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Foreword

This edition of the Minerals Yearbook discusses the performance of the worldwide minerals industry during 1990
and provides background information to assist in interpreting that performance. Content of the individual Yearbook volumes
follows:

Volume I, Metals and Minerals, contains chapters on virtually all metallic and industrial mineral commodities impor-
tant to the U.S. economy. A chapter on organic materials also has been added to the Minerals Yearbook series beginning
with the 1990 volume. In addition, a chapter on survey methods used in data collection with a statistical summary of
nonfuel minerals and a chapter on trends in mining and quarrying in the metals and industrial mineral industries are
included. .

Volume H, Area Reports: Domestic, contains chapters on the minerals industry of each of the 50 States, Puerto Rico,
Northern Marianas, Island Possessions, and Trust Territory. This volume also has a chapter on survey methods used
in data collection including a statistical summary of domestic nonfuel minerals.

Volume III, Area Reports: International, contains the latest available mineral data on more than 150 foreign countries
and discusses the importance of minerals to the economies of these nations. Beginning with the 1989 review, Volume
M1 is presented as six reports: Mineral Industries of the Middle East, Mineral Industries of Africa, Mineral Industries
of Asia and the Pacific, Mineral Industries of Latin America and Canada, Mineral Industries of Europe and the U.S.S.R.,
and Minerals in the World Economy. This year’s reports incorporate location maps, industry structure tables, and an
outlook section previously incorporated in our Minerals Perspectives Series quinquennial regional books, which are
being discontinued.

The U.S. Bureau of Mines continually strives to improve the value of its publications to users. Therefore, constructive
comments and suggestions by readers of the Yearbook will be welcomed.

T S Ary, Director
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SURVEY METHODS AND STATISTICAL
SUMMARY OF NONFUEL MINERALS

By Jacqueline A. McClaskey and Stephen D. Smith

Ms. McClaskey, an Operations Research Analyst with 5 years of Government experience, has been with the U.S. Bureau of
Mines Branch of Statistics and Methods Development since 1990. _
Mr. Smith, Mineral Data Assistant in the Branch of Data Collection and Coordination, was assisted in the preparation of the
Statistical Summary by Sarah P. Guerrino, Chief, Section of Ferrous Metals Data; Imogene P. Bynum, Chief, Section of
Nonferrous Metals Data; Barbara E. Gunn, Chief, Section of Industrial Minerals Data; and William L. Zajac, Chief, Section

of International Data.

SURVEY METHODS

The U.S. Bureau of Mines Information
and Analysis Directorate collects world-
wide data on virtually every commercially
important nonfuel mineral commodity.
These data form the base for tracking and
assessing the health of the minerals sector
of the U.S. economy.

The Bureau’s data collection activity was
instituted by the 47th Congress in an ap-
propriations act of August 7, 1882 (22 Stat.
329), which placed the collection of min-
eral statistics on an annual basis. The most
recent authority for the U.S. Bureau of
Mines survey activity is the National Ma-
terials and Minerals Policy, Research and
Development Act of 1980 (Public Law 96-
479, 96th Congress). This act strengthens
protection for proprietary data provided to
the U.S. Department of the Interior by
persons or firms engaged in any phase of
mineral or mineral-material production or
consumption.

Data Collection Surveys

The Bureau begins the collection of do-
mestic nonfuel minerals and materials sta-
tistics by appraising the information
requirements of Government and private
organizations of the United States. Infor-
mation needs that can be satisfied by data
from the minerals industries are expressed
asquestions on U.S. Bureau of Mines survey
forms. Figure 1 shows a typical survey form.

Specific questions about the production,
consumption, shipments, etc., of mineral
commodities are structured in the survey

forms to provide meaningful aggregated
data. Thus, the entire mineral economic
cycle from production through consumption
is covered by 169 monthly, quarterly,
semiannual, annual, and biennial surveys.
After the survey form has been designed, a
list of the appropriate establishments to be
canvassed is developed. Many sources are
used to determine which companies, mines,
plants, and other operations should be in-
cluded on the survey mailing list. U.S.
Bureau of Mines State Mineral Officers,
State geologists, Federal organizations (e.g.,
Mine Safety and Health Administration),
trade associations, industry representatives,
and trade publications and directories are
some of the sources that are used to develop
and update survey listings. With few ex-
ceptions, a complete canvass of the list of
establishments is employed rather than a
sample survey. The iron and steel scrap
industry is one of the exceptions where a
sample survey is conducted.

The Paperwork Reduction Act requires
that any Government agency wishing to
collect information from 10 or more people
first obtain approval from the Office of
Management and Budget (OMB). OMB
approves the need to collect the data and
protects industry from unwarranted Gov-
ernment paperwork.

Survey Processing

Approximately 26,000 establishments
yield more than 50,000 responses to 169
surveys annually. Each completed survey
form returned to the Bureau undergoes ex-
tensive scrutiny to ensure the highest pos-
sible accuracy of the mineral data. The
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statistical staff monitors all surveys to en-
sure that errors are not created by reporting
in physical units different from the units
requested on the form. Relationships be-
tween related measures, such as produced
crude ore and marketable crude ore, are
analyzed for consistency. Engineering re-
lationships, such as recovery factors from
ores and concentrates, are also employed.
The totals for each form are verified, and
currently reported data are checked against
prior reports to detect possible errors or
omissions.

For the majority of the surveys, which
are automated, the forms are reviewed to
ensure that data are complete and correct
before entering into the computer. The
computer is programmed to conduct a series
of automated checks to verify mathemati-
cal consistency and to identify discrepancies
between the data reported and logically
acceptable responses.

The U.S. Bureau of Mines is moderniz-
ing and automating all of its survey pro-
cessing and data dissemination functions.
Automated commodity data system func-
tions include computerized preparation of
statistical tables; the use of desktop pub-
lishing to integrate text and tables; and the
implementation of a microcomputer bulletin
board, known as MINES-DATA, for elec-
tronic dissemination of minerals data.

Survey Responses.—To enable the reader
to better understand the basis on which the
statistics are calculated, each commodity
annual report includes a section entitled
“Domestic Data Coverage.” This section
briefly describes the data sources, the num-
ber of establishments surveyed, the response




FIGURE 1

A TYPICAL SURVEY FORM
Form 6-1066-M O.MBNo. 1032-0006.
Fer. (6-91) Approval Expires: 12/31/92
INDIVIDUAL COMPANY
DATA-PROPRIETARY
Unless suthorizstion i1s granted n the
UNITED STATES section above the signature, the dete
DEPARTMENT OF THE INTERIOR turnished n this report will be trestec
BUREAU OF MINES in confidence by the Department of

the Interior, except that they may be
disclosed to Federal defense sgencies
or to the Congress upon officis! request

IRON ORE (Usable ore) for sppropriste purposes.

WASHINGTON, D.C. 20241
O —————

FACSIMILE NUMBER
1-800-543-0661

L

(Please correct if name or address has changed.)

Public reporting burden for this ion of inf is est d to average 30 MINUTES per response, meluamq the time for reviewing instructions,

searching deta sources, gathering and ining the w- d, -nc ing unﬂ rev ing the collection of infor Send regarding

tnu w«m estimate or any other aspect o' this of infor suggesti s for ing this burden to: Buresu of Mines, Branch of
and M D P 9 D.C. 20241; and Office of Information and Regulstory Aﬂous Office of Management and Budget,

Washington D.C. 20503.

Please complete and return this form in the enclosed envelope by the 15th of the month foliowing the report period.
Additional forms are available upon request

In completing this form, reasonable estimates may be used wherever exact figures are not avsilabie. Use zero (0) when appropriste.
DO NOT REPORT DECIMALS OR FRACTIONS.

"Colisction of non-fusl minerals information is authorized by Public Law 96-479 and the Defense Production Act This information
is used to support executive policy decisions pertaining to emergency preparedness and defense and analyses for minerals legisiation
and industrial trends. The Bureau relies on your voluntarv and timely response to assure that its information is complete and accurate.

SECTION 1. Mine or group covered b~ this report.
Name State County

SECTION 2. S$tocks, production, and shipments of usable ore for the report month.
Report only ore products as shipped to consumer, such as direct-shipping ore, concentrates, or agglomerates.
Report ores produced in the United States only; do not include imports.

Waeight unit | Physical i y Beg! ] Ending
Usable ore Mark (X) one| Adjustment only stocks Production Shipments stocks
(1 Code 2 3 4) [ (6 4

iron ore |
{Containing less ; | |
than 5% Mn, natural)....| 201 ! : ;

3 Metric

SECTION 3. Please indicate any mines opened or closed by your company during the month.

Remarks:
Name of person to be contacted regerding this report i Tel. sres code ! No. i Ext.
| ! !
Address No. Street i City | Stete i Zip
! !
May tabulstions be published which could indirectly revesl the data reported sbove? (1) Yes T2 No

Signature i Title | Date
- !
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percentage, and the method of estimating
the production or consumption for
nonrespondents.

To produce reliable aggregated data, the
Bureau employs efficient procedures for
handling instances of nonresponse. Failure
to return the initial survey form results in a
second mailing of the form. If the second
form is not returned, telephone calls are
made to the nonrespondents. The followup
calls provide the necessary data to complete
the survey forms and/or verify questionable
data entries. Periodic visits to important
minerals establishments are also made by
Bureau commodity specialists or State
Mineral Officers to gather missing data and
to explain the importance of the
establishment’s reporting. By describing the
use of the published statistics and showing
the impact of nonresponse, the Bureau
hopes to encourage respondents to give a
complete and accurate reply.

The OMB “Guidelines for Reducing
Reporting Burden” stipulates that the
minimum acceptable response rate shall be
75% of the panel surveyed. In addition, the
Bureau strives for a minimum reporting
level of 75% of the quantity produced or
consumed (depending on the survey) for
certain key statistics. Response rates are
periodically reviewed. For those surveys not
meeting the minimum reporting level,
procedures are developed and implemented
to improve response rates.

Estimation for Nonresponse.—When
efforts to obtain a response to a survey fail,
it becomes necessary to employ estimation
or imputation techniques to account for
missing data. These techniques are most
effective when the response rate is relatively
high. Some of the estimation methods de-
pend on knowledge of prior establishment
reporting, while other techniques rely on
external information to estimate the miss-
ing data. When survey forms are received
after the current publication has been
completed, the forms are edited, necessary
imputations are made for missing data, and
the survey data base is updated. The revised
data are reported in later publications.

Protection of Proprietary Data.—The
U.S. Bureau of Mines relies on the coop-
eration of the U.S. minerals industry to
provide the mineral data that are presented
in this and other Bureau publications.
Without a strong response to survey re-
quests, the Bureau would not be able to
presentreliable statistics. The Bureau in turn
respects the proprietary nature of the data

received from the individual companies and
establishments. To ensure that proprietary
rights will not be violated, the Bureau
analyzes each of the aggregated statistics
to determine if the data reported by an in-
dividual establishment can be deduced from
the aggregated statistics. If, for example,
there are only two significant producers of
a commodity in a given State, the Bureau
will not publish that total because either
producer could readily estimate the pro-
duction of the other. It is this obligation to
protect proprietary information that results
in the “Withheld” or “W” entries in the
published tables. However, if a company
gives permission in writing, the Bureau will
publish the data as long as the data from
other producers are protected from disclo-
sure.

International Data

International data are collected by
country specialists in the U.S. Bureau of
Mines Division of International Minerals
with assistance from the Section of Inter-
national Data. The data are gathered from
various sources, including published reports
of foreign Government mineral and statis-
tical agencies, international organizations,
the U.S. Department of State, the United
Nations, the Organization of Petroleum
Exporting Countries, and personal contact
by specialists traveling abroad. Each Feb-
ruary an annual “Minerals Questionnaire”
is sent through the Department of State to
more than 130 U.S. Embassies asking them
to provide estimates of mineral production
for the host country for the preceding year.
Missing data are estimated by Bureau
country specialists based on historical trends
and specialists’ knowledge of current pro-
duction capabilities in each country.

Publications

The U.S. Bureau of Mines disseminates
current and historical minerals information
through a broad range of printed publications.

The Minerals Yearbook summarizes an-
nually, on a calendar-year basis, the signifi-
cant economic and technical developments
in the mineral industries. Three separate
volumes are issued each year: Volume I,
Metals and Minerals; Volume II, Area Re-
ports, Domestic; and Volume III, Interna-
tional Review. Chapters in these volumes are
issued separately as annual reports before the
bound volumes are available. (Volume III
country reports appear in bound volume
only.)
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Volume I of the Minerals Yearbook pre-
sents, by mineral commodity, salient statis-
tics on production, trade, consumption,
reserves, and other measures of economic
activity.

Volume II of the Minerals Yearbook
reviews the U.S. minerals industry by State
and island possessions.

Volume III of the Minerals Yearbook
presents the latest available mineral statis-
tics for more than 160 countries with a
summary review of the role of minerals in
the world economy.

Mineral Industry Surveys contain timely
statistical and economic data on minerals.
The surveys are designed to keep Govern-
ment agencies and the public, particularly
the mineral industry and the business
community, informed of trends in the pro-
duction, distribution, inventories, and
consumption of minerals. Frequency of
issue depends on the demand for current
data. Mineral Industry Surveys are released
monthly, quarterly, semiannually, or an-
nually.

Mineral Commodity Summaries, up-to-
date summaries of about 90 nonfuel mineral
commodities, is the earliest Government
publication to furnish estimates covering
the previous year’s nonfuel mineral industry
data. It contains information on the domestic
industry structure, Government programs,
tariffs, 5-year salient statistics, and a sum-
mary of international mining news.

State Mineral Summaries provides esti-
mated data and summaries of mineral ac-
tivities at the State level for the previous
year. These summaries have been prepared
in cooperation with State geological surveys
or related agencies.

Minerals Today, published bimonthly,
provides readers with the latest information
about developments, trends, and issues
concerning the mining, processing, and use
of minerals and materials.

Metal Industry Indicators, which began
monthly publishing on a trial basis in 1991,
contains an index that measures the current
and future short-term performance of four
U.S. minerals industries. For each of the
four industries, a composite coincident in-
dex and a composite leading index have
been developed based on procedures and
data similar to those used to construct the
U.S. Department of Commerce’s coincident
and leading cyclical indicators for the na-
tional economy.

Information Circulars are primarily con-
cemned with Bureau economic reviews and
interpretative analyses. The series also in-
cludes surveys of mining and operating




activities, guides to marketing of mineral
commodities, and compilations of histori-
cal information and statistical and economic
data on minerals.

To purchase Volumes I, II, and III of the
Minerals Yearbook and Minerals Today,
contact the Superintendent of Documents,
U.S. Government Printing Office, Wash-
ington, DC 20402. For free copies of indi-
vidual annual reports of the Minerals
Yearbook, the Mineral Industry Surveys,
the Mineral Commodity Summaries, the
State Mineral Summaries, and Information
Circulars, contact Publications Distribution,
U.S. Bureau of Mines, Cochrans Mill Road,
P.O. Box 18070, Pittsburgh, PA 15236. To
receive a copy of the Metal Industry Indi-
cators, contact the Branch of Statistics and
Methods Development, U.S. Bureau of
Mines, MS 9701, 810 7th Street, NW,
Washington, DC 20241.

Electronic Data Dissemination

In addition to the Bureau’s printed pub-
lications, current Mineral Industry Surveys
for several commodities and selected an-
nual reports from the Minerals Yearbook
are now available through the Bureau’s

MINES-DATA computer bulletin board.
Using this system, the public may obtain
information up to 4 weeks before published
copies of the reports would arrive in the
mail. The MINES-DATA system may be
accessed by calling (202) 501-9825 using a
modem set to 1200 or 2400 baud, 8 data
bits, no parity, and 1 stop bit. Further in-
formation on how to use the MINES-DATA
system may be obtained from the system
operator by calling (202) 501-9554.

STATISTICAL SUMMARY

This annual report summarizes data on
crude nonfuel mineral production for the
United States, its island possessions, and
the Commonwealth of Puerto Rico. Also
included are tables that show the principal
nonfuel mineral commodities exported
from and imported into the United States
and that compare world and U.S. mineral
production. The detailed data from which
these tables were derived are contained in
the individual annual reports of Volume I
and in the State reports of Volume II of this
edition of the Minerals Yearbook.

TABLE 1

Although crude mineral production may
be measured at any of several stages of
extraction and processing, the stage of
measurement used in this annual report is
what is termed “mine output.” It usually
refers to minerals or ores in the form in
which they are first extracted from the
ground, but customarily includes the out-
put from auxiliary processing at or near the
mines.

Because of inadequacies in the statistics
available, some series deviate from the
foregoing definition. For copper, gold, lead,
silver, tin, and zinc, the quantities are re-
corded on a mine basis (as the recoverable
content of ore sold or treated). However,
the values assigned to these quantities are
based on the average selling price of refined
metal, not the mine value. Mercury is
measured as recovered metal and valued at
the average New York price for the metal.

The weight or volume units shown are
those customarily used in the particular
industries producing the commodities.
Values shown are in current dollars, with
no adjustments made to compensate for
changes in the purchasing power of the
dollar.

NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES

1988 1989 1990
Minera! Quantity (th;/lxasl:;:ds) Quantity (mov:sl:rjds) Quantity (thc:;l::ds)
METALS
Bauxite metric tons, dried equivalent 587,889 $10,566 w w w w
Beryllium concentrates metric tons 5,308 6 4,592 $5 4,548 $5
Copper® do. 1,416,928 3,764,353 1,497,818 4,323,965 1,587,191 4,309,693
Gold? kilograms 200,914 2,831,281 265,731 3,268,548 290,202 3,609,954
Iron ore (includes byproduct material)
thousand metric tons 57,113 1,716,661 58,299 1,839,873 57,010 1,740,925
Iron oxide pigments (crude metric tons 39,711 3,815 40,202 4,561 37,071 4,615
Lead? do. 384,983 315,222 410915 356,477 473,992 480,917
Magnesium metal do. 141,983 469,767 152,066 508,668 139,333 433,119
Molybdenum? do. 45,941 271,039 61,168 427,477 61,580 346,262
Nickel® short tons — — 382 4,662 4,080 32,811
Palladium metal* kilograms 3,730 14,750 4,850 22,454 5,930 21,735
Platinum metal* do. 1,240 20,950 1,430 23,310 1,810 26,478
Silver? metric tons 1,661 349,339 2,007 354,973 2,170 336,382
Zinc? do. 244314 324,249 275,883 499,103 515,355 847,485
See footnotes at end of table.
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TABLE 1—Continued
NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES

1988 1989 1990
Miners Quantity (th;/ssl:;ds) Quantity (housands) QUi (thosands)
Combined value of antimony, manganiferous ore
(5% to 35%), mercury, rare-earth metal concentrates,
tin, titanium concentrates (ilmenite and rutile),
tungsten, vanadium, zircon concentrates, and values
indicated by symbol W XX $116,954 XX '$233,783 XX $237,523
Total metals’ XX 10,209,000 XX 11,868,000 XX 12,428,000
INDUSTRIAL MINERALS (EXCEPT FUELS)
Abrasives® metric tons 13,313 1,183 1,257 189 3,734 231
Asbestos do. w w 17,427 W A\ w
Barite thousand metric tons 404 15,512 290 12,625 439 15,554
Boron minerals’ metric tons 1,149,404 429,667 1,114,007 429,806 1,093,919 436,176
Bromine® thousand kilograms 163,293 144,000 175,000 188,650 177,000 97,350
Cement:
Masonry thousand short tons 3,574 243,941 3,329 229,441 3,274 225,404
Portland do. 74,074 3,575,906 74,202 3,592,255 75,596 3,683,400
Clays metric tons 44,515,041 1,400,820 42,254,269 1,515,300 42,904,437 1,619,826
Diatomite do. 628,680 143,774 617,164 136,754 631,062 137,982
Feldspar do. 649,077 28,082 654,313 28,029 630,000 27,400
Fluorspar do. 63,500 w 66,000 w 63,500 w
Garnet (abrasive) do. 42,506 4,707 42,604 4,408 47,009 6,937
Gem stones NA 43,580 NA 42,901 NA 52,867
Gypsum (crude) thousand short tons 16,390 109,205 17,624 128,448 16,406 99,567
Helium (Grade-A) million cubic feet 2,574 95,238 2,879 106,523 3,059 113,183
Iodine kilograms 998,000 w 1,508,000 23,947 1,972,84 930,486
Lime thousand short tons 17,052 817,893 17,152 852,113 17,452 901,549
Mica (scrap) thousand metric tons 130 6,793 119 6,273 109 5,841
Peat thousand short tons 908 20,320 775 17,636 795 19,200
Perlite short tons 645,000 17,652 601,000 16,301 639,300 15,311
Phosphate rock thousand metric tons 45,389 887,809 49,817 1,082,797 46,343 1,075,093
Potash (K,O equivalent) do. 1,521 240,300 1,595 271,515 1,716 303,337
Pumice metric tons 352,895 4,129 424,000 8,213 442,848 10,687
Salt thousand short tons 37,997 680,174 38,356 776,846 40,693 826,659
Sand and gravel:
Construction do. 923,400 3,126,000 897,300 3,249,100 910,600 3,249,400
Industrial do. 28,480 388,000 29,205 410,200 28,406 436,200
Sodium compounds:
Soda ash thousand metric tons 8,738 644,973 8,995 764,146 9,156 836,188
Sodium sulfate (natural) do. 361 31,377 340 31,104 349 33,748
Stone:?
Crushed thousand short tons 1,247,800 5,558,000 1,213,400 5,325,800 1,222,000 5,591,300
Dimension short tons 1,189,333 196,289 1,206,995 208,311 1,186,216 209,691
Sulfur (Frasch) thousand metric tons 4,341 430,814 3,780 378,712 3,676 335,189
Talc and pyrophillite metric tons 1,233,716 31,185 1,253,128 w w w
Tripoli do. 99,928 864 105,229 2,537 94,389 3,188
See footnotes at end of table.
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TABLE 1—Continued
NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES

1988 1989 1990
Mineral . Value . Value . Value
Quantity (thousands) Quantity (thousands) Quantity (thousands)
INDUSTRIAL MINERALS
(EXCEPT FUELS)—Continued
Vermiculite short tons 303,544 $33,948 293,320 $32,550 229,584 $19,075
Combined value of aplite, brucite, calcium chloride
(natural), emery, graphite (natural, 1988-89), helium
(crude), kyanite, lithium minerals, magnesite,
magnesium compounds, marl (greensand), olivine,
pyrites, staurolite, wollastonite, and values
indicated by symbol W XX 452,436 XX 483,672 XX 473,453
Total industrial minerals® XX 19,805,000 XX 20,357,000 XX 20,891,000
Grand total’® XX 30,014,000 XX 32,225,000 XX 33,319,000
Esti d. Revised. NA Not available. W Withheld to avoid disclosing company proprietary data; value included with “Combined value” figure. XX Not applicable.
"Production as d by mine shi sales, or ble production (including ption by prod:

2Recoverable content of ores, efc.
3Content of ore and concentrate.
“Revised due to the of palladi

P

metal from platinum metal.

3 n

SData may not add to totals shown b

L
of indep

SGrind and sharpening stones;

"Beginning with 1989 data reported

des mill liners and grinding pebbles.

$Excludes ab stone and bitumif

in B,0,, 1988 data converted.
1 and sand

all included el here in table.

TABLE 2

NONFUEL MINERALS PRODUCED IN THE UNITED STATES AND PRINCIPAL PRODUCING STATES IN 1990

Principal producing States,

Mineral in order of quantity Other producing States
Abrasives' AR, WI, OH
Antimony (content of ores, etc.) ID
Aplite VA
Asbestos CA and VT
Barite GA,NV, MO, CA IL and MT.
Bauxite AR and AL
Beryllium concentrate UT
Boron minerals CA
Bromine* AR
Brucite NV
Calcium chloride (natural) Ml and CA
Cement:
Masonry IN, FL, ML, PA All other States except AK, CT, DE, LA, MA, MN, NV, NH,
NJ,NC,ND, RI, VT, WL
Portland CA, TX, PA, MI All other States except CT, DE, LA, MA, MN, NH, NJ, NC,
ND, RI, VT, WL
Clays GA, CA, WY, SC All other States except AK, DE, HI, RI, VT, W1
Copper (content of ores, etc.) AZ,NM, UT, MT CA, CO, ID, IL, MI, MO, NV, TN.
Diatomite CA,NV, WA, OR AZ.
Emery OR
Feldspar NC, CA, CT, GA ID, OK, SD.
Fluorspar IL, UT, NV
Garnet (abrasive) ID and NY
Gold (content of ores, etc.) NV, CA, UT, SD AK, AZ, CO, ID, MT, NM, OR, SC, WA.
Graphite (natural) MT

See footnotes at end of table.
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TABLE 2—Continued

NONFUEL MINERALS PRODUCED IN THE UNITED STATES AND PRINCIPAL PRODUCING STATES IN 1990

Mineral ani::‘p::&?g? :T:}“Si;tes, Other producing States
Gypsum (crude) 1A, M1, OK, NV AR, AZ,CA, CO, IN,KS, LA, NM, NY, OH, SD,TX, UT, VA,
WA, WY.
Helium KS, WY, TX, N\M CO.
Iodine OK
Iron ore (includes byproduct) MN, ML, MO, UT CA, MT, NM, SD, TX.
Iron oxide pigments (crude) GO, MO, VA, MI AZ.
Kyanite VA
Lead (content of ores, etc.) MO, AK, ID, CO IL, KY, MT, NM, NV, NY, TN.

Lime MO, OH, PA, KY Al other States except AK, CT, DE, FL, GA, HI, KS, ME, MD,
MS, NH, NJ, NM, NY, NC, RI, SC, VT.
Lithium minerals NC and NV
Magnesite NV.
Magnesium compounds MI, CA, FL, DE UT and TX.
Magnesium metal TX, UT, WA
Manganiferous ore SC
Marl (greensand) NJ
Mercury NV, UT,CA
Mica (scrap) . NC, GA,NM, SC CT, PA, SD.
Molybdenum CO, AZ, ID, MT CA,NM, NV, UT.
Nickel OR
Olivine NC and WA
Palladium metal MT
Peat ML FL, MN, IL CO, GA, IA, IN, MA, MD, ME, MT, NC, ND, NJ, NY, OH, PA,
SC, WA, WL, WV,
Perlite NM, AZ,CA,ID CO and NV.
Phosphate rock FL,NC,ID, TN MT and UT.
Platinum metal MT
Potash NM, UT, CA, MI
Pumice CA, OR, AZ,NM HIL ID, KS.
Pyrites (ore and concentrate) AZ
Rare-earth metal concentrates CAand FL
Salt NY, OH, LA, MI AL, AZ, CA,KS,NM, NV, OK, TX, UT, WV.
Sand and gravel:
Construction CA, OH, TX, MI All other States.
Industrial IL, CA, TX, NJ All other States except AK, DE, HI, IA, ME, NH, NM, ND,
OR, SD, VT, WY.
Silver (content of ores, etc.) NV, ID, AK, MT AZ,CA, CO, IL, KY, MI, MO, NM, NY, OR, SC, SD, TN, UT,
WA.
Sodium compounds:
Soda ash WY and CA
Sodium sulfate (natural) CA, TX,UT
Staurolite FL
Stone:
Crushed PA, VA, FL, GA All other States except DE.
Dimension IN, VT, MN, SD All other States except AL, AR, AZ, CA, CO, CT, GA, IA,
ID, IL, IN, KS, MA, MD, ME, MI. MO, MT, NC, NH, NM, NY,
OH, OK, PA, SC, TN, TX, VA, WA, WL
Sulfur (Frasch) TX and LA
Talc and pyrophyllite MT, TX, NC, VT AL, AR, CA, GA, NY, OR, VA.
Tin AK
Titanium concentrates FL and CA

See footnotes at end of table.
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TABLE 2—Continued
NONFUEL MINERALS PRODUCED IN THE UNITED STATES AND PRINCIPAL PRODUCING STATES IN 1990

Principal producing States,

Mineral in order of quantity Other producing States

Tripoli IL, AR, OK, PA

Tungsten (content of ores, etc.) CA

Vanadium (content of ores, etc.) CO, 1D, AR, UT

Vermiculite (crude) SC, MT, VA

‘Wollastonite NY

Zinc (content of ores, etc.) AK, TN, NY, MO CO,ID, IL, KY, MT, NM, NV.

Zircon concentrates FL and NJ

“Estimated.

1Grind: pulp and sharpening stones; excludes mill liners and grinding pebbles.

TABLE 3
VALUE OF NONFUEL MINERAL PRODUCTION IN THE UNITED STATES AND PRINCIPAL NONFUEL
MINERALS PRODUCED IN 1990
Value Percent . . .
State (thousands) Rank of US. total Principal minerals, in order of value

Alabama $560,639 21 1.68 Stone (crushed and broken), cement (portland), lime,
sand and gravel.

Arkansas 302,640 33 91 Bromine, stone (crushed and broken), sand and gravel
(industrial), cement (portland).

California 2,779,799 2 8.34 Sand and gravel (construction), cement (portland),
boron, gold.

Colorado 386,192 27 1.16 Molybdenum, sand and gravel (construction), cement
(portland), stone (crushed and broken).

Connecticut 117,893 41 35 Stone (crushed and broken), sand and gravel
(construction), feldspar, sand and gravel (industrial).

Delaware! 6,968 50 .02 Sand and gravel (construction), and gem stones.

Florida 1,564,204 4 4.69 Phosphate rock, stone (crushed and broken), cement
(portland), sand and gravel (construction).

Georgia 1,495,124 5 4.49 Clays, stone (crushed and broken), cement (portland),
sand and gravel (construction).

Hawaii! 106,095 43 32 Stone (crushed and broken), cement (portland), sand and
gravel (construction), cement (masonry).

Idaho 399,761 26 1.20 Phosphate rock, silver, molybdenum, zinc.

Illinois 665,134 16 2.00 Stone (crushed and broken), cement (portland), sand and
gravel (construction), sand and gravel (industrial).

Indiana 431,766 25 1.30 Stone (crushed and broken), cement (portland), sand and
gravel (construction), stone (dimension).

Towa 316,370 32 95 Cement (portland), stone (crushed and broken), sand and
gravel (construction), gypsum (crude).

Kansas 346,119 31 1.04 Salt, stone (crushed and broken), cement (portland),
helium (Grade-A).

Kentucky 358,864 30 1.08 Stone (crushed and broken), lime, cement (portland),
sand and gravel (construction).

Louisiana 367,918 29 1.10 Sulfur (Frasch), salt, sand and gravel (construction),
stone (crushed and broken).

Maine 62,544 46 19 Sand and gravel (construction), cement (portland),
stone (crushed and broken), stone (dimension).

