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

by

Melford H, Salsbury,‘ William H, Kerns,? Frank B. Fulkerson,® and George C. Branner

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,
especlally the small mine operator, can use to survey available markets and
make a preliminary estimate of the net return to be expected from an ore, on
the basis of typical mill, smelter, and freight schedules. A revicw of the
industry is presented by States 1n which recent production statistics are
given, marketing facilities are discussed, and locations of principal mining
districts, custom mills, and smelters are shown., Explanations of treatment
processes, orc types, treatment charges, payments for metals, and deductions
are given. Published rail and truck freight rates for mine products, based on
marketing patterns developed over many years, are listed and explained.

INTRODUCTION

A major function of the Bureau of Mines 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 uare 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.

!Mining engineer, Bureau of Mines, Area V, Tucson, Ari..

2?Physical science administrator, Burcau of Mines, Area V, Denver, Colo.

“Commodity-industry analyst, Bureau of Mines, Area VII, Albany, Oreg.

*Formerly Bureau of Mines commodity-industry analyst, San Francisco, Calif.,
now 150 Scenic Drive, Piedmont, Calif.

Work on manuscript completed February 1963.



The primary purpose of this report is to 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, 1f so, in choosing
which marketing combination 1s likely to give a maximum return on ore 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 plantsg?

3. What are the treatment charges, what metals are paid for, and 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 milled 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 (12, 13, and 14)" 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, and no list of available plants remains
valid indefinitely.

FOnderlined numbers in parentheses refer to items in the bibliography at the
end of this report.




In some cases, small operators of lead-zinc mines who are not prepared to
mill their own ore have already suffered a loss 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 smelting 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 ore, 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 negotlation. Assurance that a producer will furnish a steady
supply of ore on contract or a certain quality of ore desired by a particular
plant may induce that plant Lo offcr 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 making a final choice of plants must be
obtained by negotiation with the purchasing departments of custom milling and
smelting companies. Purchasing departments of custom plants in the United
States are listed in appendix R. A mine operator first gshould submit to ore
buyers information as to the probable quantity, mineral content, and grade of
ore to be offered. 1If the buyer is not familiar with the ore, a sample and
possibly a trial shipment may be required. If the orc is acceptable, the
prospective buyer will offer a schedule 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,; oru-buying practices, and transportation routes. Such data should
bring 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 upygrad-
ing by selective mining or beneficiation. The conditions under which an ore
is likely to be marketed have a bearing on minable grade, as well as 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 information only
supplements other data necessary 1in 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 Minus,
universities, and professional societies. A number of such publications are
listed in the bibliography. It should be evident to the reader that profes-
slonal advice, not only on mineral marketing but also on mine and mill opera-
tion and design, 1s essential at some point in develuping a mining property
to the production stage.
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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
silver, and the base metals, copper, lead, and zinc, are economically impor-
tant industrics in many parts of the United States. 1In Arizona, Idaho,
Nevada, Utah, and South Dakota, base and precious metals accounted for over
half of the value of all mincral production in 1960, The five leading states
in the value of mine output of gold, silver, copper, lead, and zinc in 1960
were Arizona ($366 million), Utah (3176 million), Montana ($68 million),
Nevada ($53 million), and Idaho ($35 million) (table 1).

A severe drop in domestic base-metal production occurred in 1958 (table
2). Production of lead continued to decline in 1959 and 1960, but at a slower
rate, whereas zinc recovered slightly by the end of 1960. 1In spite of losses
through strikes 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 cinc did not keep up with a greatly increased
world production in recent years, resulting in a drop in prices. Although
lead and :inc mines in Idaho were closed in 1960 for many months by strikes,
and imports were somewhat restricted'by quotas, the domestic supply has
excecded consumption for several years. An announcement 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 lead
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 lead and zinc mining in recent years was a con-
tinuation of the import quota system, and a subsidy program for small lead-
2#inc mines. Congress has authorized assistancce 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 lcad and
¢inc have remained in effect, but no tariff was imposed.

In November 1961, sale of U.S. Treasury silver stocks to commercial users
was suspended, a measure long advocated by silver producers in a market situa-
tion where industrial silver consumption has yreatly exceeded domestic mine
production. The immediate result was an increase of the commercial price of
silver to more than $1.00 per ounce. A further significant advance in the
silver price may easily occur. Thc 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.




TABLE 1. - Recoverable gold, silver, copper, lead, and zinc in 1960, by States
Total value
Gold Silver Copper Lead Zinc Gold, sil- Aall
State Ounces Value Thousand Value Short Value Short Value Shorc Value ver, copper, minerals®
(thousands) ounces (thousands) rons (thousands) tons (thousands) tons (thousands) lead, zinc | (thousands)
(thousands)
Alaska......... 168,197 $5,887 26 $ 23 41 $ 26 23 $ 3 - - $ 5,941 $ 21,862
AEL1ZODN; ysuvios 143,054 5,007 4,775 4,322 538,605 345,784 8,495 1,588 35,811 $ 9,239 366,340 415,776
Arkansas....... - - - - - - - - 50 13 13 153,813
California..... 123,713 4,330 180 163 1,087 698 440 103 465 120 5,416 1,402,214
Colorado....... 61,269 2,144 1,659 1,502 3,247 2,085 18,080 4,231 31,278 8,070 18,032 341,142
TARRO: i i o saicniie 6,135 215 13,647 12,351 4,208 2,702 42,907 10,040 36,801 9,495 34,803 57,641
Illinois....... - - - - - - 3,000 702 29,550 7,624 8,326 391,313
Kansas......... - - - - - - 781 183 2,117 546 729 487,121
Kentucky....... - - - - - - 558 131 869 224 335 413,516
Michigan....... - - - - 56,385 36,199 - - - - 36,199 429,032
Missouri....... - - 16 164 1,087 698 | 111,948 26,196 2,821 728 27,636 156,014
Montana..... s 45,922 1,607 3,607 3,265 91,972 59,046 4,879 1,142 12,551 3,238 68,298 179,062
Nevada......... 58,187 2,037 707 640 77,485 49,745 987 231 420 108 52,761 80,285
New Mexico..... 5,423 190 304 275 67,288 43,199 1,996 467 13,770 3,553 47,684 648,215
New York....... - - 49 45 - - 775 181 66,364 17,122 17,348 254,061
North Carolina. 1,826 64 212 192 ) (®) 424 99 - - 355 44,968
Oklahoma....... - - - - - - 936 219 2,332 602 821 177,925
Oregon..... Seieie 835 29 ) ¢) 6 4 - - - - 33 54,419
Pennsylvania... *) ) ) ) 47,907 25,076 - - 13,746 3,559 8,635 818,264
South Dakota... 554,771 19,417 108 98 1 1 - - - - 19,516 46,780
Tennessee...... 123 4 65 58 12,723 8,168 - - 91,394 23,579 31,809 143,332
BB 650 s wnom 368,255 12,889 4,783 4,329 218,049 139,987 39,398 9,219 35,476 9,153 175,577 429,938
Virginia..... .. - - - - - - 2,152 504 19,885 5,142 5,646 203,794
Washington..... 4129,012 44,515 4628 4569 78 50 7,725 1,808 21,317 5,500 12,442 70,005
Wisconsin...... - - - - - - 1,165 273 18,410 4,750 5,023 77,171
Wyoming...... t 40 1 ) ) - = = = - - 1 436,335
Total.....| 1,667,772 58,336 30,766 27,846 1,080,169 693,468 | 246,669 57,722 435,527 112,365 949,737 8,733,798
1Total values of all minerals subject to change because certain preliminary data used for fuels.
2production of North Carolina and Pennsylvania combined.
3Quantity less than 1,000 ounces and value less than $1,000.
4production of Pennsylvania and Washington combined.
TABLE 2., - Mine production of recoverable gold, silver, copper, lead, and zinc, 1956-60
(Quancity and value in thousands)
Mectal 1956 1957 1958 1959 1960 Total
Quancicy Value Quantity | Value Quanrity | Value Quanticy | Value Quancity| Value quantity
BOM: < iiiiiiien - 5 AR ounces 1,827 $63,950 1,794 | $62,776 1,739 | $60,874 1,604 | $56,133 1,667 | $58,336 8,631
Silver......... e svamials do. 38,722 35,044 | 38,165 34,541 | 34,111 30,872 | 31,194 28,233 | 30,766 27,846 172,958
Copper...... ««.eshort tons 1,104 938,532 1,087 | 654,289 979 | 515,127 825 | 506,455 1,080 | 693,468 5,075
TR, s i wavivi v & & wsissineie do. 333 110,787 338 96,730 267 62,566 256 58,786 247 57,722 1,461
Zinc...... v 5% » Dromincarminls do.. 562 148,503 532 | 123,235 412 84,113 425 97,787 435 | 112,365 2,346
Toral valuk.sceiiives - 1,296,816 - 971,571 - 753,552 - 747,394 - 949,737 -




At the end of 1961, the ultimate combined effect on the wmining industry
of the changed market conditions for silver and the lead and zinc subsidy was
not clear. Lead and zinc prices had declined at the end of 1961 to around
10 cents and 12 cents per pound respectively, a level that does not encourage
operation of small, and generally high-cost mines, even with higher silver
prices. Silver mined in the United States is largely a byproduct of copper
and lead mining. The silver content of moat copper ores is so small that the
effect of a change in silver prices 1is negyligible. The silver content of lead
and lead-zinc ores may be significant in value, but market changes within the
probable gilver 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 is likely to continue, notwithstanding the low-price
level, a logical method of supportling the market is promoting increascd con-
sumption, This is the approach takeu by the lead and zinc industry through
trade assocliations, Improvement admittedly 1s difficult in the fdce of com-
petition with aluminum, plastics, and other materials for markets that tradi-
tionally have uged 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.

Classificatlion of Ores und Concentrates

The following classification of mineral products is commonly used in the
mining industry, and the definitions given will apply 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 asgsem-
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 minerals. 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), and
silicate (metal combined with silicon and oxygen). Ores containing a combina-
tion of oxide, carbonate, and silicate minerals are commonly grouped as oxi-
dized ores. The term mixed is used to describe ores contalning both sulfide-
and oxide-group minerals. Ores can be classified further as milling or direct-
smelting ores. A milling ore can be treated and separated into one or more
concentrates containing the bulk of the valuable minerals and some gangue and
a talling consisting chiefly of gangue minerals and any unrecovered residue of
valuable minerals. ©Normally 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 1Y05. This classification, with




modifications to cover lowering of economic ore grades and improvements 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' 1s often used in
a collective sense that includes both ore as mined and ore 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 (6) 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 thelr 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 concentrating ores include those from which a marketable
zinc concentrate is made, irrespective of precious metal content.
Virtually no zinc ore 18 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 bage-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 sllver 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-lead-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 and concentrates are based on this classification,

In 1957, 43 percent of the gold output in tne United States was recovered
from dry ores of gold, gold-silver, and silver; 32 percent from copper ore;
19 percent from gold-bearing placer gravel; and the remainder from ores of
copper, lead, and zinec. Thirty-two percent of the silver came from dry orcs;
29 percent from copper ore; and the remainder from gold-bearing placer gravel
and various ores of copper, lead, and zinc. Most copper came from copper
oresg, and most lead and zinc came from lead, zine, 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
legser amount as proustite, pyrargyrite, and stephanite, Silver is also a
minor constituent of gold telluride minerals.

Gbld may occur 1in base-metal ores as the recognizable native element, but
more commonly is found in auriferous pyrite, chalcopyrite, sphalerite, other
sulfide minerals, and their alteration products. B

Silver in base-metal ores 1s present as the silver minerals argentite,
cerargyrite, proustite, pyrargyrite, and stephanite, but more commonly occurs
in argentiferous tetrahedrite, tennantitc, and galena, iund their alteration
products. Gold and sillver are not recognizable except by analysis, unless
they occur as distinct, visiblc minerals.

Copper occurs in copper, copper-lead, copper-lcad-zinc, and coppur-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 increasing.

In lead and lead-zinc-ores, the lead occurs chiefly as the lead sulfide
mineral, galena; the sulfate, anglesite, and the carbonate, cerussite, are
less abundant but important oxide minerals. In the lead-zinc and zinc ores,
the principal zinc mineral 1s the zinc sulfide, sphalerite. 1In 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 ores and concentrates of gold,
gsilver, copper, lead, and zinc is based on marketing patterns in effect during
1957-60. The discussion 1s confined to the States in which base and precious
metals have been produced or processcd, Tables 3, 4, and 5 list the mining
districts from which ores and concentrates came and the treatment plants to
which shipments were made. Figures 1, 2, and 3 show the locations of mining
districts, mills, smelters, and other treatment plants in the United States.
Operations at some 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
Burc¢au 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 Mining district Figure 1,
symbol

Cochise (Dragoon)..iceeseessessas . 1
Cochise...... TurquoisSe. s ssiasnansenansas 2
Warren (Bisbee)......... & 3
Gila......... Banner (Christmas)....... i 4
lobe-Miami.......c.... CEEE R 5}
Graham....... AYaVAIDA w s s wmmmasas esmmmenmns PR 6
Greenlee.,... Copper Mountain (Moremci)......... 7
MO HAYE « v was o {Owens-Cedar VALLEY seonpmpnonnsngns 8
Wallapai........ Credecaanaaraanans 9
BB e mimm b @ ms m s me e vmem e e veaaann 10
Amole, . icervririsnercaannraasaaas . 11
Baboquivari.......... ... ciaiiia, 12
Pima........ ) Empire....c.vounnn i 1 o i g o seseuves 13
Helvetia (Rosemont).....ieoeencess 14
PlMaissassaavissniiicaannansesiuans 15
Arizona........ Silver Bell..... 65 P e 16
Bunker Hill.......ccnus P ey 17
Mineral Creek (RAY)...vvivrrennane 18
Pinal........ ; O0ld HAtusssonasssssaananenssanans " 19
Pioneer (Superior).......esveeesess 20
HArShaw, .ceoecoosseesaennsnnsnsans . 21
Santa Cruz.,.. j Or6 Blan€o uvmsia sanussmansasoasss 22
Patagonia (DUQUESNE)...visenecanss 23
AgUa Fri@...ivivesccecennnonoannsa 24

Big Bug, Black Canyon, Hassayampa,
Yavapai...... and Walker.......vconununs . in e, 25
Copper Basin.ieiiiveecinannns ceeas 26
Eureka......... B b cu v i g veen 27
Verde (Jerome).uieiceersnnscaannss 28
VI 5 o ss s 05 Castle Dome ... cevivecannannna cenns 29

Cienega..ceieeennranan casase casann 30
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EXPLANATION
le — Mining districts listed
by State and by county

in table 3.

FIGURE 1. - Principal Mining Districts From Which Ores and Concentrates of Gold, Silver, Copper, Lead, and Zinc Were Produced in 1957.
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FIGURE 2. - Location of Custom Mills for Ores of Gold, Silver, Copper, Lead, and Zinc.
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FIGURE 3. - Location of Smelters, Plants, and Refineries Treating Ores, Concentrates, and Metals of Gold, Silver, Copper, Lead, and Zinc.




TABLE 3,

11

- Principal mining districts or arcas from which ores and

concentrates of gold,

silver, copper, lead, and zinc

were produced in 1957--Continued

) State County Mining district Figure l;
symbaol
CenEralswamseeensinesedsesinessses 31
e g Burekfi.;ossnassscanssesasasens . 32
et Pinos Altos SN R W6 R R e 33
(Swartz ............ ot o 8 6 rw R AEge 34
Guadalupe.... Pintado.sssenssvssnsona wwha oo 35
Hidalgo...... Lordsburg....... 6581 8 ) &) B 5w 78 Um0 10 R . 36
New Mexlct,.,. Sandoval..... Cuba....iivieriiniinneannnanan - 37
Santa Fe..... Cerrillos, Cooper, San Pedro,
and New Placer5...ivececacess e 38
Hansonberg.......o0..- I I, o 39
SOBOETO.s « s us Magdalun..veeeeveennnsoaoaannnnn 40
¢ Torrance..... CarocitOsccvscnssaninininensanain 41
Amador, East Belt, Mother Lode, West Belt 42
Calaveras,
E1l Dorado,
Madera,
Mariposa,
Tuolumne.
Humbold . . ... /Trinicy River South (Hoopa)..... . 43
Darwin....o.uvau. Cesaaaaes ceranan . 44
Inyo...... . L@, iseraassensaanaannns . . 45
Modoc...... P faemrseesaaanuns 4o
California..... KeTrn. ...... . Mojave...viaaunnn B w1 e R i 47
Randsburg........... Vi 48
MONO: s swe oo Homerssassansoassissaniie sawa i 49
Nevada....... Grass Valley- Nevada City ...... IR 50
Plumas....... Sawpit Flat,....... Ay 51
Slerra....... Alleghany- Dawnleville ..... . 52
Siskilyou,.... Klamath River...... SiE e B § i 53
, | JHayfork.seeeeeeeannuas vinin i 54
Trinity...... Trinity RiVer...v.veeeeeenencenns 55
Yubai.ieiiaae Browns Valley....voeeeeranns . e 56
Goodsprings (Ycllow Pine)..... 57
Clark. e §Las Vigas.ivnenennans e imine s . 58
Searchlight..... ¥ e 8B e e 59
Contactisssavenussaisibmisamuiassd 60
Elko.v.veviaann Delano.:vssavavs SR A e R 61
Merrimac,...... B SP p p ‘o 62
Klondyke.,...evinun. w s sin s g 63
Nevada......... Esmeralda Montezuma...ceoua.. o 1 B e e . 64
Silver Peak....veveencnnane cewmne 65
Eureka....cieniiiinneceninnenanes 66
Eureka....... Maggie Creek........... o N 67
Railroad....... e thatasaeeesacaan 68
Humboldt..... Awakening......onuu... Cerereeanas 69
Goleconda..iveneenerveronannnansans 70
Lander. «.v... ‘Battle Mountain.....ceeevecsnsae . 71
Bullion...... resasesaana seseanuan 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 County Mining district Figure 1,
symbol
Lincoln...... “Jack Rabbit (Bristol)............ 73
{Pioche (Ely).vvvueerivirunnnnnnn. 74
Lyon. seassves YerIingtoneesasmaasacns s vansunas . 75
AULOL A aaswmwnm oo asesissoessse i 76
Nevada- - Mineral...... Candelaria....oveecvencccennncnas 77
Continued. Cedar Mountain..veesvareeaananaas 78
NVE:ansanansa Tonopah. cesunessvsannass sssesassa 79
Storey..e..a.. Comstock Lode...iueeennnans T 80
Cherry Creek...cvvrurcncacasnasss 81
White Pine... RobINSON.ieiieenronesscanaanannas 82
PUNESLONTE o s nw swnmmiom simansnmsss 83
Boulder...... Central, Gold Hill, Grand Island. 84
Chaffee..... . Monarch..ieeeieoenncecscacnananas 85
Clear Creek.. Alice, Argentine, Empire, 86
Griffith, Idaho Springs,
Montana, and Trall Creek.
Custer....... Hardscrabble......ccoiieeennncnan 87
Dolores...... Pioneer..iieeiiveravotenasnensuse 88
Eagle........ Red Cliff (Battle Mountain)...... 89
Fremont...... COEOPAKT, v sias b a5 5 s @i 6 ass s s 90
Colorado...... Gilpin....... Northern, Southern......v:iceve.e. 91
Gunnison..... Domingo, Elk Mountain............ 92
LaK&.s osnane . CalifOrnla e anis mosvasianeessnsins 93
Mineral...... Creede.iiciswne snnviviacaoasassee 94
Park......00 Buckskin Gulch, Horseshoe........ 95
Saguache..... BONANZa....so000esues Cretarenns 96
San Juan, San. JUAN s svmevn oo aum® sowewemsas 97
San Miguel,
and Ouray.
Summit,......| Breckenridge, Montezuma.,.scasesss 98
TelleTovusass Cripple CreeK..sossniens sosaisass 99
South Dakota.. Lawrence.....| Whitewood (Ida Gray), Portland, 100
and Bald Mountain.
Beaver....... Rocky, San Francisco, Star and 101
North Star.
Juab and Utah TIntles cosnsnnonaaevis s gingsisnna 102
Plute........ Gold Mountain, Mount Baldy, Ohio 103
Utah..iveenans Salt Lake....[ West Mountain (Bingham)...,...... 104
Summit....... UAnEAN: cwwummns s viensssseisessss i 105
Clifton.siseeesnensreseanennannns 106
Tooele....... DUEWAY . ucesseooonoonsososncsansnna 107
Ophir, Rush Valley...coeunnessens 108
Wasatch...... Blue Ledge, Snake Creek......es.. 109
Wyoming....... Fremont...... Atlantic City and South Pass..,.. 110
Idaho..sveaun. Blaine....... Mineral Hill-Camas and 111

Warm Springs.
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TABLE 3. - Principal mining districts or areas from which ores and
concentratus of gold, silver, copper, lead, and zinc
were produced in 1957--Continued
State County Mining district Figure 1,
symbol
Custer "Alder CreeK..u.vneerenvennnans e 112
e Bayhorse.........coauuuun reennn .. 113
Blackbird........ b ow A mieedn s e 114
Idaho-- Lemhi........ Blue Wing........ AN TR T Ty 115
Continued, McDevitt........ ¥ 8 s Shmudh 3088 1 e P 116
Shoshone..... Coeur d'Alcne (Beaver, Hunter, 117
Evolution, Placer Center, Yreka).
Beaverhead... Argenta..... o ) N A e e e e e s 118
Granite...... Flint CreeKk..vevieinnnnconnneennan 119
Montan&........ Jefferson.... Colorado...iiveeunnas 1 Wmaie 6 6 78 0 I8 (6 6 120
Sanders...... Eagle . ittt neiinernnesnanenrannnns 121
Silver Bow... Butte (Summit Valley)........... . 122
OregOon.ceeansse Grant........ Granite...cveareennrinnenanannnsan 123
T P Railroad Creek (Chelan)........... 124
Wenatchee.ioiveoenisvonncana NpRpRpe. 125
Washington..... % Ferry.. Republic..cccvseacnansveanoaannsss 126
Pend Oreille Metaline.....ec0nve a8 e 127
Stevens...... NOTERPOYE s v a v w e i mi s 6 . PR 128
Jo Daviess
Illinoi~, ILuwa,| | Dubuque......
Winconsin. Grant....eue. Upper Mississippi Valley........ . 129
Iowa. . vvaunne
Lafayctte....
3Houghton... )
Michigan....... Keweenaw..... Lake Superior.......cieereaniannans 130
Ontonagon....
Kansas, Cherokee..... )
Missouri, Jagper...coe. [ IPri-State..vuveesvrernreaeecncanns 131
Oklahoma. } Newton....... S
Ottawa.......
}Madison..
Migsouri....... St. Francois. Southeastern Missouri...... T . 132
Washington...
I114n0is....... Hardin.......
Pope....c....
Caldwell.... Kentucky Fluorspar.....cieeveuuisns 133
Kentucky....... Crittenden.
Livingston...
North Carolina. {Aahe......... Ore Knob.,...... PR sreanana . 134
Halifax.... Enfield..... .e Carranen . “en 135
Hancock...... Treadway, S s . creraas 136
Tennesset ...... Jefferson.... Mascot..... I i A s s .- 137
Polk. i wsis Ducktown. . B 5 s B Bada 13 06 4 & 3 8 T 138
Nevr Jersey..... SUSSeX.urenss Franklin Ogdenburv iR E AR 139
New York.,..... St. Lawrence, St. Lawrence....... 6 i e 140
Pennsylvania... Lebanon.... Cornwall..... B R Ty 141
Vermont.,oueeus. Orangt...caa, Stafford.......cv.us S 06 i e e 142
Virginia....... Rockingham. .. Timberville..... G T LTI T 143
Wythe,.oveans Austinville..sisessceaia o i e %% 144

730-683 O-64—2



TABLE 4. - Custom mills for treating ores of gold, silver, copper, lead, and zinc

(Includes operating plants and idle plants available on demand

as of 1961)

Capacity Products? Treatment
Figure 2, Location Name of Name of Type of (short) | (concentrates | Purchase| or base
symbol of plant plant operator mill tons unless other- |or toll®| charge® Remarks
per day) | wise stated) (dollars
_per tom)
ARIZONA
1....... | Sahuarita..... | San Xavier......| McFarland & Selective 100 | Pb (Cu-Au-Ag) |Toll.... 4.50 | Mill purchased from The Bagle-
Hullinger. flotation. and Zn, Picher Co. in March 1957.
Treatment charge includes
delivery of toll concentrates
into railroad cars.
- IeE—— . | Patagonia..... | Trench.,........ Nash & McPFarland.|....do....... 200 sese.80....,..| Purchase| 4.50-5.00 | Mill acquired from American
Smelting and Refining Co.
(Asarco) in 1957. Has
purchased ore only from
- Duquesne mines.
SR .« | Humboldt,..... | Iron King..... <+ | Shattuck-Denn Selective 5000 | .cceif0ivaeeese] TO wiss - No custom ore treated since
Mining Co. flotacion 1954,
Cyanidation. 300 | Au-Ag bullion
CALIFORNIA
[ . . | Rosamond...... | Burton Brothers. | Burton Brothers |Cyanidarion. 150 s s saal @0 e 5,50 | Last operated in 1955.
| Randsburg..... | Butt Lode....... | Butt Lode Amalgamation 30 | Au-Ag retort |..do....[5.00-12.00
Mining Co. and tables. sponge,
COLORADO
| T . | Silverton..... | Pride........... | Argyle Mining Selective BO-100 | Pb{Cu-Au-Ag) [ . . 7.00 | Inactive in 1961.
and Milling Co. flotation. and Zn.
[ «eed0.tecu.e.. | Shenandoah...... | Standard Uranium | Selective 280 | csss slBivnwiws) i 2 @00vas ) Do.
Corp. flotation
and tables.
8....... | Ouray..cc..... | Bay City........| Bay City Mining |[Selective 100 |.....do..ueunsf . do..., 7.00 Do.
& Milling Co., flotation
Inc. and jigs.

9.. .. | Idaho Springs, | Front Range, Various....... .. |Selective 50-200 | .....do.......|Purchase *) Inactive in 1961. Most of
Central City, | Dixie, Black flotation, and/or these mills are intact and
Georgetown, Eagle, Silver bulk flota- toll. available for lease or
Silver Plume, Spruce, Silver tion, jigs, sale,

Black Hawk. King, Common- and tables.
wealth, Bur-
leigh, Mendota,
Boodle, Glory
Hole, and
others.
10....... |Cripple Creek..|Carlton......... | Golden Cycle Flotation and 1,000 |Au-Ag-bullion.|Purchase ™) Closed in January 1962.
Corp. cyanidation.
11....... |Montezuma......|Plymouth........ | John & Vera Selective 50 |Pb (Cu-Au-Ag) (Toll.... 4.50 | Inactive in 1962,
Jeffrey. flotation. and Zn.
12....... |Leadville......|Resurrection.... | Resurrection Selective 500 eeeaadO..i....|Purchase ) Operations suspended in 1957.
Mining Co. flotation. Equipment intace.
13....... |Bonanza........|Superior........ | Superior Mines, sous@0s s vavae 150 |eccsoaB0iaacceafasdanas (%) Inactive in 1961.
(National Corp.
Minerals).
IDAHO
b....... Wallace....... |Golconda........ | Golconda Lead e S et 200 |.....doceeo...|Toll.... )
Mines.
Bnsamss Yorse@0uas snmana || REEwweomewn «ssv. | Zanetei Bros. PP e 200 § oousolBanies we ol saB0eaan *)

21



ILLINO1S
16.cviv v vuis Rosiclare..... | Rosiclare....... Aluminum Co. Beavy media 600 | Fluorspar-Zn- | Purchase *)
of America and selective Pb.
flotation.
[ Lo —— s vuvae Ozark-Mahoning..| Ozark-Mahoning R I- U 385 | ceveed0nena..] udo. )
Co.
18...... . | Galena..... ) Graham.......... The Eagle- Selective 1,500 | Pb (Ag), Zn...|..do.... )
Picher Co. flotation
and jigs.
MONTANA
19....... |Anaconda...... | Anaconda........ The Anaconda Selective TR o siam o] = #0OEa %) No ore purchased in 1961.
Co. flotation.
NEVADA
20....... |Ploche........ | Caselton........| Combined Metals RN . P 1,800 | Cu, Pb a o0 s *) Inactive since 1957.
Reduction Co. (Au-Ag), Zn.
2 ovinis Silver Peak... | Silver Peak..... United States Cyanidation... [250-300 | Au-Ag bullion.|..do.... *) Inactive in 1961.
Mining and
Milling Co.
NEW MEXICO
2290 o |DemIOB.cccess. | ABATCO.cao. .o . | Asarco..... - Selective 1650-750 | Cu, Pb, and | Y *) Inactive since 1957.
flotation. Zn.
. wee.doc.ioe.... | Peru.....v...... | Peru Mining Co. Y- [ 300 | .....d0ceiens] adooln. *) Reopened in 1961,
2,... Hanover....... Hanover......... Empire Zinc S IR e | ([ 805 s vina] 5 $80:sw *)
Division, The
New Jersey
Zinc Co.
250 Bayard........ Bullfrog....-.. .| United States PR T . 600 | et sinaaal s idbases Y)
Smelting
Refining and
Mining Co.
OKLAROMA
26..... .. |Cardin........ Central........ .| The Eagle-Picher | Heavy media, 12,000 | Cu, Pb, and Purchase %) Reopened in 1961.
Co. selecrive Zn. and
flotation, toll.
and jigs.
-y (S Commerce...... Barbara J....... American Zinc, ceredOiiiiiaa 1,000 | .....do....uud] .odoae. *) Do.
Lead and
Smelting Co.
UTAH
28.: ;s PRGRY s 5iviaiini 5 BAORE <50 1 o 5 s Combined Metals | Selective 500 | Cu, Pb Purchase *) Inactive since 1958.
Reduction Co. flotation, (Au-Ag), Zn.
29....... Tooele....... .| Tooele..........| International R - P, 1,500 [ .....do.......]..dooss. *) Inactive since 1958.
Smelting and Custom milling ores
Refining Co. diverted to Midvale,
Utah, after this date.
30 : = aa Midvale....... Midvale. veeu-.| Dnited States SRR | S ——— 1,700 || <uiailOuamse .| Purchase (%)
Smelting and
Refining and toll.
WASHINGTON Mining Co.
< 3 [P Northport..... | Admiral........ .| Admiral 7§ il @ § 58 75 | Pb (Au-Ag), Tollieas (*) Inactive since 1958.
Consolidated Zn.
WISCONSIN Mining Co.
32455 e White Oak, Vinegar Hill....| Vinegar Hill sons@0us suuy 600 | Pb (Ag), Zn...|Purchase *)
Division,
American Zinc,
Lead and
Smelting Co.

ISymbols in parentheses denote minor metals in mill heads and concentrates.

@vpurchase” denotes ores purchased outright; "toll” denotes ores treated under contract when shipper retains title.

“Additicnal data shown in appendix.
“No scheduled treatment charge; payment negotiated.
€See treatment schedule in appendix.
®Purchase schedule not available.
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TABLE 5. - Smelters, plants, and refineries for treating gold, silver, copper, lead,

and zinc ores, concentrates, and metals

Class of mate-

Treat ore or

Remarks on prin-

Type of rial treated Annual capacity’ Purchase concentrate | Treat company | cipal source of
Figure 3, Location of Company smelter, (ores and con- (short tons) ore or on toll basis ore or ore and concen-
symbol plant plant, or centrates Refined | concentrate| and return concentrate trate for plant
refinery unless other- Charge? metal outright product only and other
wise stated) to shipper pertinent data.
ARTZ ONA
1oo..... Hayden....... | American Copper Copper, gold- 300,000 - X X X Major Arizona
Smelting and smelter, silver. producers
Refining Co. and *.
Bewain Inspiration.. | Inspiration Electrolytic Leach solution - 445,000 = # X Company Inspira-
Consolidated copper and anode tion mine.
Copper Co. refinery. copper.
Jusinuy o | MIBEL. . suvcns | vues a@Beusneess| COppar Copper, gold- 360,000 - X X - Inspiration Con-
(formerly smelter. silver. solidated Cop-
International per Co., Miami
Smelting and Copper Co.
Refining Co.) mines, and 3.
Govennn . | Hayden....... | Kennecott R 1 e TR P 400,000 - - - X Company Ray
Copper Corp., mines. Smelter
Ray Mines operation began
Div. in July 1958.
5.c.:... | Superior..,.. | Magma Copper wnel0a ¥ 3 y s s ¢ J8O% sy 150,000 - X - - Company Superior
Co. mines and ¥.
6...... . | Douglas...... | Phelps Dodge L.do. ..., ol «-e-vdoeeca... | 1,250,000 - X - - Company Copper
Corp., Douglas Queen and
Reduction Lavender mines
works, and ®,
7...v... | Morenci...... | Phelps Dodge e B0y 5 o s naiel| mmee o0 s 900,000 - - - X Company Morenci
Corp., mione and
Morenci custom flux.
Branch. -
- S AJO.evvveer.. | Phelps Dodge SYRY. . [. S (. | PR 300,000 - - - L Company Ajo mine
Corp., New and custom
Cornelia flux.
Branch.
9....... | San Manuel... | San Manuel wisinaiOs y p sinie o] e o0 vevine 360,000 - - = X Company San
Copper Corp. Manuel mine,
ARKANSAS
10..... .. | Fort Smith... | Athletic Zinc smelting| Zinc ores, = 780 X - - Company Arizona
Mining & plant.® concentrates, mines, %, and
Smeltring Co. and fumes. 8,
CALIFORNIA
“liceceoa. | Selby..c..... | American Silver-lead Lead, gold- 192,000 €72,000 K¢ - - (3, 8)
Smelting and smelter and silver.
Refining Co. refinery.

2 wipes s |, wiewB0hie u s waas: || e i@Oyneaee | Si0e SlEK= Zinc slag and - (10) - - - Zinc slag from
fuming fume . lead smelter and
plant. smelter dump.

IDAHO
14eviv... | Bradley Bunker Hill Silver-lead Lead, gold- 300,000 ©100,000 X - - Company Bunker
(Kellogg). & Sullivan smelter and silver. Hill and Star
Mining refinery. mines, %, and
& Concen-~ 8,

trating Co.

al



la.......
156, 5mas
165 s < uins
) & S
18...... .
19555 5w -
205 s wsis =
2. . ouns .
22.....

