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GEOLOGY OF THE ASBESTOS DEPOSITS. 

OF 

SOUTHERN QUEBEC  

INTRODUCTION 

Production of chrysotile asbestos from the Eastern 

Townships of southern Quebec has been going on for close to one 

hundred years and, on the basis of known reserves, appears 

assured of continued production for at least another fifty yedrs. 

Despite new developments elsewhere, southern Quebec continues to 

be one of the major sources of asbestos in the world to-day, and 

is surpassed only by the production of the U.S.S.R. Approximately 

1,330,000 tons of asbestos fibre, worth 160 million (Can.) dollars 

were produced in southern Quebec during 1972. 

The geological setting of the southern Quebec asbestos 

deposits has received a good deal of attention in th'e past, in 

particular, by Cirkel (1910), Dresser (1913), Cooke (1937), and 

Riordon (1954). In 1956 the preparation of the C.I.M. volume on 

"The Geology of Canadian Industrial Mineral Deposits" Succeeded in 

bringing together papers describing a number of these asbestos 

deposits. In the ensuing years new deposits have been developed 

and as a result of continued mining activity on a large scale a 

great deal of additional geological information has been 

accumulated. 

The purpose of,this report is to bring all of the 

available information together so as__to present an 
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up-to-date compilation of the local geology of all of the 

asbestos producing districts in southern Quebec. 

Location 

All of the asbestos mines lie within the ultramafic 

belt of southern Quebec in an area bounded by latitudes 45°45' 

and 46°15'N, and longitudes 71°00' and 71°55'W (Figure 1). 

The Jeffrey Mine in Shipton Township, Richmond County, lies at 

the southwest corner of the area and the Carey Canadian Mine 

in Broughton Township, Beauce County, lies at the northeastern 

extremity some 55 miles distant. 

Access 

The area may be reached from Montreal which is 

situated about 100 miles west-southwest of its center, or from 

Quebec about 50 miles to the north. All portions of the area 

are served by first class paved highways and numerous gravel 

roads. There are railway connections to Quebec and Montreal, 

as well as southward into the United States. There is no 

scheduled air service to the area, however, a large commercial 

airfield exists at East Angus ah:>ut 35 miles south of the center 

of the area, and a commercial airstrip of 3000 feet.in length 

has recently been establis-,ed at Thetford Mines, not far from 

this central point. 



Physiography 

The Notre Dame range of mountains, in which the 

asbestos deposits occur, lies to the southeast and parallels 

the northeast trend of the valley of the St. Lawrence River. 

The relief in the area is in the order of 1000 feet in a 

generally gently rolling countryside with relatively broad 

northeast trending valleys. Narrower valleys, some of which 

are relatively steep-sided, cut northwesterly across this 

trend and may mark the locations of transverse faults. 

Compilation and Acknowledgments 

Some of the material incorporated in this report, 

especially that applying to the central portion of the area, 

was collected by the writer during the course of some 25 years 

work in conjunction with the former Quebec Department of Mines 

and with a number of the mining companies. 

The writer is indebted to all of the mining companies 

who have cooperated so admirably in making available plans and 

sections as well as providing descriptions of their deposits. 

The compilation and interpretation of all this data has been 

the work of the writer unless otherwise noted. 

Of particular assistance in respect to the provision 

of significant data and helpful discussion were the following: 

W.W. Oughtred, R.V. Stewart, W. Zuckerhandel and L. Poulin of 

Asbestos Corporation Limited; J.R.M. Hutcheson, H.K. Conn, 

~~. 



4 

R. Laliberte, and F. Spertini of Canadian Johns-Manville Co. 

Limited; J.M. Messel, L.C. Puize, M. Lauzon, and G. Bonin of 

Lake Asbestos of Quebec Ltd.; M . Dorais, F.P. Smith, and H. 

Gagnon of Bell Asbestos Mines Ltd.; R.W. Coleman, and A. Duclos 

of National Asbestos Mines Ltd.; M. Prus of Carey-Canadian Mines 

Ltd. 	F.J. Wicks of the Royal Ontario Museum identified some of 

the fibrous serpentine minerals. The writer is indebted to 
Quebec 

R.Y. Lamarche of the/ Department of Natural Resources for his 

helpful criticism and useful suggestions. 

GENERAL 	GEOLOGY 

The host rock of the asbestos deposits of southern 

Quebec for the most part is peridotite, predominantly of the 

composition of harzburgite, with some associated dunite. These 

rocks, which have undergone varying degrees of serpentinization, 

form part of what is now being described as an ophiolitic complex 

(Lamarche, 1972; Chidester, 1972), or complexes, consisting of 

dunite, chromitite, peridotites (harzburgite and lherzolite), 

pyroxenites (clinopyroxenite and websterite), gabbro, dolerite, 

and pillow or fragmental mafic lavas. Also present are rocks of 

granitic to intermediate compositions which are mostly confined 

to the peridotite and dunite members occurring within these as 

irregular, tabular, or dyke-like bodies ranging in composition 

from granite to rodingite, quartz monzonites being in greater 

abundance (De, 1961). According to potassium-argon dates 

obtained from contained muscovite, the granitic rocks of this 

assemblage have ages in the order of 480 million years (Poole, 
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1963), and in view of the fact that they are closely associated 

in space and in time to the ultramafic rocks, which themselves 

are known to underlie the Middle Ordovician rocks of the Magog 

Group, this igneous complex may be considered Lower Ordovician 

in age or older. 

In addition to serpentine, other forms of alteration 

are also encountered. Amphibolite, replacing the adjacent 

Cambrian rocks, composed of schists, quartzite and mafic lavas 

is evidently the result of contact metamorphism associated with 

the emplacement of the ultramafic rocks. Talc and carbonate, 

which are present either together or separately, occur in several 

places in association with major fault zones in the ultramafic 

rocks. Alteration of the granitic rocks is not uncommon and has 

resulted in the breakdown of the original minerals, and the 

development of a variety of soda-lime-silicate minerals. 

Two features seem to have a bearing on the size and 

shape of the asbestos deposits: the fact that, in many instances, 

they are situated adjacent to rock contacts and that they a re 

generally associated with distinctive structural features 

(Riordon, 1957). 

PERIDOTITE AND DUNITE 

The composition of these rocks is essentially magnesian 

silicates in the form of olivine as forsterite composed of about 

12 percent foyalite, and the orthopyroxene enstatite." Chromite 

occurs as a minor constituent. The normal harzburgite contains 



10 to 15 percent pyroxene, and is equigranular with grain size 

generally confined to something less than 5 millimeters. 

Locally, peridotite grades imperceptibly to dunite as the 

pyroxene content decreases. Sharp boundaries between these two 

rock types are not uncommon, however, the contacts are normally 

highly irregular. The dunite portions of the ultramafics vary 

in size from a few inches to hundreds of feet (Figure 6). Some 

of these larger bodies seem to have a significant bearing on the 

shape of the asbestos deposit with which they are associated. 

Small pyroxenite concentrations are present locally in 

the vicinity of the asbestos deposits but nowhere appeared to 

host asbestos veins, while the larger bodies of pyroxenite and 

related gabbro generally occur at some distance from the asbestos 

deposits. The pyroxenite and gabbro are described in the 

literature covering the regional geology (Dresser, 1913; Harvie, 

1923; Cooke, 1937; Graham, 1944; Riordon, 1953; Lamarche, 1973). 

GRANITIC TO INTERMEDIATE ROCKS 

Granitic to intermediate rocks are found in the south-

western and central sectors of the asbestos-producing belt but 

are noticeably absent in the northeastern sector of the same 

belt, where the deposits are confined to the ultramafic body 

commonly referred to as the Pennington Dyke. Their presence is 

also known in the unproductive portions of the main ultramafic 

belt. 

These rocks have been studied by a great number of 

investigators, including all those who carried out regional and 
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detailed mapping. However the most comprehensive contribution 

to date is probably that of De (1961) who gathered samples for 

analysis from a number of fresh exposures in four of the major 

asbestos deposits. 

Although the bulk of the granitic to intermediate 

rocks lying within or adjacent to the asbestos deposits are 

generally quartz monzonites, the larger related bodies situated 

somewhat farther removed are more nearly granite in composition 

(Knox, 1916;. 	Harvie, 1923; Riordon, 1953). 

Some dykes containing hornblende and/or biotite have 

been identified as diorites, and, according to De (1961), 

preceded the intrusion of the quartz monzonites. These two 

stages of dyke intrusion might be attributed to the result of 

differentiation within a melt of intermediate to felsic 

composition giving rise to an early soda-rich facies followed 

by syenite and granite. 

The genetic relationship of these rocks to more mafic 

members of the igneous complex is obscure. It is significant 

that they are found in all members of the igneous complex, 

including both ultramafic and mafic, but have not been found 

anywhere within the areas of Cambrian or Ordovician sedimentary 

rocks. 

The granitic stocks of Devonian age that are intrusive 

into the Ordovician and Siluro-Devonian formations to the south-

west do not display a similar range of composition and in view 

of potassium-argon dating are obviously younger than those 

associated with the ultramafic and mafic rocks. 



It has been suggested that. these rocks may have been 

derived by differentiation (Graham, 1944), or from the residual 

liquid phase of a basaltic magma (Shand, 1947), or by rheomorphism of 

inclusions of sialic sediments picked up from the crust through 

which the igneous complex was intruded (Lamarche, 1973). 

Certainly their form, composition, and contact relationships 

exclude the possibility of any differentiation in place. 

The presence of numerous inclusions of ultramafic rock 

suggest that the emplacement of the felsic rocks was accomplished 

by some stoping as well as thrusting aside of the enclosing rocks. 

It is the writer's belief that pre-existing fractures in these 

host rocks not only had some bearing on the distribution of the 

felsic intrusions but also had some influence on the shapes that 

they assumed on consolidation. Later adjustments gave rise to 

shearing and displacements, and where the latter have occurred 

the original fracture appears to have been masked by later 

alteration. 

METAMORPHIC ROCKS 

Amphibolite 

This rock type has been observed adjacent to the 

Jeffrey Mine at the southwestern extremity of the productive 

portion of the ultramafic belt (Lamarche, 1973), on the north-

west side of Belmina Ridge about 5 miles southwest of the 

Normandie Mine in the central sector, 1500 feet west of the 

Normandie deposit, and on the hangingwall side of the Flintkote 



deposit near the southwest end of the Pennington Dyke (Riordon, 

1954);: 

All of these four occurrences are at the contact of 

the peridotite with the adjacent metasedimentary rocks. As the 

contacts are generally obscured by overburden it seems probable 

that this type of contact metamorphism may be more extensive 

than the mapping shows. 

The most extensive development of amphibolite is that 

adjacent to Belmina Ridge where it has been traced along the 

contact of both peridotite and gabbro for a length of about 4 

miles and over widths of close to 3000 feet. 

Although sharp contacts with the metasedimentary rocks 

do exist, gradational contacts are more common. Where layering 

is evident, 'the attitudes conform to those of the bedding in the 

adjoining metasedimentary rocks. These metamorphic rocks owe 

their existence to contact metamorphism which accompanied the 

intrusion of the ultramafic and mafic rocks into the mafic 

volcanic rocks, metasedimentary rocks and schists, to produce 

a variable mixture of hornblende, epidote, chlorite, quartz and 

calcite. 

