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ASBESTGS: A REVIEW

ABSTRACT

The properties, occurcnce, uses, bemefication,
specifications, world and Australise statistics of
industrial grades of asbestos are summarised. 1In
1969, Australia consumed 59,611 tons of asbestos,
59,068 tons of which were imported. The relatively
large imports, and the variety of uses illustrates
the importance of this material to industry.

Total production of asbestaos in South Australis
up to the end of 1970 was 3,184 short tons valued
at $61,740. In South Australis, chrysotile cccurs
in irregulay veins scattersd throughout serpentinised

. ‘ dolomite near Cowell and crocidolite and some tyemolite
: as fibrous masses in metamorphosed carbonate rocks at
a nseber of localities.

This review provides basic information for more
particular investigations.

INTRODUCTION
”'Astfestos" is a name applied to a variety of naturally fibrous
ninerals. It has 2 wide variety of uses some of which are vital to many
industries, such as building construction, sshestos-ccmgat pipe production
sad automobile memufacturing. Asbestos is also a strategic minsval.
Producticn of asbestos in Aastralia is very low compared to
- conswmption by mmﬁzfactures of asbestes«bearing —airticlos. Thus inports sre -
high.
- ' In South Australia, several different types of asbestos occur in a

mmber of geegraphicelly separated areas and in different geological settings.
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This report gives consideration io the broader aspects of
asbestos in order to provide the nscessary backgvound for worve particular
investigations. For further details the reader is referved to the several
text books and articles listed in the references.

VARIETIES OF ASBESTOS

There are several varietics of asbestos, which differ considerably
in composition and physical properties. The most important commercisily is
‘the fibrous serpemtinc mineral chrysotile, which constitutes about 95 percsnt
of total world preduction. Its wide use is due to the fact that its fibres
are generzlly strong and flexible and can be applied to many uses, such as
msnufacture of fireproof textiles and steam packing, for which weak and drittle
fibros are not suitable.

‘Chrysotile is a hydrcus magnesium silicate with the formula
Mgs(Sizes) ©n) a* It is a fibrous fors of the mineral serpsntine., Sasil
replacowents of the wagnesium by ivon, nickel, manganese or aluminiuva nay
result in some modifications in the physical properties of the fibres; but, in
general, chrysotile is mors constant and dependable in guality than other
varieties of asbestos. Electron micrographs s!ieu that each crysotile fibre
is a hollow cylindricgl tube (Bateé-,, et.al., 1950).

Species of asbestos other than chrysétile fall in the amphibole
group of minerals. The varieties of amphibole having significant use are
anthophyllite, amosite, tremolite, actinolite and crocidolite. Fibres of
_ enthophyllite end tremolite axe generally weak and brittle and their uses
are linited. Amosite end crecidolite are nainly African varieties, exported
to other countries in considerable qusntities for specinlised uses. |
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AntBophyllite is a fibrous orthorhoubic amphibole with the
foraula (Mg, Fe’z) (Sisﬁzz) (0!!,!?)2.' Isomoxphic substitution of iron and
mghesimn is limited. Aluminium may replace magnesium or silicon.

Amosite is & fibrous.form of the monoclinic azphibole grnnérite
which bas the formula (Fe’,; Uig), (5140,,) (O),. As it is monoclinic in
crystallization it is not a true anthophyllite. although it is commonly
classed as ¢ high-iron anthophyllite. Amosite, unlike the true anthophyllites

' which are invariebly weak and btitt;a. conménly consists of loag, fairly strong

.

£ibres that lheve certain specialised uses. It is wined only in Africa.

Tremolite is a f£ibrous meneclinic amphibole with the formule

Ca, (Mg, we‘z)s | (5i30,,) (CH, F),. Calcium may be replaced in small part

by sodium. Tremolite usually consists of grey to white silky fibres whichk are
for the most part wegk a‘_éd brittle, although fibres of considerable stremgth
and flexibility are found at times. EBoth tremolite and anthophyllite are superiox
to chrysotile in resistance to chemical reaction. '

‘ Actimlitc differs from ‘tmmutg in that a considerable part of the
wegnesium is weplaced by ;irom.