23.......
24 ...,

Silver King
(Kellogg).

Kellogg......

ILLINOIS
Alton
(Fe@eral)

East
St. Louis.

Monsanto.....

La Salle.....

Depue; . cveeias

INDIANA
East Chicago.

KANSAS
Galena.......

MARYLAND

Baltimore....

MICHIGAN
Hubbell

The Bunker Hill

Electrolytic
Zine Plant.

The Bunker
Hill Co.

American
Smelting and
Refining Co.

American Zinc
Co. of
Illinois.

s sine @O 5 & Semion

Matthiessen
& Hegeler
Zinc Co.

The New Jersey
Zinc Co.

U.5.S. Lead
Refinery,
Inc.

The Eagle-
Picher Co.

American
Smelting
and Refin-
ing Co.

Calumet &
Hecla,
Inc.

See footnptes at end of table,

Electrolytic
zinc plant.

Zinc slag-
fuming
plant,

Silver-lead
smelter and
refinery.

Zinc smelt-
ing plant.®

Electrolytic
zinc plant.

Zinc smelting
plant.®

Zinc smelting
planc.!?

Electrolytic
silver-lead
refinery.

Silver-lead
smelter and
refinery.

Electrolytic

copper
refinery.

Copper
smelter and
refinery.

Ziac con-
centrate.

Zinc slag
and fume.

Lead, gold-
silver.

Zianc (and
residues).

Zine fume,
calcine, and
residue.

Zinc. .. oivenn

Zine and

residues.

(13)

(13)

Copper concen-
trates and
copper scrap.

(10)

100,000

1173,800

(10)

9128,000

735

1160,000

790

(10)

740,000

(10)

198,000

1460,000

Company Bunker
Hill and Star
mines, “, and
8

Zinc slag from
lead smelter
and smelter dump
zinc slag.

3Closed.

Company mines in
Missouri and
Tennessee, °
and %,

Plants in Idaho,
Oklahoma, Penn-
sylvania, Texas,
Utah, Canada,
and Mexico.

Northern Illinois,
Wisconsin, Tri-
State district,
and ®.

Company Colorado
mines, °, and “.
Treats primarily
roasted and
sintered zinc
concentrates and
oxide ore.

(10)

Company Oklahoma
and Illinois
mills and ® in
tri-state dis-
trict. Primar-
ily a pigment
plant.

(10)

Company mines and
reclamation
plants.

L1



TABLE 5. - Smelters, plants, and refineries for treating gold, silver, copper, lead,

and zinc ores, concentrates, and metals--Continued

Class of mate-

Treat ore or

Remarks on prin-

Type of rial treated Annual capacity’ Purchase concentrate |Treat company| cipal source of
Figure 3, Location of Company smelter, (ores and con- (short tons) ore or on toll basis ore or ore and concen-
symbol plant plant, or centrates Refined | concentrate | and return concentrate trate for plant
refinery unless other- Charge? metal outright product only and other
wise stated) to shipper pertinent data.
MICHIGAN--
Continued
25.......| Hancock......| Quincy Mining Copper Copper concen- = 1412,000 X - - Company reclama-
Co. smelter and trates and tion plant and
refinery. copper scrap. Copper Range's
Champion mine
concentrates,
Smelter idle in
1958 and first
6 months of 1959.
26.......| White Pine...| White Pine oo r s @Buamivasne | wosen@Dyssussn - 1455,000 - - X Copper Range ores.
Copper Co.
MISSOURI ]
27.......| Herculaneum st. Joseph Silver-lead Lead...... ss4s - $120,000 - - X, Company southeast-
Lead Co. smelrer and ern Missouri
refinery. mines, Belmont
mine in New York,
3, and ®,
28 vaieis St. Louis,... | Lewin-Mathes Copper Copper concen- 42,500 - - X
Co. Division refinery. trates and
of Cerro Corp. scrap.
29.......| Herculaneum St. Joseph Lead| Zinc slag- (10) - - X Hot slag and fume
Co. fuming from lead
plant. smelter and
smelter dump
slag.
MONTANA
30.......| East Helena.. | American Silver-lead.. | Lead, gold.... 360,000 - b 4 - - Butte mines, 7,
Smelting and and ®,
Refining Co.
i 3 [y ve| «e.d0.uue.... | The Anaconda Zinc slag- Zinc slag and - (10) X - . Zinc slag® from
Co. fuming. fume . lead smelter and
smelter dump slag.
. S ..| Anaconda.....| .....do........| Copper Copper, gold- | 1,000,000 - X - - Butte mines, °,
smelter. silver. and ®,
33.....00| +ved0ieenee.. | ov.andaaaaiii..| Electrolytic | Zinc concen- - 186,500 X X - Butte mines, ¥,
zinc plant. trate. plant closed in
1960,
3 is: | ‘Greoat FEL1S:: | s veslOonevsmna) wewaB0s s puwmm | smeneOusswe i - 11162,000 X be - Butteeminal,:‘,
and °,
b L ! [y [ r— 53 weera80........| Electrolytic (13) - 4150,000 (10)
copper.
NEBRASKA
<7 T ..| Omaha........ | American Silver-lead (13) - 9180,000 - - - (10)
Smelting and refinery.
Refining Co.
NEVADA
Teenene.| MeGill....... Kennecott Copper Copper, gold- 440,000 - - - X Company mines and
Copper Corp. smelter. silver. custom fluxing
Nevada Mines ore.
Div.

81
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NEW JERSEY
Carteret.....

Hurley.......

NEW YORK
Laurel Hill..

OKLAHOMA
Blackwell....

Henryetta....

Bartlesville.

PENNSYLVANIA
Josephtown..,

Palmerton....

Donora.......

TENNESSEE
Copperhill. ..

American Metal

Climax, Inc.
American
Smelting and

Refining Co.

R . . Yy A .

International
Smelting and
Refining Co.

Kennecott
Copper Corp.

Phelps Dodge
Refining
Corp.

American Metal
Climax, Inc.

The Eagle
Picher Co.

National Zinc
Co.

St. Joseph
Lead Co.

The New Jersey
Zinc Co.

United States

Steel Corp.

Tennessee
Copper Co.

See footnotes at end of table.

Copper
smelter and
electrolytic
and fire
refinery.

Silver-lead
refinery.

Electrolytic
copper
refinery.

Copper
smelter and
fire
refinery.

Copper
smelter and

electrolytic
refinery.

Zinc smelring
plant.?

P, - [p——

s Q0 wure ia

Zinc smelting
plant.?

Zinc smelting
plant.®

Copper
smelter.

Copper ores
and concen-
trates and
residues,

(13)

(13)

(13)

Copper con-
centrates.

Zinc ore and
concentrates
and flue dust.

ZiDC.iausssunss

Zinc concen-
trates, cal-
cines, oxides,
and residue.

Zinc ore and
concentrates
and residues.

Copper....cavne

245,000

400,000

200,000

(10)

113,000

70,000

70,000

4150,000
14121,000

$96,000

168,000

4240,000

1484,000

4175,000

7266

7150

114

Concentrates from
Vermont and
North Carolina.

(10)

(10)

Company Chino mine.
Fire refinery
operated inter-
mittently.

Appalachian
Sulfides, Inc.,
mines in Vermont
and North Carolina
and Bethlehem Cuba
Iron mine in
Pennsylvania.

Primarily.®

Company Oklahoma
and Illinois mines
and ® from Tri-
State district,
Illinois, and
Wisconsin.

® from Colorado
Arizona, Tri-
State districe,
and %.

Company New York
and Missouri
mines, 3, and ®.

Company New Jersey,
Colorado,
Tennessee,
Pennsylvania and
Virginia mines,

A wad %,

Material from
Tennessee and
New York; closed
November 23, 1957.

Company mines in
Tennessee.

61



TABLE 5. - Smelters, plants, and refineries for treating gold, silver, copper, lead,

and zinc ores, concentrates, and metals--Continued

Ve

Class of mare-

Treat ore or

Remarks on prin-

Type of rial treated Annual capacityl Purchase concentrate Treat company | cipal source of

Figure 3, Location of Company smelter, (ores and con- (short _tons) ore or on toll basis ore or ore and concen-

symbol plant plant, or centrates Refined | concentrate| and return concentrate trate for plant

refinery unless other- Charge® metal outright product only and other
wige stated) to shipper pertinent data.
TEXAS
) I Amarillo..... | American Zinc smelting| ZinC..veeeen.. - 7160 X X - Company mines in
Smelting and plant.® Colorado and New
Refining Co. Mexico (inactive),
3, and ®,

L3 Sy Corpus Christi | ..... do........| Electrolytic | Zinc concen- - 11105,000 X X - Do.

zinc plant. trates and
fume .

53....... Dumas........ R T P, Zinc smelting| .....do....... - 7137 X - - (3, 8)
plant.®

SMhvisius sa |l Bl Pago..ivos | iii:ad0ans Copper Copper, gold- 400,000 - X X - Company mines in
smelter. silver, Arizona and

Missouri, ®, and ®.
5B.weuvan wes@0i o sawian | e oo dlOmaiianiv e Silver-lead Lead-zinc, 360,000 - X X - Company mines in
smelter. gold-silver. Colorado and New
Mexico (inactive),
2 and ®,

56 .. .0nce| c0eB0iieeeeen | ovnna B0iarvuas Zinc-slag- Zinc slag..... Hot slag and fume
fuming from lead smelter
plant. and smelter dump

slag.

Miwusass s - Phelps Dodge Electrolytic (13) - {‘ 290,000 - - X Company mines.

Refining copper 1425,000 }
Corp. refinery and
copper fire
refinery.
UTAH
B Tooele....... | International Silver-lead Lead-zinc, 300,000 - X X - (3, 8)
Smelting and smelter. gold-silver.
Refining Co.

59 ... WEOE .. TR PR . . ——— Zinc slag- Zinc oxide (10) - X X - Hot slag and fume
fuming and carbon- from lead smelter
plant. ate ores and and smelter dump

zinc slag. slag.

60..... . Garfield..... | Kennecott Copper Copper con- 1,225,000 | ¢204,000 - - Ex American Smelting

Copper Corp. smelter centrates. and Refining Co.
and elec- accepted custom
trolytic ore and concen-
copper trate at the
refinery. copper smelter

until January 1,
1959, when the

new owner Kennecott
Corp., assumed
operation.



UTAH--
(Continued)
6l.......| Midvale...... | United States Silver-lead
Smelting, smelter
Refining and and
Mining Co. refinery.
WASHINGTON
62.......| Tacoma....... | American Copper
Smelting and smelter
Refining Co. and elec-
trolytic
refinery.
WEST VIRGINIA
63 Meadowbrook.. Meadowbrook Zinc smelting
Corp., sub- plant.t?
sidiary of
Matthiessen
& Hegeler.

«ad, gold-
silver.

Copper, gold-
silver, and
siliceous
gold ores.

Zincssencuaass

250,000

600,000

72,000

4114 ,000

1142 ,000

Midvale smelter
was closed in
June 1958 and
subsequently
dismantled.
Company contin-
ued to buy custom
material which
was treated at
International
Smelting and
Refining Co.
Tooele smelter
on a toll
basis.

3, 8)

? principally from

Arkansas,
Wisconsin,
Missouri, and °
principally from
Canada.

1Based on American Bureau of Metal Scatistics Yearbook, Thirty-Seventh Annual Issue for the year 1960.

“Includes flux but not fuel.
“Small lots of domestic custom ore or concentrate.
‘Refined copper.

Epurchased custom silica fluxing ore or material only.

®Horizontal retorts.

7Daily capacity for spelter.
€Foreign ore and concentrate.
®Refined pig lead.

1°Data confidential or not available.
1151ab zinc.

12yertical retorts.

12Not applicable.

l4Fjre refined copper (with varying amounts of silver).

u
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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 standstill 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 ore from thc 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 obtaincd 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 Smelting
& Refining Co. at Tacoma, Wash., and to the Selby, Calif., lead smelter of the
same company. Both plants are at tidewatur. One of the two small Alaska
shipments of lead-silver-gold ore made 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 Alaska is discussed in detail in
a 1958 Bureau of Mines publication (18).

Arizona

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

Most of the major producers of copper have integrated mining, milling, and
smelting operations (table 6). All have their own concentrators or leaching
plants, 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 Transarizona
Resources, Inc., south of Casa Grande. This process, which produces a metallic
copper concentrate, may have increasing importance in copper metallurgy (9,

11, 26).




TABLE 6. - Leading copper-producing operations in Arizona in 1960 2

Operation Company District County | Type of Type of Concentrator Smelter
mining treatment | (company owvned)
Morenci®....|Phelps Dodge Corp.|Copper Mountain|Greenlee|Open pit...|Flotation, |[Morenci........ Morenci.®
leaching.
San Manuel®.|San Manuel Copper.|[0ld Hat........ Pinal...|Underground|...do.....|San Manuel..... San Manuel®
Corp.
New Cornelia|Phelps Dodge Corp.[Aj0..ceuurnenan Pima....|Open pit Flotation.|Ajo..vvievnnens Ajo,*
Lavender pit|....... Q0. iennanns WarreN..oouse.. Cochise.|....do..... Flotation, |Bisbee......... Douglas.*
leaching.
Copper Queen|....... < o S carean do...... .|+...do...{Undergroundi..do...... B T Do.
Ray pit..... Kennecott Copper |[Mineral Creek..|Pinal...|Open pit...|..do...... RaViiviwinasaas Hayden.*
corp.
Inspiration, |[Inspiration Globe-Miami....|Gila....|....do.....]..dC...... Inspiration....|Inspiration.®
Consolidated
Copper Co.
Esperanza®..|Duval Sulphur PIMA s wwwwosines Pima.... .do.....|Flotation. |Esperanza..... .|Custom.,
& Potash Co.

Silver Bell |American Smelting {Silver Bell.... I (- TR (. < (o TRPUBE Flotation,|Silver Bell....|Hayden* or
Unit.” and Refining Co. izaching. El Paso.
Magma.......|Magma Copper Co.® |Pioneer........ Pinal...|Underground |Flotation. |Superior....... Superior.?

Copper Cities |Tennessee Corp....|Globe-Miami....|Gila....|Open pit,..|..do......|Copper Cities,,|Custom,.
Miami.....ooofloeveeeedOuiinnnea]vnannn douaceina ..do...|Underground |Leaching..|...do...... R Do.
Castle Dome iiwew a00% 55 einiae % 8 i o5 @05 o wmiia ceedo...|Open pit...|..doviiine]inneannnnen 8 Do.

dump .
Pima.:.suase Pima Mining Co....|Pima...ecvvun.n Pima.... .do..... Flotation.|Pima.,....... ; Do.
Bagdad” .. |Bagdad Copper Corp.|Eureka......... Yavapai., .do..... Flotation, |Bagdad...... . Do.
leaching.
0l1d Dick’...|Cyprus Mines Corp.|...... douiciae e ...do...|Underground |Flotation. |0.d Dick....... Do.
Daisy, Palo |Banner Mining Co. (Pima........... Pima....|Underground|..do...... Daisyiissnsnmns Do,
Verde, open pit.8

lpdapted from Bureau of Mines Minerals Yearbook 1960,
JGold and silver ware obtained as byproducts of copper Tining.

SMolybdenum was obtained as a byproduct of copper mining.

“Company owned smelter,
“Smelter purchased from International Smelting and Refining Co. in 1960,
®Successor to Miami Copper Co.

7Copper-zinc

ore mined.

®Daisy open pit operated by Pima Mining Co.

4
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The five properties that mined complex ores in 1960 are shown in table 7.
These mines accounted for most of Arizonma's lead and zinc production in 1960,

in contrast with 181 producing mines in 1949,

also recovered.

Gold,

silver,

and copper were
The principal product from the 0Old 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 & McPFarland........ cofFlux......... Patagonia...|Santa Cruz.|Zinc-1lead.
Cyprus Mines COrp......... Old Dick..... Near Bagdad.|Yavapai....|Copper-zinc.
B. S. & K. Mining Co...... Atlas........|Near Silver |Pima... .|Z2inc,
Bell.

Shattuck-Denn Mining Corp.|Iron King....|Humboldt...,|Yavapai....|Zinc-1lead.

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 8 in 1960.

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

Location of plant Company operating plant

Johnson Camp, Ariz.....cieeeineanna McFarland & Hullinger.
Patagonia, Ariz. (Trench).......... Nash & McFarland.
Humboldt, Ariz. (Iron King)........ Shattuck-Denn Mining Corp.}
Deming, N. Mex.:
(ASArco).vuereenvenss R American Smelting & Refining Co.2
CPeru) v s s onnssasss o6, e .. Peru Mining Co."
1No custom ores were being treated by the Shattuck-Denn Mining Corp.
in 1960,

“Not 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.
Smith, Ark.,

at Fort
operated at a very low rate in 1960 under contract with the
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American Zinc, Lead & Smelting Co. This plant was supplied chiefly from
retrcated tailings from the Tri-State District of Kansas, Missouri, and
Oklahoma.

California

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 rccovered 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 markcted with base-metal concentrates.

Copper is mined at properties in five counties, but an operation in Inyo
County and another in Humboldt County accounted for most 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 lead 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 gzold
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 accommodation
to small producers. Gold and silver ores from Eastern California have been
treated at the custom cyanide mill of the OUnited 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 at 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 Intcrna-
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 again under more favorable market
conditions.

No custom milling facilities for copper ores are available to Califournia
producers. A limited market for copper-, gold-, and silver-bearing silica
fluxing ore is avallable at the copper smelter of Kennecott Copper Corp. at
McGill, Nev., where they are accepted by prearrangement on an as needed basis.
Copper ores and concentrates can be sold to copper smelters of the American
Smelting & Refining Co. at Tacoma, Wash., and Hayden, Ariz., and to The
Anaconda Co. plant at Anaconda, Mont. Shipment to thc Magma Copper Co. smeltcr
at Superior, Ariz., or the American Smelting & Refining Co. smeltcr at El1 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. However, the International Smelting
& Refining Co. accepts high-grade zinc oxide and carbonate ores for its
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zinc-fuming plant at Toocle, 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 closed 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 served an integrated gold-
mining operation that produced slightly more than half of the State's gold
output in 1960. Treating gold telluride ore 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
godd 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

Operation

Concentrator

Product

Idarado Mining Co

Treasury-Tunnel-

Black Bear-

Smuggler Union.

Pandora mill at
Telluride, Colo.

Copper, lead, and
zinc concentrates
and gold bullion.

The New Jersey Eagle....c.00veen Eagle mill at Lead and zinc
Zinc Co. Gilman, Coulo. concentrates and
copper ore.
Camp Bird Camp Bird........ Camp Bird mill Lead and zinc

Colorado, Inc.
Emperius Mining Co.

Emperius.........

near QOuray, Colo.
Emperius mill at
Creede, Colo.

concentrates.
Gold-silver ore,
lead and zinc

concentrates.
Rico Argentine Rico Argentine...[Rico mill at Lead and zinc
Mining Co. Rico, Colo. 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 orce or Location of plant Company operating plant
concentrdate
Custom smelters
Lead. . .oueen.. o El Paso, TeX..eenewes American Smelting & Refining Co.
Tooele, Utah..... «+-|International Smelting & Refining Co.
‘Amarillo, Tex.......[|American Smelting & Refining Co.
ZA0C e s et cernennnns Bartlesville, Okla..[National Zinc Co.
Anaconda, Mont......[The Anaconda Co.
Corpus Christi, Tex.|American Smelting & Refining Co.
CoppPer .. iiitnneansa El Paso, TéxX..... ...|American Smelting & Refining Co.
Custom mills
Copper, lead, zinc.| Midvale, Utah....... United States Smelting Refining
& Mining 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 Smclting & Refining Co. near Crested Butte, Colo.
Smaller operations scattered through the Colorado mineral belt were also
inactive in 1960 and 1961. None of the 15 or more Colorado lead-zinc-copper
custom mills listed in table 4 was ouperating in 1961. Many of them, including
the Resurrection mill at Leadville, the largest custom mill in Colorado, could
be reactivated. The last remaining custom smelter 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 refincry 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 ranked 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 northern part of the State. These mines are listed as
follows:

Mine Ore Operator Owner
Bunker Hill.....|lead-zinc....|The Bunker Hill Co...| The Bunker Hill Co.
StaY. . ieas ) IR (. JE Hecla Mining Co...... Do.
Sunshine.,....... silver....... Sunshine Mining Co...| Sunshine Mining Co.
Page....vcuvenans lead-zinc....{American Smelting American Smelting
and Refining Co. and Refining Co.
Galena.......... silver.......|«.u.s e Lo J Callahan Mining Corp.
(mine leased to Asarco
and The Day Mines, Inc.)
Lucky Friday....|lead......... Hecla Mining Co...... Lucky Friday Silver Lead
Mines Co.

The Bunker Hill Co. has an integrated mining, milling, smelting, and
refining operation in the Coeur d'Alune mining region. 1In addition to mining
and milling, the operation includes a silver-lead smelter and refinery and an
electrolytic zinc plant., Custom concentrate from forelgn and domestic sources
furnishes much of the material treated. Small lots of crude lead ore are
purchased,

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 declining lead and zinc pricus
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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 high—grade crude ore could be
shipped at a profit. Shipments of crude and concentrate were made from this
area to smelters in Idaho, Utah, Washington, and Montana.

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

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 Illinois, 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. 1In 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 Ozark-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 0il 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 zinc originates in Cherokee
County, a part of the Tri-State District in Kansas, Missouri, in Oklahoma.
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The mines in the dJistrict were inactive in 1960 except for cluanup operations
in several mines and retreatment of mill tailings. The large companies that
have operated in Cherokee County and in adjoining Ottawa County, Okla., either
directly or through lessees, include the St. Louls Smeltiug and Refining Divi-
sion, (National Lead Co.) and The Eagle-Picher Co. The National Lead Co. sold
its Ottawa County interests to Eagle-Picher Co. and dismantled its Ballard No.
8 mill in 1959. The Eagle-Picher Co. operates a lead smelter it Galena, Kans.
Eagle-Picher Co. Central custom mill at Cardin, Okla., remains available for
Tri-State ores. Details on customary marketing of ore and concuntrate produced
in the Tri-State District are given in the section on custom smelting.

Kentucky

Lead and zinc are recovered as byproducts or coproducts of fluorspar
mining in the parts of the Kentucky-Illinois fluorspar district in Livingston
County, Ky. The district is discussed in the Illinois section. No custom
mllls or smelters are located in the State; all ores are shipped to Illinois
mills.

Michigan

The entire 1960 production of copper in Michigan came from underground
mines and tailing-reclamation plants in the Lake Superior district. Calumet
& Hecla, Inc., operated eight mines and one reclamation plunt in Houghton and
Keweenaw Counties and a copper smelter and refinery at Hubbell. 1In Houghton
County, Quincy Mining Co. operated a tailing-reclamation plant and copper
smelter and refinery, and Copper Range Co. operated the Champion mine and
Freda concentrator. White Pine Copper Co., subsidiary of Copper Range Co.,
operated the White Pine copper mine, mill, smelter, and rcfinery in Ontonagon
County and smelted concentrates from the Copper Range Co. Freda mill.

All Michigan copper mines treat ore locally either in company-owned
facilities or under contract in nearby plants. No custom treatment facilities
as such exist. Michigan copper is sold mainly as fire-refined copper, although
some electrolytic copper is produced. The small silver content of Michigan
ores remains in the fire-refined product, also known as Lake copper, used in
industry without electrolytic refining.

Missouri

In 1960, production of lead and zinc, with byproduct copper, silver,
cobalt, and nickel, was centered in the southeastern Missouri district
(Madison, St. Francois, and Washington Counties). The St. Joseph Lead Co.
operates mines and mills in Washington and St. Francois Counties, and the
National l.ead Co. operates the Madison mine and mill in Madison County. All
mines in southeastern Missouri are captive operations, and no custom-milling
facilities exist.

Drilling exploration in recent years near the junction of Iron, Washing-
ton, and Crawford Counties in the southeastern Missouri district has disclosed
new, large reserves of lead ore about 40 miles west of the older lead-mining
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area., The orc has a small content of copper and zinc., Development in this
ared by the St. Joseph Lead Co. reached production in 1961. A complex 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 Missouri 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 werc accepted in the past, a policy change in
early 1961 abolished such ore purchases, resulting in a loss of market for
most independently produced Tri-State and midwestern lead concentrates. These
concentrates are now subject to high shipping costs to EL Paso or other dis-
tant custom plants as listed in table 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 zinc. Production was recorded from
129 State lode mines. Significant production outside of Butte came from the
Jack Waite mine (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 Madison 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 elcctrolytic «inc plants at Anaconda and
Great Falls, and associated fabricating and marketing subsidiaries in Montana
and elsewhere form an industrial complex that performs every step in convert-
ing raw ore 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 operatcs a zinc mill and electrolytic zinc
plant; however, the plant was shut 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 zinc plant at Great Falls treats
concuntrate produced by The Anaconda Co. and processes purchases and toll
material from many parts of the world.
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Lead ores and concentrates from Montana mines, including the Butte mines,
can be marketed at the lead smelter of the American Smelting and Refining Co.
at East Helena, which treats shipments from foreign and domestic mines,

Mine shipments som:times are made to smelting plants outside of Montana,
particularly to northern Idaho; however, shipments to the more distant plints
are seldom economical.

Nevada

In 1960, lode mines in 16 Nevada counties produced base and precious
metals, recording a 30-percent increase in value over that of 1959. The
increase was attributable largely to greater copper and silver output in
White Pine County. Zinc showed an increase, but gold and lead output
decreased.

The Anaconda Co. operation in Lyon County, the Kennecott Copper Corp.
operation in White Pine County, and the Bristol Silver Mines Co. operation in
Lincoln County supplied most of the copper. Lead was produced from ores mined
primarily for the lead content, from copper, gold, and silver ores, and as a
byproduct of mangancse mining in Clark County. Zinc was recovcred from ores
mined primarily for a content of lead, silver, or gold. Production of both
lead and zinc in Nevada has shown an overall decline between 1955 and 1960.

The number of operating mines had decreased, and a formerly large producer of
both metals in the Pioche district of Lincoln County, Combined Metals Reduction
Co., has been inactive since 1957.

A substantial part of the gold and silver was a byproduct of White Pine
County copper mining. Mines in Lander, Esmeralda, Nye, and Mineral Counties
accounted for most of the balance of gold and silver, together with a small
byproduct production from Eureka, Elko, and Lincoln County lead mines.

In the Robinson district of White Pine County, the open-pit and under-
ground operations of the Nevada Mines Division, Kennecott Copper Corp., and
the Consolidated Copper Mines Corp. furnish sulfilde copper ore to the
Kennecott copper concentrator and smelter at McGill, Nev. The blister copper
produced is refined out of the State. The McGill smelter also accepts custom
ores of copper, gold, and silver from Nevada, Utah, and California by pre-
arrangement on an as needed basis depending on silica requirements for fluxing.
Deep-drilling exploration below present mine workings in the Robinson district
has disclosed substantial additional copper reserves.

Operations of The Anaconda Co. in Lyon County on oxide copper ores mined
in the Yerrington pit at Weed Heights and treated in a leaching plant contin-
ued in 1960. A new flotation mill to treat the sulfide copper ores that have
been found at depth is under construction.

No custom mills for the treatment of copper, lead, or zinc ores were in
operation in Nevada in 1960. The closed Combined Metals Reduction Co. custom
lead-zinc flotation plant at Caselton in 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 serving Esmeralda, Nye, and Mineral
County silver mines, were in operation in 1960 and 1961. Operations were
suspended in the second half of 1961, but the plants remain intact.

smelting plants in Califormia, Idaho, Montana, and Utah to which Nevada
ori:s may be shipped are listed in table 5.

New Jersey

The only base- or precious-metal ore found in commercial quantities in
New Jersey 1s the oxide zinc ore of the Franklin-Ogdensburg district, Sussex
County. The Sterling 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-
ities are not available in New Jersey.

New Mexico

Most of the base~ and precious-metal ores mined in New Mexico come from
the Central 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 pit
mining, milling, and smelting operation of the Chino Mines Division, Kennecott
Copper Corp., at Santa Rita, Grant County. 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 reopened in 1959 and produced copper,
lead, zinc, gold, and silver in 1960. These included lessee operations at
the Continental Copper mine of the United States Smelting Refining & Mining
Co., the Hanover lead-zinc mine of The New Jersey Zinc Co., and the Kearney
2inc 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
Amcrican Smelting & Refining 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, operatea by the Banner Mining Co., is concentrated
in ihe company mill. No custem milling facilities are available,

In 1960, five mines in Socorru County produced lead, zinc, and silver
with minor amounts of gold and coupper. 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
are avallable in Socorro County,

Custom mills and smelters available to New Mcxico produccrs are listed
in table 5.
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New York

The entire production of zinc, lead, and silver in New York comes from
captive mine operations of the St. Joseph Lead Co. in St. Lawrence County.
The lead and silver content of the sulfide ores is comparatively minor.

Zinc concentrates from company plants at the Edwards zinc mine and at the
Balmat lead-zinc mine are shipped to the company zinc smelting plant at
Josephtown, Pa. Lead-silver concentrates from the Balmat mill and lead resi-
dues from the Josephtown zinc smelter are shipped to the company lead-silver
smelter at Herculaneum, Mo. No custom facilities for zinc or lead ore or con-
centrates are available in New York State. The Phelps Dodge Refining Corp.
operates a copper smelter and electrolytic refinery 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.ations in eastern States is
treated on a custom basis.

North Cuarolina

In 1960, the entire base- and precious-metal production of North Carolina
came from the Ore Knob mine of Appalachian Sulfides, Inc. Sulfide ores con-
taining copper and byproduct gold and 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., smelter of the Phelps Dodge Refining Corp.,
the Carteret, N. J., smelter of American Metal Climax, Inc., and even the
E1l Paso, Tex., plant of the American Smelting & Refining Co.

In Vance County, the Tungsten Mining Corporation recovers lead with
byproduct gold and silver by flotation of accumulated tungsten tailings at
the Hamme mine.

Lead and zinc inines in Halifax County were idle in 1960, although ship-
ments of lead concentrates were recorded.

Oklahoma

The Oklahoma section of the Tri-State lead district lies within Ottawa
County. Except for minor production from several Ottawa County mines and from
retreatment of mill taililings at the Eagle-Picher Bird Dog mill west of Picher,
Okla., the district was idle in 1959 and 1960. However, production of concen-
trates from these limited operations increased somewhat in 1960.

Early in 1961, The Eagle-Picher Co. reopened the Central mill, north of
Commerce, Okla., and the American Zinc, Lead & Smelting Co. resumed milling
operations at the Barbara J. mill near Cardin, Okla. Although current market
prices for lead and zinc remained low, the operating companies deemed it
advisable to encourage mining operations on a small scale in order to maintain
or rehabilitate mine workings 1n anticipation of an improved market. Inevi-
table depletion of ore reserves has occurred duriny the long span of Tri-State
operations, and maintenance of a high production lev:l from remaining reserves,
many of them marginal, is not to be expected.
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A description of marketing practices that were in effect when the Tri-State
District was lust in full operation is includcd in the section on custom mill-
ing and szmelting.

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 any one shaft, and hundreds of shafts have
becen in operation during peak-production periods. A system of mining peculiar
to the Tri-State District is used. A unlique 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 vertical shafts,

The normally small production from a single shaft led eventually to the
establishment of a few central milling plants serving a considerable area.
Noticeable in Tri-State landscapes are the piles of chat, a coarse mill tailing
discarded in the jigging operation widely used in older Tri-State mills. Chat
piles and slimes from earlier operations have been and are being retreated by
more efficient 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-State District also operated mines on company account, thc largest tonnagce
came from operations of independent miners on fee or leased land. Ore was
normally sold f.o0.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 ore,
either in trucks or railroad cars. The purchaser arranged for delivery to
custom mill or smelter.

In the 1930's concentrates were shipped to as many as 20 different
smelters or zinc oxide plants. In 1959, three smelters treated nearly all
the Tri-State ore produced. Smelters and pigment manufacturers customarily
maintain orce buyers in the Tri-State 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.

Smelters in Illinois, Kansas, and Oklahoma listed in table 5 have been
logical markets for Tri-State concentrates. Three are <inc smelters in Black-
well, Henryetta, and Bartlesville, Okla., that treat concentrates shipped from
other States and foreign countries. However, the lead smelter at Herculaneum,
Mo., which formerly accepted custom lead concontrates, 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 prucious 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 copper mine in Grant County.
Copper was produced in small quantities from the Standard mine in Grant County
and the Copper Eagle in Josephine County. Only minor quantities of lead and
zinc have been mined in Oregon and none in 1959 and 1960.

No custom milling facilities are available in Oregon. Copper and gold-
silver concentrates are normally shipped to the American Smelting & Refining
Co. smelter at Tacoma, Wash.

Pennsylvania

The State's entire output of copper, gold, and silver in 1960 was recov-
ered as byproducts of iron ore mined at the Cornwall mine of the Bethlehem
Cornwall Corp. and concentrated in the company's Lebanon plant. Copper-gold-
silver concentrates were shipped to the Phelps Dodge Refining Corp. copper
smelter at Laurel Hill, N.Y.

Significant quantities of zinc ore were mined and milled at the Friedens-
ville zinc mine of The New Jersey Zinc Co. in Lehigh County. Concentrates
were shipped to the cowpany's Palmerton, Pa,, smelter, which also treats con-
centrates and other products from company operations in several other States,

The Josephtown zinc smelter of the St. Joseph Lead Co. treats concen-
trates shipped from company mines Iin New York and Missouri., Both plants
accept custom ores, it offered.

Custom milling plants have never been built in Pennsylvania.
South Dakota

In 1960, gold and silver were the only members of the base- and precious-
metal group mined in South Dakota, all from the Homestake Mining Co. operation
in Lawrence County. One-third of the Nation's gold output came from this one
operation. Gold and silver bullion was obtained by amalgamation and cyanida-
tion in a company-owned mill at Lead and shipped to the U.S. Mint at Denver,
Colo.

Small quantities nf copper, lead, and zinc have been mined in South
Dakota. A cleanup shipment of copper from the dump of the Maloney Blue Le.uad
mine in Pennington County was made in 1960.