Maryland 368,614 28 1.11 Stone (crushed and broken), sand and gravel
(construction), cement (portland), cement (masonry).

Massachusetts 127,498 40 38 Stone (crushed and broken), sand and gravel (construction),
stone (dimension), lime.

Michigan 1,438,123 8 4.32 Iron ore (usable), cement (portland), sand and gravel
(construction), stone (crushed and broken).

See footnote at end of table.
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TABLE 3—Continued

VALUE OF NONFUEL MINERAL PRODUCTION IN THE UNITED STATES AND PRINCIPAL NONFUEL
MINERALS PRODUCED IN 1990

Value Percent - . .
State (thousands) Rank of U.S. total Principal minerals, in order of value

Minnesota $1,469,922 6 441 Iron ore (usable), sand and gravel (construction), stone
(crushed and broken), stone (dimension).

Mississippi 112,313 42 34 Sand and gravel (construction), clays, cement (portland),
stone (crushed and broken).

Missouri 1,093,618 11 3.28 Lead, stone (crushed and broken), cement (portland), lime.

Montana 567,684 19 1.70 Gold, copper, molybdenum, silver.

Nebraska 90,329 44 27 Cement (portland), sand and gravel (construction), stone
(crushed and broken), clays.

Nevada 2,610,876 3 7.84 Gold, silver, sand and gravel (construction), cement (portland).

New Hampshire' 35,166 47 1 Sand and gravel (construction), stone (dimension), stone
(crushed and broken), gem stones.

New Jersey 229,470 37 .69 Stone (crushed and broken), sand and gravel (construction),
sand and gravel (industrial), zircon concentrates.

New Mexico 1,097,550 10 3.29 Copper, potash, sand and gravel (construction), molybdenum.

New York 772,839 14 2.32 Stone (crushed and broken), salt, cement (portland), sand and
gravel (construction).

North Carolina 564,591 20 1.69 Stone (crushed and broken), phosphate rock, lithium minerals,
sand and gravel (construction).

North Dakota 26,568 48 .08 Sand and gravel (construction), lime, stone (crushed and
broken), clays.

Ohio 728,840 15 2.19 Stone (crushed and broken), sand and gravel (construction),
salt, lime.

Oklahoma 260,177 35 78 Stone (crushed and broken), cement (portland), iodine
(crude), sand and gravel (construction).

Oregon 237,406 36 71 Stone (crushed and broken), sand and gravel (construction),
cement (portland), nickel.

Pennsylvania 1,030,042 12 3.09 Stone (crushed and broken), cement (portland), sand and
gravel (construction), lime.

Rhode Island! 17,844 49 .05 Sand and gravel (construction), stone (crushed and broken),
gem stones.

South Carolina 449,853 24 1.35 Stone (crushed and broken), cement (portland), gold, clays.

South Dakota 298,452 34 .90 Gold, cement (portland), sand and gravel (construction), stone
(crushed and broken).

Tennessee 662,560 17 1.99 Stone (crushed and broken), zinc, cement (portland), gem
stones.

Texas 1,457,225 7 437 Cement (portland), stone (crushed and broken), magnesium
metal, sulfur (Frasch).

Utah 1,334,010 9 4.00 Copper, gold, magnesium metal, cement (portland).

Vermont 81,954 45 25 Stone (crushed and broken), stone (dimension), sand and
gravel (construction), talc and pyrophyllite.

Virginia 507,275 22 1.52 Stone (crushed and broken), sand and gravel (construction),
cement (portland), lime.

Washington 473,229 23 1.42 Sand and gravel (construction), gold, magnesium metal,
cement (portland).

West Virginia 136,338 39 41 Stone (crushed and broken), cement (portland), sand and
gravel (construction), salt.

Wisconsin 212,047 38 .64 Stone (crushed and broken), sand and gravel (construction),
lime, sand and grave (industrial).

Wyoming 910,848 13 273 Soda ash, clays, helium (Grade-A), sand and gravel
(construction).

Undistributed 5,938 — —

Total? 33,319,000 XX 100.00

XX Not applicablie.

'Partial total, excludes values that must be led to avoid disclosing company proprietary data. Concealed values included with “Undistributed” figure.

?Data may not add to totals shown b of independ ding,
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TABLE 4

VALUE OF NONFUEL MINERAL PRODUCTION? PER CAPITA AND PER SQUARE MILE IN 1990, BY STATE

State Area Population ‘Total Per square mile Per capita

(square miles) (thousands) (thousands) Dollars Rank Dollars Rank

Alabama 51,705 4,041 $560,639 10,843 24 139 16
Alaska 591,004 550 576,620 976 49 1,048 3
Arizona 114,000 3,665 3,065,448 26,890 3 836 4
Arkansas 53,187 2,351 302,640 5,690 32 129 19
California 158,706 29,760 2,779,799 17,515 11 93 26
Colorado 104,091 3,294 386,192 3,710 43 117 21
Connecticut 5,018 3,287 117,893 23,494 8 36 45
Delaware 2,044 666 '6,968 3,409 44 10 50
Florida 58,664 12,938 1,564,204 26,664 4 121 20
Georgia 58,910 6,478 1,495,124 25,380 5 231 11
Hawaii 6,471 1,108 106,095 16,395 13 96 25
Idaho 83,564 1,007 399,761 4,784 36 397 9
Illinois 56,345 11,431 665,134 11,805 23 58 38
Indiana 36,185 5,544 431,766 11,932 22 78 34
Iowa 56,275 2,777 316,370 5,622 34 114 22
Kansas 82,277 2,478 346,119 4,207 37 140 15
Kentucky 40,409 3,685 358,864 8,881 28 97 23
Louisiana 47,751 4,220 367918 7,705 30 87 27
Maine 33,265 1,228 62,544 1,880 47 51 40
Maryland 10,460 4,781 368,614 35,240 1 77 35
Massachusetts 8,284 6,016 127,498 15,391 18 21 48
Michigan 58,527 9,295 1,438,123 24,572 6 155 13
Minnesota 84,402 4,375 1,469,922 17,416 12 336 10
Mississippi 47,689 2,573 112,313 2,355 46 44 41
Missouri 69,697 5,117 1,093,618 15,691 17 214 12
Montana 147,046 779 567,684 3,861 39 729 6
Nebraska 77,355 1,578 90,329 1,168 48 57 39
Nevada 110,561 1,202 2,610,876 23,615 7 2,172 1
New Hampshire 9,279 1,109 135,166 3,790 40 32 46
New Jersey 7,787 7,730 229,470 29,468 2 30 47
New Mexico 121,593 1,515 1,097,550 9,026 27 724 7
New York 49,107 17,990 772,839 15,738 14 43 43
North Carolina 52,669 6.629 564,591 10,720 25 85 30
North Dakota 70,703 639 26,568 376 50 42 44
Ohio 41,330 10,847 728,840 17,635 10 67 37
Oklahoma 69,956 3,146 260,177 3,719 42 83 32
Oregon 97,073 2,842 237,406 2,446 45 84 31
Pennsylvania 45,308 11,882 1,030,042 22,734 9 87 28
Rhode Island 1,212 1,003 17,844 14,723 19 18 49
South Carolina 31,113 3,487 449,853 14,459 20 129 18
South Dakota 77,116 696 298,452 3,870 38 429 8
Tennessee 42,144 4,877 662,560 15,721 15 136 17
Texas 266,807 16,987 1,457,225 5,462 35 86 29
Utah 84,899 1,723 1,334,010 15,713 16 774 5
Vermont 9,614 563 81,954 8,524 29 146 14
Virginia 40,767 6,187 507,275 12,443 21 82 33
Washington 68,138 4,867 473,229 6,945 31 97 24
West Virginia 24,231 1,793 136,338 5,627 33 76 36
Wisconsin 56,153 4892 212,047 3,776 41 43 42
Wyoming 97,809 454 910,848 9,313 26 2,006 2
Undistributed XX XX 5,938 XX XX XX XX
Total® or average 3,618,700 248,082 33,319,000 9,207 XX 134 XX

XX Not applicable.

'Partial total, excludes values that must be c

d to avoid di

4,

Sources: U.S. Bureau of Mines and Bureau of the Ccnsus.

10

pany proprietary data. Concealed values included with * *Undistributed™ figure.
2Excludes Washington, DC (which has no mmeral producuon) wnh an area of 69 square miles and a population of 606.900.
3Data may not add to totals shown b
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TABLE 5

NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE

1988 1989 1990
Quantity (ch:;:zds) Quantity uhxﬁlﬁf.dg Quantity (thX:l:ﬁds)
ALABAMA
Cement:
Masonry thousand short tons 273 $16,457 252 $13.852 262 $15,462
Portland do. 3,524 7,214 3.169 130,590 3,585 165,344
Clays? ‘metric tons 2,282,670 16,039 1.878.070 18,537 2,049,776 27,747
Gem stones NA 5 NA w NA w
Lime thousand short tons 1,450 66,576 1.481 70.361 1,526 70,816
Sand and gravel:
Construction do. 11,742 41417 10,400 36.500 14,103 50,243
Industrial do. 871 8,507 805 8,092 878 9,075
Stone (crushed) do. 29,700 140,100 31,737 167,332 336,100 €4202,400
Combined value of bauxite, clays (bentonite,
kaolin 1990), salt, stone (crushed granite 1989-
90, dimension), talc and pyrophyllite, zircon
concentrates, (1988-89), and values indicated
by symbol W XX 13,180 XX 15,489 XX 19,552
Total XX 459,495 XX 460,753 XX " 560,639
ALASKA
Gem stones NA 50 NA w NA w
Gold* kilograms 4,210 59,320 5.756 70,800 3,232 40,200
Sand and gravel (construction)
thousand short tons 17,200 48,749 “17.000 48,500 15,100 41,800
Silver* metric tons 1 135 w w w w
Stone (crushed) thousand short tons 1,800 8,400 2.900 20,300 2,700 19,800
Combined value of cement (portland), lead
(1989-90), tin, zinc (1989-90), and values
indicated by symbol W XX 2,040 XX 73.752 XX 474,820
Total XX 118,694 XX 213,352 XX 576,620
ARIZONA
Clays metric tons 168,392 1,590 188.211 2.506 140,162 2,318
Copper* do. 842,728 2,238,875 898.466 2.593.734 978.767 2,657,649
Diatomite do. 7,257 1,208 w w w w
Gem stones NA 3.300 NA 2.821 NA 2,098
Gold* kilograms 4,549 64,106 2.768 34,047 5,000 62,191
Lime thousand short tons 674 29,637 w w w w
Pumice metric tons 907 7 — — w w
Sand and gravel:
Construction thousand short tons 32,399 123,854 “33.900 “133.900 27915 92,166
Industrial do. 119 3,045 w w w w
Silver* metric tons 152 31,974 171 30.186 173 26,836
Stone:
Crushed thousand short tons 7,400 33,000 6.649 28.552 5,300 13,500
Dimension short tons w ‘1 w w w W
Combined value of cement, gypsum (crude), iron ;
oxide pigments (crude, 1989-90), lead (1988-89),
molybdenum, perlite, pyrites, salt, tin (1988-89),
and values indicated by symbol W XX 235.596 XX 220.594 XX 208,690
Total XX 2,766.193 XX 3.046.340 XX 3,065,448
See footnotes at end of table. .
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TABLE 5—Continued
NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE

1988 1989 1990
Miners! Quantity (chfflﬁf.ds) Quantity (mZil‘iﬁds) Quantity (th‘(ﬁl;ﬁds)
ARKANSAS
Abrasives® metric tons 1,120 $429 w w w w
Bromine* thousand kilograms w w w w 177,000 $97,350
Clays metric tons 844,466 15,376 871,313 $17,391 989,383 21,578
Gem stones NA 2,300 NA 4,041 NA 1,503
Sand and gravel:
Construction thousand short tons 7,722 26,201 7,500 25,500 9,663 35,475
Industrial do. 669 6,784 545 5,507 742 7,209
Stone:
Crushed do. 17,100 70,100 318,791 376,419 317,800 376,900
Dimension short tons 10,541 €629 w w w w
Combined value of bauxite, cement, gypsum
(crude), lime, stone (crushed slate and dolomite,
1989-90), talc and pyrophyllite, tripoli, vanadium
(1989-90), and values indicated by symbol W XX 184,785 XX 253,051 XX 62,625
Total XX 306,604 XX 381,909 XX 302,640
CALIFORNIA
Boron minerals® metric tons 577,877 429,667 562,311 429,806 1,093,919 436,176
Cement:
Masonry thousand short tons 8 730 w w w w
Portland do. 10,423 601,152 10911 642,020 10,032 604,080
Clays metric tons 2,015,488 31,620 2,195,830 39,243 32,163,515 340,217
Gem stones NA 3,365 NA 2,982 NA 1,501
Gold* kilograms 22,442 316,246 29,804 366,595 29,607 368,300
Gypsum (crude) thousand short tons 1,490 11,222 1,734 13,066 w W
Lime do. 458 20,242 395 24,503 345 19,425
Mercury metric tons w w w w 0] (@)
Peat thousand short tons 2 119 — — — —
Pumice metrie tons 31,752 1,245 79,000 4,612 71,739 5,088
Sand and gravel:
Construction thousand short tons 141,946 622,074 138,300 670,800 132,214 626,000
Industrial do. 2,444 42,078 2,426 43,863 2,452 48,055
Silver* metric tons 15 3,148 21 3,650 21 3,209
Stone:
Crushed thousand short tons 49,100 €275,000 54,887 238,034 42,500 €200,600
Dimension short tons 42,048 5,991 28,829 5,564 30,077 5,213
Combined value of asbestos, barite (1988, 1990),
calcium chloride (natural), clay (fuller’s earth,
1990), copper, diatomite, feldspar, iron ore (by-
product material [1988-89], usable), magnesium
compounds, molybdenum, perlite, potash, rare-earth
metal concentrates, salt, soda ash, sodium sulfate
(natural), talc and pyrophyllite, titanium concentrates
(ilmenite, 1989-90), tungsten ore concentrates, and
values indicated by symbol W XX 334,755 XX 369,664 XX 421,935
Total XX 2,698,654 XX 2,854,402 XX 2,779,799
COLORADO
Clays metric tons 247,471 1,890 265,435 2,064 262,292 $1,864
Copper* do. 898 2,386 w w w w
Gem stones NA 100 NA 240 NA 66
Gold* kilograms 5,126 72,237 3,448 42,411 2,338 29,084

See footnotes at end of table.
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TABLE 5—Continued
NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE

1988 1989 1990
Mineral . Value . Value . Value
Quantity (thousands) Quantity (thousands) Quantity (thousands)
COLORADO—Continued
Peat thousand short tons w w w $412 w w
Sand and gravel (construction)
thousand short tons 21,566 $69,882 25,300 104,000 24,938 $86,541
Silver* metric tons 27 5,588 w w 23 3,557
Stone:
Crushed thousand short tons 10,600 42,400 37,261 332,435 37,600 336, 100
Dimension short tons 3,450 €143 5,310 398 8,490 1,394
Combined value of cement, clay (bentonite, 1990),
gypsum (crude), helium (Grade-A, 1990), lead,
lime, molybdenum, perlite, sand and gravel
(industrial), stone (crushed traprock, 1989-90),
vanadium, zinc, and values indicated by symbol W XX 169,379 XX 275,765 XX 227,586
Total XX 364,005 XX 457,725 XX 386,192
CONNECTICUT
Gem stones NA 2 NA 2 NA 2
Sand and gravel (construction)
thousand short tons 8,275 32,102 5,800 24,700 8,542 37,943
Stone :
Crushed do. 11,400 76,900 311,480 378,734 310,200 ¢370,600
Dimension short tons €19,718 °1,914 w w w w
Combined value of clays (common), feldspar, mica
(scrap, 1988, 1990), sand and gravel (industrial),
stone (crushed granite, 1989-90), and values
indicated by symbol W XX 7,198 XX 9,780 XX 9,348
Total XX 118,116 XX 113,216 XX 117,893
DELAWARE
Gem stones NA 1 NA 1 NA 1
Marl (greensand) short tons 750 10 —_ — — —_
Sand and gravel (construction)
thousand short tons 1,933 5,988 1,900 6,200 2,184 6,967
Total® XX 5,999 XX 6,201 XX 6,968
FLORIDA
Cement:
Masonry thousand short tons 411 25,892 477 31,231 442 27,777
Portland do. 3,682 168,719 4,357 207,857 3,954 186,404
Clays metric tons 536,922 44,423 2563,687 246,941 2391,334 239,625
Peat thousand short tons 266 5,091 235 4,515 252 4,381
Sand and gravel:
Construction do. 18,654 53,083 17,900 55,500 18,472 59,123
Industrial do. 636 6,928 681 7,768 520 7,024
Stone (crushed) do. 383,200 ©3374,400 83,995 341,397 74,000 317,400
Combined value of clays (common, 1989-90), gem
stones, magnesium compounds, phosphate rock,
rare-earth metal concentrates, staurolite, stone
(crushed marl 1988), titanium concentrates (ilmenite
and rutile), and zircon concentrates XX 713,345 XX 913,054 XX 922,470
Total XX 1,391,881 XX 1,608,263 XX 1,564,204
GEORGIA
Clays metric tons 10,274,358 908,771 9,768,312 1,004,954 9,855,248 1,060,539
Gem stones NA 20 NA 21 NA 20

See footnotes at end of table.
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TABLE 5—Continued
NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE

1988 1989 1990
Hinerd Quantity (hovsandsy 2 gy QY
GEORGIA—Continued
Sand and gravel:
Construction thousand short tons 9,526 $30,185 6,100 $18,900 5,158 $16,644
Industrial do. w w 537 7,013 w w
Stone:
Crushed do. 57,400 317,200 50,417 262,805 53,000 317,300
Dimension short tons 190,472 27,768 3145,545 312,087 ©3147,068 €312,483
Talc and pyrophyllite do. 23,587 260 w w w w
Combined value of barite, bauxite (1988-89),
cement, feldspar, iron oxide pigments (crude), mica
(scrap), peat, stone (dimension marble [1989-90)), )
and values indicated by symbol W XX 89,621 XX 81,515 XX 88,138
Total XX 1,373,825 XX 1,387,295 XX 1,495,124
HAWAI
Cement:
Masonry thousand short tons 10 1,531 10 1,566 12 1,870
Portland do. 354 28,880 493 40,495 532 46,311
Gem stones NA w NA 44 NA 55
Sand and gravel (construction) do. 652 3,173 <600 3,200 438 2,459
Stone (crushed) do. 5,700 41,000 6,205 46,746 7,000 55,400
Combined value of other industrial minerals and
values indicated by symbol W XX 348 XX ® XX ®)
Total XX 74,932 XX 92,051 XX 106,095
IDAHO
Clays? metric tons 8,519 w w w w w
Copper* do. 2,269 6,028 2,950 8,516 w w
Feldspar do. — —_ 11,612 720 w W
Gem stones NA 500 NA 500 NA 320
Gold* kilograms 3,218 45,349 3,057 37,602 w w
Phosphate rock thousand metric tons 4,706 81,011 w w 4,380 101,610
Pumice metric tons ' A\ A\ w 31,333 220
Sand and gravel:
Construction thousand short tons 6,914 19,897 <5,800 18,900 9,222 25,590
Industrial do. 483 5,089 459 5,037 552 6,234
Silver* metric tons 340 71,512 439 77,651 436 67,565
Stone (crushed) thousand short tons 3,400 13,100 3,298 12,609 4,300 12,900
Combined value of antimony, cement, clays,
(bentonite, 1989-90, common, kaolin), garnet
(abrasive), lead, lime, molybdenum (1989-90),
perlite, stone (dimension, 1988-89), vanadium,
zinc, and values indicated by symbol W XX 48,130 XX 203,075 XX 185,322
Total XX 290,616 XX 364,610 XX 399,761
ILLINOIS
Cement (portland) thousand short tons 2,307 101,760 2,776 117,224 2,842 116,781
Clays? metric tons 163,571 704 142,207 641 598,479 2,516
Gem stones NA 30 NA w NA w
Sand and gravel:
Construction thousand short tons 30,098 93,504 33,000 108,900 32,380 104,728
Industrial do. 4,328 56,142 4,582 52,935 4,486 62,531
Stone:
Crushed do. 57,900 251,200 %60,829 256,832 362,700 3283,100
See footnotes at end of table.
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TABLE 5—Continued
NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE

1988 1989 1990
Hinera Quantity (th(:/u:]al:leds) Quantity (mZ.T's'iﬁds) Quantity (lh:),:ls:flds)
ILLINOIS—Continued
Stone—Continued
Dimension short tons 1,175 $129 w w w w
Combined value of barite (1989-90), cement (mason-
ry), clays (fuller’s earth), copper, fluorspar, lead,
lime, peat, silver, stone (crushed sandstone,1989-
90), tripoli, zinc, and values indicated by symbol W XX 84,157 XX $96,829 XX $95,478
Total XX 587,626 XX 633,361 XX 665,134
INDIANA
Cement:
Masonry thousand short tons 405 27,442 357 24,054 368 27,813
Portland do. 2,315 107,179 2,364 108,297 2,417 114,414
Clays metric tons 1,035,837 4,630 871,179 3,836 21,051,703 23,273
Gem stones NA 10 NA w NA w
Peat thousand short tons 54 w 34 607 37 w
Sand and gravel:
Construction do. 25,923 79,985 29,600 99,200 23,879 76,886
Industrial do. 362 1,829 w w w w
Stone:
Crushed do. 36,600 130,000 336,188 3136,252 336,700 ©3147,700
Dimension short tons 195,444 24,956 3198,531 327,212 €3194,728 329,504
Combined value of abrasives (1988-89), clays (ball,
1990), gypsum (crude), lime, stone (crushed marl
and miscellaneous stones [1989-90], dimension
sandstone, 1989-90), and values indicated by
symbol W XX 30,358 XX 34,657 XX 32,176
Total XX 406,389 XX 434,115 XX 431,766
IOWA
Cement:
Masonry thousand short tons w w 47 4,450 53 5,054
Portland do. 2,029 98,930 2,072 102,387 2,525 122,466
Clays metric tons 403,923 1,588 439,323 1,773 423,227 1,376
Gem stones NA w NA 10 NA 14
Gypsum (crude) thousand short tons 2,047 13,710 2,273 16,384 2,192 14,243
Peat do. 15 433 w w w w
Sand and gravel (construction) do. 11,880 36,087 12,800 37,800 14,953 46,432
Stone:
Crushed do. 29,200 128,500 28,049 111,182 29,000 118,600
Dimension short tons w €588 15,151 613 w w
Combined value of other industrial minerals and
values indicated by symbol W XX 10,420 XX 7,603 XX 8,185
Total XX 290,256 XX 282,702 XX 316,370
KANSAS
Cement:
Masonry thousand short tons 50 2,988 42 2,514 39 2,011
Portland do. 1,569 72,805 1,505 69,390 1,707 76,564
Clays? metric tons 555,739 2,632 533,099 2,700 625,969 4,056
Gem stones NA 3 NA w NA w
Salt'® thousand short tons 1,284 55,753 1,948 82,212 2,390 92,119
Sand and gravel:
Construction do. 10,760 25,329 13,000 33,200 10,863 24,170
See footnotes at end of table.
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TABLE 5—Continued

NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE

1988 1989 1990
Mineral . Value . Value . Value
Quantity . (¢housands) Quantity (thousands) Quantity (thousands)
KANSAS—Continued
Sand and gravel—Continued
Industrial thousand short tons w w 230 $2,690 w w
Stone:
Crushed do. 17,300 ¢$72,700 315,850 356,976 320,800 €3$79,200
Dimension short tons 6,889 219 w w w w
Combined value of clay (bentonite, 1989-90), gyp-
sum (crude), helium (crude and Grade-A), pumice,
salt (brine), stone (crushed sandstone and quartzite,
1989-90), and values indicated by symbol W XX 59,284 XX 68,449 XX 67,999
- Total XX 291,713 XX 318,131 XX 346,119
KENTUCKY
Clays? metric tons 762,324 3,217 716,990 3,357 826,205 8,282
Gem stones NA 3 NA w NA w
Sand and gravel (construction)
thousand short tons 6,325 15,243 °5,500 °15,100 8,802 29,581
Stone (crushed) do. 50,700 207,900 348,178 187,849 350,100 €3182,900
Combined value of cement, clays (ball clay, fire clay,
1988-89), lead (1990), lime, sand and gravel (indus-
trial, 1988-89), silver (1990), stone (crushed dolo-
mite, 1989-90), zinc (1988, 1990), and values indi-
cated by symbol W XX 118,616 XX 124,353 XX 138,101
Total XX 344979 XX 330,659 XX 358,864
LOUISIANA
Clays metric tons 340,900 9,535 233,992 6,115 368,322 1,066
Gem stones NA 3 NA 14 NA 7
Salt thousand short tons 14,274 108,982 13,218 115,203 14,348 120,827
Sand and gravel:
Construction do. 14,233 52,820 13,600 54,400 14,589 55,902
Industrial do. 318 4,786 572 9,664 559 10,003
Stone (crushed) do. 23,700 €229,200 3,206 24,414 2,100 16,800
Sulfur (Frasch) thousand metric tons 1,719 w 1,334 w 1,337 w
Combined value of cement (masonry, [1988], port-
land, [1988]), gypsum (crude), lime, stone (crushed
miscellaneous, 1988), and values indicated by
symbol W XX 229,210 XX 169,912 XX 163,313
Total XX 434,536 XX 379,722 XX 367,918
MAINE
Gem stones NA 150 NA w NA w
Sand and gravel (construction)
thousand short tons 10,183 33,007 8,600 30,100 7,865 29,349
Stone:
Crushed thousand short tons 1,400 5,300 1,591 8,801 €1,700 8,700
Dimension short tons 7,512 5,924 w w w A\
Combined value of cement, clays (common), garnet
(abrasive 1988), peat, and values indicated by
symbol W XX 23,379 XX 25,753 XX 24,495
Total XX 67,760 XX 64,654 XX 62,544
MARYLAND
Cement (portland) thousand short tons 1,808 89,083 1,871 94,002 1,798 91,172
Clays metric tons 357,833 2,016 351,464 1,882 338,775 1,712
Gem stones NA 5 NA 3 NA 3
See footnotes at end of table.
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TABLE 5—Continued
NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE

1988 1989 1990
Minera! Quantity (m::::fds) Quantity (mlli‘liﬁds> Quantity (thzsi:fnds)
MARYLAND—Continued
Lime thousand short tons 6 329 — — — —
Peat do. 7 W 3 \'% 3 w
Sand and gravel (construction) do. 19,266 $95,169 16,900 $84,500 18,271 $104,023
Stone:
Crushed do. 32,700 167,000 30,841 153,375 30,500 163,900
Dimension short tons 20,729 1,515 27,529 2,072 24,102 ¢1,751
Combined value of other industrial minerals and
values indicated by symbol W XX 7,804 XX 6,216 XX 6,053
Total XX 362,921 XX 342,050 XX 368,614
MASSACHUSETTS
Gem stones NA 1 NA 3 NA 1
Sand and gravel:
Construction thousand short tons 22,168 79,364 €13,900 57,000 12,774 51,466
Industrial do. w w 34 601 30 401
Stone:
Crushed do. 17,500 91,900 11,880 67,768 9,200 54,500
Dimension short tons w w 67,533 10,302 56,254 10,992
Combined value of clays (common), lime, peat, and
values indicated by symbol W XX 20,973 XX 8,452 XX 10,138
Total XX 192,238 XX 144,126 XX 127,498
MICHIGAN
Cement:
Masonry thousand short tons 265 22915 255 22,286 272 23,880
Portland do. 5,253 231,141 5,449 253,324 5,906 263,607
Clays metric tons 1,248,121 4,432 1,249,198 4,599 1,201,542 4,094
Gem stones NA 25 NA 10 NA 11
Gypsum (crude) thousand short tons 1,958 11,630 2,089 15,589 2,000 11,511
Iron ore thousand metric tons 14,623 w 15,045 w 10,034 w
Lime thousand short tons 714 36,088 621 32,479 622 30,898
Peat do. 322 6,256 286 6,082 280 6,264
Sand and gravel:
Construction do. 53,508 138,171 48,000 132,000 53,729 153,057
Industrial do. 3,045 27,150 2,865 24,577 2,310 19,285
Stone (crushed) do. 38,800 120,300 40,905 123,678 43,100 129,000
Combined value of bromine (1988), calcium chloride
(natural), copper, gold (1988-89), iron oxide pig-
ments (crude), magnesium compounds, potash
(1989-90), salt, silver, stone (dimension), and values
indicated by symbol W XX 989,453 XX 984,347 XX 796,516
Total XX 1,587,561 XX 1,598,971 XX 1,438,123
-MINNESOTA
Gem stones NA 40 NA 42 NA 46
Iron ore thousand metric tons 40,735 1,134,539 41,044 1,223,909 45,139 1,308,920
Peat thousand short tons 29 1,414 33 1,415 48 2,972
Sand and gravel (construction) do. 33,769 72,678 33,700 82,600 33,869 77,502
Stone:
Crushed do. 8,300 28,200 8,760 30,218 9,100 31,900
Dimension short tons 45,000 13,000 44,605 16,031 60,195 20,836
See footnotes at end of table.
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TABLE 5—Continued

