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ASBESTIFORM AND,OR FIBRGUS MINERALS IN M!Nﬁé, MiLLS,
'  AND QUARRIES

by

Wolter Bank !

.

F

ABSTRACT

, One theory of mineral-fibgr-inéuced lung damage holds that the shape and
size of the responaible inorgafilc materials are significant factors, Asbes-
tiform minerals, £ibrous minerals, or clongated cleavage fragments, irrespec-
rive of the minersl name sppliad or‘definitions employed wmay, therefore, become
significant in a health evaluation of airborne dust, Many minerals in ore
deposits and quarries exist in variable habits, ineluding the fibrous shsape,
Names ‘of -such minerals vary, depending on locality, availability of analytical
equipment and personnel, traditional usage, and other factors. Because of
these factors workers in the mining and apsociated industries unknowingly may
be exposed to asbestiform or fibrous minerals. ' : ‘ '

Appendix T lists many minerals that occur in' ashestiform or fibrous habits
or which temd to cleave into elongated fragments., Appendix IT lists some
selected mines, arranged by commedities and gcattered throughout the conter-
minous Ynited States, where fibrous minerals may be found. Actual mine vis-
feacions have confirmed the presence of such fibrous minerals.

INTRODUCTION

Experiments on animals and human pathology indicate that the size
and shape fsctors of inorganic substances are aignificant &n the atiology of
asbestosis, other ‘pneumoconioses, and varicus cancera, Many miners, mlneral
procesnore -and quarry workers may unknowingly be exposed to esbestiform and/or
fibrous minerals which are hazardous to thetr health, Industrial minerals,
sold directly In the form of consumer products, may also constitute healch
- tisks to the gonsumer.’ o .

. This report discussés mineral hssemblages found in ore deposits and
quarries, cices potential hazardous minerals, and predicts wheré fibrous min-
eral heslth hazards might exist, ' -

“Mining éngineor, Indus:rihl Health Branch, Téchnical~8upport, Denver, Culo.
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REVIEW, OF MEDICAL ASPECTS

Mining and miliing induserial-type asbestos has produced both the
pneumoconiosis called asbestosis and neoplasms specifically attributed to
~asbestos; yet after move zhan 40 years of published research on biological
aspects, many questions remain, particulary the dose-dlsease response relation-
ship with respect to esnceTs. AL an international conference on the biolo-
gical effects of ingested asbestos held in Durham, North Carolima, in Novem-
ber 1973, Dr. Paul F. Holt of Reading Universicy, Bogland, alluded to some of
the uncertainties with the auesrion, “Does asbestos matter, or doesn't it‘."'(l)2

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

Tne pneumoconiosis called agbestosls is chatacterized by, among other

things, the presence of an abnormally high quantity of ferruginous bodies or
gghestos” bodies in the lunge. These are generally golden-brown ferro-coated
formations, usually sywmetriesl and segmented with clubbed ends, 3 to 5 microns
in cross section and 20 to 50 microns in leagth, The core consists of a fiber
‘which may or may not be-azbeseos (16). The ferruglncus bodieg, are in fact,
nonspecific, The core fibers may be synthetic materials such as fibrous glass
or othey inorganic materials, ' :

Recent animal experimental work, as stated in the licerature, demon-
serated that fibrous glass, palygorskite, nemalite (brucite), pectolite ss wall
as ackestos, caused fibrosla and/or abdominal tumors and mesotheliomas. Some-
experimenters stressed the importance of particle-size ranges and shapes, and
were drawn to the conclusion that the pathologic reaction to asbestos, fibrous
glass and other fibrous materials seems primarily relaced to the: shape, size
and durability, rather than to other parameters, such as surface properties.

and chemical composition (34), (22), (), &), @3), (38, 7y, 23y, (38).

) Some investigators believe that the longer fibers (longer than 5 micro-
meters) ere more hazavdous as demonstrated by the ferruginous bodies des-
cribed abeve, which are found in connaction with asbestosis and some cancers;
" other investipators believe that the shorter fibers are significantly hazar-
dous with respect c6 mesotheliomas (i7). The shorcer fibers tend to reach
rhe mesgthelial linings, Also, smaller £ibers tend to migrate to other organs

once inhaled and/or ingested.

“Iinderlined numhcra'iﬂ'p&iaathasem ~nfer to items in the list of references
preceding the sppendizes.
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Yelsh investigators believe that the ;ibraus zeolire, erionite, {5
xesponsible for ‘an epldemle of mesothelioma observed in the Turkish village
of Parians. This belief was sxpressed at thé meetfing of the Scelety for -
Occupstional and Envirowmenual Health, held Dzcember 4-7, 1977, in Hashingtcn,
».C.  The work of Stanton (34) sugge;ts that any durable fiber within a given

Tange of length and di,mﬂter may -be r&rclnogenic.

Ihu dis»usslcn in the previous paragraphs 1ndicates that 2 quandry
‘exists in medical knowledge concerning “asbestos" exposure snd resulting
discave, Tumors have been produced when various fibrous minerals and inor-
genic fibers have been injected into the pleural cavities of experimental
animals. Thaese tumezs occur when the fibers are longer than eight mlcrometers
and less then 0.25 mi¢wow@ter in diameter. Ascording to some suthorities,
shorter fibers do not produce such tumors; other authorities diaagree. Shortar
" £ibers would be important contributors to sancer induction 1f a biochemieal
mﬁcbanism for cancey were iavolved,

Other animal experiments with fibroug dusts have also resulted in
fibrotic lung reactions. When the fibers have been carefully prepared and -
charzcterized, the longer fibérs. are considersd responsible for the fibrotic
reactions_when the animals are expoged through 1nha1ation or anra-tracheal

‘ingtillation.

