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INTRODUCTION

Location.

The lead and zinc deposit described in this thesis
is at Calumet Island, Pontiac County, Province of Quebec,
about fifty-eight miles northwest of Ottawa, The deposit
occurs on the southwestern part of the island, on lots 3

to 12, range IV,

The railroad station near the island is Campbell's
Bay, on the north shore of the channel, on a branch line of
the Canadian Pacifice Railway. From this station a four miie
motor road runs south to Bryson where a bridge orosses to the
island. ’Campbell's Bay can be reached by a ferry from Calumet

Island village.

References.

Data on the zinc production of Calumet Island since
1892 are in the annual reports of the Government of the Province
of Quebec and the Geological Survey of Canada. In all, about
1200 tons of ore were shipped from the property, most of it
before 1900. |
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In 1908, a report in which the occurrence of ore is
mentioned was published by R.W. Ells (1) on a large area
including Calumet Isleand. In 1916, W.L. Uglow (2) described
the lead and zinc deposit of Calumet Island. In 1925, R.W.
Goranson (3) wrote a report on the geology of Calumet Island
accompanied by a geological map of the island. During the
summer of 1939, F, Fitz Osborne (4) revised the geology of the

southern part of the island and made a detailed map of the

outcrops.

History of the Deposit.

The property was staked in 1893. 1In 1897 it was
operated by the Grand Calumet Mining Company of Ottawa who

shipped to Belgium 1,100 tons of ore averaging 32% zinec and

(1) Ells R.W., Geology of Portions of Pontiac, Carleton and
Renfrew Counties, Geol. Surv. Can., Rept. No. 977.

(2) Uglow W.L., Lead and Zinc Deposits in Ontario and QJuebec
and in Eastern Canada, Ont. Bureau of llines, Vol., XXV,
pto 2,‘ppo 5-7, 1916.

(3) Goranson R.W., Calumet Island, Pontiac Countv, Geol. Sur.
Can., Summ. Rept., 19256 C, pp. 105-124.

(4) Osborne F. Fitz, report under prevaration.



9% lead. 1In 1911, a concentrating mill with a capacity of
150 tons was erected, but it burned soon after. ' The British
Metals Corporation of Canada in 1926 took an option on the
property and did SOme_Work but soon after let the option
lapse. In 1937, the Calumet Mines Limited acquired thé pro-
perty and started a program of diamond drilling under the
supervision of Dr. Paul Armstrong. More‘than two hundred
holes were put down with an aggregate length of about

80,000 feet.

Acknowledgements.

The author is indebted to Dr. F.Fitz Osborane of the
Department of Geological Sciences, 17¢Gill University, for his
kind assistance in the preparation of this thesis. Personal
communications from r. W.W.Moorhouse, graduate student at

Columbia University, were highly appreciated.



A _' ~3a-

: C‘a’/amef{/'""

FIGURE 2

—m—

LEGEND

i oot oy eyl i
LRI TS E O s v

" . e

Pk 7@/::'{‘@ ;
UndifFereantaled gebbrp
arnd hernbleode f 285 .

Gabbro.,

Migmalite.

Basic forablend e Gneiss
and 7@/»}; ,,?/e(f;',,,,j_
Basic hornblende gre s,
&off{‘c ond /pr"gcfcd
&lofire ffu;';_f.

g | : 7 : o g §
5 S 2l i ; Ko | FPyroxcne and cordoagrs
: = EEEE dmpb:bvb}f; =

g =~ . - - 5 =
- S S R W ey e L el e
TN \-_ AT S \-..,-:_-H

) Mountain

. crvte

Crr_;ftﬂ})ra Is ernc @sl

Granvisr amf:).";l’ ohfe

Taterbersided Far- ”&h(l
-.5((?/& OF”I./CS J'éfe"élbf;& i ki f”’.”‘
’ %4 Va L4 o




U N,

.

PART T

GENERAL GEQLOGY

L

The southern pdnf&of Calumet Island is underlain
by rocks of the Grénviile series cbnsisting of éfystalline
:iimestone, b{ﬁtipe 4hd amphibolite gneisses, and their
injected équivalents. These rocks are int;uded by Bucking-
‘ham gabbro and‘graﬁite of the Morin series. Aplites, pég;
matites,.iamprophyres and diabése’dykps are found occasionally.
In the nofthepé‘pamt.of the island these rocks are covered by
Péiéo%qié 1;£estones;

]

| ¢ The geology of the area is quite complex. Of many
types of rocks shown on the regional map, it is believed that
they were 6nly few originglly but, due to metamorphism and
injection of grantic material, the rocks have been altered to
such an egtent in their mineralogical composition, and their
strueture has been so modified that their original composition
and structural relation can be treated only anproximgtely

before a detailed mapping of the adjacent area is available.

Osborne considers that the rocks now making the
Grenville'paragneisses consisted originally of impure
argillaceous sedimentary rocks with intercalated limy or
magnesian beds bassing by gradation into relatively pﬁre

limestone with minor clastic zones at the base of the lime-



stone. FKe assumes that the limestone is at the top of the

series referring to a statement by Ells (1) that the lime-

stones are near the top of the Archean, and by correlation

with the limestone in the type locality for the Grenville

limestohe, where it appears to stand higher in the series

than the quartzites and the gneisses.

Summary of the Geological History.

Osborne (2) summarizes as follows the geological

history:
1.

2e

Te
8.

Grenville sedimentation of clastic and impure
carbonate beds followed by limestone.

Folding and overturning of the Grenville series.
Formation of amphibolite and gneisses.

Migmatization of the rocks yielding a pseudo—
morph of the older structure.

"igmatization controlled by the east-west
shearing tending to obliterate the earlier
struecture.

Injection of Buckingham gabbro.

Injection of pink granite with accompanying
diopsidation.

Injection of aplites and pegmatites.

Formation of ore at Calumet Mines property.

(1) Ells R.W., op. cit.

e g——

(2) Osborne F. Fitz., op. cit.,




9. Injection of lamprophyre and diabase dykes.

10. Erosion.

1l. Deposition of lower Paleozoic rocks (evident
on north part of island.)

12, Paulting.

13. Erosion.

Grenville Limestone.

By re<ional metamorphism, the limestone was re-
crystallized to a medium- to coarse-grained crystalline lime-
sfone. There are thin beds of finer-grained siliceous
dolomitic material. Some layers are entirely replaced by
silicates consisting of diopside and serpentine, accompanied
by others such as tremolite, phlogopite, scapolite, chon-
drodite and titanite, from impurities in the original sediments
and addition of material of magmatic origin. These silicate
minereals occur as disseminated grains and pockets and are
quite abundant in places, diopside forming sometimes impor-
tant masses. The original bedding has been practically all
destroyed and is now replaced by a well-defined schistosity
in general parallel to the contact with the silicates rocks;
layering and schistositr may be mistaken for bedding. At
or near the contact between the limestone and the gneisses

are bands,of amphibolites.



Beds containing anhydrite and gypsum were inter-
sected in drilling at the mine. Brucite is a common accessory
~mineral in the southern part of the island, locally it is
sufficiently abundant to be considered as a possible source

of magnesia according to Osborne.

.Moorhouse noted that serpentine is associated with
calcite in the dolomite. This is probably according to the
process of de-dolomitization suggested by Adams in the follow-

'ing equation:

CeMg(COz)p + 2Si0g . =  CaMg(SiOz)s + 2C0s
(dolomite) (diopside)

3C&Mg(8103)2+ 5C02 + 2H20 = H4M8581209+' 50&003 + 43102
(diopside) (Serpentine) (calcite)

Biotite Gneisses and Granitic Migmatites.

The less calcareous members of the Grenville series
yielded the biotite schists and gneisses, hornblende being
formed in minor amount; in places however where there was
more lime and magnesia in the sediments, the biotite gneisses
péss gradually to amphibolites. The micaceous schists were
apparently fissile and were easily injected by granitic

material, in places acgompanied by pyrite and pyrrhotite,

and the resulting rocks are now represented by the granitic



migmatites ard the rusty-weathering gneisses, so called

because of their rusty appearance on surface due to the
oxidation of iron. Bands of highly granitic migmatites

are found below and above the ore shootse.

4Amphibolites and Related Hornblende- and Hornblende-

Biotite Gmeisses.

In the calcareous members of the series contain-
ing much lime and magnesia, pyroxene, anphibole, and medium
calcic plagioclase were formed in abundance and various types
of amphibolites resulted. These rocks were later metamoronozed
to basic hornblende- and hornblende-biotite gneisses. The
amphibolites show various structures; an immortant varietr is
gneissose and contains carbonates. TIn general, they are
massive and resenble diorites in structure and texture.

Some were injected to various degrees by the same material
that formed the granitic migmatites. 1In places the layered
character of the rock was destroyed and the rock is con-

verted to basic or hornblende nignatite.

In general the amphibolites were not very sus-
ceptible to injection, and instead of being replaced like the
biotite gneisses they vielded composite gneisses along their

contact with other rocks or zones of strong shearing, and



lit-par-1lit gneisses resulted from the introduction of

magmatic material along the foliation.

The amphibolites and related rocks underlie the

greater part of the southern half of the island.

Granite.

At the north-east of the map is shown part of a
large mass of granite on the mainland. In places it is strongly
gneissie and contains inclusions; elsewhere it is »ninlt and
porphyritic. On the island, dykes, sills, and small masses
of pink granite are quite common. Osborne mentions the case
of a narrow dyke of pink granite cutting the gabbro halfda
mile north of the bridge’fo Calumet Island, with an alteration
zone of 100 feet bounding it and the conversion of the gabbro
to a granular diopside rock with veins of quartz and occasional
crystals of phlogopite. Sometimes it injects the gneisses in

the lit-par-lit fashion in certain zones, or the silicate rocks

along their contacts with the limestone. In places it is
injeacted along the east-west striking shear structure. The
granite is assigned to the acidic part of the Morin or Pine

Hill seriese.
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Gabbro and Hornblende Gneisses.

A large area of gabbro and hornblende gneisses
is shown on the south-east part of the map. Two small
stocks cut the linestone west of Carswell's quarry. There
is also a dyke of sivilar material near the north end of

Bryson and this dyké outecrops also on the island across the

channel.

The gabbro has a prevailing dark gray colour and a
medium granularity; in some places however it is light coloured
and coarse grained. This gabbro resembles the basic intrusions
of the Marin and Buckingham series enough to be correlated to

these.,

Diabase and Lampronhyre.

-~

A dyke of fine-grained diabase cuts the ore at the
Calumet propert~. Another dvke is found on lots A and B, south

range, on the island.

Small dykes of lamprophyre cut the ore zone and are
found in a few localities in the region. The age relation
between the diabase and lamprophyre is not known for certain

although the lamprophyre is probably the older.
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STRUCTURAL GEOLOGY

Little is known of the structural geology. The
mapped area is small and the rocks are so intensively
me tgmorphozed that most of the primary structures have been
obliterated. Osborne mentions four structural elements in
his reporf. The most conspicuous one is the banding as shown
for instance by the rocks on the mountain at the south-eastern
end of the island, where bands from 50 to 100 feet wide of
fine-grained leucocratic biotite gneisses alternate with fine

grained more mafic hornblende biotite gneisses.

In describing the liunestone the assumption was made
that it stands higher than the clastic sediments in the
stratigraphic column. The limestone outcrops all around the
southern part of the island and across the river on the main-
land. On the east side of the island, the beds div at low
angle to the east, and the same relation is found for the ones
outcropping on the west side of the island. It is then
suggested that the structure is an overturned anticline to the

west with its axis pitching south.

A third important structure is the shearing striking

east-west and north-west south-east as indicated by the folia-
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tion and the schistosity. The east-west direction of shearing
is better developed and is younger; in places, it has developed
at the expense of the one striking north-west. At some places

an older schistosity probably parallel to the bedding can be

Seell.

The last element is the constancy of the direction
of the linear feat.res such as the direction of the elonga-
tion of the crystals and the axis of plication over practically
all the mapped area. This direction strikes east-west and
pitches 200 to 300 east. This structure is superimposed on

the others.
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PART II

THE CALUMET LEAD AND ZINC MINE.

Foreword.

More than two-hundred diamond drill holes with a
total length of more than eighty-thousand feet were put down
at the Calumet property to prove the ore-deposit. The diamond
drill cores were examined by F. Fitz Osborne for the Quebec
Bureau of liines, and vertical sections, in part completed by
the writer, were made from his logging to correlate the
various types of rocks encountered in drilling and to study
the extent and attitude of the ore-bodies and the structure
in general at the mine. S;xty-five thin-sections of representa-
tive samples picked up from the cores for petrographic study,
were examined by the author and the results of his stﬁdy'are

included in the following pages.



~14-

Summary of the Local Geology.

The Calumet property is on the west side of the
island, (see Fig. 2) on what is believed to be the west limb
von an overturned anticline, if the assumption that the lime-
stoné is at the top of the Grenville series in this area, OT

of an overturned syncline in the other alternative.

The rocks have a general strike N 15° W and dip
to the east at about 30°., From the river to the east in the
vicinity of the Calumet 17ine the succession of the differént
types of rocks is as follows: Limestone outcrops on the shore
of the river with interbanded silicified layers, and amphi-

bolites lenses near the contact with the granitic gneisses.

It is overlain to the east by granitic migmatites followed by
biotite and injected biotite gneissés also called the rusty-
weathering gneisses, including various amphibolites and contact-
me tamorphic rocks and containing the main ore-body. Pyroxene
and carbonate amphibolites form the hanging-wall of the ore

zone of the mine. These amphibolites are overlain by a coaplex
of amphibolite gneisses and migmatites followed by leucocratic
injected gneisses less granitized than the migmatites overlying
the limestone and forming two large masses, the one to the

south being still less granitized. To the east, these rocks
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are followed by hornblende gneisses and porphyroblastic
amphibolites similar to the massive amphibolites of the
hanging wall. These rocks contain a minor zone of minerali-
zation on which are the Longstreet shaft and the Belgian pit.
Thesg are followed in tﬁrn by siliceous hornblende and biotite
gneisses including amvhibolite lenses. Near the eastern
boundary of the property are massive amphibolites in place

injected to medium-mafic migmatites.

A diabase dyke cuts the rocks on the vroperty from
the river to the end of the amphibolites of the hangingwall
of the ore zone. It is about one hundred feet wide, strikes
N 80O W and dipns about 750 Ne Narrow trap dykes were inter-

sected in drilling.

General attitude of the Rocks at the Mine.

Three types of rocks were intersected in drilling
the ore-zone at the mine. These are from west to east:
1) the biotite and injected biotite gneisses, 2) the pyroxene
and carbonate amphibolites, and 3) the amphibolite gneisses-

migmatite complex,

A typical cross-section made from information

secured from drilling shows the succession and attitude of the
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different rocks, the general shape and distribution of the

ore-shoots and their relations to the country rock. (See Fig.3).

The most characteristie feature of this section
from a structural point of view is the sill-like shape of the
amphibolites formirg the hanging-wall of the ore zone. This
lenticular.layer is quite irregular and is from one-hundred
to four-hundred feet thick, but its general attitude is
found persistent in all the sections made. The average dip
of the hanging-wall is about 35°; the section shows however the
different formations dipping more steeply near the surface and
flattening downward to the east. This tendency is shown better
by the trend of the ore itself and suggests drag folding in
the vertical plane along the dip, the east part having moved

upward.

The lower zone includes lenses of amphibolites and
contact metamorphic rocks. Lenses of heterogeneous rocks are
present also in the hanging ﬁall and in the rocks above. The
presence and distribution of these lenses indicate the complex
character of the original sediments metamorphosed to roczks of

various compositions still later modified by granitic injection,
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PETROGRAPHY

l. The Biotite and Injected Biotite Gneisses.

Locally these gneisses are finelv banded and extremnely
contorted fhus clearlv indicating their sedimentary origin,
but more often they are massive on account of their intensive
injection by granitic and siliceous material. This zone is
quite complex; it includes numerous lenses of normal and
cunmingtonite-bearing amphibolites, contact metamorpliic rocks
and pegnatitic patches scattered throughout the gneisses. The
ore-deposit is in these rocks near or at the contact with the
overlying amphibolites. The gneisses are separated from the
underlying garnet migiatites b a narrow band of normal

amphibolite gneisses.

The rocks of this zone will be divided for petro-
graphic description into three general groups: A - The quartz-
anorthoclase-i1ica-sillimanite gneisses, called in the field
the biotite and injected biotite gneisses, which are the more
abundant, B - The amphibolite gneisses and C - The contact
metamorphic rocks, the last two groups occurring as lenses in
the first group. These will be suhdivided again irto different

mineral associations based on microscopic examination.
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A - The quartz-anorthoclase-mica-sillimanite gneisses.

It is excessively difficult to unravel the history
of these rocks and to separate those that are due simply to
the recrystallization of the original sediments from those
that are the product of recrystallization plus injection.

On surface the rocks that show banding are the least injected
members and represent more closely the original composition of
the sediments. They are fine-grained and consist of a quartz-
feldspar mosaic with accessory mnica and sillimanite. The
injected type which is the more imnortant consists of abundant
quartz with potassic feldspars and all the minerals show
evidence of replacement by quartz. One section only shows a

cataclastic texture.

For practical purpose the quartz-bearing rocks
although presenting different associations are grouped to-
gether with the excention of the rocks containing cordierite
which will be described separately. They all contain mica
and sillimanite in greater or less amount. When present,
plagioclase is andesine. Anorthoclase (ecryptoperthite?) was
identified in most sections while microcline (?) and possibly

also orthoclase (?) would not be common. Hypersthene was

found in one section. Various sulphides are present, of these,

pyrrhotite is the most abundant with pyrite and chalcopyrite.
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Sphalerite, galena and gravhite (?) are found also occasionally.

Microscopic Characters of lMinerals.

llost of QUARTZ'crystals have irregular rounded
outlines. Some are fréctured.others show parallel lines of
gaseous or liquid inclusions, and in general fine sillimanite
needles are uniformly distributed throughout the cryvstals.
Biotite and iron sulphide grains are distributed at random
and the crystals often present a sieve-like structure in the
more extensive replacements. Quartz replaces all other minerals

except sillimanite.

