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Key map showing the location of
Munro township, District of Coch-
rane. Scale, 1 inch to 60 miles.

. CHAPTER I
INTRODUCTION

The Munro "A" asbestos orebody is located in Munro

Township, 13 miles east of Matheson in the district

of Cochrane, Northern Ontavio. Matheson is 206 miles

by rail north of North Bay. It is also served by

Highway #11 (Ferguson Highway,) being 321 miles north

of Toronto, and also by Highway #101, wvhich will even-

tually run from Timmins, through Matheson, to the

Quebec border, This road is metalled and in good con-

dition from Matheson to the Munro Mine turn-off.

Canadian Johns-Manville Corporation holds 45

claims in Munro and Beatty Township.

The Munro "A"

orebody is in lot 10, concession II, Munro Township,.

The original outcrop of asbestos-bearing serpen-
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tine was first recorded by Hopkins in 1915 and later
by Knight, Ross and Satterley. Henry (1951) has gi-
ven a detailed description of the history, geology
and development of the orebodied of the Munro Mine,
The occurence in lot 10, concession II, was brought
to Hendry's notice in 1948 by Alex Heffen of Swasti-
ka, Ontario, and after an examination by K.V, Lin-
dell, Manager of Canadian Johns-Mainville's Jeffrey
mine in the Eastern Townships, Guebec, the company
acquired claims and started drilling,

Exploration by diamond drilling on what is now
the "A" orebody commenced on March 25, 1949 together
with a magnetometer survey of the company's claims,

A total of 21,394 feet of drilling was carried in
outlining the body in addition to 65,800 feet more

in tracing the serpentinised sill westwards in Munro
and Beatty Townehips. A 314 feet shaft was sunk and
2,972 feet of cross-cutting were done on the "C" ore-
body two miles west of "A" orebody in 1951, and a
bulk sample of 11,000 tons was milled at the Munro
mine, A plane table survey was carried out on the
"A" orebody in 1951 and Henry brought out the first
detailed map (scale 1 inch-200 feet of the orebody

in 1951, Since exposures around the orebody were
initially limited to two large outcrops at the'west
ends of the body, no further work was done until
September 1953, when open-pitting had reached a depth
of nearly 200 feet and exposed most of the rock types.
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During this date a detailed map on a scale of 1 inch-50
feet was completed by means of a plane table., The mi-
ne survey points and a 1 inch - 50 feet development

plan were used as a control for the mapping.

SCOPE_AND AIM OF THESIS

The 50' scale map, prepared by the author, (Figh)
has revealed a number of unusual features in the rock
types and structure of the "A" orebody overlooked by
previous workers. This thesis presents a revision of
current ideas on the general structure and petrology

of the orebody.

The detailed structural relations of the rocks,
although plotted on the map, have not been fully out
worked out due to lack of time while in the field,
but are presented in a general fashion. A study of
the detailed relations between serpentinite, asbestos
veins and magnetite is being undertaken by the present
mine geological staff,thus, attention was concentrated
on the contacts of the various rock types and on the
distribution of the major shears and slips in the ore-~
body.

A suite of specimens representative of the gene-
ral rock types present has been studied. Another sui-
te, representing the rocks from the top of the sill
down into the underlying volcanics, has also been stu-

died to fing out the mode of intrusion of the sill
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composite,

Conclusions, based on this study, are drawn as to
origin of the rock types and their subsequent altera-
tion.

PREVIOUS GEOLQGICAL WORK

" Munro Township was mapped first in 1911 by A.G.
Burrows and by Hopkins and Greenland in 191%, Knight,
and others, presented a report on the various mining
properties, Martin presented a paper to a meeting of
the Prospectors and Developers Association on the Por-
cupine area in 1946, Satterley described the_geology
of Munro Township and presented a detailed map in 1951,
and details of the Munro mine are given in a report
by D.F. Hewitt and Satterley in 1953. Hendry gives
the history, development and detailed geology of the
mine in 1951,

CHAPTER IT

TOPOGRAPHY AND DRATNAGE

The surface features of Munro Township are large-
ly controlled by the Pleistocene glacial and glacio-
fluvial deposits. Most of the township is underlain
by claYs deposited on the bottom of glacial lake
O0jibway-Barlow, the shore of wich extended north-south
through the centre of the township. The Precambrian
rocks projet through these deposits., These rocks for-
med islands in the lake and around them beaches and

bars of sand and pebbles are preserved,
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The eastern third of the township is covered by
outwash glacio-¥luvial deposits which form eskers, un-
draineé depressions, kettles and two large lakes., The
glacio~fluvial deposits have been reworked by wind to
give sand dunes and sand plains, Movements of ice was
from 26° - 43° E (Satterley 1951).

Recent deposits consist of extensive accumulations
of peat in the swamps,

The general elevation of the area is 1000 feet
above sea-level, the swampy areas and depreséions in
the sand deposits being generally lower and the rock
outerop higher than this elevation. The highest iso-
lated hill is Centre Hill, to the northeast of Munro
mine, with an elevation of 1,273 feet above sea-level,

The height-of-land on Munro Township is formed by
the glacio~fluvial deposits on the east side of the
. township with the main drainage to the lowlands in the
west, but also some to the north and south, The streams

have cut deeply into the deposits.

GENERAL GEQLOGY

REGIONAL
Munro township forms part of the Abitibi Peridotite
belt which extends from Reaume Township in the west to
Halloway Township in the east, a distance of 80 miles,
The bedrock formations of the township are all Precam-
brian in age, \

The oldest rocks are sediments and volcanics, the
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sediments occuring in'the southwest corner of the
township. These sediments and volcanics have not been
termed Keewatin or Temiskaming since the sediments we-
re found to be interbeddéd with volcanies in Guibord
township to the south by Prest (1951), and aresepera-
ted from the volcanics by a strike fault in Munro‘
township,

The volcanics and sediments are cut by four ages
of intrusives. The intrusives are basic and ultra-
basic sills and sill-like bodies. Since the age of
the sediments and volcanics has not been established
it is unknown whether untrusives are post-Keewatin and
pre-Temiskaming or post-Temiskaming,

Small bodies, sills and dikes of dioritic and
lamprophyric composition have been called Algoman(?).
Numerous north-south dikes of diabase have been as-
signed to Matachewan ({) age, while a quartz diabase
dike is placed in the Keweenawan, The following is a

table of formations taken from satterley's report (1951).

