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need approximately 45 percent more copper in 1970 and 110 percent more by 1980
than was consumed in 1960; similar projections for lead indicate increases of
20 percent by 1970 and 45 percent by 1980; zinc projections are 40 percent
more by 1970 and 90 percent by 1980. Much of the production of gold and sil-
ver 1s a coproduct of base metals recovery and the pro;ected need for the

INTRODUCTION

A nationwide investigation, completed in 1964, was made to establish
quantities and sources of reserves and potential sources of ores of copper,
lead, and zinc and their coproduct and byproduct metals, These quantities .
were classified according to metals in the ore reserve or potential resource
;he quantitles were further cataloged as to mining method., Past and 1963 pro-
duction is reported along with prbjections of future consumption,

The investigations were made to establish realistic ore reserve and

- potential resource estimates for copper lead, zinc, s11ver, and related
metals, The results indicated the adequacy of the resources as related to
consumption and the probable trend of future development.

The ecomomic status of the nonferrous base metal industries is dependent
dpon compllcated factors having both domestic and international implications.
The terms of the avallablllty for the resgources are necessary factors to be
used in planning such national policies gs tariffs and 1mport quotas, materi- -
dls for international barter, trade agreements, domestic subsidies, depletion
al]owenees, stockpile allotments, emergency requirements and price controls,
procureﬁent, and regional economic plannlng.

Some of the problems affecting the development and exploitation of the
potential resources are noted with the view of providing data for guidance of
pollcy, industrial planning, and technologlc improvement, Potential resources
could chome commercial raw materials if solutioms could be found to many of
the problems.

The investigations were conducted by persomnnel of the Bureau of Mines
Mineral resource offices, (See appendix.) Mining engineers obtained the
reserve and potential resource data from.many sources but mainly by contacting
mining company officials., Because many companies demanded that reserve infor-
mation is confidential, company names are not mentioned, Published and unpub-
lished reports, State an& Federal Government records, or estimates of the:
engineers were used when 1nformat10n could not be obtained by personal con-
tacts., In all cases the data were appralsed and final estimates adjusted
accordlng to the best knowledge available,

Investigative work was completed in 1964, Data from the eight Mineral
Resource Areas of the Bureau of Mines were compiled in the nationmal estimate
in January and February of 1965, 7Tn addition to estimates of reserves and
potential resources, engineers of the various areas supplied production data

DUP040008946




EVALUATION OF DOMESTIC RESERVES AND POTENTIAL SOURCES
OF ORES CONTAINING COPPER, LEAD, ZINC,
AND ASSOCIATED METALS
by

F- :Dc Evereﬁ‘ Ond H' J,o Benneﬁz

ABSTRACT

This report summarizes the results of a nationwide imvestigation com-
pleted in 1964 to determine the nonferrous base metal ore reserves and poten-
tial sources of ore and to evaluate criteria for their ultimate exploitation.
Engineers of the Bureau of Mines contacted mining company officials, reviewed
repotts and Governmment records, and where mecessary made personal appralsals
in arriving at the results, The estimates are presented by metals in ores in
geographic regions and@ include some of the problems affecting the reserves and
poténtial sources.

The recoverable metal in the measured ore category and in the total ore
reserves was estimated as follows:

_ Metal; 1,000 toms
Metal S | Total measured,
| Measured reserves indicated, and
. o : . | inferred reserves
C-b:P_p-erppv-'cpoo.p.o.c . 21,990 - o I 74,700 ’ »
Lead.l.p_“."'_.l.C- 570 30,600
ZiNCovesesonnsaces | 2,680 | 21,980 _

At the 1963 rate of domestic mine production these total reserves would be
adequate to provide copper for 62 years, lead for 121 years, and zinc for 42
vears., Data also are given for gold, silver, and other coproducts, :
Regerve estimates greatly exceed those of previous investigations; some
‘prior estimates of copper reserves are included for comparison (table 23),
Projections of requirements for base metals indicated the United States will

TProject coordimator, Area V Minmeral Resource Office, Bureau of Minmes,
Demver, Colo, ,

®Mining engineer, Area V Mineral Resource QOffice, Bureau of Mines, Denver,

:OIOU ”

Work on manuscfiﬁticbmpiéfed_Aprii 1966.
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shown in copper until just before 1900 when production began from deposits at
Bingham Canyon. The change in 1905 from underground methods to surface mining
of the large disseminated deposit in the district stimulated development of
other "prophyry" type deposits that have yielded the greatest production of
copper ‘in the United States.

re supplled an addlt:i.onal 20 percent. Oompam.es Were
¢ requirements from mines in the United States uxtil
e needs necessitated myort:mg icopper. Since then
epended parrtly on imports except for the brief

e Unite& States was a met exporter of copper,

]?rodugtlon data by States ].S glven in table 1

5 ‘; and pr 1ce .

Six States accounted for 98 percent of the total 1963 mine production of '
copper: Arizona, 54 percent Utah, 17 percent; New Mexico, 7 percent; Nevada,
7 ]percent Montana, 7 percent and M:Lch:t.gan s 6 percent,
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FIGURE 1. - Price, Production, and Consumption of Copper in the United States, 1885 to 1963.
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and evaluated problems of the industry. Comsumption prOJectlons were provided
by the Minerals Division of the Washington Office. .

The status of nonferrous base metal reServes and potential resources is
Qontmnually changlng. 'Teéhnologic dmprovement and expanded development have
‘ i ) { rves in Montana, Nevada, and New Mexico. These
urces of ore, mostly in Arlznna, Michigan,
ah, are in part responsible ffor a large difference
te of reserves and that of the President's Materlals
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‘HISTORY AND PRODUCTION

‘ Copper

Copper was being fashioned into jewelry and crude farm and defensive
implements by the Indians of North America prior to settlement by white men;
the first copper was produced by colonists at Simsburgy, Conn., in 1709 (8)
After the rich ore deposits of the Upper Peninsula of Michigan was discovered
and exploited in the early 1850's several thousand tons of copper were pro-
duced yearly. By 1880 the copper industry was firmly established in the
United States with the Calumet and Hecla Mining Co, producing half the domes-
tic output from ore deposits in Michigan which contained as much as 400 pounds
of copper per ton.

Following the development of rich gold placers in Montana in the 1860's
and of silver deposits in the 1870's, large copper deposits were found at
Butte, Mont.

The copper industry of Arizoma also began in the 1860-80 period when
oxidized silver-copper ores were developed by FPhelps Dodge & Co. Production
of small quantities of copper in Utah began about 1870 but little interest was

BUnderiined numbers in parentheses refer to items in the list_of references
at the end of this report.
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discoveries and ultimately to development of the major central and western
lead-mining districts such as the Tri-State district of Missouri, Kansas, and
Oklahoma ; Bingham Canyon, Park City, and Tintic districts of Utah Leadv111e
distriet of Colorado; and Coeur d'Alene district of Idaho.

Lead was only an incidental metal in most of the early organlzed western
districts, being associated in bres valued for their gold and silver content.
The p']i‘ us metals, although now usually secondary in value, are important
coproducts in Tead production, .

s

Following World War I ores containing easily recovered lead-metal were
nearing depletion, and smeltér penalties for zinc content often offset pay-
ments, for the lead and silver values in complex ores, At that time selective
flotation con bn”f-a ion was developed which enabled the separating of lead and
zinc in: comp”l x ores, and dL—pOSltS formerly cons:(.dered unworkable were able to
yield profitable praductxpn. .

Domestic fmine production of recmrerable lead reached a peak of 684 000
tons in 1925 and 1926, and subsequently declined with the most recent peak of
496,000 'tons in 1942. Secondary production has steadily increased since the
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FIGURE 2. - Price, Production, Imports and Consumption of Lead in the United States,
1885 to 1963.
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TABLE 1. -~ Copper production and ranking by States
. L Productlon o B
State | Total recoverable |Ranking | Total 1963 | Ranking
o .metal (short tons) | .| (short toms) |
,,Alabamat..,.........,_.......  64 R T R ' -
,Alaslcaocmo-q--ooco--n.-.-- i 686 084 7 - el
Arlzcnﬂ.m...‘..-..-.o--... 19 037 663 l 660,977 1
Californideicsssssscoscsae | 640,848 8 916 11
C‘Dlo_ra_-domc-;.occgq.-oo;-n. 311 875 10 4 169 9 «
GEOLBiAesnssesncccoccnanae | 1,117 21 -
. I hb .O‘Q.,w‘a-u_vo.'y_o’o--_o-,-,ooa.ov! “ ; # 11 4 172 8
‘nod‘gb‘mo_o._‘o.-o.n_-_-ougrou.cjo- ] 22 - -
d -o--no.bcoc»ooa.o‘ 23 - -
g&l‘i.--...o.-.uo....‘ 5 625,Q00 !i- 75,262 6
T eisaennnnnnconses 54,434 15 1,816 10
'.‘Otoop.aooooooopogcl 1 3 79,762 5
““";l.l“ﬁlll“ 5 81,738 ll'
1..p$hirelucopuov—occc : 24 - -
cho..osao‘oc-monnlc 6 83,037 3
3.&;:"015_.!18..-;-..@-.-.. 14 (2) -
18 ) -
] nla esevesccnsses _3 13 - -
ai. O'llna-.---...---- ‘ 27 - -
Da5k0ta..‘.....o....- 1 25 ) 1 -
{Sele,,._......_......_......i 9 13,717 7
PdestoeseessNeces e 3 19 - -
#doeeseevssnsencssese 1 8,813,172 2 203,095 2
T ssese0sebessiseise | 44,292 16 : - -
187 sessoesesoesossoe 1,183— 20 - -
BLONusecseosnracnsas 121,855 12 * -
_‘__"_COOQIDOIIQIQOOOOI-! ] 16,2:25 17 - -

é ‘than 70 tons.

| not -available prior to 1907.
Data concealed to avoid disclosing individual comparny

Lead

Records indicate that lead mining within the present boundaries of the

United States started in Virginia in 1621.

In 1659 surface outcrops of lead

ores were discovered in the Uppér Mississippi Valley district in Wisconsin and
Surface mining began in south-

northern Illinois with mining starting in 1690.
In 1867 deposits at depths over 100 feet below the

east Missouri about 1700,

surface were exploited by the St. Joseph Lead Co.; this entefprise expanded to

become the most productive lead-mining enterprise in the world,

In 1963,

southeastern Missouri was the leading lead-producing district of the United
States and is one of the three leading districts of the world (9).

Completion of the first railroad across the United States in 1869 marked

‘the beginning of significant expansion of the mining industry.

Vast unex-

plored regions were opened to prospecting which resulted in many mineral

DUP040008951



About 1850 the New .Ier'sey Zine Co, developed -zinc mineral deposits and
began producing ore at the Sterling Hill mine in New Jersey; later, other
properties in the Eastern States had zine ore production, The first commer-
cial production of the smelted zine was by the Lehigh Zinc Co. of South
Bethlehem, Pa., inh 1858

Between 1860 ‘and ‘1870 several important developments influenced the pro-
dnct_io\ of zipne. At lagSalle, T1l,, zinc ores from the Upper Mississippi
‘ trict were successfully smelted in 1860, The first domestic gal-
was. done in 1864, and zinc ore from Missouri was first mined neat
Joplln in 1872.

