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Foreword

This edition of the Minerals Yearbook discusses the performance of the worldwide minerals industry during
1988 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
important to the U.S. economy. In addition, it includes a survey methods and statistical summary of nonfuel
minerals chapter, and a chapter on mining and quarrying trends.

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

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. A separate chapter reviews
the international minerals industry in general and its relationship to the world economy.

The 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 Gloria L. Walker' and Stephen D. Smith?

SURVEY METHODS

he Bureau of Mines Informa-

tion and Analysis Directorate

collects worldwide 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.

This data collection activity was in-
stituted by the 47th Congress in an
appropriations act of August 7, 1882
(22 Stat. 329), to place the collection of
mineral statistics on an annual basis.
The most recent authority for the Bureau
of Mines Information and Analysis ac-
tivity is the National Materials and Min-
erals Policy, Research and Development
Act of 1980 (Public Law 96-479, 96th
Congress), which 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 produc-
tion or consumption.

Data Collection Surveys

The Bureau begins the collection of
domestic nonfuel minerals and materials
statistics 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 as questions on Bureau of
Mines survey forms. Figure 1 shows a
typical survey form, “Alumina” (6-
1013-A). Specific questions about the
production, consumption, shipments,
etc., of mineral commodities are struc-
tured in the survey forms to provide
meaningful aggregated data. Thus, the
entire mineral economic cycle from pro-
duction through consumption is covered
by 169 monthly, quarterly, semiannual,
and annual surveys.

After the survey form has been de-
signed, a list of the appropriate estab-
lishments to be canvassed is developed.
Many sources are used to determine
which companies, mines, plants, and
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other operations should be included on
the list to produce meaningful National
and State totals for the survey. Bureau of
Mines State Mineral Officers, State geol-
ogists, Federal organizations (e.g., Mine
Safety and Health Administration),
trade associations, and industry publica-
tions and directories are some of the
sources that are explored to develop and
update survey listings. With few excep-
tions, a complete canvass of the entire list
of establishments is employed rather
than a random sample. The iron and
steel scrap industry is an example of one
of the exceptions where a sampling plan
is used rather than a complete canvass of
the population.

Before mailing, the survey form must
be approved by the Office of Manage-
ment and Budget (OMB). Under the
Paperwork Reduction Act of 1980,
OMB approves the need to collect the
data and protects industry from unwar-
ranted Government paperwork.

The Bureau publishes a “Survey
Forms Catalog,” which describes the
content of each form. Copies of the
catalog may be obtained by contacting
the Office of Statistical Standards, U.S.
Bureau of Mines, 2401 E Street, N.W.,
Mail Stop 9701, Washington, DC
20241.

Survey Processing

Approximately 26,000 establish-
ments yield more than 53,000 responses
to 169 surveys annually. Each com-
pleted survey form returned to the Bu-
reau undergoes extensive scrutiny to
ensure the highest possible accuracy of
the mineral data. The statistical staff
investigates all surveys to certify that no
error is introduced by reporting in units
other than those specified on the survey
form. Relationships between related
measures, such as produced crude ore
and marketable crude ore, are analyzed
for consistency. Internal numerical re-
lationships of column and row totals
are validated, 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 certify that data are com-
plete and correct before entering into
the computer. The computer is pro-
grammed to conduct a series of auto-
mated checks to verify mathematical
consistency and to identify discrepan-
cies between the data reported and log-
ically acceptable responses.

The Bureau of Mines is modernizing
and automating all of its survey proc-
essing and data dissemination meth-
ods. Automation of the commodity
data systems supports the processing of
individual surveys and the preparation
of statistical tables for publication. A
central data base includes the minerals
data gathered through surveys and per-
tinent data accumulated from other
sources. The data base allows Bureau
personnel to retrieve the data required
for analysis of mineral problems and
for answering specific user questions.

Survey Responses.—To enable the
reader to better understand the basis on
which the statistics are calculated, each
commodity chapter of the “Minerals
Yearbook” includes a section entitled
“Domestic Data Coverage.” This sec-
tion briefly describes the data sources,
the number of establishments surveyed,
the response percentage, and the
method of estimating the production or
consumption for nonrespondents.

To produce reliable aggregated data,
the Bureau employs efficient proce-
dures for handling instances of nonre-
sponse. 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. These followup
calls provide the necessary data to com-
plete the survey forms, to verify ques-
tionable entries, and to encourage non-
respondents to either complete and
return survey forms or to provide the
information orally. Periodic visits to
important minerals establishments are
also made by Bureau commodity spe-
cialists or State Mineral Officers in
order to gather missing data and indi-
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FIGURE 1
A TYPICAL SURVEY FORM
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cate the importance of the establish-
ment’s reports in producing accurate
National, State, and county statistics.
By describing the use of these statistics
and showing the impact of nonre-
sponse, 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 min-
imum reporting level of 75% of the
quantity produced or consumed (de-
pending on the survey) for certain key
statistics. Response rates are periodi-
cally reviewed. For those surveys not
meeting the minimum reporting level,
procedures are developed and imple-
mented to improve response rates.

Estimation for Nonresponse.—When
efforts to obtain a response to a survey
fail, it becomes necessary to employ esti-
mation or imputation techniques to ac-
count for the missing data. These tech-
niques prove to be most effective when
the response rate is relatively high. Some
of the estimation methods depend upon
knowledge of prior establishment report-
ing, while other techniques rely on exter-
nal information to estimate the missing
data. Survey forms received after pub-
lication cutoff dates are edited and
necessary imputations are made for
missing data. The data base is updated,
and these revisions are reflected in later
publications.

Protection of Proprietary Data.—
The Bureau of Mines relies on the coop-
eration of the U. S. minerals industry to
provide the mineral data that are pre-
sented in this and other Bureau publica-
tions. Without a strong response to sur-
vey requests, the Bureau would not be
able to present reliable statistics. The
Bureau in turn respects the proprietary
nature of the data received from the
individual companies and establish-
ments. To insure that proprietary rights
will not be violated, the Bureau analyzes
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each of the aggregated statistics to deter-
mine if the statistics of an individual
establishment can be deduced from the
aggregated statistics. For example, if
there are only two significant producers
of a commodity in a given State, the
Bureau will not publish that total be-
cause either producer could readily esti-
mate the production of the other. It is
this obligation to protect proprietary in-
formation that results in the “Withheld”
or “W” entries in the “Minerals Year-
book” tables. However, if a company
gives permission in writing, the Bureau
may release data otherwise withheld be-
cause of proprietary considerations as
long as the data from other producers in
an aggregated cell are protected from
disclosure.

International Data

Each commodity chapter in Volume
I of the “Minerals Yearbook” contains
a “World Review” section that usually
includes a world production table.
These tables are prepared by country
specialists in the Bureau of Mines Di-
vision of International Minerals. The
data are gathered from various sources,
including published reports of foreign
government mineral and statistical
agencies, international organizations,
the US. Department of State, the
United Nations, the Organization of
Petroleum Exporting Countries, and
personal contact by specialists traveling
abroad. Each February an annual
“Minerals Questionnaire” is sent
through the Department of State to
more than 130 U.S. Embassies asking
them to provide by May estimates of
mineral production for the host coun-
try for the preceding year. Missing data
are estimated by Bureau country spe-
cialists based upon historical trends
and specialists’ knowledge of current
production capabilities in each country.

Publications

The “Minerals Yearbook” provides
the definitive historical record for min-
eral statistics used by Government and
industry in assessing U.S. mineral sup-

ply and the characteristics of U.S. min-
eral demand. Also, it provides world-
wide information on the production
and consumption of minerals in foreign
countries. Beginning with the 1988 edi-
tion, the “Minerals Yearbook” format
has been enlarged to an 8.5” x 11” size
with each chapter published as an indi-
vidual report.

Volume I of the “Minerals Year-
book” provides annual data on nonfuel
mineral commodities in an authorita-
tive and complete reference source.

Volume II of the “Minerals Year-
book” contains information organized
by State.

Volume III of the “Minerals Year-
book” contains information organized
by country and regions. It includes the
mineral supply and trade position of
each country, details on mineral devel-
opment and foreign investment poli-
cies, structure of the mining industry,
infrastructure, and industry outlook.

“Mineral Facts and Problems,” last
published in 1985, is a one-volume
reference source containing worldwide
production information and demand
forecasts for all nonfuel minerals. Each
commodity chapter covers the structure
of the industry, uses of the commodity,
reserves and resources, technology,
supply-demand relationships, byprod-
ucts and coproducts, strategic consid-
erations, economic and operating fac-
tors, and forecasts. Each chapter also
compares the United States and world
reserves with cumulative demands to
appraise the adequacy of world mineral
supplies. “Mineral Facts and Prob-
lems” is particularly useful in educat-
ing new people in the industry and in
familiarizing people with a new com-
modity. Its commodity forecasts pro-
vide unique insight into future develop-
ments for each commodity.

“Mineral Industry Surveys” provide
periodic data designed to give timely
statistical information on production,
distribution, stocks, and consumption
of significant mineral commodities.
These reports are issued monthly for 22
commodities and quarterly for 11 com-
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modities. Annual surveys are issued
periodically throughout the year as in-
formation becomes available. Elec-
tronic publication has been initiated for
several commodities on an experimen-
tal basis to enhance timeliness.

“Mineral Commodity Summaries,” an
up-to-date summary of about 85 nonfuel
mineral commodities, is the earliest Gov-
ernment publication to furnish estimates
covering the previous year’s nonfuel min-
eral industry data. It contains informa-
tion on the domestic industry structure,
Government programs, tariffs, and 5-
year salient statistics.

“State Mineral Summaries” combine
the preliminary annual area reports
into a single volume and is a compan-
ion publication to “Mineral Commod-
ity Summaries.” These summaries have
been prepared in cooperation with
State geological surveys or related agen-
cies. Individual State summaries are
published separately as State Mineral
Industry Surveys each February for the
preceding year. Copies can be obtained
from the appropriate State Activities
field office.

“Mineral Perspective” is an intermit-
tent series issued to inform the Bu-
reau’s audience of developments in the
mineral industries and markets of a
foreign country or region of the world.
Recent publications in this series in-
clude country-by-country reviews of
Latin America, the Far East, and South
Asia. '

“Minerals and Materials/A Bi-
monthly Survey” is being replaced by a
new publication called ‘“Minerals
Today” that will continue to provide
timely information on mineral com-
modities in terms of major economic

variables—consumption, production,
imports, exports, inventories, and
pricess—and on other current issues
such as the environment and land use.

“Information Circulars” are prima-
rily concerned with Bureau economic
reviews and interpretative analyses. The
series also includes surveys of mining
and operating activities, guides to mar-
keting of mineral commodities, and
compilations of historical or statistical
and economic data of minerals.

To purchase Volumes I, II, and III of
the “Minerals Yearbook,” “Mineral
Facts and Problems,” and “Minerals
Today” contact the Superintendent of
Documents, U.S. Government Printing
Office, Washington, DC 20402. For free
publications of individual chapters of the
“Minerals Yearbook,” the “Mineral In-
dustry Surveys,” the “Mineral Commod-
ity Summaries,” the “State Mineral Sum-
maries,” the “Mineral Perspective,” and
“Information Circulars” contact Publi-
cations Distribution, Bureau of Mines,
Cochrans Mill Road, P.O. Box 18070,
Pittsburgh, PA 15236.

STATISTICAL SUMMARY

This chapter 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 princi-
pal nonfuel mineral commodities ex-
ported from and imported into the
United States and that compare world
and U.S. mineral production. The de-
tailed data from which these tables were
derived are contained in the individual

commodity chapters of Volume I and in
the State chapters of Volume II of this
edition of the Minerals Yearbook.

Although crude mineral production
may be measured at any of several
stages of extraction and processing, the
stage of measurement used in this chap-
ter 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 in-
cludes the output from auxiliary proc-
essing at or near the mines.

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

The weight or volume units shown
are those customarily used in the par-
ticular industries producing the com-
modities. Values shown are in current
dollars, with no adjustments made to
compensate for changes in the purchas-
ing power of the dollar.

1 Operations Research Analyst, Office of Statistical
Standards, author of “Survey Methods.”

2Mineral data assistant, Section of Ferrous Metal
Data. The author was assisted in the preparation of the
«“Statistical Summary” by Barbara M. Carrico, Chief,
Section of Nonferrous Metals Data; Sarah P. Guerrino,
Chief, Section of Ferrous Metals Data; Barbara E.
Gunn, Chief, Section of Industrial Minerals Data;
William L. Zajac, Chief, Branch of Geographic Data.
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TABLE 1

NONFUEL MINERAL PRODUCTION' IN THE UNITED STATES

1986 1987 1988
Mineral
Quantity (tho\?sI::ds) Quantity (tht:ﬁas::ﬁds) Quantity (tho\(xas':ﬁds)
METALS
Bauxite metric tons, dried equivalent 510,074 $10,361 575,574 '$10,916 587,889 $10,566
Beryllium concentrates short tons w w w W 5,851 6
Copper (recoverable content of ores, etc.) metric tons 1,147,277 1,670,660 1,243,638 2,261,833 1,419,645 3,771,570
Gold (recoverable content of ores, etc.) troy ounces 3,739,015 1,376,855 4,947,040 2,216,027 6,459,539 2,831,281
Iron ore (includes byproduct
material) 2 thousand metric tons 41,991 1,472,511 47,983 1,503,087 57,113 1,716,661
Iron oxide pigments, crude short tons 40,987 2,908 42,773 3,598 43,774 3,815
Lead (recoverable content of ores, etc.) metric tons 339,793 165,150 311,381 246,720 384,983 315,222
Magnesium metal short tons 138,493 © 423,788 137,123 381,914 156,509 469,767
Manganiferous ore (5% to
35% Mn) short tons, gross weight 14,320 w ‘W W W w
Molybdenum (content of ore and
concentrate) thousand pounds 95,006 240,484 69,868 179,286 99,738 266,899
Nickel (content of ore and concentrate) short tons 1,175 w — — — —
Silver (recoverable content of ores, etc.) troy ounces 34,523,896 188,846 "39,896,541 279,675 53,415,677 349,339
Tungsten (content of ore and concentrate) metric tons 817 5,774 w w w w
Zinc (recoverable content of ores, etc.) do. 202,983 170,050 216,327 199,924 244,314 324,249
Combined value of antimony (1986), mercury,
platinum-group metals (1987-88), rare-earth metal
concentrates, tin, titanium concentrates (imenite and rutile),
vanadium, zircon concentrates, and values indicated
by symbol W XX 96,394 XX 139,596 XX 159,409
Total® XX 5,824,000 XX 77,423,000 XX 10,219,000
INDUSTRIAL MINERALS (EXCEPT FUELS)
Abrasives* short tons W w 12,773 957 14,675 1,183
Asbestos metric tons 51,437 17,367 50,600 17,198 w w
Barite thousand short tons 297 12,326 448 15,810 445 15,512
Boron minerals do. 1,251 426,086 1,385 475,092 1,267 429,667
Bromine® thousand pounds 310,000 93,000 335,000 107,000 360,000 144,000
Cement:
Masonry thousand short tons 3,525 231,551 3,680 259,926 3,574 243,941
Portland do. 75,181 3,759,942 74,868 3,646,561 74,074 3,575,906
Clays short tons 44,619,581 1,095,179 47,657,286 1,202,284 49,069,375 1,400,820
Diatomite thousand short tons 628 128,362 658 134,239 693 143,774
Emery short tons 2,878 w 1,945 w w w
Feldspar do. 735,000 26,100 720,000 26,100 715,484 28,082
Fluorspar do. €78,000 w 68,839 11,725 w w
Garnet (abrasive) do. 32,296 2,603 42,277 4,350 46,855 4,707
Gem stones NA 9,247 NA 21,389 NA 43,508
Gypsum thousand short tons 15,403 99,570 15,612 106,977 16,390 109,205
See footnotes at end of table.
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TABLE 1—Continued

NONFUEL MINERAL PRODUCTION' IN THE UNITED STATES

1986 1987 1988
Mineral . .
Quantity (tht}fslgzds) Quantity (méﬁiliﬁds) Quantity (thc:fsl:relds)
INDUSTRIAL MINERALS (EXCEPT FUELS)—Continued
Helium:
Crude million cubic feet 432 $9,504 730 $16,068 W w
Grade-A do. 1,941 72,788 2,230 82,540 2,574 $95,238
lodine pounds W W w W 2,238,152 W
Lime thousand short tons 14,474 757,867 15,733 786,125 17,293 828,007
Mica (scrap) do. 148 7,108 161 8,201 143 6,793
Peat do. 1,038 23,988 958 21,020 929 19,933
Perlite do. 507 15,646 533 16,494 576 17,652
Phosphate rock metric tons 40,320,000 897,131 40,954,000 793,280 45,389,000 887,809
Potassium salts (K,0 equivalent) thousand metric tons 1,147 152,000 1,485 195,700 1,427 240,300
Pumice thousand short tons 554 5,756 392 4,493 389 4,129
Salt do. 36,663 665,400 36,493 684,170 37,997 680,174
Sand and gravel:
Construction do. 883,000 2,747,200 ©895,200  ©3,002,500 923,400 3,126,000
Industrial do. 27,420 359,300 28,010 364,100 28,480 388,000
Sodium carbonate (natural) do. w W 8,891 593,685 9,632 644,973
Sodium sulfate (natural) do. 396 34,102 382 33,086 398 31,377
Stone: ®
Crushed do. ©1,023,200 °4,255,000 1,200,100 5,248,600 °©1,247,800 ©5,558,000
Dimension short tons €1,163,347 ©173,269 1,183,849 190,153 *©1,189,333 ©196,289
Sulfur, Frasch process thousand metric tons 4,180 508,512 3,610 386,834 4,341 430,814
Talc and pyrophyllite shorttons 1,302,179 31,227 71,281,789 r28,872 1,376,560 29,444
Tripoli do. 117,174 918 114,926 975 110,152 864
Vermiculite do. 317,000 34,400 302,926 33,105 303,544 33,948
Combined value of aplite, asphalt (native, 1986), calcium
chioride (natural), graphite (natural, 1988), kyanite, lithium
minerals, magnesite, magnesium compounds, ¢ marl
(greensand), olivine, pyrites, staurolite, wollastonite, and
values indicated by symbol W XX 994,446 XX 374,832 XX 442,620
Total® XX 17,647,000 XX r18,894,000 XX 19,803,000
Grand total® XX 23,471,000 XX 726,317,000 XX 30,022,000

eEstimated. "Revised. NA Not available. W Withheld to avoid disclosing company proprietary data; value included with “Combined value” figure.

1 Production as measured by mine shipments, sales, or marketable production (including consumption by producers).
2Shipments are not comparable to those of previous years owing to the inclusion of byproduct material in the new series.
3Data may not add to totals shown because of independent rounding.
“ Grindstones, pulpstones, and sharpening stones; excludes mill liners and grinding pebbles.
SExcludes abrasive stone and bituminous limestone and sandstone; all included elsewhere in table.
6 Excludes values that must be concealed to avoid disclosing company proprietary data.

XX Not applicable.
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TABLE 2
NONFUEL MINERALS PRODUCED IN THE UNITED STATES AND PRINCIPAL PRODUCING STATES IN 1988

Principal producing States,

Mineral in order of quantity Other producing States

Abrasives OH, AR, IN, WI.

Antimony (content of ores, etc.) ID.

Aplite VA.

Asbestos CA and VT.

Barite NV, GA, MO, CA TN.

Bauxite AR, AL, GA.

Beryllium concentrate UT.

Boron minerals CA.

Bromine AR and MI.

Calcium chloride (natural) MI, CA, WA.

Cement:

Masonry FL, IN, PA, AL All other States except AK, CT, DE, MA, MN, NV, NH, NJ,
NC, ND, RI, VT, WL.
Portland CA, TX, PA, MI All other States except CT, DE, MA, MN, NH, NJ, NC, ND,

Ri, VT, WL

Clays GA, OH, NC, TX All other States except AK, DE, HI, NH, RI, VT, WL.

Copper (content of ores, etc.) AZ, NM, UT, MT CA, CO, ID, IL, MI, MO, NV, TN.

Diatomite CA, NV, WA, OR AZ.

Emery NY.

Feldspar NC, CT, CA, GA OK, SD.

Fluorspar IL and NV.

Garnet (abrasive) ID, NY, ME.

Gold (content of ores, etc.) NV, CA, SD, UT AZ, AK, CO, ID, MI, MT, NM, OR, SC, WA.

Graphite (natural) MT.

Gypsum OK, IA, MI, TX AR, AZ, CA, CO, IN, KS, LA, MT, NV, NM, NY, OH, SD, UT,
VA, WA, WY.

Helium KS, WY, TX, NM.

lodine OK.

Iron ore (includes byproduct) MN, MI, MO, UT CA, MT, NM, NY, SD, TX.

Iron oxide pigments (crude) Mi, GA, MO, VA,

Kyanite VA.

Lead (content of ores, etc.) MO, ID, CO, MT AZ, IL, NV, NY, NM, TN.

Lime OH, MO, PA, AL All other States except AK, CT, DE, FL, GA, KS, ME, MS,
NH, NJ, NM, NY, NC, RI, SC, VT.

Lithium minerals. NC and NV.

Magnesite NV.

Magnesium compounds MI, CA, UT, FL DE, TX.

Magnesium metal TX, WA, UT.

Manganiferous ore SC.

Marl (greensand) NJ and DE.

Mercury NV, UT, CA.

Mica (scrap) NC, SD, GA, SC CT, NM, PA.

Molybdenum AZ, CO, MT, UT CA.

See footnote at end of table.
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TABLE 2—Continued

NONFUEL MINERALS PRODUCED IN THE UNITED STATES AND PRINCIPAL PRODUCING STATES IN 1988

Principal producing States,

Mineral in order of quantity Other producing States
Olivine NC and WA.
Peat Mi, FL, IN, IL CA, CO, GA, IA, MA, MD, MN, MT, NJ, NC, OH, PA, SC,
WA, WI, WV.
Perlite NM, AZ, CA, ID CO, NV.
Phosphate rock FL, NC, ID, UT MT, TN.
Platinum-group metals MT.
Potassium salts MN, CA, UT.
Pumice OR, NM, ID, CA AZ, HI, KS.
Pyrites (ore and concentrate) AZ.
Rare-earth metal concentrate CA and FL.
Salt LA, TX, NY, OH AL, AZ, CA, KS, MI, NV, NM, ND, OK, UT, WV.
Sand and gravel:
Construction IL, MI, CA, NJ All other States.
Industrial CA, M|, TX, OH All other States except AK, DE, HI, IA, KY, ME, NH, NM,
ND, OR, SD, VT, WY.
Silver (content of ores, etc.) NV, ID, MT, AZ AK, CA, CO, IL, MI, MN, MO, NY, OR, SC, SD, TN, UT.
Sodium carbonate (natural) WY and CA.
Sodium sulfate (natural) CA, TX, UT.
Staurolite FL.
Stone:
Crushed PA, FL, TX, VA All other States except DE.
Dimension IN, GA, VT, NH All other States except AK, DE, FL, HI, KY, LA, MS, NE, NV,
NJ, ND, OR, RI, WV, WY.
Sulfur (Frasch) TX and LA.
Talc and pyrophyllite MT, VT, TX, NY AL, AR, CA, GA, NC, VA, OR.
Tin AK and AZ.
Titanium concentrates FL.
Tripoli IL, OK, AR, PA.
Tungsten (content of ores, etc.) CA.
Vanadium (content of ores, etc.) ID, CO, UT.
Vermiculite (crude) SC, MT, VA.
Wollastonite NY.
Zinc (content of ores, etc.) TN, NY, MO, MT CO, ID, IL, KY.
Zircon concentrate FL, NJ, AL.

1 Grindstones, pulpstones, and sharpening stones; excludes mill liners and grinding pebbles.
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TABLE 3

VALUE OF NONFUEL MINERAL PRODUCTION IN THE UNITED STATES AND PRINCIPAL NONFUEL
MINERALS PRODUCED IN 1988

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

Alabama $459,495 21 1.53 Cement (portland), stone (crushed), lime, sand and gravel
(construction).

Alaska 118,694 40 .40 Gold, sand and gravel (construction), stone (crushed),
cement (portland).

Arizona 2,773,411 1 9.24 Copper, molybdenum, sand and gravel (construction),
cement (portland).

Arkansas 306,789 29 1.02 Bromine, stone (crushed), cement (portland), sand and
gravel (construction).

California 2,708,768 2 9.02 Sand and gravel (construction), cement (portland), boron
minerals, gold.

Colorado 364,005 25 1.21 Molybdenum, gold, sand and gravel (construction), cement
(portland).

Connecticut 118,116 M .39 Stone (crushed), sand and gravel (construction), feldspar,

) sand and gravel (industrial).

Delaware 5,999 50 .02 Magnesium compounds, sand and gravel (construction),
marl (greensand), gem stones.

Florida 1,391,881 6 4.64 Phosphate rock, stone (crushed), cement (portland), sand
and gravel (construction).

Georgia 1,373,825 7 4.58 Clays, stone (crushed), cement (portland), sand and gravel
(construction).

Hawaii 74,932 45 .25 Stone (crushed), cement (portland), sand and gravel
(construction), cement (masonry).

Idaho 290,616 31 .97 Phosphate rock, silver, gold, sand and gravel (construction).

lllinois 587,626 16 1.96 Stone (crushed), cement (portland), sand and gravel
(construction), sand and gravel (industrial).

Indiana 406,389 24 1.35 Stone (crushed), cement (portiand), sand and gravei
(construction), cement (masonry).

lowa 290,256 32 .97 Stone (crushed), cement (portiand), sand and gravel
(construction), gypsum (crude).

Kansas 291,713 30 .97 Cement (portland), stone (crushed), salt, helium (Grade-A).

Kentucky 344,979 28 1.15 Lime, cement (portland), sand and gravel (construction),
clays.

Louisiana 434,536 23 1.45 Sulfur (Frasch), salt, sand and gravel (construction), stone
(crushed).

Maine 67,760 46 .23 Sand and gravel (construction), cement (portland), stone
(dimension), stone (crushed).

Maryland 362,921 26 1.21 Stone (crushed), sand and gravel (construction), cement
(portland), cement (masonry).

Massachusetts 192,238 37 .64 Stone (crushed), sand and gravel (construction), stone
(dimension), lime.

Michigan 1,687,561 4 5.29 Iron ore (includes byproduct material), cement (portiand),
sand and gravel (construction), magnesium compounds.

Minnesota 1,267,499 8 4.22 Iron ore (includes byproduct material), sand and grave!
(construction), stone (crushed), stone (dimension).

Mississippi 103,400 42 .34 Sand and gravel (construction), clays, cement (portiand),
stone (crushed).

Missouri 967,949 12 3.22 Lead, cement (portland), stone (crushed), lime.

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 1988

Value Percent L . .
State (thousands) Rank of US. total Principal minerals, in order of value

Montana $548,161 18 1.83 Copper, gold, platinum-group metals, silver

Nebraska 91,192 43 .30 Cement (portland), sand and gravel (construction), stone
(crushed), lime.

Nevada 1,944,566 3 6.48 Gold, silver, sand and grave! (construction), cement
(portiand).

New Hampshire' 53,060 47 .18 Sand and gravel (construction), stone (dimension), stone
(crushed), clays.

New Jersey 241,832 34 .81 Stone (crushed), sand and gravel (construction), sand and
gravel (industrial), zircon concentrates.

New Mexico 1,018,532 10 3.39 Copper, potassium salts, sand and gravel (construction),
silver.

New York 695,700 15 2.32 Stone (crushed), cement (portland), salt, sand and gravel
(construction). .

North Carolina 529,434 19 1.76 Stone (crushed), phosphate rock, lithium minerals, sand and
gravel (construction).

North Dakota 18,807 48 .06 Sand and gravel (construction), lime, salt, clays.

Ohio 737,252 13 2.46 Stone (crushed), sand and gravel (construction), salt, lime.

Oklahoma 220,137 35 .73 Stone (crushed), cement (portiand), sand and gravel
(construction), sand and gravel (industrial).

Oregon 178,188 38 .59 Stone (crushed), sand and gravel (construction), cement

. (portland), lime.

Pennsylvania 1,042,493 9 3.47 Stone (crushed), cement (portland), sand and gravel
(construction), lime.

Rhode Island’ 17,248 49 .06 Stone (crushed), sand and gravel (construction), sand and
gravel (industrial), gem stones.

South Carolina 357,802 27 1.19 Cement (portland), stone (crushed), clays, gold.

South Dakota 285,719 33 .95 Gold, cement (portland), stone (crushed), sand and gravel
(construction).

Tennessee 585,649 17 1.95 Stone (crushed), zinc, cement (portland), clays.

Texas 1,468,818 5 4.89 Cement (portland), stone (crushed), magnesium metal, sulfur
(Frasch).

Utah 1,014,847 11 3.38 Copper, gold, magnesium metal, sand and gravel
(construction).

Vermont 76,945 44 .26 Stone (dimension), stone (crushed), sand and gravel
(construction), talc and pyrophyllite.

Virginia 494,512 20 1.65 Stone (crushed), sand and gravel (construction), cement
(portland), lime.

Washington 459,334 22 1.53 Magnesium metal, gold, sand and gravel (construction),
stone (crushed).

West Virginia 127,455 39 42 Stone (crushed), cement (portland), sand and gravel
(industrial), sand and gravel (construction).

Wisconsin 204,873 36 .68 Stone (crushed), sand and gravel (construction), lime, sand
and gravel (industrial).

Wyoming 709,812 14 2.36 Sodium carbonate (natural), clays, helium (Grade-A), stone
(crushed).

Undistributed 7,812 — .03

Total? 30,022,000 XX 100.00

XX Not applicable.

1 Partial total, excludes values that must be concealed to avoid disclosing company proprietary data. Concealed values included with “Undistributed” figure.
2Data may not add to totals shown because of independent rounding.
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TABLE 4

VALUE OF NONFUEL MINERAL PRODUCTION PER CAPITA AND PER SQUARE MILE IN 1988, BY STATE

State Area Population Total Per square mile Per capita
(square miles) (thousands) (thousands) Dollars Rank Dollars Rank

Alabama 51,705 4,102 $459,495 8,887 26 112 19
Alaska 591,004 524 118,694 201 50 227 10
Arizona 114,000 3,489 2,773,411 24,328 4 795 3
Arkansas 53,187 2,395 306,789 5,768 32 128 15
California 158,706 28,314 2,708,768 17,068 12 96 25
Colorado 104,091 3,301 364,005 3,497 41 110 20
Connecticut 5,018 3,233 118,116 23,538 6 37 45
Delaware 2,044 660 15,999 2,935 44 9 50
Flordia 58,664 12,335 1,391,881 23,726 5 113 18
Georgia 58,910 6,342 1,373,825 23,321 7 217 1
Hawaii 6,471 1,098 74,932 11,580 20 68 33
Idaho 83,564 1,003 290,616 3,478 42 290 9
lllinois 56,345 11,614 587,626 10,429 23 51 40
Indiana 36,185 5,556 406,389 11,231 22 73 32
lowa 56,275 2,834 290,256 5,158 36 102 22
Kansas 82,277 2,495 291,713 3,545 40 117 17
Kentucky 40,409 3,727 344,979 8,537 27 93 26
Louisiana 47,751 4,408 434,536 9,100 25 99 24
Maine 33,265 1,205 67,760 2,037 46 56 39
Maryland 10,460 4,622 362,921 34,696 1 79 31
Massachusetts 8,284 5,889 192,238 23,206 8 33 46
Michigan 58,527 9,240 1,587,561 27,125 3 172 13
Minnesota 84,402 4,307 1,267,499 15,017 13 294 8
Mississippi 47,689 2,620 103,400 2,168 45 39 43
Missouri 69,697 5,141 967,949 13,888 17 188 12
Montana 147,046 805 548,161 3,728 37 681 4
Nebraska 77,355 1,602 91,192 1,179 48 57 38
Nevada 110,561 1,054 1,944,566 17,588 1 1,845 1
New Hampshire 9,279 1,085 153,060 5,718 33 49 41
New Jersey 7,787 7,721 241,832 31,056 2 31 47
New Mexico 121,593 1,507 1,018,532 8,377 28 676 5
New York 49,107 17,909 695,700 14,167 15 39 44
North Carolina 52,669 6,489 529,434 10,052 24 82 30
North Dakota 70,703 667 18,807 266 49 28 48
Ohio 41,330 10,855 737,252 17,838 10 68 35
Oklahoma 69,956 3,242 220,137 3,147 43 68 36
Oregon 97,073 2,767 178,188 1,836 47 64 37
Pennsylvania 45,308 12,001 1,042,493 23,009 9 87 28
Rhode Island 1,212 993 117,248 14,231 14 17 49
South Carolina 31,113 3,470 357,802 11,500 21 103 21
South Dakota 77,116 713 285,719 3,705 38 401 7
Tennessee 42,144 4,895 585,649 13,896 16 120 16
See footnote at end of table.

SURVEY METHODS AND STATISTICAL SUMMARY OF NONFUEL MINERALS YEARBOOK—1988 11




TABLE 4—Continued

VALUE OF NONFUEL MINERAL PRODUCTION PER CAPITA AND PER SQUARE MILE IN 1988, BY STATE

State Area Population Total Per square mile Per capita
(square miles) (thousands) (thousands) Dollars Rank Dollars Rank

Texas 266,807 16,841 $1,468,818 5,505 34 87 27
Utah 84,899 1,690 1,014,847 11,954 19 601 6
Vermont 9,614 557 76,945 8,003 29 138 14
Virginia 40,767 6,015 494,512 12,130 18 82 29
Washington 68,138 4,648 459,334 6,741 31 99 23
West Virginia 24,231 1,876 127,455 5,260 35 68 34
Wisconsin 56,153 4,855 204,873 3,648 39 42 42
Wyoming 97,809 479 709,812 7,257 30 1,482 2
Undistributed XX XX 7,812 XX XX XX XX

Total? or average 3,618,700 245,190 330,022,000 8,296 XX 122 XX
XX Not applicable.

1 partial total, excludes values that must be concealed to avoid disclosing company proprietary data. Concealed values included with “Undistributed” figure.

2Excludes Washington, DC (which has no mineral production), with an area of 69 square miles and a population of 617,000.
3Data do not add to total shown because of independent rounding.
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TABLE 5

NONFUEL MINERAL PRODUCTION" IN THE UNITED STATES, BY STATE

1986 1987 1988
inere! Quantity (th:uaslzﬁds) Quantity (th;g::ds) Quantity (thc:{:as::zds)
ALABAMA
Cement:
Masonry thousand short tons 267 $18,165 291 $17,626 273 $16,457
Portland do. 3,477 153,629 3,600 160,878 3,524 157,214
Clays? short tons 2,077,427 14,828 2,238,971 16,217 2,516,210 16,039
Gem stones NA 1 NA 7 NA 5
Lime thousand short tons 1,180 50,377 1,232 52,200 1,450 66,576
Sand and gravel:
Construction do. 10,781 30,807 €10,300 ©35,600 11,742 41,417
Industrial do. 433 3,388 580 5,025 871 8,507
Stone:
Crushed do. €24,000 €120,500 30,018 146,247 €29,700 €140,100
Dimension short tons €7,797 ©968 w w w w
Combined value of bauxite, clays (bentonite), salt, talc and
pyrophyliite (1988), zircon concentrates (1988), and values
indicated by symbol W XX 12,553 XX 12,843 XX 13,180
Total XX 405,216 XX 446,643 XX 459,495
ALASKA
Gem stones NA $25 NA $86 NA $50
Gold (recoverable content of ores, etc.) troy ounces 48,271 17,775 86,548 38,769 135,340 59,320
Sand and gravel (construction) thousand short tons 27,762 61,954 €27,200 €73,400 17,200 48,749
Silver (recoverable content of ores, etc.) troy ounces w w 15,812 111 20,589 135
Stone (crushed) thousand short tons €2,000 ©8,500 2,033 8,945 ©1,800 €8,400
Combined value of cement (portland), tin, and value
indicated by symbol W XX 3,226 XX 4,010 XX 2,040
Total XX 91,480 XX 125,321 XX 118,694
ARIZONA
Clays short tons 201,110 $1,366 218,151 $1,905 185,620 $1,590
Copper (recoverable content of ores, etc.) metric tons 789,175 1,149,193 751,073 1,365,994 845,445 2,246,093
Diatomite thousand short tons — — — — 8 1,208
Gem stones NA 2,633 NA 3,000 NA 3,300
Gold (recoverable content of ores, etc.) troy ounces w W 57,592 25,798 146,259 64,106
Gypsum thousand short tons 260 1,820 w w w W
Lime do. 505 21,016 546 21,932 674 29,637
Molybdenum thousand pounds 29,382 75,607 w w w w
Perlite thousand short tons w W 49 1,361 w w
Pumice do. 2 30 1 7 1 7
Sand and gravel:
Construction do. 40,468 140,004 ©38,100 ©141,300 32,399 123,854
Industrial do. w w w w 119 3,045
Silver (recoverable content of ores, etc.) troy ounces 4,506,197 24,649 3,661,277 25,666 4,888,951 31,974
Stone:
Crushed thousand short tons €5,600 €25,100 7,712 33,999 ©7,400 ©33,000
Dimension short tons w w — — w €1
Combined value of cement, lead (1988), pyrites (1987-88),
salt, tin (1988), and values indicated by symbol W XX 118,505 XX 129,398 XX 235,596
Total XX 1,559,823 XX 71,750,360 XX 2,773,411
See footnotes at end of table.
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TABLE 5—Continued

NONFUEL MINERAL PRODUCTION' IN THE UNITED STATES, BY STATE

1986 1987 1988
Mineral . .
Quantity (thc:{JasI:revds) Quantity (thczﬁaslzﬁds) Quantity (thg{Jas::ﬁds)
ARKANSAS
Abrasives® short tons w w w w 1,235 $429
Clays do. 2974,373 28,998 908,394 $8,651 930,863 15,376
Gem stones NA 522 NA 1,800 NA 2,300
Sand and gravel:
Construction thousand short tons 8,571 26,999 €7,200 €23,900 7,722 26,201
Industrial do. 400 3,975 505 5,147 669 6,784
Stone:
Crushed do. ©15,500 ©58,500 15,234 63,847 ©17,100 ©70,100
Dimension short tons €5,145 €305 10,541 629 €10,541 €629
Combined value of bauxite, bromine, ® cement, clays
(fire clay, 1986), gypsum, lime, talc and pyrophyliite,
tripoli, and values indicated by symbol W XX "163,708 XX 160,188 XX 184,970
Total XX 263,007 XX 264,162 XX 306,789
CALIFORNIA
Boron minerals thousand short tons 1,251 $426,086 1,385 $475,092 1,267 $429,667
Cement:
Masonry do. w w w w 8 730
Portland do. 9,490 578,502 9,937 593,859 10,423 601,152
Clays short tons 22,449,136 233,289 2,296,332 33,045 2,221,693 31,620
Gem stones NA 418 NA 3,367 NA 3,365
Gold (recoverable content of ores, etc.) troy ounces 425,617 156,729 602,605 269,937 721,512 316,246
Gypsum thousand short tons 1,378 10,777 1,468 11,719 1,490 11,222
Lime do. 371 24,187 465 25,745 699 30,356
Mercury 76 pound flasks - - W) * w W
Peat thousand short tons w w W w 2 119
Pumice do. 46 1,263 42 1,539 35 1,245
Sand and gravel:
Construction do. 128,407 498,456 €141,600 €561,300 141,946 622,074
Industrial do. 2,364 44,813 2,241 41,472 2,444 42,078
Silver (recoverable content of ores, etc.) troy ounces 155,176 849 121,817 854 481,376 3,148
Stone:
Crushed thousand short tons €38,500 €159,300 44,315 186,504 €49,100 €275,000
Dimension short tons €22,749 ©2,582 33,335 4,554 €42,048 €5,991
Talc and pyrophyllite thousand short tons 64 1,528 W w W W
Combined value of asbestos, barite (1987-88), calcium
chloride (natural), cement (masonry 1987-88), clays (ball
clay, 1986), copper (1986, 1988), diatomite, feldspar, iron
ore (includes byproduct material, 1988), magnesium
compounds, molybdenum, perlite, potassium salts,
rare-earth metal concentrates, salt, sodium carbonate
(natural), sodium sulfate (natural), tungsten ore and
concentrate, wollastonite (1986-87), and values indicated
by symbol W XX 330,638 XX 342,298 XX 334,755
Total XX 2,269,417 XX 2,551,285 XX 2,708,768

See footnotes at end of table.
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TABLE 5—Continued

NONFUEL MINERAL PRODUCTION' IN THE UNITED STATES, BY STATE

1986 1987 1988
Mineral .
Quantity (tho\:xaslgrelds) Quantity (thgﬁaslgﬁds) Quantity (th(Xsas:::ds)
COLORADO
Clays short tons 242,333 $1,523 292,050 $1,763 272,790 $1,890
Copper (recoverable content of ores, etc.) metric tons w w W W 898 2,386
Gem stones NA 100 NA 100 NA 100
Gold (recoverable content of ores, etc.) troy ounces 120,347 44,317 178,795 80,091 164,809 72,237
Sand and gravel (construction) thousand short tons 23,233 70,095 €22,800 €84,300 21,566 69,882
Silver (recoverable content of ores, etc.) troy ounces 644,574 3,526 860,562 6,033 854,413 5,588
Stone:
Crushed thousand short tons ©8,000 ©30,700 8,045 33,465 €10,600 ©42,400
Dimension short tons ©3,600 €255 3,000 133 €3,450 €143
Combined value of cement, gypsum, lead, lime,
molybdenum, peat, perlite, pyrites (1987), sand and gravel
(industrial), tungsten ore and concentrate (1986), vanadium,
zinc, and values indicated by symbol W XX 219,492 XX 167,104 XX 169,379
Total XX 370,008 XX 372,989 XX 364,005
CONNECTICUT
Clays short tons 156,680 $975 w w W w
Gem stones NA 2 NA $2 NA $2
Sand and gravel (construction) thousand short tons 7,254 25,984 €8,400 €37,000 8,275 32,102
Stone:
Crushed do. €7,700 ©45,800 11,412 76,668 ©11,400 €76,900
Dimension short tons ©24,425 ©1,653 18,140 1,646 ©19,718 ©1,914
Combined value of feldspar, mica (scrap), sand and gravel
(industrial), and values indicated by symbol W XX 6,040 XX 6,959 XX 7,198
Total XX 80,454 XX 122,275 XX 118,116
DELAWARE
Gem stones NA $1 NA $1 NA $1
Marl (greensand) short tons 1,068 12 w w 750 10
Sand and gravel (construction) thousand short tons 1,547 4,156 €2,300 ©6,400 1,933 5,988
Total® XX 4,169 XX 6,401 XX 5,999
FLORIDA
Cement:
Masonry thousand short tons 352 $21,269 390 $24,069 411 $25,892
Portland do. 3,189 147,643 3,565 165,944 3,682 168,719
Clays short tons 725,903 43,261 597,187 39,496 591,855 44,423
Peat thousand short tons 365 5,743 363 6,068 266 5,091
Sand and gravel:
Construction do. 28,233 67,898 ©30,000 ©74,900 18,654 53,083
Industrial do. 1,467 14,930 1,884 19,713 636 6,928
Stone (crushed) do. ©69,000 ©288,200 678,992 350,537 ©683,200 ©6374,400
Combined value of gem stones, lime (1986), magnesium
compounds (1988), phosphate rock, rare-earth metal
concentrates, staurolite, stone (crushed marl, 1987-88),
titanium concentrates, (ilmenite and rutile), and zircon
concentrates XX 700,919 XX 665,510 XX 713,345
Total XX 1,289,863 XX 1,346,237 XX 1,391,881
See footnotes at end of table.
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TABLE 5—Continued

NONFUEL MINERAL PRODUCTION" IN THE UNITED STATES, BY STATE

1986 1987 1988
Mineral
Quantity (thc:(lasI::ds) Quantity (thc::las':zds) Quantity (th::;:zds)
GEORGIA
Clays short tons 9,826,662 $669,200 10,454,740 $756,093 11,325,528 $908,771
Gem stones NA 20 NA 20 NA 20
Sand and gravel (construction) thousand short tons 8,126 23,222 €9,000 €26,900 9,526 30,185
Stone:
Crushed do. ©56,700 ©293,100 60,834 318,903 ©57,400 °317,200
Dimension short tons ©198,905 ©20,678 179,207 21,683 ©190,472 ©27,768
Talc and pyrophyllite do. 8,800 61 20,100 286 26,000 260
Combined value of barite, bauxite (1987-88), cement,
feldspar, iron oxide pigments (crude), kyanite (1986), mica
(scrap), peat, sand and gravel (industrial), and values
indicated by symbol W XX 85,174 XX 88,485 XX 89,621
Total XX 1,091,455 XX 1,212,370 XX 1,373,825
HAWAII
Cement:
Masonry thousand short tons 7 $1,078 10 $1,559 10 $1,531
Portland do. 287 24,253 324 26,550 354 28,880
Gem stones NA 25 NA 25 NA w
Lime thousand short tons 3 w 3 W w w
Sand and gravel (construction) do. 605 2,666 €700 €3,500 652 3,173
Stone (crushed) do. ©7,100 €42,100 5,732 41,548 ©5,700 ©41,000
Combined value of other industrial minerals and values
indicated by symbol W XX 290 XX 297 XX 348
Total XX 70,412 XX 73,479 XX 74,932
IDAHO
Clays2 short tons 1,644 w 21,781 $229,835 9,391 W
Copper (recoverable content of ores, etc.) metric tons W W w w 2,269 $6,028
Gem stones NA $305 NA 507 NA 500
Gold (recoverable content of ores, etc.) troy ounces 70,440 25,938 97,773 43,797 103,463 45,349
Lead (recoverable content of ores, etc.) metric tons 9,951 4,836 W w w W
Lime thousand short tons 89 4,729 97 5,149 w w
Phosphate rock metric tons 4,235,000 82,332 3,411,000 47,072 4,706,000 81,011
Sand and gravel:
Construction thousand short tons 5,708 14,830 ©7,200 €28,000 6,914 19,897
Industrial do. W w w w 483 5,089
Silver (recoverable content of ores, etc.) troy ounces 11,206,851 61,301 w W 10,934,631 71,512
Stone (crushed) thousand short tons ©3,700 €12,700 3,852 15,346 €3,400 €13,100
Zinc (recoverable content of ores, etc.) metric tons 351 294 W W w W
Combined value of antimony (1986, 1988), cement, clays
(bentonite, common, fire clay (1986), kaolin), garnet
(abrasive), molybdenum (1986-87), perlite, pumice, stone
(dimension), vanadium, and values indicated by symbol W XX 66,783 XX 129,272 XX 48,130
Total XX 274,048 XX 269,373 XX 290,616

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

1986 1987 1988
Mineral .
° Quantity (thgfs'::ds) Quantity (thov:s!:ﬁds) Quantity (tho\:laslzzds)
ILLINOIS
Cement (portland) thousand short tons 2,118 $83,783 2,119 $86,210 2,307 $101,760
Clays? short tons 282,993 1,092 232,949 977 180,306 704
Gem stones NA 15 NA 15 NA 30
Sand and gravel: )
Construction thousand short tons 27,867 82,523 €28,300 ©93,300 30,098 93,504
Industrial do. 4,039 52,133 4,346 45,547 4,328 56,142
Stone:
Crushed do. ©44,200 ©179,600 52,102 216,212 ©57,900 ©251,200
Dimension short tons €1,750 €107 w W €1,175 €129
Combined value of cement (masonry), clays (fuller’s earth),
copper, fluorspar, lead, lime, peat, silver, tripoli, zinc, and
value indicated by symbol W XX 70,272 XX 74,945 XX 84,157
Total XX 469,525 XX 517,206 XX 587,626
INDIANA
Cement:
Masonry thousand short tons 395 $22,936 422 $32,299 405 $27,442
Portland do. 2,136 92,327 2,320 103,177 2,315 107,179
Clays short tons 743,859 3,044 21,036,669 24,056 1,141,813 4,630
Gem stones NA 1 NA 10 NA 10
Peat thousand short tons 79 W 44 w 54 w
Sand and gravel:
Construction do. 19,642 61,232 ©18,900 ©65,200 25,923 79,985
Industrial do. 193 1,490 230 1,357 362 1,829
Stone:
Crushed do. ° 622,600 °© 76,500 31,067 106,770 ©36,600 ©130,000
Dimension short tons ©190,995 €20,252 183,609 23,115 ©195,444 ©24,956
Combined value of abrasives, clays (fire clay, 1987), gypsum,
lime, stone (crushed marl, 1986), and values indicated
by symbol W XX 27,566 XX 27,881 XX 30,358
Total XX 305,348 XX 363,865 XX 406,389
IOWA
Cement:
Masonry thousand short tons 48 $3,199 w w w w
Portland do. 1,819 86,984 2,139 $104,457 2,029 $98,930
Clays short tons 486,309 1,421 472,788 1,495 445,248 1,588
Gem stones NA 20 NA w NA W
Gypsum thousand short tons 1,826 12,602 1,874 12,887 2,047 13,710
Peat do. 14 381 24 w 14 433
Sand and gravel (construction) do. 14,511 40,418 ©19,000 ©63,800 11,880 36,087
Stone:
Crushed do. €23,400 ©98,000 25,991 110,106 ©29,200 ©128,500
Dimension short tons w w w w W ©588
Combined value of other industrial minerals and values
indicated by symbol W XX 5,707 XX 12,332 XX 10,420
Total XX 248,732 XX 305,077 XX 290,256
See footnotes at end of table.
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TABLE 5—Continued