The presence of these amphibolites would indicate the 

temperature of intrusion` of the ultramafic rocks was fairly high, 

and may mark the locations of the main conduits up through which 

the magma rose. 
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Serpentinite 

The peridotite and dunite associated with the asbestos 

deposits have been subjected to varying degrees of serpentiniza—

tion. In the more massive portions where these rocks have not 

been effected by faulting, shearing or the emplacement of. 

granitic and dioritic masses, there is a relatively uniformly 

pervasive serpentinization in which some 30 to 40 percent of the 

anhydrous minerals have been converted to serpentine. In 

peridotite, pyroxenes have generally undergone little or no 

alteration in contrast to the serpentinization along cleavage 

planes and fractures in olivine grains. Some pyroxene crystals 

are corroded or entirely replaced by bastite. Aggregates and 

finely disseminated flakes of brucite and grains of magnetite 

may be present as minor constituents in serpentinized rocks. 

This scale of serpentinization is found to take place mostly in 

the cores of blocks where intense serpentinization is confined 

to depths of a few inches from the fractures. 

Because of its pervasiveness and even distribution, 

this serpentinization may be regarded as deuteric in origin and 

probably took place soon after crystallization of the olivine. 

• All degrees of serpentinization, between the above 

described pervasive form and that which is related to faults, 

fractures, and intrusive contacts, may be present in any one 

deposit, and it is usually in this partially altered rock 

(30 to 95 percent serpentine and brucite) that the best commercial 

grades of asbestos are found. Complete serpentinization is 
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encountered in shear zones and in aureoles surrounding the 

granitic masses, as well as immediately adjacent to all 

asbestos veins. 

The commonest variety of serpentine has been identified 

as lizardite (Aumento, 1970), together with variable amounts of 

chrysotile. Magnetite tends to concentrate along the major 

micro-fractures, and also shows up as an important constituent of 

the various types of serpentine veins, either adjacent to the 

margins, or as internal stringers and layers within the veins. 

Where disseminated through the serpentinized rock mass,brucite 

may represent up to 15 percent of the alteration products; it is 

also found to be concentrated in veins. Antigorite is generally 

present as partial or complete replacement of earlier lizardite • 

~-, 

	

	in the vicinity of zones of compression, and adjacent to granitic 

bodies. 

Successive stages of serpentine veining and replacement 

are generally in evidence wherever complete serpentinization has 

occurred. 

o 
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The small 	dunitic segregations, and, with a few 

exceptions, the large ones as well, are completely serpentin-

ited, even in those areas where the enveloping peridotite is 

only partially altered or displays only the pervasive stage 

of serpentinization. 

Talc-Carbonate Rocks 

Talc-carbonate alteration is encountered primarily 

in association with major fault zones in the vicinitÿ of 

asbestos deposits. This type of alteration occurs at many 

places along the footwall of the Pennington Dyke. In Thetford 

Mines a zone of talc-carbonate alteration forms the footwall of 

the zone containing the asbestos deposits, and is an important 

constituent of the fault zones associated with the deposits 

lying one mile to the southwest of the town of Black Lake. 

Serpentinization of the dunite and peridotite preceded 

the development of talc and carbonate which has been observed 

minerals 	 (Plate 1) 
to replace all types of serpentine,( including the asbestos,(. This 

the 
alteration may either be disseminated or complete; ir lattercase 

the rock has been converted to a mixture of magnesian carbonate 

and foliated talc. 	 In some places, little or no talc 

is present and the rock is composed of massive carbonate and 

quartz, with or withôût: magnetite. 
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Rodinaite 

Rocks composed largely of grossularite and diopside 

have been found in association with all 	of the asbestos 

deposits in which rocks of granitic to dioritic composition are 

found. Furthermore the margins or terminations of some of the 

smaller granitic bodies and especially the dioritic bodies are 

made up of grossularite and diopside and it is believed that 

these minerals are the result of the reaction of residual 

liquids on the earlier formed hornblende and lime-rich feldspars 

felsi masses 
of these 	A 	in the water-rich environment adjacent to 

serpentinized dunite and peridotite (De, 1961). On the other 

hand these minerals may have crystallized directly from the 

residual fluid, and thus are not necessarily the result of 

metasomatism. 

STRUCTURE 

The distribution of the granitic rocks found in the 

vicinity of the asbestos deposits of the central and south-

western sectors suggests that their emplacement was probably 

influenced by the presence of fracture zones within the 

ultramafic rocks. It would appear that soon after the emplace-

ment and consolidation of the ultramafic and mafic rocks, minor 

adjustments caused a moderate amount of fracturing which was 

followed by the emplacement 	 of 

numerous small tabular bodies of granite and swarms of even 

smaller related granitic rock, ranging in composition from 

granite to diorite. 
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Subsequent to the consolidation of the felsic bodies, 

the region was subjected to folding and thrust 

faulting during which subsidiary shear and shatter zones 

developed along pre-existing planes of weakness. Shearing 

occurred adjacent to the contacts of the bodies and, to 

some extent, within them. 	This period of deformation 

was accompanied by extensive serpentinization and 

culminated in the formation of both cross fibre and slip 

fibre asbestos. 

The formation, distribution and type of fracturing 

that has favored 	the formation of asbestos deposits appears 

to have been influenced by the heterogeneous nature of the 

enclosing rocks,.which exhibited differing degrees of competence. 

Serpentinized masses, such as the dunites, contrasted with the 

and only 
more cornpetentApartially serpentinized peridotite. Extensive 

fracturing 
	

in the peridotite adjacent to the larger 
also 

granitic bodies has/tended to localize asbestos vein 

formation to some extent. 
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Asbestos Veins 

The bulk of the asbestos in the majority of the deposits 

is the cross fibre variety composed of a compact mass of parallel 

fibres, which lie at angles anywhere from perpendicular to sharply 

oblique to the margins of the vein. The great majority of these 

veins are under three-eights of an inch in width, and from a 

fraction of an inch up to several tens of feet in length. They 

often branch or intersect with other veins to form a complicated 

stockwork pattern, such that the frequency of veins is sufficient 

to give the rock a local content of 20 percent asbestos or even 

more (Plate 2). 

Normally the asbestos veins occupy a great variety of 

attitudes. In many instances their distribution is 

related to an individual fault, in which case it is evident from 

their arrangement that they lie along the planes of tension 

cracks subsidiary to the fault. Locally, they were found to 

occupy the fault itself. It is believed that, even though any 

fractures in the rock may have served as hosts to the development 

of asbestos veins, tension cracks have been the most favorable 

loci for vein formation, for, althouah slight displacements may 

have occurred parallel to the plane of the vein, the planes of 

the majority of veins are moderately irregular and slickensiding 

of the walls is generally absent. 

Parallel veins, from a fraction of an inch up to 

several feet apart, are encountered in some places in the 

deposits. This 'ribbon' development may exist over narrow 



the Pennington Dyke and . has been 

the Pontbriand Group including the 

divided into two groups:- 

National 
Federal, Flintkote,Xand 
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widths or 	 over zones of a hundred feet or 

more in breadth. Generally, however, it is confined to blocks 

of ground measuring less than a hundred feet in the largest 
ribbon- 

dimension. In this respect , the distinctive/ vein system of 

the Vimy Ridge group of deposits is an exception, for here the 

attitude of the majority of the veins is nearly the same through-

out much of the area and gives a laminated structure, to the 

deposits 	 (Plate 3). 

ASBESTOS DEPOSITS 

On the basis of the geographic distribution of the 

deposits and their geological setting, thé productive asbestos 

belt may be divided 	 into southwest, central and 

northeast sectors. Included in the southwest sector ore the 

Jeffrey deposit of Canadian Johns-Manville Co. Ltd., and the 

Nicolet deposit of Nicolet Industries Ltd. The central sector 

is subdivided into three groups:- the Thetford Mines Group 

containing the Bell-King and Beaver deposits, the Black Lake 

Group containing the British Canadian and Lake deposits, and 

the Vimy Ridge Group containing the Normandie, Penhale and Vimy 

Ridge deposits. 

The northeast sector covers the deposits situated on 

Pennington deposits; and the Broughton Group containing the 

~--~ 	Carey Canadian, Boston, Fraser and Quebec Asbestos deposits. 
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SOUTHWEST SECTOR 

This sector covers approximately 7 miles of the 

ultramafic belt (Figure 2) with the Jeffrey and the Nicolet 

deposits at the southwest and northeast ends respectively. 

Going from northwest to southeast, the southwest portion of 

this sector consists of a sequence of over 2000 feet of 

peridotite at the base, overlain by 2000 feet of dunite contain-

ing some sheets or lenses of pyroxenite, followed by 100-foot 

units of pyroxenite and gabbro, and topped by 500 feet of mafic 

volcanic rocks, for a total of close to 5000 feet of overall 

thickness (Figure 4). The peridotite, dunite, pyroxenite and 

gabbro normally grade laterally from one to the other. Fewer 

exposures occur to the northeast, but peridotite appears to 

predominate and there is no evidence of the sequence of rock 

types found in the vicinity of the Jeffrey deposit. In fact, 

this portion of the belt appears to be made up of a number of 

overlapping thrust slices composed of peridotite (Lamarche, 1973). 

Jeffrey 

Located in Lots 9 and 10 of Ranges 2 and 3 in Shipton 

Township, the Jeffrey deposit far exceeds in size the. total of 

all the other'deposits combined and is second only to the immense 

deposit located at Asbiest in the U.S.S.R. 	In plan it is 

elliptical in shape with a width of 2000 feet, and an average 

length of 3000 feet, with a depth in excess of 2500 feet (Figure 3). 

Its long axis, somewhat oblique to the regional strike, trends 

N60°E and rakes to the southeast at 60°. From its start on a 
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small scale in 1881, production was increased through the 

ensuing years to its present annual capacity of over 600,000 

tons of asbestos. 

The host rock is harzburgite containing small lenses 

or pockets of dunite. Apart from the heavily sheared portions, 

serpentinization of the harzburgite is incomplete. Felsic 

bodies, generally tabular in form and ranging in composition from 

granodiorite to diorite, are commonly associated with shear zones. 

These bodies are from a few inches up to several tens of feet 
i 

wide and from a few feet to several hundred feet long. Their 

major axes are generally roughly parallel to the associated shear 

zone (R. Laliberte, 1972). 

The deposit lies adjacent to the faulted foot wall of 

the igneous complex and its hanging wall is marked by a broad 

shear zone at the contact between peridotite and dunite, which 

tends to envelop the deposit on three sides. Thus the deposit 

is bounded on all sides by shear zones and is split up, 

internally, into five fibre—bearing portions by arcuate and 

roughly parallel zones of shearing or shattering, with their 

convex sides toward the southeast. 

The asbestos mineralization occurs mainly in the form of 

_cross fibre in a stockwork of veins within each of the five zones, 

giving concentrations from a few percent up to 20 percent and an 

average content of between 7 and 10 percent. In addition to vein 

fibre the serpentinized rock itself may contain a very high 

content of short asbestos fibre, known as mass fibre, that gives 

rise locally to a total content of as much as 50 percent. The 
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bulk of the fibre is silky in character, although some 

semi-harsh fibre is also encountered. About half of the fibre 

has lengths that yield grades which fall in the intermediate 

range, the balance consists of a relatively low percentage of long 

fibre and high percentage of short fibre. 

