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. F, A. Mtnpfon & C. S. Thompson(UCC,)zM, Niagara Falls)
- . : . SU.MARY .

: For the last four years, a m2jor mineralogical study hzs been carried
out on the Cozlinga asbestos deposit to study the dasic chemical and physical pro-
perties of the chrysotile asbestos ore, and to determine the distribucion of mine-
rals within the deposit and .throusnout the surrounding Few Idria serpentiniie body.
. The various milling operations used in the refining processes nave 2lso been stud-
ied in some detail, to éetermine the reths of the various ore and gangue minerals
througnout the wet-drocessing circuit. The' lack of definitive information in the -
literature zbout many of the fundamental properties of asbestos materials has made
it necessary to conduct a number of basic mlneraloolcal studies of the serpentine
. minerals. . . , }

NOME ICLATURE ATD CCCURRENCZ CF AS3ESTOS

The word "asbestos is a commercial term for a group of fibrous silicate

_minerals that are both fire-prooi and cavzble of being processed into flexivle fi-

- bers. Although six different minerals are currently mined 2s "asbestos", the mine-
"ral chrysotile accounts for more than 95% of the world's production. Most commer-
cial deposits of chrysotile asbestos are found as cross-Iiber or slip-iiber veins ..
within large bodies of serpentinite rock. Tne veins vary in size from fracticns :
of & millimeter to several inches; thair quantity and size determine the econozic
potential of the ore body.

The United States is not a major producer of asbestos. Canadz, however,
produces one million tons per year, an amount ecuzilecd only by the Soviet Union in
recent years. In this country, szall tonnages of astestos are mined in northern
Vermont, Arizona, and Califoraia. Tne size oi the Coalingz asbestos deposit should
add considerably to United States asbestos production in the future. '

-~

Chrysotile asbestos is the fibrous member ol the serpentine group of
minerals, which also includes the plaiy minerals, lizardite and antizorite. 4All

meczbers of ihis group have the same general Fformule, M325iz0s(0%)., with smzll
amounts of nicxel and iron sugstizuting Jor magnesivi. The serpentine struccure,

o3

shown in rigure 1 of the text, coasisis ol 2 unit nagne iun nhydroxide layer (oru-
A

cite layer) conzecied to a wnit silicon-oxvzen lzyer (silicate layer) to fcrm an
infinite two-alnens‘onal sheet. In the case of chrysotile, small differences in
the unit dizensions of the two layers result in a curvezure of the sheet with the
brucite layer on the outside. Taszrafore, cnry sotile cccurs as tutulzar {ibers of
various lenau“s.q Tee average {ibril Las en inner diamster of 110 3 2zd en ouzer
diameter of 250 A, or a wall thickness of about ten layers of the basic l:1 ser-
pentine shneet.

Although chrysotile is reacdily distinguished from other serpenti
rals by its tutuler-ITidbrous radbit (by electren microscopy), the simila
gies of lizardite and antigorite preclude their differentiation oy t?i

.alone. v is necessary to employ a comvdinztion of technigues, includi
diffraction, electron diiffraction, and electron mieroscopy, to make en
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ié7atification. o one teciaigue is by iiself corpletely sztisfactory, especially
wnere nixtures of two or more oi the rembers are involved. In this respect, the
present studies have shown that mixtures are ihe rule rather ithan the exception;
all combirations of serpentine minerals have teen e:countered in the most highly
purified sz l=s and in the t{ype specirens from around the world. .

