i a l ida ,  c o b .  

k a d v i l l e ,  Colo. 

do 
t eadu i l l e ,  Colo. 

U( loading point ,  
Ridguay, Colo. 

- 
kpppprox- 
imate 

*isranee 
in miles 

Clans of 
mater ial  
shipped 

capper are. 

Lend and copper 
ore .  

Lead are.  

copper ore. 

Mld-s i lve r  are. 

Lead ore and 

Lead ore and 
concentrates. 

Cold and s i l v e r  
ore. 

h a d  ore and 
concentrares. 

M l d  ore o r  
concentrates. 

Cold-silver- 
copper con- 
eentratea. 

Lead or zinc 
concentretea. 

do 

h a d  concen- 
trates. 

Minimm 
ehipmenC 
i n  shor t  

tons 

'reighe rare 
i n  do l la r s  

per 
short  ton 

- 
~ l c u l a t e d  
ra te  i n  
cnCS per 
short  

-20.0 

11.6 

6.2 

8.6 

4.6 

4.1 

4.6 

4.1 

4.7 

6 .3  

8.6 

13.6 

7.3 
5.4 

5.3 

5.7 
6.5 

21.6 

Type of road Remarks 

lain1y unsurfaced 
desert  roads. 

do 

lainly hard-surfaced 
highways. 

do 

do 

ilp to 20 miles  of 
nature1 grave1 o r  
d i r t  roads and 
bal lnee hard-surface< 
highway a l l  i n  m u m -  
t a i n o ~ s  t e r r a i n .  

411 surfaced highway 
i n  nountainaus 
t e r ra in .  

do 

do 
Ilriinly hard-surfaced 
highway i n  mun- 
t*inoua t e r ra in .  

do 

do 
Five miles of s e e p  
~n lve l - sur faced  road 

Arizona rates apply to  i n t r s -  
state operations of one 
c a m o n  c a r r i e r .  Distance 
co-dity races apply only 
t o  hauls fo r  which specif i f  
c o m d i r y  rates have nor 
been published. source: 
Arirone notor Teriff  Bureau. 

California  ratea are c.1cu- 
lared from hourly rare. 
epplying to  heavy eonstruc- 
t i a n  eqvipmenr and cover 
loading without need for  
au t i1 ia ry  equipmnt.  power 
loading incurs m addit ional  
charge. No rates on poinr- 
Lo-point or ton-mile baai. 
are avai lable .  Source: 
Pvblic ULiliLies Comiesion 
of Cal ifornia .  

Freight  race set  by negoria- 
t ion with loca l  trucker. 

Do. 

Do. 

Rlbl ished 'ratee.  Source: 
Colorado notor c a r r i e r s  
A ~ ~ o c i a t i o ~ .  



COI*)Uw-- 
Continued: 

Mines wirhin 5 miles 
of Alm ar Fa i rp lay ,  
park counry. - 

Bonanza d i s t r i c t ,  
Saguache County. 

S i lve r ton ,  San Juan 
county. 

Do 

Do 

Gladetone d i s f r i c e ,  
san Juan county. 

AnLniroQe Forks, 
d i a r r i c c ,  Sen Juan 
county. 

Mineral Point  
d i s f r i c f ,  8." Juan 
Caunty. 

Cunningham Gulch 
d i s t r i c t ,  San Juan 

Pandore m i l l ,  
Te l lu r ide ,  sari 
n i p e l  county. 

ninee within  5 
Of Breckearid%e, 
sumit county. 

n ines  f r w  6 t o  10 
miles  from 
Breckenridge, 
s u m i t  county. 

n ines  within  1 mile  
of K o ~ ,  Smnoi. 
COYnLy. 

).R loading po in t ,  
Sa l ida .  Colo. 

LR loading po in t ,  
V i l l a  Grow,  Cqlo 
(abandoned) 

LR loading poinr ,  
R i d p a y ,  Col.3. 
iR loading po in r ,  
mntrose, Col.3. 
~ a d v i l l e ,  Colo. 

