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. ABSTRACT

This document presents the findings of an extensive study of
the mineral mining and processing industry for <the purpose
of developing effluent limitations guidelines for existing
point sources and standards of performance and pretreatment
standards for new sources, to implement Sections 301, 304,

306 and 307 of the Federal Water Pollution Control Act, as

amended (33 - U.S.C. 1551, 1314, and 1316, 86 Stat. 816 et.
seq.) (the "Act"). ‘

Effluent 1limitations set forth the degree of effluent
reduction attainable through the application of the best
practicable control technology currently available (BPCTCA)
and the degree of effluent reduction attainable through the
application of the best  available technology economically
achievable (BATEA) which must be achieved by existing point
sources by July 1, 1977 and July 1, 1983, respectively. The
standards of performance (NSPS) and pretreatment standards
for new sources set forth the degree of effluent reduction
which are achievable through the application of the best
available demonstrated control technology, processes,
operating methods, or other alternatives.

Supporting data and rationale for development of the
effluent limitations guidelines and standards of performance
are contained in this report.
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SECTION I
SUMMARY

This study included the non-metallic minerals given in the
following list with the corresponding Standard Industrial
Classification (SIC) code.

Dimension Stone (1411)
crushed Stone (1422, 1423, 1429)
Construction Sand and Gravel (1442)
Industrial Sand (1446)
Gypsum (1492)
Asphaltic Minerals (1499)
a. Bituminous Limestone
b. 0il Impregnated Diatomite
c. Gilsonite
Asbestos and Wollastonite (1499)
Lightweight Aggregate Minerals (1499)
a. Perlite
b. Pumice
c. Vermiculite ‘
Mica and Sericite (1499)
Barite (1472)
Fluorspar (1473) '
Salines from Brine Lakes (1u74)
Borates (1474) '
Potash (1474)
Trona Ore (1474)
Phosphate Rock (1475)
Rock Salt (1u476)
sulfur (Frasch) (1477)
Mineral Pigments (1479)
Lithium Minerals (1479)
Sodium Sulfate (1474)
- Bentonite (1452)
Fire Clay (1453)
Fuller's Earth (1454)
A. Attapulgite -
B. Montmorillonite
Kaolin and Ball Clay. (1455)
Feldspar (1459)
Kyanite (1459) _
Magnesite (Naturally Occurring) (1459)
Shale and other Clay Minerals (1459)
A. Shale
B. Aplite .
Talc, Soapstone, Pyrophyllite, and Steatite (1496)
Natural Abrasives (1499)



A. Garnet
B. Tripoli
Diatomite (1499)
Graphite (1499) -
Miscellaneous Non Metallic Minerals (1499)
A. Jade
B. Novaculite



SECTION II
RECOMMENDATIONS

A summary of the effluent limitations is set forth in Table
“1.

This development document is issued in support of final
effluent limitations guidelines, based on the best
practicable technology currently available (BPT), for
existing sources in the following subcategories of the
- mineral mining point source category:

Crushed Stone

Sand and Gravel
Industrial Sand
Phosphate Rock

This development document also incorporates the
documentation which was issued earlier in support of interim
final regulations - which were published on October 16, 1975
for the following additional subcategories:.

Gypsum Sodium Sulfate
Asphaltic Minerals Frasch Sulfur
Asbestos and Wollastonite Bentonite
Barite Magnesite
Fluorspar Diatomite
Salines  Jade

Borax Novaculite
Potash Tripoli
Graphite :

Furthermore,this development document incorporates the documentation
which was developed earlier in support of proposed regulations -
issued on October 16, 1975 and June 10, 1976 for the following
subcategories:

Crushed Stone Gypsum Potash

Sand and Gravel Asphalt : Sodium Sulfate
Industrial Sand Asbestos Frasch Sulfur
Phosphate Rock Barite : Bentonite
Fluorspar Magnesite Novaculite
Salines ' : Diatomite Tripoli

Borax Jade ‘Graphite

Finally, this development document sets forth in draft form
the basis for developing at a later date 11m1tat10ns for the
following subcategories:



Dimension Stone

Lightweight Aggregate Minerals

Mica and Sericite

Salines from Brine Lakes

Trona

Talc, soapstone,pyrophyllite
and steatite

Garnet

Rock Salt

Mineral pigments
Lithium Minerals
Fine Clay
Fuller's Earth

Shale and other clay



TABLE 1

Recommended Limits and Standanrds

The following apply to process waste water except Whére_noted.

Subcategory

pDimerision stone
Mirie dewatering’
Crushed stone
Mine dewatering
Cons;ruct1on Sand and Gravel
Mine dewatering
Industr:al Sand -
Dy pvocesSIng,
Wet processing, &
Non HF fiotation
HF Flotation

.Acid Leaching
. M1ne dewatering
,Gypsum
Dry &
Heavy Media Separation
Wet Scrubbers
Mine dewatering
Bituminous limestone,
Oit-impregnated diatomite, &
Gilsonite
Asbestos Wollostonite
Mine dewatering
Perlite, Pumice, Vermiculite

max. avg.
consecutive pays

BPCTCA . )
of 30 max. for

"any one day

No discharge

-&" Expanded 1ightweight aggregates

Mine cewatering
Mica & Sericite

Dry b?bce551ng.

Wet processing &

Wet processing and -

general clay recoveny

Wet processing and

Ceramic grade clay

recovepry

Mine dewatering
-Barite

bry

wet & Flotation

Tailings pond

storm overflow

Mime dewatering

(acid)

Mine dewatering

{non acid) .

T5S- 30 mg/1
TSS 25 mg/1 - TSS 45 mg/1
7SS 25 mg/i TSS 45 mg/) -
1SS 25 mg/} TSS 45 mg/1
TSS 25 mg/1 T55 45 mg/1
No discharge
TSS 25 mg/! 78S 45 mg/1
TSS 0.023 kg/kkd TSS 0.046 kg/kkg
F 0.003 kg/kkg F 0,006 kg/kkKg"
No recommendation - -
TSS 25 mg/ V- TSS 45 ma/1
‘No dischérge
No d1scharge
- 78S 30 mQ/l
No dﬁschahge
No discharge
- 78S 30 mg/}
No discharge
TS5 30 mg/}
No discharge
1SS 1.5 kg/kkg 1SS 3.0 kg/kkg
o 7SS 30 mg/1
No discharge
No discharge
7SS 30. mg/1
T$S 35 mg/1 -T$S 70 mg/1
Total Fe-3.5 mg/1 Total Fe 7.0 mg/1
) 7SS 35 ma/1

BATEA and NSPS
max. avg. of 30 max. for
consecutive days any one day

No discharge-

. . TSS 30 mg/!
TSS 25 mg/1 T5S 45 mg/ 1\
TSS 25 mg/1 1SS 45 mg/1
TSS 25 mg/1 TSS 45 mg/1
TSS 25 mg/1 -~ TSS 45 mg/1
No discharge
TSS 25 mg/1 “TSS 45 mg/1
No discharge -

. No recommendation
TS8S 25 mg/} 7SS 45 mg/1
No discharge

No discharge.
TSS 30 mg/)

No discharge

No discharge
» TSS 30 mg/1

No discharge
TSS 30.mg/1

No discharge

TSS 1.5 kg/kkg 1SS -3.0 kg/kkg
. 7SS 30 mg/1
No discharge
~No discharge

TSS 30 -mg/1
T5S 35.mg/1 TSS 70 mg/1
Total Fe 3.5 mg/1 Toltal Fe 7.0 mg/1

TSS 35 mg/}



Fluorspar
Heavy Media Separation
& Drying and Pelletizing
Flotation

Mine Drainage
Salines from Brine Lakesx#
Borax
Potash
Trona (process waste -water &
mine dewatering)
Sodium Sulfate

Rock Salt (process waste water &

mine dewatering)
Satt pile punoff
Phosphate Rock
and mine dewatering
.Sulfur (Frasch)
Anhydrite’ .
Sait domes(land and
marsh operations
well bleed water) -
tand avaiiable
Limited Land
available
~ Well seal watenr

Mineral Pigments
‘Mine dewatering
Lithiumexx
Tailings dam seepage &
storm overflow
Mine dewatering
Bentonite
. Mine dewatering
Fire clay
Non=-Acid mine dewatering
Acid Mine dewatering

Attapuigite
Mine dewatering
Montmoprillonite
Mine dewatering
Kaolin.
Dry processing
wWet processing

Mine dewatering
» {ore slurry pumped)
Mine dewatering

Zn 0.25 mg/1

Turbidity 50
7SS 45 mg/]

{ore dry transported)

No discharge
TSS 0.8 kg/kkg TSS 1.2 kg/kkg
F 0.2 kg/kkg F 0.4 kg/kkg
7SS 30 mg/}
No discharge
No discharge
No discharge
No discharge
No discharge
TSS 0.02 kg/kkg T55 0.04 kg/kkg
78S 30 mg/! TSS 60 mg/1
o No discharge .
T8S 50 mg/ 1% TSS. 100 mg/1%
S 1 mg/i 5.2 mg/1
S 5 mg/t $ 10.mg/}
No discharge ) -
TSS 30 'mg/1
No discharge
755 50 mg/1
TSS 35 ma/1
No discharge
7SS 35 mg/]
No discharge
‘ 78S 35 mg/1
TSS 35 mg/1 "TSS 70 mg/1
Total Fe 3.5 mg/!} Total Fe 7 mg/1
No. discharge .
' 7SS 35 mg/1
No discharge
755 35 mg/1
No discharge
Turbidity 50 JTU Turbidity 100 JTU
TSS 45 mg/1 TSS 90 mg/1

Zn 0.50 mg/1
Turbidity 100 JTU
TSS 90 mg/1
7SS 35 mg/1

JTU

Turbidity 50

. No
TSS 0.6 kg/k
F 0.1 kg/kkg
‘No
No
No
No
No
1SS 0.002 kg
. No

TSS 30 mg/1
TSS 30 mg/1x*

S 1 mg/t
S 2 mg/1

TSS 30 mg/1x’
51 mg/1 )
No
No
No
No

TSS 35 mg/1
‘Total Fe 3.5
No
No.
No

7SS 45 mg/)

Zn 0.25 mg/}

Turbidity 50

TS5 45 mg/1

discharge
kg 78S 1.2 kg/kka
F 0.2 kg/kkg
TSS 30 mg/1
discharge
discharge
discharge
dischargeé
_discharge
/hkg TSS 0.004 kg/kkg
discharge’
TSS 60 mg/1
TSS 60 mg/1+
S 2 mg/1
S 4 mg/1
TSS 60 mg/tx
. S 2 mg/1 -
discharge
" TSS 30 mg/1
discharge ’
TSS 50 mg/1
TSS 35 mg/t
discharge
TSS 35 mg/1
discharge
TS5 35 mg/1
. TSS 70 mg/1
mg/t _Total Fe 7 mg/1l
discharge
TSS 35 mg/1
discharge
TSS 35 mg/!
discharge
JTU Turbidity 100 -JTU
TSS 90 mg/1
Zn-0.50 mg/1
JTU Turbidity 100 JTU
TSS 90 mg/1
TSs 35 mg/1



Bail Clay
" Dry processing
Wet processing

No disCharge
No discharge

Mine dewatering. 7SS 35 mg/l
Feldspar

Non=Flotation plants No discharge .

