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I}~TRO Due TI ON 

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 Pacific 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 :~uebec 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 Island. In 1916, W.L. Uglow (2) described 

the lead and zinc deposi t of Calumet Island. In 1925 9 R. VV. 

Goranson (3) wrote a report on the geology of CalUlnet 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 yhe Deposit. 

The property was staked in 1893. In 1897 it was 

operated by the Grand Calumet ~/!ining Company of ottawa who 

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

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

(2) Uglow Vi.L., Lead and Zinc Deposits in Ontario and~uebec 
and in Eastern Canada, Ont. Bureau of ]\~ines, Vol. x:x..V, 
pt. 2, pp. 5-7, 1916. 

--------------------------------------------------------------
(3) Goranson R.W., CalUJUet Island, Pontiac Count"v, Geol. Sur. 

Can., Summ. Rept., 1925 C, pp. 105-124. 

(4) Osborne F. Fitz, report under preparation. 
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9% lead. In 1911, a concentrating mill with a capacity of 

150 tons was erected, but it burned soon after. The British 

M:etals 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 rl~ines Limited acquired the pro­

perty and started a program of diamond drilling under the 

supervision of Dr. Paul Armstrong. I\Iore than two hundred 

holes were put down with an aggregate length of about 

80,000 feet. 

Acknowledgements. 
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GENERAL GEOLOGY 
, 

The southern pa~t of Calumet Island is underlain ., 

by rpoks of the Grenville series consisting of crystalline . , .. 
I , . 

limestone, bioti te ahd amphiboli te gnei.sses, and the,ir 
• . 

injected equivalents. These rocks are intruded by Bucking-. .. 
ham gabbro and ,granite of the Morin series. Aplites, peg-

I • 
• 

. 

matites 9 lamprophyres and diabase dykes are found occasionally • .. , , 
~n -the ~9rther.R p&rt. of the island these rocks are covered by 

. . 
J or , . 

~leozoic iimestones~ 
, 

--. • ~he geology of the area is quite complex. Of many 

types of rocks shown on the regional map, it is believed that 

they were only fe~ origin&lly but, due to metamornhism and 

injection of grantic material, the rocks have been altered to 

such an e~tent in their mineralogical composition, and their 

struoture has .. been so modified that their original composi tion 

and structural relation oan be treated only approximqtely 

before a detailed mapping of the adjacent area is available. 

Osborpe considers that the rooks now making the 
. 

Grenville paragnelsses oonsisted originally of impure 

argillaoeous sedimentary rocks with interoalated limy or 
I 

magnesian beds passing by gradati.on into relatively pure 

lime stone wi th minor clasti 0 zones. a t the base of the lime-
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stone. He assumes that the limestone is at the top of the 

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

stone_s are near the top of the Archean, and by oorrelation 

with the limestone in the type locality for the Grenville 

li~stone, where it appears to stand higher tn the series 

than the quartzites and the gneisses. 

Summary of the Ge.o~~ogical History. 

history: 

Osborne (2) summarizes as follows the geological 

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

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

3. 11igmatization of the rocl(s _yielding a pseudo-
morph of the older structure. · 

4. ~\,ligmatization controlled by the east-west 
shearing tending to obliterate the earlier 
structure. 

5. Injection of Buckingham gabbro. 

6. Injection of pink granite with accompanying 
diopsidation. 

7. Injection of aplites and pegmatites. 

8. Formation of ore at Calumet Mines property. 

(1) Ells R.Vv., .Q£. cit. 
. ____ .r ___________ ._.-----._. ___ .. _...--..........--___ • 

(2) Osborne F. Fitz., ~. cit • 

. ---------.----- -------------
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9. Injection of lamprophyre and diabase dykes. 

10. Erosion. 

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

12. Faul ting. 

13. Erosion. 

Grenville Limestone. 

By re[!'ional rrletamorphism, 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 replaoed by 

silicates consisting of diopside and serpentine, accompanied 

by others such as tremolite, phlogopite, scapolite, chon­

drodite and titanite, from Ll1purities in the original sediments 

and addition of material of magmatic ortgin. These silicate 

minerals 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 schistosit~ may be mistaken for bedding. At 

or near the contact between the limestone and the gneisses 

are bands,of amphibolites. 
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Beds containing anhydrite and gypsum were inter-

sected in drilling at the mine. Brucite is a common accessory 

. miner~l in the southern part of the island. locally it is 

sufficiently abundant to be considered as a possible source 

of ~agnesia according to Osborne • 

. 11oorhouse noted that serpentine is associated wi th 

caloitein the dolomite. This is probably according to the 

prooess of de-dolomitization suggested by Adams in the follow-

. ing equation: 

0a11g( 003) 2 + 28i02 ' 
(dolomite) 

OaMg( 8i03)2 + 2002 
(diopside) 

3Cal\fg( Si03 ) 2 -t 3002 + 2H20 := H4Mg3Si209 + ~)CaC03 + 48 i. 02 

(diopside) (Serpentine) (calcite) 

Biotite Gneisses and Grani tic 11igmati tes. 

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 granitic 

material. in places accompanied by pyrite and pyrrhotite, 

and the resulting rocks are now represented by the granitic 
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migmatites ar.d the rusty-weathering gneisses~ so called 

because of their rusty appearance on S1J_rface due to the 

oxidation of iron. Bands of highly grani tjc 'Jligmati tes 

are fou~d below and above the ore shoots • 

. F.mphiboli tes, and Related Hornblende- and Hornblende­

Biotite Gneisses. 

In the calcareous members of the series contain-

ing much lime and magnesia~ pyroxene, amphibole, and medium 

calcic plagioclase were forned in abundance and vario1.ls types 

of amphibolites resulted. These rocks were later metamoruhozed 

to basic hornblende- and hornblende-biotite gneisses. The 

amphiboli tes show various structures; an L~rnortant variet- r is 

gneissose and contains carbonates. Tn general, they are 

massive and rese-'ahle diori tes in structure and texture. 

Some were injected to various degrees by the same material 

that formed the granitic ~i~latites. In places the layered 

character of the rock was destroyed and the rock is con-

verted to basic or hornblende :nig~rla ti te. 

In general the amphiboli tes 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 



-9-

lit-par-lit 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. 

Grani te. 

At the north-east of the map is shown part of a 

large mass of granite on the mainland. In places it is stro~gly 

gneissic and contains inclusions; elsewhere it j.s nj.rJh: 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 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 Ii t-par-li t fasl-:ion in certain zones, or the silicate rocks 

along their contacts with the limestone. In places it is 

injected along the east-west striking shear structure. The 

grani te is assigned to the acidic part of the ~.~orin 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 lL1l8stone west of Carsvlell's Quarry. There 
~ 

Is also a dyke of si-'-:ilar material near the north end of 

Bryson and this dyke outcrops also on the island across the 

channel. 

The gabbro has a prevaj.ling dark gray colour and a 

medium granularity; in some places however it is light coloured 

and coarse grained. This gabbro resembles the basic i~trusions 

of the Morin and Buckingham series enough to be correlated to 

these. 

Diabase and LamJ?r~hyre. 

A dyke of fine-grained diabase cuts the ore at the 

Calumet propert~.,.. A-nother d;Tke is found on lots A and B, south 

range, on the island. 

Small dykes of lamprophyre aut the are 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 kno~m of the structural geology. The 

mapped area is small and the rocks are so intensively 

metamorphozed that most of the pri.mary 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 It'1~stone the assumption was dade 

that it stands higher than the clastic sediments in the 

stratigraphic colman. 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 din 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 sohistosity probably parallel to the bedding oan be 

seen. 

The last element is the constancy of the direction 

of the linear featilres such as the direction of the elonga-

tion of the orystals and the axis of plication over practically 

all the mapped area. This direction strikes east-west and 
o 0 

pitohes 20 to 30 east. This structure is superimposed on 

the others. 
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PART II 

THE CALUMET LEAD AND zrr·;-c I','IINE. 

Forew<l)rd. 
l 

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 Io1ines, 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 stll_dy 

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 Geolo~. 

The Calumet property is on the west side of the 

island, (see Fig. 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 over~urne·d s~7"ncline in the other al terna ti ve. 

The rocks have a general strike N 150 Wand dip 

to the east at about 30 0
• From the river to the east in the 

vicini ty of the Calumet I.Tine the succession of the different 

types of rocks is as follows: Limestone outcrons on the shore ... 

of the river with interbanded silicified layers, and amphl~ 

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-

metamorphic rocks and containing the main ore-body. P'Troxene oJ 

and carbonate amphibolites form the hanging-wall of the ore 

zone of the mine. These amphibolttes are overlain by a cOY:lulex 

of amphibolite gneisses and migmatites followed by leucocratic 

injeoted 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. 

These are followed in turn by siliceous hornblende and biotite 

gneisses including mnnhibolite lenses. Near the eastern 

boundary of the property are massive amphibolites in place 

injected to medium-mafia migmatites. 

A diabase ~vke cuts the rocks on the property from 

the river to the end of the amphibolites of the hangingwall 

of the are zone. It is about one hundred feet wide, strikes 

N 800 Wand dins about 75° 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 

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 oharaoteristic feature of this seotion 

from a struotural 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-hu~dred 

to four-hundred feet thick, but its general attitude is 

found persistent in all the sections "lade. The average dip 

of the hanging-'wall is about 35 0 ; 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 are 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 

oontact metamorphic rocks. Lenses of heterogeneous rocks are 

present also in the hanging wall and in the rocks above. The 

presence and distribution of these lenses indioate the com~lex 

oharacter of the original sediments :jetruuorphosed to r001cs of 

various compositions still later modified by granitic injection. 
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PETROGR1~RY 

1. The Biotite and Injected, Biotite Gneisses. 

Locally these gneisses are finely banded an.d extre;11ely 

contorted thus 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 

cummingtoni te-bearing anrphiboli tes, contact metamorp;iic roc}:s 

and pegmatitic patches scattered throughout the gneisses. The 

ore-deposit is in these rocks near or at the contact with the 

overlying alllphiboli tes. The gneisses are separated from the 

underlying garnet ~nigJatites b::r 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-::nica-sillimanite gneisses, called in the field 

the biotite and injected biotite gneisses, which are the more 

abundant, B - The 8Jl1)hiboli te gneisses and C - r:'he contact 
..l. 

metamorphic rocks, the last two groups occl1rring as lenses in 

the first group. These will be siJhdivided again irto different 

mineral associations based on ~r:dcroscopic examination. 



-18-

A The quartz-anorthoclase-mica-sillimanite ~neisses. 

It is excessively difficult to unravel the history 

of these rocks and. to separate those that are due si:rli)liT to 
~ t:.' 

the recrystallization of the original sediments from those 

:that are the product of rec~ystallization plus injection. 

On surface· the rocks that show banding are the least injected 

members and represent more closely the original composition of 

the sedi~ents. They are fine-grained and consist of a quartz­

feldspar mosaic with accessory mica and sillimanite. The 

injected type which is the more im~ortant consists of abundant 

quartz with potassio feldspars and all the minerals show 

evidence of replacerr~ent 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 exce";tion 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 sections while microcline (?) and possibly 

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

found in one section. Various &llphides are present, of these, 

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

Miorosoopio Characters of ~.~i.nerals. 

TjIost of1UP.RTZ 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 orystals often present a sieve-like structure in the 

more extensive replacements. ~uartz replaces all other minerals 

except sillimanite. 

PLAGIOCLASE is andesine. Its composition varies 

from section to section between An32 and An49 • The crystals 

show usually albite twinning. They may have all kinds of 

inclusions and in the more injected types, the~T have nu..rnerous 

rounded grains and patches of quartz. They are slightly 

altered to sericite. 

ANORTHOCLASE (cryptoperthite?) is very abundant in 

the quartz-bearing rocks, often it makes up to 35'~t of the 

minerals. Like quartz it includes sillimanite needles. The 

crystals which are sometimes quite large, have concave out­

lines due to renlacement by quartz and often become interstitial 

to quartz when replaced more extensively. Sections normal to 
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the Z-bisectrix give an extinction angle with (001) cleavage 

° . of about 7 , and In such sections almost submicroscopic 

peri aline twinning lines oan be seen making an angle of 75° 

with (001) cleavage, which is characteristic of anorthoclase. 

Sections normal to the X-bisectrix give an extinction angle 

of about 4° with (OO~) oleavage and show an acute-bisectrix 

figure indioating a medium axial angle. From an optic-axis 

figure, the axial angle is seen to be small and is estimated 

to be near 45 0 
, which value is again characteristic of the 

mineral. The cr7stals have usually a peculiar appearance 

under the microscope that sometimes suggests microcline but 

the mineral is probably cryptoperthite (See p. 38). The 

crystals are slightly altered to serioite. 

MICA - Light brown PHLOGOPITE is the most abundant 

mica. Its pleochroic formula is: 

X = very pale brownish yellow (almost uncoloured). 

y = z pale brownish yellow. 

The axial angle is almost zero. Dark pleochrOic haloes around 

small apatite (and zircon ?) grains are sometimes abundant. 

It is replaoed by sillimanite and iron sulphides (See Fig.4 ) 
. 
MUSCOVITE was found in few seotions associated with ph logo-

pite and is also replaoed by sillimanite. One section shows 

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

SILLIT'Il0TlTE is the fibroli te variety. It occurs as 

fine needles crowded together with a sheaf-like arrangement. 

It replaces quartz and is intimately associa ted with biotite 

and occasional muscovite both of which it replaces. The 

mineral ha$ 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 

about right angle to the lines of inclusion in the other 

minerals, thus indicating more clearly its origin later to 

injection. It is also present as fine needles uniform~lly 

distributed in the other minerals. 

~ ~ICROQIJII\:E ? Cr"ystals 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 rocl($. 

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 roclcs indicates a genetic relation of 

the ore to the solutions producing granitization. 
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Cordierite-Bearing Associations. 

An interesting group of associations includes 

cordierite. This mineral was identified in two thin sections 

within the present zone, and in another one in the amnhibolites 

of the hanging-wall near the contact with the biotite gneisses. 

In ea ch ca se the ass 0 cia t i on is: di f fe rent. The two thi n 

sections in the actual zone consist of the following minerals: 

1. Quartz - cordierite - biotite - plagioclase. 

2. '~uartz - sillimanite - plagioclase - bioti te -
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. Assooiation 3 is entirely 

different from the others and represents a metasomatic rock. 

1. Quartz - cordierite - biot~te - 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. 

Cordieri te is in small colorless irregular rounded cr~,Tstals 

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 and can be distinguished from quartz by 

a slight dffference in their limpidi ty. 