NONFUEL MINERAL PRODUCTION" IN THE UNITED STATES, BY STATE

1986 1987 1988
Mineral .
Quantity (th::sl:zds) Quantity (th;{z:zds) Quantity (tm:fs':zds)
KANSAS
Cement:
Masonry thousand short tons 51 $3,264 52 $3,150 50 $2,988
Portland do. 1,763 91,110 1,697 81,045 1,569 72,805
Clays short tons 903,448 5,295 2603,680 22,576 2612,597 22,632
Gem stones NA 3 NA 3 NA 3
Salt” thousand short tons 1,656 68,887 1,689 70,148 1,284 55,753
Sand and gravel:
Construction do. 15,609 33,721 ©15,600 ©37,800 10,760 25,329
Industrial do. 132 1,155 127 1,400 w w
Stone:
Crushed do. ©16,600 ©60,300 19,319 69,628 ©17,300 ©72,700
Dimension short tons w w 11,423 445 €6,889 €219
Combined value of clays (bentonite, 1987-88), gypsum,
helium (crude and Grade-A), pumice, salt (brine), and
values indicated by symbol W XX 53,910 XX 53,409 XX 59,284
Total XX 317,645 XX 319,604 XX 291,713
KENTUCKY
Clays2 short tons 721,111 $3,450 1,030,518 $8,821 840,317 $3,217
Gem stones ‘ NA 3 NA 3 NA 3
Sand and gravel (construction) thousand short tons 7,194 16,986 €7,100 €15,200 6,325 15,243
Stone (crushed) do. © 638,400 © 137,000 43,330 173,222 ©50,700 ©207,900
Zinc (recoverable content of ores, etc.) metric tons w w 10 9 w w
Combined value of cement, clays (ball clay, fire clay), lime,
sand and gravel (industrial, 1986-87), stone (crushed
sandstone, 1986), and values indicated by symbol W XX 109,826 XX 98,508 XX 118,616
Total XX 267,265 XX 290,335 XX 344,979
LOUISIANA
Clays short tons 331,982 $7,670 356,904 $9,192 2375,778 2$9,535
Gem stones NA 1 NA 1 NA 3
Salt thousand short tons 11,608 103,611 12,498 108,999 14,274 108,982
Sand and gravel:
Construction do. 14,292 46,134 ©12,200 ©43,600 14,233 52,820
Industrial do. 256 4,225 289 3,997 318 4,786
Stone (crushed)® do. ©5,400 ©25,300 4,390 36,514 €3,700 ©29,200
Sulfur (Frasch) thousand metric tons 1,602 W 1,458 W 1,719 W
Combined value of cement (masonry (1987-88), portland),
gypsum (1987-88), lime, stone (crushed miscellaneous),
and values indicated by symbol W XX 259,857 XX 221,918 XX 229,210
Total XX 446,798 XX 424,221 XX 434,536

See footnotes at end of table.
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TABLE 5—Continued

NONFUEL MINERAL PRODUCTION' IN THE UNITED STATES, BY STATE

1986 1987 1988
Miners! Quantity (thcx:asI::ds) Quantity (th(:ilaslggds) Quantity (Ihov\zauﬁds)
MAINE
Clays short tons 46,000 $90 W W W w
Gem stones NA 200 NA $1,172 NA $150
Sand and gravel (construction) thousand short tons 8,572 22,843 €8,600 €22,100 10,183 33,007
Stone:
Crushed do. ©1,600 ©4,400 2,010 7,532 ©1,400 ©5,300
Dimension short tons w W 7,512 5,924 €7,512 ©5,924
Combined value of cement, garnet (abrasive), peat (1 986),
and values indicated by symbol W XX 25,326 XX 28,729 XX 23,379
Total XX 52,859 XX 65,457 XX 67,760
MARYLAND
Cement (portland) thousand short tons 1,785 $89,799 1,829 $90,020 1,808 $89,083
Clays short tons 2361,729 21,757 383,054 1,940 394,443 2,016
Gem stones NA 5 NA 5 NA 5
Lime thousand short tons 10 546 9 486 6 329
Peat do. W w W w 7 W
Sand and gravel (construction) do. 18,173 86,925 €19,600 €92,900 19,266 85,169
Stone:
Crushed do. ©26,400 ©126,000 30,136 151,579 ©32,700 €167,000
Dimension short tons €20,505 €1,286 22,843 1,516 €20,729 €1,515
Combined value of cement (masonry), clays (ball clay,
1986), sand and gravel (industrial), and values indicated
by symbol W XX 7,027 XX 6,688 XX 7.804
Total XX 313,345 XX 345,134 XX 362,921
MASSACHUSETTS
Clays short tons 139,995 $871 w w w w
Gem stones NA w NA $1 NA $1
Sand and gravel:
Construction thousand short tons 19,200 60,464 €21,800 €75,300 22,168 79,364
Industrial do. 45 739 56 922 W w
Stone:
Crushed do. €10,000 ©50,000 14,907 78,969 ©17,500 €91,900
Dimension short tons ©78,728 ©14,928 76,579 12,747 w w
Combined value of lime, peat, and values indicated
by symbol W XX 7,395 XX 8,583 XX 20,973
Total XX 134,397 XX 176,522 XX 192,238
MICHIGAN
Cement:
Masonry thousand short tons 257 $17,026 263 $23,004 265 $22,915
Portland do. 4,713 216,120 4,755 207,332 5,253 231,141
Clays short tons 1,402,446 5,684 1,333,498 5,338 1,375,816 4,432
Gem stones NA 25 NA 25 NA 25
Gypsum thousand short tons 1,979 11,052 1,977 12,190 1,958 11,630

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

1986 1987 1988
Mineral
Quantity (thc:ﬁg:ids) Quantity (thc:{?slzﬁds) Quantity (thc:/:;:ﬁds)
MICHIGAN—Continued
Iron ore thousand metric tons 11,133 w 12,509 W 14,623 w
Lime thousand short tons 556 $27,257 569 $30,320 714 $36,088
Peat do. 324 6,599 . 281 5,290 342 6,256
Sand and gravel:
Construction do. 42,514 91,886 ©42,800 ©105,300 53,508 138,171
Industrial do. 3,343 29,493 2,792 22,451 3,045 27,150
Stone:
Crushed do. ©27,800 ©83,900 37,909 109,514 ©38,800 ©120,300
Dimension short tons ©5,863 °148 W w W w
Combined value of bromine, ¢ calcium chloride (natural),
copper, gold, iron oxide pigments (crude), magnesium
compounds, salt, silver, and values indicated by symbol w XX 750,393 XX 844,846 XX 989,453
Total XX 1,239,583 XX 1,365,610 XX 1,587,561
MINNESOTA
Gem stones ) NA $5 NA $40 NA $40
Iron ore thousand metric tons 29,241 1,017,261 34,274 1,012,788 40,735 1,134,539
Peat thousand short tons W w 30 W 29 1,027
Sand and gravel (construction) do. 24,055 53,116 €25,200 €67,400 33,769 72,678
Stone:
Crushed do. €8,300 ©26,300 8,995 29,246 ©8,300 ©28,200
Dimension short tons €27,973 €10,507 41,354 12,967 €45,000 ©13,000
Combined value of clays, lime, sand and gravel ’
(industrial), and values indicated by symbol W XX 20,438 XX 20,308 XX 18,015
Total XX 1,127,627 XX 1,142,749 XX 1,267,499
MISSISSIPPI
Clays? short tons 927,716 $13,538 1,123,325 $26,933 1,093,316 $24,564
Gem stones NA 1 NA 1 NA 1
Sand and gravel (construction) thousand short tons 15,080 42,809 €14,700 €47,000 13,314 38,806
Stone (crushed) do. ©1,600 €4,400 1,492 9,621 °1,500 ©9,000
Combined value of cement, clays (ball clay and fuller’s earth,
1986), and sand and gravel (industrial) XX 40,347 XX 26,524 XX 31,029
Total XX 101,095 XX 110,079 XX 103,400
MISSOURI
Barite thousand short tons W w 27 $2,030 26 $1,930
Cement:
Masonry do. 167 $7,816 167 10,027 153 6,310
Portland do. 4,642 179,184 5,110 185,317 4,679 184,755
Clays? short tons 1,320,767 6,650 1,475,837 10,415 1,581,864 12,171
Iron ore . thousand metric tons 816 W 756 W 816 w
Lead (recoverable content of ores, etc.) metric tons 319,900 155,481 W W 353,194 289,194

See footnotes at end of table.
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TABLE 5—Continued

NONFUEL MINERAL PRODUCTION" IN THE UNITED STATES, BY STATE

1986 1987 1988
Minere! Quantity (tm)'fs'ﬁﬁds) Quantity (thg{JasE::ds) Quantity m»‘f,‘!:?;as)
MISSOURI—Continued
Sand and gravel:
Construction thousand short tons 9,746 $24,065 ©10,900 °$30,400 11,217 $32,941
Industrial do. 517 6,230 622 7,786 744 9,876
Silver (recoverable content of ores, etc.) troy ounces 1,459,185 7,982 1,180,584 8,276 1,460,271 9,550
Stone:
Crushed thousand short tons ©51,200 ©170,500 54,910 184,824 ©52,100 ©183,000
Dimension short tons w w 3,212 454 ©3,644 €547
Zinc (recoverable content of ores, etc.) metric tons 37,919 31,767 34,956 32,306 41,322 54,842
Combined value of clays (fuller's earth), copper, gem stones,
iron oxide pigments (crude), lime, and values indicated by
symbol W XX 158,910 XX 391,206 XX 182,833
Total XX 748,585 XX 863,041 XX 967,949
MONTANA
Clays short tons 221,819 $5,882 228,879 2g98 2101,194 2%$1,416
Gem stones NA 480 NA 1,302 NA 1,602
Gold (recoverable content of ores, etc.) troy ounces w w 234,365 104,984 294,976 129,291
Gypsum thousand short tons w w 24 w 27 w
Lead (recoverable content of ores, etc.) metric tons w w W w 8,266 6,768
Sand and gravel (construction) thousand short tons 8,066 19,391 ©6,800 ©18,800 7,984 20,225
Silver (recoverable content of ores, etc.) troy ounces 4,773,264 26,110 5,937,155 "41,619 6,186,074 40,457
Stone (crushed) thousand short tons © 62,200 © 66,200 1,463 3,585 ©1,800 ©4,500
Talc and pyrophyliite short tons w w 356,231 11,334 377,789 11,309
Zinc (recoverable content of ores, etc.) metric tons — — w W 18,935 25,130
Combined value of barite (1987), cement, clays
(fire clay, 1987-88), copper, graphite (natural, 1988), iron
ore, lime, molybdenum, peat, phosphate rock,
platinum-group metals, (1987-88), sand and gravel
(industrial), stone (crushed traprock, 1986, dimension),
vermiculite, zinc, and values indicated by symbol W XX 179,870 XX 186,456 XX 307,463
Total XX 237,933 XX '368,178 XX 548,161
NEBRASKA
Clays short tons 221,153 $668 223,728 $721 237,459 $786
Gem stones NA 10 NA 10 NA 10
Sand and gravel (construction) thousand short tons 9,675 23,912 ©10,300 ©26,300 11,229 28,928
Stone (crushed) do. ©4,000 °17,900 4,316 19,461 ©4,900 ©22,000
Combined value of cement, lime, and sand and gravel
(industrial) XX 51,598 XX 43,256 XX 39,468
Total XX 94,088 XX 89,748 XX 91,192
See footnotes at end of table.
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TABLE 5—Continued

NONFUEL MINERAL PRODUCTION' IN THE UNITED STATES, BY STATE

1986 1987 1988
Mineral .
Quantity (thc:fslgﬁds) Quantity (thgaasigsds) Quantity (thc:{?slgﬁds)
NEVADA
Barite thousand short tons 184 $3,005 308 $4,778 319 $5,053
Clays2 short tons 10,313 584 11,799 810 28,865 2,143
Gem stones NA 213 NA 280 NA 280
Gold (recoverable content of ores, etc.) troy ounces 2,098,980 772,928 2,679,470 1,200,269 3,675,526 1,611,020
Gypsum thousand short tons 1,236 8,221 w w w w
Perlite do. 4 122 w w 5 142
Sand and gravel:
Construction do. 12,197 35,692 €10,600 €30,700 15,729 50,928
Industrial do. 518 W 578 W 602 w
Silver (recoverable content of ores, etc.) troy ounces 6,408,783 35,056 12,186,692 85,429 19,535,223 127,760
Stone (crushed) thousand short tons €1,500 ©7,000 61,264 65,700 © 61,300 € 65,700
Combined value of cement (portland), clays (fuller's earth '
(1986-87), kaolin), copper (1986, 1988), diatomite,
fluorspar, iron ore (1986), lime, lithium minerals, magnesite,
mercury, salt, stone (crushed dolomite, 1987-88), and
values indicated by symbol W XX 114,529 XX "118,825 XX 141,540
Total XX 977,350 XX 71,446,791 XX 1,944,566
NEW HAMPSHIRE
Gem stones NA w NA $310 NA $100
Sand and gravel (construction) thousand short tons 8,418 $26,089 €9,100 ©33,300 9,089 32,614
Stone:
Crushed do. ©1,800 ©5,900 2,479 10,386 €2,400 ©9,800
Dimension short tons ©82,294 ©6,451 67,479 10,684 €73,393 €10,546
Combined value of other industrial minerals
and value indicated by symbol W XX 137 XX ® XX ®
Total XX 38,577 XX 554,680 XX 553,060
NEW JERSEY
Clays short tons 132,524 $2,066 25,985 28140 216,484 2$368
Gem stones NA 3 NA 3 NA 3
Peat thousand short tons W 542 32 614 43 797
Sand and gravel:
Construction do. 13,999 53,746 €15,200 °61,200 18,318 74,183
Industrial do. 2,341 29,878 2,112 27,872 1,860 25,437
Stone (crushed) do. ©15,300 €95,400 617,576 6111,951 © 619300 © 123,500
Combined value of other industrial minerals XX 4,613 XX 12,444 XX 17,544
Total XX 186,248 XX 214,224 XX 241,832
NEW MEXICO
Clays short tons 60,184 $170 51,248 $141 31,476 $83
Copper (recoverable content of ores, etc.) metric tons W W 246,532 448,373 258,660 687,182
Gem stones NA 200 NA 200 NA 200
Gold (recoverable content of ores, etc.) troy ounces 39,856 14,677 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

1986 1987 1988
Minere! Quantity (tho\fslzﬁds) Quantity (thc:tllaslgﬁds) Quantity (mS(i!:ﬁas)
NEW MEXICO—Continued
Lead (recoverable content of ores, etc.) metric tons 10 5 W W w w
Perlite thousand short tons 433 13,727 437 13,611 458 14,294
Potassium salts thousand metric tons 987 132,900 1,323 174,200 1,271 213,800
Pumice thousand short tons 255 2,370 87 991 84 852
Sand and gravel (construction) do. 8,471 25,862 €8,600 €31,000 8,787 31,367
Stone:
Crushed do. ©3,900 €15,300 4,503 15,919 €3,500 €13,900
Dimension short tons €21,615 €378 21,893 626 €21,893 °626
Combined value of cement, gypsum, helium (Grade-A),
iron ore (includes byproduct material), mica (scrap),
molybdenum, pyrites (1987), salt, silver, and values
indicated by symbol W XX 406,723 XX 52,783 XX 56,228
Total XX 612,312 XX '737,844 XX 1,018,532
NEW YORK
Clays short tons 618,968 $3,075 672,635 $3,562 607,786 $3,654
Emery do. 2,878 W 1,945 W W w
Gem stones NA 100 NA 135 NA 200
Peat thousand short tons w W 1 34 w W
Salt . do. 5,071 122,601 4,918 119,962 4,614 127,994
Sand and gravel:
Construction do. 31,172 103,748 ©31,400 ©112,900 33,884 124,341
Industrial do. 59 1,164 58 651 53 625
Stone:
Crushed do. ©40,600 ©196,600 38,103 188,694 €39,900 ©193,500
Dimension short tons ©15,637 €3,002 38,553 5822 . ©30,751 ©4,333
Combined value of cement, garnet (abrasive), gypsum,
iron ore (includes byproduct material, 1988), lead, silver,
talc and pyrophyllite, wollastonite, zinc, and values
indicated by symbol W XX 247,272 XX 218,620 XX 241,053
Total XX 677,562 XX 650,380 XX 695,700
NORTH CAROLINA
Clays short tons 2,657,679 $10,970 3,229,053 $15,282 3,174,766 $16,349
Feldspar do. 526,672 15,568 512,386 15,562 507,986 17,312
Gem stones NA 551 NA 550 NA 688
Gold (recoverable content of ores, etc.) troy ounces 12 4 — — — —
Mica (scrap) thousand short tons 89 4,641 100 5,607 87 4,512
Peat do. 15 w w w 21 w
Sand and gravel:
Construction do. 7,543 23,127 ©8,600 ©30,100 11,076 38,459
Industrial do. 1,464 16,656 1,184 15,329 1,246 15,953
Stone:
Crushed do. ©43,500 ©206,500 48,847 237,181 ©50,500 ©250,000
Dimension short tons ©41,418 °6,633 32,669 5,128 €31,977 ©5,026
Talc and pyrophyliite do. 82,694 1,552 w w w W
Combined value of lithium minerals, olivine, phosphate rock,
and values indicated by symbol W XX 180,528 XX 152,178 XX 181,135
Total XX 466,730 XX 476,917 XX 529,434
See footnotes at end of table.
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TABLE 5—Continued
NONFUEL MINERAL PRODUCTION" IN THE UNITED STATES, BY STATE

1986 1987 1988
Mineral
Quantity (th;{:a;:ﬁds) Quantity (th;{:aslgzds) Quantity (th::sI::ds)
NORTH DAKOTA
Clays short tons w w 50,101 $100 84,787 $147
Gem stones NA $2 NA 2 NA 2
Lime thousand short tons 74 7,359 127 11,912 108 7,094
Sand and gravel (construction) do. 5,135 10,741 ©4,900 ©10,200 3,772 8,079
Combined value of peat, salt, sand and gravel (industrial,
1986-87), stone (crushed miscellaneous), and value
indicated by symbol W XX 2,700 XX 4,097 XX 3,485
Total XX 20,802 XX 26,311 XX 18,807
OHIO
Cement:
Masonry thousand short tons 138 $11,540 139 $11,964 129 $11,140
Portland . do. 1,706 79,383 1,748 83,661 1,424 70,816
Clays short tons 2,832,785 11,515 3,187,270 12,714 3,709,454 14,423
Gem stones NA 10 NA 10 NA 10
Lime thousand short tons 1,648 81,103 1,926 93,108 2,065 87,431
Peat do. 6 w W w w w
Salt do. 4,115 126,757 3,276 104,099 3,795 115,860
Sand and gravel:
Construction do. 36,806 126,747 ©36,400 ©136,900 46,104 156,318
Industrial do. 1,221 21,183 1,249 21,292 1,361 23,441
Stone:
Crushed do. ©39,300 ©147,300 51,590 300,096 ©48,000 ©252,000
Dimension short tons ©35,698 €2,708 47,816 2,427 ©38,300 €3,137
Combined value of abrasives, gypsum, and values
indicated by symbol W XX 1,738 XX 2,510 XX 2,676
Total XX 609,984 XX 768,781 XX 737,252
OKLAHOMA
Cement:
Masonry thousand short tons 50 $3,198 41 $2,436 W w
Portland do. 1,579 69,075 1,415 54,870 1,432 $42,131
Clays short tons 992,702 2,329 797,301 1,783 754,054 1,803
Gem stones NA 2 NA 8 NA 18
Gypsum thousand short tons 1,683 9,855 1,828 13,336 2,173 13,393
lodine pounds w W w w 2,238,152 W
Sand and gravel:
Construction thousand short tons 10,366 24,585 €10,500 ©24,200 9,273 22,654
Industrial do. 1,203 16,454 1,243 17,078 1,268 17,381
Stone:
Crushed do. €30,900 ©102,100 625,155 683,732 ¢ 626,300 ¢ €92 000
Dimension short tons €18,503 €913 8,311 861 €7,746 €785
Combined value of feldspar, lime, pumice (1986), salt,
stone (crushed dolomite, 1987-88), tripoli, and values
indicated by symbol W XX 18,504 XX 24915 XX 29,972
Total XX 247,015 XX 223,219 XX 220,137

See footnotes at end of table.
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TABLE 5—Continued

NONFUEL MINERAL PRODUCTION' IN THE UNITED STATES, BY STATE

1986 1987 1988
Mineral .
Quantity (thovuasl::ds) Quantity (thc:ﬂ:ﬁds) Quantity (thTsI::ds)
OREGON
Clays short tons 203,596 $289 267,824 $986 248,021 $1,049
Gem stones NA 350 NA 350 NA 894
Nickel (content of ores and concentrates) short tons 1,175 W — - — —
Sand and gravel (construction) thousand short tons 13,441 42,597 €13,000 ©42,200 14,880 52,657
Stone (crushed) do. €15,100 ©53,400 20,663 73,902 ©22,200 €77,600
Talc and pyrophyllite short tons 58 M 150 14 w W
Combined value of cement, diatomite, gold, lime,
pumice, silver (1987-88), stone (dimension, 1986, 1988),
and values indicated by symbol W XX 29,755 XX 43,544 XX 45,988
Total XX 126,432 XX 160,996 XX 178,188
PENNSYLVANIA
Cement:
Masonry thousand short tons 391 $26,683 397 $30,464 391 $28,713
Portland do. 6,290 324,187 6,325 334,709 6,309 329,634
Clays? short tons 1,233,791 5,061 1,206,121 4,751 1,375,836 5,843
Gem stones NA 5 NA 5 NA 5
Lime thousand short tons 1,417 81,234 1,574 93,430 1,641 91,214
Peat do. 19 532 18 513 21 736
Sand and gravel:
Construction do. 15,373 68,880 ©14,800 €72,900 19,826 91,966
Industrial do. 688 10,091 w w w w
Stone:
Crushed do. °63,700  °317,100 97,213 458,676  °104,600 ©470,700
Dimension short tons €72,352 €8,100 60,118 10,177 ©59,022 €9,584
Combined value of clays (kaolin), mica (scrap), tripoli
and values indicated by symbol W XX 1,185 XX 10,872 XX 14,098
Total XX 843,058 XX 71,016,497 XX 1,042,493
RHODE ISLAND
Gem stones NA w NA $1 NA $1
Sand and gravel:
Construction thousand short tons 2,269 $8,252 €2,700 ©10,900 1,853 7,847
Industrial do. 22 143 w w w W
Stone (crushed) do. 61,000 65,700 1,228 7,797 ©1,500 ©9,400
Combined value of other industrial minerals and values
indicated by symbol W XX 101 XX ) XX ®
Total XX 14,196 XX 518,698 XX 517,248
See footnotes at end of table.
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TABLE 5—Continued

NONFUEL MINERAL PRODUCTION" IN THE UNITED STATES, BY STATE

1988

1986 1987
Mineral . .
Quantity (th(;/uasI::ds) Quantity (thgf:as!:ﬁds) Quantity (th:uas'::ds)
SOUTH CAROLINA
Cement (portland) thousand short tons 2,306 $109,529 2,567 $117,878 2,633 $118,670
Clays short tons 21,986,253 237,980 22,193,540 238,244 2,058,927 40,541
Gem stones NA 10 NA 10 NA 10
Manganiferous ore short tons 14,320 w ‘W w w w
Sand and gravel:
Construction thousand short tons 7,200 19,783 ©7,500 €19,500 7,529 20,751
Industrial do. 800 14,081 844 15,188 859 15,271
Stone:
Crushed do. ©18,200 €76,700 624,278 €105,387 ©623500 *©©105,800
Dimension short tons €7,550 ©533 2,319 312 °353 °31
Combined value of cement (masonry), clays (fuller’s earth,
1986-87), gold, mica (scrap), peat, silver, stone (crushed
shell, 1987-88), vermiculite, and values indicated by
symbol W XX 37,273 XX 44,806 XX 56,728
Total XX 295,889 XX 341,325 XX 357,802
SOUTH DAKOTA
Cement:
Masonry thousand short tons 4 W 4 w 4 W
Portland do. 635 W 519 w 490 W
Clays? short tons 118,718 $375 w w W w
Gem stones NA 100 NA $100 NA $100
Gold (recoverable content of ores, etc.) troy ounces w W W w 449,514 197,026
Gypsum thousand short tons 31 268 w w W w
Sand and gravel (construction) do. 9,713 19,853 ©9,600 €19,100 7,929 18,681
Silver (recoverable content of ores, etc.) troy ounces w W w w 84,398 5562
Stone:
Crushed thousand short tons ©3,600 €12,600 5,070 18,515 €5,500 €20,600
Dimension short tons ©54,934 ©18,399 50,718 18,209 €43,297 °16,472
Combined value of beryllium concentrates (1986-87), '
clays (bentonite, 1986, common, 1987-88), iron ore (1988),
lime, mica, (scrap), and values indicated by symbol W XX 181,291 XX 206,968 XX 32,288
Total XX 232,886 XX 262,892 XX 285,719
TENNESSEE
Clays? short tons 1,164,290 $25,228 1,260,873 $25,480 1,285,002 $27,696
Phosphate rock metric tons 1,231,000 21,191 W w w W
Sand and gravel:
Construction thousand short tons 7,360 24,592 €7,900 ©28,900 6,836 23,343
Industrial do. 488 5,523 w W w w
Stone:
Crushed do. ©640,700 ©°6175,600 51,406 227,263 ©52,200 ©235,000
Dimension short tons ©5,598 €1,553 3,360 573 ©3,942 €567
Zinc (recoverable content of ores, etc.) metric tons 102,118 85,550 115,699 106,926 119,954 159,201
Combined value of barite, cement, clays (bentonite,
1988, fuller's earth), copper, gem stones, lead (1987-88),
lime, pyrites (1986-87), silver, stone (crushed granite,
1986), and values indicated by symbol W XX 136,610 XX 138,670 XX 139,842
Total XX 475,847 XX 527,812 XX 585,649

See footnotes at end of table.
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TABLE 5—Continued

NONFUEL MINERAL PRODUCTION' IN THE UNITED STATES, BY STATE

1986 1987 1988
Mineral
Quantity (thc:{las:xds) Quantity (thQﬁas'!ﬁds) Quantity (tho\{xas':ﬁds)
TEXAS
Cement:
Masonry thousand short tons 209 $15,790 172 $11,283 136 $10,800
Portland do. 8,883 412,697 7,318 319,996 7,000 292,256
Clays2 short tons 2,514,546 11,724 3,315,424 14,825 2,992,166 17,468
Gem stones NA 297 NA 345 NA 340
Gypsum thousand short tons 2,131 14,982 1,874 14,254 1,943 15,790
Lime do. 1,173 62,670 1,140 59,027 1,192 55,935
Salt do. 8,520 62,996 7,810 60,857 7,802 62,925
Sand and gravel:
Construction do. 59,562 209,855 €48,200 ©178,600 50,370 171,167
Industrial do. 1,302 18,274 1,509 22,843 1,631 26,645
Stone:
Crushed do. ©84,200 °301,500 84,347 276,477 ©82,000 €271,300
Dimension short tons ©49,457 ©15,407 75,426 10,030 ©66,354 ©8,310
Sulfur (Frasch) thousand metric tons 2,506 w 2,152 W 2,622 w
Talc and pyrophyllite short tons 282,744 6,456 255,039 4,380 260,950 4,466
Combined value of asphalt (native, 1986), clays (ball clay,
fuller's earth, 1986-87, kaolin), fluorspar (1986), helium
(crude and Grade-A), iron ore, magnesium compounds,
magnesium metal, sodium sulfate (natural), and values
indicated by symbol W XX 579,340 XX '457,814 XX 531,416
Total XX 1,711,988 XX 1,430,731 XX 1,468,818
UTAH
Beryllium concentrates short tons 6,533 $7 6,062 $6 5,851 $6
Cement (portland) thousand short tons 1,014 58,431 935 50,565 772 39,664
Clays short tons 304,547 2,048 315,154 1,959 340,156 2,469
Gem stones NA 96 NA 105 NA 370
Gypsum thousand short tons 284 2,478 W W W w
Lime do. 232 13,079 562 17,894 365 17,252
Salt do. 1,112 31,830 1,108 34,264 1,006 35,294
Sand and gravel:
Construction do. 16,452 39,763 ©21,000 ©56,700 17,843 49,796
Industrial do. 6 123 6 11 3 60
Stone:
Crushed do. ©4,500 €14,100 7,989 23,606 €7,300 ©20,600
Dimension short tons W W 2,004 93 ©2,004 €93
Vermiculite do. w 153 — — — —
Combined value of asphalt (native, 1986), cement (masonry),
copper, gold, iron ore, magnesium compounds,
magnesium metal, mercury, molybdenum (1987-88),
phosphate rock, potassium salts, silver, sodium sulfate
(natural, 1986, 1988), stone (dimension, 1986), vanadium,
and values indicated by symbol W XX 212,330 XX 514,661 XX 849,243
Total XX 374,438 XX 699,864 XX 1,014,847
See footnotes at end of table.
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TABLE 5—Continued

NONFUEL MINERAL PRODUCTION" IN THE UNITED STATES, BY STATE

1986 1987 1988
Mineral .
Quantity (th(:l:;:ﬁds) Quantity (th::;:ﬁds) Quantity (th(XJaslgzds)
VERMONT
Gem stones NA W NA $10 NA $10
Sand and gravel (construction) thousand short tons 4,834 $11,226 ©4,700 ©10,800 6,047 17,478
Stone:
Crushed do. ©1,600 €7,600 62,159 620,400 e62000 ©©18,000
Dimension short tons ©104,610 ©27,075 103,923 30,074 ©105,000 ©30,500
Combined value of asbestos, stone (crushed granite,
1987-88), talc and pyrophyllite, and value indicated by
symbol W XX 9,310 XX 12,160 XX 10,957
Total XX 55,211 XX '73,444 XX 76,945
VIRGINIA
Clays short tons 899,977 $7,700 21,174,442 2$6,291 21,113,459 2$6,614
Gem stones NA 20 NA 20 NA 20
Lime thousand short tons 624 27,362 699 29,435 741 33,875
Sand and gravel (construction) do. 11,670 46,488 ©12,100 ©43,400 12,551 42,573
Stone:
Crushed do. ©52,000 ©224,700 60,376 295,903 ©66,000 ©326,700
Dimension short tons ©9,542 €3,128 9,077 2,720 ©10,000 ©2,900
Combined value of aplite, cement, clays (fuller’s earth,
1987-88), gypsum, iron oxide pigments (crude), kyanite,
sand and gravel (industrial), talc and pyrophyliite (1987-88),
and vermiculite XX 83,639 XX 83,673 XX 81,830
Total XX 393,037 XX 461,442 XX 494,512
WASHINGTON
Cement:
Masonry thousand short tons 6 $530 W w w W
Portland do. 1,212 59,091 1,282 $63,600 979 $48,233
Clays short tons 252,145 1,560 415,593 2,356 415,487 2,235
Gem stones NA 200 NA 200 NA 200
Peat thousand short tons w w 7 191 5 142
Sand and gravel:
Construction do. 26,342 76,387 €25,300 ©78,900 31,170 94,402
Industrial do. w w 294 5,186 w w
Stone:
Crushed do. €9,000 ©34,100 14,754 49,618 ©13,900 ©48,700
Dimension short tons €1,223 €69 297 42 €697 €60
Combined value of calcium chioride (natural), copper (1987),
diatomite, gold, gypsum, lime, magnesium metal, olivine,
silver, and values indicated by symbol W XX 204,688 XX 238,341 XX 265,362
Total XX 376,625 XX 438,434 XX 459,334
See footnotes at end of table.
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TABLE 5—Continued

NONFUEL MINERAL PRODUCTION" IN THE UNITED STATES, BY STATE

1986 1987 1988
Mineral . Value . Value . Value
Quantity (thousands) Quanm,y (thousands) Quantity (thousands)
WEST VIRGINIA
Clays short tons 214,980 $470 266,037 $565 263,973 $586
Gem stones NA 1 NA 1 NA 1
Sand and gravel (construction) thousand short tons 1,501 5,365 €1,000 €3,200 1,653 6,099
Stone (crushed) do. €9,800 €37,500 12,458 50,947 €11,600 ©47,600
Combined value of cement, lime (1987-88), peat (1987-88),
salt, and sand and gravel (industrial) XX 86,473 XX 89,308 XX 73,169
Total XX 129,809 XX 144,021 XX 127,455
WISCONSIN
Gem stones NA $15 NA $15 NA $15
Lime thousand short tons 350 19,715 393 21,733 452 23,986
Peat do. 9 w 9 r237 11 270
Sand and gravel:
Construction do. 24,913 59,325 €23,900 €57,000 25,048 60,080
Industrial do. 1,194 12,399 1,314 15,168 1,351 15,458
Stone:
Crushed do. €18,700 ©57,600 622,757 671,776 © 628500 ©€98,300
Dimension short tons €22,912 €2,878 36,903 3,697 €49,900 €6,200
Combined value of abrasives, cement (masonry, 1986-87,
portland, 1986-87), stone (crushed traprock, 1987-88),
and value indicated by symbol W XX 12,600 XX 16,846 XX 564
Total XX 164,532 XX '186,472 XX 204,873
WYOMING
Clays short tons 1,761,635 $51,823 22,127,645 2$62,031 22,357,616 2$72,174
Gem stones NA 225 NA 150 NA 150
Lime thousand short tons 25 1,689 29 1,560 26 1,640
Sand and gravel (construction) do. 3,377 10,977 €2,600 ©9,000 3,413 11,351
Stone (crushed) do. © 61,700 © 65,900 3,171 15,049 €2,500 €11,400
Combined value of beryllium concentrates (1986), cement,
clays (common, 1987-88), gypsum, helium (Grade-A),
sodium carbonate (natural), and stone (crushed granite,
1986) XX 484,196 XX 557,265 XX 613,097
Total XX 554,810 XX 645,055 XX 709,812
®Estimated. "Revised. NA Not available. W Withheld to avoid disclosing company proprietary data, value included with “Combined value" figure. XX Not applicable.
! Production as measured by mine shipments, sales, or marketable production (including consumption by producers).
2 Excludes certain clays; kind and value included with “Combined value” figure.
3 Grindstones, pulpstones, and sharpening stones; excludes mill liners and grinding pebbies.
4 Less than 1/2 unit.
5 Partial total, excludes values that must be concealed to avoid disclosing company proprietary data.
5 Excludes certain stones; kind and value included with “Combined value” figure.
7 Excludes salt in brines; value included with “Combined value” figure.
8 Value excluded to avoid disclosing company proprietary data.
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TABLE 6
MINERAL PRODUCTION' IN THE ISLANDS ADMINISTERED BY THE UNITED STATES

1986° 1987 1988
Mineral .
Quantity (thc}lfslgﬁds) Quantity (tm\{z:ﬁds) Quantity (thg/ua;:gds)
American Samoa: Stone (crushed) thousand short tons A $400 w W — —
Guam: Stone (crushed) do. 700 3,300 354 $2,289 — —
Virgin Islands: Stone (crushed) do. 200 1,500 345 2,741 — —

©Estimated. W Withheld to avoid disclosing company proprietary data.
1 Production as measured by mine shipments, sales, or marketable production (including consumption by producers).
2Less than 1/2 unit.

TABLE 7
MINERAL PRODUCTION' IN THE COMMONWEALTH OF PUERTO RICO

1986 1987 1988
Mineral
Quantity (th:uaslgﬁds) Quantity (thgija.%lgﬁds) Quantity (thc:{:as::zds)
Cement (portland) thousand short tons w w 1,296 $106,185 1,397 $113,966
Clays short tons 110,997 $223 148,029 318 163,382 365
Lime thousand short tons 24 3,291 25 3,558 25 3,802
Salt do. 40 880 40 900 40 900
Sand and gravel (industrial) do. 31 624 67 W 31 624
Stone (crushed) do. €5,400 €26,000 8,480 41,299 ©9,350 ©47,400
Total2 XX 31,018 XX 152,260 XX 167,057

€Estimated. W Withheld to avoid disclosing company proprietary data; not included in “Total.” XX Not applicable.
" Production as measured by mine shipments, sales, or marketable production (including consumption by producers).
2Total does not include value of items not available or withheld.
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TABLE 8

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

1987 1988
Miners! Quantity (thcx.!as':relds) Quantity (thﬁzds)
METALS
Aluminum:
Ingots, slabs, crude metric tons 281,816 '$415,013 400,057 $925,572
Scrap do. 368,510 "409,712 486,615 774,277
Plates, sheets, bars, etc. do. 251,572 647,890 334,395 995,767
Castings and forgings do. 6,902 65,504 16,964 111,168
Aluminum sulfate do. 1,857 1,635 3,492 1,982
Other aluminum compounds do. 46,419 40,587 57,931 57,158
Antimony, metal and alloys, crude short tons 876 2,817 688 1,793
Bauxite including bauxite
concentrate thousand metric tons 201 15,230 63 10,451
Beryllium pounds 170,408 5,013 82,889 6,894
Bismuth, metals and alloys do. 83,685 641 323,604 1,213
Cadmium metal metric tons 241 660 613 3,697
Chromium:
Ore and concentrate:
Exports thousand metric tons 1 707 4 1,430
Reexports do. 5 352 1 320
Chromium ferroalloys do. 5 5,730 8 12,503
Cobalt (content) thousand pounds 806 7,007 1,197 10,131
Copper:
Ore, concentrate, éomposition metal, unrefined (copper
content) metric tons 143,087 182,627 248,864 496,257
Scrap do. 108,535 104,920 119,773 164,933
Refined copper and semimanufactures do. 114,721 427,843 197,995 891,910
Other copper manufactures do. 3,723 9,511 2,350 7,861
Ferroalloys not elsewhere listed:
Ferrophosphorous short tons 34,699 4,334 21,363 3,434
Ferroalloys, n.e.c. do. 19,073 14,938 12,871 18,981
Gold:
Ore and base bullion troy ounces 1,657,794 674,658 1,829,432 776,340
Bullion, refined do. 2,288,404 1,304,186 8,723,623 3,882,757
Iron ore thousand metric tons 5,093 198,254 5,286 193,796
Iron and steel:
Pig iron short tons 50,072 4,897 71,454 7.790
Iron and steel products (major):
Steel mill products do. 1,093,982 949,597 2,065,955 1,702,286
Other steel products do. 225,587 482,464 380,741 723,111
Iron and steel scrap: Ferrous scrap including
rerolling materials, ships, boats, other vessels for
scrapping thousand short tons 10,670 996,145 10,470 1,402,833
See footnotes at end of table.
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TABLE 8—Continued
U.S. EXPORTS OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS

1987 1988
Mineral -
Quantity (th::::ﬁds) Quantity am?f‘s':ﬁds)
METALS—Continued
Lead:
Ore and concentrate metric tons 8,764 $3,333 20,902 $10,678
Pigs, bars, cathodes, sheets, etc. do. 10,116 11,945 13,594 15,919
Scrap do. 52,823 15,670 81,910 23,212
Magnesium, metal and alloys, scrap, semimanufactured
forms, n.e.c. short tons 48,702 130,730 54,897 145,312
Manganese:
Ore and concentrate do. 63,270 4,225 67,991 5,496
Ferromanganese do. 2,851 2,144 3,442 2,950
Silicomanganese do. 697 493 7,467 4,975
Metal do. 5,775 9,748 9,859 16,242
Molybdenum:
Ore and concentrate (molybdenum
content) thousand pounds 40,514 98,381 51,807 148,237
Metal and alloys, crude and scrap do. 513 3,504 995 6,686
Wire do. 573 9,043 839 12,984
Semimanufactured forms, n.e.c. do. 282 8,167 451 9,362
Powder do. 2,145 8,866 1,340 5,889
Ferromolybdenum do. 161 605 113 382
Compounds do. 2,696 11,146 8,350 21,828
Nickel: '
Primary (unwrought commercially pure, cathodes,
ferronickel, powder and flakes) short tons 2,507 19,165 2,721 29,146
Wrought (bars, rods, angles, shapes, sections, plates,
sheets, strip; tubes, pipes, blanks, fittings hollow
bar; wire) do. 9,887 87,595 12,741 135,560
Compound catalysts and waste and scrap do. 15,525 34,213 17,594 57,824
Platinum-group metals:
Ore and scrap troy ounces 276,727 84,578 272,835 88,651
Palladium, rhodium, iridium, osmiridium, ruthenium,
osmium (metal and alloys including scrap) do. 341,362 93,626 396,382 97,830
Platinum (metal and alloys) do. 90,208 46,765 256,319 123,541
Rare-earth metals: Ferrocerium and alloys metric tons 82 653 38 341
Selenium kilograms 162,217 1,686 243,096 3,197
Silicon:
Ferrosilicon short tons 15,049 11,647 28,912 25,379
Silicon carbide, crude and in grains
(including reexports) do. 5,254 7,825 3,542 . 4,867
Silver:
Ore, concentrate, waste, sweepings thousand troy ounces 15,853 113,182 17,833 112,057
Bullion, refined do. 11,240 79,123 14,269 94,029
Tantalum:
Ore, metal, other forms thousand pounds 516 18,665 701 25,872
Powder do. 193 16,129 278 23,758

See footnotes at end of table.
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TABLE 8—Continued

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

1987 1988
Mineral Quantity (th cx‘a;:: ds) Quantity (thovl?slzﬁd s)
METALS—Continued
Tin:
Ingots, pigs, bars, etc.: Exports metric tons 1,318 $9,456 1,209 $9,838
Tinplate and terneplate do. 209,526 106,156 297,629 295,002
Titanium:
Ore and concentrate short tons 4,435 1,395 10,326 3,729
Unwrought and scrap metal do. 5,922 12,721 6,922 25,428
Intermediate mill shapes and mill products, n.e.c. do. 4,704 84,737 5,249 105,270
Pigments and oxides do. 133,057 210,185 135,474 234,122
Tungsten (tungsten content):
Ore and concentrate metric tons 2 31 153 1,815
Carbide powder do. 383 9,063 618 15,340
Alloy powder do. 669 13,319 759 17,616
Vanadium:
Pentoxide, etc. thousand pounds 2,922 5,566 2,440 8,604
Ferrovanadium do. 872 4,081 1,258 6,732
Zinc:
Slabs, pigs, or blocks metric tons 1,082 2,114 482 933
Sheets, plates, strips, other forms, n.e.c. do. 1,732 2,337 3,814 4,416
Waste, scrap, dust (zinc content) do. 90,204 49,482 105,953 69,981
Semifabricated forms, n.e.c. do. 7,096 12,534 7,764 12,792
Ore and concentrate do. 16,921 8,304 33,590 19,699
Zirconium:
Ore and concentrate do. 20,054 6,802 21,794 12,339
Oxide do. 1,206 3,948 1,809 5,464
Metals, alloys, other forms do. 1,225 62,892 1,257 62,646
INDUSTRIAL MINERALS
Abrasives (includes reexports):
Industrial diamond, natural or synthetic:
Powder or dust thousand carats 56,792 92,858 74,533 115,430
Other do. 2,542 27,592 2,994 29,342
Diamond grinding wheels do. 493 5,964 537 6,759
Other natural and artificial metallic abrasives and products XX 2124,984 XX 2149,322
Asbestos:
Exports:
Unmanufactured metric tons 59,136 15,818 31,334 8,410
Products XX 178,953 XX 192,846
Reexports:
Unmanufactured metric tons 948 331 210 58
Products XX 1,649 XX 2,012
Barite: Natural barium sulfate short tons 9,083 716 226 353
See footnotes at end of table.
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TABLE 8—Continued
U.S. EXPORTS OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS

1987 1988
Mineral
Quantity (thc:fslgzds) Quantity (th:l.las!:relds)
INDUSTRIAL MINERALS—Continued
Boron:

Boric acid short tons 66,614 $34,180 62,186 $35,301

Sodium borates, refined do. 608,893 243,600 601,857 240,800
Bromine compounds thousand pounds 48,300 18,000 30,700 13,000
Calcium:

Other calcium compounds including precipitated

calcium carbonate short tons 49,978 40,705 18,306 10,703

Chloride do. 34,718 6,657 18,710 5,532

Dicalcium phosphate do. 83,362 53,456 114,496 78,411
Cement: Hydraulic and clinker do. 52,009 9,563 101,000 8,907
Clays:

Kaolin and china clay thousand short tons 2,026 340,475 2,362 334,931

Bentonite do. 539 40,596 626 48,409

Other do. 761 131,897 909 133,226
Diatomite do. 139 33,075 162 39,374
Feldspar, leucite, nepheline syenite short tons 9,634 691 13,712 769
Flourspar do. 2,860 340,315 3,457 381,572
Gem stones (including reexports):

Diamonds thousand carats 2,530 968,100 2,135 1,227,900

Pearls XX 1,860 XX 14,500

Other XX 140,300 XX 175,500
Graphite, natural short tons 12,897 6,218 12,200 5,815
Gypsum:

Crude, crushed, or calcined thousand short tons 127 15,629 271 19,362

Manufactured, wallboard and plaster articles XX 16,432 XX 17,051
Helium million cubic feet 494 18,278 663 24,863
Lime short tons 12,644 2,971 14,908 3,113
Lithium compounds:

Lithium carbonate thousand pounds 12,750 16,751 15,627 21,061

Lithium hydroxide do. 6,930 11,033 8,352 15,069

Other lithium compounds do. 2,688 7,062 3,404 7,291
Magnesium compounds:

Magnesite, dead-burned short tons 14,131 3,240 40,516 9,262
__Magnesite, crude, caustic-calcined, lump or ground do. 22,396 14,167 23,203 13,322
Mica:

Waste, scrap, ground thousand pounds 11,154 1,534 13,870 1,990

Block, film, splittings do. 170 145 138 228

Manufactured, cut or stamped, built-up do. NA 4,748 NA 6,148
Mineral-earth pigments, iron oxide, natural

and synthetic short tons 22,249 31,689 24,213 33,014
Nitrogen compounds (major) thousand short tons 10,901 NA 11,250 NA
Phosphate rock thousand metric tons 8,454 194,691 8,092 206,984
See footnotes at end of table.
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TABLE 8—Continued
U.S. EXPORTS OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS

1987 1988
Mineral ) .
Quantity (thc}ilas::ﬁds) Quantity (mc}ff‘s'iﬁds)
INDUSTRIAL MINERALS—Continued
Phosphatic fertilizers:
Phosphoric acid thousand metric tons 500 $85,912 434 NA
Superphosphates do. 1,160 192,308 917 NA
Diammonium phosphates do. 5,647 890,801 5,954 NA
Elemental phosphorous metric tons 20,302 30,796 18,642 $27,539
Pigments and compounds: Zinc oxide (metal content) do. 265 531 530 822
Potash:
Potassium chloride do. 511,590 NA 400,831 NA
Potassium sulfate do. 230,899 NA 178,498 NA
Quartz crystal:
Cultured thousand pounds 448 6,954 417 7,162
Natural do. 139 708 95 431
Salt:
Crude and refined thousand short tons 541 8,217 884 10,858
Shipments to noncontiguous territories do. NA NA NA NA
Sand and gravel:
Construction:
Sand do. 593 7,610 506 7,476
Gravel do. 544 2,923 459 3,672
Industrial sand do. 758 21,253 1,060 30,843
Sodium compounds:
Sodium carbonate do. 2,224 253,200 2,467 286,945
Sodium sulfate do. 122 10,554 85 8,737
Stone:
Crushed do. 3,320 26,063 3,642 30,413
Dimension do. NA 20,470 NA 32,219
Sulfur, crude thousand metric tons 1,242 139,431 1,223 131,863
Talc, crude and ground thousand short tons 318 21,040 421 29,091
Total XX 13,426,441 XX 19,596,526