The fact that this deposit occupies a plug-like mass 

of harzburgite partially enveloped by dunite suggests that 

there is a marked significance in the character of the host rock. 

Assuming that the dunite had been completely serpentinized at 

the deuteric stage, it would have tended to fail by flowage during 

the late stages of regional deformation, absorbing much of the 

compressive stress, while allowing the enclosed peridotite to 

develop an extensive fracture system. The zones of shearing and 

shattering within the peridotite were localized by those zones 

of weakness along which the felsic masses are found, giving rise 

to a series of parallel shears between which fracturing in zones 

of dilation offered the ideal conditions for asbestos vein 

formation. 

Nicolet 

The Nicolet deposit, situated in Lots 20 and 21, 

Range XI of Tingwick Township, just northwest of the Wotton 

Township line, operated for about 30 years prior to its closure 

in 1968. 

The host rock is partially serpentinized peridotite, 

and the deposit lies adjacent to the north contact. No granitic 

rocks occur in or adjacent to this deposit which ha., a lenticular 

shape with a length of 3100 feet, an average width of 300 feet, 

and depth of 600 feet. The axis has a strike of N80°F_ and dips 

at 80°S. A broad shear zone at the contact forms the foot wall of 
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the deposit, and a sharp bend in the contact , 	at its eastern 

end may well have had some bearing on the development of a 

fracture zone favorable 	to vein formation in this particular 

area. The cross fibre formed in veins that are relatively 

narrow, yielding, for the most part,a rather short product. 

CENTRAL SECTOR 

In this sector the ultramafic and mafic rocks are 

exposed over widths. of 6 to 7 miles, and, although the 

sequence is similar to that found in the southwest sector, the 

greater width, some 6 times that exposed in the vicinity of 

Asbestos, is due in part to the relatively flat lying attitudes 

of the 'units 	, and also to the fact that the emplacement of 

this assemblage may have involved 	 two stages. In any 

event, the relationships in this region are far more complex and 

may be the result of successive intrusions of mantle material 

or the thrusting of one sequence over the other (Figure 5 ). 

The peridotite member lies on the northwest flank of 

the igneous complex and is exposed over an average width of 

about 2 miles and a continuous length of 10 miles, with 

additional exposures to the southwest of lesser widths for another 

14 miles. Small irregularly-shaped bodies .of dunite, from a 

few feet up to several hundred feet long are 

scattered through the mass of the 

peridotite . To the southeast the peridotite grades into a 

dunite member which extends southwestward from just north of 

Caribou Lake for about 5 miles and is exposed over widths of as 
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much as 5000 feet. The contact between this dunite member 

and the adjacent pyroxenite lies in low ground and is 

nowhere exposed. Nor is there any exposure of the contact 

between the peridotite and pyroxenite north of Caribou Lake 

and it has been assumed that both of these contacts represent 

the trace of a thrust fault along which the igneous rocks to 

the southeast were either thrust over or under those to the 

northwest. 

The exposed widths cited for the peridotite and the 

dunite are not an indication of their true thickness. The 

northwest contact of the peridotite is generally steep dipping 

to the northwest in some places and to the southeast in others 

and appears to be roughly conformable with the bedding in the 
rocks. 

rnetasedimentary/Just west of Caribou Lake there is a small area 

of peridotite situated just west of the crest of a north--south 

ridge (Provencal Hill) with dunite along the east side, across 

the spur to the north and on the lower slopes surrounding the 

peridotite as an "outlier", suggesting that the contact between 

these two rock types is relatively flat in this area. 

Furthermore, the trace of the contact to the west of 

Caribou Lake, between the dunite and the main body of peridotite, 

when related to the topography,suggests that this contact has 

a gentle dip to the northwest and flattens out in the vicinity 

of the northwest shore of Caribou Lake. On this basis it may 

be assumed that the true thickness of the peridotite is in the 

order of 5000 feet, with an underlying layer of dunite of 1000 

feet or perhaps more. 



21 

The larger tabular bodies of granitic and related 

rocks within the peridotite are relatively flat lying. The 

one to the south of Black Lake dips gently northwest near its 

southwest end, but steepens at its northeast end. The granite 

dykes 2 miles east of Black Lake also appear to be nearly flat 

lying (Figure 23) as is the body which occupies the top of 

Granite Hill, about 2 miles south of Thetford Mines. 

There is ample evidence within the gabbro, pyroxenite, and 

dunite sequence to the southwest, that these are chiefly flat 

lying in this particular area, and the trace of the thrust 

fault separating these from the peridotite and dunite to the 

northwest when related to the topography7 appears to be dipping 

to the northwest. The pyroxenite and gabbro 	appear to 

reach thicknesses of 500 feet each. 

deposits 
All of the asbestos/in the central sector are related 

to the main peridotite mass and for the most part are situated • 

near to, if not adjacent to, the northwest contact (Figure 5 ). 

Thetford Mines Group 

An important group of deposits occurs near the 

northeast end of the peridotite in Lots 26, 27 and 28 of Ranges 

5 and 6 in the Township of Thetford; in Lots 26, of Ranges 9 

and 10 in Ireland; and in Lots 31 and 32, Range'C'? Coleraine 

Township. The deposits are situated in a zone about 6000 feet 

long by 2500 feet wide (Figure 6 ), striking parallel to the 

long axis of the.  peridotite mass. The first attempt at mining 
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production 
these deposits was made in 1878 an4(has continued ever since. 

Asbestos Corporation Limited operates the King and Beaver Mines, 

now known as the King-Beaver, while Bell Asbestos Mines Ltd._, 

mines the Bell portion of the Bell-King deposit. 

The Bell-King deposit is by far the largest, richest 

and deepest in the central sector, and in the belt as a whole 

is second only to the Jeffrey in size. The deepest drill holes 

extend to 1800 feet beneath the surface without having 

established the downward limits of the fibre zone. The 

Bennett-Martin and Beaver deposits are separated from the 

from 
larger deposit anc#{each other by relatively barren and, in 

many places,highly sheared rock. Recent exploration, however, 

in the area between the Bell-King and Beaver No. 1 deposits 

has disclosed the presence of some small pockets of ore at 

depth. Neither the Bennett-Martin nor the Beaver No. 1 deposits 

have depths much in excess of 400 feet, although the former has 

a narrow pipe-like root which extends to a depth of 1000 feet 
Ev n though 

(Figure 8 ).,(the Beaver No. 2 deposit is appreciably smaller 

than the Beaver No.1 deposit, it extends to a deyofi 	
feet 

p 	 ppth
00 

 {Figure 9 ), 

The relative magnitude of the various Thetford deposits 

is best illustrated by the following approximate tonnage figures 

Original Content Present Reserves 

Bell-King 

Beaver No. 1 

beaver No. 2 

Bennett-f-lartin  

170,000,000 tons 40,000,000 tons 

	

50,000,000 	 nil 

	

30,000,000 	20,000,000 

	

9,000,000 	1,000,000 
	

11 
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Rock _Types 

Although' comparatively fresh to a, depth of 300 feet 

-"in some of the deposits, the peridotité host- rock 	is, for 

the most part, completely serpentinized. Several large lenses 

of dunite are situated just northwest of the fibre zone and 

parallel to it. Concentratims of dunite occur throughout the 

fibre zone and range in size from a few inches to several 

hundred feet. The dunite is invariably completely serpentinized. 

These concentratials have assumed very irregular shapes and do not 

appear to be distributed in any sort of pattern. Within the ore 

bodies themselves the dunite masses are usually small in size. 

There are numerous felsic masses 	associated with 

the deposits, some of which assume dyke-like forms, but usually 

their attenuation in any particular direction is not pronounced. 

These bodies 	generally lack continuity and have 

very contorted shapes. Their size ranges from a few feet up to 

300 feet in length, with widths of less than 100 feet. They 

tend to swell or pinch out abruptly, with wedge shaped or 

broadly rounded terminations. Numerous small satellitic 

portions accompany many larger masses 	Predominantly 

leucocratic , many of them contain a high proportion of biotite 

and may grade in their narrower parts into a rock composed 

almost entirely of biotite. 

These felsic rocks are widely distributed throughout 

the area but are usually confined to those portions of the 

ultramafic rocks 	which have undergone complete serpentin-

ization. They occur both within and outside of the ore bodies, 
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and are more numerous within the ore zones 	 than 

without. To some extent their location coincides with shear 

zones within the main ore zone and their general distribution 

is such that the bulk of this felsic material is concentrated 

at the fringes of the ore bodies. Where there are concentra-
felsic 

tions of these,( masses 	within an ore body it has generally 

resulted in barren zones which have tended to carve the 

deposit up into a number of ore shoots. 

Several granitic masses adjacent to the south end 

of the Beaver deposits are appreciably larger in size than the 

swarms of feldspathic 'dykes'. 

Alteration 

As previously noted the peridotite host rock has been largely 

converted to serpentine. However, the near surface rock and 

much of the rock mass lying between the ore zone and the 

country rock contact to the northeast was only partially 

serpentinized. Talc-carbonate alteration is confined to the 

around lying along the southeast side of the deposits, and has 

effected a zone ranging in width from 50 feet up to 700 feet. 

This alteration zone is a very persistent and prominent feature 

associated with the Thetford deposits, and has been traced for 

a length of more than two and a half miles. Generally talc 

predominates but immediately adjacent to the Bell-King deposit, 

where the zone attains its greatest width, the core consists of 

a lenticular body of massive carbonate 400 feet across. The 

zone as a.whole dips northwest at from 55 to 60 degrees, with 

steeper dips at depth. 
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Structure 

The talc-carbonate zone marks the presence of what 

is probably a 	 zone of thrust faulting. To the 

southeast of the zone and between it and the ore zone, the 

peridotite is shattered and sheared. The position and attitude 

of the talc-carbonate zone is such that the Thetford deposits 

lie along its northeast7 or hanging wall side. The other less 

persistent zones of shearing or shattering shown on Figure 6 

are 	 subsidiary to the major thrust zone and either dip 

toward the southeast or are nearly vertical. Shear zones "A", 

"B" and "C" have been traced for a half mile or more along 

their strikes, and Zones "A" and "B" have been followed to 1300 

feet below the surface,where the deepest workings exist. Unlike 

the other zones, felsic rocks 	do not appear to be directly 

associated with Zone "A". Generally speaking these felsic masses, 

in several places 
although 	associatecy(with the various shear or shatter zones, 

are by no means confined to them. It would seem that the prior 

presence of these felsic 	 bodies has tended to localize 

shearing to their immediate vicinity, and as their distribution 

and forms are most irregular the shatter zones likewise appear 

to display marked irregularities. These subsidiary zones tend 

to pinch, swell, fade out, and have pronounced rolls in both dip 

and strike. Some parts of these shear zones lie along the margins 

of ore bodies, and tend to roughly define their limits, although 

pockets of ore may occur beyond the actual zone of shearing. 

