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ASBESTIFORM AND.OR FIBROUS MINERALS IN M|NE§, MILLS,
' - AND QUARRIES

by

Wolter Bank !

ABSTRACT

One theory of mineral-fibgr-inéuced lung damage holds that the shhpe and
size of the respongible inorgafiic materials are significant factors, Asbes-
tiform minerals, {ibrous minerals, or clongated cleavage fragments, irrespec-

tive of the mineral name applied or‘definitions employed may, therefore, become

significant in a heelth evaluation of airborne dust, Many minerals in ore
deposits and quarriles exist In variable habits, including the fibrous shape,
Mames of -such minerals vary, depending on locality, availability of analytical
equipment and personnel, traditional usage, and other factors. Becaus2 of
those factors workers in the mining and associated industries unknowingly may
be exposed to asbestiform or fibrous minerals. ' : ‘ '

Appendix I lists many minerale that occur in' ashestiform or fibrous habits
or which tend to cleave into elongated fragments. Appendix II lists some
selected mines, arranged by commodities and gcattered throughout the conter-
minous United States, where £ibrous minerals may be found. Actual mine vis-
itacions have confirmed the presence of such fibrous minerals,

INTRODUCTION

Experiments on animals and human pathology indicate that the size
and ghape factors of inorganic subatances are significant in the etiology of
asbestoais, other puneumoconiosss, and various cancers, Many miners, mineral
procesaors and quarry workers may uaknowingly be exposed to esbestiform and/or
fibrous minerals which are hazardous to their health. Industrial minevals,
sold directly in the form of consumer products, may also constitute health
tisks to the congumer. . Co

This report ésscussés mineral hssemblages found in ore deposits ard
quacrieg, cices potential hazardous minerals, and predicts where fibrous min-
eral health hazarde might exist. '

1Miﬁing englneer, Industriai Health Branch, Teechnical Support, Denver, cclo,
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REVIEW, OF MEDICAL ASPECTS

Mining.and milling indugstrial-type asbestos has produced both the
pneumoconilosis called asbestosis and neoplasms gpecifically attributed to
asbestos; yet after mcre than 40 years of published research on biological

aspects, many questions remain, particulary the dose-discase response relation-
ship with respect to canecers. AL an international conference on the bilolo-
gical effects of ingested asbestos held in Durham, North Carolina, in Novem-
ber 1973, Dr, Paul F. Holt of Reading University, England, alluded to some of ,
the uncertainties with the aumerion, "Does asbestos matter, OT doesn'® it?"gl)

, The term asbestos is ambiguous, because it includes many natural’
inorganic minerals, all with an asbestiform habit, that differ from each other
in chemical eompesition, particle-size ranges, morphology, and probably bio-
logical effects. The deflaition of and discussion of the term asbestos will be
reserved for the mineralogy and petrology section of this report. '

The pneumoconiosis called aghestosls is characterized by, among other
things, the presence of an abnormally high quantity of ferruginous bodies or
ashestos” bodles Lin the lungs. These are generally geolden-brown ferro-coated
formations, ugually symmetrical and segmented with clubbed ends, 3 to 5 microns
in ercss sectlon and 20.to 50 microms in length. The coré consists of a fiber

which may or may net be asbestos (16). The ferruglncus bodies, are in fact,
nonspecific, The core fibers may be synthetic materials such as fibrous glass

or other imorganic materials,

Recent animal expérimental work, as stated in the literature, demon-
serated that fibrous glass, palygorskite, nemslicre (brucite), pectolite as well
as agbestos, caused fibrosiz and/or abdominal ¢umors and mesotheliomas. Some:
expecimenters stressed the importance 0f particle-size ranges and shapes, and
were drawn to the conclusion that the pathologic reaction to agbestor, fibrous
glags and other fibrous materials seems primarily related to the- shape, size
and durability, rather than to other parameters, such as surface properties.
and chemical composition (34), (22), (9, 6, (32), (36), @, (23), (38).

_ Some investigators believe that the longer fibers (longer than 5 micro-
meters) are more hazardous as demonstrated by the ferruginous bdodies des-
cribed abeve, which are found in connection with asbestosis and some cancers;
other investigators believe that the shorter fibers are gignificantly hazar-
dous with respect co mesotheliomas (17). The shorter fibers tend to reach
the mesothelial linings. Also,smaller fibers tend to migrate to other organs

once inhaled and/or ingested,

“iinderlined numbe:a'iﬂ'p&éansh@sea <efer to items in the list of references
preceding the appendizas,
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Welsh investigators believe that the fibrous zeollte, erionite, is
responyible for an epidemic of mesothelioma observed ln rhe Turkish village
of Zariana. This belief was expressed at the meeting of the Soclety for -~
Occupstional and Environmentsl Health, held Dacember 4-7, 1977, in Washington,
D.C. The work of Stanton (34) suggests that any durable fiber within & given

range of length and diameter may bg carcinogenic.

The discussiocn in the previous paragraphs indicates that a quandry
exigts in medical knowledge concerning “asbestos” exposure and resulting
digscave. Tumors have been produced when various fibrous minerals and inor-
genic fibers have been injected into the pleural cavitles of experimental .
animals. These tumors occur when the fibers are longer than eight micrometers
and less than 0.25 micyvemeter in diameter. Accowvding to some guthorities,.
shorter fibers do not produce such tumors; other suthorities disagree. Shorter
' fibers would be important contributors to eancer induction if a biochemical
mechanism for cancer were involved. '

Other animal experiments with fibrous duats have also resulted in
fibrotic lung reactions, When the fibers have been carefully prepared and-
characterized, the longer fibers. are consldered responsible for the fibrotic
reactions when the animals are exposed through inhalation or intra-tracheal

ingtillatcion,

Because .a method of tramspovt of fibers lnhaled by humans from the ailrways
of the lung ints the pieura iz not known, these animal experiments are often
discounted for interpreting humsn data. However, mesotheliomes occur in
humans who are associared with at least thres of the commercilal asbestos types,
namely chrysotile, amosite, and crocidelite. He cages of mesothelioma have
been reported améng Fimnish miners who were expoged only to anthophyllite .
asbestos, but an excess of lung eancer exists. o S

Aside from shape and size factors, biochemical mechanisms £or cencer
{nduction merlit serious consideration. A paper summarizing possible bio-
chewical mechanisms has been gilven by Langer and Wolff (i7.