TABLE OF FORMATIONS

CENOZOIC
RECENT Windblown sand (dunes), stream
deposits, peat.
Pleistocene Sand, gravel, boulders, boulder

clay,varved clay (?), silt,
windblown sand (dunes).
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GREAT UNCONFORMITY

PRECAMBRTAN

Keweenawan (?) Quartz diabase

Matachewan (?) Quartz diabase, diabase

Algoman (?) Quartz diorite, felspar
' porphyry, felsite, lampro-
phyte

Haileyburian (?) Diorite, diabase% gabbro,
. e

peridotite, duni (serpen-
tinised), pyroxenite

INTRUSIVE CONTACT

VOLCANICS  FRhyolite, rhyolite agglomerate and tuff,
andesite, basalt, pillow lavas, diabasic
lavas, spherulitic lava, fragmental lava
(flow breccia),, tale-chlorite schist, car-
bonate-chlorite schist, actinolitised and
chloritised lavas.,

FAULTED CONTACT

SED IMENTS  Graywacke, argillite, arkose, conglomerate
SED IMENTS
The sediments, considered to be the oldest rocks
in the township, are mainly well-banded or very fine-
grained graywacke with interbeds of argillite, arkose
and rarely conglomerate., Owing to the large scale
faulting the beds have been moderately to intensely
carbonatised or sericitised in places.,
VOLCANICS
The volcanics are well exposed in two belts tren-
.ding N 50° - 70° W across the southern half of the

township and are separated from each other by the north-
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westerly trending Munro fault zone.  There is a general
progressively increasing acidity of the lavas from the
volcanics sediment contact toward the Munro sill, and
spherulitic basalt flows are followed by a belt of.ba-
sic to intermediate pillow lavas showing excellent flow
breccia tops. A band of rhyolite follows and trends
northwest into Beatty township, where it interfringes
with the basic flows. The Munro "A" orebody is under-
lain to the south by lavas indentified as dacites, and
overlain by basic types. The band of volcanics to the
north of the Munro fault zone may or may not represent
a continuous series with the band to the south. This
band consists of basiec and intermediafe types showing
good pillow structures and flow breccia tops. At the
Munro mine a band of sheared graphitic slate on the
north side and a teddish-brown slate into the sill on
the south side seem to indicate that there are narrow
or discontious bands of sediment interbedded with these
volcanics, and that these bands were favourable hori-
zons for theintrusion of the peridotite sills.,

Rock types derived from the bésic lavas by tresses
associated with strike faulting or by contact metamor-
phisim by the intruding basic and ultrabasic sills in-
clude talc-chlorite or chlorite-carbonate schist, and
the development of radiating masses of actinolite adja-
cent to flow contacts or in blocks included in the sills.
Much of the diabase associated with the sills has also

developed actinolite or hornblende,
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INTRUSIVES

Satterley (1951) described the basic and ultra-
basic sills as follows::

"Large and small lenticular, discontinuous sill-
like bodies of ultrabasic and basic intrusives of Hail-
leyburian type cut the volcanics and are cut by Algoman
(2) dikes, and Matachewan (?) and Keweenawan (?) diaba-
se dikes, The intrusives range in composition from du-
nite through peridotite, pyroxenite, diabase or gabbro,
to possibly diorite., Intrusive evidence is limited,
since most of the bodies are sills, but was found in
several placess a block of basic and acid volcanics in

the diabase; tongues of diabase projecting into the pil

low lava, and the diabase chilled against the lave for
20 feet; diabase intrudes flow breccis; peridotite con-
tains inclusions of actinolitised lave up to 10 inches
acrossy inclusions of acid lava from 1 to 20 feet across
in pyroxenite. Inclusions of rhyolite agglomerate were
noted frequently in basic intrusives adjacent to bands
of that rock.

The intrusives are massive and show little or no
shearing., Some of the peridotites are shears. and frac-
tures but much of this is thought to be due to the pro-
cess of serpentinisation,

The peridotites and dunites are fine to medium-
grained, dark grey, green, greenish-black to black rocks

vhich may weather earth~brown, reddish-brown, greyish-
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white or white. The surfaces of many exposures are
very soft, since many of the rocks are largely or com-
pletely altered to serpentine, Many fractures or slips
contain veinlets of chrysotile or picrolite., The origi-
nal olivine is now largely altered to a mass of antigo~
rite fibres and magnetite veinlets and dust. Pyroxene
is present in variable amounts, there being all grada-
tions of rock from dunite to peridotite.

The pyroxenites are massive fine to medium-grained
pale-green rocks., They are particularly well exposed
in the Centre Hill Complex,

The basic intrusives are identified as quartz dia-
base, enstatite diabase or gabbro, and possibly diorite,
They are typically brown to reddish-brown weathering,
massive fine to medium-grained rocks which are dark--
green to grey-green on fresh surfaces. In thin section
under the microscope they are found to be moderately to
intensely saussuritized, amphibolitised or chloritised.
These diabases are so similar to the coarse flows of the
volcanics, and even to the Matachewan dikes, that indivi-
duel exposures showing no relations may be unidentifia-
ble.

Small pods or lenses of sulphides occur along the
contacts with the lavas,"

Algoman intrusives, consisting of a few small mas-
ses and a large number of dikes and silis of felsite,
porphyry and lamprophyre, cut the volcanics, sediments

and basic and ultrabasis intrusives., They are in turn
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cut by dikes of diabase or quartz diabase assigned to
Matachewan (?) age. A large dike of quartz diabase
thought to be of Keweenawan age strikes north-northeast

across the northern third of the township.