2. 'j,uartz-sillimani~e-plagioclase-biotite-c~dierite association • 

. Quartz is again the most ablmdant mineral. Silli­

manite occurs in slender prisms grouped together and also as 

grains replacing the other minerals especially biotite. 

Plagioclase ~n20 is slightly altered to sericite and is re­

placed by quartz. Biotite with pleochroic haloes around rutile 

grains is in fair 8.lnount and is accompanied b:l a little musco­

vite. SOIDe of the biotite is altered to a green mineral 

(chlorite or serpentine) accompanied by a high-index and high 

birefringent negative uniaxial mineral (carbonate ?). 0,or­

dierite is in larger grains than in the previous association 

but is sti 11 in srnall 8lnoun t. The crys tals have small in­

clusions uniformly distributed. The optic sign is positive 

and the axial angle in near 80°. Pyrrhotite and pyrite replace 

mica. 

3. Anthophylli te-cordieri te-biot,i te-plagioclase association. 

Cordierite is very abundant in this association. 

It is in anhedral interlocking crystals with the S~le 



characteristics as in the above associetions a~d replaces 

side an uncoloured rled_.i..,I~~- ::Lno_ex l:..niaxial negA t i ve lUi neral 

with birefr~ngence colour of the fj_l'st (,:::rder (~lj ca '?) i n-

gether near the centre of the e;Tes, a-'y,Ycl.rentlZ7 c: secondar',! 

latter. Cordierite 118.3 luore pleochroic haloes tl~c;_n ';]1 the 

above associatio~ls. It is i~~_ui te possible t-"::.at cordiei'"'t te 

renlaces '([lica i11 i-;~e Large llncoloLtred 

ting aggregates and s(leaves form abol_-..t 40 ~ of the minerals. 

It has pale yellow bireiringeLce colour of the first 

order, paralle.l undulator~y extinction, positive elonbati~n, 

a large optic axis a~'lgle and a positive sign (?). The 

mineral is probabl~7 antho:!lhylli te and the refracti ve i::cl.8X 

for Z being 1.64+ j_t would consist of meganthophyllite 

(H21fg7Sig024) 20 mol '~s and feranthopbyllite (H2Fe7SiS024) SO 

r;r-Tstals have bla'Jk inclusiors. 
'-

It reTllaces 

biotite and it is repleced in. turn by plEI.,'.=,ioclase, ccrdie:-ci te 

----- ~-.---------

(1) Winchell, 'I 'T" 
.h .• L e , ~. cit. 
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and quartz. The lines of fracturing of anthophyllite are 

preserved in the replacing minerals. 

Remarks on the cOFdierite-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 Ada:'1S 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 I~Iontauban wi th 

cordieri te and anthopiTlli te in which the presence of these l .' 

two minerals vary from small fu~ounts to rocks consisting 

entirely of cordierite and anthophyllite. In the Scan­

dinavian countries it was described especially from Finland 

by Eskola (3). It is known al so from the \1.'8 i te-Amulet area 

of Abi ti bi where i t is found in the dal::~la tiani te related 

(1) 2£. cit., pp. 157-172. 

-.-.- --~----.--- ------
(2) An Investigation of the ~.Ietamorphism of the Orijarvi Type 

with Special Reference to tr.e ~iY1c-Lead Deposits at TTon-. 
tauban-les-~.Iines, P.~~., unpublished Doctor's degree thesIS, 
McGill University, 1939. 

(3) ~. ~it.t pp. 1-277. 

---------------------_ ... _----
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to greenstone. 

The cordie}'i te-anthophyli te rocks are considered 

to be a product of1agne sian _-n.etasoma ti s~·l1 by Eskola in ~·Lnland 

and Wilson at }~ntaub&n. 

"l.t Callrnet, cordieri te is found in two different 

types of rocks; a ~'let5.somatic type (association Ho. 3) and 

an intensively silicified type (association Fo. 1 and 2). Both 

tynes result froD injection of igneous solutions and since 

cordieri te is fOt'.nd only in the:1ore injected roc~(s i. t is 

logical to believe tl".at :~:~8..~~lesia was tr1trod\Jced b::/· these solu-

tiOTIs. 

represent different de;rees of replacement as a result of a 

variation in the CO·'lDosition of the sedLJents in which cor-

dieri te has developed fro:n the recrystallization of agrilaceous 

layers deficient in lime, under tile effect of ther-nal injection. 

B - The Included Amnhibolites • • 

The second group of rocks found in this zone consists 

of amphiboli tes. There are tv,ro principal types of associations 

grading OneJinto the other: 

a) The plagioclase-cummingtonite-biotite­
hQrnblende + garnet amphiboli tes. 

b) The plagioclase-hornblende-biotite amphibolites. 
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Cumm.ingtoni te is developed tV"l)ically near the 

contact of the rust~I-\'lJea thering gneisses wi th the overl'ring 

carbonated and gneissic amphibolites. 

a) The Plagioolase-c-u:_~~~ __ !}gtoni te-bioti te-h0,rnblende 

garnet aruDhiboli tes. . -. . 

The textj_~re is fine to'~edium. The l';inerals are 

arranged in allotrimnorphic aggregates and a gneissose 

structure is CO.:1:-.10n. Pla{:Joclase is the most abl.Indant l!lineral 

of these amphibolJ_ tes, and its cO('1"1.)osi tion varies on a wide 

range from one sect:1_c~ to another. The characteristic'-l}rleral 

is cUffiLilingtoni te a-(1)11ibole • Biotite is usually abL-:ldent but 

common hornblende less so. 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 am}!­

hibole is bleached and rel'laced by cDJnmingtonite. In these 

rocks quartz is absent. 

PLAGIOCL--:1.SE is present as sub-angular to rounded 

irregular interlocking crystals. It -:lay or may not show 

alb1 te twinning and someti:-,'les the crystals are fractured. 
~ 

Often they have inclusions of the associated ferromagnesian 
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minerals. The co~n .. oosi tion varie s between wide limi t s (AnlO 
to An46) from one section to another. The crystals are usually 

fresh but they are sometimes slightly altered to sericite. 

CUI.TI'.:II 7 GTOIJITE is in elongated fibrous non-terminated 

crystals usually gro1.lped together in bundles wi th 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 distirct 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. T~le indices of refraction are: 

x = 1.64 -
Y = 1.65 
Z = 1.66 + 

The birefringence is very high and give yellow colours of the 

second order and from this is estimated to be above 0.30. The 

maximu...rn extinction a~;gle ZAC is about 20 0
• The elongation is 

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

more than 800, from the curvature of the isogyre of an optic 

axis figure. The ontic si~n is positive and the diSDersion 
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From the above observations, the fu~phibole is 

considered to belong to the isomorphous kupfferite 

(H2MgnSiS024) grunerite (H2Fe7SiS024) series, and from (1) 

Winchell graph would consist of about 40 mol ~b of gruneri te 

and should be na~J.ed cU'''''xilirgtolli tee These optj_cal properties 

fi t very well "vi th the description of the above amphibole 

in bulletin 848 b7 Larsen and Berman (2). 

BIOTITE has ofte':l a crocolate bro\"ffi pleochroic 

colour. In few sections it is olive green. Pleochroic 

haloes are always abundant. 

EORFEI:Fi~T:DE is usually present in the same proporti-on 

as plagioclase, but sometimes constitutes as much as seventy 

per cent of the ~linerals of the rock. Ordinarily it is of 

the normal green colour but often it has a bluish tint and 

the following pleochroic formula: 

Z: = pele greenish yellow. 
Y :r pale green. 
~ - pale blujsh green. 

______ '. __ 0-_____ ---

Winohell .h..N. Elements of Optical l1illeralogy, Part II, 
1933, p. 244.' 11.1so, Winchell A .. N., Further Studies in 
the Amphibole Group, the American =.'~ineralostst, June 
1931, Vol. 16, 1:0. 6. 

Larsen A.S. and Bernlan H., The =.;~tcroscopic Determination of 
the Non-Ona~ue Minerals, 2nd. Ed., Bull.848, U.S. Dept. ... ~ 

of Int., 1934. 
--_0 _' ______ _ 
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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 f>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 cU1ITningtonite. Some crystals include 

rounded grains of plagioclase. 

is pale brownish red. It occurs as idio-

blastic crystals usually fractured. From its complete absence 

of birefringenoe, it is classed in the pyralspite group and is 

believed to be .A.l~DH;..DlTE. It has inclusions of cummingtoni te 

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 arnphibolites resemble 

igneous rocks. The essential minerals are plagioclase, horn­

blende, and biotite. Carbonate is present in small amount 

replaoing 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 alnphiboli tes. 

PLAGIOCL.ASE varying in composi tion from. An to 
10 

An35 from one section to another is present in various a:nounts 

from 25:;'6 to 60~~'~. I"Iuch of i t is not twinned and shows un-

dulatorv extinction. S~11all crystals of hornblende are found 

as inclusio.ns. ~.Tc.en "9lagioclase ts abundant. evidence of 

renlacement of hornblende by the for~er is given by the 

concave outline of the hornblende crystals. Some of the 

crystals are slightly altered. In the saTIe section, crystals 

of hornblende include plagioclase while plagioclase crystals 

include hornblende. 

HORNBLE~TDE range s from 25,'S to 70'~1o in amount. more 

often it has the bluish tint alread\T mentioned. 

BIOTITE has the conwon 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. 
+0 ,. -

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 

oummingtonite + garnet and the other consisting mainly of 

plagioclase hornblende and biotite. Within the same horizon 

there are also minor zones of mediura- to coarse-grained rocks, 

amphibolites for most of them, some of which have peculiar 

associations and these nill be bere referred to as the 

COnTACT-j>:rsT.42.~ORPFIC rocks. They include of course the 

cordierite-bearing rocks already described. 

Seotion No.9. 

The association is: Biotite (?) gedrite and 

zoisite (?). 

BIOTITE (?). The miDeral 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 

seotions show a uniaxial figure, others a small -optic angle. 

The index of refraction of the mineral oriented with the. 

oleavage parallel to the stage of the microscope (about Nffi) 

is a little less than 1.59. The birefringenoe is high. In 

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

GEDRlTE is grey in hand specimen but uncoloured in thin 

section. The mineral has a brownish dirtv appearance under 

the microscope, but some smaller crystals are absolutely 

fresh, (two different minerals ?). 

fraction are: 

x =. 1.62 -
Y - 1.62 + 
Z = 1.63 + 

The indices of re-

The mineral has parallel extinction, the ontic sign is 

negative, the optic angle is large and the dispersion is f7V. 
\ 

ZOISITE (?). The mineral is in fractured uncoloured cryst'als, 

it has high refractive index and apparently low birefringence. 

It is biaxial negative and has an axial angle of about 75 0 

with f;>Vabout X. The mineral has probably parallel extinction. 

There are abundant pJTrrhoti te and pyri te. 

Section No. 45. 

Gedrite amphibole makes the bulk of the minerals 

of the sect ion and is accompanied by accessory pale yellow 

biotite and a deep green isotropic 'l1ineral, (complete 

absence of biregrigence) wlthout crlTstal outlines, averaging 

1 m.m. (one grain 2 m.m.) and with an index of refraction 
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greater than 1.78, probably gahnite (ZnA1204 ). 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 p1eo-

chroic haloes around small inclusions. A little pyrite is 

present. 

/ 

Section No. 50. 

This peculiar association consists of cwnmingtonite 

wilsonite, diopside and carbonate, the minerals being named 

in their order of importance and accessory quartz, sphene 

and apatite. 

Cill~TINGTONIrr!_~ has a greenish greyish whi te colour in hand 

specimen. It is uncoloured in thin section, shows no twinning, 

has an extinction angle of lSo , 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 mediu-lTI-grained aggregate of 

brown biotite and fibrolite with small amounts of plagioclase 

An20, 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 Fo. 53 and pyrrhotite has reaction rim in section No.46. 

Section No. 40. 

G,l Over 80 0

) of the section is actinolite wi th narrow 

zones of untwinned cummingtonite (bleached actinolite). The 

rest of the section consists of brown biotite and a little 

basio plagioclase An48 haiTing undulatory extinction. 

Pyrrhotite is also present. The texture is medium-grained 

with many crystals over 1 m.m. 

Section No. 47. 

Only t1J'lO minerals are present, actinoli te and :D1agio-

alase, wi th small grains of anati tee Actinoli te cr~Tstals 
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range between 1 and 2 m.m., while plagioclase crystals An36 

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 An63 and quartz with little biotite,apatite and carbonate 

replacing plagioclase. 

Section Fo. 8 is a peculiar association of about 

80}b of quartz crystals about 1 m.m. wi th relatively small 

crystals of actinc,li te, diopside, brown bioti te, zoisi te (?), 

carbonate, and apatite interstitial to quartz or as inclusions 

in the la tter. 

Section No. 41. In their order of imnortance the 

minerals are pyroxene, actinolite, brown mica, basic plagio­

clase, and apa ti te as accessory minerals. Up to 1 m.m. e;,res 

of small plagioclase cr:'Tstals are surrounded by a narrow zone 

of biotite cr7stals 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. 11. 
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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. ii.pl)arentlv the original rletamor1'hosed rocks 

were open to the _::agma tic solutions b;,r 'iNhich they were in,l ected 

and replaced. Enough 1'a t che sand lense s of banded sedL:len t s 

are left however to establish their sedi;;~entary origin. 

The abi 1i t:T of inj ection in ,J-i t-]2ar-li t fashion by 

magmatio fluids is 'eJQ)lained b~T Alling (1) as due to the high 

pressure developed duri"~~g cooling and crystallizatiun of the 

magma, in deep zones v.'here t"Lle pressure is so great on acoount 

of the cover rock thqt the above type of injection takes 9 1ace 

instead of fracturing. 

The am1!hibolites for-,ning lenses in these rocl(s and 

the ones resnl ting in places from the gneisses biT increase 

of the ferromagnesium ~:1inerals, are interpreted as meta­

morphic roc 1-:s resulting from the ]'le tanorphisH of calcareous 

sediments intercalated in the siliceous ones. 

The contact-metamorl")hic rocks are most likely due 

to the presence of i-:-r;,~)nri ti es in the sed.i~:l811 ts and addi tion 

of rna terial of igneous origin. 

--_._----.-------------~ 
1. Alling H.L. Ope cit., n. 255 and 259. .... 

-----_._--- -._---_. ----------------------
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a) The Quartz-bearing. Bock~. 