"Revised. NA Not available. XX Not applicable.
" Not comparabie to prior years owing to regrouping of nickel forms.
2Silicon carbide (crude and refined) has been deducted and is shown separately elsewhere in this table.
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TABLE 9

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

FUELS
1987 1988
Minere! Quantity (thg{:asigzds) Quantity (thc::JasI::ds)
METALS
Aluminium:
Metal metric tons 1,245,638 '$1,852,304 1,027,246 $2,197,785
Scrap do. 188,667 202,333 200,517 318,015
Plates, sheets, bars, etc. do. 415,211 840,409 392,459 1,028,213
Aluminium oxide (alumina) thousand metric tons 4,068 581,864 4,634 851,851
Antimony:
Ore and concentrate (antimony content) short tons 5,634 5,732 8,867 4,109
Sulfide including needle or liquated do. 102 112 179 432
Metal do. 9,701 18,171 18,303 34,837
Oxide do. 11,325 20,024 12,731 20,164
Arsenic:
White (As,O5 content) metric tons 26,843 16,800 28,056 16,461
Metallic do. 631 3,471 600 2,642
Bauxite, crude thousand metric tons 9,156 NA 9,944 NA
Beryllium ore short tons 2,302 1,944 975 911
Bismuth, metals and alloys (gross weight) pounds 3,484,713 8,769 3,618,727 18,354
Cadmium metal metric tons 2,701 7,818 2,482 31,081
Calcium metal pounds 776,225 1,918 1,464,794 3,024
Cesium compounds and chloride do. 73,892 4,033 49,867 1,583
Chromium:
Ore and concentrate
(Cr,04 content) thousand metric tons 208 r23,775 270 42,317
Ferrochromium (gross weight) do. 295 150,269 422 353,053
Ferrochromium-silicon do. 7 4,920 10 5,461
Metal do. 4 24,096 4 29,656
Cobalt:
Metal thousand pounds 18,612 122,791 14,683 105,547
Oxide (gross weight) do. 795 5,293 743 5,692
Salts and compounds (gross weight) do. 903 2,004 937 2,772
Columbium ore do. 4,581 6,612 3,723 7,561
Copper (copper content):
Ore and concentrate metric tons 2,339 2,013 2,776 7917
Matte do. 6,869 9,339 5,462 10,399
Blister do. 24,084 41,976 98,453 197,621
Refined in ingots, etc. do. 469,159 734,647 331,671 810,495
Scrap do. 33,123 '45,121 37,152 87,124
Ferroalloys not elsewhere listed, including
spiegeleisen short tons 3,940 22,722 4,859 26,792
Gallium kilograms 12,490 4,874 12,160 4,341
Germanium do. 17,498 10,491 19,291 13,539

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
1987 1988
Mineral .
Quantity thousands) Quantity (tho\ﬁ:::ds)
METALS—Continued
Gold:
Ore and base bullion troy ounces 1,420,200 $580,025 1,124,328 $469,417
Bullion, refined do. 2,423,053 1,052,941 1,851,748 799,901
Hafnium short tons 1 180 4 764
Indium thousand troy ounces 1,522 9,796 1,224 13,386
Iron ore (usable) thousand metric tons 16,849 408,783 20,183 484,543
Iron and steel:
_Pig iron short tons 354,712 52,500 652,555 85,730
Iron and steel products (major):
Steel mill products do. 20,350,816 8,567,164 20,774,712 8,932,276
Other products do. 1,020,073 1,143,999 1,219,974 1,585,904
Scrap including tinplate thousand short tons 843 82,016 1,038 133,577
Lead:
Ore, flue dust,matte (lead content) metric tons 873 308 20,606 11,224
Base bullion (lead content) do. 10,827 7,239 4,046 2,743
Pigs and bars (lead content) do. 185,673 123,157 148,604 107,484
Reclaimed scrap, etc. (lead content) do. 6,587 3,128 7,289 3,339
Sheets, pipe, shot do. 2,793 5,301 3,445 3,280
Magnesium:
Metal and scrap short tons 6,832 16,223 8,713 19,330
Alloys (magnesium content) do. 2,921 8,624 4,638 12,702
Sheets, tubing, ribbons, wire, other
forms (magnesium content) do. 2,208 6,117 2,630 7,225
Manganese:
Ore (35% or more contained manganese) do. 340,539 15,079 511,695 29,074
Ferromanganese do. 367,675 113,630 531,281 212,221
Ferrosilicon-manganese (manganese content) do. 124,315 58,461 152,884 91,928
Metal do. 8,925 9,600 11,730 14,946
Mercury:
Compounds pounds 475,015 2,136 658,195 4,194
Metal 76-pound flasks 18,451 3,860 9,558 2,798
Molybdenum:
Ore and concentrate (molybdenum
content) thousand pounds 1,264 3,109 169 349
Waste and scrap NA 2,545 NA 3,276
Metal:
Unwrought (molybdenum content) do. 174 2,308 296 3,752
Wrought (gross weight) do. 158 2,801 119 3,457
Ferromolybdenum (gross weight) do. 3,815 8,042 3,704 8,504
Material in chief value molybdenum
(molybdenum content) do. 5,248 15,497 965 2,863
Compounds (gross weight) do. 6,711 13,407 7,361 15,015
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
1987 1988
Mineral
Quantity (tm:ﬁe::zds) Quantity (thc:?slgzds)
METALS—Continued
Nickel:
Cathodes, pellets, briquets, and shot short tons 113,249 $455,126 112,576 $1,024,106
Plates, bars, etc. do. 5,444 54,861 5,337 62,421
Slurry do. 5,241 24,754 9,067 51,512
Scrap do. 7,567 25,133 9,261 58,037
Powder and flakes do. 11,977 60,406 10,984 100,743
Ferronickel do. 45,398 57,481 44,576 116,990
Oxide do. 2,278 4,277 3,397 26,009
Platinum-group metals:
Unwrought:
Grains and nuggets (platinum) troy ounces 821 368 19,345 8,601
Sponge (platinum) do. 1,124,018 621,321 1,371,704 710,520
Sweepings, waste, scrap do. 624,916 106,920 410,270 84,257
Iridium do. 11,814 4,319 18,288 6,132
Palladium do. 1,529,161 210,670 1,487,740 198,924
Rhodium do. 211,466 249,811 230,331 236,879
Ruthenium do. 84,399 6,269 120,381 7,680
Other platinum-group metals do. 17,620 6,204 4,266 1,732
Semimanufactured:
Platinum do. 45,804 24,840 113,187 62,314
Palladium do. ’151,499 22,312 212,369 27,387
Rhodium do. 829 649 6,261 2,696
Other platinum-group metals do. 4,200 925 2,954 805
Rare-earth metals:
Ferrocerium and other cerium alloys kilograms 94,829 1,294 100,662 1,348
Monazite metric tons 1,121 627 1,924 1,154
Metals including scandium and yttrium kilograms 13,490 1,350 20,087 907
Rhenium:
Metal including scrap pounds 7,436 2,072 6,821 3,161
Ammonium perrhenate (rhenium content) do. 7,225 2,122 5,979 3,414
Selenium and selenium compounds (selenium
content) kilograms 495,862 10,108 474,234 11,140
Silicon:
Metal (over 96% silicon content) short tons 36,930 74,298 62,030 108,717
Ferrosilicon do. 230,658 108,749 230,897 158,176
Silver:
Ore and base bullion thousand troy ounces 2,681 18,019 6,151 35,508
Bullion, refined do. 67,959 460,235 72,662 476,181
Sweepings, waste, doré do. 11,186 76,372 9,825 65,835
Tantalum ore thousand pounds 697 5,186 1,410 15,027
Tellurium (gross weight) kilograms 26,700 808 76,890 2,689

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
1987 , 1988
Mineral Quantity (th o\luaslgﬁ ds) Quantity (th c:,t:‘::fnds) i
METALS—Continued
Thallium pounds 3,138 $89 1,780 $98
Tin:
Concentrate (tin content) metric tons 2,953 9,509 2,837 7,913
Dross, skimmings, scrap, residure, tin alloys, n.s.p.f. do. 2,270 9,241 1,542 6,054
Tinfoil, powder, flitters, etc. XX 1,854 XX 1,013
Tin compounds metric tons 838 5,162 838 5,439
Titanium:
limenite ! short tons 789,585 94,987 913,608 112,378
Rutile do. 218,188 72,113 254,770 93,949
Metal do. 4,521 29,759 7,339 52,288
Ferrotitanium and ferrosilicon-titanium do. 1,425 2,521 1,711 6,180
Pigments do. 192,043 236,945 204,443 291,832
Tungsten ore and concentrate (tungsten
content) metric tons 4,414 23,964 8,045 48,265
Vanadium (vanadium content):
Ferrovanadium thousand pounds 685 3,777 238 2,271
Pentoxide do. 457 2,210 482 2,948
Vanadium-bearing materials do. 4,528 5,903 4,465 7,107
Zinc:
Ore and concentrates (zinc content) metric tons 46,464 12,322 62,966 25,746
Blocks, pigs, slabs do. 705,985 581,221 749,133 833,531
Sheets, etc. do. 960 1,384 4,100 5,395
Fume (zinc content) do. 16 18 100 27
Waste and scrap do. 4,025 1,928 5,727 3,615
Dross and skimmings do. 6,711 3,443 6,246 4,252
Dust, powder, flakes do. 7,001 7,940 7,652 11,958
Manufactured XX 1,570 XX 1,416
Zirconium:
Ore including zirconium sand metric tons 67,917 10,243 76,331 20,004
Metal, scrap, compounds do. 4,233 25,592 4,207 23,286
INDUSTRIAL MINERALS
Abrasives:
Diamond (industrial) thousand carats 48,877 95,535 71,147 130,300
Other XX 329,105 XX 371,407
Asbestos metric tons 93,763 22,022 85,326 21,528
Barite:
Crude and ground thousand short tons 837 29,519 1,263 83,634
Witherite short tons 436 144 1,377 253
Chemicals do. 42,537 22,072 66,360 22,506
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
1987 1988
Mineral
Quantity (tho\(laslzﬁds) Quantity (tht:{aa;::ds)
INDUSTRIAL MINERALS—Continued
Boron:
Boric acid (contained boric oxide) short tons 2,240 $2,899 3,030 $2,020
Colemanite (contained boron oxide) thousand short tons 8 2,763 19 7,790
Ulexite do. 52 20,597 34 7,480
Bromine (contained in compounds) thousand pounds 25,326 19,237 43,358 43,392
Calcium chloride:
Crude short tons 229,964 20,917 221,926 21,216
Other do. 1,282 706 3,530 1,797
Cement: Hydraulic and clinker thousand short tons 17,726 606,588 17,488 616,107
Clays short tons 37,679 9,392 36,208 8,835
Cryolite do. 13,605 7,693 9,735 7,310
Feldspar:
Crude do. 344 4 75 8
Ground and crushed do. 4,455 '442 6,752 657
Fluorspar do. 585,901 48,429 759,646 71,678
Gem stones:
Diamond thousand carats 9,121 3,423,094 10,397 4,305,762
Emeralds do. 2,075 141,575 2,216 174,632
Other XX 524,851 XX 582,949
Graphite, natural short tons 47,768 17,654 59,378 23,238
Gypsum:
Crude, ground, calcined thousand short tons 9,719 59,555 9,681 59,836
Manufactured XX 104,026 XX 98,333
lodine, crude thousand pounds 2,542 17,595 2,771 21,944
Lime:
Hydrated short tons 39,734 3,021 54,419 4,031
Other do. 138,171 7,558 155,497 8,541
Lithium:
Ore do. 18,174 3,987 15,830 3,489
Compounds do. 2,309 6,485 3,595 7,629
Magnesium compounds:
Crude magnesite do. 3,318 733 9,006 1,728
Lump or ground caustic-calcined magnesia do. 42,011 4,575 22,850 2,371
Refractory magnesia, dead-burned, fused magnesite
dead-burned dolomite do. 223,555 43,539 278,008 46,667
Compounds do. 70,746 20,593 104,782 25,881
See footnotes at end of table. N
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TABLE 9—Continued

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

FUELS
1987 1988
Mnere! Quantty (housands) Quantiy (housands)
INDUSTRIAL MINERALS—Continued

Mica:

Waste, scrap, ground thousand pounds 21,142 $3,928 26,732 $5,561

Block, film, splittings do. 2,460 1,230 3,535 2,083

Manufactured, cut or stamped, built-up do. 1,645 5,125 1,657 5,679
Mineral-earth pigments, iron oxide:

Ocher, crude and refined short tons 59 99 371 34

Siennas, crude and refined do. 289 177 99 30

Umber, crude and refined do. 6,123 1,058 4,974 849

Vandyke brown do. 1,576 342 1,633 314

Other natural and refined do. 1,598 769 1,429 906

Synthetic do. 32,679 18,235 34,405 24,996
Nepheline syenite:

Crude do. 3,720 142 2,882 111

Ground, crushed, etc. do. 304,965 11,259 306,962 11,122
Nitrogen compounds (major)

including urea thousand short tons 7,065 582,553 7,904 796,087
Peat:

Fertilizer-grade short tons 500,142 69,076 577,177 73,072

Poultry- and stable-grade do. 14,373 1,890 12,469 1,493
Phosphates, crude and apatite thousand metric tons 464 18,816 673 25,911
Phosphatic fertilizers:

Fertilizer and fertilizer materials do. 55 7,820 27 6,802

Elemental phosphorous do. 4 6,609 249 NA

Other do. 53 8,614 106 16,515
Pigments and salts:

Lead pigments and compounds metric tons 21,213 21,145 19,442 22,291

Zinc pigments and compounds do. 68,672 60,078 88,227 97,454
Potash do. 6,706,200 432,700 6,963,900 622,900
Pumice:

Crude and unmanufactured short tons 17,353 2,414 30,722 4,386

Wholly or partly manufactured do. 1,201 380 2,080 631

Manufactured, n.s.p.f. XX 899 XX 704
Quartz crystal (Brazilian lacas) thousand pounds 146 157 215 180
Salt thousand short tons 5,716 66,936 5,474 77,357
Sand and gravel:

Industrial sand do. 104 1,071 43 1,900

Other sand and gravel do. 283 2,367 351 3,163
Sodium compounds:

Sodium carbonate do. 150 18,334 133 15,999

Sodium sulfate do. 138 10,363 150 11,943
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
1987 1988
Mineral
Quantity (thc)(naslgzds) Quantity (thxxas!::ds)
INDUSTRIAL MINERALS—Continued
Stone:
Crushed thousand short tons 3,595 $12,500 3,244 $14,815
Dimension XX 439,278 XX 517,835
Calcium carbonate fines thousand short tons 263 1,524 358 1,973
Strontium:
Minerals short tons 42,469 3,670 45,462 3,502
Compounds do. 10,004 7,307 14,434 9,313
Sulfur and compounds, sulfur ore and other
forms, n.e.s. thousand metric tons 1,599 152,096 1,996 185,864
Talc, unmanufactured thousand short tons 53 10,348 87,514 12,268
Total® ' XX 28,534,000 XX 33,904,000

"Revised. NA Not available. XX Not applicable.

1Includes titanium slag averaging about 70% TiO,. For details, see “Titanium” chapter.

2Data may not add to totals shown because of independent rounding.
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TABLE 10
COMPARISON OF WORLD AND U.S. PRODUCTION OF SELECTED NONFUEL MINERAL COMMODITIES

(Thousand short tons unless otherwise specified)

1987 1988°
Mineral Worid us.  US-percent g us. US percent
production®  production production production®  production production
METALS, MINE BASIS

Antimony (content of ore and concentrate) short tons 76,112 — — 78,196 w NA
Arsenic trioxide? metric tons 53,696 — — 55,103 — —
Bauxite® thousand metric tons 93,969 576 1 98,859 588 1
Beryl short tons 9,303 6,062 65 9,143 5,858 64
Bismuth thousand pounds 6,372 W NA 6,106 w NA
Chromite thousand metric tons 10,917 — — 11,666 — —
Cobalt (content of ore and concentrate) thousand pounds 100,870 — — 96,781 — —
Columbium-tantalum concentrate (gross weight) do. 49,570 — — 85,834 — —
Copper (content of ore and

concentrate) thousand metric tons 8,328 1,244 15 8,453 1,420 17
Gold (content of ore and

concentrate) thousand troy ounces 53,034 4,947 9 58,454 6,460 1
Iron ore (gross weight) thousand metric tons 888,050 47,568 5 916,574 57,515 6
Lead (content of ore and concentrate) do. 3,429 319 9 3,426 394 12
Manganese ore (gross weight) 26,160 — — 26,303 — —
Mercury thousand 76-pound flasks 172 w NA 167 w NA
Molybdenum (content of ore and

concentrate) thousand pounds 196,537 75,117 38 208,880 94,911 45
Nickel (content of ore and concentrate) 896 — — 920 — —
Platinum-group metals® thousand troy ounces 8,593 w NA 8,668 w NA
Silver (content of ore and concentrate) do. 443,050 39,790 9 443,330 53,416 12
Tin (content of ore and concentrate) metric tons 177,205 w NA 200,798 w NA
Titanium concentrates (gross weight):

limenite 4,274 w NA 4,345 W NA

Rutile 485 w NA 480 w NA
Tungsten (content of ore and concentrate) metric tons 42,174 34 * 43,236 w NA
Vanadium (content of ore and concentrate) short tons 31,315 w NA 33,660 w NA
Zinc (content of ore and concentrate) thousand metric tons 7,242 233 3 6,977 256 4

METALS, SMELTER BASIS

Aluminum (primary) do. 16,378 3,343 20 17,304 3,944 23
Cadmium metric tons 18,996 1,515 8 19,823 1,885 10
Cobalt thousand pounds 59,188 — — 55,696 — —
Copper (primary and secondary)®  thousand metric tons 8,914 1,249 14 9,023 1,363 15
Iron, pig 566,520 48,308 9 593,949 55,745 9
Lead (primary and secondary)® thousand metric tons 5,687 1,084 19 5,716 1,129 20
Magnesium (primary) 361 137 38 372 157 42
Nickel” 840 — — 889 — —
Selenium?® kilograms 1,228,632 w NA 1,502,671 285,600 19
Steel, raw 808,198 89,151 11 856,973 99,924 12
Tellurium® kilograms 73,762 w NA 63,681 w NA
Tin metric tons 187,373 93,927 2 204,340 1,467 1
Zinc (primary and secondary) thousand metric tons 7014 344 5 7,109 330 5
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

(Thousand short tons unless otherwise specified)

1987 1988°
Mineral World us.  US perent  worg us. S percent
production’  production production production’  production production
INDUSTRIAL MINERALS
Asbestos thousand metric tons 4,256 51 1 4,361 18 *
Barite 5,197 10448 9 5,844 10445 8
Boron minerals 2,975 1,385 47 3,043 1,267 42
Bromine thousand pounds 857,530 10335,000 39 892,230 10360,000 40
Cement, hydraulic 1,151,060 179,501 7 1,212,724 178,252 6
Clays:
Bentonite? 9,734 102 806 29 10,016 103,165 32
Fuller's earth® 2,658 102 057 77 2,832 102,175 77
Kaolin2 26,455 108,827 33 28,365 109 891 35
Diamond, natural thousand carats 87,615 — — 93,999 — —
Diatomite 2,003 658 33 2,036 693 34
Feldspar 4,705 720 15 4,728 715 15
Fluorspar ’ 5,461 70 1 5,709 70 1
Graphite short tons 728,904 — — 741,220 — —
Gypsum 99,634 15,612 16 104,923 16,390 16
lodine, crude thousand pounds 27,748 w NA 32,222 2,200 7
Lime 124,776 '° 115,758 13 131,212 191117318 13
Magnesite, crude 13,370 w NA 13,358 w NA
Mica (including scrap and ground) thousand pounds 637,984 321,100 50 595,960 286,400 48
Nitrogen: N content of ammonia 103,944 13,230 13 109,022 13,930 13
Peat 207,779 955 * 207,597 900 *
Perlite 1,927 10533 28 2,037 10576 28
Phosphate rock (gross weight) thousand metric tons 144,228 40,954 28 163,673 45,389 28
Potash (K,O equivalent) do. 30,470 1,262 4 31,429 1,521 5
Pumice® 11,888 10392 3 11,945 10389 3
Salt 196,956 '° 136,532 19 202,905 '© 138,037 19
Sodium compounds, n.e.s. (natural and manufactured):
Carbonate 33,330 8,891 27 34,258 9,632 28
Sulfate 5,101 814 16 5,080 788 16
Strontium® short tons 199,993 — - 211,185 — -
Sulfur, all forms thousand metric tons 56,940 10,538 19 58,396 10,746 18
Talc and pyrophyllite 8,435 1,349 16 8,432 1,377 16
Vermiculite® 598 10303 51 596 10304 51

PPreliminary. NA Not available. W Withheld to avoid disclosing company proprietary data; not included in world total.

1 The reporting of world production of natural corundum was dropped from the 1987 edition of the Minerals Yearbook, therefore, corundum no longer appears in this table. 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.

2World total does not include an estimate for China.

3U.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 egiuivalent basis, but for some
countries available data are insufficient to permit this adjustment.

*Less than 0.5%.

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

Sincludes bullion.

7Refined nickel plus nickel content of ferronickel and nickel oxide.

8World total does not include estimates for output in the U.S.S.R. or China.

9ncludes tin content of alloys made directly from ore.

19 Quantity sold or used by producers.

" Includes Puerto Rico.
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THE MINERAL INDUSTRY OF ALABAMA

This chapter has been prepared under a Memorandum of Understanding between the Bureau of Mines, U.S. Department
of the Interior, and the Geological Survey of Alabama for collecting information on all nonfuel minerals.

n 1988, Alabama’s nonfuel min-

eral output was valued at a record

$459 million, exceeding the previ-

ous record set in 1987 by $12
million. Production increased for clays,
sand and gravel, and lime, but de-
creased for cement and crushed stone.
Many of Alabama’s nonfuel mineral
commodities—common clay, cement,
sand and gravel, and stone—were used
by the construction industry. Construc-
tion activity remained strong during the
year.

Alabama ranked 21st nationally in
total nonfuel mineral production. The
State’s mineral producers ranked in
the top 10 in the production of several
mineral commodities: bauxite (second),
bentonite (third), fire clay (third),
masonry cement (fourth), and lime
(fifth).

By Doss H. White, Jr.}

TRENDS AND
DEVELOPMENTS

During the 1980’s, the three leading
mineral commodities, in terms of ton-
nage, have been crushed stone, con-
struction sand and gravel, and portland
cement. These three commodities were
the principal raw materials of Ala-
bama’s construction industry, and the
strength of this mineral industry sector
was reflected favorably in the State’s
economy over the 8-year period.

One trend has been a significant in-
crease in foreign ownership of Ala-
bama’s mineral producers. Foreign own-
ership was almost nonexistent in the mid-
1970’s, but, by 1988, foreign concerns
had purchased five cement plants, three
clay plants, two stone operations, one alu-
minum plant, one concrete company, and

TABLE 1

one precious metals recovery operation.”

Developments during 1988 reflected
the growth of the State’s industrial min-
erals sector. The Geological Survey of
Alabama reported 3 new and 11 expand-
ing industrial minerals operations. The
total capital investment for these 14 firms
was $26.6 million. The cement-concrete
sector, a major user of crushed stone and
sand, had 1 new operation and 12 ex-
panded operations with a total invest-
ment of $26.9 million. The primary met-
als industry had 2 new operations and 51
expansions with a capital investment of
$284.8 million.?

For 1988, the Alabama Geological
Survey estimated the value of oil produc-
tion at $124.8 million, condensate at
$145.6 million, natural gas at $196.9
million, and coal at $1,076.2 million.

The Port of Mobile handled 32.8
million short tons of cargo in 1988, an

NONFUEL MINERAL PRODUCTION IN ALABAMA'

1986 1987 1988
Mineral
Quantity (thc:{.las::ﬁds) Quantity (thc::zzﬁds) Quantity (th(::laslgﬁds)
Cement:
Masonry thousand short tons 267 $18,165 291 $17,626 273 $16,457
Portland do. 3,477 153,629 3,600 160,878 3,524 157,214
Clays? short tons 2,077,427 14,828 2,238,971 16,217 2,616,210 16,039
Gem stones NA 1 NA 7 NA 5
Lime thousand short tons 1,180 50,377 1,232 52,200 1,450 66,576
Sand and gravel:
Construction do. 10,781 30,807 €10,300 €35,600 11,742 41,417
Industrial do. 433 3,388 580 5,025 871 8,507
Stone:
Crushed do. €24,000 €120,500 30,018 146,247 €29,700 ©140,100
Dimension short tons €7,797 €968 w w w w
Combined value of bauxite, clays (bentonite), salt, talc and
‘pyrophyliite (1988), zircon concentrates (1988), and values
indicated by symbol W XX 12,553 XX 12,843 XX 13,180
Total XX 405,216 XX 446,643 XX 459,495
©Estimated. NA Not available. W Withheld to avoid disclosing company proprietary data; value included with “Combined value” figure. XX Not applicable.
T Production as measured by mine shipments, sales, or marketable production (including consumption by producers).
2Excludes certain clays; kind and value included with “Combined value” data.
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increase of 3.4 million tons over that of
1987.* Several mineral commodities pro-
cessed by Alabama and Mississippi in-
dustries were included among the im-
ports. Among these were gypsum,
ilmenite, iron ore, manganese, potash,
rutile, salt, and talc. Minerals exported
were primarily aggregates shipped to
other gulf ports.

EMPLOYMENT

Monthly reports issued by the Ala-
bama Department of Industrial Rela-
tions (Alabama Labor Market News)
noted that the average unemployment
rate for 1988 was 7.1%, down about
12% from that of 1987. The 6.7%
unemployment rate for September was
the lowest in the State in more than 10
years. Many of the mineral-related la-
bor sectors contributed to the decline in
the unemployment rate as the demand
for mineral products escalated. Mining
employment increased nearly 9%, pri-
mary metals employment increased
nearly 14%, and stone, clay, and glass
employment increased nearly 2%. How-
ever, in the construction sector, which
had the most effect on mineral aggre-
gates, employment decreased nearly 3%.

REGULATORY ISSUES

A Livingston, AL, company received
a State permit for a trial burn of haz-
ardous waste as kiln fuel for lightweight
aggregate manufacture. If tests were
successful, waste would be purchased
from four suppliers, including Chemi-
cal Waste Management, Inc., operator of
a hazardous waste landfill at Emelle.’

LEGISLATION AND
GOVERNMENT PROGRAMS

During 1988, no bills were intro-
46

duced that directly affected the State’s
mineral producers.

The Geological Survey of Alabama,
an independent State agency that re-
ported directly to the Legislature and
the Governor, continued projects to
better define the State’s geology and
mineral resources. During the year, the
Survey worked in cooperation with the
U.S. Minerals Management Service to
assess offshore minerals, including sand,
gravel, oyster shell, and heavy minerals.
Work continued on the Piedmont map-
ping program to develop a geologic data
base for Piedmont minerals exploration.
The energy resources program continued
to collect coal samples for analysis and to
estimate coal resources by quadrangle
and county. Water resources programs
continued to collect data on water move-
ment, quality, and use.

The State of Alabama, through the
University of Alabama at Tuscaloosa,
continued construction of a $20 million
Energy and Mineral Research complex.
The 145,000-square-foot complex was
to house the School of Mines and
Energy Development and the research
activities of the Mineral Engineering
and Geology Departments. Physics and
metallurgical engineering research also
was to be conducted at the new facility.
A simulated mine was to be constructed
in the basement of the complex to be
used for mine ventilation studies. The
U.S. Department of Energy funded a
$7.7 million grant for the complex.
Remaining funds were allocated from a
State bond issue, University of Ala-
bama capital campaign funds, and
other Federal and private sources.

The State Lands Division of the De-
partment of Conservation and Natural
Resources managed State-owned lands,
including land leased to private firms
for mineral extraction. The Division
supervised leases on coal, coal gas, oil,
natural gas, and sand and gravel prop-
erties. In fiscal year 1988, the State
received over $57 million from the min-
eral leases.

The U.S. Bureau of Mines funded
$138,000 to the Alabama Mining and

Mineral Resources Institute (MMRI) at
the University of Alabama to support
mineral resource investigations. An ad-
ditional $80,000 contract was negoti-
ated with MMRI to measure the extent
of coalbed gas drainage at a large ver-
tical borehole test facility.

The U.S. Bureau of Mines Research
Center at Tuscaloosa conducted several
studies of interest to the mineral industry
in Alabama and other States. This work
fell into three broad categories: (1) the
recovery of phosphate values from phos-
phate waste, (2) the improvement of fine-
particle recovery during froth flotation
beneficiation, and (3) the development
of new composite ceramic materials with
super strength properties.

REVIEW BY NONFUEL
MINERAL COMMODITIES

Industrial Minerals

Industrial minerals accounted for
more than 99% of the value of Ala-
bama’s nonfuel mineral production.
Fourteen industrial minerals were either
mined or manufactured in 1988.

Cement.—Alabama ranked 7th na-
tionally among the 39 portland cement-
producing States. Portland and ma-
sonry cement sales accounted for more
than 37% of the State’s mineral value.
Cement output, 3.8 million tons valued
at $174 million, decreased below the
level reported in 1987 by 94,000 tons
and $4.7 million, respectively. The de-
crease was due to a slowdown in con-
struction activity in Alabama and sur-
rounding States.

Alabama’s cement industry consisted
of six plants; five used the dry process for
cement manufacture, while the sixth
used the wet process. The six plants,
located in Birmingham, Demopolis, Mo-
bile, and Montevallo, operated eight
kilns. Materials used in clinker manufac-
ture were limestone, chalk, clay, gypsum,
iron ore, sand, and shale.

During 1988, Ideal Basic Industries
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reactivated its $347 million plant in Mo-
bile, opened in 1981 and closed in 1984.
The 1.5-million-ton-annual-capacity plant
was plagued by excessive moisture in lime-
stone shipped from the company’s Ala-
bama mines. A $3.1 million program
modified the raw materials-processing and
fuel-firing sections of the plant. In addi-
tion, the company purchased a quarry in
the Dominican Republic and began work
on a new quarry on Florida’s west coast.
From 1984 to 1988, the facility ground
imported clinker.’ :

Allied Products Co. announced plans
to close its 350,000-short-ton-per-year
wet-kiln plant in Birmingham. Beginning
in 1989, Allied was to purchase cement
from Ideal Basic’s newly restarted plant
in Theodore. Allied’s closure was moti-
vated, in part, by Ideal’s plans to market
cement in north Alabama.?

Clays.—The State ranked 6th among
the 44 clay-producing States. Clay sales
accounted for 3% of Alabama’s non-
fuel mineral value. Alabama’s 23 clay-
producing companies mined bentonite,
common clay, fire clay, and kaolin. The
output of these clays decreased 164,000
tons below the figures reported by the
industry in 1987. Value from clay sales
decreased $77,000 from that reported
in 1987.

Bentonite.—One firm, American Col-
loid Co. in Lowndes County, mined ben-
tonite, a clay with absorbent properties,
at its Sandy’s Ridge Mine. Most of the
output, which decreased below the 1987
level, was sold to the foundry and agri-
cultural industries.

Common Clay and/or Shale.—Com-
mon clay or shale was mined by 16 com-
panies operating 19 mines in 15 counties.
The principal clay-producing counties were
Jefferson, Russell, and Sumter. These three
counties accounted for 49% of the State’s
common clay output. Most of the clay was
processed into brick at plants in the vicinity
of the mines. Other end uses included
concrete block and highway surfacing.

One firm, Livlite Corp., mined clay

ALABAMA MINERALS YEARBOOK—1988

for a 1.2 million-cubic-yard lightweight
aggregate plant at Livingston. In 1988,
the company applied for a permit to
construct an additional coal-fired kiln
adjacent to the present facility. The new
kiln would raise the facility’s annual
capacity to 1.8 million cubic yards.

Fire Clay.—Fire clay, a clay contain-
ing low percentages of iron oxide, lime,
magnesia, and alkalies was mined by
four companies at four mines in Cal-
houn, St. Clair, and Shelby Counties in
the northeast quarter of the State. The
production of fire clay was more than
113,000 short tons valued at $3.4 mil-
lion. Fire clay, which can withstand
temperatures to 1,500° C, was sold to
the refractory industry for the manu-
facture of fire and insulating brick.

. Kaolin.—Barbour and Henry Coun-
ties in southwest Alabama were the
center of the State’s kaolin industry.
Kaolin, a light-colored, clay-like mate-
rial containing the mineral kaolinite,
was marketed for use in the refracto-
ries, heavy clay products, and chemical
materials industries. Output and value
increased over that reported in 1987.

Lime.—Alabama ranked fourth among

the 34 lime-producing States, and the
value of lime sales accounted for approx-
imately 14% of the State’s mineral value.
Lime was produced at four plants in

Shelby County; output increased 218,000
tons over that produced in 1987. All four
lime-mining firms mined a local lime-
stone for kiln feed. Both quicklime and
hydrated lime were produced.

Salt.—Alabama ranked 10th nation-
ally in salt production. One firm, Olin
Corp., produced salt from brine wells
developed in the McIntosh salt dome in
Washington County in the southwest-
ern part of the State. Principal salt
sales were to the paper and pulp, water
purification, and sewage treatment in-
dustries. Production and value de-
creased from that reported for the pre-

vious year.

Sand and Gravel.—The State contin-
ued as a producer of both construction
and industrial sand and gravel. Ala-
bama’s reported output in 1988, 12.6
million tons valued at almost $50 mil-
lion, ranked the State third among the
seven southeastern sand and gravel-
producing States. Sand and gravel sales
accounted for approximately 11% of
Alabama’s mineral value in 1988.

Construction.—Construction sand
and gravel production is surveyed by
the U.S. Bureau of Mines for even-
numbered years only; data for odd-
numbered years are based on annual
company estimates. This chapter con-
tains actual data for 1986 and 1988 and

TABLE 2
ALABAMA: LIME SOLD OR USED BY PRODUCERS, BY USE

1987 1988
Use Quantity Value Quantity Value
(Short tons) (Thousands) (Short tons) (Thousands)
Paper and pulp 365,256 $15,232 473,682 $21,823
Water purification 212,251 8,959 255,990 9,998
Sewage treatment 64,986 2,950 w W
Other 589,255 25,059 720,069 34,755
Total 1,231,748 52,200 1,449,741 66,576

W Withheld to avoid disclosing company proprietary data; included with “Other.”

TIncludes acid water neutralization, agriculture, alkalies, aluminum and bauxite, animal and human food, basic oxygen steel, electric
steel, mason's lime, open hearth steel, ore concentration, other chemical and industrial, other construction, other metallurgy, petroleum
refining, road stabilization, sugar refining, tanning, and use indicated by symbol W.
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estimates for 1987.

Alabama construction sand and
gravel statistics are compiled by geo
graphical districts as depicted in the
centerfold map. Table 3 presents end-

TABLE 3

ALABAMA: CONSTRUCTION SAND AND GRAVEL SOLD OR USED IN

1988, BY MAJOR USE CATEGORY

Quantity

use data for the State’s three districts. Use (thousand Value Value
C 3 d d 1 " (thousands)  per ton
onstruction sand and gravel pro short tons) )

duction in 1988 was 1.4 million short | Concrete aggregates (including concrete sand) 4,123 $11,938 $2.90
tons over the estimate for 1987. The | b qer and gunite sands 170 711 218
“.mrease was primarily due to th.e °°.“‘ Concrete products (blocks, bricks, pipe, decorative, etc.) w w 4.15
tinued demand by the construction in- - —
dustry. In 1988. the ind Asphaltic concrete aggregates and other bituminous

us l;ly n 1933, the industry was com- | - mjxyres 1,203 7,369 6.13
pf)se_ of 48 cqmpames . operating .67 Road base and coverings 493 991 2.01
pits in 25 counties. Leading producing | —

. . Fill 215 299 1.39
counties were Clinton, Macon, and S - | W W 200
Montgomery. Principal end uses re- | Snow and ice contro :
ported to the Bureau of Mines were Ra"m?d ballast 12 35 2.92
concrete aggregate, asphaltic concrete, | Other 247 910 3.68
and fill. Unspecified: 2

Actual 4,249 16,412 3.86
Industrial. —Production  increased Estimated 1,030 2,753 2.67
291,000 short tons over that reported Total or average 11,742 341,417 3.53
by the lndUStry in 1987. FOUl'ldl'leS pur- W Withheld to avoid disclosing individual company proprietary data; included with “Other.”
chased most of the output for mold | !includes roofing granules.
making 2ncludes production reported without a breakdown by end use and estimates for nonrespondents.
° 3Data do not add to total shown because of independent rounding.
Stone.—Stone production is sur-
veyed by the U.S. Bureau of Mines for
odd-numbered years only; data for
even-numbered years are based on an
TABLE 4
ALABAMA: CONSTRUCTION SAND AND GRAVEL SOLD OR USED BY PRODUCERS IN 1988,
BY USE AND DISTRICT
(Thousand short tons and thousand dollars)
Use District 1 District 2 District 3
Quantity Value Quantity Value Quantity Value
Concrete aggregates and concrete products’ 996 2,232 726 2,962 2,631 7,703
Asphaltic concrete aggregates and road base and
coverings? 352 1,974 145 362 1,413 6,323
Snow and ice control w W — — — —
Railroad ballast — — — — 12 35
Other miscellaneous® 2 11 42 131 143 520
Other unspecified* 14 40 1,063 3,286 4,202 15,839
Total® 1,364 4,258 1,976 6,741 8,401 30,419

- W Withheld to avoid disclosing company proprietary data; included with “Other miscellaneous.”

Tincludes sand and gravel for plaster and gunite sands.
2includes sand and gravel for fill
3Includes sand and gravel for roofing granules.

4Includes sand and gravel reported without a breakdown by end use ‘and estimates for nonrespondents.
SData may not add to totals shown because of independent rounding.
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nual company estimates. This chapter
contains estimates for 1986 and 1988
and actual data for 1987.

Crushed.—In 1988, the estimated
value of crushed stone was approxi-
mately 30% of Alabama’s mineral
value. The 1988 estimate, $140 million,
was a $6 million decrease over the value
reported by the State’s stone producers
in 1987. The State’s stone producers
mined and crushed a variety of stone
types; these included chalk, chert, do-
lomite, granite, limestone, marble, and
marl.

The last year for which complete
data were reported for crushed stone
was 1987. Limestone, including chalk
and marl, was the leading stone type
produced that year; 21 companies op-
erated 21 quarries in 14 counties to
produced more than 22 million tons of
stone, approximately 74% of Ala-
bama’s total. Dolomite was produced
by five companies operating five quar-
ries in Calhoun, Jefferson, Madison,
Shelby, and Talladega Counties. Out-
put totaled almost 5 million tons, ap-
proximately 16% of the total rock
crushed. Two companies operated two
marble quarries in Talladega County
and one firm, Rock Granite Inc.,
mined and crushed granite in Coosa
County. Chert, which is not included in
table 1, was mined for road-base use in
several counties. Of the end uses re-
ported for crushed stone, three leading
categories were concrete aggregate
(14%), cement manufacture (13%),
and graded road base (9%).

E.C.C. America Inc., which ac-
quired Sylacauga Calcium Products Di-
vision from Moretti-Harrah Marble
Co. in 1986, purchased Cyprus Mineral
Co.’s calcium carbonate mine and mill
at Sylacauga in 1988. The purchase
price, which included a mill in Georgia,
was $73.4 million.®

Pfizer Inc. of New York announced
plans to build a precipitated calcium
carbonate plant in Selma to supply the
International Paper Co.’s Hammermill
plant. The facility was scheduled for
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completion in 1989.'°

Hoover Inc., which opened a new
quarry in Huntsville in 1987, applied
for permits to open a quarry west of
Decatur. Some of the stone would be
transported by barge on the Tennessee
River.

Vulcan Materials Co. continued de-
velopment of its quarry in the Yucatan
Peninsula of Mexico despite environ-
mental protests. Shipments of crushed
limestone at a rate of 65,000 short tons
per week will begin in 1989 to gulf
coast ports in Alabama, Florida, Lou-
isiana, and Texas.!!

Dimension.—Two firms, Alabama
Limestone Co. Inc. in Franklin County
and Lamb Stone Co. in Blount County,
reported dimension stone production.
Alabama Limestone produced rough
blocks and cut and veneer stone from
an oolitic zone in the Bangor Forma-
tion. The company operated one of two
underground limestone quarries in the
United States. Lamb operated a surface
quarry to produce sandstone blocks
and sawed and dressed stone and flag-
ging. Production increased 7% over
that reported by the two firms in 1987.

Sulfur (Recovered).—Alabama ranked
6th among the 26 sulfur-producing
States. Five companies reported sulfur
recovery from natural gas processing
plants and/or petroleum refineries. Pro-
duction totaled 372,000 metric tons val-
ued at $33.6 million, an increase of
53,000 tons and $3 million over the 1987
output and sales.

In April, Mobil Oil began gas proc-
essing and sulfur recovery at its new
facility in Mobile. The gas was piped to
the plant from wells developed in Mo-
bile Bay. Exxon Co. and Shell Offshore
Inc. planned similar gas processing and
sulfur recovery plants for the Mobile
area.'?

Talc.—Cyprus Minerals Co. began
development work on the Winterboro
Mine at Alpine in June 1987, and the
mine reached full production in 1988.

The thickness of overburden varied
from 20 to 70 feet with the ore thick-
ness ranging from 20 to 40 feet. This
ore, in addition to ore obtained from
Montana and Australia,'® was ground
at a plant adjacent to the mine. Sales
were to the cosmetic and pharmaceuti-
cal industries.

Other Industrial Minerals.—Norton
Co., in Huntsville, manufactured arti-
ficial abrasives at its facility in Madison
County. The Company produced
abrasive-grade, high-purity fused alu-
minum oxide and aluminum zirconium
oxide. International Minerals & Chem-
ical Corp. operated a fluosilicic acid
plant at Florence. Tennessee Valley Au-
thority and U.S.S. Agri-Chemical Inc.
produced anhydrous ammonia at plants
in north Alabama. W.R. Grace & Co.
and Armstrong World Industries ex-
panded perlite from ore shipped in from
the western United States. W.R. Grace
also exfoliated vermiculite at its plant in
Irondale, near Birmingham.

Metals

In the 1800’s, most of Alabama’s
mineral output was from metals, pri-
marily iron and gold, with one copper
mine in operation. Ore depletion and
unfavorable economics depressed the
State’s extractive metals industry until,
in 1988, only a small tonnage of iron
ore and bauxite was mined. However,
the State has maintained a primary
metals industry using scrap and foreign
ores for plant feed.

Aluminum.—Two companies, Re-
vere Copper & Brass Inc. and Reynolds
Metals Co., both with their smelter
operations shut down, maintained fa-
cilities for sheet and plate manufacture.

Reynolds announced plans to invest
$125 million in a new aluminum casting
facility at its Listerhill alloys plant near
Sheffield. Construction was scheduled
for early 1989 with completion by late
1991. The new plant, which was to
replace the existing casting facility,
would cast aluminum ingots for Rey-
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nolds’ adjacent rolling mill, whose pri-
mary output was sheet products for
beverage cans. Annual capacity was
scheduled to increase from 800 million
pounds to more than 1 billion pounds.'*

Bauxite.—Alabama was one of three
States reporting bauxite production.
Two companies mined bauxite in Bar-
bour and Henry Counties. Output in-
creased almost 50% while value de-
creased only slightly,. Most of the
bauxite was calcined and sold to refrac-
tory products manufacturers.

Ferroalloys.—In 1988, Alabama ranked
4th among the 15 States with ferroalloy
production. The State produced 105,000
short tons of ferroalloys valued at $109.8
million. Compared with 1987, produc-
tion decreased by 13,500 short tons;
however, value increased by more than
$12 million. Both ferrosilicon and silicon
metal were produced by four companies
with plants in Montgomery County.

One of the companies, Ohio Ferro-
Alloys Corp. (OFA), received approval
of its financial reorganization plan
from the U.S. Bankruptcy Court. The
plan permitted the company to emerge
from Chapter 11 protection after 2
years. The company’s name change to
SiMetco indicated its only product was
silicon metal. OFA completed refur-
bishing work on a silicon metal furnace
at the Montgomery plant. The furnace
was one of three at the Montgomery
facility.®

Iron Ore.—The Alabama Depart-

ment of Industrial Relations reported
that Pickett Machine & Welding
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(Pickett Mine) and North Star Materi-
als Inc. (Rockwood Mine) recovered
more than 60,000 short tons of iron ore
fines in Franklin County.

Iron and Steel.—Gulf States Steel
Corp. and USX Corp. operated the
only integrated steel mills in the State.
Minimills were operated by Birming-
ham Steel Corp., Commercial Metals
Co., and SMI Steel Inc. Tuscaloosa
Steel Corp. operated a platemill.

In June, Gulf States Steel in Gadsden
broke ground for a new slab caster and
began improvements on its blast fur-
nace. The $55 million project was part
of a 5-year, $165 million investment
plan to upgrade the facility. When the
$55 million expansion is completed,
production is scheduled to increase
from 72,000 short tons per month to
approximately 90,000 tons.'®

The Fairfield Works of USX resumed
production late in 1988 following a
shutdown of more than 2 years. The
resumption in production followed the
completion of a 10-year, $1 billion ren-
ovation and modernization program.
The largest of the blast furnaces, rated
at 5,000 short tons per day, was
brought on-line followed by the startup
of the renovated hot strip mill. The new
continuous slab caster also went on line
late in the year. USX announced a
$15.3 million renovation of its six-stand
cold reduction mill, scheduled for com-
pletion late in 1989. Citing unprofit-
ability, USX closed its tin mill at mid-
year. Fairfield Works had the capacity
to produce 1 million tons of sheet and
640,000 tons of finished seamless pipe.

Other Metals.—Manganese and chro-
mite were ground by Prince Mfg. Co.
(Phenix City) for use in brick coloriza-
tion. Kerr-McGee Chemical Corp. oper-
ated a synthetic rutile plant near Mobile
with output shipped to its Hamilton,
MS, plant for titanium dioxide pigments.
Ilmenite from Australia was used as feed;
nearly 180,000 short tons was imported
through the Port of Mobile, up from
150,000 tons imported in 1987.

! State Mineral Officer, Bureau of Mines, Tuscaloosa,
AL.

2 Alabama Business. Who Owns What, Where. July
1988, pp. 30-31.

3Dean, Lewis S. (ed.). Minerals in Alabama, 1988.
Geol. Surv. of AL, Information Series 64G, 1989.

4Port of Mobile. Increased Coal Movements Through
Port of Mobile. Aug. 1988.

SThe Birmingham News. Livingston Plant Trying
Chemical Waste Fuel. Mar. 6, 1988.

SSOMED News. School of Mines and Energy Devel-
opment, University of Alabama Tuscaloosa, AL. V. 8,
No. 1, Spring 1987, pp. 1-2.

7The Denver Post. Ideal Basic to Crank Up Idled
Plant. Jan. 13, 1988.

8Rock Products. Allied Products Will Close Plant;
Will Buy From Ideal. Dec. 1988, p. 9.

9The Wall Street Journal. Cyprus Minerals To Sell
Unit to British Firm. May 10, 1988.

10Birmingham Post-Herald. Pfizer Announces Plant
Slated Next to International Paper. Oct. 7, 1988.

""Minneapolis Star Tribune. Quarrying Mexican
Rock for U.S. Roads Raises Ecological Concerns. Dec.
15, 1988.

12 Birmingham Post-Herald. Natural Gas From Ala-
bama Coast Reaches Processing Plant. Apr. 15, 1988.

13port of Mobile. Bulk Plant Handles Talc Move-
ment. May 1988, pp. 10-11.

'4Birmingham Post-Herald. Reynolds To Expand Fa-
cility. Oct. 25, 1988.

'S American Metal Market. Ferrosilicon Demand
Raises Prices. Feb. 23, 1988.