PLAGIOCLASE is andesine. Its composition varies
from section to séction between Anszvand An49. The crystals
show usually albite twinning. They may have all kinds of
ineclusions and in the more injected types, they have numerous
rounded grains and patches of quartz. They are slightly

altered to sericite.

ANORTHOCLASE (eryptoperthite?) is very abundant in
the quartz-bearing rocks, often it makes up to 35% of the
minerals. Like quartz it includes sillimanite needles. The
erystals which are sometimes quite large, have concave out-
lines due to renlacement by quartz and often become interstitiali

to quartz when replaced more extensively. Sections normal to
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the Z-bisectrix give an extinction angle with (00l) cleavage
of about 70, and in such sections almost submicroscopic
pericline twinning lines‘can be seen making an angle of 750
with (001) cleavage, which is characteristic of anorthoclase.
Sections normal to the X-bisectrix give an extinection angle
bf about 4° with (001) cleavage and show an acute-bisectrix
figure indicating a medium axial angle. From an optic-axis
figure, the axial angle is seen to be small and is estimated
to be near 45° , Wwhich value is again characteristic of the
mineral. The crvstals have usually a peculiar appearance
under the microscope that sometimes suggests microcline but
the mineral is probably cryptoperthite (See p. 33 )« The

crystals are slightly altered to sericite.

MICA - Light brown PHLOGOPITE is the most abundant

mica. Its pleochroic formula ié:

X = very pale brownish yellow (almost uncoloured).

Y = Z pale brownish yellow.
The axial angle 1is almost zero. Dark pleochroic haloes around
small apatite (and zircon ?) grains are sometimes abundant.
It is replaced by sillimanite and iron sulphides (See Fig.4 )
MUSCOVITE was found in few sections associated with phlogo-
pite and is also replaced by sillimanite. One section shows

biotite altered to chlorite through an intermediate high
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index product. Mica is replaced by quartz.

SILLIMANITE is the fibrolite variety. It occurs as
fine needles crowded together with a sheaf-like arrangement.
It replaces quartz and is intimately associated with biotite
and occasional muscovite both of which it replaces. The
mineral has a high index of refraction and a low byrefringence,
it has parallel extincetion, it is positive and almost uniaxial;
The bundles of crystals usually develop with their axis at
about right angle to the lines of inelusion in the other
minerals, thus indicating more clearly its origin later to
injection. It is also present as fine needles uniformally

distributed in the other minrerals,

" TCROCLINE % Crystals with scotch-plaid twinning
are found associated with anorthoclase. >Unfortunately these
are not present in sufficient amount to check all the optical

properties of the mineral.
APATITE is rare in the quartz bearing rocks.

IRON SULPHIDES occur along cleavage planes in biotite,
or filling cracks in quartz and replace all silicate minerals.
Pyrrhotite and pyrite are the more important. Their abundance

in the quartz-bearing rocks indicates a genetic relation of

the ore to the solutions producing granitization.



Cordierite-Bearing Associations.

An interesting group of associations includes
cordierite. This mineral was ildentified in two thin sections
within the present zone, and in another one in the amvhibolites
of the hanging-wall near the contact with the biotite gneisses.
In each case the association ig different. The two thin
sections in the actual zone consist of the following minerals:

l. Quartz - cordierite - biotite - plagioclase.

2. quartz - sillimanite - plagioclase - biotite -
cordierite. ’

In the amphibolites the association is
3. Anthophyllite - cordierite - biotite - plagioclase.
Associations 1 and 2 differ only by the presence
of sillimanite in the latter. Association 3 is entifely

different from the others and represents a metasomatic rock.

l. Quartz - cordierite - biotite - plagioclase association.

The section consists almost entirely of quartz with
cordierite, plagioclase and biotite. Biotite is also included
in the quartz crystals with pyrrhotite and pyrite. Quartz
crystals show parallel cracks and lines of inclusions.
Cordierite is in small colorless irregular rounded crystals
interstitial to quartz or sometimes included in quartz. It
has few yellow pleochroic haloes that diSappear as the stage

is rotated and these haloes furnish an obvious indication of
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the presence of the mineral. The crystals have short cracks

normal to the edges ard can be distinguished from quartz by

a slight difference in their limpidity.

2. Auartz-sillimanite-plagioclase-biotite-cordierite association.

Quartz is again the most abundant mineral. Silli-
manite occurs in slender prisms grouped together and also as
grains replacing the other minerals especially biotite.
Plagioclase Angg is slightly altered to sericite and is re-
placed by quartz. Biotite with pleochroic haloes around rutile
grains is in fair amount and is accompanied by a little musco-
vite. Some of the biotite is altered to a green mineral
(chlorite or serpentine) accompanied by a high-index and high
birefringent negative uniaxial mineral (carbonate ?). Cor-
dierite is in larger grains than in the previous association
but is still in small amount. The crystals have small in-
clusions uniformly distributed. The optic sign is positive
and the axial angle in near 80°. Pyrrhotite and pyrite replace

miga.

3. Anthophyllite-cordierite-biotite-plagioclase association.

Cordierite is very abundant in this association.

It is in anhedral interlocking crystals with the same



characteristics as in the above associstions a-d replaces
anthophrllite. It ic rresernt also as s-all er—-stals
forming the outside zone of nediun size eyes having in-
side an uncoloured nedism-index uniaxial negative mineral
with birefringence oolouf of the Tirst order (aica °) in-
cluding an uncclocred high index isotropic mineral (s»inel

crains zroaped to-

b

or garnet ?) occurirg as soall argular
gether near the centre of the erves, amnarently » secondarw
product of replace:ent; apatite soietimes scecommanies the
latter. Cordierite hs= more pleochroic haloes than in the
above associations. It is cuite nossible t:at cordierite
renlaces mica in te "erye" str.cture. Large uncoloured
crystals with elo~rrated fibtrous habit occiring in radia-

ting aggregetes and sreaves foran about 40 5 of the minerals.
It has pale vellow birefrirgerce colour of the first

brder, parallel undulatory extinction, positive elongstion,

a large optic axis angle and a positive sign (?). The
mineral is probably anthonhyllite and the refractive iundsx
for Z being 1l.64+ it would consist of meganthophrllite
(HoMgySiglsoq) 20 mol ;5 and feranthophvllite (HoFenSigOs,) 80
mol 7 (1). I7any crrstals have black inclusiors. It renlaces

biotite and it is repleced in turn by plazioclase, cordierite

(1) Winchell, A.ll., op. cit.




and quartz. The lines of fracturing of anthophyllite are

preserved in the replacing minerals.

Remarks on the cordierite-bearing associations.

Until lately, cordierite was not known to be a
common minerél in the Canadian Shield. It was described for |
the first time in Canada in 1910 by Adans and Barlow (1)
from the Haliburton and'Bancroft areas of Ontario, in
association with gedrite. It is now mentioned quite often
in the reports on the Adirondacks of United States. N.L.
Wilson (2) described paragneisses from iontauban with
cordierite and anthopvllite in which the presence of these ,
two minerals vary from small amounts to rocks consisting
entirely of cordierite ard anthophyllite. In the Sdan-
dinavian countries it was described especially from Finland

by Eskola (3). It is known also from the Waite-Amulet area

of Abitibi where it is found in the dalmatianite related

(1) Op. cit., pp. 157-172.

(2) An Investigation of the :letamorphism of the Orijarvi Type
with Special Reference to the 7i~c-Lead Deposits at !'on-
tauban-les-liines, P.5., unpublished Doctor's degree thesis,
MeGill University, 1939.

(3) QRO g_i___to, ppo 1‘2770
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to greenstone.

The cordiervite-anthophylite rocks are considered

to be a product of nagnesian netasomatism by Eskola in Minland

and WVilson at Tontaubecn.

4ot Calumet, cordierite is found in two different
types of rocks; a netasomatic type (association lio. 3) and
an intensively silicified tvpe (association Mo. 1 and 2). Both
tynes result from injcction of igneous solutions and since
cordierite is found only in the n1ore injected rocks it is
logical to believe trat 1ea.nesia was introduced bw these solu-
tions. Anctier himothesis is that the various assoclations
represent different degcrees of replacement as a result of a
variation in the cownosition of the sediients in which cor-
dierite has developed fron the recrystallization of agrilaceous

layers deficient in lime, under the effect of thernal injection.

B - The Included Amphibolites.

The second group of rocks found in this zone consists
of amphibolites. There are twoc principal types of associations
grading one.into the other:

a) The plagioclase-cumningtonite-biotite-
rornblende * garnet amphibolites.

b) The plagioclase-hornblende-biotite amphibolites.
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Cummingtonite is developed tynically near tre
contact of the rustr-weathering gneisses with the overlving

carbonated and gneissic amnphibolites.

a) The Plagioclase-cumingtonite-biotite-hornblende

garnet amophibolites.

The texti .re is fine to nedium. The minerals are
arranged in allotriomorphic aggregates and a gneissose
structure is co.1mon. Plagioclase is the most abandant nineral
of these amphibolites, and its comnosition varies on a wide
range from one secticn to another. The characteristic mineral
is cummingtonite aa-hibole. Biotite is usually ab..ndant but
common hornblende less so. In scome sections garnet is nresent
where as in others, it is absent. Apatite and iron sulphides
are also present. One section shows numerous veinlets of
serpentine cutting the other minerals. Another one gonsists
almost entirely of actinolite with few areas where the amp-
hibole is bleached and replaced by cummingtonite. In these

rocks quartz is absent.

PL/.GICCLASE is present as sub-angular to rounded
irregular interlocking crystals. It may or may not show
albite twinning and sometines the crystals are fractured.

Often they have inglusions of the associated ferromagnesian
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minerals. The comnposition varies between wide limits (Anlo
to An46) from one section to another. The crystals are usually

fresh but théy are sometimes élightly altered to sericite.

CULTITUGTCIITE is in elongated fibrous non-terminated
crystals usually grouped together in bundles with the in-
dividuals oriented in the same general direction. It is found
also replacing hornblende by bleaching, the structure of the
latter being often preserved, and there is evidence that it
replaces biotite. The mineral has a very pale brownish vellow
tint but shows no distircet pleochroism. The crystals are
twinned characteristically along planes closely spaced
parallel to (100) and the mineral is easily identified by
this peculiar twinning, esnecially when present in very

small amount. Thie indices of refraction are:

X= 1064 -
Y = 1.65
Z = l.66 +

The birefringence is veryv high and give yellow colours of the

second order and from this is estimated to be above 0.30. The
maximum extinction argle ZAc is about 20°, The elongation is

positive. The optic angle is very large and estimated to be

more than 80°, from the curvature of the isogyre of an optic

axis figure. The optic sign is nositive and the disversion

is VPf °



From the above Observations, the amphibole is
considered to belong to the isomorphous kupfferite
(HpMgySigOgq) grunerite (HpFeySigOoy) series, and from (1)
Winchell graph would consist of about 40 mol % of grunerite
and should be naned cummirgtorite. These optical properties
fit very well with the description of the above amphibole

in bulletin 848 b7 lLarsen and Berman (2).

BIOTITE has often a chocolate brown pleochroic

colour. In few sections it is olive green. Pleochroic

haloes are always abundant.

FORIZLEIDE is usually present in the same vroportion
as plagioclase, but sometimes constitutes as much as seventy
per cent of the minerals of the rock. Ordinarily it is of
the normal green colour but often it hag a bluish tint and
the following pleochroic formula:
pcle greenish yellow,

pale green.
pale bluish green.

P
i un

(1} Winehell A.W., Elements of Optical lMireralogy, Part II,
1933, p. 244, ulso, Winchell A.N., Further Studies in
the Amphibole Group, the American Ifineralozist, June
1931, Vol. 16, lo. 6.

(2) Larsen A.S. and Berman H., The “7icroscopic Determination of
the Non-Opaque Ifinerals, 2nd. Ed., Bull.848, U.S. Dept.
of Int., 1934. '
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This type of amphibole has a birefringence of about 0.020,
positive elongation, an extinction angle Zac = 16° and an
optical angle smaller than 60° with strong dispersion.g>v .
Often the crystals are bleached especially around the edges
and sometimes only a green spot is left in the central part

of the crystal. This bleached area often shows the peculiar
polysynthetic twinning of cumningtonite. Some crystals include

rounded grains of plagioclase.,

GARNET is pale brownish red. It occurs as idio-
blastic erystals usually fractured. From its complete absence
of birefringence, it is classed in the pyralspite group and is
believed to be ADRADITE. It has inclusions of cummingtonite

and iron sulphides and repléces all the other minerals.

b) The Plagioclase-hornblende-biotite amphibolites.

In general the texture is fine-grained granoblastic
but gneissose structures were also observed. The minerals are
fresh and have small inclusions. These amphibolites resemble
igneous rocks. The essential minerals are plagioclase, horn-
blende, and biotite. Carbonate is present in small amount
replacing plagioclase. Cummingtonite may also replace horn-
blende, thus indicating the transition from the plagioclase-

hornblende-biotite amphibolites to the plagioclase-cumningtonite-
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biotite-hornblende amphibolites.

PLAGIOCLASE varying in composition from Anlo to
Angg from one section to another is present in various amounts
from 25% to 60%. liuch of it is not twinned and shows un-
dulatorv extinction. Small crystals of hornblende are found
as inclusions. 'Wren vlagioclase is abﬁndant, evidence of
replacement of hornblende by the former is given by the
concave outline of the hornblende crystals. Some of the
ervstals are slightly altered. In the sauie section, crystals

of hornblende include plagioclase while plagioclase crystals

include hornblende.

HORNBLE:TDE ranges from 257 to 70% in amount, more

often it has the bluish tint alreadr mentioned.

BIOTITE has the common brown pleochroic colour and
is present in various amounts. It has dark pleochroic haloes

around small inclusions.
APATITE and PYRRHOTITE are found occasionally.

C - Contact-metamornhic rocks.

The biotite and injected biotite gneisses described

above are fine-grained in general. They are represented
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mainly by the quartz-bearing rocks with their minerals grouped
in a more or less definite association and include minor
amounts of amphibolites, one group being characterized by
cummingtonite * garnet and the other consistihg mainly of
plagioclase hornblende and biotite, Within the same horizon
there are also minor zones of medium- to coarse-grained rocks,
amphibolités for most of them, some of which have peculiar
associations and these will be here referred to as the
CONTACT-IZT.. CRPHFIC rocks. They include of course the

cordierite-bearing rocks alreadr described.

Section No. 9.

The association is: Biotite (?) gedrite and

zoisite (9).

BIOTITE (?). The mineral is in plates up.to a centimeter
in diameter and has a greenish grev colour in hand specimen
with some green spots in places. The lamellae are flexible
but not elastic. It is uncoloured in thin section. Some
segtions show a uniaxial figure, others a small optic angle.
The index of refraction of the mineral oriented with the
cleavage parallel to the stage of the microscope (about Nm)
is a little less than 1.59. The birefringence is high. In

places it is altered to chlorite along cleavages and it is
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apparently replaced by gedrite.

GEDRITE is grey in hand specimen but uncoloured in thin
section., The mineral has a brownish dirtvy appearance under
the microscope, but some smaller crystals are absolutely
fresh, (two different minerals ?);' " The indices of re-

fraction are:

X = 1.62 -
Y = l.62 +
Z = l.63 +

The mineral has parallel extinction, the optic sign is

\

negative, the optic angle is large and the dispersion isy;&.

ZOISITE (?). The mineral is in fractured uncoloured crystals,
it has.high refractive index and apparently low birefringence.
It is biaxial negative and has an axial angle of about 75°

with 5:>V about X. The mineral has probably parallel extinction.

There are abundant pyrrhotite and pyrite.

Section No., 45.

Gedrite amphibole mekes the bulk of the minerals
of the section and is accompanied by accessory pale yellow
biotite and a deep green isotropic mineral, (cdmplete
absence éf biregrigence) without crvstal outlines, averaging

1l m.m, (one grain 2 m.m.) and with an index of refraction
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greater than 1.78, probably gahnite (ZnAl,0y). The mineral
dissolves entirely in the mierocosmic salt thus indicating

absence of silica. Quartz is present in small amount. The
ore minerals are pyrrhotite with inclusions of‘chaleopyrite,

and a little galena; these are grouped around spinel which

they seem to replace,

Section No. 10.

The section is merely an aggregate of chlorite and
carbonate. Chlorite has the characteristic Berlin-blue
interference colour, and the crystals have numerous pleo-
chroic haloes around small inclusions. A little pyrite 1is

present.

v

Section No. 50.

This peculiar assoclation consists of cummingtonite
wilsonite, diopside and carbonate, the minerals being named
in their order of importance and accessory quartz, sphene
and apatite.
CUMTINGTONIT. has a greenish greyish white colour in hand
specimen, It is uncoloured in thin section, shows no twinning,
has an extinction angle of 18° , all the other optical

properties being normal.
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WILSONITE: The mineral has a peculiar pale purple colour
in hand specimen but is uncoloured in thin section and has

aggregate polarization.

Sections Nos. 53 and 46.

Both sections are a medium-grained aggregate of
brown biotife and fibrolite with small amounts of plagioclase
Ansg, quartz, apatite, pyrrhotite and pyrite. The coarser
texture is the only peculiaf feature of these two sectiouns.
Some plagioclase crvstals have a myrmekitic texture in

section Mo, 53 and pyrrhotite has reaction rim in section No.46.

Section No., 40.

Over 80% of the section is actinolite with narrow
zones of untwinned cummingtonite (bleached actinolite). The
rest of the section consists of brown biotite and a little
basic plagioclase Anyg having undulatory extinction.
Pyrrhotite is also present. The texture is medium-grained

with many crystals over 1 m.m.

Section No. 47.

Only two minerals are present, actinolite and nlagio-

clase, with small grains of avatite. Actinolite crvstals
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range between 1 and 2 m.m., while plagioclase crystals Angzp

are about 0.5 m.m.