, Because 0f the unknown mechanlsm for cancer induction, the properties

¢f fibrous minerals that are important to disease production are not known.
With the present state of our knowledge, it 1z not posgible to examine a
parzicle aither physically or chemically and be able to say whether it may or
may not be blologically active. Indeed, the several different diseaces
zegulting from asbestos exposure mey result from different particle properties.
But among all the possibilitiez of health hazards causes, the Stanton and
Wrench (34) work currently appears to be most acceptable as a consenzus

opinion,

MIVERALOGY AND PETRQLOGY
pafinicions

fn etared earlier. the term "8sbastos" ic ambiguous. Agbestos i3 &
goneric carm fov a variety of hydroted silicate minerdls which have oOne common
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actxibuté, namely the ability to be. separated into relatively soft, silky
fibers. Minerals which fit the above descyiption are described as asbesti-
form minevals {(32), whereas the term s3bestos is generally applied to the

" commercial product. pecently, mineraleglats have pasn appiying mewe wefined

definitions to such terms sz asbestos, fibers and rheir agsociated terminolopy

G, &

Commercial production and applications of asbeztos fibers axre considered
uwgually to be the signifieaht gource of acbestos fibers entering the environ-
ment, but this way be a misleading over-simplification. The thesis of this’
paport is that, potentially, many workers in the mining and associated indus-
eyies unknowiogly may be expoged tO asbestiform or fibrous minerals which
aeour as gengue minerals. ‘ -

.

Cralley et al (5) report over 100 different minerals with some.degree
of fibrous structure; their examples include, and rightly so, minerals other
than hydrated silicates. ‘These minerals may be found in ore deposits, rock

"quarries or solile not normally agsociated with commercial asbestos, and may

become airborme by natural atmogpheric condicions (32) or by conventional
mining and milling operations.

Nomenclature Inconslscencies

A mineral, by definition, is a natural inorganic substance with a given‘
chemical composition end with a glven atomic structure which is aexpressed by
itz crystalline form and other physical properties. Presumably, it is also

homogeneocus .

Tais definition of a aineral 1s loosely applied and has many exceptions,
As more sophisticated analytical equipment has been employed, many .so-called
minerals have turned out to be mixtures of intergrown minerals; ‘the old names.
however, often are retained., Serpentine, for example, can be a single minera.
or mixture of several minerals, but the term serpentine is still in common
ugage...as & mineral gfoup name and as a rock name (serpentinite generally 1is
uged 85 the rock nawe). This looge practice is particularly true when exact
mineral identification is economically unwarranted or difficult to obtain.

~ Some diversely named ainerals from different localities have turmed out
to be variatione of the same mineral, with the result that the same crystal-
line material may have two OT more names . When go identified, one name is
given priority, but the other names are retained also == particulary when
Tocalities or personalities are fnvolved. Foz example,awilliamsite,.chc gem
gerpentine material now is {dentified as antigorite; bowenite and picrolite
alzo turn out to be antigorite; and yet all names are employed in the mineral

1iceratuze,.

- Ine chemical aature of the minerals may become quite complex, with
differant slements subgrituting for each other in varying ratios. vwhen only

- g few eclements are involved, one may have family mineral groups with end

wembers car:ying the names. For examplz, actinolite 1is the iron-rich member
o the tremolite-actinellte aeries, with 8 division point established at

CRMC-HT-TALC-000178



10 percent iren, &ccording to one authority; whereas another authority .
restricta the nome actinolite to members with the iron content between 10 and.
90 mol percent, and applies the neme ferro-actinolite to the iron-rich end of
the series, Other authorities have their own ranges and nomenclature for
mineral families. Alzo, the variable nature of amphiboles, pyroxenes and
chlorités (the common "ferro-ma"nesiane") nsites 1t necessary to classify &
particular sample 88 "most clomaly resembling' a specifie mineral species or
variety.  And it must be noted that conclusive identification is very diffi-
cult, often requiring electron microscopy, Xeray and/or electvon diffractlon
and ather ultrauaophiaticated analytical methods.

Adjeceival prefixes may be used with mineral names, two examples being

goda-asbhestos and iron vich tourmazline; or more gpecific names sush as
eckirmanxte or schorl way be used interchangesbly for those two minerals

espectively.,

Sometimes economic or techunologic conditlons determine the mineral's
name; for example, if the minerals of the cummingtonite-grunerite series are
6f economic value as asbestos, the names amoslte or montasite aze used,
depending on the mineral depoai g location or the mining company working the

dﬂposiu ’

Some mineral names ave used both as & group name and as a specific
mineral name; montworillonite %8 such an example, and because of the confusion
this engenders, attempts are made to apply the name smectite as the group
name., Cur*ently, nineral nemes of the montmorillonite group are used without

much agreement in nomeneclature.

‘ Rock names compcund the confuaslon caused by mineral nomenclature, By
definitien a rock consistz of one or more minerals, end makes up a struc-
tural unit of the earth's crust. It generally has a sufficlently definite
mineral composition and physical character so that it can be distinguished
from i¢s neighbors -- but not always; gradations Ln composition and alteration
effects are pronounced on a loczl level, For example, pyroxene is a "family"
name for numerous ferro-magnesium minerals; pyroxenite is the name applied
to the rock unit when it ls composed,predominantly of pyrosene minerals
and/or their alteration.produéte, that is, serpentine, chrysotile, ete,
smphibole likewise 13 @ "famlly" name £ur numerous other ferro-magnesium
minerals; amphibolite is the name applied to the roek unit wvhen it is composed
predompinantly of smphibole minerals,

For the most part, ore deposits are frealks of nature, They represent
concentrations of minéral substances that can be mined at: a profit. Such
deposits may oceur in ignecus, sedimentary or metamorphic rocks, which are
the three major classifications of rock gystems, Asbestiform or fibrous
minerais also are found in the wmajor types of rocks and are agsociated with ore
deposite. These asbestog minarzls may be obvious to the eye &nd may even be
minad for thelr valus, or thelr prescence may be r sognized only by trailned
personnel or even be entirely overlooked,
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‘Sampling and Evaluation of Fibrous Dusts’
At =his point, & diéréssion ag, to industyial hygziene sampling techalques
sarion is in order. Fo¥ ashestog-hazard avaluation, Mine
Safety and Health Administration (MSHA) personnel employ the alr sanpling _
‘and counting method established by the v.8. Public Health Service (2). This

involves collecting airborne dust on & cellulose ester membrane (Millipore)