$port of Mobile. Steel Industry and Alabama’s
Seaports Mean Big Business for Alabama. Aug. 1989,
pp. 5-9.
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TABLE 5

PRINCIPAL PRODUCERS

Commodity and company Address Type of activity County
Aluminum (smelters):
Revere Copper & Brass Inc. Box 191 Plant Jackson.
Rome, NC 13440
Reynolds Metals Co. Reynolds Metals Bldg. do. Colbert.
Richmond, VA 23218
Bauxite:
A. P. Green Refractories Co.," a subsidiary Mexico, MO 65265 Mine and plant Barbour.

of USG Corp.

Harbison-Walker Refractories Co. Inc.,? Dale Rd. do. Barbour and Henry.
a division of Dresser Industries Inc. Route 1, Box 58
Eufaula, AL 36027
Mullite Co. of America 901 East 8th Ave. Mines Do.
King of Prussia, PA 19406
Cement:
Allied Products Co.2 Box 36130 Plants Jefferson and Shelby.
Birmingham, AL 35236
Blue Circle Inc.* Box 182 Plant Shelby.
Calera, AL 35040
Citadel Cement Corp. 2959 Paces Ferry Rd., Suite 7 do. Marengo.
Atlanta, GA 30339
Ideal Basic Industries Inc.* 950 17th St. Plants Mobile.
Box 8789
Denver, Co 80201
Lehigh Portland Cement Co. Box 1882 Plant Jefferson.
718 Hamilton Mall
Allentown, PA 18105
National Cement Co. Inc. Box 7348 do. St. Clair.
Mountain Brook Station
Birmingham, AL 35223
Clays:
Bickerstaff Clay Products Co. Inc. Box 517 Mines Jefferson and Russell.
Bessemer, AL 35020
Blue Circle Inc. Box 182 Mine Shelby.
Calera, AL 35040
Jenkins Brick Co. Box 91 Mines Chilton, Elmore, Montgomery.
Montgomery, AL 37101
Liviite Corp. Drawer V Mine Sumter.
Livingston, AL 35470
Ferroalloys:
Interlake Inc., Globe Metallurgical Div. Box 348 Electric Furnace Dallas.
Selma, AL 36701
International Minerals & Chemical Corp., Garner Rd. do. Jackson.
Bridgeport, AL 35740
Ohio Ferro-Alloys Corp. Box 68 do. Montgomery.
Montgomery, AL 36057
Reynolds Metals Co. Box 191 do. Colbert.
Sheffield, AL 35660
Lime:
Allied Products Co. Box 268 Plant Shelby.

Alabaster, AL 35007

See footnotes at end of table.
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TABLE 5—Continued

PRINCIPAL PRODUCERS

Commodity and company

Address

Type of activity

County

Dravo Lime Co.

One Gateway Center
Seventh Floor
Pittsburgh, PA 15222

Plant

Shelby.

Pig iron:

Gulf States Steel Corp.

174 South 26th St.
Gadsden, AL 35901

Furnaces and mills.

Etowah and Jefferson.

USX Corp. Box 599 do. Jefferson.
Fairfield, AL 35064
Jim Walter Resources Inc. 330 1st Ave., North Furnaces Do.
Birmingham, AL 35202
Salt:
Olin Corp. 120 Long Ridge Rd. Brine wells Washington.
Stamford, CT 06904
Sand and gravel:
Holland and Woodward Co. Inc. Box 19147 Surface mine and Franklin.
Decatur, AL 35601 plant.
R & S Materials Inc. Box 3547 do. Autauga, Elmore,
Montgomery, AL 36109 Montgomery.
Southern Industries, Radcliff Materials Box 2068 ’ do. Mobile and Montgomery.
Mobile, AL 36601
C.T. Thackston Sand & Gravel Inc. Box 3211 do. Montgomery.
Montgomery, AL 36109
Stone (1987): .
Allied Products Co. Box 628 Quarries Jefferson and Shelby.
Alabaster, AL 35007
Dolcito Quarry Co. Box 6566 Quarry Jefferson.
Birmingham, AL 35217
Ideal Basic Industries Inc. 950 17th St. do. Monroe.
Box 8789
Denver, CO 80201
Southern Stone Co. Inc.® Box C-200 Quarries Jefferson, Lee, Shelby.
Birmingham, AL 35283
Vulcan Materials Co.® Box 7324-A do. Calhoun, Colbert, Etowah,
Birmingham, AL 35253 Franklin, Jackson, Jefferson,
Madison, Morgan, Shelby.
Talc:
Cyprus Industrial Minerals Co. Alpine, AL 35014 do. Talladega.
' Also kaolin.
2 Also kaolin and synthetic mulite.
3 Also lime.

4 Also clays and stone.
5 Also sand and gravel.
6 Also clays and sand and gravel.
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THE MINERAL INDUSTRY OF ALASKA

This chapter has been prepared under a Memorandum of Understanding between the Bureau of Mines, U.S. Department
of Interior, and the Division of Geological and Geophysical Surveys, Alaska Department of Natural Resources, for
collecting information on all nonfuel minerals.

he value of nonfuel mineral

production reported in Alaska

in 1988 was $118.7 million; in

1987, the value was $141.4
million. Alaska ranked 40th in the
value of nonfuel mineral production in
1987 and 1988. The decline in value was
due to reduced construction sand and
gravel production from that estimated
for 1987, partially offset by increased
gold output. The increased gold produc-
tion was due to expanded operations at
several of the larger placer mines and two
hard-rock gold mines. About 208 mech-
anized placer mines and three lode gold
mines operated in 1988. Construction at
the Greens Creek silver-gold-zinc-lead
mine approached completion and the
1,000-ton-per-day operation is scheduled
to start in February 1989. The Red Dog
zinc-lead-silver mine was scheduled to
start production in early 1990; construc-
tion was about 60% completed at
yearend.

The U.S. Bureau of Land Manage-
ment (BLM) had prepared three draft
environmental impact statements (EIS)
and a final EIS for the four areas
ordered in court actions. Mining was
allowed on operations disturbing less
than 5 acres, but larger placer mines
were still closed under a court injunc-
tion. A 1985 suit against the National
Park Service (NPS) stopped all mining

By Tom L. Pittman'

in Alaska’s National Parks and Pre-
serves until NPS prepared the several
EIS documents and issued individual
mine operating plans. Court action
mandating a change from the location
system of mineral entry on State lands
to a lease, rental, and royalty procedure
posed a major problem to the legisla-
ture and unknown ramifications to
holders of mining claims on State
lands. The Environmental Protection
Agency (EPA) issued guidelines to re-
quire 100% recycling of placer mine
effluents in 1989. The Alaska Depart-
ment of Environmental Conservation
(DEC) adopted regulations establishing
mixing zones for effluent discharges
into receiving waters, which were to be
tested in 1989 and adopted in 1990. The
mixing zones may help industrial water
users meet the State’s stringent turbid-
ity standards. There had been exem-
plary improvement by placer operators
in meeting suspended solids regulations
and progress in complying with the
water turbidity standards.

TRENDS AND
DEVELOPMENTS

There were 11,484 new mining claims
filed in 1988, a significant increase over

TABLE 1

the 8,276 claims filed in 1987. Total
active claims increased to 75,542 in
1988 from 68,348 in 1987, according to
State records. Most of the new claims
were for precious metals and over 90%
of the exploration expenditures re-
ported were for gold, silver, and
platinum-group metals. The number of
mechanized gold placer mines re-
mained almost the same as in 1987, but
the larger mines increased their propor-
tion of total production. Eight placer
mines and two lode mines produced
59% of the Statewide gold production
listed in the State surveys.

Operation of the offshore bucketline
dredge BIMA near Nome has caused a
resurgence of interest in offshore min-
ing for gold and platinum-group met-
als. The U.S. Minerals Management
Service (MMS) scheduled a public
hearing in Nome on the draft EIS for a
proposed outer Continental Shelf min-
ing lease sale in Norton Sound. The
draft EIS was issued November 23,
1988, and covered some 178,000 acres
offshore in the Sound. The sale was
tentatively scheduled for late 1989.

The results of State surveys of the
mining industry were published in Alas-
ka’s Mineral Industry, 1988—Special Re-
port 43.2 That report was produced and
distributed by the Alaska Department of
Natural Resources Division of Geologi-

NONFUEL MINERAL PRODUCTION IN ALASKA'

1986 1987 1988
Mineral . Value . Value . Value
Quantity (thousands) Quantity (thousands) Quantity (thousands)
Gem stones NA $25 NA $86 NA $50
Gold (recoverable content of ores, etc.) troy ounces 48,271 17,775 122,548 54,895 135,340 59,320
Sand and gravel (construction) thousand short tons 27,762 61,954 €27,200 €73,400 17,200 48,749
Silver (recoverable content of ores, etc.) troy ounces w w 15,812 111 20,589 135
Stone (crushed) ‘ thousand short tons ©2,000 €8,500 2,033 8,945 ©1,800 ©8,400
Combined value of cement (portland), tin, and value
indicated by symbol W XX 3,226 XX 4,010 XX 2,040
Total XX 91,480 XX 141,447 XX 118,694
®Estimated. ‘Revised. NA Not available. W Withheld to avoid disclosing company proprietary data; value included with “Combined value” figure. XX Not applicable.
T Production as measured by mine shipments, sales, or marketable production (including consumption by producers).
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cal and Geophysical Surveys (DGGS)
and Division of Mining (DOM), and by
the Division of Business Development
of the Department of Commerce and
Economic Development. State surveys
showed exploration expenditures in 1988
were $45.5 million, almost triple the ex-
penditures in 1987. Southeastern Alaska
was the most active region in the State,
absorbing about 45% of the Statewide
totals of exploration money and labor on
gold and silver properties. There was
increased precious metal exploration ac-
tivity in the Nome area of the western
region, and in the eastern interior, south-
western, and south-central regions.

An estimated $274.9 million was spent
on development in 1988. Expenditures at
the Greens Creek and Red Dog Mines
totaled about $269 million for the con-
struction of roads, ports, camps, mine
developments, and various infrastructure
facilities. State surveys estimated nonfuel
mineral production at $187.5 million in
1988, an increase of about 17% over
1987 production. Gold and construction
sand and gravel values increased moder-
ately and the 1988 production value of
crushed and broken stone was more than
double the value produced in 1987.

ENVIRONMENTAL ISSUES

lead-, zinc-, and copper-bearing
ores and flotation concentrates had
been shipped from mines in Canada to
the Alaskan port at Skagway for ma-
rine transport to various smelters. The
old railroad and the present highway
run through the town to the port termi-
nal. Skagway is in a very windy loca-
tion and, over the years, concentrations
of lead-sulfide-bearing dusts have ac-
cumulated adjacent to the railroad and
the new highway route to the port.
There was a very high concentration of
lead in soils at the shipping terminal
and in the marine sediments near the
conveyor belt shiploading facility. Steps
were taken by the current trucking and
port operators to try to prevent addi-
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tional contamination. Blood tests given
to residents indicated that there was no
immediate health threat from extensive
lead-sulfide contamination. DEC said it
would require cleanup of contaminated
soil. There had been preliminary investi-
gations of possible contamination by pe-
troleum products, milling chemicals and
reagents, and metal-bearing ores and
dusts at several old mining sites. Notable
among these sites were possible environ-
mental contaminations at the old Red
Devil mercury mine and retort plant and
at the amalgamation and retorting facil-
ity formerly used by a dredging company
near Nome.

Placer miners improved their water
quality performance and reclamation
activities over previous years. DEC in-
spected 158 active placer mining sites in
1988; 43 sites had no detectable water
discharge and 153 met the Federal set-
tleable solids standard (0.2 milliliter per
liter). Turbidity measurements at 59
discharge sites fell within the range of
6-20 NTU (nephelometric turbidity
units). Hydrogeologic studies - by
DGGS show lowered turbidity in Birch,
Goldstream, and Faith Creeks. These
streams were of particular concern to
environmentalists. Inspections by DEC
showed significant and continued im-
provements in downstream water qual-
ity in various placer districts. DEC also
worked with the new heap-leach oper-
ators in developing practical and effec-
tive cyanidation regulations.

EPA issued guidelines for placer
mining effluents that were to be in-
cluded in 1989 water discharge permits.
Included were 100% recycling of min-
ing process waters, restrictions on hy-
draulic mining methods, and recom-
mended use of certain so-called “best
practice” mining methods. Mineral in-
dustry representatives did not agree
with EPA’s economic justification
model. The U.S. Department of the
Interior formally objected to parts of
the EPA economic analysis, requesting
that the gold content in troy ounces per
cubic yard be lowered for the average
placer deposit and that certain costs of

the required reclamation and water re-
cycling be included. The U.S. Army
Corps of Engineers (Corps) began re-
quiring permits for placer mines affect-
ing wetlands under Section 404 of the
Clean Water Act. Permits issued in-
cluded requirements for stream recon-
struction, settling pond design, land
reclamation, and the location of mine
infrastructure and roads.

EMPLOYMENT

The State surveys estimated that there
were 4,231 people employed in the non-
fuel mineral industry in 1988, a 32%
increase over the 3,177 employed in 1987.
Mineral development employed 1,294
and exploration, 280. Construction at
the Greens Creek and Red Dog Mines
and statewide exploration occupied over
one-third of the total employees. In 1988,
an estimated 2,657 persons were em-
ployed in the operation of nonfuel mines
and quarries. Placer mining employed
1,206 persons; lode mining, 99 persons;
sand and gravel operations, 752; stone
quarries, 210; tin, jade, and soapstone
mining, 40; and recreational mining en-
terprises, 350 persons.

Employees at lode gold operations
generally work year round. Employees
at gold placers, sand and gravel pits,
stone quarries, and other operations
usually work on a seasonal basis (an
average of 5% months per year). The
State figures for lode mining largely
represent year-round employment, but
the other production sector figures rep-
resent a combination of seasonal and
year-round employment. The figures
for the mineral and exploration sectors
have been converted from reported and
estimated seasonal and year-round em-
ployment into full-time employment
equivalents. General construction em-
ployment for mine roads and facilities
was included in the development sector
to estimate total employment in Alaska
created by the mining industry.
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EXPLORATION ACTIVITIES

Total reported expenditures for non-
fuel exploration were $42.7 million in
1988, up from about $14.6 million in
1987, according to State surveys. Over
95% of the exploration effort was on
precious metals. Over 75% of the ex-
ploration money was from Canadian
companies and their U.S. subsidiaries
or from funds raised through Canadian
venture capital markets.

Of the $41.4 million spent on pre-
cious metal exploration, about $39.3
million was spent on lode deposits.
Work in the southeastern region ac-
counted for about $20.1 million of the
lode exploration expenditures. About
$5.9 million was expended in the east-
ern interior, $5.5 million in the south-
central, and lesser amounts in each of
the other regions. Lode exploration ex-
penditures were greater than usual be-
cause of the driving of underground
workings, several intensive drilling
projects, and road building. Base metal
exploration was reported to be $1.2
million, with $0.59 million in the north-
ern, $0.44 million in the southeastern,
and lesser amounts in the south-central
and eastern interior regions.

Drilling totaled 794,750 feet on non-
fuel mineral projects in Alaska in 1988,
up from 295,300 feet in 1987. Placer
drilling accounted for about 452,000
feet, 57% of the total, and a significant
increase over the 1987 total of 180,000
feet. About 300,000 feet of placer drill-
ing was at Alaska Gold Co.’s dredge
thaw fields. Western Gold Exploration
and Mining Co. (WestGold) drilled over
98,000 feet on its offshore placer leases
near Nome. Giant Bay drilled over
7,000 feet, exploring its offshore State
leases in Norton Sound. Valdez Creek
Mining Co. drilled over 36,000 feet of
exploratory holes at its opencut placer
operation east of Cantwell. Hard-rock
drilling reported in 1989 was 342,750
feet, more than double the 115,100
feet reported in 1987. The State survey
determined there were 33 major drill-
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ing programs on hard-rock properties
and 3 on placer properties. Only two
companies reported drilling on base
metal deposits. The total footages of
diamond drilling and rotary drilling
were almost equal, a first for rotary
drilling in Alaska. In 1989, 27 compa-
nies conducted major drilling pro-
grams, up from 16 companies in 1987.

LEGISLATION AND
GOVERNMENT PROGRAMS

The U.S. Supreme Court refused to
hear the State of Alaska’s appeal from
the decision of the Alaska Supreme
Court ruling requiring a change from
the current location system of mineral
entry on State lands to a lease, rental,
and royalty system. The State court
ruling resulted from its interpretation
of Section 6(i) in the statehood act
when considering a suit brought
against the State. The 1989 legislature
was to formulate and pass legislation
that would satisfy the court ruling. The
ramifications to current and future
claims and lease holders on State lands
were largely unknown. Although recla-
mation was covered by State and Fed-
eral laws and regulations, some propo-
nents of the new mineral entry system
for State lands believed reclamation
provisions should also be included in
the enabling legislation. The new mix-
ing zone water quality regulations
adopted by DEC may help miners and
other industrial water users meet the
State’s turbidity and other water stan-
dards. The regulations and guidelines
were to be tested in 1989 and enforced
in 1990. The placer mining effluent
guidelines issued by the EPA on May
24, 1988, have been discussed in the
section on Environmental Issues.

Four bills of interest to the mineral
industry, passed by the 1988 session of
the State legislature, were signed by the
Governor to become Chapters of the
Session Laws of Alaska (Ch., SLA).

More than 21 bills of interest were
introduced into this first session of the
16th Legislature. Bills not passed in
that session were to remain for consid-
eration in the second session in 1989.
The State Mineral Policy Act (Ch. 138,
SLA 88) stipulated that equitable con-
sideration be given to mineral explora-
tion and development in multiple-use
management of State lands. Marketing
had to be considered in developing
infrastructure and transportation sys-
tems. There were also other provisions.
The effectiveness of the act would de-
pend on the regulations to implement it
and its administration. The Workman’s
Compensation Act (Ch. 79, SLA 88)
guaranteed a nominal reduction in rates
charged to the employer and should
slow the rate of premium increases in
high-risk industries. Creation of the
Minto Flats Game Reserve (Ch. 18,
SLA 88) withdrew 507,136 acres of
land from mineral entry and strictly
regulated activities on valid inholdings.
The System of Recreational Rivers (Ch.
122, SLA 88) withdrew land along riv-
ers yet to be named and placed restric-
tions on valid inholdings. Activities on
valid mining claims were to be strictly
regulated by management plans to be
prepared by fish and game and recre-
ational agencies.

In 1987, BLM lost an action brought
by the Sierra Club in the U.S. District
Court for Alaska resulting in an injunc-
tion that prohibited BLM from permit-
ting any mining operations that would
disturb more than 5 acres in the Beaver
Creek, Birch Creek, Chatanika River,
and Fortymile River drainages. The
agency was to prepare a cumulative EIS
for each of the areas and satisfy the
court before reopening the areas to
large-scale mining. One final EIS and
three draft EIS documents were com-
pleted in 1988. A final EIS was to go to
the Secretary of the Interior for a
record of decision.

NPS had halted all mining in Alaska’s
National Parks and Preserves under an
injunction resulting from an adverse
court action but had not prepared any of
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the required EIS documents in 1988. The
Corps began requiring permits from
placer mining operations that would im-
pact wetlands and that needed either
individual or standard nationwide per-
mits. These permits were issued under
the authority of Section 404 of the Clean
Water Act. MMS completed the draft
EIS for its proposed offshore lease sale.
The resulting preferred alternative identi-
fied 178,282 acres of Federal land in
Norton Sound near Nome, and contigu-
ous to State leases being mined by West-
Gold’s dredge BIMA. The lease sale was
scheduled for January 1990. The EIS
suggested surveys be made to find out if
mercury levels in local residents required
attention. These people consumed large
amounts of seafood that was relatively
high in mercury because of widespread,
naturally occurring mercury sulfide
(cinnabar) in the Nome area.

REVIEW BY NONFUEL
MINERAL COMMODITIES

Metals

Gold.—Gold production reported to
the U.S. Bureau of Mines in 1988 was
135,340 troy ounces valued at $59.3
million. This production was reported
by 14 placer and 2 lode operators and
was probably about 50% of the 1988
production. State surveys estimated
gold production at about 265,000 troy
ounces valued at $112.8 million, up
from 229,700 troy ounces valued at
$104.5 million in 1987

In 1988, State production surveys
were based “on data compiled from 229
questionnaires returned by mining
companies, municipalities, and indi-
viduals; responses to a telephone survey
of 35 companies and Government agen-
cies that mine or lease sand, gravel, and
stone deposits; Alaska DOM field notes
on 1988 placer mining operations; and
information provided by the U.S. Bureau
of Mines, University of Alaska, Alaska
Department of Transportation and Pub-
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lic Facilities (DOTPF), and precious
metal refiners,” according to Special Re-
port 43.2 About 59% of the gold produc-
tion was produced by 10 operations. The
eight placer operations were Alaska Gold
Co., Anvil Mining Inc., GHD Resources
Partners Ltd., Polar Mining Inc., Sphinx
America Inc., Valdez Creek Mining Co.,
Western Gold Exploration and Mining
Co., and Windfall Gold Mining Co.
They produced 142,940 ounces of gold.
Two lode operations produced 13,515
ounces of gold from 21,500 ounces of
dore bullion. They were Citygold Alaska
Inc. and Tricon Mining Inc.

The western region produced about
37% of the gold from an estimated 48
placer operators, compared to 44% of
the statewide gold from 46 operators in
1987. Alaska Gold Co. operated its No.
5 dredge on the upland 3rd Beach
deposit northeast of Nome and No. 6
dredge on the so-called Submarine
Beach about 1% miles west of the
Nome airport. The two 9-cubic-foot
bucketline dredges processed about 1.6
million cubic yards of gravels during
the 1988 season and operated at 80% to
85% efficiency in 1988, according to
the State survey. In 1987, Alaska Gold
started winter-mechanized stripping of
frozen overburden ahead of the dredges
and used cold-water thawing to loosen
the pay gravels. This was to cut down
on the necessity for the dredges to mine
and process overburden.

Windfall Gold Mining Corp. contin-
ued opencut placer mining at Cooper
Gulch on the 3rd Beach deposit, east of
Dredge No. 5. Windfall mined about
910,000 cubic yards of gravel in 1988,
using hauling scrapers, loaders, and
sluice boxes. Reserves in the Copper
Gulch area were nearly depleted and the
company is looking for other ground to
work in the future. Windfall reclaimed
about 30 acres of mined ground, con-
toured it, and reseeded it. A large-scale
opencut placer was operated by Anvil
Mining Co. about 2 miles east of Wind-
falls’s mine, on Anvil Mountain.

The largest operation in the western
region was the Western Gold Explora-

tion and Mining Co. offshore dredge
BIMA, working State leases in Norton
Sound near Nome. This 33-cubic-foot
bucketline dredge mined 2.9 million cu-
bic yards of pay material in the season
running from June 10 to November 14,
1988. It was the largest gold producer
in the Western region and ranked sec-
ond in Alaska. The production season
required 108 people, 40 of whom were
employed for maintenance and explo-
ration work during the winter.

GHD Resources Partners Ltd. mined
in the Kiwalik River drainages with Berg-
Wetlesen Co. and AU Mining Co. Eng-
strom Dredging Co. ran a 1%-cubic-foot
dredge on Basin Creek and N.B. Tweet
and Sons operated a 2-cubic-foot dredge
on the Kougarok River. Several other
fairly large-scale placers and many
smaller mines operated on the Seward
Peninsula and in the Kaiyuh Hills, Ruby,
Ruby-Poorman, Tolstoi, and other areas
of the Western region.

Exploration activity was widespread
in the western region. Reported expen-
ditures were $3.9 million, up from $1.2
million in 1987. Placer Dome U.S. Inc.
continued large-scale work in the Rock
Creek and Anvil Creek areas north of
Nome on ground held by Nome Gold
1.V. The major drilling program used
rotary and diamond drills. Other work
included geochemical and geophysical
surveys, mapping, and trenching on an
extensive quartz vein lode system.

BHP-Utah International explored a
14,000-acre lease on the Nome plain,
but dropped the lease in the fall. So-
lomon Gold Corp. headed a joint ven-
ture that drilled 12,200 feet of core in
91 holes at the Big Hurrah Mine. It
announced potential open pit reserves
of 436,000 short tons grading 0.28
ounce gold per ton, diluted. The strip-
ping ratio would be 8:1 waste to ore.
Battle Mountain Exploration Co. ex-
amined, drilled, and carried out other
activities at Nixon Fork and near Mc-
Grath. Giant Bay Resources drilled 190
holes from atop winter ice to depths of
30 to 50 feet into bottom sediments on
its State offshore leases near Nome.
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Placer development expenditures re-
ported to the State by five operators in
the western region were about $5.3
million, over 91% of the State’s total.

The eastern interior region reported
89 producers that accounted for about
29% of statewide production. The
State reported 24 mechanized sluicing
plants and 11 development projects
working in the Circle area. The largest
producers were GHD on Eagle Creek,
Helen Warner Mining on Porcupine
Creek, Greenhorn Mining on Crooked
Creek, and Paul and Company on
Deadwood Creek. Alaska Placer Devel-
opment Inc. was the main producer in
the Livengood-Tolovana area. This op-
eration used hydraulic methods for
stripping overburden and mining and
recycled all of the water used. Under-
ground drift mining was stopped by
Mammoth Mines on Wilbur Creek in
1988. There were nine active placers
reported in the Fortymile area. Most of
the operations were small mechanized
mines and floating suction dredges.
This area suffered from closures due to
Federal agency management problems.
Several operations in the Eureka-Tofty
and the Rampart districts were hin-
dered or closed by the summer drought,
water recycling improvement, or recla-
mation requirements. Shoreham Re-
sources, a subsidiary of GHD, was
preparing a large-scale opencut placer
on the Sullivan Bench-Tofty area, to
produce gold and some tin in 1989.

There were 22 placer and 3 lode mines
in the Fairbanks area; of the 214 employ-
ees, 127 were at placers and 87 worked at
lode mines. Polar Mining Inc., on Sheep
Creek and Sphinx America Inc., near the
junction of Fish and Fairbanks Creeks,
were the largest operators in the eastern
interior region and the Fairbanks area.
They processed 1.3 million cubic yards of
placer gravel. Each stripped overburden
in the winter, using D-10 tractors with
rippers, some drilling and blasting, and
backhoes. Both companies operated on
patented claims owned by Alaska Gold
Co. The other operators mined on about
13 other creeks.
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The Grant Mine, on Ester Dome,
was operated all year by Tricon Mining
Inc., a subsidiary of Silverado Mines
(U.S.) Inc. Most of the mill feed came
from the Elmes vein and from the Ethel
and Silver Dollar shear zones. Some
ore was custom-milled for mines in the
Cleary Hill and Tenderfoot Creek ar-
eas, and a small test lot from Democrat
Creek was milled for Tri-Valley Mining
Co. The mill contained gravity concen-
tration and batch-leach cyanidation cir-
cuits. Citigold Alaska Inc. recovered
gold and silver from two heap leach
pads at the Ryan Lode Mine on Ester
Dome. Almost one-half of the gold
and silver produced was recovered from
the 1987 pad, and the balance from the
100,000 tons of ore crushed and ag-
glomerated and placed on the 1988
pad. The Moore and Voytilla heap
leach experiment at the Adler vein de-
posit was abandoned as a technical
success but not an economic one.

There was limited placer activity in
the Tenderfoot area. The Bonnifield
district hosted 17 placer operations in
1988. Various operators mined on Cal-
ifornia, Gold King, Iron, Saint George,
and Tatlanika Creeks, and the Tatlan-
ika River.

Exploration expenditures increased
about 90% in the region in 1988 to $6.3
million. The State reported more than
3,000 mining claims filed in the Fair-
banks recording district from July
through October, compared with 627 in
the same period in 1987. Most of the
claims were filed on gold lode pros-
pects. Fairbanks Gold Ltd. drilled at
the Fort Knox property near Gilmore
Dome and reported the potential for a
deposit containing 15 million tons av-
eraging about 0.06 ounce gold per ton,
using a 0.02 ounce per ton cutoff. The
deposit is in a granodioritic intrusive,
unusual in the Fairbanks area. WGM
Inc. was the project operator.

BP Minerals America Inc. conducted
drilling and other exploration activities
at the Cleary Summit property of Fair-
banks Exploration Inc., but withdrew
from the joint venture at the end of the

season. Nerco Exploration Co., which
completed an exploration drilling and
trenching project at the Liberty Bell
Mine, was reported to have outlined an
important arsenical gold-silver lode de-
posit. Nerco also did exploration work
at the Monzulla-Gil properties near
Fairbanks, and at other localities, in
partnerships with Cominco Alaska Ex-
ploration and Western Mining Corp. of
Australia. Placer Dome, American
Copper and Nickel Co. Inc., and many
lesser companies explored lode and
placer prospects on Federal, State, Na-
tive, and private lands.

An estimated 26% of the State’s
1988 gold production came from the
southcentral region. About 68,300
ounces of gold from about 30 mecha-
nized placers employing 315 people was
reported. Valdez Creek Mining Co. pro-
duced 44,494 ounces of gold from its
all-year opencut placer operation about
50 miles east of Cantwell. It was the
largest gold producer in the State, as it
was in 1987. Valdez Creek Mining Co.
was owned by Camindex Mines Ltd.,
Cambior Mines Ltd., and American
Barrick Corp.; all were Canadian com-
panies. In 1988, about 370,780 cubic
yards of the 20-foot-thick pay streak
was sluiced, and about 6.5 million cu-
bic yards of overburden was stripped
and discarded, according to State re-
ports. The average recovery from the
material sluiced was 0.12 ounce of gold
per cubic yard. The stripping ratio ex-
ceeds 20:1. Since starting in 1984, this
operation had mined two newly discov-
ered paleo channels and the old, deeply
buried Tammany channel of Valdez
Creek that was originally worked by
opencuts and drift mining.

Chesna Gold Co. (Chesna) leased
ground formerly worked by Ranchers
Exploration Co. on Slate Creek in the
Chistochina district. Chesna mined for
a short time late in the season but spent
most of the season testing tailings and
exploring new ground. Gold Dust

Mines, formerly in the Fairbanks area,

mined and used its IHC jig recovery
unit nearby on the Chisana Discovery
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Claim, but lacked economic reserves at
the end of the season. TC Mining and
many small-scale placers worked in the
Cache Creek district west of Talkeetna,
on 10 or more other creeks, on the
Chunilna and Kahiltna Rivers, and on
the Kenai Peninsula. The Mrak Placer
Mine continued its longtime operation
in the Hatcher Pass mining district
North of Palmer. The State reported
that the Hardrock Mining Co. mined
2,000 tons of telluride gold-silver ore,
averaging 0.85 ounce of gold per ton,
from the Independence Mine near
Hatcher Pass.

Exploration expenditures in the
south-central region were over $9 mil-
lion, more than double the level of
1987. Cominco Alaska Exploration ex-
plored its Mount Estelle gold prospect
near Rainy Pass by diamond drilling
and other methods. Platinova Re-
sources Ltd. had an interest in this
property. Exploration at the Golden
Zone Mine included diamond drilling,
some closely spaced reverse circulation
drilling, and the driving of a 1,600-foot
crosscut. Golden Zone Resources Inc.
announced reserves of 208,500 ounces
of gold, in 1.1 million tons of ore
containing 0.179 ounce of gold per
ton. The State reported that United
Pacific Gold Ltd., a joint venturer dur-
ing most of 1988, had dropped out of
the project. The Johnson River gold-
zinc-copper-lead prospect was leased
from the Cook Inlet Regional Corp.,
and diamond drilling was managed by
Hunt Ware and Proffet for the lease
holder. WGM continued rehabilitation
of workings, dewatering, and sampling
at the old CIliff Mine for the Hayes
Resources-Dasher Resources Joint Ven-
ture, west of Valdez. Several other com-
panies and individuals explored lode
and placer deposits in the region.

In the southwestern region, 33 placer
mines employed 108 people and pro-
duced 14,800 ounces of gold, about
two-thirds of the region’s 1987 produc-
tion. Tuluksak Dredging Co. was de-
nied a permit to continue operating its
bucketline dredge on Bear Creek, above
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Nyac.. Cumulative effects on the envi-
ronment of mining subsequent to the
early 1950’s were to be studied prior to
project approval by BLM. The com-
pany continued operating its opencut
placer mine on California Creek and
increased the capacity of its hydroelec-
tric power plant from 450 kilowatts to
about 750 kilowatts. Lyman Resources
in Alaska Inc. continued mining at
Quartz Gulch and also leased ground
from Calista Corp. Misco-Walsh Min-
ing Co. continued mining the Golden
Horn residual placer and producing
tungsten and gold. The Fullerton Broth-
ers continued mining on Flat Creek.
Other placer operators mined and ex-
plored on various creeks in the Aniak,
Iditarod, Innoko, and Marshall districts
and furnished badly needed employment
for local Natives and other people.

Exploration expenditures in the re-
gion, reported at $2.63 million, were
about four times the amount reported
in 1987. Small to moderate exploration
projects for placer and lode gold depos-
its ranged from efforts by placer miners
to extend placer reserves and find lode
sources of their gold to modest drilling
and other programs by major compa-
nies. Battle Mountain Exploration Co.
examined gold prospects near the
George River and performed other re-
gional work. Fairbanks Gold Ltd. ex-
plored Doyon Ltd. lands near Flat.
American Copper and Nickel Co.
worked at mapping, geochemical, and
geophysical surveys on Doyon land in
the Stone Mountains and on Doyon
and State claims in the Candle Hills,
north and south of McGrath. A gold
and tin prospect in the Taylor Moun-
tain quadrangle was drilled by the part-
nership of Cominco American Explo-
ration Co. and American Ultramer
Ltd. WestGold explored gold prospects
on Calista Corp. lands near Donlin
Creek and located gold-silver claims in
the Gaines-Yankee Creek area south-
west of McGrath.

Gold production in the northern re-
gion was estimated at 6,500 ounces in
1988, down from 7,260 ounces in 1987.

Lack of water in the Koyukuk-Nolan
area, near Wiseman, caused problems
for placer miners not prepared to recy-
cle water effectively. Mines were active
on the Hammond River and its South
Fork, and on Bear, Boulder, Eagle,
Emma, and Nolan Creeks. Paradise
Valley Mining Co. ran a mechanized
placer and also a handmining venture
for tourists. The State reported the
economic value of the tourist venture
exceeded the gross value from the
mechanized mine.

In the Chandalar district, Tobin Creek
Mining Co. worked placer on Tobin
Creek and Little Squaw Gold Mining Co.
reported some sampling and trenching
on its lode claims. Alminco Inc. explored
its Eldorado claims and BTW Mining
and Exploration Corp. sampled and
mapped other deposits.

The southeastern and Alaska Penin-
sula regions had an estimated gold pro-
duction of only 850 ounces in 1988,
down from 3,400 ounces in 1987. The
Big Nugget placer mine in the Porcu-
pine mining district and several recre-
ational miners recovered gold from
Porcupine, McKinley, and Nugget
Creeks, northwest of Haines. Charter
Resources Inc. mined beach placer
sands at Icy Bay, using a backhoe and
an elevated sluice. Icy Bay is east of
Cape Yakataga. The Cusac Ltd. beach
placer at Cape Yakataga was idle in
1988.

Southeastern region exploration ex-
penditures were $20.64 million, up
from $5.85 million in 1987, and over
45% of the reported exploration funds
in the State. Echo Bay Exploration
Inc., as operator, continued an exten-
sive exploration program at the Alaska
Juneau Mine. Echo Bay held an 85%
interest in the project and WGM held a
15% carried interest. According to a
State report, 1988 work included about
50,000 feet of diamond drilling, 2,700
feet of underground decline and cross-
cuts, rehabilitating 18,000 feet of old
underground workings, cutting 9,000
feet of channel samples, mining 500
tons of ore for metallurgical testing,
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geotechnical and mine openings design
work, and testing blasting and crater-
ing techniques.

The general mining plan envisaged
an underground mine and underground
gravity and flotation mill with surface
facilities and concentrate cyanide plant
at the portal of an 11,000-foot, 20 by
20-foot access adit situated about 4
mile south of Juneau. All mill tailings
would be pumped to an impound area
behind a dam in Sheep Creek Canyon.
The project would cost about $180
million and produce about 250,000
ounces of gold yearly when operating
at 22,500 tons of ore milled per day.
Power would be supplied by a 4.5-
megawatt hydroelectric plant near the
mouth of Sheep Creek, a standby
diesel-electric installation, and pur-
chases from the local power company.

The old Kensington gold mine, about
50 miles north of Juneau, was being
developed by an Echo Bay-Coeur
Alaska Inc. joint venture, with Echo
Bay as operator. Coeur Alaska is a
subsidiary of Coeur d’Alene Mines
Inc. Using Southcoast Constructors as
contractors, a 2%-mile road was built
from Comet, on Lynn Canal, to camp
and portal sites. A 5,200-foot adit was
driven at an elevation of 800 feet that
intersected the Kensington vein about
1,200 feet below the old adit level and
600 feet below the deepest prior drill
information. The Kensington vein was
70 feet wide as apparently minable ore;
all assays had not been received by
yearend. Drifting, drilling, and other
exploratory work was to continue in
1989, and a 250-ton sample of ore from
the drifts was to be shipped to eastern
Canada for metallurgical testing. A
company news release announced that
previously calculated probable reserves
contained just over 1 million ounces of
gold from the surface down to an ele-
vation of 1,450 feet. The average grade
was 0.142 ounce of gold per ton, using
a cutoff of 0.05 ounce per ton, in a
60-foot-wide steeply dipping structure.

Curator American Inc., a subsidiary
of International Curator Resources
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Ltd., had been exploring the Jualin
Mine, a former gold producer south of
the Kensington Mine that was owned
by Hyak Mining Co. of Juneau.
Granges Exploration had entered the
project on a buy in basis. Curator built
a 5%-mile road from Berners Bay to the
property and drilled about 12,500 feet
of core holes at Jualin, increasing the
core hole footage to 30,000 feet. The
company listed proven reserves of
238,000 tons averaging 0.309 ounce
gold per ton and probable and possible
reserves at 1.04 million tons averaging
0.30 ounce gold per ton. An 800-foot
decline and additional surface and un-
derground drilling were planned for
1989. The Big Lake vein, a new target
area, was discovered about 1 mile
southeast of and parallel to the Jualin
vein. Chip samples along about 1,200
feet of an estimated 3,000 feet of strike
averaged 0.445 ounce gold per ton.

Curator completed a preliminary eval-
uation of the Dream massive sulfide
prospect about 15 miles south of Haines
and west of Lynn Canal. The mapping
and reconnaissance work identified three
distinct zones of mineralization in simi-
lar stratigraphic positions over a strike
length of 3 miles: the gold-cobalt Discov-
ery Zone, the copper-enriched CP Zone,
and the zinc-lead EUX-125 Zone, ac-
cording to a company announcement.
This prospect, discovered by a Bureau
geologist during work on the Juneau
Gold Belt project, was the subject of a
public announcement. Assays of rock
chip samples were very encouraging, and
more detailed exploratory work and
some drilling were scheduled for 1989.
Curator did preliminary exploration
work on the Clark claim group east of
Juneau and planned a drilling program
in 1989.

Golden Sitka Resources Inc. aban-
doned its lease of the Hirst-Chichagof
Mine after an underground drilling
program failed to find a downward
extension of the Kay ore shoot below
the lower level of the old workings. The
company was reopening old under-
ground mine workings at the Chich-

agof Mine and extending drifts on vein
structures when the camp facilities were
destroyed by fire. The project was shut
down because of impending winter
weather. These properties were about
40 miles north of Sitka, on the west
coast of Chichagof Island.

Lac Minerals (USA) Inc. continued
exploration of the Niblack and Ruby
Tuesday gold-silver-base-metal massive
sulfide deposits on Prince of Wales
Island. It prepared drill sites and did
other work at the Kaigani deposit on
Dall Island. Lac was operator on the
claims held jointly with Noranda Ex-
ploration Inc.

Orbex Metals Ltd. and American
Platinum Inc. continued basic explora-
tion at the Salt Chuck and the Rush
and Brown properties to delineate gold,
copper, and platinum-group metals.
Other exploration projects were con-
ducted in the southeast region by BP
Minerals, Cominco Alaska Explora-
tion, FMC Gold Co., Nerco Explora-
tion Co., Newmont Exploration Ltd.,
WGM Inc., and several other compa-
nies and individuals.

In the Alaska Peninsula region,
Alaska Apollo Gold Mines Ltd. con-
structed a new camp and improved the
road at the Apollo and Sitka Mines and
to the Shumagin prospect. The com-
pany reported reserves of about
278,200 tons averaging 0.524 ounce
gold and 2.47 ounces silver per ton at
the Shumagin prospect. Battle Moun-
tain Exploration Co. explored for pre-
cious metals on Aleut Native Corp.
lands in the Cold Bay, False Pass, Port
Moller, and Stepovak Bay Quadran-
gles, according to the State survey. Bris-
tol Bay Native Corp. looked for pre-
cious metals on some of its lands.

Silver.—Silver production reported to
the U.S. Bureau of Mines in 1988 was
20,589 troy ounces valued at $135,000,
an increase from 15,812 ounces reported
in 1987. State surveys reported 1988 pro-
duction at 47,790 ounces, down from
54,300 ounces of silver recovered in 1987.
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All of the silver produced was recovered
as a coproduct from placer and lode gold
mining.

The Greens Creek Mining Co. con-
tinued its mine, mill, and plant con-
struction program and was scheduled
to start production at the rate of 1,000
tons of ore per day early in February,
1989. Annual output was expected to
be 6.4 million ounces of silver, 36,000
ounces of gold, 24,800 tons of zinc,
and 9,000 tons of lead contained in
about 85,000 tons of zinc and lead
flotation concentrates and a gravity
gold product. Concentrates were sched-
uled to be shipped by ocean freight to
European and Asiatic smelters. Con-
centrates were to be trucked to the
company’s port at Hawk Inlet. An-
nounced reserves were 3.5 million tons
of ore averaging 23.8 ounces of silver
and 0.18 ounce of gold per ton, 9.7%
zinc, and 3.9% lead. Favorable geology
indicates additional reserves may be
developed. Trackless haulage and min-
ing equipment were to operate through
a 6,000-foot-long haulage adit and in-
terior ramps were to provide access to
stoping areas. Drift-and-fill mining was
developed as the usual production
method, with cut-and-fill mining in
steeper sections of the vein system.
Stopes were to be backfilled with de-
slimed and filtered mill tailings em-
placed by slinger trucks.

Work in 1988 brought the total
amount of underground workings up to
17,000 linear feet, and added extensive
diamond drilling and test stoping to
refine mine development. The roads
from the Youngs Bay ferry landing to
Hawk Inlet and from Hawk Inlet to the
mine were improved, and concentrate
and supply storage and handling facil-
ities at Hawk Inlet were completed. The
mill, equipment shop, change-room
and mine offices, and a 6.6-megawatt
diesel electric-generating plant were
constructed at the mine. The operating
crew of about 230 people were to com-
mute from Auke Bay, north of Juneau,
by company ferry to Youngs Bay on
Admiralty Island, thence by company
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crew buses about 13 miles to the mine
and mill. Startup cost estimates were
increased from an original $79 million
to $112.6 million. Greens Creek Mining
Co. is owned by BP Minerals America
(53.1% and operator), Hecla Mining
Co. (28%), CSX Oil and Gas Corp.
(12.6%), and Exalas Resources Corp.
(6.3%). In December 1988, it was an-
nounced that BP Minerals was consid-
ering selling its mineral interests in the
United States and most of its worldwide
mineral holdings to RTZ Corp., one of
the world’s largest mining companies.

Tin.—State surveys reported tin pro-
duction in 1988 was 300,000 pounds,
valued at $950,000, up from 288,000
pounds valued at $460,000 in 1987. The
recorded production was by Lost River
Mining from its Cape Creek placer
mine on the Seward Peninsula. About
200 tons of cassiterite concentrates were
shipped to Asiatic smelters and the
resulting tin ‘“shakes” were then mar-
keted on consignment to American and
European buyers. The mine faced clo-
sure if new reserves were not identified
and developed.

Shoreham Resources was exploring
placer property near Tofty and planned
to produce gold and a coproduct tin
concentrate in 1989. Cominco Alaska
Exploration and American Ultramar
Ltd. core-drilled a tin and precious
metal prospect in the Taylor Mountain
quadrangle.

Exploration on several promising
lode tin deposits was not expected to
resume until there was a substantial and
sustained increase in the price of tin.

Zinc and Lead.—Construction at the
Red Dog open pit mining and milling
project, about 90 miles north of Kotze-
bue, was reported to be about 60%
completed at the end of 1988. When
completed in 1990, the operation was
scheduled to mine and mill about 6,000
tons of ore per day and produce about
580,000 tons of zinc concentrate,
120,000 tons of lead concentrate, and
50,000 tons of zinc-lead concentrate

that would be suitable feed for an
Imperial type smelter. Published open
pit reserves were 85 million tons aver-
aging 17.1% zinc, 5% lead, and 2.4
ounces silver per ton. The property was
owned by Alaska Natives as the NANA
Regional Corp. and was to be equipped
and operated by Cominco Alaska Inc.

The 52-mile road from the port on
the Chukchi Sea to the mine was com-
pleted. The road was 30 feet wide and
had passing turnouts, each 300 feet
long, every 2 miles. At the port site,
four large double-walled fuel tanks
were installed, foundation work was
completed for the very large concen-
trate storage building, and steel erec-
tion was started. A support cell for the
1,500-foot offshore concentrate con-
veyor was completed and another cell
was being built. A construction camp
was moved from the port to the mine in
January and made operational. At the
mine, Green Construction Co. started
construction of a diversion dam and
the tailings dam. The initial 65-foot lift
on the tailings dam was completed. The
accommodations building was prefab-
ricated as 300 modules in Boise, Idaho,
and constructed onsite as a single
building by Pacific Construction Inc.
Pacific Construction was also building
the services complex to contain offices,
warehousing, and the maintenance
shops and facilities. Mill foundations
were being constructed to support the
mill modules being built in the Philip-
pine Islands and due at the mine site in
the summer of 1989.

Cominco Alaska Exploration drilled
and performed other exploration and
annual maintenance work on various
zinc-lead claims in the region.

Other Metals.—A small amount of
mercury production was reported to the
State, but the source and amount was
not disclosed. About 25 ounces of plat-
inum was recovered with placer gold
and marketed. Tungsten and gold were
recovered by the Miscovich-Walsh op-
eration in working the residual placer
at the Golden Horn lode mine near
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Flat. The State reported 1988 produc-
tion at 240 short ton units of tungsten,
up from 160 short ton units in 1987.
Copper exploration activity was mainly
confined to the annual work required
to hold a few of the most valuable
deposits. Cominco Alaska Exploration
worked on claims on the Sun and
Smucker deposits in the Ambler area.
Nickel-copper-cobalt deposits on Ya-
kobi Island and at Mirror Harbor, on
Chichagof Island, were maintained by
Andromeda Resources Inc., a subsid-
iary of Galactic Resources Ltd. Touch-
stone Resources was a joint venture
partner with Galactic Resources in
these claims.

Industrial Minerals

Sand and Gravel (Construction).—
Construction sand and gravel produc-
tion is surveyed by the U.S. Bureau of
Mines for even-numbered years only;
this chapter contains actual data for
1986 and 1988 and estimates for 1987.
Data for odd-numbered years are based
on annual company estimates. Con-
struction sand and gravel production
reported in 1988 was 17.2 million tons
valued at $48.7 million; this was down
from 27.2 million tons valued at $73.4
million estimated production in 1987.
The State survey reported production in
1988 at 17.2 million tons valued at
$48.8 million, up from 16.7 million
tons valued at $42.7 million in 1987.
There was no reported production of
industrial sand and gravel in Alaska.