NOTE - Actinolite was identified also in at least three

other thin sections with fine-grained texture viz. Nos., 17-
8-41,

Section No, 17 is a normal amphibolite consisting
of about 40% actinolite, the rest being made of basic plagio-
clase Ang, and quartzlwith little biotite,apatite and carbonate

replacing plagioclase.

Section 1Mo, 8 is a peculiar association of about
80% of quartz crystals about 1 m.m. with relatively small
crystals of actinclite, diopside, brown biotite, zoisite (?),
carbonate, and apatite interstitial to quartz or as inclusions

in the latter.

Section No. 41l. In their order of immortance the
minerals are pyroxene, actinolite, brown mica, basic plagio-
clase, and apatite as accessory minerals. Up to 1 m.m. eves
of small plagioclase crvstals are surrounded by a narrow zone
of biotite crvstals separating plagioclase from actinolite.
Inside the eyes plagioclase is altered to sericite (?)

resembling the inside zone of the eyes in the cordierite

association section No. 1ll.
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General Considerations on the Biotite and Injected

Biotite Gneisses.

The outstanding character of this zone is the high
degree of silification that has transformed most of the rocks
into migmatites. sapnarentlv the original metamorphosed rocks
were open to the iagmatic solutions by which they were injected
and replaced. Inough patches and lenses of banded sediments

are left however to establish their sediaentary origin.

The ability of injection in lit-par-1it fashion by

magnatiec fluids is exnlained by Alling (1) as due to the high
pressure developed during cooling and crystallizatiun of the

magma, in deep zones where the pressure is so great on account
of the cover rock that the above type of injection takes nlace

instead of fracturing.

The amnhibolites formingz lenses in these rocks and
the ones resnulting in places from the gneisses bv increase
of the ferromarcnesium ninerals, are interoreted as meta-
morphic rocts resulting from the metamorphisi of calcareous

sediments intercalated in the giliceous Ones.

The contact-metamorvhic rocks are most likely due
to the presence of impurities 1in the sediients and addition

of material of igneous origin.

l. Alling H.L. op. cit., D. 255 and 259.
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REAPIE ON THE "TWTR.LS,

a) The Quartz-bearing Rocks.

Anorthoclase is an urisual potassic mineral in the
Grenville rocks. I7icrocline instead is mentioned in all the
descriptions. Tn the Adirondzcl’s of U,S., microperthite is
very commin and Buddington (1) described microverthite in
assoclation with suartz, cordierite, sillimarite, biotite,
garnet étc., in the cortact aureoles of the Alexandria-tyne
granite in argillaceous roc!'s. Its association is very sinmilar
to the one of anorthoclase at Calumet Tsland, moreover, anortho-
clase and microverthite have identical compogition and according
to Alling (2) the potasﬁ-soda feldsnars forn an inverted Y by
ex-solution with falling teuwnerature:
anorthoclase
crvpto;erthite
-wicro;erthite
¥
perthite
/ R
( -K Al Siz0g) orthoclase  Albite ( -Na Al SizOg)

(monoelinic) (triclinic)

—

(1) Buddington A.7., op. cit., p. 172,

- e

(2) Alling H.L., op. cit., D. 205
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Most likely then, anorthoclase of Calumet Island and micro-
perthite of the Adirondacks have siailar origin. Anortho-
clase has a peculiar avppearance under the microscope, and
all the intermediates between ordinafy and something similar
to microcline twinning can be observed. Buddington again
mentions the alteration of microverthite to microcline and

_ _ ot Calvmrel
oligoclase in a syenite rock however, but the mineral®is
probably ceryptoperthite, its appearance being similar to the
picture of that mineral given in Alling, (1). The microcline
structure is produced from orthoclase by nressure and -
even grinding will alter orthoclase to microcline. It is then
possible that pressure is responsible of giving anorthoclase

the appearance of microcline that, combined with 1ts alteration

to cryptoperthite.

Anorthoclase crvstals are usually fresh looking -
while plagioclase 1is in.iected by quartz and altered to sericite.
It is quite probable that the mineral resulted from‘the in-

jeection of aplitic solutions contai=zing potassium and sodium.

Sillimanite 1is a characteristic mineral of the

Grenville series. As alreadv mentioned, it is found as

(1) Alling, op. cit., p. 70, fig. F.
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almost sub-microscopic needles in the quartz and anorthoclase
crystals, and it is presentas longer needles grouped in bundles
replacing the other minerals, esnecially mica. The presence

of sillimanite in these rocks indicates that the original
sediments were rich in alumina which entered first in com-
bination in the form of mica with which reacted silica to form
sillimanite; K-felidspars and accessories by thermal metsnorn-

hism.

Biotite is normally pnale brown when associated with
sillimanite but there are exceontions. In one section consisting
of quartz anorthoclase and plagioclase the mica is reddish
brown so that we must conclude that the mica is not affected

by the presence of anorthoclase.

The occurrences of cordierite and anthophyllite (?)

have already been discussed.

b) Amphibolites.

There is no quartz in the ircluded lenses and natches
of amphibolites in the gneisses. Apparently the amphibolites
were less fissile than the biotite gneisses and escaped silici-
fication. On the other hand plagioclase is replacing the other

minerals and appears to have been injected.
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Cummingstonite amphibole and garnet deserve sneciagl
attention. Cumi-gtonite and pargasite are both uncolored in
thin secfion, thev are positive and have simiilar extinction
angle but the i~dices of refraction, the birefringence and the
ontic angle are greater in 2uwriingtonite than in vargasite and
the disversion is differert. It is on these differences that

we decided to call the mireral cummingtonite.

Cummingtonite Pargasite (1)
Calumet Wiachell(l; Edenville Pargas
Ng l.66+ 1.66-1.70 1.6410 1.6519
Nm 55 l./4-1,67 1.62566 1.6380
Np lo 64— lo 63"1066 106188 1065?9
N_-N 0.030 0.0256-0.030 0.0222 0.0190
g o) 0 0 o 0
2V 80 65°- 85 70 63
Dispersion V> V> P>V P2y

The renlacerent of hornblende (HgNaCag(Ng,Fe)4&13816024)
by pargasite(Hol'aCag(’ig,Fe)5..131y00y) irstead then bw
cumningtonite (7g( 7e,li5)7SigCas) would be more easily explained,
their formmla bei ~ wore similar. In both cases however there
would be a reroval of i1, 1most likely used up in the formation

of AL V'DITE garnet.

Hornblernde has often a bluish tint. Eskola (2)

- A —— . i o A e bt . e
e e S E————— . et S

(1) Winchell .M Elements of Cntical Mineralogr.

——

®

(2) Eskola Pentti, op. cit.,p. 129.

Cr e e Uh ——————




observed a si-+ilar variety in ®™inlard ang svgszests that this
bluish color given bv the presercz of sodium, indicates that

the amphibole was for ed from ple-ioclase.

=4

Illca varies in colour from ordinary brown in the
normal amnhibolites to deewm chocolate reddish brown in some
of the cummingtonite bearing amnhibolites in which it is

also olive-green occssionallw, accordirg to Fall (1) from
plotting of analvsis of man biotites, the zolours of the nore
common biotites are deverdert upon their relative content of
iron, magnesia and titania, iron produecing the green colours,
titania the browr a-d red colours, while magnesia avrpears to

mask the colours nrod:i.ced bv titaria.

Apparent Paragenesis of manhibolites.

ki

Cummingtorite and hornblerde are found in close
aséociation the foriier replacing the latter selectivelr, but
1t is found also replacing biotite. A good example of the first
case is shown in {(nlate 9 ). Plazioclase replaces cwxiinctonite,
hornblende ~1d biotite, (nlate 7 ). Garnet was formed later
replacing the nrevious mentioned mninerals. Serpentine cuts all

the minerals.

o e e
———— s —

(1) The Relation Between Colour aad Chewical Composition
in the Biotites, Hall 4. Jean, The American ilineralogist,
Vol. 26, No. 1, 1941.
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2. Hanging-wall Amphibolites.,

Above the ore-body forwed wmainlvy in the biotite and
injected biotite gneisses is a sill-like mass of carbonate
and pyroxene amphibolites. This band of amphibolites was
fairly well outlined by diamond drilling and it constitutes
& characteristic feature of the ore zonzs as was emvhasized

before.

The annhibolites are thirlv layered or massive,
Schistosity is develoned along the wmargins of the bands and in
few zones in the interior but it is alwa’s much less apparent

than in the hornblende and  hornblende-biotite gneicsses.

Prom the logging of the diamond drill holes several
varieties of amnhibclites were identified. Usually however,
these varieties are so heterogeneouslv distributed that they
could not be correlated in the vertical sections made from
these holes. One variety is a clotted-anpearing aunhibolite
consisting‘of hornblende, biotite, pyroxene and medium calcic
plagioclase. Another one contains abundant carbonates in
layers, suggesting it 1s an original constituent of the rock
" but it is sometines as veinlets as if it has been introduced.
A third variety with much biotite is called biotite amnhi-
bolite. A svecial variety is characterized by porphyroblasts
of biotite, or pyroxene and 1is called pornhyroblastic amphi-

bolite. This variety is found near the edge of the carbonate
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ampnibolite and sometimes within the main mass, it 1s usually
massive‘but sometimes schistose. By gradation the amphi-
bolites pass to more schistose hornblende gneisses through
porphyroblastic gneisses. Osborne believes that some of the
differences between the composition of the armhibolites and

hornblende gneisses are due to granitic injection.

Petrographic Description.

Although the amnhibolites form a messive and anvarently
homogeneous lenticular bodw, the mineral composition of these
rocks is not uniformn. According to the different wmineral
associations as determined ffom the thin-sections, the zore
will be divided into two types of rocks; 1l. The normal
amphibolites consisting simply of plagioclase, hornblende
and some biotite, (this tyve has already been described p.30).
2. The pyroxene a~d the carbonate amphibolites comnosed of
pyroxene, carbonate, hornblende, intermediate plagioclase and
biotite, and often containing a fair amount of scapolite. The
latter represents the most imvortant type. There is gradation
of course from one tynme to the other. In both typnes quartz

is absent.

Pyroxene and Carbonate Amphibolites.

The more i nortant group of associations in the



rocks of the hanging-wall i1s represented b the pyroxene and
carbonate amphibolites. Pyroxene is abundant and carbonate

is found in wvarious amounts. Scapolite is usually present,
sometimes in fair amount and it might be of some interest to
‘note that it is fcund onlv in rocks containing pyroxere whereas
carbongte may be absent. Hornblende and plagioclase are
always-presént, but biotite is sometimes missing. 4apatite is
usually as accessor— mineral and sphene often. Epidote was

identified in one section, all the thin sections contain

sulphides.

Pine-~ to medium—-grained granoblastic and pornhvro-
blastic textures are ccmmon. The segregation of calcite and
pyroxene from the other constitvents often impart a gneissose

structure to the rock.

PYROXE'TR erystals form large pornhyroblasts or
oceur as smaller rounded grains. It is almost uncoloured with
a greenish tint but shows no distinct pleochroism. Prismatic
cleavage is distinct &nd parting parallel to basal cleavage
(001) is common. Tre index of refraction for % is equal
to 1.69 + . The optic sicn is positive and the optic
angle is near 600. mre extinetion angle is around 40° and
the mineral is believed to be diopside. In few sections
however the extinction angle was found to be about 45°

and in that case sone of the pyroxene would belong to the
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diopside-hedenbergite series. The crrstals are slightly altered

to serpentine or chlorite along cracks, cleavages and pnartings.

In places 1t is revlaced by hornblende.

PLAGIOCLASE is acidic andesine and shows a fairly
uniform composition which is quite an unusual feature for
the rocks described in this thesis, unless this is by pure
coincidence. The crrstals are generallv untwinned ard may
show undulatory exti~ection. The fact that the plagioclase
is not very calcic for the amount of calcite present in the
rocks would suggest that the carborates were introduced after
the formation of the vplagioclase. A veinlet containing
calcite and plagioclase suggests that the two minerals would

have been similtaneously introduvced.

HCEWBLENDE is of the commen green tvpe and occurs
as subhedral cr:rstals or rounded grains replacing nvroxene and

renlaced in turn bv cuwimingtonite.

SC'POLITE vas identified in four thin-sections in
which pyroxene is pnresent. In one section carbonate is
abundant, it is in small amount in the second one and absent
in the two others. The crystals are usually fresh but soue-

times they are altered to a fibrous brownish aggregate (vinite).

One good cleavage is shown usually. The mineral is uniaxial
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negative and has parallel extinction, the indices of re-
fraction are: 1Mo = 1.58 and Ng = 1.55 and the birefringence
is estimated to be about 0.030 from the interferenee‘colour.
Referring to the dia~ram in Vinchell (1), the mineral is

- found to consist of l'agg - lleyg and is MIZZONITE, It is in
large crystals reolacing selectivelv equally large crvstals of

pyroxene (éee plate 12 ) but it occurs also as small inter-

locking crystals.

CARBCITATY shows numerous twinnings and without other
determinations is considered to be calcite. APATITE is sometimes
present in anhedral grains. EPIDUTE was found'in good-sizz
crystals in a brecciated type of carbonate anphibolite in which

the hornblende is broken up into small angular fragments.

Remark,

Scanolite as well as apatite are very common in the
eamphibolites and are considered to be a product of pneumatolitic

me tamorphism (2).

'l) Winchell A.N., op. cit., p. 294.

—

'2) Harker A., op. cit., p. 324.




Apparent Paragenesis.

Mo attemnt is made here to establish definitely
the order of formatior of all the minerals. Some observations
made during the stidr of the thin-sections suggest however cer-
tain relations between the winersls. Criteria of replacement
are illustrated b some of the best examples furnished by the
thin=sections. PYRCXIT is replaced bv hornblende, carbonate,
plagioclase and scanolite. MNo evidence is furnished as to its
origin however. BICTITE is cut b7 veinlets of carbonate and
plagioclase and is replaced by scapolite, HCRNBLZIVDE is
replaced by cumminstonite, carbonate, plagioclase and secanolite.
CARPONATE and PL..G(7I % are both opresent in veinlets as if
introduced late. Carbonate is replaced br plagioclase and
plagioclase is found in the certral part of the veinlets.
SCAPCLITE apparevtl;” replaces all tne other minerals but

especially pyroxene. In one section it replaces plagioclase.

In the Dicktown deposits nuartz and feldspars are
extensivel; replaced bv carbonates (1) while in the present
case it is the ferrowasresiuwn minerals that are replaced by

the carbonates.

(1) Ross, op. cit., p. 34.
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From the preceding remarks based on the relations
between the minerals as observed under the microscope, carbonate
apparently renlaces nost of the minerals and eprnears to have
been_introduced lately. Ievertheless, the origin of the car-
bonate is doubtful. In many sections, carbonate and pyroxene
are segregated from the other minerals and form lenses as 1if
they were related one to the other, (see-plate—) but in one
section showing barding, a veinlet of carbonate and plagioclase
cuts across the bandins as if it nhad been later introduced.

One section shows »n'roxere renlaced by nlarioclase and carbonate
and it is rather doubtful whether pryroxene could be formed from
calcite of the sa e age that tre one by which it is renlaced.

llost likelr however, prroxene was foraned from residual carbonate

and later carbonate was introduced with plagioclase.

Carbonates are very plastic and soluble minerals.
They are easilv recrystallized and metamorphosed to contact-
me tamorphic minerals when a rock containing these is
injected by igneous material.. It is then almost impossible
from the st-dv of the thin sections alone to assign to these
carbonates a definite nlace in the paragenesis. !Most logically
however they are residual-from the amphibolitization of
dolomitic sediments, but it is also possible that some

carbonate was introduced; both hynothesis are nrobable
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and this is the opinion of Osborne (1).

_It 1s interesting to consider the opinion of C.S.Ross
about the Ducktown covper deposits in which he believes that the
carbonates are of ernigenetic origin. He concludes that: "The
copper bearing devosits of the Ducktown tyme in the southern
Appalachian region were not denendent on the presence of lime-
stone lenses for tneir formation and that the carbonates in
these deposits are nct the remnants of partly replaced liestone
lenses but are vein minerals that have been deposited from

hydrothermal solutions." (2)

There is surelyv a genetic relation between pyroxene,
scapolite and carbcnate, since these three-calcium-bearing
minerals occur togetrer. The relations found from microscopic
examination are the followirg: when nvroxene and scapolite are
in large amounts, carbon.te is less abundant and as noted before,
when pvyroxene is wresent, carbonate is also present usually

but not necessarily scapolite, although in few cases pyroxene

(1) Osborne fs.'sa, Teport under prenaration.

(2) Ross C.S., Oriszin of the Copper Deposits of the Ducktown
Type in the Southern Avnalachian Region, U.S. Geol. Svrvey,
P.P. 179,
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or carbonate vere found alone. Prroxene alwavs accommanies

scapolite while carbonate mary or z2ay not do so.

Anmphibolite Gneisses-:iz-atite Connlex.

The s viibclites of the hanging wall are overlain
by a conplex annnibolite gneisses with intercalated patches
of leucccratic bictite greisses. The lea=t injected variety
has a granoblastic texture and :zonsists of abundant hornblende
and irterstitial qusartz and feldsnar. The ore granitized rocks
show different text ires. The even grain trype has a pepner-ard-
salt appeararce ir h.nd snecivens, but more commonly the rocks
are gneissose due to the segregation into layers of the ferro-
magnesian minerals. Sc.e are vporphvrohlastic with porpihrro-
blasts of nrroxewe, another trne has slots of hornblende and

biotite and is called clotted armninibolite.

The =z1nnibolite greis=es consist of hernblende
plagioclase, ~vartz, prroxere, carbonate biotite, sphene,
garret, and aratite. Tie alteration nrodicts are serpentine,
and sericite. T rrrhotite, mvrite and other sulphides navr
also be nresent in incr eamounts. Flagioclase varies betiveen
Anjg to ingg frcn ove section to another. Sphene is particu-

larly abundant in tric zcCne.