filcer at a known air flow rate, preparing microscope slides of the sample, and
nounting fibers with phase contrast microacope optics at approximately ‘
400-450 diameter magnification. Onlvy particles with a 3 to 1 length-to-width
ratlo or greater, and longer than five miecrometers in length are counted;
shorter sarticles are not counted although they may be present in large
aumbers, Presumably, fibers with a width as small ae rwo-tenths micrometer can

be detected by this method; thinner fibers are present which can he seen with

the electron microscope. Thug, our countlng technique, although standarized,
{s only an indax of the total exposure., It must also be noted that different
Covernment agencles have different gtandards for health-hazard evaluation; the
Food and Drug Administration states that there are many asbegtos minerals but
only six are of cormercisl importance (1;)3 and Limits thelr presence in a
product to & gpeciiic percantage of 1zs composition; the Occupational

gsafety and Health Administration (OSHA) -and MSHA enforce standards for as- .
bestos based on rime-welghted averages of airborne fibers greater than five
micrometers in length per milliliter of air; and the Environmental Protection
Agency has other standagds or guidelines. The MSHA standard, including the
minerals specified as sebestos, i3, published in Title 30, Code of Federal

Regulationg, Part 55.5-1(b)-

_airborne dust does not aecessarily have the same mineral composition
percentages as the parent rock. The fine, fibrous fraction way comprise @
greater proportion of the airborne dugt than the parent roek., In additiom,
rhe nature of fibrous minerals Ls such that small amounte of flbrous minerals
may not be detected by conventional anslytical methods - yet when the material

- 42 erushed and becomes airborne, significant amounts of fibars oY elongated

cleavage fragments arxe observed on the filters, For axample , Speil and
Leineweber (32) cite and iljustrate a sample of pure aerpantine_considered
ro be of nonfiorous composition based on petrographic examination; yet this
wpuseun grade’! translucent serpentine yilelded 20 percent fibers under the

electron microscope.

Mineral Fiber Identificazion Problems and Some Examples

Fibrous minerals collected on. filters are often 41fficule to identify.,
?or/example, chrysetile and 1ts host rock "seirentine’ yield identical X-ray
diffraction panterns but can be distinguisghed from each other by aptical
olcroscopy ox electron microscopy. Under the elecron :micTOSCOpe, SOmME
voranular’ 0% sassiva serpentine probably will turnm eut to be fibrous ln part,
<8 in the Speil end Leineweber (32) example cited above.

oy

T dmposit of richterite, ona of the amphibele inerals not ugually listed as
copmareial A6LHRBTOD, reportedly 18 contained in the piablc Asbestos

a
Deposit neer Van Horn, Texas, This deposit 18 guitable for strip mining.

”
%

CRMC-HT-TALC-000180



, The energy dispersive X-ray anzlyeic {EDXRA) "and the selected erea eleatron
diffraction (SAED) mathods used in conjunction with the transmission and
scanning electywon microscope are useful tools for identifying fine fibars,
but have limitations such as not being readily available. -

 Visually insignificant amounts of fibreus material ave found with
vermiculites from the Carolinas, yet reportedly significant amounts of £ibrous
material are found in airborne dust gamples. The important vermiculite ore
deposit at Libby, Montana contains easily recognizable fibdrous tremolite in
hand specimens, 2ndairborne dust samples under the phase contrast microscope
show numerous fibers which are inferrved to be ¢romolite, but electron mice
rogscope pictures prepared bY Mt. Sinai Hospital personnel demonstrate that
chrysotile fibers algo are definitely present (personal communication),
‘Recently a published paper deseribes-vermiculite altering to chrysotile (18).
Chrysotile is one of the few fibers which usually can be identified under. the
transmisesion electron microscope when finely divided. '

,:' It is importént to gpecifly the method of analysis whén stating analy~
rical rasults. M:Crone and Stewart (18) cite a tale analysis as follows:

"1, X-ray diffractlon shows no chrysotile or amphiboles.

2. A phase-contrast method (similar to the NIOSH procedure to determine
the numbey of fibeg@ ey milliliter of alr) shous 1,500 fibers
- greater than Jum/m” of sample. |

3. The scanning electron mic:osdbﬁa with’énergy dié?grsive X-zay
analyzer shows shouz 16% fibers/liter suspected of being amphibole
asbestos.

4. Dispersion staining shows 150 anthophyllite fibexs/gram of sample.’

5. Transmission electron microgeopy shows 3 x 10° anthophyllite fibers/
liter of sample.”

Fibroug minerals generally are present in tale deposits, but until
recently have not been suspected &g 8 public health problem in tche general
‘popuilation, Now the importance of these £ibers has been recognized for tale
of cosmetic grade, and analytical X-ray and electron diffraction methods have
been developed to determine the gquantity of fibers down to & quarter or a half
of a percent (33), (30). -Reportedly, this applies to tremolite and other
asbestiform minerals, o ;

Many minerals adopt different habits or shapes in nature. They may be
platy in one deposit, equant crystals in another deposit, or acicular
(nerdle~like) or threadlike in yet another. In short, most asbestiform
minersle have Cheilr different shapad counterpartis with the same chemical
compoeltion. :

vinally, sz indicsted earlier, a mineral subgtarice may be assigned any
one of geveral namzs, depending on the degree of completeness of analysis &nd

upon the analyst’s definition of terms,
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‘in fibrous form or cleava lato elongatrad.

which commonly eacur

Discussion of Minerals Waleh May Oceur in Fibrous Form

Mining literature contains many references where minerals that may- eceur
fragments are aggoeiated with oxe

2

deposgits o% quarzied vock. Certain industrial mineral or ove deposits
characteristically contain asbestiform minerals as an impurity or, as in the
case of some talcs, as a desirable ingredient (for example, as a paint
axtender). An admittedly incomplete 1ist of miverels that may occur in

fihrous habits and which ocecar in rocks or ore deposits together with some .

gynonyms an d vozk terms that immediately imply the presence of fibrous minerals

Lylis s Ao

{s tabulared in appendix I.

Appendix I requi;es-further eﬁplanatipns Certain zock types, particularly
whare "ezlteration" has oceurred, tend to have minerals which easlly replace

"others ofa somewhat similar chemical composition. If other chemical elements

nave been intxoduced into the rock during the alteration process, still other

minerals will be formed. Altevation effects vary in degree from “fresh"

rocks to completely altered material, The size of'the‘newefbrmed minerals may
range from relatively huge crystals to grains or fibers recognizable only
under the high magnification of the electron microseope. o

_Diséﬁssion wWith Predictions'of‘Ore Deposits Which Mhy Contaln Fibrous Minerals

As mentioned earlier, the three types of vocks (igneous, gsedimentary,
znd metamorphic) all carry ore deposits. Rocks of each type, when altered,
have certain characteristics in common = gometimes, And these characteristics.
include the formation and presence of minorals which might have the asbesti-
form or fibrous habit. Knowing the generalized mineral associations that may
oecur in these orewcontaining rocks, it is possible to infer the presence of
certain minerals that may or may not occur in fibrous habit in the size range
of hygienic interest. But whether the mineral actually is fibrous in a °
particular deposit can be determined only by direct observation or careful
analy@ia;'only'occasionally can the fibrous habit be definitely predicted.