-0J1orthoclase is aD \u-:"'-lsual potassic mineral in the 

Grenville roct::s. ~=ic?ocline i~'1stead is mentioned in all the 

description$. !n the Adiro~"~d2n,1:s of U.S. mit:ropertbite Js 

very commin and Buddington (1) described microperthite in 

association vltth 'T~artz, cordierite, sil1i10a"{ltte, biotite, 

garnet etc., in the co:~'tact aureoles of the Alexandria-tyne 

granite in argillaceous roc~'"s. Its association is very Si;'lilar 

to the one of anorthoclase at Calumet ~sland, moreover, anortho-

clase and micropertl1ite have identicsl compo~ition and according 
-

to Alling (2) t;le potash-soda felds~ars for 1 an inverted Y by 

ex-solution with falling te-~m!erattU'e: 

anorthoclase 
.; 

criTp+:o)erthite 
~ 

'ili croperthi te 
4-

perthite 
/' ~ 

( -K Al 813°8) orthoclase Albite ( -Na Al Si308 ) 

(monoclintc) (triclinic) 

- -----------------
(1) Buddington A.P., ~. cit., p. 172. 

---------------------------,,--.---
(2) Alling H.L., QQ. cit., P.205 

-- ._._._-
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I,Iost likel::r then, anorthoclase of Cal"lU11et Island and micro-

perthi te of the Adirondacks have sLnilar oriG'in. Anortho-

clase has a peculiar appearance under the microscope, and 

all the intermediates between ordinary and something si~ilar 

to.microcline twinniLG can be observed. Buddington again 

mentions the alteration of microperthite to microcline and 
of alvdlet 

oligoclase in a syenite rock however, but the mineralAis 

probably cryptopertl:i te , it s a~opearance being simi.lar to the 

picture of that mineral given in Alling, (1). The microcline 

structure is produced from orthoclase by Tlressure 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 its alteration 

to cryptoperthite. 

Anorthoclase cI':'lstals are usuall:?" fresh lool{ing . 

while plagioclase is injected by quartz and altered to sericite. 

It is quite probable that the ~nineral resulted from the in­

jection of apll tic solutions contai 'J.ing :9otassi um and sodium. 

Sillimanite is a characteristic mineral of the 

Grenville series. As already mentioned, it is found as 

(1) Alling,~. Q}~., p. 70, fig. F. 
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almost sub-microscopic needles in the quartz and anorthoclase 

crystals, and it is present as longer needles grouped in bundles 

replacing the other minerals, es,ecially 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 :nica with which reacted silica to form 

sillimani te, K-feldspars and accessories by thermal mete.:~or]!­

hism. 

Biotite is normally pale brown when associated with 

sillimanite but there are exceDtions. In one section consisting 

of quartz anorthoclase and plagioclase the nica 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 ~lready been discussed. 

b) Amphibolites. 

There is no quartz in the it:cluded lenses and natches 

of amphibolites in the gneisses. Apparently the amphibolites 

were less fissile than the biotite gneisses and escaped si1ici­

fication~ On the other hand plagioclase is replacing the other 

minerals and appears to have been injected. 
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C"lrni'l1inf':tO:'ll te amphibole and [arne t de serve S'J8 cial 

attention. C·n-t.~i "gto-~i te and pargasi te are both uncolored in 

thin section, the~T are positive and have sij--!ilar extinction 

angle but the l~"'dices of :refraction, t 118 birefringe:1ce and the 

erotic angle are greater in iJUn;-1ingtoni te than in pargasi te and 

the disnersion is differe~t. It is on these djfferences that 

we decided to call the miLeral cThlunington l_ te. 

CUJ11ID.ingtoni te ?§.rgasite (1) 

Calumet 

1.66-t-
1.6.5 
1.64-
0.030 

80° 

V>f 

-.[- . 11(' ~ ; 1:1cne -I..} 

1.66-1.70 
l.n4-1.67 
1.63-1.66 

0.025-0.030 

° 5° 65 - 8t. 
y» 

Edenville J?a.rgas 

1.6410 1.6519 
1.6256 1.6380 
1.6188 1.63~9 

0.0222 0.0190 
70° 63° 

f>V ~>v 

The re-olace~" en t of hornblende (:{s~TaCa2 (I\'~g,Fe) 4.c1.13Si 6°24) 

by pargasi te(H21C"aCa2(~\~,Fe) 5..:·\.lSi 7024 ) trstead than b'T 

cumrningtoni te (!J" 2 (--;1e ,1,:[;) 7StSc24) would be more easily explained, 

their fornll.l_la bei n :' 'iflore simiJar. In both cases however there 

would be a re-:roval of j~l, Host lJkelv used up in the formation 

Hornblende has often a bluish tint. 

-------_._- .. _-
( f t · 1 ]~- 1 f2 1) VTinche11 .. 'l.lT., Elemer:.ts ° 01') lca Llnera o,_'::{. 

-- ,-- ----.----.----
(2) Esko1a Pentti, OPe cit.,p. 129. 

-~.------- ... ---.------.- ----.- -.--
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observed a si -!~i 1ar variet;'"T in~~-T11a~-~(1 and s'c'ggests that this 

bluish color given b:v the preserce of sodium, indicates tl-:at 

the amphibole Vias for ',ed frc~-;1 p13 r} oclase. 

TUca varies in colour from ordinary brown in the 

normal ai"l]!hibol i , tes to dee"') chocolate reddish brown in some 

of the c1lliill1i~)gtoni te bearing amnhiboli tes i1'l which it is 

also olive-green occasionally. '\. --. --:r , d . 
,"1.C ~J or 1 Lb to Fall (1) from 

plotting of anal"'lsis of :;'la'1:T biotj tes, the Jolours of the Y1.ore 

common biotites are deuerdert UDon their relative content of 
-. -" 

iron, magnesia and ti tania, iron 3)rOdl1..cing the green colours, 

ti tania the bro':n.' a-ln red colours, r.rhile magnesia Bll:p8ars to 

mask the colours nrod:~ced b\,~ ti ta1".ia. 

Cunnningtol"..i te and hornble~-.;.de are found in 0.10se 

association the for~:ler replacinr:; the latter selectivel;,!, but 

it is found also replacing biotite. A good example of the first 

case is shoiJIm in (-nlate 9). Pla,'::.;ioclase replaces cU':Lli:r1gtonite, 

hornblende nl-Id, biotite, (nlate 7 ). Ga~-'net vv-as formed later 

replacing the nreviou2 mentioned :ninerals. Serpentine cuts all 

the minerals. 

(1) 

-

,-----,-_._- ------ ----------
The Relation Bet 1.'!een Colour a-1.d Chelri,cal Composition 
in the Bioti tes, Hall A. Jean, The American TJineralogist, 
Vol. 26, No.1, 1941. 
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2. Hanging-wa,ll. A.rn;]?hibolites. 

Above the ore-body for~'i:ed ~lJa~,nl:'T ill the bioti te and 

injected bioti te gnej_sses is a sill-like mass of carbonate 

and pyroxene amphibolites. This band of amphibolites was 

fairly 'well outlined b:rl dia':'0ond drilling and it consti tutes 

a characteristic fea tl:T'e of the ore zone as was emnhasi zed 

before. 

The 8~nhibolites are thinly layered or massive. 

Schistosi ty is developed along the "IlFtrgins of the bands and in 

few zones in the interior but it is alwa',is much less apparent 

than in the hornblende and hornblende-biotite gneisses. 

From the logging of the diamond drill holes several 

varieties of a'r!lnhibolites were identified. Usuall~yr however, 

these varieties are so heterogeneousl,T distributed that the~.r 

could not be correlated in the vertical sections made from 

these holes. One variety is a clotted-an'gearing arnnhi.boli te 

consisting of hornblende, biotite, pyroxene and mediUlll calcic 

plagioclase. Another one contains abundant carbonates in 

layers, suggesting it is an original constituent of the rock 

but i t is someti:~le s as veinle ts as if it has been introduced. 

A third varietir wi th much biotite is called bioti te amnhi-
<-

bolite. A sgecial variety is characterized by porphyroblasts 

of biotite, or pyroxene and is called porphyroblastic amphi­

bolite. This varlet;v 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 al~l."ohiboli tes and 

hornblende gneisses are due to granitic injection. 

Petrographic Des.cript,!on. 

Although the a:tlnhibolites form a '1lassive and all-parently 

homogeneous lenticular bodv the mineral comnosition of these . , 

rocks is not uniforr:!l. According to the different mineral 

associations as determined from the thin-sections, the zone 

will be divided into two types of roc}:s~ 1. The normal 

amphibolites consistiIl--€; siT:lply of plagioclase, hornblende 

and some biotite, (this type has already been described p.30). 

2. The pyroxene a-'-Ld the carbona te amphiboli tes CO-llposed of 

pyroxene, carbonate, hornblende, i::'1terr'1ediate plagioclase and. 

biotite, and often containing a fair amount of scauolite. The 

latter represents the most iaroortant type. There is gradation 

of course from one tYrle to the other. In both types quartz 

is absent. 

llroxene and Carbonate Amphibolites. 

The more i"rqrortant group of associations in the 
~. 



-45-

rocks of the hang},1lg-v',7all is represented b:r the pyroxene and 

carbonate am-phiboli_tes. Pyroxene is abundant and carbonate 

is found in vari.ous am.ounts. Sc&polite is usually prese:~lt, 

sometimes in fair amount and it 111j_ght be of some interest to 

note that it is fcund only in roc~s containing pyroxe~e whereas 

carbonate may be absent. Hornblende and plagioclase are 
",) 

"'-

always present, but biotite is sO'1etirnes l"!lisslng. Apatite is 

usually as acceSSCT--'- mineral and sphene often. Epidote was 

identified in o~e section, all the thin sections contain 

sulphides. 

Fine .... to medium-grained granoblastic and por-0bvro-

blastic textures are CO[Ullon. The segregation of calcite and 

pyroxene from the other cansti tl..'ents often impart a gneissase 

structure to the rock. 

PY2CIXE~':E crystals form large por:9hyroblasts or 

occur as smaller rounded grains. It is al~Jost uncoloured with 

a greenish tint but shows no di~tinct pleochroi sm. PriS111atic 

cleavage is distinct snd parti~g parallel to basal cleavage 

(001) is common. TLe index of refraction for Z is equal 

to 1.69 + • The opt1c sir:n .is positive and the optic 

angle is near 60°. ~~e extinction angle is around 40° and 

the mineral is believed to be diopside. In few sections 

however the extinct jon angle was found to be about 45° 

and in tha t case SOiiiS of the pyroxene would belong to the 
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diopside-hedenbergite series. The cr7stals are slightly altered 

to serpentine or chlorite along cracks, cleavages and nartings. 

In nlaces it is renlaced by hornblende. 

PLAGIOCLASE is acidic andesine and shows a fairly 

uniform composi tion which is ql.~i te an unusual feature for 

the rocks described in this thesis, unless this is by pure 

cOincidence. The cr=~stals are generall:T untwinned ard may 

show undulatory ext i ·notion. The fact that the plagioclase 

is not very calcic for the amount of calcite present in the 

rocks would suggest that the carborl,'?tes were introduced after 

the formation of the plagioclase. A veinlet containing 

calcite and plagioclase suggests that the two minerals would 

have been sj Y':11)_1 taneously i_ntrodl1 ced. 

He F~\J3~-;~='·-D~ is of the CO~llm.on greell ty-pe and occurs 

as subhedral cr~,.stals or rounded grains replacing ll'7Toxene and 

renlaced in turn b,; C1Lill'l..ing toni te. 

SC.-~OLITE V:C1S identified in four thin-sections in 

which pyroxene js prese~t. 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 SO~·:le­

times they are altered to a fibrous brownish aggregate (piY'-ite). 

One good cleavage is shown usually. The ~nineral is uniaxial 
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negative and has parallel extinction, the indices of re­

fraction are: rTo = 1.58 and Ne = 1.55 and the birefringence 

is estimated to be about 0.030 froril the interference colour. 

Referring to the dia~ra~ jn ~inchell (1), the mineral is 

found to consist of I.,ra60 - 1.1e40 and is MI3Z0NlTE. It is in 

large crystals replacing selectivellT equally large cr;:Tstals of 

pyroxene (see plate \2, ) but it occurs also as small inter­

locking crystals. 

CARBOjT-,iT}~ shows numerous twinnings and wi thout other 

determinations is considered to be calcite. APATITE is sometimes 

present in anhedral grains. EPIDUTE was found in good-siz9 

cr~i'"stals in a brecciated type of carbonate anphiboli te in Ylhich 

the hornblende is broke~ up into small angular fragments. 

Remark. 

Sca~olite as well as apatite are very co~non in the 

amphibolites and are considered to be a product of pneumatolitic 

metamorphism (2). 

~l} Winchell A.N., ££. oit., p. 294. 
------ .. -.-~ -- ._ .. _--

'2) Harker A., Ope oi t., p. 324. 
.---~--.-- .-'~-----. ---~------- .... -
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Apparent Paragenesis. 

~o atte~nt is ~ade here to establish definitely ,.. 

the order of for~-1..atiol' of all the '~tnerals. Some observations 

made during -the stild~T of the thin--sections suggest however cer­

tain relations between the pinerals. Criteria of replacement 

are illustra ted b--- some of the best examnles furnished bIT the 
~ ~ 

thin.., sect ions. P7Rl\XE~-I is replaced b' '! hornblende, carbonate, 

plagioclase and scanolite. No evide~ce is furnished as to its 

origin however. BICTI~E is cut b;T veinlets of carbonate and 

plagioclase and. is repla ced by scapoli te. H()P.NBL=~YDE is 

replaced by cummin,~toni te t carbona te, plagioclase and_ scanoli te. 

C -P DO 1\J r... TE d PL n - ( -i' ~ ''-' " b t' t·· 1 t a s ..Li f iu; ~-.... an ~:..lT __ v '-'- : .'J~ are 0 t1 -oresen In velD e s 

introduced late. Carbona te is replaced b""T plagioclase and 

plagioclase is found in t1"le ceEtral part of the veinlets. 

SCAPCLlTE aT'parer, tl:r replaces all the other ninerals but 

especially pyroxene. In one sect ion j- t replaces plagioclase. 

In the D'J_cktown denosi ts nuartz and feldspars are 

extensi vel~7" replaced hv carbona te s (l) while in the present 

case it is the ferro'-'lEJ(~TlesillJll minerals that are replaced by 

the carbona tes. 