Tennessee

Copper, zinc, gold, and silver are mined in Tennessee exclusively by
large companies. In the Ducktown district of Polk County, the Tennessee
Copper Co. mines and mills sulfide ore, obtaining sulfur, iron, copper, zinc,
gold, and silver. Sulfur, manufactured into sulfuric acid and sul fur diox-
ide, is the most valuable constituent of the ore. Copper concentrates are
smelted in the company's smelter at Copperhill, Tenn.; zinc concuntrates are
shipped to The New Jersey Zinc Co. zinc-smelting plant at Palmerton, Pa.
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In 1960, three companies mined sulfide zinc ores in Hancock, Jefferson,
and Knox Countics. The New Juersey Zinc Co. operated the Jefferson City mine
in Jefferson County and the Flat Gap mine in Hancock County. The Flat Gap
operation has opened up a new zinc deposit 45 miles northeast of the Mascot-
Jefferson City district. American Zinec Co. of Tennessee operates zinc mines
in Jefferson and Knox Counties, and the Tennessee Coal & Iron Division of
United States Steel Corp. uvperates the Zinc Mine Works in Jefferson County.
The American Zinc Co. ships zinc concentrates to the smelter of an associated
company at East St. Louls, Ill.,; The New Jersey Zinc Co. concentrates go to
the company's Palmerton, Pa., smelter. Tennessee Coal & Iron Division has a
market 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 prccious metals are not mined in Texas.
However, in 1960, a few tons of lead ore from th: Bonanza Mining Co., shipped
from Sierra Blanca, Tex., was received at the American Smelting & Refining Co.
lead smelter in El Paso, Tex., and about 20 tons of low-grade copper ore
shipped by M. Hunt from Munday, Tex., and by H. McEackern from Plainview,

Tex., was received at the copper smelter in El Paso, Tex, Copper, lead, and
zinc plants process ore, concentrates, and blister copper from other States
and foreign countries (table 5).

Utah

Utah has a substantial production of all the base and precious metals.
Output of all base metals increased in 1960 over that of 1959, the largest
being a 50-percent increase in copper that made Utah the second largest pro-
ducer in the Nation.

The overall production increases came largely from the mines in the
Bingham Canyon district, Salt Lake County, which returned to full production
after labor trouble in 1959. 1In 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 percent of the lead, and 67 pcrcent of the zinc, all from large, integrated
operations. Other Utah production was centered in the Park City district in
Wasatch, Summit, Utah, and Salt Lake Counties. Nine other Utah counties,
headed by Juab County, produced small tomnages of base- and precious-metal
ores. Uranium ores from San Juan County, treated in the Texas-Zinc Minerals
Corp. plant at Mexican Hat, Utah, contributed small quantities of gold, silver,
copper, lead, and 72inc concentrates,

The Utah Copper Division of the Kennucott Copper Corp., the largest oper-
ator in the State in 1961, produced from porphyry copper ore most of the
copper, and the byproduct gold and silver. The operation includes the Bingham
open pit, the Arthur and Magma concentrators, the Garfield copper smelter,
purchased in 1959 from the American Smelting & Rufining Co., and an electro-
lytic copper refinery. The United States Smelting Refining & Mining Co. Lark
and U.S. mines near the Bingham pit arc the State's largest producers of com-
ple:: ores containing lead and zinc with some copper, gold, and silver, followed
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by the Nuew Park and United Park City group of mines in Wasatch and Summit
Counties,

A flotation mill operated by the Unitced States Smelting Refining & Mining
Co. at Midvale, treats complex ore from the company's Lark and U.S. mines and
also purchases custom-milling ores from the Park City mines and elsewhere.
The Midvale plant was the only operatin;; custom mill in Utah in 1961. A
custom mill at Tooele was dismantled, and the Bauer custom mill of Combined
Metals Reduction Co. was closed in 1958.

Straight copper ores and concentrates from small producers have had no
local market since 1958, after the Kennecott Copper Corp. acquired the
Garfield copper smelter, formerly operated as a custom plant by the American
Smelting & Refining Co. However, the Garfield sm:lter occasionally purchases
under contract certain special fluxing 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 ores and concentrates other than Kennecott ore must be marketed at
smelters outside the State. Arizona and Texas plants are possible markets
(table 5).

Since the dismantliny of the United States Smelting Refining & Mining Co.
Midvale lead smelter in 1958, Utah has had one lead smelter at Tooele, operated
by International Smelting & Refining Co. as a custom plant. Lead ores can be
marketed here or at the Selby, Calif., lead smelter of the American Smelting
& Refining Co, High-grade oxide zinc ores can be marketed at a slag-fuming
plant operated in connection with the Tooele smelter, Zinc concentrates were
shipped to The Anaconda Co. electrolytic zinc plant at Anaconda, Mont. This
plant was not operating in 1961, leaving the Great Falls plant of The Anaconda
Co. as the only Montana market, Other possible markets for Utah concentrates
are plants in Idaho, Oklahoma, and Texas (table 5).

Exploration and development in progress in Utah in 1961 give promisc of
expanded copper, lead, and zinc production. Substantial increase of lead-rinc
reserves in the Park City district as the result of recent work by thrce com-
panies had led to planning for a new mill in the district. Exploration in the
East Tintic district, a former major Utah producer, in Iron County, in Beaver
County, and elsewhere, indicates the occurrence of significant new deposits
of copper, lead, and zinc. It 1is unlikely that these developments, carried
on chiefly by large mining companies, will lead to the establishment of new
custom milling facilities for small operators.

Vermont

No base or precious metals were mined in Vermont in 1959 or 1960. A
former producer, Appalachian Sulfides, Inc., last mined and milled copper ore
containing a small amount of silver at the Eli:abeth mine near South Stratford
in 1958. Copper concentrates were shipped to the copper smelter of the Phelps
Dodge Refining Corp. at Laurel Hill, N.Y. 1If mining in Vermont is resumed,
the same marketing pattern presumably could be established.
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Virginia

In 1960, sulfide zinc ore was mincd and milled at the Tri-State Zinc,
Inc., Bowers-Campbell mine near Timberville, Rockingham County, and lead-zinc
ore at The New Jersey Zinc Co. Ivanhoe minc 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.
lLead concentrates were shipped to the American Smelting & Refining Co. lead
smelter at Alton, Il1l., 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
oreg 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, Stevens County, in 1958. All
milling in 1960 was done in private plants at the properties. Copper and gold-
silver concentrates and ores 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 Wiscomsin section uf 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,
I1l. The Eagle-Picher Co. also operated the Linden mine and mill in Inwa
County. Custom ore 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.
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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, constituted the

entire Wyoming production of base and precious metals in 1960.

Treatment Methods For Various Classes of Ores

The following section summarizes the usual treatment methods for various
types of copper, lead, zinc, and precious metal ores and some possible process
improvements. Advantages and disadvantages ol the treatment methods as they
relate to realization from sales of various types of ores also are discussed.
The terms used are defined earlier in this text (Classification of Ores and
Concentriates).

Dry Ores of Gold, Gold-Silver, and Silver

Dry ores of gold and/or silver have, by definition, little or no base-
metal content. They can be marketed at a smelter if the precious metal con-
tent is enough to offset the penalty normally assessed for base-mctal
deficiency. Such ores generally have a high content of silica, a constituent
often in demand at copper smelters as a flux, and extremely low-grade, dry,
fluxing ores may be marketable because of a premium paid for silica. Many
gold and silver ores too low in grade for direct smelting can be milled to
make a marketable product (7). If the precious metals are essentially insep-
arable from bascv-metal minerals by milling, the ores can be upgraded by base-
metal gravity or flotation methods, producing a marketable concentrate for
smelting. Ores containing chiefly native gold and silver are referred to as
free milling ores: that is, the gold and silver can be recovered by gravity,
amalgamation, and/or cyanidation, with production of a prccious metal sponge
or bullion that is shipped directly to the U.S. Mint.

Because precious metals may be in the free statc or may be present in an
ore in forms that cannot be physically separated from base metals, combina-
tions of pgravity concentration, amalgamation, flotation, and cyanidation may
be neccssary to recover them,

Copper Ori:s

Coppur ores can be shipped directly to a coppur smelter if the content
of copper plus any gold, silver, and silica is high cnough to return a profit.
A minimum content of about 5 percent copper is necessary for ores that rcturn
no payment for other metals. Any mineral content Or deficiency that calls for
a penalty at a copper smelter raises grade requirements.

Many copper ores that do not qualify as direct-smelting ores can be proc-
essed by other methods. Flotation, the usual process for concentrating
sulfide copper ores, predominates at copper operations in the Western United

States.
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Oxidized copper ores are not very amenablc to gravity or flotation concen-
tration, but many oxide and some mixed ores too low in grade for direct smclt-
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 minerals 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. Even though insoluble
sulfides can be rendered soluble by roasting, and native copper is soluble in
ammoniacal solutions, flotation generally is a better method of recovering
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 salts has been 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 (9, 11, and 26). The process appears to be applicablc 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 bcfore smelting.
Sulfide (galena) ores can be readily concentrated by standard gravity and/or
flotation methods. The same general mcthods can be applied to oxidized or
mixed orcs, but metal recovery is lower, and the cost of milling is higher
(8). Oxide or mixed ores of smelting grade sometimes may be marketed to
advantage without milling even though concentration 1s possible, because the
net rcturn from direct shipment may exceed that from marketing concentrates
when cost and metallurgical losses incurred in milling are taken into account.

Zinc QOres

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

Ores containing chiefly the zinc sulfide sphalerite, are readily concen-
trated by gravity and flotation methods to make a high-grade marketablc: prod-
uct. Ores which also have a high content of iron sulfide (pyrite) may rcquire
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selective flotation techniques to separate pyrite from sphalerite and thus
produce a higher-grade concentrate. Sulfide ores that contain appreciable
quantities of marmatite, a zinc-iron sulfide of variable composition, may
not produce a marketable, high-grade concentrate because chemically combined
iron and zinc cannot be separated by ore-dressing methods.

Oxidized zinc ores that meet grade specifications can be marketed without
prior treatment, but low-grade ores have no market as smelter or electrolytic
plant feed. Ore containing the oxides, zincite and franklinite, and the
gllicate, willemite, formerly mined 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 ores cannot bc concentrated to yield
good recoveriles with the usual milling processes.

Large reserves of zinc sulfid: ure amenable to currcnt milling techniques
are available on a world-wide basis, and the ~inc price level that results
from this plentiful supply situation has not encourased research leading to
utilization of low-grade oxide or mixed ores. However, some promlsing experi-
mental work on flotation of oxidized zinc ores has been done (10), and flota-
tion is used abroad (2, 10).

Low-grade oxide zinc ores, as well as lead-smelter 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 feed for zinc smelters (7, 35). However,
no market exists in the United States for low-grade custom fuming ores. The
value of such ores within the normal zinc price range is not enough to pay cthe
cost of mining and shippiny,. Custom plants may treat their own slag and other
residues or use limited amounts of low-grade ore available in captive mining
operations, but purchase of such ore from others is not economical.

Complex Ores

Copper-lead, copper-lead-zinc, copper-zinc, and lead-zinc complex ores
sometimes present a frustrating marketing problem to the small operator. Sale
of any of these orcs without beneficiation results in the maximum payment for
some metals and reduced or no payment for others.

No payment is normally made at a copper smelter for lead and :sinc, and,
at some plants, a penalty is assessed for a zinc content above a certain maxi-
mum. At a lead smelter, partial payment is made for the contained copper at
6 to 10 cents a pound less than the quoted market price. Some lead smelters
pay nothing for contained zinc while others assess a penalty for a zinc con-
tent over 5 to 10 percent. One lead smelter that operates in connection with
an electrolytic zinc plant pays for part of the zinc at 30 percent of the
market quotation.

Rarely, a complex ore, as mined, contains cnough zinc for direct shipment
to a zinc smclter, where only a partial payment may 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 yold and silver content of ores.
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Summary

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 designcd 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 mctals such as arsenic,
antimony, bismuth, selenium, and tellurium are present in ores and must be
removed in refining or recovered from smclter 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 and the minimum deductions. Diffurent 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 éyanida—
tion are often applied.

A decision to concentrate a gilven orc in pruference 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 approprilate custom milling plant may enter into the deci-
sion with references to mill constructlion. 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. Selective 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
possible data on the mineral content of mine products. 1In 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, determined by finding the point where the min-
eral content becomeés too low to justify mining. 1In any case, analyses of orc
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 material representative of a larger amount of the same material. Under
ideal conditions, a sample would contain all of the constituents in the same
proportion as the greater mass of material. The success of a sampling proce-
dure depends on how nearly this ideal is approachued. In the sampling of ores
and ore products, ideal conditions do not exlst because thc mineral content of
ore in place or broken ore is erratically distributed. The more erratic the
distribution, the larger or more numerous the gsamples must be to approach
representative proportions.

Proper sampling is very important to the mine ouperator in.every 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 between ore and waste and to route the material to the proper destina-
tion--the ore bin or wastu dump.

Ore or ore products, as introduced into a milling plant, as formed at
different stages in thc milling process, and as finally discharged as concen-
trates or tailings, must all bu sampled in ordur to control treatment proc-
essesg efficiently.

Proper sampling techniques, then, are very impurtant in all phases of
mining and milling. When samples iire not truly representative, disappointment
and misunderstanding can result not only within a mining organization but also
between producer and ultimate purchaser. Mistrust of public assayers and
custom plants is a common outgrowth of improper sampling methods.

Sampling the rock in place and the broken material before delivery to the
bins of a treatment plant is, with few exceptions, done by hand. A rather
high probability of error exists unless samplers are carefully trained. There
is a human tendency to take biased samples because mineral content of a mine
product commonly 1s distributed unevenly between soft and hard portions of
rock in place or coarse and fine fractions of broken ore. 1In 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 hand sample
is in error, it will be richer than the ore represented.

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 results of this test. 1If a shipper is new to the
prospective buyer, or if the material 1s from a deposit unknown to the custom
mill or smelter eperator, the buyer will usually request a samplc and make an
analysis free of charge. Buyers sometimes accept a truckload or other small
lot of ore as a trial shipment. When facilities are not available at or near
4 mine, analytical 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 (16, 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, 1s a part of the story of industrial expansion in the United States (3,
5, 7, 15, 35). In the eastern half of the country, discoveries of copper,
lead, and zinc and an expanding demand for metals and metal 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, many 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 the 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, when efficient concentrating processes had been
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developed, the availability of good rail transportation to established zinc
smelters in Texas, Oklahoma, and the Midwest discouraged construction of local
plants. Small plants designed to treat the low-grade zinc oxide and sulfide
oreg of the Leadville, Colo., mines survived to the late 1920's but ncver were
a significant factor in U.S. production.

The early Western smelters were all custom plants, supplied by many inde-
pendent mine operations. A successful smclting enterprise requires 4 complex
installation of costly facilities and equipment and an assured ore supply for a
period long enough to liquidate the capital cost of construction. No one mine
or small group of mines in the early days could furnish an adequate ore supply,
and a2 single smelter gserved many mines. In a few large districts, such as
Leadville, Colo., several smelters were bullt. Inevitably a competitive situa-
tion developed where several smelters bid for a limited mine output, particu-
larily as ore production declined. Unlike Leadville, many mining camps were
too small to support a local smelter, and most smelters were built at loca-
tions serving several districts, usually at centrally located valley points
where fuel, other supplies, and transportation facilities were available. 1In
only a few cases did a plant built for a single district survive declining
local ore supplies by importing ore.

Operators of the eurly smelters in the West usually did not engage in
mining by choice, but wmany of them entered the mining business after the sup-
ply of ore from independent operations dwindled. Today, one company may carry
on all phases of mining, milling, smelting, and refining as well as fabricat-
ing and marketing of finished mineral and metal products. The newer smelters
have been erected specifically as units of integrated mining operations. As a
result, many smelter operators no longer treat custom ores, although some com-
panies with a background of custom operation continue to process ore supplied
by independent operators along with ore from their own mines.

Many of the early smelters did not survive because they were not based on
sound economlcs or reliable ore supplies. A noteworthy exception is the Selby,
Calif. lead smelter of the American Smelting and Refining Co. at Tidewater or
San Prancisco Bay, which has operated continuously sinci¢ 1866 on foreign and
domestic ores. Five lead smelters remain active in the West, of which two are
supplied largely from foreign sources, The copper industry continues to sup-
port 14 Western smelters, 8 of them in Arizona (Table 5).

Zinc leaching as a substitute for zinc smelting (retorting) was intro-
duccd in 1914, It was particularily applicable to Idaho and Montana ores,
because thesc complex lead-zinc sulfide ores containing gold and silver could
be treated successfully, and the necessary cheap electric power was available.
Recovery of the zinc from these ores by smelting was not economically feasible
at the time leaching was introduced because a suitable high grade zinc concen-
trate for furnace feed could not be produced by available gravity milling proc-
esses. Moreover, the necessary" fuels for smelting were not available locally,
and shipment of ores to distant established plants was too costly. Even
though development of selective flotation later made possible production of
high grade zinc concentrates suitable for retorting, leaching remains the

730-683 O-64—4
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preferred process in Idaho and Montana where two zinc leachinyg plants arc in
operation, one in each state.

Early Western mine operators were compelled to turn to lower-grade ores
as the richer ores approached exhaustion. 1In order to use them, upgrading
processes were necessary because the unit cost of smelting ore was too high to
allow a profit on low-grade material. Gravity concentration methods developed
from the simple equipment used in placering or patterned after techniques used
in the eastern and midwestern mineral industry were used at first. Gradual
improvement of these processes was achieved in the 50-year period ending in
1910, but little change in milling occurred until the 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
techniques are the bagis of nearly all present day milling processes although
they may be used in conjunction with gravity, leaching or other techniques.
Some form of flotation is suitablce for simple sulfide ores of copper, lead,
and zinc 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
progress in research indicates that. these problems can eventually be solved
@2, 8, 10, 17).

Other milling processes have been or are being developed for the treat-
ment of ores. Among them are the cyaniduation proccss for gold and silver vres,
leaching for oxidized copper orus, both established methods, and the recent
copper segregation process (9, 11, 26), still under development, 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' Alene
district of Idaho, and at the 0ld Dick copper-zinc mine of the Cyprus Mines
Corp. in Yavapal 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 th2 future.
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Sampling and Settlement of Ore Shipments

A purchaser of ore first determines the mineral content as a basis for
calculating value and amenability to treatment. General characteristics of
an ore is usually obtained in advance of shipment to the purchasing plant, but
each shipment must be sampled individually on arrival. A sample is required
that contains as ncarly as possible all the ore constituents in the proportion
they are present in the whole shipment. For completely homogeneous material,
any method of sampling 1s theoretically satisfactory, because any part of such
matcerial is representative of the whole. Examples of commodities proximating
this ideal are such agricultural products as wheat, corn, or rice. The fur-
thexr a material departs from homogeneity, the more care must be used in
sampling; this is generally the case with ores and ore products, which are
inhercntly nonhomogeneous. Ore concentrates generally are finely divided
materials that approach the ideal more nearly than other mine products but
arc still not homogeneous.,

In an ore-sampling procedure, the objective is to obtain a small repre-
sentative sample as nearly homogeneous as careful preparation will provide so
that analyses of several portions cf the final sample will glve comparable
results. This objective is more nearly attainable by mechanical sampling than
by any other method.

Several designs of mechanical orc samplers arc in general use., The dif-
ferent systems have the one objective to produce an uncontaminated, represent-
ative ore sample at a reasonable-cost, and this 1s achieved 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 flowsheet for a sampling plant is shown in figure 4, An auto-
matic sample cutter diverts about one-fifth of the ore stream into the sam-
pling plant where, in a series of operations, the sample 1s processed to a
progressively smaller weight, ending with a bulk sample of scveral hundred
pounds. Up to this poiut, the procedure is carried on in automatic equipment,.

The bulk sample from the sampling plant is again crushed in laboratory
grinders, thoroughly mixed, and passed over riffling devices that divide a
sample into two equal parts at each pass. 'This series of steps can be done by
hand or in semiautomatic equipment to produce a finely ground sampli: of a few
pounds weight called ua pulp.

An older method of processing the bulk sample is coning and quartering,
in which the sample is mixed thoroughly by hand-shovelins 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 retained in storage for reference
ln the event of disagreement between shipper and buyer. The pulp, after care-
ful screening and mixing, 1s divided into four or more portions of equal size,
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preferably in an enclosed automatic device to reduce the chances of sample con-
tamination, Two of these final samples, called controls, are analyzed sepa-
rately by or for the buyer and the shipper for each important metal or mineral
constituent., Analyses are run in duplicate or even quadruplicate. If the
results of the control assays are close enough for agreement as defined in
smelter schedules, settlement of the ore is made on the basis of the average
of the control results. If not, a reserve sample is analyzed by an independ-
ent laboratory as an umpire. Usually the middle assay of two controls and the
umpire becomes the scttlement value. This procedure varies at some plants,
where the average of the threc assays is the settlement value. If there

are wide discrepancies between control and umpire assays for any constituent,
analyses for this constituent are repeated; if the discrepancies persist, new
controls are prepared from the bulk sample held in storage, and the entire
procedure of analyzing and comparing assays is repeated. If the shipper does
not submit control analyses, the buyers' controls govern settlcment.

The greatest differences in control analyses, that is the splitting lim-
its, which ore buyers will permit in making settlements based on average con-
trol values are not the same at all plants. Typical splitting limits range
between- 0.25 and 0.4 percent for base metals, 0.3 and 0.5 ounces per ton for
silver, and 0.02 and 0.03 ounces per ton for gold.

The rate of payment for valuable minerals in an ore product, the freight
and treatment rates, and the royalty rates a lessee-shipper may have to pay a
mine owner are usually dependent on the grade of the ore. The assay values at
which these factors operate to increase treatment, royalty, or other charges
are known as breaking points. It may be of advantage to the shipper not to
exceed a certain ore value in making a settlement on an ore with a value near
a breaking point because an increase in charges may exceed any increase in
value. This condition sometimes leads to jockeying, a practice whereby a
shipper, after evaluating all factors, endeavors to effect an ore settlement
at an advantageous level not necessarily in agreement with control assays.

Formerly, commercial sampling plants were available at various points
throughout the West to sample ore in transit as an independent service to
shippers. Thus, a shipment might have been sampled twice, once in transit and
again on arrival at destination. Analysis of two independent samples of the
game ore normally should show little variation--not over 2 or 3 percent devia-
tion in the total content of each metal, expressed either in percent or ounces
per ton.

Mechanical sampling is particularly necessary for mine-run ores and
precious-metal ores because hand methods do not produce representative samples
from such material. Mine-run ores generally contain material with a wide range
in particla size, and valuable minerals in these ores tend to segregate in
either fine or coarse fractions. Precious-metal ores contain sparse, erratic-
ally distributed gold and silver, which have substantial value even though
present in overall insignificant quantity compared to the total weight of the
ore, A comparatively small error in precious-metal assay is costly either to
the shipper or buyer.
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Concentrates are finely divided and sticky when wet, 1If sampled in this
condition, they pack and hang up in sampling mechanisms and cannot be sampled
fairly in automatic cquipment. Samples of concentrates or other finely divided
material often are taken by thrusting pipes or augers into ore 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 orc that also tends to hang up in
the sampling mechanisms, older sampling methods, now largely discarded, can
be used 1f pipe or auger sampling is impractical. Grab samples taken from a
shipment before unloading, or fractional shoveling samples taken by hand dur-
ing unloading, occasionally are used; however, because these methods are 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, frozcun material may be loaded at thc mine
or shipments may freeze in transit. Receiving plants usually have facilities
for thawing frozen ore, but extra cost to the shipper and delay in sampling
may result from extremely wet ores.

Selected references on standard, acceptcd mcthods of ore sampling are
found in texts in the bibliography (24, 29).

Precautions in Sampling
Cleanliness

A number 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 between sample runs to prevent contamination from
remnants of a previous shipment, As a sample 1s reduced in size, the possibil-
ity uvf accidental or deliberate contamination (salting) increases, so the
final stages 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 excesgsive dust loss can affect the proportions of valuable miner-
als and waste in a sample, dust should be minimized, particularly in precious-
metal ores. A small amount of water sprayed on the ore strcam during unloading
and processing is helpful in reducing dust loss from unusually dry orus with-
out appreciably increasing moisture content of a sample.

Metallics

A pulp 1s passed through a 100- to 200-mesh screen just before 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 malleable flakes called metallics, may be only




51

bits of iron worn from machinery, or fragments of copper blasting caps or wire
in the ore, but it may also contain native gold, silver, or copper. Irrespec-
tive, coarse metallics are screened out of the final pulp because they prob-
ably would have an unrepresentative distribution in the final samples.
Removing metallics frow the pulp is sufficient if the ores do not contain
native metals. If native gold or silver is likely to be present, an assay of
the metallics is made and the result applied as a proportional correction to
the control analyses.

Western ores rarely contain significant amounts of native silver or cop-
per, but native gold is more common. Michigan ores may contain native copper
in quantity. The importance of removing metallics from gold ores can be empha-
sized by conslidering 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 less, is of consequence. 1If a portion of this gold should be present
in the final pulp as a few, comparatively large, malleable flakes, disportion-
ate amounts of metallics may appear in the approximately 15- or 30-gram por-
tions of pulp used for cach assay. Control assay returns on such samples
would not represent the gold content of the ore fairly and would probably not
be in close enough agreement for settlement,

Moisture Content of Ore Products

Payments for ore products are based on dry weight of a shipment as
received; therefore, determination of moisture content is made as soon as pos-
sible after a shipment is weighed in. As many as four moisture samples, each
welghing several pounds, are cut from the bulk sample, carcfully weighed,
dried at low heat, and again weighed. The difference in weights before and
after drying, averaged for the several samples, is taken as the moisture con-
tent of the ore. Care is taken not to subject moisturc samples to enough heat
to drive off any other volatile elements in the ore, including water of
crystallization.

A moisture determination is made promptly because ore products tend tou
dry out, and a sample analyzed some time after an ore shipment is weighed in
would not represent the true moisture content of the ore as received. Because
prompt analysis is necessary, the moisture content of ores 1s based solely on
the buyer's determinations. Several moisture samples from the same ore may
show a considerable range in moilsture content, and an average value for two or
four samples may differ considerably from high and low values. On high-grade
ores, where a small difference in the weight of shipment can make a consider-
able difference in the total value, as many as 10 or more molsture samples may
be taken. Becaus¢ crushing and handling in the sampling process itself causc
some drying of the sample, some plants arbitrarily add a small percentage to
the moisture content as determined by the laboratory in order to compensate
for this drying effect. A minimum moisture deduction of 1 percent is made at
some treatment 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 produced, 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, ore dressing (concentration
or beneficiation) and hydrometallurgy (leaching). Ore dressing consists of
upgrading an ore by making a physical separation of valuable and barren miner-
als. 1In 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 ore
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
pulps have a wide range depending on process 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 (4, 27, 29, 30).
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Ore Sortiny

Upgrading 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 ore from a pile of rock, with separation aided by splitting
rocks containing both ore and waste into fragments 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 unjustified in
some small operations, :and upgrading by hand-sorting and cobbing, using noth-
ing more than a sorting plat and a cobbing hammer, 1s 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 relatively
heavy metals from gravel deposits (placurs). By agitating placer gravels in
water, the heavy, normally valuable minerals could be separated from light
minerals that usually had no value. An early discovery was the fact that
mercury combines on contact with native gold and silver to form an alloy or
amalgam. Thus, recovery of precious metals in ore 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 from placering natural gravels to milling crushed ores
won from solid deposits, using devices that were the prototypes of modern jigs,
concentrating tables, and other gravity devices. De Re Metallica (1), the
16th century treatise on mininy and smclting by the German teacher and scien-
tist, Agricola, describes sorting procedures and ore-dressing equipment that
are recognizable prototypes of present day practices and machines. A modern
cobbing hammer or gold pan is little different in basic design from tools used
centuries ago., Early sluilce boxes for recovcring placer gold, stamp mills,
and related equipment for crushing and treating gold ores, and washing equip-
ment used at the time of the discovery of America for concentrating lead ores
functioned in much the same manner as similar items in current or recent use,
So far as gravity milling is concerned, the advances in equipment have been
largely in design, capacity, and efficiency rather than in principle of
operation.

Regardless of the milling process used, 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 unlocked, that is, liberated from adhering
gangue minerals. This point differs widely, depending on the intimacy of the
agsociation of the contained wminerals with one another. Complete unlocking of
ore minerals from 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, slimes, that interferes with
all milling processes is produced. Another reason 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
selection 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,
used for sands, and jigs, used for coarser material.

Gravity concentration depends on the fact that metallic minerals are
usually heavier than barren gangue minerals, and a separation can be effected
by agitating ore-water mixtures (pulps). Gravity and inertvia acting on min-
eral particles subjected to some type of pulsating motion in a water medium
causc the heavier particles to separate from the lighter ones. Gravity mill-
ing 18 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 1in 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 sufficicnt 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 sizes 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 failr separation of galena and sphalerite
but also 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 serve best in an auxil-
iary capacity. Used with flotation, thcy provide an economical means of pro-
ducing a low-grade concentrate for later regrinding and flotation without the
necestsity of fine-grinding an entire mill feed,
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Other Gravity Processes

Two other processes that take advantage of gravity differences in miner-
als to effect a separation have been developed. One of these, the heavy media
or sink=-float process, has found some application in lead-zinc ore milling in
the Coeur d' Alene district of Idaho and the tristate district of Kansas,
Missouri, and Oklahoma. The process recently was installed in the 0ld Dick
copper-zinc flotation mill of Cyprus Mines Corp. in Yavapai County, Ariz., to
remove barren and low-grade material from the mill feed after coarse crushing
but before grinding.

The process makes use of a fluid medium of controlled density in which
substances of lower density than the medium will float, and heavier substances
will sink. 1In ore milling, a medium of high specific gravity is required.
Normally, heavier ore minerals are to be separated from lighter gangue miner-
als, and a medium having a density between the two is provided. 1In testing
and experimental work, liquid organic chemicals such as tetrabromoethane or
other heavy hydrocarbon derivatives are suitable, but in commercial applica-
tions, satisfactory separating mediums are simulated fluids formulated to the
desired density by suspending quicksand or finely ground magnetite, ferrosili-
con, or similar heavy material in the proper amount of water,

Heavy-media separation is efficient only on comparatively coarse parti-
cles and cannot be used alone in base-metal milling because base-metal miner-
als generally are not completely unlocked in the coarse sizes. Thus, heavy-
media separation on base-metal ores is limited to preliminary treatment of
ores in which coarse crushing produces large pieces of extremely low-grade
material or waste that can be eliminated before the grinding stage with a
saving in grinding costs.

Spiral concentrators separate minerals of different specific gravity by
centrifugal forces acting on an ore pulp traveling downward in a spiral luun-
der. The process has had little application in base-metal milling.

Flotation

The flotation process, first used commercially in the United States about
1911, perhaps has revolutionized the science of ore dressing more than any
other single development. The process has found application throughout the
mineral industry for the beneficiation of many types of simple and complex
ores., Mill flowsheets can be tailored to use flotation in any size plant, on
a wide variety of ore types, and in conjunction with other treatment processes,
A flowsheet for a widely used selective flotation application, milling of com-
plex lead-zinc sulfide ore, is shown in figure 5.

Flotation is defined in A. F. Taggart's text on ore dressing (29) as a
"process for rendering a mixture of finely ground minerals susceptible to
gravitational separation." From this standpoint, it is a specialized type of
gravity concentration, but any relationship between flotation and other grav-
ity processes is not readily apparent because, at first glance, flotation
seems to defy gravity. The many aspects of flotation as currently developed
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involve application of physical-chemical principles that can only be touchu:d
on In a brief discussion. Moreover, the basic theories are still somewhat
controversial after more than fifty years of research and operational usc.

The flotation principle is based on the relative affinity of difierent
substances for air or water. Particle nurfaces of certain substances are
wetable; that is, do not repel watcr. This is true of many minerals including
most metal sulfides. Other substances, including such minerals as sulfur,
graphite, and molybdenite, are not naturally wetable and their surfaces tend
to repel water.

+ In applications of the principle to ore dressing, a mas (air) is intro-
duced into a tank (flotation cell) in which a finely ground ore-watcr mixture
(pulp) is agitated. Nonwetable mineral particles, having a greater affinity
for bubbles of air than for water, attach themselves to air bubbles formed in
the pulp by pneumatic or mechanical agitation while wetable minerals do not.
In order to form stable air bubbles, a frothing agent, such as steam-distilled
pine o0il, 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
concentriite of the floatable (nonwetable) minerals. Wetable minerals collect
in the bottom of the cell where they are drawn off.

Flotation would have limited application in ore dressing 1f only the
naturally nonwetable minerals could be floated, but many other minerals can
be floated under proper conditions. The affinity of different substances for
water or air 1is related to particle surface 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 enhancing or suppressing natural surface characteristics as
desired. The interior of mineral particles is not affected and does not enter
into the flotation effect. By the proper choice of reagents, pulps can be con-
ditioned so that certain minerals will be floated and others will not. Differ-
ent minerals can be fluated successively in several stages to produce separate
concentrates of each mineral. This is the basis of selective, or differential,
flotation, which has increased the usefulness of the flotation process so
greatly. Complex suliide ores of copper, lead, and zinc can be milled by
selective flotation not only to produce separate concentrates of each valuable
mineral but to remove iron pyrite, a common undesirable constituent in certain
smelter feeds, as a separate concentrate, if desired.

Mineral separation and concentration by flotation is not perfuct. Whereas
excellent recovery and satisfactory separation are possibl: 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:
Before ore minerals can be separated, they must be unlocked from gangue miner-
als. However, in this respect, flotation has an advantage over other processes
in that it is effective on finely ground pulps in the range of from 10 to 100
micron particle size. The treatment of colloidal particles of less than 10
microns (slimes) is a problem that may be solved eventually through research.




Oxid: and silicate minerals of copper and zinc have not been concentrated
satistactorily by flotation. Lead sulfate and carbonate minerals have been
trcated with limited success, but more complicated mill circuits than needed
for sulfide lead ores are necessary, recovery and concentrate grade are lower,
and treatment costs are higher. Sulfide minerals often acquire an oxide coat-
ing through alteration by weathering, which, if not removed, causes mincral
particles to act like oxides with respect to floatability. This coating is
removed, at least partially, in the grinding step, but the oxides component
of such an ore is recoverablc only at extra cost or not at all. For this
reason, the oxide lead and zinc content of mixed complex ores is-not paild for
at a custom mill (appendixus C and D).