_ For example, moOSC tale deposits contaln one Or mOTE fibrous minerals or
minerals which cleave into ‘elongated fragments, but some deposits are relative=

ly Eiber-free. Another example, ultrabasic igneous rocks alter easily, and'a
reagonably certain prediction can be made that'serpentiniteg.will be found

- that cazry some fibroue minexals.

To demonstrate the thesis that many workers in the mining industry may
be exposed to asbestiform or £ibrous minerals, a list of some well=known mines,
or mining areas, was ptepared; this listing, by commedity, and noted as
appandin I, was selected largely from a recently published book entitled,
Cre Deposits of the United States, 1933-1967 (26). Tais publication was

Belected because of 1ts rimeliness and mecessibility; and specific pages are

seferenced for localitles of mines or cosmodities where minorals sre noted
in the ssbestiform or fibrous habit. These examples
wars selected specifically to demonstrate the wide geograpnic range in which
ore deposlts carrying fibrous or -asbesriform minersls may occur, To amplify
e ormeples £rom thiz publication, other gpecific references glso avre

eited in.appeodin 11,
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"with the minerals changing to other ferro-magnesians.

. found in basic wocks.

of the Northwest U.S.A., certain areas, such a8s

. origin (voleanic ashes, 2rc,) yield ‘considerable amoun

* possible Fibrous Mineralcccurfénces in Different Rock Types
Basic 1gneous Rocks.

meaning lgneous rocks which are relatively low in =
Sych rocks alter easily,

In this process, many
of the,mineralS'formed may be of fibrous character, Serpentines OT serpen=
tinites are g common alteration product with thelr usual cemplement of fibrous
minerals, Also, zeolite minerals and thelr agssociated minerals often arc

Basic igneous rocks ,
gilica, usually contain " faproenagnesiun’’ minerals.

ﬁgdiﬂmusasic_lgneous~Rockér

Medium—basic_igneohs roeks alzo carry ferro~-magnesium minerals in the
form of amphiboles oY PyTORRNes . When these rocks are altered, as OCCULS
commonly when ore ainecals are introduced, for example, as in the so=called
porphyry coppers of the Southwest, these ferro-magnesium minerals may alter
to minerals with a fibrous habit. ' ' -

Sedimentary Rocks -

skite, mazerschaum, €tC., &re normally fibrous; oOr they may becomeé 8O under

very low-grade metamorphic condltions. Some soils are known to contain fine

¢ibrous palygorskite of nondetrital origin (31), 1In limestones and dolomites
the Metaline Falls country,

ave baen mineralized and yield lead ores; fibrous palygorskite

Washington, h
ot hich Ls clagsed as & clay mineral is a common gangue

or “"mountain leather _
constituent, Tremolite, also, has been described (oral communication, John

Among gedimentary rocks, some clay minerals guch as attapulgite, palygoz-

. Gurrie, MSHA) as a pomponant of these rocks,

Reportedly; the Abril Zzinc Mine (Cochige County, Arizona) has asbestos

in the Permian limestone (35). Sometimes sedimentary beds of pyroclastic
te of zeolite minerals

(z%), @D
| Maﬁamorphic Rocks

then igneous or sedimentary rocks are metamorphosed; thatis, altered
gignificantly, minerals of a flbkrous character cen develop. Basic igneous
rocks:becomevdecomposedAdunites or kimberlites, oF alteredpyroxenites;grading
over into serpentinites and amphibolites to"greenstones,”or-even to
vermiculite«biouica~tremol£t¢ assemblages of minerals; in turn these often
develop into mineral assemblages thet also may contain other fibrous minerals.
1imestones and ¢olomites are eltered to "tactites"»o:‘ferrO-msgnesian
agpamblages under cortain conditions, with later alteration O minerals of
§1pyrous hablis; OF they may alter in part or completely to gerpentinites witch
£ibrous aspemblages as In the as®estos deposits of arizona (33). Limestones
e Jolomites may ve aleered to rale deposits in which occur platy and/or
gibrous smphiboies plus, sometimes, chrysotile.

A
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. developed for construction materials in rocks,

10

.

- 'gome of the so-salled "marble'’ or verd antigue, an ornamental stone used

" as facing mane:ial, is actually a serpentine or & serpencine-calciﬁé'CQmplexa

Such rocks may contaln significant amounts of fibrous minerals. Other quarries
guch as limestones, dolomites,
serpentinlies, trap vock, and cuffs may carry fibrous Or cleavable minerals,
such as rremolite, ehrysotile, oF zaolite minerals and -associates. One as-

bestos open-pit mine in California sold‘its‘#erpentinite waste rock for -road-

. pod material; and some parking lots, or equivalent, are filled with serpen-
. - q -2

rinite waste rock from the old ehrome mines in'the Pénnsylvania-Maryland area.’
Homestake, a gold mine with a country rock consiating largely of cumning-
roniteegrunerite, uses some of its waste wock locally to fill in low spots or
in parkingareas. Quarriéd serpentinite has been used as road~-bed and drive-

 way gravel in the tashington, D.C., area (29).

Shales and siltstones alter to schists, gneisses, and quartzites; when

admixed with limestones oT dolomites, talc deposlts may form, Sillimanite

schists, pyrophyllite gechigts, and other gimilar metamorphic rocks containing
fibrous minerals ate derived, generally, from shales.