The most stri-ing feat.vre of the amrnibolite

H

freisses 1s the “=ecticn 241 renlaceient of hornhlende and

biotite br feldenar mai-l-- gnd Tuarits ziving rise to sieve-
like end poe='lohlastic strictures in the most adva-ced stazes

of granitizetion.

The pyroxe c-bearing 2 mhibolites oFf tiis zome are
dlfferert from t-c ones of the rangioo-vall in that they contain

q

quartz, 5 nale browiish red gsriet (z2l-aniite) and titanite.

~£5in somne o the rorrblerde hes a hluish nleosnroic colour in

the direztion of the =low ray.

Tne migratites nave the appearance of srav cranite
gneisses. Trev ~cnta’n -~ornblende ord biotite. In placas
these ronr'is have relic structures that wwv renresent oriziral
schistcsityr ard belding similer to that of the biotite zneisses
of the ore zore. It sui zests that they are granitized roc':s
originall~- si~ilar to the biotite gneisses, more aaterial beling

introduced rower T,

rigin of swnhibolites.

Gorin-son considered the annhibolites of Coluret

Nl

Island =s resultiry 10t the metaworniisa of diorites znd (1)

e —— . -~ v b m—— i —————— . ¢ ——— ——

L B 1 R st Ve
(1) Goranson R.¥W., Caluiet Islznl, Pontiac County, .ebec,

Geol. Surv. can., Swu, Rent., 1925 ot C, p. 15,

- ——



gabbros; evidertly sufficient data were nct then available

to establish their true origin.

Let us recall briefly four different ways by which
amphibolites can originate:
1. By netamcrprism of gabbro and diorite.

2. By recrystallization of i pure limestone with
sone addition of nmaterial.

S« EB7 revlacerent of limestone bv thermal
soluticns.

4, By metamcrphisia of volcanics.,

Perntti Es“cla, in the Orilarvi district, described
amphibolites arising from the metaiorphisz of iapure linestones,
gabbros, becsic dyltes or basic voleanic rocks (1l).  Adams and
Barlow, in the Haliburton and Bancroft districts also described
crystalline linestcics ietamorphosed into typical hornblende-
feldspar amphibolites under the irnfluence of granite intrusions

(2).

Finallv Buddington, in the Adirondacks of U.S. in
accord with Adans' a2d Barlow's theory considers that the

amphibolites found in the garnet gneisses and in the limestones

(1) Eskola Pentti, op. cit.

(2) Adams F.D. and Berlow A.E., The Ha}iburton and Bancroft
Districts, Ont. Geol. Surv. Cal., len. 6, 1910, p. 104.




were formed br the remlacement of limestone by granitiec
emanations. In other areas he considers that amphibolites, of
one or the other above rotedmode of origin, are found with

certainty (1).

/. comaon featire to most of the amphibolites from
the various known districts of the world is a sill-like or
lenticular habit. These rocks occur as dark bands intercalated
with or intruded into the granitic gneisses and have a same
general strike. In the case of the pyroxene-bearing anphi-
bolites, Eskola corcludes that there is no more doubt however
as to their origin arnd thet they are the product of metamor-
phism of sediments richer in line (calcareous shales), than

the ones that oroduced ordinarr aannhibolites (2).

The recognized bedding in the less granitized
members in zones in whrich furthernore amphibolites occur as
lenses, as in the biotite and the injected biotite gneisses,
the formation of annhibolites at or near the contact between
the limestore and ~arret gneisses, the mineralogical associa-
tions in the pyroxene and carbonate amphibolites (abundance

of carbonates and calcium-bearing minerals like diopside and

(1) Buddington 4A.P., op. cit., p. 169 and p. 257.

(2) Eskola Pentti, op. cit., pp. 121-130.




scapolite), and a wide range of feldsnars in all the rocks
of the area (1) give sufficient evidence of the sedimentary

origin of these rocks.

The amphibolites of Calumet Island are then
considered to be the product of recrvstallization of clastic
sediments contuaining more or less csleiua and magnesium
carbonates, hornblende arising from the reaction between calcite
and chlorite (2) or being formed directlv from clays poor in
silica or by any other way. Calcite when vresent, would
represent the miveral left over after the formation of horn-
blende has exhausted the available magnesia. sApparently the
calcite recrystallized subsequentlv and replaced the other
minerals, and it is not i.wossible that sowe carbonate was
introduced later. In amphibolites without calcite no lime
would have been left over but its absence could also be
explained by its rewcval by solution or squeezing out. By
shearing the amphjbolites gave rise to dark mafic gneisses
and by injection to hornblende and hornblende garnet migmatites.

The carbonate-bearing amnmhibolites being more plastic were

(1) Carlson C.J., & Test of the Feldspar 'ethod for the
Deternination of the Origin of Lletamorphic Rocks, Jour.
Of GGOlo, VOlo 28, 1920, ppo 652-64:4:0

(2) Harker 4., op. cit., p. 267.
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less susceptible to oper stractures and injection.

4. Diabase Irle,

Cne t-ir sezticn was made of the diabase dyke that
cuts the rocks =t tie —iire. It skhows a firze-graized orzitic
texture (large -lates cf prroxe=e ernclosing feldspar latks .)
and a mineralogical ccrposition comsisting of about 507 atvgite
(ZAc = 400) and 50 labreiorite with lit*le nezretite and
pyrite. Some of tne »n;rcxere crr-sta’ls Zzve a dirty brovzich

appeararce under ti.= microscore and zarxy feldszar crrstals

are altered to a sreerish pleoecrhroie nineral,

]

Anhydrite and Gros:

At Aiffere-t horizons bsds acntaizning anrnrdrite a~d
gypsum were interzected in drilling, as for exazple _.C. £b hole
at the mire. In nlaces the azhydrite is mauve arnd cozrselr’
erystalliged tit —cre commounly it 1s of —edium grain end
consists of a pa'e violet variety nixed witn carbonates. It

occurs also with coarse-grained salmon calcite.

Five tnir seations from this hole siow tze irtizate
association of carbcmz=te, =nuvdrite, £7s =, tre-olite and dio-
pside, carbonate anirdrite ard gpsum predc-irating end being

present in all »roportions. Cther minerals are mwuscovite &z
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apatite. All except one section, which is fine-grained, are
medium-grained. The amphibole is uncoloured and fromx the
following optical properties is found to be tremolite;- The
optic sign is necative vith V>9 , the opntic angle is about 800,
the extinction angle ZAc is around 15° and the birefrirgence
is strong. . The nrrcxene has an extinetion angle Z Ac equal to
44° and is considered to consist of diopside 60 mol. 7 and

hedenbergite 30 ol. %.

The apvarert paragensis is: silicates (pyroxene and
tremolite), carbonates, anhvdrite and gypsum. The silicate
relics in the carbonate crystals seem to point out to a
later irtroduction of carbonates. anhydrite and gypsum are
closely associated, gypsum replacing'anhydrite extensively and
it is often seen forming a ring around the anhyvdrite crvstals.
Anhydrite replaces carbonates and silicates and it is ~uvite
possible that it is of magnatic origin. In section 43,
consisting mainly of auartz 40%, biotite 30°, plagioclase Angs
20% and garret 105 (pale reddish brown), few crystals of
anhydrite are also present. This section shows extensive

replacement by serpentine. In that section the other minerals
are cummin~tonite, apatite, pyrites and magnetite (?). Similar
v

alteratior. by sermentine is shown also by a section comsisting

of carbonates 8075, garnet 1075 and cuwaaingtonite, the ore



minerals being sphalerite, pyrite and galena. 15% of the

minerals are altered to serpentine,

From the study of its mode of occurrence at Balmat
and Britannia where both gypsum and barite are present, Osborne
concludes that: "inhrdrite msv appear as a neripheral nhase
of the alteration near zinc-lead deposits™, and that: "The
geographical distribution counled with the evidence that
anhydrite occurs ~ear mineral deposits in non-sulphate bearirg
country roc sugiest that it is of magmatic origin” (1), by

reaction of acid waters on calcareous beds.

(1) Osborne, ?. Fitz, Anhydrite and Gypsum at Calumet Ifine,
Calumet Island, P.Q., In Press.
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ECUITOWIT GEQLUGY

llineralization.

ineralizaticn is found at three different horizons
at the mine, hut the:e is a single ore-body of econonic iwnor-
tance in thé Piotite and injected biotite gneisses near the
contact witih the carhonate aphibolites. Closecly svaced
diamond-drill holes ivdicated atout 1,500,000 tons of ore

averaging 2.51"% of lead, 8.167 of ziiz, 0.036 ounces of gold

ol

end 5.76 ounces of silver. About 86,000 tons of ore containing
18% of gzine znd £.90 in gold end silver were also reported
(lj. A second zo.e of iineralization called the Longstreet
zone similar to the firet one and anparently connected to 1it,
is found to the east in amphibolites. Diamond drilling however
did not disclose any iuportant ore body. The third zone is
along the river where dissiinated sulphides occur in streaks
in the limestone. One diszmond-drill hole 3,000 feet east of
the limestone resched that horizon and disclosed sane minerali-

zation indicesting possible continuitve

_— e e e e e 8 T SIS T

(1) Osborre, F.™ tz., Report under preparation.

ot e+ e et
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Structural Relations of the Bowie Cre-Body.

The shave, attitude and relationship to the Countrw
rock of the main ore-bodv known as the Bawie ore-body, were
fairly well established by drawing vertical sections along
lines of diamond-drill holes one-hundred feet anart, the
holes being spaced one-hundred feet and in so-e instances teing

as close as fifty feet.

The ore-body is found to consist of a lenticular
layer ocourring almost entirely in the biotite and injected
biotite gneisses at or near the contact with the overlying
amphibolite. It is conforiable in strilte and dip with the
gneisses, striking I 55° W and dipn»ing betveen 25° to 30°E,
Other small lenses and sheets are found also below and above
or in the extension of the main ore bodv near the surface.
These are usually assocliated with granitic lensés which they

seem to replace.

"inor ore-bodies to the north along this zone and
showing the same conformity with the gneisses on surface are
believed to have similar structural relaticns that the Bowie

ore-body has.

The more important feature of the Bowie ore-body

’ o)
is the elongation in the direction N 65 E as shown by the
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thickness contours map (see Fig. 5§ ), the rake or plunge being

about 250,

The second irportant feature about the shape of
the ore-body is the direction of tihe axes of the large warns,
striking a little soufh of east. It coincides vith the one
of the same elerent of structure in the hanging-wall, i th
the long axes of the mineral and even with the strike of the
diabase dyke. This direction observed to be fairly constant
all over the isla=d, is the direction of lineation. It is
then justifiable to conclude that this direction does not
coincide accidently with the lineation, but that the lineation
was an important factor in the deteriiination of the shane

and possibly also the localization of the ore.

The distribution and the shape of the various roecXk
units on the svrface map seem to indicate that the rocks were
acted upon by a targential force resulting in a northeast -
southwest compression force, that squeezed the rocks in a
northwest-southeast direction. The tangential force 1is
inferred from the convexity to the east of the massive ampil-
bolite and the convexity to the west of the rocks of the ore
zone. The ore-body is sandwiched betwveen two irregular flat

lenses of rocks that have escaved complete migmatization and



striking at right angle to the hypothetic compressive stress.

The plunge of the ore-body is in the direction of the force.

Apparently the amphibolites of the hanging-wall
were quite plastié on account of the carbonates present and
were less susceptible to iniection than the biotite gneisses
below. :70st likely the difference of brittleness between the
resulting two tvoes of rocks was responsible for the location
of a fracture at their contact which fracture was later filled
by the ore-bearing solutions. The amphibolites being more
plastic than the underlving gneisses further acted as an
impervious wall nreventing the escave of the mineralizing
solutions so that the amphibolites can be considered as having
played the most important role in the emplacement of the ore-

body.

Ore and Gangue ‘‘inerals.

The ore consists of a medium-grained agegregate of
sphalerite, pvrrhotite, marcasite, pyrite, galena, chalcooyrite,
arsenopyrite, tetrahedrite and others in approximate order of
abundance. lolybdenite is found in small amount. Native gold

was reported, but usually gold and silver occur with the sul-

phides.
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The gangue minerals consist of the following
contact metamornnic silicates: cumningtonite, diopside, light
coloured ohlogopite and dark biotite. Calcite, dolonite and
iron bearing carbonates are abundant. Scapolite, serventine,

chlorite and talc are found in snall amounts. Sone comiercial

ore occurs also in the courtry rock.

The sulphides are widely disseminated in the gneisces
below the hangiig-wall of the main ore-bodv. ITear the contact
with the hangin-~-wall they are concentrated into irregular
undulating and brarcining bodies up to 70 feet of thickness
of ore of commercial value with few thin sheets in the hancing-
wall itself. In these bodies, the sulphides are irregularly
distributed, bei: ; nresent as disseminated crains or massive
lenses separated b almost barren quartz, calcite and leu-

cocratic gneisses.

Paragenesis.

The paracgeresis of the sulphides as determined by
Moorhouse is the following: Pvrite (and arsenopyrite ?),

sphalerite, pyrrhotite, galena, chalconyrite, tetrahedrite.

4

Ilarcasite repluces nyrite and pyrrhotite, its relation with

the other sulphide is not known. Iarcasite 1s alwars

considered a low-tenmerature mireral of the supergene zoue
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and its association vith nyrrhotite, a high temperature
mineral, is a wmeculiarity -f this deposit. On the other hc-1,
serpentine, renlacing nrrrhotite, phlcegonite and =uphibole,
and occurring also us veinlets cutting the other mirerals

and sulphides is ford as rim around marcasite grains. Both

marcasite and -erpentine must te due to naulopost alteratiocn,

T™e ore winerals renlace cll the other minerals, in
nreference the ferrorarmesiars to quartz arnd feldsner when
occurring togetier. The age relation of the carbonate is not
very clear, the contact-aetanorvhic silicates and the ore
minercls are replacin: carbonctes either present originallv in
the greisses or introduced by solutions. C(sborre favors the
second hinothesis. In the awnhibolites, however, he believes
that so~e of the carbonrstes are or'ginal but that the rest is

younger than the silicates.

Pink negnatites sre acoamon within the ore zone, The
relation of trece negmatites with the contact silicates 1s not
eclear, but some sulphides renlace fthe minerals of these nig-
matites, so that tie solntions nroducing granitization, contact
silicates, pesiatites and ore micht have been oloselv related

to the pink ~ranite, the only one younger thar the regional

me tamorphisii.



Type of Deposit.

The wresennce of high teuperature miuerals lilke
prrrhotite, pyrite, and arsenop-rite, in a sangue of countact
metamorphic silicates like line amnhiboles, prroxene, biotite,
garnet and others, and the irregular shave of the ore-bodies

are craracteristic of high-tennerature retasomatic devnosits.

The widesnread nineralization in the injected biotite
gneisses and the oresence of a zone of mineralization in the
limestone along the river near the contact with the granitic
migmatites indicate a close relation between the magmatic

material introduced and the denosition of the sulphides.
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SIMILAR DEPOSITS IN THE GREVILLE SUB-PROVINCE
OF THE CAITADIAI SHIFLD AND THE DIRONDACTS
OF THE UNITED STATES.

The Tetreault Iline, Motre-Dame-des-Anges, P.Q. (1)

Grenville garnet - biotite-sillimanite paragneisses
make the bulk of the rocks of the ore that consists also of
quartzites and limestone. The rocks are intruded by granite
énd grandiorite gneisses, aunhibolite dykes and sills, and

pegmatites.,

The ore zone, about three thousand feet long, is
along a narrow overturned synclire of Grenville paragneisses
and limestone surrounded by migmatites and is associated with
amphibolite dykes., The siliceous paragneisses were altered to
cordierite-anthophyllite while the carbonates yielded tremolite
and diopside (skarn rock) from replacement by solutions rising
through a éhear zone goncordent with the axial plane of the
fold. The principle metallic minerals are sphalerite, galena,
pyrrhotite, and chalcopyrite. Tetrahedrite, stibnite, moly-
bdenite, and arsenopyrite are of sporadic occurrence. The
ore-bodies occur in calcium bearing silicates and to a minor

amount in the cordierite-anthovphyllite rocks.

(1) Tetreault lline, llontauban-les-llines, Portneuf Countv, P.q.
by John J. 0'Meill and F. Fitz. Osborne, ‘uebec Bureau of

Mines, P.R. No. 136, 1939.

N.L. Wilson, op. cit.
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The ore has replaced a band of limestore. The
structure and the type of rocks were important factors in the

formation of the ore bodies.

About 1,100,000 tons of ore have been mined of

which 120,000,000 1lbs. of zine, and 40,000,000 of lead were

extracted.

Long Lac Mine. (1)

The ninre is located in Frontenac County, Ontario,
about 42 miles northwest of Kingston. The rocks of the
surrounding rerion are of the typical Grenville tyre and
consist of crvstalline limestone, quartzite, paragneisses and
green schists, intruded by gneissic gabbro and diorite intruded

in turn by granite.

The one occcurs as lenses or is disseminated in a
belt of coarselv crystalline limestone- varving in width up
to 400 ft. and 4,000 ft. in length dip»ing steeply and enclosed

in gneissic diorite and gabbro.

The ore corsists of sphalerite with varying amounts

of pyrite, pyrrhotite and small quantities of galena and

(1) Alcock, F.J., Zinc and Lead Deposits of Canada, Geol.
Surv. Can., Eco. Geol. Ser. No. 8 , 19380.
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chalcopyrite. 1The chief gangue is the calcite of the limestonre

but diopside, quartz and calcite veins‘are also associated with

the ore.

F.J.alcock considers that the deposit has an oricin
similar to the one of Calumet and Tetreault and that the
solutions came from the intrusive grarite intruded after the

metamorphism of the linestone.

Renfrew Zinc Prospect. (1)

The deposit is located about thirty miles southeast
of Pembroke in Renfrew Countwv, Ontario. The rocks are Grenville
sediménts consisting meinly of linestone with tremolite and
phlogopite., Rands of quartzites and sediuaentary gneisses
renresent metamorohozed plastic beds in the limestone. With
these rocks are assnciated amphibolites interbanded with or
intruding the lianestone. All the rocks are intruded by pink

biotite granite and to a minor amount by regnatites.