The abundance of lead-zinc sulfide ores that comprise most of the world's
current reserves and the comparative scarcity of oxidized zinc or lead ores
have not made development of flotation for oxide orecs vital, nor has the level
of zinc and lead prices in recent years given much incentive for research.
Eventually, milling research on oxidized orus of copper, lead, and zinc may
lead to development of economical processes (2, 8, 10, 25).

Hydrometalluryical Processes
Cyanidation

Until about 1890, no practical alternative fur gold and silver recovery
by gravity and amalgamation methods had been perfected. 1In the late eighties
and early nineties, the short-lived chlorination process for the extraction of
gold and the successful cyanidation process for zold and silver werc intro-
duced. Cyanidation gives metal recoveries up to 95 percent, superior to that
obtained by any other process in 1890. It remains a standard method for many
gold and silver ores.

Cyanidation 1s a leaching process based on the solubility of gold and
silver in a solution of potassium or sodium cyanide. Gold and silver leached
from ores is precipitated from this solution by adding zinc or activated car-
bon. Thus, u cyanidation mill requires some of the specialized equipment of
chemical processinyg plants us well as standard ore-milling equipment.

The process 1s applicable primarily to straight gold and silver ores.
Some ores containing lead, zinc, or copper minerals are amenable, provided
the content of these metals is insignificant or can be removed before cyanida-
tion. If the gold and silver content is locked up in the crystal structure of
minerals such as gold and silver tellurides and auriferous pyrites, orus must
be conditioned to make them amenable to cyanidation. The standard method is
roasting, although some pyritic ores have been leached after extremely fine
grinding. Flotation can be used as a preliminary step to make a concentrate
from gold telluride or pyrite ores; then only concentrate need be roasted
rather than the entirc mill feed., The low-grade flotation tailings are
leached without further preparation. Amalgamation and tabling are sometimes
used before cyanidation to recover any free gold promptly, particularly coarse
gold, which dissolves slowly in a cyanide solution.
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Copper Leaching

Another hydrometallurgical advance of the late 1800's was the introduction
of practical leaching processes for extracting copper from some low-grade ores
not amenable to concentration or direct smelting (3, 21, 34). Of possible
solvents, only sulfuric acid and, to a limited extent, ammoniacal solutions
have been practical. Copper oxide minerals, carbonates, chlorides, sulfates,
gilicates, and certain sulfides (bornite and covellite) are scluble in one or
another of commonly used acid-leaching solutions: Weak or strong sulfuric
acid; sulfurilc acid-ferric sulfate; or water alone, in the case of sulfates.
The ferric sulfate, needed to assist in dissolution of some minerals, is not
added to the leaching solution but comes from action of sulfuric acid on iron
minerals normally present in copper ores. Copper sulfides other than bornite
and covellite are amenable to leaching after an oxidizing roast, but the cost
of rvasting would be prohibitive on low-grade ores. Furthermore, sulfide ores
can be treated economilcally by flotation.

Preparation of ore for treatment in leaching plants consists of crushing
to about 3/8-inch maximum size with production of as few fines as possible.
An excess of slimes prevents efficient sand leaching, the preferred method
from a cost standpoint. Sand leaching can be done in open vats and require
simple equipment compared to the classifiers, agitators, thickeners, and extra
solution-handling equipment necessary to handle slimes. Equipment that comes
in contact with leaching solutions must be impervious or at least highly
resistant to acid. Materials commonly used in leaching equipment, perhaps
only as an acidproof lining, are lead, rubber, asphalt, mastic, glass, porce-
lain, and more recently some types of stainless steel and plastics. Wood is
acid-resistant but fails eventually.

Heap leaching and leaching in place, either in dumps or underground, are
special applications that eliminate vats and much of the other equipment
needed in complete plants, thus lowering the cost of leaching enocugh to make
treatment of very low-grade material profitable. Advantage is taken of
natural weathering processes with water, air, and ferric salts to break down
any sulfide content to sulfates or other copper compounds soluble in water or
weak acid-ferric sulfate solutions. Sulfuric acid is generated in the system
and need not be added. The leaching solutions are circulated through heaped
ore piles on the surface or through permeable, filled stopes or caved areas
underground, taking up the soluble copper compounds formed by the action of
weathering. The process is very slow and may take months or years to complete.

Copper is recovered from strong acid-leaching solutions by electrolytic
precipitation in equipment similar to that used in electrolytic refining.
Acid is regenerated and used over. This is the normal procedure for ores that
require strong acid. In leaching processes that need only weak solutions from
which the acid need not be recovqred, copper is recovered by chemical precipi-
tation with iron supplied in the form of shredded, detinned, scrap tin cans.
Sponge iron has been used experimentally and may replace scrap cans to a greater
extent eventually. The depleted leach solution is discarded. Chemical precip-
itation produccs impure cement copper, or mud, which is smelted. Electrolytic
precipitation from lecaching solutions produces a metal that approaches the
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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 1s essential
to supply the ferric sulfate needed for efficient leaching, an excess of iron
is detrimental because the iron consumes the acid. Moreover, an excess of
iron salts in leaching solutions interferes with efficient electrolytic pre-
cipitation. The presence of calcite or dolomite in copper ores also is detri-
mental because these carbonate gangue minerals congume acid. Ores that are
primarily basic in character cannot be leached succegsfully 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
lcaching. However, most copper carbonates are soluble in acid, few copper
ores have such a high carbonate gangue, and acid leaching 1s preferable.
Ammoniacal leaching, once practiced on low-grade 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 friable agglomerates containing carbon and gangue
minerals instead of remaining disseminated in the calcine as expected (26).
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It was finally determined that, in the presence of heat, an involved sequence
of chemical reactions took place between sodium chloride (salt), clay gangue
minerals, carbon from coal, moilsture, and copper minerals, producing agglom-
erate metallic copper.

The process was developed tu the practical stage before 1931 and used
briefly in two African plants before abandonment because of economic condi-
tions at that time. Nothing further was done until about 1958 when the
Federal Bureau of Mines undertook research on the process. Recently a proto-
type plant was put into operation at the Lake Shore mine near Casa Grande,
Ariz., treating a chrysocolla ore containing too much iron, clay, and calcite
for economical leaching (9, 11l). 1In the process, crushed ore, salt, and pul-
verized coal or coke are mixed and charged into a gas-fired rotary kiln. The
charge roasted at about 725° C., producing a calcine contalning segregated
copper agglomerates. The metallic copper is recovered by flotation of
reground calcines, producing a concentrate marketable at a smelter, Ore mined
at Lake Shore contains about 2 percent copper and makes a concentrate contain-
ing 45 to 50 percent copper.

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

Other Milling Processes

A number of other concentrating processes for minerals have been devel-
oped. Among them are magnetic separation, which has had limited application
in concentrating oxide zinc ores, electrostatic separation, differential
grinding, and alr classification. Some of these might have further applica-
tion in base-metal ore dressing.

Factors Governing Mill Performance

Before cyanidation, flotation, and improved gravity concentration meth-
ods were introduced, perhaps no more than 50 or 60 percent of the valuable
minerals in a mill feed was recovered. With advances since 1890, recoveries
in the 90 to 95 pcrcent range are common with flotation and cyanidation.
Recoveries with modern gravity equipment are generally better than with older
equipment, but tend to be lower than with flotation, if a satisfactory ratio
of concentration is maintained.

The efficiency of a milling operation is gaged by a number of factors,
among them:

(1) Mineral recovery: the amount of valuable minerals entering a
concentrate compared to the amount of the same minerals in the
mill feed, expressed as a percentage ratio; and conversely,
mineral losses in tailings (100 percent less recovery ratio),

(2) Ratio of concentration: the total weight of mill feed com-
pared to the weight of concentrates produced from it,

expressed as a ratio.

730-683 O-64—5
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(3) The degree to which minerals that are undesirable impurities
in a concentrate can be removed.

(4) Comparative milling costs.

The importance of high mineral rccovery and low content of impurities in
concentrates is obvious. A high-concentration ratio 1is desirable to effect
the maximum reduction in the amount of concentrate that must be subsequently
processed. 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 i1s not feasible. An
exceptionally high recovery or, conversely, a very 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 efficicnecy of leaching processes. Better mill performance
may result from increased processing time or from installation of additional
equipment. Either course tends to raise treatment costs. The correct balance
between mineral recovery, concentrate grade, and cost of milling is usually a
compromise, The following table illustrates a good metallurgical balance for
a sulective flotation circult (similar to that shown in fig. 5) of a lead-zinc
sulfide ore with concentration ratios (weight of hcads to weight of concen-
trates produced) of 8.4 to 1 for lead concentrates and 17.3 to 1 for zinc
concentrates:

Relative Content
Item weight Lead, Zinc, Silver, Gold,
ercent| percent | ounces per ton | ounces per ton

Product analysis:

Feed (millheads).| 100.0 8.73 4 .80 8.98 0.063
Lead concentrates 11.9 68.78 2.24 53.406 0.229
Zinc concentrates 5.8 0.84 60.13 4,63 0.024
Tailings....... - 82.3 0.60 1.22 2.86 0.042
Metal recovery..... 193.8 9722.5 £70.9 442.9

'Bascd on lead reporting in lead concentrate.

®Based on zinc reporting in zinc concentrate,

“In percent; based on silver reporting in lead concentrate.
*In percent; based on gold reporting in lead concentrate.

In planning and operating any milling facility to produce a maximum
return to the operator, all factors concerned with actual mill operation must
be weighed 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 are included in a number of
textbooks and handbooks on ore dressing (27, 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 research organizations also test ores
on a fee basis.
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The Smelting Process

General

Smelting, simply defined, is any process for reducing metals from their
ores by some means that includes fusion. In base- and precious-metal produc-
tion, copper and lead smelting fulfill this definition. Zinc retorting,
although commonly referred to as smelting, does not, because complete fusion
of the charge does not take place in a zinc retort. Some standard reference
works on smelting are listed in the bibliography (3, 5, 7, 21, 34, 35).

The process of smelting lead and copper ores, including any associated
gold and silver and sometimes minor base metals, consists of heating in a
refractory-lined vessel (furnace) a charge of ore or concentrates, roasted
or sintered 1f necessary, mixed with fluxing material and added fuel. Heat
is furnished by combustion of the fuel, 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 supplemented in recent practice with the
pure gas.

Carefully controlled chemical reactions take place within the furnace
between ore, flux, carbon, and carbon monoxide in the fuel, and oxygen in thc
air. The valuable ore minerals are reduced to a metal or metallic product
that collects as a heavy molten bath in the base of the furnace (hearth or
crucible). Gangue minerals, which include zinc minerals in the case of lead
and copper smelting, combine with flux to form a lighter fluid slag that is
insoluble in and floats on top of the metal bath. Metal and slag are tapped
off separately. The gaseous products of combustion include sulfur dioxide
and carry fine material from the furnace charge (flue dust) and fume (metallic
oxides).

The metallic products of primary smelting are base bullion, in the case
of lead, copper matte (copper-iron sulfide) in the case of copper, and occa-
sionally spelss, an artificial arsenide of iron, copper, and lead. All three
products contain, as impurities, most of the gold, silver, and minor ru:tals
in the original ore; these must be removed by refining.

Charge constituents entering the slag are iron silicates carrying oxides
of basic gangue constituents, most of any zinc 1n the furnace feed, anc as
little as possible of valuable metallic products. Lead furnace slags contain-
ing enough zinc can be treated in a fuming furnace to recover zinc as an oxide,
Slags are also utilized as a source of iron, in cement manufacture, and for
construction materials. Imperfect separation of slag and metal tapped from a
furnace will produce some material with a content of valuable metals that must
be retreated.

Flue dust and fume are separated from furnace gases in settling chambers
(flues), cloth filters in baghouses, and electrostatic precipitators (Cottrell
treaters). The materials saved are processed to recover arsenic, antimony,
lead, zinc, gold, silver, and perhaps other metals by appropriate refining
processes or by addinyg them to furnace charges for retreatment. Sulfur
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dioxide in copper furnace and roaster gases may bc used in sulfuric acid pro-
duction, and the heat in such gases may be used in waste heat boilers.

Roasting

Ore roasting may be defined as a heating process for treating ore prod-
ucts at temperatures below the fusion point. The purpose is to change ore
minerals chemically and/or physically by driving off uncombined moisture
(drying), chemically combined water and carbon dioxide (calcining), or sulfur
and possibly arsenic, antimony, or other 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
time, the ores marketed at base-metal smelters required little or no prepara-
tion beforc smelting, but as the bulk of smelter feeds changed from oxide to
sulfide ores and from raw ore to finely divided concentrate, the ores and ore
products requircd conversion to a form suitable for further processing.

Drying as a separate step is seldom necessary on base- or precious-metal
ore shipments. Unless it i1s necessary to prepare extremely wet or frozen ore
as received for sampling, the drying step normally is accomplished as the
first stage of calcining or roasting.,

A primitive roasting procedurc (heap roasting) requires only a flat
surface on which coarse ore is piled 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 1s not complete, noxious fumes are released without control,
and fine materials cannot be treated by this means.

A reverberatory 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 sometimes are calcined in the
type of open-shaft kiln used in burning limestone 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 tuydres near the bottom.
Any fine material in the 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 ore or concentrate, entering at
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the top of the roaster, is dried on the top hearth. Material passes from
hearth to hearth, finally reaching calcining or roasting temperatures, and
leaves the bottom hearth as a roasted or calcined product ready for a copper-
smelting furnace, zine rctort, or zinc-leaching plant. 1In roasting straight
sulfide ores or concentrate, very little, if any, supplementary fuel is neces-
sary after ignition to augment heat requirements. Coal can be mixed with the
charge or pulverized coal, oil, or gas blown into the furnace.

Flash roasting can be used to prepare zinc sulfide concentrate for leach-
ing. Dry, fine concentrate containing at least 40 percent sulfur is fed with
air into a roasting chamber near the top through a burner of the type used for
burning pulverized coal. Additional air is fed in at the bottom of the chamber
at a rate adjusted to effect complete 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 acid plant and waste-heat boiler. The
roasted concentrates collect below the combustion chamber from which they
pass to leachling. A flash-roasting furnace may be designed with multiple
hearths with several hearths both above and below the main roasting chamber.
Waste heat is used to dry wet coucentrate on the upper hearths so that it can
be dry-ground before roasting. 1In this design, the waste gases pass downward
through the hearths below the roasting chamber to use the heat for burning a
small percentage of the sulfur remaining after flash roasting.

In flash roasting, concentrate particles come into free contact with
gases at roasting temperature for no more than a few seconds, and the mate-
rial must be extremely fine to bring about a complete or nearly complete
roasting. A recent development, Fluosolid Roasting, a patented process,®
employs suspension roasting on sulfide concentrate without the extremely
fine grinding necessary ior flash roasting. A Fluosolid Reactor contains
a roasting chamber into which concentrate is fed at the bottom by a screw
conveyor. The floor of the chamber is a perforated plate through which air
and fuel, if needed, are introduced under enough pressure to keep the concen-
trate in suspension in a fluildized bed as roasting proceeds. The length of
the roasting period is adjustable by controlling the rate of feed. The thor-
oughness and period of roasting can also be controlled by adjusting the depth
of the fluidized bed. Roast:d concentrate flows out through a discharge
opening at the top of the fluidized bed as it is displaced by material enter-
ing at the bottom. Roasted concentrate can be discharged into quenching
tanks or sent directly to other processing. Waste gases are discharged
through the top of the reactor for recovery 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 concentration of sulfur dioxide is possible. This
comparatively new procass now has application in roasting copper, zinc, and
gold concentrates; other uses will no doubt be developed.

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

BReference 1s for information only, and does not imply endorsement by the
Bureau of Mines.
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that will permit free passage of furnace gases through the charge in a blast
furnace, A sintering 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 charge first passcs under an
ignition muffle fired by gas or fuel oil and continues to burn during passage
over the suction box. The roasted charge emerges from thc machine as 4 porous
sinter suitable for blast furnace or zinc retort. A considcrable amount of
dust entrained by the airblast as it passes through the charge is recovered
and mixed with the entering feed. The operation of a sintering machine is
flexible; process time, temperature, and completeness of roast can be con-
trolled by adjusting the rate of grate travel and the airblast. The process
sometimes 1s 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 been developed.

Coppur 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 order to form
matte. This is no problem because prescnt day smelter feeds are largely con-
centrates of natural sulfides, which contain more than enough sulfur and iron
to form a matte., Figure 6 is a typical flowsheet for a copper smelter,

Roasting at a temperature below fusion before smelting once was common
practice on sulfide ores and councentrates 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 purmits
charging of green unroasted concentrates--wet charging--directly into smelt-
ing furnaces and disposing of excess sulfur in this furnace instead of in a
roagter., This method has been adopted at many smelters, most recently at the
Garfield, Utah, plant of the Kennecott Copper Corporatiom.

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 proci:ss 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 sulfide 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 ores, native copper ores and concen-
trates, and even crude, coarse sulfide ores, but not for the finely divided
sulfide concentrates that have largely replaced other smelter feeds. It is
possible to make blister copper directly in either blast and reverberatory
furnaces using any type of feed, but the process is uneconomical.

A modern reverberatory furnace is an enclosed, refractory-lined oblong
vesscl up to 30 feet wide and 100 feet or more in length covered by an arched
roof. The bottom and lower walls form a hcarth or crucible in which metallic
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FEED: BLENDED 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 2 THE ROASTING STEP IS OF TEN BYPASSED IN MODERN SMELTER PRACTICE.

NOTE 3 FURNACE GASES ALSO CARRY FLUE DUST (FINE PARTICLES OF FURNACE FEED) AND FUME
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FIGURE 6. - Simplified Flowsheet for a Copper Smelter.
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constituents of the charge collcct 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 immilscible 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. 1In 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 c¢xcess 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 1s avallable.

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 requirements as well as other gangue minerals 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
suitable slag. Silica, iron, and lime are necessary ingredients of slags; any
contiunt of alumina and zinc in smelting charges requires extra fluxing mate-
rials to form a fluid slag. Fluxing materials used to balance gangue minerals
in the feed are silica or limestone. Sufficicnt iron, a necessary fluxing
ingredient, is normally present in ore products. Egsentially, a slag is a
molten solution of ferrous silicates in which smaller amounts of basic ovxides
(2¢lumina, lime, magnesia, and perhaps zinc) are dissolved. Slags have some-
what the characteristic of an alloy and consequently can have a wide range of
fluidity, mutual solubility of constituents, and freezing points. In making
up a furnace charge, an attempt is made to balance flux and ore feed to pro-
duce 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 reccntly, the trend is
toward less siliceous slags, and the demand for siliceous ores has lessened
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correspondingly. The composition of ruverberatory slags generally ranges
between 30 and 38 percent silica (SiQ ), 45 to 52 percent iron oxide (FeO),
5 to 8 percent alumina (Al.0.), and 1 to 5 percunt lime and/or magnesia

(Ca(Mg)0).

A charge is fed through ports into the furmace 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 1life of a furnace, and the charge is fed at short inter-
vals to replenish the charge piles as they melt down. Matte and slanm are
tapped 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 sulfldes and therefore
an equally wide range in copper content. Mattes produced at different plants
have ranged between 20 and 80 percent copper content. An optimum content
would appear to be 40 to 50 percent.

In addition to copper and iron compounds, mattes carry metallic impuri-
ties that were present in the original ores. These may be gold, silver,
arscenic, 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 arsenic or antimony are present in
the charge in excess of the small quantities of these metals soluble in matte,
However, formation of speiss is uncommon in copper smelting,

Zinc and copper oxides are soluble in slags, and copper losses on oxide
ores tend to be high because some copper will enter the slag befor: it is
reduced to metal or matte. Matte is slightly soluble in slay, but losses by
mechanical entrainment in the slag are more important. Good slag fluidity
and settling basins to allow matte and slag to separate during tapping opera-
tions reduce entrainment losses,

The gaseous discharge from reverberatory smclting carries valuable mate-
rials such as sulfur dioxide, flue dust (mechanically entrained material [rom
the charge) and fume (volatile oxides of arsenic, antimony, lead, zine, or
minor metals). Sulfur dioxide is used in sulfuric acid manufacture. Gases
are also processed to recover any valuable constituents in flue dust and fume.
Heat carried 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 metallic copper in a converter, a refractory-
lined vessel that can be tilted to discharge the contents. Modern converters
are cylindrical in shape, up to 13 feet in diameter and 30 feet long, with a
charge capacity 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 cycle of operation consist-
ing of charging with molten matte and silica flux and blowing with air in two
stages. All of the heat necessary for the process is furnished by oxidizing
the sulfur in the matte. Additional heat normally is necessary only to keep
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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 purw cuprous sulfide (white metal). 1In the first, or
slag-forming stage, thc iron oxide combines with silica flux to form an iron
silicate slag, which is poured at intervals as it forms. Elemental sulfur is
released, burning immediately to sulfur dioxide in the oxidizing converter
atmosphere. 1In 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 i1s carefully determined because
overblowing produces undesirablc coppcer 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 proccss whereby green wood poles are repeatedly plunged into the
molten copper, causing oxygen in the charge to combine with wood carbon.
Natural gas, processed (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
first step in copper refining, a process that is continued by fire-refining to
remove volatile impurities, 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 is sometimes marketoed as fire-rerined, particularly if the pre-
clous metal 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 firc-refined copper from other sources. A small amount of sil-
ver 1n Lake copper does 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 used in the same manner
as reverberatory gases and fumes. Converter slags contain significant amounts
of copper and are returned to the reverberatory furnace for retreatment.

Lead Smelting

The product of lead smelting are base bullion, matte, speiss, slag, flue
dust, fume, and gases. Figure 7 is a typical flowsheet for a lead smelter.
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The standard process requires a blast furnace, a refractory-lined rectangular
vessel set on end with a vertical 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 lead bullion collects as it 1s formed. The lead
blast furnace is similar to the copper blast furnace in operation and general
design but operates at a generally lower temperature. Both copper and lead

blast furnaces are similar in 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 not
broken down efficiently in the blast furnace, a necessary reaction before
metallic lead will form. Instead, lead sulfides, togcther with any copper
sulfides in a furnace charge, tend to form a lead-rich matte that must be
given additional treatment. Therefore, most of the sulfur in lead ores is
removed before smelting, leaving only enough to make matte out of any copper
in the ore. The hearth-roasting procedure usud 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 passage
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 consists 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 pressurc enters the furnace through tuydres
(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 ratc 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 tuydres that marks the bottom of the smelting zone.
Molten lead, the first metallic 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 fall,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 accumulat., matte and slag are tapped off
into a settling basin from which slag ovirflows and is sent to a zinc-fuming
plant or the dump, perhuaps granulated for later salc as a commercial product.
Matte is tapped from the settler and can be charped, still molten, into a
copper converter or a specilal furnace, or cast into pigs for shipment to a
copper smelter. As it collects, base bullion, containing speiss and other
metallic impurities, flows continuously from the hearth into a well through

a siphoning tube. This bullion is transferred to a drossing kettle, where
speiss separates out as dross and is returned to the blast furnace. Bullion
may be cast into pigs for later treatment, or still molten, started through
the refining process. 1If produced from pure ores, base bullion is soft, that
is, comparatively free from impuritics, and sometimes is marketed without
refining. However, most bullion contains some copper, iron, arsenic, antimony
silver, gold, or other metals and must be softuned (refined) to remove delete-
rious impurities and recover valuable ones.

Furnace gases carry fume and entrained dust that are diverted through a
flue to reduce their velocity and condense volatile matter by cooling. 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 order to minimize the forma-
tion and discharye of lead oxide fume.

Satisfactory lead furnace slags have a reasonably wide range of accept-
able compositions, so the slags used may be basic or siliceous within limits,
depending on the available ores and fluxes. As in copper smelting, iron must
be present to form iron silicate, a necessary slag constituent. Any iron
deficiency in the feed usually is made up by adding scrap iron to the charge.
Enough fluxing material must be used to form a fluid slag with the zinc present
in the charge. Typical slags may contain 22 to 35 percent silica (Si0,), 28
to 36 percent iron (manganese) oxide, and 17 to 22 percent lime (magnesia).
1n current practice, slags that will accommodate 20 percent or more zinc oxide
may be used. However, a lead furnace charge with a high zinc content is
costly to treat for several reasons: 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 silver into
the slag; and zinc tends to form viscous slags, with the danger that the
charge may freeze in the furnace. High viscosity also inhibits free separa-
tion of metal and slag, with resultant loss of metal in the slag by entrapment.
Although higher operating temperatures are partial cures for the difficulties
brought about by a high zinc content, high temperatures also tend to increase
operating costs and fume losses.

Zinc Smelting

Zinc smelting does not involve complete melting or fusing of the charre,
50, in that sense, 1s not a smelting process; rather it is a distillation
process carried on in sealed retort (5, 7, 35). Economic ores or concentrates
suitable for zinc retorting contain more tham 50 pcrcent zine. However,
regardless of the zinc content, ore products must be prepared for use.
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Oxidized zinc ores are given a calcining roast to drive off carbon dioxide and
moisture, Sulfide ores and concentrates are given a sintering roast to removc
sulfur and form a porous retort charge. Calcined oxides and sintered sulfides
are retorted separately.

The older type of zinc retort is a horizontal ceramic cylinder into which
are charged calcines or sintered material intimately mixed with coal. The
retort is sealed to exclude air and fired externally with natural gas to heat
the charge to the point (2,200° F.) at which metallic zinec 1s formed by react-
ing the cinc oxides in the charge with carbon monoxide generated from the coal.
Zinc metal, volatile at the temperature of formation, leaves the retort with
the gas. The gas passes through a condenser, in which cooled zinc vapor con-
denses 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.

Smulting in horizontal retorts is a batch process. The ore and coal are
charged into the rctort, fired until zinc vapor ceases to form, and then
removed. Material is handled in part by mechanical equipment that has sup-
planted carlier hand methods, but considerable labor is still necessary.

The fuel efficiency of the horizontal retorting process 1s poor, partly
because of heat losses in batch processing, and large amounts of fuel, both
coal and gas, are required. Even under the most advantageous conditions,
the cost of retorting per ton of ore treated is high, and high-grade ores
must be used to keep the cost per unit of zinc produced at a reasonable level.
Obviousgly, a cheap and abundant supply of natural gas is advantageous, if not
essentlal, under competitive conditions.

Retort residues contain from 5 to 15 percent zinc, and some zinc is lost
as aluminates and silicates absorbed in retort walls as a result of interac-
tion between the charge and the ceramic material in the retorts. Residues
also contain any lead, copper, gold, and silver present in the charge.
Depending on the value and amount of metals contained, 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 operates continuously, introduced 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
temperature. The charge consists of porous briquets of roastcd ore or con-
centrates 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 their shape and remain porous throughout the subsequent :inc-
retorting process. \

Vertical retorts arc as hiah as 35 fect with a cross section of about 1
by 6 feet, constructed of silicon carbide. The churge is fed in at the top
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in batches and is gradually heated during descent at a rate governed by
removal of the spent briquets through a water seal at the base of the furnace.
The rctort is heated externally by burning natural gas in combustion chambers
adjacent to the retorts. Producer gas from the retort itself may be used
alony with the natural gas. The zinc-forming reaction and the temperature
reached in the reducing zone are the same as in horizontal retorts. Zinc
vapor from the retort 1s conducted into a condensing chamber and drawn off as
liquid zinc. The waste heat in the retort gases is used in a heat exchanger
to preheat combustion air for external retort heating. '

Among the advantages of vertical retorts over horizontal retorts are:
Better zinc recovery, mechanical charging and discharging with consequent
lower cost, higher thermal efficiency through continuous operation and better
use of waste heat, and long retort life (up to 5 years). Horizontal retorts
eventually may become obsolete, but their use is being continued in older
plants in the United States because economic conditions in some =inc-producing
areas do not justify replacing them.

Electrothermic retorts that use resistance heating of the charge have
also been introduced successfully at several plants. These units use a verti-
cal retort and differ somewhat from thermal retorts in construction and opera-
tion, but they rely on the same basis metallurgical reaction for rcduction ot
zinc to the vapor form.

Zinc Leaching

Although the principle of electrolytic precipitation of zinc wmetal froin
sulfuric acid solution had been known for many years (7, 34, 35), a successful
process for leaching zinc ore products was not introduced until 1914. Zinc
leaching, which requires large amounts of electrical energy for precipitition
of the zinc, was developed in the Northwest as an alternate to smeftiny,
particularly for low-grade concentrates (40 percent or less zinc) that could
not be treated cvconomically by retorting. Leaching is not used commercilally
on raw zinc ores; probably because such ores are now uncommon, although high-
grade oxide ores presumably are amenable.

Sulfide zinc concentrates must be roasted to convert zinc sulfides to
acid-soluble oxide and water-soluble sulfate--the sulfate providing the sul-
furic acid needs of the leaching process. Either hearth or flash roasting
is used under controlled temperature conditions to convert most of the zinc
minerals to zinc oxide, to prevent formation of zinc sulfate in excess of the
2 or 3 percent needed for replenishing acid losses in the leaching circuilt,
and to minimize the formation of insoluble zinc-iron oxide (ferrita).

Zinc leaching and precipitation both require careful operating control
because operating conditions and the composition of leaching solutions, both
as to acid strength and contuined impurities, are critical. The weak sulfuric
acid solution used will dissolve not only zinc oxide and zinc sulfate from
roasted concentrates but other compounds, some of which are undesirable.

Among soluble salts that should be removed from the leaching solutions because
they interfere with electrolytic prucipitation of zinc are metallic compounds
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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 zinc 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.

If 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, flowshcets, 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 (5, 7, 35). Becausc a marketable prod-
uct must be free of impurities, high-grade oxide ores were used. These ores
have been replaced largely by reasonably lead-free, sintered sulfide concen=
trates. Low-gradc 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 zine vapor by carbon monoxide just as in zinc retorting. The maximum
temperature reached in the process, 2,200° 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 1s 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.
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Grate-type furnaces and revolving kiln retorts are used. The standard
method for manufacturing industrial zinc oxide is the grate process in which
an intimately mixed charge of calcined or roasted zinc ore or concentrates
and coal or coke 1s gas-fired through a perforated grate on which the charge
rests. In the original Wetherill grate furnace, the process is a batch opera-
tion requiring about 12 hours for a complete cycle of charging, baking of the
charge, burning, reducing, and discharge. An improved furnace uses a travel-
ing grate and operates continuously.

The Waelz process is used on both low-grade zinc ore and zinc retorting
or leaching-plant residues. It uses a refractory-lined rotary kiln up to
150 feet long and 8 feet in diameter, fired at the charging end with gas or
powdered coal. The charge is calcined or roasted ore or residues mixed with
coal or coke, and the reactions are the same as in the grate process. Zinc-
oxide fume is produced by burning zinc 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 the Waelz process, recovering oxides of these
metals as well as =inc. All fuming processes for solid matcrials produce a
semifused clinker reject. The clinker from high-grade material treated by the
grate process may contain enough zinc for retreatment in a Wael.: kiln.

In recent years, lead smelters have been successfully treating fturnace
feeds with a higher zinc content than formerly, producing high-zinc slaus.
The increased zinc content of these slags is a valuable byproduct that can be
recovered in a1 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 tuydres near the base. The reducing mixture bubbles up
through a bath of molten slag, and zinc vapor is formed by reduction of zinc
oxldes and zinc silicates in the slag. Slag fuming is a batch process con-
sisting of charging, blowing (about 2 hours) and tapping. The metallurgical
reactions and recovery of the zinc 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 other plant needs.

An electrothermic slag-fuming furnace in use at some plants since 1955
produces slab zinc instead of zinc oxide. The process is carried on in a
sealed crucible by the reducing action of coke breeze floating on top of the
molten bath. Heat to maintain the necessary temperature is furnished by
resistant heating of the molten slag. Zinc vapor forms in the reducing atmos-
phere abovce the bath and is condensed and cast into slab zinc as in zinc
smelting.

When the warket price of zinc is low, there i1s very little profit in zinc
fuming, but returns that plants get from zinc that would otherwise be lost
undoubtedly contribute to the removal or lowering of zinc penalties charged
shippers at lead smelters and to a better rate of payment for zinc at plants
that pay for :inc content.

730-683 O-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 very little
over a long history of operation. Improvements have come in better opera-
tional control, advances 1in equipment design, and adaptation of new methods
of bulk material handling and processing developed in other phascs of indus-
try. Some recent innovations indicate the possibility of radical changes in
the future, but no new basic principles are involved.

A 2zinc 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 minimum of ore preparation has been operated com-
mercially in Great Britain (20, 35), and elsewhere in Europe and Africa. The
only ore preparation necessary is bulk concentration, if the metal content of
ores 1s 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-
denscd 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 1s 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. 1In
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 (20).

Control of Smelting Operations

The smelting process, like ore beneficiation, does not yield perfect
results. Metal losses in slags are never completely eliminated, and close
control of all plant operations is necessary to maintain the highest possible
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. Slags of high 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 fluxing materials are necessary to dilute
them. This is the basis for zinc penalties in smelting.

The calculation of a furnace charge is a science in itself. On the basig
of the content of silica, lime, iron, sulfur, zinc, and occasionally othur ore
canstituents considered in conjunction with the cost and availability of flux-
ing 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 is necessary to maintain the dcsired
metallurgical balance, particularly in custom smelting where purchased ores
may vary widely in mineral content. The perfect smelter charge would be a
self-fluxing, self-smelting ore containing the right combination of fluxing
material for a fluid slag and enough sulfur for fuel. Obviously this ideal
is never realized.

Settlement of Ores at Custom Treatment Plants

Treatment Charges and Payments at Milling Plants

A buying schedule for a cyanidation plant is comparatively simple as
shown 1in appuendix B. In this example, all milling costs, including tailing
losses and marketing charges, are covered by a single sliding-scale treatment
charge based on the gross value of the ore,.

Treatment charges assessed at base-metal milling plants that buy ores
rather than treat them on a toll basis also reflect smelting or other costs
that must be met when concentrates are sold. Schedules 18 and 19 of appendix
A, appendix C, and appendix D apply to complex lead-zinc sulfide ores.
Because the selective flotation circults normally used in custom milling such
ores are effective only on sulfides, any oxidized lead and zinc content, as
determined by analyses at the time of purchase, is deducted from the total
metal content beforc payment is calculated.