Alterations
Carbonitisation and sericitisation are common se-

condary alteration effects which affect all the Pre~
cambrian rocks except the Metachewan and Keweenawan dia-
bases. Most carbonate bodies are found associated with
the large strike faults in the township. These metaso-
matic effects are attributed by Satterley to the action
of solutions derived from the same magma which produced

the Algoman intrusives,
STRUCTURAL GEOQLOGY

The interpretation of structure in the township
is based on the determination of tops by means of pil-
lows in volcanics, AAlso off-setting of contacts of the
basic and ultrabasic sills and the differentation of
these sills supply useful information. Drilling and geo-
physical surve&s provide additional data. Bodies of car-
bonate rock are commonly associated with faults. Topo-
graphic features, gullies, swamps, scarps are also used

to put in faults

Folding: The basic and ultrabasic rocks in the
northern half of the township are part of a large syn-

- ¢linal fold known as the McCool Hill syncline,
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An anticlinal and synclinal axis are indicated in
the volcanics between these rocks, and the Munro fault
zone to the southwest., The sill to the south of the
Munro.  fault zone on which the Munro mine is located dips

to the northeast.

Faulting: The major strike faults trend N 50° W- 70° W
and are vertical as far as is known, No information is
as yet available about the displacement along the faults.
They are branches of the main regional Porcupine-Destor
fault which is in turn associated with the large Cadil-
lac break, From southwest to northeast the faults are
known as the Contact, Munro,Camrose, Centre Hill and
Potterdoal faults. The Munro mine lies between the Con-
tact and Munro faults.

Numerous cross faults which are indicated by
scarps, gullies, valleys, rows of vegetation on outecrops
and displaced contacts, occur roughly at right angles
to the strike faults, They generally displace the stri-
ke faults, The nature of the movement is gene¥ally ro-

tational,

MINE GEOLOGY

GENERAL

The Munro "A" orebody is developed in part of a
differentiated basic‘to ultrabasic sill which starts in
the southeast corner of Munro Towﬁship and extends for
3% miles in a direction N 65° W - 70° W into adjoining
Beatty Township., The sill is 900 feet thick at its east
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end and thickens to about 1,000 feet in the vicinity
of the Munro-Beatty township boundary., At the "A" ore-
body it is about 650 feet thick.

On the north and south the sill is bounded by in-
termediate and basic volcanic rocks. They are dacitic
to andesitic on the south and andesitic on the north.
The south contact is well exposed, but due to more in-
tense shearing of the volcanics on the north there has
been deeper scour by ice and a thick covering of drift
obscures contact relations,

In the drilling programme carried out by Canadian
Johns=Manville in 1949-50 none of the holes drilled
northwards was extended to penetrate the volcanics on
the north contact of the orebody and the dip of the sill
was taken from borehole data on the serpentinite-dacite
contact on the south side of the sill, Hendry (1) sta-
tes thaf the dip is steeply to the south, but replotting
of drill hole data has shown the sill to have a steep
dip to themorth. Fig, 5a & b ), Pillows in the dacite
to the south of 'B' orebody show tops north, thus con-
firming a northerly dip,

The sill consists from north to south of a gabbroic
band followed by a discontinuous band of coarse-or me-
djum-grained pyroxenite,and this 1s succeeded by a band
of moderately serpentinised pyroxenite in which crystals
of pyroxene are visible in a dense, black serpentinised

groundmass,
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In an outerop on thenorthwest side of the orebody
where the gabbro band is thickest, a sheared graphitic
slate is present between the gabbro and a dense dark-
green sheared amphibolitised andesite to the north. This
andesite in thin section shows an intergranular texture,
and consists of gfeen pleochroic actinolite, plagioclase
laths, which are largely altered to zoisite, and small
patches of radiolitic chlorite. To the north of this
andesite a tongue of quartz gabbro and pyroxenite of
thickness occurs. These rocks are medium-grained red-
weathering and contain angite and pigeonite, rimmed with
needles of actinolite, plagioclose and chlorite, and a
granophyric intergrowth of quartz and albite, And the
contact with the altered andesite a 15 foot band of fi-
ner-grained pyroxenite is present. It consists of py-
roxene rimmed with actinolite and large crystals of
chlorite set in a groundmass of fine needles of actino-
lite and serpentine. The quartz gabbro and altered py-
roxenite are considered to be a tongue of the sill which
was squeezed into the andesite during intrusion of the
sill, and that this tongue subsequently differentiated
into the more basic pyroxene-rich rock and quartz gabbro.

The ultrabasic highly serpentinised portion of the
sill to the south of these bands consists of black or
greenish-black serpentinite which is fine to medium-
grained. This band varies in width from320 feet to 580

feet and is bounded on the west by a cross fault local-
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ly known as the John's fault, and on the east by a half-
moon shaped body of talc-carbonate rock which thickens
in depth.s This rock passes by stages unaltered ser-
pentinite. The shape of this talc-carbonate body is si-
milar to the form of talc-carbonate rocks associated with
the ultrabasiec intrusives near Rochester, Bermont.

In the centre of the sill is a body of light-green
granular serpentinite in which most of the asbestos mi-
neralisation occurs. A smaller body of the light ser-
pentinite buhs up against the John's fault on the west-
ern side of the orebody. There is no matching portion
of this light serpentinite in the "B" orebody on the
other side of the fault.

