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CHAPTER I

INTRODUCTION

The rocks studied in this thesis have been
the subject of considerable discussion as to their
original nature. J. D. Bateman of the Geological
Survey of Canada considers that they are of igneous
origin whereas others believe that they are metamor-
phosed sediments, It was thought that a petrographi-
cal study might provide some information that would help
to decide the problem and it was with this object in

view that this study was undertaken,

Cree Lake, in the vicinity of which the rocks
ocecur, is situated 2 miles North of the Sherritt-Gordon
Mine, Manitoba, which lies about 20 miles east of the
Manitoba-Saskatchewan border and 120 miles northwest of
the north end of L. Winnipeg. The Sherritt-Gordon
copper-zinc ore deposit is a very remarkable deposit in
that it is a tabular body with a total outecrop length of
16,000 feet and an average width of 15 feet, thus being

one of the longest exposed ore bodies in the world,

The rocks in question outcrop around Found Lake
which lies very close to and just to the southeast of Cree
lake (see Map 4h-l4) and fall into two groups; firstly, thos

that outerop south of Found Leke in an area which was
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mapped by J. D, Bateman as an oval body of oligoclase
granite (Map L4-4, No. 12) about one mile long and

1/L4 mile wide and secondly, those that outcrop as three
smaller masses north of Found Lake but enclosed by the
arms of Cree Lake and mapped as anorthositic gabbro

(Map 44=4, No., 11).

J. D, Bateman, who mapped the area in detail
in 1943, is of the opinion that the bodies of rock north
of Found Lake, mapped by him as anorthositic gabbros,
were originally igneous intrusives and have arrived at
their present state by metamorphism and widespread carbon-
atization whereas C, H. Stockwell, also of the Geological
Survey, regards them as altered limey sediments; the latter
also considers that a large part of the oval body of rock
south of Found lake, mapped as oligoclase granite, is

derived from limey sediments.

Oligoclase granite is present both North and
South of the lake but South of the lake it does not under-
lie such a wide area as that shewn on Map 44-4. Several
specimens of the oligoclase granite were studied and it
was found to have a very constant composition, its con-
stituent minerals being quartz and oligoclase in equal

amount, brown biotite and accessory hornblende, muscovite

and garnet.
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Megascopically the other specimens studied,
which are all fine-grained, fall into two groups;
firstly, those which were taken from the area south of
Found Lake and which are composed predominantly of
leucocratic minerals and secondly, those from the
localities north of Found Lake which contain a higher
percentage of melanocratic minerals. Both groups
however are composed essentially of the same suite of
minerals, plagioclase of variable composition, diopside
which is much altered to amphibole, calcite, sphene,
quartz, apatite, iron ore and secondary minerals. The
relative proportions of these minerals vary greatly from
specimen to specimen and they are not in any way compar-

able to the minerals of the oligoclase granite.

The author has concluded:

1) That a large part of the oval body south of Found
Lake mapped as granite and the smaller bodies north of
Found Lake mapped as anorthositic gabbro are all of sedi-
mentary origin and are part of the same mass of sedimentgs,
despite their somewhat different mineralogical characters,
and are now diopside-plagioclase-calcite gneisses. Map 2
is the geological map that would result from this conclu-

sion.
2) That these sediments were originally dolomitic and

calcareous arkoses.
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3) That the present mineral assemblages and charac-
ters of these rocks are the result of high grade regional
metamorphism and some pneumatolytic or metasomatic action

by adjacent igneous intrusives.

HISTORY AND DESCRIPTION OF THE GENERAL GEOLOGY OF THE AREA

In 1928, J. F., Wright (1) made a geological
reconnaissance in the area of Kississing lLake -- part of
which is shewn in the northeast corner of Map 4L-4 -- in
which he drew up a rough map of the distriect and outlined
the structure of the rocks in the vicinity of the Sherritt-
Gordon mine. This work was of a very general nature and
he undertook no detailed survey but he showed that the
rocks of this area are a continuation of the Kisseynew
Gneisses, so named by E. L. Bruce (3, p.27), of the Amisk-

Athapapuskow Lake district which lies about 30 miles to

the southwest.

Consequently he made no specific mention of the
rocks in question except when describing the bed rock of
a group of clalms as gneissic quartzite, quartz-mica and
quartz-hornblende gneisses (2, p.100); these claims lay
just to the west of the southeast end of Found Lake, pre-
sumably in the area mapped as oligoclase granite but possi-
bly in the area mapped as Sherridon quartzite.
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In the summer of 1943, J. D. Bateman and

J. M. Harrison carried out a more detailed survey of

the area immediately around the Sherritt-Gordon mine

and it was then that the question of the original nature
of these rocks arose. They retained the group name

of the Kisseynew gneisses and divided the series into
the Pre-Sherridon, Sherridon and Post-Sherridon gneisses
and quartzites but considered that the Pre-Sherridon may
be separated from the Sherridon by a struetural uncon-

formity and so may not be of Kisseynew Age.

Most of the rocks of the area are crystalline
schists and gneisses representing metamorphosed sedi-
mentary and volcanic formations and they are all of Pre-
cambrian age. Throughout the Kisseynew gneisses it is
commonly difficult to distinguish between true bedding and
bedded-like or stratiform structures that have resulted
from later foliations, In the Sherridon Map area, the

two structures are essentially parallel, even around the

noses of plunging folds,

The structure of the district is one of great
interest and complexity and, in the area under considera-
tion in this paper resembles a large drag-fold. It is
the result of cross-axial folding on a series of simple

folds and H. C. Cooke (4, p.436) shows that the district
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lies on the hinge where the east-west Precambrian fold-
ing of the eastern Canadian Shield is intersected by
the north-south folding of the western Canadian Shield,

thus accounting for the complexity of the structure.

Map L4-lL shows that the strike of all the
rocks in the area is approximately north-south and that
the dip is predominantly eastwards but with varying
steepness, Found Lake lies on the crest of a southward
pPlunging overturned anticline or elongated dome, plunging
northwest and southeast, with a syncline to the east.
The oligoclase granite is conformable with the structure
of the area, tapering off around the nose of the syncline
to the east and is thus phacolithic in shape; the rocks
mapped as anorthositic gabbro also show a tendency for the
outlines of the contacts to conform with the structure.
Other rocks in the immediate vicinity are mostly of Pre-
Sherridon Age, and if the rocks of this study are of sedi-

mentary origin, it is probable that they too are of Pre-

Sherridon Age.