(1) Ross, 2£. cit., p. 34. 
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From the preceding remarks based O~ the relations 

between the minerals as observed under the ~icroscope, carbonate 

apparently re~lac£s ~ost of the minerals and appears to have 

been introduced late 1v. Nevertheless t the origi 11 of the car­

bonate is doubtful. In :nQn~l sections, carbonate and pyroxene 
,~ 

are segregated from the other minerals and form lenses as if 

they were related one to the other, (~ee pl.a.t.~ ~ but, in one 

section showing b:.ll i cling, a veinlet of carbonate and plagj,oclase 

cuts across the bandiJ'lc~ as if it had been la ter introd'uced. 

One section shov,,~s D'-roxe!:,e renlaced by 1)la(!·toclase and carbonate 

and it is rather doubtful whether p:rroxene could be for~1ed from 

calci te of the sa"~e age tha t t1;e one by which it is reDlaced. 

Llost like 1:,: however, pyroxe~~e was for:~aed from residual carbonate 

and later carbonate was i_ntroduced with plagioclase. 

Carbonates are very ulastic and sollLble minerals • ., ..... -

They are easily re'cr~-stallized a':1d m.etamorphosed to contact­

metamorphic minerals when a rock containing these is 

injected by igneous materi_al •. It is then almost i~:1Dossible 

from the stp,d;r of the thin sect_lons alo"18 to assign to these 

carbonates a definl te -place ln the paragenesi s. J'rIost 10[£i cally 

however they are residual from the a:mphiboli.tization of 

dolomi tic sedtments, but i, t is also possihle that some 

carbonate was introduced; both h;T1)othesis are 1)robable 
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and this is the opinion of Osborne (1). 

It is interesting to consider the opinion of e.S.Ross 

about the Ducktown copper deposits in which he believes that the 

carbonates are of erdgenetic origin. He concludes that: "The 

copper bearing denosi ts of the Duckto'V'm t\Tl)e in the southern '<J _ 

Appalachian.region were not denendent on the presence of lime­

stone lenses for their formatio~ and that the carbonates in 

these deposits are not t}~e remna~1ts of partly replaced li"lestone 

lenses but are vei~l ~nilJerals tha t have been deposi ted from 

hydrother:nal solutions." (2) 

There is surely a genetjc relation between pyroxene, 

scapolite and carbonate, since these three calcium-bearing 

minerals OCCl1r together. The relations found from microscopic 

examina t ion are the followi}1g: when !1yroxene and scanoli te are 

in large amounts, carbon~te is less abundant and as notect. before, 

when p;rroxene is -ore sent , carbonate is also present -'_lsually 

but not necessarily scapolite, although in few cases pyroxene 

(1) Osborne B\.?, report under prenaration. 

--------.----~------

(2) Ross C.S., Ori.cin of the Copper Deposits of the Ducktown 
Type in the 30utl-::.ern AnDCJlachian Region, U.S. Geol • .5rrvey, 
P.P. 179. 
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or carbona te ~\·.Tere found alone. P"';-roxene alwa;Ts acco~fP)anies 

soapoli te while carbo:"l8 te 11ay or ~~1a7 not do so. 

Amphiboli te Gneisses.:~~is~·~ati te Co~nrlex. 

The a''lnLibcli tea of the ha22ging wall are overlain 

b:r a cO~~1rlex a r2:0!;.iboli te gneisses 1:1i th intercalated patches 

of leucGcratic biotite gneisses. The least in.~ected variety 
~ . 

has a granoblastic te~".:ttTe and ~~onsists of abundant 110rnblende 

and il'tersti tial flll_:lrtz and feldsnar. The ':'lore granj_tized rocks 

show different text Ires. T''l8 even graL:l t;Tl")e has a pepper-a::od-

are gneissose due to the sezre.gation into la:rers of the ferro-

magnesian minerals.. SC .. 'e are ~orphiTrohlastic with porplrTro-

blasts of ~)~rroxe-'le, another trne has ,-;lots of hornblende and 

biotite and is called clotted a:·~nl,-ibolite. 

plagioclase ,r'\}_artz, p:Troxe:ce, carbonate biotite, spheDe, 

garr_et, and a~ati te. Tte a1 terati on l)rod-l"~ts are serpe:Qt~.'·'~e, 

and serictte. P-,-Y-rr-~ot~ te, n-:7rite aDd other s':-,lphides :-18"7 

also be nresent in 11' n (Y> r':;iount S _ _ _ _ _ o.,.~ • "'"""I . 1 l' e be +1,"8 en, r ae; J 0 cas e var -- s v .. . -

AnlO to iill20 frs:-:l ole sect'Lon to another. 

larly ablL'1dant in tl,-,i s zene. 

is particu-



_ ;-:",9 
-r...f......J-

T~~e 110 S t s tr i'::-j nt; feB +;,~ re of t~~e a-lpl~ i holi te 

gY'e 1. sse s 

of gra'li tizet ~on. 

di ffere:r:t 

t!~e di re ,J t i on of the s lov,' ray. 

gneisses. 

of the ore zor..e. 

and 

3 ivi ng rise to sievs-

jn the most adva~ced staaes 
'~ 

l' ,-' 
..LJ. 

t:;~J.s ZO~1e are 

tt~t they contai~ 

In plac,3s 

originall~:'" sj-".~lar to tbe biotite Gne.~sses, :'Jore~18terial beJ.Eg 

irltrodllced 

VriCir: of .. '-·LTn;L~ boli tes. - ~'--. ----

Gore. n 30n COTJsidered tIle a~n!)h i boli.tes of C:~ll.L'et 

Island !'tS resul tiE;~ i'}'(C~ the ~J_etd::10r2):~is.:l of"' diorites :.l:::ld (1) 

--.-- - --' ------ - -------- .. -----------------.--

Goranson R.:;.r., CalLI.-let Isl:=--,_~-"-i, Pontiac COlJ3~ty ,~,",,-ebec, 
Geol. Surv. ':;an., SUT'lf,1. Ren t., 1925 !)t C, p. IF,. 

-----------~-- .----~-.-.-.-
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gabbros; evider,_t l~.T Gufficient data 'Here not then available 

to establish their true origin. 

Let us recall briefly four different ways by which 

amnhibolites CQn oriGinate: 

1. Bv ::le tamc;rp~i S~11 of gab bro and diori te. 

2., By recr:,"-stallization of j.~Dure limestone v!ith 
S02e addition of naterial.~ 

3. P~T repluce:-~en t of li,~e stone b7 thermal 
soluticns. 

4. By ~l1et8.~~Grphisl~l of volcanics. 

Pe~tti Es~c18, in the Ori~arvi district, described 

amphibo1i tes arisj ng i'ro-'-·l the meta~:lorphis:: of i npure lL-'lestoDes, 

gabbros, besic d7~=es or basic v(j1l'anic r::.~cks (1). Adams and 

Barlow, in the Haliburton and Bancroft districts also described 

crystalline li~!lestl-)lesJe":s .. morphosed into typical hornb1ende-

feldspar amphibolites under the influence of granite intrusions 

Finally BuddiQgtoTI, in the Adirondacks of U.S~ in 

accord with Ada~n.s' a~'ld Barlow's theory c0J12iders that the 

amphibolites found in the garnet gneisses and in the limestones 

-------~----.--.--------- ._----
(1) Eskola Pentti, Ope ci!. 

(2) Adams F.D. and BDrlow A.E., The Haliburton and Bancroft 
Districts, Ont. Geol. Surv. Cal., llem .. 6, 1910, p. 104. 
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VJere formed b::T the rel'lacement of lL:J.estone by granitic 

emanations. In other areas he considers that amphibolites, of 

one or the other above l'.otedmode of orj.gin, are found with 

certainty (1). 

j\ CO~llnon fea t~_·re to 'nost of the amphiboli tes from 

the various known districts of the world is a sill-like or 

lenticular habit. These roc~-cs occ~u.r as dark bands intercalated 

with or intruded in.to the grarlitic gneisses and have a same 

general strike a In the case of the pyroxene-bearlng a~nDhi-

bolites, Es~~ola cor.:.c111.des that there is no more doubt howevpr 

as to their origi~ &Ed tb&t ttey are the product of metamor­

phism of sedi~ents richer in li~e (calcareous shales), than 

the ones that nrodnced ordinar:r Rl1""')lliboli tes (2). 

The recognized beddinr in the less granitized 

members in zones j n Vlt lch fllrthernore 8Elphiboli tes occur as 

lense~, as in the biotite and the injected biotite gneisses, 

the formation of a'frnhibo li tes at or near the contact betvveen 

the limestoYie an.d r.;erret gneisses, the mineralogical associa­

tions in the pyroxene and carbonate ami!hiboli tes (abundance 

of carbonates and calciul~-bearing minerals like diopside and 

(1) Buddington A.F., ODa cit. p. 169 and p. 257. _ , 

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

..-. --, ..... --------_ .... _ .. 
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scapolite), and a wide range of feldspars in all the rocks 

of the area (1) ~ive sLuficient evidence of the sedimentary 

origin of these roc~s. 

The a~phiboljtes of Calu~et Island are then 

considered to be the product of recr~stallization of clastic 

sediments contbirlir1g nore or less calcitL"a 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 nresent, would 

represent the ~-'1ir:eral left over after the formation of horn­

blende has exhausted the available magnesia. ~pparently the 

calcite recrystallized subsequent17 and replaced the other 

minerals, and it is not i;ypossible that some carbonate was 

introduced la ter. In amphiboli tes wi thou t calei te no liJl1e 

would have been left over but its absence could also be 

explained by its reucval by solution or squeezing out. D,.,. 
,), ! 

shearing the amphj bali tes gave rise to darl: mafic gneisses 

and by injection to hornblende and hornblende garnet ni@."'Uatites. 

The carbonate-bearing a:-'1nhibolites being more plastic were 

(1) Carlson C.J., j,~ Test of the Feldspar ='.~ethod for the 
Deter~nination of the· Origin of ldetamorphic Rocks, Jo·ur. 
of Geol., Vol. 28, 1980, pp. 632-644. 

(2) Harker A., 2E. Ell., p. 267. 



less susceptible to oper.:. str~~ctl2es a~d. in.5ection. 
<I 

4. :Jiabase 

C~e t~t~ seJtic~ was ~ade 0= the diabase dy~e that 

cuts the roc~:::s s. t t ::e _. i"'-'e 
~~ ... -~- . ~t st.:.O'\'lS a fi~.:.e-grai=-ed. o:'l~i ti c 

texture (large "')la te s cf :p7rcxe~.:.e eY-.:.:Jlosi:-~g feldsyar laths .. ) 

fu"1d a mineralsgicE;.l cC:-:"'8osi tiO!l co=.sisti::g of abo\:. t 50.·; a-::.gi te 

(ZAc = 40°) and SO·; Iab~eiori te v;i t:~ Ii t~le =-::a€:-,.etite a:-'i.Q 

pyrite. So~--:e of t~e T)~,Tcxe:-:e cr~-sta:s l:~ve a dirt"rl" bro""--:'! C' ...... _.~ _ t1 ft ___ '-" __ 

appeara~_ce under t~.:.~ :::i crosco!,e ~--:d ~:.a::J fe lds-;ar cr:""stals 

are altered to a §;ree:-'.ish pleocr..roic ::2ir.:.8::-al. 

gypsum were inte::'sected in dr2.llir~g, as for eXa:2ple :~c. 5b ~ole 

at the :n.i:r:e. In 1')laces t:-:e a::::7clrite is :nauve and coarsely 

crystalli zed co.:, t ""'lore c <r".J:lo:-'lly it is of :.-::edium grain and 

consists of a pa~e violet variety "::J.ixed ... ·,,.i tc. carbonates. It 

oocurs also with coarse-grained sa~on calcite. 

Five tni:: s6otio!"s fro2 this ::01e SC.C1.'I t:-:e i::t:'~:.ate 

association of carbG:--~ete, s!1:':~~ite, ~.ys·=, tre:::.oli te a!:(i ·iio­

pslde t carbona te ar..hydri te a~~d. §,.~. pSUill predc=iT.:.5. ti!:g 8.~d bei:lg 

present in all ,ro?ortions. Other :.1i~era2..s are "'T0.scovi te a::d 
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apatite. All except one section, which is fine-grained, are 

medium-grained. The arnphibole is uncoloured and fro~n' the 

following optical properties is found to be ±remoli te:. The 

optic sign is neGative with V~f ' the ~ptic angle is about 80°, 

the extinction a~:.[:le Z Ac is around 150 and the birefrir,gence 
I 

is strong •. The T)~rrCXene has an extinction angle Z.Ac equal to 

44° and is considered to consist of diopside 60 mol. C{. and 

hedenbergite 30 ~ol. ~. 

The ap"9are~·t paragensis is: silicates (pyroxene and 

tremoli te), carboi!ates, anl~ydri te and gy-psum. The silicate 

relics in the. carbona. te crystals see~n to pOi:lt Ot1..t to a 

later irtroductiJn of carbonates. ..:i.nl:~.-drite and gypsum are 

close l~T associa ted, &.ypsum replacing anh~Tdr i te extensive 1:'1 and 

it is often seen form.ing a ring around tbe anhydri te crystals. 

Anhydrite replaces c&rbonates and silicates and it is ll10Lte 

possible that it js of maG~tic origin. In section 43, 

consisting mainly of (}nartz 40%, bioti te 30<, plagioclase An35 

20% and garLet lO~ (pale reddish brovm), few crystals of 

anhydrite are also present. This section shows extensive 

replacement by serpentine. In that section the other minerals 

are cUJmninr;-tonite, apatite, pyrites and "1agnetite (?). Similar 

alteration by sery'entin.e is shovvn also b~r a sectton consi St5'lC 

of carbonates 80}S, garne t lo;i and Cl1IJ:.:lingtoni te, 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 

c.oncludes that: ".L~nh~;-dri te mav appear as a neripheral 1)~ase 

of the alteration near zinc-lead deposits", and that: "The 
" 

geographical distr i oFtio'1. connled with the evidence that 

anhydrite occurs near mineral deposits in non~sulphate beari~g 

country roel: sug,"est that it is of magmatic origin" (1), by 

reaction of acid waters on calcareous beds. 

,--------_ .. _-----' 

(1) Osborne,:2. Fitz, Anhydrite and Gypsum at CaluJnet TTine, 
Calumet Island, P.Q., In Press. 