A narrow bands of pyroxenite and moderately serpen-
tinised pyroxenite 1s present between the serpentinite
and dacite on the southest part of the orebody. Also
included in this portion of the sill is a xenolith of
dacite which has been metasomatically dtered the ser-
pentinising solutions to give hybrid rock types which
will be dealt with in more detail later,

Discontinuous pyroxenite dikes, now largely albered
to prehnite, trend in a north-south direction through
the orebody. They are contorted and pinch and swell
considerably along strike., (Plate I) Later shearing

offsets them in orebody. They vary from a few inchés

up to about 6 feet wide,

Two discontinuous diabase dikes, one 3 feet wide
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PLATE I

Prehnite dike in medium serpem-
tinite. 915' level, south side
pit, west end. Note contorted
nature of dike, Nov, 1953,

PLATE 11

Two diabase dikes on the 915' le-

vel, north side pit. Note shear on
right, Nov. 1953.



PLATE IIT

Diabase dike (12!') wide) in talec-
carbonate rock on 950' level, north
side pit. ©Shows alteration zone

in the tale-carbonate rock., View
looking north, Nov, 1953..

(17)




PLATE IV

Porphyritic lamprophyre, 950! level
north side pit. Large phenocryst of
actinolite in a groudmass of actinoli
te and plagioclase (twinned).

Crossed nicols X 4O,
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and the other 15 inches, pass through the centre
of the orebody in a northerly direction. (Plate II)
They are considerably faulted and sheared in the mid-
dle of the orebody, both with change in dip and stri-
ke. A 12 feet wide diabase dike cuts through the
talc-carbonate rock on the east side of the pit and
"has baked this rock for a distance of about 18 inches
on either side of the contact, (Plate III) The pyro-
xene in the central diabase dikes is pigeonitic (2V-
420 V). while in the larger dike all the ferromagne-
sian minerals have been converted to serpentine.,

Cutting through the xenolith of altered dacite
on the south of the sill is a porphyritic lamprophre
dike consisting of an intergranular groundmass of
plagioclase and actinolite in which are scattered
large phenocrysts of actiniolite some partially or
wholly chloritised and showing excellent 'sieve struc-
ture!', (Plate IV) Calcite is present sparingly. This
dike, which 1is 6 feet wide, and is displaced small
;mounts by strike faults, was not traced into the ore-
body, but a random specimen taken in line with the
strike of the dike on the opposite (north) side of
the orebody showed that it is present here also but
is sheared and shattered by faulting in the orebody
and is thus not seen there, The diabase, prehnitised
pyroxenite and lamprophyre dikes are extremely diffi-
cult to trace in the serpentinite, and many of the

smaller ones may hawve been missed while mapping.
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Veins of calcite occur liberally in all the rocks
of mine, but are especially concentrated near some of
the larger shears and also near the talc-carbonate
rock on the eastern side of the orebody. In the gab-
bro the carbonate veins are essentially horizontal and
have an ‘asbestiform' structure., (Plate V) This is
believed to be due to peculiar stress conditions ope-
rative at the time of formation of the calcite veins.

A series of quartz-amphibole veins assume the same in
the gabbro in the north central part of the orebody.

The peculiar 'asbestiform' structure of these and cal-
cite veins is considered by the author to be of signi-
ficance in any theory concerning the origin of asbes-
tos, In the Woman River area 90 miles southwest of
Timmins the presence of 'asbestiform' calcite, Quartz

or epidote veins in volcanics was used by the auther

as a first guide to localising favourable areas in which
to prospect for asbestos deposits. Any serpentinite
found in such areas contained asbestos, Where the veins
were massive in the surrounding rocks no asbestos was
developed in the serpentinite, There is no evidence on
the Munro mine or in any of the rocks of the Woman Ri-
ver area that this is 8 replacement phenomena,

A resinous light-green serpentine is present along
all the joints and shears in the serpentinite. This is
known as 'slip serpentine', In thin section it is seen
to be composed of a aggregate of chrysotile and some an-

tonite which shows contortion and faulting due to post-
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PLATE V

'Asbestiform quartz veins in me-
dium-grained gabbro., 950' level,
north side pit, central, View

looking NW, Nov, 1953,
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consolidation movement along the slips and shears.
Associated with this mineral to some extent 1s a
light green or greenish-blue fibrous mineral of the
serpentine group called picrolite.

In the north central part of the orebody many
of the shears have a coating of sulphides pyrite and
chalcopyrite occassionally on the shear faces, the
pyrite in well crystallised idiomorphic crystals.
Chalcopyrite is present sparingly. A fragment of the
medium serpentinite near the south contact of the sill
was found to contain small quantities of garnierite,
Most specimens of serpentinite when crushed and run
through the Vreeland spectroscope showed lines for
chrome.

On the northeast side of the sill irregular
patches of ampfibolitised pyroxenite hornblendite
are present in the pyroxenite. It is impossible to
say whether this band of rock, which is in immediate
contact with the gabbro, is a fine-grained intrusive
rock or a recrystallised volcanic rock, Most of the
pyroxenes are pigeonitic which would favour a volca-
nic type rock, as Hess (1) has shown that rapid cool-
ing favours the development of pigeonite, but pigeo-
nite may also occur in quickly cooling plutonic rocks.
In the field the pyroxenite was separeted from the gab-
. bro on the basis of visible plagioclase, but after
thin section study it is found that much of the rock

labelled pyroxenité& on the map contains a good deal of




PLATE VI

Pyroxene altering to serpentine
(dark) and actinolite (meshlike
mineral)., 980' level, north side
pit, east dentral end, Crossed
nicols X 10.
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plagioclase and the two rocks are thus gradational,
The pyroxenes are moreover of similar composition as
determined from 2V measurements on the serpentinite
and the pyroxenite grades into the gabbro they must
be consanguinous and the pyroxenite will be designated
és part of the sill., The amphibolitisation of the py-
roxenite produces a hornblendite, which in the field
is practically indistinguishable from a peridote. The
small irrehular areas of peridotite shown in the north-
east part of the map, have been found as a result of
thin section study, to be hornblendite. The rock con-
sists of an interlocking mesh of actinolite and brown
hornblende with a sprinkling of magnetite dust.(Plate VI)
The gabbro in this region also ahows a marked degree
of saussuritisation with all the plagioclase converted
to a radiolitic ehlorite with a little zoisite, and
other pyroxene crystals converted mainly to serpentine
and a 1ittle amphibole, (L) Superimposed on this saus-.
suritisation which is contemporaneous with serpenti-
nisation as will be shown later, is the later steati-
tisation and carbonitixation, and small clusters and
flecks of brightly polarising talc and masses of mag-
nesium carbonate replace the earlier minerals, Small
areas of micro pegnatitic quartz are also present but
are unaffected by alteration,