The writer is indebted to C, H. Stockwell, who
visited the area in 1944, J. D, Bateman and J, M. Harrison,
who visited the area again in 1947, for the use of their

notes, specimens, and thin sections, and wishes to express
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his appreciation of the guidance and advice given him

by Dr. C. H. Stockwell ang Dr. E. H. Kranck,



CHAPTER II

GENERAT DESCRIPTION OF THE SPECIMENS STUDIED

As a result of the study of the specimens and
thin sections, descriptions of which are given in
Chapter V, the specimens have been divided into four

groups, and a general description of each group is given

here,
These groups are:

1. The granite specimens,
2. The lime-rich specimens, subdivided into -

(a) from localities south of Found Lake
(b) from localities north of Found Lake

3., The quartzite specimens.

4. Other specimens.

The localities from which the specimens were

taken are indicated on Map I by circles within which are

the numbers of the specimens,

1. THE GRANITE SPECIMENS

Specimens Nos. 6, 11, 22 and 29 (see Map 1) are
of the oligoclase granite and all are very similar. In
hand specimens, the rock is dark grey and medium-grained
consisting of quartz and oligoclase in about equal amounts

(30 - 4L0%), the felspar generally being preponderant.
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Deep brown biotite (10 - 15%) is common in sub-parallel
flakes and gives the rock a distinct foliation which

is more pronounced in some specimens than in others,
Small grains of red-brown garnet are present in speci-
mens 6 and 11; hornblende and muscovite are present in

specimens 22 and 29.

In thin sections, the plagioclase is generally
quite fresh but is occasionally altered to kaolin and
clinozoisite, especially around the edges of the grains;
in one case the plagioclase is altered to scapolite.

The quartz in anhedral grains shows strain effects in the
form of parallel bands with undulatory extinction (see
Photograph No. 2). Indications of dynamic action are
more clearly shewn by the biotite, pleochroic in brown
and yellow, which is often bent, fractured and altered to
chlorite with acicular inclusions of rutile (see Photo-
graph No. 1). The hornblende, which is uncommon, is
pleochroic in pale greens and yellows; it is characterized
by a pronounced sieve-structure and shows every stage in
the change-over to biotite. The garnet, which is present
in specimens 6 and 11 only,occurring as anhedral grains,

is coloured a very pale pink and is isotropic between

crossed nicols. Accessory iron ore and apatite are common

in all specimens.

The entire absence of potash-felspars is
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characteristic of the oligoclase granite.

2, THE LIME-RICH SPECIMENS

a) From localities south of Found Lake

Specimens 8, 9, 10, 12, 13, 14, 15, 18 and
20 were collected from this area. They are fine-
grained, light-coloured rocks with a faint foliation
and consist of plagioclase, primary calcite, diopside,
hornblende, sphene and quartz in varying proportions
with accessory iron ore, apatite, biotite and muscovite.
They weather dark grey and the weathered surface has a
distinctive texture which is characteristic of these
rocks; this is due to the solution of the calcite leav-
ing the more resistant equigranular grains of plagioclase
and dark minerals protruding on a very rough surface.
Due to the fineness of the grain and its clear glassy
appearance, the plagioclase is easily confused with quartz
and the resulting appearance is very much that of a
weathered sandstone with resistant grains of quartz, This
texture is significant as it is shewn by many of the speci-
mens which themselves have different mineral percentages
and it is considered to be indicative of a common meta-

morphic history for rocks of similar chemical composition.

In thin section the equigranular nature of the

hand specimen is represented by the common mosaic texture

of the slides but a pronounced poikiloblastic or diablastic
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texture is sometimes present since the felspar crystals
may be intergrown with one another or with diopside,

hornblende, sphene and quartz,

Except for the widespread alteration of diopside
to hornblende, mentioned below, the minerals of this
group are fresh and contrast strongly with those of the
next group where alteration of the plagioclases is ex-

tensive,

The plagioclase, which varies in composition
from An.1l5 to An.90 when all the specimens are considered,
has a variable degree of twinning and is frequently ir-
regularly zones, The crystals also show the effects of
dynamic action by irreguler extinction and minor fractur-
ing; some of the twinning is secondary and this is clearly
shewn in Photograph No. 7, where the irregular twinning

bands terminate at a fracture filled with secondary calcite,

Potash-felspar was not identified in any of the

sections.,

The diopside is colourless and has optical pro-
perties which place it near the diopside end of the
diopside-hedenbergite series (see Appendix B). It is
extensively, sometimes practically entirely, altered to

a colourless or Vvery pale yellow hornblende which is
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intimstely intergrown with it, not as a mass of small
crystals but as large single crystals (see Photograph
No. 7), frequently with the cleavages of the hornblende
parallel to those of the diopside. Distinct sieve-
texture is often shown by both minerals, and secondary

calcite is also developed from this alteration.

The hornblende has optical properties which
pPlace it near to the pargasite end of the pargasite-
hornblende series but it is optically(-) in all cases,

In slide No. 12, the hornblende is unusual in that it
is an original mineral of the rock and is not derived from
diopside, occurring as euhedral crystals with well develop-

ed prism faces and distinet wedge-shaped basal sections,

The calcite, which varies in the amount present
(as do all the other minerals), makes up as much as 50 -
60% of the rock in some cases and is present only as a
secondary mineral in others. In those sections where it
forms more than 10% of the rock, it is found in large very
irregular crystals with well-developed cleavage and twin-
ning lamellae and is distinetly part of the rock fabrie,
formiﬁg o matrix in which the other minerals are set (see

Photogreph No. 4). It is concluded from this and from

the fact that the minerals present, such as diopside,

sphene, apatite, lime-rich hornblende and plagioclase, are
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minerals likely to be developed in the metamorphism

of a lime-rich sediment that the calcite was present

in the rock at the time that the rock was metamorphosed
to its present character. J. D, Bateman considers
that the calcite is the result of widespread carbonati-
zation; from the above conclusion it follows that this
carbonatization must have taken place before the major
period of metamorphism, It is difficult if not impos-
sible to prove that the carbonatization took place before
metamorphism but it will be shewn in the next chapter
that the facts are in favour of concluding that the

original rock was a lime-rich sediment,

Sphene is a very common constituent, forming
as much as 11% of the rock in several cases. IU occurs
as Tine-grained subhedral brown crystals of variable
size and is strongly pleochroic, Many of the crystais
contain a small round almost opaque area within them as
though they had grown about a small fragment and it is
thought that these semi-opaque areas may represent a con-

stituent of the original sediments.,

Quartz occurs as small irregular grains forming

part of the matrix of the rock and is generally only a

minor constituent, frequently of secondary origin. Its

agsociation in slide No. 20, where it forms 21% of the rock,
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with calcite which forms 57% of the rock is significant.
Quartz and calcite are incompatible with one another
when metamorphism is accompanied by hydrostatic pres-
sure, thus indicating that the metamorphism must have
been accompanied by directed pressure as the association

of the two under these conditions is not anomalous.