---------.---
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I':inerali za tion. 

at the mine, hl-_t the:: e is a siEgle ore-body of econo~:lic l~i1J'or­

t a -:1 C e in the t- i 0 t j tea i 1 (1 in j e c ted b i 0 tit e gone iss e s ne ar the 

contact with the carbonate a~~phibo1i tes. Closel~T s~laced 

difu"D.ond-drill holes i'-idicated al"\out 1,500,000 tOllS of are 

averaging 2.51:~ of le&d, 8.16:': \..-·f 7J_l~~IJ, 0.036 ounces of gold 

end 5. 76 oun c e s 0 -~ 
. , 

Sl.J...7er. JJiOU t 86, 000 tons of are can taintng 

18% of zinc 2nd ,~G.90 in gold e~d silver were also reported 

(1). A second ZO.l-:8 of -':linerali.. zc1.tion called the Longstreet 

zone si~~ilar to the first one and a~)parentl:j1" connected to it, 

is found to the east in a:r:l")hibolites. DifullODd drilling hOI'.!cvex' 

did not disclose ar..:r i-'-:l}Jortant ore body. The third zone i~ 

along the river 1.'l11ere dissi 'inated sulphides occur in strea1cs 

in the limestone. One dL'=:ll!lond-drill h.ole 3,000 feet east of 

the li~'lestone rer)c~Jed that horizon ::rnd disclosed S[I.,;e l~lineral:t-

za t i on i~di CE t ing l)OS sib Ie cont inui t·;,T. 

- ------- .. -------.~---.----- .. -

(1) Osborre, F. I~-i tz., Report unde-r prepara tj.on. 
-- ---_._. __ . __ ._--
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structural Relations of the Bowie Ore-Body. 

The sha l:)8, attitude and relationship to the Conntr;T 

rock of the main ore-body k~lO\\Tn as the BOi.'lie ore-body, were 

fairly well establis!-:.ed b;,7" drawing verttcal sections along 

lines of dia~'1ond-dri 11 holes one-hundred feet anart the 
". , 

holes being spaced one-hundred feet and in 80:18 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 overl~ing 

amphibolite. It is cO:cfor.'lable in stri1.~e and dip vlith the 

gneisses, striking N 55 0 W and dip~)ing betl,':een 25° to 30 oE. 

other small lenses and sheets are found also below and above 

or in the exte'.1sion of the main ore body near the surface. 

These are usuall~T associated wi th grani tic lenses which they 

seem to replace. 

=![inor ore-bodie s to the north along this zone and 

showing the sarrle conformi ty with the gneisses on surface are 

believed to have similar structural relations that the Bowie 

ore-body has. 

The more i,(;lportant 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 call tours ::nan (see Fig. 5 ), the rake or plunge being 

about 25°, 

The second ij--:',portan t feature about the shape of 

the ore-body is the direct;ion of the ax~s of the large vl8.rnS, 

striking a li ttle south of east. It co5.ncides Vlt th the one 

of the s~.:me ele~'~en t of structure in the hanging-wall, ~.',~j th 

the long axe s of the ::~lineral and even v:ith the strike of the 

diabase dyke. This direction observed to be fairly constant 

allover the isl&~ld, is the direction of lineation. It is 

then justifiable to conclude that this direction does not 

coincide accidently \'/i th the lineation, but that the lineat:: 0:;1 

was an i:uportant factor in the deterl'lination of the shape 

and possibly also the localization of the ore. 

The distribution and the shape of the various roele 

units on tl-:.e sl,lrface map seem to indicate that the rocks were 

acted UDon bv a tar£ential force resulting in a northeast -
...L: ~: "-

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 a~phi­

bali te and the cO~1.vexi ty to the west of the rocks of the ore 

zone. The ore-body is sandwiched between two irregular flat 

lenses of rocks that have escaped cOFlplete 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 plastic OD account of the carbonates nresent and 
"" 

were less suscentible to in~ectioTI than the biotite gneisses 

below. ;'=ost likel~l the difference of bri ttleness between the 

resulting two t"7,r-oes of rocl\"s was res!,onsible for the location 

of a fracture at t 1'.eir contact whi.ch fracture was later filled 

by the ore-bearing solutions. The amphibolites being more 

plastic than the und.erlying gneisses further acted as an 

impervious wall ureventing the esca~e of the mineralizing 

solutions so that the amphibolites can be considered as having 

played the ro.ost iF~.1)ortant role in the enplacement of the ore-

body. 

Ore and Gangue ~~tnerals. 

The ore consists of a medium-grained aggregate of 

sphalerite, pyrrhotite, marcasite, pyrite, galena, chalco~yrite, 

arsenopyrite, tetrahedrite and others in approximate order of 

abundance. IFolybdenite 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 metanor-o:'1ic sil:icates: curnmingtonite, diopside, ligl~t 

coloured phlogopite and dark biotite. Calcite, dolQ~ite a~d 

iron bearing carbonates are abundant. Scapolite, ser~entine, 

chlori te and talc are found in s r1all a~11ounts. SO~1J.e co:eE!lercial 

ore occurs also in tl-:e country rock. 

The sulphides are wide17 disseminated in the gne5_sses 

belo"lJ the hangi:~g-v'ia 11 of ths -:nai=r. ore- bod-!. Fear the contact 

with the hangi ~:r_·-1./all tte3T are concentrated ir;to irregular 

undulating aEd bra:~chi::g bodies up to 70 feet of thickness 

of ore of cQ";'U".'lercial value wi th few thi.n sheets in the ha1'J.~~·i~:g-

wall itself. In t 11ese bodies, the sulphides are irregLllarly 

distributed, bei~~ ~resent as disse~inated srains or massive 

lense s separa ted b~7" al~;lO st barren quart z, calc i te and lel~-

cocratic gneisses. 

Paragene si s. 

The para(~er;esis of the sulp~-.:.ides as determined by 

Moorhouse is the following: P'Tri te (and arsenopyri te ?), 

sphalerite, pyrrhotite, gale~a, chalcopyrite, tetrahedrite. 

I,Iarcasi te repl~'"ces -n;,7ri te and pyrrhoti te, its relation I,";i th 

the o'ther sulnhide is not known. I'~arcasi te is alv'Ja;rs ... 

considered a low- te~11')era ture mireral of the su})erge-~le zone 
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and its associat i on \. i th D-,~rrI2oti te, a high temperature 

mineral, is a :"'8Jull.ar~t},. -if tl~is depos:i t. 0 th th h 1 ~ 'n e 0 er c ... "~ t 

serpentine, re!)laci2."".g ~:"'rrhoti te, phlogopi te and c~~i1.1)hibole, 

and occurring als 0 u.s vei}:..~ets cutting the other mi rieral.s 

and sulnhides ~ s ~(Y·~yd 2S rLn around ·':J.8rcasi te graj_Es. Both 

marcasi te and ~('rnentine must Le due to :yaulopost alteratie,n. 

~he ore:1.inerals re~!lace ell the other minerals, in 

occlJTrin; tOGet}.er. T~:.e ase ~'.:"elation of the carbonate :Ls "(Jot 

very clear, tl:8 l~ontact-l.net8.!.1orl)hJc silicates and the are 

minerGls are replaci~c CQrbo~~tes either present originally in 

the gneisses or l_Yi.troduced b~T solutio:1s. Csbor~~.e favors the 

second h=,--~:,othesi s. In the ar;l)·l:iboli te8., however, he believes 

that sO:'te of t}'.e C8Tboll,] 'tes are or: ginal but that the rest -1_ s 

younger ttan t~e silicates. 

clear, but so:ue sulph.ide s re-rlaee the minerals of these .0 i g­

mati tes, so that t~~e solutions "9roducing grani tizatic)n, contact 

silicates pe~~1atjtes a0d ore mj~ht have been closelv related , -. -

to the pink Gra~ite, the only one younger tha~ the regional 

metamorphisn. 
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Type of Deposi ~. 

Tile -')rese~(',-;e of high te11peratnre ~lliEerals 15 l~e 

P7rrhotite, pj-r-ite, and. arsenop~-r~te, in a E:fJl1gue of cOll_tact 

netamorphic silicates litee l~L-le aDn}:d_boles, p~Troxene, bioti te, 

garnet and othel's, and. the irregular shane of the ore- bod._~_e s 

are c~:aracterlstic of iligh-teJ~l:perature ~~etasomatic deposits. 

The I.'lid.esj)read ~llineralization in the in.iected bioti te 

gneisses and the nresence of a zone of mineralization in the 

limestone along t~~e river near the CO:r1 tact wi th the grant tic 

mig:natites indicate a close relation between the magmatic 

material introd.1.>:::!ed a:cd the de~')osi tion of the sulphides. 
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SIr/fILAR DEPOSITS IN TEE GRE=,~'VIL1E SUB-PROVINCE 
OF TBE C.iJ\~A.DIjFr SHIELD AND THE ·~J)IROND.i-iCT~S 

OF THE m~ITED STATES. 

Grenville garnet - biotite-sillimanite paragneisses 

make the bulk of the rocks of the ore that consists also of 

quartzi tes and li~nestone. The rocks are intruded by grani te 

and grandiori te :zneiss~st a!}~'Y)hiboli te dykes and sills, and 

pegmatites. 

The ore zone, about three thousand feet long, is 

along a narrow overturned syncline of Grenv:i.lle paragnetsses 

and limestone surrounded by migmatites and ts 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 shear zone concordent with the axial plane of the 

fold. The principle ::letallj.c minerals are sphalerite, galena, 

pyrrhotite, and chalcopyrite. Tetrahedrite, stibnite, moly­

bdenite, and arsenopyrite are of sporadic occurrence. The 

ore-bodies occur in calcium bearj.ng silicates and to a :ninor 

amount in the cordierite-anthophyllite rocks. 

(1) Te treaul t trine, l,,:ontauban-les-L!ine s, Portneuf Count~'7 ,P. Q. 
by John J. O'Feill and .F. Fitz. Osborne,'~uebec Bureau of 
Mines, P.R. No. 136, 1939. 

N.L. Wilson, OPe cit. --- -
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The are has replaced a band of li~estone. 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 Ibs. of zinc, and 40,000,000 of lead were 

extracted. 

Long Lac Mine. (1) 

The 2-::~_l'.e is located in Frontenac County, Ontario, 

about 42 miles northwest of Kingston. The rocks of the 

surrounding rerion are of the typical Grenville tY"0 e and 

consist of criTstalline lt YIle3tone, quartzi te, paragneisses and 

green schists, i-'1tr11ded by gneissic gabbro and diorite intruded 

in turn by granite. 

The one occurs as lenses or is disseminated in a 

belt of coarsel~T cr;TstaIline 1 Lile stone· varying in ,/ridth up 

to 400 ft. and 4,000 ft. in length dip~ing steeply and enclosed 

in gneissic diorite and gabbro. 

The ore consists of sphalerite with varying amounts 

of pyri te, pyrrhoti te and small quanti ties of galena and 

(1) Alcock, F.J., Zinc and Lead Deposits of Canada, Geol. 

Surv. Can., Eco. Geol. Sere No~ 8, 1930. 
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chalcop~Tri te. 11he cllief gangue is the calci te of the limestol'le 

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 Tetreaul t and tha t the 

solutions came from the intrusive granite intruded after the 

metamorphis!a of the li~\lestone. 

Renfrew Zinc Prosuect. (1) .. -
T~le deposit is located about thirty ~!liles southeast - ~ 

of Pembroke i i} Renfrew CO-'l.nty, Ontario. The rocks are Grenville 

sediments consistin?~ mainl'T of li'n.estone with tremolite and 
- <. 

phlogopi te. Banns of quartzi tes and sedi'.~lenta;ry gneisses 

re~resent metamoruhozed nlastic beds in the limestone. With 

these rocks are assnciated amnhibolites interbanded with or 
J_ 

intruding the 1i'aestoY).e. All the rocks are intruded by pink 

biotite granite and to a minor amount by :pegmatites. 

The are occurs disseminated in the Grenville li"i~e-

stone and consists of silhalerite and galena with small amounts 

of pyri te and chalcop'lri te. The gangue minerals are calci. te, 

tremoli te and dionside. l.Iost of the are is of low grade. 

(1) Alcock, F.J. ~. cit., pp. 132-136. 
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It is a contact metamorphic deposit formed by excess 

of grani te intruding limestones aEd accompanied roc1cs. It is 

similar to the one of ~·.~onta~~bs.:l. 

T'1e Delma t and Edwards Zinc LIine of the Adirondacks of 

United states. (1) 

Ballnat ~~lirle is 12 miles south of Edwards mine. The 

rocks of the district are all of -nre-Ca':lbrian age. The sed5.-

mentar~T rocl~s consist of garnet gneisses and limestone and tr;e 

igneous rocks of gabbro, amphibolites, syenite and granite. 

The maj or fea ture of the structure is a dome s lightl~T over-

turned. 

At BaJ 'Ila t tbe ore-deposi t is about three thollsa''1d 

feet long and. CO Y1 sists in the re~)lace~rl.ent along bedding of an 

impure dolomite layer intercalated in a dominant limestone 

series. The ore ·'ltnerals COf1sj st of s~haleri te 19;5, pvrj. te 

18%, calci te 1. 29 ~ and acce ssorie s S11Ch as willemi te, p-:Trr-

hoti te and chalco:pyri tee The gangl~e ~llinerals are calci te 
, 

and dolomite, garnet, diopside, tremolite, quartz and mica. 

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

altercation minerals are talc from tremolite and diopside, 

------------ '---
.-----. _.---.--- - .. - .. _._.,------~- ,---' ,--

(1 ) Brown, J .8., structure and Pri~lar~,T :.:Iineralization at 
Balmat Zinc Tiline, Eco. Geol., vol. 31, N'o. 3, pp. 233-58, 
1936. 
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and serpentine replacing the diopside. 

The Edwards deposi t is si--'ltlar to the one ,lust 

described. BrO\\rr1 believes that the solutions that form these 

ore-deposits were derived from an underlving igneous mass of 

pre-Cambrian granite. 
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~ ig. 1 . 
. 'Text- re of hi h 'tT inj ected 

re 0 in~tiilg minerals are 
cJase (a) . 

)(3S 
iotite gleiss . T~e 

quart ald anortlo-

4'ig . 2 . )( 108 

Section sho Tina- the peculiar a-rueetrance of 
a ort~oclase (crT~to~erthite n urder X niJols. 
The concave oltline of the crrstal sug~ests 
enlace nen t b;,r quartz . 
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)( loB 
i l " }J' 3 _ l 11 • 

'ecte bioti te gneiss. fT\vo crvsts,ls of 
anorthoclase ressembling microcline are ShONl1 
at t e otto right and left of the icture. 
Grairs of iron sulphides (blac ) are- abunda t. 