Flotation plants*s*# TSS 0.6 kg/kkg TS5 1.2 kg/kkg

F. 0.175 kg/kkg " F 0.35 kg/kkg

Mine dewatering TS5 30 mg/1
Kyanite. o No dwscharge

Mine dewatering TSS 35 mg/1
Magesite No- discharge

. Shale and Common’ Clay No discharge .

Mine dewatering 78S 35 mg/1
Aplite: i No discharge o

Mine dewatefing TSS 35 mg/1
Talc, Steatite, Soapstone and Pyrophyllite

Ory processing & : No 'discharge

Washing plangs

Fiotation and HMS 785 0.5 kg/kkg TSS 1.0 kg/kkg

plants '

Mine dewaterinq TSS 30 mg/1
Garnet 155 .30 mg/1 ’ TSS 60 mg/1
Tripoli No discharge )

Mine dewater1ng : "TSS 30 mg/1
Diatomite ) No discharge

Mine dewatering : . TSS 30 mg/1
Graphite (process and TSS 10 mg/! 7SS 20 mg/1

Mine dewatering) Total Fe t mg/1 Total Fe 2 mg/1

Jade

Novaculite No discharge

No discharge

" No discharge
No discharge
TSS 35 mg/t

. No discharge
78S 0.6 kg/kkg TSS 1.2 kg/kkg
F-0.13 kg/kkg F 0.26 kg/kkg
TSS 30 mg/1
No discharge
78S 35 mg/l
No discharge
No discharge
7SS 35 mg/1
No discharge
185 35 mg/1

No discharge

TSS 0.3 kg/kkg TS5 0.6 hg/kkg

78S 30 mg/1

TS5 30 mg/1 755 60 mg/1
No discharge

— TSS 30 mg/1
No discharge

TSS 30 mg/1

‘TSS 10 mg/1 7SS 20 mg/1

Total Fe 1 mg/} Total Fe 2 mg/1

No discharge
No discharge

pH 6-9 for all subcategories

No discharge - No discharge of process waste water pollutants

‘kg/Kkg = kg of poliutant/kkg of product

* standard is to apply .as net if oxidation dztches are used and intake is from the same navagable

water as the discharge.

** standards are to bé applied as net if d1scharge is to the same navigable water as brine intake

**% kg of pollutant/kkg of ore processed

BPCTCA - best practicapble control technology currently available

BATEA - best available technology economically achievable

NSPS - new source performance standard






SECTION III

INTRODUCTION

The United sStates Environmental Protectiori Agency (EPA) is
charged under the PFederal Water Pollution Control ' Act
Amendments of 1972 with establishing effluent limitations
which must be achieved by point sources of discharge into
the navigable waters of the United States. Section 301 (b)
of the Act requires the achievement by not later than July
1, 1977, of effluent limitations for point sources, other
than publicly owned treatment works, which are based on the
application of  the best practicable control technology
currently available as defined by the Administrator pursuant
to Section 304 (b) of the Act. Section 30ﬁ(b) also requires
the: achievement by not later than July 1, 1983, of effluent
limitations for point sources, other than publicly owned
treatment works, which are based on the application of the
best available technology economically achievable which will
result in reasonable further progress toward the national

goal of eliminating the discharge of all pollutants, asv'

determined in accordance with regulations issued by the
Administrator pursuant to Section 304(b) of +the Act.
Section 306 of the Act requires +the achievement by new
sources - of a Federal standard of performance providing for
the control of the discharge of pollutants which reflects
the greatest degree of effluent reduction which the
Administrator determines to be achievable through the
application of  the 'best available demonstrated control
technology, processes, operating methods, or other alterna-
tives, including, where practicable, a standard permitting
no discharge of pollutants. Section @ 304 (b) of +the Act
requires the Administrator to publish within one year of
enactment of the Act regulations providing guidelines for
effluent 1limitations setting forth the degree of effluent
reduction attainable through the application of the best
practicable control technology currently available and the
degree of effluent reduction attainable through the
application of +the best control measures and practices
achievable including +treatment techniques, process and
procedure innovations, operating ! methods and other
alternatives. Section 306 of the Act requires the

Administrator, within one year after a category of sources
is included in a list published pursuant to Section 306 (b)

(1) (a) of +the Act, to propose regulations establishing
Federal standards of performances for new sources within
such categories. The Administrator published in the Federal .
Register of January 16, 1973 (38 F.R. 1624), a list of 27




sSource categories. Publication of an amended 1list on
October 16, 1975 in the Federal Register constituted
announcement of the Administratort's intention of
establishing, under Section 306, standards of performance
rapplicable to new scurces within the mineral mining and
processing industry. ' '

The products covered in this report are listed below with
their SIC designations: .

Dimension stone (1411)

Crushed stone (1422, 1423, 1429, 1499)

Construction sand and gravel (1442)

Industrial sand (1446)

Gypsum (1492)

Asphaltic Minerals (1499)

Asbestos and Wollastonite (1499)

Lightweight Aggregates (1499)

Mica and Sericite (1499)

Barite (1472 and 3295)

Fluorspar (1473 and 3295)

Salines from Brine Lakes (1974)

Borax (1474)

Potash (1474)

Trona Ore (1474)

Phosphate Rock (1475)

Rock Salt (1476)

Sulfur (1477)

Mineral Pigments (1479)

Lithium Minerals (1479)

Sodium sulfate (1474)

Bentonite (1452)

Fire Clay (1453)

Fuller's Earth (1454)

Kaolin and Ball Clay (1455)

Feldspar (1459)

Kyanite (1459)

Magnesite (1459)

Shale and other clay minerals, N.E.C. (1459)

Talc, Soapstone and Pyrophyllite (1496)

Natural abrasives (1499) =

Diatomite mining (1499)

Graphite {1499)

Miscellaneous non-metallic minerals,
N.E.C. (1499)

Some of the above minerals which are processed only (SIC
3295) are also included.

10




The data for identification and analyses were derived from a
number of sources. These sources included EPA research
information, ©published 1literature, qualified  technical
consultation, on-site. visits ‘and interviews at numerous
"mining and processing facilities throughout the U.S.,
‘interviews and meetings with various trade associations, and
interviews and meetings with various regional offices of the
EPA. Table 2 summarizes the data base for the various
-subcategories in this volume. The 1972 production and
employment figures in Table 3 were derived either from the
Bureau of +the Census (U.S. Department of .Commerce)
publications or the Commodity Data Summaries (1974) Appendix
I to Mining and Minerals Policy, Bureau of Mines, U.S.
Department of the Interior. :

DIMENSION STONE {(SIC 1411)

Rock which has been specially cut or shaped for wuse in
buildings, monuments, memorial and gravestones, curbing, or
other construction or special uses is called dimension
stonhe. Large quarry blocks suitable for cutting to specific
dimensions are also classified as dimension stone. The
principal dimension stones are granite, marble, 1limestone,
slate, and sandstone. ILess common are diorite, basalt, mica
schist, quartzite, diabase and others. ' .

Terminology in +the dimension stone industry is somewhat
ambiguous and frequently does not correspond to the same
terms used in mineralogical rock descriptions. . Dimension
granites include not only true granite, but many other types
of igneous and metamorphic rocks such as quartz diorites,
syenites, quartz porphyries, gabbros, schists, and gneisses.
Dimension marble may be used as a term to describe not only
true marbles, which are metamorphosed limestones, but also
any limestone that will take a high polish. Many other
rocks such as serpentines, onyx, travertines, and some
granites are frequently called marble by the dimension stone
- industry. Hard cemented sandstones are sometimes called
quartzite although they do not specifically meet the
mineralogical definition. :

Many of the States possess dimension stone of one kind or
other, and many have one or more producing operations.
However, only a few have significant operations. These are
as follows: :

Granite = - Minnesota
' - Georgia
- Vermont
- Massachusetts
- South Dakota

11




TABLE 2

DATA BASE
No Plants
No. Data

Subcategory Plants Visited Available Sampled
Dimension Stone 194 20 20 5
Crushed Stone 48600 '

Dry 5 52 *

Wet 26 130 9

Flotation 8 2 3 1

Shell Dredging ' 50 4 4 0
Construction Sand

Gravel

Dry 750 0 50 *

Wet 4,250 46 100 15

Dredging (on-land) 50 8 15 0

Dredging (on-board) 100 3 25 0
Industrial Sand :

Dry 20 0 5 ]

Wet 130 3 10 2

Flotation 17 4 10 2

Acid Leachin 3 -3 3 0
* Flotation (H 1 1 1 1
Gypsum

Dry 73 5 54 2

Wet Scrubbing 5 1 8 1

HMS 2 1 2 %
Asphaltic Minerals

Bituminous Limestone 2 0 2 *

011 Impreg.Diatomite 1 1 1 *

Gilsonite 1 1 1 1l
Asbestos

Dry 4 2 4 1

Wet 1 1 1 *

Wollastonite 1 1 1 *
Lightweight Aggregates

Perlite 13 4 4 *

Pumice 7 2 7

Vermiculite 2 2 2 *
Mica & Sericite

Dry 7- 5 7 *

Wet 3 2 3 *

Wet Beneficiation 7 5 7 *
Barite’ '

Dry 9 4 8 *

Wet 14 7 14 *

Flotation 4 3 4 1
Fluorspar

HMS 6 4 6 %

Flotation 6 4 5 2

Drying and 2, 1 2 %

Pelletizing

12




Salines from
Brine Lakes
Borax
Potash
Trona Ore
Phosphate Rock
Eastern
Western
Rock Salt
Sulfur
Anhydrite
On~Shore
Off-Shore
Mineral
Pigments
Lithium
Minerals ‘ )
Sodium 6
Sulfate :
Bentonite 37
Fire Clay ‘ 81
Fuller's Earth
Attapulgite , 10
Montmor. 4
Kaolin
Dry
- Wet
Ball Clay
Feldspar
Wet
Dry
Kyanite
Magnesite
Shale and Common 12
Clay
Aplite
Talc Minerals
Dry .
Washing
HMS, Flotation
Natural Abrasives
Garnet. ‘
Tripoli
Diatomite
Graphite
Misc. Minerals
. Jade est. 10
Novaculite 1
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Total 11,019 312 735

*There is no discharge of process waste water in the subcategories

under normal operating conditions.
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TABLE 3
Production and Employment

