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Research Report NO. 65-50 

MINGRALCGY OF THE COATINGA ASBESTOS DEPCSIT 

12-3-65 

F. A. Murmton & C. S. Thompson(UCC,oM, Niagara Falls) 
TO - . « SULMARY . 

For the last four years, a major mineralogical study nas been carried 

out on the Coa linge asoestos deposit to study the basic chemical and physical pro- 
perties of the chrysotile asdestos ore, and to determine the distribution of mine- 
Tals within the deposit and chrougnout the surrounding New Idria sersentinite body. 

. The various milling operations used in the refining processes nave also been stud- 

fed in some detail, to Getermine the raths of the various ore and gangue minerals 
throughout the wet-processing circuit. The lack of definitive information in the - 

literature about many of the fundamental properties of asvestos materials has made 
. it necessary to conduct a number of basic mineralogical studies of the serpentine 

. minerals. 

" -NOMENCLATURE AND OCCURRENCE OF AS3ESTOS - 

The word "asbestos is a commercial term for a group of fibrous silicate 
_Blinerals thet are both fire-proof and cavaple of being processed into flexibdle fi- 
bers. Although six different minerals are currently mined as "asbestos", the mine- 
“yal chrysotile accounts for more than 95% of the world' s production. Most commer- 
cial deposits of chrysotile asbestos are found as cross-fibder or slip-riber Veins 
within large bodies of serpentinite rock. Tne veins vary in size from fractions 
of a millimeter to several incnes; their quantity and size determine the economic 
potential of the ore body. . ’ 

The United States is not a major producer of asbestos. Canada, however, 

produces one million tons per year, an amount equallec only by the Soviet Union in 
recent years. in this country, sxall tonnages oF asbestos are mined in northern 
Vermont, Arizona, and California. Tne size of the Coalingz asbestos ceposit snould 

add considerably to United States aspestos production in the future. 

Chrysotile asbestos is the fibrous member or the serpentine group or 
minerals, which also includes the platy minerals, lizardite and antizsorite. All 
members of this group have the same general formule, MgqSiz0s5(0X)., ¥ 

amounts of nicxel and iron suostituting for magnesiun. The serpentine structure, 

shown in Figure 1 of the text, consists of a unit magne iun hydroxice leyer Coru- 
cite layer) connected to a unit siliccn-oxygen leyer (silicate lay 
infinite two-dinensional sheet. In the case or chrysotile, small 
the unit dimensions of the two layers result in 2 curvature of th 
brucite layer on the outside. Therefore, chrysotile cccurs as tusu 
various lengens. Tne average fibril ras en inner diexeter of 110 ba 
diameter of 260 4, or a wall thickness of about ten layers of th basic 1:1 ser- 
pentine sheet. : 

P
u
 
3
 

w 

wy 
w 

Although chrysotile is readily distinguisheé from other 
rals by its tubular-fibdrous rabit (ay electron nicroscop), sv) 
fies of lizardite anc antigorite preclude their Gifferentiation oy 

alone. + is necessary to employ a comoination of tecnnigues, includin 
diffraction, electron diffraction, and electron microscopy, to make en 
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idfintification. No one technique is by itself completely sztisfactory, especially 
where nixtures of two or more oy the memoers are involved. In this respect, the 

present studies have shown that mixtures are the rule rather than the exception; 
all combinations of serpentine minerels have been excountered in the most highly 
purified sexples and in the type specimens from arouncé the world. 

HISTORY OF T2= COALINGA D=?P + — 

te in 1957, Mr. J. om Bright of our Exploration Department examined 
& group of asbestos claims, owned by the Condor syndicate, within the hishiy al- 
tered and sheared Sew Idria serpentinite, on the courty line detween Fresno and 
Sen Penito Counties, California. Sright noted that eithoughn tne typical veins of 
cross-fiter chrysotile were not present in this ore, the entire southeastern third 
of the serpentinite body wes made up of tousn, leathery, sheet-lixe materiais, in- 
termixed with soft, rriabdle, poweery agglomerates or asbesto-form materiel. The 
ore exctenced at least several tens of Test beneath the surrace and eppeared reaso- 
nably uniforn over an area nearly of 15 scuare miles. Subsequent letoratory stu- 
Gies showed treat this ore contained between 50 and 75% chrysotile in tne form of 
very short fibers, mattec together into szall, peile.-iike agglomerates. Most: 
Canadian-type asdestos deposits contein only 5-10 usable fiber. Tre Condor as- 

bestos ore, therefore, appeered to compareblie with tne Crade-7 Canacien asbestos, 

and thus appearec to be potentially useful in such products eas Wall-poard, cement, 
Shingles, anc floor tile. This neariy unlimited supply of 
prompted us, end severai other companies, to acquire the mining rignts to many 
square miles of ground within this cody; by the end of 1959, Union Carbice was in 

control of more than 200 claims of what appeared to be the best asbestos ore, re- 
presenting approximately 75% of the entire deposit. 

snort-riter ascestos 

vities were centered in the near-by town of Coalin--: 
the New idria s serpenvinive shortly became xrnown 