Crecidolite 6r-‘bme; asbestos belongs to the riebeckite group of
amphiboles. Its chemical formula is Na,Fe’afe,*” (Sig0,,) (OM),. Crocidolite
is a fibrous form of riebeckite in the same way that amosite and chrysotile
aye fibrous forms of grunerite and massive sorpsntiae respectively.

| As may be observed from the foregoing discussion, the replacexent of
one elerent by another in varying proportions is a prevalenﬁ characteristic
of the severazl varieties of mphibole‘asﬁestos. This varition in composition
results in corresponding changes in their ykyéical properties. These prepertics
may also be influenced by the presence of dmpuritiss,:: The somewhat erratic

and unpredictable physical characteristics of tho amphibole fibres have a
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profound influence on their use. An anthopyllite from one locality may
give satisfactory service £or some specific use, while one fram gnother
deposit - althisugh sppearing to bo exactly the same - may be unsat.isfacfory.
Thus problems in smphibole asbestos procurcement ave much move difficult and
complex than the procurement of mineral products like iron or cog}per, wvhich,
wvhen pure, have constant properties irrespective of the part of the world
in which they may originate, o

| PHYSICAL PROPERTIES

The outstanding physical characteristic of asbestos 1s its fibrous
structurc. However there are two significant differences between asbestes and
the fibrous products of aninal or vegetable origin. Non-flasmability £s5 the
most striking difference, but perheps of equal importance is the difference
in structure. bach filament of cotton or wool is Of measurable and fairly
constant diaweter and is _ﬁnﬁivisime iatQ finer sizes. On the other haad,
fibres of chrysotile asbestes can be divided‘ and subdivided until & fincness
is attained that is limited only by the &clicacy of the machinery used and the
skill of manipulation., The ultimate fibre size is presumably the size of
theA crystal lattice of asbestos.

With respect to use,fibre size is important and the size will depend
upbn the degrse §£ fiberisation attained in milling. Fibres obtained from
difforent deposits vary in the ease with which they may be fiberiscd. Thus two
samplas of askestaé given exactly the seme mill treatment may furnish products
differing comsidorably in fidbre dismcstor because on of them separates or fiberi-
563 more e¢asily than tho other. Such differences may have great practical.
importance besa;sé an asbastos that is diff'icult to fiboarise may »requ:lre such
intense a2illing to reduce the fibres to desiréble ﬁnéness thaty they nay

be broken into undesirsble short lengths. Eade cr difficulty of fiberisation



B
is therecfore an important property of as’hastc;s.

The use to which asbestes may be spplicd depeﬁﬂs largely on fibre
i&mgth. The longest fibres command the highest prices and the shorter grades
-progressiyely lower prices. Apparently, therefore, primary attention pust be
given to mi;ling PROCESIAS sﬁat will separate the £ibres from the parent
rock and will £iberise then adequately with o minious of fibre breakage.

The heat resistance of asbestos is importani in many spplications.
Some users of asbestos confuse non-flamsability with vefractoriness. Nsvénheless,,
many substances .that will not !m:m will melt or decempose st relatively _lmé
temperatuzes. The f_impreof"prupeﬁy of asbestos is one of its chiof asseté,;
but, although unburnable itA will decompose and lose its essential physiecal
propertics at mdexately high temporatures. . '

‘ . Anthophyllite and tremolite are highly resistant to chemicals. It
. is czsimed that crocidolite resjsts chomicals and sea water very well.
Chrysotne is ai’facteﬁ more veadily by acids and other- ehmimls than are the
amphibole varieties.
o GEOLOGY OF ASBESTOS
Chrysotile, .a serpentine winowal, is princgpélly associated with

altered ultrabasic rocks, e.g. dunites, pymxemtés and .;;eridetites-. The
sequence of cvents which leads to the formation of chrysotile asbestos fibre
: -v’ains is not known with certainty, although various gmssihilities have been
| discussed (e.g. sce Riodon, 'IQSS), The £ibyve may form at the same time as tho
matrix serpentine rock from the same parent material, or it say form later.
In the latter case the fibres may replace. existing matrix material, peihaps
. starting at a fissure and growing inwerds or tﬁey ‘ma# grown in pre-existing
£is.sures fron solutmizs which permeats the rock. certain serpentini;ees are

found in metamorphosed limzestones or dolomites. Por example, where -Serpeniinis‘ed
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: dolcmitie rocks are associated with doleratq' _sillsg voins of chrysotile may
ﬂewiap perallel to the mntaet‘, The silicecus dolomite is transformed to

' fm*éteﬂte vhich is subsequently serpentinised. -

Amhephyllite vith en asbostiform habit dwemps duﬂﬂg the
mgiemal mtmrghim of ultr&asie rocks, Bera it is nsually associated with
talc. ‘I‘mlite oecurs mainly in met&mwphosad carbonate rocks. Anthophyllite
and tmals.te ctmmunxy oecur as slip £ibre along foliation or shears, although
voins of cross-fibye tremolite moy occur in serpontine. |

Cmcidol;ta and amosite, the nost dsportant of the auphibole asbestos
wvinerals, are éa:monly found as‘i’nwrbeadeﬁ éras‘s-ﬂbre veins in ferrugincus
slate or quartzite associated with dolomite.