The ore occurs disseminated in the Grenville lirne-
stone and consists of srhalerite and galena with small amounts

of pyrite and chalcopvrite. The gangue minerals are calcite,

tremolite and dionside. llcst of the ore is of low grade.

(1) Alcock, F.J. op. cit., pp. 132-136.



-69 -

It is a contact metamorphic deposit formed by excess
of granite intruding limestones and accompanied rocks. It is

similar to the one of iontaiban.

The Eelmat and Edwards Zinc liine of the Adirondacks of

United States. (1)

Balmat mine is 12 miles south of Edwards mine. The
rocks of the district are all of nre-Canbrian age. The sedi-
mentary roc's consist of garnet gneisses and limestone and thre
igneous rocks of gabbro, amphibolites, syenite and granite.
The major feature of the structure is a dowe slightly over-

turned.

At Balmat the ore-deposit is about three thousand
feet long ard consists in the renlacement along bedding of an
impure dolomite layer intercalated in a dominant limestone
series. The ore ninerals corsist of sohalerite 197, ovrite
18%, calecite 1.29: and accessories such as willemite, p7rr-
hotite and chalcopyrite. The gansure minerals are calcite
and dolomite, garmnet, diovpside, tremolite, quartz and mica.

Barite, anhvdrite and gypsum are post-ore. The hydrothermal

altercation minerals are tale from tremolite and diopside,

e —— 4t e S mA———t A (A ———— T— i e i —

— s s

(1) Brown, J.S., Structure and Prinary Ifineralization at
Balmat Zine fine, Eco. Geol., vol. 31, No. 3, Dp. 233~58,
1936.
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and serpentine replacing the diopside.

The Edwards deposit is siwilar to the one just
described. Brown believes that the solutions that form these

ore-deposits were derived from an underlving igneous mass of

pre-Cambrian granite.,
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Fig. 17 ke

Relation between anhydrite (a), diopside (d) and carbonate
(c)s The concave outline of carbonate cerystals seems to

indicate replacement by anhydrite.
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Anhydrite replaced by gypsum forming rims around the
former. Carbonate and pyroxene are also present. The
peculjar appearance of anhydrite is apparently due to
deformation of erystal in grinding X nicols.
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INTRODUCTION

Location.

The lead and zine deposit described in this thesis
is at Calumet Island, Pontiac County, Province of Quebec,
about fifty-eight miles northwest of Ottawa, The deposit
occurs on the southwestern part of the island, on lots 3

to 12, range IV,

The railroad station near the island is Campbell's
Bay, on the north shore of the channel, on a branch line of
the Canadian Pacifiec Railway. From this station a four mile
motor road runs south to Bryson where a bridge orosses to the
island. Campbell's Bay can be reached by a ferry from Calumet

Island village.

References.

Data on the zinc production of Calumet Island since
1892 are in the annual reports of the Government of the Province
of Quebec and the Geologiceal Survey of Canada. In all, about
1200 tons of ore were shipped from the property, most of it
before 1900.
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In 1908, a report in which the occurrence of ore is
mentioned was’ published by R.W. Ells (1) on a large area
inclﬁﬁing Calumet Island. In 1916, W.L. Uglow (2) described
the lead and zinc deposit of Calumet Island. In 1925, R.W.
Goranson (3) wrote a report on the geology of Calumet Island
accompanied by a geological map of the island. During the
summer of 1939, F. Fitz Osborne (4) revised the geology of the

southern part of the island and made a detailed map of the

outcrops.

History of the Deposit.

The property was staked in 1893. 1In 1897 it was
operated by the Grand Calumet Mining Company of Ottawa who
shipped to Belgium 1,100 tons of ore averaging 32% zine and

(1) Ells R.W., Geology of Portions of Pontiac, Carleton and
' Renfrew Counties, Geol. Surv. Can., Rept. No. 977.

(2) Uglow W.L., Lead and Zinc Deposits in Ontario and Quebec
~ and in Bastern Canada, Ont. Bureau of Mines, Vol. XXV,
pt. 2, pp. 5-7, 1916.

(3) Goranson R.W., Calumet Island, Pontiac County, Geol. Sur.
- Can., Summ. Rept., 1925 C, pp. 105-124.

(4) Osborne F. Fitz, report under preparation.



9% lead. In 1911, a concentrating mill with a capacity of
150 tons was erected, but it burned‘soon after. The British
Metals Corporation of Canada in 1926 took an option on the
property and did some work but soon after let the option
lapses In 1937, the Calumet Mines Limited acquired the pro-
perty and”started a program of diambnd drilling under the
supervigfin of Dr. Paul Armstrong. More than two hundred

holes were put down with an aggregate length of about

80,000 feet.
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PART T

GENERAL GEQLGOGY

The southern part of Calumet Island is underlain
by rocks of the Grenville series consisting of crystalline
limestone, biotite ahd amphibolite gneisses, and their
injected equivalents. These rocks are intruded by Bucking-
ham gabbro and granite of the Morin series. Aplites, peg;y
matites, lamprophyres and diabase dykes are found occasionally.
In the northeran part.of the island these rocks are covered by

Ptleozoic limestones.

The geology of the area is quite complex. Of many
types of rocks shown on the regional map, it is believed that
they were only few originglly but, due to metamorphism and
injection of grantic material, the rocks have been altered to
such an extent in their mineralogical composition, and their
structure has been so modified that their original composition
and structural relation can be treated only approximately

before a detailed mapping of the adjacent area is available.

Osborpne considers that the rocks now making the
Grenville paragneisses consisted originally of impure
argillaceous sedimentary rocks with intercalated limy or
magnesian beds passing by gradation into relatively pure

limestone with minor clastic zones at the base of the lime-



stone. He assumes that the limestone is at the top of the

series referring to a statement by Ells (1) that the lime-

stones are near the top of the Archean, and by correlation

with the limestone in the type locality for the Grenville

limgstohe, where it appears to stand higher in the series

than the quartzites and the gneisses.

Summary of the Geological History.

Osborne (2) summarizes as follows the geological

history:
1.

2e

e

4.

5.

6.

7e
8.

Grenville sedimentation of clastic and impure
carbonate beds followed by limestone.,

FPolding and overturning of the Grenville series.
Formation of amphibolite and gneisses.

Migmatization of the rocks yielding a pseudo-
morph of the older structure. ’

Migmatization controlled by the east-west
shearing tending to obliterate the earlier
structure.

Injection of Buckingham gabbro.

Injection of pink granite with accompanying
diopsidation.

Injection of aplites and pegmatites.

Formation of ore at Calumet Mines property.

(1) Ells R.W., op. cit.

(2) Osborne F. Fitz., op. cit.




9., Injection of lamprophyre and diabase dykes.
10. Erosion. |

11, Deposition of lower Paleozoic rocks (evident
on north part of island.)

12, PFaulting.

13. Erosion.

Grenville Limestone.

By regional metamorphism, the limestone was re-
crystallized to a medium- to coarse-grained crystalline lime-
stone. There are thin beds of finer-grained siliceous
dolomitic material. Some layers are entirely replaced by
silicates consisting of diopside and serpentine, accompanied
by others such as tremolite, phlogopite, scapolite, chon-
drodite and titanite, from impurities in the original sediments
and addition of material of magmatic origin. These silicate
minerels occur as disseminated grains and pockets and are
quite abundant in places, diopside forming sometimes impor-
tant masses. The original bedding has been practically all
destfbyed and is now replaced by a well-defined schistosity
in general parallel to the contact with the silicates rocks;
layering and schistosity may be mistaken for bedding, At
or near the contact between the limestone and the gneisses

are bands,of amphibolites.



Beds containing anhydrite and gypsum were inter-
sected in drilling at the mine. Brucite is a common accessory
mineral in the southern part of the island, locally it is
sufficiently abundant to be considered as a possible source

of magnesia according to Osborne.

Moorhouse noted that serpentine is associated with
caleite in the dolomite. This is probably according to the
process of de-dolomitization suggested by Adams in the follow-
ing equation:

CeMg(CO3z)o + 25105 . = CaMg(SiOz)o + 2C0g
(dolomite) N (diopside)

5CaMg(8103)2+ 5C02 + 2H20 = HA_CMngigOg‘\:Z’).C&COg + 4Si02
(diopside) (Serpentine) (calcite)

Biotite Gneisses and Granitic Migmatites.

The less calcareous members of the Grenville series
yielded the biotite schists and gneisses, hornblende being
formed in minor amount; in places however where there was
more lime and magnesia in the sediments, the biotite gneisses
pass gradually to amphibolites. The micaceous schists were
apparently fissile and were easily injected by granitie

material, in places acgompanied by pyrite and pyrrhotite,

and the resulting rocks are now represented by the granitic



migmatites and the rusty-weathering gneisses, so called

because of their rusty appearance on surface due to the
oxidation of iron. Bands of highly granitic migmatites

are found below and above the ore shoots.

Amphibolites and Related Hornblende- and Hornblende-

Biotite Gmeisses.

In the calcareous members of the series contain-
ing much lime and magnesia, pyroxene, amphibole, and medium
calcic plagioclase were formed in abundance and various types
of amphibolites resulted. These rocks were later metamorphozed
to basic hornblende- and hornblende-biotite gneisses. The
amphibolites show various structures; an important varietv is
gneissose and contains carbonates. In general, they are
massive and resemble diorites in structure and texture.

Some were injected to various degrees by the same material
that formed the granitic migmatites. 1In places the layered
character of the rock was destroyed and the rock is con-

verted to basic or hornblende migmatite.

In general the amphibolites were not very sus-
ceptible to injection, and instead of being replaced like the
biotite gneisses they yielded composite gneisses along their

contact with other rocks or zones of strong shearing, and



lit-par-1it gneisses resulted from the introduction of

magmatic material along the foliation.

The amphibolites and related rocks underlie the

greater part of the southern half of the island.

Granite.

At the north-east of the map is shown part of a
large mass of granite on the mainland. In places it is strongly
gneissic and 9ontains inclusions; elsewhere it is pink and
pcrphyritié. On the island, dykes, sills, and small masses
of pink granite are quite common. Osborne mentions the case
of a narrow dyke of pink granite cutting the gabbro half a
mile north of the bridge:'to Calumet Island, with an alteration
zone of 100 feet bounding it and the conversion of the gabbro
to a granular diopside rock with veins of quartz and occasional
crystals of phlogopite. Sometimes it injects the gneisses in

the lit-par-lit fashion in certain zones, or the silicate rocgks

along their contacts with the limestone. In places it is
injected along the east-west striking shear structure. The
granite is assigned to the acidic part of the Morin or Pine

Hill series.
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Gabbro and Hornblende Gneisses.

A large area of gabbro and hornblende gneisses
is shown on the south-east part of the map. Two small
stocks cut the limestone west of Carswell's quarry. There
is also a dyke of.similar material near the north end of

Bryson and this dyke outerops also on the island across the

channel.

The gabbro has a prevailing dark gray colour and a
medium granularity; in some places however it is light coloured
and coarse grained. This gabbro resembles the basic intrusions
of the Marin and Buckingham series enough to be correlated to

these.

Diabase and Lamprophyre.

A dyke of fine-grained diabase cuts the ore at the
Calumet propertr. Another dyke is found on lots A and B, south

range, on the island.

Small dykes of lamprophyre cut the ore zone and are
found in a few localities in the region. The age relation
between the diabase and lamprbphyre is not'Known for certain

although the lamprophyre is probably the older.
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STRUCTURAL GEOLOGY

Little is known of the structural geology. The
mapped are; is small and the rocks are so intensively
me tgmorphozed that most of the primary structures have been
obliterated. Osborne mentions four structural elements in
his report. The most conspicuous one is the banding as shown
for instance by the rocks on the mountain at the south-eastern
end of the island, where bands from 50 to 100 feet wide of
fine-grained leucocratic biotite gneisses alternate with fine

grained more mafic hornblende biotite gneisses.

In describing the limestone the assumption was made
that it sténds higher than the clastic sediments in the
stratigraphic column. The limestone outerops all around the
southern part of the island and across the river on the main-
land. On the east side of the island, the beds dip at low
angle to the east, and the same relation is found for the ones
outcropping on the west side of the island. It is then
suggested that the structure is an overturned anticline to the

west with its axis pitching south.

A third important structure is the shearing striking

east-west and north-west south-east as indicated by the folia-
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tion and the schistosity. The east-west direction of shearing
is better developed and is younger; in places, it has developed
at the expense of the one striking north-west. At some places

an older schistosity probably parallel to the bedding can be

seen.

The last element is the constancy of the direction
of the linear features such as the direction of the elonga-
tion of the crystals and the axis of plication over practically
all the mapped area. This direction strikes east-west and
pitches 200 to 300 east. This structure is superimposed on

the others.
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PART II

THE CALUMET LEAD AND ZINC MINE.

Foreword.

More than two-hundred diamond drill holes with a
total length of more than eighty-thousand feet were put down
at the Calumet property to prove the ore—deposit. The diamond
drill cores were examined by F. Fitz Osborne for the Quebec
Bureau of Mines, and vertical sections, in part completed by
the writer, were made from his logging to correlate the
various types of rocks encountered in drilling and to study
the extent and, attitude of the ore-bodies and the structure
in general at the mine. Sixty-five thin-sections of representa-
tive samples picked up from the cores for petrographic study.
were examined by the author and the results of his study are

included in the following pages.
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Summary of the Local Geology.

The Calumet property is on the west side of the
island, (see Pig. 2) on what is believed to be the west limb
on an overturned anticline, if the assumption that the lime-
stone is at the top of the Grenville series in this area, or

of an overturned syncline in the other alternative.

The rocks have a general strike N 15° W and dip
to the east at about 30°. From the river to the east in the
vicinity of the Calumet Mine the succession of the different
types of rocks is as follows: Limestone outerops on the shore
of the river with interbanded silicified layers, and amphi-

bolites lenses near the contact with the granitic gneisses.

It is overlain to the east by granitic migmatites followed by
biotite and injected biotite gneisses also called the rusty-
weathering gneisses, including various amphibolites and contact-
me tamorphic rocks and containing the main ore-body. Pyroxene
and carbonate amphibolites form the hanging-wall of the ore

zone of the mine. These amphibolites are overlain by a complex
of amphibolite gneisses and migmatites followed by leucocratie
injected gneisses less granitized than the migmatites overlying
the limestone and forming two large masses, the one to the

south being still less granitized. To the east, these rocks
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are followed by hornblende gneisses and porphyroblastic
amphibolites similar to the massive amphibolites of the
hanging wall. These rocks contain a minor zone of minerali-
zation on which are the Longstreet shaft and the Belgian pit.
Thesg are followed in turn by siliceous hornblende and biotite
gneisses including amphibolite lenses. Near the eastern
boundary of the property are massive amphibolites in place

injected to medium-mafic migmatites.

A diabase dyke cuts the rocks on the property from
the river to the end of the amphibolites of the hangingwall
of the ore zone. It is about one hundred feet wide, strikes
N 80O W and dios about 750 N. Narrow trap dykes were inter-

sected in drilling.

General attitude of the Rocks at the Mine.

Three types of rocks were intersected in drilling
the ore-zone at the mine. These are from west to east:
1) the biotite and injected biotite gneisses, 2) the pyroxene
and carbonate amphibolites, and 3) the amphibolite gneisses-

migmatite complex.

A typical cross-section made from information

seacured from drilling shows the succession and attitude of the
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different rocks, the general shape and distribution of the

ore-shoots and their relations to the country rock. (See Pig.3).

-

The most characteristie feature of this section
from a structural point of view is the sill-like shape of the
amphibolites forming the hanging-wall of the ore zone. This
lenticular layer is quite irregular and is from one-hundred
to four-hundred feet thick, but its general attitude is
found persistent in all the sections made. The average dip
of the hanging-wall is about 35°; the section shows however the
different formations dipping more steeply near the surface and
flattening downward to the east. This tendency is shown better
by the trend of the ore itself and suggests drag folding in
the vertical plane along the dip, the east part having moved

upward.

The lower zone includes lenses of amphibolites and
contact metamorphic rocks. ILenses of heterogeneous rocks are
present also in the hanging wall and in the rocks above. The
presence and distribution of these lenses indicate the complex
character of the original sediments metamorphosed to rocks of

various compositions still later modified by granitic injection,
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PETROGRAPHY

l. The Biotite and Injected Biotite Gneisses.

Locally these gneisses are finely banded and extremely
contortéd thus clearly indicating their sedimentary origin,
but more often they are massive on account of their intensive
injection by granitic and siliceous material. This zone 1is
quite complex; it includes numerous lenses of normal and
cummingtonite-bearing amphibolites, contact metamorphic rocks
and pegmatitic patches scattered throughout the gneisses. The
ore-deposit is in these rocks near or at the contact with the
overlying amphibolites. The gneisses are separated from the
underlying garnet migmatites by a narrow band of normal

amphibolite gneisses.

The rocks of this zone will be divided for petro-
graphic description into three general groups: A - The quartz-
anorthoclase-mica-sillimanite gneisses, called in the field
the biotite and injected biotite gneisses, which are the more
abundant, B - The amphibolite gneisses and C - The contact
me tamorphic rocks, the last two groups occurring as lenses in
the first group. These will be subdivided again into different

mineral associations based on microscopic examination.
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A - The quartz-anorthoclase-mica-sillimanite gneisses.

It is excessively difficult to unravel the history
of these rocks and to separate those that are due simply to
the recrystallization of the original sediments from those
that are the product of recrystallization plus injection.

On surface the rocks that show banding are the least injected
members and represent more closely the original composition of
the sediments. They are fine-grained and consist of a quartz-
feldspar mosaic with accessory mica and sillimanite. The
injected type which is the more important consists of abundant
qﬁartz with potassic feldspars and all the minerals show
evidence of replacement by quartz. One section only shows a

cataclastic texture.