The dacites on the south contact of the orebody
show very little thermal or hydrothermal alteration

expept for the xenolith and one other small outcrop
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where a narrow zone of tale shist is developed at the
serpentinite-volcanic contact., This is due to the
phenomenon of metamorphic differentiation described

by Phillips and Hess (1936 p. 337, which is a natural
consequence of the chemical potential difference sut up
when ultrabasic and silicious rocks come into contact,
Talc and chlorite develop at low temperatures and acti-
nolite and biotite at higher temperatures., A necessity
for such metamorphic differentiation is a free channel-
way for migrating hydrothermal solutions which is pro
vided either by a highly sheared rock or by an undula-
tion in the contact between the two types., Where no
channelway is present no alteration occurs due to the
low temperatures prevailing in an ultrabasic intrusion.
No talc is gdeveloped on the southern contact of "B"
orebody with the dacites but there are patcres of this
rock on the north contact, a phenonenon which os now-
here seen on the north contact of the "A" orebody por-

tion of the sill,

STRUCTURAL GEQOLOGY
Under this heading will be described the salient fea-
tures of the orebody in relation to the deformation
which it has suffered with explanations for some of the
features observed.

(Fig. W)
Faults: A study of the map (Fig. 4) will show the host
of faults, joints and shears which divide the serpenti-
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nite into innumerable blocks and slabs. Dips vary
from vertical to nearly horizontal, Fault traces
are relatively straight or strongly curved. During
the mapping only the more obvious and stronger shears
were put in and those shown are by no means representa-
tive of the faults actually present, The dividing up
of the orebody is further completed by a system of
Joints; vertical, horizontal and inclined.

As elsevhere in Munro Township the major recogni-
sable faults are those which trend acroes the strike
of the formations and which displace marker horizons.
No idea of the magnitude of displacement is obtained
from intensity of fracturéng of the serpentinite, A
fault may pass frem a single fault plane by stages in-
to numerous closely spaced shears extending over a zo-
ne and then bifurcate into a series of shears which
gradually diverge and die away. It is thus extremely
difficult to trace any fault into the serpentinite with
any degree of certainty. In many instances, along an
apparently strongly sheared 2zone, no displacement of
marker horieons has occurred. Most of the larrer faults
die out rapidly in passing from serpentinite into vol-
canies or gabbro, Thus faults with large displacements
appear as thin and apparently weak shears when traced
into the surface outerops of country rock around the
edge of the pit,
Cross fractures: During the initial geophysical sur-

vey and diamond drilling programme cross fractures
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with strikes varying from north to northeast and dis-
placements ranging from 50 feet to 600 feet were indi-
cated according to Hendry (1951). The plane table sur-
vey showed that there are 7 major cross faults on the
north side of the orebody and that some of the faults
on Hendry's map are mislocated, Fault zones which ap-
pear strohgly developed along the edges of the orebody
could not be traced into the orebody itself due to their
habit of !'faming' out in the serpentinite. 1In a few
cases these zones were correlated with similar zones on
the opposife side of the orebody but it was generally_
considered inadvisable to do so.

Movements and slip components on the faults are
difficult to define due to many recurrent movements
since the inception of the faults. Slickensides, crag-
and-tail, mullion structure and plucking are sommonly
present on most of the shears, but only indicate the
last slip component along the shear, Drag foids are
associated with two faults; the fault which defines the
western end of the orebody (Johns!fault) and the north-
east trending fault in the centre of the orebody. In
this latter fault drag 1s developed in the pyrozenite
on the hanging wall of the fault on the 950 feet level
and indicates that the hanging moved directly up the dip
i.e., the fault is a reverse fault. (Plate VII) Drag
is a good criterion for difinition of absolute movement
along a fault but is so rarely developed that it could



PLATE VII

A northeast trending cross fracture
915" level, north side pit. Sheared
pyroxenite left (light=grey), perido-
tite right. Note drag folds in the
pyroxenute, Hanging wall has moved
directly up the dip.

(Length of section approx, 20')

Photo Nov, 1953,
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not be used generally, Displacement of calcite or as-
bestos veins was used occasionally, Displaced calcite
veining in the gabbro was found useful to work out di-
rections of movement.

The diabase, prehnitised pyroxenite and lamprophy-
re dikes were intrude at a later stage into these cross
fractures, Since the large dike on the eastern side of
the orebody bakes the talc-carbonate rock, it must be
post-steatitisation and hence post-fibre formation as
Hess (1933 p 637) has shown that steatitisation always
succeeds serpentinisation, On this premise the two dia-
base dikes in the central part of the orebody are post-
serpentinisation.

The lamprophyre dike on the southwest side of the
orebody has produced steatitisation of the peridotita.
This may be due to a process of metamorphic differen-
tiation due to a difference in composition befween the
dike and the peridotite.

The prehnitised pyroxenite dikes are autoinjections
of basic material into the partially consolidated sill
as is evidenced by their nature of pinching and swelling
and contortion, moreover their north-south strike is an
indication that the stress distribution which gave rise
to the present fracture pattern was already established
at this time., The serpentinite for about 1 inch on
eithet side of these dikes is converted to a dense, dark

apparently colloidal material which is similar to that



PLATE VIII

View from dacite xenolith on surface
on SW side of sill looking NE. Shows

a strike fault in the medium serpenti-

nite, On the floor of the pit (840')
level is light franular serpentinite.
to the left of the trucks on the level
above (880'Q) is medium grained gabbro
(light) and to the right is medium
serpentinite,

NOV. 19 5'3.
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observed by Cook (1937a p 82) associated with fels-
pathic dikes in the Eastern Townships.
Strike Fault: Faults of fault zones trending with

the length of the orebody are numerous, but in only
one was the displacement measurable, This shear, on
the northeastern side of the orebody displaces the dia-
base dike 30 feet and is a tight-handed fault. In pas-
sing into the serpentinite it 'fans' out into a maze
 of shears which are lost in the orebody.