NONFUEL MINERAL PRODUCTION' IN THE UNITED STATES, BY STATE

1988 1989 1990
Minera! Quantity (th:u:tl:ds) Quantity (ml’ﬁlﬁas) Quantity (thz:;:fnds)
MINNESOTA—Continued
Combined value of clays (common, kaolin), lime, and
sand and gravel (industrial) XX $18,015 XX $22,022 XX $27,746
Total XX 1,267,886 XX 1,376,237 XX 1,469,922
MISSISSIPPI
Clays? short tons 1,093,316 24,564 899,373 23,573 817,828 16,196
Gem stones NA 1 NA 5 NA 1
Sand and gravel (construction)
thousand short tons 13,314 38,806 15,600 51,500 13,032 45817
Stone (crushed) do. 1,500 9,000 1,069 3,994 1,400 5,500
Combined value of cement, clays (ball, fuller’s earth,
[1990]), sand and gravel (industrial) XX 31,029 XX 28,539 XX 44,799
Total XX 103,400 XX 107,611 XX 112,313
MISSOURI
Barite thousand metric tons 24 1,930 w w w w
Cement:
Masonry thousand short tons 153 6,310 w w w w
Portland do. 4,679 184,755 4,922 182,005 4,481 180,090
Clays? metric tons 1,435,045 12,171 1,479,898 14,665 1,347,558 12,864
Iron ore thousand metric tons 816 w 1,060 A\ 1,002 w
Lead* metric tons 353,194 289,194 366,931 318,320 372,383 377,824
Sand and gravel:
Construction thousand short tons 11,217 32,941 €10,000 32,500 9,243 25,097
Industrial do. 744 9,876 750 9,972 w w
Silver* metric tons 45 9,550 53 9,456 35 5,462
Stone:
Crushed thousand short tons 52,100 €183,000 51,754 171,848 53,100 €190,900
Dimension short tons 3,644 €547 w w A A\
Zinc* metric tons 41,322 54,842 50,790 91,885 48,864 80,355
Combined value of clays (fuller’s earth), copper,
gem stones, iron oxide pigments (crude), lime, and
values indicated by symbol W XX 182,833 XX 219,236 XX 221,026
Total XX 967,949 XX 1,049,887 XX 1,093,618
MONTANA
Clays’ metric tons 91,802 1,416 95,743 1,835 29,741 193
Gem stones NA 1,602 NA 2,500 NA 3,692
Gold* kilograms 9,175 129,291 12,434 152,941 13,012 161,861
Gypsum (crude) thousand short tons 27 w w w J— —
Lead* metric tons 8,266 6,768 w w \' w
Palladium metal"' kilograms 3,730 14,750 4,850 22,454 5,930 21,735
Platinum metal" do. 1,240 20,850 1,430 23,310 1,810 26,478
Sand and gravel (construction)
thousand short tons 7,984 20,225 5,800 13,900 5,114 14,319
Silver* metric tons 192 40,457 194 34,367 220 34,114
Stone (crushed) thousand short tons 1,800 4,500 2,846 9,718 4,000 15,300
Talc and pyrophyllite metric tons 415,642 14,524 453,978 12,718 430,125 18,883
Zinc* do. 18,935 25,130 w w w w

See footnotes at end of table.
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TABLE 5—Continued
NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE

1988 1989 1990
Mineral . Value . Value . Value
Quantity (thousands) Quantity (thousands) Quantity (th is)
MONTANA—Continued
Combined value of barite (1989-90), cement, clay
(bentonite, [1990), fire clay, [1988-89]), copper,
graphite (natural, 1988-89), iron ore, lime,
molybdenum, peat, phosphate rock, sand and gravel
(industrial), stone (dimension), vermiculite, and
values indicated by symbol W XX $265,008 XX $292,394 XX $271,109
Total XX 544,521 XX 566,137 XX 567,684
NEBRASKA
Clays metric tons 215,419 786 224,624 880 227,292 1,685
Gem stones NA 10 NA 2 NA 7
Sand and gravel (construction)
thousand short tons 11,229 28,928 15,200 41,800 11,453 30,056
Stone (crushed) do. 4,900 22,000 3,978 20,050 4,000 21,200
Combined value of cement, lime, and sand and
gravel (industrial) XX 39,468 XX 41,085 XX 37,381
Total XX 91,192 XX 103,817 XX 90,329
NEVADA
Barite thousand metric tons 289 5,053 209 3,473 337 5,884
Clays? metric tons 26,186 2,143 57,264 5,457 34,625 4,098
Gem stones NA 280 NA 1,402 NA 407
Gold* kilograms 114,322 1,611,020 153,995 1,894,172 176,551 2,196,191
Lead* metric tons w w — — 830 842
Perlite short tons 5,000 42 5,000 136 w w
Sand and gravel:
Construction theusand short tons 15,729 50,928 20,000 70,000 18,377 59,008
Industrial do. 602 w 718 w 07 w
Silver* metric tons 608 127,760 625 110,442 708 109,653
Stone (crushed) thousand short-tons 41,300 ©45,700 1,560 4,638 °1,600 5,000
Zinc* do. — — — — 7,889 12,973
Combined value of brucite (1989-90), cement (port-
land), clays (fuller’s earth [1990}, kaolin), copper,
diatomite, fluorspar, gypsum (crude), lime, lithium
minerals, magnesite, mercury, molybdenum (1990),
salt, stone (crushed dolomite, 1988), and values
indicated by symbol W XX 151,356 XX 220,441 XX 216,820
Total XX 1,954,382 XX 2,310,161 XX 2,610,876
NEW HAMPSHIRE
Gem stones NA $100 NA $51 NA $8
Sand and gravel (construction)
thousand short tons 9,089 32,614 6,000 20,400 7,901 26,599
Stone:
Crushed do. 2,400 9,800 771 4,020 <600 2,500
Dimension short tons 73,393 10,546 55,305 8,769 45,073 6,029
Total® XX 53,060 XX 33,240 XX 35,166
NEW JERSEY
Clays? metric tons 14,954 368 18,492 400 w w
Gem stones NA 3 NA 3 NA 3
Peat thousand short tons 43 797 w 638 w 527
Sand and gravel:
Construction do. 18,318 74,183 15,200 68,400 13,862 64,245
Industrial do. 1,860 25,437 1,797 26,138 1,762 26,190
See footnotes at end of table. ’
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TABLE 5—Continued

NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE

1988 1989 1990
el Quantity (mxxasl::ds) Quantity (tousands) Quantity (thzli‘:mds)
NEW JERSEY—Continued
Stone (crushed) thousand short tons 3¢19,300 3¢$123,500 20,799 $140,998 21,200 ¢$131,700
Zircon concentrates metric tons w w w 8,988 w w
Combined value of clays (common and fire [1990]),
marl (greensand), stone (crushed limestone 1988),
and values indicated by symbol W XX 10,044 XX 3,318 XX 6,805
Total XX 234,332 XX 248,883 XX 229,470
NEW MEXICO
Clays ~ metric tons 28,555 83 31,012 94 227,994 274
Copper* do. 258,660 687,182 259,640 749,540 262,815 713,622
Gem stones NA 200 NA 279 NA 225
Gold* kilograms w w 1,076 13,231 888 11,041
Perlite short tons 458,000 14,294 487,000 13,080 501,000 11,049
Potash thousand metric tons 1,271 213,800 1,365 242,619 1,451 245,571
Pumice metric tons 76,204 852 77,000 795 w w
Sand and gravel (construction)
thousand short tons 8,787 31,367 11,800 45,400 10,362 39,708
Silver* metric tons w w w w 48 7,431
Stone:
Crushed thousand short tons 3,500 €13,900 2,784 11,672 2,400 €12,800
Dimension short tons 21,893 °626 w w w w
Combined value of cement, clays (fire, 1990), gypsum
(crude), helium (Grade-A), iron ore (includes by-
product material), lead, mica (scrap), molybdenum,
salt, zinc (1989-90), and values indicated by symbol
w XX 60,368 XX 45,593 XX 56,029
Total XX 1,022,672 XX 1,122,303 XX 1,097,550
NEW YORK
Clays metric tons 551,375 3,654 531,559 3,429 490,552 2,906
Gem stones NA 200 NA 350 NA 365
Peat thousand short tons w W w 10 w A\
Salt do. 4,614 127,994 5,424 161,427 5,401 162,900
Sand and gravel:
Construction do. 33,884 124,341 31,600 118,500 29,750 121,525
Industrial do. 53 625 53 633 w w
Stone:
Crushed thousand short tons 39,900 193,500 39,851 201,749 39,900 207,600
Dimension short tons 30,751 4,333 23,756 3,575 23,437 3,589
Combined value of cement, emery (1988), garnet,
gypsum (crude), iron ore (includes byproduct ma-
terial, 1988-89), lead, silver, talc and pyrophyllite,
wollastonite, zinc, and values indicated by symbol W XX 241,053 XX 255,495 XX 273,954
Total XX 695,700 XX 745,168 XX 772,839
NORTH CAROLINA
Clays metric tons 2,880,103 16,349 2,270,384 15,529 2,179,428 29,356
Feldspar do. 460,838 17,312 435,845 14,024 418,402 13,389
Gem stones NA 688 NA 784 NA 1,057
Mica (scrap) thousand metric tons 79 4,512 73 4,192 65 3,796
Peat thousand short tons 21 w W w 13 w
Sand and gravel:
Construction do. 11,076 38,459 11,200 43,700 11,733 44,872

See footnotes at end of table.
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TABLE 5—Continued

NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE

1988 1989 1990
Minera! Quantity (th;[uzl:neds) Quantity (chl?lZ:elds) Quantity (thzsgrelds)
NORTH CAROLINA—Continued
Sand and gravel—Continued
Industrial thousand short tons 1,246 $15,953 1,627 $19,902 1,177 $15,338
Stone:
Crushed do. 50,500 250,000 51,519 257,976 52,900 276,200
Dimension short tons 31,977 ¢5,0266 2,665 10,477 °66,531 11,551
Combined value of clays (kaolin, 1990), lithium min-
erals, olivine, phosphate rock, talc and pyrophyllite,
and values indicated by symbol W XX 181,135 XX 214,984 XX 189,032
Total XX 529,434 XX 581,568 XX 564,591
NORTH DAKOTA
Clays metric tons 76,918 147 47,903 w 50,485 w
Gem stones NA 2 NA 10 NA 10
Lime thousand short tons 108 7,094 107 5,439 82 4,623
Sand and gravel (construction) do. 3,772 8,079 3,600 8,100 7,644 17,219
Stone (crushed) short tons w w —_ — 1,000 4,600
Combined value of other industrial minerals and
values indicated by symbol W XX 3,485 XX 111 XX 116
Total XX 18,807 XX 13,660 XX 26,568
OHIO
Cement:
Masonry thousand short tons 129 11,140 128 11,233 124 10,880
Portland do. 1,424 70,816 1,446 73,230 1,426 72,883
Clays metric tons 3,365,164 14,423 3,519,668 14,983 2,546,151 13,334
Gem stones NA 10 NA 18 NA w
Lime thousand short tons 2,065 87,431 1,888 94,157 1,884 92,817
Peat do. w w 8 182 12 182
Salt do. 3,795 115,860 w w w w
Sand and gravel:
Construction do. 46,104 156,318 44,400 148,700 44,552 165,394
Industrial do. 1,361 23,441 1,394 24,662 1,349 24,205
Stone:
Crushed thousand shert tons 48,000 252,000 46,426 183,190 48,400 €190,900
Dimension short tons 38,300 3,137 59,923 3,455 61,783 3,468
Combined value of other industrial minerals and
values indicated by symbol W XX 2,676 XX 145,346 XX 154,777
Total XX 737,252 XX 699,156 XX 728,840
OKLAHOMA
Cement (portland) thousand short tons 1,4324 2,131 1,236 39,360 1,544 60,457
Clays metric tons 684,067 1,803 565,956 1,619 631,302 3,156
Gem stones NA 18 NA w NA w
Gypsum (crude) thousand short tons 2,1731 3,393 2,523 14,369 2,184 11,154
Iodine (crude) kilograms 1,015,210 w 1,505,714 23,947 1,972,849 30,486
Sand and gravel:
Construction thousand short tons 9,273 22,654 8,500 €20,000 9,235 21,993
Industrial do. 1,268 17,381 1,216 18,310 1,258 22,984
Stone:
Crushed® do. 26,300 92,000 23,598 81,969 25,300 89,500
Dimension short tons 7,746 <785 8,290 762 8,138 684
See footnotes at end of table.
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TABLE 5—Continued )
NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE

1988 1990
Mineral Quantity thowsands) Quantity (thousands) Quanity R
OKLAHOMA—Continued
Tripoli metric tons w w w w 18,801 $155
Combined value of cement (masonry), feldspar, lime,
salt (1988, 1990), stone (crushed dolomite [1988],
crushed granite [1989-90]), and values indicated by
symbol W XX $29,972 XX $18,695 XX 19,608
Total XX 220,137 XX 219,031 XX 260,177
OREGON
Clays metric tons 225,001 1,049 210,893 875 223,452 1,390
Gem stones NA 894 NA 1,304 NA 1,683
Nickel (content of ores and concentrates)
short tons — — 382 4,662 4,080 w
Sand and gravel (construction)
thousand short tons 14,880 52,657 14,400 49,700 15,785 60,928
Stone (crushed) do. 22,200 77,600 218,407 81,204 218,000 286,600
Talc and pyrophyllite metric tons w w 204 18 105 10
Combined value of cement, diatomite, emery (1989-
90), gold, lime, pumice, silver, stone (crushed dolo-
mite and quartzite, 1989), value indicated by symbol
w XX 45,988 XX 49,965 XX 86,795
Total XX 178,188 XX 187,728 XX 237,406
PENNSYLVANIA
Cement:
Masonry thousand short tons 391 28,713 349 26,473 303 22,594
Portland do. 6,309 329,634 5,757 301,980 5,621 286,185
Clays? metric tons 1,248,139 5,843 1,049,973 4,936 840,646 2,900
Gem stones NA 5 NA 5 NA 5
Lime thousand short tons 1,641 91,214 1,660 92,139 1,626 92,557
Peat do. 21 736 20 746 18 730
Sand and gravel (construction) do. 19,826 91,966 19,500 94,600 20,883 97,348
Stone:
Crushed thousand short tons 104,600 470,700 393,123 3455,004 ©395,800 3502,700
Dimension short tons 59,022 9,584 44,267 10,032 43,952 9,898
Combined value of clays (fire, [1990], kaolin), mica
(scrap), sand and gravel (industrial), stone (crushed
granite, 1989-90), and tripoli XX 14,098 XX 14,754 XX 15,125
Total XX 1,042,493 XX 1,000,669 XX 1,030,042
RHODE ISLAND
Gem stones NA 1 NA 2 NA 2
Sand and gravel (construction)
thousand short tons 1,853 7,847 °1,100 3,900 1,969 9,042
Stone (crushed) do. 1,500 9,400 131,208 7,170 131,600 8,800
Total® XX 17,248 XX 11,072 XX 17,844
SOUTH CAROLINA
Cement (portland) thousand short tons 2,533 118,670 2,188 99,083 2,464 109,644
Clays metric tons 1,867,829 40,541 1,596,153 39,075 2,062,824 44,486
Gem stones NA 10 NA 10 NA 10
Sand and gravel:
Construction thousand short tons 7,529 20,751 7,500 23,300 8,627 24,941
Industrial do. 859 15,271 842 16,635 844 15,972
See footnotes at end of table.
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TABLE 5—Continued

NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE

1988 1989 1990
Minera Quantity (tho‘i;launeds) Quantity (thX::;:::ds) Quantity (th:;:flds)
SOUTH CAROLINA—Continued
Stone:
Crushed® thousand short tons 23,500 <$105,800 24,429 $111,656 26,200 °$135,400
Dimension short tons €353 31 ' w w w
Combined value of cement (masonry), gold, mangan-
iferous ore, mica (scrap), peat, silver, stone (crushed
shell), vermiculite, and values indicated by symbol
w XX 56,728 XX 135,538 XX 119,400
Total XX 357,802 XX 425,297 XX 449,853
SOUTH DAKOTA
Cement:
Masonry thousand short tons 4 A w w w w
Portland do. 490 w w w w w
Gem stones NA 100 NA 150 NA 110
Gold* kilograms 13,981 197,026 16,123 198,318 16,860 209,732
Lead* metric tons — — 4 3 — —
Sand and gravel (construction)
thousand short tons 7,929 18,981 6,400 20,800 9,689 23,689
Silver* metric tons 3 552 4 705 6 940
Stone:
Crushed thousand short tons 5,500 20,600 3,833 14,303 4,800 16,800
Dimension short tons 43,297 16,472 54,623 17,738 50,688 12,871
Combined value of clays (common), feldspar, gyp-
sum (crude), iron ore, lime, mica (scrap) and values
indicated by symbol W XX 32,288 XX 32,341 XX 34,310
Total XX 285,719 XX 284,358 XX 298,452
TENNESSEE
Clays? metric tons 1,165,736 27,696 1,137,152 26,292 1,060,66 225,776
Sand and gravel (construction)
thousand short tons 6,836 23,343 6,100 21,900 7.619 23,474
Stone:
Crushed do. 52,200 235,000 52,917 252,785 54,600 268,600
Dimension short tons 3,942 567 4,888 437 10,108 2,051
Zinc* ) metric tons 119,954 159,201 w w w w
Combined value of barite (1988-89), cement, clays
(bentonite [1988], common [1989], fuller’s earth),
copper, gem stones, lead, lime, phosphate rock,
sand and gravel (industrial), silver, and values
indicated by symbol W XX 139,842 XX 336,993 XX 342,659
Total XX 585,649 XX 638,407 XX 662,560
TEXAS
Cement:
Masonry thousand short tons 136 10,800 133 10,735 142 10,106
Portland do. 7,000 292,256 7,200 286,236 7,678 296,680
Clays? metric tons 2,714,451 17,468 2,276,629 15,962 2,162,095 14,652
Gem stones NA 340 NA w NA w
Gypsum (crude) thousand short tons 1,943 15,790 1,993 17,044 1,868 10,166
Lime do. 1,192 55,935 1,304 60,829 1,337 76,181
Salt do. 7,802 62,925 7,856 69,934 8,212 75,149
Sand and gravel:
Construction do. 50,370 171,167 43,900 155,800 46,083 158,080
See footnotes at end of table.
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NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE

TABLE 5—Continued

1988 1989 1990
Mineral
Quantity (th(:i:lz:fds) Quantity (thzf:;:flds) Quantity (mm;:xends)
TEXAS—Continued
Sand and gravel—Continued
Industrial thousand short tons 1,631 $26,645 1,661 $29,107 1,849 $40,880
Stone:
Crushed do. 82,000 271,300 76,823 252,982 81,800 285,700
Dimension short tons 66,354 8,310 81,268 12,449 84,500 12,600
Sulfur (Frasch) thousand metric tons 2,622 w 2,446 w 2,340 w
Talc and pyrophyllite metric tons 236,729 4,466 241,777 4,564 227,138 4,844
Combined value of clays (ball clay, [1988-89],
bentonite [1990], fuller’s earth [1990], kaolin),
helium (crude and Grade-A), iron ore, magnesium
compounds, magnesium metal, sodium sulfate
(natural), and values indicated by symbol W XX 531,416 XX 546,812 XX 472,187
Total XX 1,468,818 XX 1,462,454 XX 1,457,225
UTAH
Beryllium concentrates metric tons 5,308 6 4,592 5 4,548 5
Cement (portland) thousand short tons 772 39,664 w w w w
Clays metric tons 308,585 2,469 321,949 2,633 271,795 21,774
Gem stones NA 370 NA 659 NA 713
Lime thousand short tons 365 17,252 373 17,974 354 18,878
Salt do. 1,006 35,294 1,183 40,421 1,171 50,436
Sand and gravel:
Construction do. 17,843 49,796 14,300 41,500 13,601 44,881
Industrial do. 3 60 3 60 2 42
Silver? metric tons w w w w 147 22,750
Stone:
Crushed thousand short tons 7,300 20,600 4,683 19,176 4,600 20,200
Dimension short tons 2,004 93 — — — —
Combined value of cement (masonry), clays (bento-
nite, 1990), copper, fluorspar, gold, gypsum (crude),
iron ore, magnesium copmpounds, magnesium
metal, mercury, molybdenum, phosphate rock,
potash, silver, sodium sulfate (natural), vanadium,
and values indicated by symbol W XX 849,243 XX 1,168,065 XX 1,174,331
Total XX 1,014,847 XX 1,290,493 XX 1,334,010
VERMONT
Gem stones NA 10 NA 10 NA 10
Sand and gravel (construction) thousand short tons 6,047 17,478 6,900 20,400 3,675 11,948
Stone:
Crushed do. 22,000 218,000 3,119 28,110 3,700 35,000
Dimension short tons 105,000 30,500 100,698 31,413 €99,243 28,950
Combined value of other industrial minerals XX 9,667 XX 8,969 XX 6,046
Total XX 75,655 XX 88,902 XX 81,954
VIRGINIA
Clays? metric tons 1,010,114 6,614 1,001,394 6,302 882,383 3,741
Gem stones NA 20 NA 27 NA 34
Lime thousand short tons 741 33,875 821 38,353 846 39,784
Sand and gravel (construction) do. 12,551 42,573 12,900 49,700 13,096 48,950
Stone:
Crushed do. 66,000 326,700 64,061 328,050 59,400 320,000
Dimension short tons 10,000 2,900 w w w w

See footnotes at end of table.
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TABLE 5—Continued

NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE

1988 1989 1990
Minera! Quantity (th(}:;laljleds) Quantity (mZi'iﬁds) Quantity (ch:;gids)
VIRGINIA—Continued
Combined value of aplite, cement, clays (fuller’s
earth), gypsum (crude), iron oxide pigments (crude),
kyanite, sand and gravel (industrial), talc and
pyrophyllite, vermiculite, and values indicated by
symbol W XX $81,830 XX '$86,669 XX $94,766
Total XX 494,512 XX 509,101 XX 507,275
WASHINGTON
Cement (portland) thousand short tons 979 48,233 w w w w
Clays metric tons 376,924 2,235 233,267 1,591 158,257 1,357
Gem stones NA 200 NA 208 NA 281
Gold® kilograms w w w w 9,620 119,671
Peat thousand short tons 5 142 w ' w w
Sand and gravel (construction) do. 31,170 94,402 37,800 124,700 40,251 133,067
Stone:
Crushed do. ©13,900 48,700 13,259 55,624 12,700 41,900
Dimension short tons €697 °60 w w w w
Combined value of calcium chloride (natural, 1988),
cement (masonry), diatomite, gypsum (crude), lime,
magnesium metal, olivine, sand and gravel (indus-
trial), silver, and values indicated by symbol W XX 265,362 XX 298,756 XX 176,953
Total XX 459,334 XX 480,879 XX 473,229
WEST VIRGINIA
Clays metric tons 239,473 586 251,385 553 164,257 384
Gem stones NA 1 NA 1 NA 1
Sand and gravel (construction)
thousand short tons 1,653 6,099 2,300 6,700 3,208 14,950
Stone (crushed) do. 11,600 47,600 310,904 342,538 312,000 345,200
Combined value of cement, lime, peat (1988, 1990),
salt, sand and gravel (industrial), and stone (crushed
granite, 1989-90) XX 73,169 XX 75,706 XX 75,803
Total XX 127,455 XX 125,498 XX 136,338
WISCONSIN
Gem stones NA 15 NA w NA w
Lime thousand short tons 452 23,986 437 18,129 461 24,608
Peat do. 11 270 13 309 12 256
Sand and gravel:
Construction do. 25,048 60,080 21,700 56,400 29,572 73,750
Industrial do. 1,351 15,458 1,514 22,399 w w
Stone:
Crushed do. 228,500 208,300 26,520 83,664 26,600 91,000
Dimension short tons 49,900 6,200 35,587 4,376 31,316 3,811
Combined value of other industrial minerals and value
indicated by symbol W XX 564 XX ) XX 18,622
Total XX 204,873 XX 8185277 XX 212,047
WYOMING
Clays? metric tons 2,138,796 72,174 2,166,497 74,697 2,523,573 76,082
Gem stones NA 150 NA 157 NA 151
Lime thousand short tons 26 1,640 w w w w
Sand and gravel (construction) do. 3,413 11,351 4,500 15,400 4,329 14,446
Stone (crushed) do. 2,500 11,400 2,990 12,120 2,200 14,000
See footnotes at end of table.
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TABLE 5—Continued
NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE

1988 1989 1990
Mineral . Value . Value . Value
uantit uantit uantit
Q y (thousands) Q y (thousands) Q y (thousands)
WYOMING—Continued
Combined value of cement, clays (common), gypsum
(crude), helium (Grade-A), soda ash, and values
indicated by symbol W XX $613,097 XX $724,987 XX $806,169
Total XX 709,812 XX 827,361 XX 910,848
UNDISTRIBUTED
Delaware, Hawaii, Hew Hampshire, Rhode Island,
Wisconsin (1989), and undistributed (1989) XX 7,812 XX 9,043 XX 5,938
eEstimated. "Revised. NA Not available. W Withheld to avoid disclosing company proprietary data, value included with “Combined value” figure. XX Not applicable.
'Production as d by mine ship sales, or marketable production (including consumption by producers).
2Excludes certain clays; kind and value included with “Combined value” figure.
3Excludes certain stones; kind and value included with “Combined value” figure.
“4Recoverable content of ores, etc.
5Grindstones, pulpstones, and sharpening stones; excludes mill liners and grinding pebbles.
SBeginning with 1989 data reported in B,0;, 1988 data converted.
7Less than 1/2 unit.
8Partial total, excludes values that must be led to avoid disclosi pany proprictary data. Values excluded from partial total included with “Undistributed States.”
9Value excluded to avoid disclosing company proprietary data.
10Excludes salt in brines; value included with “Combined value” figure.
''Palladium metal sep d from plati group metals in 1990. 1988-89 data revised.
12pJatinum metal separated from platinum-group metals in 1990. 1988-89 data revised.
13Excludes traprock.
TABLE 6

NONFUEL MINERAL PRODUCTION! IN THE ISLANDS ADMINISTERED BY THE UNITED STATES

1988 1989 1990
Mineral . Value . Value . Value
Quantity (thousands) Quantity (thousands) Quantity (thousands)
American Samoa: Stone (crushed)
thousand short tons — — 48 $476 — —
Guam: Stone (crushed) do. — — 1,063 11,133 — —
Virgin Islands: Stone (crushed) do. —_ —_ 312 3,159 — —_
Total XX — XX 14,768 XX —
XX Not applicable.
Production as d by mine ship sales, or marketable production (includi ption by prod ).
TABLE 7
NONFUEL MINERAL! PRODUCTION IN THE COMMONWEALTH OF PUERTO RICO
1988 1989 1990
Mineral Quantit Value i Value Quantit Value
uantity (thousands) Quantity (thousands) uantity (thousands)
Cement (portland) thousand short tons 1,397 $113,966 1,374 $112,318 1,486 $122,027
Clays metric tons 148,218 365 136,873 311 w w
Lime thousand short tons 25 3,802 26 3,800 29 3,483
Salt do. 40 900 — — — —
Sand and gravel (industrial) do. 31 624 30 600 55 825
Stone (crushed) do. 9,350 47,400 8,389 46,648 NA NA
Total? XX 167,057 XX 163,677 XX 126,335
“Esti d. NA Not available. W Withheld to avoid disclosing company proprietary data; not included in “Total.” XX Not applicable.
'Production as d by mine ship sales, or marketable production (including ption by prod ).

2Total does not include value of item withheld.
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U.S. EXPORTS OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS

TABLE 8

1989 1990
Minerl Quantity (thc:/uasl::ds) Quantity (ml,iﬂfds)
METALS
Aluminum:
Aluminum sulfate metric tons 941 $1,208 6,807 $1,299
Castings and forgings do. 20,482 128,974 7,003 67,981
Metals and alloys, crude do. 593,103 1,260,475 679,803 1,160,509
Plates, sheets, bars, etc. do. 446,233 1,379,982 437,662 1,406,498
Scrap do. 575,419 769,380 537,298 719,017
Other aluminum compounds (fluorides and chlorides)
do. 34,315 23,993 13,915 18,129
Antimony:
Metal, alloys, crude, waste and scrap do. 293 694 588 1,143
Oxide do. 2,229 6,106 8,605 13,962
Bauxite (dried and calcined) thousand metric tons 44 9,830 74 12,644
Beryllium, alloys, waste and scrap kilograms 34,261 3,847 45,227 4,831
Bismuth metal, alloys, waste, and scrap do. 122,171 540 121,677 878
Cadmium metal, alloys, dross, flue dust, etc.  metric tons 369 857 385 1,174
Chromium (gross weight):
Chemicals metric tons 23,303 23,626 22,500 26,449
Chromite ore and concentrate do. 40,445 5,014 6,321 1,488
Metal and alloys:
Chromium metal do. 196 4,097 338 3,447
Chromium ferroalloys do. 9,464 11,037 9,118 10,537
Pigments do. 2,264 7,654 2,643 9,252
Cobalt:
Cobalt ores and concentrates (gross weight) do. 28 253 49 416
Metal (unwrought cobalt, powders, matte, waste
and scrap (estimated cobalt content) do. 355 9,452 543 8,880
Oxides and hydroxides (estimated cobalt content) do. 603 6,073 922 6,776
Salts and compounds (estimated cobalt content) do. 101 1,724 542 2,477
Wrought cobalt and cobalt articles (gross weight) do. 171 7,033 481 12,300
Columbium metal, compounds, and alloys (gross
weight) thousand pounds NA NA NA NA
Copper:
Blister and anodes metric tons 5,475 14,664 6,422 14,701
Matte, ash, and precipitates (copper content) do. 14,945 35,363 31,709 40,977
Ore and concentrate (copper content) do. 266,831 539,325 258,235 401,785
Refined copper do. 130,189 303,013 211,164 554,833
Scrap:
Alloy do. 212,522 314,521 184,766 292,723
Unalloyed scrap only do. 154,935 244,195 139,624 227,418
Semimanufactures, copper and copper alloy do. 70,984 270,587 68,519 278,528
Ferroalloys not elsewhere listed:
Ferrophosphorous do. 22,587 3,511 5,981 2,344
Ferroalloys, n.e.c. do. 6,026 9,068 3,893 5,229
Gold:
Bullion, refined kilograms 123,599 1,490,151 140,923 1,719,470
Dore and precipitates do. 42,935 242,690 88,203 413,980
Ores and concentrates do. 16 165 328 3,721
Wastes and scrap do. 44,541 542,150 66,943 729,150
See footnotes at end of table.
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TABLE 8—Continued

U.S. EXPORTS OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS

1989 1990
Minera! Quantity (thgfs]:sds) Quantity (mlzl::ds)
METALS—Continued
Iron ore (gross weight):
Coarse ores thousand metric tons — — 6 $213
Concentrates do. 353 $13,887 11 333
Fine ores do. 145 1559 10 346
Pellets do. 4,852 177,980 3,018 116,845
Roasted pyrites do. 1 117 19 840
Other do. 14 252 136 5,498
Iron chemicals (gross weight):
Chilorides metric tons 172 202 1,781 1,218
Sulfates do. — — — —
Iron and steel:
Iron and steel products (major):
Fabricated steel products thousand short tons 520 400,588 698 420,000
Steel mill products do. 4,578 2,063,103 4,303 ¢2,800,000
Other steel products do. 120 117,995 131 €55,000
Tron and steel scrap: Ferrous scrap used rails for rerolling
and other uses, and ships, boats, and other vessels for
scrapping thousand short tons 12,477 1,785,403 12,842 1,653,445
Pig iron short tons 11,747 1,334 15,933 1,618
Lead:
Ash and residues (lead content) metric tons 9,960 5,612 12,765 8,096
Blocks, pigs, anodes, etc. (lead content) do. 28,512 30,091 57,226 59,080
Ore and concentrate (lead content) do. 57,038 23,516 56,600 33,369
Scrap (gross weight) do. 59,909 26,165 75,507 33,934
Wrought and alloy do. 5,365 14,113 6,759 19,923
Magnesium, metal and alloys, scrap, semimanufactured
forms, n.e.c. (gross weight) do. 56,631 170,374 51,834 164,413
Manganese:
Ferromanganese (all grades) short tons 9,014 7,310 8,302 6,565
Metal (includes alloys, waste, and scrap) do. 5,667 10,632 6,773 14,043
Ore and concentrates do. 57,191 5,014 77,101 9,297
Silicomanganese do. 5,858 4,068 1,974 1,666
Mercury metal metric tons 221 1,874 NA NA
Molybdenum:
Ferromolybdenum (gross weight) do. 75 615 300 2,372
Molybdates, all (gross weight) do. 295 2,338 680 3,963
Ore and concentrates (molybdenum content) do. 51,231 272,336 41,380 169,888
Powder (gross weight) do. 634 3,846 292 4,565
Unwrought (gross weight) do. 253 3,215 180 2,453
Wire (gross weight) do. 340 10,867 338 12,863
Wrought (gross weight) do. 336 8,219 190 7,595
Nickel:
Compound catalysts and waste and scrap short tons 14,205 80,614 17,828 89,476
Primary (cathodes, pellets, briquets [unwrought],
electroplating, ferronickel, powder, and flakes) do. 2,302 XX 3,642 XX
Stainless steel scrap (nickel content) do. 21,871 320,683 19,260 212,368
Wrought (bars, rods, profiles, wire, sheets, strips,
foil, tubes, and pipes) do. 592 11,951 457 5,047

