LEAD AND ZINC
RESOURCES IN UTAH

by
Allan H. James

UTAH GEOLOGICAL AND MINERALOGICAL SURVEY
affiliated with
THE COLLEGE OF MINES AND MINERAL INDUSTRIES
University of Utah, Salt Lake City, Utah

SPECIAL STUDIES 44 PRICE $3.00 JULY 1973




INSTITUTIONAL COUNCIL

Edward W. Clyde
Joseph E. Bermnolfo, Jr. . . .
Burtis R. Evans
Linn C. Baker
Reed W. Brinton
Robert H. Hinckley
Fullmer H. Latter
Calvin W. Rawlings
Dorothy Watkiss

ADVISORY BOARD

James D. Moore, Chairman
Jay Bagley
Benton Boyd
Graham S. Campbell
Frank G. Colladay
LaVaun Cox
John K. Hayes
Lowell S. Hilpert
Lehi F. Hintze
D. D. Kerr
Ezra C. Knowlton
Col. W. J. Lewis
FIRoy Nelson
Paul S. Rattle
Miles P. Romney
Joe B. Rosenbaum
Raymond T. Senior
H. R. Spedden
William L. Stokes
J. Stewart Williams

William P. Hewitt
Alex G. Oblad

UNIVERSITY OF UTAH
Alfred C. Emery, President

................. Chairman
.............. Vice chairman
Alumni president
Member

UTAH GEOLOGICAL AND MINERALOGICAL SURVEY
William P. Hewitt, Director

The Anaconda Company
............................. Utah State University
United States Smelting, Refining and Mining Company
Utah Geological Association
............................. Morton Salt Company
............................ Utah Petroleum Council
United States Steel Corporation
............................ U. S. Geological Survey
........................... Brigham Young University
........................ Kennecott Copper Corporation
............ Utah Sand and Gravel Products Corporation (retired)
.............. National Lead Industries, Inc., Magnesium Division
........................... First Security Corporation
............................ Utah Mining Association
United Park City Mines Company
U. S. Bureau of Mines
................................ Attorney at law
Kennecott Copper Corporation
............................... University of Utah
Utah State University

..................... Director, UGMS, ex officio member
Acting Dean, College of Mines and Mineral Industries, ex officio member






FOREWORD

This study on Utah’s ability to sustain a viable lead-zinc industry was funded jointly by the
Four Corners Regional Commission and the Utah Geological and Mineralogical Survey and contracted
by the Utah Geological and Mineralogical Survey. Allan H. James, a graduate mining engineer from
Stanford and Doctor of Science in geology from M.L.T., has had nearly 40 years field experience in
seeking and developing lead-zinc, copper and precious metal deposits throughout North America.

The study, organized around the collection, analysis and evaluation of past production and
potential resources of lead and zinc ores within Utah, focuses on the projection of potential produc-
tion and on the effects of occurrence, costs and prices on resource reserves.

Data for the sections were obtained from published statistical reports of the U.S. Bureau of
Mines and the Utah Mining Association, Utah Geological and Mineralogical Survey open-file material,
published geologic descriptions, interviews with management, and from personal knowledge and
evaluation.

The report serves three purposes: (1) As a source of factual data, it can aid those responsible
for decisions on the government level. (2) It reminds those in charge of exploration programs that
untapped lead and zinc resources remain in Utah. (3) For the interested layman, it provides an
understanding of the complexities affecting the economics of mineral investigation.

The omission of any reference to the lead-zinc resource potential of a few well known mining
districts, such as in the vicinity of Stockton, Alta or Big Cottonwood Canyon, is acknowledged. Time
was paramount and the Utah Geological and Mineralogical Survey decided to limit the study.
Through future publications, UGMS hopes to expand its analysis of lead-zinc resources.

W. P. Hewitt
Director, UGMS
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LEAD AND ZINC RESOURCES IN UTAH

by Allan H. James*

ABSTRACT

The average annual value of recoverable metals
from Utah’s lead-zinc mines during the decade 1960 to
1969 was $29 million.

During 1969, 1970 and 1971, nine U. S. lead and
zinc reduction plants closed, including the lead smelter
at Tooele, Utah, and the custom concentrator of UV
Industries at Midvale, Utah. At the same time, five
Utah lead-zinc mines closed leaving only the Mayflower
and Burgin mines producing in 1972, with the Burgin
mine expected to be the sole producer in 1973.
Production dropped to $27,000,000 in 1972 and may
drop to $12,000,000 or less in 1973. If recent metal
price escalation continues, Utah mine output might be
re-established at $30,000,000 or more per year plus
the added value of metal price inflation.

The Utah mine closures, coming in the face of an
expanding international demand for metals, resulted
from increased production costs in relation to metal
prices; discoveries of lead-zinc ores in Missouri and
Tennessee, which may be mined at lower cost-per-ton
than ores from Utah, Colorado and Idaho, were partly
responsible for the low metal prices. Price increases of
lead, zinc, gold, silver and cadmium occurring in Utah
ores had been sufficient to pay most production cost
increases, but not enough in all cases to attract long-
range venture capital.

Only in rare, short-term situations has reduction
in production resulted from a lack of a continuing ore
supply. Geological formations, as yet untested but con-
sidered favorable for discovery of lead and zinc ores,
are known in all recently producing districts.

The closure of the custom mill at Midvale forced
the Ophir and the Deer Trail mines, which accounted
for 6 percent of the state’s lead-zinc mine production,
to cease operations until a concentrator becomes
available and a market for concentrates is developed.

During the 1960 to 1969 decade, 93.5 percent of
the value of Utah’s lead-zinc mines came from three
districts: Park City, U. S.-Lark-Carr Fork and Tintic; 6
percent came from the Ophir and Marysvale districts
and the remaining 0.5 percent from intermittent pro-
ducers scattered through eight Utah counties—Juab,
Beaver, Iron, Millard, Box Elder, Sanpete, Sevier and
Morgan.

! Consulting mining geologist, Salt Lake City, Utah.

Financing and constructing a lead and zinc reduc-
tion facility within Utah’s borders is not likely in the
next few years. A concentrator (mill) within Utah,
however, is necessary to reduce prohibitive freight
costs resulting from interstate shipment of raw ores.

During the next several years, adverse economics
may result in a nonproductive period with recoverable
metals averaging $6 million per year or less.

An improved economic outlook could prove
Utah’s known lead-zinc resources adequate to sustain
more than $6 million of annual production. And, with
adequate capital for exploration and facilities, pro-
duction could reach $17 million a year.

With strong metal prices, adequate capital for
long-range exploration and the establishment of effi-
cient programs and plants, plus exploration luck, an
annual production rate of $50 million might be
anticipated; nearly half would be expended in Utah.

