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

by 

Melford H. Salsbury,l William H. Kerns,2 Frank B. Fulkerson,3 and George C. Branner 4 

ABSTRACT 

The maximum net return from the sale of ores and concentrates of gold, 
silver, copper, lead, and zinc accrues to the producer when these mine products 
are marketed to the best advantage. Data are presented that the producer, 
~specially the small mine operator, can use to survey available markets and 
make a preliminary estimate DE the net return to be expected from an ore, on 
the basis of typical mill, smelter, and freight sch~dules. A revi~w of the 
industry is presented by States in which recent production statistics are 
given, marketing facilities are discussed, and locations of principal mining 
districts, custom mills, and smelte~s are shown. Explanations of treatment 
processes, or~ types, treatment charges, payments for metals, and deductions 
ar~ given. Published rail and truck freight rates for mine products, based on 
marketing patterns developed over many years, are listed and explained. 

Im'RODUCTION 

A major function of the Bureau of Min~s is to investigate the Nation's 
mineral resources--their conservation, development, and utilization. Statis
tics on production and consumption of mineral commodities are collected and 
disseminated, and studies are made to give a better understanding of a region's 
minerals in relation to the Nation's needs and to impart information that may 
contribute to more efficient mine operations. 

l Mining engineer, Bureau of Mines, Area V, Tue son, Ari.::. 
2 Physical science administrator, Bur~au of Mines, Area VJ Denver, Colo. 
3 Commodity-industry analyst, Bureau of Mines, Area VII, Albany, Oreg. 
4 Formerly Bureau of Mines commodity-industry analyst, San Francisco, Calif., 

now 150 Scenic Drive, Piedmont, CaliE. 

Work on manuscript completed February 1963. 
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The primary purpose of this report is lo present data that will be useful 
to the producer of gold, silver, copper, lead and zinc ores and concentrates 
in determining if a choice of ore markets is available and, if so, in choosing 
which marketing combination is likely to give a maximum return on are shipments. 
In line with this objective, an effort is made to answer typical requests for 
marketing information, often received by the Bureau of Mines in the form of 
specific questions: 

1. What mills and smelters in my vicinity are equipped to handle my 
products. 

2. What are the freight rates to these plants? 

3. What are the treatment charges, what metals are paid for, dnd how 
much is paid at typical plants? 

4. What are the penalties for certain mineral constituents? 

5. Why do ore purchasers pay for only certain constituents and 
penalize for certain others? 

6. Should a certain ore be m'illed or shipped directly to a smelter? 

7. What are the metallurgical principles on which milling and smelting 
processes depend? 

Another purpose of this report is to revise the data published in 
Information Circulars ~, 11, and ~)E in 1935 and 1936, now out of print. 
Use of this data, much of it in tabular form in the appendix, should enable a 
prospective shipper to compute an estimated net return from ore shipments. 

A final choice of market and shipping route for a particular ore or con
centrate cannot be made solely from the information in this circular because 
applicable mill and smelter ore-purchasing schedules and freight rates are 
subject to change for several reasons, among them the following: 

1. Treatment and transportation costs are increasing. 

2. The rate of payment for metals changes from time to time, 
according to the metal market. 

3. Transportation patterns and facilities change. 

4. Custom treatment plants suspend or resume operations as economic 
conditions dictate J and no list of available plants remains 
valid indefinitely. 

RUnderlined numbers in parentheses refer to items in the bibliography at the 
end of this report. 
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In some cas~s, small operators of lead-zinc mines who are not prepared to 
mill their own ore have already suffered a 109s of market because very few 
custom milling facilities remained in operation after lead and zinc prices 
declined. Many shippers have only one practical smelter market because other 
smelting plants are not located so as to be competitive with respect to a 
particular mine. 

Some sme lting companies publish standard or open treatment schedules 
applicable to the different types of ore purchased. Such schedules seldom 
apply in their entirety to a specific are, but serve as a starting point from 
which to set up a schedule for each ore product offered. Some open schedules 
do not contain a full list of charges, but state that such charges are a matter 
for individual negotiation. Assurance that a producer will furnish a steady 
supply of ore on contract or a certain quality of are desired by a particular 
plant may induce that plant Lo offer concessions not called for in any open 
schedule. Obviously, then, problems in marketing ores cannot be solved without 
current information. 

The current data necessary for maki.ng a final choice of plants must be 
obtained by negotiation with the purchasing departments of custom milling and 
smelting companies. Purchasing deplirtments of custom plants in the United 
States are listed in appendix R. A mine operator first should submit to ore 
buyers information as to the probabl.e quantity, mineral content, and grade of 
ore to be offered. If the buyer is not familiar with the ore, a sample and 
possibly a trial shipment may be required. If the ore is acceptabl~, the 
prospective buyer will offer a s chedule of treatment charges, penalties, and 
payments based on inspection and laboratory tests of the sample. Only then 
can a producer make realistic comparisons of treatment and transportation 
options and choose the combination most favorable to his operation. 

For the operator who does not have a choice of markets, the chief value 
of this circular may lie in the explanations and comparison of treatment 
schedules, or~-buying practices, and transportation routes. Such data should 
brin~ a better understanding of marketing factors that will help a mine oper
ator to evaluate the probable worth of his ore and the advisability of upgrad
ing by s~l~ctive mininr, or beneficiation. The conditions under which an ore 
is likely to be marketed have a bearing on minable grade, as well dS the type 
and capacity of milling facilities. Thus the operator of a property in the 
exploration or early development stage might benefit from such information, 
even though ore production is still anticipated. Marketing infon-nation only 
supplements other data necessary in making decisions bearing on development 
of a mine. New or improved milling methods or smelter practices are being 
introduced, and grades and types of ores that previously were not marketable 
may become amenable to treatment. Such information is continually available 
in technical and trade journals and in reports issued by the Bureau of MinL:s J 

universities, and professional societies. A number of such publications are 
listed in the bibliography. It should be evident to the reader that profes
sional advice, not only on minerAl marketing but also on mine and mill opera
tion and design, is essential at some point in developing a mining property 
to the production Btage. 
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REVIEW OF BASE AND PRECIOUS METAL MINING 

Recent Base-Metal Economic History 

The mining, milling, and smelting of ores and concentrates of gold and 
oilver, and the base metals, copper, lead, and zinc, are economically impor
tant industri~s in many parts of the United States. In Arizona, Idaho, 
Nevada, Utah, and South Dakota, base and precious metals accounted for over 
half of the value of all min~ra1 production in 1960, The five leading states 
in the valu~ of mine output of gold, silver, copper, lead, and zinc in 1960 
were Arizona ($366 million), Utah ($176 million), Montana ($68 million), 
Nevada ($53 million), and Idaho ($35 million) (table 1). 
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A severe drop in domestic base-metal production occurr~d in 1958 (table 
2), Production of lead continued to decline in 1959 and 1960, but at a sluwer 
rate, whereas zinc recovered slightly by the end of 19bO. In spite of losses 
through strik~s at a number of western operations, copper production at the 
end of 1960 had recovered nearly to the levels of 1956 and 1957, but produc
tion of lead and zinc was still considerably below that of 1956. World copper 
demand kept pace with high production in 1961 and copper prices remained 
stable. Consumption of lead and ~inc did not keep up with d greatly increased 
world production in recent years, resulting in a drop in prices. Although 
lead and ~inc mines in Idaho were clos~d in 1960 for many months by strikes, 
and imports were somewhat restricted 'by quotas, the domestic supply has 
excel..!ded consumption for several years. An announct::ment was made at the end 
of 1960 that limited operation of several tristate properties in Kansas, 
Missouri, and Oklahoma would be resumed; but at the end of 1961 substantial 
reactivation of the district had not materialized. Virtually all small l~ad 

and zinc mines in the United States were idle at the und of 1961, leaving the 
larger, lower cost operations as the only active mines. 

Government assistance to l~ad and zinc mining in recent years was a con
tinuation of the import quotd. system, dnd a subsidy program for slllall lead
;:inc mines. Congress has authorized 8Bsistanc....: in the form of a limited 
subsidy payable to small lead and zinc producers, but the number of mining 
operations eligible for such assistance is small. Import quotas on l....:ad ~nd 
~inc havt.:, remained in effect, but no tariff was imposed. 

In November 1961, sale of U.S. Treasury silver stocks to cumrnercidl users 
was suspended, a measure long advocated by silver producers in a ularket situa
tion wh e re industrial silver consumption has greatly exceeded domestic mine 
production. The immediate result was an increase of the commercial price of 
silver to more than $1.00 per ouncu. A further significant advance in the 
silver price may easily occur. Thl...! U.S. Treasury has proposed to replenish 
depleted stocks of Government-owned silver needed for small coinage by using 
monetary silver. This supply would be made available by replacing silver
backed silver certificates in circulation with Federal Reserve notes. Such 
a policy would limit domestic demand to industrial requirements. 



TABU: 1. - Recoverab l e go ld, s ilver, copper, l ead , and zi.nc in 1960 . by States 

Gol d Silver Copper 
State Ounces Value Thousand Value Short Value 

( thousands ) ounces (t housands ) t:ons (thousands ) 

Alaska . ..•.... • 168,197 $5, 887 26 $ 23 41 $ 26 
Arizona .••.... • 143, 054 5,007 4 ,775 4 , 322 538,605 345, 784 
Arkansas • •..... - - - - - -
California ..... 123, 713 4, 330 180 163 1,087 698 
Colorado ......• 61 , 269 2,144 1,659 1,502 3,24 7 2, 085 
Idaho ..... .. ... 6,135 215 13 ,64 7 12,351 4,208 2, 702 
Illinois ...... . - - - - - -
Kansl!ls ..•....• • - - - - - -
Ke ntucky ••..... - - - - - -
Mi chigao •.....• - - - - 56,385 36,199 
Ki ssouri .•.••. • - - 16 14 1,081 698 
Montana .•...... 45 ,922 1,607 3,607 3 ,265 91,972 59, 046 
Nevada ...•.... . 58, 187 2,037 707 640 77,485 49, 745 
New Mexico ...• . 5,423 190 304 275 67 , 288 43 , 199 
New york .• ••••. - - 49 45 - -
Noyth Carolina . 1 ,826 64 212 192 ( a ) ca ) 
G<lahoma • ..•... - - - - - -
Oregon .•••••... 835 29 e) e) 6 4 
Pennsylvania .. , (4 ) (4 ) (4 ) (4 ) 37, 907 25,076 
South Dakota ... 554,77 1 19,417 108 98 1 1 
Tennessee .••..• 123 4 65 58 12, 723 8 ,168 
Utah • .........• 368, 255 12,889 4,783 4 ,329 218,049 139,9,87 
Vi rgi.nia . •••.•. - - - - - -
Was bing ton ..... 4 129,012 44,515 4628 "569 78 50 
WiscODBin •••. , • - - - - - -
Wyoming . •.••..• 40 1 e) e) - -

Tot-al. , .•• 1 ,66 7, 772 58,336 30 ,766 27,846 1,080,169 693,468 
Tot-a l values of a ll mi.nerals subjec t t o change because cert.a i n pre l iminary data Wi 

3Producti oD of Nor t h Carolina and Pennsy lvania combined . 
3Quantity less than 1,000 ouoces and va l ue less than $1 ,000 . 
4Produc t i on of Pennsylvania and Washington combined . 

ead Zinc 
Short Value Shor t Value 
tons ( thousands ) t ons (thousands ) 

23 $ 5 - -
8 ,495 1,988 35,811 $ 9 ,239 
- - 50 13 

440 103 4il5 120 
18,080 4 ,231 31,278 8,070 
42,907 10 ,040 36,801 9 ,495 
3 , 000 702 29,550 7 .624 

78 1 183 2,11 7 546 
558 131 869 224 

- - - -
111, 948 26,196 2 ,821 728 

4,879 1,142 l2,551 3 ,238 
987 231 420 108 

1,996 467 13, 770 3,553 
775 181 66 , 364 17,122 
424 99 - -
936 219 2, 332 602 

- - - -
- - 13,746 3,559 
- - - -
- - 91 , 394 23 , 579 

39,398 9 ,2 19 35,476 9 , 153 
2 , 152 504 19 ,885 5 , 142 
1. 725 1,808 21, 317 5,500 
1 ,165 273 18,4 10 4,75() 
- - - -

246,669 57 . 722 435,.:'.27 , ;,12, 365 
o 8 . 

TABLE 2. - Mi ne production o f r ecoverable gold, s ilver, copper, lead, and z ioc. 1956-60 
(Quantity and value io thousands) 

Q'\ 

Total value 
Gold, sil - All 

ver, copper. minerals l 

lead, z inc ( t housands ) 
(thousands ) 

$ 5, 941 $ 21,862 
366 , 340 41 5,776 

13 153 ,813 
5,414 1,402 ,214 

18,032 341, 142 
34 , S03 57,441 

8,326 39 1,313 
729 487,121 
335 413 ,516 

36 ,199 429 ,032 
27, 636 156,014 
68 ,298 179 , 062 
52, 761 80 ,285 
47,684 648 ,2 15 
17, 348 254 ,06 1 

355 44 .968 
821 777 ,925 

33 54,4 19 
8 ,635 818 , 264 

19',516 46,780 
31,809 143 ,3 32 

175, 577 429, 938 
5 ,646 203 , 794 

12 ,442 70,005 
5, 023 77,1 71 

1 436 ,335 

949,737 8,733,798 

lietal 1956 1957 1958 1959 1960 Total 
Quanrity 'Va lue Quantity Value Quan t it.y Va lue Quantity Va lue Quantity Value quantity 

Go ld . .•..•......••.. ounces 1 ,8:27 $63,950 1,794 $62,776 1,739 $60 , 874 1,604 $56,133 1,667 $58,336 8,631 
Si lve r ..........•...•. do •• 38, 722 35,044 38,165 34,541 34,111 30,872 31 ,194 28, 233 30,766 27 ,846 172 , 958 
Coppe r .........• "h ,_·rt t ons l,H."~ 938 ,532 1 , 087 654 ,289 979 515, 127 825 506, 455 1,080 693 ,468 5,075 
Lead ...... , .. , ... , .... do •• J53 110, 787 338 96, 730 267 62,566 256 58,786 247 57,722 1,461 
Zinc •....••...• ,., . '. , do •• 542 148 ,503 532 123,235 412 84, 113 425 97,787 435 112,365 2,346 

Total val\Je •. , ••.•••. - 1,29~ - 911 ,571 - 753,552 - 747, 394 - 94 9,737 -
- --- --- -



At the end of 1961, the ultimate combined effect on the mining industry 
of the changed market conditions for silver and the lead and 2inc subsidy was 
not clear. Lead and zinc prices had declined at the end of 1961 to around 
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10 cents and 12 cents per pound respectively, a level that does not encourage 
operation of small) and generally high-cost mines, even with high~r silver 
prices. Silver mined in the United States is largely a byproduct of copper 
and lead mining. The silver contant of most copper ores is so small that the 
effect of a change in silver prices is negligible. The silver content of lead 
and lead- zinc ores may be significant in value, but market changes within the 
probable silver price range will have much less effect on total value of most 
ores and on production than the price of lead and zinc. Inasmuch as an over
supply of these metals i~ likely to continue, notwithstanding the low-price 
level, a logical method of supporting the market is promoting increas~d con
sumption. This is the approach taken by the lead and zinc industry through 
trade associations. Improvement admittedly is difficult in the fdce of com
petition with aluminum, plastics, and other materials for markets that tradi
tionally have used lead and zinc. As one phase of promotion, the industry has 
sponsored research in metallurgy and industrial applications that has improved 
utilization of lead and zinc in manufacturing and stimulated some new uses. 
The industry undoubtedly will continue to pursue this policy. 

Classification of Ores and Concentrates 

The following classification of mineral products is commonly used in the 
mining industry, and the definitions given will a pply throughout this circular. 

Ore is a mineral or mineral aggregate that can be mined and marketed at a 
profit. At least one mineral (a naturally occurring chemical element or assem
blage of elements) is valuable, the valueless minerals make up the gangue or 
waste. 

A base-metal ore that contains valuable amounts of two or more metals 
(i.e., copper, lead, and zinc) is termed a complex ore. Ores are further 
classed by the type of contained valuable mineLuls. The five most important 
such types of minerals occurring in base-metal ores are native (metal in free 
or metallic state), sulfide (metal combined with sulfur), oxide (metal com
bined with oxygen), carbonate (metal combined with carbon and oxygen), dnd 
silicate (metal combined with silicon and oxygen). Ores containing a combina
tion of oxide) carbona te, and si licate minerals are corrunonly grouped as oxi-· 
dized ores. The term mixed is used to describe ores containing both sulfide
and oxide-group minerals. Ores can be classified further as milling or direct
smelting ores. A milling are can be treated and separated into one or more 
concentrates containing the bulk of the valuable minerals and some gangue and 
a tailing consisting chiefly of gangue minerals and any unrecovered residue of 
valuable minerals. Nonnally this residue cannot be recovered economically. 

As a means of categorizing statistics for production of gold, silver, 
copper, lead, and zinc by class of ore and material treated, a classification 
of ores and concentrates of gold, silver, copper, lead, and zinc, based on 
smelter terminology, smelter settlement contracts, and metal recovery, was 
devised and adopted by the Bureau of Mines in I~05. This classification, with 
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modifications to cover lowering of economic ore grades and impr~vements in 
metallurgy, has been used continuously in the statistical tables published by 
the Bureau of Mines in the Minerals Yearbook and other reports. Concentrates 
are classified under the same rules as ores. The term "ores" is often used in 
a collective sense that includes both are as mined and are products (concen
trates). It covers all mined products that are sold to smelters or equivalent 
plants for the valuable metals contained. The current basis of ore classifi
cation (§) is as follows: 

Copper ores include smelting ores that contain 2.5 percent or 
more recoverable copper and ores and tailings concentrated or 
leached chiefly for their copper content, irrespective of the 
precious metal content. Ores leached in place or ores for which 
the tonnage cannot be calculated are excluded; slags smelted for 
their copper content are included. 

Lead ores are those that contain 5 percent or more recoverable 
lead, irrespective of the precious metal content; and ores, tailings, 
or slags that are treated chiefly for their lead content. 

Zinc conLc11trating ores include those from which a marketable 
zinc concentrate is made, irrespective of precious metal content. 
Virtually no zinc are is now smelted directly except slags, which, 
when fumed, are classified as smelting ore and may contain as little 
as 5 percent recoverable zinc. 

The complex ores are combinations of those enumerated above; 
they will be designated by the names of their constituent base 
metals in alphabetical order, irrespective of the predominance 
of value. 

Gold, gold-silver, and silver ores with the base-metal 
content too small to be classified in accordance with the above 
are 'dry' ores, regardless of method or treatment. Dry ores, 
chiefly, siliceous, are valuable for their silver and gold 
contents and, in some instances, for their fluxing properties. 
Dry gold ores are defined as those in which the gold value equals 
or exceeds three-fourths of the combined gold and silver values; 
dry silver ores are those in which the silver value equals or 
exceeds three-fourths of the combined gold and silver values. 
In dry gold-silver ores both the gold and silver values equal or 
exceed one-fourth of the combined gold and silver values. 

Tailings and slags follow the same scheme of classification 
as ores. 

The classifications are not modified by considerations of 
payments of metals by smelters or custom mills, or by method of 
treatment by the smelters. 



On this basis, the 10 classes of ores and concentrates are as follows: 
Copper, copper-lead, copper-zinc, copper-Iead-zinz, lead, lead-zinc, zinc, 
dry gold, dry silver, and dry gold-silver, further differentiated as sulfide, 
oxide, or mixed ore. All data presented in this publication showing the 
classes of ores ~nd concentrates are based on this classification. 
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In 1957, 43 percent of the ~old output in tne United States was recovered 
frrnll dry ores of gold, gold-silv~rl and silver; 32 percent from copper are; 
19 p~rcent from gold-bearing placer gravel; and the remainder from ores of 
copper, lead, and zinc. Thirty-two percent of th~ silver came from dry or8S; 
29 percent fram copper ore; and the remainder from gold-bearing placer gravel 
and various ores of copper, lead, and zinc. Most copper came from copp0.r 
ores, and most lead and zinc came from lead, zinc, or lead-zinc ores. 

In dry ores of gold, gold-silver, and silver, the gold occurs prinCipally 
as the native metal or as alloys of gold and silver. Gold enters into only 
one series of natural compounds, the telluride minerals, calaverite, sylvanite, 
and petzite. Silver in dry gold-silver and dry silver ores occurs mainly as 
a native element and the silver minerals, argentite, cerargyrite, and in 
less~r amount as proustite, pyrargyrit~, and stephanite. Silver is also a 
minor constituent of gold telluride minerals. 

Gbld may occur in bdse-metal ores as the recognizable native clement, but 
more commonly is found in auriferous pyrite, chalcopyrite, sphalerite, other 
sulfide minerals, and their alteration products. 

Silver in base-metal ores is present as the silver minerals argentite, 
cerargyrite, proustite, pyrargyrite, and stephanite, but more commonly occurs 
in argentiferous tetrahedrite, tennantit~, and galena, iLnd their alteration 
products. Gold and silver are not recognizable except by analysis, unless 
they occur as distinct, visibl~ minerals. 

Copper occurs in copper, copper-lead, copper-lead-zinc, and copp~r-zinc 
ores as one or more of five types of copper ore minerals; sulfides (mainly 
chalcopyrite, chalcocite, bornite, covellite, and enargite), oxides (cuprite), 
carbonates (mainly malachite and azurite), silicates (chrysolla), and native 
copper. Most of the copper produced in the United States as well as through
out the world comes from ores containing sulfide copper minerals; however, 
the quantity recovered from oxide, carbonate, and silicate minerals of copper 
has been in~r~asing. 

In lead and lead-zinc-ores, the lead occurs chiefly as the lead sulfide 
mineral, galena; the sulfatu, anglesite, and the carbonate, cerussite, are 
less abundant but important oxide minerals. In the lead-zinc and zinc ores, 
the prinCipal zinc mineral is the zinc sulfide, sphalerite. In the oxidi~ed 
zones, the commercially important zinc minerals are the zinc carbonate, 
smithsonite; the zinc oxides) franklinite and zincite; and the zinc silicates, 
calamine and willemite. 
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Ore Marketing Patterns in 1960 

The following description of the flow of area and concentrates of gold, 
silver, copper, lead, and zinc is based on marketing patterns in effect during 
1957-60. The discussion is confined to the States in which base and precious 
metals have been produced or process~d. Tables 3, 4, and 5 list the mining 
districts from which ores and concentrat~s came and the treatment plants to 
which shipments were made. Figures 1, 2, and 3 show the locations of mining 
districts, mills, smelters, <lnd other treatment -plants in the United States. 
Operations at sorne of the mining camps listed have been recessed, and a 
number of mills and smelters are no longer in operation. However, because 
some districts and treatment plants probably would be reactivated in an 
improved market, they are noted in this circular. Current production statis
tics can be obtained from the Minerals Yearbooks published annually by the 
Bureau of Mines. 

TABLE 3. - Principal mining districts or areas from which ores and 
concentrates of gold, silver, copper, lead, and zinc 

were produced in 1957 

State County 

/ Cochise ••••.. 

Gila .•....... 

Graham .•...•. 
Greenlee .••.. 

Mohave ••••••. 

Pima ........• 

Arizona ••.••.•• < 

Pinal ..•.•..• 

Santa Cruz ... 

yavapai .....• 

YlDIl8. ill ••• " It •• 

Mining district 

Cochise (Dragoon) ••••.•.....•....• 
Turquoise ...... II •••••••• II ••••••••• 

Warren (Bisbee) ..•.•....•.•.••...• 
J Banner (Christmas) ......••.••.•.•• 
LGlobe- Miami .....•.•.......•••..... 
Aravaipa .....................••.•. 
Copper Mountain (Morenci) ........ . 

{
(Mens-Cedar Valley ..•.•.•••.•.••.. 

I Wallapai .. • ..... • .•............... 

t 
Ajo •••• • • • ••••••••••••••••• • •••••• 
Arnole ..•..•......•..............•. 
Baboquivari ........•.............. 
Empire •..•........•.•.....•.•.•... 

I 
Helvetia (Rosemont) ..•....••••.•.• 
Pima •..••....•.............•.....• 
Silver Bell .....•.....•..•.•••.••• 
Bunker Hi 11 ..•......•..•••...•.•.. 
Mineral Creek (Ray) ..............• 

, Old Ha t •.•...•.•..•........•.....• 
I Pioneer (Superior) .••.•..•.••..... 

) 

Harshaw ...•.....••.........•...•.• 
Oro Blanco .•..•...••.......••..... 
Patagonia (Duquesne) •.....•.•....• 

J Agua Fria ......... 41 ••••••••••••••• 

Big Bug, Black Canyon, Hassayampa, 
and Walker ••...•..........•.••..• 

Copper Basin .••••••••.•.•....••••• 
Eurel<a •.......•••••. III ••••••••• " ••• 

\ Verde (Jerom.:.) .••••..•.•.......... 

{
Castle Dome •••••...•.........•••.. 
Cienega .... II II ••••••••• II ••••••••••• 

Figure I, 
symbol 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

25 
26 
27 
28 
29 
30 









TABLE 3. - Principal mining districts or areas from which ores and 
concentrates of gold, Silver, copper) lead) and zinc 

were produced in 1957--Continued 

11 

State County Mining district Figure 1, 
symbol 

I Grant •..••... 

, Guadalupe ... . 

New Mexico ..••• ~ 
Hidalgo ..... . 
Sandoval •.... 
Santa Fe .••.. 

California ...•• I( 

Nevada .••.••... 1\ 

Socorro ..... . 

Torrance .•... 
/ Amador, 

Calaveras, 
El Dorado, 
Madera, 
Mariposa) 
Tuolumne. 

Humboldt ..... 

lnyo ........ . 

Kern •.....••. 

Mono ••..••••• 
Nevada •...... 
Plumas •.•..•• 
Sierra ....... 
Siskiyou ..•.. 

Trinity .•.... 

Yuba ...•...•. 

Clark ....... . 

Elko ...•. , ... 

Esmeralda •... 

Eureka ...... . 

Humboldt ••••• 

/ Cen tr-al ....•..........•.....•..•. 
) Eureka •.•.... • ....•.....•.•..•... 
JPinos Altos ••.•••..••••..••.••••• 
{ Swart~ ........................ I ........ . 

Pintado ••••••••.•••••.••••••••••• 
Lordsburg .....•.•..............•• 
Cuba ....•..................•.•.•. 
Cerrillos, Cooper, San Pedro, 

a nd New Placers •.......••••..••• 

{
HansOnberg ••••••.•••••••••••••••. 
Magdalena ........•.......•..•.... 
Ca roeito ...••............•....•.. 
East Belt, Mother Lode, West Belt 

! Trinity River South (Hoopa) ...•.. 
lDarwin ..•.•..•..•..•......•.....• 

{L~e ••••••••••••.••••••••••••••••• Modoc •••••••••.•••••••••••••••••• 

{
MOj ave ...........•...•.....•.•... 
Randsburg ..•.....•..•............ 
Homer ................. II ......................... .. 

Grass Valley-Nevada City ......•.. 
Sawpit Flat .....•.••..•.•.•.•.... 
Alleghany-Downieville ...•.•...... 
Klamath River •.....••......•..... 

J Hay fork ••.•..••.................. 
LT rinity River .•...•....•.••....•. 

Browns Va lley .•..•.••.......•.... 

) 

Goodsprings (YC!llow rin~) ....•... 
Las V(~ gas ••••••••••••••.••••••••. 
Searchlight ••••••••••••••••.••••• 

) 

Contact •.......••....••........•. 
Delano ...........••....•......... 
Merrimac .••....•...•.......•..••. 

) 

Kl ond:ke ..••........•...•.•...... 
Mon te .-.urns ••••••••.••••••.•••••••• 
Silver Peak ...............••....• 

) 

Eure ka ...••...................••. 
l1aggie Creek ...•.•.....•.....•... 
'Rai 1road •••••..••..•••.•.•••••••. 
Awa kening ....••.....•.•.....•.•.. 
Go lconda .......... 'II " • II •• 41 ......... . 

L de {
Battle Mountain •.....••..•......• an r ..•.•.. 
Bullion ••......•........•.••...•. 

31 
32 
33 
34 
35 
36 
37 

38 
39 
40 
41 
42 

43 
44 
45 
40 
47 
48 
49 
50 
Sl 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
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TABLE 3. - Principal mining districts or areas from which ores and 
concentrates of gold, silver, copper, lead, and zinc 

were produced in 1957--Continued 

State 

Nevada-
Continued. 

( 

I 

county 

Lincoln ...... 

Lyon .......•. 

Mineral ••.... 

Nye .•...••••• 
Storey .•..•.. 

White Pine ..• 

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

Cus ter .•....• 
Dolores .•.... 
Eagle ..•..... 
Fremont ....•. 

Colorado...... Gilpin ....•.. 
Gunnison ....• 
Lake .••.....• 
Mineral .•.... 
Park •.....•.. 
Saguache ...•. 
San JuanJ 

San Miguel, 
and Ouray. 

Sununi t •••.••• 
\ Teller •...•.. 

South Dakota.. Lawrence ..... 

I Beaver .....•. 

Juab and Utah 
Piute ••.•..•• 

Utah. • . •.. • • .• ( Salt Lake ..•• 

Wyoming ...••.. 
Idaho .••.•..•. 

Surnrnit ••••••• 

Tooe le .••..•• 

\ Wasatch .....• 
Fremont ....•• 
Blaine •.•.•.. 

Mining district 

~ Jack Rabbit (Bris tol) .........••. 
1.Pioche (Ely) .....•......•.•••..•. 

Yerington ••..•••.....•.•........• 

l Aurora •........••..••.•.••....... 
Candelaria ...................... . 
Cedar Mountain ..•.••....••••.•.•. 
Tonopah .•....••.............••... 
C oms tock . Lode .....•........•••... 
Cherry Creek .........•.....•.•... 
Robinson ........................ . 
Tungs tonia ...................... . 
Central, Gold Hill, Grand Island. 
Mona rch ......................... . 
Alice, Argentine, Empire, 
Griffith, Idaho Springs, 
Montana, and Trail Creek. 

Hards crabb Ie ....•..•....•........ 
Pioneer ..................... ., ......... . 
Red Cliff (Battle Mountain) ....•. 
Cotopaxi ................................... .. 
Northern, Southern ..•.•.......... 
Domingo, Elk Mountain .•......•... 
California ..•....•••...•••.•.•.•• 
Creede .................................... . 
Buckskin Gulch, Horse·shoe ....... . 
Bonanza ....••..•...• 
San Juan ............................. . 

Breckenridg~, Montezuma ••..•.•.•. 
Cripple Creek •••••••..•..•...••.• 
Whitewood (Ida Gray), Portland, 

and Bald Mountain. 
Rocky, San Francisco, Star and 

North Star. 
Tin tic .............................. . 
Gold Mountain, Mount Baldy, Ohio 
West Mountain (Bingham) ••..••...• 
Uintah ................................ . 

leI i fton. · • · • • • · · • · · · • • • · · • . · • • • • · 
Dugway ............................... . 
Ophir, Rush Va 1ley ...•••..•...•.. 
Blue Ledge, Snake Creek .••...•••. 
Atlantic City arid 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 
91 
92 
93 
94 
95 
96 
97 

98 
99 

100 

101 

102 
103 
104 
105 
106 
107 
108 
109 
110 
111 



TABLE 3. - Principal mining districts or areas from which ores and 
concentrat~8 of gold, silver, copper, lead, and zinc 

were produced in 1957--Continued 
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State County Mining district Figure 1, 
symbol 

Idaho-
Continued. 

Montana ••••••.• 

Oregon .•••.•.•. 

Washington ....• 

Illinoi.-" l i lwa, 
WL.cons in. 

Michig an .•..... 

Kans a s, 
Missouri, 
Okla homa • 

Missouri ••••••• 

IllinOis ...... . 

Kentucky .•..... 

North Carolina. 

Tennesset· .•.... 

Ne\ I Jersey ..•.. 
New york •••..•• 
Pennsylvania ••• 
Vt..:rTIlont .••...•. 

Vi rginia •...••• 

730-683 - - 2 

I Custer ..•.... {
Alder Cr"eek ...............••..••.• 
Bayhorse ••.....•.•.......•.....••. 
B1(lckbird ..•.•...•...••......•.... 

Lemhi •••..••. 

Shoshone ••••• 

Beaverhead ..• 
Granite ..... . 
J e fferson •.•• 
Sanden •...... 
Silver Bow ••• 
Grant •.•.•••. 

Blue Wing .••.....••.•..•.•........ 
McDevi t t ........••...•.......•.... 
Coeur d'Al~ne (Beaver, Hunter, 

Evolution, Placer Center, Yreka). 
Argenta. II ••••••• a a .................... . 

Flint Creek ..•...........•........ 
Colorado .•..........•......... . ... 
Eag l e ....•..............•......... 
Butte (Summit Valley) .••.....•..•. 
Granite ........•.................. 

Chelan ...... . 
{

Railroad Creek (Chelan) .....•..... 
Wenatchee ••...••....••............ 
Republic ......••..•.....•......•.. Ferry ....•... 

Pend Oreille. 
Stevens ..... . 
Jo Daviess .. . 
Dubuqu~ ..... . I 

Me taline .•...•.....•....•.•....... 
Northport •.•••••••••.•••••••••...• 

Grant .••••••• 
Iowa ....••... 

Upper MissiSSippi Valley .••.....•. 

) 
LafaYL!t te ••.• 

1 

Houghton .. • .. ) 
Keweenaw. • . •• ~ 
Ontonagon. . •. , 
Cherokee. .. .. J 
Jasper ••..••• 
Newton •••.••• 
Ottawa ••••••• 

l Madison. • . • • 'l 
St. Francois. 
Washington .•. 

{
Hardin ...... . 
Pope. . . • • . . .. J 

1 

Caldwell ..••. 
Crittenden ... , 
Livings ton ••• 

{
Ashe •........ 
Halifax •..••. 

l Hancock ••.... 
Jefferson ...• 
Polk •..••..•• 
Sussex .•.•..• 
St. Lawrence. 

Lebanon .•.•.. 
Orange •....•• 

{
Rockingham .•. 
Wythe •••••••• 

Lake Superior ........•...•........ 

fri-State .........•............... 

Southeastern Missouri •.....•.....• 

Kentucky Fluorspar ............... . 

Ore Knob .•.....•.....••......•.... 
Enfield .....••...•.......•...•.•.. 
Treadway •....••.....•••...••••.... 
'Ma.scot •••••••••••.•••••••••••••.•. 
Ducktown .•••..•.•.•••.•....••••... 
Franklin Ogdenburg ..••...••....... 
St. Lawrence .......•.....•••.••..• 
Cornwall ..•..••••.••....••...••.•. 
Stafford ..•...•.....••.........•.. 
Timbervi lle ....••.••....•••....•.. 
Austinville ...••.......••......•.• 

112 
1 13 
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 



TAlfLK 4. - CultOlll ml11l f or trut1,nJ ores of go Id J aU_x , copper, Iud, and f.ioc 
(lncludu operating p1an~ and idle pla.nu available 00 demand 

Figure 2 , 
symbo l 

1 ...... . 

Loca t i on 
of plant 

ARIZ~ 

S. hua.r 1 La ..... 

rtame of 
p l an t 

San Xavier • .... . 

Name of 
operat or 

HcFa.r land l. 
Hu11 lugar . 

Type of 
lIlill 

Selective 
flotation . 

2 ....... Patagonia , .•.. Trench ......... . Naah l. KcParland .1 ...• do •••. • •• 

3 ....... 

s ..... . . 

6 ....... 

7 ....... 

HUIIIbo 1 d t ••.... 

CALlFaurI.A 
Rosamond ••••.• 
ltandabu.ta · •... 

C(L(JW)O 

Silverton ••... 

• •• dp ••••••••• 

Iron Itlng ••...• • 

lurtoca Brother a . 
Sut t Lode ....... 

Pride • .•.. . .. • .. 

Shenandoah . ..••. 

Shat t uc k- Denn 
HiniOA Co . 

Burt on !.rotbert 
Butt Lode 
Hinin8 Co . 

Argyle H1nloa 
and Milling Co . 

Standard Uranil.llll 
Corp . 

8 ....... Ouray ••••••••• B-Iy City ........ I s.y City Kintng 
6 Hilling Co. I 

Inc . 
9 ....... Idaho Springa, 

C~Dtr.l City, 
Geor&e tOlonl J 

Silver Plume, 
Blacit 0-". 

FrOO t Range , I Varioua .•.•...•• 
Dixie , BI.ck. 
Eagle. Silver 
Spruce. Silver 
K1.Dg , C aumon-
vea 1 til , Bur-
I e igh. ~ndoLa. 
Bood le. , Glory 
Hole , and 
otbers . 

10 ....... I Cripple Creek . .! c..rltoD •.....•.• 

H .•..... I Honte.u ..... ..... 1 Plymouth ...... II 

12 . . . . . .. I Le.advU Ie ••••.. 1 Ruurrec tion • ... 

13 . • . . • .. I Bonanza .••••••• 1 Superior ...•..•. 
(National 
Miner a la) • 

IDABO 

Golden Cycle 
Corp . 

John Eo. Vera 
Jeff-rey . 

RaaurTec t ion 
Mining Co . 

Super ior Hinu . 
Corp . 

l4 ··· .... lwal1.ce ....... jGOICODda ••••••.• ! Golconda Lead 
Hia_ . 

15 .... ... ., . do ......... ReJ!;............. Zane t t i Braa. 

Selec.tive 
flotat1co 

Cyaold&tioo . 

CyanJ.datioD . 
AIM 19ama t i OIl 

and tab lell . 

Se l ective 
flotatioo . 

Selective 
flota ti on 
and table • . 

Selective 
flotat ion 
aud j1gl . 

Selective 
flotation , 
bulk flota 
tion , jiga . 
and tabl .. . 

Flotation .nd 
cyanldat100 . 

Selective 
flotation • 

Selective 
f1otatico . 

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

• ••• do ....... 

. ••. do .•..••• 

.. of 1961 ) 

Capacity 
(sbort) 
eon. 

per day ) 

100 

200 

1 ,000 

)00 

LSO 
30 

80-100 

750 

100 

50-200 

Product.] 
(concentra t es 
un lea. at ber
viae. atated) 

Treatman l 
P\.1rchue I or ba.e 
or l olla charge3 

(dollan 
Der tou ) 

Pb (Cu- Au-Ag) Iroll ... . 1 4 . 50 
and Zn . 

• •.•. do ... • •• . 1 Pu r e.bas.1 4 . 50- 5 . 00 

••••• do • ••••• • I I o ll •.. • , 

Au- Ag bullion 

R r ks 

Hilt pur cb&s.d UCla! The &ql~ 

Picher Co . 1n Harcb 1957. 
trutllent c.harge includes 
de1iv8FY of toll concentra t es 
lnt.o rail r oad care . 

Hill acqulre-d f rOll Ame.rle&n 
SGelt1ng and Refining Co. 
( ...... rco) in 195 7. H .. 
pur chased ora coly froe 

• Duque.De aUne • • 
No cu.t~ ore treated Ilnc. 

1954 . 

· . . .. do . ..•.. . , •• do ••• '1 5 .50 I LaIC cpuated 1n 1955 . 
Au- Ag re.tort .. do •.• • 5 . 00-12 .00 

5pOll3t! . 

Pb(Cu-AU-Ag ) I' . do ••. • 

.~~ .~ : . . .... .. do .... 

.•... do ...... . 1 •• do ••• • 

••••• ck1 •••••• • , Purchase 
,oDd/or 

t oll . 

7 . 00 tnac t ive to 1961 . 

(. ) Do . 

7 . 001 00 . 

('I ) [Inactive in 1961. H.ost of 
the.e ~11 1 are intact and 
.vallable. f or Laaae or 
aale . 

l,()()() Au-Ag-bu l l ion. I Purc.haae I Clo.ed ill January 1962. 

50 

soo 

150 

200 

200 

Pb (Cu- Au-Ag ) ITOU .... 
and Zn . 

• ••. . do . . . . . . . Purchase 

•.•.• do .•••.• • 1 •• do , ..• 

..... do •••... . ITol l .••• 

• •••• do ••••••• 1 •• do • ••• 

4 . 50 I Inactive 10 1962 . 

Cl
) ! OperatlODs au.peDded in 1957 . 

Equipmen t intact. 
(.) Inac.tive i n 196 1. 

( . ) 

(4 ) 

; 



ILLINOIS 

16 ...... . I Rosiclare .. ... 1 "ROSicl.-ce .. . . ··· 1 AhalnlMll Co . 
of America 

17 . ...... , ••. do ...... . __ I Otark- Hahonl1l& ' " ~:~k-Hahoning 

18 .... . .. c;.lena ... .. .. . Graham .... ...... The Kagle
Picher Co . 

HCHl'ANA 
19 • . . •. " I AnacOllld.a • • • •• • I Anacoada • •••.•.• I Tha Anaconda 

Co . 
NEVADA 

20 ....... j Pi oche . .. ..... 1 c •• e. ltoo ·· ····· · 1 Combined Hetals 
Reduction Co . 

21 ....... Si l ver Peak .•. S lIver Peak .... . Dnited Stat.es 

22 •.... . . 

23 . ..... . 
24 • ..... . 

25 . . . ...• 

26 .. ..... 

27 ....... 

NtW MEXICO 
Deming •.•••... 

• .. d o •. . .•.... 
Hanover • . ..... 

Bayard ........ 

oo.AH<Jo4A 
Cardin ...... .. 

C~rce . .. .. . 

UTAH 

Asarco .... .. ... . 

Peru . . •• . .. . ... . 
Hanover •• .... . . . 

Bull frog . ...... • 

Central ..... . .. • 

Barbara J . ..... . 

Mining and 
Hill:ln& Co . 

Asarco . . .... .. . 

Peru Hining Co . 
Empi1:e Zinc 
Division, The 
N~ Jersey 
Zinc Co . 

Unit.ed St.atea 
Sme It. ing 
Refining and 
H.1aing Co . 

The ea,le-Picher 
Co . 

AmeriC4D Zinc , 
L.ead Illld 
Smelt.illg Co . 

28 .. ..... , Bauer .... ... " 1 Bauer ·· ·· ·· ···· · 1 Combined HeLals 
Reduction Co . 

29 ..... . . Tooe l e ........ Tooele . . •. .. . .. . I nternational 
SIIIe 1 t iog and 
Refining Co . 

30 ....... 1 Midvale . ...... 1 H1dvsle ........ . 1 United StA t U 
Smeltins 
Refining and 

WASBINGI'(JI I I Mining Co . 
31 ....... 1 Northport. .. .. AdmiraL . ....... Admira l 

ConBoUdated 

U-vy lied! 
and ulectlve 
flotation . 

••• • do • •••••. . 

Selective 
flotation 
and j 19a . 

Selective 
florat ion . 

... • do ••..... . 

600 1 Pluonpa r - Zn- 1 Purchase 
Pb . 

385 1 .•••• do .....• • 1 •• do ••. • 

1,500 I Pb ( Ag). Zn . .. \ .. do ... . 

Zn .. ... ...... . 1 .. do .. .. 

1,800 
(Au- Ag), Zn . 

CY4DidatiOP ... 1250-3oo 

Cu, Pb I' . do .•. • 

A.u-Ai b ullion . .. do .. .. 

Se l ect.ive 
flo t ation . 

•• • • do ...• • •.. 
• •• • do ..••••• . 

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

Heavy IIIII!!dia, 
selective 
flotation, 
and jigll . 

.. .. Go . . . . . .. . 

Selective 
flotati on . 

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

..•. do ..... . . . 

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

1650 w 750 

)00 

600 

12 ,000 

1,000 

Cu, Pb, and 1 .. dO ..• • 
Zn . 
••••• do • •..•• . . • do ... . 
..... do .. .. ..... do .. .. 

• . ... do .... ... 1 .. do .. . . 

Cu, pb , and 
Zn . 

Pu rc base 
and 
t.oll. 

• •. •. do .•..•.. 1 . • do •• • . 

500 I Cu, Ph I Pur-CUBe 
(Au- Ag) . Zn . 

l ,SOO '" .. do .. ..... .. do .. .. 

1,700 

75 

••• •• do ••••••• 1 Purchase 
and 
toll . 

Pb (Au-Ag ), Tol l. ... 
In . 

(II ) 

( 8 ) 

(II ) 

( 4 ) 

(" ) 

( 4 ) 

( ~ ) 

( .. ) 
( 4 ) 

( i ) 

(" ) 

( 4 ) 

('I ) 

( II ) 

c8 
) 

(" ) 

W1SC~IN I I HiniD8 Co . 
32 .... '" I White Oak. Vi negar Bi 11. . __ Vinegar Kill I .... do ........ I 600 I Pb (1.8 ) . Zo ... 1 Pur chase I (" ) 

D1vteion, 
American Zinc , 
Lead and 
SDeltlnJr. Co . 

1 Symbols io parenthe.e. denote .inor .etals In 11111 beada IUld concentrate • . 
~"Purcha.e" denotes are. p\.lrcbaaed QlJtr ight ; "toll" denot~ ores U'eated under contrac t wben shipper Tecainl t1 t I e . 
J Additlonal data 5bowo in appendix . 
"No Icbedu led treatJllll!nt ch.trge; pa~nt negotiated . 
II See treaODent Ichedule in appelldix . 
BPurcba.e scbedule not avaf1ab1e . 

No ore purchased in 1961. 

I nac tive Since 1957 • 

I nact.ivl! in 1961 . 

I nactiv e aince 1957 . 

Reopened in 196 1 . 

Reopened i n 1961 . 

Do . 

I nactive s i nce 1958 . 

Inactive siDea 1958 . 
Custom mi11iog area 
diverted to Midvale, 
Utah , afte r this date . 

Inactive aince 1958 . 

::;; 



TABLE 5 . - Sme lte r s , plan t s , and refineries for t r ea t ing gold, silve r, copper , lead, 
e d z inc ores, c oncen trates ! and me t als 

Figure 3, 
symbol 

1 . _ ..... 

2 ....... 

3 ... '" • 

4 ...... . 

5 ...... . 

6 ...... . 

7 ...... . 

8 ....... 

Location of 
plant 

ARIZONA 
Hayden . •..... 

I DBpiration .. 

Miami •....... 

Bayden ••...• • 

Superior ..... 

Douglas .. , ..• 

Morenci ..... . 

Ajo ..•••••... 

Company 

American 
Smelting and 
Refin i ng Co . 

Inspiration 
Consolidated 
Copper Co . 

•.••• do ..••.••• 
( formerly 
I nternational 
SIne 1 t ing and 
Re fining Co .) 

Kennecott 
Coppe r Corp ., 
Ray Mines 
Div . 

Magma Copper 
Co . 

Phelps Dodge 
Corp •• Douglas 
Reduction 
works • 

Pbelps Dodge 
Corp . , 
Hore:nci 
Branch. 

Pbelps Dodge 
Corp . , New 
Cornelia 
Branch . 

9 . . . . • .. I San Hanue 1 . •. I San Hanue 1 
Copper Cor p . 

ARKANSAS 
10 ......• For t Smi t h ... 

CALIFCENIA 
; t ...... . Selby . ...... . 

; 2 .•••••• . •• do •..•.••. 

IDAHO 
! -\ ••••••• 1 Bradley 

(Kellogg) . 

AthleCic 
Mining lIr. 
Sme lting Co . 

American 
Sme lting and 
Refi.otng Co . 

.•••• do • •• • ••.• 

Bunker Hill 
& Sullivan 
Hin i ng 
I) Concen
tra t ing Co . 

Class of mate
r ia l t r eated Type of 

smelter , 
plan t , or 
refinery 

( ores and con- I----->..:=-==--."-t-:o..;;.;~<---:

Copper 
smel t e r . 

Electr olytic 
coppe r 
r efinery . 

Coppe r 
S1I1elter . 

..•• do ...•••. 

.•.. do ...... . 

.... do . _ .... • 

.•.. do ..••.. • 

.... do ...... • 

centrates 
unless other
wise stat.ed) 

Copper, gold
silv e r. 

Leach sol ut ion 
and anode 
copper . 

Copper , gold
silver . 

. . ... do ...•... 

. ••.• do .••••.. 

. ...• do ..... .. 

. .•.. do .•..... 

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

., .. do •.•... • 1 ••••• do ...... • 

Zinc sme l ting 
plant. e 

Silver- lead 
sme lte r and 
reft ncry. 

Zinc slag
fumi ng 
plant .• 

Silver- lead 
smelter and 
refine ry. 

Zi nc ores , 
concentrates, 
and fumes. 

Lead, gold
silver . 

Z inc slag and 
fume . 

Lead , go ld
sUver . 

Charge'" metal 

300,000 

4 45,000 

360,000 

400 , 000 

150 , 000 

1,250,000 

900,000 

300 ,ODD 

360,000 

7 80 

192 , 000 72 , 000 

(10) 

300,0001 9 100 , 000 

Purchase 
ore or 

c onceD t.ra te 
outright 

x 

x 

x 

x 

:{ 

x 

Tr e a t ore or 
c oncentrate 

on t oll basis 
and r eturn 

product 
t o s h~er 

x 

x 

Trea t company 
ore o r 

c oncent r ate 
only 

x 

x 

x 

5 X 

6X 

x 

Remarks on prin
cipal source of 
are and concen
trate for plant 

and othe r 
--.2...er tinent data . 

Major Arizona 
produce r s 
and 3 . 

CCUIpany I nspira
tion mioe . 

Inspiration Con
s olidat e d Cop
per Co • • Miami 
Coppe r Co . 
mines , and ;} . 

Company Ray 
mines . Smelter 
operation began 
in J uly 1958. 

Company Superior 
mines and 3 . 

Company Copper 
Queen and 
Lavender mines 
and 3 . 

Company Morenci 
mine and 
cust om f lux . 

Company Ajo mine 
and custom 
flux. 

C cxnpany San 
Manuel mine . 

Company Arizona 
mines, 3 , and 
8 

(3 , 8) 

Zi nc 5 l ag fr om 
lea d smel te r and 
smelte r dUlllp . 

Company Bunker 
8111 an d Sta r 
mines , 3 , and 
a 

... 
o· 



14 ....... I Silver King I Tbe Bunker Hi ll Ele ctrolytic Zl.lc c on- 1173,800 X Company Bunker 
(Kellogg) . Electrolytic z:in c plant. ce.otrate . Rill and Star 

Zinc Plan t . mines, ;) • and 
s 

15 ....... I Kellogg . ••.. • I The Bunker Zinc slag- Zinc slag (10) Zinc slag from 
Hill Co . f\lllling and f ume . lead smelter 

plant . and smelter dump 
zinc slag . 

ILLINOIS 
16 . ...•.. I Alton American SUver- l ead Lead , gold- i! 128,000 "X X 3Closed . 

(Fe~ral) Smelting and ~lter and s ilver . 
Refining Co . refinery . 

17 ..•... . I Eas t Ameri c a n Zinc Zi nc -smel t - Zinc (and 735 X X Company mines in 
5t . Louis . Co . of tog plant . e residues) . Missour i and 

Illinois . Tennessee. 3 

aDd s . 
18 ....... I Monsanto . ..• . I ..... do .....•. , Elecr:rolytic Zinc fume. 11 60,000 X X Plants in Idaho , 

zinc plan t. calcine , and Ok l .a homa , PeOQ-
residue . sylvania , Texas , 

Utah, Canada , 
and Hexico . 

19 ....... ILA Salle ..... I KauhieBsen Zinc amelting 1 Zinc .... . •. •. ' I 790 X :Ie Northern Illinois . 
& Hegeler Plant . a Wisconsin , Tri -
Zinc Co . State district. 

and 8. . 

20 ....... I Depue . . . . . . •. I The New Jers e y I Zi n c smelting I Zinc and (10 ) X X Company Co l orado 
Zinc Co . plant . 12 residues . mines , 3 , and B . 

Tr eats primarily 
roasted and 
s io tered zinc 
concentrates and 
oxide are . 

INDIANA I 
21. ...... I Eas t Chicago . U. S . S . Lead Electro l ytic (13) '11 40,000 I ( 10 ) 

Refinery , 8 il v~r- lea d 
Inc . refinery . 

KANSAS I 
2 2 ... .. .. I Galena • .• .. " The Eagle - Silve r - lead 1 L.ad········· ·1 ( 10) ( 10) 

I 
X I C-""y "'Iaboma 

Picher Co . smelter and and Illinois 
refinery . mills and :1 i n 

t ri-state dis-
trict . Primar-
ily a pigmen t 
plant . 

MARYLAND I 
23 .•.•••• I Baltimore . . . • AlIIerican Electrolytic (13 ) I " 198 , 000 I (10) 

Smelting copper 
and Refin- refinery . 
ing Co . 

KICHIGAN I Calumet & 24 ....... I Hubbell Copper Copper concen- 100 , 000 14 60,000 X Icom.any mine. and 
Hecla, smel t e r and trates and reclamation 
Inc . refinery. copper scrap . plants . 

I I 
See footn.otes at end of tab Le. 

::::; 



tABLE S. - ~e1ters . plants . and r efine r ies f or t~eatlng gold, silver. copper , lead , 
od zinc ores, con~entrate8 , and metala - -Continued 

Class o f ma t e 
rIal treated 

Figur e 3, 
symbol 

Loca t ion of 
plan t 

Company 
Type of 
smelter, 

plan t, or 
refine ry 

( area and C OQ- t--~='=""::;-r~~-:----=

HlCHlGAN- -
Continued 

25 •..... • / Baucock .... . . Quincy Hining 
Co . 

Coppe r 
smelter and 
refinery . 

centr.tes 
unleaa otber
viae a t a te c!2. 

Copper concen
trates and 
copper s crap. 