SIC Code Product . ‘“jAﬁ:;téns Employment

1411 Dimension stone-limestone 547 598 2,000 combined

1411 Dimension stone-granite 357 394 SIC 1411
1411 Dimension stone-other* 559 ‘ 616
1422 Cr¥shed & broken stone-. -542,400 - 598,000 29,400
imestone ' '
1423 Crushed & broken stone 95,900 106,000 4,500
granite
1429 Crushed & broken stone NEC 113,000 124,600 7,400
1499 Crushed & broken stone shell 19,000 20,900 Unknown
1442 Construction sand & gravel 650,000 717,000 30,300
}ggg éndustria] sand fg.;zg ?g.ggg 4.300
ypsum . 120 '3 2,900
1499 Bituminous Himestone 1,770 1,950 Unknown
1499 Oil-impregnated diatomite 109 120 Unknown -
}238 gigsonite ‘ ]gs ]50 Unknown
sbestos 0. 132 400
1499 Wollastonite 63 70 70
1499 Perlite 589 649 100
1499 Pumice 3,460 3,810 525
}Zgg xermiculite ?26 ?37 225
ica 5 60 75
1472 Barite 822 906 1,025
1473 Fluorspar 228 251 270
1474 Borates 1,020 1,120 1,800
1474 Potash (K2) equiv. 2,410 2,660 1,200
1474 Soda Ash trona only) 2,920 . 3,2% 1,070
1474 Sodium sulfate 636 S ] 100
1475 * Phosphates - 37,000 - 4D,80p 4,200
1476 Salt (mined only) ~ 12,920 14,208 2,800
1477 Sulfur (Frasch) 7,300 - 8,040 2,900
1479 Mineral pigments . 63 .70 Unknown
1479 Lithium minerals ‘ . Withheld : approx. 250
TE R i | B D R
1454 Fuller's earth : *’895 "988 1,200
1455 Kaolin 4,810 5,318 3,900%*
1455 Ball cla 1515 ? |
1459 Feldspar. 2 o 450
1459 Kyanite - © Est. 108 Est. %20 165
%223 Xaggisite Withheld ‘ Unknown
plite 190" 278  Unknown
}232 $;$ge common clay 41§;§g 46;%;7 2,600
1496 Soapstone I , 950
1496 . Pyrophy1lite ‘ 1,004 ’
1499 Abrasives -
Garnet ‘ 17 99 Unknown
Tripoli 80 . 88  Unknown
1499 Diatomite - 672 576 500
1499 Graphite Withheld 54
1499 Jade . .107 .118 . Unknown

1499 Novaculite Withheld 15

*Sandstone rbl
**Includes bal] clay et al

14




Marble - Georgia

- Vermont

- Minnesota {(dolomite)
Limestone - ‘Indiana

- Wisconsin
Slate - Vermont

.- New York

- Virginia

- Pennsylvania
sandstone,- - Pennsylvania
Quartz, and Ohio
Quartzite New York

Figure 1 gives the U. S, production on a state basis for
granite, limestone, sandstone, quartz and quartzite which
are the principal stones quarried as shown in Table 4.
There are less than 500 dimension stone mining activities in
the U.S. Present production methods for dimension stone
range from the inefficient and antiquated to the
technologically modern. Quarrying methods include the use
of wvarious combinations of wire Saws, jet torches,
channeling machines, drilling machines, wedges, and
broaching tools. The choice of equipment mix depends on the
type of dimension stone, size and shape of deposit,
production capacity, labor costs, financial factors, and
management attitudes. :

Blasting with a low level explosive, such as black powder,
is occasionally done. Blocks cut from the face are sawed or
split into smaller blocks for ease in transportation and
handling. The blocks are taken to processing . .facilitjes,
often located at the quarry site, for final cutting and
finishing operations. Stone finishing equipment . includes:
(a)gang saws (similar to large hack saws) used with water
alone or water with silicon carbide (SiC) abrasive added,
and recently, with industrial diamcond cutting edges; (b)wire
saws used with water alone, or with water and quartz sand,
or water with SicC; {c)diamond saws; (d)profile grinders;
(e)guillotine cutters; (f) pneumatic actuated cutting tools
(chisels); (g)sand blasting and shot peening; and
(h) polishing mills. '
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FIGURE 1
DIMENSION STONE DISTRIBUTION

DYMENSTONAL GRANTTE
1972« 1000 short tons

r——- i
é«é;%.""'m‘ - ‘

®* Producing States (tqtal = 214)
National Total = 621.2

Data from: Minerals Yearbook- 1972,
- Vol. I, Table 5, p. 1164,

DIMENSIONAL LIMESTONE
- 1972« 1000 short tons

‘w;% b '

¥ Producing States (Total = 54,8) -~ Dats from: Minerals Yearbook
National Total = 411.3 (excluding P.R.) 1972, Vol,I, Table 6,p. 1164

DIMENSTONAL SANDSTONE,
QUARTZ, QUARTZITE
1972- 1000 short tons

.4\.&,@“1 |

R froduéiqg States (Total = 22,3) Data from: Minerals Yearbook-1972 .
Natlonal Total = 230.7: - ' '

Vol.I, Table 7, p. 1165,
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Rough:

Dressed:

Kind of stone and © 1000 short tons.

GRANITE

Architectural
Constyuction
monumental

Othar rough stone

Cut

Sawed . )
House stone veneer
Construction
Monumental

Curbing

Flagging

Paving blocks

Other dressed stone.

Total ’

Value ($1000)
LIMESTONE AND DOLOMITE
Architoctural
Construction

Flagging
Other rough stone

Dresseq H

Cut

Sawed

House stone veneer
Construction
Flagging .
Other dressed stone

Total .
Value ($1000)

MARBLE

Rough: Architectural

Dressed:

Cut

Sawed

Housa stone veneer
Construction and Monumental

Total
Value ($1000)

SANDSTOiiE, QUARTZ & QUARTZITE

Rough:

Architectural
Construction
Flagging

Other rough stone -

Minerals Yearbook, 1972
Burcau of Mines

TABLE 4
DIVERSION STONE BY USE AND KIND OF STOME
w

Kind of stonc and use
continued

Dressed?
Cut.
Curbing
Sawed
House stone vencer
¥lagging
Othex uses not listed

Total
Value ($1000)
' SLATE

‘Roofing slate

Millstock:
Structural and sanitary
Blackboards, ete.
Billiavd tuble tops

Total

Flagging
Other uses not listed

Total
Value ($1000)
OTHER STONE

Rough:
Architectural
Construetion
Dressed:
Cut
Construction
Flagging
Structural and senitary purposes

Total
~ Value ($1000)
TOTAL STONE

Roughs
Architectural
Construction
Monumental
Flagging -
Other rough stone
Dresged:.
Cut
Sawed
House stone .veneer
Constructicn
Roofing (slate)
Millstock (slate)
Monumental
Curbing
Flagging
Other uses not listed .

Totsl
Value ($1000)

s .S, Department of the Intcriot,

1000 short tons




CRUSHED STONE (SIC 1422, 1423 and 1429)

- This stone category pertains to rock which has been reduced
in size after mining to meet various consumer requirements.
As with dimension stone, the terminology used by the crushed
stone producing and consuming industries is not consistent
with mineralogical definitions. Usually all of the coarser
grained igneous rocks are called granite. The term traprock
pertains to all dense, dark, and fine-grained igneous rocks.
Quartzite may describe any siliceous-cemented sandstone
whether or not it meets the strict mineralogical
description. Approximately three-fourths of all crushed
stone is limestone. :

Riprap is large irregular stone used chiefly in river and
harbor work and to protect highway embankments. Fluxing
stone is limestone, usually 4 to 6 inches in cross section,
which 1is used to form slag in blast furnaces and other
metallurgical processes. Terrazzo is  sized material,
usually marble or limestone, which is mixed with cement for
pouring floors and is smoothed to expose the chips after the
floor has hardened. Some quartzose rock is also used for
flux. Stucco dash consists of white or brightly colored
stone, 1/8 to 3/8 inches in size, for use in stucco facing.
Ground limestone is used to significantly reduce the acidity
of soils. :

The crushed stone industry is widespread and varied in size
of facilities and types of material produced. The size of
individual firms varies from small independent producers
with single facilities +to large diversified corporations
with 50 or more crushed stone facilities as well as other
important interests. Facility capacities range from less
than 22,700 kkg/yr (25,000 tons/yr) to about 13.6 million
kkg/yr (15 million tons/yr). As Table 5 shows only about
5.2 percent of the commercial facilities are of a 816,000
kkg (900,000 ton) capacity or larger, but these account for
39.5 percent of the +total output. At the other extreme,
facilities of less than 22,700 kkg (25,000 ton) annual
capacity made up 33.3 percent of the +total number but
produce only 1.3 percent of the national total.
Geographically, the facilities are widespread with all
States reporting production. 1In general, stone output of
the individual States correlates with population and
industrial activity as shown by Figure 2. This 1is true
because of the large cost of shipment in relation to the
value of the crushed stone.




TABLE 5

_ SIZE DISTRIBUTION OF CRUSHED STONE PLANTS*

ANNUAIL. PRODUCTION o NUMBER OF TOTAL ANNUAL PERCENT
TONS : QUARRIES - PRODUCTION - OF TOTAL
1000 TONS

=

vMiopbouNIOARNNDOAHOVOWLWW

25,000 s 13,603
25,000 - 49,999 24,221
50,000 - 74,999 20,485
75,000 - 99,999 o : 21,941 -
100,000 - 199,999 , ‘ 90,974
200,000 - 299,999 . ‘ 75,868
300,000 - 399,999 80,946
400,000 - 499,999 S -+ . 80,956
500,000 - 599,999 - . . 68,903
600,000 - 699,999 L - 62,730
700,000 - 799,999 - : - 56,694
800,000 - 899,999 : o . 42,718
> 900,000 ' - 418,502

OV NN RPN

w A

TOTAL o , 1,058,541

* U.S. Deaprtment of the Interior '
Bureau of Mines
Division of Nonmetallic Minerals
- 1973




FIGURE 2
CRUSHED STONE DISTRIBUTION

USHED GRANITE
1972123000.000 short tons

.1
1.2 -
* ?
* - *
1.2 N ~3
* .
: .3 .8
1.8
* . 14.2
* -
' 5.3 . . 26.1
- 9.5
’ * 9.7
*
- -
ol e -7
"D 2 Vol. I
‘.‘I'-* g 2 ' pata From: Minerals Yearbook - 1972, .