Accessory iron ore and apatite in euhedral

grains are found in all specimens,

b) From localities north of Found Lake

Specimens 23, 28, 31, and 75 were collected
from those areas mapped as anorthositic gabbro. In hand
specimen they are slightly darker in colour than those
from south of the lake as the dark minerals are more pro-
minent on fresh surfaces., However the weathered surfaces
show the same rough texture and the rocks consist of the
same minerals, plagioclase of variable composition, primary
calcite, diopside, hornblende or actinolite, sphene and

quartz in varying proportions with accessory iron ore,

apatite and biotite.

In thin section, they show the same textures
and relationships in the mosaic or diablastic texture,

the variable composition of the plagioclase which ranges

from An.3h to An.76, the alteration of diopside to amphibole,

the disseminated character of the subhedral crystals of
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sphene and the evidences of dynamic action in the
presence of fractures and the bending of the biotite.

But there are differences in that the plagioclase
crystals are irregularly and intimately intergrown

with one another and are extensively altered to mizzonite,
clinozoisite or epidote, (see Photographs Nos. 8, 9, 10),
and in that the amphibole derived from the diopside in
specimens 27, 31 and 75 is actinolite and is pleochroic
in greens, In specimen 23, the amphibole is pargasite
and is derived from pigeonite; in specimen 25, the horn-
blende is an original mineral as in specimen 12 (see

Appendix B).

The significance of these differences is not
very clear; the scapolitization of the plagioclases is
indicative of some pneumatolytic action whereas the pro-
duction of clinozoisite and epidote from the plagioclases
is indicative of more intense dynamic action than was the

case with the rocks south of Found Lake,

It will be shewn that the original composition
of these rocks was probably the same as that of those
rocks south of Found Lake and the assumption has been made

that the more intense alteration of the plagioclases and

the production of actinolite instead of hornblende indicat-

ing some enrichment in iron is due to the closer proximity

of larger bodies of igneous rock than was the case with the
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rocks south of Found lake. These bodies of igneous
rock are the oligoclase granite which outcrop within
the arms of Cree Lake and the Pyroxenite and metagabbro

which outcrop on the northeastern shores of Cree Lake,

The more intense dynamic action is probably the
result of the location of these bodies on the limbs of
the Found Lake 'dragfold' where they would be subjected
to greater stresses than those rocks south of Found Lake
which are situated within the nose of the fold where

stresses would tend to be less.

3. THE QUARTZITE SPECIMENS

The quartzite specimens of which there are four
can be divided into two groups: (1) Specimen 7 which is

representative of the Sherridon quartzites and (2) Speci-

mens 16, 21 and 24 which are related to the lime-rich rocks,

No description of them is given here as their
individual characteristics are described in Chapter III,

when the field relations and the mineralogical characters

of the specimens are discussed.

L. OTHER SPECIMENS
Specimens 5 and 74 have been included in this

group as they are unlike any of the other specimens,

Specimen 5 is a cream-coloured rock, megascopically
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similar to the lime-rich rocks, but it consists of
andesine feldspar, corundum, sillimanite, and penninite
with minor sphene and calcite, and thus does not have
the same mineral composition. The corundum and the
sillimanite, which occurs in sheaf-like aggregates of
acicular crystals, are surrounded by a felted mass of
platy crystals of secondary margarite or diaspore. The
author was unable to identify positively these secondary
minerals so that there are still some questions out-
standing with regard to this specimen but the presence of
the silica-poor minerals, corundum and sillimanite, as
well as the equigranular mosaic texture of the thin
section indicates that it may represent a silica-poor
aluminium-rich facies of the lime-rich rocks and it has

been considered as such in this paper,.

Specimen 74 was considered by J. M. Harrison to
be similar to the amphibolites of the Grenville. It is
a coarse-grained heavy black rock consisting of andesine,
augite, actinolite and red garnet with accessory apatite,

iron ore, quartz and biotite with a strongly diablastic

texture in thin section. In consequence of its mineral
composition and diablastic texture, it has been named a

plagioclase-garnet amphibolite,

Tt is entirely distinct from all the other rocks
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of this study and it igs thought that it may be derived

from a diabase or gabbro,

MOLECULAR PERCENTAGES

The molecular percentages of the oxides were

calculated for Sections 9, 15, 18, 23 and 31.

B The volume percentages of the component miner-
als having been determined by the Rosiwal Method -- miner-—
als forming less than 1% of the rock being ignored -- the
density and chemical composition of the minerals were
derived from the optical characters determined in thin
section by reference to Dana's Textbook of Mineralogy and
Winchell's Elements of Optical Mineralogy, Pt. II. Some
of the minerals such as calcite, sphene, quartz, apatite
and diopside were assumed to be pure and the percentages

of the oxides used were taken from Dana's Textbook, but

the composition of others, such as the felspar, hornblende,

pigeonite and mizzonite was determined by interpolation

on the curves and figures in Winchell's Elements of Optical

Mineralogy.

Consequently, the molecular percentages calcu-
lated from these formulae are not entirely accurate but

it is considered that they are sufficiently so to provide

a basis from which deductions can be made as to the original

composition of the rocks and on which comparisons with
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other analyses can be made,

MOLECULAR PERCENTAGES

Specimen numbers

The following analyses were obtained:

9 15 18 23 31

Si0g 52,2 43.3 49.0 L8 .4 39.4
Alaos 5.28 8.6 901"7 l|'085 505
MgO0 16.25 1.12 10.2 22,02 9.35
Cal 19.0 23.0 16.10 17.8 26,75
Na‘20 1077 5039 3090 1.20 2.11‘»
Tioa 0078 2072 3052 0037 0013
Fez0q 0.63 0.06 0.8 0.51 0.23
FeO 1.85 0.28 1.14 1.46 0.77
P20 - 0.4t - - 0.05
COg 2.27 lhog 3036 207&' 1507
Cl - 0.15 - = 0023
HeO - - 2.88 - -

100.03 99.35 100.05 99.35 100,25

These molecular percentages were recalculated
and plotted on the triangular diagrams of Osann's System,
The relationships plotted were

1) Si0g:Alg0s:(Fe,Mg,Ca)0 = S:AL:F,

2) Alg04:Ca0:(Na,k)g0 = Al:C:Alk

All analyses fell within the area of the triangles
where the analyses of igneous rocks would be located (see
Plate I); this fact would seem to indicate that the rocks of
this study are of igneous origin but it will be shewn in

the next chapter that there are stronger grounds for
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believing that they are of sedimentary origin. Hence
they are an exception to the general rule that the
analyses of sedimentary rocks should fall outside the

lined areas of the triangles.
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The oxide percentages and densities used in

the calculations were:

Mineral
Calcite

Quartz

Sphene
Apatite

Penninite

Hornblende

Anorthite
Albite
Diopside
Pigeonite

Mizzonite

Density

2.715

2.65
3.45

3.2

2.7

3.2

3.275

3.25

2.71

Formula

Cal
COg

Si0g

Cal
Si0p
TiOg

PgOg
Ca0
Ccl

Si0g
AlgOa
MgO
HgO

Si0Og
MgO
Cal
Na 30
FeO
Feg03

Ca0
AlgOg
SiOg

Naz0
Alg03
SiOg

Ccal
MgO
SioOg

Cal
MgO0
SiOs

Cal
Na 20
SiOg
Alg0Og
COg

Weight %

56
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CHAPTER III

In this chapter it will be shewn that the
apecimens collected from the areea south of Found Lake
are not granitic in character, except for specimens 6
and 11, and also that they are not related to the
Sherridon quartzites but must be mapped as a unit dis-

tinect from the granite and the Sherridon quartzites.

It will then be shewn, from the evidence of the
field relations, variations in the composition of the
plagioclase and from the comparison of the oxide percen-
tages with the analyses of other rocks, that they are of
sedimentary origin and were probably dolomitic and cal-
careous arkoses in their original state. Finally, the

rocks from the area north of the Lake will be shewn to

be related to them,

THE ROCKS SOUTH OF FOUND LAKE

The granitic specimens, 6, 11, 22 and 29, all

show very similar characters; the essential minerals are

quartz, oligoclase and biotite with accessory muscovite
and sometimes pale hornblende with sieve-texture; the entire

absence of potash-felspar is characteristic, The paral-

lelism of the biotite flakes gives & foliation to the rock
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which is more marked in some of the specimens than in
others but all show signs of slight granulation in the
bending and alteration to chlorite of biotite, the un-
even extinction of the quartz and the alteration of the
plagioclase which seems to be concentrated round the

outside of the crystals,

The oligoclase granite represented in this
area by specimens 6 and 11 has thus distinctive charac-
ters and when specimens 5, 7, 8, 9, 12, 13, 14a and b,
15, 18, 20 and 21, which were collected from this area,
mapped as granite, are compared with the oligoclase

granite it is at once evident that they are not specimens

of granite,

Table I lists the volume percentages of the

essential minerals of these specimens,

From this it can be seen that specimens 7, 16
and 21 are definitely quartzites; all the other specimens
with the exception of No, 5 are composed of plagioclase,
calcite, diopside, hornblende and sphene in varying amounts,
a suite of minerals not characteristic of granites., Further-
more the anorthite content of the plagioclase 1s generally
too great, the character of the calcite is primary in all

cases where it forms more than 10% of the rock and the
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percentage of quartz is too low. The minerals of No. 5

are equally distinctly non-granitic,

It is apparent therefore that these rocks are
not oligoclase granites and the question of how they
should be mapped then arises. Bateman has recognized
that they are not granites and in Map 8624 of the Geologi-
cal Survey of Canada he has included some of them with
the Sherridon Quartzites by moving the contact of the
Sherridon quartzite with the oligoclase granite north-
wards to approximately the same position as the axial line
of the anticline as shewn on Map 44-4. However the non-
granitic specimens 8, 9,10 and 12 were collected to the
north of this line and it follows that the oligoclase
granite contact must lie to the north of the localities
from which these specimens were taken but south of the

localities from which the granite specimens 6 and 11 were

collected,

It is doubtful, however, whether all or even some
of these specimens can be included with the Sherridon

quartzites. Specimen 7 is believed to be representative

of the Sherridon quartzites. C. H., Stockwell's notes for

the locality from which it was taken say: *Specimen 7 of

Gneissic Quartzite. Abundant quartz seen on weathered sur-

face and 'bedding' shows by alternating quartz-rich and
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felspathic bands."” Such field relations are con-
sidered typical of the Sherridon quartzite and the pres-
ence of calcite-rich bands or lenses is not a character-
istic, Calcite-rich bands and lenses are however
commonly found in the area from which the specimens of
Tthis study were collected as will be evident when their
field relations are described and consequently it is
necessary to regard them as a unit which is distinct

from the Sherridon quartzite. The necessity for this
distinction is even more marked when the mineral composi-
tion of the twotypes is compared, the Sherridon quartzites
consisting of dominant quartz and plagioclase with some
garnet, biotite or hornblende whereas quartz is generally
a very minor constituent in the rocks of this study which

are made up of dominant plagioclase, diopside and calcite,

The Field Relations

C. H. Stockwell's notes for the locality in
which specimens 20 and 21 were collected say: "Interbedded
quartzose limestone beds, 3" to 3 ft. thick, alternate with
more abundant coarse quartzite beds, 3" to 5 ft. or more
thick. These 'beds' dip gently east and are not contorted.
However one layer of limestone holds irregular inclusions

of quartzite as if there had been some Ilowage of the limey

meterial rather than thet the limey rock was formed by

replacement of the quartzite.”



- 27 -

The oceurrence of lime-rich bands is common
in the area just south of Found Lake and this is well
shewn on the isthmus of the peninsula where specimens
14, 15 and 16 were collected where there is, according
to Dr. Stockwell's notes, another banded or bedded area.
His notes say that specimen lha represents a coarse
'limestone' with some quartz grains and secondary devel-
opment of olive green mineral and that in this limestone,
there is a 1/2 inch band of 'quartzite' (14b). A
microscopic examination of slide l4a showed that it con-
sists of dominant calcite with andesine and diopside/horn-
blende, and of 1l4b that it is made up of dominant andesine
with calcite, sphene and diopside/hornblende., The lime-
stone represented by lha "appears to be a 1 foot bed,
(at least a band), in dominant impure felspathic quartzite
(specimen 15);" a microscopic examination of slide 15
showed that it is not a quartzite but a plagioclase-rich
rock which compares very well both for mineral composition
and volume percentages with 14D, Specimen 16 collected
nearby is a pure quartzite and was taken from a "2 foot

band of thin layered pure quartzite, possibly recrystallized
chert."

EFastwards from the peninsula, on the opposite

shore line of the bay at Pt, A (Map No., 1) "there are 3

inch layers of good quartzites interlayered with friable
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rusty-weathering rocks." At Pt. B, there are "calcite
lenses and layers interleminated with quartzitic material.”
This quartzitic material is probably plagioclase-rich,

as were specimens 1li4b and 15, At Pt. C, "there is a
quartzite (cf. specimens 14b and 15) with 1 inch bands

of chert and with lenses of impure carbonate rock up

to 6 inches wide."