26 •.....• 1 White Pine • .• 1 White Pine 
Copper Co . 

.••• do .••.•• • I .•..• do ...••.• 

HISSOORI 
27 ....... J Herculaneum St . Joseph Silver- l e.ad 1 Lead ......... . 

28 ....... 1 St . LOllis ... . 

Lud Co. 

Lev1n-Ha the.s 
Co . Division 
of Cerro Corp. 

el[:8r and 
refine ry . 

Copper 
re finery . 

29 • ••.•.• I Herculaneum St . Joaepb Leadl Zinc slag-
Co . fuming 

KONTANA 
30 •...... j East Helena .. I American 

Smelting and 
Refining Co . 

31. ...... I ... do .•••.•.• I The Anaconda 
Co . 

32 ....... I Anaconda ..... I ..... do ....... . 

33 ....•.. 1 •• • do .••••... 1 ••••• do . . ...•.. 

34 ....... I Grea t Falls .. I ..... d o ...... .. 

p14nt . 

Silver- Iud .. 

Z1n c 8l&g
fuming . 

Coppe r 
.melter. 

Electroly t i c 
zinc plan t. 

• ... do ..... .. 

350 ....... 1 ••• do ........ I ..... do ........ 1 Electrolytic 

NEBRASKA 
36 .....•. 1 Qnaha •• •••••. I American 

Smelting and 
Re f ining Co. 

NEVADA 
HcGlll. ..... . Kennecott 

Copper Corp . 
Nevada Hioes 
Div . 

copper . 

Silver- laad 
refinery . 

Coppe r 
I t e r. 

Coppe r c Otlcen
trates and 
scrap . 

Lead, gold .... 

Z inc slag aDd 
fume . 

Coppe r , gol d
silver . 

Zinc concen
tra t e. 

• .•.• do •••..•• 

(D ) 

( D ) 

Copper , gold
silver . 

Cbarge i metal 

l 4 12,OOO 

14 55 , 000 

11 120,000 

42 , 500 

(10) 

360,000 . 

( 10) 

1 ,000,000 ' 

. 11 86 , 500 

, 11 162 ,000 

4 150 , 000 

Ii' 180 , 000 

440,000 

Purchase 
or e or 

concentrate 
outright 

x 

x 

x 

x 

x 

x 

Trea t o re or 
concen t ra t e 

on toll 'bas18 
and return 

produc t 
to 8b~e-r 

x 

x 

Treat c0lllp8ny 
are or 

concentrate 
only 

x 

x 

x 

x 

x 

Remarka on prin
Cipal Bource of 
are and concen
tra t e f or p l an t 

nd otber 
pertineot da ta. 

COIDpany r eclama
tion plant and 
Copper Range' 8 

Champion min~ 
c oncentrates . 
Sme 1 tel' idle in 
1958 and fi rst 
6 months of 1959 

Copper Range or es 

Ccanpany 8~u the .. t 
e rn Missouri 
minea , Belmoot 
mine tn Ne-w York 
3 , and a 

Hot slag and fume 
from l ead 

Iter aod 
sme 1 t.e I' dump 
slag . 

Butte mines , 3 

and -

Zinc slag · frOQl 
lead smelter and 
smelter dump slag . 

But t e mines , 3 

an d 6 . 

Butte mines, 3 , 

plant. closed in 
1960. 

Butte mines , ;J 

and B 

( 10) 

(10) 

Ccmpany mines and 
c ua tom fl uxing 
ore . 

..... 
Cl> 



38 ...... . 

39 ...... . 

40 ...... . 

4 1 ...... . 

NEW JE:R.SE 'i 
Carteret ..... 

Barbe r ...... . 

. •. do ••..•.•. 

Raritan 
(Perth 
Amboy) . 
HEW MEXICO 

42 ....... lliurley .. .... . 

NEW YCIlK 
43 . ...... ILaurel B111. . 

0KIJJlCKt. 

Amf!rican KeUil 
Climax, Inc . 

American 
Smelting and 
Re fining Co . 

. .•.. do •.•..... 

International 
Smelting aDd 
Ita fining Co . 

Kennecott 
Copper Corp . 

Phe Ips Dodge 
ReUntll3 
Corp . 

44 . ...... I Blackvell ... • I American Hets.l 
Climax, Inc . 

5 ....... I Henryetta •... I The Eagle 
Picher Co . 

46 •..... . I Bartlesville . I National Zinc 
Co . 

PENNSYLVANIA 
47 .. ... . . . IJosephtown • .. I St . J oseph 

Lead Co . 

48 ....... I Palmerton .... ! The New Jeney 
Zinc Co . 

49 ....... I Donora .. ... .. I Doi ted States 
St~el Corp . 

TENNESSEE 
50 . . . . . .. I Cop~['bi 11 . .. I tennessee 

. . Copper Co . 
-=S=-@-e-f-=-o-o-t-n-o-'t-e-s-a-t-e-o-d:-o-=f=--[ .... a":"b':'l-e-'-. 

Copper 
Il1IIelter and 
electrolytic 
and fire 
refinery . 

Si lver- lead 
refinery • 

Electrolytic 
copper 
refinery. 

.. •• do . .•..•• 

Copper ores 
and conceD
trates and 
residues . 

(13) 

( 13 ) 

( 13 ) 

Copper !copper con-
smelter and centrates . 
fire 
refinery. 

Copper I . .... do . ..... . 
smelter and 
electrolytic 
refinery . 

Zinc a.eltlng IZinc ore and 
plant . s concentrates 

. •.. do ....... z~~.~:~: . ~~~~ : 

...• do ....... IZinc concen-
trates, cal 
cines, oxides . 
&Ild residue . 

Zinc smelting IZiac ••....•.•. . 
plant . l 

' " . do ... . . " IZinc ore aad 
concen t ra te s 

tid r es i dues . 

Zinc sme lting IZinc . ......... . 
plant . -

Copper ICopper •• . . • •... 
smelte r. 

245 , 000 I 4150,000 
1041 121,000 

96,000 

4168,000 

4240,000 

400,000 1 4 84,000 

200,000 4 175,000 

7266 

'/ lS{) 

Ul. 

(10) 

113,000 

70,000 

70,000 

x 

x 

x 

x 

x 

x 

x 

x 

x 

Concentrates fra. 
Vermont. and 
North Carolina . 

(10) 

(to) 

Company Chino mine . 
Fi re r e finery 
operated iDte r 
lllittentl y . 

Appalachian 
Sulfides, Inc . , 
mines i n VeI'1ll0D t 
and North Garolina 
and Bethlehem Cuba 
Iron mine in 
PennsylvllIlla . 

Pd.mari ly . B 

C.-paoy <ltlab 
end Illinois mines 
snd 3 from Tri
State dis t rict. 
I 1 11nois • !lnd 
Wlsconsig. 

3 from Colorado 
Arizona , Tri
State district , 
an d 8 . 

Company New York 
aad Missouri 
mines, 3, and e . 

Company New Jersey , 
Colorado , 
Tennessee, 
Pennsylvania and 
Virginia mines 
3 , and B . 

Ha tel' leI from 
Tennessee !lad 
New Ycn-k ; closed 
November 23, 1957 . 

Company mines in 
Tennessee. 

.... 
\0 



Figure 3, 
symbol 

5 1 ...... . 

52 ...... . 

53 •...... 

54 .•• -...•• 

55 .•... , . 

56 ...•... 

57 ...... . 

58 ...... . 

59 .•... ,. 

60 ...... . 

Location of 
plant 

TEXAS 
Amar il l o ..... 

Corpus Christi 

Dumas ••...... 

El Paso • ..... 

• •• do •..••••• 

• .• do .•. , ..•. 

••• do ...... .. 

urAH 
Tooele ..•.... 

• •• do ••••.••• 

Garfield ..... 

Company 

Ame r i can 
Sme lting and 
Refining Co . 

TABLE 5 . - SIne lt e r s I plants , and refiner ies for t r ea t ing go l d, silv e r , coppe r I l ead , 
and zinc ores, concentrates, and metals - - Continued 

Type of 
smel t e r , 

plant, or 
r efinery 

Z i nc sme lt i ng 
plant. 6 

Class o f mate
rial treated 

(ores and con 
centr ates 

unless o t b e r
wise stated.l 

Zinc ..•.••••.. 

Annual c.a.paci t r 
(s hort taos) 

Re fined 
Cha r ge· meta l 

7 160 

Pur chase 
ore or 

concentrate 
ou t r igh t 

x 

Treat ore or 
concentrate 

on toll basis 
a.nd return 

pr oduct 
to shtpper 

x 

••..• do •••••. ,. Elec t ro lytic 
z i n c p l ant . 

Z1nc c oncen
t r a t es and 
tune . 

11 105, 000 x x 

..•. . do " ..... 

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

• .. , .do ...•... 

•••• • do ••••••• 

Pbe l ps Dodge 
Refining 
Corp . 

I nternational 
Smelting a nd 
Re f ining Co . 

.... . do ...•.•. 

Kennec ot.t 
Copper Corp . 

Zinc s mel t ing 
plant . e 

Copper 
sme lte r. 

Silver- lead 
sme lte r. 

Zinc- slsg
f'UIIling 
plant . 

Electrolyt ic 
copper 
r efioery and 
coppe r fire 
refinery . 

S1 1 ver- lead 
sme lte r . 

Zinc siag
f urning 
plan t. 

Copper 
smel t e r 
and elec
t r olytic 
c oppe r 
r e finery . 

••.•. do ...... . 

Copper, gold~ 

silver. 

Lead-zin c . 
go l d-s ilve r. 

Zinc sla g ••.•• 

(13) 

Lead-z inc. 
gold-S i lve r. 

Zinc oxide 
and carbon
at e or es and 
zinc slag . 

Copper con
centra t.es . 

400,000 

360 , 000 

300 ,000 

( 10) 

1 ,22 5 ,000 

7 137 

4290,000 
1 4 25 ,000 

4204 ,000 

x 

x x 

x x 

x x 

x x 

Trea t. c ompany 
ore or 

concentraCe 
on ly 

x 

ox 

Remarks on prin
cipa l sour ce of 
ore snd concen
t r a t e f or plant. 

and other 
~er t inen t da t a . 

Company mines i n 
Colorado and New 
Mexico (inactive ) 
3 and 8 

Do . 

(3 . 8) 

Company mine s i n 
Ar izona and 
Missouri. 3 . an d B 

COIIlpany mines in 
Colora do and New 
Mexico (inact ive) 
3 and 8 • 

Rot slag a nd fume 
f r Olll l ead 6mel t er 
nd smelter dump 

alag . 
Company mines . 

(3 , ~) 

Hot s lag and f ume 
from lead smelt.er 
and smelte r dump 
slag . 

Ame r ican Smelting 
and Refin ing Co . 
accepted CWl t cm 

ore aod concen
t.ra t e at the 
copper SIne I ter 
un til J a nuary l, 
1959, when the 

:.> 
:> 

new owner Kennecot t 
Corp., assumed 
opera tion . 



UTAH- -
(Continued) 

61 ... _ ••. Midvale. .•.••. United States Silver-lead .ead . gold- 250,000 9 72 , 000 X 
smelting , smelter silve.r . 
Refining and and 
MinIng Co . refinery . 

WASHING!" 00 
62 ....... Tacoma ....... American Copper Copper, gold- 600,000 4 114,000 X 

Smelting and smelte r silver , and 
Refining Co . and elec - siliceous 

trolytic gold ores. 
refinery . 

WEST VIRGINl.A 
63 Meadowbrook .. Meadowbrook Zinc smel t ing Zinc .......... - 1142 ,000 X 

Corp . , sub - plant . 1 2 

sidiary of 
Matthietlseo 
Eo Hegeler . 

lBased on American Bureau of Hetal Statistics Yearbook , Thirty- Seventh Annual Issue fo r t be year 1960 . 
- Includes flux bu t n o t fuel . 

Smal l lots o f domestic custom ore or concentrate . 
4Refined copper. 
5 purchased c ustom s i lica fluxing o r e. or materia l only . 
6Boriz. oncal retorts. 

Dally capacity for spe l ter . 
Foreign ore and concen trate . 

e Re fined pig lead . 
l ° Data c onfidentia l or n o t a vailable . 
11 Slab z.inc . 
l~Vert i cal r etort s . 
13 No t applicable . 
14 Fire refined c opper (wi t h varying amounts of si l v e r). 

I 

-

X 

-

Midvale smelter 
was closed in 
June 1958 and 
subsequently 
dismantled . 
Company contio
ued to buy cus t cm 
material which 
was trea ted a t 
I nternational 
Smel t ing and 
Refining Co . 
Tooele smel ter 
on a toll 
basis . 

( 3 , 8) 

3 principally fr om 
Arkansas • 
Wisconsin , 
Missouri , and 8 

prinCipally from 
CallBda . 
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Alaska 

Production of newly mined base- and precious-metal ores in Alaska in 1960 
was limited to gold, silver, and a few tons of high-grade lead ore, Over 99 
percent of the gold came from placer operation and the balance from six small 
lode mines scattered throughout the State. 

Base-metal mining in Alaska has been at a stand~til1 for a number of years, 
although exploration for copper deposits was in progress in 1960 and 1961. The 
only recorded production of base metals in 1960 consisted of two shipments of 
a few tons each of high-grade lead-silver-gold are from the Hyder district in 
southern Alaska. 

Marketing gold and silver presents no problem. Both metals are recovered 
as bullion by gravity concentration, amalgamation, and cyanidation in plants 
at the mines. Bullion shipments to the U.S. Mint at San Francisco, Calif., or 
Denver, Colo., can be made conveniently by air. Gold and silver in bullion 
form can also be sold to licensed buyers; for example, certain local banks. 
Occasionally, heavy mineral concentrates containing gold are obtained as a 
byproduct of placering operations. This class of material can be sold to lead 
or copper smelters, but more often is discarded or stockpiled in hope of a 
profitable market in the future. 

Base-metal ores as mined, or as concentrated in mills located at the 
mines, have been shipped to the copper smelter of the American Sm~lting 
& Refining Co. at Tacoma, Wash., and to the Selby, Calif., lead sm~lter of the 
same company. Both plants are at tidewater. One of the two small Alaska 
shipments of lead-silver-gold ore ~ade in 1960 went to the East Helena, Mont., 
lead smelter of the American Smelter & Refining Co., and the other to the 
Selby, Calif., plant. The nearest plant to which Alaskan zinc ores or concen
trates could be shipped is the Bunker Hill Co. electrolytic plant at Kellogg, 
Idaho. 

The marketing of ores from southeastern Aldska is discussed in detail in 
a 1958 Bureau of Mines publication (!§). 

Arizona 

In 1960, mineral production in Arizona increased 27 percent in valu~ over 
that of 1959, largely because of increased copper output. At least three new 
copper deposits now under development are ~Kpected to come into production in 
the next few years. 

Most of the major producers of copper have integrated mining, milling, and 
sm~lting operations (table 6). All have their own concentrators or leaching 
pl~nts) and eight firms operate smelters. 

Another method of treating oxidi;~ed copper ores, the segretation process, 
has been introduced recently at the Lake Shore property of Transari~ona 
Resources, Inc., south of Casa Grande. This process, which produces a metallic 
copper concentrate, may have increasing importance in copper metallurgy (2, 
l!, 26). 



TABLE 6. - Leading copper-producing operations in Arizona in 19601 2 

Ope rati on Company District County Type of I Type of 
mining treatmen t 

Concentrator 
(company o:med) 

Smelter 

Morenci 3 •••• I Phe Ips Dodge Cor p . I Copper Moun tain Greenleel Open pit .. • I Flotation , Morenci ....... . Horenci . 4 

leaching. 
San Manue13 .ISan Manue l Copper.IOld Hat .....••. IPina l ••. IUnderground • • , do ....• San Manuel ..... ISan Manue14 

Corp. 
New cornelia/PhelPS Dodge Corp. 
Lavender pit ....... do ........ . 

Copper Queen I' ...... do ........ . 
Ray pit ..... Kennecott Copper 

Corp. 
Inspiration. I Inspiration 

Consolidated 
Copper Co . 

Ajo ............ IPima .... ' Open pit .. ·1Flotation. Ajo •.••.•••... 'IAj o. 4 
Warrt:n ...•..... Cochise ....• do ..... Flotation, Bisbee .•....... Douglas. 4 

leaching . 
•.... . do •.....• , .•. do .. · I underground_, .. do ......•.. do .......•.. 1 Do. 
Mineral Creek .. Pinal. .• Open pit ..... do ...... Ray •••••••••••• Hayden. 4 

Gl obe-Miami •... IGi1a ..•. 1 •••• do ..••. I .. de ..•.•. IInspiration ..•. 1 Inspiration. 5 

Esperanza3 
•• IDuva l Sulphur 

& Potash Co. 
Pima ..•........ I Pima •... I .... do ..••. I Flotation. I Esperanza .....• I Cus t om . 

Silver Bell 
Unit. 3 

Magma ••••••• 
Copper Cities 
Miami ..••••• 

American Sme lting 
and Refining Co. 

Magma Copper Co . B 

Tennessee Corp •.•. 
.••••.• do ...•••..• 

Silve r Be ll .... I ... do ... 

Pioneer .•. : ... ' 1 Pina l .. . 
Glob e - Miaml .... Gi la ... . 
• . . . • . do . . . . . .. . •. do .. . 

Castle Dane I ••••••• do •..•.••.. 1 •••••• do . •..... 1 ••• do ... 
dump. 

.•• • do .•.•• 

Unde rground 
Ope n pi t .•• 
Underground 

Open pit ... 

Flotation, 
l-~aching . 

Flotation. 
· . do ..•.•• 
Leaching •. 

· .do ..... . 

Pima •...•.. '1 Pima Mi n i ng co · ···1 Pima •. • • ••.... ' 1 Pima •.. '1' ... do ...• '1 Flota tion. 
Bagdad3 

••••• Bagdad Coppe r Corp. Eureka ..••..... Yavapai. . ... do ..... Flotation, 

01 d Dick 
7 

•• 'j Cyprus Mines Corp '1' ..... do ...... 'j' .. do .. '1 Undergro. und 
Daisy, Palo Banner Mining Co. Pima ........... Pima •••• Underground 
Verdb. open pit. s 

lAdapted fr om Bureau of Mines Minerals Yearbook 1960. 
dGold and silver \-/2.re obtained as byproducts of coppt!r :::ln~n5' 
3Molybdenum was obtained as a byproduct of copper ::1ining. 
4Compan y owned s me lter. 

leaching. 
Fl otation. 
· . do •••••• 

5 Smelter purchased f r om International Sme lting anci Rc:finin5 Co. in 1960. 
BSuccessor to Miami Coppe r Co . 
7Copper - z i n c or e mined . 
8 Dais y ope n p it operated by Pima Mining Co . 

Silver Bell ••.. IHayden4 or 
E1 Paso. 

Superior ...... . 
Cop per Ci ties .• 
• .. do ..•..••... 

Pi.ma •.......••. 
Bagdad ..•...•.. 

O~d Dick ...... . 
Daisy .•...••..• 

Superior . 4 

Custom . 
Do. 
Do. 

Do. 
Do. 

Do. 
Do. 

I'.J 
t... 
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The five properties that mined complex ores in 1960 are shown in table 7. 
These mines accounted for most of Arizona's lead and zinc production in 1960, 
in contrast with 181 producing mines in 1949. Gold, silver, and copper were 
also recovered. The principal product from the Old Dick mine is copper, but 
the zinc content in the ore makes this mine the second largest producer of 
zinc in the state. 

TABLE 7. - Arizona mines producing complex ores in 1960 

Company Mine Location County Principal 
products 

McFarland & Hullinger ...•. Johnson Camp, Johnson Camp Cochise .... Zinc. 
Moore shaft. 

Nash & McFarland .•.....••. Flux .....••.• Patagonia ..• Santa Crui.. Zinc-l~ad. 
Cyprus Mines Corp ...•...•. Old Dick ....• Near Bagdad. Yavapai .... Copper-zinc. 
B. S. & K. Mining Co ...... Atlas •••.•••. Near Silver Pima ..•.•.. Zinc. 

Bell. 
Shattuck-Denn Mining Corp. Iron King ..•• Humboldt .... Yavapai .... Zinc-lead. 

The five mills shown in table 8 are operated primarily to serve the owners' 
company or lessee operations. Ores from other properties are accepted on a cus
tom basis. However, no ores from lead-zinc mines without milling facilities 
were shipped to any of the plants shown in table B in 1960. 

TABLE 8. - Custom mills available to Arizona ores in 1960 

Location of plant 

Johnson Camp, Ariz ................ . 
Patagonia, Ariz. (Trench) ...••..•.. 
Humboldt, Ariz. (Iron King) ..•..... 
Deming J N. Mex.: 

Company operating plant 

McFarland & Hullinger. 
Nash & McFarland. 
Shattuck-Denn Mining Corp.l 

(Asarco) .....•......•..•....••... American Smelting & Refining Co. d 

(Peru) .•..•..........•.••......•. Peru Mining Co.~ 
lNo custom ores were being treated by the Shattuck-Denn Mining Corp. 

in 1960. 
2Not operating in 1960. 
~Reactivated in 1960 primarily for ores from Grant County) N. Mex., 

mines. 

Base-metal ores and concentrates from operations that do not maintain 
their own smelter can be marketed at copper, lead, and zinc smelting plants 
in Arizona, Oklahoma, and Texas, as listed in table 5. 

Arkansas 

A small production of lead and zinc concentrates from an operation in 
Marion County was reported in 1960. 

The zinc smelting plant of the Athletic Mining & Smelting Co, at Fort 
Smith, Ark., operated at a very low rate in 1960 under contract with the 



American Zinc, Lead & Smelting Co. This plant was supplied chiefly from 
retr~ated tuilings from the Tri-State District of Kansas, Missouri} ~nd 

Oklahoma. 

California 

25 

Marketing of gold and silver in California presents a few problems. The 
output from placer and lode mining at points scattered throughout the State 
is r0covered in gravity, amalgamation, and cyanide plants as gold and silver 
bullion and sold to the U.S. Mint at San Francisco, Calif. Small amounts of 
gold and silver are recovered and marketed with base-metal concentrates. 

Copper is mined at properties in five counties, but an operation in lnyo 
County and another in Humboldt County accounted for moaL of California's 
production in 1960. 

Inyo County copper, along with gold and silver, is a byproduct of tungsten 
production. Most of California's yearly lp.ad and zinc production of a few hun
dred tons each, also comes from Inyo County. 

In 1959, the Butte Lode Mining Co. mill at Randsburg accepted custom gold 
and silver ores amenable to recovery by amalgamation and gravity concentration. 
No other custom mill was in operation in California, although operators of 
private treatment plants occasionally accepted outside ore as an accomrrlodation 
to small producers. Gold and silver ores from Eastern California have been 
treated at the custom cyanide mill of the United States Mining & Milling Co. 
at Silver Peak, Nev. Operations at this mill were suspended in 1961. 

The closest custom milling facilities for lead and zinc ores from 
California are available aL the Midvale, Utah, plant of the United States 
Smelting Refining & Mining Co. Milling plants of Combined Metals Reduction 
Co. at Caselton (Pioche), Nev., and Bauer, Utah, and the plant of the Int~rna
tional Smelting and Refining Company at Tooele, Utah, which formerly accepted 
custom lead-zinc ore, have been closed. Presumably one of the Combined Metals 
Reduction Co. plants will be available a gain unde r more favorable market 
conditions. 

No custom milling facilities for copper ores are available to Califurnia 
producers. A limited market for copper-, gold-, and silver-bearing silica 
fluxing ore is available at the copper smelter of Kennecott Copper Corp. at 
McGill, N~v., where they are accepted by prearrangement on an as neede d basis. 
Copper ores and concentrates can be sold to copper smelters of the Ame r i can 
Smelting & Refining Co. at Tacoma, Wash., and Hayden, Ariz., and to The 
Anaconda Co. plant at Anaconda, Mont. Shipment to th~ Magma Copper Co. smelter 
at Superior, Ariz., or the American Smelting & Refining Co. smelter at E1 Paso, 
Tex ., might be advantageous in certain cases. 

Logical markets for lead concentrates are the lead smelters of the 
American Smelting & Refining Co., Selby, Calif., and East Helena, Mont., and 
of The Bunker Hill Co., Kellogg, Idaho. Howeve.r, the International Smelting 
& Refining Co. accepts high-grade ~inc oxide and carbonate ores for its 
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zinc-fuming plant at Tooele, Utah, and zinc concentrates without deleterious 
impurities are accepted at the electrolytic zinc plant of the Anaconda Co. at 
Great Falls, Mont. 

Colorado 

Custom mills in Colorado operated between 1950 and 1960 are listed in 
table 4. All of these were clo5ed in 1962, although the Carlton custom cyanide 
mill of The Golden Cycle Corp. in the Cripple Creek district, Teller County, 
was operated until January 1, 1962. This plant s e rved an integrated gold
mining operation that produced slightly more than half of the State's gold 
output in 1960. Treating gold telluride are largely from three mines and 
several mine dumps, the Carlton mill operated in 1960 and 1961 at much less 
than its rated capacity of 1,000 tons daily. The mill is not designed to 
treat gold ores containing appreciable amounts of base metals. However, dry 
gGld ores from other districts would have been treated, if offered. 

In 1960, most of the copper, lead, and zinc ores, which also contained 
some gold and silver, were mined and milled by the State's major producers as 
follows: 

Company 

ldarado Mining Co 

The New Jersey 
Zinc Co. 

Camp Bird 
Colorado J Inc. 

Emperius Mining Co. 

Rico Argentine 
Mining Co. 

Operation Con'cen tra tor 

Treasury-Tunnel- Pandora mill at 
Black Bear- Telluride, Colo. 
Smuggler Union. 

Eagle ...••..•..•. Eagle mill at 
Gilman, Culo. 

Camp Bird ........ Camp Bird mill 
near Ouray, Colo. 

Emperius ...•..... Ernperius mill at 
Creede, Colo. 

Rico Argentine ... Rico mill at 
Rico, Colo. 

Product 

Copper, lead, and 
zinc concentrates 
and gold bullion. 

Lead and zinc 
concentrates and 
copper are. 

Lead and zinc 
concentrates. 

Gold-silver ore, 
lead and zinc 
concentrates. 

Lead and zinc 
concentrates. 

In 1960, Colorado producers of lead, zinc, and copper ores and concen
trates had a choice of the following custom mills and smelters and plants: 

Class of ore or 
concentrate 

Lead ...•••...•..... 

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

Co er .........•..• 

Copper, lead, zinc. 

Location of plant Company operating plant 

Custom smelters 
~ EI Paso, Tex ..••.••. American Smelting & Refining Co. 
LTooele, Utah ......•. Int~rnational Smelting & Refining 
'Amarillo, Tex •.••••• American Smelting & Refining Co. 
,Bartlesville, Okla .• National Zinc Co. 
:Anaconda J Mont .•.... The Anaconda Co. 
iCorpuB Christi, TeK. American Smelting & Refining Co. 
El Paso Tex •..•.•.• American Smelti & Refinin Co. 

Custom mills 
Midvale, Utah....... Smelting Refining 

Co. 

Co. 
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Starting in 1957, low lead and zinc prices forced the closing of many 
Colorado mines and mills, including all Leadville, Colo., operations and the 
Keystone Unit of the American Smelting & Refining Co. near Crested Butte, Colo. 
Smaller operations scattered through the Colorado mineral belt were also 
inactiv~ in 1960 and 1961. None of the 15 or more Colorado lead-zinc-copper 
custom mills listed in table 4 was uperating in 1961. Many of them, including 
the Resurrection mill at Leadville J the largest custom mill in Colorado, could 

. be r eactivated. The last remaining custom sm8lter in Colorado, the Arkansas 
Valley lead smelter of the American Smelting & Refining Co. at Leadville, was 
closed permanently in February 1961. 

Operators who had ore contracts with the Leadville smelter have been able 
to market ores at the El Paso, Tex., plant of the same company, using the 
Leadville treatment schedule und paying freight charges equal to the former 
cost of shipping to Leadville. Less-than-carload lots can be shipped to the 
American Smelting & Refining Co. Globe refinery at Denver, Colo., where ship
ments are sampled and accumulated for forwarding to Texas plants. Partial 
payment is made to shippers after receipt of the ore at the Globe plant. 

Idaho 

In 1960) Idaho continued as the Nation's premier silver-producing State 
and ranke d second in the production of lead and third in the output of zinc. 
Most of the metals came from five mines in the Coeur d'Alene mining region of 
Shoshone County in the north~rn part of the State. These mines are listed as 
follows: 

---~-----r--------.-------~----r--------------... -
Mine Ore Operator Owner 

----------+---------+----~~--------1-----------,.,--
Bunker Hill ..•.. lead-zinc .... The Bunker Hill Co ... The Bunker Hill Co. 
Star ......•........ do ........ Hecla Mining Co...... Do. 
Sunshine ........ silve r ....... Sunshine Mining Co ... Sunshine Mining Co. 
Page ............ lead- z inc .... Ame rican Smelting American Smelting 

and Refining Co. and R~fining Co. 
Galena .......... silve r ............ do .............. Callahan Mining Corp. 

Lucky Friday .... lead ...•..... Hecla Mining Co ..... . 

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

Lucky Friday Silver Lead 
Mines Co. 

The Bunker Hill Co. has an integrated mining} milling, smelting, and 
refining operation in the Coeur d'Al~ne mining region. In addition to mining 
and milling , the operaLion includes a silver-lead smelter and refinery and an 
eleLtrolytic zinc plant. Custom concentrate from foreign and domestic sources 
furnishe s much of the material treated. Small lots of crude lead ore are 
purchas e d. 

There is very little custom milling in Idaho. Two small custom mills, 
Golconda and Rex, were operated in the Coeur d'Alene mining region in the 
1950's, but both were shut down by the end of the decade. Ore from the Lucky 
Friday, which had been treated at the Golconda mill, was diverted to a new 
mill at the Lucky Friday mine in 1960. Before d~clining lead and zinc pric~A 
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forced closure of many mines, a number of lessees had ore milled in plants 
owned and operated by the lessor companies. 

The principal mine outside the Coeur d'Alene mining region active at the 
end of 1960 was the Clayton mine (lead-zinc) of the Clayton Silver Mines in 
Custer County. The company operated a mill and shipped concentrates to a 
custom lead smelter and an electrolytic zinc plant. 

A total of 44 base-metal mines and 16 silver mines were active in 1960. 
Many were small mines that sent crude ore to lead and copper smelters. 
Because mines in central and southern Idaho had to ship ore from 300 to 600 
miles to reach smelter destinations, only hiih-grade crude ore could be 
shipped at a profit. Shipments of crude and concentrate were made from this 
area to smelters in Idaho, Utah, ~ashington, and Montana. 

Silver is an important byproduct from base-metal mining in the State; 
similarly, copper and lead are recovered from the silver ore produced. 

Illinois 

Lead and zinc production in Illinois comes from two districts, northern 
Illinois (Jo Daviess County) and southern Illinois (Hardin and Pope Counties). 

In 1960, in the northern Illinois district, a part of the Upper 
Mississippi Valley district of Il1inois, . Iowa, and Wisconsin, Tri-State Zinc, 
Inc., mined lead-zinc ore, and The Eagle-Picher Co. mined zinc ore and treated 
it in the company-owned Gray and Graham mills respectively. In addition to 
ore from the company-owned Graham, Snyder, Spillane, and Feehan properties in 
this district and other mines in Wisconsin, The Eagle-Picher Co. accepted 
custom ore from other operations at the Graham mill. Other producers in this 
district included the Little Ginte Mining Co. (lead-zinc ore) and Hickory Hill 
Mining Co. (lead ore). Some lead-zinc custom ore has been shipped from this 
district to the American Zinc, Lead & Smelting Co., Vinegar Hill mill in 
Lafayette County, Wis. 

In the Illinois-Kentucky fluorspar district, lead and zinc concentrates 
were recovered as byproducts or coproducts of fluorspar mining. Principal 
producers were Aluminum Company of America, Minerva Oil Co., and ~ark-Mahoning 
Co. Aluminum Company of America operated the Fairview-Blue Diggings mine and 
Rosiclare mill and accepted custom ore from nearby mines in Illinois and 
Kentucky. Minerva Oil Co. operated the Crystal and Minerva No.1 mines and 
mills. Ozark-Mahoning Co. operated mines near Cave in Rock and a mill at 
Rosiclare. Custom ores were also purchased from other companies. 

Custom smelters and plants located in Illinois and neighboring States are 
listed in table 5. 

Kansas 

The entire State production of lead and ~inc originates in Cherokee 
County, a part of the Tri-S~te District in Kansas, Missouri, in Oklahoma. 



29 

The mines in the distric t we r e inactive in 1960 except for cl~anup operat ions 
in several mines and retreatment of mill t a ilings . The large companies t hat 
have operated in Cherokee Coun ty and in adjoining Ottawa County, Okla., e ither 
directly or through lessees, include the St. Louis Smelti.Lg and Re fi ning Div i 
sion, (National Lead Co.) and The Eagle-Picher Co. The National Lead Co. so l d 
its Ottawa County interests to Eagle-Picher Co. and dismantled its Ballard No. 
B mill i n 1959. The Eagle-Picher Co. operates a lead smelter at Ga l e na , Kans. 
Eag l e -Piche r Co. Central custom mill at Cardin, Okl a ., remains available f or 
Tr i - State or es . Details on customary marketing of are and concl~ntra te produce d 
in the Tri-Sta te Di s trict are given in the secti on on custom smelting. 

Kentucky 

Lead and zinc are recovered a s byproducts or coproducts of fl uors pa r 
mining in the parls of the Ken tucky-Ill i nois fluorspar dibtrict in Liv ings t on 
County, Ky. The district is discussed in the IllinOis section. No cus t om 
mills or smelters are located in the Sta te; a ll ores are shipped to Illinois 
mills. 

Michigan 

The entire 1960 production of copper t n Michigan came from underground 
mines and tailing-reclamation plants in the Lake Superior district. Ca lumet 
& Hecla, Inc., operated eight mines and one reclamation plilnt in Houghton and 
Keweenaw Counties and a coppe r sme lter a nd refinery at Hubbell. In Houghton 
County; Quincy Mining Co. operate d a t a iling-rec lamation plan t and copper 
smelter and refinery, and CoplJer Range Co. operate d the Chdlllpion mine and 
Freda concentrator. 'White Pine Copper Co., subsidiary of Copper Range Co., 
operated the Whi te Pine copper mine , mill , sma l ter, and r'l~:fin ery in On t onagon 
County and smelted concentrates from the Coppe r Range Co. Fre da mill. 

All Michigan copper mines treat or~ locally either in company- owne d 
facilities or under contract i.n nearby plants . No custom treatment f acil i t ies 
as such exist. Michigan copper is sold mainly as fire-refined coppe r , a l t hough 
some electrolytic copper is produced. The small silver content of Michigan 
or e s remdins in the fire -refine d product, als o known as Lake copper, used in 
industry without electro l ytic r e fi n ing . 

Missou r i 

In 1960, production of lead and Zi nc, wi t h byproduc t copper, s ilver , 
cobal.t, and nickel, was centered in the southeaste rn Missouri dist r ict 
(Madison, St. Francois, and Washington Counties). The St. Joseph Lea d Co. 
operates mines and mills in Washing ton a nd St. Francois Countles, and the 
National Lead Co. operates the Madison mine and mill in Madison County. Al l 
mines i n southeaste rn Missouri are capt i ve ope rations, and no custom- mill i ng 
facilities exist. 

Drilling exploration in r ecent year& near the junction of Iron, Washing
ton, and Crawford Counties in th~ southeastern Mis souri district has dis c l osed 
new] large re serves of lead ore about 40 mi les west of the older lead-mi n i ng 

730- 683 0 - 64 - 3 
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a rea. The ore has a small content of copper and z inc. Development in this 
ar8d by the St. Joseph Lea d Co. r e ached production in 1961. A compl~x of 
three new shafts, mill facilities, and a company-built town at Viburnum repre
sents a reported investment of nearly $20 million. Operation of the new 
facility has increased Missouri production appreciably. 

The part of the Tri-State district in southwestern MisRouri was inactive 
in 1960. 

The St. Joseph Lead Co. operates a lead smelter and refinery at 
Herculaneum, Mo., primarily for treatment of company ores from southeastern 
Missouri. While custom ores were accepted in the past, a policy change in 
early 1961 abolished such are purchases, resulting in a loss of market for 
mosl independently produced Tri-Stateand midwestern lead concentrates. These 
concentrates are now subject to high shipping costs to El Paso or other dis
tdnt custom plants as listed in tabl~ 5. 

Montana 

Montana was the Nation's third largest copper-producing State in 1960. 
The Butte district of Silver Bow County produced from complex ore 99 percent 
of the State's output of copper, 80 percent of the silver, 47.5 percent of the 
gold, and 38 percent of the lead and the z inc. Production was r8corded from 
129 State lode mines. Significant production outside of Butte came from the 
Jack Waite min~ (lead-zinc) in Sanders County and the Algonquin mine (zinc) in 
Granite County. Production from other Montana base-metal mines in 1960'ranged 
from less than a hundred tons to a few thousand tons of ore each. The 
Mayflower and West Mayflower mines in Mddison County produced a sizable quan
tity of gold. 

The mining operations of the Anaconda Co. at Butte, the milling and 
smelting plants at Anaconda, the electrolytic ~··:inc plants at Anaconda and 
Great Falls, and associated fabricating and marketing subsidiaries in Montana 
and elsewh~re form an industrial complex that performs every step in convert
ing raw are into finished metal products. 

The Anaconda Co. operates a copper mill and smelter at Anaconda. The 
mill was scheduled for removal to Butte in 1962. Suitable copper and gold 
ores and concentrates are purchased for treatment at the copper smelter. In 
1959, a change was made in specifications for acceptable gold-silver smelting 
ores relating to minimum silica cuntent. Other changes may occur from time 
to time. 

Also at Anaconda, the company operatL's a zinc mill and electrolytic zinc 
plant; however, the plant was s~ut down in 1960 because the amount of zinc ore 
mined at Butte was greatly reduced. Custom zinc ore occasionally has been 
treated at the zinc mill. An electrolytic z inc pla nt at Great Falls treats 
concl~~ntrate produced by The Anaconda Co. and proce~ses purchases and toll 
material from many parts of the world. 
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Lead ore s and concentrates fr om Montana mines, including the Butte mine~, 
can be marketed at the lead smelter o f the American Smelting and Re fining Co. 
at East Helena, which treats shipments from fore i gn and dom~stlc mines. 

Mine shipments sonwtimes are made to smelt i ng plants outside of Montana, 
particularly to northern Idaho; however, shipments to the mure distant pLlnts 
are seldom economical. 

Nevada 

In 1960, l ode mines in 16 Nevada countie s produced basp and precious 
me tals , r ecording a 30-percent incr eas e in value over that of 19SQ. The 
increase was attributable large ly to greater copper and silver output in 
Whi te Pine County. Zin~ showed an increase, but gold and lead output 
decreased. 

The Ana conda Co. operation in Lyon County, the Kennecott Copper Corp. 
operation in White Pine County, and the Bristol Silver Mines Co. operation in 
Linco ln County supplied most of the copper. Lead was produced from ores mined 
primarily for the lead content, f r om coppe r , gold, and silver ores, and as a 
byproduct of manganese mining in Clark County. Zinc was recovL'red from ore s 
mined primarily for a con ten t of l ea d, si lver, or gold. Produc t ion of both 
lead and z inc in Nevada has shown an overall de cline be tween 1955 and 1960. 
The numbe r of operating mines had decrease d, and a formerly large producer of 
both metals in the Pi oche district of Linco ln County, Combined Me tals Reduction 
Co., has been inactive s ince 1957. 

A substantial part of the gold a nd silver was a byproduct of White Pine 
County copper rnining. Mines in Lander, Esmera lda, Nye , and Mine ral Countie s 
~ccounted for most of the balance of gold and si lver , together with a small 
byproduct production from Eureka, E1ko , and Lincoln County lead mines. 

In t he Robinson district of Whi te Pi ne County, the open-pit and under
ground operations of th~ Nevada Mines Division, Kennecott Copper Corp., and 
the Cons olidate d Copper Mines Corp. f urnish sul f ide coppe r ore to the 
Kennecott copper concentrator and sme lter at McGill , Nev. The blist~r copper 
produced i s refi ned out of the State . The McGill sme lter also accepts custom 
ores of copper , gold, ~nd silver from Nevada, Ut ah, and California by pre
a rrangement on an as needed basis depending on silica r e quirements for fluxing . 
Deep-drilling exploration be low pre s ent mine wor kings in the Robinson district 
has disclosed substantial addit i onal copper r eserves. 

Ope rations of The Anaconda Co. i n Lyon County on oxide copper ore s mined 
in the Ye rrington pit at Weed He i ghts a nd trea ted in a leaching plant contin
ued in 1960. A new floLation mi ll to trea t the sulfide copper ores that have 
been found a t depth is unde r construction. 

No custom mills for the treatmen t of copper, lead , or z inc ores wer e in 
operation in Nevada in 1960. The closed Combined Metals Reduction Co. cus tom 
l ead-zinc flotation plant at Caselton i n the Pioche district is intact and 
presumably will be reopened under improved market conditions. The Silver Peak 
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cyanide plant of the United States Mining & Milling Co. and the new cyanide 
plant of the Argentum Mining Co., both serv ing Esmeralda, Nye, and Mineral 
County silver mines, w~re in operation in 1960 and 1961. Operations were 
suspended in the second half of 1961, but the plants remain intact. 

Smelt.lng plants in California, Idaho, Montana, and Utah to which Nevada 
ort ~s may be shipped are 1 is ted in table 5. 

New J e rsey 

The only base- or precious-metal ore found in commercial quantities in 
New Jersey is the oxide zinc ore of the Franklin-Ogdensburg district, Sussex 
County. The Ste rling Hill mine, closed in 1957, was subsequently reactivated 
by the New Jersey Zinc Co. to compensate for a temporary loss of some produc
tion at the company's Tennessee operations. Custom-milling or smelting facil
itie s are not available in New Jersey. 

New Mexico 

Most of the base- and precious-metal ores mined in New Mexico come from 
the Centra l district of Grant County and from Hidalgo and Socorro Counties. 
Very minor production comes from nine other counties. Most of the copper and 
a substantial part of the gold and silver comes from the integrated open ptt 
mining, milling, and smelting operation of the Chino Mines Division, Kennecott 
Copper Corp., at Santa Rita, Grant C~unty. Except for a strike in 1959, the 
Chino pit has operated continuously in recent years. Three other groups of 
mines, closed in 1957 or 1958, were reopene d in 1959 and produced copper, 
lead, zinc, gold, and silver in 1960. Thes e included lessee operations at 
the Continental Coppe r mine of the Dnited States Smelting Refining & Mining 
Co., the Hanover lead-zinc mine of The New J e rsey Zinc Co., and the Kearney 
::inc mine of the Peru Mining Co. Custom concentrating mills run in connection 
with the three operations are the Bayard and Hanover mills in the mining area 
and Peru Mining Co. concentrator at Deming, N. Mex. The Groundhog Unit of the 
Am~rican Smelting & Re fining Co. in the Central district remained closed in 
1960. This operation included a custom concentrating mill at Deming, N. Mex. 

In the Lordsburg district of Hidalgo County, three mining operations pro
duce copper, silver, minor quantities of lead and zinc and nearly all the gold 
mined in New Mexico outside of Grant County. The ore from one of these, the 
Bonney-Miser's Chest group, operated by the Banner Mining Co., is concentrated 
in the company mill. No custom milling facilities are available. 

In 1960, five mines in Socorro County produced ledd, zinc, and silver 
with minor amounts of gold and copper. The leading producer was the Linchberg 
mine of The New Jersey Zinc Co., operated by a lessee. The ore is shipped to 
The New Jersey Zinc Co. Hanover concentrator. No custom milling facilities 
nre available in Socorro County. 

Custom mills and sme lters available to New Mexico produc~rs are listed 
in table 5. 



New York 

The entire production of z inc, l ead, and silver in New York comes from 
captive mine operations of the St. Jos eph Lead Co. in St. Lawrence County. 
The lead and silver content of the sulfide ores is comparatively minor. 

33 

Zinc concentrates from company plants at the Edwards zinc mine and at the 
Balmat lead-zinc mine are shipped to the company z inc smel ting plant a t 
Josephtown, Pa. Lead-silver concentr ates from the Balmat mill and lea d r esi
dues from the Josephtown z inc smelte r are s h ippe d to the company lead-silver 
smelter at Herculaneum, Mo. No custom facilities for z i nc or lead are or con
centrates a r e av.lilable in New York Sta t e . The Phelps Dodg e Refining Corp. 
operates a copper smelte r and ele c trolytic r e finery at Laurel Hill, N. Y. 
This is primarily a refining plant for the company's Arizona production, but 
a small tonnage of copper concentrates from oper."ltions in eastern States is 
treated on a custom basis. 

North C.:..lrolina 

In 1960, the entire base- and precious -metal production of North Carolina 
camE"' from the Ore Knob mine of Appalachian Sulfides J Inc. SuI fide ores con
taining copper and byproduct gold a nd silver were mined and milled in company
owned facilities at the rate of 800 tons per day. Copper concentrates were 
shipped to the Laurel Hill, N. Y., sme l t e r of the Phelps Dodge Refining Co r p ., 
the Carte r e t, N. J., s melter of Amer i can Meta l Climax , Inc., and even the 
El Paso, Tex ., plant of the Ame r ican Sme lt ing & Refining Co. 

In Vance County, the Tungst en Mining Corporat ion recovers l ead with 
byproduct gold and silver by flot a tion of accumulate d tungsten t a ilings at 
the Harmne mine. 

Lead and zinc mines in Halifa x Coun ty were idle in 1960, although ship
ment s of l ead concentrates were r e corde d. 

Oklahoma 

The Oklahoma section of th~ Tri- St a t e lead dis trict lies within Ottawa 
County. Except for minor production from several Ottawa County mines and from 
r e treatment of mill tailings at the Eag le-Piche r Bird Dog mill west of Picher, 
Okla., the district was idle in 1959 a nd 1960. However; producLion of concen
trates from these limited operat ions i ncreased somewhat in 1960. 

Early in 1961, The Eagle-Picher Co. reopene d the Centra l mill, north of 
Commerce, Okla., and the Ame rican Zinc, Lead & Sme lting Co. resumed mi l ling 
ope rations at the Barbara J. mill near Ca r din, Okla. Although current market 
price s for l ead and zinc remaine d low, the operating companies deeme d it 
advisable to encourage mining ope r a tions on a small scale in order t o main t ain 
or rehabilitate mine workings in nticipation of an improved market. I nev i 
table depletion of or e reserves has occurre d during the long span of Tr i-S tate 
operations, and maintenance of a high production leVI..!1 from remaining r eserves ) 
many of them marginal, is not to be expected. 
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A description of marketing practices that we re in effect when the Tri-State 
District was IJst in full operation is includud in the section on custom mill
ing and ~rnelting. 

The occurrence of lead-zinc sulfide mineralization in the Tri-State Dis
trict in flat sedimentary beds of great areal extent at depths up to a few 
hundred feet led to mine development through many shallow shafts. Only moder
ate production is obtained from anyone shaft, and hundreds of shafts have 
been in operation dur~ng peak-production periods. A system of mining peculiar 
to the Tri-State District is used. A unique feature is the hoisting system, in 
which hoists are mounted directly over the shafts. Ore is lifted with amazing 
speed in buckets (cans) through untimbered ve rtical shafts. 

The normally small production from a single shaft led eventually to the 
establishment of a few central milling plants serving a considerablt area. 
Noticeable in Tri-State landscapes are the piles of chat, a coarse mill tailing 
discalidt:!d in the jigging operation widely used in older Tr i-Statt' mills. Chat 
piles and slimes from earlier operations have been and are being retreated by 
more effici~nt milling processes. Chat is also sold for road metal and other 
crushed-rock requirements. 

Although a number of the smelting companies previously active in the 
Tri-Stat~District also operate d mines on company account, th~ largest tonnage 
came from operations of independent miners on fee or leased land. Ore was 
normally sold f.o.b. the mine or, in earlier years when nearly every mine had 
a mill, f.o.b. the mill. The producer was responsible only for loading are, 
eithe r in trucks or railroad cars. The purchaser arranged for delivery to 
custom mill or smelter. 

In the 1930's concentrates were shipped to ~s many as 20 different 
smelters or zinc oxide plants. In 1959, three smelters treated nearly all 
the Tri-State ore produced. Smelte rs and pigment manufacturers customarily 
maintain ore buyers in the Tri-Sta~ District. The Central custom mill of The 
Eagle-Picher Co. at Cardin, Okla., and the Barbara J. mill of the American 
Zinc , Lead & Smelting Co. at Commerce, Okla., provide a combined daily capac
ity of 13,000 tons, ample to serve the needs of the district and provide a 
market for the small and the large producers. 

Smel ters in Illinois, Kansas, and Oklahoma list~d in table 5 have been 
logical markets for Tri -State c oncentrates. Three are I:~inc smelters in Black
well, Henryetta, and Bartlesville, Okla., that treat concentrates shipped from 
other Stat~s and foreign countries. However, the lead smelter at Herculaneum, 
Mo., which formerly accepted custom lead concentrates, no longer does so, and 
most independent operators must seek a lead market as far away as El Paso, Tex. 

Oregon 

Production of base and precious metals in Oregon is not currently signif
icant. Output of gold and silver is at an alltime low. Placer mining in 
Josephine County accounted for 63 percent of the 835 ounces of gold produced 
in the State in 1960. The balance came from other small placer operations and 
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from the Buffalo gold mine and the Standard coppe r mine in Grant County. 
Coppe r wa s produced in smal l quanti t i e s from the Sta ndard mine in Gr ant County 
and the Copper Eagle in Jos e phine County. Only minor quantities of lea d and 
z inc have been mined in Oregon and none in 1959 and 1960. 

No custom milling facilitie s are availab le in Oregon. Copper a nd go l d
s ilver concentrates are normally s hipped to the American Smelting & Re fining 
Co. smelter at Tacoma, Wash. 

Pennsylvania 

The Sta t e ' s en t ire output of copper , gold, and s ilve r in 1960 was r ecov
ered as byproducts of iron are mine d a t the Cornwall mine oE the Bethlehem 
Cornwal l Corp. and concentrated in the company's Lebanon plant. Copper- gold
si l ver concentrates wer e shipped to the Phe lps Dodge Refining Corp. copper 
sme lter at Laurel Hill, N.Y. 

Si gnifica nt quantities of z inc ore were mined and milled at the Fr iedens 
ville zinc mine of Ihl~ New Jers ey Zinc Co. in Lehigh County. Concentrates 
we r e shipped to the cOlllpany's Palmerton, Pa., sme l t e r J which also treats con
centrates and other products f r om company oper a tions in s everal other States. 

The Josephtown zinc smelter of the St. Joseph Lead Co. t r eats c oncen
t r a t e s shipped from company mines in New York and Missouri. Both plan t s 
accept custom ores, it of fe r ed. 

Cus tom mil l ing plants have ne ve r be en built in Pennsylvania. 

South Dakota 

In 1960, gold and silve r we re the only membe r s of the bas e- a nd pr ecious
me tal group mined in South Dakot a , a ll f rom the Homes t a ke Mining Co. operation 
in Lawren ce County. One-third of the Nati on 's gold output came f rom this one 
oper a tion. Gold and silve r bullion was ob t a i ned by ama l gamation and cyanida
tion in a company-owned mill at Lea d and s hippe d to the U.S. Mint at Denver, 
Colo. 

Sma ll quantitie.s of copper, l ead , a nd zinc have been mine d in South 
Dakota . A cleanup shipment of coppe r from the dump of the Maloney Blue Le .. ld 
mine in Penning ton County wa s ma de in 1960. 

Tennessee 

Copper , z inc, gold, and s ilver a r e mi ne d in Tennes s ee exclus ive ly by 
large companies. In the Ducktown district of Polk County, the Tennes s ee 
Copper Co. mine s and mills sulfide ore J obtaining sulfur J iron, coppe r , z inc, 
gold, a nd silver. Sulfur, manufacture d into s ul f uric acid and sulfur d i ox
ide, is the mos t valuable constituent of the are . Copper concentrates are 
smelted in the company's sme lter a t Copperhi l l J Tenn.; z inc conCl.~ntra te s a r e 
shipp e d t o The New Jer~ey Zinc Co . z i nc- smel ting plant a t Palmerton, Pa. 
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In 1960, three companie s mine d sulfide z inc ores in Hancock, J e ffe rson, 
~nd Knox Counties. The New Jersey Zinc Co. operated the Jefferson City mine 
i n Jefferson County and the Flat Gap mine in Hancock County. The Flat Gap 
oper ation has opened up a new zinc deposit 45 miles northeast of the Mascot
Jeffe rson City district. American Zinc Co. of Tenness e e operates zinc mines 
in Jefferson and Knox Counties) and the Tenne ssee Coal & Iron Division of 
Uni te d States Stee l Corp. uperates the Zi nc Min e Works in Jefferson County. 
The American Zinc Co. ships zinc concentrates to the smelter of an associated 
compa ny a t East St. Louis, Ill.; The New Jersey Zinc Co. concentrates go to 
the company's Palmerton, Pa., smelter. Tennessee Coal & Iron Division has a 
marke t for concentrates at the St. Joseph Lead Co. zinc smelter at Josephtown, 
Pa., or at any of the other smelters, all of which accept custom ores. 