R loading poinr ,  
Montroee, &lo.  

e a d v i l l e ,  Colo. 

z inc concen- 
trates. 

Lead concen- 
t r a t e s .  

Lead-zinc ore. 

Lead o r  z inc  

Iead coneen- 
traces. 

Lend-zinc ore 

Lead-zinc ore 
Or coaten- 
crates. 

- 
Minimum 
sh ipmnt  
i n  shor t  

tons - 
5 

5 

5 

6 

6 

6 

6 

6 

6 

6 

6 

20 

5 

5 

5 

alculaeed 
race i n  
ents per 

s h o r t  
ton-mile 

7.1-10.0 

Type of road 

UP t o  5 miles  o f  s t eep  
gravel-  or d i r t -  
surfaced road and 
balance hard-surfaced 
h ighmy i n  munraioous 
t e r r a i n .  

do 

:raded d i r t  o r  graveled 
roads i n  rmunlainOus 
t e r r a i n .  

lard-aurfaced highway i 
mounrainoue terrain. 

do 

Xeep d i r t  roada and up 
t o  5 miles  of hard- 
surfaced w e d .  

do 

ihorr ,  s t eep  access 
m a d s  and up t o  10 
miles  of hard-surfaced 
highway. 
lard-surfaced highway i, 
mountainous cerrain. 

h o r t ,  s t eep  access 
roads and balance 
maintained grave1 
roada or hard-surfaced 
highway. 

do 

Remarks 

ubl ished rates.  Source: 
Cvlorado Mtor Car r i e r s  
AeSOciafion. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

DO. 



IDAHO and HONTANA 

Private  hauling 
g operation. 

m Do z 
0 Do e m 

Z m - ~ 

m 
N B V m  

Yellow Pine d i s t r i c t ,  
Henderson, Clark 
Counrv. 

Ikggie-creak d i s t r i e t  
c a r l i n ,  ~ l k 0  County. 

m 
contact  d i s t r i c t ,  

Elk0 County. 
Do 

Herrbc  d i s t r i c t ,  
Elk0, Elk0 County. 
Delano d i s t r i c t ,  
Hontel lo ,  Elk County 

Railroad dimtr ice ,  
Pal isade,  Evreka 
County. 

Bvl1ion d i s t r i c t ,  
Ba t t l e  Ilountnin, 
u n d e r  County. 

m 

Pioche d i s t r i c t ,  
Piache Lincoln, 
county. 

0 
Yerington d i s t r i c t .  

Wabush, Lyon 
County. 

Do 
Candelaria d i s t r i c t ,  
Ilina, Mineral 
County. 

m 
Lhiee Pine and 
@.st ~ l y  d i s t r i c t s ,  
Lhi te  Pine County. 

Not spec i f i ed .  

RR loading point  

do 

do 

smelter  

do 
do 

Tooele. Utah 

Anaconda, Hont. 

Tooele, Utah 

do 

do 

Hayden, Aria. 

Aoaconda, Hont . 
Hayden, Arie. 

Anaconda, nent 
Hayden, Ariz. 

Nor spec i f i ed .  

Coppar Ore or 
concentrates. 

Le.d-zinc ore. 
do 

Lead ore 

Copper ore 

do 
do 

do 

Lead ore 

do 

do 

Copper ore 

do 

Copper are 

do 
Lend ore 

10 t 
spec i f i ed ,  

5 

8 

15 

20 

15 
18 

20 

20 

20 
20 

20 

20 

20 

20 

20 

20 

20 

20 
20 

20 
20 

20 
20 

l t  
specif ied.  

2.54 

.87 

2.10 

11.40 

4.80 
6.50 

26.90 

50. 85 

27.75 
49.85 

21.70 

10.65 

7.80 

12.15 

53.30 

30.20 

35.05 

36.55 
43.90 

42.05 
39.25 

43.05 
11.20 

b t  s pec i f i ed  

do 

do 

do 

do 

do 
do 

l in ly  hard-surfaced 
highway. 

do 

do 
do 

do 

2,7W tons shipped i n  1958. 
Trucks operated by shipper .  