* Other producing States {total = 13.9)

Table 11, p. 1168
Mational Total = 106.3 . :

CRUSHED LIMESTONE
AND DOLOMITE
1972/1,000,000 short tons

Pacific Islands'» 9
** Total stone - crushed & dimenstonal Data From: Mineral Yearbook ~ 1972, VoV, 1
* ‘Other producing States (total = 8.2) Table 13, p. 1170
National total (excluding P.R. & territories) = 663.3
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Most crushed and broken stone is presently mined from open
quarries, but in many areas underground mining is becoming
more frequent. Surface mining equipment varies with the
type of stone, +the production capacity needed, size and
shape of deposits, estimated life of the operation, location
of the deposit with respect to urban centers, and . other
important factors. Ordinarily, drilling is done with
tricone rotary drills, long-hole percussion drills including
"down the hole" models, and churn drills. Blasting in
smaller operations may still be done with dynamite, but in
- most sizable operations ammonium nitrate-fuel oil mixtures
(AN/FO) are used, which are much lower in cost. Secondary
~ breakage. increasingly is done with mechanical equipment such
~as drop hammers to minimize blasting in urban and
residential areas. e

Underground operations are becoming more common as the
advantages of such facilities are increasingly recognized by
the producers. Underground mines can be operated on a
year-round, uninterrupted basis; do not require extensive
removal of overburden; do not produce much if any waste
requiring subsequent disposal; reéquire little surface area
which becomes of importance in areas of high land "'cost and
finally, greatly reduce the problems . of environmental
disturbance and those of rehabilitation of mined-out areas.
An additional benefit from underground operations, as
evidenced in the Kansas City area, is the value of the
underground storage space created by the mine - in many
cases the sale or rental of the space produces revenue
exceeding that from the removal of the stone. .

Loading and hauling equipment has grown larger as increasing
demand for stone has made higher production capacities
necessary. Track-mounted equipment is still used
extensively but pneumatic-tire-mounted hauling equipment is
predominant. : A

Crushing and screening facilities have become larger and
more efficient, and extensive use is made of belt conveyors
for transfer of material from the pits to the 1loading-out
areas. Bucket elevators are used for 1lifting up steep
‘inclines. Primary crushing is often done at or near the
pit, wusually by Jjaw crushers or gyratories, but impact
crushers and special types may be used for nonabrasive
stone, and for stone which tends to clog the conventional
crushers, For secondary crushing a variety of equipment is
used depending on facility size, rock type, and other
factors, Cone crushers and gyratories are the most common
types. Impact types including hammer mills are often used
where stone is not " too abrasive. For fine grinding. to
- produce stone sand, rxod mills predominate. '
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For screening, inclined vibrating types are commonly used in
permanent installations, while horizontal screens, because
they require less space, are used extensively in portable
facilities. For screening large sizes of crushed stone,
heavy punched steel plates are used, while woven wire
screens are used for smaller material down to about
one-eighth of an inch. Air and hydraulic separation and
classifying equipment is ordinarily used for the minus 11/8
inch material.

Storage of finished crushed stone is usually done in open
areas except for the small quantities that go +to the
load-out bins. In the. larger and more efficient facilities
the stone is drawn out from tunnels under the storage piles,
and the equipment is designed to blend any desired mixture
of sizes that may be needed.

Oyster shells, being made of very pure calcium carbonate,
are dredged for use in the manufacture of lime and cement.
The industry is large and active along the Gulf Coast,
especially at New Orleans, Lake Charles, Houston, Freeport,
and Corpus Christi. In Florida, oyster shell was recovered
from fossil beds offshore on both Atlantic and Gulf coasts.
Production in 1957 amounted to 1,364,000 kkg (1,503,964
tons), used principally for road metal and a small amount as
poultry grit. This figure included coquina, a cemented
shell rock of recent but not modern geological +time, which
is dredged for the manufacture of cement near Bunnell in
Flagler County. It is used widely on lightly traveled sand
roads along the east coast. Clam shells used to be dredged
from fresh water streams in midwestern states for the
manufacture of buttons, but the developments in the plastics
industry have impacted heavily. Table 6 gives a breakdown
of the end uses of crushed stone. The majority of crushed
stone is used in road base, cement and concrete.

CONSTRUCTION SAND AND GRAVEL (SIC 1442)

sand and gravel are products of the weathering of rocks and
thus consist predominantly of silica but often contain
varying amounts of other minerals such as iron oxides, mica
and feldspar. The term sand is used to describe material
whose grain size lies within the range of 0.065 and 2 mm and
which consists primarily of silica but may also include fine
particles of any rocks, minerals and slags. Gravel corsists
of naturally occurring rock particles larger than about 4 mm
but less than 64 mm in diameter. Although silica usually
predominates in gravel, varying amounts of other rock
constituents such as mica, shale, and feldspar are often .
present. Silt is a term used to describe material finer
than sand, while cobbles and  boulders are larger than
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Kind of stonc and use
| CALCAREOUS MARL

Agricultural purpones N -
Cement manufacture’
Other uses

.Total

Value ($1000)

GRANITE

Agricultural purposes
Concrete aggregate (coarne)
Bituminous aggregate
© Mooodam aggregate !
Donse graded road base stone
Surface treatment aggregate
Ungpecified construction apgregate and roadeLone
Riprap and jetty stone
" Railroad ballast . .
‘Filter stone . ' o
Fil1 : ’
Other uses
Total .
Value ($1000)

LIMESTONE AND DOLOMITE

Agrirultutal purposes
Conerete aggregate (coarse)
Bituminous aggregate
Macadan
Dense graded road base atone
Surface treatment aggregate -
Unspecified construction aggregate and roadstone
Riprap and jetty stone
Railroad ballast
' Filter stone :
Manufactured fine aggregate (stone gand)
Terrazzo and exposed aggregate
Cem -1t manufacture
Lime manufacture
. Dead-burned dolomite
. Perrosilicon
- Flux stone
Refractory stone
Chemical stone for Alkali Works
Special uses and products ’
Mineral fillers, extenders, and whiting
Chemicals .
© Fil1l
.Glass
" Sugar refining
Other uses
Total
Velue ($1000)
MARELE
Agricultural purposes
Macadam aggregate
Concrete aggregate (coarse) .
vDense graded road base stone
Unspecified construction aggregate and roadstone
. Riprap and jetty stone
Filter stone
Manufactured finc aggregate (stone sand)
Terrazzo and exposed aggregate
Mineral fillers, extenders, and whiting
- Other uses
Total .
Value ($1000)

'SANDSTONE, QUARTZ, AKD QUARIZITE

Concrete agyregate (coarse)
Bituminous aggregate
Macadam aggregate )
Dense graded road base stone
Suxfncc treatment aggregate
Unapecified construction apgregate and ro-dltone
Riprnp and jetty stone
Raflroad ballast
Pilter stone
Manufactured fino apgregate (stone nnnd)
T:n‘nzzo and exposed ngsreyuc

. Minorals Yearhook, 1972,

+ . Burean of Minas
~

TABLE 6
USES OF CRUSHED STONE

* Quantd ty

(1000 tons)

. 133
2,517
2,650
3,598

18,579

16,088
. 3,966
.37,877
15,695

10,048

4,036

6,162

97

3,718 ;

106,266
182,930

27,140
100,173
49,977
26,993

139,257 -

38,704
71,647
12,935
7,250
339
4,752
124
101,304
28,858
1,670
1,030
24,728
395
4,199
876
2,984
635

. 4,243
1,794
560
18,930
671,496
1,090,707

203
1,047
g

2,247 -
25,005 .

2,092
1,613
- 352
8,744
951
3,290
2,213
1,014
- 52

343 -
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Kind ol stowe and uae

SANDSTONE, QUARTZ, AND QUARTZITE
. (continued)

Cement and lime mam\facl.ure

. Ferrosilicon

Flux stone’ .
Refractory stone .
Abrasives
Glass
Other uses
Total .
Value ($1000)

SHELL

Concrete abgtegate {coarse)
‘Dense graded road base stone '
Unspecified construction aggregate s.. d roadstone
Cement and lime manufacture
_Other uses

Total

Value ($1000)

TRAPROCK

 Agricultural purposes.

Concrete aggregate (coarse)
Bituminous aggregate ]
Macadam aggregate

Dense graded road base stone
Surface treatment aggregate

Unspecified construction aggregate and roadstone

Riprap and jetty stone
Railr .ad ballast
Filter stone,
Manufactured fine aggregate (stone sand)
Fill .
Other uses
Total
Value ($1000)

*OTHER STONE

Concrete aggregate (coarse)
Bituminous aggregate .
Macadam aggregate .
Dense graded raod base stone
Surface treatment aggregate
Unspecified construction aggregate and roadatone
Riprap and jetty stone -
Railroad ballast
Mineral fillers, extenders and whiting
Fill
Other - uses
- Total
Value ($1000)

TOTAL STONE

Agricultural putposes
Concrete aggregate (coarse)
Bituminous Aggregate
Macadan aggregate
Dense graded road base stone
Surface treatment aggregate
Unspecified construction aggregate and roadstone
Riprap and jetty stone
Railroad ballast
Filter stone
Manufactured fine aggregate (stone sand)
Terrazzo and exposed aggregate
Cement manufacture
Lime manufacture
Dead-burned dolomite
Perroailicon .
Flux stone
Refractory stone
Chemical stone for alkali works _
Special ugses and products
Mineral fillers, extenders and uhicing
Fi11
Glass
Expanded slate |
Other tises
Total -
Vajue ($1000)

V.8, Departmsnt of the Iaterior

Quantity
{1000 tona)

Y522
227
1,102
211
45
925
3,100
26,817
57,994

- 1,675

. 3,281
5,675
5,980
16,610

29,51

444
6,643
11,469
1,438
19,361
5,341
23,811,
3,623
. 2,332
117
o231
1,686 .
. 3,966
80,462
170,823

1,159
2,202

24,442

23,393
133,47,
82,560
33,110
210,013
51,943
113,406
24,560
18,021
636
5,869
402
108,857
30,051
1,670
1,257
25,830
605
4,199
1,071
4,423
. 6,630
2,718
1,270
031,39
922,361

11,592,569




gravel. The term "granules" describes material in the 2 to
4 mm size range. The descriptive terms and the size ranges
are somewhat arbitrary although standards have to some
extent been accepted. For most applications of sand and
gravel there are specifications for size, physical
characteristics, and chemical composition. ¥or construction
uses, the specifications depend on the type of construction
(concrete or bituminuous roads, dams, and buildings) the
geographic area, architectural standards, climate, and the
type and quality of sand and gravel available.