HISTORY OF TI= CCALINGA D=? B —

te in 1957, ¥r. J. ?. Bright of our ~-:1orau10n Department exzmined
& group of asbestos claims, owned bty the Condor symdicate, within the highly 21-
tered and shezred Lew Idria serpantinite, on the counzy line between rreszo ard
Sen Benito Counties, California. 3Sright noted thai although the typical veins of
cross-fiter chrysotile were not present in this ore, the entire southezstern third
of the serpentinite body was made up oif tousn, leathery, sheet-like raterials, in-
termixed witz soft, Irisble, powae- azglomerates o7 astesto-form materizl.,. T
ore excenced at least several tens of fect teneath the surface and appeared reaso-
nably unifor: over an area nezrly of 15 sguare miles. Subsegueni letoratory stu-
dies showad tkzi this ore contained bvetween ;0 aré 75% chrysotile in the Sorm of
very shor: fivars, matted together into sm21l, pellsi-like azzlcemerates. Most- .
Canadian-type asbestos deposits contzin only 5-105 ble fiver. Tre Condor es-
bestos ore, therefore, appezred Lo comparzble with Grade-T7 Cenacdien zcbeszos,
end thus appeared to bDe poten uia“"use:ul in sucx ucts as wall -bc=rd, csxent,
shingles, anc 7 Ti
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tile. Tnis nearly ualimited supply of sihori-fiter astesios
promptied us, &nd several other coxmpanies, tTo scguire “zre mining rights to many
square miles of ground within this body; oy the end of 1759, Union Carbide was in
control of more than 200 claims of wazt eappezred to te the best asbestos ore, re-

-

. -t - - ..
presenting approxirately 755 of the entire deposit.

< e centered in the rnezr-by town of Coalin--
th mew IGrie serpsntinite sno*“j tecame xnown
e present wime, three major companies are
i & Corporation, ;“d Cozlinza As-
Corpora:101 and Xern Cownty

s
sandari urJ 1if Lu.n:", uEC..‘.lf‘ueS

Al]l exploration aecti
ga, end trhe asbestos deposits in
&s the Cozlingz astestos dejosiz
minirg ore frca this dedosit: Un
bestos Ccrporeation (a Joint venture by Jox

Land Co“.:dj) Tre latter uwo Yrocess the ore by

"at their nmire-sites, while we hzul the ore tc Xing City Tor wet 0roc=ssznv. In
addition to tre normal uses of short-Iiter asbestos, mentionsd above, the wai-pro-
cesséd astestcs has proved to be appliceable to an entirely nev specirum ol uses
in the pajer industry, water clzrification, and other specialized businesses.

GEOLOGY OF TEZ D=POSIT ] oo

The New Idriz serpentinite occunles an arza abouv L miles wide and 12
miles long. resexbles aa elong ‘ed dorg, clarxed by upturned sandstores an

shales. -t fo
co

sosw

stant nills and riéses surrounded Dy lower, rounded nilils.
ta atween the serpentinite and tne surronnq1ng sediments ar
covered by landsl rowever, where contacis are visiblie, they are often steeply
dipping and are mnrked by high-cngle faulis or zones of extensive shearing, with
little evidence of conuact metanorphic phnenomena. Tne scrpentinite bears little
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resemblance to most of the other serpentinite bedies found throughout the wnrld
since most of the mass has teen Lnighly sheared and pulverized, ard consists of
soft, frizble sheeis and clumps of astesto-form = aterial, admixed with a fine,
talcose, astestos powder. Eard, dense, conpetent masses of serpentinite rock,
varying in size from fractions of an inch to several tens of feet in diameter,
ere scattered througrout the body, and stand out as resistant ‘knobs or as "boul-
ders" encased in softer, friabvle raterial. : . :

.
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The highest degree of shearing and fracturing appears to coincide with
the areas of higrest-gracde asaestos, in the southeastern third of the body. Tne
total depth of tie serpentinite itself hes been estimated from gravity surveys to
be on the order of several tho sand feet. The deepest drill hole {in the vicinity
of the present Joe 5 pit) penetrated high-grade ores 2t a depth of 500 feet. The
extremely incompetent nature of the asbestos ore, especially when it is wet, has
resulted in numerous landslides in the past; portions of the serpentinite have
filled former velley tottoms and have covered areas as larze as several square
miles. The crescent-shapad scary shown in Figure 46 illustrates a recent sllp,
less than one mile from the present mine site.