See footnotes at end of table.
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TABLE 8—Continued

U.S. EXPORTS OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS

1989" 1990
Minera Quantity (tht\)/uasl:lfds) Quantity (th(:;asla:l:ds)
METALS—Continued
Platinum-group metals:
Iridium, ruthenium, and osmium kilograms 507 $4,232 782 $4,409
Platinum do. 8,414 135,469 7,510 113,329
Palladium do. 13,005 72,849 10,887 49,576
Rhodium do. 1,156 28,519 969 45,050
Waste and scrap do. 15,046 157,040 34,487 201,538
Rare-earth metals: )
Cerium compounds do. 1,432,672 7,026 1,729,771 9,983
Rare-earth metals, including scandium and yttrium  do. 424,837 4,801 201,122 1,250
Thorium ore and concentrates metric tons 2,000 30 — —
Selenium do. 372,126 3,429 194,608 1,458
Silicon:
Ferrosilicon do. 49,054 40,883 50,079 43,993
Silicon metal do. 5,045 84,074 8,980 92,229
Silver:
Bullion, refined kilograms 430,110 77,812 735,993 119,892
Doré and precipitates do. 78,664 15,478 13,184 2,353
Ores and concentrates do. 607 166 21,861 3,994
Waste and scrap do. 770,788 145,340 1,077,421 159,194
Tantalum:
Unwrought (waste and scrap, powders, alloys,
and metal) do. 389 25,962 406 29,200
Wrought do. 180 21,715 132 20,068
Tin:
Ingots, pigs, and bars metric tons 904 8,915 658 3,344
Tinplate and terneplate do. 178,884 101,279 145,396 78,687
Tin scrap and other tin bearing material, except tinplate
scrap, (includes bars, rods, profiles, wire, powders,
flakes, tubes, and pipes thousand pounds 100,703 54,135 106,288 55,913
Titanium:
Ore and concentrates do. 19,832 5,900 18,765 7,398
Other unwrought (billet, blooms and sheet bars, ingots, .
etc.) do. 3,875 63,772 5,472 69,235
Pigments and oxides do. 212,197 437,645 202,288 434,560
Scrap do. 5,474 22,909 5,487 22,443
Sponge do. 136 910 331 2,073
Wrought (bars, rods, etc.) do. 3,857 110,511 4,526 148,290
Tungsten (tungsten content):
Ammonium paratungstate do. 178 1,503 356 2,456
Carbide powder do. 1,360 27,209 1,074 21,946
Metal and alloy do. 762 15,554 988 18,587
Miscellaneous tungsten-bearing materials (wire, crude
form, waste and scrap, ferrotungsten, ferrosilicon i
tungsten, and compounds do. 896 36,367 795 36,683 ‘
Ore and concentrate do. 203 1,539 139 765 |
Vanadium: 1‘
Ferrovanadium kilograms 493,055 5,299 334,272 5,480 :
Other compounds do. 1,550,381 4,262 976,481 6,024
Pentoxide, anhydride do. 3,741,234 35,204 1,461,453 10,142 \
See footnotes at end of table. I
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TABLE 8—Continued

U.S. EXPORTS OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS

1989° 1990
Minera Quantity (th(\)ll.?sl:sds) Quantity (thszl::ds )
METALS—Continued
Zinc:
Blocks, pigs, anodes, etc. metric tons 7,955 $14,433 5,804 $11,304
Dust and flakes do. 8,137 13,861 8,701 17,039
Ore and concentrate do. 78,877 64,224 220,446 188,686
Waste and scrap (zinc content) do. 108,086 75,947 109,316 85,749
Wrought zinc and zinc alloys do. 19,168 18,488 15,612 18,541
Zinc oxide do. 12,286 17,872 7,141 10,032
Zirconium:
Ore and concentrates do. 48,071 31,134 30,195 21,101
Unwrought waste and scrap do. 232 5,974 188 3,057
INDUSTRIAL MINERALS
Abrasives (includes reexports):
Diamond grinding wheels thousand wheels 770 10,195 777 14,069
Abrasives (includes reexports)—Continued
Industrial diamond, natural or synthetic:
Powder or dust thousand carats 78,235 124,180 71,041 109,500
Other do. 2,755 33,248 1,698 20,120
Other natural and artificial metallic abrasives and products XX 126,810 XX 151,784
Asbestos:
Exports (includes reexports):
Products NA 153,081 NA 120,328
Unmanufactured metric tons 27,004 7,690 27,965 7,964
Barite: Natural barium sulfate do. 9,709 1,622 9,227 1,675
Boron:
Boric acid thousand metric tons 42 32,613 39 31,679
Sodium borates do. 646 361,000 585 208,433
Bromine: i
Compounds (contained bromine) thousand kilograms 28,998 24,093 14,443 18,166
Elemental do. 3,557 3,165 2,932 4,008
Calcium chloride metric tons 20,316 5,695 23,300 6,615
Cement: Hydraulic and clinker thousand short tons 512 25,561 554 38,306
Clays:
Bentonite thousand metric tons 671 52,946 699 57,112
Kaolin and china clay do. 2,337 370919 2,826 427,890
Other do. 748 126,478 566 98,237
Diatomite metric tons 137 41,290 144 42,327
Feldspar, leucite, nepheline syenite do. 9,329 829 24,795 2,167
Fluorspar do. 5,134 694 14,921 1,891
Gem stones (including reexports):
Diamonds thousand carats 1,050 1,243,700 1,004 1,899
Pearls NA 7,300 NA 900
Other NA 222,200 NA 41,106
Graphite, natural and artificial® metric tons 48,729 33,387 44,622 41,106
Gypsum:
Boards thousand short tons 97 25,140 69 30,959
Crude do. 108 2,286 129 5,056
Plasters do. 106 15914 94 18,381
Other do. NA 16,972 30,056 84,452

See footnotes at end of table.
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TABLE 8—Continued

U.S. EXPORTS OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS

1989 1990
Minera Quantity (th(zxasl:lfds) Quantity (th(:{xaslalfds)
INDUSTRIAL MINERALS—Continued
Helium (Grade-A) million cubic feet 796 $33,830 892 $33,450
Iron oxide pigments:
Pigment grade metric tons 9,966 15,700 9,510 18,533
Other grade do. 34,631 54,567 198,631 110,732
Lime short tons 32,241 3,893 44,287 4,755
Lithium compounds:
Lithium carbonate kilograms 9,045,732 28,214 9,312,903 30,160
Lithium hydroxide do. 4,691,991 17914 3,147,248 12,953
Lithium metal do. 141,225 NA 111,737 NA
Magnesium compounds:
Calcined dolomite metric tons 39,639 10,683 10,379 2,213
Caustic-calcined magnesia do. 4,375 2,263 2,313 1,406
Compounds, includes magnesium hydroxide, magnesium
peroxide, magnesium chloride, and magnesium
sulfate metric tons 14,851 6,100 14,162 14,165
Dead-burned and fused magnesia do. 22,525 10,685 58,610 19,709
Magnesite, natural do. 10,380 8,299 8,009 8,060
Other magnesia do. 15,843 9,213 37,747 16,108
Mica:
Crude and rifted do. 1,082 476 572 427
Powder do. 1,230 1,634 4319 2,050
Waste do. 202 235 156 491
Worked do. 415 7,227 612 7,567
Nitrogen compounds (major):
Fertilizer materials thousand short tons 13,569 NA 13,032 NA
Industrial chemicals do. 192 150,813 89 126,658
Phosphate rock (ground and unground)
thousand metric tons 8,323 288,990 6,959 254,104
Phosphatic fertilizers:
Diammonium and monoammonium phosphates
thousand metric tons 9,102 1,608,264 8,493 1,414,219
Elemental phosphorus metric tons 19,934 28,294 17,916 29,620
Phosphoric acid thousand metric tons 703 124,074 555 95,881
Superphosphates do. 534 151,861 747 100,630
Potash:
Potassium chloride metric tons 496,575 NA 445,810 NA
Potassium sulfate, all grades do. 448,880 NA 561,914 NA
Quartz crystal:
Cultured thousand kilograms 57 2,600 39 1,745
Natural do. NA NA NA NA
Salt, crude and refined thousand short tons 1,567 20,211 2,498 32,944
Sand and gravel:
Construction:
Gravel do. 852 7,703 NA NA
Sand do. 273 5,888 468 11,880
Industrial sand and gravel do. - 2,060 78,308 1,155 83,826
Sodium compounds:
Soda ash thousand metric tons 2,648 365,469 2,392 346,693

See footnotes at end of table.
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TABLE 8—Continued

U.S. EXPORTS OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS

1989* 1990
Minera! Quantity (th(\)]uas]:r?ds) Quantity (thml::ds)
INDUSTRIAL MINERALS—Continued
Sodium compounds—Continued
Sodium sulfate thousand metric tons 62 $6,241 62 $6,704
Stone:
Crushed thousand short tons 3,900 23,345 5,100 41,400
Dimension NA 34,610 NA 42,668
Strontium compounds metric tons 3,200 NA 1,300 NA
Sulfur, elemental thousand metric tons 1,024 107,126 972 109,327
Talc, crude and ground do. 319 28,949 238 32,909
Total® XX 21,558,000 XX 20,868,000
"Revised. NA Not available. XX Not applicabl
IEither quantity or value data are incorrect. The U.S. Bureau of Mines and Bureau of the Census were unable to verify the correct data at time of publication.
2Artificial graphite includes a large of materials made from petroleum coke.
3Data may not add to totals shown b of independ ding
TABLE 9

U.S. IMPORTS FOR CONSUMPTION OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS

1989" 1990
Mineral . Value . Value
Quantity (thousands) Quantity (thousands)
METALS
Aluminum:
Aluminum oxide (alumina) thousand metric tons 4311 $1,228,123 4,070 $1,268,973
Metals and alloys, crude metric tons 923,030 1,898,132 959,615 1,596,886
Plates, sheets, bars, etc. do. 340,382 950,902 340,334 340,334
Scrap do. 206,610 309,122 214,196 259,674
Antimony:
Antimony metal do. 10,621 21,143 13,940 23,380
Antimony oxides do. 12,041 19,770 14,472 19,574
Ore and concentrate (antimony content) do. 4,550 8,462 3,454 4,835
Arsenic:
Acid do. 48 67 21 31
Arsenic trioxide do. 28,348 13,526 26,256 12,570
Metallic do. 928 2,150 796 4,091
Sulfides do. 2 19 — —
Bauxite:
Calcined thousand metric tons 531 34,677 558 35,564
Crude and dried do. 10,893 NA 12,142 NA
Beryllium ore metric tons 601 655 342 418
Bismuth, metals and alloys (gross weight) kilograms 1,880,321 21,586 1,611,862 11,747
Cadmium metal metric tons 2,787 30,161 1,741 11,904
Chromium (gross weight):
Chemicals do. 12,895 23,677 10,130 24,136
Chromite ore and concentrate do. 525,044 43,949 305,507 22,150
Metals and alloys:
Chromium ferroalloys do. 343,732 330,427 415,893 246,439
Chromium metal do. 4,202 27,590 6,664 43,161
Pigments and preparation based chromiuum do. 5,963 13,355 5,652 13,708

See footnotes at end of table.
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TABLE 9—Continued
U.S. IMPORTS FOR CONSUMPTION OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS

1989" 1990
el Quantity (th;ilasl:xfds) Quantity (m;izl::ds)
METALS—Continued
Cobalt:
Metal (estimated cobalt content) metric tons 5,444 $91,960 6,027 $106,902
Other forms (estimated cobalt) do. 75 1,426 547 3,227
Oxide and hydroxides (estimated cobalt content) do. 273 6,598 351 8,539
Unwrought cobalt alloys (gross weight) do. 90 3,301 65 2,398
Wrought cobalt and cobalt articles (gross weight) do. 84 3,627 48 3,729
Other cobalt: matte, waste, and scrap (gross weight) do. 364 5,054 250 1,806
Columbium:
Ferrocolumbium thousand pounds 8,178 28,657 6,435 24,685
Mineral concentrates do. 4910 8,060 4,964 7,898
Oxide do. 1,454 9,470 2,145 15,348
Wrought and unwrought do. 26 514 5 150
Copper (copper content):
Blister and anode do. 77,218 242,106 44,278 125,238
Matte, ash, and precipitates do. 2,721 6,571 7,961 19,802
Ore and concentrate metric tons 46,516 51,311 91,493 131,038
Refined copper do. 303,803 865,684 261,672 674,774
Semimanufactures, copper and copper alloy do. 100,254 398,605 NA NA
Scrap:
Alloy do. 79,320 151,265 98,710 192,777
Scrap—Continued
Unalloyed scrap only metric tons 31,577 87,919 25,904 80,976
Ferroalloys not elsewhere listed, including
spiegeleisen do. 2,339 7,737 2,404 8,351
Gallium kilograms 15,284 5,665 9,894 3,250
Germanium do. 40,105 23,789 49,769 27,968
Gold:
Bullion, refined do. 96,967 1,198,734 64,755 795,007
Dore and precipitates do. 13,159 157,952 4,245 50,635
Ore and concentrates do. 2,426 7,103 5,346 8,355
Wastes and scrap do. 39,952 115,685 23,173 206,975
Hafnium: Waste and scrap metric tons 4 976 9 1,662
Indium kilograms 26,813 8,944 30,158 6,555
Iron ore (gross weight):
Coarse ores thousand metric tons 662 15,566 545 14,445
Concentrates do. 371 7,760 294 7,733
Fine ores do. 11,629 297,913 7,338 181,696
Other do. 1,186 23,251 2 179
Pellets do. 5,628 175,728 9,875 355,470
Roasted iron pyrites do. 121 2,045 " 2
Iron chemicals (gross weight):
Chlorides metric tons 1,116 494 2,447 731
Sulfates do. 7,554 1,429 19,427 2,888
Iron and steel:
Direct-reduced iron short tons 188,038 22,621 367,782 40,974
Iron and steel products (major):
Steel mill products thousand short tons 17,321 7,590,841 17,162 8,300,000
Fabricated steel products do. 2,378 2,884,328 2,232 1,450,000

See footnotes at end of table.
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TABLE 9—Continued

U.S. IMPORTS FOR CONSUMPTION OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS

1989 1990
Minere Quantity (ousands) Quantity (tousands)
METALS—Continued
Iron and steel—Continued
Iron and steel products (major)—Continued
Iron products ’ thousand short tons 264 $173,910 229 €$92,000
Pig iron short tons 488,175 73,184 382,737 60,069
Scrap, including tinplate and terneplate
thousand short tons 1,120 149,109 1,443 171,510
Lead:
Ash and residue (lead content) metric tons 677 286 281 102
Blocks, pigs, anodes, etc. (lead content) do. 121,463 84,401 93,351 76,031
Miscellaneous products (lead content) do. 852 11,908 515 6,782
Ore and concentrates (lead content) do. 2,939 1,123 7,790 3,456
Pigments and compounds do. 20,770 27,030 22,165 30,530
Scrap do. — — — —
Wrought and alloys do. 6,068 9,076 6,722 9,945
Magnesium metal and alloys, scrap, semimanufactured
forms, n.e.c. (magnesium content) do. 12,289 37,859 26,755 80,308
Manganese:
Chemicals (manganese dioxide, potassium
permanganate) short tons 8,899 10,448 9,806 12,453
Ferromanganese (all grades) do. 370,483 246,540 328,352 234,329
Ferrosilicon-manganese do. 166,484 151,241 162,612 117,847
Metal do. 16,147 22,283 14,279 19,741
Ore and concentrates (contained manganese) do. 298,485 43,794 164,180 40,054
Mercury: Metal, waste and scrap metric tons 131 1,247 15 231
Molybdenum:
Ferromolybdenum do. 772 9,062 871 6,990
Molybdates, all do. 27 375 2 13
Ore and concentrates (molybdenum content) do. 238 1,791 733 2,874
Powder do. 198 2,077 71 1,771
Unwrought do. 46 2,391 39 2,147
Wire do. 8 553 3 249
Wrought do. 50 3,311 61 4,217
Other do. 3 637 2 720
Nickel:
Primary; (cathodes, pellets, briquets and shot [unwrought],
ferronickel, powder, flakes, oxide and oxide sinter,
salts, and other [including slurry], nickel content)
short tons 130,725 378,936 144,530 1,177,611
Waste and scrap do. 5,666 78,089 4,379 46,764
Wrought; (bars, rods, profiles, wire, sheets, strips,
foil, tubes and pipes, [nickel content]) do. 911 16,511 1,140 15,495
Platinum-group metals:
Iridium kilograms 688 6,565 603 6,063
Palladium do. 51,135 263,790 51,992 210,438
Platinum do. 49,238 801,728 52,277 779,507
Ores do. 12 83 109 671
Osmium do. 58 605 75 678
Rhodium do. 7,105 270,466 13,098 869,869
Ruthenium do. 2,883 7,512 2,586 6,133
Waste and scrap do. 2,159 30,944 4614 32,471

See footnotes at end of table.
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" TABLE 9—Continued

U.S. IMPORTS FOR CONSUMPTION OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS

1989 1990
Minera Quantity (th;,uasl::ds) Quantity (th(:i:]}la:ds)
METALS—Continued
Rare-earth metals:
Monazite metric tons 774 $530 850 $686
Rare-earth metals, (including scandium and yttrium)
kilograms 294,236 4,181 198,840 3,050
Cerium compounds do. 250,806 1,940 359,230 2,041
Rare-earth oxides, (excluding cerium oxide) do. 501,898 6,986 150,728 8,018
Other rare-earth metals do. 1,402,448 8,086 1,362,951 12,813
Other mixtures of rare-earth oxides or other rare-earth
chlorides do. 7,390,689 30,709 498,964 37,325
Ferrocerium and other pyrophoric alloys do. 244,271 1,690 NA NA
Rhenium:
Metal including scrap do. 3,785 4,197 6,068 6,864
Ammonium perrhenate (rhenium content) do. 948 949 15,353 4,531
Selenium and selenium dioxide (selenium content) do. 417,095 8,934 382,860 8,353
Silicon:
Ferrosilicon metric tons 177,895 131,631 238,983 134,993
Silicon metal do. 43,196 80,388 66,383 114,385
Silver:
Bullion, refined kilograms 3,061,548 578,781 2,697,926 437,380
Dore and precipitates do. 142,739 27,943 48,449 8,741
Ore and concentrates do. 7,013 2,301 90,202 23,203
Waste and scrap do. 90,753 96,254 507,649 86,421
Tantalum:
Mineral concentrates thousand pounds 3,850 52,762 2,240 25,589
Unwrought do. 239 11,595 209 9,761
Wrought do. 2 431 7 1,028
Tellurium kilograms 42,871 3,249 34,012 3,928
Thallium do. 1,173 123 450 61
Tin:
Concentrates (tin content) metric tons 216 1,938 — —
Dross, skimmings, residues, scrap, tin alloys, n.s.p.f. do. 10,270 34,695 6,788 35,291
Metal (unwrought) do. 33,988 288,118 33,810 215,863
Tin compounds do. 314 2,720 426 2,493
Tinfoil, powder, flitters, metallics and
manufactures, n.s.p.f. do. XX 4,570 XX 2,086
Titanium:
Ilmenite? do. 797,897 110,611 719,530 112,412
Other unwrought (ingots, billets, powder, etc.) do. 309 8,336 375 2,932
Pigments do. 166,346 277,140 147,592 279,602
Rutile, natural and synthetic do. 264,895 119,928 274,605 127,664
Sponge do. 903 8,181 1,093 10,398
Titaniferous iron ore do. 37,922 1,876 28,818 2,169
Waste and scrap do. 5,308 41,898 3,037 17,550
Wrought do. 1,250 34,085 1,266 35,746
Tungsten (tungsten content):
Ammonium tungstate do. 431 4,560 462 3,463
Ferrotungsten do. 360 1,986 493 2,739
Ore and concentrates do. 7,896 45,077 6,420 31,301
See footnotes at end of table.
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TABLE 9—Continued

U.S. IMPORTS FOR CONSUMPTION OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS

1989" 1990
Minerl Quantity (th(\)ll?sl:r?ds) Quantity (th:uil;:ds)
METALS—Continued
Miscellaneous tungsten-bearing materials (waste and
scrap, unwrought, wrought, tungstic acid, potassium
tungstate, sodium tungstate, carbide, and other
compounds) metric tons 3,014 $48,751 2,537 $36,594
Vanadium:
Ferrovanadium (vanadium content) kilograms 486,705 13,493 244,250 3,720
Pentoxide, anhydride (vanadium content) do. 92,079 1911 82,627 719
Vanadium-bearing materials (slags and dross)
(pentoxide content) do. 4,072,778 18,762 3,321,890 6,702
Vanadium-bearing ash and residues
(pentoxide content) do. 1,432,094 5,035 1,801,071 4,786
Zinc:
Blocks, pigs, slabs metric tons 711,554 1,183,523 631,742 991,562
Dross, ashes, and fume (zinc content) do. 9,031 7,856 6,411 5,942
Dust, powder, flakes do. 7,253 15,123 8,834 17,724
Ore and concentrates (zinc content) do. 40,974 23,047 46,684 17,970
Pigments and compounds do. 71,825 105,089 61,107 83,449
Sheets, plates, strips, and other forms do. 3,066 5,436 929 1,641
Waste and scrap do. 9,367 6,674 31,720 15,101
Zirconium:
Ore and concentrates do. 73,129 33,917 26,783 12,407
Unwrought waste and scrap do. 259 2,209 128 880
INDUSTRIAL MINERALS
Abrasives:
Diamond, natural and synthetic thousand carats 70,342 105,295 96,483 137,607
Other XX 313,789 XX 332,174
Asbestos metric tons 55,306 14,031 41,348 10,773
Barite:
Crude and ground thousand metric tons 1,034 44,679 1,044 46,300
Witherite metric tons 76 30 34 23
Chemicals do. 32,637 24,041 28,429 22,165
Boron (contained boric oxide):
Boric acid thousand metric tons 3 2,197 22 8,120
Colemanite do. 15 4,202 12 3,310
Ulexite do. 27 1,552 29 7,360
Bromine:
Compounds thousand kilograms 30,524 55,599 20,359 84,871
Elemental do. 460 293 756 508
Calcium metal kilograms 679,603 3,210 651,000 3,779
Calcium chloride:
Crude metric tons 119,296 20,856 145,534 21,541
Other do. 8,048 3,817 16,837 6,102
Cement: Hydraulic and clinker thousand short tons 15,741 605,325 13,273 533,047
Clays metric tons 27,794 10,928 29,550 11,988
Cryolite, natural and synthetic do. 8,429 7,647 7,306 6,775
Diatomite thousand short tons 838 €294 689 268
Feldspar, crude, ground and crushed or pulverized
metric tons 12,003 873 11,318 723
Fluorspar do. 655,590 79,875 513,921 65,938

See footnotes at end of table.
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TABLE 9—Continued
U.S. IMPORTS FOR CONSUMPTION OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS

1989" 1990
Minera! Quantity (th;/uasl:;ds) Quantity (th(}ilasl:ll:ds)
INDUSTRIAL MINERALS—Continued
Gem stones:
Diamond thousand carats 10,059 $4,358,147 7,528 $3,955,222
Emeralds do. 3,402 207,546 3,720 162,375
Pearls (natural, cultured, and imitation) do. NA 154,173 NA 26,645
Rubies and sapphires do. 6,666 183,344 5817 180,375
Other precious or semiprecious stones NA 211,339 NA 284,688
Graphite,natural and synthetic metric tons 62,319 33,707 50,213 35,222
Gypsum:
Boards thousand short tons 355 29,355 272 22,786
Crude do. 9,304 59,107 8,726 61,009
Plasters do. 3 2 701 236
Other do. NA 22,280 26,174 110,205
Hydrofluoric acid metric tons 118,902 117,919 101,792 409,384
Iodine (includes crude, potassium iodide, and
resublimed iodine) thousand kilograms 3,326 58,980 3,168 43,553
Iron oxide pigments:
Natural metric tons 4,961 1,354 1,859 991
Synthetic do. 31,708 29,186 32,141 35918
Lime:
Hydrated short tons 36,952 2,219 29,920 2,147
Other lime do. 180,704 9,749 8,245 173,197
Lithium:
Carbonate metric tons 3,326 6,629 4,197 8,381
Compounds do. 7,191 7,108 — —
Lithium—Continued
Hydroxide metric tons 23 164 1 20
Metal do. 15 31 — —
Ores do. 31,660 3,049 — —
Salt do. 14 14 — —
Magnesium compounds:
Calcined dolomite do. 21,788 2,871 38,441 3,639
Caustic-calcined magnesia do. 75,584 13,657 83,885 13,957
Compounds, includes magnesium hydroxide,
magnesium peroxide, magnesium chloride, and
magnesium sulfate do. 29,002 6,942 33,046 9,238
Dead-burned and fused magnesia do. 202,790 38,555 155,010 32,858
Natural magnesite do. 8,372 1,354 1,957 722
Other magnesia do. 5,874 9,194 5,037 8,573
Mica:
Crude and rifted do. 4,612 2,740 5,444 2915
Powder do. 8,902 4,971 9,142 5,133
Waste do. 1,189 542 205 123
Worked do. 1,129 6,711 1,085 7,431
Nepheline syenite, crude, ground, crushed, etc. ~ short tons 303,000 12,273 276,000 12,200
Nitrogen compounds (major):
Fertilizer materials thousand short tons 8,325 920,785 7,719 847,304
Industrial chemicals do. 138 108,392 71 65,852
Peat moss (poultry and fertilizer grade) short tons 529,706 69,931 598,802 87,533
Phosphate rock and phosphate materials
thousand metric tons 814 80,284 477 46,365

See footnotes at end of table.
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TABLE 9—Continued

U.S. IMPORTS FOR CONSUMPTION OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS

1989* 1990
Minera! Quantity (thc:lf:x?ds) Quantity (th(::;lz:l:ds)
INDUSTRIAL MINERALS—Continued
Potash (includes potassium chloride, postassium sulfate,
potassium nitrate, and potassium sodium nitrate)
metric tons 5,618,300 $501,300 6,951,700 $545,700
Pumice:
Crude or unmanufactured do. 273,464 12,483 266,604 7,858
Wholly or partially manufactured do. 23,691 3,649 13,704 2,021
Salt crude and refined thousand short tons 6,084 74,474 6,580 88,419
Sand and gravel:
Industrial sand and gravel do. 35 2,057 73 3,148
Other sand and gravel do. 427 6,618 1,742 22912
Sodium compounds:
Soda ash do. 128,790 17,396 145,534 20,495
Sodium sulfate do. 173 13,900 162 13,155
Stone:
Calcium carbonate fines do. 4 1,234 3 864
Crushed and chips do. 4,352 35,631 4,969 34,442
Dimension NA 525,052 NA 523,891
Strontium:
Celestite (strontium sulfate) metric tons 25,640 1,956 48,724 4,189
Compounds and metal do. 19,112 11,068 20,162 12,982
Sulfur, elemental thousand metric tons 2,260 209,465 2,571 206,450
Talc, unmanufactured thousand short tons 77,716 12,128 65,099 11,056
Total® XX 35,537,000 XX 33,389,000
"Revised. NA Not available. XX Not applicabl
!Less than 1/2 unit.
2Includes titanium slag ging about 70% TiO,. For details, see “Titanium” chapter.
3Data may not add to totals shown b of independent rounding
TABLE 10

COMPARISON OF WORLD AND U.S. PRODUCTION OF SELECTED NONFUEL MINERAL COMMODITIES

1989 19907
Mineral World US. U.S. percent World US. U.S. percent
. . of world o . of world
production production production production production production
METALS, MINE BASIS

Antimony? metric tons 66,283 w NA 62,004 w NA
Arsenic trioxide® do. 48,562 — — 47,632 — —
Bauxite* thousand metric tons 105,695 w NA 112,180 w NA
Beryllium concentrates (gross weight) metric tons 7,532 4,592 61 7,138 54,548 64
Bismuth do. 3,556 w NA 3,200 w NA
Chromite (gross weight) thousand metric tons 13,542 — — 12,846 — —
Cobalt? metric tons 43,030 — — 37,136 — —

Columbium-tantalum concentrate (gross weight)
thousand pounds 73,435 — — 65,448 — —
Copper? thousand metric tons 8,730 1,498 17 8,815 1,587 18
Gold? kilograms 1,999,458 265,541 13 2,049,946 290,202 14
Iron ore (gross weight) thousand metric tons 924,869 59,032 6 920,778 56,408 6
Lead? do. 3,368 420 12 3,367 495 15

See footnotes at end of table.
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TABLE 10—Continued
COMPARISON OF WORLD AND U.S. PRODUCTION OF SELECTED NONFUEL MINERAL COMMODITIES

1989 19907
Mineral World us. US. pereent world us.  US percent
production! production production production' production production
METALS, MINE BASIS—Continued
Manganese ore (gross weight) thousand short tons 27,626 — — 27,192 — —
Mercury metric tons 6,263 w NA 5,785 w NA
Molybdenum? do. 116,799 63,105 54 111,652 61,611 55
Nickel? thousand short tons 1,067 —_ — 1,029 ©) ©)
Platinum-group metals’ kilograms 283,158 6,280 2 286,704 7,740 3
Silver? metric tons 14,760 2,007 14 15,108 2,170 14
Tin? do. 233,773 w NA 219,333 w NA
Titanium concentrates (gross weight):
Ilmenite thousand metric tons 4,236 w NA 4,051 w NA
Rutile do. 454 w NA 452 w NA
Tungsten? metric tons 42,099 w NA 40,350 w NA
Vanadium? short tons 33,549 w NA 33,868 w NA
Zinc? thousand metric tons 7,191 288 4 7,325 543 7
METALS, SMELTER BASIS
Aluminum (primary) do. 18,020 4,030 22 17,817 4,048 23
Cadmium metric tons 21,075 1,550 7 20,207 1,678 8
Cobalt do. 25,516 — — 25,775 — —
Copper (primary and secondary)’ thousand metric tons 9,510 1,480 16 9,378 1,463 16
Iron, pig thousand short tons 602,790 55,873 9 593,699 54,750 9
Lead, refined (primary and secondary)®  thousand metric tons 5,987 1,288 22 5,942 1,327 22
Magnesium (primary) metric tons 344,043 152,066 44 351,198 139,333 40
Nickel® short tons 958,323 382 ©) 928,465 4,080 ©)
Selenium!’ kilograms 1,614,716 253,427 16 1,817,747 286,755 16
Steel, raw thousand short tons 862,268 97,943 11 850,982 98,906 12
Tellurium' kilograms 64,031 w NA 67,001 w NA
Tin (primary and secondary) metric tons 249,757 111,569 1 249,804 w NA
Zinc (primary and secondary) thousand metric tons 7,203 358 5 7,041 358 5
INDUSTRIAL MINERALS
Asbestos do. 4,243 17 ® 3,980 w NA
Barite do. 5,577 12290 S 5,577 12439 8
Boron minerals do. 2,926 21,114 38 2,906 121,094 38
Bromine metric tons 442,479 12174,600 39 438,000 12177,000 40
Cement, hydraulic thousand short tons 1,248,916 378,559 6 1,251,112 378,606 6
Clays:
Bentonite? thousand metric tons 8,987 23112 35 9,472 123,474 37
Fuller’s earth'® do. 3,060 121,882 62 3,471 122,307 66
Kaolin? do. 24,522 128,974 37 25,024 120,762 39
Diamond, natural thousand carats 97,743 — — 99,096 — —
Diatomite thousand metric tons 1,852 617 33 1,821 613 34
Feldspar do. 5,176 655 13 5,023 630 13
Fluorspar do. 5,586 661 5,107 64 1
Graphite, natural metric tons 648,827 w NA 660,600 — —
Gypsum thousand short tons 109,023 17,624 16 107,671 16,406 15
Iodine, crude metric tons 15,459 1,508 10 17,017 1,973 12
Lime thousand short tons 152,846 121317,178 11 150,151 121317,481 12
Magnesite, crude thousand metric tons 11,343 \J NA 10,713 w NA
See footnotes at end of table.
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TABLE 10—Continued
COMPARISON OF WORLD AND U.S. PRODUCTION OF SELECTED NONFUEL MINERAL COMMODITIES

1989 19907
Mier Wo  us  USPEN yomg o us  Uspe
production production production production’ production production
INDUSTRIAL MINERALS—Continued
Mica (including scrap and ground) metric tons 229,523 119,142 52 214,560 108,845 51
Nitrogen: N content of ammonia thousand short tons 109,142 13,449 12 108,056 13,940 13
Peat do. 217,531 761 ©) 198,489 763 Q]
Perlite do. 1,973 12601 30 1,959 12639 33
Phosphate rock (gross weight) thousand metric tons 158,966 48,866 31 154,106 46,343 30
Potash (K,O equivalent) do. 29,210 1,595 5 28,310 1,713 6
Pumice'? do. 10,913 424 4 10,964 443 4
Salt thousand short tons 209,949 121338 902 19 202,339 121340,738 20
Sand, industrial (silica) do. 133,973 1229,205 22 133,198 1228,406 21
Sodium compounds, n.e.s. (natural and manufactured):
Soda ash thousand metric tons 31,939 8,995 28 32,429 9,156 28
Sulfate do. 5,009 685 14 4,998 665 13
Strontium'° metric tons 234,189 — — 234,600 — —
Sulfur, all forms thousand metric tons 58,717 11,592 20 57,668 11,560 20
Talc and pyrophyllite do. 8,271 1,253 15 8,251 1,267 15
Vermiculite'® short tons 694,700 12275,000 40 645,933 12230,000 36
Esti d. PPreliminary. NA Not available. W Withheld to avoid disclosing company proprietary data; not included in world total.