In summary for the glaciated areas in the northern States,
and for a hundred miles or more south of the limit of
glacial intrusion, the principal sand and gravel resources
consist of various +types of outwash glacial deposits and
glacial till. Marine terraces, both ancient and recent are
major sand and gravel sources in the Atlantic and Gulf
Coastal Plains. River deposits are the most important sand
and gravel sources in several of the Southeastern and South
Central States. Abundant sand and gravel resources exist in
the mountainous areas and the drainage from the mountains
has c¢reated deposits at considerable distances from the
initial sources. Great Plains sand and gravel resources
consist mainly of stream-worked material from existing
sediments. On the West Coast, deposits consist of alluvial
fans, river deposits, terraces, beaches, and dunes. Figure
3 shows the production and facility distribution for the
United States. ‘

The crushed stone and sand and gravel industries, on the
basis of tonage are the largest nonfuel mineral industries.
Because of their widespread occurrence and the necessity for
producing sand and gravel near the point of use, there are
more than 5,000 firms engaged in commercial sand and gravel
output, with no single firm being large enough to dominate
the industry. Facility . sizes range from very small
producers of pit-run material to highly automated permanent
installations capable of supplying as much as 3.6 million
kkg (4 million tons) yearly of closely graded and processed
products; the average commercial facility capacity is about
108,000 kkgsyr (120,000 tons/yr). As seen from Table 7
about #0 percent of all commercial facilities are of less
than 22,600 kkg (25,000 tons) capacity, but together these
account for only 4 percent of the . total commercial
production. At the other extreme, commercial operations
with production capacities of more than 907,000 Kkkg (1
million +tons) account for less than 1 percent of the total
number of facilities and for 12 to 15 percent of the
commercial production.
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. FIGURE 3
" SAND AND GRAVEL DISTRIBUTION

2

 PRODUCTION . :
1972/1,000,000 short tons
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TABLE 7

Size Distribu;ion of Sand and Gravel Plants

Production

- Thousand Percent

Annual Production Plants short of
(short tons) Number ‘tons total
Less than 25,000 1,630 17,541 2.2
25,000 to 50,000 850 30,508 3.9
50,000 to 100,000 - 957 68,788 .8.8
100,000 to 200,000 849 121,304 15.4
200,000 to 300,000 400 ' 97,088 12.4
300,000 to 400,000 217 75,157 9.6
400,000 to 500,000 : 134 59,757 7.6
500,000 to 600,000 : 79 ‘ 42,924 5.5
600,000 to 700,000 71 46,036 5.9
700,000 to 800,000 56 41,860 5.3
800,000 to 900,000 : . 26 22,310 2.8
900,000 to 1,000,000 N 27 25,666 3.3
1,000,000 and over : 88 . 136,850 17.3
Total ~ 5,384 785,788 100.0

Minerals Yearbook, 1972, U.S. Department of the Interior,
‘Bureag of Mines, Vol I, page 1120
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Geographically the sand and gravel industry is concentrated
in the large rapidly expanding urban areas and on a
transitory basis, in areas where highways, dams, and other
large-scale public and private works are under construction.
Three-fourths of the: ;total  domestic: output of sand and-
gravel is by commerc1al flrms, and one-fourth by Government-
and-contractor operations.

California 1leads in total sand and gravel production with a
1972 output more than double that of any other State.
Production for +the State in 1968 was 113 million kkg (125
-million tons), or 14 percent of the natlonal total. Three
of the 10 largest producing firms areé located in California.
The next five producing States with respect to total output
all border on the Great Lakes, where ample resources, . .urban

and industrial growth, and low-cost lake transportatlon are
all favorable factors. 2 :

Mining equlpment used varles from small, 51mp1e un1ts such
as tractor-mounted high-loaders and  dump trucks to
~ sophisticated mining systems involving large power  shovels,
draglines, bucket-wheel excavators, belt conveyors:and other
components. Sand and gravel is also dredged from river and.
lake bottoms rich in such depos1ts. : :

- Processing may consist OfW31mp1e washing to -remove clay and
silt and screening to produce two or more products, or it
may involve more complex heavy medium separation of  slate
and other lightweight impurities and complex screenlng and
crushing equipment designeéd to producé the optimum mix - of
salable sand and gravel sizes. Conveyor belts, bucket
elevators, and other transfer equipment are used
extensively. Ball milling is often required for production
of small-size fractions of sand. Permanent installations
are built where large deposits are to be operated for many
years. Semiportable units are used in many pits which have
an intermediate working 1life. Several such units can be
tied together to obtain large initial production capacity or
to add capacity as needed. In areas Wwhere large deposits
are not available, use is made of mobile screening
facilities, which can be quickly moved from one deposit to
another without undue interruption or loss of production.
Table 8 breaks down the end uses of sand and gravel.

INDUSTRIAL SAND (SIC 1446)

Industrial sand includes those types of silica raw materials.
that have been segregated and refined by hnhatural processes
into nearly monomineralic deposits and hence, by virtue of
their high degree of purity, have become the sources of
commodities having  special - and somewhat restricted
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Use

Building
Sand
Gravel

Paving
Sand
Gravel

Fill
Sand
Gravel

Railroad Ballast
Sand
Gravel

Other
Sand
Gravel

Total
Value ($1000)

Value I$/Quantity)‘

Table 8

Uses of Sand and Gravel

1000 kkg

170,329
139,001

119,182
254,104

44,050
39,416

948

2,022
8,685
11,682
789,419
1.35
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Quantity
1000 short tons

187,794
153,254

131,402
280,159

48,567
43,458

1,045
2,229

9,575
12,880

870,363
1,069,374
1.23

Minerals Yearbook, 1972, U.S. Department of the Interior
Bureau of Mines




commercial uses. In some instances, these raw materials
occur in nature as unconsolidated quartzose sand or gravel
and can be exploited and used with very 1little. preparation
and expense. More often, they occur as sandstone,
conglomerate quartzite, quartz mica schist, or massive
igneous quartz which must be crushed, washed, screened, and
sometimes chemically treated before commodities of suitable
composition and texture can be successfully prepared.
Industrial silica used for abrasive purposes falls into
three main categories: (a)  Dblasting sand; (b) glass-
grinding sand; and (c) stonesawing and rubbing sand. Figure
4 locates the domestic industrial sand deposits. Table 9
gives the breakdown of the uses of industrial sand.

Blasting sand is a sound closely-sized quartz sand which,
when propelled at high velocity by air, water, or controlled
centrifugal force, is effective for such uses as cleaning
- metal castings, removing paint and rust, or renovating stone
veneer. The chief sources of blasting sands are in Ohio,
Illinois, Pennsylvania, West Virginia, New Jersey,
California, Wisconsin, South Carolina, Georgia, Florida, and
Idaho.

Glass-grinding sand is clean, sound, fine to medium-grained
silica sand, free from foreigrn material and properly sized
for either rough grinding or semifinal grinding of plate
glass. Raw materials suitable for processing into these
commodities comprise deposits of clean, sound sand,
sandstone, and quartzite. As this commodity is expensive to
transport sources of this material nearest +to sheet and
plate glass facilities are the first to be exploited. .

Stonesawing and rubbing sand is relatively pure, sound,
well-sorted, coarse-grained, siliceous material free from
flats and fines. It is used for sawing and rough-grinding
dimension . stone. Neither  textural nor - quality
specifications are rigorous on this type of material as long
as it is high in free silica and no clay, mica, or soft rock
fragments are present. Chert tailings, known as chats in
certain mining districts, are used successfully in some
regions as stonesawing and rubbing sand. River terrace
sand, and glacial moraine materials, which have been washed
and screened to remove oversize and fines, are often
employed. Several important marble and granite producing
districts are quite remote from sources of clean silica sand
and are forced to adapt to 1less efficient sawing and
grinding materials.

Glass-melting and chemical sands are quartz sands of such
high purity that they are essentially monomineralic;
permissible tracé impurities vary according to use. Grain
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FIGURE 4
INDUSTRIAL SAND DEPOSITS
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Table 9
Us@s of Industrial Sand

Use - ' : Quantity - ' Value ..
1000 kkg 1000 short tons - $/kkg $/ton

Unground

Glass [ 9821 10828 4.20 3.81
Molding 6822,} 7522 3.64 3.30
Grinding and polishing 238 - 262 _ 3.08 2.79
Blast sand : 972 - 1072 6.46 5.86
Fire or furnace 638 - 703 3.52 3.19
Engine (RR) , 545 . 601 - 2.54 2,30
Filtration : : 212 - 234 5.53 5.02
01l Hydrofrac o - 256 282 4,18 3.79
Other 3187 3514 3.73.. 3.38
~ Ground Sand ‘ , 4092 : 4512 5.26 4,77

 Total . ' 26784 29530 4.20  3.81

Minerals Yearbook, 1972, U.S. Départmenttof thé Intefior,
Bureau of Mines ‘
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shape is not a critical factor, but size frequency
distribution can vary only between narrow limits.
Appropriate source materials are more restricted than for
any other industrial silica commodity group. Because the
required products must be of superlative purity and
consequently are the most difficult and expensive to
prepare, they command higher prices and can be economically
shipped greater distances than nearly any other class of
special sand. To qualify as a commodity in this field the
product must be a chemically pure quartz sand essentially
free of inclusions, coatings, stains, or detrital minerals.
Delivery to the customer in this highly refined state must
be guaranteed and continuing uniformity must be maintained.
At the present time the principal supply of raw materials
for these commodities comes from two geological formations.
The Oriskany quartzite of Lower Devonian age occurs as
steeply dipping beds in +the Appalachian Highlands.
Production, in order of importance, is centered in West
Virginia, Pennsylvania, and Virginia. The St. Peter
sandstone of Lower Ordovician age occurs as flatlying beds
in the Interior Plains and Highlands and is exploited in
Illinois, Missouri, and Arkansas.

Metallurgical pebble is clean graded silica in gravel sizes
that 4is 1low in iron and alumina. It is used chiefly as a
component in the preparation of silicon alloys or as a flux
in the preparation of elemental phosphorus. A quartzite or
quartz gravel to qualify as a silica raw material must meet
rigorous chemical specifications. Metallurgical gravel is
no exception, and in the production of silicon alloys,
purity is paramount. Such alloys as calcium-silicon,
ferrosilicon, silicon-chrome, silicon copper, .
silicomanganese, and silicon-titanium are the principal
products prepared from this material. The better deposits
of metallurgical grade pebble occur principally as
conglomerate beds of Pennsylvanian age, and as gravelly
remnants of old river terraces developed from late Tertiary
to Recent times. The significant producing area is in the
Sharon conglomerate =member of the Pottsville formation in
Ohio. Silica pebble from the Sewanee conglomerate is
produced in Tennessee for alloy and flux use. Past
production for metallurgical use has come from the Olean
conglomerate member of the Pottsville formation in New York,
and the Sharon conglomerate member of the Pottsville
formation in Pennsylvania. Production from terrace gravels
is done in North Carolina, Alabama, South Carolina, and
FPlorida in roughly decreasing order of economic importance.
Marginal deposits of coarse quartzose gravel occur in
Kentucky. Terrace deposits of vein quartz gravel in
California have supplied excellent material for ferrosilicon
use. :
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Industrial silica wused principally  for its refractory
properties in the steel:and foundry business is of several
types: core ' sand, furnace-bottom sand, ganister mix,
naturally bonded molding sand, processed molding sand,
refractory pebble, and runner sand. A foundry sand used in
contact with molten metal must possess a high degree of
refractoriness; that is, it must  resist sintering which
would lead to subsequent adhesion and penetration at the
‘metal-sand interface. To be-used successfully as a mold or
a core into which or around which molten metal is cast, it

also must be highly permeable. This allows the escape of

steam and gases generated by action of the hot metal - upon
binders and additives in the mold or core materials. Such a

sand must have sufficient strength under compression, shear,
and tension to retain its molded form not only in the green
state at room temperature, but also after drying and baking,
and later at the elevated temperatures induced by pouring.
" Pinally, it must be durable and resist deterioration and

breakdown after repeated use.