SUMMARY AND CONCLUS I0NS

The pneumoconiosm;calledasbestosisandneoplasms guch as lung cancer,
g&stro»intestinal cancer, and mesothelioma, azre attributed to asbestos as &
causal agent, but the exact mechanism of the insult is not known. Hence it
is not pogsible to examine a particle either physically or chemically and be

able to say whether it may or may not be biologlically active,

AmONE the various theories proposed, one thecty‘is assuﬁing-strong SUPPOTL;
1¢ holds that the shape end size and durability of inozganic fibers are. '

" i{mportant factors.

fherefore, £ibrous minersls or elongated grains or elongated cleavage
fragments, {rrespective of the eccmposition and other physical characteristics,
may POREEsS &ignifiéant'potential hazard in airborne dust. HMany minerals in
ore deposits and quarries exist in varied habits, including the fibrous shape,
or break into elongdted fragments. The names of such minerals may vary,
depending upon {dentification requlrements, the avallability of analytical

 cquipment and persornel, and local terminology

' The vern asbestos is indefinite, If we ehink more in terms of "asbesti-

form" or fibrous or elongated fragments, then many minerals become suspect.

A list of pctential fibrsus minerals and rocks carrying fibrous minerals is
appended. Many of these minerals, 1£ fibrous, may g° unnoticed to the average

observet.

, A literatuxe search revealed that many oxe deposits contain gangue
minerals. vhich may occur {in a fibrous form., A 1ist of mines OY mining areas,
arzanged DY commodity and selected to expresss the wide, geOgtaphical range
of deposits, is appended together with references te document these occuyren-
zen of suspect minerals. This list vepresents selected mine examples only,
and 15 DY O means 9 pe econgidered comprehensivé. Also one must recognize
chat the minezals clted may o may not be fibrous. In many cases, only an
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¢ by an slectron migyosaope will sonfirm vhather asbestiform or
£ibrous mingrals sre present i the ahrbsrne duse,

* Many Uﬁa@fcaiﬁtiasjaxiﬁz conogrning the minatal terminology and many

‘medical diffevences of opinion are eupressed in the fleld of aghestos or

mineral fibey pathelogy. MBHA and the Mazional Institute for Occupational
safesy snd Heslih (WIOSH) have coopsrativaely undertaken seversl studies to
further defing the hazards of fibrous mineral exposures. Although not .
conplets, thess studias involve tale, wollastonite and attapulglite mining as
wall ag the oining of recognized asbestcs minarals. NIOSH also is ‘sttempting
to eimplify fiber-count avaluecion (11). It ls {mportant that perscns exposed
to fibrous minevals undarstand the potentiasl for disease, and therafore, the
Mine Safety and Health Administration (MSHA) ls providing this information to
the minfng industry. MSHA Inspectors are sztivély attempting to ‘identify all
,zobable exposures to fibrous minerals and have collected alirborne dust
samples, following the NIOSH gtandardized procedures (2), te evaluate the

hazard and suggest vemaedial action, :

Mine opaTators ghéuld be alert to the paaaibility of {llness that may

e sesoclatad with eny fibrous minersl, Those operators whoze smployess

aze guposed to recognized sgbeatos minerals should conduct alr sampling programs
and toke suizable acsica O assuve that the employees ave not gnposed to :
asbestos dust excesding applicable standards. When employees are exposed €O
othay fibrous mineralg, the operators should zlso take alr samples to evalu-
ate ewposures using the same techniques as for asbestos, '

Employees should alge ba fully informed regarding their exposurés and the
potential for disease as well z8 the necessary controls and actions they may

vake to prevent unnecessary expogura.

»

CRMC-HT-TALC-000185


mailto:sspr@ss.id

L e
T

vaﬂ
9.

10.

11,

12,

13,

14.

fmerican Chemlcal Soal

REFERENG S
y. . Asbestos Hesalth Question Perplexes EXperts,
A :

Chemical and Engineering News, Dec. -10, 1973, pp- 18-19.

‘payer, S. G., T. H. Brown, and R. D. Zumumlde, NIOSH Documenr TR-84,

Cincipnati, o, 1975, 8 pp.

Campbell, W J., R 1, Blake, L. L. Brown, E. E. Cather, and.J.vJ,'
Sjoberg. Splected Sillcate Minerals and Their Asbestiform Varietles.

nuMines IC 8751, 1977, 56 pp.

Chidester, A. H., and A, F. Shride. Asbestos in the United States. USGS

Mineral Invgszig&tidns Resources Map MR-17, 1962.

Cralley, Lewis J;; Robaxt G. Keenan, Jeremiah R. Lynch, and william‘s;
Lainhert, Source and Identification of Respirable Fibers. American
Induserial Hyglene Associlation Journal, v. 29, March-April 1968,

 pp. 129-135.

pavis, J. M. G, The_Fibrogenié Effeéts of Minerél pusts Injected Into‘

the Pleural Cavities of Mice. Br. J. Exper. pathol., v. 53, 1972,
pp. 190.201. ' _ '

Dement, John M. Environmentel Aspects of Fibrous Glass Production and
Urilizazion. Environmental Research, V. 9, No. 3, June 1975,
pp. 295-312, - ' ‘

Dement, John M., Ralph D. Zumwalde, and Kenneth M. Wwallingford.
pigcussion of Reference No, 14, pp. 345-352, '

Drager, Don., Do OSHA RegulatiOns Affect Selec:ion of Plastic? Machine
Design, April 15, 1873, pp. 105-107. : '

Engel, A. (ed), New vork Tsales, Their Geologicel Features, Mining,
Milling and Uses, Mining Transactions V. 184, September 1949,
pp. 3452348, ' S '

gng, and Min., J. v,.179, January 1978, pp; 123,

Faust, George 7., and Joséphfj: Fahey. The Serpentine-Group Minerals.
"USGS Professional Paper 384-A, 1962, 92 pp. ' : .

Federal Register Announcements (38 FR 27076, 40 FR 11665, 41 FR 16932)
related to the use of agbestos filters and tales. Also fquna in
© 21 CFR Parts 121, 128,and 133.

cillam, Dean, John M. Dement, zichard A, Lemon, Joseph K. wWagoner,
vicror E, Archer, and Hector B, Blejer. Mortality Patternd Among Hard
Rock Gold HMiners Exposed to an Asbestos Mineral, Annals New York

Academy of Sciences, 1976, pp. 336-344,

CRMC-HT-TALC-000186



13

 Grila, Relph E. Clé#vﬂineraiogy,' MeGraw Hill Book Co,,'inc,, New York,
24 ed“,,*968 596 pp, o . T .

Gross, Paul Robert T P, de ireville Lew1s J. Cralley, and J. M. G.
'Dav:s, ”ulmonarv Farruginous BDﬁlQQ Aréhieves of Pathology, v, 85,

May 1968, pp. 539-546.

Laﬁﬂer, Arthur M., &nd Mary S, Ioléf Asbestcs Carcinogenesis, Chapter 3
in the volume entitled Inorganic and Nutritional Aspeccs of Cancer,
1978, ed., by G, N. Schrauzer. Plenun Publishing Corp., New York,

PPs 29;55.