Texas 

Significant quantities of base and pr~cious metals are not mined in Texas. 
However, in 1960, a few tons of lead are from thL'. Bonanza Mining Co., shipped 
from Sierra Blanca, Tex., was rece ived at the American Smelting & Refining Co. 
l ead smelte r in EI Paso, Tex .. and about 20 tons of low-grade copper ore 
s hipped by M. Hunt from Munday, Tex., and by H. McEackern from Plainview, 
Tex ., was received at the copper sme lter in El Paso, Tex. Copper, lead, and 
z i nc plants process ore, concentrates, and blister copper from other SLates 
and foreign countries (table 5). 

Utah 

Utah has a substantial production of all the bas e and precious metals. 
Output of all base metals increased in 1960 over tha t of 1959, the largest 
being a 50-percent increase in coppe r that made Utah the s~cond largest pro
ducer in the Nation. 

The overall production increa ses came largely trom the mines in the 
Bi ngham Canyon district, Salt Lake County, which returned to full production 
a fter labor trouble in 1959. In 1960, Salt Lake County produced over 99 per
cent of the State's copper, 98 percent of the gold, 79 percent of the silver, 
73 pe rcent of the lead, and 67 percent of the Zinc, all from large, integrated 
operations. Other Utah production was centered in the Park City district in 
Wasa tch, Sununit, Utah, and Salt Lake Counties. Nine other Utah counties, 
hea de d by Juab County, produced small tonnage s of base- and precious-metal 
or e s. Uranium on~s from San Juan County, treated in the Texas -Zinc Minerals 
Corp. plant at Mexican Hat, Utah, contributed small quantities of gold, silver, 
c opper, lead, and ~inc concentrate s. 

The Utah Copper Division of the Kenn~cott Copper Corp., the largest oper
ator in the State in 1961, produced from porphyry copper are most of the 
coppe r, and the byproduct gold and s ilver. The operation includes the Bingham 
open pit, the Arthur and Magma concentrators, the Garfield copper smelter, 
purchased in 1959 from the American Smel ting & RL~ fining Co., and an electro
lytic copper refinery. The United States Sme lting Refining & Mining Co. Lark 
and U.S. mines near the Bingham pit are the Staters largest producers of com
ple ;;. ores containing lead and zinc with some coppe.r, gold, and silver, followed 



by the N,'w Park and United Park Ci ty group of mines in Wasatch and Sumrul t 
Counties. 

37 

A fl otat i on mill operated by the Unitl!d States Smelting Refining & Mining 
Co. at Mi dvale , treats complex ore from the company·s Lark and U.S. mines and 
also purchase s custom-milling ores from the Park Ci ty mines and elsewhere. 
The Midvale plant was the on l y operating c.ustom mill in Utah in 1961. A 
cus tom mill at Tooele was dismantle d, and the Baue r custom mill o[ Combined 
Me tals Re duction Co. was clos ed in 1958. 

Straight copper ores and concentrates from small producers have had no 
loca l marke t s i nce 1958, a ft e r the Ke nnecott Copper Corp. acquired th~ 

Garfie ld copper smelter, formerly operated as a custom plant by the American 
Smelting & Refining Co. However , the Garfield smc!lter occasionally purchases 
under contract certain special f l uxing ores. High-silica ores containing 
copper, gold, or silver are also purchased by negotiation at the McGill, 
Nev. copper smelter of the Kennecott Copper Corp. on an as needed basis. 
Copper ore s and concentrates other than Kenne cott ore must be marketed at 
sme lters outside the State. Arizona and Texas plants are possible markets 
(table' 5). 

Since t he disman t lini:; of the United States Smelting Refining &. Minin~ Co. 
Midva l e lead smelter in 1958, Utah has had one l ead smelter at Tooele, operated 
by I nte rna tional Smelting & Re fining Co. as a custom plant. Lead ore s can be 
ma rke ted here or at the Selby, Calif., lead sme lter of the American Smelting 
& Refining Co. High-grade oxi de z inc ores can be marketed at a slag-fuming 
plant operate d in connection with the Tooele smelter. Zinc concentrate s we r e 
s hipped to The Anaconda Co. e l ectrolytic z i nc plant at Anaconda, Mont. This 
plant was not operating in 196 1 , l eaving the Great Falls plant of The Anaconda 
Co. as the only Montana marke t. Other pos sib l e marke ts for Utah concentrates 
are plants in Idaho, Oklahoma , and Texas ( t able 5). 

Explorat i on and dev e lopme nt in progr ess in Utah in 1961 give promis~ of 
e xpanded copper, lead, and z inc production. Substantial increase of lead-~inc 
r es e rves in the Park City di s trict a s t he result of r ecent work by three com
panies had led to planning for a new mill in the district. Exploration in the 
East Tintic di s trict, a former major Utah producer, in Iron County, in Beaver 
County, and e lsewhere , indicates the occurrence of significant new deposits 
of copper, l ead, and z i nc. It is unlike ly that these developments, carried 
on chiefly by large mining companies , will l ead t o the es tablis hme nt of new 
cust om milling fac ilities for smal l operators. 

Vermont 

No bas e or precious metals were mined in Ve rmont in 1959 or 1960. A 
forme r producer, Appalachian Sulfides , Inc., last mine d a nd milled c opper ore 
containing a small amount of silver at the EIL:abeth mine near South Strat f ord 
in 1958. Copper concentrates were shippe d to the copper smelter of the Phelps 
Dodge Re fining Corp. at Laurel Hill, N,Y. If min i ng in Vermont i.s resume d, 
the same marketing patte rn pres umably could be established. 
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Virginia 

In 1960, sulfide zinc are was mined and mill~d at the Tri-State Zinc, 
Inc., Bowers-Campbell mine near Timberville, Rockingham County, and lead-zinc 
ore at The New Jersey Zinc Co. Ivanhoe mine at Austinville, Wythe County. 
Zinc concentrates from the Bowers-Campbell mill were shipped to the zinc 
smelter of the St. Joseph Lead Co. at Josephtown, Pa. Zinc concentrates from 
the Ivanhoe mine went to The New Jersey Zinc Co. smelter at Palmerton, Pa. 
Lead concentrates were shipped to the American Smelting & Refining Co. lead 
smelter at Alton, Ill., until it was closed in July 1959. An alternate market 
for lead concentrates, the Herculaneum, Mo., lead smelter of the St. Joseph 
Lead Co., is no longer available for custom.ore. 

Washington 

In 1960, Washington produced dry gold-silver ores and complex sulfide 
ores of gold, silver, copper, lead, and zinc from 17 lode mines in eight 
counties. However, nearly all the production was supplied by the Knob Hill 
mine (gold-silver, Ferry County), the Gold King mine (gold-silver, Chelan 
County), and the Pend Oreille and Grandview mines (lead-zinc, Pend Oreille 
County), Only small mines were operated for copper after the Holden mine, 
Chelan County, the main producer, was closed in 1957. Byproduct copper was 
recovered during concentration of lead-zinc ore. 

No custom milling facilities are available in Washington since the clos
ing of the Admiral flotation mill at Northport, St~vens County, in 1958. All 
milling in 1960 was done in private plants at the properties. Copper and'gold
silver concentrates and or~s were marketed at the American Smelting & Refining 
Co. copper smelter at Tacoma. Lead ores and concentrates were shipped to The 
Bunker Hill Co. lead smelter at Kellogg, Idaho, and to the American Smelting 
& Refining Co. smelter at East Helena, Mont. Available markets for zinc con
centrates were the electrolytic zinc plants at Kellogg, Idaho, and Great Falls, 
Mont. 

Wisconsin 

In 1960, mines in the Wisconsin section of the Upper Mississippi district 
of Wisconsin, Illinois, and Iowa produced significant tonnages of lead-zinc 
sulfide ores. 

The American Zinc Lead & Smelting Co. operated the Vinegar Hill mine and 
mill in Lafayette County. The Eagle-Picher Co. operated the Shullsburg mine 
and mill and Birkett-Bastian-Andrews mine in Lafayette County. Ore from the 
latter mine is concentrated at the company's Graham custom mill at Galena) 
Ill. The Eagle-Picher Co. also operated the Linden mine and mill in Inwa 
County. Custom are has been accepted at the Linden mill. The Piquette Mining 
Co. operated a mine and mill in Grant County. Custom smelters in Illinois 
listed in table 5 are the principal markets for Wisconsin ore. 



Wyoming 

A few tons of ore containing copper , gold , and silver, and a few ounces 
of placer gold, mined in the Atlantic City area near Lander , constitute d the 
ent i r e Wyoming production of base and precious metals in 1960. 

Treatment Methods For Various Classes of Ores 
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The following sectiun summarizes the usual treatment me thods for various 
types of copper, lead, zinc, and pre c ious me tal ores and some possible process 
improvements. Advantages and disadvantages at the t rea tment methods a s they 
rela t e to r ea l ization from sales of various type s of ores als o are discus8ed. 
The t e rms used are defined earlier in this text (Classification oE Ores and 
Concentr"J.tes) • 

Dry Ores of Gold, Gold-Silver, and Silver 

Dry ores of gold and/or silve r have, by definition, little or no base
metal content. They can be marketed at a smelter i f the precious metal con
tent is enough to offset the penalty normally assessed for base-mL..:tal 
deficiency. Such ores generally have a high content of silica, a constitu~nt 
often in demand at coppe r smelters as a flux , and extremely low-r,rade, dry, 
fluxing ore s may be marketable because o f a premium paid for silica. Many 
gold a nd s ilver ores too low in grade for direct smelting can be milled to 
make a marke table product (1). If the precious metals are essentially insep
a rable from bas~-metal minerals by milling, the ores can be upgraded by base
meta l gravity or flotation methods, producing a marketable concentrate for 
smelting. Ore s containing chiefly native gold and silv~r are referred to as 
fre e milling ores: that is, the gold and s ilver can be recovered by gravity, 
amalgamation, and/or cyanidation, with production of a precious metal sponge 
or bullion that is s hipped directly to the U.S. Mint. 

Because precious metals may be in the free sLat~ or may be pr~sent in an 
ore Ln forms that cannot be physically separated from base metals, combina
tions of graVity concentration, amalgamatiou, flotation, and cyanidation may 
be necessary to recover them. 

Copper On~s 

Copp~r ore s can be shipped directly to a copper smelter if the content 
of copper plus any gold J silver, and silica is high cnough to return a profit. 
A minimum content of about 5 percent copper is necessary for ores that rt:.turn 
no payment for other metals. Any mine r a l content or deficiency that calls for 
a penalty at a copper sme lter raises gr a de requirements. 

Many copper ores that do not qualify as direct-smelting ores can be proc
ess e d by other methods. Flotation, the usual process f or concentrating 
sulfide copper ores, predominates at copper operations in the Western United 
States. 
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Oxidized copper ores are not very amenable to gravity or flotation concen
tration, but many oxide and some mixed ores too law in grade for direct sm~lt
ing are leached with sulfuric acid-ferric sulfate solutions, producing a 
metallic copper product either by chemical precipitation with iron or by 
electrolysis. Carbonate minerals such as azurite and malachite; oxides, 
tenorite and cuprite; the silicate, chrysocolla; the sulfate, brochantite; 
the basic chloride, atacamite; and other oxide mine rals are readily soluble 
in water, sulfuric acid, or acid-ferric sulfate solutions. The sulfide miner
als, chalcocite and bornite, are also soluble in acid solution, but most other 
copper sulfide minerals and native copper are not. Ev~n though insoluble 
sulfides can be rendered soluble by roasting, and native copper is soluble in 
ammoniacal solutions, flotation generally is a better method of recoverin~ 
these minerals. If the oxide content is enough to justify the expense of 
leaching the flotation tailings, a combination of flotation followed by acid 
leaching is feasible for mixed copper ores. 

Ammoniacal leaching with ammonium carbonate snIts has b~en used on native 
copper ores and on copper carbonate ores that contain too much acid-consuming 
calcite or dolomite for acid leaching, but the process has no current 
application. 

A recently developed process, copper segregation, is being used on a low
grade, Arizona chrysocolla ore containing too much iron, calcite, and clay for 
leaching (2, 11, and 26). The process appears to be applicable to other oxide 
or mixed ores. 

Lead Ores 

Lead ores of all classes are shipped directly to a lead smelter if the 
lead content is sufficiently high (usually over 20 percent). A lower grade 
is commonly smelted directly if associated gold and silver will compensate 
for a lower lead content and return more profit than milling before smelting. 
Sulfide (galena) ores can be readily concentrated by sLandard gravity and/or 
flotation methods. The same general methods c~n be applied to oxidiz~d or 
mixed or~s, but metal recovery is lower, and the cost of milling is higher 
~). Oxide or mixed ores of smelting grade sometimes may be marke ted to 
advantage without milling ev~n though conce ntration is possible, because the 
net return from direct shipment may exce ed that from marketing concentrates 
when cost and metallurgical losses incurred in milling are taken into account. 

Zinc Ores 

Zinc ores available in the United States are virtually all too low-grade 
for direct treatment either in thermal or electrolytic plants. Zinc treatment 
schpdules places a premium on high-grade ore and penalize the producer severely 
for failure to m~et grade specifications. Only high-grade material will return 
a profit to the shipper under such conditions. 

Orcs containing chiefly the z inc sulfide sphalerite, are readily concen
trated by gravity and flotation methods to make a high-grade marketabl~ prod
uct. Ores which also have a high ~ontent of iron sulfide (pyrite) may r~quire 



se].I.~ctivE. · flotation technIques to separate pyrite from sphalerite and thus 
produce a higher-grade concentrate. Sulfide ores that contain appreciabl~ 
quantitie s of marmatite, a zinc-irun sulfide of variable composition, may 
not produce a marketable, high-grade concentrate because chemically combined 
iron and zinc cannot be separate d by ore-dre ssing methods. 
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Oxidized zinc ores that mee t grade specifications can be marketed without 
prior treatment, but low-grade ore s have no market as smelter or electrolytic 
plant feed. Ore containing the oxides, zincitl! and franklinite, and the 
silicate, willemite, formerly mine d in Sussex County, N.J., was an exception. 
This ore was concentrated by a combination of magnetic and gravity processes . 
Straight oxide or mixed sulfide-oxide ore~ cannol be concentrated to yield 
good r e c overies with the usual millin~ processes. 

Large reserves of zinc sulfide ore amenable to current milling technique s 
are available on a world-wide hasib, and the ~inc price level that result s 
from this plentiful supply situation has not encoura~ed research leading to 
utilization of low-grade oxide or mixed ores. Huwever, some promiSing experi
mental work on flotation of oxidized zinc ores has been done (!Q), and flota
tion is used abroad Q, 10). 

Low- grade oxide z inc ores, as well as l ead-sme lter slag, can be treated 
in fuming furnaces to produce an impure zinc oxide that can be purified and 
marketed as the oxide or used as a f eed for zinc smelters (2, 12). However, 
no market exists in the Unite d States for low- grade custom fuming ore s. The 
value of such ores within the normal zinc price r ange is not enough to pay the 
cost of mining and shipping. Custom plants may treat their own slag and other 
r esidues o~ use limited amounts of low-grade are available in captive mining 
operations, but purchase of such ore from others is not economical. 

Complex Ore s 

Copper- lead, copper-lead- z inc, coppe r- z inc, and lead-zinc complex ores 
sometimes present ~ frustrating marketing problem to the small operator. Sale 
of any of these ores without bene fi ciation results in the maximum payment for 
Borne metals and reduced or no payment for othe rs. 

No payment is norlllsily made at a copper smel t e r for lead and ..:.inc, and, 
at some plants, a penalty is assessed for a z inc content above a certain maxi
mum. At a l ead smelter, partial payment is made for the contained copper a t 
6 to 10 cents a pound less than the quote d market price. Some lead sme lters 
pay nothing for contained zinc while othe rs assess a penalty for a zinc con
t ent over 5 to 10 percent. One lead sme lter that opera tes in connection with 
an e lectrolytic zinc plant pays for part of the z inc at 30 percent of the 
market quotation. 

Ra re ly) a complex are, as mine d, contains ~nough zinc for direct shipment 
to a z inc smc~l ter, where only a par tial payment IIIay be made for copper or lead 
at a price well below market. Payment for the content of gold and silver in 
mine products shipped to zinc smelters is also much reduced. Lead and copper 
smelters pay for a substantIal part of the gold and silver conten t of ores. 
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Sl.llrnTlary 

The price paid for metals at any plant is based largely on the recoveries 
of the different metals that can be made with the metallurgical processes in 
use. Valuable metals which a plant is not primarily designed to recover 
become impurities or residues that require further processing, possibly at 
other locations. The price paid the shipper for a byproduct metal reflects 
the cost of such additional treatment. Where byproduct m~tals such as arsenic, 
antimony, bismuth, selenium, and t~llurium are present in ores and must be 
removed in refining or recovered from sm~lter fume at a cost approaching or 
exceeding their market value, no payment for them is made to the producer, 
and a penalty may be charged. 

The answer to the marketing of complex ores is beneficiation, producing 
a concentrate of each metal that can be shipped to appropriate plants to 
obtain the highest payments dnd the minimum deductions. Diff4::!rent combina
tions of gravity concentration, flotation, and leaching are used to effect 
separation of the valuable minerals into marketable products. For ores 
having a significant content of free gold or silver, amalgamation and cyanida
tion are often applied. 

A decision to concentrate a given or~ in pr~ference to direct shipment 
hinges on the amenability of the ore to treatment and the balance between 
overall returns and costs. Factors that must be considered include milling 
costs, freight costs, smelter costs, capital costs for mill construction, and 
returns from smelters or other ore purchasers for the ore or concentrates. The 
availability of an appropriate custom milling plant may enter into the deci
sion with references to mill construction. If a mining operation does not 
have enough reserves to justify mill construction, and no custom milling 
facilities are available, a prevalent condition in the United States, an 
operator necessarily has a more limited marketing choice. 

Ore Preparation and Sampling Before Shipment 

It has been said that ore beneficiation begins in the mine: That is to 
say, mining techniques are as much a part of the concentrating process as 
treatment in a milling plant. Sel~ctive mining, whereby ore and waste are 
separated in the actual mining process, alone may provide enough upgrading 
to make an economic mine product out of ore that is too low in grade to stand 
dilution with waste. Ore often is separated into sized fractions by screening 
when mineral content is related to the fineness of the material. Hand sorting 
to separate larger fragments of ore and waste results in an upgraded product. 
Some mines, particularly gold mines, have elaborate ore houses equipped with 
grizzlies, screens, ore washers, and picking belts to remove and discard 
waste material. 

To mine and process ore efficiently, the mine operator must have the best 
posRible data on the mineral content of mine products. In the mine, mineral 
content and grade sometimes can be estimated by visual inspection. However, 
some ores cannot be differentiated visually from waste or occur in deposits 
having no visible physical boundaries. Ore margins in such deposits are 
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defined only by assay limits, determine d by finding the point where the min
eral content becom~s too low to justify mining. In any case, analyses of or~ 
samples must be relied on to control mining and milling operations. 

Sampling may be defined as the process of selecting- a small quantity of 
any matp.rial representative of a larger amount of the same material. Under 
ideal conditions, a sample would contain all of the constituents in the same 
proportion a s the greater mass of material. Tht: success of a sampling proce 
dure de pends on how nearly thts ideal is a pproached. In the sampling of ores 
and ore products, ideal conditions do not exist because the mineral content of 
ore in place or broken ore is erratically distributed. The more erratic the 
distribution, the larger or more, nwnerous the samples must be to approach 
representative proportions. 

Proper sampling is very important to the mine uperator in . ~very produc
tion step from the ore face in the mine to the delivery of the ore to the 
ultimate purchaser. Rock in place in mining faces, broken material in stopes, 
in transit underground, and as delivered on surface must be sampled to differ
entiate be tween are and was te and to routE.: the mat;,~ rial to the proper des tina
tion--the ore bin or waste dump. 

Ore or ore products, as introduced into a milling plant, as formed at 
different stages in the milling process) and as finally discharged as concen
t ra tes or tailings J must all bL! sampll!d in ord!,~r to control treatment proc
esses efficiently. 

Proper sampling techniques) then, ar~ very impurtant in all phases of 
mining and milling. When samples are not truly reprt:!sentative, disappointment 
and misunderstanding can result not only within a mining organization but also 
be tween producer and ultimate purchaser. Mistrust of public assayers and 
custom plants is a common outgrowth o f improper sampling methods. 

Sampling the rock in place and the broken material before de livery to the 
bins of a treatment plant is, with few exceptions, done by hand. A rather 
high probability of error exists unless sample rs are carefully trained. There 
i s a human tendency to take biase d samples because mineral content of a mine 
product commonly is distributed unevenly between soft and hard portions of 
rock in place or coarse and fine fractions of broken ore. In most cases, 
the more easily sampled portions of an ore contain a high proportion of the 
valuable minerals. It is therefore almost axiomatic that, if a h~nd sample 
is in error J it will be richer than the ore repres ented. 

Most custom mill and smelter operators prefer that a prospective shipper 
sample his material before shipment, have the sample analyzed by a commercial 
laboratory, and report the r e sults of this test. If a shipper ia new to the 
prospective buyer, or if the mate rial is from a de posit unknown to the custom 
mill or smelter eperator, the buyer will usually r e quest a samplL! and make ~n 
analysi8 free of charge. Buyers sometimeb accept a truckload or other small 
lot of ore as a trial shipment. When facilities are not available at or near 
a mine, ~nalytical work is usually held to a minimum consistent with the need 
of information for guidance. 
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Selected references in which are discussed standard and accepted methods 
of ore sampling are listed in the bibliography (!§, 24, 30). 

CUSTOM MILLING AND SMELTING 

History of Base- and Precious-Metal Recovery Plants 

The history of the domestic base-metal mining industry, covering over 100 
years, is a part of the story of industrial expansion in the United States (1, 
2, 1 J 15, 35). In the aas tern half of the country J discoveries of copper J 

lead, and zinc and an expanding demand for metals and metaJ. products led to 
establishing smelters to turn raw ores into materials needed in a growing 
industrial economy. Because gold and silver were not found in the Eastern 
States in sufficient quantity to be an important economic factor, early mining 
was concerned chiefly with the base metals. 

In contrast, the early development of the mineral industry in the West 
was based almost entirely on gold and silver. Before the mid-sixties, there 
was little interest in base-metal deposits because there was no way to market 
the ores; only the precious metals, which could be recovered on the spot in a 
salable form, gave promise of a quick return to the miners. Nevertheless, 
following the discovery of gold in California in 1849, the search for gold and 
silver led to the discovery of base-metal deposits at many points in the 
territories that eventually became the 11 Western States and South Dakota. 
Early Indian and Spanish workings in the southwest were rediscovered along 
with new deposits. 

At first gold was won from deposits of gravel along streams (placers) 
and from the shallow oxidized portions of veins from which the placers were 
derived by simple but inefficient gravity and amalgamation methods. Some of 
the gold, much of the silver, and all of the base metals contained in the ores 
were lost. As the easily worked placers and shallow vein deposits neared 
exhaustion, mining was extended into deeper unoxidized portions of the veins 
which contained complex sulfide ores of copper, lead, and zinc, as well as gold 
and silver. Because the gold and silver in these refractory ores could not be 
recovered efficiently by milling alone, smelting was introduced in the West 
to treat these ores and recover gold, silver, lead, and copper. In the early 
days, zinc in complex ores was not recovered, and an ore with a high zinc 
content could not be marketed. 

Copper smelting was introduced in Michigan as early as 1850, and by the 
1880's,rnany lead and copper smelters had been established throughout the 
West. The rate of growth of the smelting industry in the West depended on 
availability of transportation as well as ore supplies, and growth was slow 
before the advent of "railroads. One exception was a lead smelter in Nevada 
built in 1866. However, this plant was constructed to recover th~ silver in 
the available ores--the lead was discarded. 

Zinc smelting was never established permanently in the Rocky Mountains 
or Far West because suitable ores that could be smelted without concentration 
were not available. Later, wh~n efficient concentrating processes had been 
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developed, the availability of good r a il trans portation to established zinc 
smelters in Texas, Oklahoma, and the Midwe~t discourage d construction of local 
plants. Small plants designed to treat the low-grade zinc oxide and sulfide 
ores of the Leadville, Colo., mines survived to the late 1920's but n~ver were 
a signi fic ant factor in U.S. production. 

The early Western smelters were all custom plants, supplied by many inde
pendent mine operations. A successful sm,~lting enterprise requires d comple x 
installa tion of costly facilities and equipment and an assured are supply for a 
period long enough to liquidate the capital cost of construction. No one mine 
or small group of mines in the ear l y days could furnish an adequate are supply, 
a nd .1. single smelter serve d many mines. In a few l a r ge dis tricts, such as 
Leadville ) Colo., s everal smelters were built. Inevitably a competitive situa
tion developed where several smel ters bid for a limite d mine output, particu
larily a s ore production declined. Unlike Leadville, many mining camps were 
too small to support a local smelter, and most smelters wer e built at loca 
tions serving several districts, usually at centrally located valley points 
where fue l, other supplies, and transportation facilities wer e available . In 
only a few cases did a plant built for a sing le dis trict survive declining 
local ore supplies by importing are. 

Op e rators of the early sme lters in the West usually did not engage in 
mining by choice, but many of them entered the mining business after the sup
ply of ore from independent ope rations dwindle d. Today, one company may carry 
on a ll phase s of mining, milling , smelting, a nd refininr, as well as f abricat
ing and marketing of finished mineral and meta l products. The newer smel te rs 
have been erecte d specifically as units of i n t egrate d minin~ operations. As a 
result~many smelter operators no longer trea t custom ores, although some com
panies with a background of custom operation con t i nue to procebs ore supplied 
by independent operators along with ore. from their own mines. 

Many of the early sme lters di d not survive because they were not bas e d on 
sound e conomics or r el iable or e supplies. A not·eworthy ex:cep tion is the Se l by, 
Calif. l ead smelte r of the Ame rican Smelting and Re fining Co. at Tidewater or 
San Francisco Bay, which has operated continuously sinc~ lH66 on fore ign and 
domestic ores. Five lead sme lters r emain active in th~ West, of which two are 
supplie d largely from foreign s ources. The coppe r industry continues to sup
port 14 Wes tern smelters, 8 of them in Ariz ona (Table 5). 

Zinc leaching as a substitute for z inc sme lting (r~torting) was intro
duc~d in 1914. It was particularily applicable to Idaho and Montana or e s, 
because thes~ compl~x lead- z inc sulfide ores containing gold and silver could 
be treated successfully, and the necessary chea p electric power was available. 
Recovery of the ~inc from thes e ores by smelting was not economically feasible 
at the time l~achinr. was introduced because a suitable high grade zinc Concen
trate for furnace f eed could not be produced by available gravity mi l l i ng proc
esses. Moreover, the necessary' fuels for smeltin?, were not available locally, 
and shipment of ores to distant estdblished plants was too costly. Even 
though development of selective flotation later made possible production of 
high gr a de z inc concentrates suitable for retorting, leaching rema i ns the 
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preferred process in Idaho and Montana where· two zinc leachin:--~ plants are in 
operation, one in each p,tate. 

Early Western mine operators were compelled to turn to lower-grade ores 
as the richer ores approached exhaustion. In order to use them, upgrading 
process~s w~re necessary because the unit cost of smelting ore was too high to 
allow a profit on low-grade material. Gravity concentration m~thods developed 
from the simple equipment used in placering or patterne.d afte.r tt:!chniques us~d 
in the eastern and midwestern mineral industry were used at first. Gradual 
improvement of these processes was achieved in the 50-year p~riod ending in 
1910, but little change in milling occurred until tht:! introduction of the flo
tation process in 1911. This was followed a few years later by the introduc
tion of selective, or differential, flotation whereby two or more ore constit
uents could be efficiently concentrated into separate products. Flotation 
techniqut:!s are the basis of nearly all pres ent day milling processes although 
they may be used in conjunction with gravity, leaching or other techniques. 
Some form of flotation is suitable for simple sulfide ores of copper, l~ad, 

and z inc with or without accompanying gold and silver, and for complex ores of 
these metals as well. 

Flotation is the basic process responsible for expansion and dominance of 
the low-grade copper-mining industry in world copper production. Selective 
flotation has made possible the production of lead and zinc from complex lead
zinc sulfide ores that formerly yielded little or no profit. Oxidized and 
mixed base-metal ores still cannot be treated efficiently by flotation, but 
p~ogress in research indicates that, these problems can eventually be solved 
(l J ], 10 J 11)· 

Other milling processes have been or are being developed for the treat
ment of ores. Among them are the cyanid\J.tion procl.!ss for gold and silver ores, 
leaching for oxidized copper or~s, both established methods, and the recent 
copper segregation process (,2, ..!.!, 26), still unde"r Jevelopment, for treatment 
of certain copper ores, Of other techniques developed for ore beneficiation, 
two have important applications in the base-wetal industry: The sink-float 
process has found application in the Tri-State district, the Coeur d t Alene 
district of Idaho, and at th~ Old Dick copper-zinc mine of the Cyprus Mines 
Corp. in Yavapai County, Arizona; magnetic concentration of zinc ores has been 
used by the New Jersey Zinc Co. in Colorado and New Jersey. Other processes 
that have had little or no applications in base-metal milling may be important 
in th.~. fu ture . 



Sampling and Settlement of Ore Shipments 

A purchaser of ore first d,.!tl..~rmines the mineral content as a bas is for 
calculating value and amenability to treatment. Gen e ral characterist i cs of 

47 

an ore is usually obtained in ddvance of shipment to the purchasing plant, but 
each shipment must be sampled individually on arrival. A sample is required 
that conta ins as nearly as possible all the ore constituents in the proportion 
they are present in the whole shipment. For completely homogene ous material, 
any method of sampling is theoretically satisfactory, because any part of such 
matL~rial j,s repres~ntative of the whole. Examples of commodities proximating 
this ide,ll are such agricultural products as wheat, corn, or rice. The fur
thl',r a nntel: Lal departs from homogeneity, the more care mus t be us e d in 
sampling; this is generally the case with ores and ore products, which are 
inher'L!ntly nonhomogeneous. Ore concentrates generally are finely divided 
materials that approach the ideal more nearly than other mine products but 
are still not homogeneous. 

In an ore-sampling procedure, the objective is to obtain a small r epre
s entative s ample as nearly homogeneous as careful preparation will provide so 
that ana lyse s of several portions ('!f tht:.! final sampL~ will give comparable 
results. This objective i::l more n('(!rly attainabll.~ by mechanical sampling than 
by any other me thod. 

Several de signs of mechanical oro samplers ar~ in general use. The dif
f erent systems have the one objective to produce an uncontaminate d, represent
ative ore sample at a reasonable" cos t, and this i s achievL,d in a properly 
designed and operated plant. A mechanical sampling plant is usually part of 
a primary crushing plant where ore shipments are processed enroute to bins or 
stockpiles. A flowshee t for a sampling plant is shown in fi6ure 4. An a uto
matic sample cutte r diverts about one-fifth of the ore stream into the sam
pling plant whe r e, in a series of ope rations, the sample is processed to a 
progress i ve ly smaller weight, ending with a bulk sample of several hundred 
pounds. Up to this point, the procedure is carried on in automatic equipment. 

Th(' bulk sample from the sampling plant is again crushed in laboratory 
grinder:.; , thoroughly mLc:ed, and passed over ri f fling devices tha t divide a 
sample into two e qual parts at each pass. This series of steps can be dont\ by 
hand or in s emiautomatic equipment to produce .:J. finely ~round sampll.~ of a £('1.4 

pounds we i ght called ~ pulp. 

An older method uf processing the bulk sample i~ coning and quart~ling) 
in which the sample is mixed thoroughly by hand-shove lin~ and formed into a 
coned pile that is flattened out and divided into four quarters. Two opposite 
quarters are removed, and the procedure is repeated on the remaining portions 
until the desired sample weight is reached. Coning and quartering is inferior 
to riffling because some segregation and uneven division of the sample are 
likely. 

The rejected part of the bulk sample is relained in storage for reference 
1n the event of disagreement between shipper and buyer. The pulp, after care 
ful screening and mixing, is divide d into four or more portions of equal s i ze , 
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preferably in an enclose d a utomatic device t o r e duce the chances of sample con
tam i nation. Two of these final s amples, ca lle d controls, are analyzed sepa
ra t e l y by or for th~ buyer and the shipper for ea ch important metal or mineral 
const i tuent. Analyses are run in duplicate or even quadruplicate. If the 
results of the control a ssays are close enough for a greement as defined 1n 
sme lte r schedules, settlement of the ore i s made on the basis of the average 
of the control results. If not, a reserve sample is analyzed by an independ
ent lab oratory as an umpire. Usually the middle assay of two controls and the 
umpire be come s the settlement value. This procedure varies at some plants, 
whe r e the average of the threl! assays i s the settlement value. If there 
are wi dp d i screpancies between control and umpire assays for any constituent, 
ana lyses fo r this constituent are r epeated; i f the d i s c repancies pers i s t, new 
con t r o ls are prepared from the bulk s ample held in storage, and the ent i re 
proce dure of analyzing a nd comparing assays is repeat e d. I f the s hipper doe s 
no t s ubmit c ontrol analyses, t he buyers' controls govern settl~ment. 

The greatest difference s in contr ol analyses , that is the splitting lim
its , which ore buyers wi ll permit in making settl ements based on average con
trol value s are not the same at all plants. Typical splitting limits range 
be t ween- 0.25 and 0.4 pe r cent for base me tals, 0.3 and 0.5 ounces per ton f or 
si l ve r , and 0.02 a nd 0.03 ounces pe r ton for gold. 

The r a t e o f payment for valuable minerals in an are product, the freight 
and tre a tmen t r a tes, and the roya lty ra tes a les s ee-shipper may have to pay a 
mine owne r a re usually dependent on the grade of the ore . The as s ay values a t 
which these fact ors ope rate to incr ease treatment, ~oyaltYJ or othe r charge s 
are known as breaking p oints. It ma y be of advantage to the shippe r not to 
excee d a c e r tain ore value in making a set t lemen t on an ore with a value near 
a breaking point because an increa s e in charge s may excee d a ny increas e in 
value. This condition sometimes l ea ds t o jockeying, a practice wh ereby a 
s hippe r, a f te r evaluating all factors , ende avors to e ffect an ore settleme n t 
a t an a dvan t ageous leve l not ne ce ss a ri l y in a gr e eme nt with control a s says. 

Formerly, commercial sampling pla n t s we r e available at various points 
throughout the West to sample ore in t rans it a s an i nde pendent service to 
shippers . Thus, a s hipment mi gh t have be en sample d twice , onc e in transit and 
a gain on a rrival at des tinati on. Analys is of two independent sample s of t h 
same ore normally should show litt le va r iation--not over 2 or 3 pe rcent devia 
tion in the total conten t of e ach meta l , e xpre sse d e ither in pe rcent or ounce s 
pe r t on. 

Mechanical sampling is particularly necessary f or mine-run ore s and 
precious - me tal ores because hand methods do not produce representative s amp l e s 
from such material. Mine-run ores gene ra l ly contain material with a wide range 
in partic12 bize, and valuable minerals 1n these ores tend to s eg r egate in 
e ither fine or coarse fr a ctions. Pr ec i ous - metal ores contain sparse, erratic
ally distribute d gold and silver, which have substantial value even though 
pre s ent i n overall insignificant quantity compare d to the total weight of the 
ore. A comparatively small error in precious-metal assay i s costly ei ther to 
the shipper or buyer. 
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Concentrates are finely divided and sticky when wet. If sampled in this 
condition, they pack and hang up in sampling mechanisms and cannot be sampled 
fairly in automatic equipment. Samples of concentrates or other finely divided 
material often are taken by thrusting pipes or augers into are piles at a num
ber of points to obtain a reasonably representative sample. This is feasible 
because finely divided materials tend to be somewhat homogeneous. The result
ing sample is reduced in bulk and prepared by standard laboratory methods. 

For extremely wet, clayey, or fro:~en are that also tends to hang up in 
the sampling mechanisms, older sampling methods, now largely discarded, can 
be used if pipe or auger sampling is impractica l. Grab samples taken from a 
shipment before unloading, or fractional shoveling samples taken by hand dur
ing unloading, occasionally are us ed; however , because these methods a r e sub
ject to the sampler's error and bias, they should be avoided if there is a 
reasonable possibility of preparing a shipment for mechanical sampling. 
Simple drying may suffice, and an effort should be made to protect all mine 
products from exposure to unnecessary moisture, both in the mine and in 
transit. In severe winter weather, froz~n material may be loaded at th~ mine 
or shipments may freeze in transit. Receiving plants usually have £aciliti~s 
for tnawing frozen ore, but extra cost to the shipper and delay in samplin~ 
may result from extremely wet ores. 

Selected references on standard, accept~d m~thods of ore sampling are 
found in text~ in the bibliography ~J 29), 

Precautions in Sampling 

Cleanliness 

A numb~r of precautions should be observed in the sampling procedure. 
All parts of the sampling mechanism that come into contact with the ore stream 
must be carefully cleaned betwe~n sample runs to prevent contamination from 
remnants of a previous shipment. As a sample is reduced in Size, the possibil
ity of accidental or delib~rate contamination (salting) increases, so the 
final stag~s of sample preparation are carried on in restricted quarters and 
with equipment in which a high degree of cleanliness can be maintained. 
Obviously, all equipment in a sampling plant should be designed for ease of 
cleaning and replacement of worn parts. 

Because excessive dust loss can a ffect the proportions of valuable mine r
als and waste in a sample, dust should be minimized, particularly in precious
metal ores. A small amount of water sprayed on the are stream during unloading 
and processing is helpful in reducing dust loss from unusually dry or~s with
out appreciably increasing moisture content of a sample. 

Metallics 

A pulp is passed through a 100- to 200-mesh screen just be fore the final 
sample division to insure a uniform, finely ground product. Any coarse parti
cles not readily pulverized are screened out in the process. Such material, 
usually conSisting of flattened malleabl~ flakes called metallics, may be only 

--------------------------------------- -------
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bits of iron worn from machinery, or fragments of copper blasting caps or wire 
in the ore , but it may a lso con t ain nat i ve gold, silver, or copper. Irrespec
tive, coarse metall i cs are screened out of t he final pulp because they prob
ably would hav e an unrepresentative di s tribution in the final samples. 
Removing metallics frotH the pulp is sufficient i f the ores do not contain 
native metals . If native gold or s ilve r is like ly to be present, an ass ay of 
the metallics is made and the result app l ied a s a proportional correction to 
the control analyses. 

Weste rn ores rarely contain s i gnificant amounts of nativt: silver or cop
per, but na t i ve gold is more common. Michigan ores may contain native coppe r 
in quan ti t y . The importa nce of r moving me t a llic s from gold ores ca n b e empha 
s i zed by considering the effect of allowing metallics to remain in the final 
pulp. A gold content of as little as 0.1 ounce per ton (3.4 parts per million), 
or even l ess , is of consequence . If a portion of this gold fihould be pres ent 
i n the final pulp as a few, comparatively l arge, malleable flakes, d1sportion
a t e amounts of metallics may appear in the a pproximately 15- or 30-gram por
tions of pulp used for each assay. Control a ssay r e turns on such samples 
would not represent the gold conten t of the ore fairly and would probably not 
be in c l ose enough agreement for s e ttlement. 

Mois ture Content of Ore Products 

Payments for ore products ar e based on dry we i ght of a shipment as 
r e ceive d; the r e fore, determi nation of moisture content is made as soon as pos
s ible after a shipment i s we i ghed in. As ma ny as four moisture samples, each 
weighi ng several pounds, are cut f rom the bulk sample, carefully weighed , 
drie d at low heat, and again we i ghe d. The di ffe rence in weip,hts before and 
after drying , averaged for the sever al samples , is taken as the moisture con
t ent of the ore. Ca re is taken no t to subjec t mois tur~ ~amples to enough heat 
to dr i ve off any other volatile elements in the ore , including water of 
crys tallization. 

A moisture determination is made promptly be cause ore products t end tu 
dry out, and a sample ana l yzed some time afte r an ore shipment is we ighed 1n 
would not represent the true moi sture content of the ore as receive d. Because 
pr ompt analysis is necessary , the mo i sture content of ores is bas e d solely on 
the buyer ' s determinations. Severa l moi sture samp les from the same ore may 
s how a con s iderabl e range i n moisture content, and an average value for two or 
four s amples may differ cons iderably from high and low values. On high- grade 
ores , where a small di ffe r ence in the weigh t of shipment can make a consider
able diffe r ence in the total value , as many as 10 or more moisture s amples may 
be taken. Becausc: crushing and handling i n the sampling proces s itself caus~ 
some drying of the sample, some plant s arbitrar i l y a dd a small pe rcenta ge to 
the moisture content as dete rmined by the laboratory in order to c ompens a te 
for this drying e ffect. A minimum moisture de duction of 1 percent is ma de at 
some trea tment plants. 
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The Milling Process 

Background 

The cost of shipping and smelting ores is related primarily to the amount 
of material that must be handled, although grade of material is also a factor. 
The freight and treatment rates applying to higher grade material are usually 
higher. On the other hand, rate of payment by the smelter for metal content 
may be slightly higher for higher grade material. A shipper normally can 
expect more gain by shipping a small lot of high-grade concentrates than he 
would have by shipping the larger tonnage of ore from which the concentrates 
were produceQ,even though the higher freight and treatment rates assessed 
against the concentrates, the cost of milling, and metal losses in milling 
partially offset the advantage of reduction in tonnage. Upgrading of ore 
that will return little or no profit as mined is commonly practiced to remove 
as much barren or gangue mineral as possible and thus produce a concentrate 
that can be shipped profitably. 

Milling is a term that covers upgrading or otherwise processing raw ores 
to produce a more valuable product. In the nonmetallic mineral field, milling ~ 

may constitute the only processing necessary to prepare a markeLable indus-
trial product, but in the metal-mining industry, milling generally is just one 
of a series of necessary steps in conversion of metallic minerals to salable 
products. Milling is particularly important in base- and precious-metal min-
ing because few available ores would be profitable without this upgrading step. 

Milling can be divided into two categories, are dressing (concentration 
or beneficiation) and hydrometallurgy (leaching). Ore dressing consists of 
upgrading an are by making a physical separation of valuable and barren miner
als. In hydrometallurgical processing, ores or ore products are leached with 
chemical solvents, extracting valuable constituents for subsequent precipita
tion in metallic form. The many ore-dressing techniques that have been devel
oped have one thing in common--they make only a physical separation of are 
minerals without any chemical changes. Ore constituents that are in chemical 
combination with one another in a single mineral are not separable by ore
dressing techniques. The zinc-iron sulfide mineral, marmatite, is an examplC! 
of such a mineral. Ore dressing will not effect a separation of chemically 
combined zinc, iron, and sulfur in marmatite. 

Ore dressing can be further defined as manipulation of a mixture of 
ground ore in water. Such a mixture is called a mill pulp or simply a pulp, 
not to be confused with sample pulp. The proportions of solids and water in 
pulpb have a wide range depending on pro~ess requirements. The raw ore enter
ing a milling plant is called the mill heads or heads. The products of mill
ing are concentrates, which should contain most of the valuable minerals and 
a minimum of gangue minerals, and tailings, which should contain most of the 
gangue minerals and as little as possible of the valuable minerals. 

Texts on milling are listed in the bibliography ~, 12, 29) 30). 
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Ore Sorting 

Upgradin~ ore probably dates from the bronze age. Even then the advan
tage of discarding worthless material before further processing must have been 
obvious. Primitive upgrading attempts probably involved no more than picking 
out pieces of are from a pile of rock, with separation aided by splitting 
rocks containing both ore and waste into frag~m~nts with skillful hammer 
blows--cobbing in mining terminology. 

Ore sorting has remained a simple first step in upgrading. The effi
ciency of ore sorting sometimes can be improved by the use of crushing and 
screening equipment, conveyor belts, and other mechanical aids, but consider
able labor is still necessary. Even simple mechanisms may be unjustitied in 
some small operations, ': lOd upgradi ng by hand- sorting and cobbing, using noth
ing mor e than a sorting plat and a cobbing hammer, is still practiced 
occasionally. 

Ore Washing or Primitive Gravity Concentration 

Another advance in mineral concentration, was the invention of washing 
processes to recover gold, gem stones, and minerals of tin or other r e latively 
heavy me tals from gravel deposits (placL~rs). By agitating placer grave ls in 
water, the heavy, normally valuable minerals could be separate d from light 
mine rals that usually had no value. An ear l y discovery was the fact that 
mercury combine s on contact with native gold and silver to form an alloy or 
amalgam. Thus, recovery of precious me tals in are washing is often improved 
by the addition of mercury as a collector. The mercury can be removed from 
the amalgam later by distillation, leaving the gold and silver as a fairly 
pure product. 

It was only a step fram placering natural gravels to milling crushed ore s 
won from solid deposits, using devices that we re the prototypes of modern jigs, 
concentrating tables, and other gravity devices. De Re Me tallica (1), the 
16th century treatise on minin;:!; and slT;(~lting by the German teacher and scien
tist, Agric ola, describes sorting procedures and ore-dressing equipment that 
are recognizable prototype s of pre sent day practices and machines. A modern 
cobbins hammer or gold pan is little diiferent in basic design from tools used 
centurie s ago. Early s luice boxes for recovwring placer gold, stamp mills, 
and relate d equipment for crushing and treating gold ores, a nd washing equip
men t use d at the time of the discovery of America for concentrating lead ore s 
f unctioned in much the same manner as similar items in current or r ecent use. 
So far as gravity milling is conce rned, the advances in equipment have been 
largely in design, capacity, and e fficiency rather than in principle of 
operation. 

Re ga rdless of the milling process us e d, all ores are prepared by crushing 
and grinding. An ore pulp must be ground to a degree of fineness at which 
ore-mineral particles have been unlocke d, that is, liberated from adhering 
gangue minerals. This point differs widely, depending on the intimacy of the 
association of the contained minerals with one another. Comple t e unlocking of 
ore minerals fram barren minerals is never pOSSible, but the success of a 
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process depends in large measure on the degree to which the grinding step 
makes a separation. However, overgrinding is undesirable for several reasons. 
One reason is that undesirable colloidal material, slim~8, that interferes with 
all milling processes is produced. Another reasun is that the cost of grind
ing, a major expense of milling, rises rapidly with increase in fineness of 
grind) particularly for hard ores. 

The same general types of crushing, grinding, classifying, pumping, and 
auxiliary equipment are common to all ore-milling plants. The specialized 
aspects of mill design begin with the concentration process itself. A wide 
sel~ction of equipment and plans is provided in flowsheets that have been 
developed for gravity, flotation, and leaching processes to be applied singly 
or in combinations on many types of ore. 

Gravity Milling 

The oldest of the milling methods, gravity concentration, continues to be 
used in the metal-mining industry because it offers advantages in Simplicity 
and economy, even though mineral recovery may be lower than with other proc
esses. Common items of equipment in gravity mills are concentrating tables, 
us~d for sands, and jigs, used for coarser material. 

Gravity concentration depends on the fact that metallic minerals are 
usually heavier than barren gangue mine rals, and a separation can be effected 
by agitating ore-water mixtures (pulps). Gravity and inerria acting on min
eral particles subjected to some type of pulsdling motion in a water medium 
caus~ the heavier particles to separate from the lighter ones. Gravity mill
ing is effective on comparatively coarse mill pulps, that is, sands and larger 
sizes, provided the minerals have been unlocked by sufficient grinding; grav
ity milling is not efficient on finely ground ore. If fine grinding of ore 
is unavoidable or is necessary to unlock minerals, other milling processes are 
more suitable. 

Gravity separation works for both sulfide and oxide minerals, provided the 
differences in specific gravity of ore and waste minerals are significant. 
Specific gravity differences in minerals of copper, iron, and zinc in a com
plex ore are not sufficient to permit complete gravity separation of such min
erals . Even lead minerals, which differ considerably in specific gravity from 
the others, cannot be separated completely from them by gravity because ore 
minerals generally are not unlocked completely in the relatively coarse parti
cle s izes on which gravity methods work effectively. Moreover, when minerals 
are not unlocked, gravity methods alone do not produce high-grade concentrates 
or high mineral recovery. 

The Wilfley sand table, introduced in 1895, was an improved gravity con
centrating device that not only made a fair separation of galena and sphalerite 
but a lso permitted partial elimination of iron pyrite from a zinc concentrate. 
Jigs and tables have remained in ore dressing flowsheets as standard items of 
equipment, although, in current milling practice, they serv~ best in an auxil
iary capacity. Used with flotation, th~y provide ~n economical means of pro
ducing a low-grade concentrate for later regr i nding and flotation without the 
neceLsity of fine-grinding an entire mill f eed. 
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Other Gravity Proces s es 

Two other proc~sse s that take a dvantage of gravity differences in mine r
als to e ffect a separation have been deve l oped. One of these, the heavy media 
or sink -float process, has found some app l i cation in lead-zinc ore milling i n 
t he Coe ur d' Alene district of Ida ho and the tristate dis trict of Kansas, 
Missouri, and Oklahoma. The process recently was installed in the Old Dick 
copper- z inc flotation fIIill of Cyprus Mines Corp. in yavapai CQunty, Ariz ., to 
r emove barren and low-grade material from thp mill fee d afte r coarse cr ushing 
but be fore grinding. 

The proces s makes use of a fluid medium of controlled densi ty in which 
subs tances of lower density than the mediwn will float, al"ld heavier subs tances 
will sink. In ore milling, a me dium of high specific gravity is require d . 
Normally, heavier ore minerals are to be separate d from l i ghter gangue mine r
als, and a medium having a density between the two i s provided. In t es ting 
and experimental work, liquid or ganic chemicals such as tetrabromoe thane or 
othe r heavy hydrocarbon derivative s a re suitable , but in commercial appl i ca
tions, satis fac tory s.eparating mediums are simulate d fluids formulated to the 
desired density by suspending quicksand or fine ly ground magne tite , f errosi li
con, or similar heavy material in the prope r amount of wat~r. 

Heavy- media separation 1s efficient only on comparatively coarse parti
c l e s and cannot be used alone in base-metal milling because base-me tal miner
als generally are not comp l ete l y unlocked in the coarse sizes. Thus, heavy
me di a s eparation on base -me t a l ore s is limite d to pre liminary trea tment of 
ores in which coarse crushing produces large pieces of extremely low- gr a de 
ma teria l or waste that can be e liminated before the grinding stage with a 
saving in grinding costs. 

Spiral concentrators separate minerals of diffe r ent specific gravity by 
centrifug 1 forces acting on an ore pulp traveling downward in a spirJl l~un
der. The proce ss has had little a pplica tion i n base-metal milling . 

Flotation 

The f lotation process, first used commercially in the Unite d States a bout 
1911, perhaps has revolutionized the sc i ence of ore dr e ssing more than a ny 
othe r sing le deve lopment. The process has found application through out the 
mi neral industry for the beneficiat i on of many types of simple and complex 
ores . Mill flowshee ts can be tailored to us e flotation in any s i ze plant, on 
a wi de variety of ore types) and in conjunction with other trea tment processes . 
A flowshee t for a widely used s e lec t i ve flotation application, milling of com
plex lead- z inc sulfide ore , is sh own in f igure 5. 

Flotation is defined i n A. F . Taggart' s t ex t on ore dres sing ~) as a 
tl pr ocess for r ende ring a mixture of f ine l y ground minerals susce ptible t o 
gr avitational se paration." Fram this s tandpoint, it i s a spe c i alized type of 
gravity concentration, but any r elationship between flotation and other grav
ity processes is not readily apparent beca use, at first g lance, flotation 
s eems to defy gravity. The many a s pe cts of flotation a s curre ntly deve loped 
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FEED: LEAD AND ZINC SULFIDE OAES WITH PYRITE AND MINOR GOLD AND SILVER 
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FIGURE 5 .• Typical Flowsheet for a Selective Flotation Mill. 



involve application of physical-chemical principle s that can only be touched 
on in a br i ef discussion. More ove r, the basic theories are still som~what 
controversial after more than fi f ty years of research al1d operational use. 
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The flotation principle is based on the r e lative affinity of different 
substances for air or water. Particle Hurfaces of certain substances are 
we t able; that is, do not repel water. This is true of many minerals including 
most metal sulfides. Othe r substances, including such minerals as sulfur, 
graphite, and molybdenite , are not naturally we table and their surfaces tend 
t o repel water. 

In applica tions of the principle to ore dressing, a ~as (air) is intro
duced into a tank (flotation cell) in which a finely ground ore-wat~r mix ture 
(pulp) is agitated. Nonwetable mineral particle s , having a greater affinity 
for bubbles of air than for water, attach themse l ves to air bubbles forme d in 
the pulp by pneumatic or mechanical agitation while wetable minerals do n ot. 
I n order to form stable air bubbles, a frothing agent] such as steam-distilled 
pine oil, is added to strengthen bubble walls. Bubbles with attached parti
cles rise to the pulp surface and collect as froth, which is skimmed off as a 
~oncentrate of the floatable (nonwetable ) mine rals. Wetable minerals collect 
in the. bottom of the cell whe r e they are drawn off. 

Flotation ould have limited applicat i on in are dressing if only the 
naturally nonwetabl~ minerals could be f loated, but many other minerals can 
be floatL~d under proper conditions. The affinity of different substance s for 
water or air is related to particle sur f ace characteristics. By adding appro
priate conditioning reagents (collectors, depressants, aclivators, and others) 
to mill pulp, particle surfaces of many minerals can be modified, regardless 
of natural characteristics, to make them react like wetable or nonwetable 
minerals, either enha~cing or suppressing natural surface characteristics as 
de s i r e d. The interior of mineral particles is not affected and does not enter 
into the flotation effect. By the prope r choice of reagents, pulps can be con
ditioned so that certain minera ls will be floate d and others will not. Differ
ent minerals can be fluated succes sive ly in several stages to produce separate 
concentra tes of each minerdl. This is the basis of selective, or diffe r entia l , 
flotation, which ha~ increased the us e fulness of the flotation process so 
grea tly. Complex sulfide ores of c opper, l ead, and z inc can be milled by 
selective flotation not only to produce s eparat e concentrates of each valuable 
mineral but to remove iron pyritl~, a common undesirable constitUent in certain 
sme l t e r f eeds, as a separate concentrate, if desired. 