The repeated references to banding or bedding,
'‘quartzites' and 'limestones' show that the field rela-
tions are those of sedimentary rocks and microscopic
study has shewn that lime-rich, plagioclase-rich and pure
quartzite rocks are intimately associated. This extreme
variation in composition, as well as the field relations,

lead to the conclusion that they are sediments.

Discussion and Comparison of the Mineral Compositions

Megascopically none of the specimens are char-
acteristically igneous in appearance and the fine grained
equigranular texture -- almost grit-like on the weathered
surface due to the leaching out of the calcite -- is what

would be expected from the thermal or high grade regional

metemorphism of fine-grained sediments.

Under the microscope, further indications that

the rocks are metamorphosed sediments are seen; the equi-

granular nature of the hand specimens being represented
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by the common mosaic or diablastiec texture of the thin
sections and in many sections calcite is present in

such amounts as to be reminiscent of recrystallised

marble,

The composition and appearance of the plagio-
clases are also indicative of a sedimentary origin,
G. C. Carlson (5) and E, Steidtman (6) have discussed
the felspars as indicators of the origin of metamorphic
rocks and have concluded that variations in composition of
the constituent plagioclases are indicative of a deriva-
tion from sediments, The mean composition of the plagio-
clases in sections 5, 8, l4a and 14b is An.35 (see Table I)
but even within one section, there are variations; one
determination in section 8 gave An.63; the zoned crystal
in Photograph 5, Slide 14b, has a core of composition
An.98 and a rim of composition An.75 whereas the other
determinationsfor that slide agreed within 5 mols per cent.
Similarly for sections 15 and 18, there were variations

of 10 or more mols per cent in the composition of the

plagioclase,

It is to be expected that the plagioclases of
one thin section should have approximately the same com-
position, whether the rock be a metamorphosed igneous or

sedimentary rock and hence the variation of 10 - 20 mols
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per cent of Anorthite within one slide are indicative
of a sedimentary origin, since the plagioclases of a
metamorphosed igneous rock are more likely to be of

identical composition,

This variation is also found from slide to
slide and becomes even more marked when sections 9, 12,
13 and 20 are considered, when the range of variation in
the plagioclase composition is extended from An.l5 to
An.90 as section 9 has a mean composition of An,.67, No.
12 a mean composition of An,.60, and No, 13 a mean of An.75

with one crystal of composition An,90,

In addition to this variation in composition,
the plagioclases in all sections frequently show irregu-
lar zoning and diablastic intergrowths, also characteris-

tic of the plagioclases of metamorphosed sediments,

It was mentioned above that the sections were
reminiscent of recrystallised marble. In their report

on the Haliburton-Bancroft area, Adams and Barlow (7,

pp. 87 - 120) describe the characters of a limestone meta-

morphosed by the intrusion of granite. As & result of
this metamorphism a suite of silicate minerals very

similar to those of this study was developed. These

minerals are pale green pyroxene, hornblende, felspar,
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both orthoclase and Plagioclase, calcite, sphene,
scapolite and quartz. From their description the rock
so developed and which they called an amphibolite appears
Lo be very similar to these rocks in the mosaic texture,
in the minerals present and the variable percentages

of those minerals and in the sieve texture shewn by the
pyroxene and the hornblende. They concluded that the
amphibolite was developed from the limestone by the
addition of SiOg, Alg0;, oxides of iron, MgO and some
alkalies from the invading granite, It is not proposed
to adopt this conclusion entirely in this paper but it

is considered that the similarity between the amphibolite
of Adams and Barlow and the lime-rich rocks of this study
is such as to indicate similar conditions of formation
for the two types of rocks and hence, the rocks of this

study were originally lime-rich sediments.

This is further substantiated by the similarity

between the chemical analyses of the amphibolite given by
Adams and Barlow (p. 104) and the oxide percentages deter-

mined for these slides. These are compared in Table II
below,
Three analyses were taken from Adamsand Barlow's

report; the first analysis represents the initial stage of

the alteration of the limestone by granite and at this
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stage there was still some free calcite remaining in
the rock; the second represents the analysis of the
silicate portion of this stage after the oxides present
in the free calcite had been deducted and the analysis
recalculated; the third analysis represents the second
stage in the alteration when there was little if any
free calcite present in the rock which was then a

typical amphibolite, as defined by them.

It can be seen from Table II that there is
quite a good correspondence in percentages between columns
1 and 2, column 1 being the analysis of the initial stage
in the alteration of the amphibolite and column 2 the
analysis of section 15 in which there was 24.27 per cent
of free calcite; the high percentage in column 1 could
be equalled if not surpassed by the analysis of such a
specimen as No. 20 which contains 51.5 per cent of calcite.
There is also a good correspondence between the analysis
of the silicate portion of the initial stage in the altera-
tion of the amphibolite and the analyses of specimens 9

and 18, rocks practically free from calcite shewn in

columns 3, 4 and 5 respectively.

Column 6 is the analysis of the typical amphi-
bolite and the agreement in the percentage of the oxides

is not so pronounced, AlgOs, Nao0, FeO, FegOs, having
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TABLE II

OXIDE PERCENTAGES

1 2 3 L 5 6

SiOg 32.88 L3.3 50.20 52.2 49.0 0,0
Al 04 9.04 8.6 13.80 5.28 9.47 ig 8L
MgO 4,18 1.12 6.38 16,25 10.20 .63
Ccao 30.90 23.0 17.71 19.0 16.10 10,65
Na g0 1.17 5.39 1.79 1.77 3.90 k. 146
K40 0.85 : 1.30 z z 1.18
Fe g0, 0.77 0.06 1.18 0.63 0.48 2.57
FeO 3.h8 0.28 5.31 1.85 1.14 5.51
P205 = OQL"Z" - - -
COg 15020 lh’og - 2.27 3036 O.lO
Cl - 0.15 - - - 0.10
Hg0 1.08 - 1.66 - 2,88 1.00
Mno - - - - - 0.08

100.04 99.35 100.08 100.03  100.05 99.97

l, Pirst stage in alteration of llmestone (Adams and Barlow).