State surveys provide information on
the production and uses of sand and
gravel in various regions in Alaska.
About 5.45 million tons of sand and
gravel were produced in the eastern inte-
rior region by 10 operators. Major users
‘were construction projects for the U.S.
Army Light Infantry Division at Fort
Wainwright, near Fairbanks, Alyeska
Pipeline maintenance, a George Parks
Highway project at Fairbanks, and re-
pairs along the Richardson Highway.
Some of the top producers, according to
the State surveys, were Fairbanks Sand
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TABLE 2

ALASKA: CONSTRUCTION SAND AND GRAVEL SOLD OR USED IN
1988, BY MAJOR USE CATEGORY

Quantity

Valu Value
Use s(::‘:rlt‘?g:g) (thousazds) per ton
Concrete aggregates (including concrete sand) 116 $694 $5.98
Plaster and gunite sands 17 140 8.24
Concrete products (blocks, bricks, pipe, decorative, etc.) 9 50 5.56
Asphaltic concrete aggregates and other bituminous
mixtures 148 939 6.34
Road base and coverings 14,998 38,806 2.59
Fill w w 292
Snow and ice control 32 221 6.91
Other 277 594 2.14
Unspecified:’
Actual 222 888 4.00
Estimated 1,381 6,417 465
Total or average 17,200 48,749 2.83

W Withheld to avoid disclosing company proprietary data; included with “Other.”
"Includes production reported without a breakdown by end use and estimates for nonrespondents.

and Gravel Co., Eveco Inc., Alaska Basic
Industries, H&H Contractors Inc., Earth
Movers, and Rogers and Babler.

The south-central region reported
the production of about 4.19 million
tons of sand and gravel. The Anchor-
age area used about 2.5 million tons of
sand and gravel in each of the last 3
years, about 40% of the consumption
in 1984 and 1985. The Alaska Railroad
Co. hauled 1.7 million tons of sand and
gravel from the Palmer-Wasilla area
during the construction season, using
two 80-car unit trains. Major producers
were Alaska Aggregate Co. (540,000

. tons) and Anchorage Sand and Gravel

Co. (500,000 tons). Reconstruction on
the Seward Highway just south of An-
chorage used about 2.7 million tons of
sand and gravel, mostly from local
sites. Other major users were a new
Federal Express center, the Ship Creek
development project, and the new An-
chorage landfill and dump site.

The northern region produced 3.77
million tons of sand and gravel in 1988.
About 722,300 tons of sand and gravel

was mined by Arco Alaska Inc. and BP
Exploration. Most of it was used in the
oilfields for construction of a new drill
pad at Kuparuk, repairs to the Endicott
Causeway and Duck Island and En-
deavor Island projects, and road main-
tenance. The amounts of sand and
gravel used in the oilfields in the last 3
years was less than 15% of the statewide
total. That was the lowest recorded since
oil was discovered at Prudhoe Bay in
1968, according to State surveys. Red
Dog Mine and port site construction
used most of the sand and gravel, aggre-
gate, and broken or crushed rock pro-
duced in the northern region. These ma-
terials were derived mostly from
quarrying, sizing, and crushing rock to
produce riprap, coarse aggregate, finer
aggregate, gravel, and sand as needed, so
it is difficult to clarify the consumption
of sand and gravel. The State Survey
said: “During 1988, road and port con-
struction required 617,000 tons of sur-
face (coarse) aggregate and 103,000 tons
of finer crushed aggregate. Additional
fill and riprap requirements called for
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1,330,000 tons and 11,000 tons, respec-

tively, for road and millsite construction;

750,000 tons of crushed rock and gravel
were used to construct the starter dam
for impoundment of mill tailings.”2
The southeast region produced about
2.9 million tons of construction sand
and gravel, about triple the production
in 1987. The U.S. Forest Service re-
ported about a million tons of sand and
gravel used by various contractors for
road construction in the Stikine area of
the Tongass National Forest. Hildre

Sand and Gravel Co. produced sand

and gravel for the Juneau area and
supplied bank-run material and washed
sand to the Greens Creek Mine project
for construction pads and foundation
concrete for the mill and other facili-
ties. Construction of roads at the Kens-
ington and the Jualin Mines projects
used considerable amounts of sand and
gravel. The western region produced
close to 1 million tons of sand and
gravel; most of it was used for road
construction and maintenance. The
Alaska Peninsula and southwestern re-
gions each produced a few thousand
tons of sand and gravel.

Stone.—Stone production is sur-

veyed by the U.S. Bureau of Mines for
odd-numbered years only; therefore,
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this chapter contains only estimates for
1988. Data for even-numbered years are
based on annual company estimates
made before yearend.

Crushed and broken stone produc-
tion in 1988 was estimated at 1.8 mil-
lion tons valued at $8.4 million, a
decrease from 2.0 million tons valued
at $8.9 million in 1987. State surveys
estimated stone production at 3.6 mil-
lion tons valued at $24.65 million,
more than double the production in
1987. About one-half of the stone re-
ported by the State was quarried in the
southeast region. The U.S. Forest Serv-
ice reported that several contractors
produced about 1 million tons of rock
that was used in road construction in
the Stikine area. Substantial amounts
of shot rock and aggregate were used by
contractors constructing roads from
Comet to the Kensington Mine and
from Berners Bay to the Jualin Mine
projects. Significant amounts of shot
rock products were used in the northern
region for construction on the Red Dog
Mine project, as noted in the section on
sand and gravel. Yutan Construction
Co. quarried 315,000 tons of basalt,
valued at $1.2 million near Fairbanks.
This was about 75% of normal produc-
tion for each of the last 3 years. About
600,000 tons of riprap and quarry

stone, valued at $2.5 million, were pro-
duced from three quarries in the east-
ern interior region.

Other Industrial Minerals.—Port-
land cement was produced by Anchor-
age Sand and Gravel Co. using domes-
tic clinker and gypsum shipped into
Anchorage. Limestone was produced
at the Cantwell quarry of Alaska Lime-
stone Co. and processed to supply local
markets with agricultural limestone.
Sherman “Red” Smith and Ed Martin
continued exploration of a travertine
deposit on the Kenai Peninsula for ag-
ricultural limestone. Gemstone produc-
tion reported to the U.S. Bureau of
Mines was valued at about $50,000,
down from $86,000 in 1987. Jade was
produced by the NANA Regional
Corp. in the Kobuk area, and carving-
grade soapstone was mined in other
areas. The State estimated horticultural
peat production at 55,000 cubic yards
valued at $375,000, up from 46,000
cubic yards worth $299,000 in 1987.

!State Mineral Officer, Bureau of Mines, Juneau,
AK.
2Green, C. B., T. K. Bundtzen, R. J. Peterson, A. F.
Seward, J. R. Deagen, and J. E. Burton. Alaska’s
Mineral Industry, 1988. Div. of Geol. and Geophys.
Surv. Spec. Rep. 43, 1989, 79 pp.
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TABLE 3

PRINCIPAL PRODUCERS

Commodity and company

Address

Type of activity

County

Cement (portland):

Alaska Basic Industries

1813 East First Ave.
Anchorage, AK 99501

Grind and blend

Cook Inlet-Susitna.

Gold:
Alaska Gold Co. Box 640 Placer-dredge Seward Peninsula.
Nome, AK 99762
Alaska Placer Development Inc. Box 81467 Placer Yukon River.
(Hanneman-Knaebel Partnership) Fairbanks, AK 99708
GHD Resources Partners Ltd. Box 10499 do. Do.
Fairbanks, AK 99710
Valdez Creek Mining Co. Inc. 610 East 4th Ave. do. Do.
Anchorage, AK 99507
Western Gold Exploration and Mining Co. Box 1210 Placer-dredge Seward Peninsula.
Nome, AK 99762
Windfall Gold Mining Corp. Box 1920 Placer Do.
Nome, AK 99762
Sand and gravel (construction):
Anchorage Sand and Gravel Co. 1813 East First Ave. Pit Cook Inlet-Susitna.
Anchorage, AK 99501
Central Paving Products 1301 East 64th Ave. Pit Do.
Anchorage, AK 99501
Fairbanks Sand and Gravel Co. Box 686 Pit Yukon River.
Fairbanks, AK 99707
Juneau Ready Mix Hildre Sand Box 270 Pit Southeastern Alaska.
and Gravel Juneau, AK 99802
U.S. Bureau of Land Management Box 13, 701 C St. Pit Various.
Anchorage, AK 99513
Stone:
Alaska Railroad Corp. Box 107500 Pit Do.
Anchorage, AK 99510
Aleutian Constructors 3909 Arctic Blvd. Quarries Cook Inset-Susitna.
Anchorage, AK 99501
Associated Sand & Gravel Co. Inc. Box 3699 do. Southeastern Alaska.
Juneau, AK 99803
U.S. Forest Service, Region 10 Box 1628 do. Various.
Juneau, AK 99802
South Coast Inc. Box 8620 Quarry Southeastern Alaska.
Ketchikan, AK 99901
Yutan Construction Co. Box 1775 do. Yukon River.
Fairbanks, AK 99707
Tin:
Lost River Mining Box 411 Placer Seward Peninsula.

Nome, AK 99672
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THE MINERAL INDUSTRY OF ARIZONA

This chapter has been prepared under a Memorandum of Understanding between the Bureau of Mines, U.S. Department
of the Interior, and the Arizona Department of Mines and Mineral Resources for collecting information on all nonfuel

minerals.

By Michael N. Greeley® and Leroy E. Kissinger?

rizona led the United States

in the production of nonfuel

minerals in 1988. The total

value of output, $2.8 bil-
lion, was an increase of about $1 billion
over that of the previous year.

The State led the Nation in copper
production and was also among the top
producers of gem stones, lime, molybde-
num, rhenium, sand and gravel, and
sulfuric acid. Metal output valued at
$2.49 billion represented 89% of all non-
fuel mineral production in the State.
Industrial mineral production for the
year was $287 million, or about 11% of
the total mineral value.

TRENDS AND
DEVELOPMENTS

The major increase in the value of
nonfuel mineral production was primar-
ily due to strong metal prices and to
increased production, particularly of
copper, gold, and molybdenum. Within
this group of metals, copper had the
highest value; prices received rose 46%,
from an average of $.825 per pound in
1987 to an average of $1.205 per pound
in 1988.

The value of industrial mineral pro-
duction for 1988 decreased by about
4% from the previous year. Although
impressive gains were registered in lime,

TABLE 1

perlite, salt, and industrial sand and
gravel, equally significant losses were re-
corded in clays and construction sand
and gravel.

EMPLOYMENT

During 1988, the Arizona mining in-
dustry, including mineral fuels, increased
its employment about 8% over that of
1987 to an average of 12,000 workers.?
Most of this increase was a result of
additional employment in the copper in-
dustry. The average number of copper
exploration and production employees
inccreased from 8,900 in 1987 to

NONFUEL MINERAL PRODUCTION IN ARIZONA'

1986 1987 1988
Mineral
Quantity (thc:::::ﬁds) Quantity (thgilaslgﬁds) Quantity (tm‘f?s'ﬁﬁds)
Clays short tons 201,110 $1,366 218,151 $1,905 185,620 $1,590
Copper (recoverable content of ores, etc.) metric tons 789,175 1,149,193 751,073 1,365,994 845,445 2,246,093
Diatomite thousand short tons — — — — 8 1,208
Gem stones NA 2,533 NA 3,000 NA 3,300
Gold (recoverable content of ores, etc.) troy ounces w w '57,592 r25,798 146,259 64,106
Gypsum thousand short tons 260 1,820 w w w w
Lime do. 505 21,016 546 21,932 674 29,637
Molybdenum thousand pounds 29,382 75,607 w W w w
Perlite thousand short tons w w 49 1,361 w w
Pumice do. 2 30 1 7 1 7
Sand and gravel:
Construction do. 40,468 140,004 €38,100 €141,300 32,399 123,854
Industrial do. w w w w 119 3,045
Silver (recoverable content of ores, etc.) troy ounces 4,506,197 24649 3,661,277 25,666 4,888,951 31,974
Stone: :
Crushed thousand short tons €5,600 €25,100 7,712 33,999 ©7,400 €33,000
Dimension short tons w w — — w €1
Combined value of cement, lead (1988),
pyrites (1987-88), salt, tin (1988), and values
indicated by symbol W XX 118,505 XX 129,398 XX 235,596
Total XX 1,559,824 XX 1,750,360 XX 2,773,411
®Estimated. "Revised. NA Not available. W Withheld o avoid disclosing company proprietary data; value included with “Combined value” figure. XX Not applicable.

1 Production as measured by mine shipments, sales, or marketable production (including consumption by producers).
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9,500 in 1988. The number of miners
and other workers in the copper sector
represented more than 79% of all em-
ployees in the State’s mineral industry.

Total income earned in all mining
sectors of the State was $498.7 million
in 1988, an increase of almost 18%
over that of the previous year. The
copper industry increased its payroll by
more than $120 million over the payroll
of 1987, to $374.7 million, and contrib-
uted more than 75% of the total wages
paid to all mineral industry employees.

During the year, the average weekly
earnings of all workers (including man-
agement) in Arizona’s mining industry
was $684. The average weekly earnings
of an employee in the State’s copper
sector was $758, a sharp rise of 38%
over the average weekly income of $549
in 1987. Much of the dramatic increase
in wages was due to voluntary bonuses
or contract-mandated bonuses paid by
the copper companies. More than
$50.9 million in bonuses was distrib-
uted to approximately 8,000 workers in
1988.

REGULATORY ISSUES

In 1988, the State continued to mon-
itor development of Federal regulation
of solid waste disposal under the Re-
source Conservation and Recovery Act
(RCRA). The Arizona Department of
Environmental Quality and the envi-
ronmental committee of the Arizona
Mining Association (AMA) cooperated
in the analysis and evaluation of RCRA
proposals that would affect the mineral
industry. The AMA also continued to
provide assistance and information to
the State as it prepared regulations gov-
erning aquifer protection.

EXPLORATION ACTIVITIES

According to the U.S. Bureau of
Land Management, the State ranked
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third in the Nation for the number of
unpatented mining claims considered
active during 1988.

Interest continued in Arizona’s po-
tential for the discovery of additional
copper and gold deposits. Most of the
interest in copper exploration focused
on locating deposits that would be
amenable to low-cost production by
solvent extraction-electrowinning tech-
nology. The State was generally recog-
nized as the leader in proven and prob-
able reserves of acid-soluble copper.

Exploration for gold was widespread
in southern and western Arizona, with
activity generally centered around prop-
erties in Cochise, La Paz, Maricopa,
Mohave, Pinal, and Yavapai Counties.
Several targets within each of these coun-
ties were drilled.

LEGISLATION AND
GOVERNMENT PROGRAMS

In Senate bill 1310, the Arizona State
Legislature established new laws and
regulations governing mineral leases on
State trust lands. The bill set the mini-
mum annual land rental at 75 cents per
acre and the minimum royalty at 2% of
gross value. The land commissioner
may charge higher rents and royalties to
ensure that the trust receives fair value.
The commissioner may also deny a
prospecting permit or a mineral lease
whenever exploration or mineral pro-
duction is deemed not to be the
“highest and best use” of the trust
lands.

State officials authorized major reduc-
tions in the 1989-1990 fiscal year budgets
of the State Mine Inspector and the
Arizona Department of Mines and Min-
eral Resources (ADMMR). Both agen-
cies were to receive budget reductions of
22% and staff reductions of more than
25%.

In 1988, the University of Arizona
began to implement plans to establish
the Center for Advanced Studies for
Copper Recovery and Utilization. The

U.S. Congress approved $4 million in
seed money to help found the research
facility, also known as the Copper Re-
search Center, in Tucson. During the
year, policy and technical advisory
boards were organized and proposals
for research were solicited.

During 1988, the U.S. Bureau of
Mines completed its examination of
several Arizona sites proposed for a
field research project designed to eval-
uate in situ copper mining. The Bureau
signed an agreement to conduct the
research in cooperation with the Santa
Cruz Joint Venture (a mining partner-
ship formed between ASARCO Santa
Cruz Inc., a subsidiary of ASARCO
Incorporated and Freeport Copper
Co., a subsidiary of Freeport-
McMoRan Gold Co.). The venture
partners provided the Santa Cruz site in
Pinal County, 7 miles west of Casa
Grande, for the in situ project. Late in
the year, the Bureau began drilling the
first core hole to obtain mineralized
samples and fracture orientation data
from the buried oxide copper deposit.

The U.S. Bureau of Mines continued
to supervise the administration of the
Arizona Mining and Mineral Resources
Research Institute (MMRRI) during
1988. The Institute, housed at the Uni-
versity of Arizona, was administered by
a faculty member of the Department of
Materials Science and Engineering. To-
tal funds allocated by the Bureau to the
MMRRI was $138,000.

During the year, the Bureau issued
eight open-file reports addressing min-
eral land assessments in Arizona. These
reports summarized mineral evalua-
tions of wilderness study areas under
the U.S. Bureau of Land Management
jurisdiction.

In 1988, the Bureau of Mines re-
leased a special publication, Availabil-
ity of Federally Owned Minerals for
Exploration and Development in West-
ern States: Arizona, 1986. This report
compared the availability of federally
owned minerals in the State with lands
considered favorable for discovery of
mineral resources. The study was made
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to determine the extent to which Fed-
eral lands with mineral potential in
Arizona have been withdrawn by legal
action or restricted by management
practice.

Late in the year, the Bureau of Mines
established a southwest regional office
in Tucson. The new office was opened
to facilitate information gathering and
to increase Bureau representation in the
southwestern siates.

During 1988, the ADMMR pub-
lished three annual directories: (1) Di-
rectory of Active Mines in Arizona, (2)
Exploration Offices, and (3) Arizona
Mining Consultants. A.map of current
mining operations accompanied the
mines directory.

During the year, the Arizona Geolog-
ical Survey (AGS) published a new Geo-
logic Map of Arizona (Map 26) at a scale
of 1:1,000,000. This map superseded the
out-of-print 1969 State geologic map.
Among several open-file reports issued
by the AGS were OFR 88-16, Index to
Published Geologic Maps of Arizona,
and OFR 88-22, Additions to Bibliogra-
phies for Metallic Mineral Districts in
Cochise, Graham, Greenlee, La Paz,
Mohave, Pima, Santa Cruz, and Yuma
Counties, Arizona.

REVIEW BY NONFUEL
MINERAL COMMODITIES

Metals

Copper.—Arizona continued as the
Nation’s leading copper producer in
1988. The combined output of mines in
the State was nearly 60% of the total
domestic production. Seven of the top
10 copper-producing mines in the
United States were in Arizona.

There were 15 principal copper mine
operations in the State during the year.
These facilities produced more than 1.8
billion pounds of copper, an increase of
about 13% over that of 1987. Tight
supplies, strong demand, and produc-
tion disruptions in several foreign coun-
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tries resulted in an increase in the aver-
age domestic price of copper during
1988. Increased production and high
prices increased the total value of the
metal produced in the State by more
than 64% compared to the previous
year. The total value of copper, about
$2.2 billion, represented nearly 81% of
the value of all nonfuel mineral produc-
tion in Arizona.

Almost 25% of all copper produced
in the State was recovered by leaching
oxide ores and low-grade dumps.
Eighty-eight percent of this copper was
recovered by electrowinning.

The Morenci Mine in Greenlee
County, 85% owned by .the Phelps
Dodge Corp., was the Nation’s largest
producer of copper during 1988. Ac-
cording to Phelps Dodge’s 1988 annual
report, approximately 17% of the cop-
per produced at the mine for the com-
pany’s account was electrowon. The
new solvent extraction-electrowinning
(SX-EW) plant at Morenci, in its first
full year of production, enabled the
company to increase its electrowon cop-
per sixfold over that of 1987.

Phelps Dodge and its minority part-
ner, Sumitomo Metal Mining Arizona,
Inc., continued a program to modern-
ize the conventional mining and proc-
essing facilities at Morenci. The $48
million project, begun in September
1987, was to install an in-pit crushing
and conveying (IPCC) system that
would allow the partners to phase out
rail haulage in the mine.

Net income of $420.2 million re-
ported by Phelps Dodge for 1988 rep-
resented the company’s highest earn-
ings ever. The principal reasons cited by
the firm for the high income were
record copper production and sales at
high spot prices. Toward yearend, the
company announced the creation of
two operating divisions: the Phelps
Dodge Mining Co., which, was the
mineral exploration, mining and mar-
keting arm, and Phelps Dodge Indus-
tries, the manufacturing and specialty
chemicals arm.

At the Mission Mine complex in

Pima County, Asarco continued a $13
million project to expand production
capacity from about 54,000 metric tons
of copper per year to approximately
79,000. Most of this expansion con-
sisted of enlargement and improvement
of the Mission concentrator.

During late 1988, Asarco began a
$12 million project to expand mill ca-
pacity at the Ray Mine in Pinal County.
The mill expansion was initiated to
offset the anticipated effects of increas-
ing ore hardness as the pit deepened
and to maintain production capacity of
copper in concentrates at about 68,000
tons per year. Also during the vear, the
company began construction of a hold-
ing furnace at its Hayden copper
smelter in Gila County to improve the
plant’s operating rate.

Asarco purchased the Helvetia prop-
erty about 15 miles southeast of the
Mission area to provide more copper
reserves and greater flexibility in com-
pany planning. The Helvetia deposit,
largely defined by its former owner, the
defunct Anamax Mining Co., is located
in the Santa Rita Mountains in Pima
County and was reported in Asarco’s
annual report for 1988 to contain 254
million tons of 0.62% sulfide copper
and 21 million tons of 0.78% oxide
copper. The cost of acquisition from a |
real estate trust was $1 million plus |
1,200 acres of surplus land. '

Near yearend, Asarco and the |
Freeport-McMoRan Gold Co. jointly |
purchased the Casa Grande deposit in
Pinal County, originally discovered by
the Getty Minerals Co. and the M.A.
Hanna Co. The companies paid about
$14 million plus certain call provisions
on some of the purchased property.*
According to its 1980 annual report,
Getty reported the Casa Grande re-
serves to be 319 million tons at 1%
copper.

Continuing its aggressive expansion
program, Cyprus Minerals Co. ac-
quired two copper properties in Ari-
zona. Early in 1988 the company ob-
tained a 15-year lease on the Twin
Buttes Mine in Pima County and began
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mining high-grade copper ore. The ore
was hauled by truck to Cyprus’ nearby
mill at the Sierrita Mine in Pima
County. The company also considered
producing electrowon copper in the ex-
isting SX-EW plant at Twin Buttes.
Reserves reported by Cyprus included
approximately 37 million tons of
0.92% sulfide copper and 10 million
tons of 0.73% acid-soluble copper.’

At midyear, Cyprus purchased the
Arizona copper assets of Inspiration
Consolidated Copper Co. near Miami
in Gila County for $125 million.® The
operation, renamed Cyprus Miami
Mining Corp., consisted of an open pit
mine producing acid soluble copper, an
SX-EW plant, a smelter, a refinery,
and a rod mill. One reason for the
acquisition was the company’s desire to
have its own smelter, thereby eliminat-
ing its dependence on short-term smelt-
ing contracts. The company also
wanted its own rod plant capable of
producing high-value wire that would
enable the company to broaden its cus-
tomer base.

With these acquisitions, Cyprus in-
creased its copper operations in the
State to six. These properties combined
produced approximately 208,000 tons
of copper according to the Cyprus 1988
Form 10-K, making Cyprus the sec-
ond leading producer of copper in
Arizona.

At the San Manuel smelter (Pinal
County), owned by the Magma Copper
Co., construction of a new flash fur-
nace and associated facilities was com-
pleted by late 1988. Designed for a
capacity of 2,700 tons of concentrates
per day, the furnace was the largest
copper smelting furnace in the world.
The smelter would process concen-
trates, supplied by the company and by
toll customers, totaling approximately
910,000 tons per year. The new smelt-
ing system, including a sulfuric acid
plant and oxygen plant, cost $150 mil-
lion and replaced three reverberatory
furnaces that had been in operation
since the San Manuel smelter was
started in 1956.
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Magma’s smelter construction was
the largest component of a $253 million
expansion and modernization program
begun in 1986 and substantially com-
pleted in 1988. Additional components
of the program at San Manuel included
expansion of the SX-EW plant and the
refinery, modernization of the mill, de-
velopment of in situ leaching of the San
Manuel ore body, and development of
the deep Kalamazoo deposit. However,
development of the Kalamazoo deposit
was suspended in October. Part of the
expenditure also included costs to ex-
pand an SX-EW plant operated by the
Pinto Valley division and to recover
copper from concentrator tailings.

In terms of production, the San
Manuel Mine was one of the world’s
largest underground copper mines. Ac-
cording to Magma’s annual report for
1988, ore production from the mine
averaged slightly more than 40,000 tons
per day.

The design capacity of the SX-EW
plant at San Manuel was doubled to
100 million pounds of cathode copper
annually. Magma expanded to accom-
modate copper-bearing solutions recov-
ered from heap-leach pads and from in
situ ores. Oxide copper ore placed on
leach pads was mined from a pit situ-
ated above the caved San Manuel de-
posit. Rubbled oxide ore, overlying the
area adjacent to worked-out portions
of the deposit, was subjected to in situ
leaching. Although Magma reported
that the in situ program was adversely
affected by continued ground move-
ment in 1988, the company projected
that this program alone would contrib-
ute 70 million pounds of cathode cop-
per annually by the end of 1991.

Early in 1988, Magma initiated de-
velopment of its Miami No. 2 tailings-
leach project in Gila County. This $20
million project was designed to hydrau-
lically mine mill tailings associated with
the old Miami underground mine and
to process the resulting copper-bearing
solutions in an enlarged SX-EW plant.
The operation was expected to begin in
early 1989.

The Kocide Chemical Co. began in
situ leaching at the Van Dyke Mine
(Gila County) during 1988. Copper-
bearing solutions were pumped to the
surface from underground and were
processed to recover cement copper.
The copper precipitates were converted
to copper sulfate for agricultural prod-
ucts at a company facility in Casa
Grande.

Gold.—The production of gold in
Arizona rose sharply in 1988 to more
than 21 times that of 1987. The State’s
output was the highest since 1965.
About 57% of the gold was recovered
either on-site at primary lode mines or
from primary ores shipped to copper
smelters. Most of the remaining gold
was recovered as a byproduct of copper
ores.

Largest among the primary gold pro-
ducers was the Copperstone Mine (La
Paz County) owned by Cyprus. Ac-
cording to the firm’s 1988 Form 10-K,
the open pit mine produced 62,800 troy
ounces in its first full year of operation.
During the second half of 1988, the
company began construction of a de-
cline as part of a plan to develop an
underground mine beneath the existing
surface operation. The company antic-
ipated that this deeper ore would yield
an additional 40,000 ounces of gold per
year.

Operations at Copperstone experi-
enced problems during the year. Mill
throughput was sharply curtailed for
about a month while repairs were
made, and costly efforts were required
to prevent waterfowl from landing on
the cyanide-bearing tailings ponds.
Moreover, the ore grades encountered
that were lower than expected.

Echo Bay Mines Ltd. began operat-
ing the Congress Mine in Yavapai
County in March 1988. High-silica
gold ore was shipped from the under-
ground mine to the Phelps Dodge
Hidalgo copper smelter in New Mexico.
Echo Bay’s 1988 annual report credited
the mine with a production of 16,176
ounces during the year.
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Queenstake Resources Ltd. contin-
ued development at the Gold Prince
Mine in Cochise County during 1988.
The company’s annual report for 1988
stated that 500 short tons of silica flux,
averaging 0.338 ounce of gold per ton,
was shipped as a test lot to the Hidalgo
smelter.

The Stan West Mining Corp. com-
pleted construction of a 500-short-ton-
per-day mill at the McCabe Mine in
Yavapai County and began mine pro-
duction in September. The mine was
expected to produce approximately
50,000 ounces of gold and 140,000
ounces of silver annually.”

Two other gold properties operated
in Maricopa County in 1988. The J.
Devins Resource Group continued min-
ing and leaching ore heaps at the U.S.
Mine, and A.F. Budge (Mining) Ltd.
began operations at the historic Vulture
Mine. Budge heap leached old tailings
at the site and planned to produce
approximately 7,000 ounces of gold
within about 1 year.®

Late in the year, the Gladiator-War
Eagle Mine in Yavapai County was
closed by Nor-Quest Arizona. The un-
derground mine had been in produc-
tion since 1986.

Molybdenum.—In 1988, Arizona
became the largest producer of molyb-
denum in the United States. Produc-
tion more than quadrupled over that of
the previous year. The increase was due
to strong demand, increased prices,
and expanded markets.

As in the recent past, all molybde-
num produced in the State during 1988
was mined as a byproduct or coproduct
of primary copper ores. Molybdenite
concentrates were recovered at five
mines. The Sierrita Mine (Pima
County), owned and operated by Cy-
prus, was the largest producer. This
property was also the only one in Ari-
zona that operated a molybdenum sul-
fide roaster to produce molybdenum
oxide.

According to the Cyprus Form 10-K
for 1988, the company produced 23.8
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million pounds of molybdenum from its
Arizona mines. Approximately 73% of
this total originated at the Sierrita Mine.
Cyprus was the largest domestic pro-
ducer of molybdenum in 1988, and its
output of the metal in Arizona was ap-
proximately 25% of the Nation’s total
production. Magma’s annual report for
the year announced its total molybde-
num production was 4.3 million pounds.

Silver.—Arizona ranked fourth in the
United States in silver output in 1988.
More than 4.8 million ounces, an
amount greater than 9% of total do-
mestic output, was produced by the
State’s mines.

Five properties in Arizona placed
among the 25 leading silver-producing
mines in the Nation. These five opera-
tions plus two others, all primary cop-
per producers, were responsible for
more than 97% of the State’s output.
Asarco’s Mission complex was the sin-
gle largest producer of byproduct silver.
The complex produced 1,248,000
ounces in 1988, according to the firm’s
annual report for that year. The
company-owned Ray Mine produced
439,000 ounces. Magma reported in its
1988 annual report that the combined
output of the Pinto Valley and San
Manuel divisions was 623,000 ounces
of silver.

Most of the balance of silver produc-
tion in the State was recovered from
silicious ores shipped to copper smelt-
ers. The largest of these producers was
the underground Ash Peak Mine oper-
ated by Arizona Flux Mines Inc. in
Greenlee County. Other major sources
of silver-bearing flux were the Com-
monwealth tailings in Cochise County,
the Mammoth tailings in Pinal County,
and the Congress lode mine in Yavapai
County.

Other Metals.—Arizona was the only
State in which rhenium was mined in
1988. It was produced by Cyprus at the
Sierrita Mine. The metal, occurring as a
trace element in molybdenite, was recov-
ered as ammonium perrhenate by roast-

ing the molybdenum concentrates.

Approximately 32% of the Nation’s |
domestically produced uranium was
mined in Arizona. In 1988, six uranium
mines in Arizona, located in Coconino
and Mohave Counties, were either in
production or under development by
Energy Fuels Nuclear Inc. ‘

A relatively small amount of lead |
was produced as a byproduct at the
Mission copper complex, and lode tin
was recovered at the Cheops (formerly
Apache) property in Graham County.
There was no recorded production dur-
ing the year of other metals in the State
except trace metals recovered at copper
refineries.

Industrial Minerals

Cement.—Arizona ranked in the top
half of all cement-producing States
during 1988. While production of ma-
sonry cement in the State declined,
portland cement production increased
by about 1.5%. However, the average
price of both types of cement declined.

Arizona Portland Cement Co., a
subsidiary of the Calmat Co., was the
largest producer of cement in the State.
The company modernized equipment
in the finish grinding mill circuit of its
Rillito plant in Pima County. Calmat’s
1988 annual report indicated that this
improvement significantly increased
production while it decreased energy
consumption. Rubber tire chips were
burned successfully on an experimental
basis as an alternate energy source in
kilns at the cement plant.

Clays.—During the year, the State’s
total production of clay decreased ap-
proximately 15% compared to 1987
figures. Most of this decline was due to
a major reduction of common clay and
shale output used to manufacture
building materials. However, bentonite
production increased slightly from
28,530 short tons in 1987 to 28,733
short tons in 1988. Arizona was the
seventh largest producer of bentonite
among the 14 producing States.
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Gem Stones.—Arizona continued as
the third leading producer of gem stones
in the United States. The State ranked
second in the Nation as a source of
mined gem materials. The total value was
estimated to have risen about 10% over
that of 1987. Principal gem stones in-
cluded agate, malachite, blue opal, peri-
dot, petrified wood, and turquoise.

Gypsum.—Arizona’s gypsum pro-
duction placed it in the top half of all
the producing States in 1988. Mine
production of gypsum in the State in-
creased by about 8% over that of 1987.
Average prices rose slightly.

Three companies operated four mines
during the year and “supplied agricul-
tural, cement, and wallboard customers.
Most of the production was from Pinal
County.

According to its Form 10-K for 1988,
the National Gypsum Co. produced
165,000 short tons of gypsum at the Feld-
man Mine in Pinal County. Through its
Gold Bond Building Products division,
the firm calcined gypsum and manufac-
tured wallboard at its plant in Phoenix.

Lime.—Domestically, the State con-
tinued to rank 11th in lime production.
Arizona’s output increased by more
than 23% over that of 1987, and aver-
age prices increased by almost 12%.
The entire output was produced by
Chemstar Inc. at its two plants, one at
Paul Spur in Cochise County and one
at Nelson in Mohave County.

Chemstar, a privately owned company,
was the largest producer of hydrated lime
and quicklime in the western United
States. The Nelson facility, one of the
firm’s largest, had a rated capacity of
1,800 short tons of high-calcium quick-
lime per day. The Paul Spur facility was
rated at 1,000 tons per day.

Perlite.—Nationally, Arizona was the
second leading producer of perlite during
1988. Two mining firms operated surface
pits near Superior (Pinal County) and
supplied a variety of markets. Expanded
perlite was produced primarily for horti-
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cultural purposes by Therm-O-Rock In-
dustries in Maricopa County.

Sand and Gravel.—Construction.—
Construction sand and gravel produc-
tion is surveyed by the U.S. Bureau of
Mines for even-numbered years only;
data for odd-numbered years are based
on annual company estimates. This
chapter contains actual data for 1986
and 1988 and estimates for 1987.

For some States, construction sand
and gravel statistics are compiled by
districts. Table 3 presents end-use data
for this commodity in Arizona in the
districts depicted in the centerfold map.

In 1988, the State ranked seventh
nationally in the domestic production
of construction sand and gravel. Com-
pared to the estimated production fig-
ure for 1987, Arizona’s output in 1988
decreased by 15%. Average prices in-
creased during the year and the total
value of production, $124 million, con-
tributed significantly to the combined
value of all nonfuel mineral commodities
in the State. District 3 sand and gravel
mines, encompassing the two principal

population centers of Phoenix and Tuc-
son, produced more than 88% of the
total production in Arizona.

Industrial. —Production of indus-
trial sand in Arizona continued at the
Houck Mine in Apache County. This
relatively valuable commodity, consist-
ing of well-rounded and well-sorted
quartz grains, sold for an average price
of about $25.60 per short ton in 1988.

Stone.—Stone production is sur-
veyed by the U.S. Bureau of Mines for
odd-numbered years only; this chapter
contains estimates for 1986 and 1988
and actual data for 1987. Data for even-
numbered years are based on annual

_company estimates.

During 1988, production of crushed
stone in Arizona was estimated to have
decreased slightly. The estimated value,
however, was significant at $33 million.
Six companies quarried dimension
stone in Arizona and supplied various
users. A diversity of products, includ-
ing onyx marble, sandstone, and schist,
were mined during 1988.

TABLE 2

ARIZONA: CONSTRUCTION SAND AND GRAVEL SOLD OR USED IN
1988, BY MAJOR USE CATEGORY

Quantity Value Value
Use é:’f#fﬁ:g) (thousands) pear :lon
Concrete aggregates (including concrete sand) 3,914 $14,819 $3.79
Plaster and gunite sands 166 772 4.65
Concrete products (blocks, bricks, pipe, decorative, etc.) W W 4.30
Asphaltic concrete aggregates and other bituminous
mixtures 1,914 9,663 5.05
Road base and coverings' 3,980 10,037 2.52
Fill 408 1,032 2.53
Other 243 1,028 4.23
Unspecified:
Actual 18,513 75,417 4.07
Estimated 3,262 11,085 3.40
Total® or average 32,399 123,854 3.82

W Withheld to avoid disclosing individual company proprietary data; included with “Other.”

TIncludes road and other stabilization (cement).

?|ncludes production reported without a breakdown by end use and estimates for nonrespondents.
3 Data may not add to totals shown because of independent rounding.
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TABLE 3

ARIZONA: CONSTRUCTION SAND AND GRAVEL SOLD OR USED BY PRODUCERS IN 1988,

BY USE AND DISTRICT

(Thousand short tons and thousand dollars)

District 1 District 2 District 3
Use Quantity Value Quantity Value Quantity Value

Concrete aggregates (including concrete sand) 236 869 236 1,405 3,443 12,544

Plaster and gunite sands 33 165 11 67 121 540

Concrete products (blocks, bricks, etc.) — — — — w w
Asphaltic concrete aggregates and other bituminous

mixtures w w W w 1,714 8,596

Road base and coverings' 879 2,162 438 1,423 2,664 6,452

Fill 23 38 54 128 331 865

Other miscellaneous 14 88 187 979 243 1,028

Other unspecified? 1,433 5,305 209 736 20,133 80,461

Total® 2,617 8,628 1,135 4,739 28,648 110,487

W Withheld to avoid disclosing company proprietary data; included with “Other miscellaneous.”

"iIncludes sand and gravel for road and other stabilization (cement).

2Includes production reported without a breakdown by end use and estimates for nonrespondents.
3 Data may not add to totals shown because of independent rounding.

Other Industrial Minerals.—Several
other industrial minerals were mined or
produced in Arizona during 1988. In-
cluded among these commodities were
diatomite, pumice, pyrite, salt, sulfuric
acid, and zeolite.

Arizona was one of only five States
in which diatomite was produced in
1988. The Whitecliffs Mine in Pinal
County was the State’s sole source of
this relatively high-valued product.

A small amount of pumice was pro-
duced in the State during the year, and
the State was the only source of mar-
keted pyrite concentrates in the Nation.
Pumice was mined in Graham and Co-
conino Counties, and pyrite was recov-
ered at the Magma property in Pinal
County.

Solution mining and processing of
salt continued at the Luke facility
owned by Morton Salt in Maricopa
County. Production in 1988 increased
by approximately 27% over that of the
previous year.

Sulfuric acid as a byproduct of metal
smelters and roasters was produced in
greatest quantity in the United States at
Arizona’s copper facilities. Total pro-
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duction for the State, 1.3 million short
tons, increased by approximately 12%
over that of 1987. In 1988, this output
was 45% of the total sulfuric acid
produced domestically in this manner.

Exfoliated vermiculite was produced
by Therm-O-Rock Industries and W.R.
Grace and Co. at their plants in Mari-
copa County. The companies shipped
crude vermiculite to the processing fa-
cilities from out of the State.

Limited amounts of zeolite, as raw
chabazite, were mined from a deposit
near Bowie. In 1988, five mining firms
shipped the commodity from this de-
posit, which straddles the Cochise-
Graham County line, to processing
plants in other States.

!State Mineral Officer, Bureau of Mines, Tucson,
AZ.

2 Director, Arizona Department of Mines and Mineral
Resources, Phoenix, AZ.

3Leaming, G. F. The Copper Industry’s Impact on
the Arizona Economy 1988. West. Econ. Anal. Cent.
(Marana, AZ) Mar. 1989, 32 pp.

“Epler, B. Santa Cruz Joint Venture Buys Casa
Grande Copper Deposit. Pay Dirt, Southwestern Edi-
tion, Feb. 1989, p. 16A.

$Walenga, K. Cyprus Plans June Start-Up of Twin

Buttes Copper Production. Pay Dirt, Southwestern Edi-
tion, Apr. 1988, p. 3A.

SWalenga, K. Cyprus Gets Inspiration for $125 Mil-
lon in Cash. Pay Dirt, Southwestern Edition, June 1988,
pp. 4A-5A.

"Walenga, K. Gold and Silver Are There—but Are
Tough to Get. Pay Dirt, Southwestern Edition, Jan.
1989, pp. 4A-6A.

8 Walenga, K. Budge Mining Preparing to Reprocess
Tailings at Vulture Mine. Pay Dirt, Southwestern Edi-
tion, May 1988, p. 21A.
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TABLE 4

PRINCIPAL PRODUCERS

Commodity and company Address Type of activity County
Cement:
Arizona Portland Cement Co., division of Box 338 Quarry and dry-process, Pima.
California Portland Cement Co., a subsidiary Rillito, AZ 85654 4-rotary-kiln plant
of CalMat Co.! 2
Salt River Pima-Maricopa Community Box 428 Quarry and dry-process, Yavapai.
(formerly Phoenix Cement Co.)" 2 Clarkdale, AZ 86324 3-rotary-kiln plant
Cinder (volcanic):
Flagstaff Cinder Sales Inc. Old Highway 66, Box 2796 Quarry Coconino.
Flagstaff, AZ 86003
Superlite Builders Supply, a Box 40159 Open pit mine and crushing Do.

subsidiary of U.S. Industries Inc.

Flagstaff, AZ 86004

plant

Clays:
Building Products Co.

4850 West Buckeye Rd.
Phoenix, AZ 85043

Open pit mines

Navajo and Yavapai.

Clinton-Campbell Contracting Inc.
(formerly Phoenix Brick Yard)

1814 South 7th Ave.
Phoenix, AZ 85007

do.

Maricopa and Pima.

Harshaw/Filtrol Partnership of Box 155 Surface strip mine Apache.
Kaiser Aluminum & Chemical Corp. Sanders, AZ 86512
and Chevron Corp.
McKusick Mosaic Co. Route 1, Box 35-D Surface mine Gila.
Globe, AZ 85501
United Desiccants, a division Box 32370 Surface strip mine Apache.
of United Catalyst Inc. Louisville, KY 40232
Copper:
ASARCO Incorporated
Hayden Unit Box 98 Smelter and acid plant Gila.
Hayden, AZ 85235
Mission Complex® 4 © Box 111 Open pit mines and mill Pima.
Sahuarita, AZ 85629
Ray Unit3 5 ¢ Box 9 Open pit mine, dump and heap Gila and Pinal.
Hayden, AZ 85235 leach, precipitation, SX-EW
plants
Silver Bell Unit Marana, AZ 85653 Leach dumps and precipitation Pima.
plant
Cyprus Metals Co., a division of
Cyprus Minerals Co.:
Cyprus Bagdad Copper Co.® © Box 245 Open pit mine, mill, leach Yavapai.
Bagdad, AZ 86321 dump, SX-EW plant
Cyprus Casa Grande Box C-9 In situ mine and SX-EW plant Pinal.
Casa Grande, AZ 85222
Cyprus Miami Box 1559 Dump and heap leach, precipi- Gila.
Claypool, AZ 85532 tation plant, SX-EW, smelter,
refinery, rod mill
Cyprus Mineral Park Box 6249 Leach dump and precipitation Mohave.
Kingman, AZ 86401 plant
Cyprus Sierrita Corp.3 5 © Box 527 Open pit mine, mill, leach Pima.

Green Valley, AZ 85622

dumps, precipitation plant,
SX-EW plant

See footnotes at end of table.
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TABLE 4—Continued
PRINCIPAL PRODUCERS

Commodity and company Address Type of activity County
Copper—Continued
Cyprus Twin Buttes® 5 © 1855 La Canada Open pit, leach dumps, SW-EX Pima.
Green Valley, AZ 85622 plant.
Magma Copper Co.:
Pinto Valley Div.3 5 ¢ Box 100 Open pit mine, mill, leach Gila.
Miami, AZ 85539 dumps, in situ leach, SX-EW
plant.
San Manuel Div." 3567 Box M Underground mine, mill, in Pinal.
San Manuel, AZ 85631 situ and heap leaching, SX-EW
plant, acid plant, smelter,
refinery, rod mill.
Phelps Dodge Corp.:
Corporate Headquarters 2600 North Central Ave. Maricopa.
Phoenix, AZ 85004-3015
Copper Queen Branch Highway 92 Leach dumps, in situ Cochise.
Bisbee, AZ 85603 leaching, precipitation
plant.
Morenci Branch?3 % € Morenci, AZ 85540 Open pit mine, mills, leach Greenlee.
dump, precipitation and
SX-EW plants.
Diatomite:
Whitecliffs Industries 460 West Roger Rd., Suite 101 Surface mine and plant Pinal.
Tucson, AZ 85705
Gold:
Cyprus Copperstone Gold Corp. Box A1 Open pit mine, agitation La Paz.
Parker, AZ 85344 leach.
Echo Bay Mines Ltd. Box 361 Underground mine Yavapai.
Congress, AZ 85332
J. Devins Resource Group Box 2406 Open pit mine and heap leach Maricopa.
Wickenburg, AZ 85358
Nor-Quest Arizona Inc. Box 416 Underground mine and Yavapai.
Crown King, AZ 86343 concentrator.
Stan West Mining Corp. Box 460 Underground mine and mill Do.
Humboldt, AZ 86329
Gypsum:
National Gypsum Co:
Gold Bond Building Products Div. Box 20863 Plant Maricopa.
Phoenix, AZ 85036
Pinal Gypsum Co. Box 99 Open pit mine Pinal.

Coolidge, AZ 85228

Superior Companies' 2

1700 North 7th St., No. §
Phoenix, AZ 85005

Quarries and plant

Apache, Pinal, Yavapai.

Winkelman Gypsum Pit Star Route, Box 3990 Open pit mine and crushing Pinal.
Winkelman, AZ 85292 plant.
Lime:
Chemstar Inc. Box 197 Quarries and plant Yavapai.
Peach Springs, AZ 86434
Can-Am Corp., Paul Lime Div,, a Drawer T Quarry and three lime kilns Cochise.

subsidiary of Chemstar Inc.2

Douglas, AZ 85607

See footnotes at end of table.
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TABLE 4—Continued

PRINCIPAL PRODUCERS

Commodity and company Address Type of activity County
Perlite:
Harborlite Inc. Box 960 Open pit mine and plant Pinal.
Superior, AZ 85273
Nord-Sil Flo Inc., a subsidiary of Box 127 do. Do.
Nord Resources Corp. Superior, AZ 85273
Therm-O-Rock Industries, Inc. 6732 West Willis Rd. Plant Maricopa.
Chandler, AZ 85226
Pumice:
Arizona Tufflite Inc. 2432 West Peoria Open pit mine Coconino.
Phoenix, AZ 85029
Gila Valley Block Co. Box 465 do. Graham.
Safford, AZ 85546
Salt:
Morton Salt Div., a subsidiary of 13000 West Glendale Ave. Solution mining and solar Maricopa.
Morton Thiokol Inc. Glendale, AZ 85307-2408 evaporation
Sand and gravel:
Construction:
Arizona Crushers Inc. Box 9129 Pits Do.
Phoenix, AZ 85068
Baseline Materials Inc. 38353 Schneph Rd. Pits Do.
Queen Creek, AZ 85242
Blue Circle West Inc. 2625 South 19th Ave. do. Do.
: Phoenix, AZ 85009
CalMat Co. of Arizona, a subsidiary 1801 East University Dr. Pits and plants Do.
of California Portland Cement Co., Box 52012
a subsidiary of CalMat Co. Phoenix, AZ 85036
Earth Products Inc. Box 278 do. Yavapai.
Humboldt, AZ 86329
Mesa Materials Inc. 3410 North Higley Rd. Pits Maricopa.
Mesa, AZ 85205
Phoenix Redi-Mix Co. 3635 South 43rd Ave. do. Do.
Phoenix, AZ 85009
Salt River Sand & Rock Box 728 do. Do.
Mesa, AZ 85211
The Tanner Companies 3640 South 19th Ave. Pits and plants Coconino, La Paz,
Box 52124 Maricopa, Pima, Pinal,

Phoenix, AZ 85072

Yavapai, Yuma.

Union Rock & Materials Corp. 2800 South Central Ave., Box 8007 do. Maricopa, Pima.
Phoenix, AZ 85006
Industrial:
Arizona Silica Sand Co. Box 108 Open pit mine Apache.
Houck, AZ 86506
Stone:
Crushed:
Andrada Marble Co. 4901 East Drexel Rd. Quarry Pima.

Tucson, AZ 85706

See footnotes at end of table.
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TABLE 4—Continued

PRINCIPAL PRODUCERS

Commodity and company

Address

Type of activity

County

Arizona Granite

7401 West Villa Rita Dr.
Peoria, AZ 85345

Quarry

Maricopa.

Madison Granite Supplies 7050 Grand Ave. Quarry and plant Do.
Glendale, AZ 85301

Red Mountain Mining Inc. 4250 North Bush Hwy. do. Do.
Mesa, AZ 85205

Scala Granite East Canyon Dr. do. Pinal.

Apache Junction, AZ 85220

Dimension:

Dunbar Stone Co.

Box 246
Ash Fork, AZ 86320

Quarries and plant

Coconino, Maricopa,
Mohave, Yavapai.

Western States Stone Co.