Three outstanding technological advances contributed to the development
of the domestic industry between 1900 and 1930. The first commercial use of
the electralyt:.c deposition of zinc metal was made in 1914. Two years later
 the econcmic applicabll:.ty of this method was proven by The Anaconda Company

at Greai: lls Ment. R where cheap electrlc POWEE Was avallable. A selectlv_e

Also , ‘the feductmn of zine ores and cencentrates by contmuous dlstillation
in Ve.r‘l:i?‘ ? etorts is a sxgn:.flcant technical. 1mprwement in the reduction of
zine orés and eoncentrates.
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FIGURE 3. - Price, Production, and C-ons'umpﬁ.on of Zinc in the United States, 1885 to 1963.
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firsk recorded production in 1907 and imports abruptly increased in 1940,
During 1963, domestic mine production comprised 22 pércent of domestic supply;
imports, 34 percent; and secondary lead, 44 percent, Lead production, con-
sumption (including. secondary as well as primary lead), imports, and price
trends are shown in figure 2, Table 2 contains data for comparlng by 8tates
the past and 1963 prodiction.

TABLE 2, - Lead production and :aﬁking by States

Production . —

State | Total recoverable | Ranking| Total 1963 |Ranking
e o _metal (short tons) . (short tons) _
AlasKasseeesesasosanoensss | 25,000 1. - -
Arizonao_t,'--u.c,q 2o nsesibvesrs ' . 627 559 - 8 ‘ 5,815 5
Arkan_sas.-c -_o_c_-pcop_--oc.-:;oa 293333 17 - -
Californiac [ERE N KFREWIRNFYE) 264,699 13 823 17
COlOrad’.'o......-.-...u-... ] 2 816 407 4 . 19,918 li»
- Idaho.“.."...‘...‘Q...“ N 7 171 859 2 . ) 75,759 2
: T11in0iSeecscossnsocssncas . 486,515 9 | 2,901 10
IOW&..,..,-,.‘..,....-_-..,...-.. ; 600 24 - ’ -
KansSaSseessevscroosocsasos | 645,164 . 7 1,027 1 13
Ke‘nt-ucw.,"o-.a‘-_aa-o"_c_ial 5,484 20 831 - 16
Maine Sssc0esssRsrssaerssen - : . - = ] -
M:LSSOUTEL.-....-- eesesvence 10;332,858 ' 1 | 79,844 . 1
MOTEATI® ¢ s s sosnsesssosonsanes - 928,000 6. 5,000 7
NeVAda, eesoovcsssescncanos 393,547 11 1,126 11
New Hfa Pshirel eevsesenisnen 132 . 26 1 . - -
New MeXiCOsoeoevssccnscsse | - 337,430 12 1,014 | 14
New YO,Tki 6sssnssscespivay 48,108 16 : 1,009 15
Nﬂrth Ca‘rﬂl’ina'-;-.ci.oo devew ‘ 13044 22 ] 62 18
Okl.ahoma. seevisvaccesoneies | 1,291 ,5:70 ’ 5 3, 192 9
Oré:;gdnf.._._..;_..,--.p._..-..-,.'u ; 830 23 - -
South Dak@ta_.,.;......,- -,b‘oc i 504‘ 25 ] - ] ~
Tenh‘.ES*See- sssesseeessnpeew 27 ’143 18 1 - -
'Te&é.S.«..-....--..-....... 5,450 21 - ol
UtahJ.n..-.-u....-.,.-.... 5,194,650 3 48,028 3
Vermont’ seecoeeersesvsncas | o= ' - -
'Vlrglnnal...,.............} 142 354 15 3,500 8
Washington.eeseeessecassas 227,014 14 5,374 |
WistonsiNeeesssococsosenes 430,000 e | 1,116 1 12

iData not available for productlon prior to 1907.

Four States accounted for 87 percent of the total 1963 lead production:
Missouri had 31.6 percent; Idaho, 30,0 percent; Utah, 17 6 percent; and
Colorado, 8.0 percent,

Zine
Zinc minerals in quantity were found originally in association with the

lead ore mined., In the early period of lead mining, zinc was comsidered a
nuisance metal and, where possible, generally was avoided (7).
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Placer gold, discovered in California in 1848, precipitated the famous gold

rush of 1849, By 1853 the United States was the leading gold producer of the

world, a position it ‘maintained for 50 years.. Gold was discovered in Alagka

Z.I.'l 1869 and :meqrtant production has come from several districts (14, p. 7).
: d

rtzes in vj:he Unlted States in 1964 were the

s]aqwj eﬂ.ds, price and source. Table 4 conta:.ns data for camparlng by
st and the 1963 productlon.
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FIGURE 4. - Price, Production, and Source of Gold in the United States, 1885 to 1963.
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Domestic mine production of zinc was sufficlent to supply demand untll
about 1939 when domestic demand began to rely upon imported zinc.

Zinc production, consumption (primary slab zinc plus zinc contained in
plgmentS‘made dlrectly from.ore),‘and prlce trends are shown in flgure 3

cent Colorado, 9
ey, 6 percent,

VW%, Utah, 7 ?ercent Mnntana, 6 percent, and New Jéd

TABLE 3. - Zinc production and ranking by States
| - bt
State g Total recoverabie Ranking " *beél 1963‘ Ranking
— metal,‘ hort tons) N )

Arlz.ona.........---..n.---.;v . 938 592 : 13 N 9

.Ark.&nsﬂs«vo...aoaloacoooo-o‘ ,928 22 o -
Ca].]fol?nla....-.. saevessoe 150 676 18 101 20
Coloraﬁo.._... seososseroenenn 2 058 963 7 483109 4
Ida:ho;..._di.oog..f..,lc_‘g)o.p-_c‘ ! 2 400 930 6 63,267 2
Il].i'neis.- roesvpsscenec s 376 ,ﬂBl 17 20,337 12

IOWBL@...-.,-..»...-_--'co-"-.,.__. 130)600 19 - -~
'Ka.Il,S_&js_...:..g....s._._.,_..j.'.‘._.. 2 863 253 4 3,508 16
Kentucl{y'.......'".'..“I | 37 825 21 " 1_’461 17
Malmel.............-.-.... - - -
MiSSOUTicsesccccssccessses :3,6397,403 3 321 19
HOnt‘a.Mc R ERE Y PR YRR 2,742,000 5 32,941 6
Neva&am---- cevosseninsnose 483,925 15 571 18

. NeW HaImPShirel,_.,..,.,_. ceso e - - - -
New Jersey  sueeecesessncas 3,988,323 2 32,738 7
New ,Mé:KiCOpcon_h_a sesvosssee 1,26‘7,187 11 12 938 15
New chfka';p-p-u.coraaoobc_co 13418,221 10 53 495 3
North ﬁa'ro'._lina.,.,--..,,-...a.,. ] 13 26 13 ' 21
Oklahmooooooocnoooucntco ) 5,159,079 1 13 245 14
Oregonuaccooocnocoua-‘-o-- 176 25 3 22
Pentisylvanialeseeeceesases | 117,401 20 27,389 8

South ]}ak»Otaooo-‘poooocon- | 265 24‘ - -
-Tennessee.........,..,..,. 1,692,861 8 95,847 1
T:exais,‘oni_'c,c_oc.l..-..co"-:o es e . 850 23 - - ‘
Uta:hppqnaobgooboo_oc-i.o.o,o_-ao 1,621,189 9 - 36,179 5

VErimDﬁi- Seessecsvocnssssiw | - - - -
Vlrginlal................. 710,905 14 23,988 10
Washunpton................ 483,682 16 22,270 11
HWiSCbNSiNeeeosssesoesssscse 1,155,000 - 12 15,114 13

1pata not available for production prior to 1907.

Gold

Historical records indicate that gold was reported by the early explorers
in the southwestern area and the eastern Appalachian area of the United States
in the latter part of the 16th century and the early part of the 17th century.
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FIGURE 5. - Price, Production, and Source of Silver in the United States, 1885 to 1963.
TABLE 5. - Silver production and ranking by States
e Production .
State Total recoverable | Ranking Total 1963 | Ranking
. metal (1,000 ounces) | 1,000 ounces) |
A]L_abam«o.oq--c.-o--;o. R i 6 25 - ‘ -
Ala Ska PSS e VNAEDROED S e 1 20 ’300 10 - -
AI?izona seseesee o sedase 37 5,260 5 5,373 2
CEllifornia [ EEER R NN NENNEN)] . 119 ’307 7 157 10
C‘Olcradoyop'b-p.b--ci-.g e 772,861 3 2,307 . 5
Géiorgia...@-....._.’_.... 17 24 - -
Idah-Oa IR ENENENEN NN NNE) 769 ,274 4 16,711 1
I]Llinoj-sv S0P OVPEOSP OSSO S | 158 21 - -
Kémtucky. shesesevce s | 5 26 2 16
MELinez..O':’..'!Q‘."".";. E - - - =
Mchhigano sSevescesorecy 12 » 196 ]-2 339 7
M]"L'sscurvi-nn-_uyyoobn_‘.. » ‘8,459 14 132 11
Mcnltana,,n sSeweeREeR RS GO 841 ,699 1 4,242 ll'

See footnotes at end of table.
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TABLE 4. - Gold production and ranking by States

, Productlon . .
State — Total recaverable Ranking | Total 1963 Ranking.
— ‘;metal (1,000 ounces) e ] (1,000 ounces) |
Alabama...............“ 50 17, - B S
Alaskaa-»v--aonuaouaoo“ ] 4’ 100 ’ 4
ATiZ0NA0 00 sessnscssaoco | 8 140 - 3
Californidesecssescese i 87 6 7
COlOradO-oco-ooopoopoc 2 3“!" 7
. yrgﬂ-aOUUw-ooolcovc--c.- 14 - -
Ida-ha""‘.."“‘.‘...‘ ‘ 9 5 10

‘:‘.,.”é”"nctao-u-c.-oo--- : - - -

‘ “‘;'l.onn-uo.tccocou‘ 5 19 : 8
mo-coo-oasoqoad- 7 99 | 5
np.sh:l.n‘:'e ssecvese - ] - -

i 12 - 8 9
.Carollna........ 13 | ) -
6 accenssscovecas 10 ] -2 {1 11
vania® . eseeeens 16 * -
Sou h‘Qarollna........ 15 - -
South DaKotasssesoses 3 577 1
Tﬁm ‘seeounw"p‘oo-ca 18 ; (3) -
) sS4 sssn0seepsseron 20 . - -
oo s e ssoensen 6 ] 286 T . 2
_o:;aoupaaopulc;-' 21 - had
nia lnqcooonauo-oa 19 - { -
EtONasssescoosncs 2 99 .1 5
:O}L]_mate,, T AL o S

)ata not available for production prlor to 1907,
‘ s than 150 ounces.

iuded w1th Washington.