For practical purpose the quartz-bearing rocks
although presenting different associations are grouped to-
getherﬂwith the excention of the rocks containing cordierite
which Will be described separately. They all contain mica
and sillimanite in greater or less amount. When present,
plagioclase is andesine. Anorthoclase (cryptoperthite?) was

identified in most seetions while microcline (?) and possibly

also orthoclase (%) would not be common. Hypersthene was

found in one section. Various sulphides are present, of these,

pyrrhotite is the most abundant with pyrite and chalcopyrite.
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Sphalerite, galena and graphite (?) are found also occasionally.

Microscopic Characters of Minerals.

Most of QUARTZ crystals have irregular rounded
outlines. Some are fractured,others show parallel lines of
gaseous or liquid inclusions, and in general fine sillimanite
needles are uniformly distributed throughout the crystals.
Biotite and iron sulphide grains are distributed at random
and the crystals often present a sieve-like structure in the
more extensive replacements. Quartz replaces all other minerals

except sillimanite.

PLAGIOCLASE is andesine., Its composition varies
from section to section between Anzz‘and An49. The crystals
show usually albite twinning. They may have all kinds of
ineluéions and in the more injected types, they have numerous
rounded grains and patches of quartz. They are slightly

altered to sericite.

ANORTHOCLASE (ecryptoperthite?) is very abundant in
the quartz-bearing rocks, often it makes up to 35% of the
minerals. Like quartz it includes sillimanite needles. The
erystals whgch are sometimes quite large, have concave out-
lines due to replacement by quartz and often becoﬁe interstitial

to quartz when replaced more extensively. Sections normal to
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the Z-bisectrix give an extinction angle with (00l) cleavage
of about 70, and in such sections almost submicroscopic
pericline twinning linesjcan be seen making an angle of 750
with (001) cleavage, which is characteristie of anorthoclase.
Sections ﬁormal to the X-bisectrix give an extinction angle
of about 4° with (00]) cleavage and show an acute-bisectrix
figure indicating a medium axial angle. Prom an optic-axis
figure, the axial angle is seen to be small and is estimated
to be near 45° , which value is again characteristic of the
mineral. The crystals have usually a pecullar appearance
under the microscope that sometimes suggests micerocline but
the mineral is probably cryptoperthite (See p. 38 ). The

erystals are slightly altered to sericite.

MICA - Light brown PHLOGOPITE is the most abundant

mica. Its pleochroic formula is:

X = very pale brownish yellow (almost uncoloured).

Y =2 pale brownish yellow.
The axial angle is almost zero. Dark pleochroic haloes around
small apatite (and zircon ?) grains are sometimes abundant.
It is replaced by sillimanite and iron sulphides (See Fig.4 )
MUSCOVITE was found in few sections associated with phlogo-
pite aﬁd is also replaced by sillimanite. One section shows

biotite altered to chlorite through an intermediate high
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index product. Mica is replaced by quartz.

SILLIMANITE is the fibrolite variety. It occurs as
fine needles'érowded together with a sheaf-like arrangement.
1t replaces quartz and is intimately associated with biotite
and occeasional muscovite both of which it replaces. The
mineral has a high index of refraction and a low byrefringence,
it has parallel extinction, it is positive and almost uniaxial.
The bundles of crystals usually develop with their axis at
apFut»right angle to the lines of ineclusion in the other
ﬁiherals, thus indicating more clearly its origin later to
injection. It is also present as fine needles uniformally

distributed in the other minerals.

MICROCLINE ? Crystals with scotch-plaid twinning
are found associated with anorthoclase. TUnfortunately these
are not present in sufficient amount to check all the optical

properties of the mineral.
APATITE is rare in the quartz bearing rocks.

TRON SULPHIDES ococur along cleavage planes in biotite,
or filling cracks in quartz and replace all silicate minerals,
Pyrrhotite and pyrite are the more important. Their abundance

in the quartz-bearing rocks indicates a genetic relation of

the ore to the solutions producing granitization.



Cordierite-Bearing Associations.

An interesting group of associations includes
cordiérite. This mineral was identified in two thin sections
within the present zone, and in another one in the amphibolites
of the hanéing-wall near the contact with the biotite gneiéses.
In each case the association is different. The two thin
sections in the actual zone consist of the following minerals:

l. Quartz - cordierite - biotite - plagioclase.

Z2e Quartz - sillimanite - plagioclase - biotite -
ecordierite.

In the amphibolites the association is :
3. Anthophyllite - cordierite - biotite - plagioclase.
Associations 1 and 2 differ only by the presence
of sillimanite in the latter. Association 3 is entirely

different from the others and represents a metasomatic rock.

l. Quartz - cordierite - biotite - plagioclase association.

The section consists almost entirely of quartz with
cordierite, plagioclase and biotite. Biotite is also included
in the quartz crystals with pyrrhotite and pyrite. Quartz
crystals show parallel cracks and lines of inclusions.
Cordierite is in small colorless irregular rounded crystals
interstitial to quartz or sometimes included in quartz. It
has few yellow pleochroic haloes that disappear as the stage

is rotated and these haloes furnish an obvious indication of
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the presence of the mineral. The crystals have short cracks

normalrto the edges and can be distinguished from quartz by

a slight difference in their limpidity.

2. uartz-sillimanite-plagioclase-biotite-cordierite association.

Quartz is again the most abundant mineral. Silli-
manite occurs in slender prisms grouped together and also as
grains replacing the other minerals especially biotite.
Plagioclase Angg is slightly altered to sericite and is re-
placed by quartz. Biotite with pleochroic haloes around rutile
grains is in fair amount and is accompanied by a little musco-
vite. Some of the biotite is altered to a green mineral
(ehlorite or serpentine) accompanied by a high-index and high
birefringent negative uniaxial mineral (carbonate ?). Cor-
dierite is in larger grains than in the previous association
but is still in small amount. The crystals have small in-
clusions unifornly distributed. The optic sign is positive
and the axial angle in near 80°, Pyrrhotite and pyrite replace

mica.

3. Anthophyllite-cordierite-biotite-plagioclase association.

Cordierite is very abundant in this association.

It is in anhedral interlocking crystals with the same



-24 -

characteristics as in the above associations and replaces
anthophyllite. It is present also as small crystals
forming the outside zone of medium size eyes having in-
side an uncoloured medium-index uniaxial negative mineral
with birefringence colour of the first order (mica ?) in-
cluding an uncoloured high index isotropic mineral (spinel
or garnet ?) occuring as small angular grains groupéd to-
gether near the centre of the eyes, apparently a secondary
product of replacement; apatite sometimes accompanies the
latter. Cordierite has more pleochroic haloes than in the
above associations. It is quite possible that cordierite
replaces mica in the "eye" structure. Large uncoloured
crystals with elongatéd fibrous habit ogcuring in radia-
ting aggregates and sheaves form about 40% of the minerals.
It has pale yellow birefringence colour of the first

order, parallel undulatory extinetion, positive elongation,
a large optic axis angle and a positive sign (?). The
mineral is probably anthophyllite and the refractive index
for Z being 1.64 + it would consist of meganthophyllite
(HpMgySig0gzg) 20 mol % and feranthophyllite (HpFepSigOs,) 80
mol % (1). Many crystals have black inclusions. It replaces

biotite and it is replaced in turn by plagioclase, cordierite

(1) Winchell, A.N., op. cit.
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and quartz. The lines of fracturing of anthophyllite are

preserved in the replacing minerals.

Remarks on the cordierite-bearing associations.

Until lately, cordierite was not known to be a
common mineral in the Canadian Shield. It was described for
the first time in Canada in 1910 by Adams and Barlow (1)
from the Haliburton and Bancroft areas of Ontario, in
association with gedrite. It is now mentioned quite often
in the reports on the Adirondacks of United States. N.L.
Wilson (2) described paragneisses from Montauban with
cordierite and anthopyllite in which the presence of these
two minerals vary from small amounts to rocks consisting
entirely of cordierite and anthophyllite. 1In the Scan-
dinavian countries it was described especially from Finland
by Eskola (3). It is known also from the Waite-Amulet area

of Abitibi where it is found in the dalmatianite related

(1) Op. cit., pp. 157-172.

(2) An Investigation of the lfetamorphism of the Qrijarvi Type
with.Special Reference to the %inc-Lead Deposits at Mon-
tauban-les-Mines, P.Q., unpublished. Doctor's degree thesis,
MeGill University, 1939.

(3) 0 . Oito, ppo 1‘2770
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to greenstone.

The cordierite-anthophylite rocks are considered

to be a product of magnesian metasomatism by Eskola in Finland

and@d Wilson at Montauban.

At Calumet, cordierite is found in two different
types of rocks; a metasomatic type (association No. 3) and
an intensively silicified type (association No. 1 and 2). Both
types result from injection of igneous solutions and since
cordierite is found only in the more injected rocks it is
logical to believe that magnesia was introduced by these solu-
tions. Another hypothesis is that the various associations
represent different degrees of replacement as a result of a
variation in the composition of the sediments in which cor-
dierite has developed from the recrystallization of agrilaceous

layers deficient in lime, under the effect of thermal injection.

B - The Included Amphibolites.

The second group of rocks found in this zone consists
of amphibolites. There are two principal types of associations
grading one.inhto the other:

a) The plagioclase-cummingtonite-biotite-
hornblende * garnet amphibolites.

b) The plagioclase-hornblende-biotite amphibolites.
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Cummingtonite is developed typically near the
contact of the rusty-weathering gneisses with the overlving

carbonated and gneissic amphibolites.

a) The Plagioclase-cunmingtonite-biotite-hornblende

garnet amphibolites.

The texture is fine to medium. The minerals are
arranged in allotriomorphic aggregates and a gneissose
structure is common. Plagioclase is the most abundant mineral
of these amphibolites, and its composition varies on a wide
range from one section to another. The characteristic mineral
ls cummingtonite amphibole. Biotite is usually abundant but
common hornblende less sc, In some sections garnet is present
where as in others, it is absent. Apatite and iron sulphides
are also present. One section shows numerous veinlets of
serpentine cutting the other minerals. Another one consists
almost entirely of actinolite with few areas where the amp-
hibole is bleached and replaced by cummingtonite. 1In these

rocks quartz is absent.

PLAGIOCLASE is present as sub-angular to rounded
irregular interlocking crystals. It may or may not show
albite twinning and sometimes the crystals are fractured.

Often they have inglusions of the associated ferromagnesian
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minerals. The composition varies between wide limits (Anlo
to An46) from one section to another. The crystals are usually

fresh but théy are sometimes slightly altered to sericite.

CULLIINGTONITE is in elongated fibrous non-terminated
erystals usually grouped together in bundles with the in-
dividuals oriented in the same general direction. It is found
also replacing hornblende by bleaching, the structure of the
latter being often preserved, and there is evidence that it
replaces biotite. The mineral has a very pale brownish yellow
tint but shows no distincet pleochroism. The crystals are
twinned characteristically along planes closely spaced
parallel to (100) and the mineral is easily identified by
this peculiar twinning, especially when present in very

small amount. The indiges of refraction are:

X= 1064: -
Y = 1.65
Z = l.66 +

The birefringence is very high and give yellow colours of the
second order and from this is estimated to be above 0.30. The
maximum extinction angle ZAc is about 20°, The elongation is
positive. The optic angle is very large and estimated to be
more than 80°, from the curvature of the isogyre of an optic

axis figure. The optic sign is positive and the dispersion

is V>5 .
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From the above observations, the amphibole is
considered to belong to the isomorphous kupfferite
(HoMgySig0Og4) grumerite (HpFeySigOsy) series, and from (1)
Winchell graph would consist of about 40 mol % of grumerite
and should be named cummingtonite. These optical properties
fit very well with the description of the above amphibole

in bulletin 848 bv Larsen and Berman (2).

BIOTITE has often a chocolate brown pleochroic

colour. In few sections it is olive green. ©Pleochroic

haloes are always abundant.

HORNBLE!'DE is usually present in the same proportion
as plagioclase, but sometimes constitutes as much as seventy
per cent of the minerals of the rock. Ordinarily it is of
the normal green colour but often it hag a bluish tint and

the following pleochroic formula:

X = pale greenish yellow.
Y = pale green.
Z = pale bluish green.

(1} Winchell A.N., Elements of Optical Mineralogy, Part II,
1933, p. 244. 4lso, Winchell A.N,, Further Studies in
the Amphibole Group, the American Mineralogist, June
1931, Vol. 16, No. 6.

(2) Larsen A.S. and Berman H., The !Microscopic Determination of
the Non-Opaque Minerals, 2nd. Ed., Bull.848, U.S. Dept.
of Int., 1934.
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This type of amphibole has a birefringence of about 0.020,
positive elongation, an extinction angle Zac = 16° and an
optical angle smaller than 60° with strong dispersion >V .
Often the crystals are bleached especially around the edges
and sometimes only a green spot is left in the central part

of the crystal. This bleached area often shows the peculiar
polysynthetic twinning of curmmingtonite. Some crystals include

rounded grains of plagioclase.

GARNET is pale brownish red. It occurs as idio-
blastie erystals usually fractured. From its complete absence
of birefringence, it is classed in the pyralspite group and is
believed to be ANDRADITE., It has inclusions of cummingtonite

and iron sulphides and replaces all the other minerals.

b) The Plagioclase-hornblende-biotite amphibolites.

In general the texture is fine-grained granoblastic
but gneissose structures were also observed. The minerals are
fresh and have small inclusions. These amphibolites resemble
igneous rocks. The essential minerals are plagioclase, horn-
blende, and biotite. Carbonate is present in small amount
replacing plagioclase., Cummingtonite may also replace horn-
blende, thus indicating the transition from the plagioclase-

hornblende-biotite amphibolites to the plagioclase-cummingtonite-
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biotite~-hornblende amphibolites.

PLAGIOCLASE varying in composition from Anlo to
dnzs from one section to another is present in various amounts
from 25% to 60%. Much of it is not twinned and shows un-
dulatory extinction. Small crystals of hornblende are found
as inclusions. When plagioclase is abundant, evidence of
replacement of hornblende by the former is given by the
concave outline of the hornblende crystals. Some of the
crystals are slightly altered. In the same section, crystals

of hornblende include plagioclase while plagioclase crystals

include hornblende.

HORNBLENDE ranges from 25% to 70% in amount, more

often it has the bluish tint already mentioned.

BIOTITE has the common brown pleochroic colour and
1s present in various amounts. It has dark pleochroic haloes

around small inclusions.
APATITE and PYRRHOTITE are found occasionally.

C - Contact-metamorphic rocks.

The biotite and injected biotite gneisses described

above are fine-grained in general. They are represented
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mainly by the quartz-bearing rocks with their minerals grouped
in a more or less definite association and include minor
amounts of amphibolites, one group being characterized by
cummingtonite * garnet and the other consisting mainly of
plagioclase hornblende and biotite., Within the same horizon
there are also minor zones of medium- to coarse-grained rocks,
amphibolites for most of them, some of which have peculiar
aésociations and these will be here referred to as the

CONTACT-MET.!"CRPHIC rocks. They include of course the

cordierite-bearing rocks already described.

Section No. 9.

The association is: Biotite (?) gedrite and

zoisite (9).

BIOTITE (?). The mineral is in plates up to a centimeter
in diameter and has a greenish grey colour in hand specimen
with some green spots in places. The lamellae are flexible
but not elastic. It is uncoloured in thin section. Some
seations show a uniaxial figure, others a small optic angle.
The index of refraction of the mineral oriented with the
cleavage parallel to the stage of the microscope (about Ng)
is a little less than 1.59. The birefringence is high. In

places it is altered to chlorite along cleavages and it is
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apparently replaced by gedrite.

GEDRITE is grey in hand specimen but uncoloured in thin
section. The mineral has a brownish dirty appearance under
the microscope, but some smaller crystals are absolutely
fresh, (two different minerals ?). The indices of re-

fraction are:

S
"woun
o
239

+
+

The mineral has parallel extinetion, the optic sign is

negative, the optic angle is large and the disperéion isf;ﬁ)

ZOISITE (?). The mineral is in fractured uncoloured crystals,
1t has high refractive index and apparently low birefringence.
It is biaxial negative and has an axial angle of about 75°

with f;’Vabout X. The mineral has probably parallel extincetion.

There are abundant pyrrhotite and pyrite.

Section No., 45.

Gedrite amphibole makes the bulk of the minerals
of the section and is accompanied by accessory pale yellow
biotite and a deep green isotropic mineral, (complete
absence of biregrigence) without cerystal outlines, averaging

1l m.m, (one grain 2 m.m.) and with an index of refraction
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greater than 1.78, vprobably gahnite (ZnAl,04). The mineral
dissolves entirely in the microcosmic salt thus indicating

absence of silica. Quartz is present in small amount. The
ore minerals are pyrrhotite with inclusions of chalcopyrite,

and a little galena; these are grouped around spinel which

they seem to replace,

Section No., 10.

The section is merely an aggregate of chlorite and
carbonate. Chlorite has the characteristic Berlin-blue
interference colour, and the crystals have numerous pleo-
chroiec haloes around small inclusions. A little pyrite is

present.,

Section No. b0.

This peculiar association consists of cummingtonite
wilsonite, diopside and carbonate, the minerals being named
in their order of importance and accessory quartz, sphene
and apatite.
CUMMINGTONIT® has a greenish greyish white colour in hand
specimen. It is uncoloured in thin section, shows no twinning,
has an extinction angle of 18° , all the other optical

properties being normal.
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WILSONITE: The mineral has a peculiar pale purple colour

in hand specimen but is uncoloured in thin section and has

aggregate polarization.

Sections Nos. 53 and 46.

Both sections are a medium-grained aggregate of
brown biotite and fibrolite with small amounts of plagioclase
Angg, quartz, apatite, pyrrhotite and pyrite. The coarser
texture is the only peculiar feature of these two sections.
Some plagioclase crystals have a myrmekitic texture in

section No., 53 and pyrrhotite has reaction rim in section No.46.

Section No. 40.