Because .a mathoa of transport of fibers inhaled by humans from the airways
of the lung into the pleura is not kocwm, these animal experiments are often
discounted for interpreting human data. Howaver, mesothellomag occur in
humene who are asgociated with at leagt. threa of the commércial asbestos types,
namely chrysotile, amosite, &nd crocidolite, Nc cases of megothellioma have
baen repo;tad eméng Finnish miners who were exposged only to anthophyllite
asbestos, but an excess of lung cancer exists. ‘ . .

Aeide from shape and size factors, biochemi:al mechanisms for cancer
induction merit zerious consideration. A paper summarizing poasible ‘bio-
vhem.cal mechanisis has been gilven by Langer and Wolff (17).

) Becguge Of the unknawn mechanism for cancer induction, the propercies

uf fibrous minerals that are importapt to disease production are not known.
With the present gtate of our knowledge, 1t is not poasible to examine a
particle elther physically or chemicelly and be able to say whether it may or
may not be blologically active, Indeed, the several different diseages
zegulting from asbestos exposure may result from different particle properties.
But among all the poseibilities of health hazards causes, the Stanton &nd
Yranch (3&) work curvently appears to be most acceptable as a consensus

opinlon.
MIVERALOGY AND PETROLOGY
Pefinftions

iu seated ecarlier, the term "asbestos' in ambiguous. Anbestos iz a
geveric term for » variety of hydreted ailicate winerals which have one common
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' commercial produet,

actribute, namely the ability to.be.sspara;ed'inco.telaCively goft, silky
fibers. Minerals which fit the above descyiption are described as asbegti-
form mineraks {(32), whereas the term asbestos is generally applied to the
Recently,,minaralagiscs have baen appiying more refined

definitions to such terms as asbestos, Libers and their associated terminology

G0, @-

Commercial production and applicacions pf asbegtos fibers are considered
wguslly to be the sigonificant source of aghestos fibers entering ‘the environ-
ment, but this way be a misleading over~simplification. The thesis of this
report is that, potentially, many workers in the mining and agsociated indus-

‘rries unknowingly may be exposed to asbestiform or fibrous minerals which

penur 25 gangue minerals.

cralley et al (3) report over 100 different minerals with some.degtee
of fibrous structure; thelir examples jnclude, and rightly so, minerais other
than hydrated silicates. These minerals may be found in ore deposits, rock

”'quarries or soile not normally asgociated with commercial asbestos, and may

become alrborme by-natural atmogpheric conditions'(gg) or by conventional
mining end milling operations.

Nomenclature Incongistencies

. A mineval, by definition; iz a natural inorganic substance with a given
enemical composition and with a glven astomic structure which is axpressed by
its erystalline form end other physical properties. Presumably, it is also

howogeneous.

Tais definition of a mineral is 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 Iintergrown minerals; ‘the old names.
however , often are retained. Serpentine, for exemple, can be a single minera:
or wmixture of seversl minerals, but the term serpentine is still in common
ucage...2s 2 mineral gioup namne and ag a rock nmne (serpentinite generally is
uged 88 the rock nauwe). This looge practice is particularly true when exact
mineral idemcification is economically unwarranted or difficult to obtain.

~ Some diversely named minerale from diffevent localities have turned out
to be variationg of the same mineral, with the result that the same crystal-
line material may have two OT more namca.v'when'so”identified; one name is
given priority;'butvthe other names are retained also -- particulary when
localities or personalities are {anvolved. Foz example,gwilliamsice,.thc gem
gerpentine paterial now is identified as ancigorite; bowenite and picrolite
also turn out to be entigorite; and yet all names ere employed in the mineral

{izeratuze.

Tre chemical nature of the minerals mey become quite complex, with
different elements substituting for each other in varying zatios. Yhen only
2 few elements are involved, one may have family mineral groups with end
zembers cazzyling the rames. For exampls, actinolite is the iroa~-cich member
of the tremolite-actinolite aeries, with & division point established at
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10 percent irea, «CCOfdlng to one authority; whereas another authority .
restricta the name 2¢tlnolite to mewmbers with the iron content between 16 any
90 wol percent, and applies the name ferro-actinolite to the iron-rich end of
the series. Other authorities have their oun ranges and newenclature for
- mineral femilies, Alszo, the variable nature of aswphiboles, pyroxenes and
chlorites (the common ''ferro-magnesiane") makes it necessary to clagsify e
particular sample 28 "most eloealy resembling' & 3pecifie mineral species or
variety,  4nd it must be neted that conclusive identification {3 very diffi.
cult, often requiring electron wmicroscopy, Xeray and/or electvon diffractlon
and uther ultra-gophisticated analytical wethods.

Adjsct‘val pre efixes way be ugsed with mineral names, two examples being
soda~asbestos and iron-vich tourmeline; or more specific names suzh as
eckermanite or schorl may be used inzerchangeably for those two minerals

respectively,

_ Sometimes economic or technologic conditlons determine the mineral's
name; for example, 1f the minerals of the cummingtonite~grunerite series are
of economic value as asbestos, the names amosite or montasite arze used,
depending on the mineral d@poeit 8 location or the mining company working the

d"‘pOSiL [}

Some mineral names ave used both @s a group name and as a specific
mineral name; montmorilionite is such an example, and because of the confusion
this engenders, attempts are made to apply the name smectite as the group
name. Currently, mineral nemes of the monemorillonite group are used without

much sgreement in nomenclature.