2830 Grand Ave.
Phoenix, AZ 85017

do.

Coconino, La Paz,
Maricopa, Mohave,
Yavapai.

Stone (Smelter flux):

Arizona Flux Mines Inc. Box 26707 Underground mine Greenlee.
Tucson, AZ 85727
Little Hill Mines Inc. Box 332 Open pit mine Pinal.
Oracle, AZ 85623
Triple Nichol Inc. R.R. 1, Box N123 Surface and underground Gila, Pinal.
Globe, AZ 85501 mines
Vermiculite (exfoliated):
W. R. Grace & Co., Construction 4220 West Glenrosa Plant Maricopa.
Products Div. Phoenix, AZ 85019
Therm-O-Rock Industries 6732 West Willis Rd. do. Do.
Chandler, AZ 85226
Zeolite:
GSA Resources Box 16509 Surface strip mine Cochise.
Cortaro, AZ 85652
Union Carbide Corp. Box 1029 do. Do.

Grand Junction, CO 81502

" Also clays.

2 Also limestone.

3 Also gold.

4 Also lead.

5 Also silver.

6 Also molybdenum.
7 Also lime.
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THE MINERAL INDUSTRY OF ARKANSAS

This chapter has been prepared under a Memorandum of Understanding between the Bureau of Mines, U.S. Department
of the Interior, and the Arkansas Geological Commission for collecting information on all nonfuel minerals.

By Doss H. White, Jr.,! and William V. Bush?

n 1988, the value of nonfuel min-
eral production in Arkansas, as
reported by the State’s mineral
producers, increased to a record
high of $307 million, a $43 million
increase over 1987. This value exceeded
the previous record high established in
1979 by almost $2 million. Nationally,
Arkansas ranked 29th in the total value
of nonfuel mineral production.
Fifteen nonfuel mineral commodi-
ties, 14 industrial minerals, and 1 me-
tallic mineral were produced during the
year; 8 exceeded 1987 production lev-
els, 5 declined below the levels reported
in 1987, and 1 remained at the previous
year’s figure. Production data were not
available for gemstones. A significant
increase in the value of bromine, clays,
construction sand and gravel, and
crushed stone accounted for the new
State record; the value of these four
commodities exceeded the 1987 level by
almost $46 million.

TRENDS AND
DEVELOPMENTS

During the past 10 years (1979-88),
Arkansas’ annual mineral value has
exhibited two distinct trends. During
the initial half of the 10-year period
(1979-83), value declined from a record
high of $305 million in 1979 to $246
million in 1983; the decline resulted
from the nationwide recession in the
early 1980’s. In 1984, however, the
trend of declining value reversed and,
with a minor exception in 1985-86,
sales increased to the record high of
$307 million reported in 1988.

During the year there was activity,
including openings, sales, and plant
transfers, in both the industrial miner-
als and metals sectors. In the industrial
minerals sector, the State’s talc industry
developed new markets, which resulted
in increased sales. Several bromine pro-

TABLE 1

ducers completed expansions. Dow
Chemical U.S.A. sold its Magnolia
clear brine fluids plant and reserves to
Tetra Technologies Inc. Tri States Sand
and Gravel Co. sold its Delight plant and
reserves to Gifford-Hill and Co. Inc.,
and Silica Products Co. Inc. sold its
mining and processing facility at Guion
to Unimin Corp. of New Canaan, CT.

In the metals sector, Nucor-Yamato
Steel Co. began production at its new
minimill at Blytheville, the Stratcor va-
nadium roasting plant at Hot Springs
resumed operations, and Reynolds
Metals Inc. donated its closed reduc-
tion plant at Jones Mill to Hot Springs
County.

EMPLOYMENT

According to records issued by the
Arkansas Employment Security Divi-

NONFUEL MINERAL PRODUCTION IN ARKANSAS'

1986 1987 1988
Minere! Quantity (thc:{?slzﬁds) Quantity (thc:ilas::zds) Quantity (mt:lausl::ds)

Abrasives? short tons w w w w 1,235 $429
Clays do. 3974,373 3$8,998 908,394 $8,651 930,863 15,376
Gem stones NA 522 NA 1,800 NA 2,300
Sand and gravel:

Construction thousand short tons 8,571 26,999 €7,200 €23,900 7,722 26,201

Industrial do. 400 3,975 505 5,147 669 6,784
Stone:

Crushed do. €15,500 ©58,500 15,234 63,847 €17,100 €70,100

Dimension short tons ©5,145 €305 10,541 629 ©10,541 €629
Combined value of bauxite, bromine, cement, clays

(fire clay 1986), gypsum, lime, talc and pyrophyliite, tripoli,

and values indicated by symbol W XX 163,708 XX 160,188 XX 184,970

Total XX 263,007 XX 264,162 XX 306,789

®Estimated. 'Revised. NA Not available. W Withheld to avoid disclosing company proprietary data; value included with *

' Production as measured by mine shipments, sales, or marketable production (including consumption by producers).
2 Grindstones, pulpstones, and sharpening stones; excludes mill liners and grinding pebbles.
3Excludes certain clays; kinds and values included with “Combined value” data.
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Combined value” figure. XX Not applicable.
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sion, primary metals employment in
1988 was up 19% as the new steel mill
came on-line near Blytheville. Employ-
ment in the stone, clay, and glass sector
was up 5.1%. Mining employment in-
creased 6.1%.

LEGISLATIONAND
GOVERNMENT PROGRAMS

The Arkansas Legislature meets bi-
ennially and thus did not convene in
1988. In 1987, the Legislature passed
Act 793, which created a Diamond
Mining Advisory Task Force to study
the feasibility of commercial mining at
the Crater of Diamonds State Park.
Late in 1988, the Task Force recom-
mended that geologic testing be carried
out to determine whether or not mining
on a commercial scale was feasible.

The Geology and Land Survey Divi-
sions of the Arkansas Geological Com-
mission (AGC) responded to over 4,000
requests for geologic-related informa-
tion during the year. The AGC contin-
ued cooperative work with the U.S.
Geological Survey on several projects,
including the Gamma Ray and Neu-
trino Detector program (GRANDE),
Conterminous United States Mineral
Assessment Program (CUSMAP), and
the Cooperative Geologic Mapping
Program (COGEOMAP).

The abandoned Chamberland Creek
barite mine near Hot Springs was se-
lected as the site for the world’s largest
gamma ray and neutrino detector. The
AGC conducted a hydrological study
of the site and ordered a magnetic
survey of the mine to develop data for
design purposes.

AGC staff continued to add to the
State’s well sample library, and efforts
were underway to obtain funding to
expand the facility. Work continued on
the CUSMAP program to evaluate the
mineral resources of the Harrison 1
degree by 2 degree quadrangle. Maps
were also prepared for the Midconti-
nent Strategic and Critical Minerals
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project.

Hydrogeology studies on ground and
surface water quality and quantity were
ongoing as the demand for water qual-
ity information increased. Work con-
tinued on the COGEOMAP program
to evaluate the economic potential of
the Ouachitas in Arkansas. In 1988,
emphasis was placed on .geological
mapping.

Commission geologists were involved
in several activities, including chairing
the Arkansas Earthquake Advisory
Council and acting as advisors for vari-
ous regulatory agencies. Advisory work
included reviewing mine and reclamation
plans and landfill permits and providing
counsel to the Arkansas representative to
the Central Low Level Radioactive Waste
Compact Commission.

U.S. Bureau of Mines employees re-
viewed several environmental impact
statements prepared by Federal and
State agencies concerning planned con-
struction in the State. The reviews were
undertaken to ensure that existing min-
ing operations and mineral reserves
would not be adversely affected by ad-
ditional construction activity.

The U.S. Office of Surface Mining
funded a $164,000 project to reclaim
mined land for Franklin County. Work
on the project, which was completed at
yearend, included “partially filling a
large water-filled pit . . . constructing
an earthern dam . . . fencing portions
of the highwall . . . smoothing spoil
piles.” Topsoil was spread on the
smoothed areas and vegetation planted.’

REVIEW BY NONFUEL
MINERAL COMMODITIES

Industrial Minerals

Arkansas’ industrial minerals sector
mined or manufactured 14 industrial
mineral commodities. The annual re-
port of the Arkansas Department of
Labor noted 225 mines and quarries
active in 1988; 215 of these produced
industrial minerals.*

Abrasives (Natural).—Arkansas ranked
second among the four States producing
natural silica abrasives in 1988. Novacu-
lite, a dense, hard, fine- grained, high-
silica stone, was mined in Garland and
Hot Springs Counties. Several grades of
novaculite were produced. Run-of-mine
material was cut into 2-, 4-, or 6-inch
blocks by diamond saw and then cut into
smaller sizes and shaped for final finish-
ing. The final finishing step was done on
iron laps, producing whetstones, hones,
scrapers, and files. Uncut novaculite was
marketed in Europe and Japan, and sev-
eral Arkansas firms purchased run-of-
mine stone to produce finished products.
Output increased significantly; there was
a modest increase in value.

During the year, Smith Whetstones
Inc. expended $200,000 on its facilities
in Hot Springs.

Bromine.—Arkansas continued as
the Nation’s leading bromine producer.
In terms of value bromine was the
leading mineral commodity produced
in-State. Bromine occurs as sodium
bromine in brines underlying the south-
central part of Arkansas in Columbia
and Union Counties. The Arkansas
brines, which occur at depths of ap-
proximately 8,000 feet, contain up to
5,000 parts-per-million of extractable
bromide. The bromine-bearing brines
are recovered through wells drilled to
the brine horizons. Both output and
value increased substantially over that
reported for 1987.

Columbia County producers in-
cluded the Ethyl Corp., the largest bro-
mine producer in the Nation, and Dow
Chemical U.S.A. Union County pro-
ducers included Arkansas Chemicals
Inc. and Great Lakes Chemical Corp.

Bromine industry expansions in-
cluded $1.1 million by Arkansas Chem-
icals Inc. in El Dorado, $12.5 million
by Ethyl Corp. at two plants in Mag-
nolia, and $50.5 million by Great Lakes
Chemical Corp. at both its plants in El
Dorado.

Dow’s clear brine fluids business was
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acquired by Tetra Technologies Inc. at
midyear. Included in the sale were a
120-million-pound-per-year  calcium
bromide plant in Magnolia; all patents,
technology, and production expertise;
and brine reserves projected to last 15
years. Clear brine fluids were used in
the oil and gas industries as drilling and
completion media. Tetra planned to
supplement the calcium bromide ca-
pacity of the plant with zinc, sodium
and potassium salts, and custom-
formulated clear brine fluids. The clear
brine fluids operation was part of a
1987 consent decree under which the
U.S. Department of Justice allowed
Ethyl Corp. to purchase other bromine
assets of Dow.

Cement.—Two companies produced
both masonry and portland cement at
plants in Saratoga and Foreman. The
two companies operated a total of five
kilns and used the wet process to man-
ufacture cement from materials mined
locally. Masonry shipments and value
declined below the 1987 level; the out-
put of portland cement increased, but
value was below that reported for the
previous year. Portland cement value
ranked third among the 15 mineral
commodities produced in Arkansas.

Clays.—Arkansas ranked 18th among
the 46 clay-producing states; both com-
mon clay and/or shale and kaolin were
mined. Output of both clay types in-
creased over 22,000 short tons, and value
rose almost $7 million over the levels
reported by the State’s clay producers in
1987.

Common clay was mined by 7 com-
panies from 14 pits in 9 counties. The
leading counties, Hot Springs, Crit-
tenden, and Montgomery, accounted
for almost 59% of the total common
clay and shale production. End uses
reported by the industry were primarily
heavy clay products, such as face-
bricks, and expanded lightweight ag-
gregate materials.

Kaolin was mined by three compa-
nies at six pits in Pulaski County. Sales
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included both unprocessed and cal-
cined kaolin used by the refractories
and chemical industries, respectively.

During the year Acme Brick in Mal-
vern completed an $800,000 plant
expansion.

Gem Stones.—Park authorities at
the Crater of Diamonds State Park in
Pike County reported that, in 1988,
visitors found 1,280 diamonds, as com-
pared with 959 diamonds found in
1987. Total weight amounted to 185
carats. Of the diamonds found, 17
weighed over 1 carat. The colors of the
diamonds collected during the year in-
cluded white (762), yellow (247), brown
(246), and others (25).

During the year, the State’s Diamond
Mining Advisory Task Force continued
to consider the feasibility of opening a
commercial diamond-mining operation
at the Crater of Diamonds Park. The
Task Force recommended, and the
State Parks, Recreation, and Travel
Commission accepted, a plan to pro-
ceed with the first phase of a drilling
program to test the geology of the area.
Costs of the exploration would not
exceed $350,000 and would be borne by
mining companies in exchange for test
results and the opportunity to bid on
any resulting contract to mine. In 1989,
before testing, the State Parks Division
would seek approval from the U.S.
Department of the Interior, because
Federal funds were used for park devel-
opment. Further action was not ex-
pected until approval was received.

Gypsum.—Arkansas was 1 of 21
States reporting gypsum production; in
1988, the State ranked ninth. Two com-
panies, Weyerhaeuser Co. and Harri-
son Gypsum Co. Inc., produced gyp-
sum from surface mines; the former
calcined gypsum for wallboard manu-
facture, and the latter sold gypsum for
use in cement manufacture. A third
company, Temple Inland Forest Prod-
ucts Corp., purchased gypsum mined
in Okalahoma for use in wallboard
manufacture. Production and value of

gypsum mined in-State decreased for
the second consecutive year.

Lime.—One company, Arkansas
Lime Co., located in Independence
County, produced both hydrate and
quicklime using local limestone as a
raw material. Production had been on a
gradual decline since the mid-1970’s;
newer plants in surrounding States
manufactured and shipped lime to Ar-
kansas’ industries at a lower cost.

Quartz.—Quartz crystals were mined
by many small operators for gem col-
lections and for use as “transmitters of
tranquillity” and “basic good luck.”
Demand remained strong even though
increased imports from South America
depressed prices. By late in the year,
high-grade material, which represented
10% to 20% of mine run, remained at
$100 per pound. Prices for medium to
low-grade crystals, however, fell from
about $25 per pound to $10 per
pound.’

To simplify mining operations while
maintaining environmental protection,
quartz crystals in the Ouachita Na-
tional Forest were designated a salable
mineral under Section 325 of the Inte-
rior Appropriations Act. The mineral
will now be administered by the Forest
Service, as is the case with other com-
mon-variety materials.®

Sand and Gravel.—Both construc-
tion and industrial sand and gravel were
produced in Arkansas in 1988. Produc-
tion increased 686,000 short tons over
that estimated for 1987.

Construction.—Construction sand
and gravel production is surveyed by
the U.S. Bureau of Mines for even-
numbered years only; data for odd-
numbered years are based on annual
company estimates. This chapter con-
tains actual data for 1986 and 1988 and
estimates for 1987.

Compared with 1986, the last year
the U.S. Bureau of Mines conducted a
full national survey of construction
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sand and gravel companies, 1988 pro-
duction and value in Arkansas both
decreased. However, production in-
creased 500,000 short tons and the
value rose $2.3 million when compared

TABLE 2

ARKANSAS: CONSTRUCTION SAND AND GRAVEL SOLD OR USED IN
1988, BY MAJOR USE CATEGORY

with 1987 estimates. The industry con- Use (tohgz:::t:d Value Value
sisted of 51 companies operating 67 short tong)  (thousands)  per ton
pits in 3{5 cpuntieg». Productipn Was | Concrete aggregates (including concrete sand) 3,631 $12,211 $3.36
centeregl in L1t.tle River, Ouachita, and | pger and gunite sands ) W W
PUIa.Skl Counties. Concrete products (blocks, bricks, pipe, decorative, etc.) 90 253 2.81
Tri Stat?s Sand an d Gravel Co. was Asphaltic concrete aggregates and
sold to _Glfford-Hlll and Co. Inc. Ifl' other bituminous mixtures 329 1,170 3.56
cluc!ed m th$ sale was the plant in Road base and coverings 516 1,432 2.78
Delight, AR. Fill 84 221 263
Arkansas construction sand and . :
gravel statistics are compiled by geo- | Snow and ice control w w 4.90
graphical districts as depicted in the Other 72 287 3.29
centerfold map. Table 3 presents end- | Unspecified:’
use data for this commodity in the Actual 1,813 7,094 3.91
three Arkansas districts. District 2 ac- Estimated 1,184 3,584 3.03
counted for over 60% of the value of Total® or average 7,722 26,201 3.39
production. W Withheld to avoid disclosing individual company proprietary data; included with “Other.”
1Includes production reported without a breakdown by end use and estimates for nonrespondents.
Ill dll Stl'i al.—Th e Stat er ank e d sixth 2Data may not add to totals shown because of independent rounding.
nationally among the 37 States report-
ing industrial sand and gravel output.
Production increased 164,000 tons over
the 1987 level, and value was $1.6 mil-
lion above the previous year’s sales.
TABLE 3
ARKANSAS: CONSTRUCTION SAND AND GRAVEL SOLD OR USED BY PRODUCERS IN 1988,
BY USE AND DISTRICT
(Thousand short tons and thousand dollars)
Use District 1 District 2 District 3
Quantity Value Quantity Value Quantity Value
Concrete aggregates and concrete products’ 1,145 3,048 2,435 9,064 144 361
Asphaltic concrete aggregates and other
bituminous mixtures 105 274 224 896 — —
Road base and coverings 234 827 176 330 106 275
Fill W W w W — -
Snow and ice control w w — — — —
Railroad ballast — — — — — —
Other miscellaneous 135 407 21 41 — —
Other unspecified® 145 574 1,964 6,183 889 3,921
Total® 1,764 5,130 4,819 16,513 1,138 4,558.00

W Withheld to avoid disclosing company proprietary data; included with “Other miscellaneous.”

"Includes sand and gravel for plaster and gunite sands.

2|ncludes production reported without a breakdown by end use and estimates for nonrespondents.

3Data may not add to totals shown because of independent rounding.
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The State’s industrial sand industry
consisted of five companies operating
five pits in five counties. Principal sales
were to the foundry, glassmaking, and
blasting (abrasive) industries.

Silica Products Inc., which produced
sand for the glass and foundry indus-
tries, sold its mining and processing
facility at Guion to Unimin Corp., the
Nation’s largest silica producer, with 20
operations in 13 States.?

Stone.—Stone production is sur-
veyed by the U.S. Bureau of Mines for
odd-numbered years only; data for
even-numbered years are based on an-
nual company estimates. This chapter
contains estimates for 1986 and 1988
and actual data for 1987.

Crushed.—In 1988, Arkansas ranked
26th among the 48 States, in crushed
stone production. The value ranked 2d
among the mineral commodities pro-
duced within the State during the year. In
1987, the last year that complete produc-
tion data were reported by industry, 36
companies operated 49 quarries to pro-
duce 15.2 million short tons of stone
valued at $63.8 million. The 1988 esti-
mated production exceeded that of 1987
by almost 2 million tons and $6 million.

The leading stone types produced in
descending tonnage were as follows:
granite, 5.8 million short tons (38%);
sandstone, 4 million short tons (27%);
limestone, 3.7 million short tons
(24%); and dolomite, slate, and
“other” stone types, which accounted
for the remainder.

Granite was produced by six compa-
nies in Pulaski and Pope Counties.
Sandstone was produced by 15 firms
operating 15 quarries in 13 counties;
Crawford, Sebastian, and Pulaski were
the leading counties. Limestone was
produced by 15 companies operating 24
quarries in 14 counties. The leading
sandstone-producing counties were Little
River, Independence, and Pope. Dolo-
mite output was reported from Lawrence
County, slate from Saline, and “other”
stone from Crawford, Garland, Mont-
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gomery, and Saline Counties.

The five major end uses for crushed
stone reported in 1987 were (1) graded
road base (2,338 million short tons),
(2) cement manufacture (tonnage with-
held), (3) rip rap and jetty stone (749,000
short tons), (4) bituminous aggregates
(710,000 short tons), and (5) concrete
aggregates (561,000 short tons).

Dimension.—The production of di-
mension sandstone was reported by
three companies with three quarries in
Independence, Logan, and Sebastian
Counties. The only end use reported
was cut and veneer stone. Output and
value were estimated to be the same as
in 1987, when 10,500 short tons valued
at $629,000 was produced.

Sulfur (Recovered).—Arkansas was
1 of 26 States with sulfur recovered as a
byproduct of other industrial pro-
cesses. MKP Operating Co. in Lafay-
ette County recovered sulfur as part of
the petroleum refining process at its
McKamie facility. The Ethyl Corp. re-
covered sulfur during bromine extrac-
tion from brine obtained from deep
wells in Columbia County.

Talc.—The Milwhite Co. mined talc
from the Congo surface mine in Saline
County near Benton in central Arkan-
sas. Ore was trucked to the Bryant mill
where it was processed for sales to the
ceramics and paper industries. There
was a four-fold increase in tonnage
mirrored by a similar but slightly
smaller increase in value. The increase
in output and value was due to a shift
in major markets; previously, the com-
pany had sold to the roofing and insu-
lation industries.

Tripoli.—Tripoli, a microcrystalline
silica, was produced in Arkansas, Illi-
nois, Oklahoma, and Pennsylvania.
The Arkansas deposit, located in the
northwest corner of the State, was
mined by openpit methods by Malvern
Minerals Co. The output, generally
finer grained than tripoli occurring in

other States, was used primarily as a
filler and an abrasive. Production and
value fell slightly below the 1987 levels.

Other Industrial Minerals.—Arkan-
sas ranked seventh among the 13 States
with synthetic graphite production.
Two companies, Great Lakes Carbon
Group and Superior Graphite Co.,
manufactured graphite electrodes at
plants in Ozark and Russellville. Petro-
leum coke, obtained from oil refining,
was the principal raw material used in
electrode manufacture. Perlite was ex-
panded by Strong-Lite Products Corp.
at a plant in Pine Bluff utilizing raw
material shipped in from New Mexico.
Output and value decreased below the
1987 level. Principal sales were for con-
crete aggregate and horticultural appli-
cations. Vermiculite was exfoliated by
two companies, Strong-Lite at Pine
Bluff and W. R. Grace & Co. at North
Little Rock, from material mined in
South Carolina and other States. Exfo-
liated vermiculite was used for textur-
ing paints and in aggregates, insula-
tion, agriculture, and fireproofing.

METALS

The State’s primary metals industry,
which had expanded in recent years,
remained a relatively small part of the
State’s industrial base. Recent growth
in the iron and steel sector was offset by
shutdowns in the aluminum industry.

Aluminum.—Reynolds Metal Co.’s
Jones Mill reduction plant, closed in
1985, was donated to Hot Springs
County for use as an industrial site.
The plant, once a major producer of
aluminum, was closed because of eco-
nomic conditions.’

Bauxite.—Arkansas continued as the
Nation’s leading State in bauxite pro-
duction. In 1988, output decreased
slightly, though value was reported
above the 1987 level. Two operations in
Saline County mined bauxite for chem-
ical purposes. Aluminum Co. of Amer-
ica (Alcoa) announced the closing of its
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bauxite mining and alumina refining
operations by October.'® Late in the
year, Alcoa delayed the shutdown until
early 1989. The company retained a
small mining and refining operation to
supply the Norton Alcoa plant at Fort
Smith. Alcoa’s alumina chemical oper-
ation will continue, using alumina
from Alcoa’s facility at Point Comfort,
TX.

Gold.—Developments were limited
to exploration activities centered in the
west-central part of Arkansas. During
the year, one company reportedly held
about 8,000-9,000 claims in the Oua-
chita National Forest in Polk and
Montgomery Counties near Mena.'!
Geologists with the Arkansas Geologi-
cal Commission were unable to verify
gold in any samples collected in the
area.

Iron and Steel. —Nucor-Yamato Steel
Co. completed construction of its $175
million, 600,000-short-ton-per-year min-
imill near Blytheville on the Mississippi
River.'? The furnaces at the 700,000-
square-foot mill were fired at midyear.
Rolling of blooms into I-beams, flats,
channels, and angles began in Septem-
ber. Full production was achieved by
yearend.

Vanadium.—Strategic Minerals Corp.
(Stratcor) resumed operation of its
vanadium-roasting facility in Hot
Springs. Roasting-plant feed consisted of
stockpiled ore, refinery residue, fly ash,
slags, and spent catalysts processed to
produce a vanadium oxide. The com-
pany announced plans to reopen its va-
nadium mine early in 1989 to meet in-
creased market conditions. The mine,
closed for 3 years, was the only primary
vanadium operation in the Nation."®

1State Mineral Officer, Bureau of Mines, Tuscaloosa,
AL.

2 assistant  State geologist, Arkansas Geological
Commission, Little Rock, AR.

3paris Express Progress. Groundbreaking Set for
Mining Reclamation Project. Mar. 21, 1988.

4 Arkansas Dept. of Labor. 1988 Annual Report, 17
pPP-

SUSDA Forest Service Memorandum. Update to
Quartz Crystals Market Conditions. Aug. 1, 1988, pp.
1-2.

6Hot Springs Village LaVilla. Federal Regulations
Simplify Quartz Mining. Jan. 9, 1989.

7pit and Quarry. Gifford-Hill purchased Tri State S &
G Assets. Aug. 1988, p. 10.

8 White River Current (Calico Rock). Silica Products
Inc. Sold. Aug. 18, 1988.

9Ppine Bluff Commercial. Reynolds Donates Alumi-
num Plant. Oct. 9, 1988.

10 Alyminum Company of America News Release.
Alcoa to Phase Out Mining and Refining Operations in
Arkansas. Jan. 14, 1988.

1 Evening Star (Mena). Questions Raised in Gold
Operation Near Mena. Apr. 17, 1988.

12 News-Times (El Dorado). Nucor Steel Plant Fires
Up Furnaces. July 4, 1988.

13 American Metal Market. Stratcor to Reopen Vana-
dium Mine. Dec. 22, 1988.
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TABLE 4

PRINCIPAL PRODUCERS

Commodity and company Address Type of activity County
Abrasives:
Oilstones and whetstones:
Hiram A. Smith Whetstone Co. Inc. 1500 Sleepy Valley Rd. Quarry Garland.
Hot Springs, AR 71901
Tripoli:
Malvern Minerals Co. Inc. Box 1246 Mine Do.
Hot Springs, AR 71901
Bauxite:
Aluminum Co. of America’ 1501 Alcoa Bidg. Mine and plant Saline.
Pittsburgh, PA 15219
American Cyanamid Co. Berdan Ave. do. Do.
Wayne, NJ 07470
Bromine:
Arkansas Chemicals Inc. Route 6, Box 98 Brine wells and plant Union.
El Dorado, AR 71730
Dow Chemical U.S.A. 2030 Dow Center do. Columbia.
Midland, MI 48640
Ethyl Corp., Arkansas Div. Box 729 do. Do.
Magnolia, AR 71753
Great Lakes Chemical Corp. Box 2200 do. Union.
West Lafayette, IN 47906
Cement:
Arkansas Cement Corp., a subsidiary of Box 25900 Plant Little River.
Ash Grove Cement Co." Overland Park, KS 66225
Ideal Cement Co., a subsidiary of Box 8789 do. Howard.

Ideal Basic Industries Inc.’

Denver, CO 80201

Clays:
Acme Brick Co., a division of

Box 425

Pits and plants

Hot Springs and

Justin Industries Inc. Fort Worth, TX 76101 Sebastian.
Arkansas Lightweight Aggregate Corp. El Dorado, AR 71730 Pit and plant Crittenden.
Eureka Brick and Tile Co. Box 379 Mine Johnson.

Clarksville, AR 72830
A. P. Green Refractories Co., Box 6057 Pit and plant Pulaski.
a subsidiary of USG Corp. Little Rock, AR 77216
Gypsum:
Harrison Gypsum Co. Inc. Box 336 Mine Pike.
Lindsay, OK 73052
Weyerhaeuser Co., Dierks Div. Route 4, Box 78 Mine and plant Howard.
Nashville, AR 71852
Lime:
Arkansas Lime Co., a subsidiary of Box 2356 Quarry and plant Independence.
Rangaire Corp." Batesville, AR 72501
Perlite:
Strong-Lite Products Corp. Box 8029 Plant Jefferson.
Pine Bluff, AR 71611
See footnotes at end of table.
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TABLE 4—Continued

PRINCIPAL PRODUCERS
Commodity and company Address Type of activity County
Sand and gravel:
Construction:
The Beaver Group Box 6657 Plants Litte River, Pike,
Shreveport, LA 71136 and Ouachita.
Boorhem-Fields Inc. Box 2196 Pits and Plants Calhoun, Craighead,

Little Rock, AR 72203

Poinsett, St. Francis.

Jeffrey Sand Co. 4401 S 16th Circle Pit and Plants Faulkner, Pulaski,
Fort Smith, AR 72901 Sebastian.
Industrial:
Gifford-Hill and Co. Inc.? Box 6615 Pits Miller.
Shreveport, LA 71136
Unimin Corp. 258 Elm St. do. lzard.
New Canaan, CT 06840
Stone (1987):
Granite:
Freshour Construction Co. Inc. Drawer AF Quarry Pulaski.
Cabot, AR 72023
McGeorge Contracting Co. Inc. Box 7008 Quarries Do.
Pine Bluff, AR 71611
Minnesota Mining and Manufacturing Co. 3M Center, 223-4N-05 Quarry Do.
St. Paul, MN 55144
Limestone:
McClinton-Anchor Co., a subsidiary of Box 756 Quarries Benton, Madison,
Ashland Qil Inc. Fayetteville, AR 72701 Washington.
Midwest Lime Co. Box 2608 Quarry Independence.
Batesville, AR 72501
Sandstone:
Arkhola Sand and Gravel Co.,' a Box 1627 Quarries Crawford and
subsidiary of Ashland Oil Inc. Fort Smith, AR 72901 Sebastian.
H M B Construction Co. Box 5606 Quarry Sevier.
Texarkana, TX 75501
Ben M. Hogan Co. Inc.? Box 2860 Quarries White.
Litle Rock, AR 72203
M and M Rock Co. Inc. Box 1190 do. Faulkner, Perry,
Conway, AR 72032 White.
Slate:
Bird and Son Inc. Drawer 151 Quarry Montgomery.
Glenwood, AR 71943
Sulfur (recovered):
Ethyl Corp., Arkansas Div. Box 729 Sulfur recovered in Columbia.
Magnolia, AR 71753 bromine extraction.
Phillips Petroleum Co. 724 Adams Bldg. Sulfur recovered as a Lafayette.
Bartlesville, OK 74004 byproduct of petroleum refining.
Talc:
The Milwhite Co. Inc. Box 15038 Mine and plant Saline.
Houston, TX 77020
Vanadium:
Strategic Minerals Corp. Route 6, Box 943 Mine and mill Garland.
Hot Springs, AR 71901
Vermiculite (exfoliated):
W. R. Grace and Co. 62 Whittemore Ave. Plant Pulaski.
Cambridge, MA 02140
Strong-Lite Products Corp. Box 8029 do. Jefferson.

Pine Bluff, AR 71611

" Also produced limestone.

2 Also produced construction sand and gravel in Quachita County.
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THE MINERAL INDUSTRY OF CALIFORNIA

This chapter has been prepared under a Memorandum of Understanding between the Bureau of Mines, U.S. Department
of the Interior, and the California Department of Conservation, Division of Mines and Geology, for collecting

information on all nonfuel minerals.

By Fred V. Carrillo, ! Brian E. Tucker,? and J. L. Burnett®

alifornia ranked second among
the States in the value of non-
fuel minerals produced in
1988, just over 9% of the U.S.
total. The value of the commodities pro-
duced increased by 6% to $2.709 billion,
continuing the steady growth in the
State’s mineral industries since 1982.
California led all States in the production
of asbestos, boron minerals, portland

cement, diatomite, calcined gypsum,
construction sand and gravel, rare-earth
metal concentrates, and tungsten ore and
concentrates. The State ranked second
nationally in the production of natural
calcium chloride, byproduct gypsum,
magnesium compounds from seawater,
sodium compounds, and gold.
No-growth regulations and opposi-
tion to new mining permits impeded

TABLE 1

mining operations throughout the
State. Activities of gold mining opera-
tions, sand and gravel quarries, and
cement plants were halted or delayed.
Initiatives to prohibit surface mining
operations were proposed in El Do-
rado, Mariposa, and Tuolumne Coun-
ties, but were narrowly defeated in the
fall elections.

NONFUEL MINERAL PRODUCTION IN CALIFORNIA'

1986 1987 1988
Mineral . Value . Value . Value
Quantity (thousands) Quantity (thousands) Quantity (thousands)
Boron minerals thousand short tons 1,251 $426,086 1,385 $475,092 1,267  $429,667
Cement:
Masonry do. w W W W 8 730
Portland do. 9,490 578,502 9,937 593,859 10,423 601,152
Clays short tons 22,249,136 233,289 2,296,332 33,045 2,221,693 31,620
Gem stones NA 418 NA 3,367 NA 3,365
Gold (recoverable content of ores, etc.) troy ounces 425,617 156,729 602,605 269,937 721,512 316,246
Gypsum thousand short tons 1,378 10,777 1,468 11,719 1,490 11,222
Lime do. 371 24,187 465 25,745 699 30,356
Mercury 76-pound flasks — — ©® &) w W
Peat thousand short tons w w W w 2 119
Pumice do. 46 1,263 42 1,539 35 1,245
Sand and gravel:
Construction do. 128,407 498,456 ©141,600 °561,300 141,946 622,074
Industrial do. 2,364 44,813 2,241 41,472 2,444 42,078
Silver (recoverable content of ores, etc.) troy ounces 155,176 849 121,817 854 481,376 3,148
Stone:
Crushed thousand short tons ©38,500  ©159,300 44,315 186,504 ©49,100 ©275,000
Dimension short tons ©22,749 €2,582 33,335 4,554 €42,048 €5,991
Talc and pyrophyllite thousand short tons 64 1,528 W w w w
Combined value of asbestos, barite (1987-88), calcium chloride
(natural), cement (masonry 1987-88), clays (ball clay 1986),
copper (1986, 1988), diatomite, feldspar, iron ore (includes
byproduct material, 1988), magnesium compounds, mercury
1988, molybdenum, perlite, potassium salts, rare-earth metal
concentrates, salt, sodium carbonate (natural), sodium sulfate
(natural), tungsten ore and concentrates, wollastonite (1986-87),
and values indicated by symbol W XX 330,638 XX 342,298 XX 334,755
Total XX 2,269,417 XX 2,551,285 XX 2,708,768
©Estimated. NA Not available. W Withheld to avoid disclosing company proprietary data; value included with “Combined value” figure. XX Not applicable.
' Production as measured by mine shipments, sales, or marketable production (including consumption by producers).
2Excludes certain clays; kind and value included with “Combined value” data.
3Less than 122 unit.
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TRENDS AND
DEVELOPMENTS

Industrial minerals comprised 87%
of the State’s nonfuel mineral produc-
tion value. In 1988, 36 mineral com-
modities, including 8 metals, were pro-
duced in California. A rising trend
continued in mineral production and
value as the State continued its eco-
nomic expansion from a 1982 low.

Gold production increased by over
20% from that of 1987 to 721,512 troy
ounces, continuing California’s ranking
as the second largest State among U.S.
gold producers. Despite a drop in average
annual price to $439, the value of gold
produced in the State was $316.3 million.
This figure was up $76.3 million from the
value of 1987 gold production because
most of the State’s producers increased
their output from the previous year. Most
gold production continued to be from
open pit projects in low-grade dissemi-
nated ore.

Construction sand and gravel, port-
land cement, and boron minerals were
the State’s most important mineral
commodities in terms of value. Boron
production declined by 9% from its
1987 record high, while portland ce-
ment and construction sand and gravel
increased slightly, reflecting the contin-
ued, although slowing, growth of Cal-
ifornia’s economy and the construction
industry in particular.

EMPLOYMENT

According to the California Employ-
ment Development Department, approx-
imately 9,600 workers were employed in
nonfuel mining in California in 1988. Of
these, 2,300 were employed in metal mining
and 7,300 in industrial minerals mining.

REGULATORY ISSUES

Special elections held during the year
in various areas of the California
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Mother Lode included ballot initiatives
to ban or restrict surface mining oper-
ations. Mariposa County voters de-
feated “Measure B,” which proposed to
eliminate “strip and open pit mining”
by establishing a 10,000-foot buffer
zone adjacent to homes, hospitals, and
schools. Voters in Amador City voted
to ban surface mining operations and
to require permits for all exploration.

LEGISLATION AND
GOVERNMENT PROGRAMS

Legislation was passed (AB 747) re-
quiring all existing surface mining op-

-erations with vested rights to have an

approved reclamation plan by July 1,
1990. Also passed was Senate bill 2295,
requiring joint multicounty hearings to
appeal the tax assessment for mi.es
located in more than one county.

The Bureau of Land Management
(BLM) authorized construction of six
major gold mining operations on pub-
lic lands and reported a 32% increase in
gold production from public lands,
mostly from the southern California
desert. BLM, with the assistance of the
Bureau of Mines and Geological Sur-
vey mineral reports, completed wilder-
ness reviews of more than 7 million
acres in the State and recommended 2.3
million acres for wilderness designation
and the release of 4.8 million acres for
other multiple uses. BLM also reported
16,266 new mining claims filed during
the year, bringing the total number of
claims in the State to 150,000. Leasable
mineral royalties in California (sodium,
potash, boron) netted BLM $6 million
in 1988.

The California State Mining and Ge-
ology Board and the Department of
Conservation formed a task force to
develop recommendations for more ef-
fective coordination of mining activi-
ties on Federal lands. The Board com-
pleted the designation of aggregate
resources in the Fresno Production-
Consumption Region and began the

designation process for the Stockton-
Lodi and Palm Springs Production-
Consumption Regions. Four new Sur-
face Mining and Reclamation Act
(1975) (SMARA) classification reports
were reviewed and transmitted to af-
fected lead agencies.

The California Division of Mines
and Geology prepared a comprehensive
file of mines in California that are
producing and intermittently produc-
ing. The objectives of the file were to
create a mineral property data base and
indexing system and to provide accu-
rate data for assessing compliance with
the SMARA. The file, named MOSS-
FILE (Mining Operations Subject to
SMARA) included approximately 1,100
active mines.

REVIEW BY NONFUEL
MINERAL COMMODITIES

Industrial Minerals

Asbestos.—Although California re-
mained the Nation’s leading asbestos
producer, 1988 production decreased
by 74%, continuing a 15-year down-
ward national trend. Production was
reported only from KCAC Inc.’s Joe
Asbestos Mine near King City in San
Benito County. Calaveras Asbestos
Corporation’s Copperopolis Mine in
Calaveras County was closed during
the latter part of 1987 and remained
closed during the year.

Boron Minerals.—Sales of boron
minerals valued at more than $429 mil-
lion declined by 10% from those of
1987. Production of 1,267,000 short
tons was reported from three opera-
tions during 1988. California contin-
ued to be the only domestic supplier of
boron minerals, principally in the form
of sodium borate.

The majority of the boron produc-
tion continued to be from Kern County,
with the balance from San Bernardino
and Inyo Counties. United States Bo-
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rax and Chemical Corp., a subsidiary
of RTZ Corp. PLC of London, United
Kingdom, continued to be California’s
largest producer and the primary world
supplier of sodium borates. U.S. Borax
mined and processed crude and refined
hydrated sodium borates, their anhy-
drous derivatives, and anhydrous boric
sodium acid at Boron in Kern County.
A second plant at Boron produced
technical-grade boric acid from U.S.
Borax’s extensive kernite ore reserves.
The boric acid was produced to com-
pete with imported colemanite used in
glass manufacture. The majority of
boron material was shipped to U.S.
Borax’s storage facility in Wilmington,
CA, which also produced some boron
specialty chemicals and borated soap
products. Other boron compounds
were used in fertilizers, herbicides, and
wood preservatives.

Kerr-McGee Chemical Corp. pro-
duced borax and boric acid products
from mineral-rich lake brines at the
Trona and Westend Plants at Searles
Lake in San Bernardino County. The
Trona plant used a differential evapora-
tive process to produce pentahydrate bo-
rax and anhydrous borax and a solvent
extraction process to produce boric acid.
The Westend plant continued production
of sodium borates by a carbonation proc-
ess that also produced lime, sodium car-
bonate, and sodium sulfate.

Mountain States Mineral Enterprises
Inc. in Tucson, AZ, studied the boron
market to determine if commercial de-
velopment of the Fort Cody colemanite
deposit in San Bernardino County
would be feasible.

Cement.—Portland cement was Cal-
ifornia’s second most valuable mineral
commodity in 1988, with a reported
value of more than $601 million. Cali-
fornia’s 10,423,000 short tons ranked
first among States in the production of
finished portland cement, furnishing
14% of the U.S. total. Although the
national production of portland ce-
ment declined slightly in 1988, the State
reported a 5% increase and continued
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to lead all other regions of the country
in portland cement consumption be-
cause of the sustained level of construc-
tion in southern California. A small
amount of masonry cement was also
produced in the State during 1988.
Eight of the eleven plants that contin-
ued to report cement production were
in the southern half of the State. Cali-
fornia continued to lead all States in
clinker production, accounting for ap-
proximately 14% of the total. More
than two-thirds of the clinker came
from eight southern California plants.
CalMat Co. reached an agreement
with Onoda USA, a subsidiary of Ono-
da Cement Co. Ltd. of Japan, giving
Onoda an option to acquire CalMat’s
cement and ready-mix concrete opera-
tions in the Los Angeles metropolitan
area. Kaiser Cement Co., a subsidiary
of Hanson Trust PLC of the United
Kingdom, sold its Lucerne Valley plant
to Mitsubishi Mining and Cement Co.
of Japan. Lone Star Industries formed
a joint venture with RMC Group PLC
of the United Kingdom to operate its
Davenport plant. Monolith Portland
Cement Co. sold its Monolith plant to
Cimentaries CBR of Belgium.

Clays.—Production of 2,221,693 short
tons of clay and shale valued at more
than $31 million was reported in 1988
from 28 companies in 18 counties. Com-
mon clay and shale comprised the bulk
of the clays produced, with nine compa-
nies reporting ball clay, bentonite, or
kaolin deposits.

Diatomite.—California continued to
lead all other States in diatomite pro-
duction during 1988. As in previous
years, the major producer was Manville
Products Corp. from its operations
near Lompoc in Santa Barbara County.
Grefco Inc., Decalite Division, was the
second largest producer with produc-
tion from the Lompoc area supple-
mented with diatomite from its Burney
plant in Shasta County.

Feldspar.—California ranked third

nationally in the production of feldspar
and feldspar-silica mixtures. Compared
with 1987, feldspar quantity declined
slightly while its value increased slightly.
The production of feldspar-silica mixture
was reported from U.S. Silica Compa-
ny’s San Diego County plant and Cali-
fornia Silica Products Co.’s Orange
County plant. Calspar Division of Steel-
head Resources handcobbed feldspar at
their San Bernardino operation.

Gypsum.—California continued to
rank first nationally in the production
of calcined gypsum, with a total 1988
output of 1,950,000 short tons, a slight
increase from that of 1987. However,
the State’s total mined output of crude
gypsum, 1,490,000 short tons, was
ranked only fifth among the States.

Lime.—Lime production of almost
700,000 short tons in 1988 was 50% more
than that of the previous year. Value
increased by only 18% to $30,356,000.
Chemstar Inc.’s Richmond plant in
Contra Costa County was the State’s
largest producer, followed by National
Refractories and Minerals Corp.’s Na-
tividad quicklime plant in Monterey
County. Production was reported from
11 plants in 9 different counties
throughout the State.

Sand and Gravel.—Construction.—
Construction sand and gravel produc-
tion is surveyed by the U.S. Bureau of
Mines for even-numbered years only;
data for odd-numbered years are based
on annual company estimates. This
chapter contains actual data for 1986
and 1988 and estimates for 1987.

California construction sand and
gravel statistics are compiled by geo-
graphical districts as depicted in the
centerfold map. At the request of the
State, the districts have been increased
from 3 to 12, beginning in 1988. This
redistricting will reflect better local
markets and thus assist local govern-
ments in planning for and managing
sand and gravel production activities
and growth in their areas.
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California remained the Nation’s
number one construction sand- and
gravel-producing State with 1988 pro-
duction of 141,946,000 short tons.
Sand and gravel, valued at more than
$622 million, was California’s leading
commodity in value, accounting for 23%
of the State’s 1988 total nonfuel mineral
production value. CalMat Co., Califor-
nia Portland Cement, and Beazer/
Gifford-Hill Inc. were the State’s largest
producers among the 168 companies re-
porting construction sand and gravel
production.

RMC Industries Corp. of Decautur,
GA, a subsidiary of RMC Group PLC
of Seltham, United Kingdom, entered
into a joint venture with Lone Star
Industries and formed RMC LONE-
STAR of Pleasanton, CA. The new
company operated eight sand and
gravel pits in California.

Center Corp. acquired exclusive rights
from Yuba Natural Resources, Inc. to
mine aggregates from a deposit near
Marysville. Center planned to build an
aggregate plant on the site initially to
serve the Sacramento market. Opposi-
tion to new permits for aggregate opera-
tions developed throughout the State,
principally from nearby homeowners.
The following operations were affected:
Pleasanton Gravel Co.’s Livermore
Quarry in Alameda County; the Azusa
Rock Inc. Quarry in Fish Canyon, Los
Angeles County; Granite Rock’s Logan
Quarry extension in Monterey County;
the Rocklin Quarry in Placer County;
Teichert Aggregates Blue Ravine aggre-
gate and crushing plant east of Folsom
in Sacramento County; Tri-City Aggre-
gates Santa Ana River deposit in San
Bernardino County; Palomar Aggre-
gates Inc.’s Rice Canyon quarry in San
Diego County; the North River Road
Gravel Mine in San Luis Obispo
County; Raisch Paving Company’s San
Bruno Canyon Quarry in Santa Clara
County; and the Cache Creek deposit
in Yolo County.

Industrial.—Industrial sand produc-
tion of 2,444,018 short tons was re-
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ported from 11 operations in 9 coun-
ties. Four companies each produced
more than 200,000 tons. Owens-Illinois
Inc. was the State’s largest producer.
Industrial sand was used primarily in
blasting, fiberglass manufacture, glass
containers, and roofing granules.

Sodium Compounds.—California led
the nation in natural sodium sulfate pro-
duction during 1988 and was second in
the production of sodium carbonate. So-
dium sulfate production was from Kerr-
McGee Chemical Corp.’s Westend plant.
The company produced soda ash from
its Arsus facility in San Bernardino
County, where natural brines were
pumped from Searles Lake. The name-
plate capacity of the soda ash industry
was reduced by 150,000 tons in January
with the closure of the soda ash portion
of Kerr-McGee’s Westend facility.

Stone.—Stone production is sur-
veyed by the U.S. Bureau of Mines for
odd-numbered years only; data for

even-numbered years are based on an-
nual company estimates. This chapter
contains estimates for 1986 and 1988
and actual data from 1987.

A comparison of the reported 1987
and estimated 1988 crushed stone pro-
duction indicated a 5.9% growth in the
Pacific region in which California is the
major State. California’s estimated
crushed stone production of 49 million
short tons was 11% higher than that of
1987.

English China Clay (ECC) of Exeter,
United Kingdom, acquired Cyprus
Minerals Co. of Denver, CO, and its
calcium carbonate operations in the
southern States. Included in this acqui-
sition were significant California stone
reserves.

Other Industrial Minerals.—California
was the fourth largest barite-producing
State, with all of its production reported
from one stockpile operation near Sacra-
mento. Natural calcium chloride produc-
tion was reported from three operations

TABLE 2

CALIFORNIA: CONSTRUCTION SAND AND GRAVEL SOLD OR USED IN
1988, BY MAJOR USE CATEGORY

uanti
Use (g“sat"yd (thcxlas':zds) pY;hil:n
short tons)
Concrete aggregates (including concrete sand) 47,607 $220,272 $4.63
Plaster and gunite sands 3,425 19,360 5.65
Concrete products (blocks, bricks, pipe, decorative, etc.) 1,355 7177 5.30
Asphaltic concrete aggregates and other bituminous
mixtures 19,822 96,830 4.88

Road base and coverings’ 23,041 88,808 3.85
Fill 7,477 20,943 2.80
Snow and ice control 71 270 3.80
Railroad ballast 62 245 3.95
Other 2,464 12,933 5.25
Unspecified: 2

Actual 29,420 129,889 441

Estimated 7,201 25,348 3.52

Total® or average 141,946 622,074 4.38

"Includes road and other stabilization (cement).