Fib . 4. X3S 
undle of sillimanite needles (fibrolite) 

replaci'lg mica "vi th HL1.lllerOUS clark pleochroic 
haloes aronnd small inclusions. 
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i . 5. 
Sa e as Ei~. 4 (el'"ll rged) . 
hale (top rj ght) • 

:B'ig. 6 . 

X 11)8 

ne pleochroic 

Eye str ct Ir e in anthophyllite? - ,ordierite­
bioti t e--plagioclase associa tion Vvt th isotrouic 
grains in the centre of the eyes. Anthoph llite 
(a ) cordierite (c ). 
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piccl text _re of nlagioclase (p) - curnaing­

tonite (c - biotite (b) - hornblende (h 
andradi te (a) a" phiboli te. 

. 8 X/DB 'l.Q'. • ...) 

Twinned r,rstal of c mi l1gton i tp wi th 
inclu ions of plagioclase 
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Fi { . 9 • X 108 

_or nblende re laced b 1 cununingt 111 te. Tvvo dark pleochroic 
green S1Jots A and R 1;'Ji th closel~~ spaced Darallel lines and 
sa}.o.e optic1.1 orientation t are left i..n the central part of 
the crystc:l . 

i g . 10 . >( 108 

Pyroxene (p ) replaced by hornblende (h) in turn replacpd 
by C1 mJ1ingtoni te ( c ), t he whole system replaced by 
p l agioclase (white ). 
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I 
Fig. 11. X35 

Section shovring the ty:pical text-l:.re of pyroxene and 
carbonate am,1Jhiboli e. he mjnerals are D'ITrOXene (p , 
carbonate (c , hornblende (h and acidic andesine (a}. 

F'g. 12 . 
Scauolite-bearing nyroxene amuhibolite. A poruhyroblast 
of yroxere (p) with basbl narting to the left, and small 
ro'ended r ra ins of p rroxe e ( on r' Ght ) • The whi te mineral 
is scapolite, the third one is horDblende. 
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Ti'ig . 13 x 105 

ectio sht ",j ~ g ev~ dence o. rel1acemeDt of 
-rroxe e {dar r gre"rT V sca_ oli te (whi te ) • 

~ig. lLl. 
X 35 

Plagioclase-hornblend..e-biotite amphibolite 
with graDoblastic texture. Plagioclase (p), 
hornblende (b), biotite {b • 
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(ig. 15. X35 

~Tnic8l texture of i 11 ~ ected amphiboli tes over1-'-Ting the 
pyroxene amphiboli tes of the hangil1g 'Hall. The minerals 
are : plagioclase, Qua:-tz, D7roxene (top centre , cErbonate, 
biotite, sp ~ene, gar~et and apatite . 

"1.'1' o· 16 
.L.. '"'=' . • 

fTilsonite (w) unt\linned cluIllIlingtonite (c) , granular 
diopside (d) and carhonate ~b • 
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-----------------
Fjg . 17 . 

Rela t lon bet Jeen anh dri te (a , diopsi 
( c ) . The concave outline of carbonate 
i ... ::.di J '1te replace:lent by anhydr i te. 

Fi g. 18 . 

)(35 

e (d) and carbonate 
crystals seems t o 

x35 

Anhydr it e r eplaced by gyps~ forming r ims around the 
forme~ Carbonate and pyroxene are also present. The 
pe cu l i ar appear8 -"ce of anhydri te is appare~tly d'le to 
deformation of cri7stal in ril:di g X nicols . 
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INTRODUCTION 

Looation. 

The lead and zinc deposit desoribed in this thesis 

is at Calumet Island, Pontiao County, Province of Quebeo, 

about fi£:ty-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 ohannel, on a branoh line of 

the Canadian Pacifio 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 reaohed by a ferry from Calumet 

Island village. 

Referenoes. 

Data on the zino production of Calumet Island since 
, 

1892 are in the annual reports of the Government of the Province 

of Quebec and the Geologioal 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 

ino1uding Calumet Island. In 1916, W.L. Uglow (2) described 

the lead and zinc deposi t of Oalumet Island. In 19'25, 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 

outorops. 

Historz of the Deposit. 

The property was staked in 1893. In 1897 it was 

operated by the Grand Calumet Mining Company of ottawa who 

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

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

(2) Uglow W.L., Lead and Zinc Deposits in Ontario and ~uebec 
,. and in Eastern Canada, Ont. Bureau of Mines, Vol. nv, 

pt. 2, pp. 5-7, 1916. 

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

(4) Osborne F. Fitz, report under preparation. 
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9% lead. In 1911, a concentrating mill with a capacity of 

150 tons was erected, but1t 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 Limi teod acquired the 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 abput 

80,000 feet. 
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GENER~ GEOLOGY 

The southern pa'r·t of Calumet Island is underlain 

by rpaks of the Grenville series consisting Of crystalline 

limestone, bioti te afid amphibolite gnetsses, and the,ir 
. 

injeoted equivalents. These rocks are intruded by Buoking-

ham gabbro and ,granite of the Morin series. Aplites, peg~ 

matites. lampro~hyres and diabase dykes are found occasionally • .. 

. In the D:9rther.R p~t. of the island these rocks are covered by 

~leozoic 'iimestones~ 

~he geology of the area is quite .complex. Of many 

types of rocks shown on the regional map, it is believed t.hat 

they were only fe~ origin~lly but, due to metamorphism and 

injection of grantic material, the rocks have been altered to 

such an extent in their mineralogioal oomposition, and their 

structure has .. been so modified that their original composi tion 

and structural relation oan be treated only approxim~tely 

before a detailed mappi~g of the adjacent area is available. 

Osborpe oonsiders that the rocks now making the 

Grenville paragnelsses consisted originally of impure 

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

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

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

with the limestone in, the type locality for the Grenville 

li~stone, where it appears to stand higher in the series 

than the quartzi tas and the gneisses .• 

SUmmary of the Geological History. 

history: 

Osborne (2) summarizes as follows the geological 

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

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

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

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

5. Injection of Buckingham gabbro. 

6. Injection of pink granite with acoompanying 
diopsidation. 

7. Injection of aplites and pegmatites • 
. 

8. Formation of ore at Calumet Mines property. 

(1) Ells :a.W., ~. cit. 

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

9. Injeotion of lamprophyre and diabase dykes. 

10. Erosion. 

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

12. Faul tinge 

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 

dolomitio material. Some layers are entirely replaced by 

silicates consisting of diopside and serpentine, accompanied 

by others such as tremolite, phlogopite, soapolite, chon­

drodite and titanite, from impurities in the original sediments 

a.nd ad.dition of material of magmatic ortgin. These silicate 

minerals occur as disseminated grains and pookets and are 

quite abundant in places, diopside forming sometimes impor-

tant masses. The original beq,ding 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 schistosity may be mistaken for bedding. At 

or near the contact between the limestone and the gneisses 

are bands\of amphibolites. 
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Beds containing anhydrite and gypsum were inter­

seated in drilling at the mine. Brucite is a common accessory 

miner~l in thes-outhern part of the island, locally it is 

suffioiently abundant to be considered as a possible source 

of magnesia according to Osborne. 
~ 

Moorhouse noted that serpentine is associated with 

oaloite in the dolomite. This is probably according to the 

process of de-dolomitization suggested by Adams in the follow-

ing equation: 

CaMg( C03)2 + 28i02 ' 
( dolomi te ) ~. 

CaMg( Si03)2 + 2C02 
(diopside) 

~ ,~ 

3Ca:Mg(Si03~2 T 3002 + 2H20 = H4Mg3Si209+ 3.0a003 + 4Si02 
(diopside) (Serpentine) (calcite) 

Biotite Gneisses and Grani tic :Miwati tes. 

The less calcareous members of the Grenville series 

1ielded the biotite schists 'and g~eisses, hornblende being 

forme~ 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 granitic 

material, in places aCQompanied by pyrite and pyrrhotite, 

and the resulting rocks are now represented by the granitic 
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! 

migmatites and the rusty-weathering gneisses~ so oalled 

beoause of their rusty appearance on surface due to the 

oxidation of iron. Bands of highly graniti.c migmatites 

are found below and above the are shoots. 
,"\", 

.1unpbiboli tea and Rela ted Hornblende- and Hornblende­

Biotite Gneisses. 

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 variety 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. In places the layered 

character of the rock was destroyed and the rock is oon­

verted to basic or hornblende migmatite. 

In general theamphibolites were not very sus­

oeptible to injection, and instead of being replaced like the 

biotite gneisses they yielded oomposite gneisses along their 

contact with other rocks or· zones of strong shearing, and 
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lit-par-lit gneisses resulted from the introduction of 

magmatic material along the foliation. 

The amphibolites and related rooks underlie the 

greater part of the southern half of the island. 

Grani tee 

At the north-east of the map is shown part of a 

large mass of granite on the mainland. In plaoes it is strongly 

gneissic and contains inclusions; elsewhere it is pink and 

porphyritio. 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 f'ashion in certain zones, or the silicate rooks 

along their oontaots with the limestone. In places it is 

injeoted along the east-west striking shear structure. The 

granite is assigned to the aoidic part of the Morin or Pine 

Hill series. 
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Gabbro and Hornblende Gneisse.s. 

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 
." 

1s also a dyke of similar material near the north end of 

Bryson and this dyke outcrops 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 Morin and Buckingham series enough to be correlated to 

these. 

Diabase and Lamprophyre. 

A dyke of fine-grained diabase cuts the ore at the 

Calumet propert7. Another dyke is found on lots A and B, south 

range, on the island. 

Small dykes of lamprophyre out 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 

met~orphozed that most OI 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 leuoocratic biotite gneisses alternate with fine 

grained more mafic hornblende biotite gneisses. 

In describing the limestone 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 aoross 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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t~on and the schistos-ity. The east-west direotion of shearing 

is better developed and is younger; in plaoes, it has developed 

at the expense of the one striking north-west. At some plaoes 

an older schistosity probably parallel to the bedding oan be 

seen. 

The last element is the constanoy of the direction 

of the linear features such as the direction of the elonga-

tion of the crystals and the axis of plioation over practically 

all the mapped area. This direction strikes east-west and 
o 0 

pitohes 20 to 30 east. This structure is superimposed on 

the others. 
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PART II 

THE CALUMET LEAD AND ZINC r,,1INE • . 

Foreword. 
l 

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 oores were examined by F. Fitz Osborne for the ~uebec 

Bureau of Mines, and vertioal seotions, in part oompleted by 

the writer, were made from his logging to correlate the 

various- types of rooks enoountered in drilling and to study 

the extent andJattitude 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 petrogra.phic study, 

were examined by the ,author and the results of his study are 

inoluded in the following pages. 
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Summary of the Local Geolosy_ 

The Calumet property is on the west side of the 

island, (see Fig. 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 over~urne·d syncline in the other alternative. 

The rocks have a general strike N 15° Wand 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 outcrops on the shore 

of the river with interbanded silioified layers, and amphi~ 

bolites lenses near the contact with the granitio gneisses. 

It is overlain to the east by granitic migmatites followed by 
w 

biotite and injected biotite gneisses also oalled the rusty-

weathering gneisses, inoluding various amphibolites and contact-

metamorphic rocks and containing the main ore-body_ Pyroxene 

and oarbonate 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 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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arf? followed by hornblende gneisses and porphyrob1astia 

amphibolites similar to the ma.ssive amphibo1ites of the 

hanging wall. These rooks contain a minor zone of minerali-

zation on which are the Longstreet shaft and the Belgian pit. 

These are followed in turn by siliceous hornblende and biotite 

gneisses including amphib9lite lenses. Near the eastern 

boundary of the property are massive amphibolites in place 

injected to medium-mafic migmatites. 

A diabase dyke outs the rocks on the property from 

the river to the end of the amphibolites of the hangingwall 

oftha ore zone. It is about one hundred feet wide, strikes 

N 80° W d d' about 75° N. an ~1)S 

sected in drilling. 

Narrow trap dykes were inter-

General attitude of the Rooks at the Mine. . . 

Three types of rooks 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 oarbonate amphibolites, and 3) the amphibolite gneisses­

migmatite complex. 

A typical cross-section made from information 

seoured from drilling shows the succession and attitude of the 
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different rooks, the general shape and distribution of the 

ore-shoots and their relations to the oountry rook. (See Fig.3). 

The most oharaoteristic feature of this section 

frama struotural 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 seotions 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 vertioal plane along the dip, the east part having moved 

upward. 

The lower zone includes lenses of amphibolites and 
J.! 

contact metamorphic rocks. Lenses 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 . 

1. The Biotite and Injected Biotite Gneisses. 

Locally these gneisses are finely banded and extremely 

0ontorted thus clearly indicating their sedimentary origin, 

but more often they are massive on account of their intensive 

injection by granitic and siliceous materta1. This zone is 

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 mi~aatites by a narrow band of normal 

amphibolite gneisses. 

The rocks of this zone will be divided for petro­

graphio description into three general groups: A - The quartz­

anorthoolase-mioa-sillimanite gneisses, oalled in the field 

the biotite and injected biotite gneisses, which are the more 

abundant, B - The amphibolite gneisses and C - The contact 

metamorphio rooks, the last two groups oocurring as lenses in 

the first group. These will be subdivided again into different 

mineral assooiations based on microsoopio examination. 
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A The quartz-anorthoclase-mica-sillimanite ~neisses. 

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 

ihat 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 

quartz with potassio 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 mioa 

and sillimanite in greater or less amount. When present, 

plagioolase is andesine. Anorthoclase (cryptoperthite?) was 

identified in most seotions while miorocline (?) and possibly 

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

found in one seotion. Various SQlphides are present, of these, 

pyrrhotite is the most abundant with pyrite and chaloopyrite. 
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5p~aleritet galena and graphite (?) are found also occasionally. 

Microscopic C,haracters of MInerals. 

Most of ~UARTZ crystals have irregular rounded 

outlines. Some ar~ 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 repla.cements. Quartz replaces all other minerals 

except sillimanite. 

PLAGIOCLASE is andesine. Its composition varies 

from section to section between An32 and An49 • The crystals 

show usually albite twinning. They may have all kinds of 

Inclusions and in the more injected types, they have numerous 

rounded grains and patches of quartz. They are slightly 

altered to sericite. 

ANORTHOCLASE (cryptoperthite?) is very abundant in 

the quartz-bearing rocks, often it makes up to 35% of the 

minerals. Like quartz it includes sillimanite needles. The 
" crystals which are sometimes quite large, have concave out-

lines due to replacement by quartz and often become interstitial 

to quartz when replaced more extensively. Sections normal to 
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the Z-bisectrix give an extinction angle with (001) cleavage 
o 

of about 7 , and in suoh sections almost submicroscopic 

perial~ne twinning lines can be seen making an angle of 750 

with (001) cleavage, which is oharacteristic of anorthoclase. 