Minor cross-cutting shear zones may divide ore bodies into 

several portions. 
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Ore Bodies 

The Thetford ore bodies are oblong in plan with their 

long axes roughly parallel to the axis of the ore zone proper. 

Their sides have steep dips which generally tend to converge 

downward. This feature is particularly evident at the northeast 

d posit, 
end of the Bell-King which is bounded on the southeast side by 

shear 
shear Zone "A" and on the northwest by/Zone "B". These two 

shear zones dip toward each other and converge to the northeast 

such that this end of the ore body has a pronounced rake toward 

the southwest. The southwest end of the ore body is nearly 

vertical but has a slight rake toward the southwest also. The 

relationship of this ore body to the talc-carbonate or Thetford 

fault zone may be seen in Figure 7 . 

The Bennett-Martin ore body appears to be closely 

associated with Zone "E" (Figure 8 ), lying for the most part 

on the hanging wall Sid: of this shear zone. That portion of 

-foot 
the ore body which extends below the 700/horizon is pipe-like in 

form, occurring as a "root" pinching 	out in depth. The 

hanging wall side of the ore is not defined by any apparent 

structural feature. However, a large body of relatively barren 

dunite lies between the Bennett-Martin ore body and the No. 1. 

Beaver ore body to the southeast. 

The relationships between the two Beaver ore bodies 

and the Thetford fault zone may be seen in Figure 9 . 	The No. 2 

ore body and the southwest end of the No. 1 ore body bottom on 

this fault zone and their northwest margins are marked by two 

1/4  
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subsidiary shear zones. The two ore bodies are separated along 

their length by a belt of ground that is for the most part 

heavily shattered and has been injected by relatively large 

bodies of felsic rock. The relative lock of felsic material 

within the ore bodies, as compared to that encountered between 

them and generally beyond or beneath the ore limits, is quite 

striking. 

All of the Thetford ore bodies are made up of a stock 

work of cross fibre asbestos veins ranging from a hairline to 

being 
widths of 4 inches, with the majority of the veins / 	under three 

thick 
eighths of an inch/ Appreciable amounts of slip fibre are 

recovered and in some portions of the deposits this variety may 

predominate,as is the case particularly along the northwest side 

of Beaver No. 2. In the early stages of mining, much of the rock 

near 	surface was only partially serpentinized and 

the characteristic alteration zones of complete 

occurred 	 of the veins 
serpentinization/on either side / . It was in this environment 

that cross fibre veins 'several inches wide were encountered 

(Plate 4). 

and 
Picrolite, composed of coarse/brittle fibres, is a 

common component of faults throuahout the ore bodies; it occurs 

in slip fibre form. Cross fibre picrolite veins are more numerous 

on the perimeters of the ore bodies where cross fibre asbestos 

tends to give way to picrolitic chrysotile. The content of 

asbestos within the deposit.s is highly variuble; on the 

'average it ranges from 3 to 7 percent, but may locally be as 

high as 25 percent. 
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The fibre from the Thetford Mines deposits is 

characteristically 'silky' as opposed to the semi-harsh 

varieties normally prevalent in the other deposits of the 

central sector. 

Black Lake Group 

This group of asbestos deposits occupies an area 

roughly 3 miles long by 2500 to 4000 feet wide, 	just to the 

southwest and south of the town of Black Lake (Figure 10), and 

includes the British Canadian and Edith deposits of Asbestos 

Corporation Limited, and the Lake deposits of Lake Asbestos of 

Quebec Ltd. The latter name derives from the fact that these 

deposits lay beneath the bed of Black Lake which was subsequently 

drained. The long axis of the zone containing these deposits 

parallels the northwest contact between 	peridotite and meta- 

rocks and 
sedimentary/ straddles the boundary between Ireland and Coleraine 

Townships. Also roughly paralleling this contact throughout its 

length,is a granitic dyke which displays extreme variations in 

v.i dth, pinching 	out entirely in places. 	This dyke dips to 

the southeast in most of its northeastern half,and to the north- 

west and west in the other half. 

Ore remaining in the British Canadian deposit 

amounts to approximately 50,000,000 tons and it may be pre- 

sumed that the Lake deposit has a 	 reserve of 

similar magnitude.. 



29 

British Canadian  

The British Canadian deposit occupies an area 

approximately 7000 feet long 
	

by 2500 feet wide 	and 

has a vertical range of 1500 feet, lying partly in Ranges 6 and 

7 of Ireland, and partly in Range B and Block B, of Coleraine 

Township. 

The deposit was discovered soon after those of Thetford 

Mines and the present property is the result of an amalgamation 
contained 

of a number of smaller operations. It is estimated to have/close 

to 150,000,000 tons of ore. 

The deposit, as a whole, has a major axis which strikes 

contact 
northeast, roughly parallel to the peridotite/ which lies some 

500 to 1000 feet to the northwest of the outcrop of the ore zone. 

Rock Type 

The host rock is a harzburgite containing 10 to 15 

percent enstatite. It has been uniformly altered 

and contains some 30 to 40 percent serpentine. 

to the 
In shear zones, and adjacent to these and„felsic masses, 	the 

rock has been completely serpentinized. Adjacent to asbestos 

veins serpentinization is complete to depths several times the 

width of the vein. Numerous irregular—shaped bodies of dunite 

are present, 	the largest of which was 1600 feet long and 

800 feet in maximum width near the surface, dividing up at depth 

into a number of isolated lenses. 	These dunite lenses are 

for the most part completely serpentinized and are 

generally oriented with their longer axes striking northeast. 
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There are numerous felsic masses; 

the largest of these may be traced for nearly a 

mile and reaches widths of 400 feet. All of these major. bodies 

strike roughly northeast and have dips from nearly vertical to 

flat. These rocks display a wide range of facies from fine 
a number of 

grained to porphyritic and pegmatitic,/ the latter variety 

containing primary quartz as a graphic intergrowth. Biotite may 

locally 	be the main constituent of a dyke, or portion of a 

dyke, or may be almost entirely absent. Tremolite, chlorite 

and talc are usually present immediately adjacent to the contacts 

in a zone a fraction of an inch to a foot in width, grading 

sharply outward into'serpentine. 

Structure 
well-developed 

To the northeast of the deposit a/fault zone occurs 

and the 
along the contact between the metasedimentary rocks/ peridotite. 

There is a noticeable roll (Figure 11) 	immediately north of 

the deposit where the southwest strike of -the contact becomes 

more westerly, and it is conceivable that the contact fault 

became tangential at this point tending to produce a "horse tail" 

structure in the ground immediately to the southwest. Within 

the ore body itself the numerous shear zones and dykes strike 

southwesterly and either fade out in this direction or give way 

to, a more westerly trend. In any event it is apparent from the 

close proximity of the ore zone to the contact that the latter 

has had a major controlling influence. 
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Faulting has occurred at the contact of numerous. 

:= -9ranit•ic masses which are,themselves, locally shattered or 

even sheared, particularly where they are narrow or small in 

size. The ultramafic rock mass, as a whole, is broken into 

blocks by numerous faults and joints, and some of these fractures 
felsic 

extend into the/bodies. These phenomena would indicate that the 

bulk of the faulting occurred after the emplacement and consolida-

tion of the granitic rocks. 

Ore Bodies 

The deposit is made up of numerous small and large 

pockets, or ore shoots, whose size and distribution have been 

influenced by the presence of the various dunite segregations, 

felsic bodies and shear zones. The largest and generally higher 

grade ore shoots are 	 adjacent to the major 

granitic mass• 	which has been described as a 

biotite-muscovite quartz monzonite (De, 1961). This intrusive 

has steep to flat dips to the southeast and the ore shoots, 

found on both the hanging wall and foot wail sides, generally 

rake to the southeast (Figure 12). 

The larger asbestos veins normally occur in the 

partially serpentinized portions of the peridotite. Fibre is 

rarely found in the shear zones proper but may occur 	in the 

completely serpentinized rock adjacent to them. The dunite 

bodies are either barren or host to low grade ore, made up 

chiefly of slip fibre. The deposit as a whole is relatively 
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low in fibre content 	(about 2 percent)but has better than 

average fibre length, which is semi-harsh in quality. 

from 
Judging / the large area covered by the British 

Canadian deposit compared to, what appears to be, a rather 

shallow depth, it probably 	 represents only the 

roots of a very big deposit that has largely been eroded. 

Lake 

The Lake deposit lies mainly in the southeast end 

of Range 5, Ireland Township, with its southern extremity in 

Block 'A' of Coleraine Township. It was originally discovered 

in 1947 by diamond drilling from the shore of Black Lake on the 

basis of nearby indications in outcrops. Production commenced 

in 1956 after the lake was drained and a thick layer of sediment 

removed. The deposit consists of 3 units described as the 'A', 

'B', and 'C' ore bodies. 

Rock Types 

The host rock to the 'A' and 'B' ore bodies is 

predominantly the partially serpentinized peridotite. The 'C' 

ore body is exceptional, in that the host rock is serpentinized 

dunite. 

found here 
The felsic masses/ are primarily granitic and have 

a composition similar to those found in association with the 

British Canadian deposit, the larger ones being biotite-muscovite 

quartz monzonite. .Numerous smaller bodies and contact zones have a 
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dioritic composition with diopside, grossularite, and phlogopite 

being present in varying abundance. A number of smaller granitic 

dyke-like 
masses parallel the major through-going/body which loops around 

the west side 	all of these dip to the west and northwest at 

fairly flat angles. 

Structure 

The most prominent structure associated with the Lake 

deposit is a major tranverse thrust fault that trends somewhat 

west of north and dips to the east (Figures10 and 13). Near 

the south end of the 'A' ore body it branches westward 
	

and 
ngrthward 
/ 	, and appears to fade out toward the north end of the 'A' 

ore body. Shear zones are associated with the granitic bodies. 
west-northwest 

A strong zone of shearing striking 	/ 	and dipping flatly 

to the north cuts across the northern end of the 'A' and 'B' ore 

bodies. 

Alteration 

Apart from serpentinization and alteration of the felsic 

rocks common to all of the deposits, here talc-carbonate alteration 
along 

is extensive / the major transverse fault zone which has been 

traced for approximately 1 mile on strike and 1000 feet down the 

dip. 
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Ore Bodies 

The 'A' ore body is situated on the hanging wall side 

of the transverse thrust fault. It extends north and south for 
a 

a length of 2200 feet, attains a width of 900 feet and/depth of 

1000 feet. 

The 'B' ore body lies to the west of and beneath 

the 'A' ore body 	, having a length of 2000 feet, a width of 

900 feet and vertical range of 1000 feet; with a plunge of 30 

degrees to the north, and a dip to the east that flattens with 

depth (Figure 14 ). The 2 branches of the thrust fault tend to 

form the hanging wall and footwall of the 'B' ore body. The 

north end terminates beneath a flat north-dipping shear zone. 

Small pockets of ore occur above this shear zone. 

The 'C' ore body is 	 saucer shaped, having a 
and 

variable thickness ranging up to several hundred feet/covering 

an area 1000 feet by 1000 feet. It appears to have occupied a 

position on the footwall side of the main quartz •monzonite body, 

other similar parallel dyke occurring beneath the ore body. 