2|ncludes production reported without a breakdown by end use and estimates for nonrespondents.
3Data may not add to totals shown because of independent rounding.
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TABLE 3

CALIFORNIA: CONSTRUCTION SAND AND GRAVEL SOLD OR USED BY PRODUCERS IN 1988,
BY USE AND DISTRICT

(Thousand short tons and thousand dollars)

Use District 1 District 2 District 3 District 4
Quantity Value Quantity Value Quantity Value Quantity Value
Concrete aggregates (including concrete sand) 246 1,174 440 1,926 1,663 7,176 5,863 27,198
Plaster and gunite sands W 10 w W 35 133 406 2,270
Concrete products (blocks, bricks, etc.) w 15 — — W W W w
Asphaltic concrete aggregates and other bituminous
mixtures 347 2,867 248 1,566 351 1,581 4,572 22,757
Road base and coverings' 570 3,013 593 2,067 1,195 3,914 5,244 18,091
Fill 27 95 104 307 630 2,083 415 1,310
Snow and ice control - — 3 1 — — - —
Railroad ballast W W 4 18 - — — —
Other miscellaneous 15 5 33 235 239 980 161 445
Other unspecified® 163 518 400 1,393 1 13 1,683 7,215
Total* 1,367 7,697 1,823 7,513 4,115 15,881 18,335 79,285
District 5 District 6 District 7 District 8
Quantity Value Quantity Value Quantity Value Quantity Value
Concrete aggregates (including concrete sand) 934 4,625 5,619 27,226 1,382 7,100 4,545 19,579
Plaster and gunite sands w w w W w W 126 616
Concrete products (blocks, bricks, etc.) — — — — w w W W
Asphaltic concrete aggregates and other bituminous
mixtures w w 3,515 17,513 328 2,099 1,491 7,388
Road base and coverings' 547 2,421 1,698 7,622 401 613 3,643 13,554
Fill w w 1,043 2,474 800 1,771 374 897
Snow and ice control w w — — — — w w
Railroad ballast 12 43 w W — — W w
Other miscellaneous 364 1,755 284 1,714 760 4,406 607 2,824
Other unspecified® 631 2,456 92 162 658 2,309 2,142 7,966
Total* 2,487 11,299 12,251 56,711 4,330 18,297 12,928 52,825
District 9 District 10 District 11 " District 12
Quantity Value Quantity Value Quantity Value Quantity Value
Concrete aggregates (including concrete sand) 11,598 50,817 460 1,639 13,507 62,366 1,349 9,446
Plaster and gunite sands 1,421 7,107 52 102 668 4,294 w w
Concrete products (blocks, bricks, etc.) 371 1,554 w W W W 121 1,547
Asphaltic concrete aggregates and other bituminous
mixtures 3,258 11,250 370 1,478 4,255 22,082 977 5,655
Road base and coverings' 3,085 10,206 875 3,096 3,764 16,111 1,427 8,099
Fill 931 2,973 101 199 2,474 6,855 494 1,717
Snow and ice control — — w W — — — -
Railroad ballast — — W w w w — —
Other miscellaneous 700 3,177 22 68 201 864 977 6,658
Other unspecified® 10,651 41,616 720 2,293 14,592 62,092 4,889 27,205
Total* 32,015 128,701 2,601 8,876 39,460 174,663 10,234 60,326
W Withheld to avoid disclosing company proprietary data; included with “Other miscellaneous.”
TIncludes sand and gravel for road and other stabilization (cement).
2 Less than one-half of a unit.
3Includes production reported without a breakdown by end use and estimates for nonrespondents.
4 Data may not add to totals shown because of independent rounding.
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in San Bernardino County. Two plants in
Los Angeles County and one plant in
Sacramento County produced synthetic
graphite for cloth and fibers. Magnesium
compounds were obtained from seawater
magnesia operations in Monterey and
San Mateo Counties. '

Radel Inc., in Modoc County, was
the only peat producer. Processed per-
lite production was reported from
plants in Los Angeles, San Bernardino,
and San Diego Counties. Kerr-McGee
produced muriate of potash (60% K,0)
and sulfate of potash (50% K,0) from
plants in San Bernardino County.

California remained the third largest
pumice-producing State despite a con-
tinuing slide in production to 35,000
short tons of pumice and pumicite (vol-
canic ash) sold in 1988. The State
ranked sixth among the nine States
reporting talc and pyrophyllite produc-
tion from five mines in four counties.

Byproduct sulfur was recovered at 15
oil refineries in Contra Costa, Kern,
Los Angeles, and Solano Counties.

Metals

Gold.—California produced 11% of
the Nation’s primary gold in 1988,
making it the second largest producer
in the Nation with 721,512 troy ounces
of gold valued at $316,246,000. Al-
though the rate of new mine openings
slowed from the last few years, explo-
ration and mine development contin-
ued in many _of the State’s historic
gold-producing districts, especially in
the Mother-Lode area and the southern
desert regions.

Homestake Mining Company’s Mc-
Laughlin Mine, near Clear Lake, at the
junction of Napa, Yolo, and Lake Coun-
ties, was California’s largest gold pro-
ducer, with a record 205,257 ounces of
gold. This production represented an
8% increase over that of 1987, reflect-
ing the addition of new equipment and
a 95% recovery rate. Installation of a
new parallel oxide ore processing circuit
at the McLaughlin mill was nearing
completion at yearend.
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Gold Fields Mining Corp.’s Mesquite
Mine in Imperial County completed a
$20 million expansion project with three
new open pits. The opening of the Vista,
Cherokee, and Rainbow pits, collec-
tively called the VCR Project, was ex-
pected to increase ore throughput by
50%. A new heap-leaching area, com-
pleted near yearend, was also constructed
as part of the expansion project.

Expansion at Cactus Gold Mines
property in Kern County was expected
to double gold production to 60,000
ounces annually. Royal Gold Inc.’s
Sixteen-to-One Mine in Sierra County
began commercial production in Janu-
ary, following completion of scheduled
mine development and the renovation
of the mill. Mother Lode Goldmines
Consolidated began construction of a
new 2,750-ton-per-day mill at the Royal
Mountain King Mine near Copperopolis
in Calaveras County. Construction at
the Royal Mountain King project began
in January with preliminary stripping
at one of three open pits to be used to
extract the gold by Meridian Minerals.
Western Mining Corporation, a leading
Australian nickel producer, bought and
reopened the Carson Hill Gold Mine
near Angels Camp in Calaveras County.

Gold exploration in the State increased
as rising production encouraged further
exploration. AMAX Gold Inc. and U.S.
Gold Corp. entered into a joint venture
agreement to explore and develop the
Hayden Hill property in Lassen County.
CoCa Mines Inc. explored additional
targets at the Cactus Gold property in
Kern County. Billiton Minerals U.S.A.
Inc. conducted exploration work on
properties controlled by Amerigold Inc.
in San Bernardino County. Golconda
Resources, Ltd. and Galactic Services,
two Canadian companies, were granted
permits for exploration drilling in Mono
County. Drilling permits were also ap-
proved by the Mono County planning
department for locations in the White
Mountains and for the Masonic Moun-
tain area. Queenstake Resources Ltd. ex-
plored the Davenport vein at their Argus
gold project near Bakersfield. Amador

United Gold Mines explored in four un-
derground mines near Sutter Creek in
Amador County.

Rare-Earth Metal Concentrates.—
Rare-earth concentrate production from
Molycorp Inc.’s Mountain Pass bastna-
site mine in San Bernardino County
declined to slightly over 1986 levels
during 1988. Despite the decreased pro-
duction, California remained the ma-
jor U.S. producing State of rare-earth
concentrates. Molycorp was the only
domestic producer of the rare-earth,
fluocarbonate-mineral bastnasite. Pro-
duction of bastnasite concentrates de-
creased substantially in 1988, but re-
mained the principal source of rare-
earth production in the United States.
Molycorp reported increased sales of al-
most all refined rare-earth and yttrium
products, with the strongest demand
coming from the permanent magnet and
electronics industries. Molycorp com-
pleted installation of new facilities to
produce high-purity cerium oxide and
neodymium oxide at Mountain Pass as
part of its continuing modernization and
expansion program.

Silver.—Mined silver recovered in
California during 1988 totaled 481,376
troy ounces, about 1% of the Nation’s
total mine production. The value of
California’s 1988 mined silver produc-
tion increased by more than 200% from
that of 1987 to about $3.15 million.
The large increase resulted from addi-
tional byproduct silver from Califor-
nia’s new gold producers.

Cactus Gold Mines Company began
commercial production at its Kern
County Shumake Mine in December.
The mine was expected to produce
about 40,000 gold-equivalent ounces of
silver and gold.

Tungsten.—Strategic Minerals Corp.
(Stratcor), a subsidiary of U.S. Tung-
sten Corp., reopened the Pine Creek
Mine near Bishop in May. The mine
had been closed for 2 years due to weak
markets. Production from Stratcor’s
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Pine Creek plant remained the princi-
pal source of U.S. tungsten during
1988, with most of the ore continuing
to be imported. The Curtis Mining
Company’s Andrew Mine in Los Ange-
les County began construction of proc-
essing facilities and anticipated produc-
tion startup in 1989.
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Other Metals.—Limited copper pro-
duction, principally from the Iron
Mountain Mine in Shasta County, re-
sumed in 1988 after a 1-year hiatus.
Byproduct copper from U.S. Tungsten
Corp.’s Pine Creek tungsten operation
in Inyo County was also reported. No
lead or zinc production was reported in
1988.

! State Mineral Officer, Bureau of Mines, Rena, NV.

2 Acting state geologist, California Department of
Conservation, Division of Mines and Geology, Sacra-
mento, CA.

3 Geologist, California Department of Conservation,
Division of Mines and Geology, Sacramento, CA.
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TABLE 4
PRINCIPAL PRODUCERS

Commodity and company Address Type of activity County
Asbestos:
Calaveras Asbestos Corp. Box 127 Surface mine and plant Calaveras.
Copperopolis, CA 95228
KCAC Inc. Box K do. San Benito.

King City, CA 93930

Boron minerals:

Kerr-McGee Chemical Corp.”

Kerr-McGee Center
Oklahoma City, OK 73125

Evaporators and plant

San Bernardino.

United States Borax & Chemical Corp.

Box 75128
Sanford Station
Los Angeles, CA 90010

Surface mine and plant

Kern.

Calcium chloride:

Leslie Salt Co., a subsidiary of Box 5621 Solar evaporators San Bernardino.
Cargill Inc.2 Minneapolis, MN 55440
National Chloride Co. of America Box 604 do. Do.
Norwalk, CA 90650
Cement:
CalMat Co.® 3200 San Fernando Rd. Plants Various.
Los Angleles, CA 90065
Kaiser Cement Corp. (Mitsubishi 300 Lakeside Dr. do. Do.
Mining & Cement Co.) Oakland, CA 94612
Southwestern Portland Cement Co.* Box 937 Plant San Bernardino.

Victorville, CA 93292

Clays:
Excel Minerals Co. Box 878 Pits Kern.
111 South La Patera Ln.
Goleta, CA 93116
Gifford-Hill & Co. Inc., Riverside Box 832 do. Various.
Cement Co.5 Riverside, CA 92592
Lightweight Processing Co. 715 North Central Ave. do. Ventura.
Suite 321
Glendale, CA 91203
Lincoln Clay Products Co. Box 367 Pit Placer.
Lincoln, CA 95648
Lone Star Industries Inc., Pacific 11555 Dublin Canyon Rd. Pit Santa Cruz.
Region, Santa Cruz plant® Pleasanton, CA 94566
Port Costa Materials Inc. Box 5 Pit Contra Costa.

Port Costa, CA 94569

Diatomite:

Grefco Inc.

3435 Lomita Blvd.
Torrance, CA 90509

Surface mine and plant

Santa Barbara and Shasta.

Manville Products Corp.

2500 Miguelito Rd. do.
Lompoc, CA 93436

Santa Barbara.

Feldspar:
California Silica Products Co.® Box 249 do. Orange.
31302 Ortega Highway
San Juan Capistrano, CA 92693
U. S. Silica Co. 3231 Oceanside Drive Mine and plant San Diego.
Oceanside, CA 92054
Gold:
Gold Fields Mining Corp.” HCR 75 Glamis 100 Surface mine Imperial.

Brawley, CA 92227

See footnotes at end of table.
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TABLE 4—Continued
PRINCIPAL PRODUCERS

Commodity and company Address Type of activity County
Homestake Mining Co.” 650 California St. Surface mine and plant Napa.
San Francisco, CA 94108
Gypsum:
U.S. Gypsum Co. Plaster City, CA 92269 do. Imperial.
Lime:
Chemstar Inc.® 901 Mariners Island Bivd. do. Monterey.
Suite 425
San Mateo, CA 94404
National Refractories & Minerals Corp. Box 1938 do. Do.
Salinas, CA 95039
Perlite:
American Perlite Co. 11831 Vose St. Surface mine and mill Los Angeles.
North Hollywood, CA 91605
Pumice:
U.S. Pumice Co. 20219 Bahama St. Mine and mill Mono.
Chatsworth, CA 91311
Rare earths:
Molycorp Inc. Union Oil Center Surface mine San Bernardino.
461 South Boylston St.
Los Angeles, CA 91017
Sand and gravel (construction):
Beazer/Gifford-Hill Inc. Box 832 Pits Do.
Riverside, CA 92502
CalMat Co. 3200 San Fernando Rd. do. Various.
Los Angeles, CA 90065
Granite Construction Co. Box 900 do. Do.
Watsonville, CA 95077
Owl Rock Products Co. Box 330 do. Do.
Arcadia, CA 91006
A. Teichert & Sons Inc., Teichert Box 15002 do. Do.
Aggregates Sacramento, CA 95851
Sand and gravel (industrial):
Corona Industrial Sand Company 20125 Temescal Canyon Rd. Mill and mine Riverside.
Corona, CA 91719
Owens-lllinois Inc. Box 427 do. Amador.
lone, CA 95640
Unimin Corporation 258 Elm St. do. Contra Costa.
New Canaan, CT 06840
Sodium compounds:
Kerr-McGee Chemical Corporation Box 367 Plant San Bernardino.

Trona, CA 93562

Talc and pyrophyliite:

Western Source Inc. Box 280 Surface mine and mill Calaveras.
San Andreas, CA 95249
Tungsten ore and concentrate:
U.S. Tungsten Corp., a subsidiary of Route 2 Underground mine and plant Inyo.

Strategic Minerals Corp. (Stratcor)®

Bishop, CA 93514

Vermiculite (exfoliated):

W. R. Grace & Co.

1114 Avenue of the Americas
New York, NY 10036

Plants

Alameda and Orange.

1 Also lime, potassium salts, sodium carbonate, and sodium sulfate.

2 Also salt.

3 Also clays, gypsum, and iron ore.
4 Also clays.

5 Also cement and industrial sand.
6 Also industrial sand.

7 Also silver.

8 Also magnesium compounds.

9 Also molybdenum.
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THE MINERAL INDUSTRY OF COLORADO

This chapter has been prepared under a Memorandum of Understanding between the Bureau of Mines, U.S. Department of
the Interior, and the Colorado Geological Survey for collecting information on all nonfuel minerals.

he value of nonfuel minerals

produced in Colorado in 1988

was $364 million, a 2.4% de-

cline from the value of pro-
duction in 1987, according to the Bu-
reau of Mines, U.S Department of the
Interior. The State ranked 25th in the
Nation and accounted for slightly more
than 1% of the total U.S. nonfuel
mineral value. Between 1985 and 1988,
the reopening of several old precious-
metals mines increased Colorado gold
output 280%. Gold production in
1988, however, when compared with
that of 1987, fell nearly 8% to about
165,000 troy ounces. Silver output de-
clined less than 1%. Raw material
treated at gold mines amounted to 3.8
million short tons in 1988, compared
with 4.3 million short tons in 1987,
largely because of reduced output at
the Summitville and Sunnyside Mines.

TRENDS AND
DEVELOPMENTS

Events in Colorado’s mining indus-

By Jane P. Ohl! and Mark W. Davis?

try during 1988 signified a general ris-
ing confidence in sustainable and prof-
itable activities in both metal and
industrial mineral mining. At mid-1988,
AMAX Incorporated expressed confi-
dence in a stronger molybdenum mar-
ket by rehiring 15 employees at its
Henderson facility. Some gold-mining
firms, however, were limiting their par-
ticipation in the economic upswing to
development work and were forgoing
production mining until gold prices
rose. Copper, lead, vanadium, and
zinc, none of them large-value com-
modities in the State, showed moderate-
to-significant increases in price per
unit. Average unit prices for gold and
silver were down, due mainly to en-
larged inventories and lower demand in
the world market. Molybdenum was an
exception to that price trend; invento-
ries were down and the unit price had
increased very slightly, so production
was being revived to meet demand.
Denver once again was becoming a
gold capital. More than 50% of U.S.
gold production in 1988 was controlled
by the three dozen companies of local,
national, and international standing

TABLE 1

whose headquarters or major offices
were in, or were moving to, the Denver
metropolitan area. These firms in-
cluded Newmont Mining Corp. (from
New York City), Gwalia Resources Ltd.
(of Perth, Australia), Nevada Gold-
fields Corp. (from Reno, NV), Placer
Dome Inc. (of Vancouver, Canada),
and Bond International Gold Inc. (of
Australia), which relocated its explora-
tion group from Tucson, AZ. These
companies, found in Denver, desirable
low-cost office space and a superior
mining support structure, including re-
search libraries, laboratories, air trans-
portation facilities, and Federal Gov-
ernment offices related to mining and
land management. Other major gold-
mining companies with established of-
fices in Colorado included AMAX
Gold Inc., Homestake Mining Co.,
FMC Corp., and Echo Bay Mines Ltd.

International bidding for promising
gold-mining companies involved New-
mont Mining in a corporate takeover
attempt of Britain’s Consolidated Gold
Fields PLC (a 49.3% owner of New-
mont) by the Luxembourg-based Mi-
norco S.A. (61% owned by Anglo

NONFUEL MINERAL PRODUCTION IN COLORADO'

1986 1987 1988
Mineral
Quantity (thc:/:slzzds) Quantity (thc::xas:::ds) Quantity (thovti:re\ds)
Clays short tons 242,333 $1,523 292,050 $1,763 272,790 $1,890
Copper (recoverable content of ores, etc.) metric tons W w w w 898 2,386
Gem stones NA 100 NA 100 NA 100
Gold (recoverable content of ores, etc.) troy ounces 120,347 44,317 178,795 80,091 164,809 72,237
Sand and gravel (construction) thousand short tons 23,233 70,095 ©22,800 ©84,300 21,566 69,882
Silver (recoverable content of ores, etc.) troy ounces 644,574 3,526 860,562 6,033 854,413 5,588
Stone:
Crushed thousand short tons €8,000 ©30,700 8,045 33,465 €10,600 ©42,400
Dimension short tons ©3,600 €255 3,000 133 €3,450 €143
Combined value of cement, copper (1986-87), gypsum, lead, lime,
molybdenum, peat, periite, pyrites (1987), sand and gravel (industrial),
tungsten (1986), vanadium, zinc, and values indicated by symbol W XX 219,492 XX 167,104 XX 169,379
Total XX 370,008 XX 372,989 XX 364,005
“Estimated. NA Not available. W Withheld to avoid disclosing company proprietary data; value included with “Combined value” figure. XX Not applicable.
' Production as measured by mine shipments, sales, or marketable production (including consumption by producers).
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American Corp. of South Africa Ltd.
and DeBeers Consolidated Mines
Ltd.). Consolidated Gold Fields offi-
cials claimed that a takeover by Mi-
norco would imperil U.S. access to
precious metals and strategic minerals
vital to national security. Consolidated
Gold Fields and Newmont Mining sued
Minorco in New York Federal court in
October 1988, claiming that Minorco’s
offer violated U.S. securities and anti-
trust laws. By the end of 1988, the take-
over attempt had not been resolved.

Increasingly, in the development of
construction material resources, an im-
portant hurdle to overcome is the reluc-
tance of new and old residential commu-
nities to allow mining and quarrying in
their vicinities. Legal proceedings in
Boulder County in 1988 were typical of
the problems encountered by mine and
quarry operators. The crux of the legal
battle in that county was whether or not
local zoning laws applied to State-owned
land. The debate continued into 1989.

Construction materials for the pro-
posed new Denver airport, the E-470
beltway, and other projects in the north-
eastern quadrant of the State were esti-
mated to require between 8 million and
12 million short tons of fine and coarse
aggregates and portland cement during
the construction period. The airport was
to be completed within 3 to 5 years. The
needs of the new airport alone, amount-
ing to 11 million short tons of aggre-
gates, would constitute an additional 3 to
4 million tons of demand each year of
the construction period, cutting sharply
into the already tight supply of aggregate
production statewide.

On the Western Slope, seven uranium/
vanadium mines were returned to pro-
duction in 1987-88. The State’s sole nu-
clear powerplant was to be shut down
before June 30, 1990, however, because
of continuing technological problems
that have plagued the plant since its
opening in 1976.

The Colorado Center for Advanced
Ceramics was established at the Colo-
rado School of Mines (CSM) in Golden.
CSM had received a grant from its
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neighbor, the Coors Ceramics Co. of
Golden, to endow seven laboratories to
study the use of ceramics in supercon-
ductivity. Some of the newest supercon-
ductive mixtures were composed of bis-
muth, strontium, calcium, copper, and
oxygen; others contained lanthanum.
A few occurrences of minerals contain-
ing these elements are known in the
State.

EMPLOYMENT

Nonfuel mining employment was
estimated to be 5,100 in 1988, up from
4,900 in 1987, according to the Colorado
Department of Labor and Employment.
New gold projects accounted for most
of the increase in mining employment.
Among the State’s 50 largest, publicly
owned companies (ranked by total rev-
enue), 8 were mining- or mineral-related
and employed more than 2,700 people
in Colorado, about 12% of the 50
companies’ combined total employ-
ment of 23,350. The eight companies
were AMAX Gold, CoCa Mines Inc.,
Cyprus Minerals Co., Ideal Basic In-
dustries Inc., Manville Corp., New-
mont Mining, Newmont Gold Co., and
U.S. Gold.

REGULATORY ISSUES

Colorado received $4.55 million from
Gulf + Western Industries Inc. to
clean up the Eagle Mine site in Eagle
County, one of seven mineral-related
sites against which the State has gone to
court to enforce cleanup. This payment
brought to more than $13 million the
State’s total reimbursement from firms
successfully sued under the Superfund
laws (Comprehensive Environmental
Response, Compensation, and Liabil-
ity Act of 1980 [CERCLA]; Public
Laws 96-510 and 99-499).

ASARCO Incorporated had been a
defendant in litigation, under CERCLA

and under State law, involving alleged
hazardous substance releases at its
Globe plant in Denver. Cadmium, lead,
and other hazardous substances had
been detected in soils around the plant.
The litigation was suspended in 1987
when ASARCO agreed, among other
points, to pay $625,000 in partial “re-
sponse costs,” to reimburse future re-
sponse costs, and to negotiate settle-
ment of other issues.

In the first step of another CERCLA
cleanup effort near Leadville in Lake
County, a $2 million pond and treat-
ment system was being constructed to
control hazardous waste spills into the
Arkansas River from the Yak drainage
tunnel and California Gulch. ASARCO
had become a defendant in the Yak
tunnel litigation in 1983, but additional
entities had been enjoined since that
date to participate in solving the
cleanup problem.

The Governor signed into law House
bill 1006, the State’s, and also said to
be the Nation’s, first legal tool to hold
polluters liable for the costs of cleaning
up water they contaminate.

CRS Sirrine Inc. of Houston, TX, and
Industrial Resources Inc. of Lakewood,
CO, collaborated in the research and
development of nahcolite as a means of
reducing acid rain pollution. The pro-
posed joint venture held Federal leases
for nahcolite (naturally occurring so-
dium bicarbonate) and had developed
extractive technology for bicarbonate
preparation and fly ash disposal.®

EXPLORATION ACTIVITIES

Exploration continued around the his-
toric mining camps of Breckenridge,
Central City-Blackhawk, Cripple Creek,
Idaho Springs, Lake City, Leadville,
Ouray, and Silverton. Major projects
that could come on-line as early as
1989-90 included Battle Mountain Gold
Co.’s San Luis gold project in Costilla
County and Nevada Goldfields’ Empire
gold, silver, and copper project in Clear
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Creek County.* Litigation concerning
the Empire project that developed be-
tween Nevada Goldfields and individual
partners in the joint venture was settled;
however, construction of the mine was
put on hold until December 1989.

CoCa Mines of Denver and other
co-owners of mineral rights in the
Hardscrabble mining district, north of
Silver CIliff in Custer County, com-
pleted core drilling and leased a pro-
posed open pit silver project to Tenneco
Minerals Co. of Lakewood, CO. Silver
in the Hardscrabble district has been
difficult to extract because of the pres-
ence of manganese. v

Core drilling and analyses in the
Independence Mountain area of Jack-
son County indicated the presence of
“$150 million” worth of inferred min-
eral resources, including gold, silver,
lead, zinc, copper, and yttrium, accord-
ing to the companies involved, BHP-
Utah International Inc. of San Fran-
cisco and Caprock Corp. of Denver.’

Old tailings piles were considered
during 1988 as sources of gold and
sometimes silver. Various firms showed
an interest in extracting these metals
from such piles near Colorado Springs.
One firm proposed using a 10- to 15-
mile-long pipeline to transport a slurry
from the piles to a hydrometallurgical
smelter east of town. By November
1988, however, the smelter had closed.

LEGISLATION AND
GOVERNMENT PROGRAMS

The Governor revealed a nine-point
program to boost Colorado’s lagging
mining industry. The proposed program
required the State to review its regulatory
process, streamline the permit process
for small mines, recodify mining laws,
promote the industry, establish a multi-
State panel to review proposed Federal
legislation, revise environmental cleanup
requirements for old mines, and balance
regulation reduction with environmental
and public safety concerns. Some of
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these points became parts of Senate bills
128 and 162 and were enacted into law.
The Governor also asked for the Depart-
ment of Natural Resources to work with
the Federal Government to establish less
onerous royalty rates for mining opera-
tions on U.S. lands.

The State established a small-mine
assistance program to simplify issuing
permits to small mining operations.
The program was coordinated by the
Colorado Joint Review Process of the
Department of Natural Resources.

The Colorado Mined Land Reclama-
tion Board began its Mine Subsidence
Protection Program on August 22. Un-
der this program, about 7,500 houses
that were built atop abandoned coal
mines became eligible for insurance
against subsidence damage.

Colorado legislators voted not to
raise the severance tax on molybdenum
to the scheduled 10 cents per ton, thus
keeping the rate at 5 cents (House bill
1055). Colorado voters approved pro-
posed laws exempting nonproducing,
unpatented mining claims on Federal
lands from county taxes and removing
the 8-hour-per-day restriction on un-
derground workers (Senate bill 72). The
legislature was expected to vote favor-
ably on these proposed laws in 1989.

The U.S. Congress approved a na-
tional charter for the National Mining
Hall of Fame and Museum in Lead-
ville, which is to become a repository of
mining artifacts and serve the industry
in educating the public about mining.

The U.S. Bureau of Mines and the
U.S. Geological Survey reported on the
mineral resources of wilderness study
areas in Alamosa, Costilla, Delta, Gun-
nison, Huerfano, Moffat, and Montrose
Counties.®

REVIEW BY NONFUEL
MINERAL COMMODITIES

Metals

Colorado metal mines were the
source of copper, gold, lead, molybde-

num, silver, vanadium, and zinc, a nar-
rower variety of metals than in years
past. As of early 1988, 40 State leases
had been issued by the Colorado State
Board of Land Commissioners and 112
permits for gold and other metal min-
ing had been issued in 23 counties.

Copper.—Mines in El Paso, Lake,
Mineral, Ouray, Park, and San Juan
Counties reported copper production.
Output was up nearly 8%, principally
because the number of mines with
byproduct copper in their ores dou-
bled. The average price of copper in-
creased more than 46% over 1987 lev-
els, rising to $1.21 per pound.
Colorado mines are not major contrib-
utors to the Nation’s total copper out-
put, ranking 8th of 12 producing
States.

Gold.—More than 3.8 million short
tons of ore was processed in 1988 to
obtain 164,809 troy ounces of gold, but
reported output was down nearly
14,000 troy ounces from the previous
year. The average price of gold during
1988 was $438.31 per troy ounce, high
enough to encourage a moderate
amount of exploration and develop-
ment in Colorado. Gold was produced
from 13 gold-ore and gold-silver-ore

lode mines and from 2 placer deposits. |

The largest producer was Galactic Re-
sources Ltd.’s Summitville open pit
heap-leaching operation in Rio Grande
County. The State ranked 7th of 14
gold-producing States.

Galactic Resources foresaw only 2
more years of production at its season-
ally operated Summitville surface
mine. Summitville Consolidated Min-
ing Co. Inc., a subsidiary of Galactic
Resources, operated the facility. The
company reported processing about 2.6
million tons of ore, which assayed 0.04
ounce of gold and 0.16 to 0.19 ounce of
silver per ton. Output in 1988 amounted
to about 66,000 troy ounces of gold, less
than in 1987. The mine shut down on
October 31 for the winter, having been

open since mid-May. The carbon-in-pulp |
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plant and leach field operations contin-
ued through the cold season. The facility
employed a 100-person work force, half
of which was laid off during the winter
season. A sizable portion of Rio Grande
County’s annual budget has been de-
rived from the $2 million annual payroll
at Summitville.

When operating costs at the Sunny-
side Mine at Silverton in San Juan
County exceeded the selling price of
gold by about $12 per troy ounce, Echo
Bay Mines entered into an agreement
with Silver King Mines Inc. and Pacific
Silver Corp., both of Salt Lake City,
UT, in order to reduce costs and im-
prove output. By late summer, costs
were reportedly reduced by 50%, and
the mine was being operated by Alta
Gold Co. of Salt Lake City, a joint
venture between Silver King and Pacific
Silver. Echo Bay Mines retained a 40%
interest in the operation. Alta Gold
announced that, in an effort to reduce
costs further at Sunnyside, an agree-
ment had been reached effective No-
vember 1, 1988, with Washington Min-
ing Co. (owner of the property and a
subsidiary of Sharon Steel Corp.), in
which Washington Mining would cease
receiving lease and royalty payments
and become a 33% partner in the Sun-
nyside. Further adjustments in admin-
istration made Washington Mining the
operator of Sunnyside effective Janu-
ary 1, 1989. Sunnyside was the third
largest gold producer in the State.

In Teller County, Cripple Creek and
Victor Gold Mining Co. reportedly
mined out the Portland Mine and the
Proper Stopes. In anticipation of mov-
ing into another area in the Victor
mining district, the company applied
for and received approval to operate an
open pit gold and silver mine along the
Pharmacist Vein, north of Altman, in
1989. Cripple Creek and Victor is a
joint venture between Texasgulf Miner-
als and Metals Inc. (a subsidiary of Elf
Aquitaine Inc.) and Golden Cycle Gold
Corp.; the venture was the second larg-
est gold producer in Colorado in 1988.

108

ASARCO operated the Black Cloud
Mine (Leadville Unit in Lake County)
in which it and Resurrection Mining
Co. each had a 50% interest in expenses
and profits. In its 1988 annual report,
ASARCO reported about 197,000 met-
ric tons of ore milled at the Leadville
Unit mill; average mill recovery was
85%. In decreasing order of metal
value, production included more than
12,000 metric tons of zinc, more than
6,000 metric tons of lead, nearly 10,000
troy ounces of gold, more than 300,000
troy ounces of silver, and 51 metric tons
of copper. Milled ore was transported
by train from Lake County to the East
Helena smelter in Montana.

The Camp Bird Mine joint venture
of Chipeta Mining Corp. (a subsidiary
of Western Mining Co. of Australia)
and Royal Gold Inc. evaluated the fea-
sibility of mining gold from the Mon-
ument claims (formerly the Chipeta
vein). This project increased the num-
ber of exploration workers at the Ouray
County mine and mill to 100, up from
6 in 1986. Mined gold output at the
site, however, was not increased. The
Camp Bird custom mill processed ore
from other southwestern Colorado
mines and extracted copper, gold, lead,
silver, and zinc.

London Mine Venture, a joint ven-
ture between Cobb Resources Corp.
and Boulder Gold Inc., began gold
mining at its Park County London
Mine after a decade of reconstruction,
exploration, and development; the
mine had been worked from 1874 to the
1940’s. Mined ore, grading 0.3 to 0.5
ounce of gold per ton, was processed at
the Silver State flotation mill near
Alma.

Cambrian Gold Resources acquired
American Rare Minerals’ interest in the
Rubie leach pad operation in the Crip-
ple Creek-Victor mining district in
Teller County.

Royal Gold and Montagu Mining
Investments Ltd. of London, England,
began evaluating the feasibility of re-
processing mill tailings at the 288-acre

Gold Hill Mesa property in Colorado
Springs, El Paso County. The tailings
pile was thought to contain approxi-
mately 12 million tons, with an esti-
mated grade of 0.04 ounce of gold per
ton, according to Royal Gold’s 1988
annual report.

Lead.—Lead was the principal metal
in several mines that also coproduced
gold and silver from Colorado lead-
zinc ores. Output of lead decreased
nearly 13% and its total value declined
about 10% from 1987 levels. The aver-
age price of lead was 37 cents per
pound, compared to 36 cents in 1987.
Mines reporting lead production were
the Black Cloud in Lake County, the
11th ranking lead-producing mine in
the Nation, and the Sunnyside in San
Juan County, the 12th ranking lead-
producing mine.

About 95% of Black Cloud ore is
extracted from veins and replacement
bodies in the Mississippian Leadville
Dolomite. The Sunnyside ores are in
numerous narrow veins in the rim of
the Silverton caldera.

Molybdenum.—Climax Metals Co.
was formed as a subsidiary of AMAX
in January 1988 and is, in turn, the
parent of Climax Molybdenum Co.
Output from Climax Molybdenum’s
Henderson underground mine in Clear
Creek County amounted to 30 million
pounds of molybdenum in concen-
trates, compared to 25 million pounds
in 1987 and 35 million pounds in 1986,
according to AMAX’s 1988 annual re-
port. Annual production capacity at
the Henderson mine was 40 million
pounds of molybdenum in concen-
trates. In mid-1988, the economic out-
look was encouraging enough for the
firm to return 5 employees to the Hen-
derson mine and 10 to the mill. Hend-
erson continued to reduce the cash cost
of concentrate production and, for the
third consecutive year, cost was below
$2 per pound of contained molybde-
num. According to the company’s an-
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nual report, the average price of mo-
lybdic oxide was $3.44 per pound in
1988. Molybdenum made its first pos-
itive contribution ($15 million) to
AMAX’s pretax earnings in 5 years,
due to an improvement of about 10%
in the western world’s demand for the
metal. :

Climax Molybdenum took a write-
down of its Climax underground mine
in Lake County. The mine, which was
also a source of tungsten and tin as well
as molybdenum before closing in
March 1987, was originally to have
been allowed to fill with water, since the
mine was expensive to maintain and
labor intensive when in production.
However, since the proposed flood level
was also an old production and main-
tenance level, plans were revised and
the mine was kept dry and ready for
possible reopening. The open pit por-
tion of the Climax Mine was estimated
to contain 90 to 95 million tons of ore
reserves. It had been in a care-and-
maintenance status since August 1986.
The recent strong recovery in the steel
industry, which began in the latter half
of 1987, led to an increase in demand
for molybdenum during 1988 and a
resultant reduction of excess molybde-
num inventories. The Climax open pit
mine was expected to reopen in mid-
1989 if the price of molybdenum were
to rise to at least $3.60 per pound. No
production was recorded for 1988,
compared with 2 million pounds from
January through March 1987 and 11
million pounds from January through
December 1986. Annual capacity at
Climax was 25 million pounds of mo-
lybdenum in concentrates.

Ore from the Henderson Mine in
Clear Creek County was transported by
underground rail 15 miles to the firm’s
mill in Grand County. If the Climax
surface mine reopens, its ore is to be
processed at the Climax mill on Fre-
mont Pass.

Silver.—Mine production of silver
decreased in 1988 by 6,149 troy ounces;
total value declined more than 7%
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from the previous year. Twelve of the 13
gold-producing mines also reported sil-
ver production. The leading silver mine
was the Sunnyside in San Juan County.
Homestake Mining Co. shut down its
Bulldog Mountain silver operation and
ceased the exploration program in Min-
eral County that would have kept the
mining claims valid, deeming explora-
tion too expensive to pursue. Home-
stake reported that copper, gold, lead,
and silver were extracted from inven-
tory piles at the Equity Project in the
county. Crown Resource Corp. of Den-
ver planned to core drill 18,300 feet
near the Bulldog site on the East Am-
ethyst vein. The discovery of good ore
at this site was expected to encourage
future mining in the Creede area.

Yanadium.—Uranium-vanadium mines
showed a marked increase in production,
due to strong price increases for vanadium.
Colorado Plateau ores were being milled at
the White Mesa mill which is in Blanding,
UT, and is co-owned by Umetco Minerals
Corp. and Energy Fuels Nuclear Inc.

Zinc.—Mine output of zinc re-
mained relatively unchanged in Colo-
rado, but total value rose 44%. Severe
production problems in Peru, which
resulted in tight supplies, was partly
responsible for the price per pound of
zinc rising to reach a high of 72 cents by
November 1988. The average price of
zinc in 1988 was 60 cents, up 18 cents
from 1987 levels. All of Colorado’s
zinc was extracted from underground
mines operating on a year-round basis.
Mines or mills reporting zinc output
were the Black Cloud, Camp Bird, and
Sunnyside.

Other Metals.—ASARCOQO’s Globe
plant, in its chemicals, manufacturing,
and environmental services segment,
produced cadmium metal; cadmium
oxide, sulfide, and powder; “C.P. lith-
arge” (chemically pure lead oxide);
zinc; and arsenic. Materials were trans-
ported to Globe from ASARCO’s El
Paso, TX, smelter. Production capacity

at the Globe plant was more than
60,000 pounds of cadmium per month.
Full-time employees numbered 65,
compared to a peak of 180 in the 1950°s
and 1960’s. The plant has been cause
for much concern in the north Denver
community since detection of pollut-
ants in nearby waters and soils and
other environmental problems. The
Colorado attorney general sued
ASARCO in 1983, demanding a
cleanup. As a result of the State action,
the company built a $750,000 waste-
water treatment plant and a fence
shielding nearby homeowners from an
industrial drainage ditch. ASARCO
also agreed to pay $600,000 as compen-
sation for Colorado’s past, and ex-
pected future, health actions at the
smelter.

Industrial Minerals

Mined industrial mineral products
were clays, gem stones, crude gypsum,
lime, peat, perlite ore, construction and
industrial sand and gravel, and crushed
and dimension stone. The combined val-
ues of industrial minerals equaled 45%
of the total Colorado nonfuel mineral
value in 1988.

Cement.—Portland and masonry ce-
ment production and value from the
State’s three cement plants decreased
slightly in 1988; this downward trend
has continued since 1985.

Both wet-process and dry-process
kilns were operated in the State. Raw
materials consumed included limestone
and sandstone.

Finished portland cement was sold, in
decreasing order, to ready-mixed compa-
nies (68% of sales), highway contractors,
concrete product manufacturers, build-
ing materials dealers, other contractors
and customers, and government agen-
cies. Portland cement was transported by
rail (82% of shipments) and truck from
plant to terminal, largely by bulk, but
some in containers.

Masonry cement was produced at
Ideal Basic’s portland plant at Canon
City in Fremont County and at South-
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western Portland Cement Co.’s plant at
Lyons in Boulder County. Output, total
value, and average price were down
from 1987.

Ideal Basic’s Boettcher cement plant
in Larimer County has been undergo-
ing a fourth modification since 1928.
When modifications to the plant are
completed in 1989, the plant is to use a
limestone from E bands 1, 2, and 3 in
the Niobrara Formation, in a quarry
close to the cement plant. Combined
E-band reserves should last for 75 to
100 years. Boettcher capacity was
600,000 tons of cement per year, com-
pared with its plant at Canon City,
which has a 1-million-ton-per-year pro-
duction capacity.

Clay.—Clay output was down as com-
pared with 1987, but total value in-
creased from $1.8 million to $1.9 million
in 1988. Colorado clay pits produced
bentonite (nonswelling and swelling),
common clay, fire clay, and kaolin. Ben-
tonite output and total value increased
very significantly over figures for 1987,
but the State’s bentonite production rep-
resents less than 1% of the Nation’s total
output. Fremont County and Elbert
County pits were the sources of swelling
and nonswelling bentonite, respectively.
Common clay was produced in Boulder,
Douglas, El Paso, Elbert, Fremont, Jef-
ferson, and Pueblo Counties. Fire clay
production, last reported in 1986, was
extracted from pits in Fremont and
Pueblo Counties. The average unit value
of all types of clays produced in the State
was $6.93 per short ton.

Gypsum.—Crude gypsum production
was estimated to have fallen 10% from
1987 levels. The agricultural community
and the U.S. Soil Conservation Service
have used small gypsum blocks buried in
the soil to measure moisture content and
to reduce ground water pollution, soil
erosion, and salt buildup. A study pub-
lished in 1988 by the Rocky Mountain
Institute in Snowmass, CO, concluded
that such an inexpensive method of water
conservation could raise water availabil-
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ity to a level higher than that expected
from Denver’s proposed Two Forks
Dam-Reservoir.’

Quad-Honstein Joint Venture’s Wood-
ham gypsum mine in Larimer County
remained idle during the year.

Sand and Gravel.—Construction.—
Construction sand and gravel produc-
tion is surveyed by the U.S. Bureau of
Mines for even-numbered years only;
data for odd-numbered years are based
on annual company estimates. This
chapter contains actual data for 1986
and 1988 and estimates for 1987.

Colorado construction sand and
gravel statistics are compiled by geo-
graphical districts as depicted in the
centerfold map. Table 3 presents end-
use data for the State’s six districts.

Sand and gravel quarrying was a
$69.9 million industry in Colorado in
1988, equal to more than 97% of the
value of all the gold produced in the
State in 1988, and 12 times the value of

all the silver. Construction sand and
gravel was used principally for road
base and cover, concrete aggregates,
fill, and asphaltic concrete.

Cooley Gravel Co. dedicated its new
Sedalia plant on East Plum Creek in
Douglas County in April. The dredge
and new processing plant, which re-
quired an investment of $2.6 million,
produced mainly concrete sand and
some gravel. The deposit contained an
estimated 6 million short tons of re-
serves and was expected to produce for
10 to 12 years. In January 1988, J. L.
Shiely Co. of St. Paul, MN, parent of
Cooley Gravel, was purchased by Eng-
lish China Clays PLC of England.

Industrial.—Industrial sand was ex-
tracted from pits in Arapahoe and El
Paso Counties. Production in 1988 de-
clined about 25% from the previous
year, and total value was down nearly
20%. Industrial sand was used for
blasting, filtration, and other uses.

TABLE 2

COLORADO: CONSTRUCTION SAND AND GRAVEL SOLD OR USED
IN 1988, BY MAJOR USE CATEGORY

Quantity

Value Val
Use g:‘::st'z:g) (thousands) pear lt‘c?n
Concrete aggregates (including concrete sand) 3,506 $14,806 $4.22
Plaster and gunite sands 54 303 5.61
Concrete products (blocks, bricks, pipe, decorative, etc.) 1,035 3,958 3.82
Asphaltic concrete aggregates and other
bituminous mixtures 2,794 9,894 3.54
Road base and coverings'’ 4,804 14,484 3.01
Fill 925 1,641 1.77
Snow and ice control 215 973 453
Railroad ballast 19 169 8.89
Other? 291 1,724 5.92
Unspecified: 3
Actual 5,472 15,340 2.80
Estimated 2,450 6,589 2.69
Total® or average 21,566 69,882 3.24

"Includes road and other stabilization (cement).
2|ncludes roofing granules.

3Includes production reported without a breakdown by end use and estimates for nonrespondents.
4 Data may not add to totals shown because of independent rounding.
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TABLE 3

COLORADO: CONSTRUCTION SAND AND GRAVEL SOLD OR USED BY PRODUCERS

IN 1988, BY USE AND DISTRICT'

(Thousand short tons and thousand dollars)

Use District 1 ‘ District 2 District 3
Quantity Value Quantity Value Quantity Value
Concrete aggretates (including concrete sand) 316 $1,525 448 $2,014 80 $303
Plaster and gunite sands w W w W — —
Concrete products (blocks, bricks, etc.) w w — — — —
Asphaltic concrete aggregates and other
bituminous mixtures 319 2,041 641 1,981 w w
Road base and coverings? 1,700 4,963 505 1,512 489 2,168
Fill 445 651 41 87 29 50
Snow and ice control 34 135 27 M W w
Railroad ballast — — 5 44 — —
Other miscellaneous® 108 443 74 465 168 319
Other unspecified* 2,265 4,965 1,998 5,854 170 362
Total S 5,188 14,723 3,739 11,996 937 3,203
District 4 District 5 District 6
Quantity Value Quantity Value Quantity Value
Concrete aggregates (including concrete sand) 1,827 $7,681 660 $1,967 175 $1,316
Plaster and gunite sands 8 72 39 192 ©) 2
Concrete products (blocks, bricks, etc.) w w w w © ©
Asphaltic concrete aggregates and other
bituminous mixtures 1,119 3,823 521 1,571 w W
Road base and coverings? 1,212 3,357 424 1,060 437 1,330
Fill 317 706 83 127 10 20
Snow and ice control 124 650 w w w w
Railroad ballast w 4 — — W W
Other miscellaneous® 1,119 4,440 66 558 36 246
Other unspecified* 1,192 4,671 1,927 4,864 269 706
Totals® 6,918 25,400 3,720 10,340 927 3,620

W Withheld to avoid disclosing company proprietary data; included with “Other miscellaneous.”
' Excludes 138,745 short tons valued at $600,745 not reported by county.

2includes sand and gravel for road and other stabilization (cement).

3includes sand and gravel for roofing granules.

“Includes production reported without a breakdown by end use and estimates for nonrespondents.
S Data may not add to totals shown because of independent rounding.

SLess than one-half unit.

Stone.—Stone production is sur-
veyed by the U.S. Bureau of Mines for
odd-numbered years only; data for
even-numbered years are based on an-
nual company estimates. This chapter
contains estimates for 1986 and 1988
and actual data for 1987.

Crushed.—Crushed stone output
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and total value were estimated to have
increased 32% and 27%, respectively,
from figures reported for 1987. Red-
land PLC of Reigate, Surrey, United
Kingdom, acquired Koppers Co.’s 50%
interest in Western Mobile Inc. Western
Mobile quarried construction aggre-
gates and supplied ready-mixed con-
crete in Colorado, Kansas, New Mex-

ico, and Wyoming.

Dimension.—Dimension stone out-
put and value rose an estimated 15%
and 8%, respectively, over 1987 figures.
Marble quarries in Chaffee and Gunni-
son Counties were coming into produc-
tion to supply the rising demand by
sculptors and architects. Colorado Yule
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Marble Co. began rejuvenating its
white marble quarries and planning a
new mill in Gunnison County. Colo-
rado Yule planned to quarry and ship
as much as 1,000 blocks per year by
1992. Each block provides about 2,500
square feet of 2- to 3-centimeter-thick
commercial marble facing valued at $8
to $12 per square foot. The quarry is on
U.S. Forest Service land that had not
been worked since 1941. Marble from
this area was used for the Lincoln
Memorial in Washington, DC.

The new Denver Convention Center
will require about 4,200 tons of white
marble to be used as column facings.
An initial contract called for Wyoming
marble to be used, but after a Colorado
State representative threatened to cut a
$6 million State subsidy to the center,
the contractor agreed to test Colorado
marble from Chaffee County. If Chaf-
fee County marble is approved, Colo-
rado Quarries Inc.’s Table Mountain
quarry would employ 50 to 70 persons
in a high (20%) unemployment area to
cut and process the stone.

Also, a black marble deposit on Co-
nundrum Creek in the Snowmass Wil-
derness Area was the subject of an appli-
cation for a mining permit from the
Colorado Mined Land Reclamation Di-
vision. The deposit was being evaluated
by the Colorado Geological Survey.
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The usage of marble, about 85% of
which was imported, increased 850% in
the Nation between 1980 and the end of
1987.