Gduction for 1957-63 not included.

Silver

Rich deposits of silver ore were discovered and exploited in the Western
United States in the 1860's. These discoveries included the Comstock Lode,
Reese River, and Eureka deposits, Nevada; Tintic and Park City deposits, Utah;
Leadville dep051ts, Colorado; and many others. Production from the Coeur
d'Alene district, Idaho, started in the mid-1880"s (8). 1In 1963 this remained
the only major area in which ores were mined chlefly for their silver content.
In 1963, 67 percent of the domestically mined silver was recovered as a
coprcduct in the treatment of base metal ores.

The historical trends of the domestic silver-producing industry are shown
graphically by production, price, and source in figure 5,

Table 5 contains data for comparing past production and 1963 production.

DUP040008957
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Inferred ore: Ore for which quantitative estlmates are baged largely on

a broad knowledge of the geologic character of the deposit and for vhich there
are few, if any, samples or meagurements. These estimatés are based on an
assumed ; continuity or repetition for which there is geologic evidence; this

evlde ce may‘inc“ude comparlson with deposlts ef szmllar type. Mlneral bodies

Potential (Submarglnal) resources‘ Material that may become a mineral
(ore) reserve Wlth improved economic conditions or by advancements in the tech-
3 of mlning‘an,hmetallurgy enab11ng more econcmlcal productlon methods.A

Potential re“qurces equals marginal plus submarglnal plus latent
regoutces, (Noi latent resources are included in the estimates made

for thls{repqrt.)‘

Classification of Ores

Definitions of ores as pertain to reserves and potential resources in
this report were taken from c1a951f1catlons published in the 1954 Bureau of
Mines Minerals Yearbook (&) Detalls of the classifications follows

Copper ores include direct smelting ores containing 2.5 percent
or more recoverable copper, and ores and tailings concentrated or
leached chiefly for their copper content. Ores leached in place br

. ores for which tonnage cannot be calculated are excluded; slags
- smelted for their copper content are included.

Lead ores include direct smelting ores containing 5 percent or
more recoverable lead, 1rrespectrve of the precious metal content,
and ores, tailings or slags that are concentrated chiefly for their
lead content. '

Zinc ores include ores and tailings that are concentrated
chiefly for their zinc content, irrespective of the precious metal
content., Virtually no zinc ore is smelted directly except for cold
slags, which when fumed are classified as smelting ore and may con~
tain as little as 5 percent recoverable zinec,

Orgs-pf'Base Me;als

Coppetr

Copper ores are classified as ores containing native copper and sulfide
and oxidized minerals, The principal oxide mineral of copper, cuprite (Cuz0O)
s found at many deposits but is not as abundant as the oxidized minerals in
the form of carbomates, sulfates; or silicates. These include (1) the carbon-
ates, malachite and azurite; (2) the sulfates, brochantite, chalcanthite, and

kronkite; and (3) the silicates, chrysoecolla and dioptase (6).

DUP040008558
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TABLE 5. - Silver production and ramking by States--Gontinued

‘ o . Production. =
State ~ Total recoverable |Ranking | Total 1963 | Ranking
. metal (1,000 ounces) _ (l GOO ounces) N
'Nevada.....,..........‘ T 605,165 B 215 9
Ne’ﬂ HElmPShil‘.‘e EX X R NY ] el » ‘ - ’ -~ hd
e‘ﬂ ME.X:LCO.....-.-....... 73 181 8 ‘ 256 ) 8
3 ‘ ﬁm\coouoooccu--“ 1 100 . 17 E 2‘0 15
; Carollnacuooopoo ‘ #?3 19 (3) - //
Il-omnchogt.o.oo-o 5,381 ' 15 . ] 58 14
‘ 347 1 20 | (4) -
40 23 -
2 11,875 13 117 12
§8C seennsrennnes. 4,079 16 108 13
“o;\oa.-.oa.-ooo 5 33,309 9 ’ ’ - -
p.aon-o-o--ococo‘ 823’225'9 2 4,791 3
t-zoctoyo.ocnpuo.o ’ 508 . . 18 - -
? T\‘Opp..i‘..li_‘ . 96 22 T -
‘}oaco.o-o.co.-o]-‘ i 516 391 L i 11 X 374 6

hvallable for production prior to 1907,

ed ‘to avoid disclosing confidential 1nformation.
d With'Washlngton.

ction for 1957-63 not imcluded,

ORE, RESERVES AND POTENTIAL RESOURCES OF PASE METALS

Definitions

Definitions of ore reserves and potemtial resources and the classifica~-
tions used in this report follow:

Ore reserves: Material that can be mined, processed, and marketed at a
profii: under the economic and technologic conditions prevailing at the time
of inquiry.

Measured ore: Ore for which tonnage is computed from dimensions revealed
in outerops, trenches, workings, and drillholes and for which the grade is
compuied .from the results of detailed sampling. The sites for inspection,
sampling, and measurement are so closely spaced and the geologic character is
so well defined that the size, shape, and mineral content are well established,
The computed tonnage and grade are judged to be accurate within limits which
are stated, and no such limit is judged to differ from the computed tonnage

- or grade by more than 20 percent,

Indicated ore: QOre for which tonnage and grade are computed partly from
specific measurements, samples, or production data and partly from projection
for a reasonable distance on geologic evidence, The sites gvailable for
inspection, measurement, and sampling are too widely or otherwise inappropri-
ately spaced to outline the ore completely or to establish its grade
throughout,

' DUP040008959
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Replacement occurrences include (1) massive deposits as at Bisbee, Ariz.,
Bingham and Tintic, Utah, and Ducktown, Temmn,; (2) lode deposits as at '
Superior and Bisbee, Ariz,, and Butte, Mont.; and (3) disseminated porphyry
deposity as at Bingham, Utah, Ely, Nev., Ajo, Miami,, Morenci, Ray, S5an Manuel,
and others, Ariz., and Santa Rita, N. Mex.

Lead and Zine

The important lead and zinc ores in the United States occur either as
replacements or cavity- and fissureﬁfilling deposits (3). : o

Replacement deposits commonly occur in sedimentary rocks as mineral
replacement of limestone and dolomite, These deposits are lower in grade but
1arger in tonmage than the cavity- and fissure~filling deposits. Structurally,
they are often flat lying or gently dlpplng deposits best exemplified in the -
southpast Misgsouri lead belts and the Tri-State zinc-lead district of Missouri,
Kanéas, and Oklahoma, Many other replacement deposits, such as the massive
type, occur’ at Leadwille, Colo., and at the West Mountain (Bingham) and Tintic
districts in Utah, or in vein type as at Park City, Utah; Coeur d'Alene,

Idaﬁo and Frank11n$ N. J.

Cavity- and fissure-~filling deposits can be subdivided into (1) fissure
veins as in the San Juan mining district, Colo., (2) brececia filling as at
Jefferson City and Mascot, Tenn., and (3) pitches and flats as in the Upper
‘Mississippi Valley of Illlnols and Wisconsin, ,

Compilation of Reserves and Potential Resources

Ore reserves and potential resources are reported by quantity of material
and by gross content of metals according to the applicable mining method and
type of ore. No estimate is included of the low-grade oxidized or sulfide
material surreounding minable portions of porphyry or disseminated copper
deposits. Improvements in technology may allow these weakly mineralized
materials to be a future source of metals,

Estimates of reserves and potential resources must be considered as con-~
tinually changing according to economic and technologic influences., Base
metal reserves and potential resource data for copper, lead, zinc, silver and
associated gold in these deposits in the Unmited States, as estimated in 1964,
‘are contained in table 6, Tables 7 through 12 list the reserves and potential
resourcés by geographic regioms. Cdmblnatlons of certain areas were necessary
to avoid disclosing confidential company data. Tables 13 through 21 concern
distribution of the reserves and potential resources by types of deposits.
Figures 6 and 7 show general location and type of deposits containing the
reserves and potential resources.

Where appropriate the quantities listed in tables were rounded; the
measured and indicated quantities in both the reserve and potential resource
classifications were rounded to contain a maximum of four significant figures,
and the inferred quantities were rounded to contain 2 maximum of three signifi-
cant figures,
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Sulfide copper minerals include chalcopyrite and bornite (each containing
iron as well a& copper); enargite, containing arsenic; and tetrahedrite, con-
taining antimony. Chalcocite, a secondary mineral, usually is a contituent of
the richest sulfide ore.

Mixed sulfide and oxidized ores normally are processed by milling, smelt-
ing, and ref ning. Oxidized ores are usually treated by leaching and the cop-
per is recovered from solution by electroly51s or-chemical precipitation (16).

p

Lead and Zinc ' ' o

Lead ores may be conveniently segregated as comprising oxidized and sul-
fide minerals. Some ores contain but one mineral of lead, such as cerussite
or galena; however, minerals of lead, irom, zinc, and sometimes gold, silver,
and copper are often associated together in complex deposzts 9. =

Galena (PbS) is the most common lead mineral ; when pure it contains 86.6
percent lead. The oxide~type minerals, anglesite and cerussite, are usually
found in the oxidized or near-surface zone of deposits,

The most important zinc mineral is sphalerite, and its oxidation products
are the minerals smithsonite and hemimorphite. Zincite, willemite, and
franklinite, zinc oxides and silicates, occur in a separate group of deposits.
Ores of zinc often include minerals with lead, 31Lver, gold, copper, iron, and
other metals. -

Complex lead, zine¢, and copper ores usually are concentrated by means of
selective flotation. The metals are recovered from the concentrates by con-
ventional smelting and refining processes, High-grade oxidized ores are
usually smelted directly but can be concentrated by gravity methods prior to
smelting., Gravity concentration of lead~oxidized ores has yielded satisfac-
tory reeovery, but gravity concentration of zinc-oxidized ores has not been
practical.

Mode of Occurrence of Base Metals
Copper

Most copper occurrences (3) are related genetically to hydrothermal solu—
tions associated with igneous intrusions, Disseminated deposits of this type
include cavity fillings and replacements with the majority of deposits classi-
fied as the replacement type.

The White Pine deposit in Michigan, which is in Precambrian shale, has N
geological advocates for both hydrothermal and sedimentary origim (17).

Cavity filling deposits are subdivided into the following types:
(1) Fissure veins as at Butte, Mont.; (2) breccia filling as at Bisbee, Ariz.;
(3) cavity fillings as at Bisbee, Ariz.; and (4) vesicular fillings as in the
Lake Superior district in Michigan.

" DUP040008961
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TABLE 8, - Reserves and potentlal resources of copper, lead, zinc, 511ver,

~and the associated gold in deposits of Arkansas,
Kansas, Missouri, Oklahoma, and Texas '

Crude ore and

~ Reserves (1964

gross metal , y .| Potential resources (1964)
content, 1, 000  [Measured | Indicated |Inferred [Measured |Indicated |Inferred
ety () | () | 193,000

' *)
2,390
90
..’Ct’l.“'doj.l ] 1 290

‘-aov;lnccodOu--, ;

?Small quantlh,

Fn for thls pubff
s are present.