5,200 tons shipped i n  1958. 
Trucks operated by shipper .  

29,000 tons shipped i n  1958. 
Trucks operated by shipper .  

Contract rllte. 

Do. 
m. 

Estimated f re igh t  c o s t s  baaed 
an s f l a t  5 cents per ton- 
mile. EstimLed f re igh t  
r a t e s  based on n c o s t  of 
$1.00 p r  running mile for  a 
20-ton muck or 5 cents per 
ton-mile, quoted by s Nevnde 
COOLT-act terrier who s t a t ed  
that point-to-point r a t a s  
would have ro be a e r  a f t e r  
nnslysie  of each individual  
t(LLle. 

No d i e r a n e e - e o m d i t y  or 
point-to-point rates are  
ava i l ab le  in  Nevada. 

The Public Service Conmis- 
s ion ,  Stere of ~ e v n d e ,  
s t a t e s  tha t  i t  does not  
require  contract carriers 
t o  f i l e  rates, and c a m n  
ce r r i a ra  have not catab- 
l ished rates f o r  ore- and 
are products. 



NEW MEXICO 
Cent ra l ,  s m r t z ,  and 

Pinos Alma 
d i e t r i c t s ,  
S i lve r  c i t y ,  
Grent County. 

m 
Eureka d i a r r i e t ,  
neehifa ,  orant 
county 

Do 
Do 

lordsbvrg district. 
u r d s b u r g ,  Hidalgo 
county 

Cuba d i e t r i e f ,  Cube, 
Sandoval county. 

Do 
C e r r i l l o s ,  moper ,  

SB" Pedro, Old 
P lace r ,  and New 
Placers  d i s t r i c t s ,  
Santa Pe County. 
SOCOTTO, SDCOTro 
county. 

Ib 
Wgdalena d i s t r i c t ,  

SOCD.~O Count". 
Do 

Uanaonberg d i s t r i c t  
SOEOrTO County. 

WASHINGTON 
Loomis, Okamgan 
County. 

Palmer s id ing ,  
Co lv i l l e ,  
stevens County. 

Grandview m i l l ,  
Pend O r e i l l e  County. 

l e a d h i l l  mine, 
Pend Ore i l l e  
County. 

Do. 

Deming, N .  Hex. 

El Paso, Tex. 
Deming, N. Hex. 

El P980. TeX. 
Bmarillo, Ten. 

E l  Paro, Ten. 

RR lodding point ,  
B e r M l i l l o ,  
N .  Hex. 

El Paso, Tex. 
do 

Deming, N. Hex. 
El Paso, Tex. 

&ing, N.  Hex. 
RR loading pa in t ,  

San Antonio, 
N. Hen. 

RR lollding po in t ,  
Nightbwk, Wash. 

Tacoma, Wash. 

Meta1ine P a l l s ,  
Wash. 

Grandview m i l l .  

MeLaline F a l l s ,  
wash. 

- 
Approx- 
h t e  

distance 
in  mile. 

Class of 
ma te r i a l  
shipped 

lead end zinc 
ore. 

l ead  ore.  
Copper, lesd-  

z inc  a re  o r  
concenrretes . 

Lead, copper ore. 
z inc  consen- 
trates. 

Copper ore. 

do 
copper a re  and 
concentrates. 

Lead ore and 
concentrates. 

Lead ore 

Lead-zinc ore 
Lead ore. 

teed-zinc are 
do 

Yot spec i f i ed  

do 

do 

do 

do 

- 
M i n i m  
shipmen 
i n  shor 
eons 

- 
30 

5 
30 

30 
30 

25 

25 

25 
25 

30 

30 
30 

30 
30 

7.5 

20 

5 

5 

5 

' re ight  raft 
i n  do l l a r8  

per 
shore ton 

7.80 

12.60 
7.80 

11.00 
31.60 

13.00 

8.40 

26.40 
20.60 

15.40 

11.40 
16.40 

13.60 
.29 

.98 

10.97 

.65 

1.25 

1.25 

- 
alculated 
rare i n  
ents per 
Short 
con-mile 

14.7 

8.2 
15.3 

7 .1  
5.6 

8.0 

12.7 

7.4 
6.3 

7 .8  

7.0 
7.3 

7.2 
19.3 

Type of road 

horf d i r t  aeeeaa 
roads and balance 
hard-surfaced 
highways. 