Metal Payments, Treatment Charges, and Penalties at Smelters

Smelting base metals is essentially a manufacturing operation in which
raw materials (ores and concentrates) are processed, refined, and marketed.
Smelter economics are based on the generation of an average profit per ton of
material treated. This profit, then, along with treatment, refininy, and
marketing costs is a charge against the gross value of the refined products
obtained from the muterial treated. The proposition can be stated another
way: The entire cost of mining, milling, smelting, refining, and marketing
an ore must be covercd by the value of the contained minerals in their final
marketable form if the overall operation from mining through marketing is to
be profitable. Howevcr, to the producer, the value of an ore expressed as the
amount the contained minerals are worth in the refined state is meaningless.

The price paid for the raw material depends, a. it does for any commodity,
on quality, as represented by the content of valuablc minerals, the impurities,
and the suitability of the ore to the treatwent process used. No two ores,
even lots of orc from the same min.:, are exactly alike either in valuable
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metal content or the amount and character of waste constituents. An excess or
deficiency of a certaln constituent may call 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 detailed treatment schedules are offered.
The terms governing purchases at plants treating different base and precious
metals are shown in appendix A, and examples 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 ore exigsts at more than one
plant, but not 1f plants are so located with respect to the mine concerned
that differences in ore freight are more important than treatment costs.

This is particularly true of small ore shipments because smelters accept them
largely as an accommodation. Competition for this class of ore is virtually
nonexistent, and shipping costs control the choice, if a choice exists, of
market for most small mining operations in the Western United States.

The structure of payments, deductions, treatment charges, and penalties
in most smelter schedules i1s similar in principle, even though details will
vary from ore to ore 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
pricus 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 ore 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 1issue 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 market, but also on smelting losses. Normally, over 97 percent of the
copper 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 1s reduccd 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 a zinc plant ranges from about 88 to 96 percent. Recoveriles
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 metals 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 ore for which the schedule is set up. Adjustments for




any changes in labor and supply costs are provided for by additional charges
or credits, also defined in the schedule. The base treatment charge applies
only to ores up to a certain maximum value. Additional charges, computed as a
percentage of metal payments above a defined maximum, are assessed for excess
value., Presumably the charge for excess value compensates the smelter for
interest on the capital tied up in stockplled ore and metal in transit and
glves protection against fluctuation of metal prices between the date of ore
purchase and final sale of the finished product some months later. Assessment
of extra charges for higher grade ore may enable custom smelters to offer
lower treatment charges on low-grade ore, thus subsidizing the production of
otherwise unmarketable low-grade ores, perhaps to assist mine development.

The penalty section of a lead or copper smelter schedule covers ore con-
stituents that are detrimental because they increase smelting costs or because
they enter smelter products as undesirable impurities. Examples are zinc,
particularly sulfide zinc, arsenic, antimony, bismuth, tin, and sulfur in
metal sulfides.

Zinc is always a detriment in conventional lead or coppur smelting for
the reasons given previously in dcscriptions of smelting processes, and an
excess may incur a penalty. A high sulfur content in lead ores, which must
be removed by roasting before smeltin:, usually incurs a penalty.

Arsenic, antimony, bismuth, or other minor mctals are common ore impuri-
ties with a market value in refined form that will not compensate refiners
for the full cost of removing them from copper or lead smelter products.
Consequently, a penalty normally is charged to cover r:fining costs in excess
of the return from sale of these minor metals. When any of these metals are
present in smelter fecds in amounts that will justify special recovery facili-
ties, payment may bc made for them. For example, a plant purchasing lead ores
with a substantial content of antimony pays for the antimony (schedule 14,
appendix A). Another plant pays for cadmium content (schedule 17, appendix A).
Selenium, tellurium, gallium, tin, and other metals may be present in smelter
feeds, but while they may be recovered during copper and lead refining or
from smelter residues, the amount present in most ores is too small to justify
any payment to the producer for them.

Silica, alumina, lime, magnesia, and iron are constituents of ores and
fluxing materials that have no market value as smelter products except as
minerals that must be present in the correct proportions to make fluid slags.
Whether they are subject to penalty in an ore because they require addition of
barren fluxes to form suitable slags, or command a premium because they reduce
the fluxing requirements for some other ore, depends on the requirements at
each smelter. Copper smelters may penalize or give credit for excess silica,
depending on the overall fluxing needs. Lead smelters penalize for sillica and
give credit for iron and lime because available lead ores usually contain an
excess of silica and are deficient in iron and lime, necessitating addition of
barren iron and lime £lux. If the iron in an ore is present as a sulfide min-
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 example, copper deficiency in a gold-silver ore offered to a
copper smelter (schedule 1, appendix A), or lead deficilency in ores purchased
at a lead smclter (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 ore is usually
made on the full assay content, subject to a minimum content for which payment
will be made, This minimum, ranging from 0.0l ounce per ton to U.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 pricce 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 1 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. Thc 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 ore. 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 content.

In general, payment for silver follows the gold pattern; 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 0.5
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 percentage 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 price
has been $0.905 per ounce 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 market quotation for silver 0.999 fine ranged between
$0.70 and $0.91375 per ounce. In 1960 and 1961, the pricc remained steady at
the latter 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
gilver stocks.

Payment for copper is based on a percentage 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 expressed as cents per pound of metal.

Payment for lead is based on the New York quotation for desilverized 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 ussay
content, subject to a minimum deduction, paid for at the East St. Louils, Ill.,
quotation less a marketing deduction. The latter deduction may be computed as
a percentage of the market price or as a net figure expressed as cents per
pound of metal.

In treatment schedules applying to complex ores where lead, copper, and
zinc are all paid for, a sliding-scale schedule for metal payments may be used
whereby the deduction from market prices to determine rates of payment depends
on the increase or decrease of the market price above or below & base quota-
tion used as references. The rate of payment may also be affected by the
metal content of the ore, rising with increase in grade. The relative level
of market quotations on several metals may also enter into the calculation of
metal payments. Calculation of metal payments can be very involved for sched-
ules of this king (schedule 14, appendix A). Such schedules apply to complex
ores that may be milled by the purchaser before smelting and treatment in uan
electrolytic zinc plant. Examples of settlement sheets illustrating mcthods
of computation are given in the appendixes D, F, H, and K.

Tristate Ore Marketing

Schedules for purchase of ore in the Tri-State District of northeast
Oklahoma, southeast Kansas, and southwest Missouri are set up on a differcnt
basis than elsewhere in the United States. Tri-State schedules have .. back-
ground of milling and marketing practices antedating the history of smelting
in the West. Tri-State ores are all purchased f.o0.b. the mine, and thce pur-
chaser assumes all freight and handling charges, including loading auad
unloading.

In former years, nearly every one of the typical small mining operations
in the Tri-State District included a gravity mill, perhaps only a simple jig-
ging plant, in which lead and zinc concentrates were made. The product sold,
therefore, was a concentrate rather than mine-run ore. Later, custom plants
serving groups of mines replaced many of the individual mills. The smaller
custom mills, operated on a toll basis, did not commingle ores but produced
concentrates for the account of the shipper in separate lots corresponding to
the ore shipments received. The larger custom mills sampled the ore shipments
on delivery, processed the commingled ore, with settlements adjusted to the
total concentrates produced during the previous months' operations. These
concentrates were purchased by brokers or ore buyers for shipment to smelters
or oxide plants where they were reduced to metal or oxide pizment. The ores,
sampled as received, were converted to equivalent standard concentrates by
calculation on the basis of the assay.

The standard method of settlement for Tri-State District onres used before
the virtual shutdown in 1958-60, follows:

1. Settlements were usually made by telephone, the buyers represented
by the brokers or smclter representatives, and the sellers agreeing on assay,
tonnage, and delivery date. The ores were sold i.o.b. the mine, with the
buyer doing the loading «ither in trucks or raillrvad cars. Mine weights were
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accepted by both buyer and seller. Appendix Q is a list of Tri-State ore-buyer-
representatives active in 1960.

2. Mine ore was hauled separately from each mine and sampled 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
werw 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 80-percent lead concentrates at Joplin, Mo. These concen-
trate prices for many years were based on 6.7 x 100 for zinc and 12 x 100 for
lead; multiplied by the zinc and lead metal prices quotud 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, ILlLl. 60 percent New York 80 percent
metal price, concentrate metal price, concentrate
cents per pound Joplin, Mo., cents per pound Joplin, Mo.,
_per 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 zinc 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 uxcess of 1 percent and $1.50 per unit
for lime in excess of 1 percent may be assessed, but milling, smelting, and
marketing charges in general enter into the calculation of the concentrate
payment schedule rather than appearing as separate deductions. A charge for
fine concentrates, assessed after flotation concentrates appeared in the
markei in the thirties, was later removed as smelters devised methods for
handling the finer material. TRe Central mill of The Eagle-Picher Co. has on
occasion paid an extra premium of $4.00 to $6.00 per ton of zinc concentrates
produced.
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TRANSPORTATION OF BASE-METAL ORES AND CONCENTRATES

Transportation Patterns in the West

Transportation patterns for ores and concentrates produced in the West
(Rocky Mountain States and west) have changed greatly in recent years, partic-
ularly in regard to base metals. Many factors, some dating back to the early
1900's, are responsible. Among these are decline of mining activity, abandon-
ment of rail routes, improvement of highways, and development of large and
reliable trucking equipment. In mining districts that no longer have direct
rail connections, movement of mine products necessarilily has been shifted to
trucks for at least part of the haul to market, Examples include most of the
older Colorado mining districts. Many of the recently discovered ore depos-
its, largely uranium mines, are in locations remote from rail routes. For new
districts, the flexibility and comparatively low investment cost of trucking
equipment favor use of truck transportation over railroads inasmuch as roads
usually are built with some type of Government assistance.

When distances by rail and highway are comparable, transportation of ore
products entirely by rail is invariably cheaper, provided that the shipper
accumulates mine products in carload quantities. However, direct rail connec-
tions are now available at very few small mine operations. Ore shipments
often are transferred from truck to rail, but if trucking costs over the road
route for which rail haulage might be substituted are at all competitive, such
a transfer may not be economical. In mountainous territory, highway routes
between certain mines and markets may be much shorter than any truck-rail
route. This was true of hauls from many mining districts in Colorado to the
Leadville smelter of the American Smelting & Refining Co. When the shipper
may either transfer products from truck to rallroad cars at some point along
the route from mine to market, or use truck haulage for the entire distance,
the comparative length of truck and rail portions of the haul, as well as the
difference between applicable truck and rail freight rates, enters into a
choice of routes.

Appendixes M, N, O, and P show representative rail and truck freight
rates compiled from published tariffs of 10 railroads operating in the West
and from data furnished by truck carriers, truck tariff bureaus, and public
regulatory bodies in several Western States. Rates in appendix M cover rail
routes which are, or have been recently, in use for transportation of ore and
concentrates. The carload (CL) freight rates quoted are commodity rates
applicable between specific points. Less-than-carload (LCL) rates can be
calculated by adding a percentage to the carload rate in some cases, and by
applying general class rates in others. Few specific LCL rates on ores and
concentrates are published because there is little or no rail traffic in less-
than-carload lots of base- or precious-metal ores. LCL rates have been omit-
ted from appendix M.

Appendix N covers trucking routes for which specific commodity tariffs
on mine products have been esta?lished, and also routes to which distance
commodity or class rates have been applied. Comparatively few commodity
rates, cither for truckloads (TL) or less-than-truckloads (LTL), betwcen
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specific points have been set up for ore and concentrates. Most shipments are
handled by contract carriers rather than coomon carriers, and freight rates
are set by negotiation or by reference to distance-commodity tables.

Appendix O presents distance-commodity or class rates on truck haulage
in effect in several Western States; from 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 this type of hauling.

Freight Ratcs

Relation of Railroad Freight Rates
to Distance and Other Factors

Primarily, railroad freight rates 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 tcrrain, and competition also enter
into freight rates. Freight movements over branch lines or over lines of more
than one railroad are usually subject to higher rates than haulage on main
lines or on a single railroad system.

This range in rates is illustrated in appendix 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 25 miles, or even 50 miles, are
uncommon for small mine operations. Nearly all the short rail hauls being
made today serve largce, integrated mining opurations, 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 a rate for the same haul
derived from tables.

Railroad rate structures, subject to both State and Federal regulation,
are complicated, particularly where more than one line, or compcting lines,
are involved. Freight rates applying to ore and concentrates, as well as to
other commodities, are subject to modification if the traffic volume changes.
Rates presented in this circular, believed to be current, are subject to
change. Most of the freight rates applying to ores and concentratcs result
in a much higher ton-mile cost than 1.45 cents per ton-mile, the estimated
average cost of shipping all commoditie¢s in carload lots in the United States
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in 1958. An upward nationwide trend 1n freight rates necessitates frequent
revision of published tariffs.

Effect of Ore Valuaillon on Railroad Fraight Rates

Rail freight rates are ugsually influenced by the value of th. product
shipped. The metal content of ores and concentrates is used, as deturmined by
control assays that scrve as a basis of settlement between ore shipper and
buyer. The calculated valuation is an arbitrary figure. The actual price
received by the producer for gold and silver is used, but the value of base
metals is calculated from a set price schedule rather than by the actual
market quotations:

Price per pound

Metal:
COPDBL s cianus™ manamess s 556 msa $0.14
Jeade s aavnsnn wnnennies s savne 07
ZinCisssanian ian 2R G w e 08

Published commodity tariffs usually contain specific freight rates on mine
pruducts carrying valuations up to $100 per ton and occasionally higher.

For higher valuations, a percentage formula is used whereby increases in rates
are calculated by adding a percentage of the rate on $100 ore. As an example,
1 method of calculation used by the Denver & Rio Grande Western Raillroad is
quoted.

Basis for arriving at rates on ore and concentrates or other
commodities when value exceeds $100.00 per ton:

On Ore and Concentrates, or other commodities, when value is
in excess of $100.00 per ton, except where specific rates are
provided, apply the following percentages of rate applying on Ore
and Concentrates, or other commodities, of $100.00 per ton in value:

Value over $100.00, but not over $125,00 per ton, 109 percent
Value over $125.00, but not over $150.00 per ton, 118 percent
Value over $150.00, but not over $175.00 per ton, 127 percent
Value over $175.00, but not over $200.00 per ton, 135 percent
Value over $200.00, but not over $225.,00 per ton, l44 percent
Value over $225.00, but not over $250.00 per ton, 153 percent
Value over $250.00, but not over $275.00 per ton, 162 percent
Value over $275.00, but not over $300.00 per ton, 170 percent
Value over $300.00, but not over $350.00 per ton, 185 percent
Value over $350.00, but not over $400.00 per ton, 200 percent
Value over $400.00, but not over $450.00 per ton, 215 percent
Value over $450.00, but not over $500.00 per ton, 225 percent

For Ore, value in excess of $500.00, the rate will be made by
adding the following to the rate for $500.00 valuation:
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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 ore may be accepted.

Agents must notify the traffic department by wire at once when
such shipments are tendered, in order that necessary arrange-
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 whcre rates are not provided
for Ore of $100.00 valuation, shipment to be forwarded at highest
valuation for which rates are provided.

In computing charges 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 ore worth as much as $100 per ton is now mined in the West.
Concentrates may exceed this value.

Carload and Less-Than-Carload Shipments

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. 1If 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
minimum carload tonnage must be paid for to get the carload rates. TIf carried
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in cars with other commodities in mixed freight service, a shipment must be
packed in containcrs (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 service
afforded. Express service was and is avallable for the same class of products.

Because the volume of LCL rail traffic in mine products is low, vury
few point-to-point LCL commodity rates have been established. The methods
of setting them up differ: Some railroads add a percentage of the carload
rate to arrive at an LCL rate; in other cases, LCL rates are derived from
distance-class tables, using specified percentages of the rates in the tables.
If the total freight on a shipment computed at the LCL rate exceeds the cost
computed for a minimum carload at the carload rate, the latter cost governs.
Thus, if the weight of a shipment approaches a minimum carload, the total
freight computu:d for the minimum carload tonnage is likely to be less than
for the actual tonnage computed at the LCL rate. Because truck transporta-
tion is normally available, a rail shipment of ore at an LCL rate would be
unusual. For this reason, LCL rates are omitted from appendix M.

Railroad tariffs make provision for shipment for several bulk LCL lots
in one car. A bulkhead or other divider between lots may be necessary. Under
such an arrangement, the freight on each lot is billed at the applicable car-
load rate, but the minimum carload tonnage specified for the commodity must be
pald for even though the combined weight of the several lots is less. Such
rail shipments usually incur extra handling and switching charges and are
avoilded, 1f possible.

Relation of Truck Freight Rates
to Distance and Other Factors

Ton-mlle freight rates fur truck haulage vary inversely with the length
of haul as do rail rates. Alsou, as in rail transportation, factors other than
len;sth of haul cnter into trucking costs: Volume of traffic, type of terrain,
condition of roads, loading and unloading facilities, and distances from the
carriers' bases of operations to loading or unloading points. Most of the
cost of trucking ore over short distances consist of the cost of loading,
unloading, and possibly deadhead travel from the carriers' bases of operations.
Truck tariffs usually state that the rates quoted cover loading ore from bins
by gravity or by the shipper's cquipment, unloading at destination by dumping
or mechanical devices, and a definitely limited amount of deadhead travel
(not over 15 miles for a contract carriler operating in Arizona). An extra
charge is made for use of additional labor or equipment or for loading and
unloading delays beyond the control of the carrier.

In a few instances, mine operators have found it advantageous to haul
ore in their own trucks, but, in general, the required investment is not
justified unless reasonably full use of the trucking equipment can be mad.,
Normally, in the case of small operations, it is cheaper to contract hauling
to established carriers.
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Few point-to-point commodity rates applying to the truck movement of ore
and concentrates have been established. This condition is particularly true
for base-metal shipments becausc the volume of traffic is low. Truck rates on
ores are commonly the subject of negotiation between shipper and carrier. A
distance-commodity table can be used, at least temporarily, if it applies Lo
the type of hauling operation under consideration., Distance-class tables have
been set up in some States to cover cases where no specific ratcs are in
effect, and a rate to cover a particular commodity can be calculated from them.
However, such rates are hizh, particularly in the low mileag. range (example 4,
appendix 0), and a contract would undoubtcdly be negotiated if possible.

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

Short Truck Hauls

Short hauls of ore and 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 O will reveal that freisht 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
these particular rates were set up, do not require any short hauls. There-
fore, the tables are inoperative in this rangc. 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 examplcs 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
(13) 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 derivi:d from a distance-class table but result in a prohib-
itive cost (example 4, appendix 0). LTL scrvice 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. Some rates increase for valuations over $50 or over
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$100, but these are uncommon. Two examples have been listed in appendix O:
The truckload and less-than-truckload rates in example 4 apply to ore having a
value up to $100 per ton; ore of higher valuation is subject to higher rates.
In example 8, the tariff provides for a 5-percent increase in freight rate for
each $10 increase in ore valuation above the $50 per ton.

Governmental Regulation of Ore Hauling by Truck

Freight rates for intrastate ore-trucking operations in the Western
States are subject to a minimum of regulation. Regulations in the different
States differ in detail but, in general, are concerned chiefly with assignment
of franchises covering routes and territories. Contracl carrier:s are not
required to file rates in most States, and the few published rates are issued
by carriers' cooperative tariff bureaus. At least two States have a require-
mént 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 is set on the
maximum charge. One State issues a distance-commodity rate table which repre-
gsents the minimum rates truckers may charge (example 8, appendix 0). The
rates in this table are below actual rates currently in effect.

Comparison of Rallroad and Truck Freight Costs

By reference to freight rate tables, a comparison can be made of the
truck and railroad freight rates applying to certain ore-hauling routes., 1In
nearly every case, the cost of an all-rail haul on any ore or concentratu in
carload quantities over a given route is less than for an all-truck haul,
the advantage of raill shipments over truck shipments increasing with the
distance, but decreasing with increase in ore valuation. Two exceptions
appear to be shipments from Placerville and Colfax, Calif., to the Selby,
Calif. smelter, distances of 105 and 113 miles, respectively (appendix M and
appendix N). In both cases the truck rate is less than the rail rate. LCL
rates for a given haul are always higher than truck rates in truckload lots.
Truckload quantities range from 5 to 20 tons and occasionally more, depending
on road conditions, length of haul, available equipment, and shippers'
requirements.

The high freight rates applying to less-than-carload and less-than-
truckload lots show conclusively that shipment of less than minimum carload
or truckload quantities is uneconomical for most base-metal ores. For high-
grade ores or concentrates, such shipments may be economically feasible but
are probably avoided if there is a possibility of accumulating a carload or
truckload.

Figure 8 shows ton-mile rail shipping costs for ore products in carload
lots based on point-to-point commodity rates published by four western rail-
roads. The data, plotted according to length of haul, cover a distance range
up to 250 miles. A value of $50 per ton is assumed for all shipments. An
average curve has been constructed to show the relation between ton-mile cost
and distance. An extension of this curve into a distance range over 250 miles
would show that the ton-mile cost continues to level off, approaching a lower
limit of about 1.5 cents per ton-milc. The different ton-mile costs reported
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FIGURE 8. - Freight Rates for Ores and Concentrates on Four Western Railroads.

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 milcs, based on a few rallroad 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 alome, unless the necessary
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FIGURE 9. - Comparison of Railroad and Truck Freight Rates.

truck portion of the haul approaches or exceeds the possible rail portion.

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

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

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

730-683 O-64--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 rallroads. If a new hauling operation, perhaps remote from the
territory served by active carriers, is proposed, a preliminary cost estimate
can be made, for which data included in this circular may be helpful. Carriers
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 expericnce 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 trangportation 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
District of Missourl, Kansas, and Oklahoma, where small lead-zinc mines are
common. However, few of these remain in operation,and In any case transporta-
tion of ore constitutes no problem because ore is traditionally sold f.o.b.
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.
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APPENDIX A. - TYPICAL OPEN PURCHASE SCHEDULES AT SELECTED COPPER AND LEAD SMELTERS,
ZINC PLANTS, AND CONCENTRATING MILLS IN THE WEST'

Metal payments: Treatment charges
Payments based on assay content of Charges or credits Debit or credit for other mineral content
Mine Metals Minimum material treated, less any deduc- Base added to or sub- Debit for undesirable content above
Schedule | Plant type products |paid for| metal content tions, computed at applicable charge tracted from the | Mineral the maximum allowed free or credit
covered paid for market or Government prices, less per ton® base charge or for desirable content for which
markering and/or refining charges per ton metal® premium is paid
for refining metal
1 Copper Copper ore |Copper |[0.5 percent® Pay for 95 percent of assay content® | $5.50 [Add 10 percent of [Zn Debit for content above 5 percent at
smelter at market less 3.5¢ per pound metal payments $0.30 per unit.”
A (subject to a minimum deduction of in excess of Sb, As, Bi|Not acceptable.
(Arizona) 8 pounds per ton). $15.00 up to a Al 0, Debit for content mbove 10 percent
Gold 0.03 ounce/ton®|Pay for 100 percent of assay content maximum of $7.50. of S5iQ, content at $0.25 per unit.
at $32.3185 per ounce.
Silver |0.5 ounce/ton [Pay for 95 percent of assay content
at market or mint price less l.5¢
per ounce (minimum deduction of
0.5 ounce per ton).

- do. Copper Copper Deduct 1 percent from assay content |13.50 None . AL, 0, Debit for content above 10 percent
concen- and pay for 100 percent of remain- of $i0, content ar $0.25 per unmit.
trates der at markes less 3.5¢ per pound. Zn Debit for content above 5 percent at

Gold 0.03 ounce/ton |Pay for 100 percent of assay content $0.30 per unit.
at $32.3185 per ounce. Ab, As, Bi|Not acceptable.
Silver |[0.5 ounce/ton [Pay for 95 percent of assay content
at market or mint price less 1.5¢
per ounce (minimum deduction of
0.5 ounce per tom).

3 do. Gold and Copper 1.0 percent Deduct 1 percent from assay content [10.00 None . Zn Debit for content above 7 percent at
silver ore and pay for 100 percent of remain- $0.30 per unit.
or concen- der at market less 3.5¢ per pound. Sb Debit for content above 1 percent at
trates Gold 0.03 ounce/ton |Pay for 91.l4 percent of assay $1,50 per umit.
with minor content at mint price. As Do.
base mectals|Silver 1.0 ounce/ton |[Pay for 95 percent of assay content Bi Debit for all at $0.50 per pound.

at market or mint price less l.5¢
per ounce (minimum deduction of
L.0 ounce per ton).

Lead No payment.

4 do. Dry gold- Gold 0.03 ounce/ton [Pay for 100 percent of assay content| 5.50 Add 10 percent of [Cu Debit for the difference in pounds

silver ore at $32.3185 per ounce, metal payments in between the actual content and 8
Silver |0.5 ounce/ton |Pay for 95 percent of assay content excess of $15.00 pounds per ton computed at the temms
at market or mint price less 1.5¢ up to a maximum applicable for copper payment.
per ounce (minimum deduction of of $7.50 total (Schedule not applicable if copper
0.5 ounce per ton). treatment. content exceeds 8 pounds per tom).
5 Copper Copper ore |Copper |[0.8 percent Pay for 90 percent of assay content | 9.00 Add 10 percent of [SiQ Credit $0.05 per unit of 5iQ, in
smelter and concen- (deduction to be not less than metal payments in excess of a content equal to the
B trates 10 pounds or more than 20 pounds excess of $15.00 sum of 10 times Al 0, content plus
(Arf{zona) per ton) at market less 4.0¢ per up to $40.00 and Fe content plus lime content,
pound. an additional 5
Gold 0.03 ounce/ton |Pay for 100 percent of assay content percent of pay-
at $32.20 (92 percent of U.S. ments in excess
Treasury price of $35.00). of $40.00
Silver (1.0 ounce/ton |[Pay for 95 percent of assay content
at market or mint price.

See footnotes at end of table.



Metal payments® Treatment charges
Payments based on assay content of Charges or credits| Debit or credit for other mineral coantent
Mine Metals Minimum material treated, less any deduc- Base added to or sub- Debit for undesirable content above
Schedule | Plant type products |paid for| metal content tions, computed at applicable charge | tracted from the | Mineral the maximum allowed free or credit
covered paid for market or Govermment prices, less per ton® base charge or for desirable content for which
marketing and/or refining charges per tom metal® premium is paid
for refining metal
6 Copper Siliceous Gold 0.03 ounce/ton | Pay for 100 percent of assay content| $5.50 |Add 10 percent of [Cu Debit for the difference in pounds
smelter gold-silver at $32.20 per ounce. metal payments between actual content and 8 pounds
B ore (mini- |Silver |1.0 ounce/ton |Pay for 95 percent of assay content in excess of per ton computed at the terms
(Arizona) oum silica at market or mint price. $15.00 up to applicable for copper payment.
content 70 (Copper |0.8 percent Pay for 90 percent of assay content $40.00 and an (Not applicable if copper content
percent) (deduction to be not less than 10 additional 5 exceeds 8 pounds per tom).
pounds or more than 20 pounds per percent of pay- sig Credit $0.05 per unit of SiQ, in
ton) at market less 4.0¢ per pound. ments in excess excess of a content equal to the
of $40.00 sum of 10 times AL O, content plus
Fe content plus Ca0 content,
7 Copper Copper ore |Copper [1.0 percent Pay for 90 percent of assay content 6.00 [Add 10 percent of (Al 0, Debit for content of AL,QJ above 10
smelter (deduction to be not less than 10 metal payments percent at $0.25 per unit.
[ pounds or more than 30 pounds per in excess of Ca0 Credit for CaO content above 10
(Arizona) ton) at market less 3.5¢ per pound. $15.00 up to percent at $0.04 per unit up to a
Gold 0.03 ounce/ton |Pay for 100 percent of assay value $30.00 and an maximum of 25 units, if SiqQ,
at $32.20 per ounce. additional 5 content is less than 40 percent
Silver [1.0 ounce/ton [Pay for 95 percent of assay comtent percent of pay- and AL, O, content is less than
at market or mint price. ments in excess 10 percent.
of $30.00 up to
a maximum of
$20.00 total
treatment.
8 Copper Copper, Copper |0.5 perceat Pay for 96 percent of assay content 4.00 |Add 10 percent of [Fe Debit $0.12 per percent per tom.
smelter gold, (minimum deduction 10 pounds per metal payments 810, Credit $0.025 per percent per ton
D and/or ton) at market less 3.5¢ per pound. in excess of in excess of Al,0, content.
(Montana) silver Gold 0.01 ounce/ton |Deduct 0,01 ounce per ton from assay $15.00.
ore content and pay for 100 percent of
remainder at $31,81825 per ounce.
Silver [1.0 ounce/ton |Pay for 95 percent of assay content
at market or mint price less 6.0¢
per ounce (minimum deduction of
1.0 ounce per ton)}.
Lead No payment.
] Lead Lead ore Lead 3.0 percent Deduct 1.5 percent from assay 7.50 [Add 10¢ per tom Zn Debit for content above 10 percent
smelter or con- content and pay for 90 percent of |[(30 per-| per unit of Pb at $0.30 per umit,
A centrates the remainder at market less 2.0¢ |cent Pb | under 30 percent , Sb, Sn|Debit for content above 1 percent
(zinc per pound, content)| content. Deduct rl(cmbtnod) at $0.50 per umit.
content Copper 1.3 percent Deduct 1.3 percent from assay 10¢ per ton per |Bi Debit for all at $0.50 per pound.
recovered content and pay for 100 percent unit of Pb over
but not of the remainder at market less 30 percent.
paid for) 9.0¢ per pound.
iGold 0.03 ounce/ton |[Pay on the following percentage of
mint price: 0.03 ounce or over
and less than 5.00 ounce/tom--
91.14 percent; 5.00 ounces or
over and less than 10.00 ounces/ton
--92.57 percent; 10.00 ounces or
over and less than 15.00 ounces/ton
--93.28 percent; 15.00 ounces per
ton or over--94.00 percent.
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Silver

1.0 ounce/cton

Pay for 95 percent of assay content
at markert or mint price less 1.0¢
per ounce.

do. Gold-silver
ores or
concen-

trates

10

Lead

Copper
Gold
Silver

3.0 percent

1.3 percent
0.03 ounce/ton
1.0 ocunce/ton

Payment same as in preceding lead
ore schedule 9.

do.

do,

do.

$10.00

Add 10 percent of
metal payments
over $20.00 per
ton up to a max-
imum of $17.50
per tom.

Zn

As, Sb, Sn
(combined )]
Bi

Charge same as in preceding lead ore
schedule 9.
Do.

Do.

11 Lead Lead ore
smelter or con-
B centrates
(with zinc (zinc
recovery content
plant) recovered
but not

paid for)

Lead

Copper

Gold

Silver

3.0 percent

0.75 percent

0.02 ounce/ton

1.0 ounce/ton

Pay for 90 percent of dry assay
(wet assay less 1.5 percent) at
market less 2.65¢ per pound.?

Pay for 80 percent of assay content
(minimum deduction 15 pounds per

ton) at market less 9.5¢ per pound.

Pay for 100 percent of the content
at the following rate based on a
mint price of $§34.9125 per ounce:
0.02 ounce or over and up te 5,00
ounces per ton--$31.8183; over
500 ounces and up to 10.00 ounces
per ton--$32.3183; over 10.00
ounces per ton--532.8183.

Pay for 95 percent of assay content
(minimum deduction 0.5 ounce per
ton) at market or mint price.

11.00
(30 per-
cent Pb
content

assay)

Add 10¢ per tom
per unit of Pb
under 30 percent
content. Deduct
10¢ per ton per
unit of Pb over
30 percent
content.

Zn

As
S

510, +A1, 0y
Ca0

Debit for content above 12 percent
at $0.30 per umit.

Debit for all at $2.25 per umirt.
Debit for content above 2 percent at
$0.25 per unit (maximum charge
§2.25).

Debit for all at $0.10 per unit.
Credit for all at $0.05 per unit if
5 percent or more is contained,

12 Buying Less-than-
station carload
c lots of
for lead load con-
smelter centrates

Lead

Copper

Gold

Silver

1.5 percent

1.0 percent

0.03 ounce/ton

1.0 ounce/ton

Deduct from the wetr assay 1.3
percent and pay for 90 percent
of the remainder at the market
less 2.4¢ per pound.

Deduct from the wer asgsay 1.0
percent and pay for 95 percent
of the remainder at market less
9.0¢ per pound

Pay for all at 91.14 percent of
mint price ($35.00 less 0.25
percent) when assay content is
over 0,03 ounce or over and less
than 1.0 ounce per ton. Pay for
all at 92.57 percent of the mint
price when assay content is 1.0
ounce per LOn Or oOver.

Pay for 95 percent of the assay
content (minimum deduction 1.0
ounce per ton) at the market or
mint price less 1.5¢ per ounce.

15.00
(25 per-
cent Pb
content )

Add to base charge
10¢ per ton for
each unic of lead
(by wet assay)
under 25 percent.
Add freight to
smelter at mini-
mum carload rate
and $25.00 sam-
pling charge.

13 Lead Lead-zinc
smelter ore or
D concen-
(with lead- trates
zinc con- with
centrator recover-
and zinc able zinc
recovery
plant)

Copper

Zinc

Silver

3.0 percent

0.75 percent

8.0 percent

0.02 ounce/ton

1.0 ounce/ton

Deduct 1.5 percent from assay
content and pay for 90 percent
of remainder at market less
2.4¢ per pound.

Deduct 0.75 percent from assay
content and pay for 100 percent
of the remainder at market less
6.7¢ per pound.

Pay for 75 percent of the assay
content at 30 percent of the
market,

Pay for 91 percent of the assay
content at the minc price.

Pay for 95 percent of the assay
content (minimum deduction 0.5
ounce per ton) at the market
or mint price.

12,00

Debit for all at $1.00 per unit.
Debit for all at $0.75 per umic.