INTRODUCTION

Utah occupies a prominent position in North
America’s lead-zinc-silver smelting industry; in 1971 the
following were in full operation:

1. A custom lead-zinc sulfide concentrating mill
at Midvale, owned by UV Industries (formerly United
States Smelting, Refining and Mining Co.), capable of
handling some 1,200 tons-per-day of ore;

2. An 800 ton-per-day captive lead-zinc mill at
the Tintic Division of Kennecott;

3. A 400 ton-per-day captive mill at the May-
flower mine, operated by Hecla Mining Co., and

4. A custom lead smelter at Tooele, owned by
the International Smelting and Refining Co., a sub-
sidiary of the Anaconda Co., for reducing lead sulfide
concentrates to lead metal and recovering byproduct
zinc through fuming.

In November 1971, because of “rising costs and
drop in smelter feed” (Durham and Eyring, 1972), the
Anaconda Co. announced the closing of its Tooele lead
and zinc plant, effective December 31, 1971.

With the closing of the smelter, UV Industries
lost its market for lead concentrates and announced
the immediate closing of its custom lead-zinc mill at
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revealed deep extensions and repetitions of ore, shafts
and levels opened in or close to ore have been neces-
sary to measure and identify the ore reserve and to
determine the extent and grade of the deposit.

The unpredictable character of Utah lead-zinc
deposits contrasts with Kennecott’s Utah Copper mine
where great areal extent plus continuity of mineraliza-
tion makes possible thorough advance appraisal from
the surface.

RELATIONSHIP OF COST TO VARIOUS FACTORS
Mining Methods

Lead-zinc is mined by several mining methods in
Utah: (1) in open stopes where the surrounding rock is
supported only by ore pillars or roof bolts, (2) by
supported ground methods, each mining cut followed
by sand or rock fill, or (3) by square setting or related
methods which rely on heavy timber or cement for
much of the support.

The economic influence of deposit size and
character on Utah and Missouri ores is extreme. In
none of the Utah mines are the size, continuity,
inclination or strength of rock formations such that
presently available large mechanized equipment can be
used underground. Modernization and mechanization in
Utah have been confined to the introduction of sand
fill, jack-leg and jumbo drills and mechanized loading.
Large rubber-tired jumbos, giraffes and load-haul-dump
equipment used in Missouri do not fit into Utah ore
deposits, although scaled-down models are used where
space permits. In Missouri the new shafts are central-
ized in the ore bodies and large mills are built at the
shaft head.

Utah mines have been enlarged by extending
underground workings of older mines, making haulage
ways long and tortuous; shafts have deteriorated and
are in locations appropriate for ore reserves of 40 years
ago. Complete redesign: of mine and surface plant, new
concepts of production scheduling and restructuring of
investment and profit speculations may be necessary to
overcome difficult conditions in the lead-zinc mines of
Utah.

Labor Productivity

The payroll for mining and milling lead-zinc ores
(smelting not included) in Utah was obtained from
Utah Department of Employment Security reports
(table 5); ore tonnage is from U.S. Bureau of Mines
reports. The figures combined give gross dollars-per-ton
of ore, tons-per-man shift of ore and payroll dollars as
a percent of gross dollars. The increase of recoverable

value per ton of Utah ore from approximately $30 in
1960 to $52 in 1969 is the result of an increase (1) in
the price of metals and (2) in the metal content per
ton (some low-grade ore reclaimed from mine dumps
diluted production in the early 1960%).

In Utah, gross dollars have been increased
through management’s selection of increased ore grade
(notably in Tintic, Utah County). But higher than
average grade ores are limited in most deposits and
may be exhausted quickly. High grading, therefore,
only temporarily solves the problem of maintaining a
profitable balance between value and costs.

A decrease in labor productivity, however, has
offset the increase in value-per-ton of Utah ores. In
1960, production averaged 3 tons-per-man shift in
lead-zinc mines and mills. It declined to 2 tons-per-man
shift in 1969. Payroll dollars per dollar gross give an
economic feasibility factor which ranges between 22
percent and 30 percent, which shows that from 1960
to 1969, the steady decline in labor productivity was
erratically compensated for by an increase in ore grade
and in metal prices (table 5). The payroll figures show
only mining and milling statistics; smelting and refining
statistics are not readily available for Utah ores.

Wage rates and the price of metals are not under
the control of the Utah operator. For the entire
industry, the price of metals should increase, less
increases in industrial productivity, to compensate for
the increase in wage rates to maintain a healthy lead-
zinc industry.

Market Price

Figure 4 shows the average annual prices (ad-
justed for inflation) of metal plotted against annual
tons production of lead in the Pacific Northwest and
the United States. U.S. Bureau of Mines interpre-
tations indicate a correlation between a good pro-
ducing year and an improved metal price (adjusted for
inflation). In a portion of the curve, an increase from
14 to 20 cents per pound in metal price coincides with
an increase of 88,000 to 117,000 tons of lead pro-
duced per year in the Pacific Northwest states—price
increased 43 percent, production 33 percent. Metal
prices for the United States, 1954 to 1971, are given
in table 7.

Figure 5 shows the relationship between mine
production of lead in Utah and deflated market price.
Production increases in the years 1966, 1967 and 1968
appear to correlate with metal price, but investigation
shows the increases to be the result of Tintic pro-
duction; production timing at Tintic was related to an
exploration, development and production schedule set
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Figure 5. Relationship between mine production of lead and
deflated market price, Utah, 1960 to 1969.

up 5 to 10 years earlier, not to the recent annual price
of metals. A correlation between high metal price and
initiation of exploration, and between initiation of
exploration and date of production increase would be
more informative; the delay in the effect of metal
prices on production could then be measured.

In mines of the Missouri type, with many years
of well-developed ore in reserves, the response to an
increase in metal price with an increase in production
may be achieved rapidly by expanding work force and
equipment.

Reserves

Figure 6 shows tons of lead and zinc that can be
produced from U.S. reserves at various price levels of
metal. Prepared by the U. S. Bureau of Mines in 1966,
the chart is based on information submitted largely by
eastern mines in response to a questionnaire. The
nature of mineral distribution in Cordilleran ores mini-
mizes expansion of lead-zinc reserves as metal prices
increase. The extensive assay information necessary to
prepare curves for Utah is not available outside of
mining company records.

SMELTER OUTLETS
Closures

Closing the Tooele smelter, which was the
immediate cause of the closing of the Midvale flotation
mill and of the U.S. and Lark, Ophir and Deer Trail
mines, placed a financial burden on mine operators and
on the people of Utah and raised the question: Are a
mill and smelter necessary to a viable industry or can
Utah mines operate competitively while shipping ore to
out-of-state mills or milling locally and shipping
concentrates to out-of-state reduction works?

Closing the Tooele smelter, the American Smelt-
ing and Refining Co.’s (ASARCO) lead smelter at
Selby and seven zinc reduction works in the U.S.
(tables 8 and 9) eliminated the open market for Utah
zinc and lead concentrates (figure 7). The remaining
reduction works, mostly in central and eastern states,
were either oversupplied as a result of the shutdown or
il equipped to take complex western concentrates.
While there remains a theoretical excess of lead
smelting capacity in the United States (table 8), the
principal facilities, the new and rebuilt lead smelters at
Glover, Boss and Herculaneum, Missouri, are designed
to smelt simple Missouri concentrates, and are not able
or willing to take multimetal ores from Utah.