Over 80% of the section is actinolite with narrow
zones of uﬁtwinned cummingtonite (bleached actinolite). The
rest of the section consists of brown biotite and a little
basie plagioclase Angg having undulatory extinction.
Pyrrhotite is also present. The texture is medium-grained

with many crystals over 1 m.m.

Section No., 47.

Only two minerals are present, actinolite and plagio-

clase, with small grains of apatite. Actinolite crystals



-36-

range between 1 and 2 m.m., while plagioclase crystals Ang e

are about 0.5 m.m.

NOTE - Actinolite was identified also in at least three
other thin sections with fine-grained texture viz. Nos. 17-
8-41,

Section No, 17 is a normal amphibolite consisting
of about 40% actinolite, the rest being made of basic plagio-
clase Ang; and quartz with little biotite,apatite and carbonate

replacing plagioclase.

Section No. 8 is a peculiar association of about
80% of quartz crystals about 1 m.m. with relatively small
ocrystals of actinolite, diopside, brown biotite, zoisite (?),
carbonate, and apatite interstitial to quartz or as inclusions

in the latter.

Section No. 41. In their order of importance the
minerals are pyroxene, actinolite, brown mica, basic plagio-
clase, and apatite as accessory minerals. Up to 1 m.m. eyes
of small plagioclase crystals are surrounded by a narrow zone
of biotite crvstals separating plagioclase from actinolite.
Inside the eyes plagioclase is altered to sericite (?)

resembling the inside zone of the eyes in the cordierite

association section No. 1ll.
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General Considerations on the Biotite and Injected

Biotite Gneisses.

The outstanding character of this zone is the high
degree of silification that has transformed most of the rocks
into migmatites. Apparently the original metamorphosed rocks
were open to the magmatic solutions by which they were injected
and replaced. Xnough patches and lenses of banded sediments

are left however to establish their sedimentary origin.

The ability of injection in lit-par-lit fashion by

magmatic fluids is explained by Alling (1) as due to the high
pressure developed during cooling and crystallization of the

magma, in deep zones where the pressure is so great on account
of the cover rock that the above type of injection takes place

instead of fracturing.

The amphibolites forming lenses in these rocks and
the ones resulting in places from the gneisses by increase
of the ferromagnesium minerals, are interpreted as meta-
morphie rocks resulting from the me tamorphism of calcareous

sediments intercalated in the siliceous ones.

The contact-metamorphic rocks are most likely due
to the presence of impurities in the sediments and addition

of:materiél of igneous origin.

1, A4lling H.L. op. cit., p. 255 and 259.
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REMARIS ON THE MINERALS.

8) The Quartz-bearing Rocks.

Anorthoclase is an unusual potassic mineral in the

Grenville rocks., Ilicrocline instead is mentioned in all the
descriptions. In the Adirondacks of U.S. microperthite is
very commin and Buddington (1) described microperthite in
association with quartz, cordierite, sillimanite, biotite,
garnet efc., in the contact aureocles of the Alexandria-type
granite in argillaceous rocks. Its association is very sipilar
to the one of anorthoclase at Calumet Island, moreover, anortho-
dlase and microperthite have identical composgition and according
to Alling (2) the potasﬁ-soda feldsnars form an inverted Y by
ex-solution with falling temperature:

anorthoclase

eryptogerthite

'micro;erthite

perthite
5y ~ -
( -K Al Siz0g) orthoclase Albite ( -Na Al 8iz0Og)

(monoclinic) (triclinic)

(1) Buddington A.F., op. cit., p. 172.

(2) 4lling H.L., op. cit., p.205
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Most likely then, anorthoclase of Calumet Island and micro-
perthite of the Adirondacks héﬁe similar origin. Anortho-
elase has a peculiar appearance under the miceroscope, and
all the intermediates between ordinary and something similar
to microceline twinning can be observed. Buddington again
mentions the alteration of microperthite to microcline %éd
oligoclase in a syenite rock however, but the minergg??;
probably cryptoperthite, its appearance being similar to the
picture of that mineral given in Alling, (1). The microcline
structure is produced from orthoclase by pressure and

even grinding will alter orthoclase to microecline. It is then
possible that pressure is responsible of giving anorthoclase

the appearance of microcline that, combined with its alteration

to cryptoperthite.

Anorthoclase crystals are usually fresh looking
while plagioclase 1is injected by quartz and altered tO‘seriqite.
It is quite probable that the mineral resulted from the in-

jection of aplitic solutions containing potassium and sodium.

8illimanite is a characteristic mineral of the

Grenville series. As alreadv mentioned, it is found as

(1) Alling, op. cit., p. 70, fig. F.
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almost sub-microscopic needles in the quartz and anorthoclase
crystals, and it is presentas longer needles grouped in bundles
replacing the other minerals, especially mica. The presence

of sillimanite in these rocks indicates that the original
sediments were rich in alumina which entered first in com-
binatign in the form of mica with which reacted silica to form

sillimanite, K-feldspars and accessories by thermal metamorp-

hism.

Biotite 1is normally pale brown when associated with
sillimanite but there are exceptions. In one section consisting
of quartz anorthoclase and plagioclase the mica 1s reddish
brown so that we must conclude that the mica is not affected

by the presence of anorthoclase.

The occurrences of cordierite and anthophyllite (?)

have glready been discussed.

b) Amphibolites.

There is no quartz in the included lenses and patches
of amphibolites in the gneisses. Apparently the amphibolites
were less fissile than the biotite gneisses and escaped silici-
. fication. On the other hand plagioclase is replacing the other

minerals and appears to have been injected.
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Cummingtonite amphibole and garnet deserve svecial
attention. Cummingtonite and pargasite are both uncolored in
thin section, theyv are positive and have similar extinction
angle but the indices of refraction, the birefringence and the
optic angle are greater in cummingtonite than in pargasite and
the dispersion is different. It is on these differences that

we decided to call the mineral cummingtonite.

Cummingtonite Pargasite (1)
Calumet Winchell(l) Edenville Pargas
Ng l.66+ 1.66-1,70 1.6410 1.6519
Nm 1.65 l.64-1,6% 1.6256 1.6380
N_.-N 0.030 0.025-0.030 0.0222 0.0190
g P o 0 o) 0 o)
2V 80 65-- 8bH 70 63
Dispersion V>f V>57 PV e>Y

The replacerent of hornblende (HgNaCag(lig,Fe)sAlzSigOoy4)
by pargasite(HoNaCao(lg,Fe)5AlSin0g,) instead than by
cummingtonite (Ho(Fe,Mg)7SigOg4) would be more easily explained,
their formula being more similar. In both cases however there
would be a removal of Al, most likely used up in the formation

of ALV AVDITE garnet.

Hornblende has often a bluish tint. Eskola (2)

(1) Winchell A.N., Elements of Optical I'ineralogy.

—

(2) Eskola Pentti, op. cit.,p. 129.
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observed a similar variety in Finland and svggests that this
bluish color given by the presence of sodium, indicates that

the amphibole was formed from plagioclase.

Mica varies in colour from ordinary brown in the
normal amphibolites to deep chocolate reddish brown in some
of the cummingtonite bearing amphibolites in which it is
‘also olive-green occasionally. According to Hall (1) from
plotting of analysis of many biotites, the colours of the more
common biotites are dependent upon their relative content of
iron, magnesia and titania, iron producing the green colours,
titania the brown and red colours, while magnesia appears to

mask the colours produced by titania,.

Apparent Paragenesis of Amphibolites.

Cummingtonite and hornblende are found in close
association the former replacing the latter selectively, but
it is found also replacing biotite. A good example of the first
case is shown in (plate O ). Plagioclase replaces cummingtonite,
hornblende and biotite, (plate 7 ). Garnet was formed later
replacing the previou:c mentioned minerals. Serpentine cuts all

the minerals.

(1) The Relation Between Colour and Chemical Composition
in the Biotites, Hall A. Jean, The American Mineralogist,

Vol. 26, No. 1, 1941,




2. Hanging-wall Amphibolites.

Above the ore-body formed main%y in the biotite and
injected biotite gneisses is a sill-like mass of carbonate
and pyroxene amphibolites. This band of amphibolites was
fairly well outlined by diamond drilling and it constitutes
& characteristic feature of the ore zone as was emphasized

before.

The ampnhibolites are thinly layered or massive.
Schistosity is developed along the margins of the bands and in
few zones in the interior but it is always much less apparent

than in the hornblende and hornblende-biotite gneisses,

From the logging of the diamond drill holes several
varieties of amphibolites were identified. Usually however,
these varieties are so heterogeneouslyv distributed that they
could not be correlated in the vertical sections made from
these holes. One variety is a clotted-appearing amphibolite
consisting of hornblende, biotite, pyroxene and medium calecic
rlagioclase. Another one contains abundant carbonates in
layers, suggesting it is an original constituent of the rock
but it is sometimes as veinlets as if it has been introduced.
A third variety with much biotite is called biotite amphi-
bolite. A special variety is characterized by porphyroblasts
of biotite, or pyroxene and is called porphyroblastic amphi-

bolite. This varietv is found near the edge of the carbonate



-44-

amphibolite and sometimes within the main mass, it is usually
massive but sometimes schistose. By gradation the amphi-
bolites pass to more schistose hornblende gneisses through
porphyroblastic gneisses. Osborne believes that some of the
‘differences between the composition of the amphibolites and

hornblende gneisses are due to granitic injection.

Petrographicec Description.

Although the amphibolites form a massive and apparently
homogeneous lenticular body, the mineral composition of these
rocks is not uniform. According to the different mineral
associations as determined from the thin-sections, the zome
will be divided into two types of rocks; 1l. The normal
amphibolites consisting simply of plagioclase, hornblende
and some biotite, (this type has already been described p.30).
2. The pyroxene and the carbonate amphibolites composed of
pyroxene, carbonate, hornblende, intermediate plagioclase and
biotite, and often containing a fair amount of scapolite. The
latter represents the most important type. There is gradation
of ecourse from one type to the other. In both types quartz

is absent.

.

Pyroxene and Carbonate Amphibolites.

The more important group of associations in the



rocks of the hanging-wall is represented by the pyroxene and
carbonate amphibolites. DPyroxene is abundant and carbonate

is found in various amounts. Scapolite is usually present,
sometimes in fair amount and it might be of some interest to
note that it is fcound only in rocks containing pyroxene whereas
carbongfe may be absent. Hornblende and plagioclase are
alwayéﬁpresent, but biotite is sometimes missing. Apatite is
usually as accessory mineral and sphene often. Epidote was

identified in one section, all the thin sections contain

sulphides.

Fine- to medium—-grained granoblastic and porphyro-
blastic textures are common. The segregation of calecite and
pyroxene from the other constituents often impart a gneissose

structure to the rock.

PYROXENE crystals form large porphyroblasts or
ocgur as smaller rounded grains. It is almost uncoloured with
a greenish tint but shows no distinct pleochroism. Prismatic
cleavage is distinet and parting parallel to basal cleavage
(001) is common. The index of refraction for Z is equal
to 1.69 + . The optic sign is positive and the optic
angle is near 600. The extinetion angle is around 40° and
the mineral is believed to be diopside. In few sections
however the extinction angle was found to be about 45°

and in that case some of the pyroxene would belong to the
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diopside-hedenbergite series. The crystals are slightly altered

to serpentine or chlorite along cracks, cleavages and partings.

In places it is revlaced by hornblende.

PLAGIOCLASE is acidic andesine and shows a fairly
uniform composition which is quite an unusual feature for
the rocks described in this thesis, unless this is by pure
coincidence. The crystals are generally untwinned and may
show undulatory extinetion. The fact that the plagioclase
is not very calcic for the amount of calcite present in the
rocks would suggest that the carbonates were introduced after
the formation of the plagioclase. A veinlet containing
calcite and plagioclase suggests that the two minerals would

have been simultaneously introduced.

HORNBLENDE is of the common green type and occurs
as subhedral crrstals or rounded grains replacing pyroxene and

replaced in turn by cummingtonite.

SCAPOLITE was identified in four thin-sections in

which pyroxene is present. In one section carbonate is
abundant, it is in small amount in the second one and absent
in the two others. The crystals are usually fresh but some-

times they are altered to a fibrous brownish aggregate (pinite).

One good cleavage is shown usually. The mineral 1s uniaxial
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negative and has parallel extinetion, the indices of re-
fraction are: Ng = 1.58 and Ne = 1.55 and the birefringence
1s estimated to be about 0.030 from the interference colour.
Referring to the diagram in Winchell (1), the mineral is

found to consist of Magg - Meyp and is MIZZONITE. It is in
large crystals replacing selectively equally large crystals of

pyroxene (see plate I2 ) but it ococurs also as small inter-

locking crystals.

CARBCIIATE shows numerous twinnings and without other
determinations is considered to be calcite. APATITE is sometimes
present in anhedral grains. EPIDOTE was found in good-size
crrstals in a brecciated type of carbonate anphibolite in which

the hornblende is broken up into small angular fragments.

Remark,

Scapolite as well as apatite are very common in the
amphibolites and are considered to be a product of pneumatolitic

metamorphism (2).

1) Winchell A.N., op. cit., p. 294.

2) Harker A., op. cit., p. 324.




Apparent Paragenesis.

No attempt is made here to establish definitely
the order of formation of all the minerals. Some observations
made during the study of the thin-sections suggest however cer-
tain relations between the minerals. Criteria of replacement
are illustrated by some of the best examples furnished by the
thin-sections. PYROXENE is replaced by hornblende, carbonate,
plagioclase and scanolite. No evidence is furnished as to its
origin however. BIOTITE is cut by veinlets of carbonate and
plagioclase and is replaced by scapolite. HORNBLENDE is
replaced by cummingstonite, carbonate, plagioclase and scapolite.
CARBONATE and PLAGIGCLASE are both present in veinlets as if
introduced late. Carbonate is replaced by plagioclase and
plagioclase is found in the central part of the veinlets.
SCAPOLITE apparentl:;” replaces all the other minerals but

especially pyroxene. In one section it replaces plagioclase.

In the Ducktown deposits quartz and feldspars are
extensively replaced bv carbonates (1) while in the present
case it is the ferromagnesium minerals that are replaced by

the carbonates.

(1) Ross, op. cit., p. 34.




From the preceding remarks based on the relations
between the minerals as observed under the microscope, carbonate
apparently renlaces most of the minerals and appears to have
been introduced lately. Nevertheless, the origin of the car-
bonate is doubtfuaf# In many sections, carbonate and pyroxene
are segregated from the other minerals and form lenses as if
they were related one to the other, (sse-plate ) but in one
section showing banding, a veinlet of carbonate and plagioclase
cuts across the banding as if it had been later introduced,

One section shows pvroxene replaced by plagioclase and carbonate
and it is rather doubtful whether pyroxene could be formed from
calcite of the same age that the one by which it is replaced.

Most likely however, pyroxene was formed from residual earbonate

and later carbonate was introduced with plagioclase.

Carbonates are very plastic and soluble minerals.
They are easily recrystallized and metamorphosed to contact-
me tamorphic minerals when a rock containing these is
injected by igneous material. It is then almost impossible
from the study of the thin sections alone to assign to these
carbonates a definite place in the paragenesis. Most logically
however they are residual from the amphibolitization of
dolomitic sediments, but it is alsp possible that some

carbonate was introduced; Dboth hypothesis are probable
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and this is the opinion of Osborne (1).

It is interesting to consider the opinion of C.S.Ross
about the Ducktown copper deposits in which he believes that the
carbonates are of epigenetic origin. He concludes that: "The
copper bearing devosits of the Ducktown type in the southern
Appalachian .region were not dependent on the presence of lime-
stone lenses for their formation and that the carbonates in
these deposits are not the remnants of partly replaced limestone
lenses but are vein minerals that have been deposited from

hydrothermal solutions." (2)

There is surely a genetic relation between pyroxene,
scapolite and carbcnate, since these three calcium-bearing
minerals occur together. The relations found from microscopic
examination are the following: when pyroxene and scapolite are
in large amounts, carbonete is less abundant and as noted before,
when pyroxene is present, carbonate is also present usually

but not necessarily scapolite, although in few cases pyroxene

(1) Osborne F.F., report under preparation.

®y

(2) Ross C.S., Origin of the Copper Deposits of the Ducktown
Type in the Southern Appalachian Region, U.S. Geol. Survey,
P.P. 179.
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or carbonate were found alone. Pyroxene always accompanies

scapolite while carbonate may or may not do so.

Amphibolite Gneisses-liignatite Complex.

The amphibolites of the hanging wall are overlain
by a complex amphibolite gneisses with intercalated patches
of leucocratic biotite gneisses. The least injected variety
has a granoblastic texture and consists of abundant hornblende
and interstitial quartz and feldspar. The more grahnitized rocks
show different textures. The even grain type has a pepper-and-
salt appearance in hand specimens, but more commonly the rocks
are gneissose due to the segregation into layers of the ferro-
magnesian minerals. Some are vporphyroblastic with porphyro-
blasts of pyroxene, another type has clots of hornblende and

biotite and is called clotted amphibolite.

The amphibolite gneisses consist of hornblende,
plagioclase, quartz, pyroxene, carbonate biotite, sphene,
garnet, and avatite. The alteration products are serpentine,
and sericite. Pyrrhotite, pyrite and other sulphides may
also be present in minor amounts. Plagioclase varies between
Anjp to Ansg from one section to another. Sphene is particu-

larly abundant in this zone.
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The most striking feature of the amphibolite
gneisses is the injection and réplacement of hornblende and
biotite by feldspar mainly and quartz giving rise to sieve-
like and poeciloblastie structures in the most advanced stages

of granitization./

The pyroxene-bearing amphibolites of this zone are
different from the ones of the hanging-wall in that they contain
quartz, a pale brownish red garnet (almandite) and titanite.
Again some of the hornblende has a bluish pleochroic colour in

the direotfﬁn of the slow ray.

The migmatites have the appearance of gray granite
gneisses. They contain hornblende and biotite. In places,
these rocks have relic structures that may represent original
schistosity and bedding similar to that of the biotite gnelisses
of the oré zone, It suggests that they are granitized rocks
originally similar to the biotite gneisses, more material being

introduced however.