In a zone extending 500 feet west of o400 on mum-
ber 2 baseline and 50 to 200 feet north of this line,

a number of the larger strike and cross faults inter-
sect and there is extreme shattering, contortion and
grinding of the serpentinite, This zone is coincident
with a notable decrease in the tenof bf the asbestos.

- The inclusion of altered dacite on the southwest
side of the orebody acted as a buttress during the
faulting and is a mass of intense shearing and fractur~
ing, the faults curving round the block in a definite
pattern up to 250 feet north and east of the block.
(Plate VIII)

A strongly developed shear zone on the southeast
side of the orebody could not be traced for any distance
and no idea of the magnitude of the displacement 1is avai-
lable.

Joints: The serpentinite body end associated rocks to
the north, are fractueed by a well developed joint sys-

tem., The stronger joints trend N 70° with the length of
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the orebody and dip vertically, but a less conspicuous
set 1is developed at right angles to this. The surfaces
of the joint planes are straight in distinction to thre
curved surfaces of the shears., (Plate IX) Joints are
also developed in other directions and have variable
dips, The strike of the joints changfes in passing from
one rock type to another as is exemplified by the dike
on the east side of the orebody where the jointing chan-
ges strike in passing from the serpentinite into the dyke

There has been slight movemén& along many of these
joints as shown by slickensiding and displacemént of
asbestos veins.

Age of Faults and Joints: The faults are of two ages--

(1) Pre-Ore The fault filling is tightly cemented to
. the walls., The faults are thus 'closed’,

(2) Post-0re The shear planes are open and slicken-
sided.
These faults are termed 'open'.

(3) Joints are all post ore and post 'open'! faults as
they cut across all the existing faults.

Many of the 'closed! type pre-ore faults have had
recurrent movement along them and have changed to the
'ppen' type. Thus most of the faults are compound in
origin and combine featuwres of both (2) and (1) above.

The cross and strike faults appear to be of the
same age and the one set of fracture is not displaced by
the other,

Asbestos Veinss A detailed statistical study is at

present being carried out on the Munro mine by the geo-
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PLATE IX

Highly sheared medium serpentenite
View looking south, 915' level, east
end pit, Note the curved nature of
the shears, Nov. 1953.
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logical staff to establish distribution and trend of
fibre veins. During the course of preparing the map

a relation between size of vein and trend was noticed,
(1) Veins of 1/8 inch and less mainly trend N 70° with
the orebody and dip vertically with a less well-deve-
loped set at right angles to this,

(2) Veins of 1/8 inch or greater are predominantly hori-
zontal or have low dips,

These are the major sets of veins, There are many
variations to this pattern and veins may trend in any
direction and have any attitude.

A well developed 'ribbon zone' of horizontal veins
is present in a small area of the light serpentinite on
the extreme northeast tip of this body.

Asbestos veins are of the one fibre or the two or
more fibre types, The two types are evenly distributed
through the orebody. The break or breaks may occur along
the centre or on either side of the veins and are conti-
nuous or irregulér. The partings are filled with magne-
tite or serpentine,

The magnetite occurs in 4 prineipal ways:

(1) As well crystallised grains, often in nearly perfect
octahedra evenly distributed through the fibre and cutting
it.

(2) As small, usually well defined undulatory sheets

which cut the fibre horizontally. In addition there are
loose magnetite grdins scattered on either side of these
sheets and diminiching away from the sheets,

(3) In some cases there is a concentration of fine-grained
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magnetite on one side of the vein diminishing away
from the vein. On the opposite magnetite-free side
the fibres have a sharp contact with the host rock.
() As solid veins of granular magnetité of limited
lateral extent occuring with the asbestos veins,

Vermaas (1952 p., 222) has postulated that fibre
growth takes place from the magnetite-free towards the
magnetite-bearing side, and the growing fibres tend to
expel magnetite away from the direction of growth. This
would mean for example, that in the two fibre type of
vein growth of fibre took place from both walls inwards,
expelling magnetite towards the centre. More complex

conditions hold for the three or more fibre types.

CHAPTER IITI

PETROGRAPHY
PYROXENITE

Three bands of pyroxenite are associated with the
sill,
(1) A northern band df unknown thickness which pinches
out against the John's fault on the western side of the
orebody. This band is thickest in the central partof the
sill where the serpentinite is thinest and where the ma-
ximum amount of faulting occurs., Its thickness may be

due to repetition by faulting. It is probably a lenti-
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PLATE X

Tale schist at contact between da-
cite (at hammer head) and serpen-
tinite (black)., View looking east
on 915' level, south side pit, east
central end, Note sharpness of
contacts. Nov. 1953.
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cular body as deduced from the limited exposures avail-
able,

(2) A narrow lenticular band of partially serpentinised
pyroxenite emtends 500' east from the John's fault and

is separated from the northern band by gabbro., This

band averages 10 feet in width, Associated with it is a
fairly highly serpentinised part which has been called
'peridotite' on the map., East of the second large cross
fault serpentinite is in direct contact with gabbro and
the pyroxenite is absent, Near the eastern of the ore-
body irregular lenses of pyroxenite in the ébbro pro-
bably represent this same horizon. The grain size of
this band 1s variable, and the pyroxenes. may be over 1
inch ih length., The rock is generally friable and Wil-
liams (1890 p. 35) has cited this as suggestiwe of the
origin of the crystals by settling in connedtion with the
pyroxenites associated with gabbro in Maryland.