A numerical comparison of excess zinc capacity
in 1968 with capacity shutdown in 1969-1972 in-
dicates a shortage of zinc reduction capacity in the
United States. While this shortage is real, some zinc
reduction plants are experiencing difficulty finding zinc
concentrates suitable to their process and location.

The availability of reduction capacity, however,
should be self correcting. Smelting experts (personal
communication) believe that as lead-zinc economics
improve, out-of-state reduction capacity will expand to
meet any steady and dependable supplies of con-
centrates. Competitive segments of the present inter-
national metals reduction industry will provide capital
and build expanded facilities at sites with water access
to insure a large and diversified national and inter-
national supply of raw materials (tables 10 to 12). But,
if lead and zinc production from Cordilleran ores and
similar complex ores from other countries continues on
a depressed course, suitable reduction capacity may
not be made available. Under such depressed circum-
stances, western resources will not be explored,
developed and made dependably available.

New Plants

Utah lead production during the decade 1960 to
1969 averaged 45,000 tons per year, zinc 35,000 tons,
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County. Several other small districts in Salt Lake
County are included in the U.S. Bureau of Mines
statistics and in the following totals, but their statis-
tical impact is nil and the magnitude of the Lark-
U.S.-Carr Fork operation during the past decade is
readily apparent.

3. The Tintic district lies in Utah and Juab
counties. In the past Tintic mines often were divided
into two districts: the Main Tintic in Juab County,
most recently the site of Chief Consolidated and
Bullion-Beck operations, and the East Tintic in Utah
County, dominated by Kennecott’s Burgin mine. In
this report, East Tintic and Main Tintic are called areas
and the two combined are called the Tintic district.

4. Tooele County production is substantially the
production from the Ophir district (Ophir Hill mine,
F. McFarland and S. Hullinger, operators), and

5. Piute County production is substantially from
the Marysvale district, with Arundel Mining Co.’s
operation (the Deer Trail mine) the dominant pro-
ducer.

Some county statistics obscure district figures by
inclusion of totals from neighboring major producers:

(1) Cottonwood-American Fork district in Salt
Lake County is dominated by UV Industries and
Kennecott. The dollar value of Kennecctt’s copper pro-
duction is subtracted from county production, but UV
production continues to mask smaller operations in the
area. (2) Small operations in Tooele County are
masked by production from Ophir, and (3) Some
copper mine production is incorporated in Beaver
County statistics. When available, it is subtracted from
county totals. (4) Statistics from Summit and Juab
counties are complicated by production from the
reworking of old dumps.

In this report, county production statistics are
assembled to 1970 and adjusted to separate gold, silver
and copper metals produced in lead-zinc mines from
those metals produced in Kennecott’s Utah Copper
mine and other copper mines; thus, an economic anal-
ysis of lead-zinc mine production is not slanted by the
immense total of byproducts from Kennecott’s Utah
Copper mine and not masked by the effects of copper,
gold and silver from the copper mines of Beaver, San
Juan and Washington counties. Metals derived by leach-
ing, thereby not potential contributors to a lead or
zinc reduction plant, also were subtracted from the
tables.

The decade 1961 to 1969 was chosen as a base
to compare decade averages and trends for each county

Utah Geological and Mineralogical Survey Special Studies 44, 1973

and counties with no recorded production are not
listed (table 18). The following counties show pro-
duction potential backed by significant recent pro-
duction: Summit and Wasatch (Park City mining
district), Utah (East Tintic area of the Tintic district),
and Salt Lake counties (Lark-U. S.-Carr Fork district).
They account for 93.5 percent of the state’s pro-
duction for the decade.

Tooele (Ophir district) and Piute (Marysvale dis-
trict) counties display small, but strong and consistent
production, totalling 6 percent. Mining in the other
counties had little impact on the lead-zinc economy of
Utah during the decade 1960 to 1969, totalling 0.5
percent of the state’s production during the decade.

District

Heylmun (1964) lists a total of 70 lead-zinc
districts in Utah (figure 9). West Mountain (Lark-U. S.-
Carr Fork), Park City and Tintic were large, important
producers during the past decade (table 19); Ophir and
Marysvale are of moderate size, but strong, consistent
and important producers.

Park City district (Summit and Wasatch
counties): Ontario mine operated by Park Ventures
(formerly United Park City mines), Mayflower mine
operated by Hecla Mining Co. (formerly New Park
Mining Co.).

Tintic district (Utah County): Principally Burgin
mine of Kennecott Copper Corp., also extensive hold-
ings by Anaconda Co.

Lark-U. S.-Carr Fork district (Salt Lake County):
The Bingham area outside of and excluding Kenne-
cott’s Utah Copper mine. The recently producing mine,
the U. S. and Lark, is owned by UV Industries (for-
merly U. S. Smelting, Refining and Mining Co.). Remain-
ing pertinent area is owned by Anaconda and Kenne-
cott. For many decades, the U.S. and Lark mine was
the major producer of lead-zinc in Utah.

Ophir district (Tooele County): Ophir mine,
F. McFarland and S. Hullinger, operating lessees from
UV Industries.

Marysvale district (Piute County): Deer Trail
mine, Arundel Mining Co., lessees from Deer Trail
Mining Co.