720

TABLE 9. - Reserves and potential resources of copper, lead, zinc,

silver, and the associated gold in dep031ts ofArlzona,

Colorado Nem‘Mex1co, South Dakota Utah and Wyomlng

Crude ore and
gross metal

Reserves (1964)

Potential reSOUrces_(1964)

. content, 1,000 [Measured { Indicated |Inferred |Measured|Indicated [Inferred
units _ . .
Crude ore.....tons..|2,752, 000 856, 700 913,000 {103,400 { 991,600 1,750,000
Gold, seessssounces,,; 9,970 3, 480&~: 4,030 20 450 1,510
8ilver.ceseceeedDosnes 183 300 110, 000‘ 211,300 1,510 11,09¢ | 119,000
COPPETsaseroaotons.,| 21 39d 4,930 | 6,470 610 3,460 7,800
LeadeessasacnsadOon,| ‘ 690‘ﬁ 870 40 | 110 520
Zip@,‘;,..;...,do,;.j, _A97Q[_> 1 OQMLf; 1,690, 80 1 . 290 820
TABLE 10, = Reserves and potenﬂial resoutces of copper, lead,
zine, lsilver, and the associated gold in
deposits of (California and Nevada
" Crude ore and o ~
gross metal . Rederves (1964) _ Potential resources (1964)
content, 1,000 Measured | Indicated [Inferred|Measured|Indicated |[Inferred
units | I (. _ .
Crude ore.....tons..| 135,300 | 43,660 | 77,100 |. 230 10,760 | 17,100
Gold,.......0unces.. 490 . 450 | 1,980 | (*) 140 400
Silver.eeeeesed0ese.| 2,870 | 24,380 | 88,000 | 100 15,010 | 27,300
COPPETeceesrestons, . 890 230 550 10 40 | 210
LeadeceeasoscsedOoss 10 . 60 160 | (*) 140 120
ZinC.oeessecesasd0as, | 10 140 | 170 _10 _ 230 | 480

1Small quantities may be present.
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- Reserves and potent1a1 resources of copper, lead

21nc, ‘silver, and the associated gold in '
dep031ts of the United Statesl

rude ore and
gross metal

Reserves. (1964)

Potential resources (1964)

content, 1,000 |Measured Indlcated Inferred ‘Mbaenredendiggted Inferred
_ { 13, 170 ngségékﬁ"' 00 |15, 100, 000
Goldseses ounces..» 10,8301 4 ‘ 6,530
s ?lgﬁ,adp..., 346,300 299 395 000

2, 510‘7

57,200

Crude ore and _ _
gross metal , Reserves (1964) - Potential resdurces (1964)
content, 1,000 [Measured 'Indicated Inferred |Measured Indicated| Inferred
units ‘ . e —

Crude ore...tons.. 5§£o7o ' 81§gooo 13 470 560 140‘700w‘64;0?0":19,300,000
Goldesssosbunces..| (%) [ ) ) ®) - 40
Silver®...,.d0..es| 1,110 34 720 5,050] 9,220, 720 36,000
COPPELssaesotOnS., 160 8,660 39,500 2,280 80 45,000
Le:ld.-cndooo'd00¢‘ 20 : 90 50 (?) \ 30 80
ZinCueseaoscsdOsvs 1, 880 6;9&0 7,9401 100} 2 100_ 3,980

lStates 1nc1uded in totals are Alj
Maine, Mlchlgan, New Hampshlre,‘Ne‘

Pennsylvan

2gmall’ quentitles reported,
‘ECopper metal produced in Michigan contains silver of which only small quan-

tities are reccvered

ama, Georgla IlllﬂOlS, Inélana, Kentucky,
w Jersey, New York, North Carolina,
, Tennessee, Vermort, Virginia, Wlsconsin,

This szl%er is not included in the estimates,
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| ;n,lead 4@9981Fs Di_the_UeeFed.Stﬁtes |

Crude ore and

gross metal ___Reserves (1964) Potential resources (1964)
econtent, 1,000 Mea@uﬁéﬂVlﬁﬂiééted‘TnferfEdngaSUréd‘Iﬂdinaféd'inferréd
_ . units e ‘ i P S
Crude ore..o....rons.."" 510 421 500'}680 OOUfﬁ‘l;QIO T1,180 157 000'
GOLd..I!.‘O'OlounceSOo (l) : 10 | (1) ‘ 10 i 320
Sllver-..-.--.-.d()...- 10 750 | ! ‘ 1 050 1r5 170
Coppe‘r.......... ..... ’ ( ) i 100
L- £ d"lll.’..l.,ldollﬂ 60 1 l}GO
' 1) 170

" Crude ore and
gross metal

_Reserves (1964)

Potential resources (1964)

content, 1,000 Measured|Indieated|Inferred|Measured |Indicated{Inferred
units . . . - N

Crude OF€,...ss.tons..| 32,330 | 116,900 {229,000 | 6,350 | 55,720 [120,000
Goldessseeeeesounces..| (Y | &) 1 &)Y | M 30 30
8ilveTressenseseedOese.| 100 | 120 300 | M) 100 | 580
COPPerasscssseestonsss| (*) *) ™) *) ) 10

Lead..-....-.-..odoon_ (1) (1) ] (1) (1) (1) i0 -
ZA0C.1.seseasesaedo...] 1,330 | 5430 | 7,320 | ‘140 | 2,110 | 3,690

* Small amounts may be present.

TABLE 16.

- Reserves and potentlal resources contalned in

Crude ore and
gross metal

-Reserves (1964)

_Potential resources (1964)

content, 1,000 Measured “Indicated |Inferred|Measured |Indicated |Inferred
units . . N b . B
Crude OT€ss.s...tons,. 15,900 ~70,010 260 710 9,490 | 4,800
Goldeeesessssecounces..| (1) | (¥) ) &) 150 10
BilVeTeseesvesesd0sses| 1,610 | 5,260 640 *) 410 730
COPPET qeesonecestOnsS, "230. 820 10 10 60 50
Le8d, eaeenocesesedOass| (*) ™) ™) ™) M ™
Zi0CasansssserosodOoas 310 900! M) 10 60 80

1Small 'amounts may be present.
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TABLE 11,

= Reserves and potential ragources of copper 1ead, z1nc,
silver, and the associated gold in deposits of
Idaho, Montana, Oregon, and‘Washlngton -

: Crude ore and
gross metal L Reserves (1964) . Potentlal resources (1964)
contenr, 1,000 fMESSured Indicated Inferred Mbasured Indlcated Inferred
_units [N B ' .

Crude ore.,...tons..‘"228;100~ 152 700 12,420,000
Goldoq.;unvl LR e i :\ 970 ééﬂ
ik L T Y ddo o‘o oa 159,00 58 550 | 180 ,000
2,0 860 230
200 | 12,500
910 | 52,300

‘iounts are present.

TABLE 12, - Potential resources of copper, lead,

zinc, silver, and the assoc1ated
old in deposits in Alaska -

Crude ore and gross’ " Potential resourcesl (1964)
C metal content, Measured | Indicated | Inferred
- 1,000 units e e L
' Crude ore............tons..j 1,550 | 19,400 | 436,000
Gold,--......---...Ou‘nces.. . 10 N 90 4,130
Silver....-......-...dO..-. 230 3,860 30,600
Copper.......-...u..tons.. | 10 100 3’840
Lead-ucaoad-ub---uc-.-doo--;j (2) 10 lo
Zlncoo-oococ-v-u-oﬁmcodoano ‘ (‘) 30 30

a1l estlmates were reportad as potential resources.

®small quantities may be present.

-TABLE 13, =~ Reserves and potent1a1 resources contained in
copper dep031ts of the Uhlted States

e s ;
gross metal ~ Reserves (19ﬁ4) | Potential resources (1964)
content, 1,000 Measured |Indicated|Inferred |Measured |Indicated| Inferred

units : L : : _ . .

Crude ore,..tons.. |3,084,000 1,747'600 4,640,000 236,900 |1,127,000 |12,300,000

Gold..,...0unces., 10,210 - 3,290 5,490 10 1,080 5,000

SiLVerl.on..do,... 203,500 3 000 270,000 9, 440 16,0201 142,000

COPPEressseslONEas 24,200} [5 520 42,100 2 900 4,390 56,600

LeadeeseooesedOn.. &) ‘ 10 (2) ) )

ZinC..eesessed0oss 80 0] () G2 30

Ygee footnote 3 in table 6.
®Small amounts may be present.
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’TABLE 20, - Reserves and potential resources contained in
zinc-copper deposmts of the Uhlted States

“Crude ore and

gross metal . . _Reserves (1964) Potential resources (1964)
centent, 1,000 ”MeaSﬁrEd‘Iﬂdicated Inferred Measﬁféd‘Indicétéd Inferred
10 i"3;1705 380 | 590 “%,930 36,300

ty 30 .. 20 50 60 380

20 1,920 | 1,670 280 | 2,660 15,000

&) 60 | 10 | 10 50 330

&M ™) *) 10 70

My L 190 | 30 10 | 200 720

blsﬁa 1 amountsAmay be present., ]
TABLE 21. - Reserves and potential resources contained in
zinc-lead deposits of the United States

' Crude oreand |
- gross metal ~ Reserves (1964) A Potential resources (1964)
content, 1,000 Measured |Indicated| Inferred |Measured |Tndicated|Inferred
units : ) 1
Crude or€......tons..| 32,320 | 80,790 | 53,800 650 | 30,650 {2,370,000
Gold- sess0eeR OunQES. . 530 980 470 1 10 230 k 7‘40
S1lVeTreecoossseedOeses | 43,810 | 77,470 {115,000 }* 1,080 | 53,480 126 000
COPPeTeesacnsestOnS,. 60 | 40 60 'S 30 90
Lead.......-....do..- 410 840 830 | 10 220 . 11 100
Zlnccoco-oscovo¢d0'--' 1 720 - 2,740 ..: 23700 . 30 13010 . ] 52’500

1Small amounts “MaY be present,

Couments on Reserve Data

Copper

The measured, indicated, and inferred copper-ore reserves total approxi-
mately 75 million tons of recoverable copper metal (assuming recovery at 90
percent of gross comtent). The copper is in different ore types, but pre-
dominately copper, copper-zinc, and zinc-copper ores, A total of 74 million
tons is in ores mined principally for copper (table 22). An additionmal 58
million tons of recoverable copper are estimated in the potential resources
and may be recovered with fufure technologic and economic improvements. Esti-
mated measured copper~ore reserves contain almost 22 million tons of recover=
able metal,

Measured copper reserves are sufficient for production at the 1963 annual
rate of 1,213,000 tons for 18 years, Measured, indicated, and inferred
reserves might sustain that production for 62 years. TIn addition, the meas-
ured, indicated, and inferred potential regources, if proven to be minable
might extend that production for 110 years at the 1963 rate, The ore reserves

average 0,86 percent copper; potential resources average 0.47 percent copper.