: Rock names compoand the confualon caused by mineral nomenciature., By
definition, a rock consists of one or more minerals, and makes up a struc-
tural unit of the earth’s crust. It generally has a sufficlently definite
minéral composition and physical character so that it can be distinguished
from L{ts neighbors -~ but not always; gradations in composition and alteratien
effects are pronounced on a local level, For exemple, pyroxene is a "family"
name for numerous ferro~magnﬁsium minerals; pyroxenite is the name applied
‘to the rock unit when it 1s composed,predominantly of pyroxene winerals
and/or thelr alteration.prodects, that is, serpentine, chrysotile, etec.

- Amphibole likewlse is 2 "family' name fur numerous other fervo-magnesium
minerals; amphibolite iz thé name spplied to the rock. unit vhen it.is composed

predopinantly of amyhibole minerals.

For the most part, ore deposits gre freaks of nature. They represent
concentrations of mineral substances that can be mined ac:a profit. Such
deposits may occur in ignecus, sedimentary or metamorphic rocks, which are
the three major classifications of rock systems, Asbestiform or fibrous
minerais also are found in the major types of vocks ard ave assoclated with ore
deposite. These asbestos minetzals may be obvicus to the eye dnd may even be
minad for their velus, or thelr presence may be r: Aogni«cd only by tralned
personnel or even be entirsly ovexlooked,
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1

‘Sempling and pvaluation of Fibrous Dusts
At this point, & diézéssian as, to industrial hygiene gampling techalques
and- gample cvaluatien 1s in ordar. FO¥ asbestos-hazard evaluation, Mine
Safery and Hzalth Administration (14SHA) personnel employ the air sampling v
and counting method establisiied by the U.8. Public Health Service (2). This

“involves collecting aivborne dust on a cellulose ester membrane (Millipore)

filver at & koown air flow rate, preparing microseope alldes of the sample, and

pounting fibers with phase contrast microacope optics at approximately

600-450 diameter magni.fication. Oonly particles with 2 3 to 1 length-to-width
ratio or greacer,,ané_lnng&r'than five micrometers in length are counted;
storter particles are not sounted although they may be present in large

humbers. Pregsumably, fibers with a width ss small ee swo-tenths micrometer can
ba detected by this method; thinner fibers aré present which can be seen with

the electron microgcope. Thug, our counting technique, although standarized,

{s only an indax of the total exposure., It must also be noted that different

Covernment agencles have different standards for health-hazard evaluation; the
Food and Drug adminiztration states that there are many asbegtos minerals but

only six ave of conmercial &mportance (13)® and imits their presence in 2

~ product to & gpecific parcencage,of'its composition; the Oecupational

gafaty and Health Administration (OSHA) -and MSHA enforce standards for as- .
bestos based on cims-welghted averages of airborne fibers greater than five
micrometers in length per milliliter of air; and the Environmental Protection
agency has other atandagds or guidelines. The MSHA standard, including the
minerals specified as agbestos, 13, published in T4tle 30, Code of Federal
Regulations, Part 55.5~1(b). ' .

_airborne dust does not necessarlly have the eame mineral composzition
percentages &s the parent zock. The fine, fibrous fraction way comprise &
grester proportion of the airborne dust than ¢he parent rock. In addition,
the nature of fibrous minerals is such that small smounts of fibrous minexrals
nay not be detected by conventional analytical methods - yet when the material

- 45 crushed and becomes airborne, significant amounts of £ibars ox elongated

cleavage fragments axe observed on the filters, For axample, Speil and
Leineweber (32) cite and illustTate & sample of pure sezpentine considered
to B2 of nonflorous composition baged on petrographilc examination; yet this
“museun grade' tranglucent serpentine ylelded 20 percent fibers under the

electron wicTogeope.

Mineral Fiber Identggica;ionvProblems end Some Examples

Fibrous minexals collected on. filters ave often difficule to identify.
for example, chrysetile end its host rock wgeirentine'! yleld identical X-ray
diffraction parterns but can be distinguished ¢rom each other by aptical
eicroscopy ot electron microgcopy. Under the elecrron miCTOSCOPE, some
Worgnular’ ot sassive serpentine probably will tuern out to be fibrous in part,
58 in the Speil end leineweber (32) example cited above. '

T aaeeoit of richterite, one of the amphibele minerals not Ssually listed as
7 : » P

a commereial ADRBLOR, repurzadly ia consained in the Diablo Agbestos
neposit near Vam Horn, Texas. This deposit 18 suitable for stxip mining.
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: The energy dispersive. Xsray anzlysic {SDZRA) "and the selected area eleatyon
diffraction (SAED) methods used in conjunction with the transmission and
. gaanning electron microscope ere useful tools for identifying fine fibars,

but have limitations such as not being readily available. :

, Visually insignificant amounts of fibrous matevial ave found with
vermiculites from the Carolinas, yet reportedly significant amounts of fibrous
material are found in alrborne dust semples. The important vermiculite ore
deposit at Libby, Montana contains easily vecognizable fibrous tremolite in
hand specimens, 2znd airborne dust samples under the phase contrast microscope
sbow numerous Ffibers which are inferred to be tremolite, but electron mic-
roseocpe pictures prepared by Mt. Sinal Hospital personnel demonstrate that
chrysotile fibers also are definitely present (personal communication).
‘Recently a published paper describes -vermiculite altering to chrysotile (19).
‘Chrysotile 1s one of the few fibers which psually can be identified under. the
tranemicsion electron microscope when finely divided. '