(3) A narrow lenticular band of partially serpentinised
pyroxenite on the south contact of the sill with dacite,
This extends from the John's fault approximataly 400 feet
east and is about 5 feet thick., South of the dacite xe-
nolith irregular narrow bands of pyroxenite are present
in the serpentinite to the north of this band. ZEast of
the xenolith the band was traced& for about 80 feet until
it disappeared beneath sand., It may possibly extend a few
hundred feet more to the east, At a contact between the
serpentinite and dacite 400 feet east of the last outecrop

of pyroxenite, talk shhist takes the place of the pyroxenite,
Plate X
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PLATE XT

Felspathic pyroxenite, 980'level,
north side pit, east central end,
Shows pyroxene (dark-grey, rough
surfaces) with interstitial plagio-
clase, Note slight undulose éxtinc-
tion of pyroxene grain in centre.
Crossed nicols X 22,
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Description: The rock is ezigranular hypidiomorphic
with euhedral crystals of pigeonite, angite and enstatite
in a serpentine, chlorite, actinolite and occasionally
plagioclase (An 35) base.(Plate XI) Small amounts of
magnetite occur as segregations along the pyroxene clea-
vages and as disseminations in serpentine (bastite)crys
tals. The amount of plagioclase 1s variable and gra-
dations through felspathic pyroxenite to gabbro occur,

The average pyroxenite has a grain size of 0.7 mnn
and is thus medium~grained. A modal analysis everage

for three slides gives.

Pyroxene 65%
Amphibole 224
Serpentine 7%
Chlorite 5%

Plagioclase, magnetite 1%

Total 100%
Pyroxene: . The pyroxene belongs to the clinocenstatite
diopside series, and there are 3 prominent types as de-

termined on the universal stage::

1, Pigeonite with 2v-L440
Z>C-340

this corresponds bo an approximate composition of diop-
side 56%, clinoenstatite 44% (Winchell '933, p. 223)

2. Augite with 2V -54%
Z€- 36%

approximate composition is diopside 74%, clinoenstatite

20%
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These two types are distinct and there are no
varieties with intermediate 2V's,

3. Enstatite with 2V - 740 and parallel
extinction which contains approximately 6% of the fer-
rosilite molecule.

The great majority of the pyroxenes are twined,
contact twins being common with occasional polysynthe-
tic twins, Enstatite is rare, probably due to the fact
that it would be the first mineral to alter bto serpen-
tine,

Alteration: The alteration of the pyroxenites is asso-

ciated directly with the serpentinisation of the silil,
The mode of alteration and the attendant end products
are dependent on the original composition of the pyroxe-
nes and the temperature conditions prevailing at the time
The extent of alteration has been governed by availible
channelways for migration of hydrothermal solutions.

In process of serpentinisation and steatitisation
Hess (1933 a and b) recognises two types of alteration
of the ultrabasic rocks and the surrounding rocks.
1) In a closed system the presence of solutions merely
facilitates the recrystallisation of the rock to minerals
stable at the prevailing temparetures,

Z) 1In a open system the solutdions attack the ultrabasig-

mass along the contacts and fractures causing local al-
teration to a talc-carbonate rock. A part of the mate«

rial will turn into solution and be redevosited in the
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neighbourhood (solution principle of Escola),

A typical succession of characteristic minerals,
with talec as the end proéuct, may be found, Starting
with olivine and pyroxene the following succession of
minerals, leading to soapstone, is found: hornblende--
actinolite-- chlorite-- tale--carbonate, This altera-
tion may stop at any stage and repersents minerals
formed at progressively decreasing temperatures. Addi-
tion of silica from outside sources is necessary. Daly
(1933) has shown, by the averake composition of the
igneous rock, that no ultrabasic rock types, even dunite,
is entirely free from calcium. In the scheme presented
by Hess, if the rock has passed the hornblende stage,
actinolite (tremolite) will form in the presence of a
calcium content, If al 203 is present also, and it in-
variably is in pyroxenes, chlorite will form,

A study of thin sections of pyroxenite from various
parts of the mine has revealed all stages of alteration
up to the chlorite stage, and in special cases (near
.fractures and contacts) up to the talc-carbonate stage.,
None of the pyroxenite is entirely free from alteration.

The mode of alteration has been of either the closed

system or open system type.

Closed systems this is the pervasiva type of alteration
affecting the pyroxenite generally and leading to rocks

with varying amounts of actinolite, chlorite, serpentine

and hornblende,
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PLATE XIT

Tale-tremolite schist. From dragfolded
pyroxenite., 950' level, north side pit
central portion. Talc(roughened white
areas) and tremolite ( smakth white areas)
are set in serpentine (dark)

Crossed nicols X 22,
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a. The initial stage is characterised by small needles

of actinolite(tremolite) growing off the pyroxene crystals

with small areas of chlorite and serpentine betweep the

pyroxenes.,

b, In the final stage and almost pure hornblende rock

consisting of pseudomorghs of hornblende after pyroxene

is developed., The name hornblendite is proposed for this

rock which forms isolated oddeshaped bodies in the pyro-

xenite north of the gabbro band, On the map the rocks

marked as 'peridotite' on the N,E., side of the sill have

been found to be hornblendite., The general name Perknite

as used by H.. W, Turner is thus appropriate for the pyro-

xenite and associated hornblendite,

Open systems near large shears where solutions have cir-

culated freely the pyroxenite has been altered to a sheared

talc-carbonate or talc-tremolite (actinolite) rock,

(Plate XII) Wik (1953 p. 45) has given equations which

illustrates the conversion of pyrozene to talc and tre-

molite, and the affect of carbomitisation on such a rock.
(1) mg2é6 Felo Calk  (S103)10 <+ H20

3 Mgb Si8 020 (OH) 4 #2 Ca2 Mgh Fe Si8 022
(Talk) (Tremolite)

(OH) 24 8 FeO (1)
(2) Ca2 MgH Si8 022 (OH)2 7 C02 2 Ca Mg (C03)2+4
(Tremolite) Dolamite)

3Mg Co3 45102 4 H20 (2) v
(Magnesite)

The irregular proxenite band to the south of the gab-
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bro has undergone an alteration of a different kind and
details of this will be presented when describing the

medium serpentinite.