ﬁéCroneJ Walter C., éﬂd I. M. Stewart. Asbestos. American Laboratoery,
v' 6, No. 4, April 1974, pp. 13-18. ' '

Mifund, Amparo Vincent Fornes, and Jose A, Rausell-Colom. Natural
Alceratxon of Vermiculite 0 Chrysotile. smerican Mineralogist, v. 62,

Nos, 11-12, 1877, pp, 1225-1231.

Mumpton, Frederick A. - fifsg Reported Occurrence of Zeolites in Sedimen.
tazry Rocke of Mewiec.  American Mineralogist, v, 58, Nos, 3-4, 1973,
pp. 287 290 ' . ' -

" Mumpton, Prederick-A. (ed), -Mineralogy and Geology of Watural Zeolites.
Mineralogiecal Society of America v. &4, November 1977, XI + 233 pp.

Occupational Health and Safety Letter, WNew Study Demonstrates Mechanism

LY =

_of Ashegtos Effects, January 8, 1973, pp. 5-6.

Occupaticnal Health and Safety Letter, Hon-asbestos Fibrous Dust Can
Irduce Tumors, &s it has been ?roven for Asbestos, v, 4, No, 13,

July 8, 1974, p. L.

Pennzngzon, Jamss W, . Mercury--A Materials Surﬁey, BuMines IC 7941,
1959, 92 pp. ' S S : .

Pote, F,, F, Huth, and K. Ho Friedriche, Tumorigenic Effects of Fibrous
Dsste in E%perimental Animals., Environmental Health Perapectives v, 9,

1974, pp. 313.315,

. Widge, Jotn D. (ed). Cre Deposits of the United Statos 1933u1967. AIME,
2 v., New York, 1968 /1880 PP '

Roberts, Willard Linuolv Gezozrge Robezt R&pp, Jr., and Julius Webe
Encyclopedia of Miner als, Yan Nostrand Reinhold Co., 1974, 693 pp.

Rohl, A. ¥®., and A. M. Langer. Internal Hemorandum to Dr. 1. J. Selikoﬁf
Mount Sinai School of Medicine, New York, entitled, Mineral Analysis of
Core Samples from the Green Srrings Area, Virginis Verm*gulica Deposi:

Aated July &, L1977.

CRMC-HT-TALC-000187




{2
-8

29,

30.

39¢

Rohl, Arthur M.

‘Rohl, A. H., A

 archur M. tanger, snd T. J. galikoff. Environmental
Astestos Pollution Related to Use of Quarriad Serpentins Rock., Gelence,
v, 196, June 17, 1977, pp. 2319-1322. ' ‘

. Lsnger, L. 1. ‘Selikoff, A. Tordiai, R, Klimentidis,
n. R, Bowes, and D. 7. Skinner, Consumer Talcums and Powders; Mineral
. and Chemical Characterization. Journsl of quicology and Environmental

Health, v. 2, 1976, pP. 2554284,

~ Singer, Arieh, and Kelth Norrish, Pedogenic ?alygofgkite Qccurrenses io

sustralia. American Minerglogist, ve 59, Nea. 5-8, 197&, pp. 508-517.

- §peil, 5., and Js p, Leineweber, Asbestos Minerals in Modern Technology,

Envirormental Research, V. 2, No. 3, April 1969, pp. 166-208,

stanley, Barcld D, end pobert E. Norwood, The patection and Identifi-
~cation of Asbestes and Agbestiform Minerals in Talc. Presented at the
Talc Sympesium, Buredu of Mines, Washington, D.C,, May 1973, '

~ Sganton, Mearl F., and Congtance Wrench, Mechanismd of Mesothelioma

Tnduction with Asbestos and Fibrous Gless. - Journal of the National
Cancer Institute, V. 48, Wo, 3, Herch 1972, pp. 798-821. L

geewart, L. Ae Chryﬂotile-Asbastoa'Depoaits‘of Arizona. BuMines IC 7708,
January 1955, 124 pp. : I

yagner, J. C., G Vérry, and V, Timbrell, Mesothelioma in Rgcs‘Aftet
Tnoculation with Ashestos and Other Materials, Br, J. Cancer, V. 28,
1973, pp. 173«;85; ‘

'W@igs,ﬁenjamiﬂ,énd Edwafd A, Boetimet, Commercial Tale and Talcosis.
archives Bauvironmental Health, v. 16, Jenuadry 1950, po. 122128,

wright, G w.{énd M, Kuschnet. The Influence of Varying Lengths"of Glass
and Asbestos}?ibe:s on Tissue Response in CQuinea Pigs. Inhaled Par-
cicles 1V, ed, by W. ¥, Waltom. Pergamon prees, Oxford and New York,

1977, pp. 455-473. o

wright, Lauren A, California talcs, Mining Engineering, V. 187,
© January 930, pP. 122-128. ' o ; o

CRMC-HT-TALC-000188



15

AFPENDIX I ~:MINERALS THAT MAY OCCUR [¥ FIBROUS HABITS, THEIR
" SYNONYHS, AND ROCKS AND JoNERAL SULTES CENERALLY EXPECTED ‘

1. Chrysoiile

25 Amﬁsite

3; \Crociéolite

é; %zemolite asbestos

5. Actinolite asbestos
'6,"a§nhophy11ite agbestes

7. Cummingtonite

g, Hontasite
g, Grunerite

10. Riebeckite

ile Magnesioriebeckiﬁe

12, Amphibole

-113.  Glaucopﬁan@ B
b, v%hodusite

15, Richtérize

16, Hexagonite
17, Tirodite

18, HNephrite jgdé

TO CONTAIN MINERALS OF A #1BROUS HABIT.

‘gpecified as an asbestq§'b§ HSHA.

Do.
Do.
Do.
To.

. Do,

* An end member of the cummingtcaite-

grunegite series., Industrial forms of
this mineral are coallad {2) casosite OT
(8) montasite. SO

See 2) andr(7} above.
gee (7) cummingtonite,

The £ibrous, commercial material is
called (3} erocidolite.

A faﬁi1y ngme for a goup of silicate
minerals, many of which ate asbesti-
form or break into elongated cleavage

fragpents.  Includes (2), (3), &),

5y, (6), (), ), ), (10), a1,
(13), (14); 13, ey, an, as,
(19) ? (20) 2 (21) 2 (23) o ' .