4" 1t is important to specifiy the method of snal&sis whén stating analy~
eical rasults. M:xCrone and Stewart (18) cite a tale analysis as follows:

"], X-ray diffraction shows no chrysotile or amphiboles,

2. A phase-contrast method (similar to the NIOSE procedure to determine
the number of fibagg per milliliter of alr) shows 1,500 fibers
'~ greater than sum/m” of sample. '

3.+ The scanning electron mic;ascobe with energy dispgrsive x-rayk'
analyzer shous sbour 18° fibers/liter suspected of being amphibole
asbestos. »

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

5, Transmission electron microgeopy shows 5 x 10° anthophyllite fibers/
liter of sample."

Fibroug minerals generelly ave present in talc deposits, but until
racently have not been suspected as a public health problem in ehe general
.popuiation, ’wa the importance of these fibers has been recognized for rale
of cosmetic grade, and snalytical X-ray and electron diffraction methods have
been developed to determine the quanclty of fibers down to & quarter or a half
of a percent ((33), (30). Reportedly, this applies to tramolite and other
asbestiforn minerals, - ‘ . : .

Many minerals sdopt different habits or shapes i{n nature. They may be
platy in one depssit, equant crystals in another deposit, or gcicular
{needle~1ike) ot threadlike in yet another, In short, most asbestiform
miversls have their different ghaped counterparts with the same chemical
pomposd tion. » : ‘

einaily, 8z indicezed earlier, a mineral substance may be assigned any
one 0f severs} nzmezs, depending on the degree of completeness of .analysis &nd

upon the analyst’s definition of terms.
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Discussion of Minerals Waleh May Ogtur im Fibrous Form

Mining literature contains many references where minerals that may - 9ceu¥

" {n fibrous form or cleave into elonpated fragments are agaociated with ore
agn

deposits ot guarried wock. Certain industrial mineral or ore deposits

characteristically contain asbestiform minerals as an impuzity or, as in the

case of some tslcs, as a desirable ingredient (for ¢xample, as a paint
extender).  An adaittedly incomplete list of mirerals that may occur in
gihrous habits and which ocecur in rocks or ore deposits together with some.

gynonyms and vock terms that immediately imply the presence of fibrous minerals

{¢ tebulated in appendix I.

Appendix I requires Further explanation; Certain rack types, particularly
where "citeration” has oceurred, tend to have minerals which easily replace

. others ofa somewhat similar chemical composition. 1f other chemical elements
. have been introduced 1nto the rock during the alteration process, still other
winerals will be formad. Alreratrion effazcts vary in'degree,from'"fresh"

rocks to completely altered material, The size of the neweformed minexals may.

. yange Lrcm relatively huge crystals to grainé‘or:fibers'recOgnizahie only .

under the high magnification of the electron microscope.

_Disédssion With Predictions’o£'03e Deposits Which’Méy Contaln Fibrous Minerals

As mentioned earlier, the three types of yrocks {igneous, sedimentary,
2nd metamorphi¢) all carry ore deposits. Rocks of each type, when altered,
have certain characteristics in common - sometimes, And these characteristics.
ineclude the foxmation and presence of mincrals which might have the asbesti-
form or fibrous habit. Raowing the generalized mineral associations that may
pecur in these orewcontaining rocks, it iz possible to infer the presence of
certain minmerals that may or may not oceur in fibrous habit in the size range
of hygienic interest. But whather the minezal actually 1s fibrous in 2
particular deposit can be determined only by direct observation or careful
analysis;'Only‘occasionally can the fibrous habit be definitely predicted.

. For example, most tale deposits contain one or more fibrous minerals or
minerals which cleave {nto elongated fragments, but some deposits are relative=

ly fibex-free. Another example, ultrabasic igneous rocks alter eagily, and'a
reagonably certain prediction can be made that'serpentinites.viLl be found

that carry some f£lbrous minerals.

To demonstréte the,thesié that many workeré in the mining'industry may
be exposed to agbestiform or fibrous minerals, a list of some well-known mines,

o mining areas, waa ptepazed; this listing, by commodity, and noted as

appendix IL, was selected largely from a recently published book entitled,
Ore Depoalts of the United States, 1933-1967 (26). This publication was

Gelocted bacause of 1ns timeliness and accessibility; and specifle pages ave

federenced for locallities of mines ov comnodities where minsrals sxe noted

which rommonly cecur in the asbestiform or fibrous habit. Thepe examples

weTe selected specifically to demonstrate the wide geographic range in which
ore duposlts CATTYLINg £ibyous or -asbestifomm minerals may oecur, To amplify
e pxamples £Tom this publication, othar specific references elso arve

edtad in.appeadiz 1.
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',POSSiblt Pibrous MineraLCccurfences {n Different Rock TYpes
Basic Igneous Rocks.

Basic igneous rocks, meaning igneous rocks which are relatively low in

gflica, usually contain " foproenagnesiun’’ minerals, Such wocks alter easily,

"with the minerals changing to other ferro-magnesians. In this process, many

- of the.minerals'formed may be of fibrous character. . Serpentines OT serpen=
tinites ave 23 common alterstion product with their usual cemplement af £ibrous
minerais, Also, reolite minerals and their agsociated minerals often arc.