MINERALCGY OF FRESH ASZZS”OS ORE

Four main types of serpentine meterials are distinguishzble in the Coa-
linga asvestos ore: {1) nard, dense, dark-blue and green “ragments of blocky ser-
pentinite, ranging in size from fractions of an inch to boxcer dimensions; (2) iar- .
ge, tough, leathery sheets of matted chrysotile, up to severzl scuare fzet in die-
nmeter; (3) sz211, drittle, Sladed and platy 1*a3menus o green serpenitine, up to
several sguare inches in size; and () -oﬁg, izole, greenish-vwhite zzglomerates
of flaky asbestos varying from about 1/4" %o in diameter, containing azpprecia-
ble amounts of both the green-bladed material and thc nard, dense serpentinite
rock fragments. B
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The Coalinga ore consists vredominantly of mexbers of the serpentine
group of mirerals. Ch-jso.‘¢e itsel? is trhe mejo ir
ole ore, and is the sole coastituent of the leathery shesis aznd the green-blade
fragments. The hard, dense serpentinite "doulders” consist srizarily of lizaxdite
and antigorite, with verying amounts of short-Tfiber cnrysotile, brucite, and mag- -
aetite. Minor guantities ol calcite axnd traces of chromite ané uvaroviie garnet
are also present. Talc res not been ocserved in the ore body. Chemiczl anzlyses
of various purified Iractions of chrysotile freom the ore show only nminor differ-
ances, altnough the green-blacded chrysotile appears to be sczevwhat enriched in
iron compared with chrysotile from the lezthery sheets. Tae longest fiters of
shrysotile (up to severzl microas in len;tn) nave been fourd in the leathery /
sheets, waile the chrysotile from the serpentinite rock is much shorier and stud-
»ier. In coxtrast to ithe cross-Tiber arr41~envnu of most chrysotile asbestos ores,
“he chrysotile from this deposit occurs as a swirling mesh of disoriented fivers,
:s shown in Figures L9 arnd 50. Magnetite pariicles are also scattercd taroughout
:he sheets and imbedded in flakes

r constituent of the soft, Iri
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- The greatest pa
hard, dense, ssrsentini

i

rs of the gansue material in this ore consists of the
te rock Iragments, walch are scattercd throughout the soft,

friable ore. In addition to lizardiie and antigorite, uueu, materials contain
the bitlk of the brucite, ma2zznetite, a2nd chromite found in the ore. Petrosraphi-
cally, they consist of Cdenze as3resates of serpantine minerals, arranged in a
breccia-like manrer. 3rucite Is often intergroim with serpsntine and {reguently

forms eggresates ol alternating thin lemellae of each mineral.

In most serpen-

tinite fragnents, Iwo size ranzes of mZS:Eulte &re preseni, indicating two gene-
rations of crysvallization. Tze larger particles propebly Jormed when the mzss
crystallized Irom the parent mzgms, mnile the szzller grains provadly wers thrown

dovn during

ne serpsntinization proecess. Cptical studies suggest that the coa-

<
position of thre pa*euu ollv1:e was approximately (x 1.32:eo.15)5104, similar to
i

the olivine

The results of crhemical, electron prove, and x-rzy diffraction analy-
ses 21l confirm that tre brucite in ihis ore is not pure ¥z3(0X),, but that it con-
teins approximately 15 weight vercent iron in solid solution, and has en aporoxi-

<
mate formula of: (¥z1o7en)(CX)p.. The iron content of the brucite is a critical
factor in the susceptivility of the ore to weathering, end exposure of brucite-
rich ore to surface oxidztion conditions 1nva*1ably leads to marxed discoloration

of the ore.