" ESSENTIAL REQUIREMENTS OF NEW DEPOSITS

.Esploraeien for asbostes is gavemaa largely by the nature of the
deposits. Most of the commercisl aébestés deposits in the world aro associated
with massive serpam:ine, peridotite axzd similar rocks. The other emvivorment
in vhich a$}mstas may bo fourd is that of metmrp!msed earbonate rocks.

Bowles (1985, p.70) lists am feuowing conditions that must be
satisfied !:efaw succussfnl epsration ef a new da;msit can be reasonably

assuved. _
A 1. 'leity of £1bre, esj;eeiany strength and flexibinty.
‘ *‘2. Length of ﬂima. Spinning grade 3/8 ineh or more in length is highly |
' .éesirable even if only in smau gaounts relative to shotter grades,
3. | Proportion of £ibre in the rock. This should not be less than 45 to 5 per
. cent of the rock milled - unless the fibrocis of exceptionally high grade.
4. Extemi of reserves. As determined by core é_rs.lli;ng, resexves should be
omugh‘fa support the investment needed, and yield an adeguate return
for at cortain poriod of timo. |
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5. Becomomie factors. These includs mining costs, power and water supply,
transportation facilities and availability of labour.
USES

Two classes of asbestos are recognised on the basis of use;
spimiing and non spinning fibre. Each has scores of applications which can .
only bo briefly indicated. A more dotailed diseussion is given by Bowles
(1055).

Sp;rminz £ibre comprises ihe longar grades of chrysotile and
crocidolite. It is xude into asbestos ehzjaad; yarn, tape and cloth. A few
of the{y}mduet_;s‘ in whieh these sre nséd, are voven brak_o linings and cluteh
A £ucings;~firepm§£ theatre cgrtains and scenery, gaskets, safety élothipg.
blankets and draperies, chenicm‘ filters and heat-resistant conveyor belts.
Yarn {s twisted and braided to form varicus types of packing.

Nqn»spi.ﬁning fidbre consists of the shoxter grades of ehrysotiie and
croeidolite and both the long and shert grades of anthopyllite, tresolite and
amosite. Host of it 45 used in compressed, molded o cast products in which
~ the as‘béstos'fibros make up a £al§ed nass i_n a binder, Reofing shingles, mill-
board and corrixgated panneling a:"e made up from asbastos and gortland ceaent ;

a popular modsxn floor tilo mists of about 35 percent asbutos in uphalt ~
or plastic; insulating materiel is made from a mixture of magnesia and asbeseos
(amosita is favoured for this application). Other uses int;ludo asbaostos - cement
pipe, moulded (rather than woven) brake linings and clutch facings and paper
for a varlcty of uses. |

| MINING, MILLING, GRABING, CLASSIPICATION AND PRICES

‘Asbestos deposits throughout the vorld differ widely lin character;
‘and, as the mining sééei'xod must be adapted to the prevailing conditions, s

great veriety 4€ petieds is followed. OPSR:Pit qusrry wethods, nmderground
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mining, shrihkage stoping, block caving and other methods ere represented.

| Once mined,asbestos £ibres can bo divided into two main groups -
crudes and mill fibres. The term “crude® is spplied to fibre of spinning
grade, measuring three-eighths inch or longer, which is hand cobbed and not
passed through a mill. 2411 fibres avre of:t,ain'ec! by crushing and beating the
fibre-bearing rock until the ashestos is freed and then removing the €idra
fron the réck by screening and sir separation. The milling process is
designed such that :fiberisation (fibre opening) may be accomplished with
mintinun breskage of fibres.

The standard grades used in Cansda and U.S.A. sre as follows:
Group 1. (Crude No.1) - Asbestos fibre greater than 3/4 inch in length.

It should be silky and have enough tensile strength to permit its
use for making ssbestos yarn, tape, cloth, carded £ibre and other
textiles.

Group 2. (Crude Xo. 2) _ Generally reforred to as fibre that has not been

nilled and that has a length of 3/8 to 3/4 inch., It must have good
tensile stremgth. Unsorted and sundry crudes are included with Group 2.

Group 3. Millsd spinning or textile fibre. |

. Group 4. Known as shingle fibre; includes €ibre suitabie for the manufacture of
asbestos - cement products such as pipe, shingles, conpresseé sheet
packing and high temperature molded pipe covering.
Taese £ibres are also used with portland cement for aﬁnuiacturing-
asbestos corrugated snd flat interior and exterior sheets, wallboard,
switchboard, panels and other products.