The remaining 65 districts listed by Heylmun
record occurrences of lead and/or zinc, often with gold
and silver. Some have an important history of pro-
duction and, in some, significant tonnages of lead and
zinc “resources” are reported to exist today, unmined.
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Mining District! County Mineral
1. Alpine Utah Pb
2. Alta Salt Lake Pb, Ag, Zn, Cu, Mo, Au, W, As, Bi, Sb, Mn, Ba, Fe
3. American Fork Utah Pb, Ag, Zn, Cu, Au, Ba, Mo
4. Antelope Beaver Pb, Ba
5. Argenta Morgan Pb, Ba, Fe
6. Big Cottonwood sSummit Pb, Ag, Zn, Cu, Au, Mo, Mg, Ba
7. Bingham (West Mountain)—Large Salt Lake Cu, Ay, Pb, Ag, Zn, Mo, Hg, As, Bi, Sb, Se, Te, Ba
8. Blue Bell Tooele Pb, Ag, Au, F, Be, Ba
9. Box Eider (Incl, Dry Lake) Cache Cu, Au, Pb, Sb
10. Bradshaw Beaver Au, Ag, W, Pb, Cu
11. columbia Tooele Pb, Ag, Cu, Zn, F
12. pDesert Mountains Juab Cu, Pb
13. Dugway Tooele Pb, Ag, Zn, Cu, F, Ba
14. Elkhorn Wasatch Pb, Ag, Au
15. Erickson (Black Crook) Tooele Pb, Ag, Zn, Au, Mn, F
16. Farmington Davis Cu, Au, Pb, W
17. Fish Springs Juab Pb, Ag, Au, Cu, Zn
18. Free Coinage Tooele Au, Pb, Hg
19. Fremont island Weber Cu, Au, Pb, Ag
20. Frisco (San Francisco) Beaver Au, Cu, Pb, Ba, Se, Sb, Ag, Zn, Mo, W, Th, As
21. Gold Hill (Clifton) Tooele Au, Cu, Pb, Ag, Mo, W, As, Bi, Ba, Sb
22. Granite Beaver Be, Cu, Mo, Th, W, Pb, Bi, Ba
23. Granite Mountain Tooele Pb, Ag, Zn
24, Grantsville (Third Term) Tooele Pb, Cu
25, Greeley Tooele Pb, Cu
26. Henry Sevier Au, Ag, Pb, Fe
27. Hot Springs (Adams) Salt Lake Pb, Ag, Fe
28. Indian Peak Beaver Pb, Ag, F
29, Iron Springs Iron Fe, Pb, Cu, Ba
30. Joy (Detroit, Drum) Juab Au, Ag, Cu, Mn, Bi, Pb
31. Juab (Nephi) Juab Pb
32, Lakeside Box Elder Pb, Ag
33, L.eamington Millard Cu, Pb, Ag
34. Lincoln Beaver Cu, Au, Pb, Ag, Zn, Bi, W, F
35. L.ucin Box Elder Cu, Pb, Ag, Mo, Fe
36. McGarry Beaver Fe, Ba, Pb, Cu
37. Marysvale (Ohio)—Moderate Piute Cu, Pb, Ag, Hg, Mo, U, Se, Te, Alunite, Halloysite
38. Miners Mountain Wayne Cu, Pb
39. Mona Juab Pb
40, Mt. Baldy Piute Au, Pb, Ag, Hg, Zn, Cu, Mn, Te
41. Mt. Nebo (Timmons) Juab Au, Pb, Cu, Ba
42, Newfoundland Box Elder Pb, Ag, Cu, W, Bi
43. Newhouse (Preuss) Beaver Cu, Pb, Ag, Zn, Sb, Mo, W, Ba
44, North Tintic Utah Pb, Ag, Zn, Halloysite
45. Ophir—Moderate Tooele Cu, Au, Pb, Ag, Zn, Mn, W, Ba
46. Paradise (La Plata) Cache Pb, Ag, Zn, Au
47. Park City (Incl. Uinta)—Large Summit Pb, Ag, Zn, Cu, Au, As, Bi, Sbh, Fe, Ba
48. Park Valley {(Dove Creek) Box Elder Au, Cu, Pb
49. Pine Grove (Wah Wah) Beaver Pb, Ag, F, Fe
50. Promontory Box Eider Cu, Pb, Zn
51. Provo Utah Pb, Ag, Au, Fe
52. Richardson Grand Cu, Pb, U
53. Richmond Cache Pb
54, Salina Creek Sevier Cu, Pb, Zn, Sr
55. Santaquin Utah Pb, Ag, Zn, Cu
56. Saw Back Millard Cu, Pb, Mo
57. Sierra Madre Box Elder Cu, Au, Pb, Ag, Zn, Mo, Fe
58. Silver islet Tooele Cu, Pb, Ag, Ba
59. Silver Lake Utah Pb, Ag
60. Snake Creek (White Pine, Howland) Wasatch Pb, Ag, Zn, Au
61. Spring Creek Juab Au, Pb
62. Star Beaver Cu, Pb, Ag, Zn, Au, Mo, As, F, W, Bi, Sb, Mn
63. Stockton (Rush Valley) Tooele Cu, Au, Pb, Ag, Zn
64. Swan Creek Rich Cu, Pb, Ba
65, Tintic (Eureka)—Large Juab Pb, Ag, Au, Zn, Cu, Mn, As, Bi, Sb, Fe, Ba, Hatlloysite
66. Tooele Tooele Ph, Cu
67. Trout Creek (Johnson Peak) Juab Pb, Zn, Cu, Be, W
68. Tutsagubet (Beaver Dam) Washington Cu, Pb, Ag, As, W
69. Vipont (Ashbrook) Box Eider Au, Ag, Pb, Zn, Mn, W
70. West Tintic Juab Cu, Pb, Ag, Zn, Mo, W
71. Willard Box Elder Cu, Fe, Pb, Sb

! Districts not designated large or moderate are potential.

Figure 9. (continued)
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Exploration—Ontario Mine (Park Ventures)

From 1965 to 1970, the United Park City Mines
Co.’s Ontario mine shipped an average of 300 tons of
ore per day to the Midvale mill of United States Smelt-
ing, Refining and Mining Co. In 1971, the operating
management, Park Ventures, anticipating that sufficient
ore would be developed to justify a new efficient
mining and milling plant, decided to stop shipping and
to concentrate on exploration and development of
manto ores in the deep Humbug Formation. By the
summer of 1972 ‘they had accomplished partial
development of one-third of the target tonnage and
were aggressively pursuing the opening of geologically
promising areas, -in which application of district
development experience suggests possible additional
reserve.

If their target of 3 million tons becomes reason-
ably assured by partial development, Ontario mine’s
management hopes to re-fit and modernize a centrally
located vertical shaft and associated level stations, con-
struct a 1,000 ton-per-day flotation plant at the shaft
head, mine and mill the ore, and send a portion of the
tails back down the shaft as sand fill for the stopes.
An operation at this scale of production proved effi-
cient at Idarado and Leadville mines, Colorado.

Outlook

Summit County production during 1960 to 1969
included the miiling of several old mine dumps which
diluted and reduced the average grade to the
$21-gross-recoverable value that is reported in the
county production statistics section: 170,000 tons a
year of $21 a ton gross recoverable metal content and
total recoverable metal value of $3.5 million a year.

A medium rate of future production from
Summit County is projected in this report at a metal
value of $50.00 per ton gross recoverable and at
150,000 tons a year. This would produce a recoverable
gross metal value of $7.5 million per year.

Should Park City Ventures’ long-range target of a
1,000 tons-per-day plant be achieved, projections made
for this report indicate that Summit County gross pro-
duction might exceed $15 million metal value per year
(300,000 tons per year x $50.00 per ton) if existing
plans are successful, metal prices are good and a
reasonably priced labor supply remains available. The
Colorado operations at Idarado and Leadville support
this hope. But, if metal prices fall, production may
cease.

Speculative resources and reserves for the next
10 productive years at Park City are estimated by (1)
management, based on recent mine developments, and
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(2) projecting past annual production totals for
Summit plus Wasatch counties:

Tons
(1) Management’s estimates:
—partly developed, partly measured 900,000
—resources to be derived by explora-
tion of areas determined as favorable
targets and accessible to proposed
exploration projects 2,100,000

Total 3,000,000

(2) Projecting past annual production totals:
—1960 to 1969 decade average

(including some dumps) 270,000 tons/year
—over a 10-year productive period equals 2,700,000 tons

Lead-zinc resources within the grade range!
experienced in recent years in the Park City district
exist; they are identified by mine exposures and are
speculatively predicted by favorable geological pro-
jections. The resources can be completely identified
and their content classified as ore, if estimated future
lead-zinc mine economics are sufficiently attractive to
warrant the investment of considerable risk capital in
exploration, development and facilities, with its return
deferred some years, and if reasonable luck is experi-
enced in exploration.