. found in basic vocks. ' : ' ‘

' ‘.

ﬁédiumnsgsic_lgneous-Rccké.

, Hédium-basic igneous roeks alzo carxy ferro-nagnesium minerals in the
form of amphiboles or pyroxenes. When these rocks are altered, as occurs
commonly when ore minevals ave inmtroduced, for example, as in the so-called
porphyry coppers of the gouthwest, these ferrofmagnesium ninerals may alter
to minerals with a fibrous habit. ' ’ o i

1 ' o | ‘Sedimentary Rocks -

Among sedimentary Tocks, gome clay minerals such as attapulgite, palygor-
skite, meerschauvm, etc., 2r€ acrmally fibrous; oF they may become 80 under
very low-grade metamorphic conditions. Some goils are Known tO contain fine
fibrous palygozskite of nondecrital origin (31). In limestones and dolomites
of - the Northwest U.S.A., certain areas, such as the Metaline Falls country,
Washington, have baen mineralized and yield lead ores; ¢ibrous palygorskite
or “mountain leather" which is clagsed 8s & clay mineral is a eommon gangue
constituent, Tremolite, alsc, has been described (oral communication, John
. Currie, MSHA) as a componrnt of these rocks. ' :

_ Reportedly; the abril Zine Hine (Cochise County, Arizona) has asbestos
in the Permian limestone (35). Sometimes sedimentary beds of pyroclastic
- origin (voleanie ashes, 28Cs) y;eld considerable amounts of zeolite minerals

20y, 2.
' | . ,ﬂeﬁamozph;c Rocka .

Yhen igneous or sedimentary rocks are metamorphosed; that is, altered
eignificantly, minerals of a fibrous character can develop. - Bagic igneous
rocks become decOmposed,dunites or kimberlites, O alteredpyroxenicesggrading
ovey into serpentinites and amphibolites to"greenstones,"or-even ro
vermiculita~biot1Ce~tremol£c¢ assemblages of minerals; in turn these often
develop into mineral aspemblages thet also may contain other fibrous minerals.
Lizestones and dolomites sre aletered to "tactices"vor'ferrO-msgnesian
asgenblages under cortaln conditions, with later slteration o0 minerals of
£iyrous habits, Or Lhey may alter in part OT completely to gerpentinites with
- gibrous aafemblages as in the ash«stos deposits of Arizona (33). Limescones
o> Jolomizes may be altered to kalc deposics in which occur platy and/or
gibrous smphiboies plus, sometimes, chrysotlle.
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* ‘Some of the so~¢alled’"ﬁarb1e”5of verd antigque, an ornamental s:dne used

. as facing matexial, is.actually a serpentine or a serpentine-caleit ‘ complex.

‘Such rocks may conta !
. developed for construction materials in rocks, such as limestones, dolomites, "

in significant amounts of fibrous minerals. Other guarries

serpentinites, trap rock, and tuffs may carry fibrous or cleavable_minerals,
such as teemolite, chrysotile, of zeolite minerals aud -assoclates. One as-

bestos .open-pit mine in California sold its serpentisite waste rock for road-

" pod material; and some parking lots, oFf equivalent, are filled with ssrpen-

tinlte waste rock £rom the old chrome mines in- the Pénnsylvania=Maryland area.
Homestake, a gold mine with a counzry rock consisting largely of cumning-
ronite-grunerite, uses .some of its wasie rock locally to fill in low spots or

in parkingareas. Quarriéd_serpentinite tias been used as road~ped and drive-

" way gravel in the Washington, D.C., area 23.

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

admixed with limegtrones OT dolomites, talc deposits may form, Sillimanite

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

SUMMARY AND CONCLUSIONS

The pneumOconiosiscmlledasbestosisandneoplasms such as lung cancer,
g&stro»intestinal cancer, and mesothelioma, are attributed to asbestos as &
caussl agent, but the exact mechanism of the insult is not knovm, Hence it

" 4s not possible to examine a particle either physically or chemically and be -

able to say whether it may ox may not be biologically active.

Among the various theories proposed, one theofy is agsuming -strong SUPPORE;

it holds that the shspe and gize and durability of inozganic fibers are:

important factors. =

Therefore, fibrous minerals or elongated grains or"elongaCed'éleévage
fragments, irrespective of the eomposition and other physical characteristics,
may poaseas,aignificant'porential hazard in airboxne dust. Many minerals in

- ore deposits and quarries exist in varied hedbits, including the fibrous shape,

ovr bresk into elongated £vagments. The names of such sinerals may vary,
depending upon 1dentification requirements, the ayailability of analytical

equigment and personnel, and local terminology

. The term asbestos is indefinite, If we think more in terms of "asbesti-

fozm” or fibrous.or elongated fragments, then many minerals become suspect.