Group 5. Known @3 paper stock. They are chiefly for the memufacture of asbestos
paper' and millboard and somotimes ave mixed with higher grades for
the manufacture of asbestos-cement shingles.

Group 6. Known g5 stuceo or plaster fibre. This is also used in the manufacture

of asbestos-cewment products.
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Group 7. These are known as refuse and shorts and are used in manufacturing
asbestos boiler and roofing cemonts, roofing paints asphalt floor
tiles and cccasionally for making millboard.

@roup 8 and 9. Known as sand and gravel, and stone. 'i‘hey’{ contain & preponderan
of’mjck and sand. Those materials 'aré‘ used cmeﬂy in manufecturing

- asbostos €looring and wall tiles and similar yroducts. |
?urther subdivision of the sbove groups may be basea on tests on
what is known as the Quebec Standard Testing Machine,
é.s there arc nany grades and types of asbestos fibre, price tronds
aro' di€ficult to cvaluate, Published prices for Quebec fibre are shown in
the following table: . _
?:ices of Quebec Chrysotile Aébestos

(Australian dollars per short ton £.0.D.)

€rade : Jin 1st o Jan ist
(Group) ' 1969 - ‘ 1970
1 (crude) | 1,287 o 1,275
2 (crude) ' 669 - 650
s s 416
4 284 - 245
$ wr o us
6 92 - 94
7 51 | _ 53
8 5 ‘ a3
9 . | .

The average value of asbestos exported fropm Australia in 1669 is given
by Kalix (1970) as $205 per short ton £.0.b.
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PRODUCTION
World Production

The annuai rate of growth in world asbestos comsumption is S per
cent. Approximately 90 per cent of total output conés from Canada, the
U.S.,S.‘Q,. and Southern Africa. Xost sources of infc;risation give Russia'’s
production as equal to or higher than Canada's; but one sauiec (Statistical
Surmary of tho (dinsral Industry, 1970) suggosts that Russie is stin second
to Canada. The following table is taken from Piuze (1971).

Estimated Horld Preduction ogb Asﬁestos (Tons)

1569 | 1570

U.8.8.8. - 2,608,000 . 2,100,000
Cansda . 1,596,450 1,660,000
‘Republic of South Africa 263,000 ‘ 510,000
Bhodesia  1s0,000 150,000
m-itedlstates o '_ - 127,000 136-.{396
Othor coltitrels | - 390,000 - 430,000
Total o | | 4,548,450 4,780,000

The 1570 world asbastos is valued at approximately $(AUST.)
540 million. | o
Australian Production

Production figures for asbestos are availadble to 1965 (Kelix,
1570) and ere presented in tho following tauble of salient statistics.
| Asbestos: Australia: Salient Statistics (Tons) |

. 1966 . 1967 %68 0 1969
Production 13,468 600 8% . 8as
Exports | 4,644 2,524 804 42
Imports 55,152 . 52,584 a‘ié';q.‘iu' - _sé,aaa

Apparent cConsumption 63,976 50,860 66,853 .  $9,411
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| Production of ashestos in 1969 was 825 tons of which 795 tons were
pro;&n;ed by Aébestés Hines Pty. i.td. at Eafgmigil in the /Copmanhurst _
mining division, New South Weles, and 30 tons were produced from old dusips
st Licnel in ths Piltara distriet, Hestern 'Ahs!:m,lia; A‘Mthnugh production
~of asbestos in Austyalia is at & low level, a chrysotile asbestes deposit
| at tioodsyeef nsay Bawraba, New. South Woles, is being dweloped by White
Asbestos (Mining) Bty. itd. 2o snbsi&iary of Pacific Asbestos Ltd. of Cansda.
Asported ?esmss are given as 27.0 million tons. The company plans to
commence production by late 1971 and aine 1.5 aiilion- tons of ore per year
y‘ieldmg gbout 70,000 tons of f£ibre. } _
~ The relatively high gsmduﬁtim figure for 1966 marks the end of
production of crocidolite £rom Wittenovm Gorge and c{:lo‘ni.al Gozrge in the
Hampersley Ranges, Western Australh (Miles, 1942; Poxall, 1i042),
| Production Of Asbestos In Scuth Australia |

‘ Chrysotile and anphibole asbestes have i&a@ produced in South
Australia. Nost of the output .has ‘been crocidolite, the bulk cmn:!ng .frm
the Truro district. Total pmﬁuction up to the end bﬂ 1870 4s 3164 short tons
having a total value of $61,740. .