Core sand is washed and graded silica sand low in clay
.substance and of a high permeability, suitable for core-
making in ferrous and nonferrous foundry practice. Furnace
- bottom sand is unwashed and partially aggregated silica sand
suitable for 1lining and patching open hearth and electric
‘steel furnaces which utilize an acid process. The term fire
sand is often employed but is gradually going out of use,
As for core sands, source materials for this commodity are
guartz sands and sandstones which occur within reasonable
shipping distances of ste€elmaking centers. Chief production
centers are  in- Illinois, Ohio, Michigan, West Virginia,
Pennsylvania, and New Jersey. ' : '

‘Ganister mix is a self-bonding, ramming mixture composed of
varying proportions of crushed quartzose . rock or quartz
pebble and plastic fire clay, suitable for lining, patching,
or daubing hot metal vessels and certain types of furnaces.
It is wvariously referred to as Semi-silica or Cupola daub.
As in molding sands, there are two broad classes of
materials used for - this  purpose. One is a naturally-
occuring mixture of quartz sand and refractory clay, and the
other is a prepared mixture of quartz in pebble, granule, or
sand sizes bonded by a clay to give it plasticity.
Naturally occuring ganister mix is exploited in two areas in
California and one in Illinois. The California material
contains roughly 75 percent quartz sand between 50 and 200
mesh; "the remaining portion is a refractory clay. However,
the bulk of this commodity is produced in the East and Mid-
West where the foundry and steel business is centered. A
large volume is produced from pebbly phases - of. the Sharon
conglomerate 1in Ohio. The Veria sandstone of Mississippian
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age is crushed and pelletized for this purpose in Ohio. In
Pennsylvania it is prepared from the Chickies quartzite of
Lower Cambrian age, although some comes from a pebbly phase
of the Oriskany. In Massachusetts, a post-Carboniferous
hydrothermal quartz is used and in Wisconsin, production
comes from the Pre-Cambrian Baraboo quartzite.

Naturally bonded molding sand is crude silica sand
containing sufficient indigenous clay to make it suitable
for molding ferrous or non-ferrous castings. Natural
molding sands are produced in New York, New Jersey, and
Ohio. Coarse-grained naturally bonded molding sand with a
high permeability suitable for steel castings is produced to
some extent wherever the local demand exists. Large
tonnages are mined from the Connoquenessing and Homewood
sandstone members of the Pottsville formation in
Pennsylvania, +the St. Peter sandstone in Illinois, and the
Dresbach sandstone of Upper Cambrian age in Wisconsin.
Processed molding sand is washed and graded quartz sand
which, when combined with appropriate bonding agents in the
foundry, is suitable for use for cores and molds in ferrous
and nonferrous foundries. The source materials which
account for the major tonnage of processed molding sand are
primarily from the sSt. Peter formation in Illinois and
Missouri, +the Oriskany quartzite in Pennsylvania and West
Virginia, the basal Pottsville in Ohio and Pennsylvania, and
the Tertiary sands in New Jersey.

Refractory pebble is clean graded silica in gravel sizes,
lJow in iron and alumina, used as a raw material for
superduty acid refractories. With few exceptions, bedded
conglomerate and terrace gravel furnish the bulk of the raw
material. Silica pebble from the Sharon conglomerate in
Ohio and the Mansfield formation in Indiana are utilized.
Significant production comes from a coarse phase of the
Oriskany in Pennsylvania as well as from deposits of Bryn
Mawr gravel in Maryland. Potential resources  of
conglomerate and terrace gravel of present marginal quality
occur in other areas of the United States. Other quartzitic
formations are currently utilized for superduty  refractory
work. Notable production comes from the Baraboo quartzite
in Wisconsin, the Weisner quartzite in Alabama, and from
quartzite beds in the Oro Grande series of sediments in
Ccalifornia. ’

Runner sand is a crude coarse-grained silica sand,
moderately high in natural clay bond, used to line runners
and dams on the casting floor of blast furnaces. Runner
sand is also used in the casting of pig iron. The term
Casthouse sand also is used in the steel industry.
Coal-washing sand is a washed and graded quartz sand of
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constant specific gravity used in a flotation process . for
cleaning anthracite and bituminous coal. . Filter media
consist of washed —and graded quartzose. gravel  and sand
produced under close textural control for removal of
‘turbidity and bacteria from municipal and industrial water
supply systems.  Hydraulic-fracturing. sand is a sound,
rounded, 1light-colored quartz sand free of aggregated
particles. It possesses high uniformity in specified size
ranges which, when immersed in a suitable carrier and pumped

under great pressure into a formation, increases fluid
" production by generating greater effective permeability. It
is commonly referred to as Sandfrac sand in the trade.

 GYPSUM (SIC 1492)

Gypsum is a hydrated calcium sulfate (CaSO4e2H20) generally
found as a sedimentary bed associated with limestone,

dolomite, shale or clay in strata deposited from early

Paleozoic to recent ages.. Most deposits: of gypsum and
.anhydrite (CasO#) are considered to .be chemical precipitates
formed from saturated marine - waters. Deposits are found

over thousands of square miles with thicknesses -approaching

549 meters (1800. feet), example the Castle anhydrite of

Texas and New Mexico. Field evidence indicates. that most
deposits  were originally anhydrite which was subsequently

converted by surface hydration to gypsum.. - o

commercial gypsum deposits are found in many states with the
leading producers being California, Iowa, Nevada, New York,
Texas and Michigan and 1lesser .amounts being produced in
. Colorado, and . Oklahoma. : Figure .5 shows  the domestic
locations of gypsum. The ore is mined underground and from
~ open pits with the latter being the more general method
. because of lower costs. In 1958, 44  of the 62 mining

-

operations were open pits, while three of the remainder were
combinations of  open: pit and underground mines.  In

- . quarrying operations,.stripping of the overburden is usually

accomplished with drag 1lines or with tractors. Quarry
drilling methods vary with local conditions; blasting. is
accomplished with low-speed, 1low density explosives. The
fragmented ore is loaded with power shovels onto trucks or
rail cars. for transport to the processing facility.
Generally, the primary crushing is done at the quarry site.
Second-stage crushing is usually accomplished with gyratory
units, and f£inal crushing almost invariably by hammermills.
. The common unit for grinding raw gypsum is the air-swept
~roller mill. Ground gypsum is usually termed "land plaster"
'in the industry, because either sacked or "in bulk, it is
sold for agricultural purposes. '




FIGURE 5
GYPSUM AND ASEESTOS OPERATIONS
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In recent years, a trend has started +towards the:
beneficiation of low-grade gypsum deposits where strategic
location has made  this economically feasiblé. The
heavy-media method has been .introduced in two Ohio
facilities; screening and air separation have been employed
for improving purity in a limited number of other
operations. The tonnage of gypsum thus beneflclated is
still a small part of the total output.

Most crushed gypsum is calcined to the hemi-hydrate stage by
one of six different methods - kettles, rotary calciners,
hollow-flight screw conveyers, impact grinding and calcining
mills, autoclaves, and beehive ovens. The calcined gypsum
is used for various types of plasters, board and block,
preformed gypsum tile, partition tile, and roof plank. By
. far the largest use of calcined gypsum (stucco) is for the
manufacture of board products. Gypsum board is a sandwich
of gypsum between two layers of specially prepared paper.
It is manufactured in large machines that mix stucco with
water, foam and other ingredients and then pour this mixture
upon a moving, continuous sheet of special heavy paper.
Under "master rolls" the board is formed with the bottom
paper receiving the wet slurry and another continually
moving sheet of paper being placed on top. This sandwich is
then compacted, cut, and dried.

ASPHALTIC MINERALS

The bitumens are defined as mixtures of hydrocarbons of
natural or pyrogenous origin or combinations of both,
frequently accompanied by their derivatives, which may be
gaseous, liquid, semisolid or solid and which are completely
soluble in carbon disulfide. O0il shale and 1like materials
which are mined for their energy content are not covered by
this subcategory. , '

The principal bituminous materials of commercial interest
are: :

(1) Native asphalts, solid or semisolid, associated with
mineral  matter such as Trinidad Lake asphalt.
Selenitza, Boeton and Iraq asphalts.

(2) Native Asphaltites, such as gilsonite, grahamite and

' glance pitch, conspicuous by their hardness, brittleness
and comparatively high softening point.

(3) Asphaltic bitumens obtained from non-asphaltic and
asphaltlc crude petroleum by distillation, blowing with
air and the cracking of residual oils.

(4) Asphaltic pyrobitumens of which wurtzilite and elaterlte
are of chief interest industrially as they depolymerize




upon heating, becoming fusible and soluble in contrast
to their original properties in these respects.

(5) Mineral waxes, such as ozokerite, characterized by their
high crystallizable paraffine content.

There are several large deposits of bituminous sand,
sandstone and limestone in various parts of the world but
those of most commercial importance are 1located in the
United States and Europe. Commercial deposits of bituminous
limestone or sandstone in the United States are found in
Texas, Oklahoma, IL.ouisiana, Utah, Arkansas, California, and
Alabama. The bitumen content in these deposits range from 4
to 14 percent. Some of the sandstone in California has a 15
percent content of bitumens, and a deposit in Oklahoma
contains as high as 18 percent. The Uvalde County, Texas
deposit is a conglomerate containing 10 to 20 percent of
hard bitumen in limestone which must be mixed with a softer
petroleum bitumen and an aggregate to produce a satisfactory
paving mixture. Commercially, rock asphalt in this country
is used almost exclusively for the paving of streets and
highways. Rock asphalt is mined from open quarries by
blasting and is reduced to fines in a series of crushers and
then pulverized in roller mills to the size of sand grains
varying from 200 mesh to 1/4 inch in size.

Gilsonite, originally known as uintaite is found in the
Uintah basin in Utah and Ccolorado. Gilsonite is a hard,
brittle, native bitumen with a variable but high softening
point. It occurs in almost vertical fissures in rock
varying in composition from sandstone to shale. The veins
vary in width from 0.025 to 6.7 meters (1 in to 22 ft) and
in length from a few kilometers to as much as 48 km (30 mi).
The depth varies from a few meters to over 460 m (1500 ft).
Mining difficulties, such as the creation of a very fine
dust which in recent years resulted in two or three serious
explosions, and the finding of new wuses for gilsonite
necessitated one company to supplement the conventional
pick-and-shovel method by the hydraulic system. However,
on some properties the mining is still done by hand labor,
compressed air picks, etc.

Grahamite occurs in many localities in the United States and
in various countries throughout the world but never in large
amounts. The original deposit was discovered in West
Virginia but has long been exhausted. Deposits in Oklahoma
were exploited to a great extent for years but little is now
mined in commercial quantities. The material differs from
gilsonite and glance pitch having a much higher specific
gravity and fixed carbon, and does not melt readily but
intumesces on heating. '
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Glance pitch was first reported on the island of Barbados.