4 Eibrous vatiety of glaucophane.
A wangsnosn gremolite.

Tremolite OFT actinélite,'fine«grained;
magsive and felted {n hand specimens
which ylelds jade-llke material.
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25,
26,
27,
28.

29,

30.

3i.

'320‘.'

33,
3,

35,

Byssolite

- Soda asbestos

Ecke;manite .

Pyxoxene

Uralite

qulastonite'

Bustamlite

"Pectollte

. Ad-oliveegreen variety of fibrous
- amphiboles. -

Also soda astStos.(ZO).

ysed as a family name for a goup of

. gllicate minexals (which includes
‘¢{brous jadeite). Often alters to

amphiboles or to serpentine minerals.

" an zlteration product of pyroxene

minerals,; generally a fibrous -amphi=
bole of undetermined composition.

A cowmmon rock-formipg-pyroxenoid

mineral,
A pyrozenold mineral.

A pyroxenoid mineral often found with
zeolites.

Zeolités end assoclated minerals (seé.26) including:'t(g}).

vordenits (see Amer. Min., w 58 (1973), pp. 287-290) {20).

Clinbpﬁilglita
Matrolite -
Hesolite
Scolecite
Thompsonité
Gonnardite
Edingtonite
Stilblite
Epistilbite
Qikenite
Ferrierite '

Rhodeaité

A zeolite.

Do,

Do.

BJ;

Do.

Do.

po.

Do,

Do.

A zeoliﬁe agsoclate.
A zeoiite.

A zeollte relacive;
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&l

43,

&t

45.

46,
47..
48,

49,

50.

51,

52,

53,

s,

58,

56,

57.

58,

60,

Qmﬁlinite

‘Laumontite

‘gyionite

Serpentine

Clino-chrysotile’
- para-chrysotile

Ortho-chrygotile

Antigorite
Lizardite

Pierolite
D@uéylits.

G?mnite

wi&liamaite

Bastite

Balrimorite

Mataxlte
Rowenite

Palygorskita

. Attapulgite

Sepilolite

. A 7.olite, =

A zeolite-

. A zaclite sﬁspacted of being the cause -
“"of s epidemic vf mesothelioms i &

Turlish village.

A catch-2ll name for che-serpentine
minerals; see (1) phrysotile; (45)
clino-chrysotile; (46) para-chryso-
tile; (A?)\orthoachrysotile; (48)-
antigorite; (49) lizardite.

See (L4).

Bo.

Do,

. Do.

Do.

A flbrous “serpentine,” probably
£ibrous antigorite (48).

' Often determined to be any one of.

various serpentine minerals.
A form of deweylite L.

A massive, translucent semi-pretious
variety of cerpentine.

Probably mainly lizardite (sée 49).

Probably mainly antigorite (48) and
chxysotile (1).

Antiporice (é&j.'

A fibrous clay mineral (see Orim,
Clay Mineralogy, 2nd edition, p. 182)
1315)

ES .

See Grim (13).
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86,

67,

68.

69,

70.

71,

72.

73.

4.

75.

76,

77.

78,

79.

80,

81,

Maerschawn

* Hectorite
Endellite

‘Halloysite

Illite

Vefmzsulité

Gumbglitg

Tale.

Pyrophyliite“":'

Minnesotalte

stilpnomelane

Brucite
Nemalite |

Magnesite

Hydromangnesite

Gypsum
Auhydrite
Aragonite
Cal;ite
AQaciié 3
?hoaphoiite
Yivianite
§illimenite

Auchholzicsd

See grim (15).

Do.

Do.

‘DO.

A mica~like clay mineral.

Do, -

Belongs to the mica group. .

-

Uao

A fibrous mica. -

A fibious irom-tale.

A magnesiﬁm hydoxide.

The fibrous fox of (74) brucite.

A fibrous varlety of (85) sillimanite.
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87, Tibuolite " s Fibrous varlety of (83) sillimanite

I ": '.88,_AT§urﬁaline
.39. Zoisite
.90, Epidote

91, - Liﬁqnité : ; ' A catch-all name for hydrous {ron
oxides and iron hydroxides.

Mountain leatherx . I A tough variety of asbestos occurring
o in thin, flexible sheets made of inter-
laced fibers; also fibrous minerals
such as (60) sepiolite or (58)
- palygorskite. ' : ‘

<O
[N

i Syl S i e :-.‘,‘,_1‘".‘-'»1-'-

43, Mountain cork ‘ _ A white or gréy,variéty of asbestos
consisting of thick, interlaced fibers
-’ and resembling cork in texture and

lightness.

.ﬁ %, Amianthus T e A synonym for asbestos.

- 95, Ferro-magnesium minerals A term referring to iron- and

. ' : ' magnesium- containing silicates;
usually the amphiboles, the pyro-
xenes, the olivines, biotite micas,

and echlorites.

96, Baslc rocks Igneous rocks, often altered in part, -
' o " gonsisting essentially of iron-,
wmagnesium=-, and[or‘calcium rich
minerals, and relatively low in
silica. £

97. Serpentinite Lo ' o & rock composed largely of sarpentiﬁg
minerals. :

_-98. Amphibolite . SR A tock‘cdﬁposed”predominaﬁtly of
: . ‘ smphibole minerals. :

99, Pyroxénite : ; A rock composed predominantly of
' - : pyroiene miherals and/or their altera-
Cr tion products, i.e., serpentine,
chrysotile, ete,

100, Paridotite A : : A basic,,igﬁeous rockcomﬁosedAla:gely'

of olivine, a mineral which aiters
easily to the serpentine minerals.
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101l. Talc schié:

111, Ophiclite
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102, ?yrosﬂyllite Echiét

' 103. Steatite

1G4, Soapstone

165. Agslmatolite

A'106} Mafble, when impure

107, Yerd antique .

108, Thermophyllite

109. Ophite

110. Ophicezleite

. Am impuze calc Totk.

A masgive, fibrous tale rock.

A goft, waxy miner -1 or rock composed

la:gely of»(éS) pinite.