. Numerous suall erocldolite deposits have beaa described from the
&a‘bcrtstom district, 70 milcs u@nhueast of Melaide. (King, 1956, Johns 1260).
'fhese de;wsits taka the form of vsins in fraewza& and highly notasomgtised
zonss in dolenitie marbia an& they ave confined to a stmtigraphh horizon
enneaiuiag- ghundsnt mg'msita The fibre consists of a mixtuve of glaucophane
aml mcidaliw. Cross £ibre veins are t!m nost emn but the quality is
censxdemd generally peor and the Mghar grade waterial so far pm&uced
canme mostly €rom slip-fibre veinlets- t-%mmg%:wt a shear gone In sandstone, tuff

~ and tuffacecus and dolemitic cmlémmie. Roscrves in 1948 were estimated |



as 5750 tons of rock containing 10 percent asbestos. Gthgr'&ePQSits are
recorded at Arkaba 10 miles north-north-east of Hawker (Crawforxd, 1959),
Shaggy Ridge,25 miles east-north-sast of Hawker (Crawford, 1958), Umbsratana,
70 niles by road north-esst of Copley (Armstreng, 1938) and Bount Lyndburst
railvay ststion on the Alice Springs line (Johns, 1956).

Several crocidolite deposits similar to those near Rebertstown
occur near Truro, 30 miles south of Robertstown (King, 1857). Some.thn
yielded a small amount of fibre. Tremolite, which forms fibrous éggﬁegates
in talcose matﬁlo, has been von from the Truro deposits, and from deposits
in the surrounding district, iacluding Kapunﬁa Kayneton, Kenton Valley (Ward,
19578), Lyndoch (Ward, 1937b) and Nurieotpa.

Asbastos deposits are situsted a few miles north-wost of Cowell
on the eastern side of Eyre Poninsula. (Miles, 1552; Russel, 1965).Chrysotile
ibtms cross-fibre veins up to 1s inches wide, along narrow steeply-dipping
sheay zones in highly alteped serpen&iﬁised dolomites and talcose marbdle.
Numerous similar deposits occur several miles to the south of Cowell
(Armstrong, 1943).

Crocidolite deposits are known near Codla Wirrva, 20 wiles east-
north—easz499’;oterborough; in the Hundred of Coomoorco (Cornelius, 1941,
Nixon, 1858). |

' SURMARY AND CORCLUSIONS

“Asbestos" is a‘naﬁé_agplied to 8 variety of natura!iy fibrous
winersis. B;eause ié ishfibraﬁs and atbtha same tise will not burn and has
other advantageous properties as well, asbestos has specielised uses for which
ro adeguate substitutes are yet availsble. Asbestos furnishes a major vaw
material for a géeat varisty of essential products involving many lines of

industrial activiey.



. Asbestos gééxeraliﬁr néeu’rs“ in 'irregglar veins scattered throughout
rock masses. The fiSre«bearmg rock may bo m:tedv‘i‘h 6penpit or underground
workings. The fib;rés aro separated frm the Yock and sorted im':b groups,
acctmiing to. le'ngth in cbmplei mﬁls. The longer ﬁhrss aro used in making
‘unburnable textiles and the shorter fibres are used in as?:estos-cememt
bui.lding waterials, in heat insulating prodncts and for a mxltitude of other
. appxicaticmm | | '
4 Proﬁuctitm of asbestos in Australia is very mw conparad to
cnnsumpﬁion, by manufacturers of asbestos-boaring articles. As a result
imports ave very high. However a t:‘hrysatildasbest'aé depoéit at Woodsreef
near Ba.rmbn, New Séuth liales is being ﬂevelopea and production is expected
‘to commence late in 1071. A | A |
- Total pmduetinn of asbastos in South Australia up to the end
of 1970 is 3164 stmrz tons having a total value of 86;,740._ - Ghrysotile occurs
in irregular veias scattersd throughout seigantinised dolomite near Césrell,
and craciéelite and some tremolite as flbroéé masses in aetamerpImsed carbonate
- rocks in the Robertstawn district and in several oth@r areas.
| Becmse of the size of asbestos imports mta Anstnlia,, and the
essential and valuable qnalities of the material, it is recommended that au
deposits known in the State be reviewed in tems of gaulogical‘ setting, and
those depcsit's, previcusly regarded as uneconomic should be ré~'exmined in tig
1ight of gyre's{ém day specifications. | '

DOUGLAS NICHQL
i
 RON-METALLIC SECTION

oCF
16,9.71
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