,f specif ied 

do 

do 

do 

do 

Freight  rarea from ~ e w  
Mexico points herein l i s t e d  
ere derived largely from 
dis tance c lass  rates pub- 
l i shed  by the New Mexico 
Mot01 Car r i e r s  Asso~iac ion ,  
Inc. Pew point-to-point 
co-odity rates on ores and 
concentrate8 have been 
establ ished by c o m n  or 
contract c a r r i e r s  i n  ~ e w  
Mexico. 



APPENDIX 0 .  - BBPRESWTATIVE DISTANCE-WPMODIN OR CUSS UTES APPLYING TRUCK TBANSPORTATION OF ORBS 
AND CUNcamUTES I N  THE WESF 

Example S t a t e  Type of road 
or equipment 

Off-road 
Dir t  andlnoun- 

t a i n  roads no 
maintained. 

Non-surfaced 
but maintaine8 
roads. 

Surfaced roads 
Al l  roads ,  

mountain, and 
p l a i n  areas. 

do 
Al l  roads,  
m ~ n t a i m u s  
areas. 

All  roads ,  
l a rge ly  p l a in  
area. 

do 
do 
do 

A11 roads,  
l a rge ly  p l a in  
area. 

2-axle truck o 
3-axle tandem 
un i t .  

4-axle or 5- 
axle  combina- 
t i o n  u n i t .  

Al l  roads,  
mountain m d  
p l a i n  areas. 

7 ldahol" All  roeds,  
(Coeur d'Alene mountainous 
d i s t r i c t )  areas. 

8 ~ashington" S t a t e - d d e  
minirums. 

do 
do 

9 l ~ o r t h u e s t e r n  l ~ o t  spec i f ied  
United 
states" 

See footnotes on following page. 



'Tables are presented fo r  i l l u e t r a t i a n  and shovld be used fo r  est imating purposes only. The r a t e s  l i e t e d  apply only to  truck hauls fo r  vhich no spec i f i c  
point-to-point  conmodity r a t e s  have been es tabl i shed .  

  he ac tua l  published t a r i f f s  on which the r a t e s  i n  t h i s  tab le  are based are set up i n  severa l  w y s :  (1) r a t e s  per ton-mile applying to  spec i f i c  
d is tance  ranges; (2) rates per ton or  hundredweight for d is tance  increments of 5 mi le s ,  10 mi lea ,  or other i n t e r v a l .  Por convenience of comparison 
a l l  r a t e s  have been converted t o  a ton-mile bas is .  Where ton-mile r a t e s  apply over a d is tance  range, t h i s  f a c t  is indica ted  by a n  arrow. Where 
arrows are not used, the quoted ton-mile r a t e s  apply only t o  the d is tance  speci f ied  i n  the column headings. Tan-mile r a t e s  fo r  i n t e m d i e t e  
d is tances  can be est imated.  

' ~ l t h o u g h  distance c o m d i t y  t ab l e s  may cover the dis tenee  range under 15 mi les ,  f r e igh t  r a t e s  f o r  haul* under 15 miles computed f r m  such t ab l e s  are not 
always r e a l i s t i c .  Truck hauls fo r  shor t  distances are nornally made by l oca l  cont rac t  haulers a t  unpublished r a t e s  s e t  f o r  each individual operation.  

' I n t r a8 t a t e  r a t e s  applying t o  a spec i f i c  Arizona cont rac t  and co-n c a r r i e r .  Published by the Arizona Hotor Tar i f f  Bureau. Applies t o  oree, coneen- 
t r a t e s ,  and products of mines. M t e s  are not  based on  valuation.  