See footnotes at end of table.
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Metal payments® Treatment charges
Payments based on assay content of Charges or credits Debit or credit for other miperal comtent
Mine Metals Minimum material treated, less any deduc- Base added to or sub- Debit for undesirable content above
Schedule | Plant type products paid for| metal content tions, computed at applicable charge tracted from the | Mineral the maximum allowed free or credit
covered paid for market or Government prices, less per tom” base charge or for desirable content for which
marketing and/or refining charges per tom metal® premium is paid
for refining metal
14 Lead Direct Lead 2.5 percent Pay on the following percentages $8.00 |Add 10¢ per ton Fe Debit $0.40 per unit for Fe content
smelter smelring of assay content at market less (50 per-| per unit of Pb under 1.8 times the Zn content.
E lead ore, 1.5¢ per pound when lead quota- cent Pb | under 50 percent [do. Credit $0,40 per unit of Fe over 1.8
(wicth lead- lead-zinc tion is 15¢ per pound: 2.5 content | content. (Treat- times the Zn content.
zinc com- milling percent or over and less than or over)| ment charge siq, Debit $0.08 per unit for SiQ, content
centrator ore, lead 25 percent--90 percent, 25 covers milling under Fe content. Credit $0.08 per
and zinc concen- percent or over and less than cost, if any) unit for SiQ, content over Fe
recovery trates, 50 percent--91 percent, 50 content,
plant) zinc com- percent or over--92 percent, Ca0 Debit $0.10 per unit for CaO content
centrates For each 1.0¢ per pound increase under Fe content, Credit $0.10 per
or decrease in the lead quotation unit for Ca0 content over Fe
of 15¢ per pound increase or content.
decrease the marketing deduction As Debit for content above 1 percent at
charge of 1.5¢ per pound by $1.00 per unit.
0.033¢ per pound, Bi Debit for comtent above 0.1 percent
Copper |0.5 percent Pay for 85 percent of the assay of the wet lead assay at $0.50 per
content at 60 percent of the pound.
applicable copper quotation s Debit for content above 16 percent
less 30 percent of the applicable at $0.10 per unict.
lead quotation, negative values
applying.
Pay for BS percent of the assay
content at 60 percent of the
applicable copper quotation less
30 percent of the applicable
lead quotation, negatrive values
applying. -
Gold 0.03 ounce/ton | Pay for 100 percent of the content
at the following rate: 0.03
ounce or over and less than 3.0
ounces per ton~--$31.81825/ounce;
3.0 ounces per ton and over--
$32.81825/ounce.
Silver 1.0 ounce/ton | Pay for 95 percent of the assay
content at the market or mint
price less than 1.5¢ per ounce.
Zinc 2.5 percent Pay for 50 percent of the assay
content at 25 percent of the
applicable zinc quotatioam.
Antimony (1.0 percent Pay for 70 percent of the content
at 50 percent of the applicable
antimony quotation less the
applicable lead quotation,
negative values applying.
t Zinc Zinc con- IZinc 1f content is 40 percent or more, 38.00 |Add $1.00 for each |Fe-Mn Debit for content above 70 percent
smelter centrates pay for B5 percent of the assay 1.0¢ increase in | (combined)| at $0.50 per unit.
and zinc- content at market less 57.5¢ per the St. Louis As-Sb Debit for content above 0.5 percent
lead con- 100 pounds of zinc accounted for. zinc quotation (combined) | at $1.00 per umit.
centrates If content is less than 40 per- over 6.0¢ per CaO-Mg0 Debit for content above 1.0 percent
(sulfida) cent, deduct B units and pay for pound. Add (combined)| at $1.00 per unit.
(Horizontal the remainder at the same rate. $0.15 for each
retorts) Lead 4.0 percent Deduct 4 percent from the wet 1.0¢ increase in

assay content and pay for 80

hourly labor rate
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percent of the remainder at
market less 2.0¢ per pound.

over $1.677/hour.
Add $0.40 for each

Copper 1.0 percent Pay for 65 percent of assay content 1.0 increase in
at the market less 6.0¢ per pound natural gas cost
of Cu accounted for. over 7.0¢ per

Gold 0.03 ounce/ton | Pay for 80 percent of the assay M.C.F,
content at 92.57 percent of the
mint price.

Silver 1.0 ounce/ton | Pay for B0 percent of the assay
content (minimum deduction 1.0
ounce per ton) at market or
mint price.

16 Electro- Zinc con- Zinc Deduct 3,0 percent from assay 16.00 |Add $2.50 for each|Fe Debit for all ac $0.30 per unirt,
lytie centrates content and pay for BO percent (45 per-| 1.0¢ increase in [Pb Debit $1.00 per ton for each unit
zinc (lead of remainder at market. cent Zn the zinc quota- of lead under 3 units,
plant content Lead 3.0 percent Deduct 3.0 percent from assay content)| tion over 4.0¢.

A acceptable) content and pay for 80 percent Add $0.05 per
of remainder at market. ton per unit of

Gold 0,01 ounce/ton [ Pay for 80 percent of assay content Zn under 45
at $34.2425 per ounce. percent.

Silver |[1.0 ounce/ton |Pay for 80 percent of assay content
at market or mint price.

17 Electro- Zinc ore Zinc Payment on sliding scale from B0 45.00 [Add $2.00 per ton |Fe Debit for content above 2 percent at
lytic or con- to 85 percent of market for assay for each 1.0¢ $0.40 per unit,
zinc centrates content from 50 to 55 percent and increase in the |[SiQ +Al,0,|Debit for content above 4 percent at
plant (lead over. Payment for assay content zinc quotation $0.60 per unict.

B content under 50 percent at 75 percent of above 10¢ per Cao Debit for content above 0.5 percent
acceptable) market. pound at $0.50 per unit.

Lead 3.0 percent Deduct 3 percent of assay conteat Mg0 Debit for content above 0.1 percent
and pay for remainder at market at $2.50 per unit.
less 2.0¢ per pound. As Debit for content above 0.1 percent

Cadmfum |0.25 percent Deduct 0.25 percent from assay at $1.00 per unit.
content and pay for remainder at Sh Debit for content above 0.1 percent
market less 50.0¢ per pound. at $3.00 per unitc.

Gold 0.03 ounce/ton | Pay for BO percent of assay content
at $34.2425 per ounce.

18 Selective | Complex Lead- 3.0 percent Pay for 70 percent of the combined 4.00 |Deduction made in [Oxide Pb, |Only sulfide Pb, Cu, and Zn content
flotation | sulfide copper | (sulfides sulfide lead and copper content at computing metal Cu, Zn is paid for, so content of these

mill lead-zinc only) the market quotation for lead less payments cover metals present as oxides must be
A ores with 3.15¢ per pound. all smelting and deducted from total metal content
or without |Zinc do. Pay for 60 percent of the sulfide refining costs before computation of metal
minor zinc content at 40 percent of the that will be products.
copper, market. Special payment: For incurred in
gold, each percent zinc in excess of 15 further proc-
and/or percent add 1 percent to the zinc essing of mill
silver percentage paid for up to a maxi- products,
mum of 70 percent. For each per-
cent of zing in excess of 15 per-
cent add to the payment for such
metal $0.0005 per pound, but in
no event shall the additional
payment exceed $0.005 (5 mills)
per pound,

Gold 0.02 ounce/ton | Pay for 50 percent of che assay
content at $22.4643 per ounce
while mint price is $34.9125.

Silver (1.0 ounce/ton |Pay for 70 percent of the assay

content (minimum deduction 1.0
ounce per ton) at market or mint
price.

See footnotes at end of table,
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Meral paymencs* Treatment charges
Payments based on assay content of Charges or credits Debit or credit for other mineral comtemt
Mine Metals Minimum material treated, less any deduc- Base added to or sub- Debit for undesirable content above
Schedule| Plant type products | paid for| metal content tions, computed at applicable charge | tracting from the | Mineral the maximum allowed free or credit
covered paid for market or Govermnment prices, less per tom” base charge or for sedirable content for which
marketing and/or refining charges per ton metal® premium is paid
for refining metal
19 Selective Complex Zinc 3.0 percent Pay for 70 percent of the sulfide $4.00 |Deductions made in [Oxide Pb, |[Only sulfide Pb, Cu, and Zn content
flotation sulfide zinc content (minimum deduction computing metal Cu, Zn is paid for, so content of these
mill lead-zinc 3 percent) at the market less payments cover metals present as oxides must be
B ores with 5.3¢ per pound when the zinc all smelting and deducted from total metal content
or without price is 10.0¢ per pound. The refining costs before computation of metal
minor gold, deduction is increased by 0.4¢ that will be payments. Debit for content
and/or for each 1.0¢ increase in the incurred in above 1.0 perceat at $1.00 per
silver market price above 10.0¢ per further proc- unit,
pound, or decreased 0.4¢ for essing of mill
each 1.0¢ decrease in the price products.
below 10.0¢ per pound. Treatment charge
Lead 1.0 percent Pay for 80 percent of the sulfide and payments are
lead content (minimum deduction based on labor
1 percent) at the market less cost of $19.56
3.0¢ per pound. and $26.52 bul-
Gold 0.02 ounce/ton | Pay for 70 percent of the assay lion freighr.
content (minimum deduction 0.02
ounce per ton) at che mint price.
Silver |0.5 ounce/ton | Pay for 80 percent of the assay
content (minimum deduction 0.5
ounce per ton) at the market or
mint price.

701

TPor calculation purposes only; purchase terms are subject to change without notice in accordance with variations in costs of
refining charges. The examples given apply to minimum shipments (usually at least 10 tons) delivered to the buyers' plants in rail or truck equipment that can be
unloaded into receiving hoppers by available mechanical facilities. Extra charges are made for material tlut does not meet the standard conditions specified by the
ore buyer (see the secrion of the text covering general specifications of purchase and settlement).

“payments for metals are based on the assay content of marerial as received, metal losses incurred in :tumnr., marketing and refining costs, and current market prices
for refined metals (see section on basis of payments). The "assay content" of an ore product is the content with respect to any metal or mineral constituent expressed
as a grade and is determined from a representative sample by analytical means. Assay content of gold and silver is expressed as ounce per ton and of base metals or
other mineral comstituents, as a percentage. The content of gold, silver, lead, antimony, and tin can be determined by fire assaying, a miniature smelting process
carried on in the laboratory in a small furnace. Pire assaying is no longer used for the base metals but remains the standard method for gold and silver. Assaying
for content of base metals and other minerals is now done by chemical analysis, referred to as wet assaying as contrasted with fire or dry assaying. For ore settlement
purposes, 1.5 percent is subtracted from the wet lead assay or an ore before calculation of lead payment. This 1.5 percent represents smelting losses. AL ome time,
lead payment was made on the basis of a lead content to fire assay which took into account smelting losses. One current smelter schedule, schedule 11, still related
lead content to fire assay results, although this content is actually computed by subtracting 1.5 percent from the wet lead assay. Treatment schedules also allow
for smelting or processing losses on other metals by specifying a deduction from the assay content before calculation of metal payments.

*Ton: The unit of weight used for bulk materials in the base-metal smelting industry is the short ton of 2,000 pounds avoirdupois. This unit should not be confused
with the long tom of 2,240 pounds used in the steel industry.

“Chemical symbols

labor, fuel, supplies, marketing, and

Compound of metal Chemical symbol Chemical symbol

Lompound or metal

Gold

Ag Tin Sn

Silver Ag Iron Fe
Copper Cu Silica SiQ,
Lead Pb Alumina AL, 0,
Zinc Zn Insoluble ("Insol") sm, + Al.aO!
Antimony sb Lime
Arsenic As Magnesia z‘go
Bismuth Bi Sul fur s
Cadmium cd

®Percent: Base metal ore grades are commonly expressed as percentages.

®Ounce: The troy ounce is the weight unit used for precious metals. Gold and silver ore grades are expressed in ounces per ton.multiplied by the toral weight of the lot

in tons gives the total precious metal content in ounces., Precious metal market quotations in the United States are all in terms of the troy ounce.
contains 29,166 troy ounces and 1 pound avoirdupois is equivalent to 14.583 troy ounces.

7Onit: 1In the smelting industry the word "unit" means 20 pounds, which is 1 percent of a short ton of 2,000 pounds. Therefore, 1 unit per tom of any base-metal or mineral
constituent is equal numerically to a l-percent content, and ore grades of 1 percent, 1 unit per ton, and 20 pounds per ton are equivalent. An ore grade expressed
either inm percent or im units per ton of any constituent multiplied by the total weight of an ore lot in tons gives the total content in units of that constituent.
Units multiplied by 20 gives total content in pounds. Smelter treatment schedules may list penalties or premiums in terms either of units or pounds of the ore comn-
stituent concerned. An exception is cited in schedule 8, in which penalties and premiums are listed as cents per percent per tom.

One short ton
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APPEND IX B.~ CYANIDALION PLANT TREATMENT SCHEDULL APPLICABLE
T0 DRY GOLD-SILVER ORES

Payments

Gold: No payment for gold when under 0,03 ounces per ton. When
settlement is 0,03 ounces per ton or over, pay for all gold
at $35 per ounce.

Silver: No payment for silver when under 1,0 ounce per ton. Payment
for silver will be made, under the existing Government regu-
lations on the basis of 90 cents per ounce, on the following
schedule, providing, as requlred by the U.S. Treasury Depart-
ment, miner's silver affidavits are promptly furnished;
otherwise the following rule will be followed:; Market quo-
tation date immediately preceding date of settlement, exclud-
ing fractions of cents.,

Silver contunts: Pay for 50 percent of silver in ore containing 1 ounce and
including 10 ounces. 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
silver,

Notc: The following products will not be accepted for treatment at this
plant:

Concentrates, except by speclal agreement.
Ore containing copper in excess of 0.1 percent.

Ore containing zinc in excess of 0,3 percent.

Treatment Deductions

Base charge $3.00 per ton, on dry weight, when gross value does not
exceed $5.00 per ton, When gross value exceeds $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 value
exceeds $100,00 per ton, add to the $12.00 treatment chargec, 5 percent of
excess over $100,00 per ton,

An extra charge of $10.00 per lot when it contains less than 30 tons dry
weight 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; an extra charge of 10 cents per ton 1f ore is frozen;
an extra charge of 5 cents per ton for each 1l percent moisture in excess of 10
percent; Minimum moisture deduction of 1 percent, The above rates are exclu-
sive of trucking rates, and are subject 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 ore, 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 (1f any) and trucking company. Bin
charges may accrue and settlements cannot be 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 settle-
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 oz 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 any shipment may be inspected at this plant
but shippers must pay for these services direct, No deductions for such
services will be made on ore settlements.

Trucking charges must elither 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 assilgned,
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APPENDIX C.- TYPICAL OPEN BUYING SCHEDULE FOR LEAD-ZINC SULFIDE MILLING ORE

Delivery:

Sampling:

Guld:

Silver:

Lead and copper:

Zinc:

special payument:

Treatment charge:

F.o.b. plant

By buyer tree of charge

Payments

Pay for S50 percent of the gold content at $22.4643 per ouncs,
as long as prescnt U.S. Mint price of $34.9125 per ouncu
prevails. No payment if less than 0,02 ounce per ton.

Pay for 70 percent of the silver content (minimum deduction
one ounce per ton) at the Handy and Harman New York official
quotation, as published in the Enginecring and Mining Journal
Metal and Mining Markets of New Yurk, for date of assay at
plant, or if higher, at the realized U.,S. Mint price, if
silver qualifies for Government purchase. No payment if less
than one ounce per ton,

Pay for 70 percent of the sulfide lead and coppur combined,
at the average New York quotation for lead as published in
the E & M J for the hournal week previous to date of recelpt,
less 3,15 cents per pound. No payment if less than 3 percent
total lead and copper combiied,

Pay for 60 percent of the sulfide zinc content at 40 percent
of the East St. Louls price for zinc as published in the

E & M J for the journal wuek previous to date of receipt.

No payment for zinc if product contains less than 3 percant
zinc, total assay.

For each percent zinc in excess of 15 perccnt add 1 percent

to the percentage zinc paid for; but in no event shall the
percentage zinc paid for exceed 70 percent.

For each percentage of zinc in excess of 15 percent add to
the payment for such metal 0,05 cent per 1lb, but in no event

shall the additional payment per pound exceed 0,50 cent per
1b,

Charge-

$4,00 per ton

If lots of less than 10 tons are shipped there shall be a
charge of $15.00 on the lot to cover sampling and assaying.

Above rates are subject to change without notice,



APPENDIX D). ~-EXAMPLE OF ORE SETTLEMENT CUSTOM LEAD- ZINC FLOTATION MILL

BOUGHT OF « Zaég ;{20& CLASS OF CQRE g ::4 gie Lre,  DAT.
worzss L/ank, MMex. ,

MINs LOT

P

(74 ce,

MILL LOT 300

Note:

Compare with mill schedule |9 Appendix A

WEIGHT OF SHIPMENT METAL PRICES AT SETTLEMENT
WET WEIGHT | MOISTURE | NET DRY | NET DRY | METAL | QUOTATION |DEDUCTION | % PAID | NET FRICE PAID
POUNDS PERCENT | WEIGHT | TONS DOLLARS IN DOLLARS
POUNDS
$220| 20 | 8201 Ucoto!™™ (# 1tshe| nene | 100 | HT25/oz]
SRR | Josfoz | aome. | /00 | 705 /o=
LEAD | jZ00/1b .03[/1, O .07 l/ﬁ
. =
zme |, joso/is| Loss/eg | so0 | oS/t
FINAL SETTLEMENT ASSAYS '
- Au Ag Fb Cu Zn
oz./ton [oz./ton % % %
MILL .02 2.08 | 3.75 /L&
lon-% -/.335 - A40
ErTLEMENT| 04 .08 | A-¢O 720
PAYMENT FOR METALS
. LIQUIDATION
METAL | ASSAY | PERCENT | SUBJECT TO | NET EQUIVALENT | RATE OF PER TOTAL
oz./ton| OF ASSAY| MINIMUM ASBAY CONTENT PAYMENT | DRY TON AMOUNT
or PAID FOR DEDYETION PER TON
GOLD 22| Jo |02 @/[M - o pay
SILVER 08 | fo |.50 L{/Z,'on /54 L5P oz ,Za.fléi /.43 (04,47
En | G| Fo LOT | 468%| Bz.0o 1b | 09/1b P2 | /8%
e | Q20| o | 397 |L2| 2400 (b |os/ip | é2o | 47).2¢
TOTAL PAYMENT FOR METALS 10.5/ 7?; s
DEDUCTIONS AMOUNT
mreanEN 7€, 9070 DRY TONS @ $ .00 PER TON F04.04
RAILROAD FREIGHT 77 $¢  WET TONS @ $/44FER TON PLUS _ 7 % TAX 174.93
[rovisre 0 o [B59. 8 ~(304.04+/7£.739)] = 1075 of 355.37 3575%
v TOTAL DEDUCTIONS J34 5/
FINAL SETTLEMENT 7L4. 34
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APPENDIX E.-TYPICAL COPPER SMELTER BUYING SCHEDULE FOR WESTERN ORFS

The following purchase terms are subject to the General Clauses attached,
and are subjcect to change on 30 days notice. Unless shipments are begun
within 30 days this quotation Ls automatically canceled.

Delivery:

Gold:

Silver:

Copper:

F.o.b. unloading bins at plant, The rates quoted are based upon
shipment in gondola equipment. Extra unloading charges of $1.00
per dry ton will be assessed for products received in box cars.

Payments

If 0,03 of an ounce per dry ton or over, pay for 92,57 percent
at the net realized price. Under present U.S, Mint price this
is equivalent to paying for 100 percent at $32.3185 per troy
ounce,

Pay for 95 percent (minimum deduction of 1/2 ounce) at the aver-
age Handy and Harman, New York, silver quotations for the cal-
endar week, including date of delivery of last car of each lot
at plant of buyer, or, if higher, at thv realized U.S. Mint
price provided silver qualifies for Government purchase and
affidavit is furnished, less a deduction in either case of

1-1/2 cents per ounce.

Deduct Lrom the wet copper assay 8 pounds and pay for 95 percent
of the remaining copper at the Custom Smelter Copper Price,
f.o.b. refinery, for electrolytic copper sold in standard shapes
in the United States market as published in the E & M J Metal
and Mineral Markets of New York for the 7-day period ending on
the Wednesday following the calendar week including date of
delivery of product at the plant of buyer less a deduction of
3,50 cents per pound of copper accounted for. Nothing paid for
copper if less than 0,5 percent by wet assay,

No payment will be made for any metal or content except as above

specified.

Base charge:

Deductions

$6.50 per net dry ton of 2,000 pounds; provided the sum of pay-
ments for gold, silver, and copper does not exceed $15,00 per
ton. Add to the base charge 10 percent of the excess over $15,00
to a maximum charge of $8.,00 per dry ton. The base charge just
specified is for ores containing at least 8 pounds of copper per
ton; when a smaller quantity is contained, there will be added

to the base charge a sum equivalent to the value of the defi-
ciency between actual contents and 8 pounds per ton computed
according to the terms specified herein for copper payment.

730-683 O-64—8
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Insoluble:

Zinc:

Arsenic:

Antimony:

Bismuth:

Ta:.es:

Frelght:

Tonnage:

Allow ull units ftree; charge for cxcess at __ cents per unit,

fractions in proportion,

Allow five units free; charge tor the excess at 30 cents per
unit, fractions in proportion,

Allow two units frec; charge for the excess at 50 cents per
unit, fractions in proportion,

Allow one unit free; charge for the excess at $1.50 per unit,
fractions 1in proportion.

One- tenth of 1 percent (0.1 purcent) by wet assay allowed free,
excess charged at 50 cents pcr pound, fractions in proportion,

Sce clausce 1 of gemeral clauses governing open schedules,

All railroad freight and delivery charges for account of shipper,
Deduct frum settlement freight und other advances madc by buyer,

Limited to __ tons per month except by special arrangement.




APPENDIX F.-EXAMPLE OF ORE SETTLEMENT CUSTOM COPPER SMELTER

/ - -
BOUGHT OFe,_/2/47 dzg crLiss oF ke _(rucle ore DATY LA le of nqe_f;z,[
MINE LOT i MILL LOT i,2-00

wowsss Lok, Monl.

QUOTATIONS ON feme o F5.00 stver , F0S coprer BS
GOLD |SIIVER | LEAD | coPPER | smLIcA | ALummva | IRow 2INC
ASSAYS 0z./ton | 0z./ton % % % %
pueLTER | L /9S0| F.70 400 | (s.¢| L4 | £o
SHIPPER 500 | Flo 3 4o
|UMPTRE Ji2 .
|SETTTEMENT ./475?_03:_‘_5’ J’j;éf,é (4 ﬁa
e m i PAYMENTS PER TON DEDUCTIONS PER TON
AP 172130| J54s0 mzz;ﬁmn”sﬁ:}” 3-7?/3]7'5”.:“ }/4‘3{ ' /:7;??.1?210E 4.00
ROSS WEIGHT 75450 -.Yi/m_g oS Rss ,a%.f’m 757 o 3154 22k CESS V y74
SEIGRT OF SACED Copppir @3S hess [0F/s 3n 9¢ 7 T p
AET WEIQHT 75—4@ Lor ¢S4 2s @ 24, .?S)/A 7’?6—:{:‘;1::;\@‘@ e
Less wistRe df 8L e 1277
GROSS VALUE, OF METALS L4
1ess 7oTAL DEDUETIONS | 4.34 |ToTAL DEDUCTIONS| /4, 34
DRY WEIGHT ZZ{ZfLor {C‘Lgfjfm 19.28 J94.54
SAMPLING
FREIGHT ADVANCED: wET wercEr 47 725 tonm e /57 | #
FEDERAL TRANSPORTATION TaX J% N Ry
royarry: FeE vitee of are. is Sf2.5% fess TUEfre i ar E—

-2

153 . 16/.4.,.”‘5,: S 3 dvidd by 4. 535 o OTHER

178 Poyelly le o [T pr Trare o 57, of J75.3¢ _|122.39 cuwess | /G54 p

NET PROCEEDS A4

LESS ADVANCES

DUE lzé;z 25; (57 26

_L/ Rate of payment for gold is computed on the basis of $20.00 per ounce plus 90 percent
of the Government premium in excess of $20.67 per ounce.
per ounce less 1/5 of 1 percent ($34.9125) this 1s equivalent to $31.81825 per ounce.

Note:

Compare this settlement sheet with open amelter schedule8 Appendix A.

At the Mint price of $35.00

L11
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APPENDIX G.-TYPICAL LEAD SMELILER BUYING SCHEDULE FOR WESTERN ORES

Delivery:

Gold:

Silver:

Lead:

Copper:

Bullion freight:

APPLICABLE TO LEAD ORES AND CONCENTRATES

F.o.b, smelter

Payments for Metal:

If 0,03 oz per dry ton and up to iand including 3.0
ounces, pay for all ut $19,00 per troy ounce; if over
3.0 ounces per dry ton, pay for all at $19.50 per troy
ounce, plus 90 percent of the realized gold premium

in excess of $20,67 per troy ounce,

(Under present Government prices, the above 1s equiva-
lent to paying for gold at $31.81825 per ounce when
under 3.0 ounces, and $32,31825 per ounce when over
3.0 ounces,)

Pay for 95 percent at the average of the Handy and
Harman, New York, silver quotations for the calendar
week including date of arrival of the last car of each
lot atL the plant of the buyer, or u«t U.S. Mint price
provided silver qualifies for Government purchase, and
affidavic is furnished, minimum deduction one troy
ounce per dry ton.

If 3.0 percent or over by wet assay, deduct from the
wet lead assay, 1.5 units and pay for 90 percent of
the remaining lead at the average of the daily pub-
lished quotations for common desilverized domestic
lead for delivery in New York City for the calendar
week including date of arrival of the last car of each
lot at the plant of the buyer, less a deduction of 2.0
cents per pound of lead accounted for,

If 1 percent or over, dcduct from the wet copper assay
one unit and pay for 100 pcrcent of the remaining cop-
per at the daily net refinery quotations for electro-
lytic cathodes as published in the E & M J Metal and
Mineral Markets of New York averaged for the calendar
week preceding date of arrival of last car of each lot
at the plant of the buyer, less a deduction of 6 cents
per pound of copper accounted for.

Lead and copper quotations are based on a bullion
freight rate of $24,24 per ton irom smelter, to New
York City,

No payment will be made for any metal or content
excupt as specified above.



114

Bas¢ charge:

Arsenic and antimony:
(combined)

Bismuth:

Zinc:

Sampling and assaying:

Deductions

$8.00 pur net dry ton for ores having a settlement
lead content of 20 percent or less; duduct 10 cents
per ton for each unit of lead over 20 percent, frac-
tions in proportion. $7.00 per ton for ores having
no payable lead content,

2 percent free. Excess charged at 50 cent-: per unit.
fractions in proportions.

0.1 percent of the lead content by wet assuy allowed
free, excess charged at 50 cents per pound, fractions
in proportion.

10 percent free. Excess charged at 30 cents per unit,
fractions in proportion,

Charge $10.00 per lot when ore is less the $200,00
value and $20.00 per lot when ore is over $200.00
value, for shipments containing less than 5 tons dry
welght,

Charge $5.00 per lot when ore is less than $200,00
value and $10.00 per lot when ore is over $200,00
value, for shipments containing less than 10 tons dry
weight.

Weighing and sampling (at which seller or a represent-
ative may be present) as done by buyer according to
standard practice, promptly after receipt of product,
will be accepted as final, The absence of seller or a
representative shall be deemed a walver of the right
in each instance. After sampling, the product may be
placed in process, commingled, or otherwise disposed
of by buyer. 1In case of disagreement on assays, an
umpire shall be selected in rotation from a list
mutually agreed upon whose assiys shall be final if
within the limit of the assays of the two parties, and
if not the assay of the party nearer to the umpire
shall prevail., Losing party shall pay cost of umpire.
In case of seller's fuilurc to make or submit assays,
buyer's assays shall govern.

Seller should advise at the time shipment is made
whether or not he desires to submit assays, also 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

BOUGHT OF CLASS OF ORE Za/é é'ga/ g:z,m_ DAL Qaé o gges'ez

LA >
ADDRESS Qi/ggé, (2@, MINE LOT __ / ML LOT _ /oy
QUOTATIONS ,}Eﬁ gedl dole SIWER _FY 37 LEAD 4£,0d COPPER 7. 00

Au Ag Pb Cu Insol Fe Zn E] Cal
ASSAYS oz./ton | oz./ton % % % % % 4 ]
SELTER | 40 23 | /9o | 4/ | 330 0.0 32| ol L0
SHIPPER 5% /0.5 2.0 (2 (2.8
|UMPIRE [9.9 | J0.0
SETTLEMENT ..S7 /d.0 F0, 0 /.2 4550 /0.0 WJa | 760 £.0
CAR CAR WET WaT.
INITTAL NUMBER POUNDS PAYMENTS PER TON DEDUCTIONS PER TON
ﬁé 734/4 /fZCO Gotd ® 91.18 7o of 5347725 BASE CHARGE //.00
WEIGHT OF LOT (£ 760 or I 2/7,73‘/ i 423 INSOLUBLE '
: ' | Sitver (Vess /JE/ @. 91375 oz 3% @.10funil | J.30)
WEIGHT OF SACKS - Lass oifam £13 [z Lsssﬂ
WET WEIGHT 1£7£0 {Jend 0% aj-(zd‘g-/,sjamz, L7@ 30/ unil X
2 SULFUR LESS.Z %
T — é_z,_ 53 @(/c-.azru{//j P Zlfa"/um'[ 4377 TRt e 735
WEIGHT (PO_UI:DS] i C”/ 7 / Z% (o5 Migioice EXCESS VALUE
oy 18197 |aduition § KTRCLL-285/16 | 147

IRON CR or DR

r DI
A Cg?do nil ‘[3(?,)

GROSS VALUE OF METALS YSZ_? —’Dl(or'D Ll Loo |
LESS TOTAL DEDUCTIONS | /755 [1oTAL DEDUCTIONS [/Z. 55
ory wetomr ¥ O5Fs TONS @ SLE PR TN ST FS
wer wercrr L 3J tons
SAMPLING (less than 10 tons) /o.00
FREIGHT ADVANCED @ 7, 37/ TON (4.25
INIMUM CARLOAD of § TONS
_J % FEDERAL TRANSPORTATION TAX /.53
HAULING @ 4 S0/ Ton 14.07
_&3 % FEDERAL TRANSPORTATION TAX L2
(PTRE J . o0
TOTAL HANDLING DEDUCTIONS TS a7 G8.67

DUExZ(Qé Vi ,21 < 77‘433. 4{

Note: Compare this settlement with open smelter schedulell. Appendix A.




Gold:

Silver:

lead:
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APPENDIX I.-TYPICAL LEAD-ZINC ORE SCHEDULE FOR SMELTER
WITH ASSOCIATED ELECTROLYTIC ZINC PLANT

Metal Payments

No payment for gold when under 0,03 oz per ton
0,03 but under 3.0 oz per ton pay for 100 percent at $31,81825
3.0 oz per ton or over pay for 100 percent at $32,81825

No payment for silver under 1.0 oz per ton
1.0 oz per ton or over pay for 95 percent at the applicable
quotation

No payment for lead when under 2.5 percent

2.5 percent but under 25.0 percent pay for 90 percent of wet assa L
25 percent but under 50,0 percent pay for 91 percent of wet assay
50 percent or over pay for 92 percent of wet assay1

TAt tho lead quotation less 1.5 cents per pound when the lead quotation is 1)
cents per pound. For each 1 cent increase or decrease in the lead quotation
of 15 cents per pound, the refining and marketing deduction charge of 1,5
cents per pound shall be accordingly increased or decreased by 0.033 cent:

per pound,

Copper:

Fractlonal proportions applying.

No payment for copper when under 0.5 percent

0.5 percent or over pay for 85 percent of the contents at 60 percent
of the applicable coppur quitation less 30 percent of the appli-
cable lead quotiation, negative values applying

Example Copper quotation Lead quotation
(1) $25,00 per cwt $16 .00 per cwt
(2) 10.00 per cwt 22,00 per cwt

(1) 0.85 (0.60 x 25,00 -0,30 x 16,00) = $0.0867 payment per pound of

(2)

Zinc:

Antimony:

0.85 (0.60 x 10,00 -0,30 x 22,00)

( 100 100 ) copper contained

Il

$0,0051 penalty per pound of
( . 100 100 ) cupper contained

No payment for zinc when under 2.5 percent
2.5 percent or over pay for 50 percent of the content at 25 percent
of the applicable zinc quotation

No payment for antimony when under 1.0 percent

1.0 percent or over pay for 70 percent of the content at 50 percent
oL the applicablc antimony quotation less the applicable lead
quotation, negative values applying
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Example Antimony quotation Lead quotation
(1) $40,00 per cwt $16.00 per cwt
(2) 20.00 per cwt 16,00 per cwt

(1) 0.70 (0.50 x 40,00 - 16.00) = $0.0280 payment per pound of antimony
( 100 100 contained

(2) 0,70 (0.50 x 20.00 - 16.00) = $0.0420 penalty per pound of antimony
( 100 100 ) contained

Smelting and Refining Deductions

The minimum combined smelting and refining deduction will be $11.00 per dry
ton.

Smelting Deductions

Basc charge:
$8,00 per dry ton on products containing 50 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 over (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 ccents 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 iron 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 combined credits for iron, silica and lime will be
$3.00 per dry ton.

Refining Deductions

Silver: Debit the base charge for all silver in excess of 50 oz per ton
at 1.5 cents per ounce,

Arsenic: Debit the basc charge for all arsenic in excess of 1 percent at
$1.00 per unit,

Bismuth: Debit the base charge for 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 base charge for all wmoisture in excess of 10 percent

at 20 cents per unit,

Sulfur: Debit the base charge for all sulfur in excess of 16 percent at

Freight:

Gold:

Silver:

Lead:

Copper:

10 cents per unit.
All fractional proportions applying.

This schedule is based on the lead freight rate from smelter to New
York of $16.84 per ton, plus tax of 3 percent. Any increase or
decrense shall be for account of the seller.

All freight on the product from shipping point to buyer's smelter
shall be for account of the seller,

Quotations

As long as the Government pays the present fixed price for gold, the
gold payments as indicated here, shall apply. 1If, at any time, the
Government should change the present price paid for gold, or discon-
tinue an established price for gold, the price to be pald for gold
shall be 91.137 percent of the recognized gold price when the gold
content 1s 0,03 ox but under 3.0 oz per ton. When the gold content
is 3.0 oz, or over per ton, additional payment of $1.00 per ounce
will be made.

Based on the fixed Government price for eligible dome:tic silver as
indicated, or the official price for bar silver in New York as

quoted by Handy and Harman, New York, and published in the E & M J
Metal and Mineral Markets of New York, whichever price is the higher.
For silver other than that eligible for the Government price sup-
ported by affidavits, the Handy and Harman quotation shall apply.

In the event the Government should discontinue purchasing silver at
a fixed price, then the price paild for silver shall be the official
New York price for silver as quoted by Handy and Harman, New York,
as outlined above.

In the event, for any reason whatsoever, the Government shall refuse
to accept silver covered by seller's affidavit, the difference
between the price paid to seller for silver under this schedule and
the price prevailing in the open market at the time of such refusal,
shall be refunded to the buyer.