Minera l s eparation and concentration by flotation is not per£ l. ~ct. Whereas 
e xce llent recove ry and satisfactory separation are possible on amenable ores, 
some valuable minerals are lost because they enter tailings or the wrong con
centrate . Flotation has a limitation common to other concentration processes: 
Be f ore ore minerals can be separa t e d, they must be unlocked from gangue miner
als. However, in this respect, flotation has an advantage over other proc e s s es 
in that it is effective on finely ground pulp s in the range of from 10 to 100 
micron particle size. The treatment of colloidal particles of l ess than 10 
microns (slimes) is a problem that may be solved eventually through research. 



58 

Oxidl.~ and silicate minerals of copper and z inc have not been concentrated 
satIsfactorily by flotation. Lead sulfa t e and carbonate minerals have been 
treated with limited success, but more complica t e d mill circuits than needed 
for ~ulfid~ lead ores are ne ces s ary, r ec overy and concentrate grade are lower, 
and treatment costs are highe r . Sulfide minerals often acquire an oxide coat
ing Lhrough alteration by weathe ring , which, if not removed, causes mineral 
particles to act like oxides w-ith respect to floatability. This coating is 
removed, at least partially, in the grinding step, but the oxides component 
of such an ore is recoverable only at extra cost or not at all. For this 
reason, the oxide lead and zinc content of mixed complex ores is-not paid Lor 
at a custom mill (appendixes C and D). 

The abundance of lead-zinc sulfide ores that comprise most of the world's 
current r e s e rves and the comparative ~ carcity of oxidized zinc or lead ores 
have not made development of flotat ion for oxide orcs vital, nor has the level 
of zinc and lead prices in recent years given much incentive for research. 
Eventually, millin~ research on oxidized orus of coppe r, lead, and zinc may 
lead to development of economica l processes ~, ~, lQ, 25). 

Hydrome tallur~i"ca 1 Processes 

Until about 1890, no practica l alternative fur gold and silver recovery 
by gl"avity and amalgamation me thods had bet::::l"L p~rfec led. In the late eighties 
and early nineties, the short-lived chlorina tion process for the extraction at 
gold and the successful cyanida tion proces s f or gold and silver werL~ intro
duced. Cyanidation gives metal recoveries up to 9:> percent, superior to thal 
obtained by any other process in 1890. It remains a standard method for many 
gold and silver ores. 

Cyanidation is a l eaching process based on the solubility of gold and 
silver in a solution of potassium or sodium cyanide. Gold and silver leach~J 
from ores is precipitated from thi s solution by adding "~inL. or activated car
bon. Thus, u cyanidation mill requires s ome of the specialize d e quipment of 
chemical processing plants as we l l a s standard or e-milling equipment. 

The process is applicable primarily t o straight gold and silver ores. 
Some ores containing lead, ~inc, or copper minerals a re amenable, provided 
the conten t of these metals 1s insignificant or can be r emoved before cyanida
tion. I f the gold and silver content i s locke d up in the crystal structure of 
minera ls such as gold and silver t e lluride s and auriferous pyrites, or~s must 
be conditioned to make them amenable to cyanidation. The standard method is 
roasting, although some pyritic ores have been lea ched after extremely fine 
grinding. Flotation can be use d a s a pre liminary step to make a concentrate 
from gold telluride or pyrite ores; the n only concentrate need be roaste d 
rather than the entir~ mill feed. The low- grade f l o tation tailings are 
leache d without further preparation. Ama l gama t ion and tabling are sometimes 
used before cyanidation to r ecover any free gold promptly, particularly coarse 
gold, which dissolves slowly in a cyanide solution. 
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Copper Leaching 

Another hydrame tallurgica l a dvance of t he late 1800' s was the introduction 
of pra c t ica l l~aching process es for e x t r acting copper from some. low- gr ade or e s 
not amenable to concentrat i on or dir ec t smelt i ng 0.,11, 34). Of possib le 
solvents, only ~3ulfuric acid and, to a limited extent, arrunoniacal solutions 
have been practical . Copper oxide mine r a ls, carbonates, chloride s, sulfate s , 
silicates , and ce rtain sulfides (bornite and cove llite) ar~ soluble in one or 
anothe r of commonly used acid-lea ching solutions: Weak or strong sul f uric 
acid; s ulfur ic acid-ferric sulfate ; or wate r alone, in the case of sul fates. 
The f e rric su l f a te, neede d to assist in dis solution of some minerals , is not 
a dde d to the l eaching so lut i on but comes f rom a ction of sulfuric acid on i ron 
mine ra l s norma l l y present in c opper or es . Copper sulfides othe r than born i te 
and covellite are amenable to l eaching after an oxidiz ing roast, but the cost 
of ruasting would be prohibitive on l ow- grade ores. Furthermore, sulfide ore s 
can be t reated economically by f lotation. 

Preparation of ore for trea t men t in leaching plants consists of crushing 
to abou t 3/8-inch maximum size with production of as few fines as pos s ible . 
An e xcess of slime s prevents e f f i c i ent sand l eaching, the pre f e r red method 
f r om a cos t standpoint. Sa nd l ea ching can be done in open vats and r e quire 
s imp l e e qui pment compare d to the c lassi f i e rs , agi ta tors, thickeners, and ext ra 
s olution-handling e qui pment necessa ry to handle sl i mes. Equipment that comes 
in c ontact with leachi ng solu tions mus t be i mpe rvious or at least highly 
r es i s t ant t o acid. Materials commonly used i n l ea ching equipment , perhaps 
only as an aCidproof lining , are l ead , rubber, a sphal t, mast i c , g l ass , porce
lain, and mor e r ecent ly s ome t ypes of s t a inless s t ee l and plas tics. Wood i s 
a cid- r es i s tant but f a ils eventually. 

Heap l eaching and l eaching i n pl ace, ei t he r in dumps or under ground, a re 
special applications that e l imi nate va ts and much of t he o t he r equipment 
needed i n comple te plants, thus lowering t he cos t of l eaching enough to make 
t r ea tment of very low-gr a de ma t er i al profita b l e . Advantage is taken o f 
na t ural weatheri ng proces s es with water , air , and fe rric salts to break down 
a ny su l f i de c ontent t o s ul fa t es or othe r coppe r c omp ounds soluble in wat er or 
weak acid- fe rric sul fate s olu tions . Sulfuri c acid is gene rated i n the sys t em 
and need not be added. The l eachi ng so lut ions are circulate d through he ape d 
ore pi l es on the s ur face or through permeab l e , f il l ed st opes or caved a r eas 
under ground, taking up the s olub l e copper comp ounds forme d by the a cti on of 
wea t hering . The proces s i s very slow and may t ake months or years to c omp l e t e . 

Coppe r is recovere d from str ong acid-leaching solutions by e l ectrolytic 
precipitation in e quipment similar t o t ha t used in e l ec t rolytic refin ing . 
Ac i d i s regenerated and us ed over. Thi s i s the norma l procedur e f or ore s that 
r equire s trong acid. In l eaching processes t hat need on ly weak solut ions f rom 
which t he acid nee d no t be recovered , coppe r i s recove red by chemica l pr ecipi -, 
tation with iron supplie d i n the form of shredde d, de tinned, s cra p t in cans. 
Sponge i ro n has been us e d e xperime ntal l y a nd may r eplace scrap ca ns to a greate r 
extent ev entually. The deple t e d l each so l ution i s di s carde d. Chemica l prec ip 
ita t i on produces impure cement copper, or mud, which i s sme lted. El ec trolytic 
pre c i pitation from leaching solu t ions produces a me tal that approache s t he 
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purity of electrolytically refined copper. Leaching by weak acid solutions 
followed by chemical precipitation generally is preferred, when applicable, 
because corrosion of equipment and costs are less. 

Whereas a limited content of iron minerals in copper ores is essential 
to supply the ferric sulfate needed for efficient leaching, an excess of iron 
is detrimental because the iron consumes the ~cid. Moreover, an excess of 
iron salts in leaching solutions interfere~ with efficient ~lectrolytic pre
cipitation. The presence of calcite or dolomite in copper ores also is detri
mental because these carbonate gangue minerals consume acid. Ores that are 
primarily basic in character cannot be leached successfully with acid. 

Ammoniacal leaching, with ammonium carbonate as the solvent, is limited 
to ores containing copper carbonates or native (metallic) copper. Copper 
enters solution as a copper ammonium salt and is precipitated as copper oxide 
by boiling the solution. However, the process has found little application in 
the United States and is not currently in use. 

Ammoniacal leaching was used at one time on a copper carbonate ore from 
the Kennecott mine in Alaska having a carbonate gangue that precluded acid 
leaching. However, most copper carbonates are soluble in a~id, few copp~r 
ores have such a high carbonate gangue, and acid leaching is preferable. 
Ammoniacal leaching, once practiced on low-grad~ native copper ore and mill 
tailings in the Lake Superior district, was superseded by flotation, a 
superior process. 

Experimental work on other basic 'copper-leaching processes has been 
carried on for some years. Economic treatment of some heretofore unprofitable 
ores may be realized as the result of a process under development by a Tucson, 
Ariz. firm, the Banner Mining Co. 

A major limitation of copper-leaching processes is cost in relation to 
the low value of the ores normally treated. To keep costs per unit of copper 
produced low enough for economic operation, large tonnages must be treated. 
Because leaching plants usually operate with a small margin of profit, slight 
changes in plant efficiency, costs, or copper prices may make the difference 
between profit and loss. 

Zinc Leaching 

The zinc leaching process is not used on raw ores but as a substitute of 
zinc retorting on concentrates. The process therefore is considered in the 
section of this circular on smelting as an alternate method for producing zinc 
metal rather than as a means of ore beneficiation. 

The Copper Segregation Process 

In 1923, during experiments on roasting oxide copper ores with coal to 
reduce copper to the metallic state, it was discovered that, in certain tests, 
the copper segregated into friabl~ agglomerates containing carbon and gangue 
minerals instead of remaining disseminated in the calcine as expected ~). 
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It was finally det~rmined that, in the presence of heat, an involved sequence 
of chemical reactions took place between sodium chloride (salt), clay gangue 
minerals, carbon from coal, moisture, and coppe r minerals, producing agglom
e rate metallic copper. 

The process was develo~td tu the practical stage be fore 1931 and used 
brie fly in two African plants be f or e abandonment becaus e of economic condi
t i ons at that time. Nothing f urthe r was done until about 1958 when the 
Federal Bureau of Mine s undertook r e s earch on the process. Recently a proto
type plant wa s put into operation a t the Lake Shore mine near Casa Grande, 
Ariz., trea ting a chrysoc olla ore con ta ining too much iron, clay, and ca lcite 
for e c onomica l l eaching (2, ~). In the process , crushed ore, salt, and pul 
verized coal or coke are mixed and charge d into a gas-fired rotary kiln. The 
charge roasted at about 725 0 C., producing a ca l cine containing segrega ted 
copper agglomerates. The metallic copper i s recovered by flotation of 
reground ca lcines, producing a concen t rate marketable at a sme lter. Ore mi ne d 
at Lake Shore contains about 2 percent copper and makes a concentrate conta i n
ing 45 to 50 percent copper. 

The s egregation process may be app licable to other oxidi zed copper or es 
and perhaps to some mixed oxide-sulfide or e s a s we ll. 

Other Milling Proces ses 

A number of othe r concentr at i ng proce s ses for minerals have been devel
oped. Am ong them are magnetic se pa r a tion, which has had limite d app l ica tion 
in concen tra ting oxide z inc ores , e l ec trostatic s eparation, dif fe r ential 
grinding , a nd air classification . Some of these might have. furthe r applica 
tion i n base -me tal are dreSSing . 

Factor s Governi ng Mill Performance 

Be fore cyanidation, flotation, and i mproved gravity concentration lneth
ods we r e introduced, perhaps no more than 50 or 60 pe rcent of the valuable 
mine rals in a mill feed was recove r e d. With a dvances s ince 1890, recove r i es 
in the 90 to 95 percent r ange are common with flotation and cyanidation. 
Recoveries with modern gravity equipment a r e generally bette r than with olde r 
equipment, but tend to be l owe r than with flo t a tion, if a satisfactory ra t io 
of concentration is ma in t ained . 

The e f f i c iency of a mil l ing ope ration is gage d by a number of factors, 
among them: 

(1) Mineral recovery: the amoun t of valuab le mine rals entering a 
concentrate compared to the amoun t of the s ame mine r a ls in the 
mill fe ed, expresse d as a pe rcentage ra t io; and convers e ly , 
minera l losses in tai lings ( 100 percent l e ss recovery ra t io). 

(2) Ratio of concentration: the to t al weight of mill feed com
pared to the weight of concentrate s produced from it, 
expressed as a ratiu. 

730- 683 0 - 64 - 5 
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(3) The degre~ to which minerals that are undesirable impurities 
in a concentrat~ can be removed. 

(4) Comparative milling costs. 

The importance of high mineral recovl2ry and low content of impurities in 
concentrates is obvious. A high-concentration ratio is desirable to effe ct 
the maximum reduction in the amount of concentrate that must be subsequently 
process~d. The attainment of both the highest possible mineral recovery and 
concentration ratio would seem to be the most desirable result in milling, 
but practical achievement of both in the same operation is not feasible. An 
exceptionally high recovery or J conversely , a ve ry low tailing loss may be 
possible, but probably only at the expense of concentrate grade. This is 
particularly true of gravity concentration. A good concentration ratio for 
preCious metal ores is about 100 to 1 or more ; for copper ores, 30 to 1, for 
lead-zinc ores, 10 to 1 or less. Ratio of concentration is not used as a 
measure of the efficiency of leaching proces ses. Better mill performance 
may result from increased processing time or from installation of additional 
equipment. Either course tends to raise tre atment costs. The corr~ct balanc~ 
between mineral recovery, concentrate grade, and cOot of milling is usually a 
compromise. The following table illustrates a good metallurgical balance for 
a si.:lective flotation circuit (similar to that shown in fig. 5) of a lead-zinc 
sulfide ore with concentration ratios (weight of heads to weight of concen
trates produced) of 8.4 to 1 Eor lead concentrates and 17.3 to 1 for zinc 
concentrates: 

Relative 
Item weight Lead, Zinc, 

Ipercent percent 
Product analysis: 

F~ed (mi llheads). 100.0 8.73 4.8u 
Lead concentrates 11.9 68.78 2.24 
Zinc concentrates 5.8 0.84 60.13 
Tai lings .••....•. B2.3 0.60 1.22 

Metal recovery ..•.. 193.B <1 72.5 

1Based on lead reporting in lead concentrate. 
2Based on zinc reporting in zinc concentrate. 

Content 
Silver, 

ounces per 

8.98 
53.46 
4.63 
2.B6 

370.9 

~In percent; based on silver reporting in lead concentrate. 
· ~In percent; based on gold r eporting in lead concentrate. 

Gold, 
ton ounces per ton 

0.063 
0.229 
0.024 
0.042 

442.9 

In planning and operating a ny milling facility to produce a maximum 
return to the operator, all factors concerned with actual mill operation must 
be we ighed and balanced; but more than this, the mining and milling operation 
as a whole must be considered in the light of mining and marketing factors as 
well. Methods and formulas for analyzing and balancing milling performance 
and selecting appropriate processes and equipment a re included in a number of 
textbooks and handbooks on ore dressing ~, 29, 30). However, design, con
struction, and operation of mills should be placed in the hands of experienced 
personnel. Many manufacturers of mining machinery and mill construction firms 
are prepared to make beneficiation tests and design milling plants. A number 
of commercial laboratories and mineral rese arch organizations also test ore& 
on a fee basis. 
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The Sme lt ing Process 

General 

Sme lting, simply de fined, i s any process for r e ducing metals from their 
ores by some means that includes fus ion. In bas e - and precious-metal produc
tion, copper and l ead smelting ful fi ll this definit i on. Zinc retorting, 
although commonly referred to a s smel t ing, does not, beca use complete fus ion 
of the charge doe s not take place in a z inc r e tort. Some standard refe r ence 
works on sme lting are listed in the bibliography (2,2, 1, ~, 34, 35). 

The proce s s of smelting l ead a nd copper ores, i ncluding any associated 
gold and s ilver and sometimes minor base me tals, cons ists of heating in a 
refractory-lined vessel (furnace) a charge of ore or concentrates, roaste d 
or sintered if ne:.·cessary, mixed with fluxing mate rial and added fu e l. Heat 
is furnished by combustion of the fue l, which may be cuke, pulverized coal, 
gas , oil, or in part, sulfur in the ore . The necessary oxygen is supplied 
by air under pressure, sometimes supplemente d in recent practice with the 
pure gas. 

Car efully controlled chemical r e actions t ake place withi n the furnace 
be t ween ore , f lux , carbon J and carbon monoxide in the fuel, and oxygen in th(· 
air. The valuable ore minerals are r e duce d to a metal or metallic product 
that collects as a heavy molten bath in the base of the furnace (hearth or 
crucibl e ). Gangue minerals, which include z inc minerals in the case of lead 
and coppe r smel ting, combine with f lux t o fonn a lighter fluid slag that is 
insoluble in and floats on top of the meta l bath. Me tal and slag are tappe d 
off s eparate ly. The gaseous products of combus t ion include sulfur dioxide 
and carry fine materia l from the furnace charge (flu~ dust) and fume (me tallic 
oxi des ) . 

The metallic products of primary smelt ing are base bullion, in the ca se 
of l ead, copper matte (coppe r - iron s ulfi de ) in the case of copper) and occa
s i onally s pe is s , an artificial ars enide of iron , copper, and lead. All three 
products contain, as impurit i es, most of t he go l d, silver, and minor r:Ii.:tals 
in the original are; the s e must be r emoved by r efining . 

Charge constituents ente r i ng the slag are iron silica t es carrying oxides 
of ba sic gangue constituents, most of any z inc in t he furnace feed) ano as 
little as possible of valuable me ta llic produc ts. Lead furnace slags contain
ing e nough z inc can be treate d in a fuming furnace t o recover z inc as an oxide . 
Sl ags a re also utilize d as a source of iron, in cement manufacture, and f or 
construction materials . Imperfect separation of slag and metal tapped from a 
furna ce will produce some material with a content of valuablE' metals that must 
be r e treated. 

Flue dust and fume are separated f rom furnac e gases in settling chambers 
(flue s), cloth filter s in baghous es , and e l ectros tatic precipitators (Cottrell 
treaters ). The materials saved are processed to recover arsenic, antimony, 
l ea d, zinc, gold, silver, and perha ps othe r metals by appropriate refining 
processe s or by adding them to furnace charges for r e treatment. Sulfur 
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dioxide in copper furnace and roaster gases may bt.:! used in sulfuric acid pro·· 
duction, and the heat In such gases may be used in waste heat boilers. 

Roasting 

Ore roasting may be de fined as a heating process for treating are prod
ucts at temperatures below the fusion point. The purpose is to change ore 
mine rals 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 volatile metals such as tellurium 
(roasting). By these means, valuable metallic minerals are converted to a 
form more amenable to treatment. For some requirements, the roasting tempera
ture is purposely raised to the point of incipient fusion, in which case the 
process is called sintering, although roasting reactions are involved. At one 
timf', the ores marketed a t base -metal smelters required little or no prepara
tion before smelting, but as the bulk of smelter feeds changed from oxide to 
sulfide ores and from raw are to finely diviJed concentrate, the ores and ore 
products requirl!d conversion to a form suitable for further processing. 

Drying as a separate step is s e ldom necessary on base- or precious-metal 
are shipments. Unless it is necessary to prepare extremely wet or frozen ore 
as received fur sampling, the drying step normally is accomplished as the 
first stage of calcining or roasting. 

A primitive roasting procedure (heap roasting) requires only a flat 
surface on which coarse ore is pil~d up on stacked wood in a pyre. The heat 
from burning wood plus sulfur in the ore does the roasting. The labor cost 
is high, roasting is not complete, noxious fumes are released without control, 
and fine materials cannot be treated by this means. 

A rev€...rberatory roaster, in which the ore is spread out on a flat 
enclosed hearth and heated by the gases of combustion from a firebox at one 
end, is a more efficient means of calcining or roasting. The ore can be 
spread on the hearth and stirred at intervals by hand-raking or, in improved 
equipment, by systems of mechanical rakes (rabbles) that move the materials 
through the furnace. 

Calcining or roasting can be accomplished in firebrick-lined rotary 
kilns of the type used in cementmaking. However, this method is not ideal 
because large amounts of dust are formed, and heat losses from radiation are 
high. Before retort smelting, oxide zinc ores some times are calcined in the 
type of open-shaft kiln used in burning lime stone to quicklime. In this 
method, ore and crushed coal or coke are charged through the top of the kiln 
in alternating layers, while air is introduced through tuyeres near the bottom. 
Any fine 1,laterial in thf;! charge impedes free passage of air through the fur
nace and must be removed before calcining. 

Another type of roasting furnace in general use is the multiple hearth 
roaster in which as many as 13 hearths are arranged one above another, each 
with a mechanical rabbling device for moving and stirring the ore as it passes 
by gravity from one hearth to the next. Raw are or concentrate, entering at 
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the top of the roaster, is dried on the top hearth. Material pass es from 
hearth to hearth, finally reaching ca lc i ning or roasting temperatures, and 
l eaves the bottom hearth as a roas ted or calc i ne d product ready for a copper
smelting furnace, zinc r~tort, or zinc- leaching plant. In roasting straight 
sulfide ore s or concentrate, very little, if any, supplementary fuel is neces
sa ry after i gnition to augment heat requirement s. Coal can be mixed with th~ 
charge or pulverize d coal, oil, or gas blown into the furnace. 

Flash roasting can be used to prepa r e z inc sulfide concentrate for Ib'lch
ing. Dry , fine concentr3t~ containing at least 40 percent sulfur is [~d with 
air into a roasting chamber near the top through a burner of the type used for 
burning pulverized coal. Addi tiona l air is f(!d in at the bot tom of the chamber 
at a rate adjusted to effect comple te combustion and to control the rate at 
which burning particles fall through the chamber. Waste gases, leaving the 
furnace through the top at rather high temperature , contain enough sulfur and 
heat for worthwhile recovery in an ac i d plant and waste -heat boiler. The 
roaste d concentrates collect below the combustion chamber fram which they 
pass to leaching. A flash-roasting furnace may be designed with multiple 
hearths with several hearths both above and below the main roasting chamber. 
Was t e heat is used to dry wet CODcentra te on the upper hearths so that it can 
be dry-ground before roasting . In this design, the waste gases pass downward 
through the hearths below the roasting chambe r to use the heat for burning a 
small percentage of the sulfur remaining after fl ash roasting. 

In flash roasting, concentrate particle s come into free contact with 
gases at roasting temperature for no more than a few seconds, and the mate
rial must be extreme ly fine to bring about a comp l ete or nearly complete 
roasting . A recent development, Fluosolid Roa sting , a paten ted process, 6 
emp loys s uspension roastin~ on sulfide concentrate without the ex tremely 
f i ne grinding necessary ior flash roas t ing . A Fluosolid Reactor contains 
a roasting chamber into which concentr ate is fed at the bottom by a screw 
conveyor. The floor of the chamber is a perforate d plate through which air 
and fuel, if needed, are introduced under enough pressure to keep the concen
trate in suspension in a fluidized bed as roasting procee ds. The length of 
the roasting pe riod is adjustable by controlling the ra te of f ee d. The thor
oughness and period of roasting can also be contro lled by adjusting the depth 
of the f luidiz ed bed. Roas t,~d concentrate flows out through a discharge 
open i ng at the top of the fluidized be d as it i s displaced by mate rial enter
ing a t the bottom. Roasted concentrate can be di s cha rged into quenching 
tanks or s ent directly to other proceSSing . Waste gases are discharged 
through t he top of the reactor for r ecovery of dust, sulfur, and waste heat 
as desired. Close control of the thoroughness of the roast and production of 
a gas discharge with a high conc~ntration of sulfur dioxide is possible . This 
comparative ly new proc(!ss now has application in roasting copper) zinc) and 
gold concentrates; other uses will no doubt be devel ope d. 

Sinterin~, or blast-roasting , is an extension of roasting into the region 
of incipient fusion for th~ purpose of making a hard, porous clinker or sinter 

6Re f e r ence is for information unly, and does not imply endorsement by the 
Bureau of Mines. 
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that will permit free passage of fu.rna ce gas es through the charge in a bIas t 
furnace. A s i ntering machine consists of a traveling cast-iron grate that 
slowly carries a 4- or 5-inch bed of a prepared charge of sulfide ore or con
centrate mixed with flux and possibly solid fuel over a suction box that pulls 
an airblast downward through the charge. The charg~ first pass~s under ~n 
ignition muffle fired by gas or fue l oil and continues to burn during passage 
over the suction box. The roaste d charge emerges from th~ machine as d porous 
sinter suitable for blast furnace or zinc retort. A considerable amount o[ 
dust entrained by the airblast as it passes through the charge is recovered 
and mixed with the entering fc~d. The operation of a sintcring machine is 
flexible; process time, temperature, and completeness of roast can be con
trolled by adjusting the rat~ of grat~ travel and the airblast. The process 
some times is carried on in two steps with roasting first, followed by sinter
ing. The Dwight-Lloyd sintering machine perhaps is the best known of several 
types that have b~en developed. 

COppL!r Smelting 

The product of primary copper smelting in current U.S. practice is not 
metallic copper, but matte, an artificial alloy of cuprous and ferrous sul
fides. Thus, furnace charges must contain sulfur and iron in orde r to form 
matte. This is no problem because present day smelter feeds are largely con
centrates of natural sulfides, which contain more than ~nough sulfur and iron 
to form a matte. Figure 6 is a typical flow~he~t for a copper smelter. 

Roasting at a temperature below fusion before smelting once was common 
practice on sulfide ores and concentrates in order to burn off excess sulfur 
in advance of smelting, thus lowering the processing time in the smelting 
furnace and increasing throughput. More recent smelter practice permits 
charging of green unroasted concentrates--wet charging--directly into smelt
ing furnaces and disposing of excess sulfur in this furnace instead of in a 
roaster. This method has been adopted at many smelters, most recently at the 
C~rfield, Utah, plant of the Kennecott Copper Corporation. 

Copper can be smelted in a blast furnace similar to a lead or iron blast 
furnace. This was at one time standard practice on oxide and native copper 
ores, producing metallic copper. It was the process used in treating Lake 
Superior native copper ores, which required little more than melting to 
separate copper from gangue minerals. The blast furnace also has been used 
on Po ulfide ores to produce matte or metallic copper, but the reverberatory 
furnace, a development of the early Welsh copper-smelting industry similar to 
the open-hearth steel furnace, is now generally used. Blast furnaces were 
suitable for high-grade crude, oxidized or~s, native copper ores and concen
trates, and even crude, coars~ sulfide ores, but not for the finely divided 
sulfide concentrates that have largely replaced other smelter feeds. It is 
pos s ible to make blister copper directly in either blast and reverberatory 
furnac es using any type of feed, but the process is uneconoolical. 

A modern reverberatory furnace is an enclosed, refractory-lined oblong 
vessel up to 30 feet wide and 100 feet or more in length coverQd by an arched 
roof. The bottom and lower walls form a h~arth or crucible in which metallic 
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FEED: BLENDECJ OXIDE AND SULFIDE ORES OR SULFIDE CONCENTRATES OF COPPER 
CONTAINING SMALL AMOUNTS OF GOLD, SILVER, LEAD, ZINC, AND MINOR METALS (ARSENIC, BISMUTH) 
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NOTE I NATURAL OR MANUFACTURED GAS, FUEL OIL, OR POWOERE D COAL MAY BE USED FOR FUEL. 
NOTE 2 THE ROASTING STEP IS OFTEN BYPASSED IN MODERN SMELTER PRACTICE. 
NOT E 3 FURNACE GASES ALSO CARRY FLUE DUST (FINE PARTICLf::S OF FURNACE FEED) AND FUME 

(VOLATILE OXIDES OF LEAD, ZINC, ARSENIC AND POSSIBLY BISMUTH OR OTHER MINOR 
METAl.S OCCASIONALLY PRESENT IN SMALL AMOUNTS IN COPPER SMELTER FEEDS) 

FIGURE 6. - Simplified Flowsheet for a Copper Smelter. 
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con~tituent8 of the charge collect in a molten bath. Heat for the process is 
furnished by combustion of gas, fuel oil, or pulverized coal in the space 
above the hearth enclosed by the upper walls and roof of the furnace (combus
tion chamber). Fuel and combustion air are introduced through burners set in 
one end wall of the furnace, travel the length of the furnace, and are dis
charged as spent gases through ports in the other end wall. The charge is 
heated by reflection of the heat generated in the combustion chamber. 

Smelting takes place on the hearth, where metallic and gangue minerals 
and fluxing materials in the charge segregate into a molten bath of copper 
matte covered by an immiscible slag composed of barren gangue minerals and 
flux. The matte and slag are drawn off separately as they accumulate. 
Reverberatory smelting is essentially a melting process with chemical reac
tions limited to conversion of the metallic constituents in the charge to 
the desired copper matte and elimination of excess sulfur. In roasted sulfide 
ores or concentrates, the natural high-sulfur copper and iron minerals already 
have been converted largely to the cuprous and ferrous sulfides needed for 
matte, and most of the excess sulfur has been burned off. Green concentrates, 
however, still contain high-sulfur minerals that must be disposed of in the 
smelting furnace. At furnace temperature, high-sulfur minerals are not stable 
and break down into matte-forming cuprous and ferrous sulfides and elemental 
(free) sulfur. The free sulfur enters combination gases ,burning to sulfur 
dioxide to the extent that free oxygen is available. 

Whereas copper smelter feeds are largely concentrates, the charge also 
may contain copper leaching precipitates (cement copper) and, rarely, oxide 
ores. The sulfur needed to produce mattes from a mixed charge is furnished by 
the excess in sulfide concentrates. Some metallic copper may form in smelting 
oxide and metallic ores and report in the matte as inclusions. 

Ore products in copper smelter feeds usually contain iron minerals in 
excess of matte requiremellts as well as other gangue minera ls such as silica, 
lime, magnesia, alumina, and zinc, all of which must be disposed of in slag. 
A furnace charge must have the proper balance of fluxing materials to form a 
suitabl~ slag. Silica, iron, and lime are necessary ingredients of slags; any 
cont,.~nt of alumina and zinc in smel ting char;;es requires extra fluxing mate
rials to form a fluid slag. Fluxing mate~ials used to balance gangue minerals 
in the feed are silica or limestone. Sufficient iron, a necessary fluxing 
ingredient, is normally present in ore products. Essentially, a slag is a 
molt~n solution of ferrous silicates in which smaller amounts of basic oxides 
(alumina, lime, magnesia, and perhaps zinc) are dissolved. Slag~ have some-
what the characteristic of an alloy and consequ~ntly can have a wide range of 
fluidity, mutual solubility of constitu~nts, and freezing points. In making 
up a furnace charge, an attempt is made to balance flux and ore feed to pro
duc~ a fluid slag that will not carry off valuable metals or attack furnace 
linings, using the least possible amount of barren flux. Desirable reverber
atory slags have generally been siliceous, and siliceous ores of gold, silver, 
and copper, ores that sometimes could not be smelted profitably for metal con
tent alone, have been in demand to balance a silica deficiency in other fur
nace feed without using barren silica flux. More rec~ntly, the trend is 
toward less siliceous slags, and the demand for siliceous ores has lessened 



correspondingly. The composition of nwerberatory slabS generally ranges 
between 30 and 38 percent silica (SiO ), 4S to 52 percent iron oxide (FeD), 
5 to 8 percent alumina (AI~~l)J and I to 5 percent lime and/or magnesia 
(Ca(Mg)O) . 
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A charge is fed through ports into the furnace by some type of semiauto
matic feeder whereby the blended constitutents are discharged in piles along 
the walls beneath the ports. The piles absorb heat and gradually melt down 
as the charge components separate into matte and slag. Reverberatory smelting 
is a continuing process. A pool of matte covered by slag is maintained con
tinuously during the life of a furnace, and the charge is fed at short inter
v a l s to r e plenish the charge piles a s they melt down. Matte and sla~ are 
tappe d off as they accumulate according to the rate at which excesS sulfur 
in the charge is removed. Mattes, being metallic sulfide alloys, can have a 
wide range in the proportions of cuprous and ferrous sul[lde~ and there fore 
an equally wide range in copper content. Mattes produced at different plants 
havecanged between 20 and 80 percent copper content. An optimum content 
would appear to be 40 to 50 percenL. 

In addition to copper and iron compounds, mattes carry metallic impuri
ties tha t we r e present in the original ores. These may be gold, silver , 
arsenic, antimony, bismuth, lead, zinc sulfide, or other base metals in small 
amounts. Mattes may also have minor inclusions of metallic copper or slag
forming substances. Speiss will form if ars enic or antimony are present in 
the charge in excess o[ the small quantities of thes e me tals soluble in matte. 
However, formation of speiss is uncommon in copper smeltins. 

Zinc and copper oxides are soluble in slags, and copper losses on oxide 
ores tend to be high because some coppe r will enter the slag befort! it is 
reduced to metal or matte. Matte is slightly s0luble in sla6, but losses by 
mechanical entrainment in the sla.g are more important. Good slag fluidity 
and s e ttling basins to allow matte and slag to beparate durin?, tapping op~ra
tions r e duce entrainment los ses. 

The gaseous discharge from reverberatory smelting carrie::; valuable mate 
rials such a s sulfur dioxide, flue dust (mechanically entrained material [rom 
the charge) and fume (volatile oxides of a rsenic, antimony, lead J zinc, or 
minor me tals). Sulfur dioxide is use d in sulfuric acid manufacture. Gas e s 
are al so pr oces sed to r e cove r any valuable cons titue nts in flue dust and fume. 
Heat carr ied out of roasters or furnaces in gases can be used in waste- heat 
boilers, and in a few instances has been used in preheating blast air. 

Copper matte is processed to metall ic coppe r in a converte r, a refractory
lined vessel that can be til t e d to discharge the contents. Modern converte rs 
a r e cylindrica l in shape, up to 13 feet in diame ter and 30 feet long , with a 
cha r ge capa city of about 60 tons of matte . The copper converter is similar to 
the bessemer converter of the steel industry in operation but not in appear
ance. Copper converting is a batch process with a cycl'~ of operation consist
ing of charging with molten matte and s ilica flux and blowing with air in two 
stages. All of the heat necessary for the process is furnished by oxidiz ing 
the sulfur in the matte. Additional he at normally is necessary only to kee p 
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the converter hot in the event of delay between blows or to correct errors of 
operation that otherwise might cause the charge to freeze. 

The process takes place in two stages because oxygen combines preferen
tially with ferrous sulfide, and a reaction with cuprous sulfide does not 
occur until all of the ferrous sulfide has been converted to iron oxide, 
leaving essentially purL'. cuprous sulf ' de (white metal). In the first, or 
slag-forming stage, the iron oxide combine s with silica flux to form an iron 
silicate sl~g, which is poured at inte rvals as it forms. Elemental sulfur is 
released, burning immediately to sulfur dioxide in the oxidizing converter 
atmosphere. In the second, or blister-forming stage, oxygen combines with 
sulfur In the white metal, releasing copper as the element. 

Completion of the blister-forming stage is carefully determined because 
overblowing produces undesirable copper oxide and, if prolonged, will chill 
the charge. Not enough heat to keep copper molten evolves after all the 
cuprous sulfide is converted to copper . 

Blister copper contains 98 percent or more copper plus most of the metal
lic impurities that were in the matte, including practically all of any gold 
and silver that is present and possibly minute quantities of the platinum 
group metals. To produce pure copper for the market, the blister copper must 
be refined to remove impurities whether valuable or not. Oxygen in the blister 
copper can be eliminated by poling after the charge is removed from the con
verter, a process whereby green wood poles are repeatedly plunged into the 
molten copper, causing oxygen in the charge to combine with wood carbon. 
Natural gas, proc8ss~d (reformed) so as to increase the content of hydrogen 
and carbon monoxide, has replaced wood as a purifying agent at some plants, 
and the practice of poling probably will die out. Poling is in effect the 
fir s t step in copper refining, a process that is continued by fire-refining to 
remove volatile impuriti~s, and may be completed by electrolytic refining to 
remove nonvolatile impurities, including the precious metals. Molten copper 
discharged from the reverberatory furnace may be transferred directly to be 
refined or cast into ingots for shipment to another plant. 

Copper 18 sometimes marketL!.d as fire-rerined, particularly if the pre
cious Illetal content is insignificant. Copper from the Lake Superior region, 
Lake copper, is exceptionally pure as it comes from the refining furnace, and 
is superior to fir(~-refined copper from other sources. A small amount of sil
ver in Lake copper dOl~s not detract from the quality and in fact is considered 
to improve electrical conductivity. 

The gaseous products of the copper converter contain usable sulfur diox
ide and small amounts of any volatile metals that were present in the matte 
(arsenic, antimony, lead, zinc). These products are us~d in the same manner 
as reverberatory gases and fumes. Converter slags contain significant amounts 
of copper and are returne d to the r everberat ory furnace for retreatment. 

Lead Smelting 

The product of lead smelting are bas~ bullion, matte, speiss, slag, flue 
dust, fume, and gases. Figure 7 is a typical flawsheet for a lead smelter. 
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FIGURE 7. - Simplified Flowsheet for a Lead Smelter. 

71 



72 

The standard process requires a blast furnace, a refractory-lined rectangular 
vessel set on end with a vert i cal length up to 24 feet and a horizontal cross 
section of up to 60 by 180 inches. In the base of the furnace is the hearth 
or crucible in which molten l ead bullion collects as it is formed. The lead 
blast "furnace is similar to the copper bla st furnace in operation and general 
de s ign but operates at a generally lower t emperature. Both copper and lead 
blast furnaces are similar i n operating principle to the iron blast furnace. 

The chief metallurgical reaction in the blast furnace is formation of 
metallic lead by reducing lead oxide with carbon or carbon monoxide in a 
reducing atmosphere. Oxidized lead ores and concentrates can be charged 
directly into a blast furnace. Few such ores are available, and present day 
feeds are largely preroasted sulfide ore products. Lead sulfides are nol 
broken down efficiently in the blast furnace, a necessary reaction before 
metallic lead will form. Instead, lead sulfides, together with any copper 
sulfides in a f~rnace charge, tend to form a lead-rich matte that must be 
given additional treatment. Therefore, most of the sulfur in lea d ores is 
removed be fore smel ting, leaving only e nough to mak(~ matte out of any copper 
in the ore. The hearth-roasting proce dure uSI~d on copper concentrates would 
eliminate sulfur from lead sulfides, but the friable product of hearth roast
ing is too fine to make a desirable, hard, porous furnace charge. A non
porous charge prevents uniform passage of furnace gases at desirable low 
velocity throughout the charge column, but instead, causes their rapid passag~ 
through restricted channels. Under this condition, the charge is not uni
formly or completely smelted, and dust losses occur through entrainment of 
fine material in restricted, high-velocity gas streams. 

Blast-roasting (sintering) is used to prepare lead sulfides for smelting. 
A dead roast, that is eliminating practically all the sulfur, is possible, but 
leaving enough sulfur to combine with any copper in the furnace feed is 
desirable. 

The normal blast furnace charge cons i s ts of sintered sulfide ore or con
centrates, lime or silica flux, and coke intimately mixed in carefully con
trolled proportions. The charge enters the top of the furnace and is spread 
in uniform layers. Air under pressure enters the furnace through tuyeres 
(nozzles) just above the hearth and passes upward through the charge, combin
ing with coke to heat the charge and form the required reducing atmosphere. 
The charge gradually absorbs heat during its descent through the furnace shaft 
as smelting proceeds but remains dry; that is does not soften, until it 
approaches the lower end. However, metallurgical reactions start before melt
ing occurs. The rate of descent depends on the rate at which the charge is 
melted and discharged through the bosh, a constriction in the lower end of the 
shaft just above the tuyeres that marks th~ bottom of the smelting zone. 
Molten lead, the firs t m~-tallic product formed in the process, trickles down 
through the smelting zone. This action, called the lead fall, collects pre
cious metals in the charge, and enough lead must be present in the charge to 
insure a generous lead fal1,if collection of precious metals is to be com
plete. Matte, slag, and perhaps speiss also form in the smelting zone but do 
not melt completely until they reach the bosh. All products then drop into 
the hearth where they accumulate in mutually insoluble layers of molten base 
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bullion, matte , and slag. As they accumulatl.·, matte and slag are tapped off 
into a settling basin from which slag ovc~rtlows and is sent to a zinc-flDl\ing 
plant or the dump, perh.:.lps granulated for later sall~ as a commercial product. 
Matte is tapped from the settler and can b~ char~ed, still molten, into a 
copper converter or a special furnace, or cast into pigs for shipment to a 
copper sme lter. As it collects, base bullion, containing speiss and other 
metallic impurities, flows continuously from the hea rth into a well through 
a siphoning tube. This bullion is transferred to a drossing kettle , where 
speiss separates out as dross and is returne d to the blast furnace. Bullion 
may be cast into pigs for later treatment, or still molten, started through 
the refining process. If produced from pure ores, base bullion is soft, that 
i s , compara tively free from Lmpuritil.·s, and sometimes is marketed without 
r e fining. However, most bullion contains Borne copper, iron, arsenic, antimony 
silver, gold, or other metals and must be soft~ned (refined) to remove delete
rious impurities and recover valuable ones. 

Furnace gases carry fume and entrained dust that are diverted through a 
flue to r e duce th~ir velocity and condense volatile matter by cool i ng. Some 
flue dust and fume condense and settle out in the flue, and the balance is 
recovered by filtering in a baghouse or preCipitating in an electrostatic 
(Cottrell) treater. Temperatures in lead smelting are kept as low as possible , 
particularly in the upper part of the furnace, in orde r to minimize the forma
tion and discharge of lead oxide fume. 

Satisfactory lead furnac e slags have a reasonably wide range of accept
able compositions, so the slags used may be basic or siliceous withi~ limits, 
depending on the available ores and fl uxe s. As in coppe r smelting, iron must 
be present to form iron silicate, a neces s ary slag constituent. Any iron 
deficiency in the feed usually is made up by adding scrap iron to the charge . 
Enough fluxin g material must be us ed to form a fluid slag with the z inc pre s ent 
in the char ge . Typical slags may conta in 22 to 35 percent silica (SiOa ), 28 
to 36 percent iron (manganese ) oxide, and 17 to 22 percent lime (magnes ia). 
In current practice, slags that will accommodate 20. percent or more zinc oxide 
may be used. However, a lead furnac e charge with a high z inc content is 
costly to treat for several r easons: More flux is necessary; ~inc tends to 
increase slag accretions within the furnace shaft and on the hearth, thus 
lowering capacity and increasing maintenance ; zinc tends to carry silve r into 
the slag; and zinc tends to form viscous s lags, with the danger that the 
charge ma y freez e in the furnace . High viscosity a lso inhibits free s epara
tion of metal and slag, with resultant loss of me tal in the slag by entrapment. 
Althuugh hi~her operating t emperatures are partial cures for the difficult i es 
brought about by a high zinc content, high temperatures also tend to increase 
operating costs and fume losses. 

Zinc Smelting 

Zinc sme lting does not involve comple te me lting or fusing of the char::';e, 
~O, in that sense, is not a sme lting process ; rathe r it is a distillation 
process carried on in sealed retort ~, 1, 12). Economic ores or concentrates 
suitable for zinc retorting contain more than 50 p~rcunt zinc. However, 
regardless of the zinc content, ore products must be prepared for use. 



74 

Oxidized zinc ores arc given a calcining roast to drive off carbon dioxide and 
moi sture. Sulfide ores and concentrates a re given a sintering roast to remov~ 
sulfur and form a porous retort charge. Calcine d oxides and sintered sulfides 
are retorted separately. 

The older type of zinc r e tort is a horizontal ce ramic cylinder into which 
are charged calcines or sinte r e d mate ria l i n timate ly mixed with coal. The 
r e tort is sealed to exclude air and fir e d externally with natural gas to heat 
the charge to the point (2,200° F.) at which metallic zinc is formed by react
ing the ~inc oxides in the cha rge wi th ca rbon monoxide generated from the coal. 
Zinc metal, volatile at the temperature of forma t ion, leaves the retort with 
the gas. The gas passes through a condenser, in which cooled zinc vapor con
dens e s to a liquid that is cast into the commercial slab zinc (spelter). The 
waste gases contain considerable recoverable heat that can be used in waste
heat boilers. 

Smelting in horizontal r e torts is a batch process. Th~ ore and coal are 
charged into the retort, fired until z inc vapor ceases to form, and then 
removed. Material is handled in pa rt by me chanical equipment that has sup
planted earlier hand methods, but considerable labor is still necessary. 

The fue l efficiency of the horiz ontal retorting process is poor, partly 
because of heat los s es in batch processing , and large amounts of fuel, both 
coal and gas, are required. Even unde r the most advantageous conditions, 
the cost of retorting per ton of ore treate d is high, and high-grade ores 
must be used to keep the cost pe r unit of z inc produced at a reasonable level. 
Obviously, a cheap and abundant supp l y of natur~l gas is advantageous, if not 
essential, under competitive conditions. 

Retort residues contain from 5 to 15 percent zinc, and some z inc is lost 
as a luminates and silicates absorbe d i n retort walls as a result of interac
tion between the charge and the ceramic materia l in the retorts. Residues 
also contain any lead, copper, gold, and silver present in the charge. 
Depending on the value and amount of metals conta ined, residues can be treated 
by ore-dressing methods to recover a metal concentrate, sent to a lead smelter, 
possibly after sintering, or used as feed for a Waelz kiln or similar type of 
fuming furnace to recover zinc oxide. 

A vertical retort that operate s continuously, introduce d in 1925, has 
replaced horizontal retorts in several plants. In a vertical retort, the 
charge descends by gravity, as in a blast furnace , but never reaches fusion 
t empe rature. The charge cons ists of porous briquets of roas t(·d ore or con
centrate s mixed with bituminous coal and coke or anthracite coal in excess of 
reaction requirements, plus a binder of sulfide liquor and clay, oil and clay, 
or pitch. After being formed in a press, the green briquets are heated in a 
coking retort; volatile matter is driven off, leaving strong, hard briquets 
that retain tht~ir shape and remain porous throughout the subs equent .:inc-
retorting process. , 

Vertical retorts are as hinh as 35 feet with a cr0SS section of about 1 
by 6 feet, constructed of silicon carbide. The chdrge is fed in at the top 
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in batches and is gradually heated during d s cent a t a rate governed by 
r emoval of the spent brique ts through a wa t e r seal at the base of the f urnace . 
The r\.~t ort is heated exte rnally by burning natural gas in combus tion .chambe rs 
adjacent to the r e torts. Producer gas fr om the retort itsel f may be use d 
alonL; with the natural gas. The z inc- f orming r eaction a nd the tempe rature 
r eached in the redUCing z one are the same as in horiz ontal retorts. Zinc 
vapor from the retort is conducted i nto a condensing chamber and drawn of f as 
liquid z inc. The waste heat in the r e tort gas es is us ed in a heat exchange r 
to preheat combustion air for external r e tort heating . 

Among the advantages of vertical r e torts over horizontal retorts a r e : 
Be tter z inc r ecove ry, mechanica l charging and discharging with consequ nt 
l ower cost , higher thermal efficiency through continuous operation and better 
us e of waste heat, and long retort life (up to 5 years). Horiz ontal r etorts 
eventually may become obsolete, but t he ir use i s being continue d in olde r 
plants in the United States because economic conditions in some ~inc-producing 
areas do not justify replacing them. 

Electrothermic retorts that us e resistance hea ting of the charge have 
a lso b~~n introduced successfully at s everal plants. Thes e uni ts use a verti
ca l retort and diffe r somewhat from thermal r e torts in construction and opera
t i on, but they r e ly on the same bas i s me t a llurgical r eaction for reduction of 
z inc to the vapor form. 

Zinc Leaching 

Although the prinCiple of e l ectrolytic precipitation of z inc i1lt!tal from 
sulfuric acid solution had been known for many year s (1, 34, 35), a successful 
process for l eaching zinc ore products was not introduced until 1914. Zinc 
leaching, which requires large amounts of e l e ctrical energy for precipitatiun 
of the z inc, waA developed in the Northwest as a n alte rnate to smeitin3, 
particu larly for low- gradL concentra t e s (40 percent or l e ss z inc) that could 
not be treate d i..!conomically by r e t ort i ng . Leaching is not used commercLllly 
on r aw z inc ores, probably beca use such ores a re now uncommon, although high
grade oxide or es presumably a r e amenable . 

Sulfide z inc concentrates must be roas t e d to convert z inc s ulfides to 
acid-soluble oxide a nd water-soluble s ul fa t e--the sulfate providing t he su l
furic ac id needs of the l eaching proces s . Eithe r hear t h or flash roas ting 
i s used unde r controlled tempe rature conditions to conve rt most of the zinc 
minerals to z inc OXide, to prevent formation of z inc s ulfate in excess of t he 
2 or 3 pe rcent needed for r ep lenis hing a cid los s es in the l eaching circuit} 
and to minimiz e the formation of i nsoluble z inc-iron oxide (ferrit\~). 

Zinc l eaching and precipitation both r eqUire careful operating control 
becaus e operating conditions and the composi t ion of leaching solutions , both 
as t o acid strength and cont...Lined i mpurit i es , are crit i cal. The weak sulfuric 
acid solution us e d will d1soo1ve not only z inc oxide and z inc sulfate from 
roasted concentrates but other comp ounds, s ome of which are undesirable . 
Among soluble salts that should be removed from t he leaching s olu t i ons be cause 
thL!.y inte rfere with electrolytic prl~cipitation of z inc are metallic c ompounds 
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of antimony, arsenic, copper, and cadmium, possibly nickel and cobalt, and 
rarely, germanium, one of the most injurious of all. Soluble iron, silicon, 
aluminum, or fluorine compounds are also detrimental if they enter leaching 
solutions in excess. By carefully adjusting solution acidity and temperature 
and adding zinc dust or other chemicals in several stages of purification, 
most of the deleterious compounds can be precipitated chemically and filtered 
out before electrolysis. With efficient operation, a leaching plant will pro
duce cathode metal with a zinc content exceeding 99.9 percent. 

Residues are removed from the leaching circuit by thickening and filter
ing. They contain lead, Silver, zinc in the form of ferrite, undissolved or 
inadvertently reprecipitated zinc oxide, plus antimony, arsenic., and copper, 
and perhaps other minerals. Leaching residues can be treated in several ways 
of which two are commonly used. Residues are processed directly in a fuming 
plant to recover 2inc or, if . copper, lead, and silver content justify it, sent 
to a lead smelter where these metals are recovered in bullion or matte, zinc 
being recovered indirectly by fuming high-zinc slags. 

It present in the leaching solution, cadmium is precipitated chemically 
before electrolysis and later refined to a salable product. 

Zinc leaching is done both in continuous circuits and in batches, and 
plants use different equipment, flowsh~ets, and procedures according to needs. 
Batch processing is said to be better for ore feeds that vary widely in min
eral content because control of the composition of leaching solutions is 
easier. The corrosion problem in zinc leaching is minor because leaching 
solutions are maintained at low acid strength. 

Zinc Fuming 

Zinc fuming is a pyrometallurgical process that was developed for the 
manufacture of industrial zinc oxide ~, 1, 35). Because a marketable prod
uct must be free of impurities, high-grade oxide ores were used. These ores 
have been replaced largely by reasonably lead-tree, sintered sulfide concen
trates. Low-grade oxide ores, zinc retorting- 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 is not marketable as an industrial chemical without further 
processing. 

When used on solid materials, fuming processes have a superficial resem
blance to calcining or roasting but are actually more similar to zinc retort
ing. Much of the equipment could also be used for calcining or roasting, but 
the basic metallurgical reaction involved is the reduction of zinc oxide to 
metallic zinc vapor by carbon monoxide just as in zinc retorting. The maximum 
temperature reached in the process, 2,200 0 F., is the same temperature reached 
in the zinc retort. Fuming differs from retorting in that the zinc vapor is 
not recovered as metal but is burned in an oxidizing atmosphere. either in 
the furnace or an attached combustion chamber, removed from the furnace as a 
fume with the gases of combustion, and condensed by cooling or filtered out 
in a baghouse. 

• 



Grate-type furnaces and revolving kiln retorts are used. The standard 
method for manufacturing industrial zinc oxide is the grate proce ss in which 
an intimately mixed charge of calcined or roasted zinc ore or concentrates 
and coal or coke is gas-fired through a perforated ~rat~ on which the charge 
r ests. In the original Wetherill grate furnace) the process is a batch ope ra
tion requiring about 12 hours for a comp l ete cyclc~ of charging, baking of the 
charge, burning, reducing, and discharge . An improved furnace uses a travel
ing grate and operates continuously. 

The Wae lz process is used on both low-grade ~inc ore and zinc retorting 
or leaching-plant residues. It uses a r e fractory-lined rotary kiln up to 
150 feet long and 8 f eet in diame ter, fired at the charging end with gas or 
powdered coal. The charge is calcined or roasted are or residues mixed with 
coal or coke, and the reactions are the same as in the grate process. Zinc
oxide fume is produced by burning z inc vapor in a combustion chamber at the 
discharge end of the kiln. Zinc ore or residue containing cadmium, lead, tin, 
and germanium can be treated bY

t 
the Waeiz process) recovering c;:>xides of thes e 

metals as well as ~inc. All fuming processes for solid mat2rials produce a 
semifused clinker reject. The clinker from high- grade material treated by the 
grate proces s may contain e nough z inc for retreatment in a WaeL: kiln. 