& present tims, three major companies are 

All exploration acti 
fa, and the asdest Os ceposits i 

as the Cozling2 ascestos deposits. At th z 
mining ore [ron this deposit: lUrion Carbide, files Corporation, end Coalinga As- 
bestos Corporetion (a joint venture oy Jonns vanville Corporevion and Xern County 
Lend Company). Tne latter two Process the ore by stendara cry-lifting technicues 

“at their mine-sites, whil wc King City for vet processing. in 
addition to the normal uses of short-riter asbestos, mentioned aoove, che wat-pro- 
cesséc ascestos has proved to be apps icadle to an entirely new spectrum of uses 
in the pezer industry, water clarification, and other specialized pusinesses. 
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GEOLOGY OF TES D=Posit 

The New Idria serpentinite occupies an area about & miles wide and 12 

miles long. It resembles an elonza: zed Come, flerked py upturned sandstones an 
a 

shales. <=t forms resistant hilis and riéses surrounded by lower, rounded hills. 
Most of the contacts batween the serpentinite and the surrounding sediments ar 

covered by lexésiides; novever, where contacts ere visible, they are often steeply 
dipping and are marked by high-angle faults or zones of extensive shearing, with 

a 
Lite le. evidence of contact metanorphic phenomena. The serpentinite bears little 

4 
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resemblance to most of the otner serpentinite bedies found throughout the vorla, 
since most of the mass has been righly sheared and pulverized, end consists of 
soft, friaole sheets and cluczs of astesto-forn = averial, admixed with a fine, 
talcose, ascestos powder. fEard, dense, conpetent masses of serpentinite rock, 
varying in size from fractions of an inch to several tens of feet in diameter, 
ere scattered throughout the body, and stand out as resistant knobs or as "boul- 
ders" encased in softer, friable material. 

The highest dezree of shearing and fracturing appears to coincide with 
the areas of hignest-srace aeoestoss in the southeastern third of the body. The 

total depth of tne serpentinite itself hes been estimated from gravity surveys to 
be on the order of several tho ousend feet. Tne deepest drill hole (in the vicinity 
of the present Joe 5 pit) nenetrated high-grade ore ata depth of 500 feet. The 
extremely incommetert nature of the asbestos ore, especially wnen it is wet, hes 
resulted in numerous landslides in the past; portions of the serpentinite have 
filled former valley tottoms and have covered areas as large as several square 
miles. The crescent-shaped scar» shown in Figure 46 illustrates a recent slip, 
less than one mile from the present mine site. 

MINERALOGY OF FRESH ASBESTOS ORE 

nguisheabdle in the Coa- 
nts of blocky ser- 

Four main types of serpentine materials are dist 
a] Fomest linga asbestos ore: (1) nard, dense, dark-olue and green Tresgne 

pentinite, ranging in size from fractions of an inch to boxcar dimensions; (2) ler- 
ge; touga, leathery sheets of matted chrysotile, up to several square feet in die- 
meter; (3) szall, orittle, bladed and platy Tregments - or green serpentine, up to 
several square inches in size; and (4)- Sores laple, greenish-white agglomerates 
of fleky asbestos varying from about 1/k" to in diameter, containing apprecia- 
ble amounts of both the green-oladed material and the hard, dense serpentinite 
rock frarments. ° To 

The Coalinga ore consists vrecominantly of memoers of the serpentine 
group of minerals. Carysotile itsel? is the major constituent of the soft, fria- 
dle ore, and is the sole constituent of vee Leatnery sheets and the sreen-blaced 
fragments. Tne nard, dense serpentinite "boulders" consist srimarily of lizaréite 
and antigorite, with varying emounts of snort-fiber chrysotile, brucite, and mag- 
netite.. Minor quantities of caleite end traces of chromite and uvarovite garnet 
2re also presént. Tale has not deen ocserved in the ore body. Chemical analyses 
of various puri ivie a Oractions of chrysotile from the ore snow only minor differ- 
ances, altnough the sreen-dleced chrysotile appears to be somewnat enriched in 
tron comparec with chrysotile from tne leathery sheets. Tne longest Titers of 
thrysotile (up to several microns in length) have peen found in the leathery ' 
sheets, woile the chrysotile from the sersentinite rocx is much shorter and stud- 
xier. In contrast to whe cross-fiber arrangement of most chrysotile asbestos ores, 

she chrysotile from this deposit occurs as a swirling mesn of disoriented fibers, 
2S shown in Figures 49 and 50. Magnetite particles are also scattered throughout 
she sheets and imoedded in flakes 
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- The greatest part of the fancue material in this ore consists of the 

hard, dense, serpentinite rock fragments, waich are scattered throughout the soft, 

friable ore. In addition to lizardcite and antisorite, snese 2 raterials contain 
the biulk of the brucite, magnetite, and chromite found in the ore. Petrosraphi- 
cally, they consist or cense actregates of serpentine minerals, arranged in a 
preccia-like manner. Brucite is often intergroim with serpentine and frecuently 
forms asgresates: oF alterneting thin lamellae of each mineral. In most serpen- 
tinite fragments, two size ranzyes of magnetite are vresent, indicating two gene- 

rations of crystallization. Tne larger serticles probedly formed when the mass 
erystallized from tne perent magze, waile the smaller srains probdadly were throw 
down Guring the serpentinization process. Cptical studies suggest tnat the com- 

position of the parent olivine was approximately (Mz. g2Fe0.18)Si0,, similar to 
the olivine b
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n most cunite bodies. 