GABBRO

The gabbro forms a band averaging about 100 feet in width
between the pyroxenites, for 600 feet east of the John's
fault, After this it either contacts the serpentinite
directly but an 4irregular band of moderately serpentinised
pyroxenite (called peridotite on map) sometimes interve~
nes, In the centre of the orebody the band thins or is
absent due to elimination by faulting., Another probabi-
lity is that the percentage of pyroxene increase to such
an extent that the rock was called pyroxendte instead of
gabbro in the field. There is a gradation from pyroxeni-
te to gabbro however, and it becomes impossible, in the
field, to distinguish a gabbro with a low percentage of
plagioclase from a pyroxenite with a low percentage of
plagioclase. The rock in the north central part of the
orebody resembles the pyroxéanite more closely than the
gabbro and has thus been designated pyroxenite.

a, Descriptions:: The texture of the gabbro is extreme~
ly varigble and ranges from medium-grained («0.2mm) to
coarse-grained (+1.0mm) and from hypidiomorphic to ty-
pically diabasie, In the field it was possible to sepe-
rate coarse gabbro from medium gabbro on the basis of

grain size., 'Diabasic gabbro!' would, in general, be the
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PLATE XTIT

Coarse-grained diabasic gabbro. 950!

level. Boulder lving directly below
face,

Diabasic gabbro. 950' level, north si-

de pit west end. Shows a large crystal
of augite (light) ophitically intergrown
with turbid plagioclase (dark-grey). Small

area of micropegmatite (mp) in lower right corner.
Crossed niebls X22
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best name for the rock (Plates XIII - XIV ).

A model composition for the rock gives:

Plagioclase (An 35) 51%
Pyroxene 39%
Amphibole 9%
Micropegmatite 0.5%

Accessories 0.5%
Total lO0.0%

Accessory minerals are secondary magnetite, and
very rarely eubedral crystals of sphene.
Pyroxene: The pyroxenes are similar to those in the
pyroEendte, and comprise pigeonite and augite from the
clinocestatite~diopside series and occasional crystals
of enstatite,
Alteration: In plain, polarised light the pyroxenes
show a brown turbidity due to a mass of minute seconda-
ry cleaveges, Henry (1942 p 188) goes into great detail
about fine lamella structure in pyroxenes and ascribes
it fto deformation during crystallisation., He does not
state anywhere, however, that such a structure produces
a brown turbidity in the pyroxene in plain polarised
light, and the structure he describes may thus not be the
one seen in the Munro thin sections. This structure is
present in both ortho- and clinopyroxenes but Henry only
mentions it in orthopyroxenes, A fine lamelle structure
is also produced in the pyroxenes in the initial period
pf serpentinisation, This would be a secondary altera-

tion phenomenon but must have been controlled by initial
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cleavages in the pyroxene, Henry (op.cit. p. 187) ob-
serves that this fine lamelle structure is not produced
in volcanis rocks and that 'conditions of crystallisation
in an ordinary plutonic basic magma allow the best deve-
lopment of lamella structure!. It has been noted also
that pyroxenes which develop this lamella structure do
not show undulose extdnction, a strain effect, whereas
many of those without it show the e@ffects:. of strain,

This structure thus develops to relieve applied stresses.,

Contact twins are always present and occasionally
polysynthetic twins,

Most of the pyroxenes are rimmed by needles of ac-
tinolite, or else altered completely to serpentine (bas-
tite) and actinolite, In a few cases pseudomorphs of
magnetite after pyroxene develop., Magnetite also occurs
along cleavages.,

In general the alteraion is similar in all respects
to that described for the pyroxenites.

On this premise we may thus assume that since the
structure is due to deformation it requires conditiomns
of slow cooling, and that such conditions abtained during
consolidation of the Munro sill to produce this structu-
re in the pyroxenes. Indifedﬁly, this eliminates some
of the doubt about the gabbro and pyroxenite being coar-
se portions of a volcanic flow.

Plagioclase: Most of the original plagioclase (2V- 78°)

has been revlaced by zoisite and secondary albite



PLATE XV

Coarse-grained gabbro. 950' level, north

side pit, east central end., Shows corroede
crystals pf pyroxene (py) in a matrix of Zzoi-

site and serpentine (dark areas), with occassional
blebs of micropegmatite (mp). Crossed nicols X22

PLATE XVI

Well-crystallised zoisite., Zoisite (dark-

grey) and actinolite lath with secondary albi-
te (dark), Crossed nicols X45
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PLATE XVIT

Quartz vein with growth of fibrous tre-
molite in medium-grained gabbro. 950!
level, north side pit, east central end.
Crossed nicols X45.

PLATE XVITIT

Micropegmatite in diabasie gabbro, 950!
level north side pit, west end. Crossed

nicols X45
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has developed., (Plate XVI) The zoisite is in general
granular and shows andinalous blue and yellow interfe-
rence colours under crossed incols, In rare cases the
zoisite preserves the oririnal lath shape and carlsbad
twinning of the replaced felspar., Wedge-shaped crystals
also occur, The zoisite is porbably very Fe-free and is
unusual in that it sometimes occurs so well crystallised
(Plate XVI) Zoisite occasionally develops from pyroxene
Ldng thread-like needles of tremolite (astinolire)
very often form radiating clusters in the secondary al-
bite giving it a 'cracked ' appearance, or else bomb-
shaped crystals of actinolite occur in initimate associa-
tion with the zoisite., The same thread-like tremolite
develops at right <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>