!For those commodities for which U.S. data are withheld to avoid disclosing company proprietary data, the world total excludes U.S. output and the U.S. percent of world production cannot be reported.
2Content of ore and concentrate.

3World total does not include an estimate for China.

4U.S. figures represent dried bauxite equivalent of crude ore; to the extent possible, individual country figures that are included in the world total are also on the dried bauxite eqiuivalent basis, but for some countries available
data are insufficient to permit this adjustment.

Shipments.

SLess than 1/2 unit.

Primary and secondary blister and anode copper, including electrowon refined copper that is not included as blister or anode.

8Includes bullion

9Refined nickel plus nickel content of ferronickel, nickel oxide, and other nickei salts.

1%World total does not include estimates for output in the U.S.S.R. or China.

Mncludes tin content of alloys made directly from ore.

12Quantity sold or used by producers.

BIncludes Puerto Rico.
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MINING AND QUARRYING TRENDS IN THE METALS AND
INDUSTRIAL MINERALS INDUSTRIES

By R. Lindsay Mundell and Steven J. Schatzel

Mr. Mundell is a mining engineer who has been with the U.S. Bureau of Mines, Denver Research Center, for 9 years, and
Mr. Schatzel is a geologist who has been with the U.S. Bureau of Mines, Pittsburgh Research Center, for 13 years. Domestic
survey data were prepared by Stephen D. Smith, statistical assistant.

MINING HIGHLIGHTS

In the first half of 1990, lessening of cold
war tensions was welcome. But Iraq’s inva-
sion of Kuwait in August led to the Persian
Gulf War in January and February 1991.
The subsequent oil shock contributed to a
dampening of the U.S. economy, and the
U.S. gross national product rose only 0.9%
to $5,463 billion (U.S. billion = 10°).

The buildup of military forces in the Per-
sian Gulf area focused greater attention not
only on petroleum but also on other
strategic materials. The U.S. Department
of Defense continued to review stockpile
goals and upgrade several mineral
materials. In addition, the U.S. Bureau of
Mines continued to maintain the standby
Emergency Minerals Administration. After
the Defense Production Act, which author-
izes priorities, allocations, and supply ex-
pansion, lapsed on October 20, 1990, the
Selective Service Act of 1967 became the
authority to ensure that orders of the
Armed Forces and defense atomic energy
programs were given priority treatment.

Imports of crude and refined petroleum,
costing $61 billion, increased 2% to 3
billion barrels (bbl). Domestic petroleum
production fell 2% to 3.6 billion bbl. In
February 1991, a National Energy Strategy
was announced to encourage domestic pro-
duction of fossil fuels and nuclear and
renewable energy and to stimulate efficien-
cies in use. Petroleum supplied about 40%
of U.S. energy, and natural gas and coal
each supplied about 22%.'

Although most nongold metal mining
and beneficiation production finished
below that of 1988-89, almost all produc-
tion was at levels well ahead of a few years
ago. This fact, together with the reduced
lure of gold, might be expected to increase
the funds available for exploration and
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development in the ferrous and base metals
sectors.

By January 1991, a general consensus
was reached among traders and analysts
that base metals prices will weaken through
1991 because of economic recession. In
January, the price of copper, so often a
general indicator, was at a 29-month low
and silver was at a 15-year low.?

Experts speculate that over the next few
years the international mining industry will
be dominated by three issues: increasingly
widespread environmental concerns; a
change in the balance of activity between
precious-metals and base-metals opera-
tions; and the impact of newly generated
base metal demand from Eastern Europe.

Production Overview

Total processed nonfuel mineral
materials produced in the United States
during 1990 were valued at approximately
$310 billion, essentially unchanged from
that of 1989. However, metals from U.S.
ores rose 3% over those of 1989 to $12.5
billion, and industrial minerals rose 5%
over those of 1989 to $20.9 billion. Re-
cycled scrap, largely steel and aluminum,
rose a tremendous 50% over that of 1989
to $15 billion.

Steel production—a major consumer of
many minerals—fell 2% to 96 million short
tons (st). Iron ore mining fell 8% to 60
million st, 97% of which was pelletized.
Net iron ore imports fell 14% to 13 million
st. There was no domestic mining of
chromium, cobalt, manganese, or nickel.

Primary aluminum smelters operated at
capacity, producing 4.4 million st. Some
bauxite was mined, but most came from net
imports of 14.0 million st. This was sup-
plemented by net imports of 3.1 million st
of alumina.

Imports of nonfuel, mineral-based
materials were valued at $44 billion and

exports at $38 billion. Canada, with which
the United States has a free-trade agree-
ment and which is a partner in the North
American Defense Industrial Base, was a
major supplier of many minerals.

Discussions were under way with Mex-
ico, looking toward a possible free-trade
agreement that, in turn, might be a prelude
to a Western Hemisphere agreement. Con-
cerns about apartheid in the Republic of
South Africa continued despite reform ef-
forts. Imports from that country were
limited to 10 minerals essential for defense
or the economy.

Magnesium and titanium production
totaled 165,000 st and 28,000 st, respec-
tively. Copper mine production rose 4%
over that of 1989 to 1.7 million st, and
refinery production was 2.1 million st.
Lead mining rose 18% over that of 1989
to 546,000 st. Primary refined lead produc-
tion of 435000 st was supplemented by
865,000 st refined from scrap. Primary slab
zinc tonnage of 292,000 st was sup-
plemented by 116,000 st of secondary pro-
duction and net imports of 496,000 st.

Cement production rose 3% to 80
million st. About 3,400 quarries produced
1.2 billion st of crushed stone, and 5,700
sand and gravel pits produced 920 million
st. Nearly 1,100 clay pits produced 49
million st, and 65 gypsum mines produced
18 million st.

Magnesium compounds totaling 700,000
st were produced from brines and seawater.
Titanium dioxide pigments totaling 1.1
million st were produced from domestic
and imported minerals. Sulfur production
totaled 12.4 million st, 32% by the Frasch
process. Production of other major
nonmetallics included 39 million st of salt,
17 million st of lime, 10 million st of soda
ash, and 625,000 st of B,0,.

Phosphate rock mining fell 8% to 51

million st, and ammonia rose 3% to 14
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million st. Potash mining rose 3% to 1.8
million st of K,O. Significant quantities of
ammonia and potash were imported, but
fertilizer exports totaled $4.1 billion.

Gold production edged up to 65 million
ounces (0z) worldwide during 1990. This
2% gain over that of 1989 was low in com-
parison to 6% gains prevailing in recent
years. The rankings of the million-oz-per-
year producing countries remained un-
changed. U.S. mines yielded 9.6 million oz
of gold and 64 million oz of silver. About
10% of the gold and 75% of the silver was
a byproduct of base metal mining. Approx-
imately 50% of the U.S. gold production
was from surface leaching operations. The
1990 average price of $387 per oz was lit-
tle changed above that of 1989. However,
the 1990 price was more volatile than dur-
ing the previous year. Gold mine openings
and expansions were on the decline in 1990.

The gold industry entered a period of
economic hardship during 1990. As a
result, North American exploration and
new mine developments were greatly cur-
tailed. In addition, increasing regulatory
burden and pending legislation regarding
mineral tenure could drive small miners
offshore or out of business. Small miners,
ultimately, are responsible for most U.S.
mineral discoveries.

Australian output is forecast to drop by
20% per year following imposition of an
income tax on gold mining that was effec-
tive on January 1, 1991. Output of silver
mined in the world, at 469 million oz, was
up only 1% over that of 1989. An estimated
60% of newly mined silver is recovered as
a byproduct of gold and polymetallic base
metal deposits. In 1990, the price briefly
slipped below $4 per oz.’

Incentive Systems on the Rise

More mining companies used incentive
bonus plans as part of their wage systems
in 1990. A survey by Mining Cost Service
of Spokane, WA, found that of the 156
mines responding to inquiries, a
remarkable 42 % reported using some sort
of incentive bonus plan in 1990. This
represents the continuation of a steady
growth pattern in the use of incentive
systems by the mining industry. In 1987,
only 20% reported having a bonus system
in place compared with 23% in 1988 and
35% in 1989. According to the survey,
metal mines were the largest users of in-
centive bonus plans this year. About 33%
of the responding coal mines and 25% of
the responding industrial mineral mines

also had bonus systems in place. In the
metal mines, production was the most
commonly mentioned incentive factor.
Development advance, safety, ore grade,
cost saving, profits, commodity prices,
housekeeping, and length of service were
also mentioned. Attendance, production,
safety, and profits were all mentioned by
industrial mineral mines. Of the 24 in-
dustrial mineral mines responding, 21
reported wage increases ranging from 1%
to 13%. The remaining three reported no
change. Forty of the 66 metal mines
reported wage increases ranging from 1%
to 18%. No metal or industrial mineral
mines reported wage decreases in 1990.*

Reclamation Bonds

New Federal reclamation bonding re-
quirements were not expected to have a
significant impact on large mining con-
cerns, but might put smaller companies and
prospectors out of business. The new policy
was drafted to ensure that reclamation
bonds are posted, but in a manner that
companies would not pay both Federal and
State bonds. Several mining company of-
ficials said the new policy will burden small
miners who may not be able to afford
bonds. Many States currently do not re-
quire bonds for small prospectors.’

Soviets Open Mineral Deposits to Joint
Ventures

Because the U.S.S.R. does not have suf-
ficient funds to develop many of its natural
resources, the Soviets were forced to pare
mining activities. In an effort to raise
much-needed hard currency, the U.S.S.R.
prepared a list of 100 mineral deposits
made available to foreign companies for
joint ventures. This marked the first large-
scale effort by the Soviets to encourage
joint ventures in mining.

The U.S.S.R’s joint-venture master plan
included proven deposits of aluminum,
chromium, gold, iron, lead, manganese,
nickel, silver, tungsten, and zinc. The
Soviet Ministry of Geology explored the
deposits and determined that they are
minable.®

The Soviet North East Gold Mining
Association and Bering Straits Trading Co.
awarded a contract for a joint venture
between Cominco Engineering Services
Ltd. of Vancouver, British Columbia,
Canada, and Watts, Griffis and McOuat,
geologists and engineers, of Toronto for a
planned silver recovery system with a
capacity of 1 million st of ore annually.

Plans call for construction of a plant in
Dukat, northeast of Magadan in the ex-
treme northeast U.S.S.R.”

LEGISLATION AND
GOVERNMENT ACTIONS

Pending Legislation

Efforts were put forth in 1990 to amend
the General Mining Law of 1872. House
bill S. 1126 was introduced in June 1989.
Hearings were held in June 1989 and again
in September 1990. As introduced, the bill
would withdraw certain types of lands
presently open to mineral entry. Jurisdic-
tion over Forest Service lands would move
to the Department of Agriculture. It would
eliminate exploration or development by
joint ventures, partnerships, and multiple
mineral development within the same
operating area unless under a single
operator and would eliminate different
types of mining operations in the same
area. It would also eliminate lode and
placer distinction as well as larger sized
claims currently allowed for placers.

All prospectors would be required to
notify the land management agency before
initiating mineral exploration. The claim
recordation fee would be raised to $100 per
claim. Mining claims would be for explora-
tion purposes only and would be limited
to 20 acres. Jurisdiction would be divided
among the Departments of Agriculture and
Interior, who would have total discretion
to deny the application without appeal. The
exploration claim would be void after 10
years unless the locator applied for a
mineral patent.

Prior to any mineral development or pro-
duction, the locator of an exploration claim
would be required to have an approved ex-
ploration plan and reclamation plan and
would have to submit an application for
mineral patent. A hard-rock mineral
deposit capable of commercial develop-
ment would have to exist on the property,
and a mining and reclamation plan would
have to be approved before a mineral pa-
tent could be issued. Such a patent would
not, however, convey possessory title to the
minerals. The patent would be void if
mineral production did not begin within 15
years.

Exploration claims would require annual
diligence, or in lieu of payments, of $50
per acre until production began. Patents
would require annual diligence from $100
per acre for the first 5 years to $300 per

42 MINING AND QUARRYING TRENDS IN THE METALS AND INDUSTRIAL MINERALS INDUSTRIES MINERALS YEARBOOK—1990




acre during years 10 through 15. Once pro-
duction commences, an 8% overriding
royalty on production would be assessed.
The bill also provides for payment of an
annual $100 “holding fee” for each explora-
tion claim or mineral patent and a $5 per
acre surface-use fee.

All mined areas would have to be
reclaimed and restored to a condition sup-
porting the original use prior to mining.
This work would have to be done with
concurrent reclamation when feasible.
Bonding sufficient to ensure complete and
timely reclamation would be required for
exploration claims and mineral patents.
Further, the bill requires that land-
managing agencies address mining and ex-
ploration activities in their land use plans
and provide conditions and restrictions on
these activities.

The bill also addresses the conversion of
existing claims. It would eliminate the right
to patent claims located under the 1872
Mining Law and would take away valid ex-
isting rights. Further, it would require that
within 3 years existing claimholders either
relocate their claims under the terms of the
new law, with some exceptions, or main-
tain them by performing assessment work
fixed at $5,000 per mining claim per year.

House of Representatives bill 3866 was
introduced in January 1990. A hearing was
held in September 1990. As introduced, the
bill established procedures to locate and
record mining claims. It eliminated distinc-
tions between lode and placer claims and
claims for “uncommon varieties.” It would
move jurisdiction over minerals on Forest
Service lands to the Department of
Agriculture. Mill sites and tunnel sites
would be eliminated.

Claims would be 40 acres and would
have to conform to the public land survey,
where possible. Extralateral rights would
be eliminated. The legal description in the
notice of location would supersede the
physical boundaries on the ground. A
claimholder who relinquishes a claim or
fails to maintain all requirements would not
be permitted to file a new claim on the
same ground for 6 months.

All mining activities on mining claims
would have to prevent unnecessary
degradation and minimize adverse en-
vironmental impacts on surface resources.
A plan of operation would be required for
prospecting and exploration. Adequate
financial or other guarantees would be re-
quired to ensure reclamation, and the
Secretaries of Agriculture and Interior
would establish reclamation standards.

Land use plans would be required to in-
clude numerous specific requirements to
ensure protection of nonmineral values.
The bill also authorizes quarterly com-
pliance inspections by the Office of Sur-
face Mining and Regulation Enforcement.

A mining claim would be valid when the
rental fee requirements and the diligence
expenditures or the in-lieu-of-payment
were met. The annual rental fee would be
$1.50 per acre prior to approval of a min-
ing plan and $5.00 per year after approval.
Diligence would be required on a S-year
incremental scale ranging from $20 per
acre in the first 5 years to $160 per acre
after the 15th diligence year following
recordation of the claim. Payments in lieu
of diligence could not be made until the 6th
year; these payments would also be
graduated, ranging from $20 per acre in
the 6th through 10th years to $80 after the
15th year. The bill further directs the ap-
propriate Secretary to establish user fees
to reimburse the United States for expenses
incurred under the legislation. Failure to
submit payments or file a diligence affidavit
would void the claim.

Patenting of existing mining claims
would be eliminated. Unpatented mining
claims located under the Mining Law of
1872 would have to be converted to the new
system within 3 years. Unconverted claims
would be null and void.

The bill also directs that all monies
received from rental fees collected be put
into a fund for the reclamation and restora-
tion of land and water resources adversely
affected by past mineral mining.

The Resource Conservation and
Recovery Act

In April 1991, the comprehensive
Resource Conservation and Recovery Act
(RCRA) bill (S. 976) was introduced.
Although mine and mineral-processing
wastes were not directly addressed in the
bill, several provisions of the bill may still
have an impact on the management of
mines or mineral-processing facilities, such
as requirements affecting recycling, secon-
dary materials, and pollution-prevention
activities.

EPA Activities—Mining- and Mineral-
Processing Wastes

In May 1988, the U.S. Environmental
Protection Agency (EPA) released a docu-
ment that outlined an approach to manage
noncoal mining wastes and materials, refer-
red to as “Strawman I for public

comment. In May 1990, EPA issued
“Strawman II,” incorporating comments
and responding to raised issues. After court
action, EPA was ordered to define large-
volume, low-hazard wastes, and a final
ruling was published January 23, 1991. EPA
established that the temporary exemption
from subtitle C requirements, established
by the exclusion for mineral-processing
wastes, was limited to 20 mineral-process-
ing wastes, including (1) slag from elemen-
tal phosphorus production, and (2) phos-
phogypsum and phosphoric acid process
wastewater. If the exclusion is retained, the
wastes would be subject to regulation under
the Resource Conservation and Recovery
Act subtitle D and as solid wastes.

The mine waste regulatory program, as
currently viewed by EPA, will be one in
which the States have the lead role and will
be responsible to develop, oversee, and en-
force a mining waste and materials manage-
ment plan. Consequently, the States will be
expected to identify a lead agency; incor-
porate a multimedia approach that
addresses air, surface water, ground water,
and soil contamination; and incorporate
any necessary permits under the National
Pollution Discharge Elimination System
(NPDES), the Clean Air Act, and the
Underground Injection Control program.
To be approved by EPA, the mining waste
and materials management plan would need
to provide for a State program adequate to
meet established technical design criteria
and performance standards.

Mineral-processing wastes are being ad-
dressed separately by EPA. The number of
processing wastes afforded protection by
the Bevill amendment from hazardous
waste regulation under RCRA subtitle C
was reduced. In EPA’s July 1990 Report to
Congress, the Agency concluded that no
more than 4 of the 20 conditionally
exempted wastes under Bevill needed to be
regulated as a hazardous waste. The find-
ings of the report will be the basis of a final
regulatory determination. All other
mineral-processing wastes are now poten-
tially subject to regulation as hazardous
wastes under subtitle C of RCRA.

Basel Convention

In March 1990, the United States signed
the Basel Convention, an international
agreement dealing with the international
transboundary movement of hazardous
waste. The Basel Convention is intended
to put an end to the shipment of hazardous
wastes for disposal in other nations,
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particularly developing nations. However,
the convention could affect the way metal
waste and scrap, as well as other recyclable
materials, are imported or exported
because all of these materials are con-
sidered to be hazardous wastes in some
countries, particularly in the European
Community (EC). Materials that are like-
ly to be affected include metal waste and
scrap, scrap batteries, precious-metal
wastes and residues, and materials
recovered from municipal waste.

Under the Basel Convention, re-
quirements will include advance notifica-
tion of shipments of hazardous wastes
through the Governments of the exporting
and importing nations and acceptance of
the material by the importing nation. Both
the exporting and importing nations are
obliged to assure that the handling and
disposal of the waste is environmentally
sound. Trade in hazardous waste between
a nation that is a party to the convention
and one that is not will be prohibited,
unless the nations enter into a separate
agreement that is at least as protective of
the environment as is the Basel
Convention.

The Basel Convention was submitted to
the U.S. Senate for ratification, and legisla-
tion was introduced to provide the authority
to implement its provisions in the United
States. It could take effect as early as 1992.

Ocean Mining Leases Offered

For the first time since the sale of |

phosporite leases on California’s 40-mile
(mi) bank in 1963, the U.S. Department of
the Interior issued a proposed leasing
notice for minerals other than oil, gas, or
sulfur on the Continental Shelf. The notice
was published by the Minerals Management
Service on June 11, 1990, in accordance
with new regulations for leasing (30 CFR
Part 281) under the authority of the OCS
Lands Act of 1953, as amended.

About 150,000 acres is being proposed
for leasing to include the right to explore
for and recover gold and any other mineral,
such as mineral sands, using similar
technology. The proposed lease areas are
along the boundary of Alaskan State waters
3 mi offshore and adjacent to the city of
Nome and the town of Solomon, about 20
mi to the east. Both areas offered are of
similar dimension.?

Lead-Acid Battery Recycling

Lead-acid battery recycling has begn
revived in recent years. The primary reason
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has been relatively high prices for lead
scrap and spent batteries. With RCRA and
the Comprehensive Environmental
Response, Compensation, and Liability Act
(CERCLA), commonly known as Super-
fund, looming over the secondary lead in-
dustry, they have been quite effective in get-
ting the batteries into the recycling chain.
An important factor in this respect has
probably been State and local interest in
collecting lead batteries by providing incen-
tives; some States are offering $2.00
bounties on spent lead-acid batteries. A
further objective is to reduce the number
of spent batteries going to landfills and
municipal incinerators.

Federal legislation related to the recycl-
ing of lead-acid batteries that was intro-
duced in the 101st Congress was not acted
upon, but some bills were reintroduced into
the 102d Congress. Bill H.R. 870, intro-
duced in February 1991, in particular is
essentially written to affect lead-acid bat-
tery recycling. The bill would require
manufacturers and importers of lead-acid
batteries to recycle an equivalent amount
of batteries sold. In the case of importers,
they would be required to purchase credits
from others who recycle batteries. Another
bill, S. 391, also introduced in February
1991, is designed to address all issues
related to lead in general, with specific pro-
visions for prohibiting disposal in landfills
and incinerators.

Another important activity in lead-acid
battery recycling is the regulatory negotia-
tion in progress sponsored by the EPA. The
regulatory negotiation was established
under the Federal Advisory Committee Act
(FACA). The committee’s purpose is to
negotiate issues leading to regulating the
recycling of lead-acid batteries under sec-
tion 6 of the Toxic Substances Control Act
(TSCA).

Clean Air Act Amendments

The Clean Air Act Amendments of 1990,
signed in November, will likely substan-
tially affect the economics and viability of
the minerals industry. For example, coke
ovens are specifically mentioned as subject
to stringent toxic emission limitations.
Most other minerals processing facilities
will also be required to limit their emis-
sions of 189 listed air toxics, including such
substances as cadmium, chromium, cobalt,
lead, manganese, mercury, and nickel com-
pounds. Also, the acid rain provisions of
the act will bring about increased electric
rates to many mineral producers, in

particular to about one-half of the energy-
intensive aluminum smelting and
ferroalloy-producing industries.

Public Land Use

In 1989-90, Congress considered two
bills to set aside areas of the California
desert as new national park or wilderness
areas. These were S. 1I/H.R. 780 (Califor-
nia Desert Protection Act) and H.R. 3460.
Both actions would have precluded or
limited mineral access in large areas, in-
cluding the East Mojave National Scenic
Area (EMNSA). Neither bill was released
from committee by the end of the Con-
gress. At the outset of the 102d Congress
in 1990, the California Desert Protection
Act was reintroduced.

Potential impacts of the proposed legisla-
tion relating to the EMNSA were estimated
in a study done by the U.S. Bureau of
Mines, entitled “Minerals in the East Mo-
jave National Scenic Area, California”
(MLA 6-90, available from the U.S. Bureau
of Mines). The study included economic
analysis because the proposals raised ques-
tions about the profitability of mining in the
affected area, as well as the regional
economic benefits derived from mining.
The study found that 24 deposits in the
EMNSA would be profitable to develop
under current economic conditions. If all
24 were to be developed, economic benefits
would include $3 billion in cumulative pro-
duction revenues. That development could
generate about 2,400 jobs for mines and
supporting industries in San Bernardino
County, plus jobs in transporting the
minerals. The study also included estimates
of the impact of proposed withdrawals on
employment, personal income, and tax
revenues.

Trade Issues

The United States and Mexico continued
negotiations begun in late 1989 to eliminate
barriers to trade (of goods and services)
and investments between both countries.
Mexico’s foreign investments restrictions
prohibit foreign majority ownership of
Mexican mines. The United States has no
such restrictions against foreign mineral in-
vestment. Many issues, including those
related to Mexican foreign investment bar-
riers and environmental standards, have to
be resolved before both countries can con-
clude a formal United States-Mexico Free-
Trade Agreement.

During 1990, as part of the continuing
Uruguay Round of General Agreement on




Tariffs and Trade (GATT) tariff negotia-
tions, the United States sought reductions
in Japanese tariffs on processed minerals
and metals. U.S. exporters of aluminum
products and refined copper faced Japanese
tariffs ranging from 58% to 12.8% for
aluminum products and 7% for refined
copper. At the same time, the United States
and Japan continued to discuss nontariff
trade barriers in both countries during the
Structural Impediment Initiative (SI) talks
that began in March 1989. The goal of the
SILis to eliminate structural trade barriers
(i.e., barriers to market access) and thus
reduce the imbalance of payments in both
countries. U.S. soda ash producers main-
tain that in 1990, Japanese imports of soda
ash were unfairly limited by collusion
among Japan’s domestic producers. Two
U.S. steel producers seeking to bid on nine
Japanese Government contracts waited 2
years to be qualified before submitting any
bids. In 1990, the Japan Fair Trade Com-
mission drafted new guidelines to open the
Japanese market. Japan also announced
that in 5 years it would reduce its patent
processing time to 2 years, similar to that
of the United States.

Two mineral-related trade disputes in-
volving the United States were resolved
satisfactorily in 1990, In January 1990, the
United States Trade Representative (USTR)
negotiated an agreement with the EC. EC
member countries agreed not to renew ex-
port restrictions on copper scrap that had
expired in December 1989. The Copper
and Brass Fabricators Council had filed a
petition with the USTR charging that the
EC had unfairly maintained export controls
on copper scrap. After discussions between
the United States and the EC failed, both
asked GATT to resolve the dispute. The
United States argued that there was no
shortage of supply or national emergency
to justify the EC’s export controls on cop-
per scrap. Before the GATT could reach a
decision, the USTR and the EC reached an
agreement.

In September 1990, the United States and
Japan agreed that Japan would create op-
portunities for U.S.-produced amorphous
metals to be marketed in Japan for a 2-year
period. Allied-Signal Corp., a U.S. pro-
ducer of amorphous metal, filed a petition
with the USTR requesting an investigation
of Japan’s business practices. The company
felt that with the consent and cooperation
of the Japanese government, Japanese steel
companies were refusing to enter into licen-
sing agreements on terms with Allied-
Signal. In addition, Japanese electric

utility companies were refusing to pur-
chase electric power transformers made by
Allied-Signal, and Allied-Signal felt that
the composition and process patents ap-
plied for by Allied-Signal were unfairly
delayed (11 and 12 years, respectively).
Allied-Signal concluded that the Japanese
government had targeted amorphous metals
technology for its own use. It was simply
using the time until 1993, when the Allied
composition patent expired, to develop
Japan’s own amorphous metals technology
while denying U.S.-made amorphous
metals access to the Japanese market.
Although an agreement was reached, Japan
will not grant an extension of Allied-
Signal’s composition patent when it expires
in 1993

National Defense Stockpile

According to section 3301 of the National
Defense Authorization Act for fiscal years
1990 and 1991 (Public Law 101-189,
November 29, 1989), the Assistant
Secretary of Defense determined that, ef-
fective in June, the National Defense
Stockpile (NDS) goal for antimony was in-
creased from 36,000 st to 88,500 st.