In recent years, lead smelters have been successfully treating turnace 
feeds with a higher zinc content than formerly, producin?, high-zinc slaos. 
The increased zinc content of these slags is a valuable byproduct that can bt~ 

recovered in ~ fuming furnace designed to treat molten slag. Slag fuming is 
a process in which a coal-air mixture is introduced into a crucible-type 
furnace through tuyeres near the base. The r e ducing mixture bubbles up 
through a bath of molten slag , and z inc vapor is formed by reduction of zinc 
oxides and z inc silicates in the slag. Slag fuming is a batch process con
sisting of charging, blowing (about 2 hours) and t a pping. The metallurgical 
reactions and recovery of the z inc oxide fume are the same as in grate and 
Waelz furnaces. Hot gases evolved in the fuming process are an excellent 
source of heat that can be utilized for othe r plant needs. 

An electrothermic slag-fuming furnace in use at some plants since 1955 
produces slab z inc instead of zinc oxide. The process is carrie d on in a 
s ealed crucible by the reducing action of coke breeze floating on top of the 
molten bath. Heat to maintain the ne cessary temperature is furnishe d by 
resistant heating of the molten s lag . Zinc vapor forms in the reducing atmos
phere above the bath and is condensed and cast into slab zinc as in zinc 
smelting. 

When th.: iltarket price of z inc is low, there is ve ry lit tIe profit in zinc 
fuming, but returns that plants get from z inc that would otherwise be lost 
undoubtedly contribute to the removal or lowering of z inc penalties charged 
shippe rs at lead smelters and to a better rate of payme nt for zinc at plants 
that pay for .~inc content. 

730- 683 0-64 6 
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Recent Developments in Smelting 

Metallurgical principles in smelting are based on fundamental laws of 
chemistry and physics, and basic smelting practices have changed v~ry little 
over a long history of operation. Improvements have come in better opera
tional control, advances in equipment design, and adaptation of new methods 
of bulk material handling and processing developed in other phases of indus
try. Some recent innovations indicate the possibility of radical changes in 
the future, but no new basic principles are involved. 

A zinc blast furnace that will smelt complex, mixed, copper, lead, and 
zinc ores or concentrates in a continuing process without prior separation of 
ore constituents and with a minUrrum of ore preparation has been operated com
mercially in Great Britain qQ, 35), and elsewhere in Europe and Africa. The 
only are preparation necessary is bulk concentration, if the metal content of 
ores is low, and sintering of the feed to provide a porous furnace charge. 
Fluxing materials are added before sintering. The zinc content of the feed 
can be lower than in conventional zinc retorting. By close control of the 
temperature. and gases within the furnace, a balanced atmosphere is maintained 
in which zinc metal, formed as a vapor as in conventional retorts, is con
dens~d within the furnace by a molten lead spray. The molten, zinc-saturated 
lead is cooled outside the furnace, and zinc separates out. Simultaneously, 
base bullion and even copper matte are produced, thus recovering in one oper
ation and with one smelting cost lead, copper, gold, silver, and minor metals. 
The process has possible applications for mixed sulfide and oxide ores that 
have been uneconomical and for complex sulfide ores currently milled at sub
stantial cost to produce separate lead and zinc concentrates. The cost of 
fuel (coke) for the process is reported to be higher than in lead and copper 
smelting but less than in conventional zinc retorting. 

Oxygen-enriched air is being tried in roasters, in copper converters, and 
even in reverberatory furnaces to improve efficiency and boost capacity. In 
Japan, smelting copper sulfide concentrates directly in a converter using 
oxygen-enriched air has proven feasible. A small fraction of the converter 
charge must be copper matte, but the remainder can be pelletized sulfide 
concentrates ~). 

Control of Smelting Operations 

The smelting process, like ore beneficiation, does not yield perfect 
results. Metal losses in slags are never completely eliminated, and clos~ 
control of all plant operations is necessary to maintain the highest possibl~ 
metal recovery at the lowest cost. 

The composition of a smelter charge is critical because slight variations 
in the ingredients can cause critical differences in physical and chemical 
properties of the slag produced. Slag fluidity, metal recovery, and furnace 
capacity may be affected seriously. Slagb of hi~h viscosity will increase 
metal losses by entraining valuable products. In extreme cases, slag freezes 
in a furnace, necessitating complete and costly shutdown. Zinc tends to make 
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slags viscous, and large amounts of flu xing materials are necessary to dilute 
them. This is the basis for z inc penalties in smelting . 

The ca lculation of a furnace charge is a science in itself. On thl.:: basi~j 

of the content of silica) lime) iron, sulfur J z inc, and occasionally othl.!r ore 
cons tituents considere d in conjunction with the cost and availability of flux
i ng materials, the optimum combination for a desirable slag with the use of as 
little barren flux as possible is determined. Frequent monitoring of the com
position of the charge and of the slag i s necessary to maintain the d~sired 
metallurg ical balance , particula rly in cus tom smelting where purchased ores 
may vary widely in minera l content . The perfect sme lter charge would be a 
se lf- fl uxing , self-sme lting ore containing the right combination of fluxin~ 
ma terial for a fluid slag and enough sulfur for fuel. Obviously this ideal 
is never r ealized. 

Settlement of Ores a t Custom Treatment Plants 

Treatment Charges and Payments at Milling Pl ants 

A buyint; schedule tor a cyanidat i on plant is comparative ly simple as 
shown in appendix B. In this example, a ll milling costs, including tailing 
loss es and marketing charges, are cove r ed by a sing le sliding- s cale trea tment 
charge bas e d on the gross value of the are. 

Treatment charges ass essed a t base-metal milling plants that buy ores 
rather than trea t them on a toll bas i s also r e flect smelting or other costs 
that must be met when concentrates are s old. Schedules 18 and 19 of appendix 
A, appe ndix C, a nd appendix D apply to complex lead-zinc sulfide ores. 
Because the s elective flotation circuits norma lly us e d in custom milling such 
ores are eff ective only on sulfides, any oxidized l ead and z inc content, as 
determine d by analyses at the time of purchase , is deducte d from the total 
metal content beforL payment is calculated. 

Metal Payments, Treatment Charges, and penalties at Sm~lters 

Smelting bas~ metals is e s se ntially a manufacturing operation in which 
raw ma t e rials (or~s and concentra tes ) are processed, retined, and marketed. 
Sme l ter ec onomics are based on t he generation of an average profit per ton of 
mate ria l treated. This profit, then, along with treatment, refinin~, and 
marke ting costs is a charge against the gross value o f the refined products 
obtained from the mJterial treated . The proposition can be sta ted another 
way: The entire cost of mining, milling , smelting, refining, and marketing 
an are must be cover~d by the value of the conta ined minerals in their final 
marketable form if the overall operation from mining through marketing is to 
be profitable. Howev~r, to the producer , the value of an are expressed as the 
amount t he contained minerals are worth in the refined state is meaningless. 

The price paid for the raw mate rial depends) a~ it does for any commodity, 
on quality, as represented by the content of valuablu minerals, the impuritie s) 
and the suitability of the ore to the tredltnent process used. No two ores , 
even lots of on.! from the same minv J are exactly alike either in valuable 
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metal content or the amount aod character of waste constituents. An excess or 
de ficiency of a certain constituent may cal l for a penalty at one plant and no 
penalty or even a premium at another. To provide for the range of ores that 
are offered to custom plants) many detaile d treatment schedules are offered. 
The terms governing purchases at plants trea ting dit"ferent base and precious 
metals are shown in appendix A, and example s of buying schedules and settle
ment sheets in appendixes B through L. Competition may be a factor in the 
terms offered a shipper if a demand for the same are exists at more than one 
plant, but not if plants are so located with respect to the mine concerned ~ 

that differences in are freight ar~ more important than treatment costs. 
This is particularly true of small are shipments because smelters accept them j 
largely as an accommodation. Competition for this class of are is virtually 
nonexistent, and shipping costs control the choice, if a choice exists, of 
market for most small mining operations in the West~r~ United States. 

The structure of payments, deductions, treatment charges, and penalties 
in most smelter schedules is similar in principle, even though details will 
vary from are to are and from plant to plant. Except in the Tri-State 
District, methods of calculating metal payments and the assessment of penal
ties, treatment, refining, and marketing charges are generally uniform. The 
pric~s paid the shipper for metals depend on the value of the refined metal 
delivered to certain basing points shown in published metal quotations, as 
defined in smelter schedules and contracts. Definitions of methods of sam
pling and analysis, units of weight and percentage, conditions of are delivery, 
and metal quotations governing payment are listed in examples of western 
smelter and mill buying schedules in appendixes B through L. Midwestern and 
eastern plants that accept custom ores do not issue open buying schedules but 
negotiate purchase terms with individual shippers on a contract basis. 

Metal payments to the shipper are based not only on market quotations 
and cost of processing, including refining and transportation of products 
to ma rket, but also on smelting losses. Normally, over 97 percent of the 
coppe r in an ore shipped to a copper smelter is recovered directly, but any 
lead content enters a residue as a fume or a byproduct of refining blister 
copper and must undergo further treatment, usually at another plant. Conse
quently, the lead content of copper ores, usually small, is paid for at a 
much reduced rate, if at all. Recovery of lead at a lead smelter as bullion 
averages around 96 percent. A good recovery is also made on any copper in 
such ores, but in the form of matte that must undergo further treatment, and 
payment for copper at a lead smelter is reduced accordingly. The recovery of 
silver and gold at lead and copper smelters approaches 100 percent, so the 
prices paid for these metals largely reflect refining and marketing costs. 
Zinc recovery at d zinc plant ranges from about 88 to 96 percent. Recoveries 
of copper, lead, silver, and gold in ores shipped to a zinc plant depend on 
the efficiency of subsequent processing to extract these metals from zinc 
residues. The price paid for these me t a ls at a zinc plant reflects metal 
recovery and the cost of the retreatment. 

The base treatment charge represents operating costs, including labor, 
fuel, flux, power, and other supplies at a price level defined in a schedule, 
and applies only to the are for which the schedule is set up. Adjustments for 
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any changes in labor and supply costs are provided for by additional charges 
or credits, also defin~d in the schedule. The base treatment charge applie s 
only to ores up to a certain maximum value . Addi tional charges, compute d as a 
pe rcentage of metal payments above a defined max imum, are assessed for excess 
value. Presumably the charge for e xcess value compens a tes the smelter for 
interest on the capital tied up in stockpiled ore and metal in transit and 
g ives protection against fluctuation of metal prices between the date of are 
purchas e and final sale of the finished product some months later. Assessment 
of ~xtra chargel:i for higher grade ore may enable custom smelters to offer 
lower treatment char~es on low-grade ore , thus subsidizing th0 production of 
otherwise unmarketabl~ low-grade ores, perhaps to assist mine development. 

The penalty section of a lead or copper smelte r schedule covers ore con
s tituents that are detrimental because they increase sme lting costs or becaus e 
they enter smelter products as undesirable impurities. Example~; are z inc , 
particularly sulfide zinc, ar~enic, antimony, bismuth, tin, and sulfur in 
metal sulfides. 

Zinc is always u detriment in conventional lead or copp~r smelting for 
the reasons given previous ly in dl!Scriptions of sme lting process es , and an 
excess may incur u penalty. A high sulfur content in lead ores, which must 
be remove d by roasting be.fore smeltin:.;, usually incurs a penalty. 

Arsenic, antimony, bismuth, or other minor mL~tals are common ore impuri
ties with a market value in refi ne d form that will not compensate r e finer s 
for the full cost of removing t hem from coppe r or lead smelter products . 
Consequently, a penalty normally is charge d to cover r .. :fining costs in exce ss 
of the return from sale of these minor me t als. Wh~n any of these metals are 
present in smelter feL~d8 in amounts that will justify special recovery facil i
ties, payment may b~ made for them. For example, a plant purcha sing lead ores 
with a substantial content of ant i mony pays for the antimony (schedule 14 , 
appendix A). Another plant pays for cadmium content (schedul~ 17, appendix A). 
Selenium, tellurium, gallium, tin, and othe r metals may be pres ent in smelter 
feeds, but while t~ey may be r e cover e d during copper and lead r e fining or 
from smelter r e Sidues, the amount present i n mos t ore s i s too small to justi fy 
any payment to the producer for them. 

Silica , alumina, l i me, magnesia, and iron a re constituents of ore s and 
fluxing materials that have no marke t value as sme lter products except a s 
minerals that must be present in t he correct proportions to make fluid slags . 
Whether they are subj ect to penalty in an ore because they require addition of 
barren fluxes to form suitab le slags, or command a premi1.DT\ because they r e duce 
the fluxing requirements for some othe r are , depends on the requirements at 
each sme lte r. Copper smelters may pena lize or give cr edit for excess silica , 
depending on the overa ll flu xing needs. Lea d smelters penalize for s ilica and 
give credit for iron and l Ume because available lead ores usual l y contain an 
excess of si l ica and are deficient in iron a nd lime, necessitating addition of 
barren iron and lime flux. If the iron in a n ore is present as a sul f ide mi n
eral, a penalty for sulfur may offset any credit for iron. 
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Deficiencies in the major base metals may, in special cases, incur a 
penalty: For exarnpl~, copper deficiency in a gold-silver ore offered to a 
copper smelter (schedule I, appendix A), or lead deficiency in ores purchased 
at a lead sm~lter (schedule 12, appendix A). The justification for such 
charges is that these deficiencies may be difficult to compensate for with 
the ore supply available to the smelter. 

Computation of Metal Payments 

As shown in appendix A, payment for the gold content of an are is usually 
made on the full assay content, subject to a minimum content for which payment 
will be made. This minimum, ranging from 0.01 ounce per ton to 0.03 ounce per 
ton depending on the smelter, represents the gold lost in the treatment proc
ess~ Payment is computed at a percentage of the U.S. Mint pric~ for domesti
cally mined gold as set by the Gold Act of 1934. Since 1935, this price has 
been $35.00 per ounce, less a handling charge of one-fourth of I percent. 
The difference between the full mint price and the percentage of this price 
paid to the shipper represents a small smelting loss, the refining cost, the 
cost of delivery to the mint, and the profit. Th~ range in percentage shown 
in appendix A, reflects the variations in these factors at different treatment 
plants. The highest deduction for gold is made at a zinc smelter (schedule 15, 
appendix A). At a few plants, the rate of payment for gold rises with increase 
in gold content of the are. One custom cyanide mill (appendix B), used a sim
plified treatment schedule in which payment for gold was computed at the full 
mint price and for the full assay conteut. 

In general, payment for silver follows the gold pa ttern; the minimum 
content paid for is 0.5 or 1.0 ounce. A portion of the silver content, 
usually about 95 percent, is paid for, subject to a minimum deduction of O.S 
to 1.0 ounce. The price paid for silver is the mint price or the Handy and 
Harman, New York, quotation, whichever is greater, less a refining and market
ing deduction expressed either as a pe rcentage of the market price or in cents 
per ounce. Only domestically mined silver, for which an affidavit of origin 
is furnished, is eligible for Government purchase. Since 1946, the mint pric~ 
has been $0.905 per ounc~ for silver 1.000 fine (technically $1.2929, less 30 
percent seigniorage accruing to the Treasury, or $0.90505 cents per ounce). 
After 1947, the New York [I,ldrke t quotation for 8 i 1 ver 0.999 fine ranged be tween 
$0.70 and $0.91375 per ounce. In 1960 and 1961, the price remained steady at 
the l a tter figure until November 1961 when the New York quotations rose to 
more than $1.00 per ounce after the Government suspended sales of u.s. Treasury 
silver stocks. 

Payment for copper is based on a perce ntage of the assay content, subject 
to a minimum deduction paid for at the Engineering and Mining Journal of New 
York market quotations, averaged over the week of ore delivery, less a deduc
tion for refining and marketing e xpressed as cents per pound of metal. 

Payment for lead is bas~d on the New York quotation for desilvcrized lead, 
less a refining and marketing deduction expressed in cents per pound of metal. 
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Payment for zinc at western plants is based on a percentage of the assay 
content, subject to a minimum deduction, paid for at the East St. Louis, Ill., 
quotation less a marketing deduction. The latter deduction may be cornput~d as 
a percentage of the market price or a s a ne t figure expressed as cents per 
pound of metal. 

In treatment schedu1eB applyi ng to comple x ore s where lead, copper, and 
z inc are all paid for, a sliding-sca l e schedule for metal payments may be used 
whereby the de duction from mar ke t pri ce s to determine rates of payment depends 
on the increase or decrease of the ma r ket price above or below a base quota
tion used a s references. The rate of payment may a l s o be affecte d by the 
me tal content of the ore, rising wi th i ncreas in grade . The r e lative l eve l 
of market quotations on several me t al s may also enter into the calculation of 
me tal payments. Calculation of me t al payments can be very involved for sched
ules of this king (schedule 14, a ppendix A). Such schedules apply to comple ~·: 

ore s th t may be milled by the purchaser be for e sme l ting and treatment in ~n 
electrolytic z inc plant. Example s of settlemen t shee ts illustratinr, ml,thodb 
of computation are given in the appendixes DJ F, H, and K. 

Tris t a t e Ore Marke ting 

Schedules for purchas e o f ore in the Tri-S tate District of northeast 
Oklahoma, sou theast Kans as, and southwest Mis s ouri are set up on a di.-t:fer'.-~nt 

bas is tha n e lsewhere in the Unite d States . Trl-State s chedules have ~ back
ground of milling and marketing practices ante dating the history of ~melting 
in the West . Tri-State. ores are all purcha sed f.o.b. the minL.', and thL.! pur
chas er ass tmle s a ll fr e i ght and handling charges J including loading aiid 
unloading . 

In forme r years, nearly every one of the typ i ca l small mining operations 
in the Tr i-State Distric t included a gravity mill, perhaps only a simple jig
gi ng plant, in which l ead a nd z inc concentrate s were made . The produc t s old, 
the r efore , was a conc en trate r ather than mi ne-run ore'. Later J custom pla n t s 
serving groups of mine s replaced many of t he individual mills. The smaller 
custom mills, ope rated on a toll baSi s , did not comming l e ores but produced 
concentrates for the account of t he shipper in sepa rate lots corresponding to 
the ore shipme nts rece ived. The larger custom mills s ample d the are shipments 
on de livery, processed the c ommi ngled ore , wi th se ttlements adjusted to the 
t otal concentrate s produced during the previous months' operations. Thes e 
concen t r ates were purchased by broker s or ore buyers for shipmL!ot to sme lte rs 
or oxide plants where they we r e r educe d to metal or oxide pi~ent. The ores, 
sample d a s r eceived, were converte d to e quivalent 'standard concentrates by 
calculation on the bas is of the ass ay . 

The s tandard method of set t lement for Tri-State District Ijres used before 
the virtual shutdown in 1958-60, f ollows: 

1. Sett lements were usually made by t e l ephone , the buyers repres ente d 
by the brokers or smt'lt('.r r e presenta tives) and the se ller~ ~greeing on assay, 
tonnage , and delivery date. The ore s were sold i.o.b. the mine, with the 
buyer doing the loading I:ither in trucks or rai lruad carq. Mine weights we re 
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accepted by both buyer and seller. Appendix Q is a list of Tri-Sta~ ore-buyer
representatives active in 1960. 

2. Mine ore was hauled separately from each mine and sampl~d separately 
before commingling at the custom mills. Three samples were taken, one each 
for buyer and seller and one for an umpire. If buyers' and sellers' assays 
wer~ not within settlement limits, settlement was made on the basis of an 
umpire assay made by a chemist agreeable tu both parties. 

3. Prices for concentrates were quoted on the basis of 60-percent zinc 
concentrates and BO-percent lead concentrates at Joplin, Mo. These concen
trat~ prices for many years were based on b.7 x 100 for zinc and 12 x 100 for 
lead; multiplied by the zinc and lead metal prices quot~d at East St. Louis. 
These factors have declined in recent years because of mounting smelter costs. 
Carbonates and silicates, produced in minor amounts before 1944, were quoted ~ 

on the basis of 40-percent zinc content. The following is an example of a 
price schedule for zinc and lead concentrateS that illustrates the relation 
between payments and metal prices. The numerical values are not necessarily 
valid at the present time. 

Zinc Lead 

Payment for Payment for 
East St. Louis, Ill. 60 percent New York 80 percent 

metal price, concentrate metal price, concentrate 
cents per pound Joplin, Mo., cents per pound Joplin, Mo., 

- . 2er ton per ton 
10 $56.00 10 $112.92 
10-1/2 60.00 10-1/2 120.12 
11 64.00 11 127.32 
12 72.00 12 141.72 
13 80.00 13 156.12 
14 88.00 14 170.52 
15 96.00 15 184.92 

Inspection of the table will show that for every cent change in the East 
St. Louis, Ill., price per pound for prime western zinc, there is a change of 
approximately $8.00 per ton in the Joplin z inc concentrate price; for every 
cent change in the New York quotation for lead, there is a change of approxi
mately $14.40 per ton in the lead concentrate price. Specific penalties such 
as $1.00 per unit for iron content in ~xcess of 1 percent and $1.50 per unit 
for lime in excess of 1 percent may be ass e ssed, but milling, smelting, and 
marketing charges in general enter into the calculation of the concentrate 
payment schedule rather than appearing as separate deductions. A charg~ for 
fine ~oncentrates, assessed after flotation concentrat~s appeared in the 
market in the thirties > was later removed as smelters devised methods for 
handling the finer material. T~e Central mill of The Eagle-Picher Co. has on 
occasLon paid an extra premium of $4.00 to $6.00 per ton of zinc concentrates 
produced. 
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TRANSPORTATION OF BASL-METAL ORES AND CONCENTRATES 

Transportation Pa tte rns in the Wes t 

Transportation patterns for ores and concentra tes produced in the West 
(Rocky Mountain States and wes t ) have cbanged grea tly in rec~nt years, partic
ularly in r egard to base meta ls. Many factors, some dating back to the early 
1900 's , are r esponsible. Among thes e are decl i ne of mining activity, abandon
ment of rail rout es, improvement of highways, and deve lopment of large and 
r e l iable trucki ng equipment. In min i ng districts tha t no longer have direct 
r a il connections, movement of mine products necessarily has been shifted to 
trucks for a t l e a st part of t he ha ul t o marke t. Examples i nclude most of the 
older Colorado mining di s tricts . Many o f the recen tly discovered ore depos
its , l argely uranium mines, are in locations r emote from rail routes. For new 
distric ts , the flexibility and comparatively low investment cost of trucking 
equipment f avor use of truck transp ortation over railroads inasmuch a s roads 
usually are built with some type o f Government assis t ance . 

When distances by rail and highway are comparable , transportation of ore 
products entirely by rail is invari ably cheaper, provide d that the shipper 
accumulates mine products in carload quantitie s. However, direct r a il conne c
t i ons are now available a t very few smal l mine operations. Ore shipments 
often are trans ferre d from truck to rail , but i f trucking costs over the road 
route fo r which r a il haulage mi ght be substituted are at all competi t ive , such 
a t r ansfe r may not be economica l. In moun ta inous t err i tory, highway routes 
betw en certain mi nes and marke ts may be much shorte r than any truck-rail 
route. This was true of hauls fr om many mining di s tricts in Colora do t o the 
Leadville sme lte r of the American Sme lting & Refining Co. When the shippe r 
may e ither transfer products from t ruc k t o ra ilroad cars at s ome poin t along 
the route from mine to marke t, or use truck haulage for the en tire distance , 
the comparative length of truck and r a i l portions of the haul, a s well as the 
di fference between applicable truck and r ail f r e i ght rates, en ters into a 
choice of r oute s . 

Appendixes M, N, 0, and P s how rep r esentative rail and truck freight 
rates c ompiled from publishe d tariffs o f 10 railroads operating in the Wes t 
a nd fr om data furnished by truck carrie r s , t ruck t ariff bureaus, and public 
r egulatory bodies in several Wes t e r n States . Rate s in appendix M cover r ail 
routes which ar e , or have been r ecen tly, in use for trans porta tion of ore a nd 
concentrates. The carload (eL) freight rates quot ed a r e commodity rates 
applicab le be tween specific points . Less-than- car l oad (LCL) rates can be 
calcula ted by a dding a percentage t o t he carloa d r a t e in some cas es , and by 
applying genera l c lass rates in others . Few s pec i f ic LeL rates on or es and 
concent ra t es a re published because there i s litt le or no r a il tra f fic in l e ss
than-car load lots of bas e - or pre cious- me tal ores. LCL ra tes have been omit
t ed f rom appendi x M. 

Appendix N covers trucking routes for which s pec ific cmnmodity tari f fs 
on mine products have been established, an d also r outes to which dis tance , 
commodity or class rates have been applied. Comparatively f ew c ommodity 
rates, ~ither for truckloads (TL) or less-than-truckloads (LTL), betwe~n 
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spLcific points have been set up for are and concentrates. Most shipments are 
handle d by contract carriers rather than co"~on carriers, and freight rates 
are s e t by negotiation or by reference to distance-commodity tables. 

Appendix 0 pr~sents distance-commodity or class rates on truck haulage 
in effect in several Western States; fro", these, freight rates between spec
ific points can be estimated if no point-to-point rates have been established. 

Appendix P lists local hauling rates in effect in two mining districts 
where ore was hauled from mines in a small area to centrally located mills. 
There are no published tariffs covering thi~ type of hauling. 

Fre ight Rates 

Relation of Railroad Freight Rates 
to Distance and Other Factors 

Primarily, railroad freight rat e s are a function of the length of haul. 
However, calculated ton-mile rates are not the same over the entire range of 
distances. On short hauls the cost of other services, such as setting out and 
picking up cars, is large in comparison with the actual hauling cost, and the 
ton-mile rate is high. As the length of haul increases, the ton-mile rate 
decreases. Volume of traffic, type of tl!rrain, .:.lnd competition also enter 
into fr e ight rates. Freight move.ments over branch lines or over lines of more 
than one railroad are usually subj ect to high~r rates than haulage un main 
lines or on a single railroad system. 

This range in rates is illustrated in appe ndix M. The highest ton-mile 
rate for a specific distance is as much as 50 percent more than the lowest 
rate. 

In practice, rail hauls of less than 2S miles, or even 50 miles, are 
uncommon for small mine operations. Nearly all the short rail hauls being 
made today serve largw, integrated mining operations, many of which include 
a private railroad system. 

When volume of traffic is low, or shipments are made from new loading 
points or to new destinations, a freight rate may be set temporarily by use 
of distance-commodity or distance-class tables. Later, if the volume of traf
fic warrants, a commodity rate covering the specific haul is established. A 
point-to-point commodity rate is usually lower than ~ rate for the same haul 
derived from tables. 

Railroad rat~ structures, subject to both State and Federal regulation, 
are complicated, particularly where more than one line, or competing lines, 
are involved. Fre ight rates applying to ore and concentrates, as well as to 
othl!r commodities, are subj ect to modification if the traffic volume changes. 
Rates presented in this Circular, believed to be curr~nt, are subject to 
change. Most of the freight rates applying to ores and concentrates result 
in a much higher ton-mile cost than 1.45 c ents per ton-mile, the estimated 
average cost of shipping all commodities in carload lots in the United States 



in 1958. An upward nationwide trend in freight ra tes necessitates freque nt 
r evis i on o f publishe d tari f fs. 

Effect of Ore ValuaLion on Railroad fr~ight Rates 
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Rail fr e i ght rates are usually influence d by the value of. th,. ~ product 
s hipped. The me tal content of ores and concent ra tes is used, as det~rmined by 
control assays that serve as a basis of s ettleme nt between ore shipper and 
buyer. The calculated valuation is an arbitra ry figure. The actual price 
r e c e ived by the producer for gold and silver i s us e d, but the value of base 
metals is ca l culated f rom a set price schedule rather than by the ac t ual 
m rke t quat tians: 

Me tal: 
Copper ..................... . 
Lead ..•..................... 
Zinc ............... . ........... . 

Price per pound 

$0.14 
.07 
.08 

Published commodity tariffs usually contain specific fre ight rates on mine 
pruducts carrying valuations up to $100 pe r ton and occas ionally higher. 
For higher valuations, a percentage formula is used whe r eby increases in rates 
.:1re cal cula ted by adding a percentage of the rate on $100 are . As an example , 
a method of calculation used by the Denver & Rio Grande Weste rn Railroa d is 
quote d. 

Bas i s for arriving at rate s on a r e a nd concentrates or other 
commoditie s when value exce eds $100.00 per ton: 

On Ore and Concentrates , or othe r conunoditie s , when va lue is 
in exce s s of $100.00 per ton, exce pt where spec ific rates are 
provide d, apply the following pe rcentages of rate applying on Ore 
and Concentrates, or othe r c ommodities , of $100.00 pe r ton in va lue: 

Value ove r $100.00, but no t over $125 .00 per ton, 109 percent 
Va lue over $125.00, but not over $150.00 pe r ton, 118 percent 
Value over $150.00, but not over $ 175 .00 per ton , 127 per cen t 
Value over $175.00, but not ove r $200.00 per ton, 13 5 percen t 
Value over $200.00, but not ove r $225 .00 per ton, 144 pe rcent 
Value ove r $225.00, but not ove r $ 250 .00 pe r ton, 153 percent 
Va l ue ove r $250.00, but not ove r $2 75 .00 per ton, 162 percent 
Value over $275.00, but not ove r $300 .00 per ton, 170 percent 
Va l ue ove r $300.00, but not over $3 50 .00 per ton, 185 percent 
Value over $350.00, but not ave r $400.00 per ton, 200 pe r cen t 
Value ove r $400.00, but not over $450.00 pe r ton, 215 percen t 
Va lue ove r $450.00, but not over $500.00 pe r ton, 225 percen t 

For Ore , va lue in exce ss of $500.00, t he rate will be made by 
adding the following to the rate for $500.00 valuatiun: 
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Value over $500.00 and under $1,000.00 per ton of 2,000 pounds, 
add 2 percent of valuation above $500.00 per ton. 
Value $1,000.00 and under $1,500.00 per ton of 2,000 pounds, 
add 3 percent of valuation above $500.00 per ton. 
Value $1,500.00 and under $2,000.00 per ton of 2,000 pounds) 
add 4 percent of valuation above $500.00 per ton. 
Value $2,000.00 and over per ton of 2,000 pounds, add 5 percent 
of valuation above $500.00 per ton. 

Ore of greater value than $1,000.00 per ton is not properly 
subject to carriage by freight train, and if offered, agent 
will refer shippers to Express Company. If shippers prefer 
freight service however, the are m':"ly be accepted. 

Agents must notify the traffic department by wire at once when 
such shipments are tender~d, in order that necessary arranee
ments may be made to properly care for same. 

Basis for rates on less than carload lots: 

In the absence of specific rates, the rates on less than 
carload lots will be 130 percent of the rates authorized herein 
as applicable to carload lots of the same valuation per ton. 

Lots less than carload must in all cases be prepaid; prepayment 
on basis of lowest valuation will be sufficient, but in no case 
shall shipments be waybilled on valuation less than $100.00 per 
ton of 2,000 pounds, but in cases wher~ rates are not provided 
for Ore of $100.00 valuation, shipment to be furwarded at highest 
valuation for which rat~s are provided. 

In computing charg~s under this item, fractions will be disposed 
of in accordance with the provisions of Rule 36, of Western 
Classification. 

Several versions of these formulas are used by different western railroads. 
Very little raw are worth as much as $100 per ton is now mined in the West. 
Concentrates may exceed this value. 

Carload and L~sB-Than-Carload Shipment~ 

Freight tariffs covering carload (CL) shipments specify a minimum tonnage 
which may be a set figure; the rated capacity of the railroad car, or a per
centage thereof; or the visible capacity of the car. The last limitation is 
seldom operative for ore or concentrates because of their high specific gravi
ties . If the railroad furnishes, for its own convenience, a car having a 
marked capacity greater than ordered by the shipper, the minimum tonnage regu
lation applying to the car ordered governs. 

Less-than-carload (LCL) shipments are costly. On bulk shipments, the 
min i mum carload tonnage must be paid for to ge t the carload rates. If carried 



,. 

I 

~ 
I 

l 

89 

in cars with other cormnodities in mixed f reight service, a shipment must be 
packed in containers (bags, barrels, or boxes), and a much higher LCL rate is 
charged. Formerly, LCL shipments of mine products of high value were made 
occasionally in less-than-carload lots for the greater security this servi~e 

afforded. Express service was and is available for the same class of products. 

Beca us e tht:, volLnne of LeL rail tra f fic in mine products is low, VL:.ry 
few point- to-point LeL commodity rates have been established. The methods 
of setting them up differ: Some railroads add a percentage of the carload 
r a t e to arr i ve at an LeL rate; in othe r cases, LeL rates are derived from 
distance-class tables, usi.ng specified percentages of the rates in the tables. 
If t he to t al fre.ight on a shipment computed at the LeL rate exceeds the cost 
c ompute d for a minimum carload at the carload r a te, the latte r cost governs. 
Thus, if the wL~ight of a shipmenL approa ches a minimum carload, thl' total 
fl:eight computL.:d for the minimum ca rload tonnage is like ly to be less than 
[or the actual tonnage computed at the LCL r a te. Becaus e truck transporta
tion is normally available, a rail shipment of are at an LCL rate would be 
unusual. For this reason, LCL rates are omitted from appendix M. 

Railroad tariffs make provision fo r shipment for several bulk LCL lots 
in one car. A bulkhead or other divider between lots may be nece ssary. Unde r 
such an arran1.',ement, the freight on e ach lot is billed at the applicable car
load r a t e , but the minimum ca rload tonnage specified for the corrunodity must be 
paid for eve n though the combined weight of the several lots is less. Such 
rail shipments usually incur e xtra handling and swi tching charges and are 
avoid~d, if possible. 

Relation of Truck Freight Rates 
to Di~tance and Other Factors 

Ton-mile freight rates fur truck haulage vary inverse ly with the leng th 
at haul as do rail rates. Alsu, as in rail transportation, factors other than 
len/r,th of haul I.!nter into trucking costs: Volume of traffic, type of t e rra in, 
condition of roads, loading and unloading facilities, and distance s from the 
carriers' bases of ope rations to loading or unloading points. Most of the 
co~t of trucking are over short distance s consist of the cost oE loading , 
unloading , and possibly deadhead travel from the carriers' bases of operations. 
Truck t a r iffs usually s tate that the rates quoted cover loading ore from bins 
by gravity or by the shi pper's ~quipmen t , unloading at destination by dumping 
or me chanical devices, and a d~finitely limite d amount of deadhead trave l 
(not over 15 miles for a contract ca rrier ope rating in Ariz ona). An extra 
charge is made for use of additiona l labor or e quipment or f or loading and 
unloading delays beyond the control of the carrie r. 

In a f ew instances, mine opera tor s have found it a dvantageous to haul 
ore in their own trucks, but, in genera l, the reqUired investment i s not 
jus tifie d unless reasonably full use of the trucking equipment can be madi.~. 

Normally, in the case of small operations, it is cheaper to contract hauling 
to estab l ished carriers. 
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Few point-to-point commodity rates applying to the truck movement of are 
and concentrates have been established. This condition is particularly true 
for base-metal shipments becaus~ the volume of traffic is low. Truck rates on 
ores are commonly the subject of negotiation between shipper and carrier. A 
dis tance- commodi ty tab le can be used, at le.as t temporari ly, if it app lies La 

the type of hauling operation under consideration. Distance-class tables have 
been set up in some States to cove r cases where no specific rates are in 
effect, and a rate to cover a particular commodity can be calculated from them. 
However) such rates are hi3h, particularly in the low mileage: range (example 4, 
appendix 0), and a contract would undoubtudly be negotiated if possible. 

Many trucking firms in common-carrier s ervice also transport ores and 
concentrates, but they normally operate as contract carriers because special 
equipment, not adaptable to general fre ight service, is employed. 

Short Truck Hauls 

Short hauls of ore dnd concentrates are almost invariably made by local 
truckers on contract. Distance-commodity tables issued by some truck opera
tors presumably cover the short distance range , but an examination of examples 
of such rates in appendix 0 will reveal that freight costs based on such 
tables are not realistic in the distance range under 15 miles. Some schedules 
result in an impossibly low cost for short hauls, and others in an equally 
impossible high cost. Investigation shows that local conditions, for which 
thes e particular rates were set up, do not require any short hauls. There
fore , the tabl~s are inoperative in this rang~. Actually, a realistic freight 
rate for hauls under 10 or 15 miles must be based more on volume of traffic, 
loading and unloading facilities, and other factors, rather than on distance. 
Appendix P gives exampl~s of short hauls to a centrally located Colorado gold 
mill, and one example in a base-metal district. These unpublished rates 
represent negotiated rates based on the conditions prevailing in each instance. 
For the gold mining district, the contract carrier was a subsidiary of the 
company that operated the mill and most of the mines, and the 'hauling opera
tion probably yielded only a nominal profit. A Bureau of Mines publication 
~) on the cost of trucking and packing ore in western gold mining districts 
is of historical interest. 

Less-Than-Truckload Shipments 

Less-than-truckload (LTL) shipments of ore and concentrates are uncommon. 
Such shipments must be in containers for acceptance in general freight service. 
LTL rates can be deriv(~d from a distance-class table but result in a prohib
itive cost (example 4, appendix 0). LTL service might be used for trial ship
ments to prospective buyers for appraisal or testing, but not for transporting 
ore on a continuing basis. 

Effect of Ore Valuation on Truck Freight Rates 

Truck freight tariffs normally make no mention of the value of ore. How
ever, the probable value is no doubt considered when a freight rate for a 
particular haul is set. Same rates increas e for valuations over $5U or over 
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$100, but these are uncommon. Two examples have been listed in appendix 0: 
The truckload and less-than-truck1oad rates in example 4 apply to ore having a 
va l ue up to $100 per ton; are of highe r valuation i s subject to higher rates . 
In example 8, the tariff provi.des for a 5-percent increase in frei ght rate for 
ea ch $10 incr ea s e in are valuJtion abov~ the $50 per tOD. 

Governmental Regulation of Ore Hauling by Truck 

Freight rates for intrastate ore-trucking opera tions in the We stern 
States are subj e ct to a illinimum of r egulation. Regulations in the diffe ren t 
States differ in detail but, in general, are concerned chiefly with assignment 
of fra nchis e s covering route s and t erritories. ContracL carriers are not 
r e quired t o fil e rates in most States, and the f ew published rates are issued 
by carriers t cooperative tariff bureaus. At least two States have a r equire 
m~nt that a contract rate offered by a carrier must not be less than an 
approved commodity rate issued by a common carrier, but no limit i"S set on the 
maximum charge . One State issues a distance -commodity rate table which repre
s ents the minimum rates truckers may charge (example 8, appendix 0). The 
r a t es in this table are below actual rate s currently in effect. 

Comparison of RHllroad and Truck Freight Costs 

By r e f e r enc e to freight raLe table s, a comparison can be made of the 
truck and railroad freight rates applying to certa in ore-hauling routes. In 
nearly every case , the cost of an all-rail haul on any are or concentrat~ in 
carloa d quantities over a given route is less than for an all-truck haul, 
the a dvantage of rail shipments ove r truck s hipments i ncreasing with the 
dis t ance, but decreasing with increas e in ore valuation. Two exceptions 
appear t o be shipments from Pla cervi lle and Colfax , Calif., to the Selby, 
Ca l if . smelte r, distances of 105 and 113 miles , r espec t ive ly (a ppendix M and 
appendix N). In both cas es the truck r a te i s less than the rail r a te. LCL 
rates f or a g iven haul are always highe r than truck rate s in truckload lo t s . 
Truc kload quan t ities range from 5 t o 20 t ons an d occa sionally more ) depend ing 
on road conditions, length of haul, available equipment , and shippe r s ' 
r equirement s . 

The high freight rates applying to less-than-ca rload and less-than
truckload lots show conclusively that shi pment of l es s than minimum carload 
or truckload quantities is unecon omical for most base-metal ores. For high
gra de ores or concentrates, such shipments may be economically feasible but 
are probab ly avoided if there is a possibility of accumulating a ca rload or 
truckload . 

Fi gure 8 shows ton-mile rail s hipping c osts f or a r e product s i n ca rload 
lots bas ed on point-to-point commodi ty ra t e s published by f our we s t ern rail
r oads. The da ta, plotte d a ccording to length of haul, c over a distance r a nge 
up to 250 miles. A value of $50 pe r ton is assume d for all shipments. An 
average curve has been constructed to show the r e l a tion be tween ton-mile cos t 
and distance . An extension of this curve into a distance range over 250 miles 
would show tha t the ton-mile cost continues to level off, approaching a lower 
li.mit of about 1.5 cents per ton-mil~. The diffe rent ton-mile costs report8d 
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FI GURE 8. - Freight Rotes for Ores and Concentrates on Four Western Ra droads. 

for the same distances are caused by the operation of such factors as type of 
terrain traversed by the rail routes, branchline or mainline operation, 
volume of traffic, and competition. 

Figure 9 is a graphic comparison of rail and truck ton-mile costs based 
on the railroad rate data used in figure 8 and truck-distance-commodity rates 
in examples 2 and 3 of appendix O. This graph shows clearly the rise in both 
truck and rail ton-mile rates with decreasing distance and the rapidly increas
ing rate of rise below 25 miles. Although the curves are extended into the 
distance range under 10 miles, bas~d on a few railroad rates and truck
distance-commodity tables, the values are misleading for estimates because 
this distance range generally is in the field of local truck hauling where 
rates are governed by local conditions and set by contract rather than by 
published tariffs. 

When all-rail facilities are not available, a shipper may have a choice 
between all-truck haulage and combined truck-rail haulage, assuming good 
highway conditions. Under normal conditions, truck-rail haulage for distances 
over 50 miles tends to be cheaper than trucking alone, unless the necessary 
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FIGURE 9. - Comparison of Railroad and Truck Freight Rates. 

truck port.ion of the haul ap~roaches or exceeds th~ possible rail portion. 
For total distances under 50 miles, straight truck haulag~ 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 o f transferring are 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 at tr-ucking 
equipment because of th~ road or other conditions. 

Freight costs applying to shipments of a mine product to diff~rent markets 
may have a wide range. The distance , and consequently the shipping cost, to 
one market may be lower than to any othe r; when the differences are large, the 
market requiring the shortest haul is more likely to bring the highest r~turn 
to the shipper. Possible exceptions are cases where treatment rateS at a more 
distant plant are favorable L!nough to compensate f or the greater shipping cost. 

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

7 0 - 683 0 - 04- 7 
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distance, comparison of truck and rail routes, readiness of suitable trucking 
firms to serve, and perhaps other factors. If the prospective haul is in an 
active mining district, freight rates can be ascertained quickly from truck 
operators or railroads. If a new hauling operation, perhaps remote from the 
territory served by active carriers, is proposed, a preliminary cost ~st1mate 
can be made, for which data included in this circular may be helpful. Carrier~ 

who will undertake the hauling operation must then be found, and the freight 
rates quoted by them will, of course, govern. Such rates may not necessarily 
agree with previously estimated rates but ought to be in the same general 
range. A rate for a new haul quoted by a carrier may be experimental and will 
probably be subject to revision, if later experience and volume of traffic 
require a change. 

Transportation Patterns in the East 

Few small base-metal mines are in operation east of the Rocky Mountains, 
and an increase in this type of operation is not anticipated. Consequently, 
the problems of hauling ore from such operations are-minor, and detailed 
analysis of transportation patterns in these States, as affecting small mines, 
is not warranted. 

Most of the production of base metals in the Midwestern and Eastern 
States is in the hands of large operators. An exception is in the Tri-State 
D,istrict of Missou~i, Kansas, and Oklahoma, where small lead-zinc mines are 
common. However, few of these remain in ?peration,and in any case transporta
tion of ore constitutes no problem because ore is traditionally sold f.o.h. 
the mines. The buyer furnishes truck transportation to centrally located 
concentrating plants. 

In general, the factors affecting the transportation of ores in the 
Western States are also operative in the States east of the Rocky Mountains. 
The ton-mile rates should, however, be lower. Few point-to-point rail or 
truck freight tariffs have been established by common carriers to cover move
ment of base-metal ores over eastern routes that might.be used for shipping 
the product of small mines to markets. Most rates quoted by common carriers 
would probably be derived from distance-class schedules or set by negotiation, 
subject to later revision. 



95 

BIBLIOGRAPHY 

1. Agricola, G. (George Bauer). De Re Metallica, transl. by Herbert Clark 
Hoove r and Lou Henry Hoover. Dover Publications, Inc., 1950, 638 pp. 

2. Aitkenhead, W. C., and J. A. Jaeke l. Flotation of Some Oxidized and 
Nonmetallic Ores. Min. Cong o Jour., v. 46, May 1960, pp. 50-54. 

3. American Institute of Mining, Metallurgical, and Petroleum Engineer::;. 
Copper Metallurgy. Trans., v. 106, 1933, 740 pp. 

4. Milling Methods. 'trans., v. 112) 1934, 977 pp. 

5. Metallurgy of Lead and Zinc. Trans., v. 121, 1936, 748 pp. 

6. Bell, J. E., and H. M. McBreen. Gold. BuMines Minerals Yearbook 
1954, v. 1, 1958, pp. 507-509. 

7. Bray, John L. Non-Ferrous Production Metallurgy. John Wiley and Son~, 
Inc. New York, 1941, 430 pp. 

8. Engl~l, A. L., and H. J. Heinen. Experimental Treatment of Base Metal 
Ores From California and Nevada. BuMines Rept. of lov. 5560, 1960, 
9 pp. 

9. Engineering and Mining Journal. Arizona Copper Silicates Respond to 
Segr egation. V. 161, November 1960, pp. 86- 87 . 

10. Ferr,us, A. J., and W. C. Aitke nhedd. The Flotation of Oxidized Zinc 
Ores From Washington. Washington Sta t e Inst. Tl.~chnol. J Bull. 245, 
1958, ,42 pp. 

11. FreL~man, G. A., Carl Rampace k, and L. G. Evans. Copper Segregation at 
the Lakeshore Mines. Pres. at the ann. meeting of the Extractive 
Metallurgical Division, AlME, St. Louis, Mo. Feb. 27, 1961, 13 pp. 

12. Gardner, E. D. Gold and Silver Custom Plants. BuMines Inf. Cire. 
6842, 1935, 4 pp. 

13. ___ Cos t of Trucking and Packing Ore in Wes te rn Gold Mining Dis tric t. 
BuMineR Inf. Circ. 6898, 1936, 17 pp. 

14. Gardner, E. D., and P. T. Allsman. Open Schedules for Gold and Silver 
Ores and Concentrates a t Wes tern Custom Smelters. BuMines Inf. Circ. 
6926, 1936, 25 pp. 

15. Henderson, C. W. Mining in Colorado. Geol. Survey Professional Paper 
138, 1926, 263 pp. 

lb. Jackson, C. F., anJ J. B. Knaobel. Sampling and Estimating Ore Deposits. 
BuMines Bull. 356, 1932, 155 pp. 



96 

17. Jaekel, J. A. New Guides to Chrysocolla Flotaliona Mining World, v. 21, 
July 1959, pp. 44-46. 

18. Kaufman, Alvin. Southeas tern Alaska's Mineral Indus try. BuMines lnE. 
CircA 7844, 1958, 37 pp. 

19. Lamb, Graham. Marketing Concentrates. Denver Equipment Company, Denver, 
Colo., Bull. 37l3-B, 1937, 12 pp. 

20. Morgan, S. W. K., and J. Lumsden. Zinc Blast Furnace Operation. 
J. Metals, April 1959, pp. 270-275. 

21. Newton, Joseph, and Curtis L. Wilson. Metallurgy of Copper. John Wiley 
and Sons, Inc., New York, 1942,516 pp. 

22. Parsons, A. B. Marketing of Metalliferous Ores and Concentrates. 
Eng. and Min. J., v. 114, Dec. 23,1922, pp. 1109-1114; v. 114, 
Dec. 30, 1922, pp. 1155-1162. 

23. Peele, Robert. Mining Engineer's Handbook. John Wiley and Sons, Inc., 
New York, 3d ed., v. I, 1941, pp. 10-81 - 10-533. 

24. _____ Mining Engineer's Handbook. John Wiley and Sons, Inc., New York, 
3d ed., v. II, 1941, pp. 29-01 - 29-17, JI-02 - 33-31. 

25. Powell, H. E. Beneficiating a Comp1~x Sulfide-Oxide Lead-Zinc Ore From 
Missouri. BuMines Rept. of Iov. 5564, 1960, 10 pp. 

26. Rampacek, Carl, W. A. McKinney, and P. F. Waddleton. Treating Oxidized 
and Mixed Oxide-Sulfide Copper Ores by the Segregation Process. 
BuMines Rept. of Inv. 5501, 1959, 28 pp. 

27. Richards, R. H., and C. E. Locke. Textbook of Ore Dressing. McGraw-Hill 
Book Co., Inc., New York, 1940,608 pp. 

28. Spurr, J. E., and F. E. Wormser. Marketing Metals and Minerals. McGraw 
Hill Book Co., Inc., New York, 1925, 674 pp. 

29. Taggart, A. F. Elements of Ore DreSSing. John Wiley and Sons, Inc., 
New York, 1951, 595 pp. 

30. Handbook of Ore Dressing. John Wiley and Sons, Inc., New York, 
-r927, 1679 pp. 

31. Tsuromato, Taman. Copper Smelting in the Converter, J. Metals, November 
1961, pp. 820-824. 

32. Wright, C. W. Mining Methods and Costs at Metal Mines in the United 
States. BuMines Inf. Circ. 6503, 1931, 39 pp. 

33. Essentials in Developing and Financing a Prospect Into a Mine. 
~Mines Inf. Circa 6839, 1935, 22 pp. 

34. Van Arsdale, George D. Hydrometallurgy of Base Metals. McGraw-Hill Book 
Co., Inc., New York, 1953,370 pp. 

35. Zinc, the Science and Technology of the Metal, Its Alloys and Compounds. 
Am. Chern. Soc. Monograph Series No. 142, ed. by C. H. Mathewson. 
Reinhard Pub. Corp., New York, 1959,721 pp. 



Schedule 

-2 

3 

4 

PlAnt type 

Copper 
.. Ite r 

A 
(Arizona) 

do . 

do . 

d~ . 

Coppe r 
_Iter 

B 
(Ar lI:<Xla) 

Mine 
products 
covered 

Copper ore 

Copper 
coocen
trates 

~tals 
p4id for 

Copper 

Gold 

Si 1ver 

Copper 

Gold 

Silver 

Gold sDd ICopper 
si lver ore 
or concen-
trates !GOld 
",lth minor 
baae me tals SLlver 

Lead 
Dry &old- IGold 

s ilver or 
Silver 

Copper ore ICoppe r 
aDd concen-
trates 

Gold 

Silver 

See footnotes a t end of t able . 

APPENDIX A. . - TYPICAL OPEl< PURCHASE SCHEDUJ..ES AT SnECTEO COPPER AND LEAD SMELTERS . 
ZlNC PUNTS 1 A.KD CONCENTRATING HILlS IN THE WEsT 

Hetal paym4nu1 

Minillu.ln 
metal content 

peid far 

0.5 pe rcenCL 

Payments b4sed on .ssay content of 
_ t e rial treated, l eas any deduc

tiona. cal!lputed at applicable 
ma rke t or Govertlllllent prices. leSI 
marketing and/or refining cbarge. 

for refiottlg metal 
Pay for 95 p.rcent of •• ~ay content2 

.'It market l ess 3 . 5c;: per pound 
(subject t o a minu-u. deduction of 
8 pound!! per ton) . 

0 . 0) ounce/tons lPay for lOO percent of assay content 

0 . 5 ounce/ton 
at $32 . 3185 per Ounce . 

Pay for 95 percent of assay conteo t 
t market or miot price leu 1. 5¢ 

per ounce (minimum deduction o{ 
0 . 5 ounce per too) . 

Deduct 1 percent fram aBsay content 
and pay for 100 percent of remain
der at markes lea. 3 .5~ per pound . 

0 .03 ounce/ t on Ipay for 100 percent of assay content 
at $32 . 3185 per ounce . 

0 . 5 ounce/ton ~.Y for 95 percent of assay content 
a t marke t or min t price less 1 . 5~ 

per ounce (.tc~ deduction of 
0.5 ounte per ton). 

Base 
charge 

per ton3 

$5.50 

13 . 50 

1 . 0 percen t IDeduct 1 percent from assay content 110.00 
and pay for 100 percen t of remain -
der at ma.rke t leu 3 . 5~ per pound . 

0 . 03 ounce/ton I Pay for 91.14 pel:ceut of asuy 
content at mint price. 

1 . 0 ounce/ton Pay for 95 percent of a.say conten t 
a t market or mint price leu 1.5~ 

per ounce (miniJllua deduc tion of 
1 . 0 ounce per ton) . 
tw~t . 

0 .03 ounce/ton Ipay for 100 percent of 8saay content I 5 . 50 
a t $32 .3185 per ounce . 

0 . 5 ouoce/ton pay for 95 percent of assay conten l 
a t _rket Or aint price leu 1.5¢ 
per ounce (mic~ deduction of 
0 . 5 ounce per ton ) . 

0 . 8 percent IPay for 90 percent of aasay conten t I 9. 00 
(deduction to be not leiS than 
10 ~oundl aT more than 20 pounds 
per ton) at marke t less 4 .oe per 
pound . 

0 . 03 ounce/too IPay for 100 percen t of assay content 
at $32 . 20 (92 percent of U.S . 
Treasury price of $35 . 00) . 

1.0 ounce/ton IPay for 95 percent of Rssay cont en t 
at market or mint price . 