A 1ist of petential fibrous minerals and rocks carrying f{brous minerals is
appended. eny of these minerals, 1if gibrous, mey 8° unnoticed to the average

observer,

: A literatuxe pearch zevealed that many ore deposits contain gangue
ainersls which may occur in 8 fibrous form, A iist of minas OY mining areas,
arzangad oy commodity and selected to expresss the wide, geographical range
of deposits, is appended together with references to document thesc occurren-
ceg of suspect minerals. This list represents gelected mine examples only,
and is By nO MERRS tw be congidered comprehensivé. Also one must recognize

chat the minerals clted may Or may aot be fibrous. In MaAny CaBes, onily an
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-gnslyaic by an electron aigroscope wili senfimm whather asbeatiform or
© §ibrous minarals are Prenent ia tho sirborne dust,

~  Maay unzarcalniles sxlet soncarning the mineval terminology and many
" medical diffevences of opiaizn ave oxpressed ln the fiald of asbastos or
minezal fibay pathelogy, MSHA and the Marional Institute €or Occupational
Safpey snd Hesllh (41088} have cooporatively undertakan several studies to
furthor define the hazerds of fibrous mineral exposures. Although not
conplets, thess studies avolve tale, wollastonite and attapulgits mining as
well as the ointag of vecognized asbestes minerals. NTOSH also is ‘attempting
to eimplify fiboresount avaluzeion (11). It ip important that perscns exposed
to Fibrous minavals undazstand the potontial fur dlaease, and therafore, the
Mine Safety and Heslth Administration (MSHA) is providing ¢his information to
tha minfng indusery. MSHA inspactoxs are 2ot vely attempting to ‘tdentify all
probabla exposuraes t> fibrous minersls and have collected alrborne dust
gamples, foliowing the NIOSH standazdized procedures (2), to evaluate the

hazard and suggest remadial actien. :

_ 1ne oparators should be alert to the possibility of {llness that may

be aesociated with any fibrous minersl, 7Those operators whose employees

ave sxposed to recogaized wgheatos minerals should conduct eir pampling programs
and taks guicable action To assure that the employees are not gxposed to-
asbestos duet excesding applicsble standards. When employees are exposed to
othay fibrous minerals, the Operators should elso take alr samples to evalu-
ate expogures using the same techniques as for asbestos. '

Zxployees ghould alse be fully infomred regaiding their exposurés and the
potential for disease as well as the necessary controls and actions they may
tpke ¢o prevent unnecessary expogure. :

.
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12,

. ATPENDIY L.-:MINERALS

' ,SYNONYMS, _ _
.o O CONiAlN MINERALS
Chrysoiile - |
a &mﬁsite
‘Cfociaolite

.
?remolite 23bestos

Actinolite asbestos

'_Anthophyllita &abestés

Cummingtonite

Mongasite
Crunetrite

Riebeckite»

' ﬁagnesioriebeckiﬁé

pAmphibole

- Glaucophene

Rhodusite

Richcérite
sexagonite
Tirodite

Hephyits jsdé

! THAT MAY OCGUR TN FI
AND ROCKS AND MINERAL SUITES CENERALLY EXPECTED

15

IN. FIEROUS HABITS, THEIR

OF A TIBROUS HABIT.

‘Gpeclfied as &n aébescq§'b§ H$HA.

Do,
Do.
ro.

. Do.

" An end member of the cummingtoalte-

grunerite geries.’ Industrial folms of
this mineral are callad (2} zaosite

(8) montasite.
See (2) and (7) hbove. ~
gee (7) cummingtonites

The gibrous, commercial material is
called {(3) crocidolite.

5 family name for & goup of silicate
minerals, many of which ave asbesti-
form or break into elongated cleavage
fragments. . Includes (2), 3), &,
), @), @, ), (10, 0L,
(13), (14); sy, 16y, N, (18),
(19)9 (20)3 (21)_" (23) '3 ' .

‘4 Fibrous 63?1@;? of glaucophane.

A menganoln cremolite.

Tremolite OT actindlice,'fineograined;
pagsive end falted in hand specimens
which yields jade-iike mataTial.
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19, .

20

26,
25.
26(
27,
28.

29,

30,
31,
320

33,

3.

35.

36.

37.
. ’?‘8’
29,

40.

- Fezrierite

Bysaolite

Sodz asbestos

Ecke;manite .

Pyxoxene

Uyralite

qul&stonite"

Bustamite

'?éctolite

L Aneolhv e-g::en variety of fibrous
- amphi boles.

Also,soda.asbgétosb(ZO).

ysed as a family name for a goup of

silicate minexals (which includes
“£{brous jadeita). Often alters to

amphiboles or to serpentine minerals.

" An altef&tion product of p"*sxen

minerals, generally a fibzous. amphi=
bole of undetermined composition.

A common rock iorming pyroxenoid
m.nera; .

& pyroxenoi& mineral. .

A pyroxenoid mimeral often found with
zeolites.

Zeolitea and asvoc&aued minerals (see 126) 1nc1uding. (21).

Mordenits (see Amer . Min.,’ v. 58 (1973), pp. 267- 290) (20) .

Clivoptilolite
Natrolite
Hg#qlite
Scoieéi:e
Thompsonicé
Gﬂﬁnatdi:e.
gdfngéoﬁite
Scilb#ze
Epistilbite

Okenite

Rhodéeité

A zeolite.

Do,

DO.H

BJ;

Do.

Do,

Do.

Do,

Do.

A zeoliﬁe assoclate.
A zeoiite.

A zeolite relacive;
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&4,

45.

a6. ’

gv;r

48.

50.

- 5L,

52.

53,

54,

55,

59,

60,

Gmclinite

‘Laumontite

‘gyionite

Serpentine

Clino~chrysotile

para-chrysotile

Orthogcbrysotile:

Antigorite
Lizardite

Picrolite
Deweylits

Cymnite

Williamaite

Raatice

Baltimorite

Metaxite

Boﬂénite '

Palygorskité

Attapulgite

sepiolite

. R 7.0olire,

A zeollte-

. A zeclite suspscted of being the causa -
“of an epidemic of mesothelioms 18 4

Turlciah village.