Tintic District, Utah and Juab Counties

The following descriptions of the Tintic mining
district are extracted from Morris (1968), Shepard,
Morris and Cook (1968) and Don Rausch, manager,
and Paul Mogensen, geologist, Tintic Division,
Kennecott Copper Corp. (personal communications).
Most of the production data was derived from
published or unpublished reports of the U.S. Bureau
of Mines.

Location

The Tintic district lies in Utah County to the
east and Juab County to the west. It is divided into
the Main Tintic (Juab County) and East Tintic (Utah
County) areas.

The Main Tintic area has not produced under-
ground ores since 1965, but includes such major old
mines as the Gemini, Mammoth, Chief, Plutus, Godiva,
Iron Blossom and Bullion-Beck. The East Tintic area
includes the Burgin mine (Kennecott), Eureka Lily,
Eureka Standard, North Lily and Tintic Standard. The
Burgin (Kennecott Copper Corp.) is the only mine pro-
ducing (tables 22 to 26).

1“Range” refers to grades reported in tables 13, 20 and 21. It
does not refer to the range in statistical tables for Summit
County (table 18) as these grades are very low due to dilu-
tion of mine ore by material recovered from old dumps.
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Figure 15. Generalized section of the Gemini ore zone (from Cook, 1957).

Recognition in the last 25 years of the East
Tintic thrust fault (figure 16) has revealed mineralized
fault areas much younger than the Ophir in the foot
wall of the thrust. Mining geologist Paul Billingsley
studied the deposits in the 1920°s and he was
impressed by the extraordinary complexity of their

geology.

In the overall picture, some geologists consider the
structural features to be more important than specific host
rocks in the localization of ore at East Tintic. In suitable
structural environments, it seems probable that ore will be
found in many formations that have not been deemed favor-
able to ore deposition in the district (Shepard, Morris and Cook,
1968).

Because barren Tertiary volcanic rocks cover a
large part of the area, the geological complexity can be
seen and studied only in mine workings or drill holes.

Outlook

Shepard (Shepard, Morris and Cook, 1968),
former chief geologist at Burgin, said, “The present
development of the Burgin mine (Kennecott, in the
East Tintic area, Utah County) would seem to assure
the continued productivity of the district for at least a
decade.”

Since 1965 the Burgin has been the only sub-
stantial producer in the Tintic district (East Tintic and
Main Tintic areas). The 1960 to 1969 average for the
district was 38,000 tons of ore per year. Only follow-
ing the start of the Burgin milling operation in 1965

was substantial production reported. Significant annual
totals are estimated as follows:

1969 100,000
1970 170,000
1971 150,000

The Salt Lake Tribune, Nov. 27 and 29, 1972,
reports that Anaconda is consolidating subsidiary
companies in the Tintic area for “...ownership and
operating purposes and for operating efficiency. . .
Exploration is being carried out on eight unitized
properties in the Tintic mining district.”

Anaconda has not reported ore developed in the
area, but apparently management hopes to fund an
exploration program and to eventually establish a
producing mine.

No estimates of long range tonnages in the Tintic
district are available nor are such estimates possible. A
recent speculative estimate (table 23) by Paul
Mogensen, Burgin chief geologist, suggests that the
total amount of remaining mineralized rock (lead-zinc
ore) bearing more than 10 percent lead might be:

Tons
East Tintic 3,300,000
Main Tintic 2,250,000
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exploration improve or until sufficiently attractive
lead-zinc showings are intercepted during exploration
for copper, the question of ore at great depth will
remain untested and open to discussion.

U. S. and Lark Mine

Clockwise around the cylindrical lead-zinc zone
from west of the town of Lark, the most important
mines are: Lark, U. S. (figure 19), Armstrong (figure
20), Highland Boy and Utah-Apex. During the last
decade mainly the Lark mine (now called the U. S. and
Lark mine) contributed significant production. With

the closing of the U. S. and Lark mine in November
1971, lead-zinc production ceased.

Production. In Lark, more than 1 million tons of
lead-zinc ore have been mined from eight named cross
cutting fissures and a small production from a few
unnamed ones; replacement ore production totalled
513,000 tons (Rubright and Hart, 1968, p. 900 and
904). Production of about 336,000 tons per year
during the recent years, however, suggests that the 1.5
million tons are only a fraction of the total from this
complex geological system. '
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Reported Ore Grades. Table 28 shows grades of
ore remaining in the U. S. and Lark mine, and, for
comparison, grades of district production during the
1960 to 1969 decade. The higher metal content of the
ore remaining in the Lark mine represents ore in place,
measured and calculated before grade reduction caused
by dilution during mining.

Outlook

UV Industries (personal communication, 1972)
reports the following tonnages remain in place in the
mine (derived from engineering measurements):-

U. S. and Lark mine

Tons in place
Gross value of metals

Between 500,000 and 600,000
About $70.00 per ton in place
(1972 metal prices)

Resource tonnages from the other mines in the Lark-
U. S.-Carr Fork district have not been reported at time
of this writing.

The U. S. and Lark mine is now shut down, the
pumps are removed and the lower levels are flooded.

Because the cost of labor in Utah during the last
decade has increased and productivity has decreased in
relation to price of metals (table 5), and because the
U. S. and Lark mine workings, constructed over many
decades of operation, are old, the U. S. and Lark mine
apparently will not be reactivated until the economic
outlook is sufficiently improved to warrant complete
restructuring of lead-zinc-silver-gold mining in the
district.

Ophir District,
Tooele County

To ship run-of-mine ore to an out-of-state
custom mill is uneconomical, so when the Midvale
custom mill closed, the market for Ophir ores dis-
appeared.

F. McFarland of McFarland and Hullinger, the
former operators, said the present problem is the lack
of a mill facility. He believes that smelter capacity can
be found outside of Utah and reduction economically
arranged if concentrates can be produced. Although ex-
pired, the McFarland and Hullinger lease with UV
Industries apparently is open for resumption or
renegotiation.
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Since 1969, production has increased sharply as com-
pared to the decade average:

Tons per year

1969 10,618
1970 10,150
1971 9,873
1960-1969 (average) 5,000

Geology. According to Butler and others (1920),
the ore of the Deer Trail mine is “a blanket deposit
that has replaced the limestone immediately above the
quartzite. The replacement appears to be associated
with east-west fissures. The general dip of the for-

© 9

mation is 10° to 15°.

According to Q. F. Treseder, manager and vice-
president of Arundel Mining Co. (personal communi-
cation), the Deer Trail ore manto (or blanket) has pro-
duced throughout more than 4,000 feet of “ore run”
replacement in the limestone (Toroweap), at or near
the contact with the underlying sandstone
(Coconino?). For the last 1,300 feet of length, the
shoot has consistently averaged 53 tons of ore for each
foot mined. A similar overall average was achieved for
the entire 4,000 feet, although detailed shoot records
are not available.

No geologic evidence in the mine indicates that
the continuity of the ore shoot is about to terminate.’