The fibre in the 'A' and 'B' ore bodies is of the 

semi-harsh variety, while the 'C' ore body contains a relatively 

soft and silky product 	The stockwork of the 'C' ore body 

carries fairly closely spaced veins resulting in an appreciably 

fibre bre 	 the 
higher/content compared to/wider spaced veins of the 'A' and 

'B' ore bodies. 
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The transverse thrust fault appears to have played a 
localizing 

major part in 	/ 	the 'A' and 'B' ore bodies, whereas the 

granitic masses and associated shear zones had an important role 

in defining the limits of the 'C' ore body. The role of the 

dunite mass? in which the 'C' ore body occûrs,is somewhat obscure 

as the limits of this rock type have not been too clearly defined. 

Unlike most of the dunitic segregations in the area, it seems 

that 
possible/this particular body was perhaps incompletely serpentin- 

ized at an earlier stage 	and thus developed a good system of 

fractures during the period of adjustment that preceded vein 

formation. 

Vimy Ridge Group 

• owned by Asbestos Corporation Limited and 
This group, containing the 'C', Vimy Ridge, Normandie 

and Penhale deposits, is situated about 2.5 miles southwest of 

the town of Black Lake and 1 mile north of the village of Vimy 

Ridge in Lots 24 and 25, Ranges 3 and 4, Ireland Township. 

Production by quarrying commenced on the Vimy Ridge deposit in 

deposit 
1917 and it has since been largely removed. The Normandie 

lying beneath a thick cover of overburden, was discovered by 
and is still in progress 

diamond drilling in 1946 and removal of ore commenced in 1955/. 

Exploration of the Penhale, buried beneath a barren rock cover 

of 800 feet at its point nearest the surface, was undertaken 

starting in 1965 on the basis of indications obtained during 

earlier diamond drilling. All of these deposits lie in an ore 
northeast 

zone that strikes north-/and plunges to the north at 30 degrees. 

This zone is 3500 feet long by 1200 feet wide, and has a 

thickness of 600 feet (Figures 16 and 17). 
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Rock Types 

The ore bodies occur for the most part in partially 

serpentinized peridotite (Figure 18) enveloped on all but their 

undersides by completely serpentinized rock. A few small 

bodies of serpentinized dunite are scattered through the ore 

zone, and may measure up to 400 feet in their largest dimension. 

A large quartz monzonite dyke cuts across the ore 

zone between the Vimy Ridge and Penhale deposits, giving 

rise to a broad zone of 400 to 500 feet of barren rock. 

Another cross-cutting dyke is situated south of the Vimy Ridge 

deposit and is inferred as having once occupied a position 

between it and the 'C' ore body, most of which, together with 

the dyke and intervening ground, has been eroded away (Figure 17). 

masses, 
There are numerous other small felsiç/some of which may be traced 

for several hundred feet, lying immediately adjacent to the 

deposits, or penetrating a short distance into them. 

Structure 

faulted 
The relationships between the ore zone and the/contact 

between 
/ the peridotite and the metasedimentary rocks to the northwest 

and 17. 
is illustrated in Figures 16/. There is a pronounced roll in the 

possiblyrepresenting an anticlinal fold 
contact in his 	vicinity,Aand a zone of heavily sheared rock lies 

between it and the ore zone, tending to wrap itself around the 

top of the latter. Drill holes to the northeast and east 

indicate the presence of a fault zone adjacent to this part of the 

peridotite contact, extending southwestward almost parallel to 
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the ore zone and probably continuing southward through a 

marked topographic depression lying just east of the village 

of Vimy Ridge. Another fault, striking due north and dipping 

steeply to the west, has displaced the contact immediately 

over the axis of the ore zone, and serves as the east wall of 

the Normandie and Vimy Ridge deposits. The horizontal left 

hand displacement of 400 feet could have been solely due to a 

dip-slip displacement involving an_upward movement of 250 feet 

of the east side relative to the west. The rock lying in the 

wedge between this fault and the so-called Vimy Ridge Fault is 

severely shattered. 

Ore Bodies 

The most distinguishing characteristic of all of 

these deposits is that the core of each consists of a parallel 

system of veining referred to as "ribbon structure" or "ribbon 

veining". Normally, larger through-going asbestos veins are 

accompanied by numerous small parallel veins. These vein 

systems strike nearly normal to the axis of the ore zone and 

have 20--degree dips, which are somewhat flatter than the rake 

of the axis of the ore zone (Plate 3). 

Toward the margins of the deposits the vein system 

has assumed other attitudes with steeper dips within major 

fault-bounded blocks suggesting some rotation of these 

blocks from their original positions. Close to the margins 

of the deposits the more typical stockwork-type of veining 

is encountered. 
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Ribbon veining has also developed in and adjacent to 

the fractures enclosing blocks of peridotite measuring a few 

feet across. The larger central veins follow the original joint 

planes while the smaller parallel veins lie in the adjoining 

serpentinized wall rock and curve around the corners of the 

blocks. Many of these small veins are discontinuous and 

fade out at the block corners. The core of the block is 

uniformly partially serpentinized and, viewed as a whole, the vein 

development associated with such blocks appears to owe its origin 

to the formation of jointing that may be the result of 

shrinkage. 

view that 	 that 
It is the author's / the relationships cited above suggest/ 

these deposits developed along the anticlinal axis of a fold 

in the peridotite contact. Fracture zones transverse to this 

have given 
axis may/ access to the two large granitic dykes, while other 

majôr adjustments such as the Vimy Ridge and Normandie, faults 

may have contributed to the fracturing that permitted the 

formation of asbestos veins. On the other hand, the exterisive 

systems of parallel fractures, having attitudes that closely 

parallel . the overlying contact, suggests that there is some 

connection between the two. It seems possible that incipient 

fractures could have developed as a result of relief of pressure 

in a direction normal to the fracture planes either during 

ody 
contraction as the ultrama ft cooled., or as a result of erosion 

of the overlying load at a later date. 
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There is a marked difference in the character of the 
deposit 

asbestos in these deposits. The Vimy Ridge/contained a 

distinctively harsh fibre that was in great demand for the 

manufacture of asbestos cement products because of its properties 
deposit 

fô.r fast filtering 	The Normandie/contains semi-harsh fibre, 

while the Penhale fibre is relatively soft. All of the deposits 
f fi bre 

contain a broad range of/lengths, mainly in the longer to 

intermediate grades. 

NORTHEAST SECTOR 

This sector includes all of the deposits that occur 

in the Pennington Dyke which stretches some 20 miles northeast-

ward, starting at a point about one mile north of the centre of 

Thetford Mines and ending at the village of Tring Junction. A 

great many of the deposits that were discovered and worked in 
out 

sector have either been mined/ or abandoned, 	, the economic 

limits having been reached. Only two are currently productive: 

the Carey Canadian deposit,at the northeast .end of the' Dyke,. 

souther end. 
and the National deposit,situated about three miles from the% 

The Pennington Dyke ranges from a few feet to several 

hundred feet in thickness. At its southwest end, dips are 

generally 50 degrees or more to the southeast, whereas much 

flatter dips prevail in some of the mid-sections and at the 

northeast end. These changes in dip are influenced by the fact 

that this intrusion is more or less conformable with the 

pry rocks 
enclosing metasediment/ and schists on the southeast limb 	of 
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rium 
a major anticlinf. The axis of this anticlinorium converges 

toward 	 ' the Pennington Dyke in a northeasterly direction. 

Minor folds within these metasedimentary rocks and the proximity 

eem to 
td the axis of the major anticlinal structure/govern the 

attitude of the Dyke, which pinches and swells along strike and 

down dip. 

Peridotite, similar in composition to that found 

elsewhere in the belt, is the predominant rock type, accompanied 

by minor amounts of dunite distributed in an irregular manner 

through the body of the peridotite. Serpentinization is 

normally complete except in the broader portions of the Dyke 

where partially serpentinized peridotite may be found. 

Narrow zones of talc-carbonate alteration occur at 

ainly 
various pointWadjacent to thefoot wall, particularly along 

the central portion of the Dyke where sufficient widths have 

permitted some recovery of soapstone for commerical use. 

Chlorite 'blackwall' is locally 	present as an alteration of 

the foot wall rocks immediately adjacent to the contact and is 

presumably contemporaneous with the formation of late-stage 

serpentine in the ultramafic rocks. Actinolite may also be 

present in association with the chlorite. The most intensive 

wall rock alteration is normally associated with the zones of 

talc-carbonate where some reconstitution and recrystallization 

into amphibolites 
of the adjacent schists/may spread outward for several feet 

from the contact. The foot wall is usually marked by heavy 

shear i ng and gouge , indicating that thrust faulting 
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occurred along this plane. Minor shearing is locally 	present 

at the hanging wall contact, as well as internally. 

In the narrow sections of'the intrusion and mostly in the, 

northeastern portion, the full width of the Dyke has been reduced 

to 'fish scale' serpentine through intense shearing. 

of the Dyke 
Deposits occurring in the southwestern half contain a 

fairly high proportion of cross fibre together with slip fibre. 

Progressing northeastward slip fibre predominates and only minor 

	

cross fibre is present, 	usually only as relatively short 

fibre. It seems evident that the closer the Dyke is to the 
rium, 

crest of the anticlin/ the greater the shattering and shearing 

it has undergone. This would account for the increase in the 

ratio of slip to cross fibre from southwest to northeast. Mass 

fibre is a common constituent of the 'fish scale' serpentine. 

The asbestos deposits have been divided into two 

	

Gro p 	 Canadian 
groups: the Broughton/ encompassing the Car, Boston, Fraser, 

and Quebec Asbestos deposits near the northeast end of the 

Dyke; and the Pontbriand Group of the southwestern portion of 

the Dyke which includes the Federal, National, Pennington and 

Flintkote deposits. 
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Broughton Group  

Carey Canadian Mines, the latest of the producers in 

the Broughton Group, holds 5 separate ore bodies (Figure 19): 

the 'B' zone, which is the old Boston property, leased from 

Asbestos Corporation Ltd. and situated in Lot 13, of Range 4; 

the 'C' zone in Lots 13 and 14, Range 3; the 'D' zone in Lots 

14 and 15, Range 1; the 'E' zone in Lots 14 and 15, Range 2, 

all in Broughton Township; and the 'T' zone in the adjoining 

Lots 190 to 195, Concession of Ste. Marie, in the Seigneury of 

St. Joseph de Beauce. All of these were located by magnetometer 

surveying and diamond drilling between 1949 and 1952. Mining of 

the 'B' and 'C' zones commenced in 1958. The other zones are not 

exposed at the surface, as the overburden becomes progressively 

thicker toward the northeast, with the rock surface at the 'T' 

zone at a depth of over 250 feet. 

The foot wall of the 'C' zone is noticeably straight in 

contrast to the rolls in its hanging wall contact (Figure 20). 