Called (LOG)Ymarblein the tradé, but

" actually an impure serpentine or &

setpentineucals$tc rock,

A serpentine that exfoliates when

A synonym‘for a mottled serpentinite.
A serpentine marble

D9,

Inta 001§me enﬁitiéd:"ﬁnciclopedia of Mineréls”'(gZ), devotéd to’
degeriptions and 1llustrations of minerals'mainlyAaS'micro-modn:s, the
following minerals wers noted in fibrous form: ' '
' 112, Aegerine -

113, Agardite

1. Arciﬁite

115, AuriéhaiciteA

116, Bariandite

117, Bismuthinite

118. Bculaﬁgeiite

119, Brannockite
- 120, Eroéhanti:e

121, Cacoxenite
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122 ‘Cgrﬁholiﬁe
123, Connellite
 1246 anno;ticﬁite
| 125. Curite
: 126, Erythri?e .
127, GOéthite |
- 128; ,Guiilémite
f.;29, Hodéssite_-
150._ i;nﬁhinice
131, igmésonite
132. Johénnseniié o o SR o
133, Kermesite’ - |
| 134. " Legrandite
 ’135. - Liébechéﬁi:@
136, Linarité |
137, Malachite
135.f_M111érizé
1139.' Mimetite

140, Mixite

Rt et B Bt S i e

:141;;‘Oliyenﬁtef f‘ ' i 'i-.A ;,
142, Phamacolite
143;: Pyrite ‘
: léé;._RdckSridgeite’

145, Schoepite

146, Scﬂol:ité
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7.

148.

149,

150,

151.

152.

semseyite

Stibnite
$trunzite

Tyrolite

'U?anophaﬁe

wakabayashilite
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APPENDIX II.--MINING CPERATIONS AND/OR LOCALITIES, BY CGMMODITIES,
5 :

Unless otherwise specified, the page

the following: Chrysotile, amosite, croc

WHERE "FIBROUS" MINERALS

(VTR Y IR,
Wik £

SSIBLY BE YOUND

s-iisted refer to one of‘more of
idolite, anthophyllite, tremolite,

and actinolire. Page numbers tefer to reference (267, See text, page--.

- Yron

@ 1.
e 2
(26) 3
(26) 4
(3gj‘ 5.
Coppex

26 6
@9 7.
REONS
26 9

Lead-?inc

(36) 10.
(26) 1l

Cornwall Mine, PA,
pp. Bl.85

Grace Mine, PA, pp. 110,
117-118 -

Mesabi Iron Range, MI,

~ pp. 525 and 528

Tron Mountgin, M0, p. 299

Esgle Méuntain Deposit, CA,
 po. 1604-1605

Ducktown Diserict, TN,
pp. 162-163, 222

Copper King Hine, CO,

p. 574

Christm&siﬁiﬁe, Baﬁner
Districe, ‘AZ; p. 12046

Mountain CityuCGppé?'Miné,

. WY, p.vIOSO'

‘Balmt-sdéafds' pistrict,

NY, pp. 13Q<39,741

Van Stone Area, Stevens
Co,, WA, pp. 151541547

fefers also to zeolites, serpentine,
and byssolite.

Refers also to serpentine and tale,

1

Refers also to s?i&pnomelane,
minnesotalte, cummihgtonite, and

amphiboles,

Refers also

Refers also

. Refers also

asbestos.

Refers aiso‘

Refers slso

_Refers also

" Refers also

‘to

to
to
to
to

to

to

amphiboles.

gerpentines.

‘amphiboles, talc, and

cummingtbnite“
sevpentine.

ur&liﬁited g&bbrb;

talc end serpentine._'

Refers also to bruciticlfiber;'
palygorskite, and tale. .
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26y . 12.

Loqgey . 13.

{243 14,
Chroaite
(26) 15,
(12 6.
(12> 17.
gold

(gé) 18,
Tungsten
(gé) " 19.

cQuerad'Alené Districﬁ,

1D, p. 1429

New Idria Group, CA, -

‘pp. 1628-1630, 16461647

New Almaden Mine, Santa
clara County, CA

Mistake Hine, ca,
pp. 1648-1649

. Low's Pit (Stgte Line

pits), PA

‘Woods Chrome Mine
 Lancaster County, PA

Homestake Mine, SD;

‘p. 1437 o

Bishop Tungsten pistrict
Ch, Do 1549

"Rare Earths

Mountain Pass, CA, P. 1528

Clear Creek (Neﬁ Idfia)

4, pp. 162841630, 1647-

1648 |

z6) 20

égbestbs
26 2.
(e 22
@ 23

(35) (24)
2.

Ty @)
25@

Franklin-Somerset Avea,

wa, p. 137
Wabster and Spruce Pine,
N, (vicinity)

Arlzcna, near Globe

pope Hills area, MD

nefers to grunerite needles.

gefors alsc Lo serpentine and .
a5hastos e : ' '

Refers to serpentine.

Refers also to asbestos and
serpentine. ‘

Refers toO williamsite.

‘Refers to clind-chrysotile; and
deweylite (stevensite).

See also Denvei Technical Support
Center memo dated 12/64/72. Refers
to cummingtonite schist.

Rafers also tO calc,twollaétonite
and pectolite.

Refers also o serpentine and.

. asbestos . .

Refers also to gerpentine and
asbestog . :

Refers toO sorpentine .
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(12> 26, Staren Island, NY., _ ‘Reférs £O éerpeﬁ:ine
Magnesite

(g§)<' 27. }Magnesité~brﬂcite dépoSit _ Refefs also to télc, brucite and
: - - Gabbs, WY, pp. 1617-1618, . serpentine, ' '

(37 Q)
28, chyerpedr,,Nx_viéiniﬁy ‘Refers also to tale and serpentine,

‘(QZ) 32

| 2%. ‘Bavstow, CA éicinitj Refers also to talc and steatite.

Ve;micalite | ‘ | |
éO.i'iibby MT vicinity

31. MNorth & South Carolina
deposlts, ‘ :

(28) 32, Green Springs, Charlottes- Refers also to amphibolites’
o ville, VA, deposit : ‘

Crushed Scone

(gg) 33. Rockville Quarry, : Refers slso to setpentin% tale,
‘Rockville, MD ' and deweylite,

(_) . 'See References

NOTE: Since this report was begun, mineral fibers were confirmed to exist
at (1) the Eastern Mesabi Iron Range couhty; (The Reserve Mining Company
tailings disposal problem); (2) the Homestake Mine where & health hazard ,
exists (14) (8); and (3) at the Mountain Pass, rare-earth deposit. In addition, .
questions have arisen xe: (&) the wollastonite deposits. of New York; (5) S
the attspulgite deposits of Georgia;. (6) the Rockville Quarry (serpentine)
near Washingcon, D. C.; and (7) Green Springs vermiculite deposits, VA,

°

LU, OMISMUEMT PRINTING OFFCE: 1B80.803. 102134 INT.+BU.OF MINES,PGH.,P A, 242747822

CRMC-HT-TALC-000199