Sections normal to the X-bisectrix give an extinction angle 

of about 4° with (OOl) 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 450 , which value is again charaoteristic of the 

mineral. The crystals have usually a peculiar appearance 

under the mioroscope that sometimes suggests microcline but 

the mineral is probably oryptoperthite (See p. 38). The 

crystals are slightly altered to serioite. 

MICA - Light brown PHLOGOPITE is the most abundant 

mica. Its pleochroio formula is: 

X = very pale brownish yellow (almost uncoloured). 

y = z pale brownish yellow. 

The axial angle is almost zero. Dark pleochroic haloes around 

small anatite (and zircon ?) grains are sometimes ab~ndant • ... 

It is replaced by sillimanite and iron sulphides (See Fmg.4 ) 

MUSCOVITE was found in few seotions associated with phlogo-
. 

pite and is also replaoed by sillimanite. One section shows 

biotite altered to ohlorite through an intermediate high 



-21-

index product. Mica is replaced by quartz. 

SILLI:MANlTE is the fibrolite variety. It occurs as 

fine needles orowded together with a sheaf-like arrangement. 

It replaoes quartz and is intimately associated with biotite 

and occasional muscovite both of which it replaoes. The 

mineral ha~ 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 

about right angle to the lines of inclusion in the other 

minerals, thus indioating more clearly its origin later to 

injeotion. It is also present as fine needles uniformally 

distributed in the other minerals. 

MICROCLINE ? C!!'ystals with scotch-plaid twinning 

are found associated with anorthoclase. Unfortunately these 

are not present in sufficient amount to check all the optioal 

properties of the mineral. 

APATITE is rare in the quartz bearing rock~. 

IRON SULPHIDES occur along oleavage planes in biotite, 

or filling craoks in quartz and replaoe all silioate minerals. 

Pyrrhotite and pyrite are the more important. Their abundanoe 

in the quartz-bearing rooks indicates a genetic relation of 

the ore to the solutions producinggranitization. 
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Cordi-eri te-Bearing Associations. 

An interesting group of associations includes 

cordierite. This mineral was identified in two thin sections 

within the present zone, and in another one in the amphibolites 

of the hanging-wall near the contact with the biotite gneisses. 

In each case the association is different. The two thin c 

sections in the actual zone consist of th~ following minerals: 

1. Quartz - cordierite - biotite - plagioclase. 

2. Quartz - sillimanite - plagioclase - biotite -
aordierite. 

In the amphibolites the association is : 

3. Anthophyllite - cordierite - biotite - plagioclase. 

Associations land 2 differ only by the presence 

of sillimanite in the latter. Assooiation 3 is entirely 

different from the others and represents a metasomatic rock. 

1. 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. 

Cord1er1te 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 presenoe of the mineral. The crystals have short craoks 

normal to the edges and oan be distinguished from quartz by 

a slight di-fference in their limpidi ty. 

2. q,uartz- sill~mani~e-plagioclase-bioti te-oordieri te association. 

Quartz is again the most ab~mdant mineral. 8i111-

manite ooours in slender prisms grouped together and also as 

grains replaoing the other minerals espeoially biotite. 

Plagioolase An20 is slightly altered to sericite and is re­

plaoed 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 

(ohlorite or serpentine) aocompanied 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 orystals have small in­

clusions uniformly distributed. The optic sign is positive 

and the axial angle in near 80°. Pyrrhotite and pyrite replace 

miaa. 

3. Anthophylli te-cordieri te-bioti te,-plagiocl,ase association. 

Cordierite is very abundant in this association. 

It is in anhedral interlocking crystals with the same 
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oharaoteristics as in the above assooiations 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 birefringenoe colour of the first order (mica ?) in­

cluding an uncoloured high index isotropic mineral (spinel 

or garnet '?) occuring as small angular grains grouped to­

gether near the centre of the eyes, apparently a secondary 

produot of replacement; apatite sometimes accompanies the 

latter. Cordierite has more pleochroic haloes than tn the 

above assooiations. It is quite possible that cordierite 

replaoes mica in the "eye" structure. Large uncoloured 
.... 

crystals with elongated fibrous habit occuring in radia-

ting aggregates and sheaves form about 40% of the minerals. 

It has pale yellow birefringenoe colour of the first 

order, paralle.l undulatory extinction, positive elongatton, 

a large optio axis angle and a positive sign (?). The 

mineral is probably anthophyllite and the refractive index 

for Z being 1.64 + it would consist of meganthophylli te 

(H2Mg7Sia024) 20 mol % and feranthophyllite (H2Fe7SiS024) 80 
.-

mol % (1). Many crystals have black inclusions. It replaces 

biot1te and it is replaced in turn by plagioclase, cordierite 

-
(1) Winchell, A.N., ~. cit. 
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and quartz. The lines of fraoturing of anthophyllite are 

preserved in the replaoing minerals. 

Remarks on the oordierite-bearing assooiations. 

Until lately, oordierite was not known to be a 

oommon mineral in the Canadian Shield. It was desoribed for 

the first time in Canada in 1910 by Adams and Barlow (1) 

from the Haliburton and Bancroft areas of Ontario, in 

assooiation 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 

oordierite and anthopyllite in which the presence of these 

two minerals vary from small amounts to rocks consisting 

entirely of cordierite and anthophyllite. In the Scan­

dinavian countries it was desoribed 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) ~. cit., pp. 157-172. 

{2} .An Investigation of the Lletamorphism of the Orijarvi Type 
with. Special Reference to the ~inc-Lead Deposits at Mon-. 
tauban-les-Mines, P.Q.., unpublished Doctor's degree thesls, 
1\1cGill University, 1939. 

(3) ~. cit., pp. 1-277. 
-------------_. __ ._---,_. _. -------------
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to greenstone. 

The oordierite-anthophylite rooks are oonsidered 

to be a produot of magnesian metasomatism by Eskola in Finland 

and Wilson at Montauban. 

At Calumet, oordierite is found. in two different 

types of roaks; a metasomatic type (assooiation No.3) and 

an intensively silioified type (assooiation No.1 and 2). Both 
," 

types result from injection of igneous solutions and sinoe 

oordierite is found only in the more injeoted rocks it is 

logioal to believe that magnesia was introduoed by these solu­

tions. Another hypothesis is that the various associations 

represent different degrees of replacement as a result of a 

variation in the oomnosition of the sediments in which oor-. ~ 

dierite has developed from the reorystallization of agrilaceous 

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

B - The Included Amphibolites. 

The seoond group of rooks found in this zone consists 

of amphibolites. There are two principal types of assooiations 

grading OneJintQ the other: 

a) The plagioolase-cummingtonite-biotite­
hQrnblende ± garnet amphiboli tes. 

b) The plagioolase-hornblende-biotite amphibolites. 
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Cummingtonite is developed typically near the 

contact of the rusty-weathering gneisses with the overlying 

carbonated and gneissic amphibolites. 

a) The Plagioolase-cQ%~ingtonite-biotite-hornblende 

garnet arnphiboli te~. 

The textlLre is fine to l'ledium. The minerals are 

arranged in allotriomorphic aggregates and a gneissose 

structure is com_111on. Plagioclase is the most abundant mineral 

of these amphibolj- tes, and its composi tion varies on a wide 

range from one sect _Lon to another. The characteristic mineral 

is cummingtonite amphibole. Biotite is usually abundant but 

common hornblende less so. In some sections garnet is present 

where as in others, it is absent. Apatite and iron sulphides 

are also present. One section shows nwnerous veinlets of 

serpentine cutting the other minerals. Another one consists 

almost entirely of actinolite with few areas where the amp­

hibole is bleached and repla~ed by crumningtonite. In these 

rooks quartz is absent. 

PLAGIOCLASE is present as sub-angular to rounded 

irregular interlocking crystals. It mayor may not show 

albite twinning and sometimes the crystals are fractured. 
~ 

Often they have inclusions of the associated ferromagnesian 



-28-

minerals. The oomposition varies between wide limits (AnlO 
to An46) from one seotion to another. The orystals are usually 

fresh but they are sometimes slightly altered to sericite. 

CU]\ItIINGTONITE -is in elongated fibrous non-terminated 

orystals usually grouped together in bundles with the in­

dividuals oriented in the same general direction. It is found 

also replaoing hornblende by bleaching, the structure of the 

latter being often preserved, -and there is evidenoe that it 

replaoes biotite. The mineral has a very pale brownish yellow 

tint but shows no distinct pleochroism. The crystals are 

twinned characteristically along planes closely spaced 

parallel to (100) and the mineral is easily identified by 

this peculiar twinning, es~ecially when present in very 

small amount. The indices of refraction are: 

x = 1.64 -
Y = 1.65 
Z = 1.66 + 

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 800, from the curvature of the isogyre of an optic 

axis figure. The optic si~n is positive and the dispersion 
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From the above observations, the amphibole is 

considered to belong to the isomorphous kupfferite 

(H2M~Si8024) grunerite (H2Fe7Si8024) series, and from (1) 

Winchell graph would consist of about 40 mol % of grunerite 

and should be named curnrningtonite. 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. 

HOR1.TBLET:-DE is usually present in the same proporti-on 

as plagioclase, but sometimes constitutes as much as seventy 

per oent of the minerals of the rock. Ordinarily it is of 

the normal green colour but often it has a bluish tint and 

the following pleochroio formula: 

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

Winohell A.N. Elements of Optical Mineralogy, Part II, 
1933, p. 244.' Also, Winchell A.N.,.Further.Studies in 
the JUnphibole Group, the American ~~[l.neralogl.st, June 
1931, Vol. 16, No.6. 

Larsen A.S. and Berman H., The Iilicroscopic 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 = 160 and an 

optical angle smaller than 60 0 with strong dispersion r>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 cummingtonite. Some crystals include 

rounded grains of plagioclase. 

GARNET is pale brownish red. It occurs as idio­

blastic crystals 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 am~hibolites. 

In general the texture is fine-grained granoblastic 

but gne1ssose 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 

replaoing plagioclase. Curnmingtonite 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 An to 
10 

• 
An35 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. SOlle 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 oolour and 

1s present in various amounts. It has dark pleochroic haloes 

around small inclusions. 

APATITE and PYRRHOTITE are found occasionally. 

C - Contaot-metamorphic rooks. 

The biotite and injeoted biotite gneisses described 

above are fine-grained in general. They are represented 



-32-

mainly by the quartz-bearing rooks with their minerals grouped 

in a more or less definite association and include minor 

amounts of amphibolites, one group being characterized by 

aummingtonite ± 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 

associations and these will be here referred to as the 

aONTACT-METjJ'~ORPHIC rocks. They include of course the 

cordierite-bearing rocks already described. 

Section No.9. 

The association is: Biotite (?) gedrite and 

zoisite (?). 

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 

seotions show a uniaxial figure, o1(hers a small 'optic angle. 

!he index of refraction of the mineral oriented with the 

oleavage parallel to the stage of the microscope (about Nill) 

is a little less than 1.59. The birefringenoe is high. In 

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

GEDRlTE is grey in hand specimen but unooloured in thin 

seotion. The mineral has a brownish dirty appearance under 

the microscope, but some smaller crystals are absolutely 

fresh, (two different minerals ?). 

fraotion are: 

x =- 1.62 -
Y=1.62+ 
Z = 1.63 + 

The indices of re-

The mineral has parallel extinction, the optic sign is 

negative, the optic angle is large and the dispersion is f;rv. 

ZOISITE (?). The mineral is in fraotured unooloured orystals, 

it has high refractive index and apparently low birefringence. 

It is biaxial negative and has an axial angle of about 75 o 

with f>Vabout X. The mineral has probably parallel extinction. 

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 crystal outlines, averaging 

1 m.m. (one grain 2 m.m.) and with an index of refraction 
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greater than 1.78, probably gahnite (ZnA1204 ). The mineral 
.,. 

dissolves entirely in the microcosmic salt thus indicating 

absence of silica. Q,uartz 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

chroic haloes around small inclusions. A little pyrite is 

present. 

Section No. 50. 

This peculiar association consists of cummingtonite 

wilsonite, diopside and carbonate, the minerals being named 

in their order of importanoe and accessory quartz, sphene 

and apatite. 

Cmm\1INGTONIT~ has a greeni sh greyi sh whi te colour in hand 

specimen. It is uncoloured in thin section, shows no twinning, 

has an extinction angle of lSo , 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. 

Seotions Nos. 53 and 46. 

Both sections are a medium-grained aggregate of 

brown biotite and fibrolite with small amounts of plagioclase 

An20, quartz, apatite, pyrrhotite and pyrite. The ooarser 

texture is the only peouliar feature of these two sections. 

Some plagioolase crystals have a rnyrmekitio texture in 

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

Section No. 40. 

Over 80% of the seotion is actinolite with narrow 

zones of untwinned cummingtonite (bleached actinolite). The 
,-, 

rest of the section consists of brown biotite and a little 

basic plagioolase An48 ha~ing undulatory extinction. 

Pyrrhotite is also present. The texture is medium-grained 

with many crystals over 1 m.m. 

§ection No. 47. 

Only two minerals are present, actinolite and plagio­

olase, with small grains of apatite. Actinolite orystals 
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range between 1 and 2 ill.m., while plagioclase crystals An36 

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 An63 and quartz with little biotite,apat1te and carbonate 

replacing plagioclase. 

Seotion No. 8 is a peculiar association of about 

80% of quartz orystals about 1 m.m. with relatively small 

crystals of actinolite, diopside, brown biotite, zoisite (?), 

oarbonate, 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 I m.m. eyes 

of small plagioclase crystals are surrounded by a narrow zone 

of biotite cr;,rstals 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. 11. 
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General Considerations on the Bio;tite and Injected 
. 
'd.oti te Gneisses. 

The outstanding character of this zone is the high 

degree of silifioation that has transformed most of the rocks 

into migmatites. Apparently the original metamorphosed rooks 

were open to the magmatio solutions by whioh they were injected 

and replaoed. Enough patohes and lenses of banded sediments 

are left however to establish their sedimentary origin. 

The ability of injeotion in lit~par-lit fashion by 

magmatio fluids is explained by Alling (1) as due to the high 

pressure developed during oooling and orystallization of the 

magma, in deep zones where the pressure is so great on aooount 

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 plaoes from the gneisses by inorease 

of the ferromagnesium minerals, are interpreted as meta­

~orphic rocks resulting from the metamorphism of caloareous 

sediments interoalated in the silioeous ones. 