Estimated Resources. The speculative production
of the Deer Trail mine is based on three assumptions:

1. That exploration and development of the ore
shoot with exploration for extensions and repetitions
of ore in adjacent horizons should permit continuous
production at 1969 to 1971 rates for many years, once
a market for the ore is re-established. If the recent
production rate of 10,000 tons per year is extended
for the next ten productive years, from ore body habit
and production experience, 100,000 tons of ore re-
source could be inferred. The management is awaiting
funds to explore and test this favorable projection.

2. If ore habit experienced of 53 tons per foot
and total production record of 237,000 tons of ore
were extended by one third, a speculative projected
resource of 237,000 x 1/3 = 80,000 tons of developed
plus projected resource would be indicated.

YA detailed description of the geology of the mine is in
preparation for the Utah Geological and Mineralogical Survey
by Q. F. Treseder, vice-president, Arundel Mining Co.; Eugene
Callaghan, consultant, Utah Geological and Mineralogical
Survey, is preparing a detailed description of the geology of
the Marysvale area. Both publications should be available in
1973.
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3.1If tests of favorable areas are financed and are
successful, 80,000 tons of ore might be made available.
No geological obstruction to this projection has been
uncovered.

The following tonnage, therefore, is assumed,
based on management’s exploration hopes, projection
of past experience in ore shoot continuity and the
speculative opinion of mine geologists:

Tons

Developed ore 16,000
Additional speculative ore supported

by operators’ or geologists’ projection 64,000

Total reported resource, plus -

operators’ projection, partly discovered 80,000

Potential Lead-Zinc Mining Districts
Potential Resources

From 1960 to 1969, none of the sixty-five
potential lead-zinc mining districts (page 18 and figure
9) demonstrated strength in production.

Juab County, with a record of $750,000 in
metals produced largely from old dumps during the
1960 to 1969 decade, should be considered, for
planning purposes, a part of the Main Tintic area.
Beaver County, with 430,000 tons in lead-zinc-silver
production (Creole, Harrington Hickory, Horn Silver,
Lincoln, Smokey Joe mines and the Wah Wah Vedco
development) has speculative potential, but not in a
projectable quantity.

It is outside the scope of this report to deter-
mine the resources in the sixty-five potential lead-zinc
districts. Ore Deposits of Utah, by Butler and others
(1920), is the most comprehensive listing and descrip-
tion of Utah metallic ore deposits available. An up-to-
date, thorough geologic and economic analysis of each,
however, should be made. Presently such information
is being prepared by the Utah Geological and Mineral-
ogical Survey in the form of county or district studies.
The studies entail regional geologic mapping and study
of all mineral deposits—metals, nonmetals, hydro-
carbons, uranium, etc. The following areas are now
being investigated:

Marysvale area—geology and metallic and non-
metallic resources, by E. Callaghan, UGMS; scheduled
publication 1973.

Deer Trail mine—geology by Q. F. Treseder,
vice-president, Arundel Mining Co.; scheduled
publication 1973.
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Beaver County (especially Star Range)—geology
and ore deposits, by J. A. Whelan, UGMS; progress
reports are available and publication is anticipated in
1973 or 1974.

Box Elder County—mineral potential and geol-
ogic maps, by H. H. Doelling, UGMS; progress reports
are available and publication is anticipated in 1973 or
1974.

Gurfield County-—mineral potential and geologic
maps, by H. H. Doelling, UGMS; progress reports are
available and publication is anticipated in 1974.

Oxidized Lead and Zinc Resources

The economics of oxidized zinc resources differ
from sulfide zinc and lead economics and are grouped
separately in this report.

With few exceptions, lead and zinc are mined
today as lead or zinc sulfide. The ore minerals are
galena or sphalerite, respectively. Within a few hundred
feet of the earth’s surface, however, sulfides may be
attacked by oxygenated groundwaters which convert
sulfides to lead carbonates, lead silicates, lead sulfates
and zinc carbonates, zinc silicates, etc. Because of their
origin, they are called “oxide ores,” although chem-
ically they are seldom oxides.

Lead carbonates are concentrated readily and
economically smelted and are a commercial source of
lead ore. Where found, they have been extracted and
no significant reserves of these ores remain exposed in
Utah mines. Because the formations are near the
surface, discovery of lead carbonate resources at depth
is not anticipated. Therefore, no lead carbonate ores
are included in current Utah resources.

Zinc carbonate resources are not readily con-
centrated. Their treatment as unconcentrated ores is
expensive and, except in rare ores containing well
above 25 percent zinc, is uneconomical. Therefore,
oxidized zinc ores, when encountered, generally are
left in the walls of the mine. In this report, the re-
maining oxide ores (actually zinc carbonates) are
considered a resource, but are not included in any
future production projections because no economic
method of treatment is known (Joe Rosenbaum, U. S.
Bureau of Mines, 1972, personal communication).

The oxidized zinc resources of Utah are de-
scribed in detail by Heyl (1963). His bulletin is the
result of several seasons of field study. The resources
cited by him are condensed in table 29.
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MAJOR RESOURCE CATEGORIES

Estimated lead-zinc resources are divided into
four categories based on degree of speculation or
differing source of information. The totals derived
from the four approaches are summarized in table 30.

Approach 1. Reported Reserve. The measurement
by mine operators of identified resource. It is based on
mine and drill exposures plus short geological pro-
jections. The reserves are known to company operators
and are located on company maps.

Approach II. Reported Reserves plus Operators’
Projections. To Approach I is added target tonnages or
expectations from planned and proposed development
identified on company maps.

Approach III. Reported and Projected Reserves
plus Geologists’ Speculative Estimate. Attractive areas
not yet tested or only partly tested by exploration,
but identified within broad generalized areas on
company maps. Approach III is the sum of Approach
II and the geologists’ projections.

Approach IV. Past Production Projections. The
amount of resource that could sustain a production
rate derived by production experience in the past, but
modified by anticipation of noncontinuous conditions,
such as new geological or ecological problems or
radical changes in metal economics—the economic
changes introduced by the development of large new
lead mines in Missouri, for example, or the attack on
SO, emissions from reduction plants.

OUTLOOK FOR UTAH’S LEAD-ZINC INDUSTRY
Present Crisis

The immediate crisis in the Utah lead-zinc-silver
industry was triggered by the closures of the Midvale
mill of UV Industries and the Tooele smelter. The
present nonproductive years in Utah’s lead-zinc in-
dustry could end and become normal productive years
only as the production cost-price ratio of metals
improves and local milling facilities become available
and, for other than small amcunts, reduction capacity
is made available (figures 21 and 22). Eventually
industrial reduction capacity will be available to handle
any continuous, small or large production at efficient
seaboard works, when and if a dependable supply can
be demonstrated.
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Table 29. Oxidized zinc resources of Utah (modified from Heyl, 1963).