* DUP040008966 - -
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TABLE 17. ~ Resetves and potential resources containmed in
lead-zinc deposits of the United States

Crude ore and
gross metal

_Reserves (1964)

Potential resources (1964)

content, 1,000 :Méaéﬁféﬂ1Iﬁdi¢ét£ﬁf1ﬁferredbeéSﬁﬁéd Indicated |Inferred
_units bietovasi : L :
Crude mre..4....tons..ﬂ‘ ,720‘” 4,200 |7 1 060 T 8,7&6.“ 97,700
GoldsseressssspUnces., ., 70 130 ( Y | 00 60
S1ilverivsssssnesdoesas| 11, 200‘ 34, 800 L 59O 14,000” 193, 700
COPPET seseessnsstOnBa. | ( ) 10 ( y |y (* 3
Lead....-..u.-..mdo..., 160 350 | 20 16@ a4 1 850
ZifCusssearasnns 9d0.0.§ . 120 350 w | 180 | 1,140
Small amﬂunts may be presemt, )

and potential resources contained in

TABLE.IB. - Reserves
~ lead-silver deposits of the United States
Crude ore and
gross metal ____Reserves (1964) | Potential resources (1964)
content, 1, 000 Measured Tndicated Infeftéd‘Méasuréd Ihdibated.lnférred
units ‘

Crude ore.......tons..f" 760 | 1,420 | 2,280 1, 000 1,000
GoLldyesseassesOUNCES. . 10 110 390 () ()
SilveTeesoeesresdoeases | 14,960 15 520 . 35,000 1, 510 1,500
COPPETsevassanssbOnS. . *) ( ] 10 ( ) (1) .
Leadesscensesnncecd0ece] 80 40 100 40 30
ZiNCoyonsessevsesedOeee 0] My 50 &y My

1Small amounts may be present.

TABLE 19. - Reserves contained in silver-lead
deposits of the United States

Crude ore and gross = Reserves (1964) ,
metal content, Measured | Indicated | Inferred
1,000 units | _ ,
Crude Clreooocoloooo-.t0n500 | 15410 . 50 ) 700
Gold.cencasscessonscOUNCES, 10 &) (1)
81lVer.isececscosaseseld0pooo | 60,470 1,370 24,500
.CO_PPer epocswonoseees s CONSe s 10 (1 ) 10
LeadessoncanccsocesesadOans ™) M )
:Zlnc..ﬁﬂ-“ﬁcl’.l.Ol‘..doa‘. (1) (1) (1)

lSmall amounts may be present.
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TABLE 32. - Problems affecting potential resources of copper--Continued

| , %

| Weiewees o | Beoblens aud remerka
‘ 14099>tDHS¥“P¢r¢emt- '

A;ea Vz--Contlnued

i

200,000
| 3,500,000 |
.

500,000 |

”bonate rocks.
ded to develop copper~-sulfide leachlng
{ relatlvely small depos1ts.

24,000

800,000 |
j e %P
‘Area'v =

:3,367‘ ‘ 1.48 ing and developlng steeply

'?'fé ore shooks in bedded rocks.

172,000 | 0.75

2,427 | 1.56

ccause of square set
~ 'Mineral processing
Cobalt and

 450,000 1"0;90 0 1ocat10n, mlnlng,

lon, and marketlng.

1Resource 1n terms of
®States in area designations arel own in figura 6,

e TABLE 33, - ?IQbMEmswaffagtﬂqgrpoteqﬁﬂal?sburces:of_lead and zinc

Resources, fCoppef; Rfobleﬁwfand Temarks

1,000 tons" | percent pet

o I, IT, and TI18 . e
. 1,300 | 1.23 2,27 }Several small deposits with diversified
Co - : | ownership that cannot be worked on a
" scale large enough to yield a profit at
‘ | current meial prices,
N 5,300 - - 1 - 1.70 {Zinc has been produced as a coproduct of
; i fluorspar production. Fluorspar mines

4 N ‘ | were mnot operated in 1964.
: See footnotes at end of table,
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See fddtnotes at end- of table.

TABLE 33. - Problems affecting potential sources of lead and zinc--Continued
Resourees, Gopper | Tead, | Zime, ~Frphiome Fad Femerhs
1,000 tons'|percent|percent |peréent o
il e _Areas I, II, and IIIE--Contlnued :v' T

- - Do SG ‘
5,000 - 0.25 { 1.00 f.‘. - dependent on
i in 1964 W8S
108,600 - - 3.20 |
8,950 - - 3.80
15,000 | = | 0.25 | 1.00
166,000 - .71 .20
11,722 | - 230 | 1,00
~16,000 | - 0.93 | 2.78
. ‘Lat1va1y hlgh costs.
349 - - 10,00 | es are needed for zine=
lemg involve economics;
sing reserves and higher
692 - - 2.4 ,”depend upon the use of
) o cts from rhodenite veins,
16,511 0.25 }. 1.15 { 1,85 must be lowered. High-
' ude mzning, transportation,
4,589 | 0.50 | 0,50 | 2.68 ] "Tude relative inaceessibility
' . ] ocess mixed oxide-sulfide
i sevetal small deposits.
7,630 2,41 - 3,81 ‘ Do.
12,631 - 1.81 2.37 7TranEportat10n costs to smelter and mar-
: ketis are a lim: iting problem, Some of the
: ore‘is a m1xgd oxlde-sulflde and cannot
be pconomica ly concentrated Deposits
1 ate relatlve ~small and require high-
| cost operations. Excessive water pumping
1s a problem at some of the deposits.
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6,50 11—~ -1 T e A | T

“Totat silvér content= 219.7 miliion ounces
6.25 k- Block - Silver content  Geographic 4
s des:gnuhon (milhon uunces) areq
A 2.3 . I,
| 8 -t X . E
; s 522
: £ o $2
F 34.8
3 6 - = Blocks must have a ratio of less It
: 200k i ;; alg than ! for a profitable situation P
; J — ‘
L75F ) 82.6 T A ]‘ 1
| " s - Imm BN B
1.50} ; - * ( o 4t

RATIO, production cost 7 value of racoverabie metal

ke FERR SV S ¥ NP TURPRR: WU I T | .
20 25 30 35 40 45 50 55 €0 65 70
ZINCMETAL, miltion tons

FIGURE 18. - Classification of Zinc Resetves and Potential Resources and the Associated
Silver in Terms of the Ratio of the Appraised Production Costs to the Pnce
of the Recoverable Metal.

(particularly lead) have had a less favorable competitive position. In gen-
eral, the world's abundant supply of lead and zinc has contributed to lower

. domestic output of these metals and discouraged exploration and development
of new reserves, The comparatively recent discoveries in Missouri, Tennessee,
and Maine are the exceptions to this trend.

Imports
" Accurate appraisal of domestic supply, imports, and expected demand is
necessary for copper, lead, and zinc producers to regulate supply and stabil-
ize prices, ‘

Domestic lead-zinc production during World War TI was inadequate and
consumers became partially dependent on imports, principally from Australia,
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Canada, Mexico, Peru, Chile, and the Republic of the Congo. Since 1950, the
world mine output of nonferrous base metals has increased while United States
mine output has declined, The U.S, Government has been cognizant and appre-
21atzve of the ready supply of forelgn mlnerals and the need for trade devel-

ly, t at fh@ Uhltediw atééRWiil‘nat be
thaps as soon ag f970 o

In 1958 efforts to protect domestlc producers included tariffs and
&u Fot speclflc countries,” Since 1958, most of those ceuntrles
have b n‘able to complete their quotas. :

TABLE 32, - Problems affecting potential resources of copper

Resources, Copper, S esans Problems and remarks
1,000 tons' | percent |

. R Ateas I, 11, 111, and IV2 4
3,506‘, 1.98 | Several small deposits that can support operatlons only
with higher price for Cu.

1,785 | .71 | Lead 0.1 percent and zinc 0,64 percent. Small deposits
] | with high-cost problems.
8,000,000 | .40 | Ore too low-grade to be presently competitive. Problems

relate to underground mining steeply dipping veins at
depths: of more than 5,000 feet below the surface. Spe-
cific prablems lnclude ground support, control of rock
bursts, ventllat}on, large~volume mining of eregularly
distributed mxneral and materials handling., Back-
filling may be necessary.

194,000 1.40° | Research needed to establish economical, safe under-

- ‘ ground mlning mathod to recover pillars in heavy ground.
Other problems unclude materials handling, necessity
for fine grlndlqg, prevention of sliming. Research
needed for leacﬁmng of concentrates.

134,491 1,70 | Problems include ground support and materlals handling.
Mlnlng research dnto applicability of longwall methods
of'minlng.

87,200 .78 Do,
14,491 .78 Research needed for a method for mining steeply dipping
replacement bodies in a 1arge-volume operation.
— : o _ Area V2 - ,
100,000 | 0.60 Low-grade ore is a problem Tequiring an | efficient low-

cost operation or a higher price for copper. Ore body
may be suitable for leaching~in-place type of operation;
much of the ore too low grade for current surface
mining methods.

See footnotes at end of table,
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2_50 - Sr mmn N ma amma e F ! My |
) Total silver content =595.3 million ounces ’

2. .. "Block Silver content Geogmphlc i
1'5-’2"25, designation (million ounces)  ared 0

2 A 2819 E‘IE r

By 8 T A SN 2 |
200 ¢ inm .
g D ol ;
< 175 F i y
o | G . N

2 | H L .
2 150} I . S I =
@ : K L | AL

2 o5l L L . . -
| 5 125 ﬁ i

3 w0} © T 4
5 c -

= L V

8 75 A |l - -
- e

o - 20 ' 40 A 80 00 {20 - 140
COPPER METAL, million tons
Blocks must have a rafio of less
than | for a profitable situation

FIGURE 16. - Classification of Copper Reserves and Potential Resources and the Associated
Silver in Terms of the Ratio of the Appraised Production Costs to the Price of
the Recoverable Metal.

Figures 16-18 can be useful to indicate the quantity of metal that could
be produced at a particular cost-value ratio., For example, in figure 16 a
ratio of 1.0 would apply to the various blocks at the following cents per
pound of copper: A~--18, C--21, D--24, E--25, F and G~--29, I--30, J--31,
M~-41, §-~50, and O—-7l

In figure 17, ores for blocks B, D, and E would have ratios of 1.0 if
lead and zinc prices were 10, 13, and 18 cents per pound, respectively. In
figure 18, ores in blocks & and J would have a ratio of 1.0 if lead and zine
prices each were 10 and 11 cents per pound, respectively (silver was assumed
constant at $1.29 per ounce and copper was adjusted to lead or zinc
equivalents).