Origin of Amphibolites.

Gorenson considered the amphibolites of Calumet

Island as resulting from the metamorphism of diorites and (1)

——

* (1) Goranson R.W., Calumet Island, Pontiac County, Quebec,
Geol, Surv. Can., Summ. Rept., 1925 pt C, p. 15.
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gabbros; evidently sufficient data were not then available

to establish their true origin.

Let us recall briefly four different ways by which
amphibolités can originate:
l. By metamorphism of gabbro and diorite.

2+ By recrystallization of impure limestone with
some addition of material.

3« By replacement of limestone by thermal
solutions.

4., By metamorphism of volcanics.

Pentti Eskola, in the Orijarvi district, described
amphibolites arising from the metamorphism of impure limestones,
gabbros, basic dykes or basiec volcanic rocks (l). Adams and
Barlow, in the Haliburton and Bancroft districts also described
crystalline limestones metamorphosed into typical hornblende-

feldspar amphibolites under the influence of granite intrusions

(2).

Finally Buddington, in the Adirondacks of U.S. in
accord with Adams' and Barlow's theory considers that the

amphibolites found in the garnet gneisses and in the limestones

(1) Eskola Pentti, op. cit.

' ft
(2) Adams F.D. and Barlow A.E., The Haliburton and Bancro
Districts, Ont. Geol., Surv. Cal., Mem. 6, 1910, p. 104.




were formed by the replacement of limestone by granitic
emanations. In other areas he considers that amphibolites, of
one or the other above notedmode of origin, are found with

certainty (1).

A common feature to most of the amphibolites from
the various known districts of the world is a sill-like or
lenticular habit. These rocks occur as dark bands intercalated
with or intruded into the granitic gneisses and have a same
general strike. In the case of the pyroxene-bearing amphi-
bolites, Eskola concludes that there is no more doubt however
as to their origin and that they are the product of metamor-
phism of sediments richer in lime (calcareous shales), than

the ones that produced ordinary amnhibolites (2).

The recognized bedding in the less granitized
members in zones in which furthermore amphibolites occur as
lenses, as in the biotite and the injected biotite gneisses,
the formation of amphibolites at or near the contact between
the limestone and garnet gneisses, the mineralogical associa-
tions in the pyroxene and carbonate amphibolites (abundance

of carbonates and calcium-bearing minerals like diopside and

(1) Buddington A.P., op. cit., p. 169 and p. 257.

(2) Eskola Pentti, op. cit., pp. 121-130.
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scapolite), and a wide range of feldspars in all the rocks
of the area (1) give sufficient evidence of the sedimentary

origin of these rocks.

The amphibolites of Calumet Island are then
considered to be the product of recrvstallization of clastic
sediments containing more or less ealcium and magnesium
carbonates, hornblende arising from the reaction between calcite
and chlorite (2) or being formed directly from clays poor in
silica or by any other way. Calcite when present, would
represent the mineral left over after the formation of horn-
blende has exhausted the available magnesia. Apparently the
calcite recrystallized subsequently and replaced the other
minerals, and it is not impossible that some carbonate was
introduced later. In amphibolites without calcite no lime
would have been left over but its absence could also be
explained by its removal by solution or squeezing out. By
sheariﬁg the amphibolites gave rise to dark mafie gneisses
and by injection to hornblende and hornblende garnet migmatites.

The carbonate-bearing amphibolites being more plastic were

(1) Carlson C.J., & Test of the Feldspar llethod for the
Determination of the Origin of Metamorphic Rocks, Jour.
Of G’eOlo, VOlo 28, 1920, ppo 632-64:40

(2) Harker A., op. cit., p. 267.




less,susceptible to open structures and injection.

4. Diabase Jvke.

One thin-section was made of the diabase dyke that
cuts the rocks at tze mine. It shows a fine-grained ophitie
texture (large -~lates of pyroxene enclosing feldspar latks )
and a mineralogical composition consisting of about 50% avgite
(ZAc = 40°) and 50% labradorite with little macretite and
pyrite. Some of the pyroxene cerystals have a dirty brownish
appearance under the microscope and zary feldspar crystals

are altered to a greerish pleochroic mineral.

Anhydrite and Gypsum.

At different horizons beds containing anhydrite and
gypsum were intersected in drilling, as for example No. 6b hole
at the mine. In vlaces the anhydrite is mauve and coarsely
erystalliged but more commonly it is of medium grain and
consists of a pale vislet variety mixed with carbonates. It

oecurs also with coarse-grained salmon calecite.

Five thin sections from this hole show the irtinate
assoeiation of carbonzte, anhydrite, gypsum, tremolite ard dio-
pside, carbonate anhydrite and gypsum predominating and being

present in all proportions. Other minerals are muscovite and
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apatite. All except one section,'which is fine-grained, are
medium-grained. The amphibole is uncoloured and from the
following optical properties is found to be tremolite: rThe
optic sign is negative with V>y , the optic angle is about 80°,
the extinction angle ZAC is around 15° and the birefringence
is strong. The pyroxene has an extinction angle ZAc equal to
44° and is considered to consist of diopside 60 mol. % and

hedenbergite 30 mol., %.

¢

The apparent paragensis is: silicates (pyroxene and
tremolite), carbonates, anhydrite and gypsum. The silicate
relics in the carbonate crystals seem to point out to a
later introduction of carbonates. Anhydrite and gypsum are
closely associated, gypsum replacing anhydrite extensively and
it is often seen forming a ring around the anhydrite crystals.
Anhydrite replaces carbonates and silicates and it is quite
possible that it is of magmatic origin. In section 43,
consisting mainly of quartz 40%, biotite 30%, plagioclase Anzs
20% and garnet 10% (pale reddish brown), few crystals of
anhydrite are also present. This section shows extensive
replacement by serpentine. In that section the other minerals
are cumminctonite, apatite, pyrites and magnetite (?). Similar
alteratiorn by serpentine is shown also by a section consisting

of carbonates 80%, garnet 10% and cummingtonite, the ore
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minerals being sphalerite, pyrite and galena. 15% of the

minerals are altered to serpentine.

From the study of its mode of occurrence at Balmat
and Britannia where both gypsum and barite are present, Osborne
concludes that: "Anhydrite may appear as a peripheral phase
of the alteration near zinc-lead deposits", and that: "The
geographical distribution coupled with#thé evidence that
anhydrite occurs near mineral deposits in non~-sulphate bearing

country rock suggest that it is of magmatic origin" (1), by

reaction of acid waters on calcareous beds.

(1) Osborne, P. Fitz, Anhydrite and Gypsum at Calumet Mine,
Calumet Island, P.Q., In Press.
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ECONONMIC GEOLOGY

‘Mineralization.

Mlineralization is found at three different horizons
at the mine, but there is a single ore-body of economic impor-
tance in the biotite and injected biotite gneisses near the
contact with the carbonate amphibolites. Closely spaced
diamond-drill holes indicated about 1,500,000 tons of ore
averaging 2.51% of lead, 8.16% of zinc, 0.036 ounces of gold
end 5.76 ounces of silver. About 86,000 tons of ore containing
18% of zine and 36.90 in gold and silver were also reported
(1). A second zone of mineralization called the Longstreet
zone similar to the first one and appérently connected to it,
is found to the east in amphibolites. Diamond drilling however
did not disclose any important ore body. The third zone is
along the river where dissiminated sulphides occur in streaks
in the limestone. One diamond-drill hole 3,000 feet east of

the limestone reached that horizon and disclosed same minerali-

zation indicating possible continuity.

(1) Osborne, F.Fitz., Report under preparation.
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Structural Relations of the Bowie (Ore-Body.

The shape, attitude and relationship to the Country
rock of the main ore-body known as the Bowie ore-body, were
fairly well established by drawing vertical sections along
lines of diamond-drill holes one-hundred feet apart, the

holes being spaced one-hundred feet and in some instances being

as close as fifty feet.

The ore-body is found to consist of a lenticular
layer occurring almost entirely in the biotite and injected
biotite gneisses at or near the contact with the overlying
amphibolite. It is conformable in strike and dip with the
gneisses, striking N 55° W and dipping between 25° to 30°K.
Other small lenses and sheets are found also below and above
or in the extension of the main ore body near the surface.
These are usually associated with granitic lenses which they
seem to replace.

Minor ore-bodies to the north along this zone and
showing the same conformity with the gneisses on surface are
pelieved to have similar structural relations that the Bowie

ore-body has.

The more important feature of the Bowie ore-body

o)
is the elongation in the direction N 65 E as shown by the
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thickness contours map (see Fig. 5 ), the rake or plunge being

about 25°,

The second important feature about the shape of
the ore-body is the direction .of the axes of the large warps,
striking a little south of east. It coincides with the one
of the same element of structure in the hanging-wall, with
the long axes of the mineral and even with the strike of the
diabase dyke. This direction observed to be fairly constant
all over the island, is the direction of lineation. It-is
then Jjustifiable to conclude that this direction does not
coincide accidently with the lineation, but that the lineation
was an important factor in the determination of the shape

and possibly also the localization of the ore,

The distribution and the shape of the various rock
units on the surface map seem to indicate that the rocks were
acted upon by a tangential force resulting in a northeast -
southwest compression force, that squeezed the rocks in a
northwest-southeast direction. The tangential force is
inferred from the convexity to the east of the massive amphi-
bolite and the convexity to the west of the rogks of the ore
zone. The ore-body is sandwiched between two irregular flat

lenses of rocks that have escaped complete migmatization and
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- striking at right angle to the hypothetic compressive stress.

The plunge of the ore-body is in the direction of the force.

Apparently the amphibolites of the hanging-wall
were quite plagtic on account of the carbonates present and
were less susceptible to injection than the biotite gneisses
below. Most likely the difference-of brittleness between the
resulting two types of rocks was responsible for the location
of a fracture at their contact which fracture was later filled
by the ore-bearing solutions. The amphibolites being more
plastic than the underlying gneisses further acted as an
impervious wall preventing\the escape of the mineralizing
solutions so that the amphibolites can be considered as having
played the most important role in the emplacement of the ore-

body.

Ore and Gangue Minerals.

The ore consists of a medium-grained aggregate of
sphalerite; pyrrhotite, marcasite, pyrite, galena, chalcoPyrite,
arsenopyrite, tetrahedrite and others in approximate order of
abundance. Molybdenite is found in small amount. Native gold
was reported, but usually gold and silver occur with the sul-

'phiaes.
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The gangue minerals consist of the following
contact metamorphic silicates: cumningtonite, diopside, light
coloured phlogopite and dark biotite. Calcite, dolomite and
iron bearing carbonates are abundanﬁ. Scapolite, serpentine,
chlorite and talc are found in small amounts. Some commercial

ore occurs also in the country rock.

The sulphides are widely disseminated in the gneisses
below the hanging-wall of the main ore-body. Near the contact
with the hanging-wall they are concentrated into irregular
undulating and branching bodies up to 70 feet of thickness
of ore of commercial value with few thin sheets in the hanging-
‘wall itself. In these bodies, the sulphides are irregularly
distributed, being nresent as disseminated grains or massive
lenses separated by almost barren quartz, calcite and leu-

cocratic gneisses.

Paragenesis.

The paragenesis of the sulphides as determined by
Moorhouse is the following: Pyrite (and arsenopyrite ?),
sphalerite, pyrrhotite, galena, chaléopyrite, tetrahedrite.
Marcasite replaces pyrite and pyrrhotite, its relation with

the other sulphide is not known. Marcasite is always

considered a low-temperature mineral of the supergene zone
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and its association with prrrhotite, a high temperature
mineral, is a veculiarity of this deposit. On the other hand,
serpentine, replacing pyrrhotite, phlogopite and amphibole,
and occurring also as veinlets cutting the other minerals

and sulphides is found as rim around marcasite grains. Both

marcasite and serpentine must be due to paulopost alteration.

The ore minerals replace all the other minerals, in
preference the ferromagnesians to quartz and feldspar when
occurring together. The age relation of the carbonate is not
very clear, the contact-iuietamorphic silicates and the ore
minerals are replacing carbonates either present originally in
the gneisses or introduced by solutions. ‘' Csborne favors the
second hypothesis. In the amphibolites, however, he believes
that some of the carbonates are original but that the rest is

younger than the silicates.

Pink negmatites are common within the ore zone. The
relation of these negmatites with the contact silicates is not
clear, but some sulphides replace the minerals of these nig-
matites, so that the solutions producing granitization, contact
silicates, pegmatites and ore might have been closely related

to the pink granite, the only one younger than the regional

metamorphism.
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Type of Deposit.

The presence of high temperature minerals like
pyrrhotite, pyrite, and arsenopyrite, in a gangue of contact
metamorphic silicates like lime amphiboles, pyroxene, biotite,
garnet and others, and the irregular shape of the ore-bodies

are characteristic of high-temperature metasomatiec deposits.

The widespread mineralization in the injected biotite
gneisses and the presence of a zone of mineralization in the
limestone along the river near the contact with the granitiec
migmatites indicate a close relation between the magmatic

material introduced and the deposition of the sulphides.
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SIMILAR DEPOSITS IN THE GRENVILLE SUB-PROVINCE
OF THE CANADIAN SHIELD AND THE /ADIRCNDACKS
OF THE UNITED STATES.

The Tetreault Iline, Notre-Dame-des-Anges, P.Q. (1)

Grenville garnet - biotite-sillimanite paragneisses
make the bulk of the rocks of the ore that consists also of
quartzites and limestone. The rocks are intruded by granite
and grandiorite gneisses, amphibolite dykes and sills, and

pegnatites.

The ore zone, about three thousand feet long, is
along a narrow overturned syncline of Grenville paragneisses
and limestone surrounded by migmatites and is associated with
amphibolite dykes. The siliceous paragneisses were altered to
cordierite-anthophyllite while the éarbonates yielded tremolite
and diopside (skarn rock) from replacement by solutions rising
through a shear zone concordent with the axial plane of the
fold. The principle metallic minerals are sphalerite, galena,
pyrrhotite, and chalcopyrite. Tetrahedrite, stibnite, moly-
bdenite, and arsenopyrite are of sporadic occurrence. The
ore-bodies occur in calcium bearing silicates and to a minor

amount in the cordierite-anthovhyllite rocks.

(1) Tetreault Mine, Montauban-les-Mines, Portneuf Countv, P.4.
by John J. 0'Neill and F. Fitz. Osborne, Juebec Bureau of

Mines, P.R. No. 136, 1939.

N.L. Wilson, op. cit.
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The ore has replaced a band of limestone. The

structure and the type of rocks were important factors in the

formation of the ore bodies.

About 1,100,000 tons of ore have been mined of

which 120,000,000 lbs. of zine, and 40,000,000 of lead were

extracted.

Long Lac Mine. (1)

The mine is located in Frontenac County, Ontario,
about 42 miles northwest of Kingston. The rocks of the
surrounding region are of the typical Grenville type and
consist of cerystalline limestone, quartzite, paragneisses and
green schists, intruded by gneissic gabbro and diorite intruded

in turn by granite.

The one occurs as lenses or 1s disseminated in a
belt of coarsely crystalline limestone- varying in width up
to 400 ft. and 4,000 ft. in length dipping steeply and enclosed
in gneissic diorite and gabbro.

The ore consists of sphalerite with varying amounts

of pyrite, pyrrhotite and small quantities of galena and

(1) Aleock, F.J., Zinc and Lead Deposits of Canada, Geol.
Surv. Can., Beo. Geol. Ser. No. 8, 1930.
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chalcopyrite., The chief gangue 1s the calcite of the limestone

but diopside, quartz and calcite veins are also associated with

the ore.

F.J.Alcock considers that the deposit has an origin
similar to the one of Calumet and Tetreault and that ‘the
solutions came from the intrusive granite intruded after the

me tamorphism of the limestone.

Renfrew Zinc Prospect. (1)

The deposit is located about thirty miles southeast
of Pembroke in Renfrew County, Ontario. The rocks are Grenville
sediments consisting mainly of limestone with tremolite and
phlogopite. Bands of quartzites and sedimentary gneisses
revresent metamorphozed plastic beds in the limestone. With
these rocks are associated amphibolites interbanded with or
intruding the limestone. All the rocks are intruded by pink

biotite granite and to a minor amount by pegmatites.

The ore occurs disseminated in the Grenville lime-
stone and consists of sphalerite and galena with small amounts

of pyrite and chalcopyrite. The gangue minerals are calcite,

tremolite and dionside. Most of the ore is of low grade.

(l) AlOOGk, FQJ. Q_P_o Cito, ppo 132-1560
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It is a contact metamorphic deposit formed by excess

of granite intruding limestones and accompanied rocks. It is

similar to the one of Montauban.

The Balmat and Edwards Zinc Mine of the Adirondacks of
United States., (1)

Balmat mine is 12 miles south of Edwards mine. The
rocks of the district are all of pre-Cambrian age. The sedi-
mentary rocks consist of garnet gneisses and limestone and the
igneous rocks of gabbro, amphibolites, syenite and granite.
The major feature of the structure is a dome slightly over-

turned.

At Balmat the ore-deposit is about three thousand
feet long and consists in the replacement along bedding of an
impure dolomite layer intercelated in a dominant limestone
series. The ore minerals consist of sphalerite 19%, pyrite
18%, calcite 1.297 and accessories such as willemite, pvrr-
hotite and chalcovyrite. The gangue minerals are calcite
and dolomite, garnet, diopside, tremolite, quartz and mica.
Barite, anhydrite and gypsum are post-ore. The hydrothermal

altercation minerals are talec from tremolite and diopside,

(1) Brown, J.S., Structure and Primary Mineralization at
Balmat Zinc Mine, Eco. Geol.,, vol. 31, No. 3, pp. 233-58,

1956,



~70-

and serpentine replacing the diopside.

The Edwards deposit is similar to the one just
described. Brown believes that the solutions that form these

ore-deposits were derived from an underlying igneous mass of

pre-Cambrian granite.
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