The Defense Logistics Agency (DLA)
announced the awarding of the first in a
planned series of contracts to upgrade
metal-grade bauxite ore in the NDS to
aluminum metal. The contract, awarded to
a company headquartered in Pittsburgh,
PA, called for the conversion of 243852 st
of bauxite ore to 55,157 st of aluminum in-
gots. Work on this contract was expected
to be completed by September 1992. The
Agency also awarded a contract to a
domestic company to upgrade some of the
beryl ore in the NDS to vacuum-hot-
pressed beryllium billets over a 2-year
period, beginning in early 1991. The con-
tract also had an option for the Government
to purchase an additional 43,000 pounds
(Ib) of beryllium in 1993 for about $13
million.

The DLA also initiated a number of
other actions in June 1990, The Agency ap-
proved a reduction in the goal for bismuth
in the NDS from 990 st to 480 st. The DLA
began sales of excess bismuth from the
NDS in August. Requirements for the col-
umbium (niobium) group in the NDS were
almost tripled from 4.85 million Ib of con-
tained columbium to 12.52 million Ib of
contained columbium. The Agency revised
the goals for both acid-grade and
metallurgical-grade fluorspar. The goal for
acid grade went from 1.4 million st to

900,000 st. The goal for metallurgical grade
went from 1.7 million st to 310,000 st. The
Agency also lowered the goal for the
battery-grade group from 87,000 to 50,000
st. Accordingly, within that group, the goal
for the battery ore subsequently was
decreased from 62,000 to 25,000 st, while
that for synthetic dioxide remained un-
changed. Goals for palladium and iridium
were lowered to 147,430 and 5,897 b,
respectively. New goals for rhodium and
ruthenium were established at 2,057 and
4.9 Ib, respectively. In addition, the Agency
accepted sale offers from two of six bid-
ding firms for the DLA to purchase a total
of 200,000 Ib of tantalum pentoxide con-
tained in tantalum natural minerals and
concentrates for the NDS at an average pur-
chase price of $36.81 per Ib of contained
tantalum pentoxide.

Commodities

Presidential Proclamation 6123, in April
1990, made acid-grade fluorspar from
Mexico eligible for preferential tariff treat-
ment under the Generalized System of
Preferences, pursuant to title V of the Trade
Act of 1974, as amended. Effective July 1,
1990, this material was exempted from duty
upon entering the United States. The
preferential tariff treatment applies as long
as Mexico’s share of the import market
does not exceed 50% or $89.9 million. In
August 1990, the 13.5% ad valorem tariff
on imports of metallurgical-grade fluorspar
was suspended through December 31,
1992. Imports of both acid-grade and
metallurgical-grade fluorspar were down
from those of 1989. The largest decrease
was for acid grade, which was down more
than 23 % compared with that of 1989, This
Wwas a result of decreased production of
chlorofluorocarbons (CFC’s) owing to pro-
duction restraints imposed by the Montreal
Protocol and the new excise tax on CFC’s,

In June 1990, at a congressional hearing,
the Executive Director and two members
of the Institute of Scrap Recycling Indus-
tries Inc. testified before a subcommittee
on the fate of more than 100 mothballed
ships that belong to the National Defense
Reserve Fleet. Carnegie Mellon’s Center
for Materials Production conducted a case
study of cryogenic scrap preparation to
determine if the process is worth looking
at again. The world’s first dezincing line
began commercial operation in Canada.
The EPA listed electric furnace dust as
hazardous waste and issued regulations re-
quiring dust containing 15% or more zinc
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to be processed with the best demonstrated
available technology after August 8, 1991.

Changes in Eastern Europe probably
would have little impact on the world’s
metal and scrap industries in the short
term. However, for the long term, these
changes most likely would have con-
siderable influence. Reportedly, there has
been a gradual decline in iron and steel
content and growth in the use of other
materials in U.S.-built cars. The U.S.S.R’s
Minister of Metallurgy called for a cut in
ferrous scrap exports to avoid domestic
shortages. The Brazilian Government shut
down 20 pig iron producers in May for not
reforesting areas cut down to make
charcoal.

The principal issue that continued to con-
front the U.S. slag industry was the pro-
posed Federal regulation that would
classify iron and steel slags as solid wastes.
In July 1990, the EPA published its required
report to the Congress on the 20 mineral-
processing waste streams proposed for
retention under the Mining Waste exclu-
sion, or the Bevill exclusion, of the RCRA.
Blast furnace slag and those steel slags
generated from open-hearth and basic ox-
ygen furnaces were among the 20 waste
streams proposed.

At midyear, the EPA’s “third-third” rule
became effective for landfilled process
wastes. This rule required pretreatment for
most secondary smelter slags at significant
cost. However, the industry won a 2-year
temporary reprieve to a less strict interim
standard on appeal. In October, EPA pro-
posed the “final” lead in drinking water
standard, which eventually could result
in a required 80% reduction of lead in
process effluents and discharges at con-
siderable cost to producers and battery
plants. After 2 years of intense study, EPA
completed a long-range, multimedia pollu-
tion prevention strategy for lead that will
result in significantly stricter regulations
imposed on both the producing and con-
suming sectors of the industry over the next
several years.

The first stage of EPA's three-stage
phaseout of asbestos went into effect in
August. The first stage bans the manufac-
ture, import, and processing of asbestos-
containing flooring and roofing felt,
pipeline wrap, asbestos-cement, corrugated
and flat sheet, vinyl asbestos floor tile, and
asbestos clothing after August 27, 1990.
The sale of these products is banned after
August 25, 1992. Stages two and three of
the phaseout go into effect on August 25,
1993, and August 26, 1996, respectively.
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In August 1990, the EPA, in cooperation
with the domestic paint industry, banned
the use of mercury in indoor latex paint,
citing a risk of poisoning, especially to
children, when the paint is used in poorly
ventilated areas. The decision also required
outdoor latex paint containing mercury to
carry a warning label.

In addition, in August 1990, U.S. pro-
ducers filed a petition with the U.S. Inter-
national Trade Commission and the U.s.
Department of Commerce (DOC) re-
questing the imposition of antidumping
duties on imports of silicon metal from
Argentina, Brazil, and China and the im-
position of countervailing duties on imports
from Brazil. Preliminary investigations
determined that the petition warranted a
full investigation of the allegations.

The Clean Air Act of 1990 was passed
by the Congress and signed by the Presi-
dent in November 1990. Provisions of the
new law require a 35% reduction in
hydrocarbons and a 60% cut in nitrogen
oxides beginning in 1994. In addition,
catalytic converters must be guaranteed by
manufacturers to last double the current
50,000 mi. As a result of these changes, in-
creased amounts of platinum-group metals
(PGM) are expected to be used in each
catalytic converter.

EXPLORATION

International Overview

After the days of increased base metal
prices and frantic gold exploration of the
late 1980’s, mineral exploration in 1990
continued at a reduced level. The lower
gold price forced a reassessment of the
viability of smaller and more remote
discoveries. Many junior exploration com-
panies were forced to make radical
writeoffs of exploration expenditure on
these prospects.’

Exploration for nonfuel minerals con-
tinued to decline after 1988 as recessionary
pressures slowed growth in the indus-
trialized economies. However, 1990 expen-
ditures were still significantly greater than
the low levels experienced in the
mid-1980’s. The Persian Gulf crisis intro-
duced increased instability in energy prices
and more uncertainty to the global
economic picture.

Exploration funding levels are generally
determined by cash-flows. Therefore, com-
modity price and production levels affect
funds available for exploration. Average

gold prices for 1990 were slightly below the
1989 levels and significantly below 1987
levels. However, gold remained the major
focus of mineral exploration in 1990. In ad-
dition to the lower gold prices, three factors
had a large impact on worldwide explora-
tion: the ending of flow-through funding in
Canada, the introduction of the Australian
gold tax, and the squeezing of margins on
the deep South African gold mines. Esti-
mates by the Prospectors and Developers
Association of Canada suggest that spend-
ing will be about Can$610 million for 1990,
with a projected 30% cut in 1991.%

Base metal exploration was not en-
couraged by the recession in North
America and Europe and the uncertainty
surrounding events in the Gulf at yearend.
Exploration of platinum-group elements
continued at a reduced rate compared to
that of 1989."

Although many Western economies were
in various stages of recession, COpper, steel,
and zinc prices remained steady or declined
only slightly. Prices were nowhere near the
low levels experienced in the early 1980’s,
and production in domestic and world
markets was above 1989 levels.

One note of hope was the opening of
Eastern Europe and, less certainly, the
US.S.R., to commercial exploration.
Although a considerable amount of discus-
sion occurred on the formation of joint ven-
tures with state companies, few contracts
were signed.”

Domestic Overview

The U.S. Bureau of Land Management’s
(BLM) claimstaking data reflect a subtle
shift to base metals in the United States.
Arizona was the only State with a signifi-
cant increase in new claims on Federal
land. New claims in nearly all other States
declined precipitously. The number of new
claims follows the gold price very closely.
Data for 1990 show claimstaking at about
one-half of 1988 levels.

Data on domestic exploration expen-
ditures by U.S. firms were collected in the
Society of Economic Geologists (SEG) an-
nual survey. It showed that a substantial
decline in exploration occurred in 1989. For
1989, the inventory of claims serviced by
BLM did not change significantly.
However, in fiscal year 1990, there were
about 50,000 more claims released than
new claims accepted by BLM. The SEG
survey also shows that about 30 cents of
every exploration dollar spent by U.S. firms
went outside the United States.”
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Antarctic Exploration.—Antarctica is
the last continent unspoiled by man, and
environmental proponents want to keep it
that way. However, mineral industry execu-
tives and some governmental officials be-
lieve that Antarctica is too potentially rich
in minerals to be completely conserved.
Although an exploration prohibition is not
in place, no Antarctic exploration has been
conducted owing to the uncertain legal
status of owning and developing a deposit,
which is expected to be costly, consider-
ing accessibility, environmental concerns,
and weather conditions.

An agreement regulating exploration, the
Convention on the Regulation of Antarctic
Mineral Resource Activities (CRAMRA),
was adopted in 1987, but it still needs three
votes to come into force. The United States
is among the nations that have not signed
the pact. The 101st Congress passed two
bills that opposed ratification. The
Administration has not yet decided whether
it will sign the bills, but is thought to be
leaning away from any measure that would
impose a “permanent” ban on exploration.
Some members of Congress believe a
“permanent” ban would restrict any ex-
ploration for at least 100 years. Administra-
tion officials, including the head of the U.S.
delegation, are thought to be in favor of a
30-year moratorium. Administration and
industry representatives believe it will take
at least this long for the Antarctic mining
technology to be developed and made
cost-efficient. *

The American Mining Congress (AMC)
told a House subcommittee that a legal
regime for mineral exploration in Antarc-
tica should be in place before companies
can be expected to invest in the region. The
AMC criticized the CRAMRA because
“explorers for hard minerals would face too
much uncertainty and too much red tape
under its terms.” A spokesman stated the
national agreement would provide “ab-
solutely no incentive” for mining concerns
that may be interested in mineral explora-
tion in the future.”

Because of constraints on mineral
development in Antarctica, minerals with
the best prospects of recovery would have
to be low-volume, high-value minerals such
as gold. Even if a major oil deposit were
found in the near future, oil recovery in the
region is unlikely before the year 2020, ac-
cording to the study. It is also unlikely that
anything smaller than a giant (500 million
to 5 billion bbl) or supergiant (more than
5 billion bbl) field would ever be
economical to develop.

Alaska.—Exploration expenditures rose
19%, from $47.8 million in 1989 to $56.7
million in 1990. Almost one-half of that,
$24.9 million, was spent on the three gold
properties in advanced exploration near
Juneau—the Kensington (Echo Bay-Coeur
d’Alene Mines), the AJ-Treadwell (Echo
Bay), and the Jualin (Placer Dome-
Granges). Another $11 million was invested
in the Fairbanks area. This was predomi-
nantly spent on drilling the Ester Dome by
Citigold and American Copper and Nickel
Co., and on the Fort Knox property by
Fairbanks Gold Inc. There was also signifi-
cant exploration activity on the Seward
Peninsula at Rock Creek, Anvil Creek, and
Mount Distin by a complex joint venture
that included Tenneco Minerals, Aspen Ex-
ploration, and the Sitnasuak and Bering
Straits Native Corps. Moneta Porcupine
Mines drilled three holes in the Lik deposit
in 1990 and agreed to buy GCO Minerals’
50% stake in the project. The other 50% is
owned by Echo Bay Mines. Stated reserves
at Lik, which is only 12 mi from Cominco’s
Red Dog Mine, are 18 million st grading
10% zinc, 3% lead, and 1.5 oz per st silver.
Initial plans consider milling 12 million
st/yr, but an additional 10,000 to 15,000 feet
(ft) of drilling will probably be necessary
to refine the reserve picture.”

Drilling Technology. — Arctic Gold
Placer Drilling.—Exploration drilling and
the mining of marine placer gold deposits
was initiated in the Arctic off Alaska. Pros-
pecting and ore reserve drilling was done
both in the winter on the pack ice and in
summer from a modified Landing Craft
Tank (LCT). Weather was a major control-
ling factor, and both drilling seasons lasted
approximately 4 months each, on the ice
from December to April and at sea from
July to October.

Western Gold Exploration and Mining
adapted a Becker® diesel top hammer
drill to operate on a special broad-based
skid in winter. This spreads the 41-st rig
load over an 883-square foot (ft?) area;
the rig can safely work on ice only 2.5 ft
thick. This modified rig can be lifted by
crane onto the drill ship in about 4 hours.
The drill pipe used is dual-walled, 5.5
inches (in) outside diameter (OD) and 3.3
in inside diameter (ID) and, in sea depths
up to 115 ft deep, can penetrate to 164 ft
below the seabed. With a high-pressure
booster compression, holes down to 230 ft
have been achieved.

After bit-design trials, the most satisfac-
tory is an eight-track bit with a crowd-out

profile. This pushes excess sediment away
from the central bore and reduces the fre-
quency of blocking. Bits with a crowd-in
profile are satisfactory in the more granular
sediments, but tend to push too much
sediment into the inner barrel and cause
frequent blockages.

The drill ship uses a four anchor system
laid out at 45, providing possible coverage
of 62 acres. In theory, 16 holes can be
drilled from one anchorage when drilling
on 330-ft centers. Moving the anchors is
accomplished by controlled winching and
takes less than 10 minutes (min) to move
from one hole to the next. During 4
seasonal programs over the past 2 years,
an average of 10 holes per day were drilled.
The Becker drill can also operate in a
purely rotary mode to produce cores for
detailed geological evaluation.

Reverse circulation (RC) drilling in
conjunction with down-the-hole hammers
(DTH) combines the advantage of DTH
penetration speed with rotary chip-sample
efficiency. Several companies are
marketing RC-DTH hammers and dual-
wall rods.®

Reverse-Circulation Drills.—In the
Entec Sampler system, high-pressure air is
split so that one flow operates the 2,000
blows/min hollow piston as the second
airflow bypasses the piston and is jetted up-
ward behind the bit face. This causes a
powerful suction that collects all the cut-
tings from the bit face and passes them
directly up through the hollow piston and
into the dual-wall drill pipe. Some other RC
systems pass the cuttings up the outside of
the hammer before they are guided via a
special crossover sub into the inner drill
tube. This can result in significant mineral
losses due to smearing against the borehole
walls.

Entec Industries reports that, in tests on
a gold mining operation in the Western
United States, their Samplex hammer gave
more than 98 % by volume cutting recovery
and that just more than 15% of the sample
was 0.5 in or larger. This enables the
geologist to make a more detailed descrip-
tion of the rock types and helps produce
more accurate borehole logs.

Bul Roc (United Kingdom) developed a
similar type of RC-DTH hammer and
reports that penetration rates of more than
39.4 feet per hour (ft/h) were fast enough
to overcome ground water entry and pro-
duced dry bulk samples in a hard limestone
in northeast England. The use of a 300-
pounds-per-square-inch (psi) compression
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in holes to 262 ft or less contributed to the
restriction in water flow. Water flowed into
the hole during rod changes, but if this
water was blown clear before rock penetra-
tion was resumed, then dry bulk samples
were obtained.

Halifax Tool Co. (Halco) introduced its
new RC-DTH hammer, which has a
stainless steel central sample tube to reduce
corrosion problems. This tube can be
replaced without dismantling the entire
hammer, which is often a major problem
on the drill site. Halco gives great impor-
tance to the ease of maintaining and ser-
vicing its hammer on-site. The Halco dual-
wall drill pipe is unique in that it is in
integral lengths, has no separate central
couplings, and uses no “O” rings. Halco
claims that both inner and outer tubes
transmit torque.

Core Drill (United Kingdom) Ltd. of
Warwick has produced a double-tube
swivel core-barrel and bit that cuts a
11.8-in-diameter core by 14.4 in (OD). Dur-
ing field testing, the strata were sufficiently
soft to use a special TC core bit, and the
double core springs effectively retained the
marl and siltstone cores. One of the few
problems was in handling the full 3.3-to
16.4-ft core-barrel and in safely transpor-
ting cores that weigh 122 pounds per foot
(Ib/ft).>

Drill Systems Premiers EXPLORER
1000 Drill.—The EXPLORER 1000 is
designed to operate in environmentally sen-
sitive areas. The drill is mounted on a
proven carrier manufactured by Canadian
Foremost of Calgary, Alberta. The carrier
is four-wheel drive and operates on terra
tires, giving the unit a ground pressure of
10.2 psi. This all-terrain vehicle is also
equipped with articulating and oscillating
frame features that permit drilling in severe
off-road conditions with minimal ground
surface disturbance. The drill is specially
designed for dual-wall reverse circulation
drilling for the mineral exploration industry
and is equipped with a deck raise that
allows the deck of the drill to be leveled
on mountain and/or hill sides with the car-
rier’s wheels on the ground surface. Other
standard features include a bulldozer blade,
sliding angle mast and deck slide, 750 cubic
feet per minute (ft*/min) at 350 psi air
compressor, 485 horse power (hp) diesel
deck engine, and a top-head rotary head
that pivots to horizontal position providing
an efficient pipe-handling system. The unit
is completely self-sufficient and is capable
of carrying a large supply of drill pipe.
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Under suitable conditions, the drill has a
rated depth capacity of 1,000 ft using Drill
Systems’ 3 3/4-in dual-wall drill pipe.”

Rotary Drill Rig.—Ingersoll-Rand (IR)
Co’s rotary-drill division introduced a
hydraulic tophead-drive drill rig designed
primarily for mineral exploration. This
drill uses either a rotary or downhole ham-
mer with conventional or dual-wall drill-
ing methods. The truck-mounted, deck-
engine-powered TH7SE features a “dump-
angle derrick” system designed for angled
exploration drilling. This system can posi-
tion the derrick at any angle between ver-
tical and 45° then automatically move
the derrick structure downward until the
base rests firmly on the ground. Once the
desired angle is set, an automatic pinning
feature secures the deck in place. To make
operations easier and more efficient at all
angles and to ensure that the operator is
always near the hole, the TH75E’s control
panel is positioned on the derrick and
adjusts to a comfortable angle for the
operator. The drill-pipe handling systems
allow rapid, safe pipe changes in the ver-
tical or angle positions. The TH75E is
capable of handling 4 1/2-in by 20-ft dual-
wall pipe and can be supplied with a com-
plete dual-wall package. The TH75E also
has some unique features that include a
two-speed rotary head design (that can be
shifted “on the fly”), a remote control
clutch between the engine and air com-
pressor, and a remotely retracting
hydraulic-powered top-head drive.”

All-Hydraulic Core Drill. — The
Diamec-232, from Diamond Boart Craelius
Inc., is an all-hydraulic core drill with
mechanized rod handling. All-hydraulic
means one person can perform all drilling
and handling operations from the control
panel. No tools are required with its
mechanized rod handling feature. The
machine is especially suitable for coring
and drilling grout holes in narrow drifts or
galleries. With its light weight and compact
size, the Diamec-232 is easy to set up for
drilling. This drill offers an advantage of
fast moves between sites, without disturb-
ing normal production routines.”

Landing Indicator.—Manufactured by
Longyear Canada Inc., the landing in-
dicator is a device designed to improve
productivity in diamond core-drilling
operations. It is a fluid-pressure-activated
device that tells the drill operator the inner
tube assembly has landed in the core barrel

and drilling may be resumed. This avoids
unnecessary delays estimating the time re-
quired for this operation. The landing
indicator also reduces the chance of drill-
ing in a mislatched condition. It is available
for several core barrel types, including BQ,
NQ, HQ, CHD 76, and CHD 101. The in-
dicator is built into the inner tube assembly
of the wireline system of core barrels. The
landing indication occurs as an instan-
taneous fluctuation on the fluid pump
gauge. This fluctuation is a result of in-
creased pressure required to push a steel
ball through a nylon bushing in the latch
body. When the inner tube assembly con-
tacts the landing ring, the waterflow is
diverted through the latch body, applying
pressure to the ball. Momentary pressure
increase of approximately 300 psi forces
the ball through the nylon bushing.*

Marlow Man-Portable Drill. — The
Marlow Mole DD2 man-portable multipur-
pose drill equipped with a remote portable
hydraulic power pack was field-proven
from the Arctic to the tropics without
modification. Conceived as a state-of-the-
art drill suitable for diamond core drilling,
auger, DTH hammer, and slim hole RC
drilling, a conservative depth rating of 165
ft was claimed by the manufacturer.
However, it has now been shown that a
330-ft depth can be achieved using a thin
kerf, double tube 1.8-in-diam core barrel
taking a 10-ft core on each run and drill-
ing at an angle of 60°. As the Mole DD2
has an integral dual-purpose gearbox (0 to
150 revolutions per minute (r/min) and 0
to 1,250 r/min), it is possible to auger
rapidly through overburden and case or to
simultaneously drill and case through to
bedrock, then withdraw the interior drill
string, leaving the casing in bedrock prior
to continuing the hole by diamond
drilling.”

Ground Surveying.—GPS Receiver.—
The GPS Nav 1000 Pro is one of the least
expensive handheld global positioning
system of satellites (GPS) receivers cur-
rently available. Cost savings are ex-
perienced through the Nav 1000 Pro’s
ability to replace a surveying team in deter-
mining preliminary calculations and posi-
tions. The uses of the Nav 1000 Pro include
establishing survey control in remote, un-
marked areas in the field, plotting coor-
dinates, and storing coordinates. The Nav
1000 Pro is capable of storing up to 200
position fixes in its data buffer. These fixes
may then be downloaded through its RS232
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port into a data logger or laptop computer.
The unit weighs only 30 oz and is shock
resistant and waterproof.

Portable X-Ray Analyzer.—The metal
Analyzer Probe (MAP) III Portable X-Ray
Fluorescence Analyzer, from Scitec, allows
the prospector-explorationist to have on-
site, real-time analysis performed for
assessment work. No sample preparation
is required, and each analysis takes an
average of 1 minute. MAP III is a hand-
held, multielement probe that performs
quantitative analysis for silver, base metals,
and trace elements, including those
elements associated with gold. The in situ
analysis can be performed in drill holes up
to 250 ft deep.

Laser Mapping.—A new method to map
planar geologic features in underground
mines—where metal interferes with com-
pass readings—is being patented by the
U.S. Bureau of Mines. Based upon exten-
sive testing, time savings of 50% in
mapping—using the “geolaser’’—are
estimated. The geolaser operates on the
principle that any beam of light laid
horizontally along a planar feature will
define its strike. Thus, the laser can pro-
Ject where a planar feature should occur
along the back or opposite rib in an
underground drift,

Geophysical Surveying.—The develop-
ment of new geophysical and geochemical
techniques and equipment continued dur-
ing 1990 at a somewhat decreased pace
from former years, in part reflecting
generally reduced levels of mineral ex.
ploration in most parts of the world. There
were, however, some notable highlights.
Several new sensitive magnetometers for
aeromagnetic survey work are in an ad-
vanced stage of development in North
America. The first triaxial aeromagnetic
gradiometer system was built in the
Republic of South Africa. In Australia,
considerable funding is going into the
development of airborne electromagnetic
survey systems. The Global Positioning
System (GPS) is now being employed by
most airborne survey operations and mak-
ing feasible preliminary field compilation
of survey results.?

Remote Sensing.—Development of
Landsat 6, the next-generation U.S. land
remote sensing satellite, is on schedule
for launch in late 1991, according to the
Earth Observation Satellite Co, (EOSAT).

Landsat 6 will orbit the Earth at the same
altitude, inclination, and with the same
equatorial crossing time as Landsats 4 and
5, both of which are still operational. The
Landsat 6 enhanced thematic mapper will
provide improved spatial resolution capable
of discerning objects smaller than a tennis
court. The satellite will have the same multi-
spectral imaging capabilities of Landsats 4
and S—technology still unrivaled by any
other commercial remote sensing platform.

Projects.—Agnico-Eagle Mines L.,
Asamera Minerals Inc., Comaplex
Minerals Corp., Hecla Mining Co., and
Lucky Eagle Mines Ltd. jointly announc-
ed the results from drilling for gold
mineralization on the Meadowbank Pro-
ject, about 60 mi northwest of Baker Lake
in the Northwest Territories, Canada. In
1989, the third year of exploration drilling
the Third Portage property, 12 diamond
drill holes defined mineralization to a
300-ft depth over a 1,300-ft strike length.
A followup program to test the continuity
and size of the deposit is budgeted at
Can$1.15 million and was scheduled to
begin by mid-1990.

In Mexico, Campbell Resources Inc. has
gold properties covering 400,000 acres in
the State of Sonora. Most notable is the
reserve at La Colorado with a reverse-
circulation drill program planned for 1990
and a feasibility study for 1991. Also in
Mexico, more than 5 million st of gold ore
in massive sulfide mineralization has been
outlined on the Cerro de Oro property, in-
cluding a zone containing 0.07 oz/st gold
and 1.9 oz/st silver.

Anglo Swiss Mining Corp., formerly
Carolin Mines Ltd., recently announced
plans for a $1 million exploration of its
1,500-short-ton-per-day (st/d) Ladner
Creek gold mine near Hope, British Col-
umbia, Canada. The exploration will be
followed by a feasibility study conducted
by Wright Engineers Ltd. An independent
consultant estimated potential geological
reserves of 5 to 6 million st in addition to
the 990,000 st of defined gold mineraliza-
tion, with expected grade on the McMaster
zone.”

Stroud Resources Ltd. reported that dia-
mond drilling increased reserves of the
Creek zone on its Hislop property, near
Timmins, Ontario, Canada, to 1.016 million
st grading 0.186 oz/st gold. The Main Zone,
about 1,600 ft southeast along the strike,
contains an estimated 102,000 st grading
0.17 oz/st.*

High Frontier Resources Ltd. acquired

the Washington Dome Project in Washington
County, UT. The property consists of
approximately 2,880 acres of unpatented
placer and lode claims, as well as a royalty
interest in an additional 480 acres of un-
patented placer and lode claims (about 133
claims). The property is on the axis of the
Virgin anticline in Permian and Triassic
rock.

Placer Dome (U.S.), Inc., recently com-
pleted the second phase of its exploration
at Mexican Hat, AZ, spending $1.39
million to date to earn a 60% interest in
the property. About 137 holes have been
completed, including 54,103 ft of reverse
circulation and 8,017 ft of core drilling on
the relatively shallow volcanic-hosted
target. Fire assays were made on drill holes
that-were completed in 1990,

Coral Gold Corp., with Amax Gold Inc.
as the operator, reported the first drill results
from a four-phase, $11.5 million exploration
and development program for the Robert-
son gold property on the Battle Mountain
gold trend of northern Nevada. The first
deep hole produced gold values from near
surface to a depth of about 1,900 ft.*

Windarra Minerals Ltd.’s subsidiary,
Westward Explorations Ltd., together with
its partner and operator, Cameco, and
Uranerz Exploration and Mining Ltd.
claimed a major new discovery after drill-
ing over the lake section of the Bakos zone
of the Preview Lake property in the La
Ronge area of Saskatchewan, Canada. Pre-
viously reported reserves in the BK] and
BK2 zones are 1.2 million st probable at
0.29 oz/st gold plus 230,000 st possible at
0.31 oz/st gold.»

In British Columbia, Canada, attention
was directed to the Golden Triangle that
connects three new producing precious-
metal mines (Golden Bear, Premier, and
Skyline) and two advanced exploration
areas encompassing about 175,000 square
miles (mi?) near its eastern corner. The
three producers struggled to keep their por-
tals open for the same reason five new gold
mines opened and closed elsewhere in
1988-89. Golden Bear, Premier, and Sky-
line all have well-established reserves.
However, production costs have far exceed-
ed estimates due to the inaccessibility of
the mines and infrastructure problems.

Ghanaian-Australian Goldfields, Ltd.
(GAG) finalized a second drilling program
within its Iduapriem gold mining lease near
Tarkwa in Ghana. The company drilled
48,000 ft of diamond drilling in 178 holes.
A resource of almost 17.6 million st con-
taining an average of 0.06 oz/st gold was
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delineated, contained within 31 mi of
sedimentary rocks having a total strike
length of 56 mi in the mining lease area.
The resource includes 2.3 million st of ore
averaging 008 oz/st gold. The company
also located low-grade mineralization in
other areas of the property. The sedi-
mentary host rocks were also found in
GAG'’s adjoining prospecting license areas.

Boulder Gold’s U.S. subsidiary, Chrome
Corp. of America (CCA), reached an
agreement with Phelps Dodge Mining Co.
on its Stillwater Complex. The property in-
cludes two previously operated chromite
mines, one of which, the Mountain View
Mine, would be reopened for the project.