Utah Geological and Mineralogical Survey Special Studies 44, 1973

County
District

Recorded Production of
Oxidized Ores (tons)

Oxidized Zinc Ore Resources

Box Elder County
Lucin

Promontory

Cache County
Paradise

Morgan County
Argenta

Salt Lake County
Big Cottonwood

Little Cottonwood
(and American Fork)

Summit County

Park City
(incl. Wasatch County)

Tooele County
Dugway
Free Coinage
East Tintic
(Utah County)

Tintic
(Juab County)

West Tintic: Juab
(Scotia Mine)

Utah County
American Fork

300 to 400 tons of zinc metal

14,000 tons of oxidized zinc

and zinc-lead ores

17 tons of zinc-carbonate ore

“Small shipments”

Several mines have produced

2,000 to 5,000 tons of oxidized

o1es.

Production of oxidized ores
has been very small.

“Oxidized ores . . . have not

been shipped for zinc content.”

Small shipments

55 tons of ore

Production of oxide ores
apparently very small

Substantial reserves of oxidized zinc ores, some 30
percent zinc, and zinc-bearing material . . . Much remain-
ing in stopes and dumps, most 5 percent—20 percent zinc,
some 30 percent (Butler, 1920, p. 448-494).

Some thin veins, estimated 5-8 percent lead, 5-10 percent
zinc.

The district shows promise for small, high-grade oxide and
sulfide deposits.

Iron-rich oxidized zinc-lead bearing material is common in
upper working, and could be commercial if iron-rich ores
were desired.

Several of the mines in the district contain partly devel-
oped reserves of oxidized zinc ores...very probably
other deposits could be found without great difficulty.

“Commercial quantities of oxidized zinc ores exist.”
“These ores have not been recognized heretofore.”

Most of the known ore deposits are apparently small.
Ores are reported to be still present in minable quantities.

“Available reports suggest strongly that all the known
deposits of oxidized zinc ores in the principal mines . . .
have been mined out.”

From 1912 to 1953, the mines of the Tintic and East
Tintic district produced 31,000 tons of oxide lead zinc
ores, with a value of recoverable zinc of $1,706,000.
“...Opinion is that known oxidized zinc ore...is
largely mined out.” “A known reserve in the hanging wall
of the lower Mammoth Mine . . . is estimated to contain
100,000 tons of 12% zinc.” (Heyl, 1963, p. B19)

“Some minable reserves are reported ... the geology is
good for the discovery of new oxidized complex zinc-
bearing ore bodies.”

Past production has been small. Low grade lead-zinc-silver
ores remain in several mines. -
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Future Production Possibilities

A target production schedule, hopefully to be
achieved in the major mining districts of Utah, and the
years of production remaining in the speculative
reserve are shown in table 31. Past trends of lead-zinc
mine production, projected as future possibilities, are
summarized in tables 32 and 33.

The following analysis defines three courses the

Utah lead-zinc industry may take as milling and reduc-
tion capacities become available. Each course would
result from certain geological, technological, industrial
and economic factors.
(" Lead-zinc economics are con-
sidered good business; profits. are
predicted. Metal prices and tech-
nology keep up with cost infla-
tion. New risk capital is made
available. Big companies partici-
pate in exploration and develop-
High ment and continue to support
Production < first-class geological and mining
Path ﬁ programs on regional and local
levels. Lead-zinc-silver are a minor,
but integral target in copper search
programs. New industrial concepts
promote mechanization of mines.
Mills are built as needed. Concen-
trates probably are shipped out of
Utah to seaboard works.

Production and discovery rates of
the 1960 to 1969 decade are re-
sumed by large companies. Better
than ‘‘break even’ metal
economics continue. Some risk
capital made available. Aggressive
exploration within known districts
is maintained. Increased labor
prices must be met by higher
metal prices and, with difficulty,
by technological improvement.
Medium New mine plant concepts, mining
Production < and milling facilities are necessary.
Path Smelting facilities are available out
of state. Larger companies con-
tinue to support their operations
with first-class geological and
engineering personnel and to
supply risk capital needed to
implement the described re-
structuring. Production is main-
tained from one large mine only
(e.g., Burgin mine) plus one or
more medium producers (e.g.,
Ophir and/or Deer Trail).
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(" Two or more large producers term-
inate their operation and the pro-
duction gap is not filled by new
developments. Continued rise in
costs not compensated by metal
price increases. Insufficient mine
development, resvlting in little or

Lo no exploration outside the mines
W d ly short-range, low-cost

Production < and onty sho £e; .

Path exploration within the open mines.

Concentrates must be smelted out-
side of Utah and ores would be
milled mostly in existing mills
(Mayflower and Burgin). Much
mining would be lease or contract
to extract ores now well exposed.

Marginal economics is both the
Lcause and result of low production.

The low or nonproductive years immediately
ahead (figure 21) can be replaced by medium or high
productive years only as the following situations permit:
(1) Metal prices must increase to cover increased
operating and capital costs; (2) The future outlook
for lead and zinc must be sufficiently optimistic
to attract risk capital and to support the establishment
of one or more custom or captive concentrating
facilities within the state.

The medium production path might be achieved
if (1) the East Tintic area continued on its past ton-
nage level at a slightly inflated metal price, (2) either
Summit County or the Main Tintic area ores are dev-
eloped in areas not yet exposed but now being
searched, and if facilities for mining and milling are
then provided, and (3) medium size mines—Ophir, Deer
Trail and perhaps others—are able to make local milling
arrangements,

The highest rate of production will result if
metal prices are inflated rapidly, general economics are
good and exploration luck is experienced resulting in
strong financial support for the big mines. A high rate
of production may be expected from East Tintic and
Summit County. Either Wasatch County or the Main
Tintic area must be explored successfully and devel-
oped and the medium and small mines must operate
under favorable conditions. The Lark-U.S.-Carr Fork
district is not expected to be re-opened in the forecast
period.

UTAH GEOLOGICAL
AND MINERALOGICAL SURVEY

Present Investigations

Presently Utah Geological and Mineralogical
Survey (UGMS) is investigating the following lead and
Zinc resources:









54

on-going profitable operations. For most of the non-
producing districts, the latest geological and
engineering information is Butler and others (1920).
Few adequate economic reports exist to orient and
attract the interest of commercial exploration com-
panies or local prospectors and land holders.

The proposed reports could contain a rough base
map of the mining district and a permanent survey
base, such as section corners or monuments, located on
photogrammetric topography of the district, if such is
publicly available.

Individual prospects, underground or surface
sampling and drilling should be recorded if obtainable
(similar to U.S. Bureau of Mines Information Cir-
culars); prospect descriptions are no longer prepared by
the USBM.

(7) Lead-zinc concentration and reduction.
UGMS might review lead-zinc mining, milling, smelter
or other reduction freight costs, and prepare an up-to-
date generalized analysis of their impact on the in-
dustry and on typical mining situations. The figures are
well known and available to industry, but for com-
petitive reasons, are not made public. It is difficult,
but not impossible, to obtain such information. The
costs and losses due to reduction and freight of zinc
material commonly absorb more than 60 percent of
the gross value, which makes some of the lead and zinc
mining problems more understandable.