Trea~Dt charges 
Charge!! or credits Debit or credit for other mineral conteDt 

added to or sub - Debit for undesirable content above 
tracted from the Hineral the maxilDUlll allowed f ree or credit 

base charge or for deSirable content for which 
per ton meta 1 & premiUIII is paid 

Add 10 percent of IZn 
metal payment.s 
In excess of 
$15.00 up to 
maximum of $ 7 • 50. 

Sb. Ai>. Bi 
A1~03 

Debit for content above 5 percen t a t 
~0 . 30 per uait. 7 

Not sccep tab Ie. 
Debit for content above 10 percent 

of Si~ content at $0 . 25 per unit . 

None . A~0.1 Debit for cooten t above 10 percen t 
of SiOQ content a t $0 .25 per unit . 

Zn Debit for content above 5 percent at 
$0 . 30 per unit. 

A.b , As, Bi Not acceptable . 

None . Zn 

Sb 

As 
B1 

Add 10 percent of ICu 
IlteL&l paymeots in 
exce!ls of $15.00 
up to a max iauIII 
of $7 . 50 total 
tre.atment . 

Add 10 percent o f ISi~ 
metal payment s 1n 
exceslS of $15 . 00 
up to $40.00 and 
an additional 
percent of pay-
ments in excess 
of $40 . 00 

Debit for content above percent at 
$0 . 30 per lJOit . 

Deb i t f01: cooten t above percen t a t 
$1. 50 per unit . 

Do . 
Debit fo r all at $0 . 50 per pound . 

Debit for tbe di fference in pounds 
be~eD t~e actual content and 8 
pounciB per ton computed at tbe tetllUi 
applicable for copper paymen t . 
(Schedule not applicable if copper 
cODtent exceeds 8 pounds per ton) . 

Credit $0 . 05 per unit of Si~ in 
excess of a content equal to the 
sum of 10 times A~O~ content plus 
Fe content plus lillie content . 
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marke t or Government prices , lesa 
marketing and/or refining charges 

for refining metal 
0 . 03 ounce/ t on I Pay for 100 percent of ass~y content 

at $32 . 20 per OUDce . 
1 . 0 ounce/ton Pay for 95 percent of 45say content 

0 .8 percent 

1.0 percent 

0 . 03 ounce/ton 

1 .0 ounce/t.on 

10 . 5 percent 

0 . 01 ounce/ton 

1. 0 ounce/ton 

3 . 0 pl!:rcen t 

11.3 percent 

10 .03 ounce I toe 

at market or mint price . 
Pay for 90 percent of asBay con t en t 

(deduction to be not less than 10 
pounds or more than 20 pounds per 
ton ) a t market l eBS 4 . 0~ per pound . 

Pay for 90 percent of assay conten t 
(deduc tion to be not less thaD 10 
pounds or more than 30 pounds per 
ton) at .. rket less 3 .~ per pound. 

Pay for 100 percen t of q,aay value 
at $32.20 per ounce. 

Pay for 95 percent of usay content 
at market or !Dint price. 

Pay for 96 percent of assay content 
(minimum deduction 10 pounds per 
ton) at market less 3 . 5~ per pound . 

Deduct 0 . 01 ounce per ton from assay 
cootent and pay for 100 percent of 
remainder at $31,81825 per ounce . 

Pay for 95 percent of assay content 
at urket or 1Il1nt price leas 6 . 0~ 
per ounce (min1JDum deduction of 
1 . 0 ounce per ton) . 
No~nt. 
Deduc t 1 . 5 percent fraa a.say 

c ontent and pay for 90 percent of 
the remaioder at market 1e.s 2 . ~ 
per pound . 

Deduct 1 . 3 percen t from assay 
c ontent and pay for 100 percent 
of tbe r_inder at IILIlrk.et lea~ 

9 . ~ per pound . 
Pay on tbe foll~ percent age of 
mint prlce : 0 . 03 ounce or over 
and less than 5 . 00 ounce/ton- -
9 1 .14 percen t ; 5 . 00 ounces or 
over and lett. t.han 10 . 00 ounces/ton 
- - 92 . 57 percent ; 10 . 00 ounces or 
over and less than 15 . 00 ounces/too 
- - 93 . 28 percent; 15.00 ounces per 
ton or over-- 94 . 00 percent . 

Base 
char8e 

per too3 

$5 .50 

6 . 00 

4.00 

7 . 50 
(30 per
cent pb 
content ) 

Trea tme.n t charges 
Chargea or credits Debit or credit f or other miner al con tent 

added t o or sub- Debit f or undesirable content above 
tracted frca! the Hi ne ra 1 t be maximum allowed free or credit 

base charge or for desirable cotltent for which 
per ton metal4 premium h paid 

Add 10 percent of ICu 
.etal payments 
in excess of 
$15 . 00 up to 
$J.O . OO and an 
additlonal 5 
percent of pay- ISla. 
menta In excess 
of $40.00 

Add 10 percent of IAlaOm 
me tal paymenta 
in excess 0 f CaO 
$15.00 up to 
$30 . 00 and a n 
additional 5 
percent of pay-
ments in exce.a. 
of $30 . 00 up to 
a IIoIlX.1.ana 0 f 
$20.00 total 
t reatment . 

Add 10 percent of 
_cal ~yaent8 
ln excess or 
$15 . 

Add 1O~ pe r ton 
per unit of Ph 
under 30 percent 
content. Deduct 
l~ per ton per 
unlt of Pb over 
30 percent . 

Pe 
Si~ 

Jzn 
IA-, Sb, Sn 

(combined 
B1 

Deblt for t.he differe.ace in pounds 
between actual content and 8 pounds 
per too computed at tbe terms 
app licab Ie for copper payment . 
(Not applicable if copper content 
exceeds 8 pounds per ton). 

Credi t $0 . 05 per unit of Si~ io 
exc~I' of a content equal to the .\lIII of 10 tiJDe. A'-O~ content plus 
Fe content ~lu. CaO conten t . 

De.blt for content of A~ q, above 10 
percent at $0 . 25 per unit . 

Credit for Cao content above 10 
percen.t at $0 . 04 per uni t up to 
maximum of 25 un1ts, lf 810; 
contect 1s len thau 40 percent 
and ~O:t cooten t is le86 than 
10 percent . 

Debit $0 . 12 per percent per too. 
CredIt $0 . 025 peT percent per ton 

in excea.s of Ala 03 content . 

Debit for content above 10 percent 
at $0 . 30 per unit . 

Debit for content above 1 per cen t 
at $0 . 50 per unit . 

Debit for all at $0 . 50 per pound . 

\D 
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10 

11 

12 

13 

do . 

Lead 
maelte r 

B 
(1011 th dl1 C 
recovery 
plant) 

auyina 
station 

C 
fot lead 
S IDI! 1 ter 

L_d 
smelte r 

D 
(with lead
l:inc can
centrator 
and zinc 
recovery 
pl&tlt) 

Gold- dIver 
orel or 
coru::en
tratel 

Lead orll 
0'[" C Oll

centrate. 
(zinc 
content 
r ecovered 
but oot 
paid for) 

L~s.- th&.n 
carl~d 

lots of 
load c on 
centratel 

L.ead- :t inc 
ore or 
COI:Icen
trates 
wit:b 
r ecaver 
able zinc 

Se~ footnotes at end of table . 

StIver 

Lead 

Copper 
Gold 
511 ve r 

Lead 

Copper 

Go l d 

SLIver 

Lead 

Copper 

Gold 

S11ver 

l.e.ad 

Copper 

Zine 

Gold 

Stlver 

l.0 ounce/to(! 

3 . 0 perc4mt 

1..3 percent 
0.0) ounCi/ton 
1.0 ounce/tou 

3.0 percent 

0 . 75 percent 

0 . 02 ounce/tern 

1.0 ounce/ton 

1 . 5 percent 

1 . 0 percent 

0 . 03 ounce/tOD. 

Pay f OT 95 percent of a ••• y content 
at market or IIIWt price leas 1.0C 
~r ounce . 
Pa}'1llellt same a. in preceding Iud 
ore schedule 9 . 

do. 
do. 
do. 

Pay for 90 percent of dry a:lI8ay 
(ve t a..llla&)' lesl 1. 5 percent) at 
mark.et Ie .. 2 . 65e poer pound . 3 

Pay for aD percent of aa.ay cootent. 
(l8int..wl deduction 15 pounds per 
too) at .arke t Ie .. 9 . 5<: per pound . 

Pay for 100 percent of the cootent 
at the followillg rate based 011 a 
cint price of $$14.9125 per ounce : 
0 . 02 ounce or over and up to 5 . 00 
ouncu per ton--$31.818); over 
SOO ouncu and up to 10 . 00 ounces 
per t on --$32 . H83; ove r 10 .00 
ounces per too--$32.8183 . 

Pay for 95 percent of all.ay content 
(lIIini.alUIII deduction 0 . 5 ounce per 
tan) at. _rut or lILin t price . 

Deduct from tbe vet .88ay 1.5 
percent and p.l'y for 90 percent 
of tbe remainder at tbe !lI.8rket 
Ie .. 2 .~ per p<IUnd . 

Deduct fTea the wet ••• ay 1.0 
percent and pay for 95 percent 
of the remainder a t IIIS.rke t lell 
9 . 0C per pound 

Pay for all at 91 . 14 percent of 
lnt price ($35.00 leIS 0 . 25 

perc:ent) wben usay coount is 
over 0 . 03 oun1:e or aver and leas 
than 1 . 0 OU[lCf! pe r t.oo . PBY for 
l'Ill at 92 . 57 percent of tbe _10.t 
prlee when assay cOOtUlt is 1.0 
ounce per ton or over . 

1 . 0 OUllce/ton I Pal' for 95 percant of tbe a .. ay 
cootent (ainl.m\a dedut":tion 1 . 0 
ounce per ton) at the marlLet or 
ado t price leI. 1 . 5C per ounce . 

J . O percent I Deduct 1 . 5 percent frCIII .... say 
c (J[]tent and pay for 90 percen t 
of remainder at .arket hiSS 

2 .~ per pound . 
0 . 75 percent I Deduct 0 . 75 percent frClll assay 

cootanc and pay for 100 percen t 
of the remaioder at ID&rket lea 
6 . 7(: per pound . 

8 . 0 pe rc eo t I Pay for 15 perceot of the 8.8SII )' 

c oote.nt at 30 percent of ebe 
_rut . 

0 . 02 ounce/ton I Pay for 91 percent of tRe aesay 
contenc at the adnc price. 

1. 0 ounc e/ t on Pay for 95 perceot of the assay 
coote.at (_inia1..a <leduc tloo 0.5 
ounce per too) at tbe .. rket: 
or .tnt ~rice . 

$10 . 00 

11.00 
(30 per
Ce!1[ fOb 
con te.ll t 
dry 
a .. ay) 

15.00 
(25 IN!r
cent Pb 
con tent) 

12 . 00 

Add 10 percent of I Za 
me tal payment!> 
over ~20 . oo per 
ton up to a _x
lmum of $17 . 50 
per too . 

Add 10c;: per too 
per lIIlit of Pb 
under 3D perc~n t 

ccmte.nt . Deduct 
lO¢ per ton per 
unit o f Pb over 
30 percent 
content. 

Add to base charg!!! 
IDc;: per ton for 
eacb uni t of IIMd 
(by wet assay) 
under 25 perceot . 
Add freight to 
smelter at lII.ioi 
IIllJ18 c&[ load rll te 
and $25 . 00 Soliii-

P ling c.narge . 

1t.JJ. Sb . Sa 
(cillllbined ) 

8.1 

Zo 

As 
5 

S i~TA~O:J 
Cao 

~ 

Sb 

Chars!! 1_ as 1n preceding l~d ore 
schedule 9 . 

Do . 

00 . 

Debit for cootant above 12 percent 
at $0 . 30 per QUiL . 

Debit for all at $2 . 25 per UIl it . 
Debit. for content above 2 percent at. 

$0 . 25 per unit (maldmulll cbarge 
$2 . 25) . 

Debit for a ll .t $0 .10 per uni t. 
Credit. for .11 at $0 . 05 per unit if 

5 percen t o r Rare i s c on t ained . 

Debit for all a t $1.00 per unit . 
Debit for all at $0 . 75 per utllt . 
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Scbedule 

14 

Plant type 

Lead 
gme I t er 

E 
(wi th lead

.: inc con
centt:ator 
and zinc 
recovery 
plant) 

Zinc 
smelter 

Hine 
products 
covered 

Direct 
sme lting 
lead ore, 
lead-zinc 
milling 
ore, lead 
cOQcen
trates , 
zinc con
centrates 

Zinc con
centrates 
and .:inc 
lead con
centrates 
(sulfide ) 
(Horizonta l 
retorts) 

Metals 
paid for 

Lead 

Copper 

Gold 

Silver 

Zinc 

HiI!.tal_p~eot8" 

Hinimum 
mac.al content 

p.aid far 

2 . 5 perceot 

o.S percent 

Payme.nt.s based on aSliay con t en t of 
material treated, less any deduc 

tiona, computed at applicable 
market or Government prices, le.ss 
urketlng and/or refining charges 

for ref1n~ meUil 
Pay on the following percentages 
of assay conten t a t ma r ke t l e.ss 
I . S(: per pound when le.ad quota
tion is 15c per pound : 2 . 5 
pe[cant or over and less than 
25 percent-- 90 percent, 25 
percent or over and less than 
50 percent-- 91 percent, 50 
percent o r over - - 92 percen t . 
For each LaC pe r pound increase 
or decrease io tbe lead quotation 
of 15(: per pound incre.tla. or 
~creaae the marketing deduction 
char~ of 1 . 5e per pound by 
0 . 033~ per pound . 

Pay for 85 percent of the 8"8ay 
content at 60 percent o f the 
app licab Ie copper quot .. tion 
less 30 percent of the appUcable 
lead quotati oD. negat i ve value 
applying . 

Pay for 85 percent of the assay 
cootent at 60 percent of the 
appl1cab Ie coppe r quocation l ess 
30 percent of the applicable 
Iud quOtatioD. negative values 
applying . 

0 . 03 ounce/ton I Pay for 100 percent of t he conten t 
at the folllJlooli.Dg rate : 0.03 
ounce or over aD.d less than 3 . 0 
ounces per ton--!i31 . 81825/ounce ; 
3 . 0 ounces per ton and over- -
$32 . 81825/ ounce . 

1 . 0 ounce/ton I Pay for 95 percent of tbe assay 
content at the market o r mint 

2 . 5 percent 
price less than 1. 5e per ounce . 

Pay for 50 percen t of the Assay 
content at 25 percen t of the 
app 11 cab le f.inc quota t 1 on . 

Ant illlony 11 .0 percen t Pay for 70 percent of the content 
at 50 percent of tbe applicable 

ntimony quota t ion less the 

~inc 

Lead 4 . 0 percent 

app licab 1e lead quotation . 
ne...s..ative values applying . 

I f con t.e.n t is 40 percen t or more > 
pay for 85 perce.nt of t he assay 
content at QlBrk:et less 57 . 5¢ per 
100 pounds of zinc accaunte~ for . 
If cootent iii l ess than 40 per
cent. deduct 8 units and pay for 
tbe remainder at the same rate. 

Deduct 4 pe.rcent from the wet 
55ay content and pay for 80 

Base 
charge 

per ton3 

$8 . 00 
( 50 pe r
cent pb 
content 
or over) 

38 . 00 

l"reatrllent char~ 
Cbarges or credits Debit or credi t f or other minarsl content 

added to or sub- Debit f or undesirable conten t above 
tracted f[om the Mineral the maximum allowed free or credi t 

base charge or for desirable content for whic h 
per tOD me t al4 pr emium is paid 

Add lOe per [on 
pe r unit of Ph 
under SO percent 
content. (Treat 
ment cbarge 
covers Illilliog 
cost, if aoy) 

.Add $l . OO for e.ach 
1.0~ increase in 
the St: . Louis 
zinc quotation 
over 6 . O~ per 
pound . Add 
$0 . 15 for eacb 
l.OC increase 10 
hourly labor rate 

Fe 

do . 

Sia. 

CaO 

As 

lIi 

Debi t $0 . 40 per llDit for Fe conten t 
unde r 1. 8 tilDeS t he Zn content . 

Credit $0.40 per uni t of Fe ave r 1. 8 
tf.mea the Zo conten t. 

Debit $0.08 per unit for Si~ content 
unde r Fe content . Credi t $0 . 08 pe r 
ullit for Sl~ content ove r Fe 
cootent. 

Debit $0 . 10 per unit f or Cao content 
uD.der Fe content . Credi t $0 . 10 per 
1lIli t f or Cao content over Fe 
cont:e.nt . 

Debit f or c oatent above 1 percent a t 
$1.00 per Wlit . 

Debit far content above 0.1 percen t 
of tbe vet lead assay at $0 . 50 pe r 
pOU1ld . 

Debit for content above 16 percent 
at $0 . 10 per uni t. 

Fe-MIl Debit for cooteDt above 70 percent 
(c ombined) a t $0.50 pe r unit. 

.u - Sb Debit for cont.ent a bove 0 . 5 percent 
(combined) at $1.00 per unit . 
Ca~MgO Debit for content above 1 . 0 percen t 
(combined) .at $ 1. 00 pe r un i t. 

o 
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16 Electro· Zioc can-
lytic C8ntrate.a 
zinc (lead 

percent of the remainder at 
market lea a 2 . 0e per pound . 

Copper 11 . 0 percent I Pay for 65 percent of as •• y content 
at the _rket Ie •• 6 . DC per pound 
of Cu accounted for . 

Gold 10 . 03 ounce/ton I Pay for 80 percent of the auay 
content at 92 . 51 percent o f the 
mint price . 

SUver 11 .0 ounce/ t on I Pay for 80 percent of the & .. _y 
cont8Dt (1Il1niJrlum deduction 1. 0 
ounce per ton ) at market or 
alnt price . 

IZinc Deduc t 3 .0 percent from assay 
content and pay for 80 percent 
of remainder at marke t. 

plant coctant I Lead 
A acceptab l e) 

3 . 0 percent I Deduct 3 . 0 percent from assay 
content and pay for 80 percent 
of r-.alod.r at __ rlc.et . 

0 . 01 ounce/ton I Pay for 80 percent of aasay content 
at $34 . 2425 per ounce . 

17 

18 

E lectro-
lytic 
zinc 
plant 

B 

Selective 
flotation 

lIlill 
A 

Zinc are 
or COD-

centrate.a 
(lead 
content 
cceptable) 

Ccarp lu 
sulfide 
lead-zinc 
ores with 
or withoU L 
minor 
copper , 
gold, 
and/or 
sUver 

See footnote.! at end of table . 

Gold 

Silver 1.0 ounce/ton Pay for 80 percent of assay c ootent 
at market or mint price . 

Zinc 

Lead 3 . 0 perce.nt 

C&dlllium 10 .25 percen t 

Gold 10 .0) ounce/ton 

Le.ad - 13 .0 percent 
coppe r (Iulfidea 

ooly) 

Zinc do , 

Gold 10 .02 olJ1lce/ tOIl 

Silver 11 . 0 ounce/ton 

PaytDent on Ii liding sea le fraa 80 
t o 85 percent of III&rke t for a.~ay 
content from 50 to 55 percent and 
ave r . Payment for a •• ay content 
under 50 percent at 75 percent of 
_rlLet. 

Deduct 3 perce.nt of assay coo tent 
and pay for r_loder at market 
leas 2 . ~ per pound . 

Deduct 0 . 25 percen t frau a85ay 
content and pay for remaInder at 
_rut leas 50 .~ per pound . 

Pay for BO percent of assay conteDt 
at ~34 . 2425 per ounce . 

Pay for 70 percent of the combined 
luI fide lead and copper content at 
tbe aarket quota t ion for lead l ea 
3 .15¢ per pound . 

Pay for 60 percent of tbe sulfide 
~lnc content at 40 percent of the 
market . Special payment : For 
each percent zinc in eKce.a of 15 
percent add 1 perceot to the zinc 
percentage paid for up to a ma~ 

mum of 70 percen t . For each pe r 
cent of ~int 10 excess of 15 per
cent add to tbe payment for Buch 
metal $0 .0005 per pound, but in 
no event shall the additional 
payamnt exceed $0 . 005 (5 milIa) 
pe r pound . 

Pay for 50 percen t of t he assay 
content at $22 . 4643 per ounce 
while mint price 1s $34 . 9125 . 

Pay for 70 percent of the a.say 
content (minLmum deduction 1 . 0 
ounce per too) at _rket or mint 
price. 

OVBr $1 .677/hour. 
Add $0 . 40 for eacb 
1.0 incraue in 
1l4tural gas c oa t 
aver 7 . ~ per 
H.C. F . 

'6 . 00 IAdd \2 .50 for "'hIF' 
(45 per- 1.0¢ increase in Pb 
cent Zo tbe ~ioc quota -
content) tion over 4 .0¢ . 

45 . 00 

4 . 00 

Add $0 .05 per 
ton per unit of 
Zn under 45 
percent. 

IAdd $2 , 00 per too 
for each 1.0e 
iocre.ase i o tbe 
zinc quot ation 
abave IOc per 
pound 

Deduction _de in 
cOlllputiIl8 metal 
payments cover 
all smel Ling and 
refining costs 
tbat 10/111 be 
incurred in 
furLher proc
esal~ of mill 
products. 

Fe 

Si~ TAla 03 

COlO 

MgO 

As 

Sb 

Oxide Pb , 
Cu, Zn 

Debit for all at ?O.30 per uni t, 
Debit $1 . 00 per too for each unit 
of lead under 3 unit s . 

Debit for canteot above pe r ceC'lt at 
~O . 40 per unit . 

Debit for coo tent above 4 percent at 
$0 . 60 per unit . 

Debit for content above 0 . 5 percen t 
at $0 . 50 per unit . 

Debit for content above 0 . 1 percent 
a t $2 . 50 pe r unit . 

Debi t f or content ab{)1le 0 .1 percent 
at $1.00 per uni t. 

Debit for content above 0 . 1 percent 
a t $3 . 00 per uni t. 

~ly sulfide Pb, Cu , and Zn content 
is paid for , so coo ten t of t hese 
metals present 85 oxides must be 
deducted from total metal content 
before c CXDputa t ioo of metal 
products . 

;; ,.... 



Het.ll>.~t.li'" Treatment c.·barges 
Payments baaed on usay content of Charges or credits Debi t or credit for other minera l conteut 

Hine Metals Hinimual material treated, les8 any dedu~- Base added t .o or lub- Debi t f or undasirable cont ent above 
Schedu l e Pl ant type products paid for metlll content tions , computed at applicable charge tracting frOlll the Mineral tbe maximum allowed free Dr credi t 

cove.red paid for marke t or Gove.rmnent prices ., lellll per ton3 ba.se cbat·ge or for sedira.b l e coo t eot for which 
marli;eting and/ar ref1n1ng charSQ per t oo metal" premilD i l pll1d 

for refining metal 
19 Selective Complex Zinc 3 . 0 perceDt Pay for 70 percen t of the sulfide $4 . 00 Deductiona _de 10 adele Pb , On l y sulfide Ph , Cu , and Zn cont ent 

flotation sulfide ~inc conten t (minimum deduction comput In& me t a 1 Cu, Zo i s paid for. so COIltent of t bese 
l1Iill lead-%inc 3 percent) a t tb.e market Ius payments cover me t ala prellent as oxides must be 

B orea with 5 . 3(: per pound when the zinc . 11 sme lting and deduc t ed frOID t ot.l lIII!tal content 
or \rltbou t price 1a 10.0(: pe r pound . The refining cos ts before COIIIputation of meta l 
!!linor gold, deduction is i ncreased by 0.4 (: that will be paynleDU . Debi t f or cOlltent 
and/or for eac.b. 1. 04; ioerealle in the incurred in above 1. 0 percen t a t $1 . 00 per 
silve.r market price above 10 . OC per furtber proc- unit . 

pound, or decreased O . 4~ for e88il1& of mill 
each 1.0e decrease in tbe price prodllcu . 
below 10 .0e per pound. treaoaent ch&r ge 

Lead 1.0 perce.nt Pay for 80 percent of tbe sulfide and payments ar~ 
lead content (IIIiniJllum deduction baaed on labor 
1 percent) at the market less cost of $19 . 56 
3. 0e per pound . aDd $26 . 52 bul -

Gold 0 . 02 ouncal ton Pay for 70 percen t of tbe as •• y HOD tre1gb t. 
conten t (lII.ig~ deduction 0 .02 
ounce per too ) at tha lIlint price . 

SllVl!.r 0 . 5 ounce/tOD Pay fo.r 80 percent of the a.a.ay 
content (mini ... de.duction 0 . 5 
ounce par ton) at the market or 

-
min t price . - --- _ L -- --- -- - - - - -

1 For calculation purP'Osea only; purchase tlltlU are subject t o change without notice in accordance vi t b varlati ons in c oa t I of l ab or , fuel . ,uppliea, _rketina. and 
refining cberges . The 6umplea given apply to ain1JRUIII sbipment .. (uau.tlly at lust 10 tllla) deliva.red to t be buyers ' planta in rail or truck equipment tbat eao be 
unloaded ioto receiving boppers by available mechanic.al facilities . Extra c.bargea an made for uterialthat does not meet the standard condltlOllAl apecified by the 
are b~r (see the se~tion of tb.e text coverin. general lpecificationa of purchase and aettl~ot) . 

3Pa}"Dl!nts for met.ala are baaed on the u.a), COlltent of eat.eri.tl aa rec.eived, metal los8es incurre(J in t r ea t.llleD t , market1.ng and refining coau, and curre:ot awu:ket prices 
for refined Mtala (llee .ectioo on buh of pa}'lll&ot. ). The ..... ay cootent" of an ore product is tbe content \rltb respact t o auy metal or miQeral cooatitue.n t eJtpreased 
a s a sr.de and La determined frc.a. representative sample by analytical mea:tls . Aa.ay content of ,old aud silvey 18 e.xpresaed as ounce per too and of baIIe _tala or 
other ainer.l c~ti tuent .. , a8 a percl!!otase . The content of gold , silver , Iud, antimony) and tin c.an be detet1ll.1ned by fire .... yUig, a lII.1n i.tur e _1 ttng procea.a 
carried an in the. l.abora t ory in a ..all furnILce . Pire .ssaying is no longer uae d for t.he bue mat.at. but re.airul the standard IIICthod for lold and ailver . .....ayin& 
for c.ant.ent of baae metals aod other _1nerals ia now done by chemic.l analysl~) referred to u wet .ss.ying aa coatraated wi t b fire Dr dry .s.aying . For ore .ettlement 
pU'rpoau, 1. 5 percent 18 aubtrILcted frOil tbe we t lead .asay or an ore before calculation of lead pa}'me.ot . Thia 1. 5 percent repraaenu smeltiD.g 10slIes . At ODe time , 
lead payment was made. on tbe basts of a lead content to fire usay IOIbich took into account &1III!lting 108ses . CkJe current smelter scbedule , schedule 11 , .till related 
lead eootent to fire al.ay results, .althougb t his content ill actually cOIIIputed by subtracting 1.5 pen:ent frlllll tbe wet lead assay . Treatmen t .cbedules aLao a llow 
for 81IIelting or proc~S8ing lO.S1!:s on otber lllet.tla by specifying a dedu-ction frc.a the a •• ay conteot befate calculation of Jllet.t l payment8 . 

'"Ton: The unit of weigbt used for bulk materials in tbe base- metal smelting ioduJltry 1.8 the short ton of 2 ,000 pounds avoirdupoiS . Tbis unit s h ould not be con fused 
with the long ton of 2,240 pounds used in the steel i ndu.try . 

4Cbem1cal symbols 
C~ou.nd of me t a l Chemical symbol Canpound or meta l Cbemical s I!!bo l 
Gold Ag Tin Sn 
Sllve.r As Iron Fe. 
Copper Cu Silica SiG.a 
Lead Pb Alumina A.~03 
Zioc Zn IIl501uble ( "1 0s01" ) 5 10., + "'lc~ 
ADttmcmy Sb Lime CaD 
Araenic .... Hagnesia !faD 
BiSIIIUth B1 Sulfur 5 
CalbiWD Cd 

5Pereent ; Base meta l or e g r ades ILre cOIIIIIooly axprQ8ed as pe rcentage • . 
-Ounce : Tbe troy ounce la the weight unit used for preclO\a metala . Gold and lilver ore gradaa are expreaaed in ounce. per ton .multiplied by t be t otal weigh t o f the l ot 

io t ons give. the total precious metal COll t 8llt in ounc·es . Precious metal market quotations in the Uoited St.tcea .re a ll in terma of the troy ounce . CkJe short ton 
tontaina 29,166 troy ounce.a and 1 pound avoirdupois is equivalent to 14 . S83 t roy ouncaa . 

7 Uoit : In the a_Iting indust ry the word "uni t " _.Ins 20 poundJI, which 1& 1 percent of a ahort tOD of 2,000 pounds . Therefore, I tUlit per ton of any beae- llle.t.a l or mineral 
cODltitue.ot is equal nume r ically t o a I -percent content, and ore grade. of I percent , I unit per ton, and 20 pounds per ton are e quivalen t . AD ore grade exp ressed 
eithe r io pere,ent Dr in units par t-on of any cODJltitlJeot multipUed by the toul we igh t o f an ore lot in t ons g ives the t otal content io units of that c onstituent. 
Unita aaultipl1ed by 20 gives tota l cootent in pounds . Smel t er t reatme.nt schedules may lis t pen.tlties or premilma io terma either of un1ts or p'OUnda of the a r e con
sti t uent. concerned . AD exceptioa 1. ci t ed i n schedule 8, in whicb penalties and premitllllS are listed as cents per percent pe r tan . 

s 



APPENDIX B.- CYANIDATLON PLANT TREATMENT SCHEDULE APPLICABLE 
TO DRY GOLD-SILVER ORES 

Payments 
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Gold: No payment for gold when under 0.03 ounces per ton. When 
settlement i s 0.03 ounces per ton or ov e r, pay f or a ll gold 
a t $35 per ounce. 

Silve r: No payment for s ilver when under 1.0 ounce per ton. Payment 
for silver will be made , under th e existing Government r egu
lations on the basis of 90 cents per ounc e , on the fo llowing 
schedule, providing, as required by the U.S. Treasury Depart
ment, miner's silver affidavits are promptly furnished; 
otherwise the following rul e will be followed; Market quo
tation date immediately preceding da te of settlement, exclud
in g fractions of cents. 

Silver cunt~nt~: Pay for 50 per cent of silver in are containing 1 ounce and 
including 10 ounc es . Pay 75 percent of silver in ore when 
over 10 ounces. The above payments subject to change with
out notice. No payment for metals other than gold and 
~;ilver. 

Notl.!: The fullowing product s will not be accepted for treatment at this 
planL: 

C0ncentrates, except by special agreement. 
Ore conta ining copper i n excess of 0.1 percent. 
Ore containing zinc in exces s of 0.3 percent. 

Treatment Deductions 

Base charge $3.00 per ton} on dry weight) when gross value does not 
e xc eed $5.00 per ton. When gross value exc e ed s $5 .00 per ton} add to base 
charge 25 percent of excess over $5.00 per ton to a maximum rate of $12.00 per 
ton, when gross value does not exceed $100.00 per ton. When gross va lue 
exceeds $100.00 per ton) add to the $12.00 trea tment chargo, 5 percen t of 
exces s over $100.00 per ton. 

An extra charge of $10.00 per lot when it contains less than 30 t ons dry 
weigh t and not less than one ton dry weight; an extra charge of $25.00 per lot 
when lot contains less than one ton dry weight; an extra charge of 10 cents 
per ton if ore is sacked; a n extra charge o f 10 cents per ton if are is frozen ; 
an extra charge of 5 cents per ton fo r each 1 percent moioture in exc ess of 10 
percent; Minimum mois turE.' deduc tion of 1 percent. The above rat es are exc lu
siv e of trucking rates, and are subj ect to change without notice. 
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General Conditions 

All new shippers or. shippers whose ore changes in character, or shippers 
who move from one mine to another} must send a 5-1b sample of new are] charges 
prepaid, for testing purposes, before shipments are consigned) and must return 
to mill office an interrogatory Signed by the owner of property before ship
ment is consigned. 

Shippers are required to notify mill promptly of all shipments by written 
notice stating name of mine) owner, lessee (if any) and trucking company. Bin 
charges may accrue and settlements cannot b~ completed without such 
information. 

Shipper agrees that after sampling, the shipment (with exception of sam
ple held until settlement effected) may be commingled with other ores, or 
otherwise disposed of by this plant. 

Shipper must agree to settle shipments in accordance with established 
practice at this plant at the time of shipment, and to insure prompt s~ttle
ments, must compare assays promptly by telephone, assay certificate or letter 
to Settlement Clerk, or authorize settlement on mill assays at time of con
signing shipment. In the absence of such information within 10 days after 
receipt of shipment, settlements will be made on mill assays. 

No resamples on any shipments to this plant, on which the mill assay is 
less than 0.15 02 gold per ton. If an umpire is desired on a shipment on 
which the mill assay is less than 0.15 oz gold per ton, then shipper must pay 
umpire expense. 

The weighing and sampling of ~ny shipment may be inspected at this plant 
but shippers must pay Eor these sel.'Vices direct. No deductions for such 
services will be made on ore settlements. 

Trucking charges must either be guaranteed or prepaid by shipper to the 
trucking company. 

Shipment must be completed on the working day following the day on which 
bin was assigned. 
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APPENDIX c.~ TYPICAL OPEN BUYING SCHEDULE FOR LEAD- ZINC SULFIDE MILLING ORE 

Delivery: F.o.b. plant 

Sampling: By buyer tree of charge 

Payments 

Guld: Pay for SO percent of the gold content at $22.4643 per ounce) 
as long as presL!nt U.S. Mint price of $34.9125 per ounCt.' 
prevails. No payment if less than 0.02 ounce per ton. 

Silver: Pay f o r 70 percent of the s i l ver content (minimum deduction 
one ounCe p~r ton) a t the Handy and Harman New York of ficial 
quotation) as published in the Engine~ring Jnd Mining Journal 
Metal and Mining Markets of New Yurk) for date of ass ay at 
plant ) or if higher) a t the realized U.S. Mint pric e , if 
silver qualifies fo r Gov ernment purchase. No paymen t if l ess 
than one ounce per ton. 

Lead nnd copper: Pay for 70 pe rcent of the s ulfide lead and copp~r combined) 
at the average New York quotation f or lead as published in 
th~ E & M J f or th e hourndl week previous to date of receip ~ 
lests 3.15 c ents per pound. No payment i f les s than 3 percent 
total lead and copp er combiHed. 

Zinc: Pay f or 60 percent of the sulfide zinc con tent at 40 percent 
of the Eas t St. Loui s price tor zinc a s publish ed in th~ 
E & M J for the journal wc'ek previous to date of receip t. 
No paymen t for zi nc i f P roduc t con t a ins les s than 3 perc l~nt 
zinc) tota 1 .:.ls say. 

Speci ,'11 paYUlent: For each percent zinc i n exces s of 15 pE'rc~nt add 1 percent 
to th~ percentage zinc paid f or; but in no event shall the 
percentage zinc paid Eor exceed 70 percent. 

For each percentage of zinc in exces s o f 15 percent add to 
the paymen t for such metal 0.05 cent pe r Ib J but in no ~vent 
sha ll th e addi t ional payment per pound exceed 0.50 cent per 
lb. 

Charge ::> 

Treatmenr charge: $4.00 per ton 

If lots o f less than 10 tons are shipped there sha ll be a 
charge o f $15.00 on the lot t o cover s ampling and a ssaying . 

Above rates are subject to change without notice. 



APPENDIX D ... EXAMPLE OF ORE SETTLEMENT CUSTOM LEAD- ZINC FLOTATION MILL 

BOUGHT OF Jod/} ;t1~ 
ADDImlS ;;d/rz a i... JL Yex 

CLASS OF ORE 

> 

WEIGHT OF SHIPMENT 

WET WEIGHT MOISTURE NET DRY NET DRY METAL 
POUNDS PERCENT WEIGHT TONS 

pOUNDS 

lL'S:( .J~o ole IS;(f1/J>' 1~ao9" GOLD 

snoVER 

LEAD 

ZINC 

FINAL 6E'l"l'I£MENT ASSAYS 

BY Au Nt, r eu 
oz ./ton oz./ton ~ 

MILL ,02 2,0/ ,J.//S 

Won~ 5tJ/lj'~ -1.3s 
I 

, ~Z ;Z~()~ d, '0 ~E'ITLEMENT 

PAYMENT FOR METAlS 

LIQlJIDAXION 
t€l'AL ASSAY PERCENT 8 t.IBJ'!X:T TO NET 

oz ./ton OF ASS~ MINIMUM ASSAY 
or ~ PAID FOF DED~TION 

GOLD .4Z 10 d2 DZ/UIJ -
SUVER 2,,01 f(J ,r(J ,/Il:41) It;!dl~ 
LEAD ~, f:.t, fo /, 0·7c /,,:% 
ZINC 9, ).0 70 l,() 70 t..ltJ7. . 

TOTAL PAYMENT FOR METAI.B 

DEDOCTIONS 

METAL PRICES AT S~ 

QUOTATION DEDUCTION ~ PA.ID NET PRICE PAID 
~ DOLLARS IN DOLLARS 

IJ4. 71lS~ JJ.,~~ /00 34. ?/zs-laz 
.90!h~ JlIt7IID 1()() --'l:r(}s-)P~ , , 

.120-;}" .tJ3/lh /(]~ .. ()'j lib 
.IONtJ .. ,rr/~ /00 __ (Jijl6 

r 
1/..'0 

-2.40 
9.:ltJ 

EQUIVALENT RATE OF PER TOTAL 
CONTENT PAYMENT DRY TON AMOUN'l' 
PER TON 

No '7XLY 

£ ~/7~ ~ 'JOS/~~ /.43 I dJ, i.'j 
,$Z.06 /6 ,O'l/I-!J ~Pf 

! 
_.ilf,70 

,24. aa II> .OS/I" /,,,Zo 471,1..' ..., 

10.; ,)/ 1tj~ f s-

AMOUNT 

TREATMENT 7(, 0 () fo DRY TONS li S 4. () 0 PER TON ,304.04 
RAILROAD FREIGHT 11. r (. WET TONS it~ TON PLUS ...dJ TAX 114.93 
ROYALTY fa% ,i'[1S4 .. 34--(.10'l.04 +/'14.'I.1)J:: /c1% H .I'}')' l;' 03.s:54-. 

TOTAL DEDUCTIONS 534. 51 
FINAL SE"ITLEMENT d,4.34-

Note: 
Compare with mill schedule 19 Appendix A 
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APPENDIX E. - TYPICAL COPPER SMELTER BUYTNG SCHEDULE FOR WESTERN ORr,s 

The following purchas e terms are subj~ct to the General Clauses a t ta ched) 
and a re subj~ct to change on 30 days notic~. Unl es s shipments are begun 
within 30 days this quotation ls automatically canceled. 

Delivery: 

Gold: 

Silver: 

Copper: 

F.o.b. unloading bins a t plant. The rat es quote d are based upon 
shipment in gondola equipment. Extra unloading charges of $1.00 
per dry ton will be asses sed for produc ts received in box cars . 

Pa yments 

If 0.03 of an ounce per dry ton or over) pay for 92. 57 perc ent 
at the net realized price. Under pres ent U.S. Mint price this 
is equivalent tu pay ing for 100 percent at $3 2 .3185 per troy 
ounce. 

Pay for 95 p~rcL'nt (minimum deduction o f 1/2 ounce) at the aver
a ge Handy and Ha rman, New York, si lve r quota tions for the ca l
endar week) including date of delivery at l a s t ca r of each l o t 
at plant of buyer} or , i f higher, at th~ realized U.S. Mint 
price provided s ilv er qual if ies for Governmen t purchas e and 
affidavit is f urnished} l es s a deduc tion in e ither cas e of 
1-1/2 cents pe r ounce . 

Deduct Lrom the wet copper assay 8 pounds a nd pay for ~5 percent 
of the remainin g copp er a t the Cus t om Smelter Copper Price } 
f.o.b. r e fin er y , for elec t ro l yt i c copper sold in s tandard shapes 
in thf.' United States ma rket as published i n t he E & M J Meta l 
~nd Minera l Mark e t s of New York for the 7-day period ending on 
the Wednesda y following the ca l endar week including date of 
delivery of product a t the plant of buyer les s a deduct i on of 
3.50 cents per pound of copper a ccoun ted for. Nothin g pa id Ear 
copper if le s s than 0. 5 percent by we t assay. 

No payment will be made for any meta l or con tent except a s above 
s pecified. 

Deduc tions 

Bas e charge : $6.50 per ne t dry ton of 2}OOO po unds ; provided t he s um of pay
ments f or gold, s ilver, and copper does not exceed $15.00 per 
ton. Add to the bas e cha r ge 10 percen t of the e xcess ov er $15 .00 
t o a maximum charge of $8 .00 per dry ton. Th e base charge j us t 
sp e cified i s for ores conta ining at 'leas t 8 pounds o f copper per 
t on ; when a sma ller quan tity i s conta i ned , th ere wi ll be added 
to the base charge a sum equ i va l en t t o the valu e of th e defi
ciency between actual conten t s and 8 pounds per ton computed 
a ccording to the t erms s pecifi ed h e r ei n Eo I' copper pa ymen t. 

7:10 683 0 - 6 1- 8 
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Insoluble: 

Zinc: 

Ar::;l!nic: 

Antimony: 

BisDluth: 

Ta::es: 

Freight: 

Tonnage: 

Allow dll units freej charge tor t!xcess at _ cents per unit, 
fractions in proportion. 

Allow five units free; charge for the uxcess at 30 cents per 
unit, Era ctions in proportion. 

Allow two units frc~j charge for the excess at 50 cents per 
unit) fractions in prop ortion. 

Allow one unit free; charge for the excess at $1.50 per unit) 
fractions in proportion. 

One-tenth of 1 percent (0.1 p~rcent) by wet assay allowed free) 
excess charged at SO cent s per pound) fr actions in proportion. 

See clause 1 of general clauses governing open 8chedul~s. 

All railroad frei ght and delivery charges for account of shipper. 
Deduct frL>m settlement freight Lind other advances madl.! by buyer. 

Limited to __ tons per month except by special ~rrangement. 



APPENDIX F. - EXAMPLE OF ORE SETTLEMENT CUSTOM COPPER SMELTER 

GOLD sn VER LEAD COPPER SILICA ALUMINA IRON ZINC 
ASSAYS oz./ton Oz./ton ~ ~ ~ ;, ;, ~ 

I SMELTER • /q.~o ~.1o 4 .. 00 (..), (. t. .. 4- gt) 
.1500 ~~'O 3,40 

I UMPIRE .3. 7Z 
./41S cJ" t. ~ J.Y.:l t,s: , (,4 P..~ 

CAR CAR WET WGT. 
PAYMEN'IB PER TON DED~TIONS PER TON 

INITIAL NUMBER POUNDS 

liB 12130 19I{o '(;~~ maJ, '1 JI.! Ir~s fi l 'II ~CI i . 14., ! Of. 
Y4.3f· BASE CHARGE 4,,"0 /.' ~.-.l.r:_ ,fI, ,1 J dr' !37~ ~ 

'J"'r&&Mt ~twY ,xL GROOS tJEIGHT '7~4S-o ·£1yct; .7;; NSJ ,tlf/HIIIJ rr/'.,I/3.I.\04 
1.1.4-" 11 ..... :_ .. ,J-/lJi7'--.. I.J It,) "',. '2.'-<;" h..P 

'mORT OF SACKS (,,-rp-_ f>.W~ /&..3 ,~3S/1b M '9(. 7~ 

fS-4SO 
IRQ~f .11. ~'.J.f~?; A.,il" JLG 7II.~.".ntJ .. "'/,,1 • • -Tr_ ,i:.4.LI~r.JIIi).1L 

'NET WEIGHT ~r ,7,,; lIu @ 24.15"/16 
.. -

J% JiL3-
17. 00 .1-<:" ~ruCA /.4 J~ 

. LESS -- -. (I.4f) at" 5C/.'J. ""';XJ~. ~;1 

GROOS VALUE,OF METALS .21,1. '"v 

LESS TOTAL DEDlXTIONS 4.J4 TOTAL DEDtI:TION3 4.jlf 
DRY '.-IEIGHT 9.7..s-f7 or 4c 293S-TONS 19.21' J9,;'.54-

/ 
SAMPLING 

FREIGHT ADVANCED : WET WEIGHT 41 7,;s- TONS 8 /. 57 14.93 
7 

FEDERAL TRANSPORTATION TAX ~ .1.)) 
ROYALTY .#t!.t !/.:.IIo.<.. ~/ rI!'e- iJ .11.2.91- /~.J 17/!~t:" I3r TOTAL OF 

·fiS:x:. . ., J6/ •. h jI",-r;,,; .In:~ ~;"-"tI ~ «.' '.IS ,.,. <J1'HER 
Iy£4? 1'-". i!./&Ily mk. ~ It(J~,. r;" ~ i .. is}'. 4" //s.'$, 12£.30 CHARGE:) 

NET PROCE&DS LY]JL. 
LE5S /IJN ANCES 

DIJE~j4 .1215/ {9'J.J6 
.1J Rate of payment tor gold is computed on the baBie ~ $20 .00 per ounce pl us 90 percent 

of the Government premium in excess ot $20 .67 pe r ounce . At the dint price ot $35.00 
per ounce less 1/4 of 1 peroent ($34.9125 ) t his 1s equivalent to $31 .81825 pe r ounce . 
Note: 
Compare thi s settlement s hee t Yith open smelter schedule S Append1Jc A. 
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APPENDIX G. - TYPICAL LEAD SMELTER BUYING SCHEDULE FOR WESTERN ORES 
APPLICABLE TO LEAD ORES AND CONCENTRATES 

Deliv~ry : 

Gold: 

Silver: 

Lead: 

Copper: 

Bullion frei ght: 

F.o.b. smt:lter 

Payments for MetD L; 

If 0.03 oz per dry ton and up to and including J.O 
ounces, pay for al l ~t $19.UO per troy ounce; i f over 
3.0 ounces pe r dry ton} pay for all at $19.50 per troy 
ounce, plus 90 percent oE the realized gold premium 
in exces s of $20.67 per troy ounce. 

(Under pres ent Government prices, the above i s equiva
lent to paying for gold at $31.81825 per ounce when 
under 3.0 ounces, and $32.31825 pe r ounce when ov er 
1.0 ounces .) 

Pay f or 95 perc ent at the average of the Handy and 
Harman, New York, s ilver quotations .for the calendar 
week including date of a rrival of the last car of each 
lot aL the plant of t he buyer, or ~t U.S. Mint price 
provided silver qua lifi es for Go'.-e rnment purchase , and 
• .1. E fidavi t is furQished, minimum deduc tion one troy 
ounc e per dry ton. 

If 3.0 percent or over by we t a s say, deduct from the 
wet l ead assay, 1 . 5 uni t s and pay for 90 percen t of 
the r emaining l ead a t the av erage of the daily pub
lished quota t ions for common des ilverized domestic 
lead for de liv ery in New York City for the cal endar 
week including date o f arrival of the last car of each 
lot at the plant of th e buyer, les s a deduction of 2.0 
cents per pound of lea d accounted f or. 

If 1 perc ent or over} dt'duc t from the wet copper as s ay 
one unit a nd pay fo r 100 pc·rcent of the remaining cop
per a t the daily net r e finery quotations for electro
lytic cathodes as published in the E & M J Metal and 
Mineral Markets of New York aver aged for the cal endar 
week preceding da t e of a rrival of last car of each lot 
at the plant of th e buye r, less a deduction of 6 cents 
per pound of copp er accounted for. 

Lead and copper quotations are based on a bullion 
frei ght r a t e of $24. 24 pe r ton i:rom smelt er} to New 
York City . 

No payment will be made for any meta l or content 
eXCL~pt as specified above. 



BasI..' charge: 

Arsenic and antimony: 
(combined) 

Bismuth: 

Zinc: 

Sampling and assaying: 

Deduc tions 

$8.00 per net dry ton for ores having a settlement 
lead content of 20 pe r cent or l e ss; d~duct 10 cents 
per ton for each un i t of lead over 20 percent} fr a c
tions in prop or t ion . $7 .00 per ton for ores having 
no payabl e lea d con tent. 

2 percent free. Exces s charged at 50 cent~ per unit. 
fractions in proportions . 

0.1 percent of the lead con tent by wet assuY allowed 
free} excess cha rged at 50 cents per pound, fractions 
in proportion. 

10 percent free. Excess charged at 30 centti p~r unit) 
fractions in proportion. 

Charge $10.00 per lot when ore is less the $200,00 
v~lue and $20.00 per lot when ore is over $200.00 
value, for shipments containing less than 5 tons dry 
weight. 

Charge $5.00 per lot when are is less than $200.00 
value and $10.00 pe r lot when are is over $200.00 
value) for shipments containing less than 10 tons dry 
weight. 

Weighing and sampling (a t which seller or a repre0ent
ativ~ may be present) as done by buyer according to 
standard practice, promptly after receipt of product) 
will be accepted as final. The absence of selle r or a 
representative shall be deemed a waiver of the right 
in each instance. Aft er sampling, the product may be 
placed in process, commingled} or otherwise disposed 
of by buyer. In case of disagre~ment on assays) an 
umpire shall be selected in rotation from a list 
mutually agreed upon whos e assays shall be final if 
within the limit of the assays ot the two pa rties) and 
if not thi...! assay of the party nearer to the umpire 
shall prevail. Losing party shall pay cost of umpire. 
In case of seller's [~ilure to make or submit assays, 
buyer's assays shall govern. 

Se ller should advise at the time shipment is made 
whether or not he desires to oubmit as::;ays) a1:;o direct 
buyer where to send control pulp samples. 

All rates quoted subject to change without notice. 
The Company reserves the right to reject any or all 
shipments. 
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APPENDIX H. - EXAMPLE OF ORE SETTLEMENT CUSTOM LEAD SMELTER 

BOUOliT 0 ,</oJo :L2t,<2,.. 
ADDfm38 ~/2e. G&,., 
QUOTAl'IONS ,-klflem:ll-tda-ti.. 

CLASS OF ORB dolt L€Ad Goc. D~I.:;;Jra ¢ftrp.r? 
MINE LOT _~ MILL LOT tou 

SILVER fI.3,l~ LEAD d..(J(} COPPER .;:t: O(} 

Au A8 Ph Cu l asol ~e Zn S CaO 
ASSAlS oz./ton oz./ton ~ ~ ~ ~ ~ ~ 

SMELTER "SO ~3 I?~ 1,/ B.JsJ IO~O /J.Z It .. O L, t) 

SHIPPER ~2- 11).,5 2:1,0 /,~ 12.R 

I UMPIRE /0.0 dO. 0 

SE'l'l'LEMENT ,J/ 10,,0 dO,() /,2 jj'. O /0.0 /3,0 I'. () (, tJ 

CAR CAR WET WOT. 
INITIAL NUMBER POUNDS PAYMENTS PER TON DEDtX:TIONS PER TON 

ifll 1~/4- li1'0 6o/J ~ 9/.1- 7e .;- rJ4.7Il~ 
BAElE C HAROE /j,a~ cr .t 011.119.;/5" I!.z. i'-~ _Zj 

WEIGRl.' OF LOT .1!7{,o INSOLUBLE 
Si/;~r (;t!$J I Jo/ @ . 9Ij?j-/o~ i3i%@.IO/U(J;[" .~ 

YEI OIfi' OF SACKS 
~jS .ollo~ £ J3 ZINC IreS a Z, ,;x; 

WET WEIGHT ,f7(t; LGI1~ 7'0% ~(2(J, O-I'VII,,"6 /~@.':JrJJt.a1iC 

LESS MOISroRE.J.!b.. 5f.3 @t"-.(JJ.lI •. lJilJ Ir 2.lta/u,,;C 47,10 SULFUR LE5S4 
2~s /It ale int LLd'1 

DRY WEIGHT ( POlINOO ' Jflf/7 
C"fl'~ /. l, '% /~U 4t;'1;~~""", 

It1 EXCms VAWE 
,.4",,,[;,,.;t' .. 71~ @(.d-.olS)/;6 

I 

IRON CR or DR 

LIME ~R or ];)I( 
! ~70 .6Slat1il f.!JO) 

GROOS VALUE OF METAIB ~:;"7~ LEAD Dof( or ,Dfu, '" ." 

'ZS~ 
:3(JJ.~lO~~,J' '~Ait: I. ()()c-

LESS TCl'AL DEDIDTIONS TOTAL DEDUCTIONS 1715'S" 

DRY WEIGHT ~ oflS- TONS ~7?/9 PER TON 9.9,3~-

WET WEIGHT Z3r TONS 

SAMPLINO ( lees than 10 toes ) /0 .. "" 
FREIGHT ADVANCED ~TON t4.2~-

CARLOAD r:1£ TONS 

~ FEDERAL TRANSPORTATION TAX /·Y1 
HAULING . t SO I 'roN 14,07 
...s2J. FEDERAL TRANSPORTATION TAX 42-
IIJt-iPIRE .5'"_ 00 

TOTAL HANDLD'm DEDUCTIONS 9.s--: "7 9£'7 
Dl1EJoAn 1)",,- /433~ ·if 

Note : Compar this settlement w1.th open smelter schedule II. App ndiX A.. 