The New York quntation for lead as published in the E & M J Metal
and Mineral Markets of New York,

The New York quotation for electrolytic cathodc copper as published
in E & M J Metal and Mineral Markets of New Ycrk,
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Zinc: The St, Louis quotation for prime western zinc as published in cthe
E & MJ Metal and Mineral Markets of New York,.

Antimony: The quotation for bulk antimony in carload lots f£.0.b., Laredo, 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

Quotation for zinc concentrates for calculations only

Gold:

Silver:

Tead:

Copper:

Payments

If 0.03 of a trony ounce per 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
recovered from domestic mine production on the 15th day following the
rate of delivery of product at buyer's plant, provided however, that
the payment to be made for the gold content of seller's product shall
b.s subject to the terms and conditions of the Gonld Schedule hereto
attached and expressly made a part hercof. Nothing paid for ;old if
assaylng less than 0,03 of a troy ounce per dry ton,

If 1.0 ounces per dry ton or over, pay for 80 percent on the basis of
the mint price as defined in the Silver Schedule hereto attached and
espressly made a part hervof, except ns therein otherwise provided.
Minimum deduction 1,0 ounces per dry ton. Nothing paid for silver if
assaying less than 1.0 troy ounces per dry ton.

If however, the seller shall so elect, the price payable for the
silver content of seller's product shall be based on the average of
the Handy and Harman, New York, quotations for silver for the calen-
dar week following date of delivery at the plant of the buyer,
provided, however, that written notice of such election shall be
given to the buyer prior to said date of delivery, and further, that
if during said calendar wuek, in the sole judgment of the buyer, the
market for silver for 3 months' forward delivery shall be inadequate,
and the buyer shall so notify the seller, saild price shall be based
on the average of the Handy and Harman, New York, quotations for
silver for the calendar week including the 19th day following said
date of delivery. In case Handy and Harman, New York, shall discon-
tinue publishing quotations for silver then the New York quotations
for silver as published by thc¢ Enmineering and Mining Journal shall
govern,

From the wet lead assay deduct four 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 last car of cach lot at buyer's smelter, less a deduc-
tion of 2 cents per pound of lead accounted for. Nothing paid for
lead if assaying less than 4,0 percent by wet assay.

If 1.0 percent or over wet assay pay for 65 percent of content at 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 deduction 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 contained pay for 85 percent of content, or, 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 smeltcr, less
a deduction of 57,5 cents per 100 pounds of zinc accountud for,

From the total of the above payments makc the following deductions.

Base charge:

Iron:

Arsenic and
antimony
combined:

Lime and magnesia
combined:

Moisture:

Labor:’

Deductions

$38.00 per net dry ton of 2,000 pounds. (If the full East
St. Louis quotations for zinc applicable undcr the above
zinc payment clausc¢ 1f more than 6.0 cents per pound, there
shall be added to the base charge $1.00 per nct 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 proportion.

0.5 percent free; charge for excess at $1.,00 per unit,
fractions in proportion. In the event materials delivered
hereunder contain in excess of 2.0 percent combined arsenic
and antimony it shall be optional with the buyer to accept
or refuse such material.

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 plant, 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 forcmen and other salaried employces and men on con-
struction work) at said plant. Any increase or decrease in
said average hourly labor cost in effect during the month
prior to (including) date of delivery of product shall be
for geller's account and to adjust, add 15 cents per dry
ton for each 1 cent per hour that the average hourly labor
cost shall be 1n excess of $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, fractions in
proportion,

- Labor adjustment--Averagc labor cost December 1958 §$2,327

Schedule 1,677
Increase at $0,15 .650 = $9.75 per dry ton
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Spelter frelght: This quotation is based on the present freight rate on
spelter from smelter, to East St. Louis, Ill., of 57.5
cents per 100 pounds, Any increase or decrease in this
rate shall be for account of shipper and proper credit or
deduction for zinc paid Lor shall be made accordingly.

Delivery: Delivery under this schedule shall be made f,o.b., cars at
unloading bins at buyer's smelter.

Othevr terms: This quotation includes the provision of the complcmentary
schedule hereto uttuched and expressly made a part hereof.

Unless otherwlse stipulated all quotations are for imme-
diate acceptance only and unless shipments hereunder are
made within 30 days from the date hereof, this quotation 1igs
automatically canceled.

Fuel:® This schedule is based on a cost of natural gas at buyer's
plant of 7.0 cents per Mcf.® Any increase or decreise in
such cost in effect 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 40 cents per dry ton
for each 1,0 cent per Mcf increase in such cost, and credit
40 cents per dry ton for each 1.0 cent per Mcf decrease in
such cost, fractions in proportion,.

1";-X\“/erage cost natural gas per Mcf December 1958 $08.3
Schedulc 07,0
Increase at $0,40 01.3 = $0.52 per dry ton

SThousand cubic feet.
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APPENDIX K.- EXAMPLE OF ORE SETTLEMENT CUSTOM ZINC SMELTER

7
BOUGHT OFag Qé,a 2 2'23_
i : P

CLASS OF ORE ch‘écz Conc

DATE /.4,

ADDRESS MINE LOT _AZ MILL LOT ﬂ_
QUOTATIONAL PERICD { Qzé / ca [l Tod Az :ZQ ¢ Cu gg, O ¢
£50 - MOTSTURE DRY SETTLEMENT ASSAYS TOTAL METAL CONTENT
WEIGHT % WEIGHT | % Zn 0z. A& % Cu Lbs. Zn | 0z. Ag Lbs. Cu
; _ess /u7-'~v: Leys TS5
< |1£9530 A2 [ 53.9/| £/05 | £.J0\ /5043 1095 | 5530
PAYMENT OR DUES
METAL DEDUCTION | PAYABLE AMOUNT FRICE AMOUNT PAYABLE
PAID FOR
zIic VYA (Z]X51 bs] /115 # LA 3T
SILVER /00 % 490 sz | Fo & /3.4
coPPER 707 | I073 1hs| Fo0.57 757.45

TOTAL METAL PAYMENT

/5, 964.25

TREATMENT CHARGE BASE, PER TON 5,50
Zn PRICE VAR. BASE /7 S0ZQuor // 50 %® /25 feredil] /s 7.50)
Zn CONTENT VAR, BASE ACTUAL ] -7
LABOR VARIATION BASQ’I", ZC,ZACTUAL{&,VO&/fﬁr per JO£ 1/ 75974
{4£ ZZZé Short dry tons @ 05?'.37/4 7;/02 44_
NET VALUE 795X 8/
OTHER DEDUCTIONS
FREIGHT & TRANSPORTATION TAX 705K (T
UMPIRE CHARGES
OTHER Fosbe7
5 G00, 14
ADVANCE PAYMENT _F000.00

DUE 3{2 éa &g

7 77001

y Labor variation charge is made at the rate of 18 centas for each 10 cents difference
between base and actual labor costs per ton of ore treated.

730-683 O-64- 9
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APPENDIX L.-EXAMPLES OF GENERAL CLAUSES IN COMPLEMENTARY SCHEDULES
ATTACHED TO AND MADE PART OF SMELTER SCHEDULES

Taxes

All taxes or other Governmental charges, national, local or municipal,
now or hereafter imposed in respectL to or measured by the product purchased
hereunder, or the production, extractiin, 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 for account of the
seller and sh.ill be deducted from the purchase price payable hereunder,

All schedules on ore not under contract for a definite period of time
are subject to change without notice, and subject also to thce provision tliat
neither buyer or seller shall be responsible for delays, failure, or omissions
due to strikes, cessation of operation at smelter for failure of ore supply or
other operating requirement or any cause or causes beyond its control, however
arising, and which cannot bc overcome by due diligence or by the means normally
employed in performance.

Definitions

The date of delivery is the date of arrival of the last car or truckload
of each lot at buyer's plant, The date of Sunday deliveries will be the fol=-
lowing work day.

A calendar month means a named month in the calendar,

A calendar week begins with Sunday,.
In this schedule where the word "'ton" is used, it is understood to be a
ton of two thousand pounds avoirdupois; where the word "ounce' is used, as
referring to gold and silver, it is understood to mean the troy ounce; and
where the word "unit'" is used, it is understood to mean onc¢ purcent of a ton,
or twenty pounds avoirdupois.

Sampling and Assaying

Weighing, moisture. and ore sampling (at which seller or a representative
may be present) as donc by buyer according to standard practice, promptly
after recelpt of product, will be accepted as final. The .bsence of seller or
a representative shall be deemed a wailver of the right in each instance.

After sampling, the product may be placed in process, commingled, or otherwise
disposed of by buyer, In case of disagreement on assays, an umpire shall be
selected in rotatlon from a list mutally agreed upon, whose assays shall be
final if within the limits of the assays of the two parties; and if not, the
assay of the party nearer to the umpire shall prevail. Losing party shall pay
cost of umpire, In case of seller's failure to make or submit assays, buyer's
assays shall governm.
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The rates quoted herein are for carload lots. A charge of $20,00 per lot
will be made for sampling each lot containing less than 5 tons net dry weight,
A charge of $15.00 per lot will be made for sampling lots weighing 5 tons or
more., but less than 15 tons net dry weight. In the event metallics are
recovered a melting charge will be assessed with a minimum of $5.00 pcr lot,
The rates quoted apply only to ore, concentrates, etc,, in bulk, A charge of
$1.50 per ton will be charged for shipments received in sacks. and $2.50 per
ton for shipments received in drums and other types of containers, to cover
extra cost of handling,

In case any firm or publication whose quotations arc the basis for pric-
ing any metal under the principal agreement shall go out of business, 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 full on 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 increase or decrease is for account of 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, the
services of an independent professional reprcsentative are available, Because
of limited storage space for individual shipments, it is Impractical to hold
shipments intact until assays and settlements are completed, The company,
therefore, reserves the right to commingle all shipments immedlately upon com-
pletion of weighing and sampling.

Advices and Shipments

Shippers shall notify the company promptly at timec of shipment, advising
number of lots in car (if morc than one lot) and giving instructions as to how
remittance 1s to be made, including the particulars of royalties, 1f such pay-
ments are called for.

Smelter schedules applying to ores purchased under contract usually
include additional clauses 1llustrated by the following examples:
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Force Maijeure

Prevention or deliy in the performance hereof caused by act of nature.
strike, fire, flood, traffic interruption, delay in transportation, war.
insurrection or mob violence, requirement or regulation of Government, finan-
cial crisis, cessation of operation at buyer's plant designated to receive
product purchased hereunder for failure of ore supply or other operating
requirement, or any disabling cause, without resard to the foregoing enumera-
tion, beyond the control of either party, or which cannot be overcome by means
normally employed in performance of the contract, including, without limita-
tion upon the generality of the foregoing, any cause which would produce a
financial loss to either party through performance hereof, in mining, smelting,
refining or otherwise, shall entitle the party affected to suspend this con-
tract. A suspension of performance pursuant to this clause shall not have the
effect of abrogating the contract, but immediately upon the termination of the
cause of disability this contract shall again come into full force and effect,
and the time of performance of any obligation prevented or delayed as afore-
sald, and the term of the contract shall be extended for a period equal to the
period of suspension, but in no event shall such extended term of the contract
be of longer duration than the unexpired term of the contract at the time of
suspension,

Diversion

Buyer may sell or divert the product to any other smelter, and any
increase or decrease in freight as against delivery as provided in the contract
shall be for buyer's account, In case of such diversion, weighing and sam-
pling shall be performed at the receiving plant and date of delivery shall be
the date of arrival of the last car or truckload of each lot at the receiving
plant, All other provisions of the contract shall apply in all respects as if
no diversion had occurred,

Succession
This contract shall bind and inure to the benefit of the parties hereto,
their executors, administrators, legal representatives, successors, or assigns,
and shall be a covenant running with the land.
Waiver
Waiver of any breach of any provision hereof shall nut be deemed to be a

waiver of any other provision hereof or of any subsequent breach of such
provision,



APPENDIX M. - REPRESENTATIVE FREIGHT RATES APPLYING TO RAILROAD SHIPMENTS OF BASE METAL ORES AND CONCENTRATES IN THE WEST

Calculated
From To carload
Map ref- Location of smelter or mill Class of Condensed schedule of carload rates in dollars| Minimum rates in
Item Railyoad Mining erence County Map reference | Rail- material per short ton for ore of a valuation® carload |Rail cents per
loading discrict symbol City and State Sym- |Fig-|Tablg road' shipped per short ton not over: short |miles | ton mile
point served (fig. 1) bol |ure 510 §20 $30 $40 $50 §100 tons for ore
ivaluation
§50 | 5100
ARTZONA
1 Dragoon Cochise 1 Cochise Hayden, Ariz. 1 3 6 SP Copper ore 2.25 3j.o1 3.39 3.77 4.16 5.68 30 251 1.7 27
(Dragoon) or coac.
2 do do do Miami, Ariz. 5 3 & SP do 1.91 2.88 3.26 3.65 4.03 5.55 30 179 2.3 | 3.1
3 do do do Superior, Ariz. 5 3 6 SP do 22.83 3.01 3.39 3.77 4.16 5.68 30 226 | 1.8 2.5
4 do do do El Paso, Tex. 54 3 6 SP do 34.00 5.10 5.64 6.17 6.71 8.83 30 243 | 2.8 | 3.6
5 Tombs tone Turquoise 2 do BRayden, Ariz. 1 3 & SP do 2.25 3.01 3.39 3.77 4,16 5.68 30 255 1.6 | 2.2
6 do do do Miami, Ariz. 3 3 & SP do 2.25 3.14 3.52 3.9 4.28 5.81 30 229|1.9] 2.5
7 do do do Superior, Ariz. 5 3 3 sp do 22.63 3.04 3.39 .77 4.16 5.68 30 231|1.8| 2.5
8 do do do El Paso, Tex. 5 3 b spP lead ore or 3.44 5.82 6.35 6.89 7.42 953 30 2811 2.8 3.3
conc.
9 Cork Aravaipa 3 Graham Rayden, Ariz. 1 3 6 5P Copper ore *3.52 3.90 4.28 4.66 5.05 6.57 30 350 1.4 | 1.9
or conc.
10 do do do Miami, Ariz. 3 3 ] SP do “1.22 1.87 2.25 2.63 3.01 4.54 30 79(3.8] 5.8
11 do do do Superior, Ariz. 5 3 b SP do 3.52 3.90 4.28 4.66 5.05 6.57 30 326 | 1.6 | 2.0
12 do do do El Paso, Tex. 55 3 6 SP Lead ore or 4.74 5.28 5.82 6.35 6.89 §.01 30 2531 2.7 | 3.
conc.
13 Clifton Copper Mountain 7 Greenlee |[Hayden, Ariz. 1 ] (3 sp Copper ore ¥6.35 ¢) 7.42 7.%6 8.48 | 10.60 30 4151 2.0 2.6
Morenci) or conc.
14 do do do Superior, Ariz. 5 3 6 SP do *6.35 s) 7.42 7.97 8.48 | 10.60 30 39.] 2.2 | 2.7
15 do do do Miami, Ariz. 3 3 6 SP do Y674 ) 5.82 6.35 6.89 9.01 30 2541 2.7 | 3.8
16 | Ringman wallapai 9 ve Tooele (mill), (29 |2 |5 |SFE |Lead-zinc ore ¢) P11.90 ["12.87 ¢) ["19.19 | 26.00] 30 809 | 2.4 | 3.2
Utah 58 3 6 or conc.
17 do do do El Paso, Tex. 55 3 6 SFE do ) 8.20 8.65 9.10 | 10.42 13.96 &0 723 1.4 19
18 do do do Deming (mill), 22 2 5 SFE |Copper, lead, ™) 8.20 B.65 9.10 | 10.42 13.96 &0 6481 1.6 | 2.2
N. Mex. 23 2 5 or zinc ore
19 | Sahuarita | Baboquivari, 12, 14, |Pima Ajo, Ariz. 8 |3 | & |sp |copper flux- |*2.65 ) ) ¢) (@) )| so 190 | 1.4 | (%)
Helveria, Pima| 15 ing ore
20 do do do do - - - SP Copper-lead 7.85 7.85 7.85 7.85 7.8% 7.85 30 190 | 4.1 4.1
ore
21 do do do do - - - SP Copper conc. 8.45 8.45 B.45 B.45 B.45 8.45 30 190 | 4.4 | &.4
22 do do do Hayden, Ariz. 3 6 S§P Copper ore 1.48 2.37 2.76 3.14 3.52 5.05 30 200 1.8 4.4
or conc.
23 do do do Miami, Ariz. 3 3 6 SsP do 2.33 3.65 4.03 &.41 4.79 6.32 30 26611.8| 2.4
24 do do do Superior, Ariz. 5 3 6 5P do 71.99 2.37 2.59 3.14 3.52 5.05 30 176 | 2.0 2.9
25 do do do Douglas, Ariz. 6 3 6 5P do 1.48 2.37 2.76 3.14 3.52 5.05 30 14212.5] 3.6
26 do do do El Paso, Tex. s4, |3 |6 |sp |copper, lead |*5.46 | 6.17 | 6.701 | 7.26 | 7.78 | 9.83| a0 359 2.2 | 2.8
55 OTe Or conc-
27 Patagonia Harshaw, Oro 21, 22, |Santa Cruz do - - - SP do 4.19 6.35 6.89 7.42 7,96 10.07 30 320 2.5 | 3.2
Blance, 23
Patagonia
28 do do do Deming (mill), 22, |2 5 SP Copper, lead, |“6.10 6.80 7.50 @) ) (] 30 23913 |
N. Mex. 23 or zinc ore
29 do do do Hayden, Ariz. 1 3 6 SP Copper conc. 2.76 3.26 3.65 4.03 4.41 5.94 30 29011.5| 2.1
30 Humbo 1dt Agua Fria, Big |24, 25 [Yavapai Hayden, Ariz. 1 3 6 SFE |Copper ore ) 3.65 4.03 4.41 5.55 6.32 30 253 |1 2.2 | 2.5
Bug or conc.
31 do do do Miami, Ariz. 3 3 6 SFE do E) 5.62 5.9 6.25 7.21 (@] &0 525 (1.4 ¢)
32 do do do Superior, Ariz 5 3 6 SFE do ) 3.65 4.03 4.41 5.55 6.32 30 229 (2.4 | 2.8
33 do do do El Paso, Tex. 55 3 6 SFE |Lead ore or 3 8.20 8.65 9.10 | 10.42 13.96 40 590 | 1.8 | 2.4
conc.
34 Hillside Eureka 127 do Hayden, Ariz. 1 3 6 SFE |Copper ore 22.76 3.65 4.03 &4.41 L.79 6.32 30 186 | 2.6 | 3.4
or conc.
35 do do do Superior, Ariz. 5 3 L] SFE do *2.76 3.65 &.03 4.41 4.73 6.32 30 163 |1 2.9 | 3.9
36 do do do , Ariz. 3 |3 |6 |[sFrE do 562 | 5.94 | 6.32 | 6.70 [ 7.08 ¢y 30 S| S
37 do do do E1l Paso, Tex. 54 3 6 SFE do °8.65 ) 8.10 9.80 | 10.42 14.62 20 523 | 2.0 | 2.8
37a do do do do SFE do *7.18 8.20 B.65 9.10 9.43 13,96 40 523 | 1.8 | 2.7
38 do do do Deming (mill), [22, |2 |5 |SFE |Copper, lead, | B.65 (°y | 9.0 | 9.80 | 10.42 | 14.62| 20 A O
N. Mex. 23 or zinc ore
38a do do do do SFE 7.78 | B.20 | 8.65 | 9.10 | 9.53 | 13.96| 40 GGG

161



. ICalculated
From To. carload
Map ref- Location of smelter or mill | Class of Condensed schedule of carload rates in dollars{ Minimum rates in
Ttem Railroad Mining erence County Map reference | Rail- material per short ton for ore of a variation” carload|Rail cents per
loading districts symbol City and State |Sym-|Fig-|Iable| road® shipped r short ton not over: short |miles| ton wmile
poinc served (fig. 1) bol |ure $10 $20 $30 $40 $50 5100 tons for ore
valuation
550] $100
IART 20NA~~ -
Continued
39 | Dome Castle Dome 29 Yuma El Paso, Tex. 55 5 6 SP Lead ore B.65 9.18 9.71 10.25 10.78 12.91 30 542 2.0 2.4
40 do do do Tooele, Utah 58 3 6 SP Lead conc. 29.80 | 29.80 | 29.80 | 29.80| 29.80 | 29.80 25 899) 3.3| 3.3
41 do do do do SP Lead ore 21.60 | 21.60 | 21,60 | 21.60| 21.60 | 21.60 30 899 2.6 2.4
42 | Parker Cienega 30 do Hayden, Ariz. 1 3 6 SFE |Copper ore ") 3.65 4.13 4.61 5.83 7.95 30 2581 2.3| 3.1
or conc.
43 do do do Superior, Ariz. 5 3 6 SFE do *) 3.65 4.13 4.61 5.83 7.95 30 235) 2.5 3.4
44 do do do Miami, Ariz. 3 3 6 SFE do *) 8.42 9.22 |10.04 ) ) 30 530| 2.5| (%)
45 do do do El Paso, Tex. s4, |3 |6 |[sPE |copper, lead |®9.10 | 9.53 | 9.98 |10.42| 10.88 | 15.29| 40 595| 1.8] 2.6
55 ore or conc.
45a do do do do SFE |Copper ore 8.20 B.65 9.10 9.53 9.98 | 14.42 40 595( 1.7 2.4
46 da do do Tooele, Urtah 58 3 6 SFE |Lead ore or (4] 10.92 11.90 | 12.87 17.24 19.67 30 761 2.3| 2.6
conc.
ICALIFORNIA
47 | Placerville (@] 42 Selby, Calif. 11 3 6 |sP |Gold, silver ) *) ) ™) 5.40 | 7.60| 25 124| 4.8 6.1
ore
48 | Lews ™ 49 Hayden, Ariz. 1 3 3 SP  |Copper ore ) ) &) (&) ¢) [ 12.10 25 09| 1.7| 1.7
or conc.
a9 do *) Anaconda, Mont. |32 3 6 SP do 27.61 | 27.61 | 27.61 |27.61| 27.81 | 27.61 40 1,358 2.0 2.0
50 do ™) McGill, Nev. 37 3 6 SP Copper ore 28.00 | 28.00 | 28.00 |28.00| 28.00 | 28.00 25 1,124 2.5| 2.5
51 do ) do sP Copper conc. 37.40 37.40 | 37.40 | 37.40 37.40 37.40 25 1,124 3.3 3.3
52 do igh] do SP Gold, silver 34.00 | 34.00 | 34.00 |34.00| 34.00 | 34.00 25 1,126 3.0| 3.0
ore
53 | Lone Pine ) &4 Tooele, Utah 58 3 6 SP Lead ore or 10.42 10.42 | 10.42 10,42 10.42 10.42 50 812 1.3 1.3
conc .
54 do ) Selby, Calif. 11 3 6 SP do 6.25 6.25 6.25 6.25 6.25 6.25 40 509 1.2 1.2
55 do ™) Anaconda, Mont, 13 3 6 sP Zinc ore 20.40 | 20.40 | 20.40 | 20.40| 20.40 | 20.40 30 1,209 1.7 1.2
56 do ™) do Zinc conc. 28.20 28.20 | 28.20 | 28.20| 28.20 28.20 25 1,209 2.3 2.3
57 do ()] S8ilver King, 14 3 6 SP Zinc ore 30.00 | 30.00 | 30.00 | 30.00| 30.00 | 30.00 30 1,438 2.1 2.1
Idaho :
58 do ™) do SP Zinc come. 41.20 | 41.20 | 41.20 | 41.20| &1.20 | 41.20 25 1,438 2.9 2.9
59 | Olancha (@) 45 - Tooele, Utah 58 3 6 SP Lead ore or 10.42 10.42 10.42 10.42 10.42 10.42 50 787 1.3 1.3
conc .
60 do ) - - Selby, Calif. 11 3 6 SP do 6.07 6.07 6.07 6.07 6.07 6.07 40 4841 1.3 1.3
61 | Mojave ™) 47 - do SP or |Gold, silver 15.00 15.00 | 15.00 | 15.00| 15.00 | 15.00 ) 353 4.2| 4.3
SFE | ore
62 | Ccolfax ()] 56 - do SP do ) ) ) (*)| 5.60 b 25 117 4.8 6.8
63 | Trona (9] 48 - Tooele, Utah 58 3 6 TRONA [Lead ore or 10.65 | 10.65 | 10.65 | 10.65| 10.85 | 10.65 30 752 | 1.4] 1.4
conc.
64 do 'y - - Selby, Calif. 11 3 L] TRONA do 10.65 | 10.65 10.65 10.65 10.65 10.65 30 4791 2.2 2.2
65 | campo ) 48 - do SP  |Gold, silver ) ) ™ *) [*“16.80 )| 25 690| 2.4| 3.2
ore
66 | Hazel Creek ) 53 - Tooele, Utah 58 3 6 SP Lead ore or 11.38 11.38 | 11.38 | 11.38 11.38 11.38 40 il | &)
conc.
67 do ) - - Selby, Calif. 11 3 6 SP do 4.98 &4.98 4.98 4.98 4.98 4.98 30 SI1Ne] )
68 | Redding ) 53 - Hayden, Ariz. 1 [3 |6 |[sP |copper ore 26.60 | 26.60 | 26.60 |26.60| 26.60 | 26.60) 25 [1,011[ 2.6] 2.6
69 do (&) - - do SP Copper conc. 35.40 | 35.40 | 35.40 |35.40| 35.40 | 35.40 25 1,011 | 3.5| 3.5
70 do ™ - - Anaconda, Mont. 32 3 6 SP Copper ore 20.05 | 20.05 | 20.05 |20.05 20.05 20.05 15 1,060 1.9 1.9
or conc.
71 do ) - - Tacoma, Wash. 62 |3 |6 |[sP |copper ore ¢) | 11.38 *) ) ) SIS 622 | (*)[*1.8
72 do ) - - do SP  |Copper conc. ] ) ) ¢) ¢) {13.78| ) 622 | 2.2| (%)
73 do ™) - - McGill, Nev. a7 3 6 SP Copper ore 15.29 | 15.29 | 15.29 15.29} 15.29 | 15.29 40 769 2.0 2.0
or conc.
74 do =) - - do SP Gold, silver 27.20 | 27.20 | 27.20 |27.20| 27.20 | 27.20 25 7691 3.5 35
ore

AN



75
76
77
78

79

B1
82
83

85

87

B9

91

92
93
95

96
97

98
29

100
101

102
103
104

105

COLORADO
Texas Creek

do
do
Belden

Golden

Leadville

do

Ridgeway or
Montrose
Red Mountain
Pass
do

1DAHO
Council
Gimlet
do

Hailey

do
MacKay

do
do

do
Roberts

do

Osburn or
Wallace
Dorn or
Burke
Bunn

Hardscrabble,
Cotopaxi
do
do
Red Cliff

Central City,
ldaho Springs,
Georgetown,
Silver Plume
California,
Breckenridge,
Montezuma .
do

do
Creede
do

do
Bonanza,
Monarch
Bonanza,
Monarch
San Juan
districts

do
Idarado mine
do
Seven Devils
Warm Springs
do

Mineral Hill
and Camas

do
Alder Creek,
Bayhorse ,
Blackbird,
Blue Wing

do

do

do
McDevite

do
Coeur d'Alene
do

do

See footnotes at end of table.

87

89

91

93

94

85
85
a5

97

1881

111

112

115

ila

117

117

Custer,
Premont
do
do
Eagle

Gilpin,
Clear
Creek

Lake ,
Summic

do
do

Mineral
do
do
Saguache ,
Chaffee
Saguache,
Chaffee
San Juan,
San
Miguel,
Quray,
Delores
do

Ouray
do

Adams

Blaine
do
do
do

Custer,
Lemh i

do

do

do

do

do
Shoshone

do

do

El Paso, Tex.

do
Amarillo, Tex.
Salt Lake
valley, Utah'’
Amarillo, Tex.

Salt Lake
valley, Utah''
do

Amarillo, Tex.

E1l Paso, Tex.
do

Salt Lake

valley, Utah'®

Amarillo, Texas

Salt lake
Valley, Urah*”

Amarillo, Tex.
El Paso, Tex.

Amarillo, Tex.

Tacoma, Wash.

Anaconda, Mont.

East Helena,

Mont .

Salt Lake

valley, Utah'”
do

East Helena,
Mont .

Anaconda, Mont.

Salt Lake

Valley, Urah*’
do

East Helena,
Monc.

Salt Lake
valley, Utah'®
Kellogg, ldaho

do

East Helena or
Anaconda, Mont.

55

51
58

51

58

51
55

58
30
51

51

51

62
33

30

39

30
58
13,
14

30,
33
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Lead ore

Lead conc.
Zinc conc.’*
Gold, silver,
or lead ore
Zinc conc.

do

Lead-zinc
conc.
Lead-zinc ore

Zinc conc.
lead ore
Lead conc.
Lead-zinc
do
Zinc conc.

lead-zinc
ore, bulk
conc.

Zinc conc.
Copper conc.

Zinc conc.

Copper ore
Zinc ore

Lead ore or
conc.
Lead-zinc ore

do
lead-zinc,
copper ore
or conc.

do
do

do
Lead ore

do
Lead or zinc
conc.

do

do

15.60
21.20
3.30

7.78

5.51

9.27
9.95
13.05

11.26

9.27
9.95
13.05

11.26

15.60
21.20
5.50
6.54
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20
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40
80

.35

.27
.95
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.56

.51
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.53

98

36
76

5.51

7.49

7.78
15.40
22.80

(@)

5.50

7.00

9.27
9.95
i3.05

11.26

*14.26
“10.52
*9.46

*B.97
*9.53

8.48
8.97

#7.92
®7.92

9.41
0.76
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"8.14

15.60
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11.02
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11.02
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8.62

9.27

9.95
13.05
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13.34
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0.86

*110.20

30
25
*)
)

40

38 E8 B8 83838

8 &§ B & &5

656
656
386
438

450

475

460
460
500
522
792
792
516
417
385
425

724
750
1,030
760
613
446
527
351

351
417

336
295

295
288

250

22

261

~N
(=]

2
NN

"

AN et s
DD WA N

-
.o
"~

-

]
o w e

SR RN
O -

(XN}
w o

w N
ow

NN
™~

6.9
3.9
3.1

N AW
N

- EE N RPNy
W TP s w6 @ oe e
DOV NN

L.

NN
wN

W R W W -
®w ~oo (SRR

w oW
N~

P~
&~

>
-0

(44



ICalculated

From To carload
Map ref- location of smelcer or mill Class of Condensed schedule of carload rates in dollars|{ Minimum rates in
Item Railroad Mining erence County Map reference |Rail- material per short ton for ore of a valuation® carload|Ratl cents per
loading districts symbol City and State |Sym-|[Fig-[Table|road® shipped r_short ton not over: short |miles | ton mile
point served (fig. 1) bol jure $10 $20 $30 $50 $100 tons for ore
ivaluation
$50 | $100
106 | pillen Argenta 118 |Beaverhead |[East Helena, 30 |3 [6 |uP [Lead ore 7.75 7.7 | 7.15 | 7.75 7.75 | 7.7 15 162 4.8| 4.8
Mont .,
10?7 do do do do up do (") 3.78 ¢) | s.47 S‘) 6.33| 40 162 3.2 ] 3.9
108 | Melrose Bryant 118 do do up Lead-zinc ore o) 3.58 ) 4.32 ) 6.10 40 131 3.9 4.7
109 | Townsend Cedar Plains, Broadwater do NP |Gold-silver Yise | "L (T | 2 30 29(9.6| 9.6
or lead ore "
110 do do do Anaconda, Mont. |32 3 6 |wp Gold-silver *3.48 [®3.88 4.2 ™) 4.80 | 5.16 30 133 | 3.6 | 3.9
are
111 | Drummong Dunkleberg 119  |Granite East Helena, 30 3l 6 NP do 32.51 [%2.727 |73.32 *) 3.88 | &.07 30 73|5.3| s5.6
Mont.
112 | Phillipsburg|Flint Creek 119 do do NP [Gold-silver *2.99 [®3.32 |"3.70 (" | s.45 | 4.62| 30 99| 4.5 4.7
(Phillipsburg) or lead ore 3 3
113 do do do |Anaconda, Mont. |33 |3 6 NP Zinc ore 3.48 |®3.88 |74.24 *) 4.98 5.16 30 95(5.2| 5.4
Oor conc.
114 | Whitehall Whitehall 120  |Jefferson |East Helena, 30 |3 |6 |NP |Lead or gold |%2.99 |®3.32 |73.70 ) | .24 | s.62] 30 116 [ 3.7 | 4.0
Mont. ore
15 do do do Butte, Mont. NP |Gold ore *2.51 [®%2.77 {"3.14 ) | 3.70 | 3.88] 30 32 11,5 [12.5
(Washoe Sampler)
116 | Louisville [Beaver, Winston| (®*) |Lewis & [East Helena, NP |Lead-zine 31.18 | ®*1.35 |71.7? *) 1.99 | 2.22 30 7 p8.& |31.7
Clark Mont. ore N R
117 | Twin Bridges|Tidal Wave, ol ?hdl-on do 30 (3 |6 |[w [Gold-silver 3.15 |®3.51 |73.88 ") | 4.45 | 4.80] 30 SIISI NS
Rochester or lead ore
118 | Sheridan Sheridan () do do NP do *3,15 |®3.51 [73.88 (") | 4.45 | 4.80] 30 o I I [ L4 T
119 | Alder Virginia Cicy e?) do do NP do 23,18 |®3.s1 j:.u (@) 4.45 | &.80| 30 161)2.8| 3.0
120 do do do A da, Mont. |32 |3 |6 |wP |Gold-silver 33.48 |%3.78 | "4.24 (*) | 4.80 | 5.16| 30 103 | 4.7 | 5.0
ore
121 | Sheridan Sheridan ¢ do do NP do 33.48 |%3.78 |74.24 *) 4.80 5.16 30 &SiIE ®
122 | Twin Bridges [Tidal Wave, **) do do NP do 23.48 [%3.78 |74.24 *) 4.8 | s.16 30 M| ™
Rochester
123 do do do Butte, Mont. N do *2.99 |®3.32 |73.70 ¢y | 4.2 | s.62| 30 77]|5.5| 6.0
(Washoe Sampler) 3
124 | Sheridan Sheridan &) do do NE do *2.99 |®3.32 3.70 ) 4.24 4.62 30 6516.5] 7.1
125 | Alder Virginia City () do do 3 do 22.99 |®3.32 [73.70 ) 6.26 | 4.62 30 77|5.5| 6.0
126 | Elliston Elliston &) Powell do NP do %2.99 [®3.3z |"3.70 *) 6.24 4.62 30 7% 5.7 6.2
127 do do do [East Belena, 322 |3 |6 |[wp |Gold-silver *1.77 | ®1.99 |72.39 ¢ | 2.7 2.97| 30 33|8.4 | 9.0
Mont. lead ore
or conc.
ADA
128 | Henderson  [Searchlight 59 |clark salt Lake 58 |3 |6 |UP |Lead ore 5.5 | 5.56 | 5.56 | 5.56 5.56 | 5.56| 50 33|13 1.3
Valley, Utah*®
129 do do do do 0 (2 |5 |uP |Lead conc. 5.56 5.56 | 5.56 [ 5.56 5.5 | 5.56| ) 433113 1.3
130 do do do Selby, Calif 11 |3 |6 |UP |Lead ore 13.57 [13.57 | 13.57 | 13.57 |13.57 |13.57] S0 656 |2.1] 2.1
131 do do do do UP  [Lead conc. 15.17 | 15.17 | 15.17 | 15.17 [15.17 [15.17| so 656 2.3 2.3
132 do do do lAnaconda, Mont. (19 [ 2 |5 |UP  |Zinc ore 21.60 | 21.60 | 21.60 | 21.60 |21.60 |21.60| 30 910 2.4 2.4
133 do do do do 33 3 |6 |uP |zinc conc. 29.80 |29.80 |29.80 |29.80 |29.80 |29.80| 25 9103.3| 3.3
134 do do do ilver King, 14 |3 |6 |uP |zine ore 25.60 | 25.60 | 25.60 | 25.60 |25.60 |25.60| 30 [1,239|z2.1| 2.1
1daho
135 do do do do UP  |2inc cone. 35.00 | 35.00 |35.00 | 35.00 | 35.00 |35.00| 25 1,239 | 2.8} 2.8
136 | Carlin Maggie Creek 67 Eureka yden, Ariz. 1 3 6 WP or |Copper ore 31.80 | 31.80 | 31.80 (31.80 |31.80 |31.80 25 1,288 2.5 2.5
SP
137 do do do do WP or [Copper conc. 42,20 | 42.20 | 42.20 | 42.20 |42.20 |42.20] 25 1,288 3.3 | 3.3
SP
138 do do do |JAnaconda, Mont. [32 3 6 WP or {Copper ore 9.33 9.33 9.33 9.33 9.33 92.33 50 547 | L.7 | 1.7
sp
139 do do do do WP or [Copper conc. 9.33 | 9.33 | 9.33 9.33 | 9.33 | 9.33} 50 s47( 1.7 ] 1.7
SP




Continued
140 | Carlin Maggie Creek
141 do do
142 | Contact Coutact
143 do do
144 do do
145 do do
146 do do
147 do do
148 do do
149 | Elko or Merrimac or

Montello Delano
150 | Elko do
151 | Palisade Railroad
152 Battle Bullion

Mountain
153 do do
154 do do
155 do do
156 do do
157 do do
158 do do
159 Pioche Pioche
160 do do
161 do do
162 do do
163 do do
164 do do
165 do do
166 do do
167 do do
168 do do
169 do do
170 do do
171 do do
172 do do
173 do do
174 | Wabuska Yerington
175 do do
176 do do
177 do do
178 do do
179 do do
180 do do
181 | Mina Candelaria
182 do do
183 do do
184 do do
185 do do
See footnores at end of table.