A catch-all name for the serpentine
minerals; see (1) chrysotile; (45)
clino-chrysotile; (46) para-chryso-
tile; (h?),ortho~chrysotile; 48):
antigorite; (49) 1lizardite.

See (44).

Do.

Do.

. Do'

Do.

A fibrous “serpentine," probably
£ibrous antigorite (48),

- Ofcen d@tefmined’co be any one of.

vazious serpentine minerals.
A form of deweyllite (51).

A massive, translucent semi-precious
variety of cerpentine.

Probably ﬁainly'lizarditg (see 49).

Probsbly mainly antigorite (48) and
ehrysotile (1).

Antigorite (48).

A fibrous clay mineral (see Grim,
Clay Minexalogy, 2nd edition, p. 182}
9.

A fibrous clay mineral (see Crim,

Sae Crim (i,
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68.

69,
70,

T 1.

72.
73.
4.

75.

76,

77.

78,

79.

80,
81,
82,

83,

Meerschaum

: Hecrorite
Endellite

‘Halloysite-

Tllite
Verniculite

Sericite

Pinite

Gumbglitg

Talc.
?yrophyllite"'~'5":

Minnesdta;te 

Stilpncmelane
Brucite
Nemalité A
Magnesite
&ydromagnééice
Gypsum
pnhydzite
A:dgonite
Caleige .
Apa;igé .
Phospﬁofité
Vivianite
$1111manice

puchholzitd

Sce Grim (15).

Do.

Do.

ADO.

A mica~like claytmineral.

.bo.

Belongs to the mica group. .

Bo.

A fibrous ‘mica.-

A fibious iron-tale.

A magneéiﬁm hydoxide.

The fibrqus for of (74) brucité.'v

A fibrous variety of (85) sillimanite.
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87,

.90,

93,

%,
95,

97.

98,

ST Y

; §:=”I " "ggo.

9-1« : |

96,

99,

100.

Tibrolite

T?urﬁaline

2oisite

‘Epidote

Lizonits

Mountain leathex

Mountain cork

Amlanthus

Ferro-magnesium minerals

Basiec rocks

Serpentinite,'

Amphibolite

‘Pyroxenite

Paridotice

minerals. .

" & Fibrous variety of (85) siilimanite

4 catch-all name for hydrous {ron

oxides and iron hydroxides.

A tough variety of asbestos occurring
in thin, flexible sheets made of inter-
laced fibers; also fibrous minerals
such as (60) sepiolite or (58)

- palygorskite.

8 white or gtéy,variécy of asbestos

consisting of thick, interlaced fibers
and resembling cork ip texture and
lightness, o

A synonym for asbestos.

A term refercving to iron- and
magnesium~ containing silicates;
usually the amphiboles, the pyro-
xenea, the olivines, biotite micas,
and chlorites.

Igneous rocks, often altered in part, -
cansisting essentially of iron-,
wagnesium-, and/ox calelum rich

~ minerals, and relatively low in

silica.

& rock édmposed_lazgely'of gerpentine

A to:k'cdﬁposed*ptedOhinahtly of

emphibele minerals.

A rock composed predominantly of
pyroxene”minerels‘nnd[ot their alzera-
tion products, i.e., serpentipe, '
chrysotile, ete.

A basie, igﬁeous tockcomﬁosedla{gely.

of olivine, s mineral which aiters
easily to the serpentine minerals.
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Talc schiéc.’

101, |

iO&, ?yrogﬁyllite-schié: |

103.-3ce§ticé_ . An impure talc zock.

104. Soaps;onel A massive, fibrous eale rock.
Agélmacqlite _ : ‘A goft, waxy miner .1 or rpck bompésed

Mafble, when impure

Véfd'antique .

ThefmoPhyllite '

largely of_(éB) pinite.

Called (loe)hmarblein the tradé, but

" acttally an impuze serpentine or a

serpentineacalcite rock.

A serpentine that exfoliates vhen,

108,
. heated.
109, Ophité A synonym'fﬁr a ﬁottled serpentinite.
: 110. Ophicalci;g A sérpentine marble
‘111, ophisiite me. |

Ina volﬁme entiti;df"Ehciciﬁpedia §£ Mineféls” (gZ), devotéd_:o‘
deacriptions’and illus;:atiohs of ﬁinerals'mainly,as micro-mounts, the
following mine:gls were nqted in-fibroug form:
'xlz,‘Aegerine B
113, Agarqitg
14, Ar:iﬁite
115. Auriéhaicitef
116, Bariandite
117. Bismuthinite -
118. Bcuiéﬁgefite :
3]0, Brannockite »
- 120, Efo?hantice

121, Cacoxenite
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 .,‘122. 'Cgrﬁholi#e
" 123, " Gonnellire -
126, annoﬁricﬁite
» (125, CuriteA‘
- 126, 'Erytyriée_
127. Goétaite |
; : 128, ,cuiilém;te |
‘v “';29. Hodessite,.
1‘30._ i;nlﬁhiﬁite R
131, ngésoniaé‘ o
132. Johg:unseniié | X o
* ' = 1‘3'3_"~Ker:;§site"‘}:;;t.'?, e |
- 134, 'L!:g.r;anc.lic‘é
! ‘_A o “.1135'. Lii.e..'zietha"r;il:ie .
. Linarite |
137, Mailachite
135.;Aﬂiliérité :
‘W139.’ Mimetite ;rf

140, Mixite

AR o

S16l, 01#yeﬁ}t§;~}-fv C ;;Q;; ;1fiLfl' A

142, Phamacolite

143, Pyrite |
144, Rockbridgeite

' 145, Schoepite

146. Scholzite
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BTN

148.