Tne results of chemical, electron probe, and x-rey diffraction analy- 
ite in this ore is not pure Vz(0E)o, but that it con- 

ce 
ses all confirm that the bdrucitz 
tains approximately 15 weight percent iron in solid solution, and has en aporoxi- 
mate formula of (tga oFea) (CE) o.. “The iron content of the brucite is a critical 
factor in the suscestioili ity of the ore to weathering, end exposure of brucite- 
rich ore to surface oxidation conditions invariably leads to marxed discoloration 
of the ore. 

MINERALOGY CP THE SURFACE WEATHERING ZONS 

The surface weathering zone extends to a depth of 20-30 feet and is 
characterized by @ recdisn-trown color. Hare, blocks and rraguents of residual 

serpentinite have been transformed into soft, brown, crumbly masses; wnile the 
surrounding Zriebdle asbestos ore nes been only siignvly Giscolcred. Surrace 

coatings of white artinite (“go(SE)200,+3220) end hydromegnesite (Mz. (CH) a(CO4)5° 
3H20) are also COnROn, tne later mineral occuring as concentrations or white, 
pea-size concretions immediately above the weter teblie. The weathered serpentin- 
ite "boulders” are ens ched in vyrozurite (MssFesC0,(0#)15°h%20) and coalingite 
(Mga oFes003 (0H yn spec), new mineral discovered Guring the present study. 4nor- 
phous iron oxides are also 3 courant in the westhering zone, while brucite is al- 
most 2osert. Field observations end laboratory experiments have snown that in 
the surface weathering zone, iron-rich drucite either dissoives, leaving behind 
& brown, auorpnous residue of iron oxides, or transforms in situ into pyroaurite 
and/or cozlingite by oxidation and carbonation. Further Feacnering destroys tnese 

minerals also, leaving tehind more iron oxide. The dissolved magnesium later pre- 
cipitates as hycromagnesite throughout the deposit. The generalized reactions in- 

volved, are shown schematically in Figure 54. 
. 

GENESIS Or THS DErcsit 

Any consid¢erétion of the genesis of this unusual type of asbdestos depo- 
sit must also incluce speculation on the formation and history of Aipine-type ser- 
pentinites, in general. These bodies are thougat to nave formed dy the low-tempe- 
rature hycration oF pre-exisving Olivine- and pyroxene-rich ultramafic rocks (dun- 

ites and peridotites) to produce a mixture of serpentine and brucite. The process 

‘of serpentinization say therefore be represented dy the following reaction:
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" egeSi0, + 3H20 = asSi20s (Cz), + xe(OH)2 
Olivine Water Serpentine Brucite 

This reaction i accomsanied by a considerable increasé in volume (up to 40% and 
probably resuits from incremental adéitions of water fron surrounding secimentery 
rocks during the tectonic ascent of the ultrazafic mess throusa the earth's crust. 
Serpentinizazion cannot proceed, in this manner, above 400°C and prosedly taxes 
place between 100° and 300°C. Much, or ail, of the expansion is prosabdly accormo- . 
-@ated during tectonisna, ard very likely assists in the diepiric ascent of t ‘ 
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; Tne New Idria sergentinite was probedly forme 
The presence of serpentine and brucite indicates that the parent igneous rock con- 
sisted primarily of olivine. The composition of the minerals in the deposit sus- 
gest that the product serpentine actually conteins less iron, and the product bru- 
cite, more iron that the par ent olivine. The Coalinga asbestos deposit does nos 
resemble most of the world's serpentinite bodies, and consists oF a matrix of soft, 
friable, vowéery asdesto-form material, surrounding frasnuenvts and blocxs of hard, 
dense serpentinite. Cniy the Stragari deposit in souce nern Yugoslavia is known to 
be similar. ‘The Nev idria mass vroozoly inject ed ' ‘cold" into the surrounding sed- 

iments. ts location ciose to the San Andrea fault zone proreably accounts. Sor 2% 
hignly fractured end sneared appearance. The materiel present in the deposit to- 

day may be thousht of as having been formed py the crushing end welverizetion or 
hard, serpentinite dliocks, much es a thick paste is ground and smeared out in a 
wet-ball mill or a mix-muller. . 

in this same manner. ~ 
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TYPICAL CHSuICAL COMPOSTETON OF "CALZORIA" ASBESTOS PRODLCT 

$i02 41.5%, : 
M20 41.8 - 

Fed 0. 
Fe203 : —— 

N20 

Others 

6 
0 
3 

Kig0 -13.3 
l 
1 

_ 0.9 

Total 100.6% 

1 
0 
3 

C20 0. 
0 

0 

0 
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