The material is intermediate between gilsonite and
grahamite. '~ It has a specific gravity at 15.6°C of 1.09 to
1.15, a softening point (ring and ball) of 1359 to 204°C and
fixed carbon of 20 to 30 percent.

Wurtzilite, sometimes referred to as elaterite, is one of
the asphaltic @ pyrobitumens and is distinguished by its
. hardness and infusibility. It is found in Uintah County,
Utah, in vertical veins varying from 2.5 cm to 63.5 cm (1 in
to 25 'in) in width and from a few hundred meters to 4.8 km
(3 miles) in length. It is wused in +the manufacture of
paints, varnishes, as an extender in hard rubber compounds,
and various weatherproofing and insulating compounds. :

oOzokerite is a solid waxlike bitumen the principal supply of
which is found in the Carpathian mountains in Galicia. . A
small amount of it is also found in Rumania, Russia and the
state of Utah. The hydrocarbons of which it is composed are
solids, resembling paraffin scale and resulted from
evaporation and decomposition of paraffinaceous petroleum.
It occurs in either a pure state or it may be mixed with
sandstone or other mineral matter, The material is mined by
hand and selected to separate any material containing
extraneous matter. Ozokerite when refined by heating to
about 1829C (360°F), treated with sulfuric acid, washed with
alkali ~and filtered through fuller's earth 1is called
ceresine." .. ' ” :

ASBESTOS (SIC 1499)

Asbestos is a broad term that is applied +to a number of
- fibrous mineral silicates which are incombustible and which,
by suitable mechanical processing, can be separated into

fibers of wvarious 1lengths and thicknesses. There are
generally six varieties of asbestos that are recognized: the
finely fibrous form of serpentine known as chrysotile and
five members of +the .amphibole group, i.e., amosite,-
anthophyllite, crocidolite, tremolite, and actinolite.
Chrysotile, which presently constitutes 93 percent = of
current = world production, has +the empirical formula
3Mg0.258i02.2H20 and in +the . largest number of cases is
derived from deposits whose host rocks are ultrabasic in
composition. The bulk of chrysotile production comes from
three principal areas: +the Eastern Townships of Quebec in
Canada, the Bajenova District in the Urals of USSR and from
South Central Africa. The ore-body of greatest known
content in the United States is found in the serpentine
formation of Northern Vermont which is part of the
Appalachian belt extending into Quebec. Figure 5 shows the
domestic asbestos operations. .




In North America the methods of asbestos mining are (1) open
quarries, (2) open pits with glory holes, (3) shrinkage
stoping, and (#) block caving; the tendency is toward more
underground mining. In quarrying, the present trend is to
work high benches up to 46 meters (150 feet) high and blast
down 91,000 kkg (100,000 tons) or more of rock at a shot.
An interesting feature of asbestos mining is that no wood
may be used for any purpose unless it is protected, because
it is impossible to separate wood fiber from asbestos in
processing. Since the fiber recovery averages only 5 to 6
percent of the rock mined, very 1large tonnages must be
handled. A capacity of 910 kkgrsday (1,000 tons/day) is
about the minimum for profitable operation.

Milling methods vary in detail, but they are nearly all
identical in principle. The cbjects of processing are to
recover as much of the original fiber as possible, free from
dirt and adhering rock; to expand and fluff up the fiber; to
handle the ore as gently as possible to minimize the
reduction in fiber 1length by attrition; and to grade the
fibers into different 1length  groups best suited to  use
. requirements. The general method in use is (1} coarse
crushing in jaw or gyratory crushers, sometimes in two
stages, to 3.8 to 5.1 cm (1-1/2 to 2 in}; (2) drying to 1
percent or less moisture in rotary or vertical
inclined-plane driers; (3) secondary crushing in short head
cone crushers, gyratories, or hammer mills; (4) screening,
usually in flat shaking or gyratory screens; (5)
fine-crushing and fiberizing in stages, each stage followed
by screening, during which air suction above the screens
effects separation of the fiber from the rock; (6)
collection of the fiber in cyclone separators, which also
remove the dust; (7) grading of fibers in punched-plate
txrommel screens; (8) blending of products to make
specification grades; and (9) bagging for shipment.

Fiberizing or opening up the bundles of fiber (step 5) is
done in a special type of beater or impact mill designed to
free the fiber from the rock and fiuff up the fiber without
reduction in fiber length. The screening operations are
perhaps the most critical. The air in the exhaust hoods
over each screen must be so adjusted that only the properly
fiberized material will be 1lifted, 1leaving the rock and
unopened fiber bundles for further fiberizing. The air
system uses 20 to 25 percent of the total power consumed in
a process facility.

WOLLASTONITE (SIC 1499)

Wollastonite is & naturally occurring, fibrous calcium
silicate, CasiO3, which is found in metamorphic rocks in New




York and California, as well as several foreign locations.
In the U.S. the mineral is mined only in New York. The
material is useful as a ceramic raw material, as a filler
for plastics and asphalt products, as a filler and an

extender for paints, and in welding rod coatlngs.' Due to
its fibrous, non-combustible nature, wollastonite is also
being considered as a possible substitute for asbestos in a
number of product situations in which asbestos is
objectionable. Wollastonite ore is mined by underground
room and pillar methods and trucked to the processing
facility. The ore is crushed in three stages, screened,
dried, purified of garnet and other ferro-magnesium
impurities via high-intensity magnetic separation and then
ground to the desired product size.,

LIGHT WEIGHT AGGREGATE MINERALS (SIC 1499)
PERLITE

Perlite is a natural glassy rhyolitic rock that is
essentially a metastable amorphous aluminum silicate. It
has an abundance of spherical or convolute cracks which
cause it to break into small pearl-like masses usually 1less
than a centimeter in diameter that were formed by the rapid
cooling of acidic lavas. ‘Since natural geological processes
tend to work towards devitrification by progressive
recrystallization and loss of water, most useful deposits of
vitrified lava will be in recent lava flows of Tertiary or
Quarternary age. Thus, most of the significant deposits of .
perlite in the United States are found in the Western states
where active volcanism was recent enough that the perlite
deposits are preserved. At the present time, the most
important commercial deposit is in New Mexico.

Mining operations are open pit in locations chosen so that
little overburden removal is required and where topographic
factors are favorable for drainage-and haulage of the crude
ore. The ore is mined by loosening the perlite with a
ripper and picked up with a pan scraper. In some cases
fragmentation is accomplished by blastlng followed by a
power shovel loadlng.

Milling proceeds in a jaw crusher and secondary roll crusher
with the normal screening operations. The sized ore, after
removal of fines which constitute roughly 25 percent. of the
process facility feed, is dried in. a rotary kiln to a
residual moisture content below 1 percent and sent to
storage for subsequent shipment to final processors.
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The commercial uses of perlite depend upon the properties of
expanded perlite. When rapidly heated to 850-1100°C the
glassy nature of the natural material, coupled with"  the
inclusion of considerable moisture, results in the rapid
evolution of steam within the softened glass, causing an
explosive expansion of the individual fragments and
producing a frothy mass having 15 to 20 times the bulk of
original material. The term perlite is applied to both the
crude ore and  the expanded product. Approximately 70
percent of consumption is as an aggregate for plaster,
concrete and for prefabricated insulating board wherein the
perlite inclusion results in an increase in the fireproof
rating as well as a significant reduction in weight. The
fact that perlite .is relatively chemically inert, is
relatively incompressible and has a large surface area to
volume ratio, makes it wuseful as an important filter-aid
material in the treatment of industrial water and in the
beverage, food and pharmaceutical processing industry.
Figure 6 locates the domestic perlite operations.

PUMICE

Pumice is a rhyolitic (the volcanic equivalent of a granite)
glassy rock of igneous origin in which expanded gas bubbles
have distended the magma to form a highly vesicular
material. Pumicite has the same origin, chemical
composition and glassy structure as pumice, but during
formation the pumicite was blown into small particles.
Hence +the distinction is largely one of particle size in
that pumicite has a particle size of less than 4 mm in
diameter. Commercial usage has resulted in the generic term
pumice being applied to all of the various rocks of wolcanic
ash origin. The chemical composition of pumice varies from
72 percent silica, 14 percent alumina and 4 percent combined
calcium, magnesium and iron oxides for the most acidic types
to approximately 45 percent silica, 16 percent alumina, and
30 percent combined calcium, magnesium, and iron oxides for
the most basic types. '

The distribution of pumice is world wide, but due to meta-
morphism only those areas of relatively recent volcanism
yield pumice deposits of commercial importance. One great
belt of significant deposits borders the Pacific Ocean; the
other trends generally from the Mediterranean Sea to the
Himalayas and thence to the East Indies where it intersects
the first belt. The largest producers within the United
States are found in California and Idaho. '




Mining operations are currently by open pit methods with the
overburden removed by standard earth moving equipment.
Since most commercial deposits of pumice are unconsolidated,
bulldozers, pan scrapers, draglines or power shovels can be
used without prior fragmentation. When pumice is used for
railroad ballast or road construction, the processing
consists of simple crushing and screening. Preparation for:
aggregate usually follows a similar procedure but with
somewhat more involved sizing to conform to rigorous
specifications. Occasionally, the ore requires drying in
rotary dryers either before or after crushing. Pumice
prepared for abrasive use requires -additional grinding
followed by sizing via screening or air classification. The
domestic pumice operations are located in Figure 6.

VERMICULITE

Vermiculite is the generic name applied to a family of
hydrated-ferro-magnesium-aluminum silicates which, in the
natural state readily split like mica into their laminaie
which are soft, pliable, and inelastic. Vermiculite
deposits are generally associated with ultrabasic igneous
host rocks such as pyroxenite or serpentine from which the
vermiculite seems +to have been formed by hydrothermal
activity. Biotite and phlogopite mica, which frequently
occur with vermiculite, are considered to have a similar
origin. When heated rapidly, to temperatures of theée order
of 1050-1100°C, vermiculite exfoliates by expanding at right
angles to the cleavage into long wormlike pieces with an
increase in bulk of from 8/ to 12 times. The term
vermiculite is applied both to the unexpanded mineral and to
the commercial expanded product.

The bulk of domestically mined vermiculite comes either from
the extensive deposit at Libby, Montana or from the group of
deposits near Enoree, South Carolina. Mining operations are
by open pit with removal of alluvial overburden accomplished
by tractor-driven scrapers. The ore can be Adug directly by
power shovel or dragline excavator. Dikes or barren host
rock require fragmentation by drilling and blasting prior to
removal. Ore beneficiation is accomplished by wet
processing operations using hammer mills, rod mills, rake
classifiers, froth flotation, cyclones, and screens.
Centrifuges and rotary driers are used to remove excess
moisture following beneficiation. Exfoliation is carried
out in vertical furnaces wherein the crude, sized
vermiculite  is top fed and maintained at temperatures from
500-1100°C for 4 to 8 seconds. The expanded product is
removed by suction fans and passed through a classifier
system to collect the product and to remove excessive fines.
Figure 6 locates the domestic vermiculite operations.
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MICA (SIC 1499)

Mica is a group name for a number of complex hydrous
potassium aluminum silicate minerals differing in chemical
compositions and in physical properties, but which are all
characterized by excellent basal cleavage that facilitates
splitting into thin, tough, flexible, elastic sheets. There
are four principal types of mica named for the most common
mineral in each type - muscovite, phlogopite, biotite and
lepidolite with muscovite (potassium mica) being
commercially the most important. Mica for commercial
reasons is broken down into two broad classifications: sheet
mica which consists of relatively flat sheets occurring in
natural books or runs, and flake and scrap mica which
includes all other forms.