Guld: 

Silver: 

Lead: 

APPENDIX I.-TYPICAL LEAD-ZINC ORE SCHEDULE FOR SMELTER 
WITH ASSOCIATED ELECTROLYTIC ZINC PLANT 

Me tal Pdyments 

No p~yment for gold when under 0.03 oz per ton 
a .03 but under 3.0 oz per ton P;IY for 100 pt!-rcent at $31.8l82S 
3.0 oz per ton or over pay for 100 percent at $32.81825 

No paymen t f or s ilver under 1.0 oz per ton 
1.0 oz per t on or over pay Eo r 95 percent at the applicable 
quo t."1 tion 

No payment for lead when under 2.5 percent 
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2.5 percent but under 25.0 percent pay for 90 percent of wet ass ayl 
25 percent but under 50.0 percent pay f or 91 percent of wet assayl 
50 percent or over pay for 92 percent of wet assayl 

'At th~ l ead quoLation less 1. 5 cents per pound when the lead quotation is 15 
cents per pound. For each 1 cent increa s e or decrease in the lead quotation 
of 15 cent s p~r pound} the r e fining and mark e ting deduction charge of 1.3 
cent~ per pound shall be accordingly increa s ed or decreased by 0.033 cent :; 
p~r pound. Fractiona l propor tions applyin g . 

Copper: 

(1) 

(2) 

Zinc: 

No pa ymen t for copper wllen under 0. 5 percen t 
0.5 percent or over pay for 85 pe rcent oE the contents at 60 percent 
o f the applicable copper qUl.tation l es s 30 percent of the appli
cable lead quotation, nega tive values applying 

Exsmp Ie Copp er quotation Lead guotation 

(1) $25.00 per cwt $16.00 per cwt 
(2) 10.00 j.J<:!r cwt 22.00 per cwt 

0.~5 (0.60 x 25.00 -0.30 x 16.00) $0.0867 payment per pound ot 
( 100 100 ) copper conta ined 

0.85 (0.60 x 10.00 - 0 .30 x 22.00) $0.0051 penalty per pound of 
( .100 100 ) cupper contained 

No pdyment for zinc when under 2.5 percent 
2.5 percent or ove r pay Eor 50 percent of the content at 25 p~rcent 
of th~ applicabl e zinc quotation 

Antimony: No payment f or antimony when und er 1.0 pe rcent 
1.0 percent or over pay for 70 per cent of the content at 50 percent 
oL the applicabl~ antimony quotati on les s the applicabl e lead 
quotation} negative va lues applying 
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(1) 

Examp Ie 

(1) 
(2) 

0.70 (0.50 
( 

(2) 0,70 (0.50 
( 

x 40,00 -
100 

x 20.00 -
100 

Antimony quotation 

$40.00 per cwt 
20.00 per cwt 

16.00) := $0.0280 
100 

16.00) -- $0.0420 
100 ) 

Lead quotation 

$16.00 per cwt 
16.00 per cwt 

paym~nt per pound of antimony 
contained 

penal ty per pound of antimony 
contained 

Smelting and Refining Deductions 

The minimLDll combined smelting and refining deduction will be $11.00 per dry 
ton. 

Smelting Deductions 

Bas~ charge: 
$8.00 per dry ton un products containing SO percent wet lead or over. 
Debit the base charge 10 cents per unit for wet lead under 50 percent. 

Iron compensation: 
Credit the base charge for percent iron ove r (percentage of zinc x 1.8) 
at 40 cents per unit. 
Debit the base charge for percent iron under (percentage of zinc x 1.8) 
at 40 cents per unit, 

Silica compensation: 
Credit the base charge for percent silica over percent iron at 8 cents 
per unit. 
Debit the base charge for percent silica under percent irun at 8 cents 
per unit. 

Lime compensation: 
Credit the base charge for percent lime over percent iron at 10 cents 
per unit. 
Debit the base charge for percent lime under percent iron at 10 cents 
per unit. 
The maximum net cumbined c redi ts for iron, silica .:lnd lime wi 11 be 
$3.00 per dry tun. 

Refining Deductions 

Silver: Debit the base charge for all silver in excess of SO oz per ton 
at 1.5 cents per ounce. 

Arsenic: Debit the basl! charge for all aTs~nic in excess of 1 percent at 
$1.00 per unit. 

Bismuth: Debit the base chargt:! Eor all bismuth in excess of 0.1 percent 
of the wet lead content at 50 cents per pound. 
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Moisture: Debit the ba~e charge for all moisture in exces s of 10 percent 
at 20 Cents per unit. 

Sulfur: Debit the base char ge for all sulfur in e xcess of 16 pe rc ent a t 
10 cents per unit. 
All tractional proportions applying . 

Fr~ight: This schedule is ba sed on th e l ead freight rate from sme lter to New 
York of $16.84 per ton, plus t ax of 3 perc ent. Any increase or 
decrense shall be for account of the seller. 

Gold: 

Silv,:r: 

Copper: 

All freight on the product f rom s hipp i n g point to buyer' s sme lter 
shall be for accounL of the seller. 

Quota tions 

As long as the Government pay:-; the present fixed price for go ld} the 
gold payments as indicated here, s hall apply. If) at any time) the 
Gov~rnment should change the present price paid for gold) or di s con
tinue an established price for gold) the pr ice to be pa id for gold 
s ha ll be 91.137 percent of the recognized gold price when the gold 
c ontent is 0.03 ox but under 3.0 oz per ton. When the gold conten t 
is 3.0 OZJ or over per t on ) addit ional payment of $1,00 per ounc e 
wi 11 be made. 

Based on the fi xed Government price for el i gible dome:-;tic s ilver as 
indica ted, or the official pr ice for bar s ilver in New York as 
quoted by Handy and Harman) New York) and published in the E & M J 
Meta l a nd Mineral Markets of New York) Which ever price i s the higher. 
For silver o ther than t hat elig i ble f or the Government pric e sup
ported by affidavit s) the Handy and Harman quotation shall apply. 

In the ev en t the Gov ernmen t s hould disc ontinue pur chasing s ilver a t 
a fi xed price, then t he price paid for s ilver shall be t he offi cial 
New York price for s ilver as quoted by Hand y and Ha rman) New York) 
as outlined above. 

In the event} for any rea son wh a ts oever] the Gov ernment sha ll r efuse 
t o accept silve r covered by s e lle r' s a f f idav it, the diff e r ence 
between the price paid to seller for si l ve r under this schedule and 
the price preva iling in th e open market a t the time of s uch r efusal) 
shall bp refunded to the buyer. 

The New York quota tion for l ead as publi s hed in the E & M J Metal 
and Minerul Market s o f New York. 

The New York quotat ion for e lectf{)ly t i c ca thodl' copper a s published 
in E & M J Metal and Miner a l Market s of New Yc·rk. 
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Zinc: The St. Louis quotation for prime west~rn zinc as published in the 
E & M J Metal and Mineral Markets of New York. 

Antimony: The quotation for bulk antimony in carload lots f.o.b. ~redo) Tex .• 
as published in the E & M J Metal and Mineral Markets of New York. 
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APPENDIX J, - TYPICAL ZINC SMELTER BUYING SCHEDULE APPLYING TO WESTERN ORES 

Quota tion for zinc concentrates for calculations onl.y 

Payments 

Gold: If 0,03 of a troy ounce p er dry ton or over} pay for 80 percent at 
92,57 percent of the net price per ounce paid by U,S, Mints for gold 
recov ered from domestic mine production on the 15th day following the 
rate of delivery of product a t buyer's plant) provided however, that 
the payment to be mad~ for the gold content o( seller's product shall 
bi.' subject to the terms and conditions oE the Gold Schedule hereto 
attached and expres sly tJlade a part her·tlo f . No thing paid for go ld if 
;lssaying less than 0,03 uf a troy ounce per dry ton, 

Silv~r: If 1.0 ounces per dry ton or over, pay for 80 percent on the basis of 
the mint price as detined in the Silver Schedule hereto attached and 
expr essly made a part her,_'oE, except ,"tS therein otherwise provided. 
Minimum deduction 1,0 ounces per dry ton. Nothing paid Eor silver if 
a~saying less than I,D troy ounces per dry ton. 

If however, th e seller shall so elect, the price payable for the 
silver content of sell er' s product shall be based on the average of 
the. Handy and Harman, New York} quotaLions for silver for th~ calen
dar week foll owing date of delivery at the plant of the buyer, 
provided) however, that written notic~ of such election shall be 
given to the buyer prior to sa id date of deliv~ry, and further) that 
if during said calendar w,.:ek J in the sole judgm~nt of the buyer, the 
market for silver for 3 months I forward delivery shall be inadequa te} 
and the buyer shall so notify the seller) said price shall be based 
on the average of the Handy and Harman) New York, quotations for 
silver for the calendar week inc luding the 19th day folloWing said 
date of deliv~ry. In ca se Handy and Harman} New York, shall discon
tinue publishing quotat ions for silver then the New York quotations 
for silver as published by thc Engine~ring and Mining Journal shall 
govern. 

~ad: From the wet lead assay deduct tour units and pay for 80 percent of 
the remainder at the price for common desilverized domestic lead for 
delivery in New York City, as published in the Engineering and Mining 
Journal of New York} averaged for the calendar week including date of 
arrival of the l a st car of ~ach lnt at buyerlD smelter, less a deduc
tion of 2 cents per pound of lead account~d for. Nothing paid for 
lead if assaying less than 4,0 percent by wet assay. 

Copper: If 1.U percent or over wet assay pay for 65 percent DE content ~t the 
daily net refinery domestic quotation for electrolytic cathodes) as 
published in the Engineering and Mining Journal of New York) averaged 
for the calendar week including date of arrival of the last car of 
each lot at buyer's smelter, less a deduclion of 6,0 cents per pound 
of copper accounted fur. Nothing paid for copper if assaying less 
than 1.0 percent by wet assay. 
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Zinc: If 40 percent or more conta ined pay for 85 percent of content} or J if 
assaying less than 40 percent deduct eight units and pay for remain
der. Payment in either case shall be made at the East St. Louis 
price for prime western zinc as published by the Engineering and Min
ing Journal of New York, averaged for the calendar week including 
date of arrival of the last car of eAch lot at buyer's smelter} less 
u deduction of 57.5 cen t s per 100 pounds of zinc account~d for. 

From the total of the ubove payments mak~ the following deductions. 

Base charge: 

Iron: 

Arsenic and 
antimony 
combined: 

Lime and magnesia 
combined: 

Moisture: 

-

Deductions 

$38.00 per net dry ton of 2J OOO pounds. (If the full East 
St. Louis quota tions for zinc applicable under the above 
zinc payment clause it more than 6.0 cents per pound) there 
shall be added to the base charge $1.00 per net dry ton for 
each one cent increase above 6.0 cents, fractions in 
proportion.) 

Plus manganese 7.0 percent free; charge for excess at 50 
cents per unit} fractions in pruportion. 

0.5 per cent free; charge for excess at $1.00 per unit, 
fractions in proportion. In the event materials delivered 
hereunder contain in excess or 2.0 percent combined arsenic 
and antimony it shall be optional with the buyer to accept 
or refuse such materiHl. 

1.0 percent free; charge for excess at $1.00 per unit, frac
tions in proportion. 

Minimum deduction 1.0 percent. 

This quotation is based on an average hourly labor cost of 
$1.677 at buyer's planL, based on the wage rates, shift 
differentials, holiday} vacation} and overtime payments and 
payroll taxes paid to or on behalf of the employees (exclud
ing for~en and other salaried employ~es and men on con
struction work) at said plant. Any increase ur decrease in 
said average hourly l a bor cost in effect during the month 
prior to (including) date of delivery of product shall be 
for seller's account and to adjust, add 15 cents per dry 
ton f or each 1 cent per hour that the average hourly labor 
cost shall be in excess o f $1.677 and deduct 15 cents per 
dry ton for each 1 cent per hour that the average hourly 
labor cost shall be less than $1.677 J fractions in 
proportion. 

. L.1.bor adjustment--Average labor cost December 1958 $2.327 
Schedule 1.677 
Increase at $0.15 .650 ,~ $9.75 per dry ton 



Spelter freight: 

Delivery: 

Othel' t etm::i : 

Fuel : 2 
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This quotation is based on the pres ent freight rate on 
spelt~r from smelter, to East St. louis, Ill., of 57.5 
cents per 100 pounds. Any increase or decreas e in this 
rate shall be for account of shipper and proper credit or 
deduction for zinc paid lor shall be made accordingly. 

Delivery under this ~)chedule :ih;ll1 be made f .o.b. ca r s at 
unloading bins al buyer's smelter. 

This quotation includes the provis ion of the complementary 
schedule hereto uttJched and expressly made a part hereof. 

Unless otherwis e stipu l ated all quotdtions a re for imme
diate ~cceptanc e only and unles s shipments hereunder are 
made within )0 days f r om the date hereof, this quotation iA 
automatically canceled. 

This schedule is based on a cost o f natural gas at buyer's 
pL..mt of 7.0 cents per McE. 3 Any increase or decre;lse in 
such cost in eff ect during and averaged for the cal~ndar 
month prior to the date of delivery of product shall be for 
seller's account) and to adjust charge 4U cents per dry ton 
for each 1.0 cent pe r McE increase in such cost } and credil 
40 cents per dry ton for each 1.0 cent per Mcf decrease in 
such cost) fraction s in propor t ion. 

~ .. --------------------------------------~------------------------------- --------Average cost natural gas per McE December 1958 $08.3 
Schedul~ 07.0 
Increase at $0.40 01.3 = $0.52 per dry ton 

3 Thousand cubic feet. 
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APPENDIX K.- EXAMPLE OF ORE SETTLEMENT CUSTOM ZINC SMELTER 

BOUGHT OF..... ;tk1 J.2,e 
ADDRESS ;fl/a a/; &/e
QUOTATIONAL PERIOD Ckkti,J 

CLASS OF ORE DOc:. Caae DATEjJ·£j:rpui,e.t 
MINE LOT &-: !·iIU LOT ejatl 

,',:1 ~¢ A~ -2a-t cu.3tZCo¢ 

LOT WET MOISTURE DRY SETl'LEHENT ASSAYS TOTAL 1.fRrA.L CONTENT 

WEIQRT i WEIGHT ;, Zn Oz . AI!, i CU Lbs . Zn Oz . Ag Lbs . Cu 

4- 1f95'3C dO l1fj1l5'~ 51 1)/ /'-/11,) d..1o 1$0413 
~'>J 1 :J ~/t'..>1l L '4 .J .7.{:i. 

/4 l)~ .5_I:J'~~ 

PAYMENT OR D~ 

HETAL DED IXTl ON PAYABLE MtoUNT PRICE AHOUNT PAY ABI.£ 
PAID FOR 

ZINC f'S-% IZ1x{"/ fils IllS ~ /4 . .JI5. :J~ 
loa J: 

-, , 
S ILVER 1490 o~ y() ¢ IrJ.41 

COPPER 70% ~/l~ Its d O,SJ 9' 7'f14S 
TOTAL METAL PIDfENT L~ ,J ~' . .2S' 

'l'REA'l'MENT CHARGE BASE, PER TON 4:),~-o 

Zn PRICE VAIL BASE /~ ~OI"l1OT I/.. j() ,t@ /'2S"-/rftl!d;:C fJ'.!;)-oj 
~ -... 7 

Zn CONTENT VAR. BASE ACTUAL 

LABOR VARIATION BASItf.3'7ACWAIf';2l}/O@Ii''' 1X..,- /01 1/ 1.J714 , I 

!dLlUS- Short dry tone 5(J.,,jj14 t /0144-

NET VALUE 1 95Y:fl 
OTHER DEDUCTIONS 

FREIGHT & TRANSPORTATION TAX ltJsY. (.7 
UMPmE CHARGES 

Cf.l'HER 2oSr~7 
.,:;-P"o,14 

ADVANCE PAD-lENT .-3' t'7"~. ~a 
DUE .:...JoAn il",; I q?YtJ ()~ 14 

Y Labor variat i on char ge 1s made at the r t e of 1.8 cents for each 10 cents differe nce 
between base ana actual labor costa per too of ore treat~d . 

730- 683 0 - &" 9 

- --- ----



APPENDIX L.- EXAMPLES OF GENERAL CLAUSES IN COMPLEMENTARY SCHEDULES 
AT'.cACHED TO AND MADE PART OF SMELTER SCHEDULES 

Taxes 

A 11 taxes or other Government:.ll charges, na tiuna I} Ioca 1 or mun icipa 1 J 

now or hereafter imposed in respecL to or measured by the product purchas e d 
hereunder, or the production, extractilln, smelting} refining, sale} trans
portation , proceeds or value thereof, or of the metals derived therefrom, 
other than income taxes levied upon the buyer, shall be Eor account of the 
s eller and sh'lll be deducted from the purchase price payable hereunder. 

All schedules on ore not under contract for a definite period of time 
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are subj ect to change without notice, and subject also to tht.: provision th,:lt 
neither buyer or seller shall be responsible for delays} failure} or omission~ 
due to strikes} cessation of opera tion at smelter for failure of ore supply or 
other op erating requirement or any ca use or causes beyond its control, however 
ar i s ing, and which cannot b~ overcome by due diligence or by the means normF_lly 
emp loyed in performance. 

Definitions 

Thl.' dat(~ ot delivery is the date of arrival of the l as t ca r or truckload 
of each lot at buyer's plant. The date of Sunday deliveries will be the fol
lowing ' .. ,Iork day. 

A calendar month means a named month in the ca l endar. 
A calendar week begins with Sunday, 

In this schedule wher e the word "ton" is used} it is understood to be a 
ton of two thousand pounds avoirdupois ; where the. word "ounce" is used, a s 
r e f e rring to gold and silver, it is understood to mean the troy ounce; and 
wh ere the word "unit lt is used, it is understood to mE~an ant..! percent of a ton} 
or twenty pounds avuirdupois. 

Sampling and As saying 

Wei ghing} moisture. and ore sampling (dt which seller or a r epres enta tive 
may b e present) as done by buyer according to standard practice, promptly 
a fter r eceipt of product, will be accepted a s final. 'the i '!b~ence of seller or 
a r ep res entative shall be deemed a waiver ot the right in each instance. 
Aft er s ampling) the product may be pla c ed in process, conuningled, or otherwis e 
dispos ed of by buy~r, In cas e of disagreement on assays) an umpire shall be 
s e lec ted in rotation from a list mutally agreed upon, whose assays shall be 
f inal if within the limits of the assays of the two pa rties; and if not, the 
a ssay of the party nE.'arer to the umpire sha 11 prevail. Losing party shall pay 
cost of umpire, In case of seller' s failure to make or s ubmit ass ays , buyer' s 
ass ays shall govern. 
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The rates quoted herein are for car l oa d lots. A charge of $20.00 per lot 
will be made for sampling each lot conta ining less than 5 tons net dry weight. 
A charge of $15.00 per lot will be made f or sampling lots weighing 5 tons or 
more, but less than 15 tons net dry we ight . In the event metallics are 
recovered a melting charge will be ass e s s ed with a minimum of $5.00 pe r lot. 
The rates quoted apply only to are, concentrates, etc.) in bulk. A charge of 
$1.50 per ton will be charged for shipments rece ived in sacks. and $2.50 per 
ton for shipments receiv~d in drums and other typ es of containers, to COVer 
extra cost of handling. 

In case any firm or publication whose quotations are the basis for pric
ing any metal under the principal agreement shall go out or businesti, cease 
publication, or discontinue the making of quotations, then the buyer shall 
establish a quotation or quotations which shall be used in making settlement 
in respect to the metal or metals in question. 

In the event any quotation date should LILIan a legal holiday or one 
upon which no quotation is issued, the next succeeding quotation will be used 
in settlement. 

In order that delivery of shipments at our plant may not be unnecessarily 
delayed) we make it a general rule that THE FREIGHT CHARGES MUST BE PREPAID OR 
GUARANTEED BY THE SHIPPER. 

The rates quoted herein are based on present existing scale for common 
labor at the plant. Any incre~se or decrease is for account or seller, and 
proper deduction or credit shall be made accordingly. 

Representation 

Representation is urged and welcomed. Every shipper is urged, especially 
for his initial shipment to be represented in person or by a member of his 
company while the shipment is being weighed and sampled. In lieu of this, th~ 

services of an independent professional representative are availabl~. Because 
of limited storage space for individual shipments, it is impr::lctical to hold 
shipments intact until assays and settlements are completed. The company" 
therefore, reserves the right to cornm.ingl€'. all shipments immediately upon com
pletion oE weighing and sampling. 

Advices and Shipments 

Shippers shall notify the company promptly at time of shipment, advising 
number of lots in car (if mor~ than one lot) Jnd giving instructions as to how 
remittance is to be made, including the particulars of royalties, if such pay
ments are called for. 

Smelter schedul~s applying to or es purchased under contract usually 
include additional clauses illustrated by the follOWing examples: 
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Force Ma jeure 

Preven tion or deL lY in the perfo rmance hereof ca used by a c t of nature. 
s trike, fi r e, flood, tr:tffic interruption) de l ay in transp or t a tion, war. 
i nsurrec tion or mob violence, requirement or regu l a tion o f Government, finan
c i I cri s i s ) ces sation of operation a t buyer's pl.'lnt des i gnated to r ece iv e 
product purchased hereunder for f a ilure of ore ~iupply or other opera t ing 
requir eme nt) or any dis abling cause, without re~ard to the foregoing enumera
tion, beyond th e control o f e i th er pa r ty, or which cannot be overcome by means 
no rma lly employed in per f ormance of the cont r a ct ) i nc luding} without limit~
tion upon the gener a lity of the f or go i n g} any caus e which would produce a 
financi a l l oss to either party through per f ormanc e he r eof, i n mining, smelt ing) 
r efinin g or otherwise} sha l l entit le t he party af fec t ed to sus pend thi s con
t ra c t. A s us pen,c;ion of perf ormanc e purs uant to this c l ause sha l l not have the 
effec t of ab rogating the contra ct, but i rrnnediate l y upon the t ermination o f t he 
cause of di sability th is contra ct shal l a ga in come into f ul l force and e f fec t, 
and the time o f performance o f any obliga tion prev en t e d or delayed as a f o r e
s aid, and the t erm of the contract shal1 ' be extended f or a ~eriod eq ua l t o the 
pe riod of suspension, but in no ev ent shal l s uch ex tended term of the con t r a c t 
be o f l onger duration than t he une xp ired t erm of the contract a t th~ time o f 
s us pension. 

Diver s ion 

Buye r may se ll or dive rt the product to any o the r sme lter } a nd any 
increase or decrease in f reigh t as against de l ive r y as provided in the contra ct 
s hal l be for buyer's account. In ca s e o f s uch divers i on} wei ghing and s am
p l i n g sha l l be performed at the r eceiving plant and da t e o f delivery sha ll be 
the da t e of a rrival of the las t c r or t ruckload o f each lot at the r ece i v i ng 
plant. All oth er provisions of the c ontract shall apply in all r es pects as i f 
no divers ion had occurred. 

Succession 

Th i s contract shall bind and inur e t o the benefi t of t he parties hereto , 
their e xecutors, ad.m{nL-; tr,ltors} legal r epresen t a tives} success ors} o r ass i gns} 
a nd shall be a covenant running with t he l and. 

Wa i v r 

Wa i ver of any breach o f any prov~s ~on hereo f sha ll nut be deemed to be a 
waive r of a ny o ther provision hereof or of any s ubs equent breach of such 
provi s i on. 



Al'ntroU K. - UPUSDfIATIV! YIlIIGB'l' RATES APP'LYlNC TO llAll .. IlDAD S9l1'!Q!IfT'S OF lASE ME'tAl.. 0lES AND COHC!!n'RATES UI 11Il!: WEST 

~.alc\llate<l 
Frv. To CArl",,", 

HAp rel- Loc.tion or _Iter or .ill Cla .. of Cond.n.~ schedule o f carla.d rat .. In dollar. l'tin~ r.at"'. in 
It_ 1U1lJ"oad KioiD« erence County Hap n! ue,lI:e R.ail- ... rerial ~r short ton [or ore of a valu.tion~ qrload Rlil cent. per 

lo.d 'nl "lltr lct .)'!Abo l City .aoo State Bya- Fi8- Table roa~ ,tripped per bort ton not over: ahon .u",. ton lIl.i Ie 
point ae rved (US. 1) bol ure $10 $20 $30 $40 ~50 $100 tona for ore 

~al_tlon 

lli... ~ f.II.IZOl{A 
1 Dra&oon CoclJha I Cochlee B:aydetl, Ar 11: • 1 3 Ii SP Copper or!! 2 . 25 3 . 01 :3 . 19 J. n ... . 16 S . 68 )0 251 1.7 2 7 

( Drasoon) or cooc. 
2 do do do Miaai, Ariz , 5 3 6 SP .w 1.91 2.88 3.26 3. 65 4.03 5.55 )0 179 2 . 3 3. 1 
3 do do do SUpador , Ariz . 5 3 6 SP do * 2 . 1>3 3.01 3. )9 3 . 77 4.16 5.68 30 226 1.8 2.5 
4 do do do £1 Paao, Ta.x . S4 ) 6 SP do ~ G.OO 5.LO 5.64 6 .17 6 . 71 8 . 83 30 24) 2.8 3 . 6 
5 TOIBbatODe Turquohe 2 do Hayden, Arh . 1 ) 6 SP do 2.25 3 . 01 3 . )9 3.17 G .1 6 S . 68 30 255 1.6 2 . 2 
6 do do do Hi.asai. Ar h . 3 3 6 Sf do 2 . 25 3 . 14 3.52 3.90 4 .2 8 S .81 )0 229 1.9 2.5 
7 do do do Superior, Ari~ . 5 3 Ii SP do 3 2 . 63 3.04 3.39 3.77 G . 16 5 . 68 )0 231 1.8 2 . 5 
8 do do do !1 Pa.5o , Tex . S 3 6 SP ~d ore o r 3.41.. S.82 6 .35 6.89 7.42 9.53 )0 281 2.6 3.3 

cone . ., Cork Aravalpa 6 CTahuI Haydan, Aru . 1 3 6 SP COpper ore :10 ) .S2 3.90 4.28 t. .66 5.05 6 . 57 30 350 1..4 1.9 
or cone. 

10 do do do H.iuli, Arh . 3 ) 6 SP do 4 1 . 22 1. 87 2.25 2 . 63 3 . 01 4.54 30 79 3.8 5.8 
tl do do do Sup!! r tor . Ariz . S 3 6 SP do ) .52 3.90 4.28 Lo.b6 5.05 6 . 57 30 326 1.6 2.0 
l2 do do do HI Paeo , Te.>< . S5 3 6 SP Lead ora or G . 74 5.28 5.82 6.35 6 . 89 9 . 01 30 2S3 2 . 7 3.5 

COIlC . 

13 Clifton COpper HouDtain 7 Creanlce Hayden. Arit: . I 1 6 SF Copper ore 3 ~ . 35 (-) 7 .Lo2 1.96 8.48 10.60 )0 Lo15 2.0 2.6 
(Horenct) or couc . 

14 do do do SUpo!rior. Arh . 5 3 6 SF do -'6 . 15 ~) 7 . 42 7 . 9 7 8 .48 10.60 )0 39. 2 .. 2 2 . 7 
15 do 40 do Mi&lrl , Arh. 3 ) 6 SP do 3 4 . 74 (') 5 .82 6.35 6.89 9.01 )0 2510 2.7 3.6 
16 IU.nr;alan llallape 1 9 iHoh ..... Tool! 1e (at 11 ) , 29 2 5 SFE Lead-ctnc ore ~) ~ 11.90 ? 12.87 t) 1 19 . 19 26 .00 )() 809 2.4 3 . 2 

Uuh 58 3 6 or CODe . 
17 do do do !l Pa.o , Tex . 55 3 6 sn; do C- ) 8 . 20 8.65 9.10 10.42 13.96 40 723 1.4 1.9 
18 do do do I:N!lai.ns (llii 11) I 22 2 5 SF! Copper, lead. ( . ) 8.20 8 .65 9 .10 to . 42 13.96 40 648 1.6 2.2 

tL Max . n 2 S or stne ore 
19 Sahuarita BaboquiV1lri. 12, 14 , IFta. Ajo, Arb. 8 ) 6 SP Copper f lux- 3 2 . 65 (' ) (" ) (f' ) ct) ( Fo ) 50 190 1. 4 r:-) 

5Ilvecia , Pima 15 10& ore 
20 do do do do - - - SP Coppe r-lead 1.85 7 .85 7 .85 1 .85 7 .85 7.85 )0 190 4.1 4. 1 

ore 
21 do do do do - - - SF Coppe r COIle. 8 . 45 8.45 8 . 45 8.45 8.45 8 . 45 30 190 4 . 4 1. . 6. 

22 do do do RaydeIl. AIiJ: . 1 3 6 Sf Copper ore 1 .48 2 . 37 2 . 76 3.1t. 3 .52 5,05 10 200 1.8 4 .4 
or eone . 

2) do do do Hi.aai, lor 1l1: . 3 ) 6 SP do 2 . )] 3.65 4.0) I. ."1 4 . 79 6.)2 30 266 1. 8 2 . ... 
24 do do do Sup,l!Irior, Arb . 5 3 6 SP do 3 1 .99 '2 . ]7 2.59 ) .11. 3.52 5 . 05 )0 176 2.0 2 . 9 
2S do do do Dousw , Arb . 6 3 6 SP do 1.48 2 . 37 2.76 3.1" 3.52 5.05 )0 142 2 .5 3 .6 
26 do do cID &1 P&ao . Tu . 54, 3 6 Sf Cop~r. lead 3 5 .la6 £> .1 7 6 .71 7.26 7.78 9.89 30 359 '2 . 2 '2 . 8 

55 or .. or c.one . 
2 7 Patagotlia Hannav , OTo 21, 22 . Santa Cl'\l~ do - - SP do A.1 9 (0.35 6.89 7 .42 7 . 96 10.07 )0 320 2 . 5 3.2 

Bl.anc~ • 23 
Pat&Fl:lu 

28 do do do DeaLDg (callI ) , 22 . 2 5 SP Copper, lead. 3 6 . 10 6 . 80 7 . 50 (' ) ~) (" ) 30 239 3 .1 (" ) 
N . Hex . 23 or !1n< or~ 

29 do do do ijayd~D.. Ariz . 1 3 6 SP Ooppe r cone .. 2.76 3.26 3 . 1>5 4 .0) 4 . 41 5 . 94 )0 290 1.5 2.1 
)0 au.boldt Asu.a F'r 1.a , Big 24, 2S 'Yavapai RaydeIl, Aru . 1 3 6 SFE Copper ore (I) 3.65 ".03 4 . 4 1 5. 55 6.32 )0 253 '2.2 2.5 

Bus or coru: . 
31 do do do Kf.&aI1 , &rU . 3 3 6 SF!! do ~~ 5.62 5.94 6.25 7.21 (6 ) 40 525 1.4 c» 
32 do do do SUperior , Ariz 5 3 6 SFE do 3 . 65 4.0) 4.41 5 . 55 6 .32 )0 229 2 . 4 2 .8 
33 do do do El Paso, To: . 55 3 6 SF"! Lead ore or ~ ) 8.20 8 .65 9 .10 10.102 13.96 40 590 1.8 2 . 4 

COliC . 

36 Bills ide Eurttka 127 do B.ayden, Ari~ . 1 J 6 Sf! Copper are 3 2 . 76 J . 65 4 . 03 4 . 41 4.79 6 .32 30 1St> 2 . 6 3 . G 
or ~nc . 

3 2 . 76 35 do do do Superior. Arb . 5 3 6 sn do 3 . 65 6 .03 t. .41 G.79 6.32 )0 163 2.9 3.9 
36 do do do ~.Ari.z. 3 :3 6 SF! do 3 5 . 62 5 . 94 6.32 6.70 7.08 ( . ) )0 (") ( B) t) 
37 do do do Bl Puo, Te.x . ~ ) 6 sn do .) 8 . 65 ( to ) 9 . 10 9 .80 10 . 42 14.62 20 523 2 . 0 2.8 
37a do do do doo SF! do 3 7 . 78 8 . 20 8 .65 9 . 10 9 . 43 13.96 ~ 523 1.8 2 . 1 
38 do do do DellliJl& (mIl), 22 , 2 5 SFE Copper , lead. 8 . 65 ( B) 9 .10 9.80 10 . 42 14.62 20 ~) (~ ) t) 

N. Hex . 23 or zine ore 
388 do do do do SF! do 7.18 8.20 8 . 65 9.10 "l,53 13.96 1.0 (" ) ( I ) ~) c; 



FrOl:l To 
Hap re[- Location of 511111!lU!r or mill 

Item B..i l rOlld Mining erenee Count)' Hap reference R.a1l -
loading dtHrictll l}'IIIbol City and State Sym- Fig- T.b1e roatf 
point .eMed ( ftg . 1 ) bol ure 

~IZONA-- . 
Continued 

39 IlolDe Ca.tle Dome 29 YUlDIl EI Pa.o , Tex . 5S 3 6 SP 
t.O do do do Toce Ie, Ct ab 58 3 6 SP 
41 do do do do SP 
42 Parke r Chnega ) 0 do Bayden , Ar i l: . 1 ) 6 sn 

4 3 do do do Superio r , Aril: . 5 3 6 SFE 
44 do do do Miami , Ax b; . 3 3 6 SFE 
45 do do do HI P •• o. Te.x . 54 , 3 6 SF! 

55 
45.0 do do do do sn 
46 do do do Tooe1a . Dtah 58 3 6 SF!: 

I::,uIP01OO.A 
47 PI.cerville ~ ) 42 Selby , Cali f . 11 3 6 SF 

48 LeVI (") 49 Hayden . Ariz . I 3 6 51 

G9 do (" ) Anaconda . Hont . 32 3 £> SP 
~O do (" ) Hct;111. Nev . 37 3 6 SP 
51 do (") do SF 
52 do (") do SP 

53 lotH! Pine (" ) 44 Tooa 1.e , [/tab 58 3 6 SP 

~ do ~) Se Iby. ca 11 f. 11 3 6 SF 
55 do ( ' ) Aoaconda, Hont . 3) 3 6 SF 
56 do (") do 
57 do ~) S11ver l:i.ng. 14 3 6 SP 

lda.ho 
).8 do (") do Sf 
59 Olancha (" ) 45 - T~le, Utah 58 3 6 SP 

60 do (" ) - Se l by , caUL 11 3 6 SF 
61 Mojave ( ' ) 47 - do Sf o r 

SFE 
tl2 Colfo: (") 56 - do SP 
63 Trona ( . ) loS - 'Iooele, Utah 58 ) 6 TRONA 

64 d.o ~ ) - - Selby , Calif . n 1 6 'IlWMA 
65 c-po ( II ) "8 - do S1' 

66 Hazel Creek (" ) 53 Tooele , Utah 58 3 6 SP 

67 do (" ) - - Se lby. C.li f. 11 3 6 SP 
68 ReddIng ~) 53 Baydell, Arh . 1 3 6 Sf 
69 do ( II ) - - do SP 
70 do r) - - Anaconda, Hont . 32 3 6 SP 

71 do ( II ) - - TIl COI!la, Wu b . 62 3 6 SP 
72 do (' ) - do Sf 
73 do (I ) - !McGill . !lev . 37 '3 6 SP 

74 do ('It ) - do 51' 

CI ... of p>oden.ed .chedule of carload r.tu tn doll.rs 
materia l per short [on for orl! of • varlatioD~ 
.hipped per short tOD not over: 

$10 $20 $30 $40 $50 Sloo 

t.e.d are 8. 65 9 . 18 9. n 10 .25 10.78 12.9l 
Lead CODC . 29 .80 29 . 80 29 .80 29 . 80 29 . 80 29 . 80 
Lead are 21.60 21 . 60 21 .60 21.60 21.60 21.60 
Copper are ( I ) 3 . 65 4 . 13 4 . 61 5 . 83 7 . 95 
or CODC . 

do ('> 3.65 4 .13 4 . 61 5.81 7 . 9S 
do ~) 8 .42 9 . 22 10 .04 ce) ( a ) 

Copper, l e.d 3 9 . 10 9 . 53 9 . 98 10 . 42 10 .88 15 . 29 
ore or cone . 

Copper Dre 8 . 20 8.65 9 . l0 9 . 53 9 . ~ 14 . 42 
Lead ore or ( 8 ) 10.92 11. 90 12 . 67 1 7.24 19 . 67 
conc. 

Gold , I U var c- ) C') ( 6 ) (') 5 .40 7.60 
ore 

Copper ore ( . ) (~ ) (- ) ( . ) ("') 12 . 10 
or conc . 

do 27 . 61 27 . 61 27.El1 27 . 61 2 7 .6 1 27 .61 
Copper o re 28.00 28.00 28.00 28 .00 28 . 00 28 . 00 
Qlppor cone . )7.40 37. t.O 37 . 40 37 .40 37.40 37.40 
Go Id , ,U'A!r 34 . 00 31,.00 34.00 34.00 34.00 34 . 00 
ore 

Lead o r !! o r 10 . 42 10.42 10.42 10 .42 10.L.2 10 .42 
cone . 

do El .25 6.25 6 . 25 6 . 25 6.25 6 . 25 
Zinc ore 20 . 40 20 . 40 20 . 40 20.40 20 . 40 20 . 40 
linc COIlC . 2S . 20 28.20 28.20 28.20 28.20 28.20 
ZiDe or e 30 .00 J.O.oo 3{) . 00 30 . 00 30.00 30 . 00 

lice CDnc . ' 1. 20 4 1. 20 41. 20 41 . 20 "1. 20 41.20 
Lead or~ or 10 . 42 10 . 42 10 .42 10 . 42 10.42 10.42 

CODC . 
do 6.07 6 . 07 6 .07 6 . 07 6 .07 6 .07 

Gold, .1lver 15. 00 15.00 15 . 00 15 . 00 15 . 00 15.00 
are 

do ~ ) (') ('!' ) ( ' ) S . 6{) ( ! ) 
Lead are or 10 . 65 10 . 65 10 . 65 10 . 65 10.65 10 . 65 

cone . 
do 10 . 65 10 . 65 10 . 115 10 . 65 10 . 65 10.65 

Gold , silve r ( ~ ) (- 1 ( L ) r) C!1 6 .80 C') 
ore 

1..e.d are or 11.38 11 .38 11 .18 11 . 38 11 . 38 11.38 
cone . 

do 4 . 98 4 . 98 4 . 98 4 . 98 4 . 98 4.98 
Copper ore 26.60 26.60 26.60 26.60 26.60 26.60 
Ooppe~ cone . 35.4{) 3.5 .40 35 . 40 35.40 35.40 35.40 
Coppar ore 20 .05 20 . 05 20.05 20 .05 20 . 05 20 .05 
or cone . 

( b) COpper ore 11 . 38 ( 1\0 ) (!. ) ~) ca.) 
Copper COIlC. ( &) ~) ( ' ) ~) (10 ) 13 . 78 
Copper ore 15.29 15.29 15 . 29 15 . 29 15.29 15.29 
or COile . 

Gold, ail VeT 27 . 20 27.20 27 . 20 27. 20 27 . 20 27.20 
or. 

Itin~ 

carload Rail 
short mlles 
ton. 

)0 ~42 

25 899 
)0 899 
30 2S8 

) {) 23 5 
30 530 
4() 595 

40 595 
)0 161 

25 124 

25 709 

40 1,)58 
25 1,124 
25 1,124 
25 1,126 

50 Sl2 

40 >09 
30 1 .209 
25 1,209 
30 1,438 

25 1,438 
50 787 

40 484 
( . ) 153 

25 117 
30 752 

30 479 
25 690 

40 (~ ) 

30 ( ' ) 
25 1,011 
25 1,011 
15 1,060 

(' ) 622 
("> 622 

4CJ 769 

25 769 

C.lcu1ated 
carload 
rate. in 
cent. per 
ton lillIe 
for are 

v.luation 
$50 $100 

2.0 2 . 4 
3.3 3.3 
2 . 4 2 .4 
2.3 3 .1 

2 . 5 3 .4 
2.5 ( ! ) 
1.8 2. 6 

1. 7 2.4 
2.3 2.6 

4 . 4 6 . 1 

1. 7 1. 7 

2.0 2 . 0 
2 . 5 2.5 
3 . 3 3.3 
3.0 3 . 0 

1.3 1.3 

1.2 1. 2 
1.7 1.7 
2.3 2 . 3 
2.1 2.1 

2.9 2 . 9 
1. 3 1. 3 

1. 3 1. 3 
4 . 2 4 . 3 

4 .8 6 . 8 
1. 4 1.4 

2 .2 2.2 
2.4 3.2 

ct') ~ ) 

r) ("') 
2 .6 2 . 6 
3 . 5 3 . 5 
1.9 1 . 9 

( ' ) a 1.8 
2 .2 ( ' ) 
2.0 2.0 

) .5 3.5 

'-' .... ' 



COLORADO 
75 TeltU Creek ll.ardacra.bbl~ , 

Cotopu:i 
76 do do 
77 do do 
78 Belden bd CltH 

19 I Gol~n 1 CitMnl City, 

&l 1 LNdvi ll 

81 

a 

83 
8J. 
85 
B6 

87 

88 

do 

d 

Creede 
do 
do 

SaUdi 

SaUd.-

RidSollWaY 

lll.ho Spr!~ •• 
GeorgetOVt1 , 
SU .... r ,)..

c.lHornLl , 
Brec~nT Idle, 
Honteluma . 

do 

d o 

Creede 
do 
do 

Bon£nu. 
HPnarcll 

Ilonanz.a • 
Hollolrch 

San Juan 
d latrl.:t& 

89 Ridgeway or! do 
Hontro,of' 

Red Mountain l,uradD 111.1_ 90 

91 
.,a 
da 

llW«> 

92 ! Council 
93 Gimlet 
9J.. dD 

lYiley 

96 do 
97 Maclay 

98 dD 
99 do 

100 I do 
101 Ito~~t 

102 I do 

10) Osburu or 
loiii I lac .. 

10.. Dom or 
aurlt<! 

105 Bunn 

d 

SeveD Devil , 
War-. Sprir\ls 

do 

H{neral fUll 
and c.... 

do 
Alder Creek , 

Bayborle, 
Ilackbl rd, 
Blue Will& 

do 
do 

I do 

. P1c~rltl 

do 

Coeur d' Al ene 

do 

dD 

~@ foat:~te!! ae end of table . 

87 
~ 

8 

91 

9J 

94 

96 
8~ 
85 
85 
97 
&8 

91 

III 

III 

112 
115 

11 

117 

11 7 

117 

Clne'H, 
l'T .... nt 
do 
do 

f.q1e 

Gilpl0, 
Cle .. r 
Ct'eek 

Lake , 
SUBBit 

do 

do 

Kineral 
do 

do 
Saguat:h~ • 
Chsffee 

S:agu..aehc, 
Chaffee 

Sin J~, 
San 
}4!SU_ J , 

Ouray, 
()elores 

do 

Our .. y 

dQ 

Adaa. 
Blaine 

a 

do 

do 
Custer , 
~[ 

do 
do 

do 
:0 

do 

Shoahone 

do 

do 

El Pa~ . to; . 

do 
"-rillo. Tu;. 
Salt Lau 
v .. ll .. ,., Utah) 

AJaart I io. Tex. 

do 

Salt La .... 
V .. lle" Utat-r1 ' 

do 

AlDar i.Ilo, rex. 
EI ~o . tu; . 

do 
Salt La~ 
V.lley. Utah1 

AllJ& r 1110. To!X.I.I 

Salt !.aU 
Valhv , U[al1: ~ 

"-1"1110, T~7; . 

£1 fa.o , T~x . 

Alllartllo, Te::t. . 

Tae.-, "Iuh . 
A!1acond .. , Kont . 
!.a.B t: s.lo1tD.II. 
Mont. 

Salt Lake 
VIll.>, . Ut.ah1

• 

do 
!.IuIt &10rY.. 

Kont . 

AnAconda, Mont . 
Salt Lake 
Valley , Utah' 

do 
EIU t Roe len.a • 
Hoot . 

Sal t La .... 
V .. lley. lJtaJtl 
~ 110ga , Idabel 

do 

55 

SI 
58 
JO 
51 

58 

51 
55 

58 
)0 

51 

58 
)0 

5] 

54 

51 

62 
33 
30 

)0 

39 

32 
30 

30 

56 

13 , 
lL. 

Eaat a.loltnA or 130, 
Anaeoo.u, Mont . 33 

l 

3 
3 

.3 

o 
6 
5 
6 

It 

6 
~ 

6 

b 

D6RCV1 Lead ore 

D6&C\I Le..d cone . 
D6I.GW Z Lo:c eonc.1 • 

D&&GW Gold. sUvar. 
or I •• d ol:e 

C6.S Zin.c cone. 

D60&GW do 

D&RGVI Loeoad - I: tnc 
conc . 

~ Lead - :r.1nc ore 

D6RGW ZiDe cone . 
Dt.RGW Lead Or a 
D6dt.GW Lead cone . 
D6.IIGW Lead - ,liDt 
D&RCW do 
D&RGW Zinc con~ . 

D6i;GlJ I Lead- &Inc 
or~. bulk 
eonc . 

D6aCW IZ"lD.c cone . 

RLJtlo/ I Coppe r CODe . 

~ItGHWIZlne conc. 

UP 
UP 
UP 

uP 

UP 
UP 

UP 
UP 

UP 
UP 

UP 

lJP 

lJP 

tiP 

Copper ore 
ZtllC ore 
1A.Id ore or 

eotlc . 
Lead - l:lllC orr 

do 
Wad · sinc. 

copper ore 
or ~oc . 

do 
do 

dD 
~d or 

Lead or I tnc 
CODe. 

do 

do 

15 .60 

21.20 
5 . 50 
3.30 

. 78 

5 . ~U 

6 . 61 

4 . 67 

7.78 
IS . 40 
22.~ 

(~ ) 
(") 

5 . 50 

·' 5.18 

9.27 
9 . 95 

)) .05 

15. 60 

21.20 
5.50 

. 05 

7 .78 

S.51 

6 . 80 

6.80 

7.78 
15 . 40 
22 . 80 

8 . 53 
8.53 
5.50 

5.51 

9. 27 
9 . 95 

13.05 

15.&0 

21.20 
5 . 50 
6.56 

7 .39 

7 . 39 

7 . 78 
15 . 100 
22 .80 

( 5) 

5 . SO 

5.96 

9 .2 7 
9 .95 

B . OS 

5.60 

21.20 
5 . 

7 . 78 

5.S1 

( ~ ) 

( ~ ) 

7.18 
15 . 110 
22 . 80 r) 
5. 50 

5. J5 

9 . 27 
9 . 9~ 

lJ.05 

11.26 111 .26 111.2'6 

) 
() 
(' ) 

( ~ 

( 6 ) 
() 

( ) 
(') 

( L) 
( t ) 

( ~ ) 

0 . 7b 

0 . 86 

C) 
("I) 

- ) 

6 .06 

5.56 
6 . 65 

() 
5.56 

5 .03 
( 10 ) 

5. 83 

0 . 76 

(~ ) 

~) 
( ' ) 

(- ) 

(' ) 7.04 
(e ) 7.&0 

( ~ ) - 6 .53 
( f ) • 7 .010 

( ~ ) I 5 .9B 
(') 5.98 

( &) 7 . .36 

0 . 76 I 0.76 

0 . 86 I 0.86 

!S.bO 

21 .20 
S. So 
1. 45 

7. 78 

5 .51 

7 .1<9 

7. 6S 

7 . 78 
15 . 40 
22.80 

(~ ) 

. 50 

7. 00 

9. 27 
9 . 95 

1) .Os 

15. 60 

21.20 
5.~O 

11.02 

. 78 

. 51 

11.02 

11.02 

7.78 
15.40 
2.2 . 80 

C' ) 

.5 . 50 

8 .62 

)0 

25 
('> 
~) 

(a ) 

t.o 

( ' ) 

c-> 
40 
30 
25 
30 

40 

30 

9. 21 1 (11) 
9.95 ec ) 

ll . OS (L . ) 

1 .261 11 . (1 9) 

1 6 . 97 
1 9 . 53 

8.4a 
8 .97 

'7 . 92 
- 7 . 92 

9.61 

0.76 

0.86 

13 . 34 

12.87 
13.44 

12 . 37 
12 . 87 

11.80 
11.80 

12 . 49 

0.76 

0.86 

~ 
50 
50 

20 

S{) 

40 

40 
20 

40 
40 

40 

40 

40 0.86 

(
6

) 6 .59 7 . 13 I 88 . 16111 10 . 20 ).() 

6561 :LOI 2. 

6.56 3.2 3.2 
186 () () 
4]8 1.7 2.5 
~ 1.5 2.3 
4~ 1. 7 1.1 

751 1. 211.2 

660 1 .7 
500 1.5 
loW L 7 
SOO I. 5 
522 1 . 5 
792 1. 9 
792 2 . 9 
~16 ( . ) 

4171 l.2 

385 11.8 
425 1.5 

724 11.3 750 1 .3 
1,030 1.3 

2 . 
2.2 
2 . 4 
2 . 2 
1.5 
1.9 
2 .9 -) 

. 2 

2.2 
2 . 5 

I.J 
1.3 
1.3 

160 I 1. 5 1 1 . .5 

bl31 2.3! 3 .0 
446 2 . 1 3 .0 
527 2.0 2.7 

3511 2. 71 3. 8 

35112.61 3. 
417 2.3 3.2 

)361 2 . 5 1 3 . 7 
295 3 .0 4.4 

29512.71 4 .0 
28:8 2.8 4.1 

250 I 3.81 5.0 

III 6 . 91 6 . 9 

221 :3 .91 :) . 9 

261 I 3.1 I 3 . '} 

..., 
w 



Calc4.llated 
Fra. To Ulrload 

Map r a f- Loc.&t1on of _1 ter or alII Clan of CanoenMo .dt. dule o f ~rlo.d ra t ee 1[1 dollau 1t1n.iDl!ll rat •• to. 
1t_ Railroad Kinilll tIIrenee Cavnty K::I p r eCereDce Rail- _terial per aoort ton for are of a "'aluat10n' uorload btl cent. per 

loedl[l3 dhtriet .. _ymbol Ci t y and State Sym- 'ta· Table road1 .hipped De:r _hort ton DOt over : ahort .Uel too aile 
point lerved (CLa. 1) bol ur. $10 $20 $30 $40 $50 $100 ton. for ore 

~luat101l 

~ 
$50 $100 

106 Dillon "'ratllnt• 118 B4!0averbead £aat 8111e_, )0 3 6 UP Lud are 7.J!o 7 . 7!o 7 . 75 7 . 75 7 . 75 7 . 75 H 162 4 .8 4.8 
ltont . 

('. ) 101 do do do do UP do 3 . 78 ( ' ) 4.67 ~~ 6 . 33 40 162 3.2 3.9 
108 Kelro .. Bryant 1121 do do UP Lud-"i.oe ore $ 1~5~ 3.$8 ( &) 4.)2 6 . 10 40 131 :3 . 9 4.7 
109 Towo.enG Cedar Plailltll, BrO&dwaU!T do NP Gold - aUver ' 1.77 ~ 2 . 22 2 . 77 30 29 9.6 9.6 

or 1 •• d ore 
110 do do do Anaconda , Hont . 32 3 6 lfP Go1d-.n"..r ~ 3 .43 - 3 . 88 ~ 4 . 24 C-) 4.80 5.16 )0 133 3 . 6 3 . 9 

ore 
III ~ J)u Dk 1. lire r-a 119 Granite £an Helena . 30 3 6 NP do :> 2 .51 ' 2.71 ,. 3.32 ~) 3 . 88 4 . 01 30 73 5.3 5.6 

Kcrot . 
112 Phil UP1blrrl Flint CT •• 1e 119 do do NP Gold-lilver 3 2 . 99 · 3.32 1'3.70 C' ) 6 .45 4 . 62 )0 9'9 4.5 4. 7 

(Phil I ip.""'rg) or lead ore 
113 do do do [Anaconda , Kont . 33 3 6 til' Z1ru: or. 3.3 . 4B - 3.88 "".24 ~) 4. 98 5.16 )0 95 5.2 5.4 

or COD..C. 

114 \llitehel1 5IItt~1l 120 Jeff.non Eaet Be l ena , 30 3 6 1<7 Lead or lold 3 2 .99 ' :3 . 32 ' ) . 70 ~) 4 . 24 4.62 30 116 3.7 4 .0 
Mont. ore 

ll!> do do lip Butte, Hont. KP Gold ore • 2 .51 8 2 .77 ' .3 . 14 C- ) 3 . 70 3.88 )0 32 P1.5 12. 'i 
(VIutw. s-ple.r) 

116 LouiJIville Beaver , Win.t:oD f' '' ) 1.ew1.,1. Eaa t lie lena , NP Lea.d- dne * 1 . 18 8 1 . 35 '1.77 ( 8 ) 1.9'9 2. 22 30 7 ~8 . 4 31.7 
Clut Hoot. are 

111 TVtn Srid, .. Tidal We".. f a ) tMadteoD do 30 3 6 NP Gold-lilver 3 ).15 e ) . 51 ~.3 . 88 CI
) 4.45 4.80 lD (A) ( I ) ,., 

Roche.ter Dr Lead ore 
118 Sb&r1.9Jl Sheridan (iI .J ) do do HI' clo .!I l. 15 ' 3.51 .. 3 . 88 ( ' ) 4 .45 4.80 30 C' ) ( !o ) ( . ) . 
119 Ald, r Vh:a1n1a City f~ ) do do HI' do 3 3 .1S ' 3.51 7 3 •88 Cl ) 4 . IoS 4 . 80 )0 161 2.8 3.0 
120 do do do AnaeoDda. Holl t . 32 3 6 NP Gold-.Uver " ) . 4B - 3 . 78 " 4.24 ( to ) 4 . 80 5.16 30 103 10.7 5.0 

ore 
121 Sberi claJJ SberldaQ (,3 ) do do NP do ;] 3.48 &3 . 78 7 4 . 24 C' ) 4 . 80 5.16 )0 (I ) (» ( 8) 
122 Tvin !.T ldge.5 Tidal Weve. f " ) do do lIP do .!I ).loa ' 3.78 " 4.24 (10 ) 4 .80 ~ . 16 30 Ca ) ct' ) (-, 

IlPcbuter 
123 do 00 del Butte, Mont . lIP do 3 2 . 99 ' ) .32 .. 3 . 70 (a ) 4.24 4. 62 )0 77 5.5 6 .0 

~hOtll SPlpar) 
1 2 . 99 ') . 70 ~~ 124 She ridan Sheridan ('1 3 ) do do KP do 11 3. 32 4 . 24 4.62 )0 65 6 . 5 7.1 

125 Alder Virgioie C1 ty r l ) do do NP do 3 2 .99 - 3.32 ~ 3. 70 4 . 24 4 .62 30 77 5 . 5 6.0 
126 &llht.Ofl Elliston f ~ ) Powell do NP do ~ 2 . 99 ' ) . )2 7 3 . 70 (") 1..24 4.62 )0 74 5.7 6.2 
127 do do do ~~t Belena, l2 3 6 KP Gold- , i lver 31.77 - 1.99 ' 2 . 39 ( - ) 2 . 77 2 . 97 30 33 a.4 9.0 

Moot . lead are 
or cone . 