Ontario’s Ministry of Northern Develop-
ment and Mines announced funding a
4-year Can$2.2 million Geological
Reassessment Program for the Elliot Lake
region. The project will concentrate on the
potential for deposits of base metals,
PGM’s, and aggregate resources and in-
dustrial minerals. Separately, the Ministry
will provide Can$50,000 to support the
evaluation of prospecting technology
developed in the U.S.S.R. A group of
researchers led by the Ontario-based
geophysical firm Scintrex Ltd. will test a
geoelectro-chemical method for prospect-
ing that was developed in the U.S.S.R.
over the past 30 years. The method can
reportedly detect the presence of ore for-
mation elements at considerable depth,
making it potentially valuable for explora-
tion in areas covered with deep overburden.
The work will be carried out by Soviet
scientists in collaboration with industry,
university, and government.*

Recent geologic studies in northern
Minnesota indicate a greater potential for
deposits of gold and silver in the area than
had previously been thought, a U.S.
Geological Survey scientist told a meeting
of mining engineers and geologists in Salt
Lake City, UT. “Geologists’ mapping and
geochemical surveys in northern Minnesota
have revealed mineralized shear-zones and
bedrock fractures similar to those in known
gold- and silver-producing districts,
including nearby areas in Canada.’*

Pegasus Gold Corp. announced two joint
ventures: one with Lac Minerals Ltd. in
New Mexico and another with Quartz
Mountain Gold Corp. in southern Oregon.
Spokane, WA-based Pegasus and Toronto-
based Lac Minerals will explore and
develop the Ortiz gold project in a mining
district 25 mi northeast of Albuquerque,
NM. Pegasus will be the operator. Several
deposits are on the property, but the joint
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venture will address the Lukas Canyon
deposit, which could be in production in
less than 2 years. The total geologic
resources are estimated to contain 1.4
million (troy) oz of gold.*

Homestake Mining Co. announced a
5-year, $23 million underground explora-
tion program to follow up encouraging gold
discoveries approximately 3 mi north of its
Homestake gold mine near Lead, SD. Deep
drilling from the surface intersected the
gold mineralization more than 1 mi below
the surface. The exploration program will
include a drift from existing Homestake
underground operations o reach the
mineralization.”

Inco Ltd., Vior Inc., and Cambior Inc.
announced a new gold discovery on the
Douay jv. property 8 mi northeast of
Joutel, Quebec, Canada. The j.v. property,
which covers approximately 18 mi’, is
owned by Inco Ltd., the operator; Vior;
and Cambior. An ongoing diamond drill
program intersected 60 ft containing 0.23
oz/st gold and included 16 ft grading 0.35
oz/st and 10 ft grading 0.39 oz/st gold.

Canyon Resources Corp. announced that
more than 600,000 oz of gold was
discovered at the Briggs deposit in the
Panamint Range, CA. In its recent purchase
of Addwest Gold, Inc., Canyon acquired
100% ownership of the Briggs property,
which includes approximately 24,000 acres
of mining leases and claims in the southern
Panamint Range.”

DEVELOPMENT

A small decline occurred in the total
number and value of new mining- and
mineral-processing projects worldwide: 318
at a projected capital cost of $59,700
million in 1989 versus 296 at a projected
capital cost of $55,700 million in 1990. The
data may indicate a trend toward greater
stability, with robust markets returning for
certain base metals. Projected investment
in North American copper production at
$1,260 million almost doubled the figure
of the previous year. In Asia, projected in-
vestments soared to $1,680 million, nearly
triple the total of the previous year.
Worldwide productive capacity for copper
was predicted to increase by as much as
775000 st between 1990 and 1992.*

Alaskan Mines

According to the Department of Natural
Resources, lower development spending

but a higher level of mineral revenues is
attributed to the changing status of two big
mineral projects, Greens Creek and Red
Dog, from development to production. The
final development cost of $144 million for
Greens Creek is substantially higher than
the $80 million estimated 3 years ago. An
environmental benefit at Greens Creek is
the relatively small area that will be re-
quired for tailings disposal. Approximately
50% of the tailings will be used as backfill
underground, and the employment of a mill
process that yields dry tailings has reduced
the size of the surface tailings disposal area
to 34.6 acres—less than one-third that
which would be required for a wet-tailings
area for a mine of an equivalent size.

Regulatory officials accused Red Dog of
fouling the fish-rich Wulik River with zinc
and cadmium downstream from the mine.
The company must pump contaminated
water back upstream into the company’s
tailings pond, build culverts to divert un-
contaminated water into the streams, and
submit plans to prevent future ground water
seepages. When in full production, the Red
Dog open pit is expected to produce
560,000 st/yr of zinc concentrates, 120,000
st/yr of lead concentrate, and 50,000 st/yr
of bulk concentrate from 2.1 million st/yr
of mined ore.®

The National Park Service (NPS) com-
pleted an environmental impact study on
mining activity in three national parks in
Alaska: Denali, Wrangell-St. Elias, and
Yukon-Charley Rivers. The study was done
in response to a lawsuit brought by several
environmental groups. The review
evaluated the effects of mining, including
cumulative effects, within the three parks.
The study recommends that NPS reacquire
all lands held under both mining patent and
claims in the three parks. NPS will make
a final decision after a procedural review
of the study and determination by the
EPA .4

Mining Manganese From the Ocean
Floor

In November 1990, the U.S. Department
of the Interior and the University of
Hawaii’s Look Laboratory released the
long-awaited final Environmental Impact
Statement (EIS) on mining manganese
nodules from the ocean floor near Hawaii.
The study is the culmination of a 6-year
effort by a State-Federal task force. The
two-volume report points to the possibil-
ity of a new source of cobalt, manganese,
and platinum ore for American industry, as
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well as new economic opportunities for the
State of Hawaii. Ocean floor mining would
do little harm to marine life because there
is little life under 8,000 ft of water, accord-
ing to the report. However, bigger en-
vironmental problems would occur on land
where the nodules would be processed, in-
cluding air pollution, ground water con-
tamination, noise, landfilling, and the need
for large areas of land. The nearest leasable
tract is about 200 mi from the main
Hawaiian Islands.

Hawaii’s Look Laboratory scientists said
it is unlikely such a plant would be built
in Hawaii because of strict Federal en-
vironmental controls. It is estimated that
it could take another 10 years to develop
the technology to mine the ore. The EIS
addresses 10 potential seamount mining
sites, estimated to contain 2.9 million st of
| cobalt, 1.8 million st of nickel, and 89
million st of manganese. Commercial
amounts of platinum might be present, but
that has yet to be confirmed.

New Nickel Projects

Strong nickel prices during 1988 and the
first half of 1989 brought several previously
shutdown mines back to life in 1990 and
have prompted a spate of investment in new
mines. Three underground mines are in the
preproduction stage in the Sudbury basin
and at least three more, in Botswana,
Western Australia, and Indonesia, are at
comparable stages of development.
Another eight nickel projects are under
consideration for development.

The largest of the projects at the feasi-
bility stage is BRGM’s proposed $1.03
billion Tiebaghi development in New Cale-
donia. The project, in the north of the
islands, would include a refinery that would
incorporate BRGM’s hydrometallurgical
process.

In Western Australia, the Mount Keith
deposit is under consideration for develop-
ment by a joint venture of Australian Con-
solidated Minerals (50%) and Outokumpu
Mining Oy (50%). Preliminary estimates
for development cost are on the order of
$330 million. Reserves, which would be
mined from an open pit, total 270 million
st, grading 06% nickel.®

Cyprus Reopens Iron Ore Property as
Northshore Mining

The taconite mine and plant at Babbitt
and Silver Bay, MN, formerly called
Reserve Mining Co., was brought back into
operation. Cyprus Minerals Co. breathed

new life in the property, which was in
bankruptcy since 1986. Cyprus planned to
produce more than 2.0 million long-ton (lt)
pellets in 1990. By 1993, it plans to be pro-
ducing 4.0 million It/yr. Cyprus bought the
bankrupt mine for $52 million in June 1989
and began a $29.9 million refurbishing
program that will continue into 1991. The
facility is undergoing renovations aimed
primarily at meeting the requirements of
its acid-pellet customers by increasing
quality control and lowering costs. North-
shore had only scheduled production of
1.7 million It pellets in 1990, but interest
from other customers raised that target to
about 2.2 million It in its first year of
production.*

UNDERGROUND MINING

The Kiruna iron mine in Sweden is using
innovative mining technology to increase
production. Kiruna installed remotely con-
trolled driverless trains for ore transport on
the 775 level in the 1970’s. This was a
technically sophisticated system that still
maintains a high efficiency. With its ex-
perience of the driverless trains, Kiruna is
now developing a remote control system for
LHD?s, the so-called SALT Project (System
for Automatic Loading and Transport).
Filling of the loader bucket is remotely
controlled by means of a television monitor
and radio control. The rest of the LHD’s
working cycle is automatic, with the LHD
following a cable in the floor of the drift.
Using this system, for which production
tests started in February 1990, one operator
can control up to three LHD machines
from a remote control room.“ This
parallels work being done by the U.S.
Bureau of Mines on remote control LHD’s
for narrow underground veins. To more
fully use the application of the remote
control and automatic system, Kiruna is in-
stituting a large-scale mining method by in-
creasing substantially the distances between
sublevels in its caving operations and
arranging these sublevel stopes in blocks
of nine. The block will be three stopes wide
and three stopes deep, and the stopes are
mined in sequence. Blast holes are drilled
up 79 ft and down 427 ft from the sublevels.
This is reportedly twice the distance that
any other operation is drilling. The size of
the stopes and concentration of operations
should not only be more productive, but
adaptable to automation.

Computerized 35-st trolley locomotives
operating at Molycorp’s New Mexico mine
increased underground block caving pro-
duction from 1,250 to 1,900 st/d. Com-
puterized communications, command,
control, and monitoring equipment are
reportedly producing savings on the order
of $500,000 per day.

The use of electric trolley trucks for
underground applications continues with
the purchase of a Kiruna-type truck and
trolley system for haulage at Mount Isa
Mines in Queensland, Australia. Wagner
also introduced a new four-wheeled elec-
tric drive trolley truck for the industry.

A prototype compact underground boring
machine for rapid excavation of under-
ground exploration headings was developed
by a joint venture and was tested in Canada.
It is reported to bore 8-ft-diameter tunnels
through hard rock at twice the rate of con-
ventional drill-and-blast methods, with the
inherent safety and improved working con-
ditions of boring machines.

Hydrotransformers that drive closed-
circuit, water-emulsion systems to operate
equipment in the deep mines are now com-
mercially available. The units were first
shown to be economically feasible by the
Kloop gold mine in the Republic of South
Africa. The system operates rock drills,
cleaning rods, watering-down and water-
Jetting guns, prop-setting intensifiers, and
scraper winches for rock handling. Cur-
rently, one stope at the mine is operated
completely by hydropower. Plans are to
operate 40% of the mine with hydraulic
systems.

An accurate nondestructive evaluation
system to locate cracks in mine winder
shafts and power-generating turbines is
now being used in the South African
mining industry. Originally developed to
test turbines in nuclear power stations, the
new hydropower system, containing 18
ultrasonic transducers mounted in 6 arrays,
covers critical areas far more efficiently.
Previous techniques used a single
transducer placed at one end of a shaft.
There are about 900 mine winder shafts in
the Republic of South Africa.

Other innovations are the use of a
grouting system and timber cribs for
underground supports. The system consists
of a pump, bag, and a high-yield grout with
rapid setting and curing properties. The
grout is chemically engineered to have the
same comprehensive strength as the timber.
It replaces blocking and wedging, a time-
and labor-intensive process, and provides
a more effective support.
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To minimize wear and maintenance on
vehicles used in trackless mines, one
company developed a system of concrete
paving slabs that interlock with a degree
of flexibility to counter the less-than-
perfect base found in underground mine
haulageways. It can be installed with
minimal disruption to the mining operation
and is reported to result in cost savings for
vehicle maintenance and repair.*

Drill-Split

Drill-split primary fragmentation, an in-
novative mechanical excavation method,
was developed to supplement or supplant
drill-blast methods. The hydraulically
powered, radial-axial splitter used by the
system breaks rock in a unique action that
gives the appearance of pulling a plug of
rock from the mass. This fragmentation ac-
tivity causes the rock to fail in tension,
resulting in highly efficient excavation.
Because the radial-axial splitter reacts to
the forces it generates internally, it is a
small device that can be adaptively
mounted on lightweight carriers to meet
different excavation needs.

After extensive laboratory testing of
smaller tools, the U.S. Bureau of Mines
developed and built a field-scale drill-split
machine that has the ability to excavate one-
half st of hard rock per operation. Both the
drill and splitter are mounted on an index-
ing mechanism that provides the handling
and feed operations for both tools from a
single highly maneuverable boom. The
boom is carried on an air-track crawler
chassis for complete mobility. Excavation
by this system is carried out through repeti-
tions of the basic drill-split process.

Field tests of the mobile drill-split
fragmentation system were conducted in an
underground limestone mine. During this
test, the drill-split fragmentation system
produced more than 100 st of ore and
produced an average 1 1/4 st per break. The
underground field testing demonstrated
several desirable characteristics of drill-
split fragmentation: (1) compatibility with
concurrent operations, as the testing was
conducted during the mine’s normal day
shift with no disruptions, (2) environ-
mentally attractive operations that produce
virtually no dust and no dangerous by-
products, and (3) inherently safe opera-
tions because of the static, nonviolent ex-
cavation action. Drill-split is a low-cost
primary excavation method with the flex-
ibility to meet the needs of diverse
operations.
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Decoupling

Decoupling methods once used primarily
at surface mines are finding increased
underground applications. A good exam-
ple is the Bureau’s tests conducted in the
Homestake Mine’s Vertical Crater Retreat
(VCR) stopes. Hanging wall blastholes
were loaded with less than one-half the
normal explosive and decoupled. In com-
parison to control panels using conven-
tional blast designs, ore dilutions as great
as 35% were reduced to 3% to 9%.

Concave Bit

The U.S. Bureau of Mines developed a
new bit that promises greater productivity
and longer life than conventional point-
attack bits while using less force and
energy. This new bit is called the concave
bit because of its concave front surface.
Normally the efficiency is better when the
concavity is greater. It has a round shank
that allows use with standard bit holders
and continuous rotation making the entire
periphery of the front surface the effect cut-
ting edge. This bit is designed to replace
drag bits and can be used on all mechanical
excavators such as roadheaders, continuous
miners, shearers, and plows.

Camera System on Roadheader

Closed-circuit television equipment
specially designed for use in mine develop-
ment work by Rees Instruments Ltd.,
United Kingdom, is reported to have suc-
cessfully completed trials at British Coal’s
Sherwood Colliery in Nottinghamshire.
The system, incorporating an R331.01.000
intrinsically safe camera and R305.00.000
flameproof monitor with integral IS power-
supply unit was developed by Rees in order
to improve roadheader performance and
enhance the operator’s safety.

In roadway drivage underground, once
the roadheader’s boom-mounted cutting
head has made sufficient progress, the
machine is withdrawn to allow insertion of
steel support arches, before advancing
again. When it does, the machine must cut
out past the last arch set on the blind (left)
side. This is normally a two-person job,
with one acting as a “spotter” to pass
information to the operator.

The camera-television system dispenses
with the spotter. The camera is mounted
in a stainless steel tube inside an adjustable
steel box on the handrail at the left side of
the roadheader and transmits black-and-
white pictures to a 12-in screen within its

flameproof enclosure. The driver can thus
accurately position the machine prior to
resuming cutting.

Rees engineers found that, in practice,
certain on-site modifications were
necessary because of the tough mine
operating environment, but excellent pic-
tures are now being achieved consistently,
and the system is used by all drivers.
Modifications have included mounting a
diffused headlight on top of the camera
enclosure to improve lighting levels. Once
actual cutting has started, the television
picture is obscured by the reflection of the
main lights on the machine on the dust but,
by this time, the camera has fulfilled its
purpose and accurately positioned the cut-
ting head.*

SURFACE MINING

The advent of the microprocessor and its
adaptation to the rugged conditions of
mobile-equipment operations in the min-
ing industry has caused a radical, but often
underestimated, revolution in surface min-
ing. The range of this new technology is
all-embracing. It includes geological and
survey instrumentation, geotechnical
measuring devices, manufacturing design
of all types of mobile equipment, and
applications in control, operation, and
maintenance of all types of surface plants.
The variety of microprocessor uses include
monitoring  drilling  performance
parameters, providing fault system
diagnostics for electric face shovels,
measuring ore weights in loaders and
trucks, and eliminating torque spikes in
large mechanical-drive trucks. The pace of
change has been and is rapid. New fields
continue to open, and it is not unlikely that
the next decade will see such items as the
guided automatic haul truck or the
automated rock drill.’

The number of surface mine closures in
1990 due to depressed markets was small
and largely offset by the number of mines
opened. Gold remained the most sought-
after commodity. Copper continued to stage
a remarkable recovery. High commodity
prices continued to fuel the strong come-
back. Asarco announced plans to spend an
additional $80 million at its Ray Mine and
Silver Bell unit in Arizona. This will further
expand the company’s total domestic copper
production from 220,000 stto 360,000 st/yr.

Santa Fe Pacific Gold began production
at its $77 million Rabbit Creek Mine near
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Winnemucca, NV. The 1,600-st/d carbon-
in-leach (CIL) plant is expected to produce
100,000 oz/yr in 1993. The company also
announced plans to expand the production
capacity at the mine and mill to 200,000
0z/yr by 1992 at a cost of $60 million. The
direct cost of production for the expanded
plan is expected to be $190 per oz. Proven
and probable gold reserves at Rabbit Creek
is 3.6 million oz. American Barrick is in
the midst of a major, $365 million expan-
sion program at its Goldstrike Mine near
Elko, NV. When completed, the mine will
increase its production from 352,880 0z in
1990 to 900,000 oz by 1993, Pegasus Gold
began building the $11.8 million Black Pine
open-pit, heap-leach gold mine in Idaho,
The mine is expected to produce 40,000 to
80,000 oz/yr.

Atlas plans to spend $80 million to
develop the Grassy Mountain Mine in
Oregon to produce 100,000 oz/yr of gold
and 100,000 oz/yr of silver for 8 years.

The Denton-Rawhide is a joint venture
among Kennecott, Kiewit Mining Group,
and Plexus. The open-pit, heap-leach
operation began operation in 1990, The
mine is expected to produce 80,000 oz/yr
of gold and 399,000 oz/yr silver for the next
5 years.

Battle Mountain was given the go-ahead
to develop its San Luis Project in southern
Colorado. Total cost of the carbon-in-pulp
(CIP) facility is estimated at $20 million.
At full capacity, the San Luis plant will pro-
duce 61,000 oz/yr. Cominco brought the
Red Dog zinc-lead mine into production at
a cost of $415 million. Current reserves at
Red Dog are 85 million st at 17% zinc, 5%
lead, and 2.4 oz/st silver.

The Escondido Mine came on-stream in
northern Chile. This $900 million mine
and concentrator is expected to produce
352,000 st/yr copper in concentrates.
Geologic reserves amount to 2 million st
grading 1.6% copper. Production began at
the Bogosu gold project, a joint venture
between Billiton BV (62%), Sikaman Gold
Resources (14%), IFC (13.5%), and the
Government of Ghana (10%). The $86
million open-pit mining operation has
reserves of 21 million st grading 0.1 oz/st.
Gold production at the (1.2 million st/yr)
mine is expected to total 137,000 oz/yr.

The Porgera Mine Project consists of
Placer Dome (30%), Highlands Gold
(30%), Renison Goldfields (30%), and
Papua New Guinea (10%). The $1 billion
project is expected to produce 900,000
oz/yr of gold at an average cost of $150/0z.
Ore reserves are 56 million st grading

0.22 oz/st gold. The Granny Smith mine
(Placer Pacific 60% and Delta Gold NB
40%) began gold production at a rate of
150,000 oz/yr in Western Australia. The
$77 million project contains ore reserves
of 25 million st, with an average grade of
0.05 oz/st.*

Alcoa closed the last operating bauxite
mines in the United States at the end of
May 1990, after 91 years of operation
because ore reserves were exhausted. The
mines are in Saline County, AK, adjacent
to Alcoa’s Arkansas operations. The opera-
tions include a bauxite refinery and
alumina chemical facilities. The refining
operations, which produced 275,000 st/yr
of alumina, will also be closed. Chemical
production will continue at the site using
alumina feedstocks from other Alcoa loca-
tions. For most of the history of the plant,
alumina was produced to be made into
aluminum, but more recently the alumina
was used to produce 135 different products
from 6 alumina-based chemicals. These
chemical products were used in high-
performance refractories and cements,
ceramics, fire retardants, and in paper and
pharmaceuticals. About 200 people either
retired or were laid off, reducing staff at
the plant to about 700,

Equipment

Perhaps the two most obvious trends in
the past few years have occurred in haul
trucks. The 240-st-capacity haul trucks
appear to be here to stay, as well as the
mechanical-drive, 170-st trucks from
Caterpillar. One major trend common to
both mechanical-drive and electric-drive
systems trucks is the rapidly improving
electronic control systems. A memory log-
ger can be placed on-board to record the
readings of a wide assortment of gauges.
When problems occur, they can be played
back in the shop, revealing under what con-
ditions the problem appeared, much like a
flight recorder. If a failure occurs, the on-
board electronics can not only determine
Wwhich component has failed, but how ser-
ious the failure is, whether it requires imme-
diate attention, or whether service can wait
until the end of the shift or later in the week.

Haulpak (Komatsu-Dresser) is one of
several manufacturers offering its own on-
board weighing system. In the Haulpak
system, sensors are mounted in strategic
places in the frame of the truck and con-
nected to a microprocessor in the payload
meter mounted in the driver’s cab. While
the driver watches the weight, the shovel

operator watches the light assembly
mounted outside on the deck. The lights
flash green, amber, and red, depending on
whether the truck is underloaded, loaded
between 90% and 105% of rated capacity,
or overloaded. Because the system has a
microprocessor, it is capable of recording
the final weight just before the truck begins
its haul. The payload meter has the capacity
to store data for 200 haul cycles. A printer
is available that typically lists the driver,
total number of loads, the weight of each
load, the time each haul cycle began, the
date, and the total weight moved for that
shift.

High quality is another trend. All
manufacturers are gaining a solid reputa-
tion for reliable machines. Problems in-
herent with the larger haul trucks have
largely been overcome. Haulpak has a
multimillion dollar test center where en-
tire truck frames, pulled off the assembly
line at random, are tested with bending and
twisting loads, simulating years of normal
stress in just a few day’s time. Any poten-
tial problems show up in the laboratory
where they are corrected before they have
a chance to cause downtime. The result is
that their frames have benefited from
increased reliability.

Many remarkable trends are found in
front-end loaders (FEL’s). In addition to
their increasing size, they are also
benefiting from the electronics revolution.
Loaders are also beginning to compete with
shovels in some applications. Not only are
loaders more mobile than shovels, they can
clean up more efficiently.

Many mines have introduced in-pit
crushing with mobile crushers, and many
more are considering it. Conveyors can
move material inexpensively, but need an
in-pit crusher to ensure the proper size
material. For mobile crushers with mobile
connecting belts, FEL’s are required to
move the material the short distance from
the face to the crusher head.

Big loaders in easily diggable material
offer shovels more competition. The FEL
is more maneuverable than a shovel and re-
quires a lower initial investment. It can be
easily moved to get out of the way of blasts.
The FEL can also do limited load-and-
carry work.

This trend toward using FEL’s as short-
haul units is causing a change in their
design. FEL’s are required to haul material
further as distances increase between the
face and the crusher hopper. Suspensions
of FEL’s are notorious for having very lit-
tle shock absorption, causing them to
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bounce wildly at increased speeds. Now,
Caterpillar has introduced a Ride Control
System to allow FEL's to move material
longer distances at higher speeds.

Caterpillar has come up with a clever
way for a FEL to weigh the material in the
bucket—not just while the machine is at
rest, but while it is in motion. Knowing
how much is in each bucket can greatly aid
loading a truck to its proper capacity, not
underloading or overloading. By taking the
system dynamics and geometry of the
loader and knowing where the various
loads will be, the FEL's can precisely
report the load in the bucket. The scales
have an accuracy of 3% when the loader
is moving and 1% when stationary. The
hardware is the same as for Caterpillar’s
haul-truck payload monitors, but the soft-
ware is different, taking into account the
fact that the FEL will be moving while the
load is being measured. It was under field
tests in 1990 and was scheduled to be
commercially available in 1991.

According to Caterpillar researchers, the
next generation of electronic systems will
monitor performance over the life of the
machine, allowing performance trends to
be easily spotted. This should happen soon
because electronic memory is steadily
becoming less expensive. Variabilities in
performance can be traced to shifts,
operators, or other variables. Also, a
telemetry system would send operational
data to a central point with more detailed
software capable of spotting trends com-
mon to all trucks. Ultimately, these systems
will provide a warning before a major
failure, not just on an individual-truck
basis, but on a fleetwide basis.

There is also a trend toward modular
components. For example, in order to
decrease downtime, many large units,
especially haul trucks, have engines that
can be changed out easily and their waiting
replacements slipped back into place. The
machine is immediately operational, with
the shop free to repair or overhaul the
engine without the intense pressure of get-
ting the truck back out on the line again
immediately.*

World’s Largest Mechanical-Drive-
Wheel Bulldozer—A machine originally
devised early in the past decade for use in
the major opencast iron ore mines of
Western Australia was further developed
and refined for use in ore and coal mining
and power station applications. The Tiger
690B, built by Tiger Engineering Pro-
prietary of Perth, West Australia, is

reportedly the world’s Jargest mechanical-
drive-wheel dozer with an operating weight
of almost 90 st. It can be equipped with
dozer blades up to 54 cubic yards (yd®)
capacity. Studies in Australia and North
America reportedly show that the 690B can
doze coal at 750 st/h over a one-way doz-
ing distance of 600 ft. This increases to
1,000 st/h over 300 ft and 2,100 st/h at 100
ft.

A particular benefit of the machine
design in bulk coal handling work is the
high compaction effect of its large radial
tires; this significantly reduces the risk of
spontaneous combustion in coal stockpiles.
Other tasks for which the machine is well
suited are cleaning work around large min-
ing shovels, push-loading scrapers, and
selective dozing work in the large open
pits.*

Largest Mineral-Sand Dredge.—The

‘world’s largest mineral-sand dredge, and

the largest dredge of any kind in Australia,
began work at Cooljarloo in Western
Australia in December 1989. Eighty-seven
mi north of Perth, Cooljarloo is the world’s
first integrated project to turn titanium
minerals into paint pigment. Partners in the
venture, which will generate annual exports
worth Aus$200 million, are Minproc
Chemicals Pty. Ltd., a subsidiary of Kerr-
McGee. The “Cooljarloo I” bucketwheel
dredge is the first electric line-shaft-driven
dual-wheel excavator. The 900-hp dual-
wheel excavator head is 160 inches in
diameter and weighs approximately 110
st.”

Backhoe-Mounted Dredging Ex-
cavator. — Ellicott Machine Corp.,
Baltimore, MD, developed a hoe-mounted
dredging excavator (HMDE) known as the
“Hoe Dragon,” which makes possible the
continuous excavation and pumping of
underwater minerals when used in conjunc-
tion with a standard model track-mounted
backhoe. The combination of backhoe and
dredging excavator is said to maximize the
capability of the backhoe and provide con-
tinuous excavation and material transport
from point of loading to disposal without
interruption for swinging with boom and
bucket manipulation typical of normal
backhoe operation. It is in effect a new tool
for underwater excavation of both loose and
consolidated materials and can extract
mineral in both a forward and aft digging
mode.

The backhoe can also be walked onto a
barge and operated as a swinging ladder-

type dredge while discharging to a shore
point, into another vessel, or attendant
mineral processing system. This type of
equipment is well-suited to recovery of
small alluvial gold and diamond deposits
inaccessible to floating equipment.

The Hoe Dragon offers the combined ad-
vantages of a dual-wheel excavator and a
wide-bodied pump that transports virtually
all excavated material. A flotation option
is available in which special devices are fit-
ted to reduce the submerged weight of the
module. This feature allows its use in
backhoes not normally able to handle the
Hoe Dragon because of its weight. Flota-
tion in this manner also allows for extended
reach, without impairing the hydraulic or
stability limits of the backhoe. Specially
designed extendable stick mechanisms are
offered for deep digging applications.”

Hydraulically Powered Machines Get-
ting Bigger.—At surface mines hydraulic
excavators are getting bigger—and are
challenging rope shovels in more and more
applications. Excavator weights have been
climbing, and some of the newer hydraulic
shovels on the market have working weights
of 400000 Ib and more. One Supersize
hydraulic excavator is Demag’s H485,
which has a gross operating weight of 1.2
million Ib. The first units were placed in
coal and tar-sand mines. A unit was put
into operation in 1990 at Boliden Mineral’s
Aitik copper mine in northern Sweden. A
920,000-Ib, 530- to 1,060-cubic feet (ft*)-
capacity prototype, the SMEC 4500, built
by Japan’s Kobelco, underwent long-term
mine trials at BHP-Utah’s Blackwater coal
mine in Queensland, Australia.

Despite all this, the rope shovel remains
the dominant digging machine in the shovel
family. Some of the advantages in design
that have been recently incorporated into
some of the electrically powered rope
shovels include the following: advanced
direct current static power conversion, dual
planetary propel drives for improving
maneuverability and travel speed; elec-
tronic programmable logic controllers that
replace all the mechanical logic relays
previously used for sequencing the elec-
trical system; and solid-state electrical con-
trol systems that eliminate moving parts
between the high voltage alternating cur-
rent power coming in and the direct cur-
rent power for the motion motors.>

Controlled Blasting

Surface mines are using controlled
blasting techniques to reduce rockfall
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hazards and improve blast casting by main-
taining a uniform and predictable burden.
Since the bulk of the material is cast by the
front row of blastholes, this burden dimen-
sion is critical to the success of the entire
cast. Many mines are adapting presplit
techniques to reduce rockfall hazards. The
economic aspect of transitory highwalls en-
courage methods such as the popular air
deck prosplit, low-density explosives, and
decoupling techniques. The U.S. Bureau of
Mines demonstrated several techniques that
deal with a broad range of conditions where
air decks and decoupling may be used.

REMOTE MINING

Borehole Mining

The frozen placers in Alaska contain vast
deposits of columbium, gold, platinum,
and tin. In the past, dredging has most
often been the choice for mining these
deposits. Now that most of the shallow,
dredge-type deposits have been mined out,
the use of conventional surface and
underground methods to mine the remain-
ing deposits would not be economical.

The U.S. Bureau of Mines-developed
borehole mining system has been suc-
cessfully tested in coal, oil sands,
phosphate, and uranium ore. This system
can remotely extract a mineral deposit
through a borehole. A tool consisting of a
water-jet nozzle and slurry eductor is
lowered into the deposit, and the water jet
erodes a cavity in the mineralized ore,
which it slurrifies and pumps to the sur-
face. The values are extracted from the
slurry through settling ponds or other
means, and the waste material is then
returned underground by operating a
similar tool in reverse.

In addition, borehole mining research is
continuing in the U.S.S.R. To date, gold
ore, iron, and titanium have been mined
successfully using the borehole mining
system.

In Situ Leach Mining

The U.S. Bureau of Mines is conducting
research to develop in situ leach mining
technology for oxidized copper deposits
and oxidized manganese deposits. In situ
leach mining offers the potential to
significantly reduce production costs that
would allow the economic recovery of
minerals from small-, deep-, and/or low-
grade mineralized deposits. In addition, the
method requires significantly less surface

disturbance when compared to conven-
tional mining methods.