2. Analysis of section 15 with 24, 27% calcite.

3. Analysis of silicate portion of limestone when free
calcite is deducted (Adams and Barlow).

L. Analysis of section 9.

5. Analysis of section 18,
6. Analysis of typical amphibolite (Adams and Barlow).
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increased considerably, It was on the increase in
percentage of these and other oxides that Adams and
Barlow based their conclusion that there had been addi-
tion of material from the invading granite. If there
has been addition of material to the rocks of this study,
that process has not progressed beyond the initial stage
but it is considered that there has been no such exten-
give addition of material in this case and that these
oxide percentages are closely related to the original

composition of the sediments,

The purpose of this comparison has been to show
that the composition of these rocks is very similar to
that of a rock which is undoubtedly of sedimentary origin
and which was originally lime-rich and the probability is
therefore that they are also derived from sediments which
were lime-rich before metamorphism, but since the origin
of these rocks is uncertain, their analyses were compared
with those of igneous rocks to see whether an analysis

could be found that was comparable with them,

However, no analysis could be found that compared

with these percentages, particularly when the relative per-

centages of Cal, MgO, AlgOs, FeO and Fep0; were considered,

and Adams and Barlow drew attention to the fact that even

the silicate portion of their analysis was higher in Ca0

than any igneous rock whose analysis had hitherto been
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recorded; specimens 9 and 18 are almost entirely made
up of silicates and their content of lime corresponds

closely with that of the silicate portion of Adams and

Barlow's analysis.

For example, for those igneous rocks with an
Si0g content of about 50 per cent, the average of 41
analyses of gabbro (8, p. 27) gave Al,0, = 17.9,
Mg0 = 7.5, Ca0 = 11.0; the average of 31 analyses of
peridotite (8, p. 29) gave Alg 05 = 4.8, MgO = 32,2 but
Ca0 = L.L4; the average of 21 analyses of nepheline basalt
(9, p. 486) gave Al;0; = 12,6, MgO = 11,6, Ca0 = 12.9 but
FeO and FegO3 = 13.,3; the analysis of a pyroxenite from
Cebolla Springs, Colarado (10, p. 741) gave Alz05 = 2,74,
MgO = 12.04 and Ca0 = 20,21. This last is in approximate
agreemnent but FeO and Feglz = 18.21 and it is generally
true that the analyses of pyroxenites and hornblendites
show a high iron oxide percentage, and hence it has been
concluded that the oxide percentages determined in this

study must represent the analyses of lime-rich metamorphosed

sediments.

These sediments were undoubtedly calcareous when
formed and the field evidence indicates that there was
an alternation in the conditions of deposition resulting

in lime-rich, quartz-rich and probably felspathic layers



and thus the rocks may have been calcareous arkoses.
The high content of MgO as shewn by the analyses is
indicative of the presence of either dolomitic or
chloritic material; as the rocks are now highly meta-
morphosed it is not possible to decide which of these
two materials was present but if the clay minerals such
as chlorite, kaolin, limonite and the micas were con-
stituents of the sediments to any appreciable extent,
the percentages of Alg0;, FeO, FegOjz, KgO and Nag0 would
be greater than they are and it is thought probable that
the magnesian content is therefore derived from dolomite
and that the sediments were originally dolomitic and

calcareous arkoses.

The probability of this conclusion is increased
when the minerals developed as a result of metamorphism
are considered. These minerals are diopside, calcite,
sphene, apatite and plagioclase of variable composition,
all minerals likely to be developed in the regional meta-

morphism of impure magnesian limestones and related rocks

(11, p. 260).

The revised contacts for those rocks south of

Found Lake, suggested as a result of these conclusions

are shewn on Map. 2<.



- 37 -

THE ROCKS NORTH OF FOUND IAKE

Specimens 23, 24, 27, 28, 31, 74 and 75 were
collected from areas on the northern side of Found Lake;
Nos, 23 and 24 were collected from an area mapped as
oligoclase granite whilst Nos. 27, 28, 31, 74 and 75
were collected from areas mapped as anorthositic gabbro,
The nature of these is different from those discussed
above but it will be shewn that there are good grounds

for concluding that they are of the same origin.

As in the previous section, the field evidence
will be given first, followed by a discussion of the

microscopic characters and a comparison of the mineral

percentages.

The Field Evidence

For the locality from which specimens 23 and 24
were collected, J. M. Harrison's notes say: "Definitely
crystalline limestone with impure zones altered to igneous-
looking rocks and probably contain considerable scapolite;
gentle rolls in dip; plunge N.20W, 0° - 15°; rock is gen-

erally typical of altered limey rocks so common in

Grenville.," For the same area, C. H, Stockwell's notes

say: "A light grey rock composed of a little colourless
amphibole but chiefly of felspar (?) or a lime-silicate
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in which are lenses and narrow bands of lime."” These
field notes indicate that the area is not underlain

by granite and it will be shewn below, when the mineral
composition of these specimens is discussed, that they

are not granitiec,

For the locality on the shores of Cree Lake
(Pt. C) northwest of the above locality, Harrison's notes
say that weathering gives a pronounced edged appearance
to the rock surface, like the quartzitic limestones of

the Grenville,

Specimen 27, a calcareous highly felspathic
rock, represents "the predominating hard material from
a well laminated rock, greatly contorted, the contortions
plunging gently north. The laminations are due to al-
ternating layers of hard and soft material. The hard
material predominates and the soft layers are chiefly of

carbonate. Some of the soft calcareous bands and lenses

contain grains of quartz. The whole suggests metamorphosed

calcareous sediments.™

Specimen 28, a richly calcareous highly fels-
pathic rock, was collected in an area of banded limey rocks

with the development of secondary pyroxene and a little

biotite.
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Specimen 29, a fine grained granite, was
collected from one of a number of 6 inch to 1 foot
sills which occur "as interbeds in dominant uncontorted
banded hornblendic limey rock which is reminiscent of
the impure argillaceous limestones of the lLate Pre-

cambrian of Great Slave Lake."

Specimen 31, composed of plagioclase, calcite,
diopside and actinolite, was collected from a high hill
of "unbedded rock which is probably amphibolitised lime-
stone with abundant hornblende (?) crystals in a matrix

of calcite.,n

For the localities on the eastern shore of
Found Lake, Pts. D and E, the field notes of C. H,
Stockwell and J., M. Harrison are very similar; for Pt. D,
the former's notes say that there is an excellent exposure
of limey sediment on a cliff face which appears to be
definitely of sedimentary origin; the lower 5 feet of the
cliff face is of interbedded 'quartzite' (cf. specimen
15 which was called a 'quartzite' but is plagioclase-rich)
and sandy limey material in sharply defined layers, 3
inches to 6 inches thick, each type in about equal amounts,
This is overlain by 'limestone' with plentiful development

of secondary hornblende or pyroxeine and within this

t1imestone' are a few 6 inch beds of 'quartzite’. The
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dip is gently east and the layers are straight and
uncontorted, For Pt. E, Harrison's notes say: "Very
well-bedded limey rocks, quite impure for the most part
but some beds are crystalline limestone, 1 foot thick;
in places there are alternating layers of silicate and
limestone layers less than 1/k inch thick; some granite
and even some quartzite is present; like much of the
Grenville even to the granular texture of the decomposi-
tion products at the base of a 35 foot cliff; strong
fluting on a small scale with an eastward dip of 35 degrees.™
Specimen 75 is a sample of the limestone and is composed

of plagioclase, calcite, diopside and secondary hornblende.