Muscovite sheet mica is recovered only from pegmatite
deposits where books or runs of mica occur sporadically as
crystals which are approximately tabular hexagons ranging
from a few centimeters +to several meters in maximum
dimension. Mica generally occurs as flakes of small
particle size in many rocks. In addition, the mica content
of some schists and kaolins is sufficiently high to Jjustify
recovery as scrap mica.

Domestic mica mining has been confined mainly to pegmatites
in a few well-defined areas of the country. The largest
area extends from central Virginia southward through western .
North and South Carolina and east-central Alabama. A second
area lies discontinuously in the New England States, where
New Hampshire, Connecticut, and Maine each possess mica
bearing pegmatites. A third region comprises districts in
the Black Hills of South Dakota and in Colorado, Idaho, and
New Mexico. Additional sources of flake mica have been made
available +through the development of technology to extract
small particle mica from schists and other host rocks.
Deposits containing such mica are available throughout the
U.S.

Sheet mica mines are usually small-scale operations. Open
pit mining is used when economically feasible, but many mica
bearing pegmatites are mined by underground methods. During
mining, care must be taken to avoid drilling through good
mica crystals. Only a few holes are shot at one time to
avoid the destruction of the available mica sheet.
Presently there is no significant quantity of sheet mica
mined in the U.S. Larger scale quarrying methods are used
to develop deposits for the extraction of
small-particle-size mica and other . co-product minerals.




Flake mica that is recovered from pegmatites, schist, or
other rock is obtained by crushing and "screening the "host
rock and additional beneficiation by flotation methods in
order to remove mica and other co-product minerals. Then it
"is fed to an oil-fired rotary dryer. The dryer discharge
goes +to a screen from which the fines are elther wasted orx
saved for further recovery. :

Raw material for ground mica is. obtained from sheet mica
_processing -operations, £from crushing and processing of
schists, or as a co-product of kaolin or  feldspar
“production. Buhr, mills, rodmills, or high-speed hammer
mills have been used for dry-grlndlng mica. An air
separator. returns any oversize material for additional
grinding and discharges the fines to a screening . operation.
The various sized fractions are bagged for marketing. The
ground mica yield from beneficiated scrap runs 95 to 96
percent.

"Micronized" mica is produced in a special type of
dry-grinding machine, called a Micronizer. This wultrafine
material 1is produced in a disintegrator that has no moving
parts but uses jets of high-pressure superheated steam or
air to reduce the mica to micron sizes. This type'of mica
is produced in particle size ranges of 10 to 20 microns and
5 to 10 micronmns.

Wet-ground mica is produced in chaser-type mills to preserve
the sheen or 1luster of +the mica. This consists of
cylindrical steel tank that is lined with wooden blocks laid
with the end grain up. Wooden rollers are generally used,
which revolve at a slow rate of 15 to 30 revolutions per
minute. Scrap goes to the mill, where water is added slowly
to form a thick paste. When the bulk of the mica has . been
ground +to the desired size, the charge is washed from the
process facility into settling bins where gritty 1mpur1t1es
sink. The ground mica overflows to a settling tank and is
dewatered by centrifuging and steam drying. The final
product is obtained by screening on enclosed multiple-deck
vibrating screens, stored and then bagged for shipment.
Figure 6 locates the domestic mica and sericite operations.

BARITE (SIC 1472 & 3295)

Barite, which is also called barytes, tiff, cawk or heavy
spar, is almost pure barium sulfate and is the chief source
of barium and its compounds. Barite deposits are widely
distributed throughout the world, and can be classified into
“three main types: (a) vein and cavity filling deposits; (b)
bedded deposits; and (c) residual deposits. '
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(a) Vein and cavity-filling deposits are those in which ‘the
barite and associated minerals occur along fault lines,
bedding planes, breccia zones and solution channels.
Barite deposits in the Mountain Pass district of
California are of this variety.

(b) Bedded deposits are those in which the barite  is
restricted +to certain beds or a sequence of beds in
sedimentary rocks. The major commercial deposits in
Arkansas, Missouri, California and Nevada are bedded
deposits. : ‘

(¢) Residual deposits occur in unconsolidated material that
are formed by the weathering of pre-existing deposits.
Such deposits are abundant in Missouri, Tennessee,
Georgia, Virginia and Alabama where +the barite is
commonly found in a residuum of limestone and dolomites.

Mining methods used in the barite industry wvary with the
type and size of deposit and type of product made. Figure 7
displays the barite processing facilities in the United
States. Residual barite in clay is dug with power shovels
from open pits (Missouri, Tennessee, Georgia). Stripping is
practiced when overburden is heavy, and the barite is then
removed by dragline, tractors, scrapers, or power shovel.
Overburden in Missouri is rarely over 0.6 or 0.9 meters (2
or 3 feet), but in Georgia it may range from 3 to 15 meters
(10 to 50 feet). Hydraulic mining has been used at times in
Georgia where overburden has been heavy, where troublesome
limestone pinnacles have been encountered, or where tailing
ponds have been reclaimed. Barite veins or beds are mined
underground (Nevada, Tennessee, and Arkansas). Massive
barite is blasted from open quarries with little or no
subsequent sorting or beneficiation (Nevada).

Methods used in the beneficiation of barite depend both on
the nature of the ore and on the type of product to be made.
For the largest use, well-drilling mud, the only
requirements are small particle size (325 mesh), chemical
inactivity, and high specific gravity. White color is not
essential, and purity is not important in many cases.

The essential features of the milling of residual barite in
clay (Missouri, Georgia, and Tennessee, in part) include
washing to remove the clay, hand picking to save lump
barite, jigging to separate coarse concentrates, and tabling
to recover fine concentrates. Further refinements may
include magnetic separation to remove iron from concentrate
fines and froth flotation to save the very finest barite.
In Missouri, where the ore is so soft that crushing is
unnecessary and individual deposits tend to be small, simple




FIGURE 7
BARITE PROCESSING PLANTS
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and inexpensive facilities that can be easily dismantled and
moved are common. Missouri mills may consist essentially of
only a double log washer, trommel, and jigs, but there are a
few large mills. Hard, vein barite is usually pure enough
to be shipped without beneficiation except hand sorting. 1In
Georgia, the ore is hard and usually must be crushed to free
the barite from the gangue; facilities tend to be large with
several stages of crushing, screening, jigging and tabling.

The development of froth flotation methods have made
deposits, such as those of Arkansas and Georgia,
commercially valuable and have greatly inereased recovery
possibilities from other deposits. The Arkansas ore is
particularly difficult to treat, since the barite is finely
divided and so 1nt1mate1y mixed with the impurities that
grinding to 325 mesh is necessary for complete liberation of
the component minerals. The ground ore is then treated by
froth flotation. Concentrates are filtered and dried in
rotary kilns at temperatures high enough to destroy organic
reagents that might interfere with use in drilling muds. 1In
Georgia, flotation is being used to recover barite fines
from washer tailings. '

The methods used in grinding barite depend upon the nature
of the product to be ground and upon the use for which the
ground barite  is to be sold. If white color is not
important, as for well-drilling mud and off-color filler
uses, iron grinding surfaces may be used. Where the color
is naturally a good white and bleaching is not required,
grinding is done with iron-free grinding surfaces, such as a
dry pebble mill in closed circuit with an air separator.

The principal use of barite in the United sStates is as a
weighting agent for drilling muds used in the oil industry.
In addition, ground barite is used in +the manufacture of
glass and as a heavy filler in a number of products where
additional weight is desirable.

FLUORSPAR (SIC 1473)

Fluorine is derived from the mineral fluorite, commonly
known as fluorspar. Steadily increasing quantities are
required in steel production where fluorite is useful as a
slag thinner; in aluminum production, where cryolite is
necessary to dissolve alumina for the electrolytic cells;
and in ceramics, where fluorite is a flux and opacifier.
Fluorine demand is strong for an important group of fluoro-
carbon chemicals which are formulated into refrigerants,
plastics, solvents, aerosols, and many other industrial
products.
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In the Illinois-Kentucky district fluorspar occurs as veins
in limestone, shale, and sandstone along faults ranging in
thickness from a mere film to a width of more than 9 meters
(30 feet) and in extensive flat-lying replacement-type
deposits in limestone. Residual deposits, resulting from
weathering of fluorite-bearing veins, are also fairly common
in the district and often indicate the presence of vein
deposits at greater depth.

In the Western States, fluorspar occurs under a wide variety
of conditions such as fillings in fractures and shear zones
forming more or less well-defined veins and as replacements
in the country rock. Much occurs in igneous formations.
Figure 8 depicts the 1locations of barite processing
facilities in the United States.

Mining is done by shafts, drifts, and open cuts with the
mines ranging in size from small operations using mostly
hand-operated equipment +to large fully mechanized mines.
Top slicing, cut-and-fill, shrinkage, and open stoping are
among the mining methods commonly used. Bedded deposits are
usually worked by a room-and-pillar system. Some of the
large mines are extensively mechanized, using diesel-powered
hauling and loading equipment.

The crude ore requires beneficiation to yield a finished
product. Processing techniques range from rather simple
methods, such as hand sorting, washing, screening and
gravity separation by Jjigs and tables, to sink-float and
froth-flotation processes. The flotation process  permits
recovery of the 1lead, =zinc, and barite minerals often
associated with the fluorspar ores. Flotation is used where
a product of fine particle size is desired, such as ceramic-
and acid~grade fluorspar. The heavy-medium or sink-float
process is usually employed where a coarse product, such as
metallurgical-grade gravel is desired.

SALINES FROM BRINE LAKES (SIC 1474)

A number of the potash, soda and borate minerals are
produced from the brines of Western lakes that have
evaporated over long periods of time to a high concentration
of minerals. The significant commercial exploitation of
these lake brines is at Searles Lake in California and the
Great Salt Lake in Utah. Two facilities are operated at
Searles Lake that employ a complex series of evaporation
steps to recover minerals and, in some instances, produce
other derived products such as bromine and boric acid. The
process sequence is called the "Trona Process", which should
not be confused with trona ore (natural sodium carbonate)
mining. that takes place in Sweetwater County, Wyoming. One
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FIGURE 8
FLUORSPAR PROCESSING PLANTS
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