Preparations for an in situ copper leach
mining field test are underway at the Santa
Cruz site near Casa Grande, AZ. A five-
spot well pattern was constructed, and a
salt tracer test was conducted to obtain
hydrologic leaching tests. Geologic
characterization studies of the ore were also
conducted. These data were used to prepare
the field test design plan, and the en-
vironmental permit applications required
before the in situ mining test with dilute
sulfuric acid can begin.

Two manganese deposits in the Cuyuna
Range of north-central Minnesota are being
evaluated for in situ leach mining in the
future. One core hole was drilled into each
deposit to provide additional information
on site geology and to provide samples for
geologic characterization studies and
laboratory leaching. Laboratory leaching
tests with a sulfur dioxide leach manganese
from the metal-bearing solution are being
developed. These data will provide a basis
to evaluate the technical, economic, and en-
vironmental feasibility for in situ mining
these deposits.

Hot Spots Show Coal-Rock Interface

Development began on a new coal inter-
face detection (CID) system by the U.S.
Bureau of Mines. The system employs a
highly sensitive, passive infrared (IR)
capable of measuring the temperature
changes that occur when mining machines
contact different types of geological
materials, such as coal, sandstone, and
limestone. In a passive IR system, naturally
generated, thermal IR radiation can be
detected—no active IR illumination source
is required. With the recent advances in
sensor technology and computer-
processing capabilities, researchers have
been seeking an instrument to sense
precisely the interface between coal and the
other strata. Such an instrument would
become indispensable in longwall and con-
tinuous mining, boosting productivity,
reducing amounts of rock and minerals that
must be removed from coal, and providing
additional technology for underground
automation.

Automated Hoisting

One area of many underground mines
that has already become automated is the
shaft. Because of a hoisting accident 2
years ago, Placer Dome was forced to
replace the skips, chairs, and dump in its

No. 8 shaft in the Timmins Mine. Placer
Dome also decided to enhance the
automated ore-hoisting process.
Programmable “logic controllers”
(PLC’s), installed on the mine’s
underground water pumps in 1985, worked
so well that they were also used to automate
the loading pocket operation. During a
3-year, fault-free operating period, the
number of 14-st skips hoisted during an
8-hour shift jumped to 152 from 127. After
shaft rehabilitation during 1988, the mine
now hoists 160 16-st skips per shift.

Automated Train Haulage

An automated ore-handling system exists
at the Golden Giant Mine in Hemlo, On-
tario, Canada. Ore from the mine’s ore pass
system is fed through chutes into 22-st-
capacity, bottom-dump ore cars on the
4335 level. The (unstaffed) PLC-equipped
locomotive is controlled remotely during
the loading cycle by an operator in the sur-
face control room using video monitors.
The locomotive is then placed on automatic
control and hauls cars to a coarse ore bin
that feeds into the underground crusher on
the 4295 level and returns for another load.
PLC’s also monitor the ore feeder, crusher,
discharge conveyor, and levels in the fine
ore bin. The 4235-level loading pocket
below the crusher is fully automated as is
the production hoist. Having achieved a
hoisting record of 6,600 st in a 24-h period,
the company is now looking seriously at
increasing the speed at which the 17.6-st
skips are hoisted along the 3,756-ft distance
to the surface.”

BENEFICIATION

Effect of Grinding

Effect of grinding and electrochemical
interactions on the flotation of minerals was
studied extensively in 1990. For example,
it was found that the grinding media and
environment can affect the surface proper-
ties of sulfide minerals, thus causing either
improvement or deterioration in their
floatability. s

Flotation

Froth flotation continued to be the most
widely used separation process in mineral
processing. In the past year, research con-
tinued to focus on the hydrodynamics
within the flotation cells and the descrip-
tion of the bubbles in the pulp and froth
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phases. Kinetic models of bubble and par-
ticle collisions were refined to more ac-
curately portray real-world results.”

Rapid Flotation

The U.S. Bureau of Mines is developing
a rapid flotation system. The speed of flota-
tion is governed by the rate of bubble-
particle attachment and bubble-pulp
separation. In most conventional flotation
cells, attaching the bubble to the fine par-
ticles is the slowest step in the flotation pro-
cess, often requiring 5 to 15 minutes for
completion. Intense mixing of the air bub-
bles and ore pulp speeds up this process,
but the higher levels of agitation also
disturb the relatively quiescent surface of
the cell where the froth concentrates the
hydrophobic minerals. The disturbance
usually lowers recovery by detaching par-
ticles from the bubbles and lowers grade
by allowing suspended gangue to overflow
into the concentrate. In a conventional
flotation cell, interaction between the agita-
tion for rapid bubble-particle attachment
and the pulp quiescence required for selec-
tive recovery of the froth make it virtual-
ly impossible to optimize one of the proc-
esses without sacrificing the effectiveness
of the other. In 1990, the Bureau devised
a revolutionary flotation system using
discrete unit operations for bubble-particle
attachment and bubble-pulp separation.
The conditioned ore is pumped to the
bubble-particle attachment unit where in-
tense agitation with another stream of ex-
ternally generated bubbles quickly attaches
the hydrophobic particles to the bubbles.
After passing through the bubble-particle
attachment unit, the mixture enters a
shallow tank where the mixture spreads
horizontally near the top of the tank. The
bubbles quickly rise to the top and overflow
at the outer edge of the tank. The relatively
quiet flow in the tank cleanly recovers the
bubbles from the pulp, and the shallow
depth of the tank allows the bubbles to
separate quickly from the pulp. Using a
phosphate-bearing sample, the rapid flota-
tion system recovered 76% of the phosphate
at a speed 20 times faster than a conven-
tional flotation system using the same sam-
ple. In addition, the conventional flotation
system process only recovered 65% of the
phosphate. Similar test work on coal and
porphyry copper ore samples demonstrated
rapid flotation with acceptable product
grades and recoveries. The rapid flotation
circuits will be many times smaller than the
current conventional flotation circuits and
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should cost less to construct. In addition,
present facilities with limited space will be
able to expand their capabilities with the
rapid flotation system without enlarging
their buildings.

New Phosphate Resource Produced
From Waste Ponds

New reclamation techniques have
yielded large quantities of dried mining
waste containing high amounts of
phosphate from impoundment ponds in
Florida. But these wastes also contain
significant amounts of undesirable con-
taminants such as aluminum, iron, and
small amounts of radium.

The U.S. Bureau of Mines developed a
way to remove most of these contaminants
so that this “new’” phosphate resource can
be used. The Bureau’s technology involves
leaching phosphate values from the clay
wastes using sulfuric acid as the leaching
agent and methane as the solvent. Research
showed that about 85% of the phosphate
can be recovered in the form of a
phosphoric acid suitable for fertilizer
manufacture. A new flotation technique,
also developed by the Bureau, enables the
leach tailings to be separated efficiently
from the methane-phosphoric acid
product.®

Procedure Demonstrated to Take
Valuable Metals From Sulfide Ores

The U.S. Bureau of Mines developed a
procedure, based on oxidation under
pressure, to recover valuable metals from
sulfide ores. Cobalt, copper, nickel, and
zinc, commonly found in the United States
in massive sulfide ores, cannot be effec-
tively upgraded by physical separation.
They must be processed by chemical
methods. These ores also contain gold and
silver; however, these precious metals
cannot be extracted by standard cyanide
processes.

The Bureau successfully demonstrated a
laboratory process to recover cobalt, cop-
per, gold, silver, and zinc from an Oregon
massive-sulfide ore. The ore is pulverized
and placed in a medium-pressure vessel.
With the addition of water and oxygen, the
ore is heated to 392° E. The cobalt, cop-
per, and zinc are dissolved and recovered
from the solution, and the ore residue is
altered so that the gold and silver can be
easily extracted by cyanide solution. The
use of pressure oxidation is being used by
a few operations to recover gold.®

New Bio-Oxidation Technology

U.S. Gold Corp. produced its first gold-
utilizing bacterial oxidation. The company
has been a pioneer in commercializing this
new technology over the past 2 years. The
bio-oxidation process developed at the
Tonkin Springs Mine in Nevada uses
naturally occurring bacterium Thiobacillus
ferrooxidans and pretreats refractory gold
ore. The process breaks down the iron and
sulfur compounds within the ore releasing
the gold, which is then recovered using
conventional milling methods.

Because bio-oxidation allows for
development of this important class of gold
deposits, it could be the technology of the
nineties for the gold industry. The process
should provide a lower cost in processing
sulfide refractory ore and has important en-
vironmental benefits. For example,
byproducts of bio-oxidation can neutralize
residual cyanide in mill tailings, rendering
the cyanide harmless.

The newly constructed $31 million
Tonkin Springs mill has a design capacity
of 1,500 st/d with a designed 90% recovery
rate that should produce 50000 oz of gold
annually. This initial gold pour represents
a major milestone for the company
demonstrating the technical feasibility of
bio-oxidation. However, the mill must still
demonstrate commercial and economic
viability, which is dependent on operations
reaching full-scale production.®

Wet Milling

Minimizing a worker’s exposure to
asbestos fiber remains a top priority in
1990 for operators of mills that treat
asbestos ore. Current Canadian regulations
permit two fibers of asbestos per milliliter
(ml) of air, while other countries have
lowered the limit to 0.5 fibers per ml. Baie
Verte Mines, a 100%-held subsidiary of
Cliff Resources Corp., which operates an
asbestos mine in north-central New-
foundland, Canada, thinks it has found a
solution to airborne fiber—a solution that
could keep the operation going for another
18 years. To recover more fiber from its
ore, the company spent $18 million to con-
struct a wet mill that in March began
recovering more asbestos from the tailings
stream of the existing dry mill. When that
dry mill is decommissioned 3 years from
now, the new mill will continue to treat
asbestos tailings that have been stockpiled
for the past 36 years. At a rate of 55,100
st per year, that would suffice for about 15

years of operation.




Experience in a prototype mill con-
structed at the Woods Reef Mine in New
South Wales, Australia, in 1981 showed
that occupational exposure to asbestos fiber
could be maintained at less than 008 fibers
per ml. The process was developed in a
research project that began in 1977.¢

Carbon-in-Leach With Oxygen (CILO)
Cost Study

Minproc Engineers (United States)
prepared a cost study to compare carbon-
in-leach with oxygen (CILO) and conven-
tional CIL circuits designed for equivalent
extraction of gold. The key assumption is
that CILO can reduce the retention time
by a factor of four compared to CIL—
something that can reportedly be
demonstrated in laboratory tests for a
specific ore.

The study provides capital and operating
cost comparisons for the leach-absorption
section of CILO and CIL circuits of 1,100,
3,310, and 5,510 st/d throughput. Costs for
an open design in moderate climate con-
ditions and for an enclosed design for more
inclement weather are included for each
case. Capital savings range from about
$900,000 for the 1,100-st open plant to
about $3.2 million for the enclosed design.
The savings become increasingly signifi-
cant as the capacity increases and may sug-
gest some new options for large-tonnage,
low-grade projects that are currently being
considered only for heap leaching.

Operational savings are based on reduced
power requirements and reduced cyanide
consumption, with an allowance for oxygen
costs. Projects savings are said to range
from about $70,000 per year for the 1,100
st circuit to about $315,000 per year for the
5,510 st circuit.

Kamyr Inc., from whom the patented
CILO process can be licensed for commer-
cial production, suggests that the capital
and operating cost savings are also com-
pelling reasons to consider CILO for any
new project. The company can provide a
variety of services to process users rang-
ing from technical assistance in process ap-
plication to a complete mill.*

Real-Time Ore Analysis

The new model 200, offered by Outo-
kumpu Electronics of Finland and widely
used in the minerals extraction industries,
was introduced to the range of Beltcon
on-line analyzers. The novel feature of the
model 200 is its measurement principle:
the Beltcon uses X-ray fluorescence (XRF)

to measure simultaneously the concentra-
tions of any two elements from potassium
to uranium.

The analyzer is able to operate on both
fine and course bulk materials directly
from the moving conveyor belt and is thus
well suited to mineral processing and
metallurgical applications. A typical use
is in analysis of calcium and iron in
limestone. The noncontact system is easy
to install on operating conveyors without
the conveyor being modified. The analyzer
is above the belt; there is no contact with
the moving ore stream, and no physical
sampling is required.

Analysis is reportedly very rapid at 300
measurements per minute and, as each
assay is based on several thousand
measurements, the results obtained are
described as highly reliable and accurate.
A personal computer can be interfaced to
the analyzer for versatile data processing.
The results are available on a serial output
to either a terminal and/or printer for stand-
alone operation or to a personal computer
for more versatile data processing. The data
are also available as 4 to 20 rilliamperes
current outputs for recorders, controllers,
etc. The control and alarm outputs allow
the system to be used for direct-process
control. Benefits are said to include lower
production costs through improved selec-
tive loading, as well as increased efficiency
and higher product quality through process
stabilization.

The personal computer calculates and
displays measured average analyses over
the measurement period; it stores the 6,000
latest measurements, 200 shift levels, and
350 latest daily levels. These measurements
are also available for statistical processing.
The display shows continuously the results
of the latest assays as well as cumulative
shift and daily averages, indicating any
trends.

The Beltcon 200 requires little main-
tenance as there are no moving parts, and,
under normal operating conditions, no user
intervention is necessary.

Magnetic Separators

In 1990, Boxmag-Rapid Ltd., the Bir-
mington, United Kingdom-based magnetic
mineral separation specialist, launched a
new range of high-intensity magnetic
separators utilizing powerful rare-earth per-
manent magnets.

Designated the Magnaroll, the new
Separator was designed to remove weakly
paramagnetic minerals or fine iron scale

from nonmagnetic feed material. The feed
passes over a head pulley, and non-
magnetics are thrown from the roll by cen-
trifugal force while the magnetic particles
adhere to the belt and are discharged into
a separate chute. Separation flexibility is
introduced by providing an adjustable split-
ter plate to separate the nonmagnetic-
magnetic fractions and by varying the rota-
tional speed of the Magnaroll. The head
pulley is ‘manufactured from powerful
neodymium-boron-iron rare-earth magnets.
The choice of two different roll diameters,
3 in for fine particle and 4 in for course
materials, allows an optimum magnetic
circuit to be designed for each individual
mineral.

The magnetic field strength produced by
the Magnaroll on the feed belt surface is
usually between 9,000 and 10,000 gauss,
and the exceptionally high field gradients
achieved by the magnetic circuit design
gives excellent separation performance,
reportedly comparable to traditional in-
duced roll magnetic separators.

Typical applications for the Magnaroll
include purification of silica sand and
feldspar, andalusite upgrading, and removal
of iron scale from spray-dried ceramic
granules. Capacities for the MRI.1000
Magnaroll, which has a feed belt width of
39 in, range from 2.2 to 11 st/h, depending
on the mineral application and particle size
of feed.

The Magnaroll can effectively process a
wide size range of feed materials, from 1.5
in down to 1.77 x 10° in. This compares
very favorably with the feed range to an in-
duced roll (less than 0.1 in down to 1.77
x 10° in). The extra flexibility is said to
have opened up new uses for high-intensity,
dry magnetic separation; for example,
coarse magnesite-serpentine separation.%

New Rare-Earth Metal Refining Method

A new method to refine rare-earth metals
by means of laser purification and selec-
tive ionization was developed by research-
ers at the National Research Institute for
Metals of the Science and Technology
Agency and Nippon Steel Corp.

The process, while not new in concept,
is reported as the world’s first demonstra-
tion and proof of the purification concept.
The new technology involves vaporizing a
rare-earth metal with a beam of electrons
and then directing a laser into the metal
vapor to separate impure elements. The
technology could enable purification of any
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type of rare-earth metal simply by altering
the wavelength of the laser.

In the experiment, however, efforts were
directed at the metal neodymium and
praseodymium was removed, considered to
be the most difficult element to separate
from neodymium. The experiment suc-
ceeded in reducing the amount of
praseodymium in neodymium metal from
1.5% to 009%. Previously, a purity of
99.9% was considered the limit of re-
fining for rare-earth metals, but the new
process should permit even purer final
products.®’

e

HEALTH AND SAFETY

Safety Data

Preliminary injury and employment
statistics compiled by the Mine Safety and
Health Administration (MSHA) for 1990
showed that there were 56 mine fatalities
in the Nation’s metal and industrial mineral
mines, eight more than in 1989. The same
data showed that the average number of
employees increased by only 0.5%, much
less than the 4.0% average increase in 1989
and the 5.6% increase in 1988. From the
MSHA data, employee-hours were shown
to decrease by an early estimate of 66%,
in contrast to 1989’s increase of 27%. Total
reported injuries decreased following an
increase for 4 consecutive years, dropping
to about 7.2 per 200,000 employee-hours,
down from a 8.0 rate for 1989 and 7.9 in
1988. The rate of nonfatal injuries requiring
lost work time was essentially the same as
those in 1989 and 1988. Approximately 4.3
of such injuries occurred per 200,000
employee-hours in 1990, 4.4 in 1989 and
4.3 in 1988. All figures include inde-
pendent contractors.

Legislation

The Occupational Safety and Health Ad-
ministration (OSHA) revised its 1986
asbestos standard by banning smoking by
workers in all areas where there is occupa-
tional exposure to asbestos; requiring
employers to provide workers with
literature on smoking cessation programs;
issuing new requirements for respirator
use; and modifying its hazard-
communication program on training, label-
ing, and posting of warning signs. The
agency also proposed reducing the permis-
sible 8-hour time-weighted average limit to
0.1 fiber per cubic centimeter (f/cm’);
introducing work practice standards for

certain occupations; requiring notification
of OSHA prior to asbestos removal,
demolition, or renovation; modifying
hazard communication standards and proj-
ect monitoring requirements; and dealing
with requirements for negative-pressure
enclosures.

OSHA extended a partial stay on the
ruling that established exposure limits for
the nonasbestiform varieties of actinolite,
anthophyllite, and tremolite through
November 30, 1990, while it continued to
evaluate the economic impact on the min-
ing and construction industries and whether
to regulate nonasbestiform amphiboles
under the standard for asbestos.

MSHA continued a review of its pro-
posed revision to its existing asbestos
standard. The proposed permissible 8-hour
time-weighted average exposure limit will

be reduced from 2.0 f/cm® to 0.2 f/cm? if

the proposed standard is enacted.

In February 1990, OSHA proposed to
reduce the Permissible Exposure Limit
(PEL) for airborne cadmium to either 1 or

5 micrograms cadmium per cubic meter of

air (ug/m’). The current PEL is 100 pg/m’
PEL for cadmium fumes and 200 pg/m’
for cadmium dust.

OSHA held two public hearings, one in
Washington, DC, in June, the other in
Denver, CO, in July. These hearings were
held to obtain further information on the
feasibility of meeting a 1 or 5 pg/m* PEL
for cadmium using engineering controls
and/or administrative controls. The Agency
was expected to reach a final decision by
the second quarter of 1991.

MSHA continued to review a proposed
revision to its existing talc exposure stand-
ard and proposed introducing an exposure
standard for soapstone. The proposed per-
missible 8-hour time-weighted average
exposure limit is 2.5 milligrams per cubic
meter (mg/m®) for talc (containing no
asbestos), 3 mg/m’® for respirable soap-
stone dust, and 6 mg/m’® for total soap-
stone dust.

Human Factors

The use of extended workdays, shift
lengths longer than 8 hours, received
increasing attention in 1990 by the mining
industry in the United States and Canada.

Despite the attractive features of these
alternative work schedules, questions re-
main about possible safety and health risk
factors associated with extended workdays
in mining.

Increased fatigue, decrements in
behavioral performance, increased errors,
and longer exposure to airborne con-
taminants and environmental hazards are
factors that must be considered in a 10- to
12-hour day. To address these, the Bureau
initiated a human factors field research
study of extended workdays in underground
mining. Cooperators are an underground
metal mine in western Canada and the
British Columbia provincial government.
The first phase of the study was completed
in May 1990, while mine workers par-
ticipating in the study still were on a
rotating 8-hour shift schedule. The second
phase of the study is scheduled for May
1991, 10 months after the workers in ques-
tion changed to 12-hour shifts. The same
measures will be repeated on the same
subjects.®®

Research

Ground Control, Roof Support.—The
U.S. Bureau of Mines is developing
improved waveform processing and
tomographic image capabilities to assist in
the interpretation of subsurface geologic
and hydrologic features. The crosshole
systems are used with advanced
tomographic imaging. They permit visually
opaque earth structures to be viewed by
acoustic (sound-seismic) waves in a man-
ner similar to the way computer-assisted
tomography (CAT) scans view parts of the
body.

The first known application of fiberglass
dowels, or forepoles, in a room-and-pillar
continuous mining development section
was completed at the South Field Mine in
Utah by the Bureau. The forepoles were in-
stalled ahead of the working face into the
mine roof for distances of up to 20 ft and
were held in place by a resin-type grout.
Air was injected into the face and overly-
ing strata to evaluate the tightness of the
fractured rock strata before and after
forepole installation. This demonstration of
the use of forepoles provided access to
previously inaccessible coal reserves. It
also verified theoretical models that in-
dicated that forepoling maintained the in-
tegrity of roof strata after mining.

An automated, minewide monitoring
system was successfully deployed by the
Bureau at the Foidel Creek Mine, Cyprus
Yampa Valley Coal Corp. This system is
obtaining ground and shield pressure data
from 100 instruments and continuously
transmitting the informationto a central site.
Three-dimensional computer programs
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were developed to graphically display the
data and permit detailed examination of
stress buildup and load transfer trends as
mining progresses. The system has
predicted ground pressures ahead of the
face for distances of up to several hundred
feet. It will form the foundation for
developing an effective tool for mining
engineers and management to evaluate and
control the ground conditions in real time.

Bureau field testing of a short-pulse radar
system in a West Virginia coal mine suc-
cessfully located cased and uncased
boreholes 50 ft inside a block of coal.
Radar penetrations of 200 ft were achieved
with minimal attenuation. Experience
showed that the best radar configuration
from operational and analysis viewpoints
involved transmitting from one side of the
panel (headgate) to the other side of the
panel (tailgate).

The analysis of longwall pillar stability
(ALPS) method was used to size pillars in
operating mines that are essential to pro-
tect critical gate entries that provide access
to the face. In using the Bureau-developed
ALPS method, the candidate mines have
improved the safety of miners by reducing
the possibility of rock falls in the gate en-
tries. The ALPS method was formatted for
personal computers and is now being
distributed throughout the coal industry.

Acid Mine Drainage.—Research studies
continued to evaluate the performance of
constructed wetlands to accomplish passive
treatment of acid mine drainage (AMD).
Generally, data collected by regulatory
agencies and mining companies about the
performance of constructed wetlands con-
sist of influent and effluent water chemistry.
In the absence of valid flow rate measure-
ments, it is difficult to separate the effect
of the wetland from that of the dilution by
fresh water. As some wetlands received
inflows of surface water during storm
events, dilution may be an important com-
ponent of wetland performance at these
sites, possibly complicating the analysis of
water chemistry data.

The Bureau developed a method that:

allows adjustment of water chemistry data
so that dilution is no longer an analytical
concern. It is based on the following
observations:

® Concentrations of calcium, magne-
sium, and sodium are commonly quite high
for AMD versus fresh water; and

* These cations are not affected by
wetland processes.

By calculating a dilution factor from
changes in the ions, iron and magne-
sium concentration can be adjusted,
resulting in a better evaluation of wetland
performance.®

Rock Reinforcing Cables.—Researchers
at the U.S. Bureau of Mines found that steel
cables grouted into drill holes offer a safe
and effective method to support the roof
prior to cut-and-fill (overhand) mining.
Steel cable supports recently gained
popularity in conventional mining practices
as a means to reinforce rock before min-
ing it.

As each slice of ore is blasted and re-
moved, the rock above it remains in place
because it is supported by the cables.
Bureau engineers found that presupporting
the rock increases miners’ safety and im-
proves ore production primarily by allow-
ing mining to take place in rock that may
be difficult to support after blasting. The
steel cables offer unique advantages as a
support system. They are strong, able to
carry about 58,000 Ib of load, and since
they are flexible, they are useful in even
confined areas.™

Smart Roof-Bolt Drill. —Researchers at
the Bureau developed a system that pro-
vides data needed by miners to evaluate
roof conditions in a mine. Even though
about 25% of the production budget of a
typical coal mine is used for ground con-
trol, roof falls still occur because of the dif-
ficulty involved in detecting hazardous
geological conditions.

The Bureau’s system is mounted on a
roof-bolt drill. This smart drill system pro-
vides the operator with real-time displays
of the specific energy of drilling and drill
bit position. Through the use of a
microcomputer, critical drilling parameters
can be instantaneously interpreted and
analyzed. The operator can be informed of
hazardous roof conditions about which he
or she may be unaware, such as voids, in-
clusions, or changes in strata. Mine
workers can use this information to help
them decide when to install longer bolts,
change spacing between bolts, or use a dif-
ferent bolt system.

The Bureau plans to improve the
capability of the existing system by incor-
porating a means to automatically control
drilling efficiency. As a result, equipment
maintenance and downtime will be re-
duced, and the useful life of drilling
components will be extended. Other plans
include the development of computer

software that can be used to achieve better
drill control and that will provide additional
data on rock structure. Through Jjudicious
use of sensor technology, an expert system
could determine imminent failure of roof
strata.”

Dust Control.—Airborne dust in mineral
processing facilities poses health risks for
plant workers. The U.S. Bureau of Mines
successfully lowered the dust exposure of
workers by approximately 70 % during the
bag-stacking process at processing plants
by developing a dust-control system speci-
fically for pallet loading. The system not
only lowers dust levels, it makes bag stack-
ing much easier for workers, thereby
reducing back fatigue and injuries in this
job function. The system employs a
hydraulic lift table to ensure the pallet
height remains constant throughout the en-
tire bag-stacking cycle. A number of opera-
tions are presently pursuing implementing
this technique at their facilities.

The system uses a push-pull ventilation
technique to capture dust generated during
bag stacking. A low-volume, high-velocity
blower system blows a stream of air over
the top layer of bags on a pallet and traps
the dust. The exhaust air can then be
dumped into a baghouse ventilation system
or filtered before being discharged outside
the mill. The system has been tested suc-
cessfully at two mineral processing plants.

Reducing Worker Exposure to Silica
Dust.—The health effects of exposure to
respirable silica dust continued to be a
major concern to the U.S. mining industry
in 1990.

The Bureau investigated optimizing total
mill ventilation systems. By properly
designing ventilation flow patterns to sweep
major contaminants, dust levels inside these
facilities can be substantially lowered in a
cost-effective manner. A Bureau-designed
total mill ventilation system was installed
at a clay operation in New York and
lowered respirable dust concentrations
throughout the facility by approximately
40% . This system provided 10 air changes
per hour, and the total cost to purchase and
install this system was less than $10,000. A
second total mill ventilation system was
evaluated at a silica sand operation in cen-
tral Texas where the system provided ap-
proximately 30 air changes per hour.
Reduction in respirable dust levels up to
80% was measured in a number of loca-
tions throughout the facility.
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Diesel Breakthrough.—A breakthrough
in diesel particulate control was achieved
by the U.S. Bureau of Mines through the
development of disposable filters used after
water scrubbers. Two evaluations in
operating mine sections showed a 98 %
reduction in diesel particulate loading in
the return airway.

Also in the diesel area, field validation
of the dichotomous nature of diesel par-
ticulate in mineral dust in underground coal
mines progressed. Analysis of the data
collected to date confirmed that the aerosol
is less than 08 micrometer (um) in
diameter, while the diameters of mineral
dust tend to be greater than 1 um
(=1/25,000 in).

During these studies, the research ver-
sion of the Bureau’s personal diesel aerosol
sampler (PDAS) performed effectively. It
accurately separated the two particulates to
determine the respective mass fractions.
The success of the work is attracting atten-
tion in the United States and abroad, speci-
fically in Australia, Canada, and the United
Kingdom. Because of excessive manufac-
turing costs of the PDAS research version,
the Bureau designed and tested prototypes
of a less expensive version that could be
commercially manufactured for about $10.”

Catalytic Diesel Purifier.—A new high-
performance catalytic purifier—the
Englehard PTX-Ultra exhaust purifier—
claims to reduce poisonous and noxious
emissions from diesel-powered mining and
tunneling equipment. In addition to con-
verting hydrocarbons and carbon monox-
ide (CO) to water and carbon dioxide
(CO,), it is said to achieve significant
reductions in sulfate and sooty fume emis-
sions (which include soluble organic frac-
tions or SOF’s) commonly associated with
diesel engines. The purifier can also be
rapidly retrofitted on-site to diesel-powered
equipment, such as personnel carriers,
dump trucks, and front-end loaders, with
engine capacities up to 1,281 in’.

Soot and heavy hydrocarbons produced
by the incomplete combustion of diesel fuel
and lubricating oils, besides being a severe
respiratory irritant, can also cause head-
aches, nausea, and dizziness which, in
turn, can lead to accidents. The PTX-Ultra
reportedly reduces SOF’s by about 60%
compared to conventional purifiers and also
retards formation of sulfates, which existing
systems can accelerate by as much as 10%,
as well as converting gaseous hydrocarbons
and CO. The purifier unit was specially
designed to achieve maximum emission

reduction without loss in engine efficiency
and to withstand any rough handling in
the tough mining and/or tunneling
environment.”

Reducing Exposure to Diesel Exhaust
Emissions.—To reduce worker exposure to
diesel exhaust emissions, the U.S. Bureau
of Mines successfully developed and tested
several new control technologies. These
developments enable the mining industry
to comply with increasingly stringent
health and safety standards.

Diesel engines emit both gaseous and
particulate pollutants into the atmosphere,
and control of these emissions is necessary
to ensure a healthful work environment.
Diesel particulate matter is the greatest
concern because it is almost entirely
respirable in size.

The Bureau, with industrial cooperators,
successfully developed a disposable diesel
exhaust particulate filter system. Tests in
an underground coal mine showed diesel
soot reductions of 95%. The filter element
is similar to intake air filters used on large
diesel engines. The filter material can be
made of various types of treated natural or
synthetic materials.

The DDEF system consists of adapters,
a water trap, the filter, and canister. These
components are downstream of the water
scrubbers used on part 36 permissible coal
mining equipment. Installation at this loca-
tion takes advantage of the cool exhaust
exiting the water scrubber.

A week-long study determined the effects
of the disposable filter on air quality in an
underground coal mine. Analysis of mea-
surements taken in the mine indicate that
diesel-generated soot was reduced by 95%.
The filters have a useful service life of
about 10 to 12 hours and cost about $40 each.

Sheathed Explosive.—Setting off uncon-
fined explosive charges in gassy or dusty
underground mines is prohibited by law
because their detonation could cause
catastrophic mine explosions or fires.
However, there are advantages in using un-
confined charges underground. These ex-
plosive charges can be used 