FROBLEMS OF THE INDUSIRY

Problems of the base metal industry concern adequacy of reserves,
economics, and need for techmologic improvements. A resumé of some specific
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S R — . ;
) - I ;
300} Total sitver content =367.9 million ounces (0 J
: Block Silver conrent Gepgraphic ' :
N designation {(million cunces)  arsa : T 3
275 |- A 28,2 b i .
B T o A .
2,80 g 57 35!: ‘ | :
= 250k D 1720 :
£ E 3.5 i
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;& 2
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s
+ A
3 Lesp 1
2
q' E
o 1.oof -
£ | b
' 51 .4 . (.E . : ¢ -
sof .
_— 28 -1
. R ICUS B i IS FE——— l i - . s .
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LEAD METAL, milliontons

FIGURE 17. - Classification of l.ead Reserves and Potential Res,ourcés and the Associated
Silver in Terms of the Ratio of the Appraised Production Costs to the Price of
the Recoverable Metal.

problems in relation to the ore reserves and potential resources is given in
tables 32 and 33,

D toin hmg s v et

Price of Metals

-

Prior to World War II domestic producers supplied most of the metals
required for consumption in the United States. Requirements during World War
1T were supplemented by large imports, and foreign producers have continued
to supply large portions of our requirements. The abundance of world supply
since World War II has resulted in unstable and relatively low metal prices,
particularly for lead. Copper producers have been more successful in regu-
lating the production according to demand partly because many of the domestic :
producers were also foreign producersg, and this industry has benefited by a
more stable price. The domestic copper industry also has been able to produce
at competitive rates with foreign __pi'cducers, whereas lead and zinc
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i «n 800 =
b

L

(@)

O

ts]
600! —

Consumption ( total consumption
less lead recovered from scrap)

PRODUCTION AND CONSUMPTION,
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FIGURE 14. - P-roiecﬁ on of Domestic L.ead Consumption Through 1980. (The 1980 forecast
was developed by the Division of Minerals.)
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2,000 e
800} 4 -
_ J 7 Projected
1,600/}~ // ‘conbumption ~
z / ‘
2 400 4
é 1400 |- ) ; A
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8¢ | ]
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::C)iOOOt, i
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S 800 contained inpigments made directly from ore) -]
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FIGURE 15. - Projection of Domestic Zinc Consumption Through 1980. (The 1980 forecast
: was developed by the Division of Minerals.)

companiés for similar deposits and assuming applicable production methods
(1, H-19 to H-22).

An average value of recoverable metals was calculated according to market
prices and the recoverable metal in the reserves and potential resources.®
For example, in figure 17 ¢osts to produce lead were estimated at $6.50 per
ton of ore in block B and the recoverable metal content was computed as $9.60
per ton., A ratio of costs divided by value is 0.68 or a favorable ratio for
production.. Ores in block A have a more favorable ratio than ores in block D.
Detailed data on production costs camnot be given as much of it is confiden-
tial, Reserve and potential resource quantities shown in figures 16-18 do mnot
equal the totals given in tables 6-12 because production data could net be
established for some potential resources,

TRecovery was assumed as 90, 87, and 77 percent and metal values used were 33,
15, and 15 cents per pound of copper, lead, and zinc, respectlvely. Silver
price used was $1,29 per ounce.

DUP040008975



43

New York--~All from zinc ores,

Oklahoma--All from zinc-lead ores.
Tennessee~-Almost all from zinc ores,-
Utah-~Almost all from lead-zinc-silver ores.
Washington~--All from zinc~-lead ores,

' Operations in Tennessee are particularly favorable with respect to
reserves, potential resources and mining costs and are expected to provide
the bulk of any increase in production, The State of Washington contains
vast amounts of potent1al resources which await improved mining technology
or higher zinc prices before any significant increase in zine productlon can,,
be expected, :

ESTIMATED FUTURE CONSUMPTION

Projections of consumption for copper, lead, and zinc are shown in fig-
ures 13, 14, and 15, Increased demand can be expected for all metals in the
future but only in the copper industry does production appear near adequate
for supplying the immediate consumption needs. Consumption for copper, lead,
and zinc was projected to 110 percent, 45 percent, and 90 percent greater in
1980 than for 1960.

Lead, zinc, and silver metal prices increased significantly in 1963 and
19643 with the incentiwve of higher prices many mines were reopened and com=
panies inereased exploration for new sources of ore. Supplies for lead and
zinc will be partially dependent upon foreign sources until domestic produc-
tion improves its competitive positiom. Domestic gelf-sufficiency for lead
appear$ probable within the next 5 years; domestic self-sufficiency for zinc
is hlghly questionable in the forseeable future,

Increased output of lead and zinc is expected from new developments in
Missouri, Tennessee, and New York, where low-cost mining methods are used.
Increased production of lead is expected in Missouri by 1965 with additional
increases in the years following.

Domestic producers of copper from deposits in Arizoma, Michigen, Montana,
New Mexico, and Utah can be ezpected to supply most copper requirements of the
United- States.

Figures 16, 17, and 18 show the quantities of ore reserves and potential
resources that might be produced according to the ratio of the cost of produc~
z:;te) . Although
the data on the figures were complled from 1964 estimated costs and prices,
comparative ratios should be applicable or eaSLly adjusted to future changes
in costs and metal prices. A ratio of 1.0 indicates production costs equals
value of. metals, a nonprofitable situation (13). A ratio of less than 1.0

tion to the value or revenues of recoverable metals (ratio =
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FIGURE 13. - Projection of Domestic Copper Consumption Through 1980. (The 1980 forecast
was developed by the Division of Minerals.) '

indicates a possible profitable production situation; the lower the ratio the
more favorable the ore resérve is for profitable production. The costs of
production will vary with changes in productivity resulting from a changing
technology and organization as well as factor costs,

The data for the graphical illustrations were developed by grouping the
resetrves and potential resources by areas where similar costs of production
could be determined, These costs of production were obtained (1) by estimat-
ing the mining, process:.ng, and administrative costs (24), (2) by analyzing
annual reports of companiés where quantities produced and production costs
were discernible, and (3) by actual reporting of the companies. Data for
potential resources were estimated by using production costs of operating
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RECOVERABLE METAL, million tons

o= L — - SIS TRSISSIN NSNS WSS N— SN _
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‘ PRICE, cents per pound

FIGURE 11. - Estimate of Lead and Zinc Metal That Could Be Produced From Reserves
and Potential Resources for Various Price Levels.

Idaho, with a national ranking of second in production (1963), was not
included in figure 12 because of the special effects of labor problems., Utah
production generally increased while that of Colorado decreased. Ore produc-
tion in Colorado, as in Arizona, Nevada, and New Mexico, must bear higher
costs of transportation of ore and concentrates to smelting plants in other
States,

Production in the period 1949-61 was predominantly from the following
sources:.

Colorado=--Approximately 50 percent from zinc-lead ores and 50 percent
from lead-zinc ores with silver as a primcipal coproduct,

Idaho~-All from lead-zinc ores. -
Kansas~~All from zinc-lead ores.
Missouri-~All from lead ores.
Montana--Almost all from complex ores.

New Mexico--Almost all from zinc-lead ores.
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New MéXiCQ”ﬂAlmOSt all from zinc-~lead ores with silver as a coproduct,
Kansas--All from zinc-lead ores,

Oklahoma=--All from zinc-lead ores.

Utah--Almost all from lead~zinc ores with silver as a coproduct,
Washington--All from.lead-zinc ores,A |

An analysis of past production leads to the assumption that at a pfice of
10 cents per pound for lead, most presently producing lead operations would
become marginal and domestic production would decrease rapidly. Any profig-
able production below this price probably would depend upon values contrlbuted
by coproducts and byproducts. :

Many lead-zinc deposits in the Rocky Mountain province contain 7 to 15
percent combined lead and zinc supplemented by appreciable amounts of silver,
while the low-grade ores produced both in the Eastern and Central United
States contained ais low as 2 to 3 percent of either lead or zinc. The large
low-grade deposits of Missouri can be expected to continue to provide the
‘largest portion of domestic lead production, Announcements have been made
that the St. Joe Lead Co, would increase lead smelting capacity by about
80,000 tons per year, and a mew 100,000-ton lead smelter and refinery is
planned by American Metals Climax, Inc. and Homestake Mlnlng Co, for the new
"lead belt" of Migsouri; production was scheduled for late in 1967 or early
1968,

Production from Idaho fluctuated considerably in the past years, par-
tially because of labor strikes in 1954 and 1959, 1In 1961 the State showed a
remarkable increase in lead production. At this time the price of silver
began inereasing from $0.90 to the 1963 price of $1,29 per troy ounce.

" In collecting base metal ore data, some producers indicated the various
metal-price levels for probable production of their reserves and potential.
resources, These data were compiled and are shown in figure 11. The trends
shown compare favorably with similar data prepared by the U.S, Tariff
Commission (22)}. )

Zinc

In contrast to lead, zinc production imereased in some of the major pro-
ducing States from 1949 to 1961, as shown in figure 12. Few labor strikes
occurred in this period and productlon of zinc was not affected., Also during
the period zinc had a relatively stable price which declined only 0.6 cént per
pound compared with a 4,5-cent per pound drop in the price of lead. Explora-
tion in Tennessee resulted in finding additional zinc ore reserves and in
increasing the production. The zinc ore output in Tennessee and New York was
not affected by the general decline in lead and zinc prices. The Tennessee
depos1ts are being mined by room and random=-pillar methods resulting in rela-
tively large-volume, low-cost operations (7).
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" TABLE 31, - Compar:.son of cost of trans ortm‘ zmc & ntamed in ore

| Cost of transport:.ng zine comtaimed ] " Cost of transporting sla.b
! ‘ .in ore or concentrate‘?’ s - zinc in carload lots®

" Value of ore or} | Co ns~ [Carloa:
concentrate,

'p tmg, dollar
per tcn-mile ,
L0155 T
014
<012 .-
4

. Lead-ore producers in Arizona, Kansas, Oklahoma, Wisconsin, Illinois, Colorado,
Nevada, and New México must sh:Lp otte or lead concentrates to smeltets in other States.
Zinc-ore produc1ng df ratoré in Ara.zona, Colorado, Nevada, New Mexieco, Missouri, Kansas,
Wlscons:.n, Kentucky , Ney York, Tenn,essee Virginia, and Washmgton also must ship ore or
zine conceptrates to smeltmg and wefining plants in other States,

BASE METAL PRODUCTION TRENDS

Copper production has increased in response to demand during the period 1948 to 1963
(fig. 9). All domimant copper-producing States except Utah showed an increasing trend
(slope lines or linear trends were calculated by the least squares method, using producw
tion data of 1948 to 1963). 1In 1962 Kennecott Copper Corp. started an expansion program
at its Utah operations, the largest copper-producing facilities in the United States, to
increase the output by about 100,000 tons of copper per.year by 1967. The increase in
Arizona production has been due to expansion of existing operations and development and ;
exploitation of several new porphyry deposits (Esperanza, Ithaca Peak, Mission, and San ;
Manuel)., Development of the White Pine property accounted for most of the increase in :
Michigan. Expansion of existing facilities accounted for the increased production in
Montana. : -

Lead
Oytput of lead declined in most States since 1949, General price and production
tremds were calculated for the principal producing States and are showm in figure 10; the
194961 period was used because labor problems were a mlm.mum factor. Lead production in
this period mostly was from the following solurces:

Arizona and Co Lorado-—?redomz.nantly lead-zinc ores with silver as a primcipal
coptoduct.,

- Idaho=~-Predominantly lead, lead-zinc, and lead-silver ores.