The foot wall contact follows the plane of a thrust fault that 

has cut away any irregularities in the Dyke and possibly caused 

the bedding in the metasedimentary rocks to intersect the Dyke 

at an oblique angle. A zone of gouge next to the foot wall 

reaches thicknesses of 25 feet, while the remainder of the Dyke 

has been converted to 'fish scale' serpentine, with the exception 

of some more massive rock next to the hanging wall. In Zone 'B' 

(Figure 20) the thrust plane seems to have undergone folding. 
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most of 
Throughout/the length of the Broughton portion of 

the Pennington Dyke gentle to flat dips prevail. In some 

places, the ore zones attain widths of as much as 400 feet, 

though narrow widths are more common . In addition to the 

high content of slip fibres, which may reach lengths of several 

inches, the rock also contains mass fibre with the 'fish scale'. 

Deposits that are no longer productive were located in 

Lots 13, Range 6/7 and Range 9, 2 and 5 miles respectively from 

the Boston deposit, or 'B' zone referred to above. Similar 

conditions are believed to have existed in these deposits except 

for slightly steeper dips of around 40 degrees. At the Fraser 

deposit in Range 6/7 there is a zone from 50 to 75 feet thick 

of talc-carbonate along the foot wall. 

Pontbriand Group 

The only deposit in the Pontbriand Group being mined 
owned by Lake Asbestos of Quebec Ltd. and 

at present is the National located in Lot 15, Range 4/5 of 

Thetford Township, 4 miles northeast of Thetford Mines (Figure 

21). At this point the Pennington Dyke reaches its maximum 

thickness of 600 feet and dips at 55 degrees on the average. 

There is a shear zone 30 to 50 feet thick at the foot wall 

contact of the Dyke where a fair amount of disseminated talc is 

present. Apart from minor shears near the middle of the Dyke, 

the rock is relatively massive and has a core of incompletely 

5erpentinized peridotite. The ore zone (Figure 22) has a strike 

length of 3000 feet, a width of 600 feet, and an undetermined 

depth. Cross fibre is prevalent with only minor amounts of slip 

fibre being recovered. 
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The Flintkote deposit, which was in operation from 

1946 to the end of 1971, is situated 1 mile to the southwest 

of the National, in Lots 18 and 19, Range 4. Even though it 

was 3000 feet in length, this deposit, in contrast to that of 

the National, averaged only 150 feet in width and yielded a 

higher proportion of slip fibre (Figure 21). The foot wall is 

a sericite schist and the hanging wall is composed of amphibolite 

which has replaced the metasedimentary rocks over a visible 

length of 4000 feet and a width of 200 feet. A small dyke of 

rodingite was found near the southwest end of the deposit, and 

is the only recorded observation of any rock other than ultra- 

mafics in the Pennington Dyke. 

The Federal deposit is located in Lot 10, Range 5, 

2 miles northeast of the Notional. It contained mainly slip 

fibre and had an average width of 150 feet over a length of 

1000 feet. An even smaller deposit, the Pennington, in Lot 16, 

adjacent to the National, had dimensions of 200 by 600 feet with 

a combination of cross fibre and lesser amounts of slip fibre. 

Other deposits in the Pontbriand portion of the 

Pennington Dyke consist mainly of slip fibre and are of 

uncertain economic potential. 
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OTHER DEPOSITS 

Two other small deposits, both of which occur in the 

central sector, are presently being mined by Asbestos Corporation 

Limited. 

The Poudrier deposit is in Lots 28 and 29, of Ranges 

'A' and 'B' of Coleraine Township, adjacent to and partially 

surrounded by one of the larger tabular bodies of granite that 

occur in this area (Figure 23). Other even smaller deposits, 

largely mined out, are scattered through the surrounding area, 

and all lie very close to the granitic bodies. One of these 

deposits is associated with a large body of serpentinized dunite. 

The zones of fracturing, developed in the partially serpentinized 

peridotite that is host to these deposits, evidently owe their 

existence to the proximity and configuration of these bodies of 

granite and dunite. 

In Lot 28, Range 4, of Ireland Township, the Edith 

deposit is at the southern extremity of the quartz monzonite 

body that is associated with the Black Lake Group and lies 

immediately above this dyke which has a flat dip to the west. 

Other small deposits that have been worked in the past 

include the Belmina, Lots 23 and 24, Range 2 of Wolfestown, 

about 4 miles southwest of the village of Vimy Ridge, and the 

Paré of Block 'C', Coleraine Township, 2 miles south of the same 

village. Both of these lie close to the margins of the 

peridotite and are associated with shear zones. 
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One of the earliest discoveries of asbestos in the 

district, if not the earliest, was.a slip fibre deposit on 

the Riviere des Plantes in Lot 17, Range 1 N.E., of the 

Seigneury Rigaud-Vandreuil (J.G. Ross, 1931). The discovery 

was made around the middle of 'the last century when the area 

was being actively explored for placer gold. The host rock is 

heavily sheared and may have been a serpentinized dunite. One 

or more large granitic masses are present. 	The fibre zone has 

widths of 	250 to 500 feet and a length of 3500 feet. Some 
from the deposit 

very short fibre was produced/in 1963 by Golden Age Mines Limited. 

A great number of small operations have been carried 

out in other areas not covered in this report, but are described 

elsewhere (B.T. Denis, 1931, and M. Tiphane, 1973). 

~'I 
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MODE OF ORIGIN 

The preceding descriptions of the various. deposits 

have shown a number of characteristics which are common to some 

or all of them. These may be enumerated as follows:- 

(a) A number of dunite bodies which, in a few 

cases only, make up a large proportion of the 

rocks associated with a deposit. 

(b) Felsic masses 	- either within the deposit 

or in the immediate vicinity. 

(c) A persistent fault or shatter zone at no great 

distance from the deposit. 

(d) Some intensive serpentinizction. 

(e) An extensive network of large and small faults, 

and tension cracks. 

(f) Proximity to the margins of the peridotite. 

(a)The relationship of dunite bodies to certain of the 

asbestos deposits has already been discussed. It may be added 

that in a number of localities, small areas of asbestos-bearing 

ground are to be found adjacent to small pockets of completely 

serpentinized dunite; among these are asbestos showings to the 

southwest and east of the Virny Ridge group. It has been shown 

that the altered dunite found in the larger deposits is 

usually host to lean ore, (the Lake 'C' ore body being an 

exception) and may often account for the abrupt termination of 
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ore (Plate 5). The dunite would therefore seem to have had some 

effect on the distribution of asbestos veins, although its 

presence does not seem to have been a major factor in this 

respect. 

Felsic bodies, some quite large in size, are almost 

everywhere present in large numbers either within or adjacent to 

asbestos deposits. No granitic masses were found in either the 

Nicolet deposit or in any of the deposits of the Pennington 

Dyke. In some of the smaller asbestos showings, felsic rocks, 

though not in evidence on the surface, are frequently revealed 

in drill holes at no great distance from the asbestos veining. 

These rocks were emplaced prior to the extensive rupturing which 

has occurred within the host rocks. It was later diastrophism, 

either in the Late Ordovician or Devonian that gave rise to much 

of the thrust faulting and fracturing that was accompanied by 

widespread serpentinization. 

The felsic bodies have tended to localise shearing, 

slickensiding and subsequent fracturing of the surrounding 

ultramafic rock and may have provided, in this manner, suitable 

channels in their vicinity for the circulation of solutions which 

have contributed to the formation of chrysotile veins. In a 

number of places, the ore zone is situated beneath nearly 

flat-lying tabular bodies of felsic rocks, as best exemplified by 

the Lake 'C' ore body. This may have been due to the damming 

effect of the relatively impervious, overlying rock. It is 

believed, however, that the most important factor has been the 
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presence of fracturing in the peridotite that has been 

localized on the foot wall side of the felsic masses in these 

particular cases. 

The intensive serpentinization of the peridotite 

extends over broad zones and seems to suggest that the solutions 

responsible for this alteration travelled long distances from 

their source. The presence of persistent fault or shear zones 

in association with this widespread replacement is believed to 

be significant and may indicate that serpentinization has spread 

outward from these major structural features, presumed to be 

the main arteries through which solutions gained access to the 

surrounding rocks. Subsidiary shear zones and, locally, brec-

ciation of the intervening ground have provided favorable 

structural conditions for the formation of asbestos deposits. 

These relations are characteristic of most of the deposits, but 

are less significant in some of the other deposits where special 

conditions exist: such as the presence of large bodies of 

granitic rocks or dunite, which are believed to have had a 

predominant influence on the formation of fractures; or the 

persistence of parallel fractures over a broad area, as is the 

case in the Vimy Ridge Group. 

The proximity of shatter zones and asbestos deposits 

to the margins of the peridotite, and particularly to the 

northwest margin, indicates that adjustments within the ultra-

mafic rock were largely confined to these regions. 
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FAVORABLE AREAS 

The olivine-rich peridotite was found to be the most 

favorable host among the ultramafic rocks of the district. 

The most favorable localities in which asbestos 

deposits may be expected to occur would seem to be, in order of 

priority; (1) the ground adjacent to major shear zones, beyond 

the immediate areas within which fracturing has been most 

intense; (2) in the vicinity of pronounced irregularities in 

the 	 contact of the ultramafic rocks; (3) adjacent to 

the larger granitic bodies; and (4) around the margins of bodies 

of completely serpentinized dunite. In respect to (2), irregular-

ities of this nature would indicate unusual conditions of 

deformation, which might offer the favorable structures such as 

those to be found in the Vimy Ridge Group and along the 

Pennington Dyke. 

The large belts of dunite, and accompanying 

pyroxene-rich peridotite, seem to have undergone rather complete 

serpentinization at an early stage and have thus tended to 

behave, for the most part, as plastic masses when subjected to 

stress. Small cross fibre veins, as much as one eighth of an 

inch in width, and minute fractures carrying slip fibre are 

relatively common in these rocks. Locally, these short fibres 

may therefore be in sufficient abundance to form a body of 

economic value. 

sq 
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Where intensely serpentinized, pyroxenite may be 

seen to carry minute cross fibre veins. The limited extent of 

the serpentinization, and the presence of other than ferro-

magnesian pyroxenes in this rock, make it an improbable host to 

asbestos deposits. 

Over the past twenty five years extensive diamond 

drilling and bulk sampling programmes have been conducted at a 

number of places outside of the areas occupied by the deposits 

already described. 

In recent years a good deal of attention has been given 

to a portion of the ultramafic belt situated a few miles to the 

southwest of the Jeffrey deposit. A'number of fibre-bearing 

zones have been delineated near 	the northwest contact of the 

peridotite over a length of about 2.6 miles. Initially Bornite 

Copper Corporation, guided by the results of a magnetometer 

survey, located five fibre-bearing zones in Lots 8 of Ranges 

11 and 12 in Cleveland Township. More recent drilling by Celtic 

Minerals Ltd, located other zones in Range 11, and Pathfinder 

Resources Ltd. have also located three fibre-bearing zones in 

Range 10, immediately northwest of the former Sterrett chrome 

mine. A large number of felsic bodies occur along the southeast 

sides of these fibre occurrences, all of which are in completely 

serpentinized peridotite. Although cross fibre up to three 

quarters of an inch long has been observed.,the average length is 

reported to be relatively short. 

On the Pennington Dyke in Lots 13 and 14, Ranges 4 and 

5, and in Lot 6, Range 5 of Thetford Township, Asbestos Corporation 
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Ltd•_has outlined substantial tonnages containing mainly slip• 

fibre. 