149,

150,

151,

152.

semseyite . ;

Sribnite
Strunzite

Tyrolite

'U?anophaﬁe

Wakabayashilite
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CAPPENDIX I

~ Unless. otherwise specified, the page
the following: Chrysctile, amosite, croc

I.--HINING CPERATIONS AND/OR
WHERE "FIBROUS" MINERALS MAY

I
244 ‘e
MAY T

21

OCALITIES, BY COMMODITIES,
0831BLY BE FOUND '

s listed vefer to one or more of
idolite, anthophyllite, tremolite,

and sceinolite.  Page numbers refer to reference (26, See text, page--.

. Iron

@ .
e o2,
26 3.
(gé)' 4.
(ggj” 5.
Coppex
(26) ' 6{
| (gg) 7.
REONNES
(26) 9
. Lsad-zine
(26) 10.
(26) .11.

Pornwmll Mine, PA,
pp. 81.85

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

Mesabi Iron Range, MI,

 pp. 525 and 528 .
Tron Hountgin, M0, pv 299

Eagle MZuntain Deposit, CA,
 pp. 1604-1605

. Ducktown Diserict, TN,

pp. 162-163, 222

Copper King Mine, €O,

p. 374

Chriscmas ‘Mine, Banner
District, AZ; p. 1206

Mountain City”CGppe?'Miné,
. WV, p. 1080 <

'Balmat-Edéafds'Distriét;

NY, pp. 13,39, 41

Van.S:onegArea, Stevens
Co., WA, pp. 151541517

fefers also to zeolites, serpentine,
and byssolite.

Refers also to serpentine and tale,.

Refers also to stilpnomelane,
minnesoteite, cummihgtonite, and

amphiboles,

Refezs eleo

Refers also

Refers also

asbestos,

Refers giao'

Refers slso

‘Refers also

" Refers also

‘o

to

to

to
to

to

to

amphibolea.

gerpentines.

‘amphiboles, talc, and

cummingtbnite,
serpentine.

uralicized gabbro.

talc and serpentine.

Refefs”also_to brucitié~fiber;'
palygorskite, and tale. .
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Chyomite
96) 15,
(12) 16,
1z 7.
Gold
26) 18,
- Tungsten
26y 19.

COuerad'Alené District,v

1D, po 1429

New Idria Grdupg CA

- pp. 1628-1630, 1646-1647

New Almaden Mine,lsan:a
clara County, CA

Mistake Mine, ca,
pp, 1648-1649

. Low's Pit (State Line

Pits), PA

‘Woods Chrome Mine
 Lancaster County, PA

Homes take Mine, sD,

‘pe 1437

Bishop Tungsten District
Ch, Po 1349

'Rare Earths

Mggptain Faés, CA, p. 1528

Clear Creek (Nea.xdéia}

-CA, PP 1628.1630, 1647~

1648 .

&sbestbs
e 2L
e 22

&) 23,

(35) (26)

2.

g @

25,

’Franklin-Soﬁeréet Aéea; ‘

#a, p. 137
Webster and'spruée‘Piné,
NG,’(viciniﬁy)

Arizeona, near Globe

Pare Rills area, MD

gefers to grunerite needles.

gafors also to ssrpentine and .
‘a5basLos .« o :

Refers €O serpentine.

Refers also .to asbestoé and
serpentine. :

Refers: to williamsite.‘b

‘Refers tO ciind-chrysotile; and
deweylite (SCevensite).A

See also Denvef Technical Support
Center wmemo dated 12/4/72. Refers
to cumningtonite schist. ’

Rafers also tO talc,,wollaéconite
and pectolite.

Refers also to serpentine and

. asbestos . .

Refers also to gerpentine and
asbestos . :

Refers O serpentine .
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(1) 26, Staten Island, NY ‘ 'Reférs £o gerpedciné.

:(26).' 27. ‘Magnesité~bf0¢ite &époéiﬁ _ Reféfs also to téiﬁ; erciﬁe and
© - Gabbs, WV, pp. 1617-1618, . serpentine.
G o |
F_ZS, 'COuyefnédr,vNY_Qibinity ‘Refers also to calé and éerpéntine.'
@D @ o | | o
| 2%, ‘Barstowr, CA éicinitﬁ Befets‘alsd té‘talc and steatite.
Ve:micdlite' | | | | |
30.:.ﬁibby MT vicinity
3L, Nﬁ:th & South Carolina
deposaits, ) :

(28) 32. Green Springs, Charlottes- Refers alsc to aﬁphibbiites;
- ville, VA, deposit : . "

Crushed Stone

(29) 33, Rockville Quarry, .~ Refers &lso to serpentiﬁ% 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 coutity; (The Reserve Mining Company
gailings disposal problem); (2) the Homestske Mine where g health hazard
exists (l4) (8); and (3) at the Mountain: Pass, vare-earth deposit, In addition,
questions have arisen re: (&) the wollastonite deposits of New York; (5) SRR
the attapulgite deposits of Georgia; (6). the Rockville Quarry (serpentine) -
‘near Washington, D. C.; and (7) Green Springs vermiculite deposits, VA,
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