Missouri=-Almost .all from lead ores,

DUP040008984
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Characteristics of the deposn.ts which govern the mining methods include
(1) the size and shape of the ore body, (2) the depth and type of overburden,
(3) the: attltude of the depos:.t, and (4) strength and phys:.cal nature of ‘the

'surroundmg rocks.
surfa

, depending upon the chardcteristics of the deposit.

Mining is done through underground openings or from the
Some 1ow-grade or

‘Wae.te-dump materlal contalns metals that can be récovered by 1eaching methods.

Table 28 shows the ran
table 29 presents the propor
that aré or:

ge of costs by mining with different methods (11),
tion of base metal reserves and potent:.al resgurces

ght be extracted from deposits by Yarious mining methods,

TABLE 28, - D:ucect mine operating costs for. various mlm.i

 methods, per:md 1955 591 o
. “Amount mined D:.rect Im:Ln:Lng Costs Labor,
Mining method per month, ' percent of
- e __tons® ngh total cost®
Square Settinfessscscsesss]| 439,330 $l.3-72 186, 71.2
Cut and fillscseeescosecens 585,300 14,73 1 5647
Shrinkagea.,,m.-,.4..;.@;-' 3055320 8:12 (5)
Room and pillar ] . ) '
(trackless typelecessonss | 733,220 241 43,7
Sublevel Stpﬁiﬁgogco-o-pnt 1 547 410 4,71 : 56.9
subleVEl CaVIng.-ooooboccof 118 150 (5) ] 63.3
Blcck caVlng.-..--........‘ 1 803 150 2 25 : 54.2
Open plt ﬁ.v.anb-.c.ooooo.: 5 198 060 .1 . 1 15 ”36¢4
1Reference (l]). .
27otal aggregate tonnage of ore mined each month except for open pits (see

footnote 6).

Includes exploration and development, stoping, haulage, hoisting, pumping,
and general underground and suzface costs.
4’We:l.ghted ayerage on the basis of fons produced from each mine.

SNot ava :.lable,

®Cost is per ton of "mater:.al" and is based on total tons of ore and waste

handled,

TABLE 29. - Estimated percent of base metal reserves and potential resources

in the Unlted States accordlng to, mlnlng method

_ M:.n:.ng me thod

Total x:e:serve_s", pé_zrc.ent_

Total resources, percent

Open pltOOOOOOOUUOUUQQQOOO

Open StOPe..p-ncq--g-c'o;of
Shrinkage--.b.monop-oococa‘
Raﬂdam Pillarngogoa-tjopooi
Room and Pillarponoonoaoba'
BlDCk CEVingqlppno-'nnvvop:
S.-‘ﬂb.le‘vf.e}-m;p.oc_c:vo-’opo,oaoooc

Square gettingessscecsoces

Cut and flll.‘ﬂ.’.".."’.
MlscellanﬂOuSlo.ia(uo.u.oa:

9.3
6 Ed

8.
1
.1.
8

-

-
¢ & B e
m‘F‘UJDJU1bQ\D-P|0

00
.

llncludes propertles for which information was ot avallable and methpds whlch
do mot apply to the categories listed.

A
5

U N S—
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Arsenic is recovered as a copreduct of smelting arsenic-bearing copper
ofes by The Anaconda Company at Anaconda, Mont., and American Smeltlng and
Ref1n1ng Company at Tacoma, Wash,

Indlum is recovered by American Smelting and Refining Company at the
coppet refinery in Perth Amboy, N, J.

Rhenium concentrate is recovered entlrely as a coproduct of molybdenite
derlved #£rom southwestern porphyry copper opres. .

Selenium and tellurium are recovered as a coproduct of the electrolytic
refining of copper and lead,

Thallium is recovered from cadmium-containing flue dust.

Domestic antimony is recovered as a coproduct of silver~lead ore refiming,
Properties of the Sunshine Mining Co. and Hecla Mining Co. in Idaho are the
principal sources of domestically produced antimony.,

Sulfuric acid is manufactured from the sulfur-oxide gases during roasting
of pyrite and other sulfide concentrates from base metal ores., Chats (chert
tailings), dolomite, limestone, sandstone, and smelter slags are byproducts
used as road metal, railroad ballast, soil conditioning, and specialized prod-
ucts in manufacturlng. Tron sinter is recovered as a byproduct by Tennessee
Copper Co., Polk County, Tenn,, and is used in iron and steel plants.

'ECONOMIC FACTORS INVOLVING RESERVES AND POTENTIAL RESOURCES

The economic exploitation of & mineral deposit is determined by the costs
of producing and marketing salable products, Producing minerals involves
locating, exploring, and developing deposits, mining and benefieiating the
ore, and smelting and refining the metal. Marketing involves sales and dis-
trlbut1on to consumers, These factors are considered in estimating costs of
production and are used here in making comparisons of faverability of reserves
and potential resources by States or geographic areas,

Costs of production can not be considered as static but are subject to
change accordiﬁg to economic factors and improvements In production.technology.
Improvements in production technology have been greatest for mineral deposits
conducive to low-cost, large-volume extractive methods., Generally, the small
high-grade depésmts have required high-cost mining methods hav1ng compara-
tively less 90531b111ty for improvement in production technology.

Mining Mgthods

Mineral deposits have physical characteristics that govern the methods of
wining. Factors affecting costs include geologic environment for optimum
extraction, safety, capital imnvestment, and methods of production for the
largest net return.

[ QTSR

WTOLE

R
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TABLE 24. - Average annual and adjusted price of copper, lead,
and z1nc, 1945—64- cents per pound
Average Copper Average 1 Lead Averagé’  Zine
Year | - apnual price, annual price, annual 1 price,
copper price’ | adjusted® lead price® ad;usted? _zinc prlce ladjusted®
1945 11.8 21.0 6.5 11..5 8.3 14,7
1946 | 13,8 22.4 8.1 13.1 8.7 14.1
1947 21,0 27.9 14,7 19.5 10.5 13.9-
1948 22.0 26.9 18,0 22.0 13,6 16.6
1949 19.2 24,0 15.4 19.3 12,1 15,1
1950 21,2 25.6 13.3 16 0 13.9 .16.8
1951 24,2 26.4 17.5 18.0 19.7
1952 : 24,2 27.1 16.5 16,2 . 18.1
1955 1 37.5 40,6 15.1 12,3 13.3
1956 | 41.8 43.3 16.0 13.5 14.0
1957 | 29.6 29.8 14.7 1l.4 11.5
1958 25.8 25.9 121 10.3 10.4
1959 | 31.2 .30.8 12.2 11.5 11.4
1960 32.1 31.7. 11.9 12.9 12.7
1961 29.9 ,2_9, 7 10.9 11.5 11.4
1962 30.6 30.4 9.6 } 11.6 11.5
1963 30.6 30.4 11,1 11 12,0 1 11.9
1964 32..0 31.6 3.5 . ~18.5 . _13.3
1Engmneering and Mlnlng Tournal co per price, domestic refiﬁéry.
'BAdJusted accordlng to the wholesale’f : dexy 1957~ 59 100. (All commod-
s ities except Ffarm products and fobds.)
Englneerlng and Mining Journal lead, price {New York).
4Eng1neer1ﬁg and Mlnlng JOurnal ziug price (East St. Louis).
TABLE 25, ~ Estlmated tonnage of recoverable lead in
the Uhlted States by ore type
_ Rf“arves ] "Resources
Type of ore deposit Metal content, Average Metal content, Average
1,000 {ore grade, 1,000 ore grade,
shcrt tons1 percent. | short tons percent
1e80cesecesscascncsccas 27,350 2.85 ' 1,350 0.97
Lead~Silver.eseenssesse 190 4,93 60 © 3,50
Lead~ZinCesseescocvaens 1,250 6.75 1,770 1.89
Zan-lead...........o. . 1 810 1¢25 91860 ¢l|'7
Total..n-....... | 30 600 X o= ) ) 13,040 -

;Assumlng 87—percent recuvery.

Maintenance of the small measured reserve base has been governed by geo-

logic conditions and the high costs necessary to block out ores during irregu~- .

lar and low price fluctuations. At most of the properties included in the

estimated reserves of this report indications of ore were sufficient to war-

rant development.

QOre reserves in the measured and indicated categories

DUP040008990
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should increase as production advances with little add1t10na1 cost beyond the
usual development and mining costs,

Discovery of the new "1ead belt" in southeast Missouri has more than .
replenlshed the previously depleted lead reserves of the United States, The
four States ranking higheat in lead reserves are Missouri, Idaho, Colorado,
and Utah theSe'States ‘account for 91 percent of the total reserves.

.Zine

The measured, indicated, and inferred zinc reserves aré éstimated as con~
taining 22 million tons of recoverable zinc metal (assuming 77-percent recov=
ery). This metal occurs in the various ore types as indicated in table 26.
An additionmal 48 million tons of recoverable zinc is included as potential
resources; these resources may become reserves by economic changes or improved
technology. Measured reserved contain an estimated 2.7 million tons of recov-
erable zinc, and measured potential resources contain 154,000 tons. :

TABLE 26. ~- Estimated tonmnage of recoverable zinc in
: ' the Uhited States by ore type

ReServes _ - Resources ,
Type of ore deposit Metal content, ‘Average | Metal content, | Average
' 1,000 ore grade, 1,000 _ | ore grade,
o _ ehort‘tonsl percent short tons1 percent
ZinCaesesassssssscsens 10,830 3.72 4,560 3.26
Lﬁad-ZinCQ.aocoooo-o oop | 770 4»68 l 020 1n24
COPPer=2ZiNnCrseseercnsre . 930 1.40 7110 1.00
Z_in,c/"C-Oppero,n sessoconss 170 6018 720 2 .ll'o
Zinc'-le.a‘d_o_o --0,-.-1:.--.. ] 5 510 4.29 41 ,230 2,23
.L.ead}'-‘ﬂﬂ.ﬂi...."..’.I. 3 770 .44 . . 130 N 011
Total..,......... _' 21 ,980 - 47,780 -

Measured zinc reserves are sufficient for 5 years at the 1963 rate of
production of 529,000 tons, Measured, indicated, and inferred reserves are
sufficient to»maintain this production rate for 42 years.