VEIN SERPENTINE 

All three varieties of serpentine occur with varying 

abundance in the host rocks of the deposits. However, the most 

common variety is reported to be lizardite, based on X-ray 

determinations made of specimens taken from two widely separated 

areas in the ultramafic belt of southern Quebec, one being the 

Jeffrey deposit and the other Mount Albert in the Gaspé Peninsula 

~ Aumento, 1970). Chrysotile is probably the next most abundant 

variety, while antigorite is largely confined to areas where 

shearing has occurred and to contact zones, including those of 

the felsic bodies. 

Vein serpentine is mainly composed of chrysotile in the 

form of asbestos or picrolite. X-ray identifications made in 

1952 by Fernand Claisse, of the Quebec Department of Mines, and 

in 1973 by F.J. Wicks of the Department of Mineralogy, Royal 

Ontario Museum, tend to substantiate this conclusion. Even 

though the name 'picrolite' has normally been identified with 

antigorite, it has also been applied to aggregates of shiny., 

yellowish green or pale to dark green, columnar or banded serpen-

tine minerals, found in association with veins and fault surfaces 

in the asbestos deposits. These serpentine minerals are for the 

most part composed of chrysotile, with minor amounts of 

antigorite. 
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S3 

Picrolite Veins 

There is ample evidence of several stages of picrolite 

vein formation, with earlier veins of picrolite being cut by 

later ones. In contrast, asbestos veins rarely, if ever, exhibit 

cross-cutting relations. 

A common variety of picrolitic material occurring along 

fault planes, and particularly in those associated with the 

blocky type of ground, is made up of bundles and sheaves of 

coarse, non-flexible fibres, which lie roughly parallel to the 

plane of the fissure. It is generally soft, white to pale 

yellowish green, and has a splintery fracture. The fibres 

separate with difficulty, and generally break easily. This 

material grades into either silky asbestos or apple-green and 

darker shades of a compact, brittle platy form that, under the 

microscope, is found to be composed of twisted fibres; all are 

evidently varieties of slip fibre serpentine (Plate 6). 

Another common type of vein serpentine is that 

composed of a light green variety which is normally compact, and 

in many instances displays a columnar structure and a delicate 

banding parallel to the vein walls. Veins range in size from 

microscopic veinlets to 	an inch wide. In some cases the 

veins are dark green, or assume the olive brown colour so typical 

of the serpentinized host rock, and usually have a waxy lustre. 

Although some of the veins are unusually hard and compact, others 

are surprisingly soft, so that they may be mistaken for talc. 

The softer varieties appear to have a high content of uncombined 

water, for they tend to lose weight and crumble after brief 

exposure to the atmosphere. 
• 
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The delicate bands or lenses paralleling the walls 

of the serpentine veins are usually only a small fraction of a 

millimeter in thickness but may reach as much as several 

millimeters (Plate 7). The banding is further emphasized by 

,slight differences in colour and the parting between successive 

bands is usually sharp. 	 Very few bands are perfectly 

straights they 	reflect the irregularities in the vein wall, 

which is slightly corrugated or wavy. The banding does not 

extend across the full width of every vein, but is usually 

confined to one or both margins of the vein. 

Under the microscope individual bands of serpentine are 

found to be composed of transverse, parallel fibres which occupy 

a position anywhere from normal to oblique to the margins of the 

band. The position of extinction, which differs in alternate 

bands, is due to slight differences in the orientation of the 

fibres in successive bands. In some 
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bands, sweeping extinction occurs transverse to the bandsand 

is apparently due to curvature of the fibres. 

In some cases the fibrous structure may be continuous across 

several bands whose margins are marked by what are presumably 

sharp kinks in the fibres. In one 	 specimen 

of banded vein material, individual bands 

. appear - to be composed of cryptocrystalline 

serpentine with slightly coarser and more birefringent material 

along the partings, suggesting an early stage in the evolution 

of the more crystalline varieties. 

Locally the' structure_ af• these veins is 	further 
qnd 

emphasized by the yellowish cloudy- character of certain bands, 

or by the presence of minor amounts -6f fine grained brucite 

in some bands. Furthermore, they display in several places 

a composite form (Plate 8 ) wherein the banding is 

confined to the walls, the central portion standing:, out in 

sharp contrast. The outer margins of the banded portions tend 

to fade 	into the wall rock, which may be composed of 

whereas 
relatively unaltered olivine, 	, in the case of the larger 

he wall rock 
veins, is composed of isotropic serpentine with abundant 

disseminated magnetite. The 	 central and banded 

.portions are composed of transverse fibres. However, there is in some 

cases a marked difference between the orientation of the fibres 

in the central portion and those in the margins. The orientation 

in the marginal zones is generally common to both sides of the 

vein. An almost continuous string or sheet of magnetite usually 

occupies the center of thé vein, while lenses occ'ur.in some 

.•instances within, the banded portion. 
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b 
Where. the%vein

ndçd 
s cut the primary network. f. veins, 

developed during the initial stage of 
/;serpentinization,the latter fade out within the banded margin 

(Plate 8 ). Where two composite veins cross one another the 

banded portions of the two veins merge at the junction; one 

string of magnetite may be seen to cross•. the.other, while 

- the central serpentine portions are broken up into a 

number of irregular fibrous segments. This suggests, therefore, 

that the banded portions represent replacement of the walls 

whereas the central portion is probably. fissure-filling. 

Not all of the fissure-fillings are accompanied by 

banded margins. Some grade along their length into amorphous 

serpentine or material that is slightly and irregularly 

anisotropic and probably cryptocrystalline. Many of the 

smallest veins, none of which have the banded margins, are 

composed of amorphous serpentine. Other veins have the normal 

central portion of transverse fibres accompanied by amorphous 

margins which appear to be replacement of the original walls. 

The margins of those veins, which are composed of 

amorphous serpentine, or banded fibrous serpentine grading into 

amorphous serpentine, suggest a form of colloidal 'replacement',_ 

The cloudy nature of some of the vein-fillings and 

bands is thought to be due to the deposition of iron from a 

colloidal state. Furthermore analyses show that the content of 

uncombined water in these veins is considerably higher than that 

of the normal wall rock (Cooke, 1937a). 



56 

The various characteristics of these veins suggest that 

they probably had a colloidal origin, that the initial solid 

phase was amorphous or cryptocrystalline, and that, at some later 

stage in the process of their evolution, this material, in most 

cases, assumed a fibrous form. 

Serrated Veins 

Under the microscope a fibrous variety of serpentine 

may be observed on .either side of a central fracture. This 

fibrous growth is roughly normal to the plane of the fracture 

and produces a microscopic vein with sharply serrated 

margins (Plate 9 ). Locally a'proportion of the y .vein material 

appears to have a bladed form and in some cases, this 

variety seems to be the sole constituent. The fibres are not 

everywhere perfectly parallel, but display a 

sweeping extinction along the length of the vein. The 

fractures associated with these veins are usually very 

irregular, and it is evident from the relationships to be found 

that the fibrous serpentine has replaced the walls. Some of 

the fractures may have a thin filling bf'low'bir.efringent 

serpentine 	 and a little magnetite. 

In some instances, tnuch of the material in the ser- 

rated' vein is actually chrysotile, _with ' a rlot'iceably high birég%nce,  

Branching and intersecting serpentine veins ofithis'type produce 
qn ffect 
,( s

e
imila r to a dendritic pattern. Successive veining is common 

 

*_, It 
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and in some cases the fractures may be sufficiently closely 

spaced to'have allowed for almost complete replacement of the 

original material of the rock, giving rise to a form of mass 

fibre. 

Asbestos Veins 

Characteristics 

With the exception of the Pennington Dyke, most of the 

asbestos veins in the deposits of southern Quebec are composed 

of cross fibre, however, a good deal of slip fibre may occur in 

conjunction with the cross fibre or in zones where the deformation 

has been more intense. 

The characteristics of the cross fibre veins are 

tabulated below for purposes of easy reference. These data are 

based on the observations of Cirkel (1910), Dresser (1913), 

Harvie'(1923), Cooke (1937), Graham (1944), and Laliberté (1972), 

as well as 'on those of the writer: 

(a) Widths - mostly under three eighths of an inch and 

reaching up to 4 inches. 

(b) Form - minute gash veins, lenses, or continuous 

veins up to several tens of feet in length. They 

may be straight, curved or irregular. They may 

intersect, branch or have minor offshoots. 

(c) Colour - normally in shades of apple-green, dark 

green, or olive-brown, which are usually constant 

across the width of the vein and approach the 

colour of the wall rock. 
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(d) Fibres - silky, semi-harsh, and harsh varieties, 

depending on. their rigidity and cohesion. They 

are parallel and may lie perpendicular or oblique 

to the walls of the vein. Few of them are 

perfectly straight; they normally' display minute 

corrugations, some of which may be pronounced. 

These corrugations may be persistent along the 

vein, may gradually be replaced by others, or may 

coalesce and give the vein a banded appearance. 

(e) Partings - one or more may be present; they are 

generally parallel to the vein, even though 

locally irregular, and composed of picrolite and 

magnetite. Partings, in some instances, divide 

the vein into en-echelon lenses of asbestos. The 

direction of the fibres is usually the same on 

both sides of the parting. 

(f) Magnetite - occurs as fine grains in irregular 

sheets or lenses which may occupy any position in 

the serpentine veins, although they tend to 

roughly parallel the walls of these veins. Some 

disseminated grains and strings of magnetite may 

parallel the fibres. 	 _ 

(g) Walls - are commonly sharp with only minute 

irregularities. Some veins have distinctly 

crenulated margins suggesting some replacement. 

Major irregularities can normally be matched with 

the opposing wall. Magnetite is usually abundant 

l 
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in inclusions and in the wall rock immediately 

adjacent to the vein. In some cases the walls 

may be slickensided and coated with picrolite. 

(h) Inclusions - of wall rock take the form of thin 

salvages or angular fragments. Many, although 

not all of these, match irregularities in the 

wall. Some have evidently been displaced along 

the vein. Inclusions of banded or columnar 

serpentine are locally present. Inclusions of 

picrolite may run oblique to the vein and tend 

to break it up into lenses. 

(1) Intersections - The fibres of both veins may 

coalesce, or there may be a confused mixture 

of magnetite, serpentine and asbestos at vein 

intersections. Many vein junctions are marked by 

the presence of abundant magnetite. At some 

intersections the fibre of the marginal portion of 

one vein may be seen to swing around the corner to 

merge with the marginal fibre of 'the other vein. 

(j) Displacement - post-asbestos faulting is not 

common and is generally very local. 

(k) Gradations - asbestos may give way to banded 

serpentine either laterally or along the length 

cases 
of the vein, and in some f• appears to lens out. 

Veins may terminate abruptly or fade out into 

wall rock without any gradual decrease in width. 
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Mode of Formation 

Of the many explanations offered to account 

for the origin of asbestos veins most are in agreement 

that an extensive fracture system was a prerequisite. 

There are those who support the view that the fibres 

grew between the original fracture walls as postulated 

by Taber(1924), Keep(1929), Bain(1932), Cooke(1937) and 

Badollet(1947), and, as more recently stated, by 

Gabrielse(1960.), Tatorinov(1967) and Laliberté(1972). 