From these field notes, it is evident that both
C., H., Stockwell and J. M. Harrison are of the opinion that
those rocks mapped as anorthositic gabbros are probably
of sedimentary origin,. Thelr notes also show that the
bedding is much contorted and plunges north in the area

where specimen 27 was collected and that it is less con-

torted and plunges east at points D and E. These attitudes

are to be expected in view of the structure but they are a

necessary consequence if the rocks were originally sedi-
mentary.

Discussion and Comparison of the liineral Compositions

Megascopically and microscopically, the sedimentary
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characters are not so evident but it will be shewn
that these rocks, with the exception of No. 74 ,have
many features in common with those south of Found Lake

and that they are probably parts of the same body of

sediments,

Megascopically these rocks are darker in
colour than those south of Found Lake but they still
show the rough grit-like, ridged weathered surface due
to the equigranular nature of the minerals and the leach-

ing out of the calcite.

Microscopically, they have the same suite of
minerals, calcite, plagioclase of variable composition,
diopside much altered to actinolite, apatite, sphene, with
secondary iron ore, quartz and mica. The mineral rela-
tionships are considerably more complex and the minerals
have been altered to a greater extent. For example,
the amphibole derived from the diopside 1is actinolite and
is strongly pleochroic indicating a higher content of iron,
the plagioclase shows irregular zoning, is frequently
altered to scapolite, zoisite, epidote or calcite and

where fresh, the crystals show a curious irregular inter-

growth with one another (Photographs 8, 9, 10).

Thege differences are due to the more intensive
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deformation that the rocks have undergone and also to

the proximity of igneous intrusives as previously

described.

Table IIT lists the volume percentages of the
essential minerals of these specimens, For purposes
of comparison, the volume percentages of secondary miner-
als derived from the plagioclases have been included

with the volume percentages of the plagioclase,

These percentages show that specimens 23 and 24,
taken from an area mapped as oligoclase granite, are not
granitic, No, 24 is a quartzite and is very similar to
No. 21 with the same minerals in the same proportions;
these minerals are sericitized andesine, sutured quartz
and flakes of muscovite, much altered to a colourless
mineral of low birefringence containing oriented inclusions
of acicular rutile (see Photograph 3) which is apparently
the same as that described by Harker (11, p. 159) as
nehloritic material with oriented needles of rutile."” 1In
hand specimens both rocks are fine to medium-grained cream-
coloured quartzites with a pronounced parallelism of dark
nd colourless lenses, the latter composed of quartz.

grey a
It is probable therefore that these two were taken from

similar types of sediments.

Under these circumstances, No., 23, which was
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collected near No., 24 might be expected to show some
relations with No. 20, collected from the same place

as No, 21 but apart from the occurrence of bands of
'limestone' at both localities there is no resemblance,
No, 23 being a pyroxene and amphibole-rich rock whilst
No. 21 is a calcite-rich rock. No. 23 however Shows
very close mineralogical relationships with No. 9, which
was collected south of Found lake,as can be seen in
Table IV which lists the constituent minerals and the

volume per cent of those minerals for each rock.
This similarity is also shewn by the molecular
percentages of the oxides for each rock, listed in Table V.
TABLE V

OXIDE PERCENTAGES

No, 2 No. 9

L8.L 52.2

iigga L .85 5.28
MgO 22,02 16.25
Cca0 17.80 19.0
Nag0 1.20 1,77
Ti0 0.37 0.78
Fe 3 0.51 0.63
Feg ® 1.46 1.85

These similarities are strongly indicative of

a genetic relationship between the two specimens, The
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comparison of mineralogical composition can be extended
to other specimens of this group and members of this
group can also be compared with specimens taken from
areas south of Found Lake, as has just been done, and

it will be shewn that meny of the specimens of both
groups are apparently related, both in mineral characters
and field relationships, In many cases, as for No. 23
and No, 9, the similarities are marked and it follows that

both groups must be part of the same body of sediments.

Thus, specimens 31 and 74 are very similar in
hand specimen and also in mineralogical composition and
microscopic characters. In both the plagioclase crystals
are irregularly zoned and intergrown and have in each case
been altered to mizzonite to the same extent (see Table
VI) indicating the same degree of and susceptibility to
alteration, It is felt that this eagreement becomes more
significant when the field relationships are considered,

No. 31 being obtained from a massive rock whereas No. 74

came from a well bedded locality.

Specimen 9, collected south of Found Lake shows

a correspondence of mineral components and to a lesser

extent of volume percentages with specimen 31, the dis-

agreements being due to the considerably higher percentage

of caleite in specimen 31l. Both contain Labradorite and

a high percentage of pyroxene and amphibole.



Plagioclase
Mizzonite
Calcite
Diopside
Actinolite
Epidote
Quartz
Sphene
Apatite
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TABLE VI

VOLUME PERCENTAGES

No, 31 No. 74
20.2(An,60) 19.1
20,2 19.3
RL. .6 36.4
17.0 8.5
13,2 12.4
Present L.5

L.18 Present
Present Present
Present Present

No, 9
31.8(An.67)

L.2
20,85
32.00

8.55
2.18
Present

When the molecular percentages of the oxides are

compared (see Table VII below), this dissimilarity is

reflected but the same general trend of high CaO, MgO,

low Al,05; and SiOg is still evident and is the more pro-

nounced in section 31 because of the relatively high

content of free calcite.

Siog
Alg0g
MgO
ca0
Nag0
TiOg
Feg0g
Fel
COg
Ccl

TABLE VII

MOLECULAR PERCENTAGES

No. 31

39.4
25.51
9.35
26.75
2.1L
0.13
0.23
0.77
15.7
0.23
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Except for the composition of the plagioclase,
specimen 27 compares very well with gpecimens 15 and 1l4b
both in volume percentages and in field relations.
Specimen 27, consisting of dominant plagioclase with
calcite represents the predominating hard material in a
well laminated much contorted area, in which the soft
material is chiefly of carbonate, Specimens 1l4b and 15
represent the dominant felspathic 'quartzite' containing
'limestone' bands, which are represented by lha; li4b and
15 consist of dominant plagioclase with calcite and 1liha
consists of dominant calcite with plagioclase, There
is thus a strong resemblance in the field relations and
the similarities in the mineral percentages, shewn in

Table VIII below are as distinct,

TABLE VIII

VOLUME PERCENTAGES

Plagioclase Calcite Diopside Amphibole Sphene
No.27 ILabradorite 68.3 20.6 1,18 2.8 5,05
No.l5 Oligoclase 62,75 24.27 - 3.10 6.7
No.l4b Andesine 5L.L  21.3 1,32 3.16 11.7

Features clearly shewn by this table are the

high percentages of sphene and the close agreement in the

total percentages of diopside and amphibole as well as
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that of calcite, These three specimens provide the
closest agreement in characters and this is probably
the most significant comparison thaet has been made in
showing that the rocks south of Found lLake are closely

related to those north of Found Lake.