67

62
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72

74

75

77

do

da

Lincoln
do
do
do
do
do
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McGill, Nev.
“ A]
Hayden, Ariz.
do

Anaconda, Mont
do

McGi11, Nev.
do
do

Tooele, Utah

Selby, Calif.
do

Hayden, Ariz.
do

Anaconda, Mont.
do

McGill, Nev.
do
do

Hayden, Ariz.
do

Anaconda, Mont.
do

McGill, Nev.
do
do

Salt Lake

Valley, Utah'®

do
Selby, Calif.

Silver King,
Idaho
do
Hayden, Ariz.
do
Anaconda, Mont.
do

McGill, Nev.
do
do

Hayden, Ariz.
do

Anaconda, Mont.
do

McGill, Nev.

37

32
32
37

11
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Copper
Copper

Copper
Copper
Copper
Copper
Copper
Copper

conc.

ore
conc.
ore
conc.
ore
conc.

Gold-silver

ore

Lead ore or

cone .
do

do
Copper
Copper
Copper
Copper
Copper

Copper

ore

conc.

ore

conc.

ore

conc .,

Gold-silver

ore
Copper
Copper
Copper
Copper
Copper
Copper

ore
conc.
ore
conc .
ore
conc.

Gold-silver

ore

Lead ore

Lead conc.
Lead ore
Lead conc.
Zinc ore
Zinc conc.
Zinc ore

Zinc conc.

Copper
Copper
Copper
Copper
Copper
Copper

ore
conc.
ore
conc.
ore
conc.

Gold-silver
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lculated
From To Lq ' carload
Map ref- Location of smelter or mill Class of ndensed schedule of carload rates in dollars| Minimum rates in
Item Railroad Mining erence County Map reference |Rail- material per short ton for ore of a variatiow? carload |Rail | cents per
loading districcs symbol City and State [Sym- |[Fig-|Table|road* shipped per short ton mot over: short |miles| tonm mile
point served (fig. 1) ’l’ml ure 810 520 $30 $40 $50 $100 tons for ore
jvaluation
$50 | $100
ADA--
Continued
186 | Mina Candelaria 77 |Mineral #«:cul. Nev. UP  |Copper eonc. 6.91 6.91 6.91 6.91 | 6.91 6.91 50 606 1.1 | 1.1
187 do do do do UP  |Gold-silver 8.74 8.74 B.74 | 8.74 8.74 8.74 50 806| 1.4 [ 1.4
ore
188 | Eastc Ely White Pine B2 |white Pine|Salt Lake 58 |3 6 NN |Lead ore 5.57 5.57 5.57 5.57 | 5.57| 5.57 50 268( 2.1 | 2.1
Valley, Utah*®
189 do do do do 30 |2 |5 NN |lead conc. 6.83 6.83 6.83 | 6.83 | 6.83| 6.83 40 268[ 2.5 2.5
190 do do do Selby, Calif. 11 3 [ NN |Lead ore 8.56 | 8.56 B.56 8.56 8.56| 8.56 50 762( 1.2 1.2
191 do do do do NR  |Lead conmc. 9.53 | 9.53 9.53 9.53 9.53 9.53 &0 762 1.3] 1.3
MEXICO
192 | Hanover Central, 82, B4, |Grant El Paso, Tex. 54, | 3 6 SFE |Copper, lead 2.84 2.84 2.84 2.84 2.84 2.84 ¢ 177| 1.6 1.6
Junction Pinos Altos, 85 3S ore or conc.
(Vanadium) | and Swartz
or Silver
Cicy
193 do do do do SFE do g) ) ) ) ¢)| 11.60 25 177 6.6 | 6.6
194 do do da peming (mill), 22 | 2 5 SFE |Lead-zinc-ore ) ) ) ) *) 7.80 25 4617.0 |17.0
N. Mex.
195 do do da do SFE do 0.63 | 0.63 0.63 | 0.63 | 0.63| 0.63] %) 6] 1.4 1.4
196 | Hachita Eureka 32 do El Paso, Tex. 54 3 6 SP Copper, lead 2.24 3.26 3.81 %.38 [*®6.00 7.06 30 110| 4.5 | 6.4
ore or conc.
197 do do do Amarillo, Tex. 51 3 6 SP Zinc ore or ) o) (@) oy ) B.65 30 561| 1.5 | 1.5
conc .
198 | Lordsburg | Lordsburg 36 |[Hidalgo |El Paso, Tex. 54 |3 SP  |Copper ore 2.24 3.81 4.38 | 4.9 5.46 9.71 30 149] 3.7 6.5
conc.
199 do do do do sp do ) ) ) ) *) )| 40 149] 3.5 | 3.5
200 do do do Hayden, Ariz. 1 3 6 |sP do 5.10 5.64 | 6.17 6.71 7.24 9.36 30 35| 2.1 | 2.7
201 do do do Miami, Ariz. 3 3 6 |sp do 3.80 () 4.91 5.46 | 6.00( 9.18 30 184] 3.3 | 5.0
202 da do do Superior, Ariz. 5 |3 |6 SP do 5.56 | 6.1% | 6.82 7.46 8.11 | 10.65 30 321} 2.5| 3.3
203 | Bernalillo | Cuba 37 Sandoval |El Paso, Tex. 53 3 6 SFE |Copper conc. 5.07 5.27 | “6.08 Figh >} 6.85| (°%) 271| 2.2 2.5
and flux
204 do do do do SFE |Copper conc. 5.07 5.56 | ®6.06 ¢) ) 7.231  G7) 271| 2.7 | 2.2
205 do do do do SFE do ) ) igh ) ()| 12.80| 25 271| 4.7 | 4.7
206 | Los Cerrillos, 39 Santa Fe do s4, | 3 6 SFE |Copper ore 5.07 5.27 | %6.06 ) ) 6.85| ¢7) 305| 2.3 | 2.3
Cerrillos Cooper, San 55
Pedro, New
Placers
207 do do do do SFE |Llead ore 5.07 5.56 | 6.06 () ) 7.23) €% 305( 2.4 | 2.4
208 do do do do SFE |Copper conc. ) ) ) (&) ¢)| 1s.20 305| 4.7 | 4.7
209 | Socorro Hansonberg ag Socorro do SFE |Lead ore 3.53 3.84 5.27 ) ™) 6.85 g?) 179) 3.8 | 3.8
210 do do do do SFE |Lead conc. 3.53 ") 5.56 ) 9] 7.23 “) 179] 3.1 3.9
211 do do do do SFE do ) *) (&) ©) ¢y | 11.10 25 179| 6.2 | 6.2
212 do do do Deming (mill), SFE |Lead-zinc ore ) (@) ) ¢) | 3.53| a4.02| %) 156 2.3 | 2.6
N. Mex.
213 do do 40 do do SFE do ) ) (@) ') ¢y)| 15.20 25 159 9.7 | 9.7
214 | Magdalena | Magdalena do El Paso, Tex. 55 |3 | & |SFE do 3.53 3.84 | 5.27 *) )| 6.85] ¢ 206( 3.3 3.3
215 do do da do SFE |Llead conc. 3.53 ) 5.56 ) ) .28 @Y 206 3.5 | 3.5
216 do do do do SFE do *) ) ) ) ¢y | 1m.s0] 25 206| 5.6 | 5.6
217 do do do Deming (mill), (22 |2 | 5 |[SFE [Lead zinc ore ) ) ) ) ¢)| 15.200 25 183| 8.3 | B.3
N. Mex.
218 | Mountainair| Carocito 41 |Torrance |El Paso, Tex. sS4 |3 6 |SFE |Flux ) 8.97 | 10.34 | 11.70 | 12.69 [**15.57| (%) 263{ 4.9 )
IOREGON :
219 | Baker Granite 13 |Grant Tacoma, Wash. 62 |3 | 6 |UP |Gold ore or )] *) ) [11.38 |®"13.3¢| 16.27[ 20 482| 2.7| 3.
conc.
220 do do do do UP do " 6.00 ) 8.65 |"10.27 [**11.61 50 482 2.1| 2.4

9£1



Cont 1;;43 d

221 | Grants Pass | Walso

222 do

223 do

224 do

[uTAR

225 | Milford Rocky, San
Francisco,
Star, North
Star

226 do do

227 do do

228 do do

229 do do

230 do do

231 do do

232 do do

233 do do

234 do do

235 do do

236 do do

237 do do

238 | Eureka Tintic

239 do do

240 do do

241 | Marysvale Gold Mountain,
Mount Baldy,
and Ohio

242 Bingham or |West Mountain

lark

243 do do

244 do do

245 do do

246 do do

247 | Park City Uintah, Blue
Ledge and
Snake Creek

248 do do

249 do do

250 | st. John Ophir

251 do do

252 do do

253 do do

254 do do

255 do do

256 | Cedar City | Harrisburg,
Tursaguber

257 do do

258 do do

See foulnotes at end of table.

“*)

101

102

103

104

105,
109

108

Josephine
do

do

Beaver

do

do
do

do

do

do
Juab

dao

Piute

Salt Lake

do

Summit ,
Wasatch

do
do
Tooele

do

do

do

do

do
Washington

do
do

Tacoma, Wash.
do
do
do

Hayden, Ariz.

do
Miami, Ariz.
do
do
El Paso, Tex.
do
Salt Lake
valley, Utah'"
do
IMcGill, Nev.
Selby, Calif.

do
Tooele, Utah

do
Bauer, Utah

Tooele, Utah

Midvale, Utah

do
Bauer, Ucah
do

Tooele, Ucah
do
(Midvale, Utah
Bauer, Utah
Tooele, Uctah

do
Midvale, Utah

Salt lake
valley, Utah**

do
do

Superior, Arie.

63

54,
55

58

37

28

28

30
28
58
30
28

58

5% RS59885 8§88 3 EEEE E S

sP

ER]

S

S8 5 55995 S598S

HH N
5§23 s

Copper ore
do

Gald ore
do

Copper ore
or comnc.

do

do

do

do

do
Copper, lead
ore Oor conc.

do
Lead-zinc ore
er conc.

do
Copper ore
or conc.
lead ove
or conc.

Lead ore
or conc.
Lead ore

do

Gold-silver
fluxing ore

Lead-zinc ore

do
do
do
Lead ore
or conc.
do

lead-zinc ore
do
lead ore
ar conc.
do
Lead zinc ore
do
do
do
Zinc-lead,
copper ore
or conc.
6o
do

71034
*8.19
*10.29
’8.10

16.30

2.59
19.40

°18.62

)
1.56

0.93
)
2.40

I
e

20.72

25.62

6.21

3.56
19.40

20.64

)
1.94

i)
2.01

®1.54

*1.40
et 1% | §
“1.40
*1.21

‘h'\lﬂ'
ERS

woooro
CERSRY

()
89

11.65
9.17
11.83
9.10

26.34

¢
19.40

25.08

)
2.59

)
2.59

3.69

TS
%4676 S

N
3
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n
o
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v vew

r
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5.83
19.40

27.33

)
2.9

)
2.92

4.08

2.03

1.87
2.01

2.01

)

6.93
2.92
1.40

1.40
2.92

15.29
9.46
15.29
9.39

)

28.60
34.40

)
28.20
)

35.40
6.03

)
19.40
)

28.60
4.54

30

30

25
25

25
30

25
20

40
25

25

(4]

)
20

30

30

30

25

20

20
20
20

g8

59

185

20

20
71
71
69
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280
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Calculated
From Te carload
Map ref- Location of smelter or mill Class of Condensed schedule of carload rates in dollars| Minimum rates in
Item Railrcad Mining erence County Ra{l- material per short ton for ore of a valuat carload |Rail | cents per
loading districts symbol City and State road shipped T _short ton not over: short |miles | ton mile
point served (fig- 1) $10 $20 430 $40 $50 $100 tons for ore
valuation
550 1106
259 | Borchport Northport 18 Stevens st Helena, 30 6 GN Lead ore ¢) |12.54 ™) ®) 13.93 | 15.57 30 750| 1.9 | 2.1
Mont. or conc.
260 | Omah Conconully Okanogan ‘acoma , Wash. 162 6 N Copper ore ™ *) 6.80 7.27 7.72 | 10.01 30 291) 2.5 | 3.4
261 | Metalline Metalline 17 Pend 1logg, 13, 6 MLW |Lead-zinc ore €2 ) 6.06 6.53 7.04 |*°8.00) 50 2100 3.4 | 3.9
Falls Oreille Idaho 1S or conc.
!Railroad symbols designate originating carriers as follows: "Mo rate quoted.
®Rate applies to ore valuation not exceeding $25.00 per tom.
Symbol Railroad 7Rate applies to ore valuation not exceeding $35.00 per ton.
®Rate applies to ore valuation not exceeding $60.00 per ton.
SFE Atchison, Topeka and Santa Fe 'linln. district classification not used in California.
c&s Colorado and Southern '°Rpate applies to ore valuation not exceeding $70.00 per ton.
D&RGW Denver and Rio Grande Western '1pate applies to ore valuation not exceeding $150.00 per ton.
] Great Northern '27on-mile rate for ore valuation not exceeding $20.00 per tom.
MILW Milwaukee 1*Rate applies to ore valuation not exceeding $80.00 per tom.
NP Northern Pacific 14No rate quoted from Texas Creek to Amarillo; Salida-Amarillo rate is given for
sp Southern Pacific estimating purposes.
TRONA Trona 3%galt Lake Valley plants include smelter ar Tooele, Utah, and mills at Bauer and
P Union Pacific Midvale, Utah.
WP Western Pacific '®Rate applies to ore valuation not exceeding $12.00 per ton.
RGMW Rio Grande Motor Way *"Rare applies to ore valuation not exceeding $45.00 per ton.
] Nevada Northern 1%pate applies to ore valuation not exceeding $55.00 per tom.

“Preight value per short ton is calculated on smelter or mill settlements with copper

valued at 14 cents per pound, lead at 7 cents per pound, and zinc at 8 cents per

pound. For simplicity, tables are condensed. Many published freight tariffs list

ore valuations in $5 steps and in excess of $100; use of the rate for the valuation

i nearest the specific ore under consideration is suitable for estimating purposes.
Rate applies to ore valuation not exceeding $15.00 per ton.
“Special rate applying to minimum carload of 40 tons of copper ore.

¥Minimum weight is 90 percent of marked capacity of car.
“Minimum weight is 80 percent of marked capacity of car.

*1Rio Grande Motor Way is @& subsidiary of the Denver and
rates quoted are for a combined truck-rail haul.

T Minimm weight is marked capacity of car.

“*Rate applies to ore valuation not exceeding $90.00 per

24 Not shown on figure 1.

Rio Grande Western Railroad and

ton.

BET



APPENDIX N. - REPRESENTATIVE TRUCK FREIGHT RATES ON ORE AND CONCENTRATES IN THE WEST

Approx- Minimum Freight rate | Calculated
imate Class of shipment in dollars rate in
From To distance material in short per cents per Type of road Remarks
in miles shipped tons short ton short
ton-mile
ARIZONA
Cripple Crew mine RR loading point, 701 Copper ore. 6 $1.00 -20.0 Mainly unsurfaced Arizona rates apply to intra-
north of Wenden, Wenden, Ariz. desert roads. state operations of one
Yuma County. common carrier. Discance
Rawhide mine near RR loading point, 45 Lead and copper ] 5.22 11.6 do commodity rates apply only
Signal, Mohave Yucca, Ariz. ore. to hauls for which specific
County. commodity rates have not
Do RR loading point, 68 lead ore. 6 4.22 6.2 do been published. Source:
Wenden, Ariz. Arizona Motor Tariff Bureau.
Silver Star mine RR loading point 20 Copper ore. 6 1.72 8.6 do
southeast of McVay, Ariz.
Hope, Yuma County.
CALIFORNIA
Placerville, Selby, Calif. 105 Gold-silver ore. 13 4.77 4.6 Mainly hard-surfaced California rates are calcu-
El Dorade County. highways. lated from hourly rates
lone Pine-Olancha, do 466 lead ore and 13 19.04 4.1 do applying to heavy construc-
Inyo County. concentrates. tion equipment and cover
Colfax, Placer County. do 113 Gold and silver 13 5422 4.6 do loading without need for
ore. auxiliary equipment. Power
Trona, San Bernardino do 436 Lead ore and 13 17.82 - do loading incurs an additional
County. concentrates. charge. No rates on point-
Campo, San Diego do 594 Gold and silver 13 24.25 4.1 do to-point or ton-mile basis
County. ore. are available. Source:
Hazel Creek, Shasta do 235 Lead ore and 10.93 4.7 do Public Utrilities Commission
County. concentrates. of California.
COLORADO
Boulder County mining | Leadville, Colo. 160 Gold ore or 10 10.00 6:3 Up to 20 miles of
districts (within 20 concentrates. natural gravel or
miles of Boulder, dirt roads and
Colo.) balance hard-surfaced
highway all in moun-
tainous terrain.
Front Range mill west do 76 Gold-silver- 10 6.50 8.6 All surfaced highway Freight rate set by negotia-
of Idaho Springs, copper con- in mountainous tion with local trucker.
Colo. centrates. terrain.
White Pine, Gunnison Salida, Colo. 44 Lead or zinc 5 6.00 13.6 do Do.
County. concentratces.
Do Leadville, Colo. 96 do 5 7.00 7+3 do Do.
Keystone mill near Salida, Colo. 98 do 20 5.30 5.4 Mainly hard-surfaced
Crested Butte, highway in moun-
Gunnison County. tainous terrain.
Keystone mill near Leadville, Colo. 150 Lead concen- 20 7.94 L do
Crested Butte, trates.
Gunnison County.
Ouray, Ouray County. do 210 do 10 12.00 5.7 do
Camp Bird mine, near Leadville, Colo. 215 do 10 14.00 6.5 Five miles of steep Published'rartes. Source:
Ouray, Ouray, County. gravel-sur faced road Colorado Motor Carriers
and balance hard- Association.
surfaced highway in
mountainous terrain.
Do RR loading point, 15 Lead or zinc 5 3.25 21.6 do Do.

Ridgway, Colo.

concentrates.




Approx- Minimum Freighr rate | Calculated
imate Class of shipment in dollars rate in
From T distance material in short per cents per Type of road Remarks
in miles shipped tons short ton short
ton-mile
COLORADO--
Continued:

Mines within 5 miles RR loading point, 45 Zinc concen- 5 3.20- 4.49 7.1-10.0 Up to 5 miles of sreep |Published rares. Source:
of Alma or Pairplay, Salida, Colo. trates. gravel- or dirt- Colorado Motor Carriers
Park County. surfaced road and Association.

balance hard-surfaced
highway in mountainous
terrain.
g Leadville, Colo. 78 Lead concen- 5 5.25- 7.05 7.1- 9.0 do Do.
trates.

Bonanza district, RR loading point, 16 Lead-zinc ore. 5 1.69 10.5 Graded dirt or graveled Do.

Saguache County. Villa Grove, Colo. roads in mountainous
(abandoned) terrain.

Silverton, San Juan RR loading point, 33 Lead or zinc 6 4.00 12.1 Hard-surfaced highway in

County. Ridgway, Colo. mountainous terrain.
Do RR loading point, 59 do 6 4.85 8.2 do Do.
Montrose, Colo.
Do Leadville, Colo. 232 Lead concen- 6 1335 5.8 do Do .
trates.

Gladstone district, Shenandoah-Dives 12-15 Lead-zinc ore 6 3.00- 4.50 20.0-37.5 Steep dirt roads and up Do.

San Juan County. mill, Silverton, to 5 miles of hard-
Colo. surfaced road.

Animas Forks, do 8-10 do 6 2.00- 3.00 20.0-37.5 . do Do.
districtc, San Juan
County.

Mineral Point do 12-15 do 6 3.50- 4.50 23.3-37.5 do Do.
district, San Juan
County.

Cunningham Gulch do 4- 6 do 6 1.00- 2.50 25.0-41.7 do Do.
district, San Juan
County .

Chattanooga districet, do 12-15 do 6 2.50- 3.50 16.6-29.0 Short, scteep access Do .
San Juan County. roads and up to 10

miles of hard-surfaced
highway.

Pandora mill, RR loading point, 67 Lead or zinc 20 3.25 4.9 Hard-surfaced highway in
Telluride, San Montrose, Colo. concentrates. mountainous terrain.

Miguel Couanty.

Mines within 5 miles Leadville, Colo. 45-55 Lead-zinc ore 5 3.00 5.4- 6.7 Short, steep access Do.
of Breckenridge, or concen- roads and balance
Summit County. trates. maintained gravel

roads or hard-surfaced
highway.

Mines from 6 to 10 do 50-60 do 5 3.50 5.8- 7.0 do Do.
miles from
Breckenridge,

Summit County.
Mines within 1 mile do 18 do S 1.50 8.3 do

of Kokomo, Summit
County.

(6300}



QL= $9-0O £89 0OfL

- T N g P—— =
IDAHO and MONTANA Not specified. Not Not specified. Not Not Not Not specified.
specified. specified. specified. specified.
Private hauling RR loading point 16 do 5 2.54 16.0 do 2,700 tons shipped in 1958.
operation. Trucks operated by shipper.
Do do 2 do 8 .87 44.Q do 5,200 tons shipped in 1958.
Trucks operated by shipper.
Do do 71 do 15 2.10 3.0 do 29,000 tons shipped in 1958.
Trucks operated by shipper.
Do Smelter 400 Copper ore or 20 11.40 3.0 do Contracc rate.
concentrates.
Do do 110 Lead-zinc ore. 15 4.80 4.4 do Do.
Do do 100 do 18 6.50 6.5 do Do.
NEVADA
Yellow Pine districr, Tooele, Utah 538 Lead ore 20 26.90 5.0 Mainly hard-surfaced
Henderson, Clark highway.
County.
Maggie Creek district,| Hayden, Ariz. 1,017 Copper ore 20 50.85 5.0 do
e T i P 555 do 20 27.75 5.0 do Estimsted CEfght coste Besed
Contact district, Hayden, Ariz. 997 do 20 49.85 5.0 do on a flat 5 cents per ton-
Elko County. mile. Estimated freight
Do Anaconda, Mont. 435 do 20 21.70 5.0 do FaLEz husad on. & gakt Of
$1.00 per running mile for a
20-ton truck or 5 cents per
ton-mile, quoted by a Nevada
Merrimac districr, Tooele, Utah 213 Lead ore 20 10.65 5.0 do contrace cdcrier who sretad
Elko, Elko County. that point-to-point rates
Delano district, do 156 do 20 7.80 5.0 do wolild bave 1o be et aCres
Montello, Elk County. analysis of each individual
Railroad districe, do 243 do 20 12..15 5.0 do case. ‘
Palisade, Eureka No distance-commodity or
County. point-to-point rates are
Bullion district, Rayden, Ariz. 1,066 Copper ore 20 53.30 5.0 do svsilable 4n Hevads.
Ii':::;olzi }Ch;::::in‘ The Public Service Commis-
Do Anaconda, Mont. 604 do 20 30.20 5.0 do Rt e B il
states that it does not
" | require contract carriers
P;iz:icdiiszzi:, Hayden, Ariz. 701 Copper are 20 35.05 ! 5.0 do to tile rates, and common
County. ‘ ‘ cgrriers have not estab-
Do Anaconda, Mont. 77 do 20 36.55 | 5.0 do Lished cates for ores dnd
Yerington district, Hayden, Ariz. B78 do 20 43.90 | 5.0 do ore: Prodices.
Wabuska, Lyon
County.
Do Anaconda, Mont 841 do 20 42.05 5.0 do
Candelaria district, Hayden, Ariz. 785 do 20 39.25 5.0 do
Mina, Mineral
County.
Do Anaconda, Mont. B61 do 20 43.05 5.0 do
White Pine and Tooele, Utah 224 Lead ore 20 11.20 5.0 do

East Ely districts,
White Pine County.
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}Tables are presented Ffor illustration and should be used for estimating purposes only. The rates listed apply only to rruck hauls for which no specific
poinr-to-point commodity rates have been established.

“The acrual published tariffs on which the rates in this table are based are set up in several ways: (1) rates per ton-mile applying to specilaic
distance ranges; (2) rates per ton or hundredweight for distance increments of 5 miles, 10 miles, or other interval. For convenience of comparison
all rates have been converted to a ton-mile bas{s. Where ton-mile rates apply over a distance range, this fact is indicated by an arrow. Where
arrows are not used, the quoted ton-mile rates apply only to the distance specified in the column headings. Ton-mile rates for intermediatc

. distances can be estimared.

“Although distance commodity tables may cover the distance range under 15 miles, freight rates for bauls vnder 15 miles compured from such rables are not
always realistic. Truck hauls for short distances are normally made by local contract haulers at unpublished rates set for each imdividual operation.

‘Intrastate rates applying to a specific Arizona contract and common carrier. Published by the Arizooa Motor Tariff Bureau. Applies Lo ores, concen-
trates, and products of ~ines. Ratcs are not based on valuation,

®Intrastate and interstate rates in Colorado and Four Corners area of Arizoona, Colorado, lew Mexico, and Utah. Rates apply to operations of a specific
contract and common carrier hauling ore and concentrates. Rates as published by Colorado Motor Carriers Associastion are on & basis of hundredweight
units and have beer converced to a ton basis. Rates are not based on valuation.

SIntrastate rates applying to operation of local carrier between mines in Clear Creek, Gilpim, Grand, and Jefferson Counties and destinations in Colorado.

"Data are derived from class rate table (class 100) published by New Mexico Carriers' Association, Inc. The rates in the published table have been
converted from hundredweight to ton units and adjusted to cover ore shipments on the following basis: For truckload (TL) lots, 35 percent of class 100
rate applies; for less than truckload (LTL) lots, 60 percent of class 100 rate applies on ore having a valvation of $100 or lcss. Ore baving a valua-
tion of more than $100 per ton is subject to higher rates.

Intrastate rate.
“Interstate rate; LTL denotes '""less than truckload".
Intrastate distance commodity ractes applying to a specific contract carrier operating in New Mexico. Publisheu by New Mexico Motor Carriers'
Association, Inc. Rates are not based on valuation.
*!Intrastate distance commodity rates applying to ores quoted by an individual contract carrier. Rates are not based on valuation; ore inm sacks.
!“Average rates for ore-trucking in 1958 quoted by a contract carrier. Rates are nor based on valuation.
**Intrastate distance commodity rates applying to ores and concentrates set by the Public Service Commission of the State of Washington. Rates are
minimums, that is, carriers may not charge less than quoted rates. Rates apply to products having an actual value nor exceeding $50 per tom.
Por ore of higher valuation add 5 percent to the rate for each $10 per ton ore valuation over $50 per ton.
4 Interstate distance commodity rates applying to truck shipment of ores and concentrates in Washingron, Oregon, Idaho, and Montana if tariffs have not
been established by State public utilities commissions. Published by Pacific Inland Tariff Bureau, Inc. Rates are not based on valuation.



APPENDIX P. - FREIGHT RATLS APPLYING TO SHORT TRUCK HAULS
Freight [Minimum
From Length | Class rate in| truck Short
Cbﬁﬁty To of haul| of dollars| load, |ton-mile Type of haul
Mipu Distra.t| and in material per short rate
Statc miles short tons in cents
ton
Ajax mine...... Cripple |[Teller |Carlton mill, 2.3 [Gold ore| $0.65 12 28.2 |Graveled maintained
Creek. County,| Cripple Creek, road, 2 to 4 percent
Colo. Colo. gradc with the load.
Cresson mine... do do do 1.0 do 45 12 45.0 |Graviled maintained
road, up to 8 percent
gradc with the load.
Grace Greenwood do do do 1.0 do .75 12 10.7 Three miles of graveled
nine. road (abandoned rail-
road grade) up to &
percent grade with the
load and 4 wiles of
hard-surfaced highway
with a slight grade
against the load.
Mary McKinney do do do 2.0 do .50 12 25.0 |[Hard-surfaced highway
dump . with a slight grade
against the load.
Elkton dump.... do do do 0.5 do .20 12 40.0 [Short acccss road,
grade with the load.
Bald Eagle Virginia |Clear Front Range 6.0 |[Gold- 1.25 6 20.8 |[Two miles of graded
mine . Canyon. | Creek mill west of silver- road, up to 10 percent
County,| Idaho Springs, copper grade with the load,
Colo. Colo. ore and 4 miles cf surfaced

highway with slight
grade against the load.

1



APPENDIX Q. - TRI-STATE ORE BUYERS' REPRESENTATIVE

Ore Buyer and Address:

J. H. McCoglin
212 Courcthouse Building
Joplin, Missouri

Dan Stewart, District Manager
American Zinc, Lead & Smelting Co.
206 Courthouse Building

Joplin, Missouri

Mrs. Jack Ferneau
116~-1/2 West 4th Street
Joplin, Missouril

Clyde Ingram
Pichec, Oklahoma

0. A. Rockwell, Manager
The Eagle-Picher Co.
Cardin, Oklahoma

H. W. Robertson
915 Virginia Avenue
Joplin, Missouri

Representing

American Steel & Wire Co.

American Zinc Co. of Illinois

M & H Zinec Co.

American Mctal Climax Co.,
Inc.

National Zinc Co., Inc.
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APPENDIX R. - BUYERS OF COPPER, LEAD, ZINC, GOLD,
AND STLVER ORES SERVING.THE WEST

American Smelting & Refining Company
(1) Southwestern Ore Purchasing Department
810 Valley National Bank Bldg., Tucson, Ariz.
Ores and concentrates of copper, lead, gold, and silver;
zinc concentrates; lead-zinc-copper milling ores;
for treatment In appropriate southwestern plants.

(2) P. 0. Box 1605, Tacoma, Wash.
Gold, silver, and copper ores and concentrates
for treatment at the Tacoma smclter.

(3) 405 Montgomery St., San Francisco, Calif.
Gold, silver, lead, and lead-copper ores and concentrates
for treatment at the Selby, Calif. smelter.

(4) East Helena, Mont.
Gold, silver, and lead ores and concentrates
for treatment at the East Helena smelter.

American Zinc, Lead & Smelting Company
Ore Buying Department
1600 Paul Brown Bldg., St. louis 1, Mo.
High-grade lead and zinc concentrates.

The Anaconda Company
Anaconda Reduction Works
Anaconda, Mont.
Gold, silver, and copper ores and concentrates.

The Bunker Hill Company
Ore Purchasing Department
P.0. Box 29, Kellogg, Idaho
lead ore and concentrates:; zinc concentrates.

The Consolidated Mining & Smelting Company of Canada, Ltd.
Trail, Brirish Columbia
Siliceous gold ore (this plant formerly treated
lead-zinc ores from the United States, but not
under current tariffs governing entry of lead
and zine products into the United States).

Inspiration Consolidated Copper Company
Smelting Department, Inspiration, Ariz.
Copper, gold, and silver concentrates.
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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. 0. Box 1980, Salt Lake City 10, Utah
Lead-zinc milling ores.
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