On the other hand there are those who concluded that 

fibre growth took place outside the original fracture 

walls'  as proposed by Dresser(1 91 7) , Harvie (1 923) and 

Graham(1944). Hendry(1956) and Grubb(1962) indicated 

that some of the asbestos veins near Matheson, Ontario, 

show evidence of fibre development outside the fracture. 
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An interesting variation on these two alter-

native modes of origin is that which envisages widening 

of the fracture through progressive dissolution of the 
from the resulting gel 

walls followed by crystallization/of.chrysotile asbestos)  

or picrolitic asbestos, or both (Marenkov, 1958). The 

process suggested by Marenkov has much in common with 

an earlier proposal (Riordon, 1955) that asbestos veins 

originated through the formation of colloidal material 

in the fissures and in the adjacent walls from which 

picrolite crystallized, being later converted to chry-

sotile asbestos. 

The process involving growth of asbestos fibres 

between the original walls of the fissure 	 requires 

that the fissure walls separate as the fibre grows. This hypo-

thesis could only be satisfied by a gradual separation of the 

walls. It might be expected, however, that this movement, in 

most cases, would be rapid or sudden, such that the walls would 

have assumed their present position immediately after the rock has 

fractured. The only other alternative 	 would be for 

the asbestos fibres to have grown outward into the open space 
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from one or both walls. Split cross fibre veins are common; 

if growth had occurred simultaneously and independently from 

both walls it seems improbable that the fibres on both sides 

would have assumed the same inclination to the vein walls, which 

is the rule; 
	

Had the original 

fibres 	 grown perpendicular 	to 
of asbestos 

both walls, then later deformation/would have to account for any 

deviations from that attitude; and 	there is little evidence in 

these compact veins to support this view. 

The theory which postulates the formation of asbestos. 

exclusively beyond the walls of the fissure would require that 

the fissure was never open, or, at least, that the opening was 

only microscopic. Again this is contrary to what might be 

expected in 	the case of normal fracturing associated with 

faulting. Although many fissures might remain closed, it seems 

inevitable that the majority would produce openings. This 

situation would almost certainly develop as a result of movement 

of one wall in relation to the other in the plane o.f an irregular 

fracture. 

The general characteristics of the asbestos veins 

enumerated above 	 suggest that fissure—filling 

has occurred. In places, minor unmatched irregularities in the 

walls and the presence, in the vein margins, of what appears to 

be relict wall rock structures 	 would indicate 

that there has been some growth at the expense of the walls. It 

seems probable, therefore, that both processes have been involved 
the 

and that one or/other may predominate in any particular vein. 
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One of the commonest characteristics of the asbestos 

veins is that, in many places, they are composed of both 

asbestos and banded or massive picrolite. Locally, these 

relations are gradational. Pure asbestos veins do not 

necessarily lens out, but rather fade out into an intimate 

mixture of the two vein materials. Where asbestos does not 

occupy the entire space between the vein walls, the asbestos 

vein, itself, may be extremely irregular in outline. These 

conditions and relationships pose one of the most difficult 

problems to those confronted with the task of assessing the 

asbestos content of a serpentinized rock in vein-bearing drill 

core. 

It is evident from the character and relationships of 

the asbestos veins that these veins are the latest product of 

serpentinization and that the asbestos was formed, for the most 

part, after all of the adjustments associated with this process 

had been completed. In view of the fact that asbestos grades 

into the banded and columnar picrolite and contains inclusions 

of it, the two might be presumed to be more or less contempora-

neous. 
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GENESIS OF ASBESTOS 

Source of Vein Material 

The relationship between breadth of serpentinized 

vein margin and width of serpentine vein 	suggests that the 

vein material was probably derived from the wall rock. That the 

vein material has largely been derived from the immediate walls 

is borne out by the fact that the composition.of the picrolite 

and asbestos veins usually reflects the wall rock composition. 

This is particularly noticeable in the harsh dark green to dark 

brown fibres that are 	found in the serpentinized aureoles 

adjacent to the felsic méissès• where the iroh.:contént 	is 

abnormally high. The gradual decrease in asbestos and the.high 

quartz content 	in the asbestos veins which enter felsic 

bodies also bear.  evidenceto the influence of the immediate 

wall rocks as a source of the material for the vein filling. 

The process of serpentinization of the immediate wall 

rock of the fissure evidently involved 	 successive 

advancing waves of replacement by colloidal material. Removal of 

magnesia and silica •accompanied 	this process and the.remove4 

material 

accumulated in the fissures and, in the final stages, was deposited 

to form an amorphous vein-filling. 	 The 

transporting power 'of the solutions was weak in the case of 

magnesia, for, although some talcification of the quartzite has 

occurred over a narrow zone of a few inches beyond the contact' 



64 

and serpentine and talc may be found over somewhat greater 

widths in the contact slates, these materials are virtually 

absent in the country rocks beyond the immediate contact, 

where large quartz veins are numerous. 

Picrolitic Chrysotile 

The initial stage of crystallization of the 

amorphous vein serpentine involved the growth of cross fibres 

within individual layers of the banded portions and progressively 

across all or some of the layers. The inclination of these 

fibres to the plane of the vein is the same in the banded 

portions on either side of the vein and their growth was no 

doubt influenced by the prevailing direction of stress in the 

solid vein material and wall rocks during crystallization. 

Weak components of stress parallel to the plane of the vein 

would account for the deviation of fibre inclination from 

layer to layer, or within any given layer. 

Development of fibrous material in the fissure-filled 

portion of a vein may have occurred at the same time as that in 

the banded portion. However, the fibres do not extend across 

the boundary between the banded and fissure-filled portion 

which remains as a distinct plane of discontinuity. Where the 

orientation of the fibres in the 'filled' portion of a vein 

has a different inclination than those in the margins, it is 

evident that the fracture probably opened after crystallization 

of fibrous material had occurred in the walls, the direction of 
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stress having changed somewhat prior to fibrous development 

in the fracture-filling. 

During crystallization, shearing stresses along a 

vein resulted in the formation of confused and twisted masses 

of fibres lying roughly parallel to the plane of the vein. 

This latter development occurs along one margin, at the 

center, or in several portions of the vein. Alternatively 

small oblique shears have given rise to the growth of fibres 

parallel to these shear planes which have tended to split the 

vein up into a series of overlapping lenses of slip and cross 

fibre picrolite. 

Removal of iron took place during crystallization 

of the serpentine in the amorphous banded wall rock and in the 

fissure-filling. The tendency of magnetite to occupy the 

centre of the vein would suggest that, in most cases, the 

fibres of the filling grew inward from the original fissure 

walls. The concentration of magnetite in the wall rock beyond 

the banded portion would suggest that the iron in this case 

was driven out either during the conversion of wall rock to a 

colloid or during the development of fibrous material. 

Asbestos 

The final stage of crystallization of serpentine 

permitted the conversion of picrolite to asbestos, which 

involved the growth of existing fibrés across the full width 

or part of the vein. Minute corrugations ore found at the 

~. . 
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margins of numerous larger asbestos veins and over much of 

the widths of smaller veins (Plates 10 and 11), when observed 

in polished section or under a narrow beam of light; they are 

believed to be the result of slight changes in the orientation 

of the original fibrous material in adjacent layers of the 

• 

wall rock. The formation of slip fibre asbestos from picrolite, 

originally developed through shear stresses could have taken 

place at the same time and in the same 

of cross fibre asbestos. 

The formation of asbestos through these stages would 

be 	 absence of cross-cutting compatible with the almost total 

relations between asbestos veins or of any post-vein movements 

of significance, though,obviously,successive stages of 

fracturing and fracture-fillings almost certainly occurred. The 

initial fillings of amorphous serpentine would have revealed 

these conditions, but fibrous growth in one form or another, 

during one or more stages,has succeeded in masking these cross-

cutting features. 

It is hoped that further work such as has already 

been done with the electron microscope (. Yada, 1967) will 

assist in revealing the basic differences between picrolitic 

chrysotile and chrysotile asbestos that X-ray diffraction has 

failed to achieve. These differences may then help explain the 

reasons why only picrolite occurs, or why it is incompletely, 

converted to chrysotile. Normally, the incidence of banded to 

columnar picrolite veins increases towards the margins of an 

asbestos deposit. Thus it would seem that certain 

physicochemical differences must have existed between the 

center of an ore body and its outer limits. 

manner as the formation 
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TABLE "A" - Summary of the predominant characteristics of the asbestos deposits o 
southern Quebec. 



Fibre Northeast Central 	 Southwest 
Group 	Sector Thetford Black Vimy 	Sector 

Mines Lake Ridge 
Group Group Group 

% 

3 0.35 4.95 2.3 5.9 0.5 

4 3.2 17.8 42.5 33.4 26.3 

5 6.0 34.1 20.3 29.5 8.1 

6 9.65 16.1 8.9 19.4 19.5 

7D 1.6 15.8 8.4 4.3 14.2 

7 79.2 11.2 17.6 7.3 31.5 

Total 5.5 1 7. 5 21.7 10.3  45. 0 

TABLE "B" - Distribution of fibres according to 
length(Fibre Group) expressed as a 
percentage of current production. 



Plate 1 

Asbestos vein replaced by carbonate; crystalline 
growth is across vein between stringers of mag-
netite which mark position of original vein walls; 
X-nicols, x 18. 

Plate 2 

Typical asbestos vein stockwork. 



Plate 3 
Parallel system of gently dipping veins displaying 
'ribbon' structure. 

Plate 4 

Asbestos vein, 3/8 inch wide (at tip of compass), 
accompanied by broad margins of serpentine in par-
tially serpentinized peridotite. Lighter stripes 

are hydromagnesite derived from brucite-rich layers. 



Plate 5 Deeply weathered serpentinized dunite, on left, 
in contact with partjally serpentinized perido-
tite on right; parallel asbestos veins produced 
laminated structure in peridotite, and terminate, 
or fade out, at the contact. 

Plate 6 

Picrolite, on left, grades to silky slip .fibre asbes-
tos; both picrolite and asbestos are composed of a 
mixture of clino- and ortho-chrysotile. 



IOU- 

Plate 7 Layered (or banded) picrolite, displaying cross 
fibre structure, is composed of clino-chrysotile; 
sharp flexures, or discontinuities, occur where 
fibres cross from one layer to another; wall rock at 
lower left is mainly serpophite and magnetite; 
X-nicols, x 18. 

Plate 8 Composite cross fibre picrolite veins cut across 
primary network of serpentine veins; remnants of pri-
mary veins have been preserved in the walls of the 
composite vein; cross fibre in marginal portions 
has common orientation distinct from that of central 
fissure-filled portions; magnetite stringers occupy 
central position in each composite vein; X-nicols, x 60. 
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Plut;e 9 Chrysotile fibres grow outward from micro—fractures 
to farm 'serrated' veins; dendritic pattern achieves 
'mass' fibre replacement. 



Plate 10 
Cross fibre asbestos veins with picrolite inter- 
layered. 

Plate 11 
Reverse side of specimen shown in Plate 10 polished 
to display delicate banding in both asbestos(light 
colour) and picrolite(.Jark); 	left side(speckled 
grey) is wall rock serpentine with magnetite. 
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