NiVAD" 
128 a.llderaoo Se ... rcb 1 iab t 59 Clark Sal t Lake 58 3 6 UP Lead ore 5.56 5.56 5.56 5.!o6 5.56 5.56 SO 433 1.3 1.3 

Valley, tJtahu, 
129 do do do do 30 2 5 UP 'Le,ad cone . 5 . 5iI 5.56 5 .56 5 .56 5 . 56 5 .S6 (') 433 I.) 1.3 
no do do do Selby , calif 11 ) 6 UP Lead ore 13.57 13 .57 13.51 13.57 13.57 13 . 57 50 656 2.1 2.1 
131 do do do do UP lA.ad cone . 15.17 15 . 17 15 . 17 15 .1 7 15.17 15 . 17 5~ 656 2.3 2 . ) 
132 do do do ;Anaconda , Mon t. 19 2 5 \JP Zineore 21.60 21.60 21.60 21.60 21.60 21.60 30 910 2.6 2.4 
133 do do do do 3] ) (0 UP Z.i.r.c cone . 29.110 29.80 29.80 29 . 80 29.80 29.80 25 910 3.3 3.3 
l.J4 do do do Silver Ung, 14 3 6 UP ZiDeou 25 .60 25.60 25 . 60 25.60 25.60 25.60 )0 1,239 2.1 2.1 

Idaho 
135 do do do do UP Zinc conc. 35 .00 35.00 35.00 35.00 35.00 35 .00 25 1 , 239 2.8 2.8 
136 Cnlln !Maggie Crtek 67 Eureka is-,.den , At'1r. . 1 :3 6 1iIP or COpper ore 31.80 31.80 :n . 80 31.80 31.80 31.80 25 1,288 2 .5 2.5 

SP 
137 do do do do WP or Copper cone . 42.20 42.20 42 . 20 42.20 42.20 42 . 2() 25 1 , 288 3.3 3.3 

S1' 
138 do do do ~conda, Hour . 32 3 6 WI' or ():)pper On! 9.33 9.33 9.33 9.33 9.33 9 . 33 50 547 1. 1 1.7 

SP 
119 do do do do WP or Copper CODC . 9. 33 9. )) 9 . 33 9. 33 9 . 33 9 . 33 50 510 7 1.7 1.7 

51' 



140 

141 

142 
143 
14.{" 
145 
14{) 
147 
148 

MEVADA- 
Coutinu~d 

Carlin 

do 

Conuct 
do 
do 
do 
do 
do 
do 

149 Ellw or 
Montello 

150 ElkD 

151 I PaHHoe 

152 Battle 
HounUlin 

153 do 

B4 

155 

1'>6 

157 

158 

159 
160 
161 
162 
163 
164 
165 

do 

do 

do 

do 

do 

Pi-oche 
do 
do 
do 
do 
do 
dD 

166 I do 

167 do 
168 do 
169 da 
170 dD 
171 do 
112 do 

173 do 
174 WAbu.ka 
175 do 
176 do 
177 do 
178 do 
179 do 
180 do 

181 Milia 
182 do 
183 do 
184 do 
18S do 

Kana Creak 

do 

COll~ct 

do 
do 
do 
do 
do 

do 

Her r1JM.c o r 
Delano 

do 

R.aUroad 

Ilull10n 

do 

do 

do 

do 

do 

Pioche 
do 
do 
do 
de 
do 
do 

do 

do 
do 
do 
do 
do 
do 

clo 
Ye rill3 ton 

do 
do 
do 
do 
do 
do 

Candel&ru 
do 
do 
do 
do 

See (ootQOtea at end of CAble . 

67 

60 

68 

12 

7!) 

77 

Eureka 

do 

!lka 
do 
do 
do 
do 

do 

do 

do 

Eurelc.a 

L.ander 

do 

do 

do 

do 

1.lncoln 
do 
do 
do 
do 
do 

do 

do 
do 
do 
do 
do 
~o 

do 
Lyon 

do 
do 
do 
do 
do 
do 

)tiner.l 
do 
do 

do 

KoGUl, NIl v . 

do 

Bayden. &ric . 
do 

Ana conda . Ho nt 
dD 

HoGl1 1 , !~v. 

do 
do 

Tooe l e I UtAh 

Selby . ClIH . 

do 

Hayden , ArilL 

o 

37 

32 
32 
) 

58 

11 

Anaconda . Kan t . 132 

do 

MoOtl1, Nev . 

do 

do 

Hayden, Ariz . 
do 

Anaconda, Mont. 
do 

KeGnl . Kev . 
do 
do 

SAlt Lau 
Valley . Oc.ahl l' 

do 
Se I by, ca lit . 

do 
Anaconda. Mont . 

do 
Stlver ~Il& . 

Idaho 
do 

Hayd~ . Ariz. 
do 

Anaconda, HPnt . 
do 

KeGil1, Nev . 
do 
do 

Hayden, Arh . 
do 

AnacoDd.a. Hoot . 
do 

HcCU1, 

37 

32 

)7 

58 

30 
11 

3J 

14 

32 

1 

37 

6 

6 
6 

6 

6 

6 

6 

6 

6 

WP or 100pp40 rare 
SP 

WP or ICopper cone . 
SP 

UP 
UP 
UP 
UP 
UP 
UP 
UP 

Copper or 
Copper cone . 
Copper ore 
Copper conc . 
Copper orll 
Copper cone . 
Gold·IiI_1" 
ore 

SP OrlLeAd OU or 
WI' cone. 

SF or do 
VP 

SF or 
WP 

do 

51" 01' c.oppe r or", 
WI' 

SP or Coppe r cone . 
WP 

SP or Copper ore 
WI' 

51" or Copper cone . 
WP 

51" or Copper au 
WP 

SP or Coppe I' eol1C. 
WI' 

51" or Gold-aU"""r 
WI' ore 

UP Copp.r ore 
UP Copper cone . 
UP Copper ore 
UP Copper co!'!c. 
Vi' Copper ore 
UP Copper cone: . 
UP Gold - aU 

UP 

UP 
UP 
UP 
UP 
UP 
I1P 

UP 
UP 
UP 
UP 
01' 
UP 
UP 
UP 

UP 
UP 
I1l' 
UP 
lJP 

ore 
Lead ore 

t..d CQ1lC . 

Lead OTe 

l.e.ad cone . 
Zinc ore 
linc cOne . 
Zinc orolt 

linc cone . 
Copper on 
Copper conc . 
Copper ore 
Copper conc . 
Copper ore 
Copper cone . 
Gold - dIver 
ore 

Copper ore 
Copper cone: . 
Copper ore 
Copper cone. 
Copper Ofe 

6.91 

6 . 91 

)1 .00 
1.2.20 
16 . 80 
n.20 
11.80 
15.80 
14 . 40 

6.91 

6 .91 

6.91 

6.91 

31 . 80 
42 . 20 
16 . 80 
22 . 20 
11 . 80 
IS.00 
14 . 4{) 

6.91 

6 . 91 

31.80 
42.20 
16.80 
22.20 
11.80 
15.80 
14.40 

&.91 

6.91 

31.80 
42 . 20 
16 . 80 
22 . 20 
11.80 
15.80 
14.40 

6 .91 

6.91 

JI.80 
42.20 
16.80 
22.20 
11 .80 
15.80 
14 . 40 

6.91 I 6.91 I 6.91 I 6 .91 I &. 91 I 6.91 

12.56 112 .56 112 . 56 112.56 I 12 .56 112.56 

12.~ 1 12.56 112.56 1 12 . 56 112.56 112 .56 

30.40 I )0.40 I 30 . 4{) 130. 40 I )0. 40 I 30.40 

0 .60 140.6<l 14D .60 J 40 . 60 I 40 .60 140.60 

9 . 3] 

9.33 

6 . 91 

6.91 

I, .29 

r~ 
23 .00 
30.60 
19.00 
25.00 
23 .00 

3.93 

3.93 
9.57 
9.57 
9 . 46 
9.116 

24.00 

32 .80 
28.00 
n.1J) 
16.24 
16.24 

6.91 
6.91 
8 . 7 

28.80 
)8.40 
16.24 
16.26 

6 . 91 

9 .33 

9.n 

6.91 

6.91 

1>.29 

( ~ ) 
() 

23.00 
30 . 60 
19 .00 
25 .00 
23.00 

3.93 

3 . 93 
9.57 
9 . 57 
9.4{) 
9.~ 

24 .00 

32 . 80 
28.00 
37 .40 
16.24 
16 .26 
6.91 
6.91 
8 . 7l. 

28 .80 
38.40 
16.24 
16 . 21. 

. 91 

. 33 

9 . 33 

6.91 

6 . 91 

4.29 

( ' ) 
(') 

23 .00 
30.&0 
19 . 00 
25.00 
23.00 

3.93 

J.93 
9.57 
9.57 
9 .46 
9.46 
4 .00 

32 . 80 
28.00 
37 .40 
16.24 
16 . 24 

6 . 91 
6.91 
B.74 

28 .80 
38 .40 
16.21. 
16.24 

6 . 91 

9.33 

9.33 

() . 91 

().91 

4.29 

12.62 
12 .62 
23 .00 
JO . 60 
19.00 
25.00 
23 .00 

J . 93 

3 .93 
9.57 
9.57 
9.46 
9.46 

2" .00 

32.80 
28 .00 
37 . 40 
16 .24 
16.24 

1'1.91 
6 .91 
8.71. 

28 . 80 
38 .40 
16.24 
16.24 
6.91 

9 . )3 

9.Jl 

6.91 

3 . 93 

28 .80 
3B .40 
16.24 
16.24 
6 . 91 

9 . 33 

9.33 

6.91 

. 91 

. . 29 

14. S2 
14.82 
23 .00 
30 . 60 
19.00 
2S .00 
23.00 

3.93 

3. 'ill 
9.57 
9 . 57 
'iI.46 
9.1.6 

24.00 

28 . 80 
38.40 
16.24 
16.24 
6.91 

50 

50 

25 
2S 
25 
25 
2S 
25 
25 

50 

40 

50 

25 

25 

50 

50 

50 

50 

,{) 

25 
25 
25 
25 
25 
25 
25 

55 

5 
50 
SO 
40 
40 
30 

25 
25 
25 
SO 
50 
50 
50 
25 

25 
25 
50 
50 
50 

188 I 3.7 

188 13.7 

1,2692.5 
1,269 3 . 3 

462 3.6 
4{)2 4.8 
211 5.6 
211 7.5 
211 11 .8 

3.7 

3.7 

2 . S 
3 .3 
3.6 
4.8 
5.6 
7 .5 
6.8 

19J I 3 . 6 I 3 . 6 

52812.1.12 . 

279 I 2.5 I 2 .5 

1,23 7 12.512 .5 

1,237 3 . 3 3.3 

646 I 1.6 I 1.1. 

b66 I 1.1.. I 1. 

28-812.4 

28812 .4 

288 I 1. 5 

764 La 
764 1. B 
SOl 2 . 9 
801 3.8 
577 3.3 
577 4.) 
577 t. .0 

2 .4 

2. 

1.5 

( ~ ) 
( b ) 

2.9 
3 . B 
3.3 
4 . 3 
4.0 

)24 I 1. 2 I 1. 2 

324 1. 2 1. 2 
756 1.3 1. 3 
756 1.3 1.3 
801 1.2 1.2 
SOl 1.2 1.2 

1 ,146 2. 1 :2 . 1 

1 ,11.06 2. If 2.9 
1.0B7 2.6 2.9 
1,087 3.4 2.6 

875 1.9 1.9 
875 1.9 1.9 
519 1.3 1 . 3 
519 1.3 1.3 
5191.7 2.7 

I) 176 2.5 
1,176 3.3 
~ 1.7 
964 1. 7 
606 1.1 

2 . 5 
3. ) 
1.7 
1.7 
1.1 

G ..... 



FrOla To 
Hap re £- LDGatiol1 of _Iter or lIIill 

!teD Railrolld M1nica erenc.! Count)' Hap referen.ce Rall-
loading districts .ymbol City ajlC\ State Sym- Y1g- Table road1 

poiflC lIe~d (fig. 1) bol ure 

~ADA--

Continued 
186 Hina Cande Inia 77 Hineral [MeG! 11 . Rev . UP 

167 do do do do UP 

188 Ea. [ Ely White Pi_ 81 White PiDe Salt 1A.1o:e 58 3 6 NN 
Valley . Utah) !; 

189 do do do do 3-0 2 5 NN 
190 do do do Selby, Calif . 11 3 6 NN 
191 do do do do tiN 

NEW HI!:XlCO 
192 Hanover Celural, 82. 84, Grall [ El PaAO , Tex. :>1<, 3 6 SYE 

JUl1~tlon PillOIl Altos., 85 55 
(V.nadiUJII) and SlArtz 
or Silver 
City 

193 do dD do dO SFE 
194 do do do DemIng (m.U 1) • 22 2 5 SFE 

tL Hex . 
195 do do do do SF!!: 
196 IUlchia Eureka 32 do £,1 PoIl..IQ. Tex . 54 3 6 SP 

197 do do do Amarillo, Tu . 51 3 6 S1' 

198 LDr~burg Lardtlburg 36 Biela 19o HI Paso. Tex. 5 .. 3 6 51' 

199 do do do do SP 
200 do do do Bayde:1'l , Ari.~ . 1 3 6 SF 
20J do do do Miami. Ar U: . 3 3 6 SP 
202 do do do Superior, Ar[z . 5 3 6 SP 
203 Bernalillo Cuba ]7 Sandoval El P.ao. Tex. ~3 3 6 S'FE 

204 do do do do SF!!: 
205 do do do do SFE 
206 LDII Cerrillos, 39 Santa Fe do 54 , 3 6 SFe 

Cerrillo. Cooper, San 55 
Pedro . N.,w 
PI_cera 

207 do do do do SF! 
208 do do do do SFE 
209 Socorro Hanlon~r8 39 Socorro do SFE 
210 do do do do SFt 
211 do do do do SF! 
2U do do do Deming (lIIill) . SFt 

N . Hex. 
213 do do 4(J do do SFE 
214 Kll-gdalena Kagdalena do El Paso. Tex. 55 :I fI SFE 
215 do do do do Sl"E 
216 do do do do SFE 
217 do do do Demi.a&(lIIill ), 22 2 S SF[ 

N. Hoax . 
218 Moun t.a i rIB i r C.roc1tD 41 Torraoce El Paao, ;ex . 54 3 6 SFE 

OREGON 
219 80aker Gra.D!te 13 er_nt Taeoma , W •• b . 62 3 6 UP 

220 do do do do UP 

, 
ct .... of icolldenlled IIchedule 0 f carload rlltes in dollars 
IIItI te rial ~r ahort tall for are of a varllltion3 
sh lpped per ahor t ton DOt over : 

$10 $20 $30 $40 $50 $100 

Coppe r ~""c. 6.91 6.91 to.91 6.91 6.91 (, . 91 
Gold - .Uver 8 . 74 8 . 74 8.74 8.74 8.74 e.74 
ore 

l.4ad ore 5.57 5 . 57 5.57 5.57 5.57 5.57 

Lead conc. 6 . 83 6.83 b.83 6 .83 6.83 6.63 
l.4ad orO!! 8.56 8 . 56 8.56 8.56 8.56 8.56 
l.4ad cone . 9 . 53 9 . 53 9.53 9.53 9 . 53 9.53 

CDpper, llU1d 2 . 84 2.84 2.8& 2 . 84 2.84 2 .8iI 
ore or c:onc . 

?~ ?~ ~) do 

~~ 
(") 11.60 

Lud-lIinc:-ore (&) ( &) 7.80 

do 0.63 0.63 0.63 0.63 0.b3 0.63 
Copper, lead 2.24 3 . 26 3 . 81 1... 38 1° 6.00 7. 06 
ore or cone . 

Zinc ore or ct.) ~) C") ( D) ( ~ ) 8 . 65 
CODe . 

Copper ore 2.24 3.81 4.38 4.9} 5.46 9 . 71 
cone . 

do ( ~ ) (m) ( ' ) ( ~ ) Cr. ) ( II ) 

do 5 . 10 5.61. 6.17 6.7l 7 . 24 9.3& 
do 3.80 ( ) 4 . 91 5 . 46 6 . 00 9.18 
do 5.56 6.19 6.82 7.4tJ S.11 10.65 

Coppe r calle. 5.01 5 . 27 • b .06 ( . ) ~) 6.85 
and flux 

Copper cone . 5 .07 5 .56 ' 6.Ot. (l) (' ) 7.23 
do ~) Cr. ) ~) (a ) ee) 12.80 

Copper ore 5 . 07 S .27 ~b.06 r> (ft ) 6.85 

l.4ad are 5 .07 5 . 56 6.06 ~) ( Ii ) 7 . 23 
CDpper conc . ( ~ ) ( ~ ) ( I ) ( . ) ( f ) 14 . 20 
l.4ad ore 3 . ~) 3 . 804 5 . 27 ( B) (I ) 6.85 
Lead cone . 3.53 ( ~ ) 5.56 ~) ( ~ ) 7.23 

do ( ~ ) ( I ) ( e ) r) (~ ) 1LI0 
Le..d-z1nc ore (") ( . ) ( ~ ) ~) 3.53 " .02 

do (l) ~) ( ' ) ~) ~) 15.20 
do J .53 3.8iI 5 . 27 ( ~ ) (f') 6 . 85 

Lead cone . 3.53 r) 5 . 56 ct.) ct.) 7 . 23 
do (to ) ( I ) (-') ~) (. ) 11.60 

1.4.d %. inc 0 re ~ ) ~ ) ( B) ~ ) ~) 15.20 

Flux ~ ) 8.97 10.34 11.70 12.f>9 ~~ 1S . 57 

Gold ore Dr ee) (6) ct') 11.38 Ii 13 . 34 16.27 
cone . 

do (" ) 6.00 (f. ) B.65 1 10 . 27 a3 11.61 

~ 

l'4iniDrnl 
carload Rail 

a bor t lIIiles 
cons 

50 606 
50 606 

50 268 

4CJ 208 
50 742 
4() 742 

( U ) 177 

25 177 
25 46 

(". ) 46 
30 110 

30 561 

)0 149 

~ 149 
30 J4S 
30 184 
30 321 
f~ ) 271 

f a ) 271 
2S 271 
f ~ ) 305 

f a ) )05 

~; 
305 
179 
179 

25 179 
(<l;! ) 156 

25 159 
(st~ ) 206 
(" ;! ) 206 
25 206 
25 183 

f ~ ) 263 

20 482 

SO 482 

C.1~ ... lated 
cllr1D41d 
rate. In 
eent a per 
ton IIlle 
for ore 

lvalua tion 
$50 $100 

1.1 1.1 
1.4 1.4 

2.1 2.1 

2 .5 2.5 
1.2 1.2 
1.3 1.3 

1.6 1.6 

6.6 6.fI 
17.0 17 . 0 

1. 4 1.4 
4 . 5 6.4 

1.5 1.5 

3 . 7 6.5 

3.5 3.5 
2.J 2.7 
3.3 5.0 
2.5 3.3 
2.2 2.5 

2 . 7 2.2 
".7 4.7 
2. ) 2.) 

2 . 4 2 . 4 
4.7 ".7 
3.8 3.6 
3.1 3.9 
6.2 6.2 
2 .3 2 .6 

9.7 9 . 7 
3.3 3 . 3 
3.5 3.5 
5 . 6 5 . 6 
8 . 3 8 . ) 

4.9 <") 
2 . 7 3. l.. 

2. 1 2 .4 

w 

'" 



OltSCOti- -
CoDtioued 

Pa •• I valso 

225 

226 
221 
228 
229 
2)0 

231 

232 
233 

23 
235 

236 

237 

do 
do 
do 
do 
do 
do 

do 
do 

do 
do 

do 

238 1 Eureka 

239 do 

240 I do 

2~1 1 Karyn-a l e 

242 

243 
241. 
245 
246 

81agh_ o r 
t..rlc. 
do 
do 
do 
do 

2~7 1 Park Cit")' 

24S I do 
249 do 
2~ S t . John 

25 1 
252 
253 
254 
255 
25b 

251 
258 

do 
do 
do 
do 

CedAr City 

do 
do 

R01:lcy. S.n 
(Pranel.co , 
Stu' . I'forth 
StJlr 

do 
do 
do 
do 
do 
do 

eto 
do 

do 
do 

do 

do 
Tlntl e 

do 

do 

Gold Hauntain, 
Ho\JIH I!.alety, 
and Ohio 

Welt Kountatn 

dD 
do 
do 
do 

Uintah. 81u.e 
~dl(O .-no 
Snake Creel< 

do 
do 

Ophi-r 

dO 
do 
do 
do 
do 

Harriabu _ 
TuUlgu~r. 

do 
do 

S« fOOL ..... U. • .at end o( table . 

~ ) 

10 

102 

J03 

10/. 

105 . 
109 

10!:l 

o •• ph I roe I TaCOlllOl . Wa sh. 
do do 
do do 
do do 

Beille r 

do 
do 
d 
do 
do 
do 

do 
do 

do 
do 

do 

do 
Juab 

do 

do 

P[ut. 

Haydell , Ari~ . 

do 
Hi_i, Arix . 

do 
Suptlr lor , Ari~. 

do 
Itl Paao, fix. 

do 
Salt t..k.e 
Valley, Utah\ ~ 

do 
McCill , tlev . 

S.lby , C.alif. 

do 
TOOoIIle . UtMl 

do 

Baue r , lJIt:Ah 

Tooele . Utab 

Sal t lab I'H I dv.. 1. , Ut&b 

d.o ..... r. [iul> do I do 

do do 
do Tooal ... , UtAh 

t, 
W..ltch 

do 
do 

Tooele 

o 

Ut.ah 

do 1dv4 I e . u tall do I: do 
do do 
do r..ue r. Utah 
do do 

W ... h Ington Sa I t Lau 
Vall.y, UtMll< 

do 
do 

do 

6], 

) 

~ , 
55 

58 

37 

11 

sa 

28 

5~ 

J.O 

28 

30 
28 
58 

) 0 

28 

58 

3 

3 
3 

6 

6 

6 

6 

6 

5 
(, 

6 

6 

SP 
SP 
SF 
SF 

Cop~r OTe 
do 

Gold OTe 

do 

10. )4 
.) e.19 

] 10.29 
" 8.10 

) 
) 

c-' ) 
('I) 

10 . 98 
8.M! 

1] .63 
9.10 

11 .65 
9.11 

11.63 
9.10 

15.29 
9.40 

15.29 
9 . 39 

)0 

)0 

30 
30 

UP ~ppIPr oro!' 
or cone . 

16 . }o 120.72 123.52 12&.3la (- ) 30 

tIP 
UP 
UP 
trP 
UP 

do (') 
do :11 26 .&5 
do ( . ) 

do 16.30 
do ( ' ) 

Coppt!lr , Iud () 
ore or con£.. 

lIP 
UP 
UP 
\Jl' 
LJP 

do (-) 
Lo!ad-z I nc or ~ 3 . 18 

or cone . 
do 2.59 

Copper ore 19.60 
or eone . 

lIP Lead or t 
Dr CODC . 

[!p d.o 
UP or LeAd 4H e 
D6RGW or cone. 
UP or Lead ore 
D&iGV 
UP or do 
D&IlCV 
UP or Gold - ,lIWoT 
D6ItGV fl uxi TI& 0 re 

1l6oRG\J1 Lead-zinc oro!' 

D6.RGW1 do D6dlGW do 
D&.IIG\l do 
D60IGV LeAd Dr. 

UP 

UP 
UP 
\Jl' 

UP 
U1' 
UP 
UP 
UP 
U1' 

UP 
UP 

or cone . 
d 

Lead-" tnc ore 
do 

lAad or. 
r CDn< . 

do 
Lead J!: I fie o r~ 

do 
do 
do 

Zinc-l.ad, 
copper ore 
or cOn<:. 

00 
do 

18.62 

(6 ) 

1. 56 

0.93 

ce 

7.02 

6.93 
1.02 
I. ~6 

() 
1. ~b 

( " ) 
1. S6 
n 

3. 95 

~ 3.95 
) . 24 

( ~ ) 

28.41 
~) 

20.72 
( ~ ) 

25.62 

(') 
.21 

(II ) 

2.01 

2.79 

1.40 
1.71 

- I . GO 
+ 1. 71. 

7 . 32 

6.93 
7.32 
1.94 

0.63 
1.% 
0.9) 
0 . 94 
0.63 

.25 

(' ) 
3.89 

~) 
3l . 8~ 

( ' ) 
23 . 52 

(to ) 
29 . 04 

) 
4.)0 

3.89 
19 . 40 

~ ) 
35.29 
~) 

26.34 
~) 

32.la1 

(") 
(I ) 

r} 
J9.40 

() 
la . 34 

1 5 . 83 
19.40 

28.60 
(0) 

)4 . 40 
(! ) 

28.20 
) 

35.40 
b .03 

(. ) 
19 . ... {) 

25 
)0 

25 
30 
25 
30 

25 
20 

40 
25 

22 . 88 125 .08 1 27.3) cs) 40 

( ' ) 
2 . 27 

(~ ) 

2.27 

3.30 

n 
(" ) 
( f ) 
(.) 
(") 

7.79 

&. 9, 
1 . J9 
2.21 

0 .78 
2 .27 
1.02 
2.27 
0.78 
b . lo 

5 . . '>1 
4 . 5 

() 
2 . 59 

2.59 

3.6') 

() 

~) 
(~ ) 
( - ) 
(f') 

7.96 

.93 
7.Blo 
2.59 

1.09 
2.59 
1.17 
2.59 
1.09 
6 .80 

6.16 
5.18 

) I 28.60 
2. 92 4 .51.0 

25 
30 

( ~ ) 

2.92 l>.5Jo I )0 

.os 5.251 ( t ) 

2.03 

1 .87 
2 .01 

( ~ ) 

2 .01 

(-) 

b.93 
(D) 

2.92 

1.£00 
2.92 
1.1.0 
:?92 
1.40 
7 . 58 

2. t.O 

2 . 40 
2.100 

( e ) 
2.i.t{) 

8.0J 

6.93 
B .01 
4.54 

2.79 
4 . 54 
2.79 
1.0.')1.0 
2.79 
8.1.9 

6.BO I L0 8.10 
5.83 " 6.48 

20 

)0 

)0 

40 
30 

)0 

2S 
30 
20 

I.ol) 

20 
40 
20 
40 
20 

o 
$0 

4~12'~ 440 2.2 
440 2.7 
4LO 2.1 

SloSI C) 

S4.8 2 . 1 
1,110 C) 
1,110 3 . 1 

821. ( e ) 
824 3,1. 

i .24.4 () 

1,244 2.9 
203 2. ') 

203 I 2 .9 
17 ~.I 

3. S 
2 .2 
1.5 
2. t 

n 

2.1 
() 
3.1 
( I ) 
3.4 

) 

3.0 
3.f> 

(') 
4.1 

9631 2.8 1 (-) 

%)13.0 1 3.0 
4.t, r, 7.l 

64 1 (" ) I (' ) 

5914.9 I 7.7 

18s1 () I ( I ) 

20110 . 2 

20

1

9

.

4 
71 2 . 8 
71 ( c ) 

69 2.9 

13 .0 

12 .0 
3.4 
( . ) 
3_ 

5. b 1 5.6 

l~ lO.O 
59 5.0 
59 2.1. 

9 32.4 
9 15.6 

280 2.7 

6.0 
5.6 

J2 .4 

19.9 
1 . 7 
4 . 7 

SO . ... 
31.0 
).0 

280 I 2 -4 I (") 
280 2.1 ( ~ ) 

.... 
" 



FTc. To 
Hap ret- Loca tion Df _ I ter or .tIl 

Item Rail rGal1 Hilling e1:ence County 
loadlna di.tricu symbol City ADd StAlt. 
point .erved (Hg . 1) 

WASBDIGTON 
259 Northport Northport 18 Stevens J!:aat He l ena , 

HoIU . 
260 o..h Conconully ObnolAln Taco. , Wuh . 
261 HlitAl1l1oa Meulllne 17 Pend ~llo", 

Falls Ore1Ue Idaho 
- - -- - -----

1 Ral1road .ymbola delianat.e orlg1t1&t lna urrler. a. follow ; 

~ 

sn 
C&S 
D&RG\l 

HI.LW 
NP 
SP 
1lWl'lA 
UP 
WP 
ItClHW 

Railroad 

Atth1.aoll, To~ and Santa F, 
ColOTado aDd Southarn 
Denver and Ilia Grande We.tarn 
Great Norrh .• m 
Mil~ 
Northern Pacific 
Southern Pa,cHic 
Troaa 
tJG1cm Pad ftc 
We.tem Pad.ftc 
Ilia Gt:anda Motor \ley 
Jllevada Northern 

Hap ref.r.ne. 
Sya- Flg- Tabl. 
bol UTe 

30 3 6 

62 3 6 
13 , 3 6 
~4 

aP'nlipt value per iIh.ort ton 1. calcul.te d on amelt.r or 111111 Itettlemaou with copper 
val.ued .t 14 eanCl per pound, lead a t 7 centl per pound, and EUu: at 8 cenCI per 
pound . For .illlpl1city~ uble. are condazaed. Hany publi.~ fTelght tariffa H.t 
aT. valuatioo. in $5 .tap. ADd til exce •• of $100 ; u.e of the r.t. for th. _luat1011 
near •• t the .pec1f1c ore UDder COlUIlcleratlon 11 .u.ltable for eatt..at1tl8 purpo .••• . 

bte appll •• to are valuation DOt excee~1.113 $15.00 per ton . 
.. Special r ate applyu. t o ainiJllum url~ o f 40 tall. ot copper O1:e . 

calcu lated 
c.rload 

C1&.a1 of CondeMed schedule of carload rata. in do llan Kiniadl rat •• ill 
lIail- _t.rial per .bort [on [OT are 0 f a valuat lo~ carload ltaU centl per 
roacf' .hipped per .hor t too no t ave r : • bort aile • ton .n. 

$10 $20 po ~ $50 $100 tona for orc 
v.1UA1tlon 

ell l.e.&d ore (~) 12.54 (' ) (-i> 13.93 15 .57 30 750 
or COIl(:. 

~ Copper are CS ) ~) 6 . 80 7.27 7 . 72 10.01 30 291 
HLW Le&d- 1I:in,c ore ( ) ( ) 6.06 6 . 53 7 . 04 lO S. 00 50 210 

or CODe . 

I No rate qu.o ted . 
' lIau appa •• to ore va1latt.oll not exce.dlna $25 .00 per tOQ . 

'Rate applta. to ore valu&tion not _a.adina ~35 . 00 per ton . 
l late APPl1e. to are valuation DOt RXCle.dlDa $60.00 per tDn . 
' ltilll.n& dlatrtct cluaiUcatlao not ua.d in Cal1fomta . 

10 1at.e applie. to ore valuation not ua.edin& $70 .00 pe r ton . 
1111.ate appl1e, to 01:. val\111tiOO DOt a.ca.dt.ns $150.00 per tOil . 
~ aTon-1II11. rate for on valuation not exeee.d1na $20 . 00 per ton . 
l .l1 lat.e appl1 .. to are vallJ&Llon aot exc:;eedJ.na $80 .00 pe.r ton . 
16 110 rata quoted Cr~ tua. ~k to ~r1110. Salf.da-~llo r.te 1. stven for 

•• t .... ting purpo .... 
liS-It JAke Vane,. plant. indude _It.er .t Tooe14, Utah, .lId 1:1111. .t lIeuer and 

K1ctval • • Utah . 
1lt R.ate .ppUe. to or. valuati.on not exce.d1n& $12 .00 per too . 
P1lAt~ appU .. to are valuation DOt exceed1n& $115 .00 per toll . 
u bte allplta. to are vatu.tt.on QOt exceedtq $55 .00 per ton . 
lWHint.= .. !.&ht 1, 90 percent of _rked upedty of CAr . 

° K1oiaD .. 1.pt iI 80 perc.nt of aarud capactty of car. 

sso SIOO 

1.9 2.1 

2.5 3.4 
3.4 3 .9 

H Uo Ct:a.od. Motor Ilay s..a a .u.b.id~y of the [)eoVler atd 1.10 Grand. WUUr'lI ltAtlroad and 
rat •• quoted .re Cor a cc.bined truck- r .. U bau 1. 

~3~ Ye1"'-t 1.8 _rk.ad cap.city oC car . 
J.lI llate applle. to are valuatioo DOt RXcHd1Da; $90.00 per tOil . 
16 tint abO\ll'l on figure 1 . 

.... 
ao 



FTOIIl 

ARIZONA 
Cripple Crew lIIine 

north of Wenden , 
Yuma County . 

Raw ide Pline near 
Signal, Mohave 
County. 

Do 

Silver StAr m.1ne 
southeast of 
Rope, Yuma County . 

CALIFORNIA 
Placenrille ~ 
El Dorado Coua ty . 

Lone pine-Olancha , 
Xoyo County . 

Colfax, Placer County. 

Trona, San Bernardino 
County. 

CauIpo, San Die.go 
County . 

Hazel Creek, Shasta 
County . 

COLORADO 
Boulder County mining 
dis tric tS (wi til in 20 
miles o f Boulder, 
Colo. ) 

FTont Range mill wut 
of Idaho Springs, 
Colo . 

White Pine . Gunn190n 
County . 

Do 
ystone mill near 

Crested Butte. 
Gunnison County . 

Keystone mill near 
Crested Butte, 
Cunniaon County . 

Ouray, Ouray County . 
Camp Bird mine, near 

Ouray , Ouray , County . 

Do 

To 

R.R loading point, 
Weaden . Arb . 

RR loading point, 
Yucca , Ariz . 

RR l oading point, 
We nden. Ar h: . 

RR loading point 
McVay , Ariz . 

Selby> calif . 

do 

do 

do 

do 

do 

Leadville, Colo . 

do 

Salida, Colo . 

Leadville, Colo . 
Salida , ColD . 

Leadvil l e , Co 10 . 

do 
Leadville , Colo . 

RR loading point , 
Ridgway, Colo . 

APPENDIX N. - RXPRESEN'TAnVE TRUCK FREIGm' RATES ON ORE AND CONCENTRATES IN THE WEST 

ApPTOX 
Una!:e 

distance 
in Pliles 

701 

45 

68 

20 

105 

466 

113 

436 

594 

235 

160 

76 

44 

96 
98 

liO 

210 
215 

15 

Class of 
terial 

shipped 

Copper ore . 

Lead and coppe r 
ore. 

Lead ore . 

Copper ore . 

Gold-silver ore. 

Lead ore and 
concen trate 

Gold and silver 
ore . 

Lead ore and 
conceotrates . 

Gold and silver 
ore. 

Lead ore and 
concentrates . 

Cold ore o r 
concentrates. 

Gold-ailver 
copper con
centrates . 

Lead o r zinc 
concentrates . 

do 
do 

Lead concen
trates . 

do 
do 

Lead or zinc 
concentrates . 

Minimum 
sbiJl'lDl!nt 
in sbort 

tons 

6 

13 

13 

13 

13 

13 

10 

10 

5 
20 

20 

10 
10 

5 

Freight rate 
in dollars 

per 
~hort ton 

$1.00 

5.22 

4 . 2 

1.72 

t..77 

19.04 

5.2 

17.82 

24 . 25 

10 . 93 

10.00 

6 . 50 

6 .00 

7.00 
5.30 

7.94 

12.00 
14 .00 

3.25 

Cdculated 
rate in 

cents per 
ahort 

ton- mile 

20 . 0 

11.6 

6 .2 

8 . 6 

4 . 6 

4 . 1 

4 . 6 

4 .1 

4. 7 

6 . 3 

B.6 

13 .6 

7.3 
5.4 

5 . 3 

5 . 7 
6 . 5 

21.6 

Type 0 f road 

Mainly unsurfaced 
desert roads. 

do 

do 

do 

Mainly hard- sur faced 
bighwfO's . 

do 

do 

do 

do 

do 

Up to 20 miles of 
natural gravel or 
dirt roads and 
balance hard-surfaced 
highway all in moun 
taioous terrain. 

All surfaced highway 
1n anuntainous 
terrain. 

do 

do 
Mainly hard-ltIrfaced 

higbway in ~un
taiDou!> terrain . 

do 

do 
Five miles of st.eep 
gravel-surfaced road 
and balance hard
surfaced highway in 
mountainous terrain . 

do 

Resa r ks 

I \ Arizona r ates apply to intra
stat~ operations of one 
COUIDOfl carrier . Distance 
commodity rates apply ou1y 
to hauls for which specific 
cOllllllOdity rates have not 
been published . Source : 

I J Arizona Hotor Tari ff Bureau. 

California r ates are calcu
la t ed from hourly rates 
applying to heavy construc 
tion equipment and cover 
loading without need for 
auxiliary equipment. POweT 
loading incurs an additional 
charge . No r ata., on point 
to-poiot or ton-mile basis 
are aVB ilable. Source: 
Public Utilities Co1Dmission 
of California. 

Freight rate S~t by negotia 
tion with local trucker . 

Do . 

Do . 

Publisbed ·rates. Source : 
Colorado Hator Carriers 
Association. 

Do. 



;:" 

Approx- Minimum Freigh t rate Calculated 
imate Class of shipment io dollars rate in 

From 1 ,-' distance IlIB.teria l in short per cents per Type of road Remarks 
in miles shipped tons short ton short 

ton-mile 
COLORADO- -
Continue d: 

Mines within 5 miles RR loading point , 45 Zinc concen- 5 3.20- 4. 49 7.1-10 .0 Up to 5 miles of steep Published rates . Source : 
of Alma or Fa irplay , Salida , Colo . trates . gravel - or dirt - Colorado Kotor Carriers 
Park Cotm ty . surfaced road and Association . 

balance hard~surfaced 
highway in lIIOUocaillOu.5 
terrain . 

-- Leadville, Colo . 78 Lead conceD- S 5. 25 - 7 .05 7. 1- 9 .0 do Do . 
trates . 

Bonanza district, RR l oading point , 16 Lead-zinc ore . S 1.69 10.5 Graded dirt or g.rave1ed Do . 
Saguache County . Villa Grove, Colo . roads in mountainouB 

(a bandoned) terrain. 
Silverton, Sao Juan RR loading point, 33 Lead or zinc £. 4 .00 12.1 Hard-surfaced higbway in 

County. Ridgway , Co 10 . mountainous terrain . 
Do RR loading point , 59 do 6 4 . 85 8.2 do Do . 

Montrose, Colo. 
Do Leadville. Colo. 232 Lead concen- 6 13 .35 5.8 do Do. 

trates . 
Gladstone district , Shenandoah-Dives 12- 15 Lead-z inc ore 6 3.00- 4.50 20 .0-37. 5 Steep dirt roads and up Do . 

Sac. Juan County . mill, Silverton , to 5 miles of bard -
Colo. sur faced road. 

Animas Forks. do 8· 10 do 6 2. 00 - 3.00 20 .0-37.5 do Do . 
district, San Juan 

. 
County . 

Hineral Po int do 12-15 do 6 3. 5.Q - 4. 50 23 . 3- 37.5 do Do . 
district, San J uan 
County . 

Cunningham Gulch do 4- 6 do 6 1.00- 2.50 25 .0-41.7 do Do . 
d i.s tr i ct, San J uan 
COunty . 

Chattanooga dist rict. do 12-1 5 do 6 2 .50- 3 . 50 16 . 6- 29.0 Short, steep access Do . 
San J uan County . roads and up to 10 

miles of hard-surfaced 
highway. 

Pandora mill, RR loading polnt , 67 Lead or zinc 20 3 .25 4 . 9 Bard-&urfaced higbway 1n 
Telluride. San Moon-ose , Colo . concentrates. mountainous terrain. 
Miguel County. 

K.ioes within 5 miles Leadville . Colo . 45 - 55 Lead-zinc ore 5 3 .00 5 .4- 6 . 7 Short, steep ACCP$S Do . 
of Breckenri.dge , or concen- roads and balance 
SUI1IIIlt County. t r ates . maintained gravel 

roads or hard- sur faced 
highway. 

~ine 5 from 6 to 10 do 50 - 60 do 5 3 . 50 5 . 8- 7 .0 do Do . 
miles frolll 
:Breckenridge , 
SUIIIDlit County. 

Kines within 1 mile do 18 do 5 1.50 8 .3 do 
of Kokomo , SUlllDit 
Count)' . 



IDAHO and l«>NTANA Not specified. Not Not sped fied. Not Not Not Not .peci fied . 
specified . specified . specified . specified . 

..... Private hau1 1ng lUI. loading point 16 do 5 2 . 54 16 . 0 do 2 ,700 tons shipped in 1958. .., operation . Trucks operated by shipper . 0 

;j" Do do de 8 . 87 44 . 0 do 5,200 tons shipped in 1958. 
:: Trucks operated by shipper . 

y Do do 71 do 15 2 .10 1.0 do 29,000 ton. shipped in 1958. 

~ Do SIae 1 tel' 400 Copper ore or 20 11 .40 
Trucks operated by shipper. 

3.0 do Contrac t r ate . 
concentrlltes . 

0 Do do 110 Lead~zinc ore . 15 4.80 4 . t. do Do . 
Do do 100 do 18 6 . 50 6 . 5 do Do . 
NEVADA 

Yellow Pine district, Tooele . Utah 538 Lead ore 20 26 . 90 5.0 Mainly hard-surfaced 
Henderson, Clark hlghway. 
County . 

Maggie Creek district , HAyden , Ar h. . 1 ,017 Copper ore 20 50 . 85 5.0 d 
Carlin, Elko County . 

Do Anaconda, Mont . 555 do 20 27 . 75 5.0 do Estimated freight costs based 

Conta c t dis trict . Hayden , AI iz . 997 do 20 t.9.85 5 . 0 do 
on _ flat 5 cents per ton -

Elko County . I:lile . Estimated freigh t 

Do Anaconda . Hem t . 435 do 20 21. 70 5 . 0 do 
rates based on a cost of 
$1.00 per runnlng !lIile for a 
20-ton truck Of 5 cents per 
lon-mile, quoted by a Nevad. 

Merrimac district, Tooe le , UtAh 213 Lead ore 20 10 .65 5 .0 do contr_ct carrier who stated 

EIke, Elko County . t hat point -to - poin t r ates 

Delano district, do 156 do 20 7 . 80 5 .0 do would have to be set after 

Montello . Elk County . .n.lysis of each lndtvidual 

Railroad dis t ric t , do 243 do 20 12 . 15 5.0 do case . 

Palisade , Eureka No di$cance ~commodtty or 

County . polnt -t o -po i.nt rates are 

Bullion distric t , Rayden , Ariz: . 1 ,066 Copper orE' 20 53 .30 5 . 0 do available in Nevada . 

Battle Mountaio , 
Lander County . The Pub 11 c Se rvi. ce Coami s -

Do Anaconda, Mont. b04 do 20 30 .20 5 . 0 do 
slon, State of Nevada , 
states tha t it does no t 

Pioche district , Hayden. Ariz . 701 COpper ore 20 35 . 05 5.0 
require contract carriers 

Pioche Lincoln , 
do to file rates, and common 

County . carrie !" !! have no t estab-

Do Anaconda, Mont. 7)1 do 20 36 . 55 5 .0 do 
llshed r_tes fo!" ores ond 

Yerington di strict , Hayden , Ariz . 878 do 20 4).90 5 .0 do 
ore produc ts . 

Wabusk..a, Lyon 
County . 

Do Anaconda, Hoo t 841 do 20 l.Z.05 5 . 0 do 
Candelaria d istr ict , Rayden , Arit. 785 do 20 39 . 25 5.0 do 
Mina, Mineral 
County. 

Do Anaconda, Mon t . 861 ! do 20 43 . 05 5 . 0 do 
Wh i te Pine and Tooele , Utah 22t. Lead ore 20 11 . 20 5.0 do 
East Ely districts , 
White Pine County . 







1 Tables are presente d for illus tration and s hould be u s ed for e s timating purposes only. The rates listed apply o nl y to truck haul s f or which DO sped fi c 
poiot-to-point comwodiry rate s have been e stablished. 

The a ctual publis hed l4>rif h on which the rates in this table are based are set up i n several ways : (1) rate s pe r ton-mile applyi ng co specil1.c 
di9t.ance ranges; (2) rates per ton or hundredweight for di s tance increments of 5 mi le s , 10 mi l es , or other interval. For conve nien ce o f comparison 
all rates have been converte d to 8 ton-mile basis. Wbere ton-mile rates apply over a distance range , th is f act i s indicated b~ an arrow. Where 
arrows are not used, the q'uoted ton-mile rate s apply only to t .he distance specified in the column headings. Ton- mi l e rate s for inte rmediatr 
dis~ces can be estimated _ 

3Although di s tance cOlIDOdity tabl e s may cover the d istance range unde r 15 mi le s , freigh t rate s for bauls under 15 miles computed fr om such ra.ble s are not 
always realistic . Truck ha uls for short distances are normally made by local contract haule r s a t unpublis hed rates set for eacb individual operation. 

4 1ntra state rates applying to a spe cific Arizona contract and oommon carrier . Published by the Arizooa Motor Tari ff Bure au. Applie s to ore s , concen
trates . and products of rlnes. Ratc>t are Dot based 00 valuation. 

"' Intras tate and i nte rstate rates in Colorado aod Four Co rners area of Ari&ooa, Colorado, :,~w Mexico, and Utah. Rate s apply to ope rations of a spe cific 
contract and C01llllOrI carrier bauling o r e and conce ntrates . Rate s a.s pub1isbed by Colorado Motor Carrier s Association are on a basis of hundredwe ight 
units and have beeR converted to a too basis. Rates are Dot base d 00 valuation. 

Blntrastate ra te s ap'plylng to operation of local carrie r between mines i n Clear Cr eek, Gilpin, Grand , a nd Jef f erson Counties and de s tinations in Colorado. 
7 0ata are derived from elaa,: rate table (clas s 100) publi shed by New Mexico Carriers' As s ociation , 1.nc . 'l'be ra t es in the pub1is bed table have been 

converted from bundre dwe ight to ton uni t .S and adjusted to cove r ore shipment s o n th.e following basis : For truckload (TL) lot&, 35 percent of class 100 
rate applies; for le s s than truckload (LTI.) lots, 60 pe rcent of class 100 ra te appl ies on ore having a valuation 0;: $100 or 1l;c;5. Ore baving a valua
t10n of IOOre than ~lOO per ton is s ubject to higher rate s. 

Intras ta t e rate . 
9 1nterstate rat.e; LTL denotes "les s than truckload". 

1 0 lou&state distance collDOdity rat.e s applying to a spec i fi c con tract carr i e r operat i ng i n Ne w Mexico. Publ -.shell by New Mexico Motor carriers' 
Ass.ocia tion, Inc. Rate s are not based on valuat ion . 

11 I ntr astate d ist.ance couaodity rates applying to ores quoted by a n individual con tract ca rrie r. RAt e s B.re not based on valuation; ore in ;;;.1c!u;. 
1 3 Average rate s for ore-truddog i n 1958 quoted by a contrac t carr i er . Rate s are not base d on valuation . 
13 Intrastate dist.ance connodity r a tes apply ing to ores and concentrates set by the Public Service Commission of the State of Wash ing tcm . Rates a r e 

mio imums , tha t is , carrie r s may no t charge l ess than quo ted rate s . Rates apply to product. s b.avin.g an actual va l ue not exceed ing $50 per t on. 
Par o re of highe r valuation add 5 percen t to t h e rate for e ach $10 pe r too ore valuation over $50 pe r ton . 

14 In te r state dist.ance c.o lllDOdi ry rates apply ing t o truck sbipmen t o f ore s and concen trates in Wasb i.ng too. Oregon . I dab a , and Mon tana if tariffs have no t 
been establis hed by State publ ic utili ties cDUmllssions . Publi s hed by Pacific I nland Tari f f Bu reau, Inc . Ra t e s a.r e no t based on valuation . 

,... 
~ 
~ 
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APPENDIX P. - FREIGHT RATes APPLYING TO SHORT TRUCK 1::lAUlS 

Freight Minimum 
From Length Class rate in truck Short 

IDistr~_t Coun ty To of haul o f do l lars load) ton- mi le 
Mip,.! a nd in mate rial per short. rate 

Stace: miles short tons i n cen t s 
ton 

Ajax mine ...... Cripple Te lle r Carlton mill, 2.3 Gol d ore $0.65 12 28.2 
Creek. County , Cripple Creek, 

Colo. Colo. 

Cresson mine ... do do do 1.0 do . 45 12 45.0 

Grace Greenwood do do do 1 . 0 do .75 12 10.7 
Mine . 

Mary McKi nney do do do 2. 0 do .50 12 25.0 
dump . 

Elkton dump .... do do do 0.5 do . 20 12 40.0 

Bald Eagl e Virg i ni a Clear Front Range 6.0 Gold- l.25 6 20.8 
mi ne . Canyon. Creek mill we s t of silve r-

County, Idaho Springs , coppe r 
Colo. Colo . ore 

---

, 
lJ 

Type of haul 

Grave led ma intained 
road, 2 to 4 percent 
grade: wi th the load. 

Graveled maintained 
road, up to B percent 
grade with the l oad. 

Thre e miles o f grave l ed 
road (abandone d rail-
roa d grade ) up to 4 
pe r cent grade wi t h the 
load an d 4 mi l e s o f 
hard-surfaced highway 
with a slight grade 
aga inst the load. 

Hard-su r f aced h ighway 
with a slight grade 
agains t the load. 

Short access road, 
grade with thL load. 

Two mi l e s o f graded 
road, up to 10 percent 
grade with th~ load , 
and 4 mile s of ~urface d 
highway witb slight 
grade a ga inst the load. 

t-' 
+"" 
u-



.. 

141 

APPENDIX Q. - TRI-STATE ORE BUYERS' REPRESENTATIVE 

Ore Buyer and Address: 

J. H. McCoglin 
212 Courthouse Building 
Joplin, Missouri 

Dan St~wart, District Manager 
American Zinc, Lead & Smelting Co. 
~06 Courthousp Building 
Joplin, Missouri 

Mrs. Jack Fe rneau 
116-1/2 West 4th St 'l.'eet 
Joplin, Missouri 

Clyde In~ram 
Piche:' (', Oklahoma 

O. A. Rockwe l l , Manager 
The Eagle -Picher Co. 
Cardin, Oklahoma 

H. W. Robe rtson 
915 Virginia Avenue 
Joplin, Missouri 

Representing 

American Steel & Wire Co. 

American Zinc Co. of Illinoi~ 

M & H Zinc Co. 

American }k·tal Climax Co., 
Inc. 

National Zinc Co., Inc. 
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APPENDIX R. - BUYERS OF COPPER, LEAD, ZINC, GOLD, 
AND SILVER ORES SERVING -THE WEST 

tment 
Tucson, Ariz. 

Ores and concentrates of copper, lead, ) and silver; 
zinc concentrates; lead-zinc-copper mil 
for treatment in southwestern 

) P. O. Box 1605, Tacoma, Wash. 
Gold, silver, and copper ores and concentrates 
for treatment at the Tacoma smelter. 

) St., San Francisco, if. 
Gold, silver, lead, and lead-copper ores and concentrates 
for treatment at the , Calif. smelter. 

EBs Helena, Mont. 
Gold, silver, and lead ores and concentrates 
for treatment at the East Helena smelter. 

American Zinc, Lead & Smel 
Ore 
1600 

The Anaconda 

tment 
'J St. Louis 1, Mo. 
lead and zinc conc~ntrates. 

Anaconda Reduction Works 
Anaconda, Mon t . 

, silver, and copper ores and concentrates. 

The Bunker Hill 
Ore Purchas tment 
P.O. Box 29, , Idaho 

Lead ore and concentrates; zinc concentrates. 

The Consolidated & Sruel of Canada, Ltd. 
Trail, British Columbia 

tion 
Smel 

S1l iceous are fa rm(' treated 
lead-zinc ores from the United States, but not 
under current tariffs en of lead 
and zinc ts into the United States). 

iration, Ariz. 
and silver concentrateb. 
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International Smelting & Refining Company 
Ore Purchasing Department 
815 Kearns Bldg., Salt Lake City, Utah 

Lead or zinc ores and lead concentrates (lead-zinc milling 
ores accepted for treatment at Midvale, Utah, milling plant 
of the United States Smelting Refining & Mining Company). 

Kennecott Copper Corporation 
Nevada Mines Division 
McGill, Nev. 

Gold, silver, copper ores and fluxes (by prior arrangement 
as needed by the smelter). 

Magma Copper Company 
Superior, Ariz. 

Copper, gold and silver 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. O. Box 1980, Salt Lake City 10, Utah 

Lead-zinc milling ores. 
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