MINSRALCSY CF Tim SURTACI WINTZZRING 2002

The suriace weathe
characterized by & redéisn-ir
<

ring zone extiends to a depth of 20-30 feet and is
oWn cclor. Eare, blocxs and fragments of residuzal
0

serpentinite have been transformad into soft, browa, crurbly masses; waile the
surrounding “rizble astestos ore nzs5 been only slightly d;scoLo*ea. Sur:ece
tins £ it P R N G (h':) ol Tk O) JR 3 s ( (O ) co )
coatinzgs ol wnlite artinite (1521202) 28033 arnd hydromegnesite (i3, \CH 2\ Cala
3H.0) are also common, the later mineral occuring as concentrations of white,
pea-qlze conerations '::edia:ely 2zove th2 wzter tadble. The weathered serpentin-
ite "boulders” are ernriched in pyrozurite (Mz5Te,C05(0H )1°-h3d0) and cozlingize
(Mga ezuva(o )24' z0), A rew minerel discovered Curing the present study. smor-
phous iron oxides are also ezbundant in the weathering zone, while brucite Is al-
most 2bsent. TFTield observations and laboraztory experimernts have shown that in
the sur’acc weathering zone, Iron-rich brucii ther dissolves, leaving behind
-
4

& brown, zmorpihous residue of Iron oxides, or trans
ana/o‘ c0a11n31te by oxideticn anéd carbo

minerals a’so, leaving te

cipitates a2s hydromagnesi
volvad, are srhown schemat
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cally in Figure Sk.

GENESIS Or T:= DIrCSiT

—c e P
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into pyroaurite

< ner weaiiering destroys these
ind zors Iron oxicde. The dissolved ragnesium later pre-
e trroughout tae cep051u. The generalized reactions in-

.

Any conciderestion ol the genesis of this unusual type of asbestos depo-

sit must also inclucde speculation on trhe formztion and alstory of Alpine-type ser-
pentinites, in general. Thnesc todies are tnoa;at to rave formed by the low-icmpe-

. : o

returc hycdration of pre-cxisving o olivire- and pyroxene-rich ultramafic rocss (a“n-
ites and poridotites) to produce a mixture of serpentine and brucite. The process
" of serpentinization sy thercfore te represented by the following reection:

-XVvi-
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- 2vg2Si0, + 3Ha0 = Mz35Sil0s(cH), + xg(oH)2
Olivine Yater Serpentine Brucite

This reaction i acco::anle‘ by a considerable increzsé in volume (up to 4CF and
probably resulls from increnexntal additions of water Iroa surroundirg sedi"-ntary
rockxs during the tectonic ascent of the ultrazalfic mz2ss uL-o:;h the earth's crust.

Sarpentinizacion cannot proceed, in this manner, above LCJ°C and pro:

&bly taxes

place betveen 100° and 300°C. iuch, or 2il, of ihe expansion is protably zceccrro-
- dated during tectonism, and very likely a@ssists in the diapiric ascent ol the zass.
The New Idria se-,enthite was protedly formed in this same manrner. =~

ai
The presence of serpsniine and brucite indicates that the p
n:

2
sisted primarily oi olivine. The composition of the zin 1s in the

rent igneous rocx cone

deposit sug-

gest that the product ssrpentine actually contains less iron, and the product tru-
cite, more iron that toe pa ent olivine. The Ccalinga asbestos deposit does nos

resemble most of the worid's serpentinite bodies, end conmsistis of a2 =«

matrix of sofi,

frizole, vowdery asvesto-iorm materizl, sarrou““-“g fresments and blocxs ol rard,
dense serpentinite. Cnly the Stragari d=posiu in sout .ern Yiugoslavia is known to

-ll

be similar. Tre New Idria rmass protczhly inject ed 'col

into the surrouning sad-

iments. ts location ciose to the San Andrea Tault zone prorzdbly accounts -or b
hignly fractured end snpa e appearance. The mzterial present in the devposit to-

day ray be trhought of &s naving veen Tormed by ihe crushing and pulve
bard, serpentiniie dlocis, much zs a thick paste is ground and smeare
wet-ball mill or a mix-xmuller. .

rizetion of
xd out iIn &

TYPICAL CIZuiZCil COMPOSITTOYN OF YCALZORIAM AS3ISTCS PRODTCT

Si02 41,99
¥20 41.8
Fel 0.6
Fep03 1.0 T
A1203 0.3
10 -13.3
Cz0 0.1
N0 0.1
Others _0.9
Total 100.06%
~xvii-
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