6 ~ n t r a s t a t e  and i n t e r s t a t e  r a t e s  i n  Colorado and Pour Cornera area of Arizona, Colorado, Newnexico, and Utah. Rates apply to  operatvans of  a spec i f i c  
cont rac t  and co-n c a r r i e r  hauling ore and concentrates.  Rates as published by Colaredo Motor Carr ie rs  Assoeiatlon are on a bas is  of hundredweight 
un i t s  and have been converted t o  r ton bas is .  Rates are not based an valuation.  

6 ~ n t r a s t a t e  r a t e s  applying to  operation of l oca l  c a r r i e r  between mines i n  Clear Creek, Gilpin,  Grand, and Jefferson Counties and des t ina t ions  i n  Colorado. 
' ~ a t a  are derived from c l a s s  r a t e  tap le  (class 100) published by New Mexico Ca r r i e r s '  Association,  Inc .  The r a t e s  i n  the published t ab l e  have been 

converted from hundredweight to  ton un i t s  and adjusted t o  cover ore shipments on the following basis:  For truckload (R) l o t s ,  35 percent of  e l a s s  100 
r a t e  app l i e s ;  for  l e a s  than truckload (LR) l o t s .  60 percent of c lase  100 r a t e  appl ies  on ore having a valuation of $100 or l e s s .  Ore having a valua- 
r i m  02 more than $100 per ton i s  subjec t  to  higher r a t e s .  

' I n t r a s t a t e  r a t e .  
'Interstate rate; L R  denotes "less than truckload". 

'Okc ra s t a t e  distance c o m d i t y  r a t e s  applying to  a spec i f i c  cont ras t  c a r r i e r  operating i n  New Mexico. Pvblished by New Mexico m t a r  Carr ie rs '  
Associarion, Inc .  Rates are nor based on valuation.  

' ' In t ras ta te  d is tance  co-dity r a t e s  applying to  ores quored by an indiv idual  contract  c a r r i e r .  Rates are not  based on valuation; ore i n  sacks. 
" ~ v e r a g e  r a t e s  for ore-trucking i n  1958 quoted by a cont rac t  c a r r i e r .  Rates are not based on valuation.  
" ~ n t r a s t a t e  distance cormodity r a t e s  applying t o  ares and concentrates s e t  by the RIbl ic  Service Commission of the %ate  of Washington. Rates are 

minimums, t ha t  i a ,  c a r r i e r s  may not charge l e s s  than quoted r a t e s .  Rates apply t o  products having an ac tua l  value not exceeding $50 per ton. 
For ore of higher va lua t ion  add 5 percent t o  the  r a t e  for  each $10 per  ton are v a l w t i o n  over $50 per ton. 

I* I n t e r s t a t e  distance co-diry r a t e s  applying to  truck shipment of ores and eoneentxates i n  Washington. Oregon, Idaho, and Montane i f  t a r i f f s  have nor 
been es tabl i shed  by S t a t e  publ ic  u t i l i t i e s  conmissions. Published by P a c i f i c  Inland Tar i f f  Bureau, Inc. Rates are not based on valuation.  



APPENDIX P .  - FREIGHT RATES APPLYING TO SHORT TRUCK HAULS 
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12 

12 
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Short 
on-mile 

r a t e  
n cent! 
- 
28.2 

45.0 

10.7 

25.0 

40.0 

20.8 

Type of haul 

Graveled maintained 
road,  2 t o  4 percent 
grade with the load.  

Graveled maintained 
road,  up to  8 percent 
grade with the load. 

Three miles of graveled 
road (abandoned r a i l -  
road grade) up t o  4 
percent grade with the 
load and 4 miles of 
hard-surfaced highway 
with a s l i g h t  grade 
aga ins t  the load. 

lard-surfaced highway 
with a s l i g h t  grade 
aga ins t  the load. 

jhort access road, 
grade with the load. 

Pwo miles of graded 
road,  up t o  10 percent 
grade with the load,  
and 4 miles of surfaced 
highway with s l i g h t  
grade agains t  the load. 