The major portion of the zinc reserves are contained in zinc and zinc~
lead ores., The average grade of the zinc ore reserves is 3.7 percent and of
the potential resources, 3.3 percent. :

COPRODUCTS AND BYPRODUCTS

Most nonferrous base metal ores contain recoverable coproducts and byprod-
ucts., Many ores have small quantities of valuable minerels which are not pro=-
duced because of lack of markets or the excessive cost of recovery,

Some of the more common coproducts in the ores are antimony, arsenic,
cadmium, cobalt, copper, iluorspar, gallium, germanium, gold, indium, lead,
manganese, molybdenum, nickel, rhen1um, selenlum, silver, tellurlum, thalllum,

!
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TABLE 22, =~ Eﬁtrmated tonnage of recavenable copper_in

- the Uhlted States by ore type

25 -

_ “Reserves Resources T

Predominate metals ‘Mbtal content, «Average Metal content, Average

in ore deposits {1,000 - grade, 1,000 grade,

o short tons' | percent | short tons' | percent
Copper..‘.‘..'.........-.1’.. 73’640 0086 1 57’530 0.47
COPPEr"zincooto. X EREF RN WREN] 950 1.23 11‘0 .80
Zlnc-copper..........-...4--- L ‘60 1’97 . y 350 X . -98
To‘l.al..........-.”.u-- . 74‘,7‘00 o ;-' o ) 57’990 ) ‘_ -

¥As%um1ng 90-percent recovery.

The States ranking highest in measured and indicated reserves are Arizonma,
* Montana, Utah, New Mexico, and Michigan; Michigan outranks the other States in
inferred reserves. These five States account for 92 percent of total copper-

' ote reserves,

Previous estimates (18) of copper reserves and the 1964 estimate are

. listed in table 23, This ; 1964 estimate of copper reserves greatly exceeds
those of the past; this increase is the result of accelerated mineral develop-
ment, lmprovement in mining and metallurgical technology, and greater effort
in obtaznlng reliable data, Most of the production from newly discovered
deposits is the result of development between 1950 and 1964 of large low—grade
mines Whlﬂh will sustain ]arge-volume operations, During this period the
price per‘pound of copper, adjusted to a common level accordlng to the whole~-
gale price index (1957-59 base of 100), has increased about 6 cents per pound
(table 24). New porphyry deposits brought into eperation between 1950 and
1964 1nelude Copper Cities,. ESperanza, Ithaca Peak, Mission, San,Manuel and
Silver | eﬂl in Arizona, and Yerrington in Nevada. New bedded replacement ‘or
sed;mentary itype deposits bronght into operation during this same period
include the Christmas in Arizona, Bayard in New Mexico, and White Pine in
Michigan.

Lead

The measured, indicated, and inferred lead reserves contain about 31
million tons (assuming an 87-percent recovery) in ores classified as lead,
lead-gilver, lead-zinc, and zinc-lead (table 25). TIn addition, approximately
13 million toms of lead are estlmated in potential resources.

‘Measured lead-ore reserves (table 6) are sufficient for 2 years at the
1963 rate of production of 253,000 tons; however, measured reserves in
Missouri are included in :ndicated and lnferred categories, Measured, indi-
cated, and inferred reserves are adequate for this rate of production for 121
year S..-

Ores with lead as the principal metal comprise the largest reserves and
the average grade is 2,9 percent. The second most important source is in lead-
zinc deposits with an average ore grade of 6.8 percent lead and 4.6 percent
zinc, (The second largest quantity of lead is contained in the zinec-lead
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deposits, but the recovery of the lead is dependent upon mining the deposit
for the zinc content.)

TABLE 23, - PreV1ous estlmates of copper reserves in the
’ United States

T Recoverable | | Annual rate of

Year Reference copper ,> Price, |"Life",| production used to
1 1,000 tons |cents | years | estimate "life',

1931 | (2, v. 131, p. 178) . At least | 9 31 2600

] 18._:-500 | |
1931 | (19) ) 18,800 | 9 | 31 2500
1934 | (2, v. 135, pp. 448-449) | 18,900 | 10 | 32 2600
1935 | (15) | 16,000 | 10 | 22 3750
1935 | (15) | | 23,500 | 12 32 3750
1936 | (15) : | 23,700 | 123 | 33 | 725"
1944 | (10) 20,000 | %13 25 800
1945 | (12) 29,200 | *13 36 800
1950 | (18, p. 34) 25,000 | 20 25 1,000
1960 | (16, p, 45) $32,500 1 32 30 | 1,100
1964 €77,000 | 32 | 63 | 1,213

lRecovery factor of 90 percent.
21925 35 average rate of production,
®predicted by estimators from trend. Actual 1935 production was about
400,000 tons. :
*Premiuvm price plan in effect.
SMeasured and indicated ore reserves (no estimate was made for imnferred
reserves),
®Measured, indicated, and inferred reserves.

s gy ot s < v st o ‘
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Financing

The mining industry is a business venture involving high monetary risks,
egpecially in the exploration and development stages; therefore, adequate .

financing is usually difficult to obtain.

At some propertles ore deposits are marginal according to the price of
metals, and funds available are 1nsuff1c1ent to sustain an operation until
prices improve, Other propertles require additional exploration or developp-
ment to enable operators to plan for and achieve long-range benefits; some
‘nieis have been ‘upable to obtain the necessary finances for this work.
wﬁllty qf some companies to. obtaln financing has been attributed to
<y"roduc1ng outlook durlng specific periods. Many properties,

‘ have not been operated because sufficient

ora reserves or money were not ava1labla for efficient operating facilities.

Many individuals or companies who own or control promising mineral prop-
erties attach an excessive selllng or leasing value to the property with the
resulf! that posslble profltable operations are prevented or curtailed. Fre~
quﬁntly thls overevaluation prevents consolldatlon of properties in areas
where, such comb nxng is necessary for the most- economical development, Exam-
ples of the need for consolldation can be found in many of the older mining
dlstr;sts , 1 Seme of qhe ore reserves and potential
rices ¢ t pﬁobably would be mined 1 agreements could

Exploration £inancial a331stance was available for promising deposits of
copper;, lead, and;21nc as well as other comnodities through the Office of
Mineral Explona_ n (GME) until June 30, 1962 At this time the financial
a351stance for “‘“er, 1ead. and’21mc was’ withdrawn. Development financial
a851stance hasg given to snme producers through the Small Business
istration (SBA)

L
,%T
=}
i:i

Exploration

Exploration is being increasingly directed toward discovery of deeper and
obscured deposits. Greater reliance is being placed on geophysical and geo-
chemical detection methods,” Research is needed for cheaper, more efficient .
exploratory drilling methods, for new interpretive indicators im drillhole
logging, and for development of new techniques for use in evaluation of ore
deposits. Manmy economic and technical problems are being attacked and
resolved by private companies, State research departments, and Bureau of Mines,
and the Geological Survey., Improvements in technology of exploration have
been notable since 1950,

Mineralogy

The mineralogy of the lead and zinc deposits of the Eastern and Central
United States is relatively simple when compared with that of the complex ores
of the Western United States. Greater recovery can be achieved in processing
ores of simple mineralogy resulting in a larger net return to the mining
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TABLE 33, -.Problems affectigg ppt§n;ia1 sources of lead and zinc--Continued

Gopper. | Tead, [ Zime, | Eroblems and remrie

'Resdumcesf E
‘ cent percenL pergentsi

| o Areavim '
KL.AQ 10,52 Ore deposlts are too 1ow-grade for present

830 -~ 5.00 flO_QOv;Problem.lnvo es econam cal separatlon of
mineral associated’ |

: - rock, :

20,000 - 3.40 { 3.20 Grmund support is an operatlng and cost

12,000 | - - .50
1,500,000 - .25 | 1.75 |This
2,000 - 3,50 | 4,00 TS}"““ ﬁtered mineralized deposits

‘cénnqt be produced cbeaply

=pos1ts
@‘Lems‘<,

ngh-

g cost 1s tha problem.

Domestic Competﬁtion

The aspects of competition usually are not indicated at the ore-
production stage but are evident at the marketlng stage. Effects of domestic
competition may be evident in the future on SPeclflc high cost production.

Lead and zinc deposits of the Western States contain relatively high-
grade ore but are more costly to mine and process than the disseminated
deposgits in Missouri and Tennessee, Deposi ‘dlscovered and developed since
1956 in Missouri and Tennessee probably Wllq Festrict production in the

‘Western States by wvirtue of lower costs,
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efficient, economical method of producing metal raw materials for use directly
in manufacturing. Such plants varying in capacity to meet needs, could be
planned to serve a partlcular area or State,

Marketing ‘ .

Marketing problems are mainly associated with costs in transporting the
metals to users. Most of the base metals are processed or fabricated into
consumer items in the industrialized sector of the Eastérn and Midwestern
United States, Manufacturing markets in I1llineis, Michigan, Ohio, Pennsylva-
nia, and Indiana consumed about 62 percent of the slab zinc produced in 1963,
Manufactuxlng plants in Wew Jersey, Illinois, California, and Indiana used
about 46 percent of the copper and lead and other plants in the Eastern States
accounted for the greatest portion of the remalnlng production,

Base metal producers are faced with strong competition from substitute
materdals. Aluminum is being used in place of copper in many electrical
,appllcatlons. Plastic materlals are substituted for lead in cable coverings
and latex materials and tltanlum dlox1de are used in paints replacing markets
formerly dominated by white 1ead~type palnts. Ceramic and plastic copatings
are replac1ng zinc in some .metal cdvar;ng uses, Substitute materials are a
principal factor in restricting the price of copper, lead, and zinc.

Research and market d¢Velopment are needed to find new uses of base

metals, Efficient substitution for the base metals is worthwhile but new
uses for base metals is also.desirable,
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CONTRIBUTING TO THIS REPORT
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] States covered 1n resource actl‘Vltl&S

Area Iod..oto g

Ar.ea- II- eesee

Area I1Teenes

A.rea _IV....;.

ATea Voeseuus

Area Vieeeees

Area VIiieeoes

Area VIIT..s.

Area f1eld afflce‘at
ollege Park Md,

Knoxville, Tenn,
Area field office at
Tuscaloosa, Ala,

Minneapol_i__s_, Minn.

Bartlesville; Okla.
Area field office at
Dallas, Tex,

Denver, Colos
Area field offices at
Tucson, Ariz,., Socorro,

San Francisco, Calif,
Area field office at
Reno, Nev.

Albany, Oreg,
Area field office at
Spokane, Wash,

Juneau, Alaska.
Subarea office at

_Anchorage, Alaska.

N. Mex., Salt Lake City,
Utah, and Laramie, Wyo. |

.G necEic t, Delavare, Maine, Maryland,
M4 "“g‘Néw Hampshlre New

; hio, Pennsylvania,

nt, Virginia,

West‘V1rg1n1a..‘”. .
-~

Alabama, Florlda Georgia, Kentucky,
North Carolina, South Carollna,
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Illln01s, Indlana, Iowa Mlchlgan,:
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Dakota, South Dakota, New Mexico,
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Alaska,

¥ U8 GOVERNMENT PRINYING OFFICE : 1967 0—247-247
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