It has been concluded therefore from the field
evidence, the variation in the composition of the plagio-
clase and the close mineralogical similarities of these
rocks that the bodies of rock north of Found Lake, mapped
as anorthositic gabbros have the same origin as those
south of Found Lake and that they are therefore metamor-
phosed dolomitic and calcareous arkoses, and are now

diopside-plagioclase-calcite gneisses,

The revised contacts suggested as a result of
this conclusion are shewn on Map 2. Since specimen 74
is entirely different from all other specimens, it has
been provisionally mapped as hornblende-plagioclase gneiss
(No. 2, Map L4-L) and the contacts with the northwesterly
mass of diopside-plagioclase—calcite gneiss, by which it
is surrounded, have not been defined. However the author
ssegs sufficient information %o determine

does not po

whether specimen 74 is definitely related to the main body

of hornblende-plagioclase gneisses, and this correlation

is based on the fact that the main body of hornblende-
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plagioclase gneiss may be in part intrusive and that

specimen 74 may be derived from a basic igneous rock,
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CHAPTER IV

PERTODS OF METAMORPHISM

Two distinct periods of metamorphism have
been distinguished by the study of the thin sections.
The earliest period was one of high grade regional
metamorphism in which the main features of the present
rock fabric were developed; this was followed by one
or more periods of dynamic metamorphism -- not of great
intensity -- in which the minerals formed in the first
period underwent retrograde alteration of variable

degree,

It must be emphasized, however, that what follows
is in the nature of an academic discussion and is based
entirely on the results of the examination of thin sections,
Many more sections would have to be examined and consider-
ably more field evidence than was possessed by the author

would be needed before the metamorphic history of the area

could be definitely established.

This chapter does however give some idea of the

probable metamorphic history of the area,

The First Period
Metamorphosed lime-rich sediments are very
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stable under weathering conditions (12, p.284) and
thus it is always possible to determine the highest
grade attained in the last period of metamorphism,
After the period of regional metamorphism but before
the period of dynamic metamorphism, these lime-rich
sediments consisted of an equigranular aggregate of
calcite, plagioclase, diopside, hornblende, quartz,
sphene, biotite, apatite, and corundum, these minerals
being an original part of the present fabric and it is
concluded that they represent the minerals developed
as the result of the highest grade of metamorphism

attained,

Some of these minerals, such as diopside,
plagioclase and corundum are antistress minerals indicat-
ing that directed pressures were absent during their

formation and the equigranular texture of the rock is

evidence supporting this conclusion,

On the other hand, the frequent association
of quartz and calcite -- which should combine to form
wollastonite under high hydrostatic pressure and the
high temperatures mentioned below -- indicates that direct-
ed pressure must have been active during the metamorphism

since directed pressures tend to inhibit the above reaction,
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The occurrence of an original stress mineral
hornblende (in slides 12 and 28) 1is also indicative of

directed pressures.

Diopside and plagioclase are considered by
Harker (11, p.256) as high grade minerals developed from
impure limestones or calcareous sediments under condi-
tions of regional metamorphism. Bowen (13, p.257) has
compiled a list of Index Associations for metamorphic
limestones and dolomites which he considers can be used
as a quite reliable indication of the temperatures attain-
ed during metamorphism, Thus the association of calcite
and diopside is indicative of a temperature slightly less
than 800°C; the Index Association for the stage below
this is calcite, diopside and forsterite but no forster-
ite was identified in these rocks so it is probable that
the maximum temperature attained during the first period
of metamorphism was in the neighbourhood of 800°C, Bowen

also points out that the diopside stage is never passed

in regional metamorphism.

Further, under conditions of high grade regional

metamorphism, accompanied by shearing stress, the associa-

tion of quartz and calcite and of stress minerals with

antistress minerals is no longer anomalous and hence 1t
was concluded from the association of gquartz and calcite,

diopside, plagioclase and hornblende in these rocks that
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the original sediments were subjected to high grade

regional metamorphism, the results of which have been

little destroyed.

This period of metamorphism was in agll probab-
ility coincident with the folding which gave rise to the

structure of the area,

The Second Period

The oligoclase granite, the youngest intrusive
in the area, is phacolithic in shape and conforms with
the areal structure as do the bodies of pyroxenite and
metageabbro, It is possible, therefore, that these were
intruded during the period of folding and as it has been
assumed that one of these bodies is the cause of the
scapolitization of the felspars, it follows that meta-
somatic and pneumatolytic alteration must have taken place
soon after the metamorphism of the sediments, The field
evidence shows that the oligoclase granite is intrusive
into the sediments in the form of sills in many places
(cf. specimen 29 which was taken from one of these sills)
and since granitic magmas, due to their higher content of
volatiles, are more likely to cause scapolitization than
are more basic magmas, it is probable that the oligoclase

granite is the cause of the scapolitization of the plagio-

clase of these rocks.

However, the specimens of the oligoclase granite
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show a distinet foliation which could be of primary
origin but the uneven extinction of bands in the quartz
crystals (see Photograph No. 2), the sericitization of
the felspars concentrated on the outside of the crystals
and the bending and alteration to chlorite of the biotite
(see Photograph No. 1) are indicative of cataclastic

movements subsequent to its consolidation,

Other evidences for a period of slight dynamic
metamorphism are numerous; the most widespread is the
alteration of diopside to hornblende or actinolite (see
Photograph No. 7); Harker (11, p.351) mentions that the
amphibolization of diopside in semi-calcareous sediments
is common under conditions of shearing stress and G. D,
Osborne (14, p.209) describes the alteration of diopside
of limestone to actinolite under stress conditions. In
these rocks, the alteration of the diopside to pargasitic
hornblende rather than actinolite is an unusual change
but it is not unnatural in view of the low percentage of
iron, The formation of actinolite from diopside in
specimens 27, 31 and 75 may be due to an originally higher
content of iron for these rocks but it has been mentioned

that it is assumed to be the result of metasomatic action,

probably by the granite and it follows thhat the later period
of dynamic metemorphism must have been accompanied by the

intrusion of the oligoclase granite and may have been in
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