Ore Buyer and Address: Representing 

J. H. McCoglin 
212 Courthouse Building 
Joplin, Missouri 

American S tee l  &Wire Co. 

Dan Stewart, D i s t r i c t  Manager American Zinc Co. of I l l i n o i s  
American Zinc, Lead & S w l t i n g  Co. 
206 Courthouse Building 
Joplin, Missouri 

Mrs. Jack Ferneau 
116-112 West 4th S t ree t  
Joplin,  Missouri 

Clyde Ingram 
Picher, Oklahoma 

0. A. Rockwell, Manager 
The Eagle-Pscher Co. 
Cardin, Oklahoma 

H. W. Robertson 
915 Virginia Avenue 
Joplin, Missouri 

M & H Zinc Co. 

American Metal Climax Co., 
Inc . 

National Zinc Co., Inc.  





APPENDIX R. - BUYERS OF COPPER, LEAD, ZINC, GOLD, 
AND SILVER ORES SERVING.THE WEST 

American Smelting & Refining Company 
(1) Southwestern Ore Purchasing Department 

810 Valley National Bank Bldg., Tucson, Ariz. 
Ores and concentrates of copper, lead, gold, and s i l v e r ;  
zinc concentrates; lead-zinc-copper milling ores;  
for treatment i n  appropriate southwestern plants.  

(2) P. 0. Box 1605, Tacoma, Wash. 
Gold, s i l ve r ,  and copper ores  and concentrates 
for treatment a t  the Tacoma smelter. 

(3) 405 Montgomery S t . ,  San Francisco, Cal i f .  
Gold, s i l ve r ,  lead, and lead-copper ores and concentrates 
for treatment a t  the Selby, Calif .  smelter. 

(4) E& t Helena, Mont . 
Gold, s i l v e r ,  and lead ores and concentrates 
for treatment a t  the East Helena smelter. 

American Zinc, Lead & Smelting Company 
Ore Buying Department 
1600 Paul Brown Bldg., S t .  Louis 1, Mo. 

High-grade lead and zinc concentrates 

The Anaconda Company 
Anaconda Reduction Works 
Anaconda, Mont . 

Gold, s i l v e r ,  and copper ores and concentrates. 

The Bunker H i l l  Company 
Ore Purchasing Department 
P.O. Box 29, Kellogg, Idaho 

Lead ore and concentrates; zinc concentrates. 

The Consolidated Mining & Smelting Company of Canada, Ltd. 
T ra i l ,  Bri t ish  Columbia 

Siliceous gold ore ( this  plant formerly treated 
lead-zinc ores  from the United States ,  but not 
under current t a r i f f s  governing entry of lead 
and zinc products into the United States) .  

Inspirat ion Consolidated Copper Company 
Smelting Department, Inspirat ion,  Ariz. 

Copper, gold, and s i l ve r  concentrates. 



Internat ional  Smelting & Refining Company 
Ore Purchasing Department 
815 Kearns Bldg., Sa l t  Lake City, Utah 

Lead o r  zinc ores and lead concentrates (lead-zinc mill ing 
ores accepted for treatment a t  Midvale, Utah, mill ing plant 
of the United S ta tes  Smelting Refining &Mining Company). 

Kennecott Copper Corporation 
Nevada Mines Division 
McGill , Nev . 

Gold, s i l v e r ,  copper ores  and fluxes (by pr io r  arrangement 
a s  needed by the smelter). 

Magma Copper Company 
Superior, Ariz . 

Copper, gold and s i l ve r  ores 

National Zinc Company, Inc . ,  
Ore Purchasing Department 
11 Broadway, New York 4,  N. Y. 

Zinc concentrates. 

Phelps Dodge Corporation 
Douglas, Ariz. 

Copper ores.  

United States  Smelting Refining & Mining Company 
Ore Purchasing Department 
911 Newhouse Bldg., P. 0. Box 1980, Sa l t  Lake City 10, Utah 

Lead-zinc mill ing ores .  