(8) The state geologists could continue to review
the studies of other state geology departments regard-
ing gold, silver, copper, lead and zinc. For example,
publications of the New Mexico State Survey, des-
cribing features common to many oxidized lead-zinc
outcrops, the Arizona State Survey’s information on
economics of oxidized copper deposits, and similar in-
formation might be reviewed, summarized and re-
circulated to companies and persons interested in ex-
ploration in Utah. A short paper on the economics and
future of oxidized zinc deposits would be valuable.
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APPENDIX 1

Definitions (figure 23)
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Ore. Material that is well located and identified
on maps and that can be mined at a profit.

Resource. Combines ore-grade material and ma-
terial not well identified, material of a lower grade, or
material in an environment more difficult to identify
and/or tecover ore. A resource falls within a reasonable
geologic or production statistic projection. It includes
mineral bodies that are predicted, but not yet dis-
covered. The limits of projection and prediction vary
greatly depending on the nature of the problem and
the outlook of the predictor. (Note the extreme
difference between predictions of mining company
engineers and U.S. Geological Survey geologists.) In
this report an attempt was made to determine by in-
quiry the outlook of professional mining geologists,
engineers and managers.

Reserve. Ore plus that part of the resource for
which location, grade and mining factors have been
identified, but which may be marginal or submarginal
in calculated value.

Grade. Metal content of ores and concentrates or
their dollar value; may be expressed in many ways,
generally depending on the conditions surrounding the
material described.

“In place” grade of mine ore: percent metal
content or gross dollar value of ore as sampled in
its natural position in the mine faces, drifts and
stopes, etc.

Run-of-mine grade or mill-head grade: as sampled
at mine discharge or entering the mill. This will
be a composite of in-place grades modified by
dilution with waste or low-grade rock because of
mining procedures. Quantities are generally dry
tons.

Recoverable-metals grade: the run-of-mine grade
less an estimated metal loss in milling, reduction
and refining. Records for county and state tab-
ulations in this report are in terms of recoverable
metals from information submitted by individual
mine operators to the U. S. Bureau of Mines and
statistics compiled from U.S. Geological Survey
publications.

Gross value of recoverable metals: Average
market value, during the year produced, of metals
estimated to be recoverable by the available metal-
lurgical facilities. The definitions were compiled from
U. S. Bureau of Mines mineral yearbooks and related
publications.
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Figure 23. Classification of ore and mineral resources (modified from McKelvey, 1972).
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APPENDIX IV

Analyses of Costs in the Pacific Northwest

In 1966 and 1967, the U. S. Bureau of Mines
analyzed lead-zinc costs in the Pacific Northwest.
Although individual costs are outdated, the relation-
ships and generalizations regarding mines, mills and
smelters are still valid (tables 35 to 39).

Knostman (1967) discusses lead smelter costs:

An estimate of costs incident to lead smelting and
refining (at Bunker Hill, Idaho) is given. .. [table 40]. It
should be emphasized that no credit has been given for co-
products recovered.

Because of the age of domestic smelters, amortization
costs probably would not be an important expense item; how-
ever, it is estimated that a new 60,000-ton-per-year lead
smelter and refinery would cost approximately $10 million
(date not specified). Capital cost would add more than 0.8
cents per pound to the cost of producing lead.

The construction of an electrolytic reduction plant
requires a large capital investment. The electrolytic plant built
at Anaconda, Montana, in 1916, cost approximately $45 per
ton of annual capacity, but construction of a similar plant
would now cost $300 or more per ton. The 70,000-ton-
per-year eclectrolytic plant constructed since 1960 at Valley-
field, Quebec, is estimated to have cost about $20 million
without roasting and sulfuric-acid-producing facilities.
[Construction costs would be double today; Appendix II.] The
additional cost of the facilities would probably be between $4
and $7 million. A $20-million investment amortized over 15
years at 6 percent interest would add 1.47 cents per pound to
zinc production costs at a smelter with a 70,000-ton-per-year
output. The estimated cost of $117.65 per ton of zinc pro-
duced would be lowered to $88.24 if the smelter were fully
amortized.

He further (p. 36) comments on transportation
costs.

Pacific Northwest slab zinc and refined lead consumption
is small; therefore, these products are shipped to other markets
located chiefly in Michigan, Illinois, Ohio, and California.

Carload freight rates for slab zinc from various smelter
sites to market areas...[table 41] indicate the locational
disadvantage of Pacific Northwest producers relative to those
closer to market areas. For example, transportation costs from
either Kellogg, Idaho, or Great Falls, Mont., to Detroit, Mich.,
are $14.62 per ton higher than from Blackwell, Okla.; $7.00
per ton higher than from Corpus Christi, Tex.; $11.82 per ton
higher than from East St. Louis, Ill.; and $11.30 per ton
higher than from Palmerton, Pa. Similar cost disadvantages
exist for shipments to Chicago, IlI., and Youngstown, Ohio.

Refined lead from the Pacific Northwest also is at a
competitive disadvantage created by higher transportation costs

than from refineries at Herculaneum, Mo., and Omaha,
Nebr. . .. [table 42] indicates that the St. Joseph Lead Co.,
the leading domestic lead producer, has an advantage over
Bunker Hill of $15.91 per ton for lead shipments to Detroit,
Mich., and $12.83 per ton to Chicago, Ill. Likewise, rates from
the American Smelting and Refining Co. refinery at Omaha,
Nebr., to Detroit and Chicago are lower than those from
Kellogg. Rates to Los Angeles, Calif., from Kellogg are lower
than from Herculaneum and Omaha, but considerably more
than the $8.00-per-ton rate from the Selby, Calif., plant.

Table 43 shows the advantages of a smelter being
near a mining district and of shipping concentrates
instead of ore. Commodity freight rates established
between an operating base metal mine and smelter and
the smelter and marketing area are listed. The distances
are similar and the difference should not have any
appreciable effect. Prior trucking and handling costs to
the loading point are not included. The cost of
shipping slab zinc produced at an Idaho smelter,
Bunker Hill area, to an eastern refinery and market
and a 45.5 percent concentrate produced at the mine
for a similar distance to an electrolytic plant was as
follows:

Cost per pound
of contained zinc

Shipping the metal slab zinc 782 miles to

refinery $ .0059
Cost of shipping 45.5 percent concentrate

833 miles to electrolytic plant .0145
Difference per pound .0086

Thus shipping metal as concentrate resuits
in an additional production cost, for
7 percent crude ore (140 pounds zinc
per ton, 125 pounds recovered) $1.08 per ton

of crude ore

Utah ores are higher than 7 percent when lead
and zinc are both considered. Therefore, with similar
rail distances involved, the added cost per ton of crude
ore to ship concentrate, not metal, to a central or Gulf
coast reduction plant or market would be more than
$1.08.

Lead-ore producers in Arizona, Kansas, Oklahoma,
Wisconsin, Illinois, Colorado, Nevada and New Mexico must
ship ore or lead concentrates to smelters in other states. Zinc-
ore producing operators in Arizona, Colorado, Nevada, New
Mexico, Missouri, Kansas, Wisconsin, Kentucky, New York,
Tennessee, Virginia and Washington also must ship ore or zinc
concentrates to smelting and refining plants in other states
(U. S. Bureau of Mines data).
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