Other Industrial Minerals.—Three
firms continued their diamond explora-
tion projection in the State Line Dis-
trict on the Colorado-Wyoming border.
Production of lime decreased nearly
20%, but value per short ton rose from
nearly $32 to more than $55, about $7
higher than the national average.
Quicklime was produced by Western
Sugar Co. at plants in Morgan and
Weld Counties; Calco Inc. produced
quicklime in Chaffee County. Output
from peat operations in Boulder, Chaf-
fee, El Paso, and Park Counties report-
edly more than doubled the State’s
output from levels in 1987, which was a
notably poor year. The price for peat
materials increased from $15 to $20 per
short ton, a record high. Two compa-
nies expanded perlite at plants at An-
tonito in Conejos County and at Flor-
ence in Fremont County. Expanded
perlite was used in cavity fill insulation,
concrete aggregates, fillers, filter aids,
and in horticultural and plaster aggre-
gates. Sulfur was recovered during the
processing of petroleum by Conoco Inc.
at Commerce City in Adams County.
W. R. Grace & Co. exfoliated vermiculite

from out-of-State sources at its Denver
plant. Vermiculite was used in concrete
and plaster aggregates, in block and
loose-fill insulation, in soil conditioning
mixtures, and in fireproofing.

! State Mineral Officer, U.S. Bureau of Mines, Den-
ver, CO.

2 Chief, Minerals and Mineral Fuels Resources, Col-
orado Geological Survey, Denver, CO.

3Industrial Minerals. Nahcolite Control of Acid
Rain? No. 248, May 1988, p. 77.

40hl, J. P. Colorado. Mining Engineering. May 1989,
pp. 306-307.

Streufert, R. K., and J. P. Ohl. Colorado Metal
Mining Activity Map with Directory, 1989. Colorado
Geological Survey Map Series 25, Scale 1:500,000.

5 Rocky Mountain News. Caprock, BHP Joint Effort
to Mine Near Ft. Collins. Aug. 4, 1988.

$Brown, S. D. Mineral Resources of the Gunnison
Gorge Wilderness Study Area (CO-030-388), Delta and
Montrose Counties, Colorado. BuMines Mineral Land
Assessment OFR 26-88, 1988, 26 pp.

Ellis, C. E. Mineralogy and Configuration of the
Courthouse Vein System, Alamosa, Costilla, and Huer-
fano Counties, Colorado, As Related to Metal Recovery
and Resource Continuity. BuMines Mineral Land As-
sessment 32-88, 1988, 36 pp.

Neubert, J. T. Results of Site-Specific Studies in the
Fossil Ridge Wilderness Study Area, Gunnison County,
Colorado. BuMines Mineral Land Assessment OFR
6-88, 1988, 14 pp.

Thompson, J. R. Mineral Resources of the Cross
Mountain Wilderness Study Area (CO-010-230), Mof-
fat County, Colorado. BuMines Mineral Land Assess-
ment OFR 19-88, 1988, 25 pp.

7Woodwell, J.C. Plugging the $1 Billion Drain: The
Efficiency Alternative to Two Forks [Dam]. Study by
Rocky Mountain Institute, Snowmass, CO, 1988, 6 pp.
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TABLE 4

PRINCIPAL PRODUCERS

Commodity and company Address Type of activity County
Cement:
Ideal Basic Industries Inc.’ Box 8789 Plants Fremont and
750 17th St. Larimer.
Denver, CO 80201
Southwestern Portland Cement Co.! 1111 South Colorado Blvd. Plant Boulder.
Denver, CO 80222
Clays:
General Refractories Co. 600 Grant St., Room 3000 Pits Pueblo.
Pittsburgh, PA 15219
Lakewood Brick and Tile Co. 1325 Jay St. Pits and plant Fremont and
Lakewood, CO 80214 Jefferson.
G. W. Parfet Estate Inc. 1213-%% Washington Ave. Pits Jefferson.
Golden, CO 80401
Robinson Brick Co. Box 5243 Pits and plant Douglas, Elbert,

Denver, CO 80217

El Paso, Jefferson.

Gold:
ASARCO Incorporated? Box 936 Mine and mill Lake.
Leadville, CO 80461
Cripple Creek and Victor Gold Mining Co.? Box 191 Mine dump heap Teller.
Victor, CO 80860 leaching
Summitville Consolidated Mining Co. Inc., Box 2G Open pit, vat leaching, Rio Grande.
a subsidiary of Galactic Resources Inc.® Del Norte, CO 81132 carbon-pulp plant
Sunnyside Gold Corp., a subsidiary of Box 177 Mine and mill San Juan.
Echo Bay Mines Ltd.?2 Silverton, CO 81433
Gypsum:
Domtar Gypsum 1173 State Hwy. 120 Mine and plant Fremont.
Florence, CO 81226
Lime:
Calco Inc. Box 1044 do. Chaffee.
Salida, CO 81201
The Western Sugar Co., 555 17th St. Plants Morgan and
a subsidiary of Tate and Lyle PLC. Denver, CO 80202 Weld.
Molybdenum:
AMAX Inc. 1707 Cole Blvd. Mines and mills Clear Creek,
Golden, CO 80401 Grant, Lake.
Peat:
Universal Peat Sand & Gravel Inc. 1557 South Ingalls St. Bog Park.
Lakewood, CO 80226
Periite:
Grefco Inc., Building Products Div. Box 308 Plant Conejos.
Antonito, CO 81120
Persolite Products Inc. Box 105 Mine and plant Custer and
Florence, CO 81226 Fremont.

Sand and Gravel:
Albert Frei & Sons Associates

11521 Brigton Road

Pits and plants

Adams, Clear Creek,

Henderson, CO 80217 Garfield, Weld.
Castle Concrete Co. Box 2379 do. El Paso and
Colorado Springs, CO 80901 Pueblo.

See footnotes at end of table.
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TABLE 4—Continued
PRINCIPAL PRODUCERS

Commodity and company Address Type of activity County
Flatiron Sand & Gravel Co. Box 229 Pits Boulder, Larimer,
Boulder, CO 80305 Weld.
Mobile Premix Co. Box 5183 TA do. Adams, Douglas,

Denver, CO 80217

Eagle, Garfield,
Jefferson, Larimer,
Moffat, Routt, Weld.

Western Mobile Inc.

1400 West 64th Ave.
Denver, CO 80221

Pits and plants

Boulder, El Paso,
Larimer, Pueblo,
Weld.

Stone:
Asphalt Paving Co. 14802 West 44th Ave. Quarries Jefferson.
Golden, CO 80401
Rocky Mountain Rose Red Inc. North Star Route Quarry Larimer.

Lyons, CO 80540

1 Also stone.
2 Also copper, lead, silver, and zinc.
3 Also silver.
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THE MINERAL INDUSTRY OF CONNECTICUT

This chapter has been prepared under a Memorandum of Understanding between the Bureau of Mines, U.S. Department
of the Interior, and the State Geological and Natural History Survey of Connecticut, Department of Environmental
Protection, for collecting information on all nonfuel minerals.

By Donald K. Harrison' and Robert J. Altamura?

onnecticut’s 1988 nonfuel

mineral production value was

$118 million, a $4 million

decrease from that of 1987.
Crushed stone and construction sand
and gravel were the two leading mineral
commodities produced. In 1988, the
combined value of these two commod-
ities accounted for 92% of the State’s
total mineral production value. Other
commodities produced included clay,
dimension stone, feldspar, industrial
sand, and mica.

TRENDS AND
DEVELOPMENTS

Construction activity in the State ex-
perienced its seventh consecutive year of
growth, making the 1981-88 construc-
tion boom one of the strongest ever in
the State. All areas of construction grew
with high-rise buildings and residential
and commercial structures leading the
way. Also in 1988, Connecticut was in
the fifth year of a 10-year, $10 billion
State program of infrastructure improve-
ment. This continuing surge in construc-
tion activity has benefited crushed stone
and sand and gravel producers because

both these commodities are used heavily
in construction.

LEGISLATION AND
GOVERNMENT PROGRAMS

Public Act 88-231, effective October
1, placed requirements on the State to
promote and accommodate recycling.
Under the law, the Department of
Transportation must assess the possi-
bility of using materials recovered from
the demolition of old buildings in new
construction projects, and the Depart-
ment of Economic Development must
prepare a plan to support and promote
Connecticut industries that use recy-
cled materials. Also, the law requires
the State’s Department of Environ-
mental Protection to study the environ-
mental impacts of incinerating plas-
tics and other materials.

Acid rain, radon gas exposure, and
solid waste disposal were primary envi-
ronmental concerns in the State. Recent
data from a national acid rain monitor-
ing network indicated that Connecticut
led the Nation in the acid level of its
rainfall. In December, Connecticut and
eight other States filed a lawsuit against

TABLE 1

the U.S. Environmental Protection
Agency (EPA) to force the Agency to
order new pollution controls in the
Midwest. Coal-burning plants and fac-
tories in the Midwest were blamed for
emitting gaseous substances that cause
acid rain. The other plaintiff States are
Maine, Massachusetts, Minnesota,
New Hampshire, New Jersey, New
York, Rhode Island,and Vermont. The
Canadian province of Ontario and two
private environmental organizations
filed a similar lawsuit on November 1.

According to the Assistant Surgeon
General, radon accounts for one-half
of the total radiation dose to the U.S.
population and causes about 20,000
cases of lung cancer each year. Radon,
a naturally occurring radioactive gas, is
produced from the breakdown of ura-
nium in bedrock or soils. A survey by
the Connecticut Department of Health
Services found potentially dangerous
levels of radon in about one of every
five homes tested. At the time, the
Department recommended that people
living in one- or two-story buildings
test their homes for radon. If high
radon levels were found, the State ad-
vised residents about the techniques to
reduce the gas.

Connecticut faced a severe landfill

NONFUEL MINERAL PRODUCTION IN CONNECTICUT'

1986 1987 1988
Mineral
Quantity (th:lﬂ::ds) Quantity (mo‘f,’éﬁﬁas; Quantity (thovuas::re\ds)
Clays short tons 156,680 $975 w w w w
Gem stones NA 2 NA $2 NA $2
Sand and gravel (construction) thousand short tons 7,254 25,984 ©8,400 ©37,000 8,275 32,102
Stone:
Crushed do. ©7,700 ©45,800 11,412 76,668 °11,400 ©76,900
Dimension short tons ©24,425 ©1,653 18,140 1,646 ©19,718 °1,914
Combined value of feldspar, mica (scrap), sand and
gravel (industrial), and values indicated by symbol W XX 6,040 XX 6,959 XX 7,198
Total XX 80,454 XX 122,275 XX 118,116
eEstimated. NA Not available. W Withheld to avoid disclosing company proprietary data; value included with “Combined value” figure. XX Not applicable.
1 Production as measured by mine shipments, sales, or marketable production (including consumption by producers).
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shortage with most usable capacity ex-
pected to expire over the next couple of
years. To help resolve the problem, the
Connecticut Resources Recovery Au-
thority (CRRA) searched for land in
the State for disposal sites for bulky
waste. The Authority, working with
over 100 towns on waste disposal is-
sues, wanted to purchase industrially
zoned land, in parcels of 10 acres or
more, that was environmentally suit-
able to receive demolition materials
and land clearing debris. Because Con-
necticut has few bulky waste disposal
areas left, the objective was to find sites
around the State that could be devel-
oped to serve CRRA towns regionally.
Bulky materials deplete landfill capac-
ity rapidly and are not acceptable at
resource recovery plants.

The Connecticut Geological and
Natural History Survey (CGNHS) con-
tinued the collection, interpretation,
and distribution of information about
the State’s natural resources. CGNHS
staff concentrated on several efforts:
mapping topography, bedrock geology,
surface geology, and soil; entering map
data into a geographic information sys-
tem; and collecting water and biologi-
cal resource data.

The CGNHS began a geological inves-
tigation on a class of silicified faults that
included the large mass of quartz known
as Lantern Hill where U.S. Silica Co. of
Connecticut quarries quartz for use as
industrial sand.> The CGNHS partici-
pated in a project that involved the drill-
ing of a 4,800-foot-deep research hole to
investigate seismicity.* In a cooperative
program with the U.S. Geological Survey
(USGS) and Minerals Management Ser-
vices, the CGNHS helped to conduct
marine geologic investigations in Long
Island Sound.’ Also CGNHS continued
to study the nature and distribution of
radon within the State.®

Through cooperative programs be-
tween CGNHS and the USGS Water
Resources Division, data were collected
on the quantity and quality of surface
and ground water, and current water use
information was maintained. Precipita-
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tion was monitored in cooperation with
the National Oceanic and Atmospheric
Administration. The Natural Resources
Center, the umbrella agency of the
CGNHS, made a significant contribu-
tion to “Environment/2000,” Connect-
icut’s environmental plan for the year
2000. The Center’s contribution fo-
cused on the fields of water resources
and natural heritage. The Center also
provided basic resource data for a
Statewide aquifer protection program.

The American Association of State
Geologists included a history of the
CGNHS in a 500-page volume on all
the State Surveys in the country. A brief
discussion of the history of economic
geology in the State, including State
Survey and U.S. Bureau of Mines
(USBM) cooperation, was included in

this history.”

During fiscal year 1988, the USBM
awarded a $47,132 contract to Perkin-
Elmer Corp. in Norwalk for mineral-
related studies.

REVIEW BY NONFUEL
MINERAL COMMODITIES

Industrial Minerals

Clays.—Two companies mined com-
mon clay and shale for use in manufac-
turing common and face brick. K-F
Brick Co. mined Pleistocene glacial
clay near South Windsor and also quar-
ried Jurassic age shale near Suffield,
both in Hartford County. The Michael
Kane Brick Co., the State’s other pro-
ducer, operated an open pit mine in
Middlesex County.

Feldspar.—Connecticut ranked sec-
ond nationally of the six States that
produced feldspar in 1988. The Feldspar
Corp. operated three open pit quarries
and a froth flotation plant in the old
Middletown Pegmatite District in Port-
land and Middletown, Middlesex
County. The processed feldspar was
shipped by truck to markets in New

England, New Jersey, and New York and
was used principally as a flux by the glass
and ceramics industry. Production in
1988 was down slightly from that of
1987. This decline resulted from fewer
housing starts in the New England and
Middle Atlantic States where production
fell 19% and 12%, respectively.

Gem Stones.—Individual collectors
and mineral clubs recovered an abun-
dance of gem stones in quarries and
abandoned mine sites, primarily from
pegmatites. The Middletown Pegmatite
District in the central part of the State
was one of the most popular gem col-
lecting sites.

Mica.—The Feldspar Corp. recov-
ered mica as a byproduct of the com-
pany’s feldspar mining operations in
Middletown, Middlesex County. The
mica was marketed as a filler and as an
additive to well-drilling mud.

Sand and Gravel.—Construction.—
Construction sand and gravel produc-
tion is surveyed by the U.S. Bureau of
Mines for even-numbered years only;
this chapter contains actual data for
1986 and 1988 and estimates for 1985.
Data for odd-numbered years are based
on annual company estimates.

Construction sand and gravel was the
State’s second leading mineral com-
modity in terms of value and accounted
for 27% of the State’s value of mineral
production. In 1988, 56 companies
mined construction sand and gravel
from 59 operations. Major uses were
for construction and road building.

Sand and gravel operations were the
subject of numerous hearings in many
of the State’s towns. Most of these
hearings were the result of citizen con-
cern about excessive noise, increased
truck traffic, dust, and potential dis-
ruption of water supplies. Often town
zoning and planning boards adopted
new or stricter zoning laws and ap-
proved fewer mining permits to accom-
modate the citizens’ concerns.

Because sand and gravel is a high-
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volume, low-value commodity, the op-
erations usually serve local or regional
markets. When these operations are
forced to move further away from their
markets, transportation costs become a
major factor in the delivered price of
the material. The added transportation
costs and higher production costs re-
sulting from restrictive zoning, compe-
tition, and urban sprawl invariably are
passed on to the consumer in the form
of higher raw material costs.

Industrial. —Two companies pro-
duced industrial sand in the State in
1988. The Feldspar Corp. processed in-
dustrial sand as a byproduct of feldspar
refining in Middletown, Middlesex
County, and U.S. Silica Co. of Connect-
icut operated a quarry near North Ston-
ington, New London County. Principal
uses were for roofing granules, glass
products, and filtration.

Stone.—Stone production is sur-
veyed by the U.S. Bureau of Mines for

odd-numbered years only; this chapter
contains estimates for 1986 and 1988
and actual data for 1987. Data for
even-numbered years are based on an-
nual company estimates.

Crushed.—Crushed stone was the

" State’s leading mineral commodity and

accounted for 65% of the State’s total
commodity value. Estimated crushed
stone production (predominantly Juras-
sic aged basalt, which is commonly
called traprock) remained essentially the
same as that of 1987. Major uses were
for roadbuilding and concrete aggregate.

In an agreement reached in early De-
cember, the Balf Co. informed the New-
ington town council that construction of
a 480-ton-per-hour crushed stone pro-
cessing plant at its Hartford Avenue
quarry would not resume, pending a
final zoning decision. Balf started con-
struction of the controversial plant in
October after receiving a preliminary per-
mit from the State Department of Envi-
ronmental Protection. Residents in the

TABLE 2

CONNECTICUT: CONSTRUCTION SAND AND GRAVEL SOLD OR USED
IN 1988, BY MAJOR USE CATEGORY

Quantity

Value Value
Use g:‘:r':s;::) (tho:s:nds) per ton
Concrete aggregates (including concrete sand) 1,141 $6,926 $6.07
Plaster and gunite sands 9 88 9.78
Concrete products (blocks, bricks, pipe,
decorative, etc.) w w 4.37
Asphaltic concrete aggregates and other
bituminous mixtures 221 1,164 5.27
Road base and coverings' 435 2,256 5.19
Fill 872 1,920 2.20
Snow and ice control 224 1,004 4.48
Other 67 325 4.85
Unspecified:?
Actual 3,409 12,466 3.66
Estimated 1,897 5,954 3.14
Total or average 8,275 332,102 3.88

W Withheld to avoid disclosing individual company proprietary data; included with “Other.”

TIncludes road and other stabilization (cement).

2includes production reported without a breakdown by end use and estimates for nonrespondents.

3Data do not add to total shown because of independent rounding.
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neighborhood around the quarry com-
plained about dust from the quarry and
contended that the new processing plant
would add to the problem. In late De-
cember, Balf announced plans to spend
$500,000 to reduce the levels of dust
emanating from the quarry.

Dimension.—Dimension granite was
quarried in New Haven County and
dimension granite and quartzite were
quarried in Tolland and Windham
Counties. The stones were sold as
irregular-shaped stones, rough blocks,
and cut stones.

I'State Mineral Officer, Bureau of Mines, Pittsburgh,
PA.

2Geologist, Connecticut. Geological and Natural
History Survey, Department of Environmental Protec-
tion, Hartford, CT.

3 Altamura, R. J. The Snake Meadow Brook-Lantern
Hill Fault Systems, an En Echelon Brittle Fault Zone,
Eastern Connecticut. Geol. Soc. of America Abstr. with
Programs, v. 19, No. 1, 1987, p. 2.

4Quarrier, S. Q. and R. J. Altamura. Moodus Deep
Bedrock Drill Hole: News Notes 1-6. Conn. Geol. and
Nat. Hist. Surv., 1988, 11 pp.

SLewis, R. S., R. N. Oldale, and S. L. Harris. A
Seaward Extension of the Lordship Deposit: Evidence
for a Late Wisconsinan Ice Position in Long Island
Sound. Geol. Soc. of America Abstr. with Programs, v.
20, No. 1, 1988, p. 32.

$Toal, B. F,, L. M. Rothney, L. A. Gokey, P. M.
Schur, and M. A. Thomas. A Survey of Radon-222
Concentrations in Connecticut Homes—Distribution,
Geologic Associations, and Structural Influences. Ab-
str. of Am. Public Health Assoc. Ann. Meeting, Boston,
MA, Nov. 13-17, 1988, p. 186.

7 Altamura, R. J. A History of the State Geological &
Natural History of Connecticut. Ch. in The State Geo-
logical Surveys—A History, ed. by A. Socolow. Assoc.
of Am. State Geol., 1988, pp. 44-69.
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TABLE 3

PRINCIPAL PRODUCERS
Commodity and company Address Type of activity County
Clays:
The Michael Kane Brick Co. 654 Newfield St. Pit and plant Middlesex.
Middletown, CT 06457
K-F Brick Co. Box 375 do. Hartford.
East Windsor Hill, CT 06028
Feldspar:
The Feldspar Corp." Box 99 Mines and plant Middlesex.
Spruce Pine, NC 28777
Sand and gravel:
Construction:
Bakerville Lumber and Construction Inc. 321 Maple Hollow Rd Pit Litchfield.
New Hartford, CT 06057
Connecticut Sand and Stone Corp. 7 West Main Street Pits Hartford and Litchfield.
Plainville, CT 06062
The Elm Construction Co. 400 North Frontage Road Plant New Haven.
New Haven, CT 06473
O & G Industries Inc. 23 Carson Ave Pit New Haven.
Torrington, CT 06790
R. A. Rawson Sand and Gravel Inc. R.FD. 1 Pits and plant Windham.
Putnam, CT 06260
Industrial:
U.S. Silica Co. of Connecticut Box 187 Pit and plant New London.
Berkeley Springs, WV 25411
Stone:
Crushed:
Edward Balf Co. Box 11190 Quarry Hartford.
Newington, CT 06111
O & G Industries Inc. 23 Casson Ave. Quarries Litchfield and New Haven.
Box 907
Torrington, CT 06790
Roncari Industries Inc. 1776 South Main St. Quarry Hartford.
East Granby, CT 06026
Tilcon Tomasso Inc. Box 67 do. Hartford, New Haven, Windham.
909 Foxen Rd.
North Branford, CT 06471
York Hill Trap Rock Quarry Co. Westfield Rd. do. New Haven.
Meriden, CT 06450
Dimension:
Castellucci and Sons Inc. West River St. do. Do.
Providence, Rl 02904
R. B. Marriott & Sons Co. Box 67 do. Windham.
Oneco, CT 06373
Wayne C. Williams General R.F.D. 1, Conklin Rd. do. Tolland.

Construction Inc.

Stafford Springs, CT 06076

' Also crude mica and industrial sand.
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THE MINERAL INDUSTRY OF DELAWARE

This chapter has been prepared under a Memorandum of Understanding between the Bureau of Mines, U.S. Department
of the Interior, and the Delaware Geological Survey for collecting information on all nonfuel minerals.

he value of construction sand

and gravel production in Del-

aware in 1988 was almost $6

million. Delaware was one of
seven States producing magnesium
compounds and one of only two States
reporting output of greensand marl.
Production and value data for both of
these mineral commodities were ex-
cluded from the State total to avoid
disclosure of company proprietary
information.

TRENDS AND
DEVELOPMENTS

Although Delaware’s mining industry
produced only three commodities, the
mineral-related manufacturing sector
contributed significantly to the State’s
economy. Manufacturing accounted for
approximately $3 billion or about 25%
of Delaware’s gross product. Mineral
commodities used in manufacturing in-
cluded dolomite, gypsum, ilmenite, mag-
nesium, magnesium oxide, salt, sulfur,
and titanium oxide. Many of these com-
modities were shipped through the Port
of Wilmington.

The construction sector accounted
for about $565 million, or 5% of the
State’s gross product. Sand and gravel
mined in Delaware was used by the
construction industry for road and
home-building projects. Other materials

By L. J. Prosser, Jr.!

used extensively in construction were
crushed stone, which was typically
trucked from surrounding States, and
cement, which was received from both
domestic and foreign sources. Highway
construction spending was expected to
continue to increase in 1989, resulting
in increased demand for stone and sand
and gravel. The Delaware Department
of Transportation’s operating budget
for fiscal year 1990 (July 1, 1989, to
June 30, 1990) was $335 million, an
increase of $87 million over the previ-
ous year’s budget.

LEGISLATION AND
GOVERNMENT PROGRAMS

In January, the State released a re-
port, titled “Delaware’s Environmental
Legacy,” that identified plans and pro-
grams for protection of the State’s en-
vironment. Air, water, and waste issues
were addressed along with economic
development factors expected to impact
the environment, such as migration of
Delaware’s shoreline. Shoreline erosion
along Delaware’s Atlantic Coast, a
continuing and long-term problem, has
an adverse effect on tourism, the
State’s third largest industry.

A follow-up report titled “Beaches
2000,” which was published in June,
provided a plan to mitigate the problems
related to shoreline erosion. Recommen-

TABLE 1

dations in the plan included replenish-
ment of sand; the Delaware Geological
Survey (DGS) began an investigation of
sand resources available in the State.
Initially, existing sand pits were evaluated
as sources for short-term beach nourish-
ment projects. Through geologic map-
ping scheduled for 1989, areas that con-
tain acceptable material of sufficient
quantity to provide a supply of sand for
future needs will be identified.

Also the DGS began a program with |

the U.S. Geological Survey (USGS) to
update 7.5-minute topographic maps
after receiving funding from the Dela-
ware General Assembly. Under Dela-
ware’s Sunset Law, the General Assem-
bly reviewed the DGS functions and

| recommended (Senate bill 259) contin-

uation of the Survey. The Governor
signed the bill into law and designated
the DGS as the “point of contact” for
the U.S. Bureau of Mines, USGS, and
Mineral Management Service, all three
of which are Department of the Inte-
rior agencies.

REVIEW BY NONFUEL
MINERAL COMMODITIES

In addition to the minerals mined in
the State (table 1), imports and ship-
ments of raw materials were received
from other sources, primarily at the
Port of Wilmington. Georgia-Pacific

NONFUEL MINERAL PRODUCTION IN DELAWARE'

1986 1987 1988
Mineral
Quantity (thc:/:sI:ﬁds) Quantity (tho\t/.laslgﬁds) Quantity (thxlﬂneds)
Gem stones ) NA $1 NA $1 NA $1
Marl (greensand) short tons 1,068 12 w w 750 10
Sand and gravel (construction) thousand short tons 1,547 4,156 €2,300 €6,400 1,933 5,988
Total2 XX 4,169 XX 36,401 XX 35,999

€Estimated. NA Not available. W Withheld to avoid disclosing company proprietary data. XX Not applicable.

! Production as measured by mine shipments, sales, or marketable production (including consumption by producers).
2 Partial total; excludes values that must be concealed to avoid disclosing company proprietary data.

3Value data excluded from partial total is included on “Undistributed States” table.
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Corp. imported crude gypsum from
Nova Scotia for use in manufacturing
wallboard at a plant near the port
facility. In the fiscal year ending June
30, 1988, almost 333,000 short tons of
crude gypsum were received at the Port
of Wilmington, a 2% decrease com-
pared with the previous fiscal year
total.?2 American Minerals Inc. also
used the port facility as a site for its
grinding-plant operations. Imported
manganese ores were processed for use
as a coloring agent and sold to the
brick industry. E. I. du Pont de Nem-
ours & Co. Inc. processed ilmenite
shipped by barge from Florida for
manufacturing titanium dioxide pig-
ments at its plant in Edgemoor. Du
Pont also began commercial produc-
tion of a high-modulus, pitch-based
carbon fiber at facilities in Wilming-
ton. Pitch fibers, made from petroleum
pitch, were used in high-performance
military components. Rock salt was
imported for use in highway deicing,
and evaporated solar salt was imported
by the chemical industry. In fiscal year
1988, the Port of Wilmington received
almost 180,000 short tons of salt. Sul-
fur was recovered as a byproduct from
petroleum refining in Delaware City.
The sulfur-bearing crude oil was im-
ported from Venezuela and Mexico.

Industrial Minerals

Greensand.—Contractors Sand &
Gravel Co. Inc. mined greensand as a
coproduct at its sand and gravel pit
near Middletown. Zook & Ranck Inc.
purchased the raw material and proc-
essed it at a plant in Gap, PA, about 50
miles north of the mine site. Greensand
was sold for use as a soil conditioner.
New Jersey was the only other State
that produced greensand.

Magnesium Compounds.—Barcroft
Co. extracted magnesium hydroxide
from seawater near Lewes and proc-
essed it for use in antacids, laxatives,
and other pharmaceutical products.
Delaware was one of seven States that
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produced magnesium compounds.

Sand and Gravel.—Construction.—
Construction sand and gravel produc-
tion is surveyed by the U.S. Bureau of
Mines for even-numbered years only;
data for odd-numbered years are based
on annual company estimates. This
chapter thus contains actual data for
1986 and 1988 and estimates for 1987.

In 1988, eight companies operating
eight pits reported production of 1.9
million short tons of sand and gravel,
whereas in 1986, sand and gravel pro-
duction was about 1.5 million tons.

In addition to the production re-
ported to the Bureau of Mines, the
State dredged about 580,000 short tons
of sand for beach nourishment at Fen-
wick Island. The State’s Natural Re-
sources and Environmental Control
Department, Soil and Water Conserva-
tion Division, in a contract with the
American Dredging Co. was responsi-
ble for the work as a part of its
“Beaches 2000” project. Nourishment
of Bethany Beach was scheduled for
1989.

Metals

In March, CitiSteel USA Inc. pur-
chased the Phoenix Steel Corp., a firm
that had been closed since 1986, for
almost $13.5 million. The firm planned
to produce steel at the 400,000-ton-
per-year-capacity plate mill in Clay-
mont by the first quarter of 1989.

Reclaimed Metals and Materials.—
The Delaware Solid Waste Authority
continued operation of a resource recov-
ery plant at Pigeon Point, New Castle
County. In 1988, the facility processed
237,000 short tons of municipal solid
waste from which about 7,200 tons of
ferrous metals, 1,050 tons of nonferrous
metals (primarily aluminum), and 900
tons of glass were recovered.

State Mineral Officer, Bureau of Mines, Pittsburgh,
PA.

2Port of Wilmington, DE, Monthly Tonnage Report,
June 1988, p. 3.

TABLE 2

DELAWARE: CONSTRUCTION SAND AND GRAVEL SOLD OR USED IN
1988, BY MAJOR USE CATEGORY

Quantity

Value Value
Use g:'::ﬁ:g) (thousands)  per ton
Concrete aggregates (including concrete sand) 520 $1,902 $3.66
Plaster and gunite sands W w 4.28
Concrete products (blocks, bricks, pipe, decorative, etc.) W w 3.76
Asphaltic concrete aggregates and other bituminous
mixtures W w 3.76
Fill 482 1,081 2.24
Snow and ice control W w 417
Other 931 3,005 3.22
Unspecified: '
Actual w w 7.69
Estimated w w 2.40
Total or average 1,933 5,988 3.10

W Withheld to avoid disclosing individual company proprietary data; included with “Other.”
Tincludes production reported without a breakdown by end use and estimates for nonrespondents.
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TABLE 3
PRINCIPAL PRODUCERS

Commodity and company Address Type of activity County
Greensand
Contractors Sand & Gravel Co. Inc.! Box 2630 Pit New Castle.
Wilmington, DE 19805
Gypsum (calcined):
Georgia-Pacific Corp., Gypsum Div. Wilmington Marine Terminal Plant Do.
Box 310
Wilmington, DE 19899
Magnesium compounds:
Barcroft Co. 40 Cape Henlopen Dr. do. Sussex.
Lewes, DE 19958
Sand and gravel (construction):
Contractors Sand & Gravel Co. Box 2630 Pit New Castle.
Wilmington, DE 19805
George & Lynch Inc. 113 West 6th St. Dredge Kent.
) New Castle, DE 19720
Parkway Gravel Inc. 4048 New Castle Ave. Pit New Castle.
New Castle, DE 19720
Steel:
CitiSteel USA Inc. 4001 Philadelphia Pike Mill (plate) Do.
Claymont, DE 19703
Sulfur (recovered):
Texaco Inc. Wrangle Hill Rd. Refinery (petroleum) Do.
Delaware City, DE 19706
Titanium dioxide:
E. I. du Pont de Nemours & Co. Inc. 1007 Market St. Corporate headquarters Do.
Wilmington, DE 19898
Do. Edgemoor, DE 19809 Plant (chemical) Do.
' Also sand and gravel.
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THE MINERAL INDUSTRY OF FLORIDA

This chapter has been prepared under a Memorandum of Understanding between the Bureau of Mines, U.S. Department
of the Interior, and the Florida Bureau of Geology for collecting information on all nonfuel minerals.

By Doss H. White, Jr.,! and Walter Schmidt>

lorida’s mineral industry pro-
duced $1.4 billion of nonfuel
mineral commodities in 1988.
This was the third consecutive
year that mineral value increased, al-
though it fell $300 million short of the
record $1.7 billion set in 1981.

Nationally, Florida ranked sixth in to-
tal mineral production. The State was 1
of 11 States whose mineral value ex-
ceeded $1 billion, and its mineral produc-
ers accounted for 4.64% of the value of
U.S. mineral production.

Florida ranked first nationally in the
production of peat, phosphate rock, and
staurolite; second in masonry cement
and crushed stone; third in fuller’s earth;
and seventh in portland cement.

TRENDS AND
DEVELOPMENTS

The 1980’s has been a decade of
“boom or bust” for Florida’s mineral
economy. The record for mineral sales

was established in 1981, when $1.7 bil-
lion of mineral commodities was pro-
duced. Value fell by $500 million the
following year, when mineral demand
plummeted due to the nationwide reces-
sion. The downturn in Florida construc-
tion activity reduced sales of construc-
tion mineral commodities, including
cement, clays, sand and gravel, and
stone, by more than $111 million. Phos-
phate production fell drastically due to
lower demand for fertilizers as a result of
the recession.

During 1983 through 1985 mineral
production rebounded, to a high of
$1,559 million in 1985. However, pro-
duction and value fell again in 1986 as
phosphate output plummeted more
than 25%, with a decline in value of
almost 33%. There were two main rea-
sons behind the decrease in demand
and sales: a Federal agricultural acre-
age reduction program that affected
fertilizer demand, plus foreign compe-
tition and a worldwide reduction in
demand that restricted exports.

Phosphate sales have increased since

TABLE 1

1986. Many of the world’s phosphate
conversion plants are old, and it is
cheaper to purchase fertilizer from U.S.
producers than to manufacture fertil-
izer or fertilizer components at some
foreign facilities.

The State led the Southeast in 1988 in
the number of building permits issued.
The 171,000 permits authorized were al-
most 300% above the 63,000 permits
authorized by second-place Georgia. At
mid-1988, construction employment in
Florida was 2,200 above the December
1987 total. The State also led the South-
east in new and reconstruction highway
expenditures. A significant amount of
cement, sand and gravel, and stone was
used in the highway work.

EMPLOYMENT

Florida’s job growth rate was 4.7%.
In July, the State’s unemployment rate
was 1.1% lower than the national aver-
age. For the year ending in July, the

NONFUEL MINERAL PRODUCTION IN FLORIDA'

1986 1987 1988
Mineral . Value . Value . Value
Quantty  pousands) QUAMY  thousands) QUMY housands)
Cement:
Masonry thousand short tons 352 $21,269 390 $24,069 411 $25,892
Portland do. 3,189 147,643 3,565 165,944 3,682 168,719
Clays short tons 725,903 43,261 597,187 39,496 591,855 44,423
Peat thousand short tons 365 5,743 363 6,068 266 5,091
Sand and gravel:
Construction do. 28,233 67,898 ©30,000 ©74,900 18,654 53,083
Industrial do. 1,467 14,930 1,884 19,713 636 6,928
Stone (crushed) do. €69,000 ©288,200 278,992 2350,537 ©283,200 ©2374,400
Combined value of gem stones, lime (1986), magnesium
compounds (1988), phosphate rock, rare-earth
metal concentrates, staurolite, stone (crushed marl,
1987-88), titanium concentrates (iimenite and rutile),
and zircon concentrates XX 700,919 XX 665,510 XX 713,345
Total XX 1,289,863 XX 1,346,237 XX 1,391,881
©Estimated. XX Not applicable.
1 Production as measured by mine shipments, sales, or marketable production (including consumption by producers).
2Excludes certain stones; kind and value included with “Combined value” data.
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State’s nonmetal mine employment was
8,700, an increase of 1.3% over the
previous 12-month period. Employ-
ment in the phosphate mining sector
was 3,500, an increase of 5.7%.

LEGISLATION AND
GOVERNMENT PROGRAMS

Legislation on solid waste manage-
ment and pollution control was passed
during 1988. Both measures were pri-
marily administrative and had little di-
rect impact on minerals.

The Florida Bureau of Geology, a
division of the Department of Natural
Resources, is comprised of the Geolog-
ical Investigations, Mineral Resources
and Environmental Geology, and Oil
and Gas Sections. The Bureau main-
tained oil and gas field offices in Ft.
Myers and in Jay.

During the year, work was underway
on a revision of the State geologic map.
The mineral resource potential for sev-
eral Florida counties was investigated;
studies were also conducted on the
State’s fuller’s earth deposits. Investi-
gations were also made into the pollu-
tion potential of aquifers in the Suwan-
nee River. The Oil and Gas Section
monitored onshore and offshore explo-
ration activity for both oil and gas.

The Florida Institute of Phosphate
Research was tranferred from the
administrative-financial control of the
Department of Education to the Board
of Regents. A second year of reduced
State funding necessitated setting new
priorities. Despite the funding reduc-
tion, work continued on phosphogyp-
sum use, new beneficiation methods
for coarse phosphate feed, and recla-
mation research.

The U.S. Bureau of Mines reviewed
several environmental impact state-
ments on proposed construction activ-
ity in Florida. The reviews were con-
ducted to ensure that mineral reserves
were not unfavorably impacted by the
proposed projects.
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REVIEW BY NONFUEL
MINERAL COMMODITIES

Industrial Minerals

Florida’s mineral producers mar-
keted 13 industrial minerals during
1988. Sales of these mineral commodi-
ties added about $1.4 billion to the
State’s economy.

Cement.—The combined value of
portland and masonry cement ac-
counted for 14% of the State’s mineral
value in 1988. Florida ranked first of 39
States in the manufacture of masonry
cement and sixth in portland cement
production. In 1988, masonry cement
output rose 21,000 short tons over 1987
levels, while portland cement produc-
tion increased 117,000 short tons.

Six companies produced portland ce-
ment; four of the six were also masonry
cement producers. The six companies
operated eight rotary kilns, six wet proc-
ess and two dry process.

National Portland Cement Co. sold
41% of its Port Manatee grinding plant
to a group of Spanish cement manufac-
turers. Florida Crushed Stone Co. com-
pleted the first full year of operation at
its Brooksville plant. The company be-
gan operations in 1988 at the powder
and lime plants adjacent to the Brooks-
ville cement plant. Lone Star Industries
Inc. leased its Pennsuco cement plant
and two cement import terminals at
Edgewater and Jacksonville to Tarmac
PLC. The term of the lease was 21
years at $2.5 million per year.

Clays.—The value of Florida’s clay
production ranked fourth among the 15
mineral commodities produced in 1988
and third among the clay-producing
States. Output decreased by more than
5,000 short tons from 1987 production
levels; however, value increased almost
$5 million.

The State’s clay industry comprised
six companies operating six mines in
six counties. In decreasing order of
tonnage, these firms produced com-

mon clay, fuller’s earth, and kaolin.
Florida ranked 32d among the 44 com-
mon clay producing States, 2d among
the 10 fuller’s earth producers, and
10th among the 13 States with kaolin
output.

Common clay was produced by two
companies from surface mines in Clay
and Lake Counties. Common clay pro-
duction increased slightly over 1987
levels and accounted for approximately
22% of the State’s 1988 clay output.
The clay was used in the manufacture
of cement and lightweight aggregate.

Fuller’s earth, an absorbent clay, was
produced by three companies from a
three-county area in north-central Flor-
ida. Fuller’s earth accounted for ap-
proximately 71% of the State’s clay
production. The three companies, En-
gelhard Corp., Floridin Co., and Mid-
Florida Mining Co., produced approx-
imately 10,000 short tons less than the
quantity produced in 1987.

After mining, the clay was dried,
ground, and screened prior to ship-
ment. Principal sales were for pet waste
and oil and grease absorbents, for fer-
tilizer and pesticide carriers, and as a
saltwater drilling mud component.

Feldspar Corp. mined kaolin from a
pit in Putnam County. Both output and
value increased over levels reported in
1987. Principal customers were the
electrical porcelain, whiteware, and
wall tile industries.

Peat.—Florida ranked first among
23 peat-producing States. Sales volume
and value decreased 97,000 short tons
and $977,000, respectively, below levels
reported by the State’s producers in
1987. Twelve companies harvested both
reed-sedge and humus peat in an eight-
county area. Principal shipments were
made to horticultural establishments.

Phosphate Rock.—In 1988, phos-
phate rock production in Florida in-
creased 9% over the tonnage reported
in 1987. The U.S. Bureau of Mines
combines phosphate rock data for Flor-
ida and North Carolina to protect pro-
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duction and value information sup-
plied by the single North Carolina
producer. In Florida, phosphate rock
production peaked in 1980, when the
industry produced 43 million metric
tons and employed 14,500 people. For-
eign products, a rising dollar value, and
a decrease in domestic fertilizer use
eroded demand for the State’s leading
mineral commodity. The years 1982-85
were a recovery period, but in 1986
production fell to 29.7 million metric
tons and phosphate-related employ-
ment dropped to 9,700.3

In 1988, the phosphate rock industry
partially recovered; however, mines were
operating at only 60% to 70% of capac-
ity. Port of Tampa figures for the fiscal
year ending September 30, 1988, indicate
phosphate rock exports were down 4%,
but exports of all phosphate-related
products increased 4% over the previous
fiscal year. Chemical-grade phosphate
exports increased 12% to 7 million met-
ric tons, while phosphoric acid exports
decreased 7% to 497,796 short tons.

Foreign competition remained a ma-
jor headache for the State’s phosphate
rock industry. Close to 500,000 metric
tons of foreign phosphate rock was
shipped on the Mississippi River system
in 1988; most of the commodity was
from Morocco. Florida producers lost
Canada as a customer when Canada
began purchasing phosphate rock from
Togo.

Ten companies operated 15 mines
during 1988. International Minerals &
Chemicals (IMC) was the largest com-
pany; 5 mines were in operation utiliz-
ing 14 draglines and employing 3,000
workers. IMC announced plans to re-
open its Four Corners Mine early in
1989. During 1988, IMC was negotiat-
ing with W. R. Grace to purchase one-
half interest in Grace’s phosphate op-
erations. Grace sold the other one-half
of its phosphate operations to Seminole
Fertilizer Corp., Memphis, TN. The
sale included Grace’s Bartow phos-
phate mining and processing complex,
Hookers Prairie phosphate rock mine,
a 50% interest in Fort Meade Chemical
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Products, an ammonia storage termi-
nal in Tampa, machinery, and other
assets.>

Other companies active in the State’s
phosphate rock fields included Agrico
Chemical Co., CF Industries Inc., Estech
Inc., Gardinier Inc., W. R. Grace & Co.,
Hopewell Land Partners Ltd., IMC Fer-
tilizer Inc., Mobil Mining and Minerals
Co., U.S. Agri-Chemicals Corp., Occi-
dental Chemical Agricultural Products
Inc., Manko Co., Howard Phosphate
Co., and Loncala Phosphate Co.

Estech announced in November that
the Watson Mine south of Fort Meade
was mined out and would be closed in
1989. The 8,500-acre mine, which
opened in 1938, has been the oldest
operating mine in central Florida.

Sand and Gravel.—Florida ranked
16th of the 50 sand and gravel produc-
ing States; sand and gravel accounted
for approximately 4% of the State’s
mineral value. Output was reported by
29 companies operating 48 mines in a
20-county area.

Construction.—Construction sand
and gravel production is surveyed by

the U.S. Bureau of Mines for even-
numbered years only; data for odd-
numbered years are based on annual
company estimates. This chapter con-
tains actual data for 1986 and 1988 and
estimates for 1987.

Florida construction sand and gravel
statistics are compiled by geographical
districts, as depicted in the centerfold
map. Table 3 presents end-use data for
this commodity in the four Florida
districts.

Despite the State’s leading position
in southeastern construction activity, |
construction sand and gravel output
plummeted almost 10 million short
tons below levels reported in 1986.

In 1988, 29 companies reported pro-
duction from 48 mines in 20 counties. |
The five leading counties in terms of
tonnage were Broward, Henry, Lake,
Marion, and Polk.

Industrial. —Florida ranked 13th
among the 37 States reporting indus-
trial sand and gravel production in
1988. Output decreased 66%, from 1.9
million short tons in 1987 to 636,000 in
1988, and value fell $12.8 million. Six
companies in six counties produced in-

TABLE 2

FLORIDA: CONSTRUCTION SAND AND GRAVEL SOLD OR USED
IN 1988, BY MAJOR USE CATEGORY

Quantity
Use (thousand th Value d V’ahtl:
short tons) (thousands) per ton
Concrete aggregates (including concrete sand) 4,854 $17,052 $3.51
Plaster and gunite sands 441 1,427 3.24
Concrete products (blocks, bricks, pipe,
decorative, etc.)’ 128 239 1.87
Asphaltic concrete aggregates and other
bituminous mixtures 381 1,761 462
Fill 1,764 3,449 1.96
Unspecified: 2
Actual 5,680 16,531 2.91
Estimated 5,407 12,625 233
Total® or average 18,654 53,083 2.85
"Includes road and other stabilization (iime).
2includes production reported without a breakdown by end use and estimates for nonrespondents.
3Data may not add to totals shown because of independent rounding.
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TABLE 3

FLORIDA: CONSTRUCTION SAND AND GRAVEL SOLD OR USED
BY PRODUCERS IN 1988, BY USE AND DISTRICT

(Thousand short tons and thousand dollars)

District 1 District 2 District 3 District 4

Use Quantity Value Quantity Value Quantity Value Quantity Value

Concrete aggregates (including concrete sand) 630 1,808 3,787 14,057 437 1,187 — —_
Plaster and gunite sands w w w w — — 215 w
Concrete products (blocks, bricks, etc.) W w — — — — — —

Asphaltic concrete aggregates and other

bituminous mixtures w w w — — — —
Road base and coverings’ — _ — — — — 100 175
Fill 82 169 526 997 241 601 915 1,682
Other miscellaneous 303 1,667 331 911 — — — 674
Other unspecified? 894 2,179 5,081 14,353 5,036 12,416 75 208
Total® 1,908 5,822 9,726 30,319 5,714 14,204 1,305 2,739

W Withheld to avoid disclosing company proprietary data; included with “Other miscellaneous.”
"Includes sand and gravel for road and other stabilization (lime).

2|ncludes production reported without a breakdown by end use and estimates for nonrespondents.
3Data may not add to totals shown because of independent rounding.

dustrial sand; one operation was a
byproduct of kaolin production. Major
out-of-State markets were in Alabama,
Georgia, and Tennessee.

Staurolite.—Florida remained the
only U.S. producer of staurolite, an
iron-aluminum silicate used in foundry
applications, sandblasting, and cement
manufacture. E. I. du Pont de Nem-
ours & Co. Inc. recovered a staurolite
concentrate as a coproduct of heavy-
mineral processing at its Clay County
operation. The company reported an
increase in production.

Stone.—Stone production is sur-
veyed by the U.S. Bureau of Mines for
odd-numbered years only; data for
even-numbered years are based on an-
nual company estimates. This chapter
contains estimates for 1986 and 1988
and actual data for 1987.

Florida ranked second behind Penn-
sylvania among the 49 States reporting
crushed stone production, and stone
value was second among the mineral
commodities mined within the State.
Estimated 1988 production exceeded
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production reported in 1987 by more
than 4 million short tons, reflecting the
health of the State’s construction and
cement industries.

In 1987, the last year that a full year’s
production data were reported by the
State’s crushed stone industry, 86 com-
panies operated 125 mines in a 25-county
area. In terms of tonnage produced, the
five leading counties were Dade, Her-
nando, Broward, Lee, and Sumter, which
accounted for approximately 73% of the
stone produced.

Florida’s stone industry produced
limestone and dolomite, oyster shell,
and marl. Limestone and dolomite pro-
duction was reported from 22 coun-
ties; output totaled approximately 75.5
million short tons. Dolomite produc-
tion was reported from Citrus and
Jackson Counties. Oyster shell was re-
covered by seven companies in five
counties; the three leading counties
were Hillsborough, Sarasota, and Man-
atee. Production totaled approximately
3.5 million tons. Marl output was re-
ported by one company in Lee County.
Principal end uses reported to the U.S.
Bureau of Mines were graded road base

(22%), concrete aggregate (19%), and
construction sand (8%).

Other Indus