The oontact-metamorphic roaks are most likely due 

to the presenoe of impurities in the sediments and addition 
-

of material of igneous origin. 

1. Alling H.L. Ope cit., p. 255 and 259. 
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REIIARKS ON THE !,,1INERALS. 

a) The ~u~rtz-bearing Rocks. 

Anorthoclase is an unuSQal potassic mineral in the 

Grenville rocks. l'.Ticrocline instead is mentioned in all the 

desoriptions. In the Adirondacks of U.S. microperthite is 

very commin and Buddington (I) described microperthite in 

assooiation with quartz t cordieri te t sillimani te t bioti te t 

garnet etc., in the contact aureoles of the Alexandria-type 

granite in argillaceous rocks. Its association is very similar 

to the one of anorthoolase at Calumet Island, moreover, anortho­

clase and microperthite have identical compo~ition and according 
-

to Alling (2) the potash-soda felds~ars form an inverted Y by 

ex-solution with falling temperatl~e: 

anorthoclase 
+ 

crypto:perthite 
+ 

rnioroperthi te 
.t 

perthite 
/ '::t. 

orthoolase Albite ( -Na Al S1308 ) 

(monoolinio) (triclinic) 

-
(1) Buddington A.F., ~. cit., p. 172. 

(2) Alling R.L., 2£e oit., p·2D5 
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1~ost likely then, anorthoclase of Cal1.uuet Island and micro-
./ 

perthi te of the Adirondacks have Si:.l1ilar origin. Anortho-

clase has a peculiar appearance under the ~icroscope, and 

all the intermediates between ordinary and something similar 

to microcline twinning can be observed. Buddington again 

mentions the alteration of microperthite to microcline and 
of(4lvdle1 

oligoclase in a syenite rock however, but the mineralAis 

probably cryptoperthite, its appearance being similar to the 

pic~re of that mineral given in Alling, (1). The microcline 

structure is produced from orthoclase by pressure 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 its alteration 

to cryptoperthite. 

Anorthoclase orystals are usually fresh looking 

while plagioclase is injected by quartz and altered to sericite. 

It is quite probable that the mineral resulted from the in­

jection of apli tic solutions containing potassiu.m. and sodium. 

Sillimanite is a characteristic mineral of the 

Grenville series. As already mentioned, it is found as 

(1) Alling,~. cit., p. 70, fig. F. 
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almost sub-microscopic needles in the quartz an.d anorthoclase 

crystals, and it is present as. 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-

bination in the form of mica with which reacted silica to form 

sillimanite, K-feldspars and accessories by thermal metamorp-

hism. 

Biotite is normally pale brown when associated with 

sillimanite but there are exceptions. In one section consisting 

of quartz anorthoclase and plagioclase the mica is reddish 

brown so that we must conclude that the mioa is not affected 

by the presence of anorthoolase. 

The occurrenoes of cordierite and anthophyllite (?) 

have ~lready been discussed. 

b) Amphibolites. 

There is no quartz in the in~luded lenses and patches 

of amphibolites in the gneisses. Apparently the amphibo1ites 

were less fissile than the bioti te gneisses and escaped si1ic1-

. fication. On the other hand plagioclase is replacing the other 

minerals and appears to have been injeoted. 
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Cummingtonite amphibo~e and garnet deserve s~ecial 

attention. Cummingtonite and pargasite are both uncolored in 

thin section, they are positive and have similar extinction 

angle but the indices of refraction, the birefrtngence and the 

erotio angle are greater in curnningtoni te than in pargasi te and 

the dispersion is different. It is on these differences that 

we decided to oall the mineral cummingtonite. 

Cummingtonite Parg&site (1) 

Calumet 

1.66-t-
1.65 
1.64-
0.030 

80° 
V>y 

WinJhell(l} Edenville 

1.66-1.70 
1.64-1.67 
1.63-1.66 

0.025-0.030 
65 0

- 85° 
Y7f 

1.6410 
1.6256 
1.6188 
0.0222 

70° 
.f>V 

Pargas 

1.6519 
1.6380 
1.6329 
0.0190 

63° 
~>v 

The reDlace~r~ent of hornblende (H2NaCa2(r:IgtFe )4Al3Si6024) 

by pargasite(H2NaCa2(1~,Fe)5A1Si7024) instead than by 

cummingtonite (H2(Fe,Mg)7SiS024) wo~ld 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 ALJ'':.LUTDI TE garne t • 

Hornblende has often a bluish tint. Eskola (2) 

(1) Winchell A.N. t Elements of Optioal Eineralogy. 
----_ .. __ ._-----------------------
(2) Esko1a Pentti, Ope cit.,p. 129. 
-------------~------------_._--------_ ... __ ._.- .--... ---
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observed a similar variety in Finland and s~ggests th§t this 

bluish color given by the -oresence of sodium, indicates that 

the amphibole was- forr-Jed from plagioclase. 

l.~ica 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. Aooording 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 ti tania, iron produoing the green oolours, 

titania the brown and red colours, while magnesia -appears to 

mask the colours produced by tttania. 

Apparent Paragenesis of Amphibolites. 

Oummingtonite and hornblende are found in close 

association the former replacing the latter selectively, but 

it is found also replaoing biotite. .A good example of the first 

case is shown in (plate 9). Plagioclase replaces cmmningtonite, 

hornblende and biotite, (plate 7). Garnet was formed later 

replacing the previous mentioned minerals. Serpentine cuts all 

the minerals. 

(1) The Relation Between Colour and Chemical Composi tion 
in the Bioti tes, Hall A. Jean, The itrnerican Mineralogist, 
Vol. 26, No.1, 1941. 
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2. Hanging-wall Amphibolites. 

Above the ore-body formed mainly 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 

a oharacteristic feature of the are zone as was emphasized 

before. 

The amuhibolites 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 amnhibolites were identified. Usually however~ 

these varieties are so heterogeneously 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 calcic 

plagioclase. Another one oontains abundant carbonates in 

layers, suggesting it is an original constituent of the rook 

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 variet;v is found near the edge of the carbonate 
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amphibolite and sometimes within the main mass, it is usually 

massive but sometimes so1+istose. By gradation the amphi­

bolites pass to more sohistose hornblende gneisses through 

porphyroblastic gneisses. Osborne believes that some of the 

differenoes between the oomposition of the amphibolites and 

hornblende gneisses are due to granitic injection. 

Petrographic 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 zone 

will be divided into two types of rocks; 1. The normal 

amphibolites consisting simply of plagioclase, hornblende 

and some biotite, (this type has already been described p.30). 

2. The pyroxene and the oarbonate amphibolites composed of 

pyroxene, carbonate, hornblende, intermediate plagiocl~se and 

biotite, and often containing a fair amount of scapolite. The 

latter represents the most important type. There is gradation 

of course from one type to the other. In both types quartz 

is absent. 

lYr0xene and Carbonate Amphibolites. 

The more important group of associations in the 



-45-

rocks of the hanging-wall is represented by the pyroxene and 
v 

carbonate amphibolites. Pyroxene is abundant and carbonate 

is found in various amounts. Scapolite is usually present, 

sometimes in fair mnount and it might be of some interest to 

note that it is found only in rocks containing pyroxene whereas 

carbon~te may be absent. Hornblende and plagioclase are 
.. ~. 

always present, 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 calcite and 

pyroxene from the other constituents often impart a gneissose 

structure to the rock. 

PYBOXENE crystals form large porphyroblasts or 

occur as smaller rounded grains. It is abuost uncoloured with 

a greenish tint but shows no distinct pleochroism. Prismatic 

cleavage is distiDct 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 extinction 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 s8r~entine or chlorite along craaks, cleavages and partings. 

In nlaces it is renlaced by hornblende. 

PLAGIOCLASE is acidic andesine and shows a fairly 

uniform oomposition which is quite an unusual feature for 

the rocks described in this thesis, unless this is by pure 

cOincidenoe. The crystals are generally untwinned and may 

show undulatory extinction. 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 plagioolase. A veinlet containing 

oalcite and plagioclase suggests that the two minerals would 

have been simultaneously introduced. 

HOR~~LENDE is of the common green type and occurs 

as subhedral cr"'Tstals or rounded 'grains replacing pyroxene and 
'J 

replaced in turn by cummingtonite. 

SCiiPOLITE was identified in four thin-seotions 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 is uniaxial 



-47-

negative and has parallel extinction, the indices of re­

fraction are: No = 1.58 and Ne = 1.55 and the birefringence 

is estimated to be about 0.030 from the interference colour. 

Referring to the diagram in Winchell (1), the mineral is 

found to consist of Ma60 - N1e40 and is MIZZONITE. It is in 

large crystals replacing selectively equally large crystals of 

pyroxene (see plate tZ ) but it ocours also as small inter­

loaking crystals. 

C.ARBCIL-iTE shows numerous twinnings and wi thout other 

determinations is considered to be calcite. APATITE is sometimes 

present in anhedral gra~ns. EPIDOTE was fourid in good-size 

cr~~stals in a brecciated type of carbonate anphiboli te 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). 

l} Winchell A.N., 2£- cit., p. 294. 

2) Harker A., Ope cit., p. 324. 
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Apparent Paragenesis. 

No attempt is made here to establish definitely 

the order of fOTIlation of all the minerals. Some observations 

made during -the study of the thin·--sections suggest however cer­

tain relations bet,veen the minerals. Cri teria of replacement 

are illustrated b7 some of the best examples furnished by the 

thin·· sect ions. PYROXE~1]; 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 cummingtonite, carbonate, plagioclase and scapolite. 

CARBONATE and PLAGIGOlABE 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:.T 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 ferromagnesilUll minerals that are replaced by 

the carbona tes. 

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



-49-

From the preoeding remarks based on the relations 

between the minerals as observed under the mioroscope, carbonate 

apparently replac£s most of the minerals and appears to have 

been introduoed lately. Nevertheless, the origin of the car-

bonate is doubtIul. In many seotions, oarbonate and pyroxene 

are segregated from the other minerals and form lenses as if 

they were related one to the other, (~fH~ pl.EiltGi ) but, in one 

seotion showing banding, a veinlet of carbonate and plagioclase 

cuts aoross the banding as if it had been later introduced. 

One seotion shows piTroxene replaced by plagioclase and carbonate 

and it is rather doubtful whether pyroxene could be formed from 

caloi te of the sarlle age tha t the one by whi ch it is replaced. 

Most likely however, pyroxene was formed frorn residual carbonate 

and later oarbonate was introduced with plagioclase. 

Oarbonates are very p~astio and soluble minerals. 

They are easily recrystallized and metamorphosed to contact-

metamorphic minerals when a rock containing these is 

injeoted 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 

dolomitio sediments, but it is alsp possible that some 

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

It is interesting to consider the opinion of e.S.Ross 

about the Ducktown copper deposits in which he believes that the 

oarbonates are of epigenetic origin. He concludes that: "The 

copper bearing deuosits of the Ducktown type in the southern 

Appalaohian,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 li21estone 

lenses but are vein minerals that have been deposited from 

hydrothermal solutions." (2) 

There is surely a genetic relation between pyroxene, 

scapolite and carbonate, 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, carbon~te 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. 

(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 mayor may not do so. 

Amphibol1 te Gneisses-l\iignati te Complex. 

The amp~ibolites 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 grattitize(i rocks 

show different text"nres. 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 porphyroblastic with porphyro­

blasts of pyroxene, another type has clots of hornblende and 

biotite and is called clotted amnhibolite. 

The amphiboli te gneiss"es consist of hornblende, 

plagioclase, quartz, pyroxene, carbonate biotite, ~hene, 

garnet, and apatite. The alteration products are serpentine, 

and sericite. Pyrrhotite, pyrite and other sulphides may 

also be present in minor amounts. Plagioclase varies between 

AnlO to An20 from one section to another. Sphene is particu-

larly abundant in this zone. 
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The most striking feature of the amphibolite 

gJ?sisses is the injection and replaoement of hornblende and 

biotite by feldspar mainly and quartz giving rise to sieve­

like and poeolloblastio 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 (~lmandite) and titanite. 

Again some of the hornblende has a bluish pleochroio oolour in 

-the direotion of the slow ray. 

The migmatites have the appearanoe of gray granite 

gneisses. They contain hornblende and biotite. Inplaoes \ 

these rooks have relic structures that may :Depresent original 

schistosity and bedding similar to that of_the biotite gneisses 

of the ore zone. It suggests that they are granitized rooks 

originally similar to the biotite gneisses, more material being 

introduced however. 

Origin of lmphibolites. 

Gora!j.son considered the amphibolites of Calumet 

Isla.nd as resulting from the metamorphism of diorites and (1) 

. (1) Goranson H.W., Calumet Island, Pontiac County, Quebec, 
Geol. SUI'v. Can., Summ. Rapt., 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 

amphibolites can originate: 

1. By metamorphism of gabbro and diorite. 

2., By reorystallization of i;npure limestone wi th 
some addition of material. 

3. By replaoement of limestone by thermal 
solu tions. 

4. By metamorphism of volcanics. 

Pentti Eskola, in the Orijarvi district, described 

amphibolites arising from the metamorphism of impure limesto~es, 

gabbros, basic dykes or basic volcanio rocks (1). Adams and 

Barlow, in the Haliburton and Bancroft districts also described 

crystalline limestones ~netamorphosed into typical hornblende­

feldspar amphibolites under the influence of granite intrusions 

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, ~. cit. 

(2) Adams F.D. and Barlow A.E., The Haliburton and Bancroft 
Districts, Ont. Geol. Surv. Cal., Mern. 6, 1910, p. 104. 
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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 am?hibolites (2). 

The recognized bedding in the less granitized 

members in zones in which furthermore amphibolites occur as 

lense~t as in the biotite and the injected biotite gneisses, 

the formation of amnhibolites at or near the oontact between ..I,; 

the limestone and garnet gneisses, the mineralogical associa­

tions in the pyroxene and carbonate amphibolites (abundance 

of carbonates and calcimn-bearing minerals like diopside and 

------------ .. -------------------
(1) Buddington A.F., £E. cit., p. 169 and p. 257. 

(2) Eskola Pentti, OPe cit., pp. 121-130. 
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scapo1ite), and a wtde 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 recrystallization of clastic 

sediments contain-ing more or less calcium 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 ~ineral 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 
" 

shearing the amphibolites gave rise to dark mafic gneisses 

and by injection to hornblende and hornblende garnet migmatites. 

The carbonate-bearing amphibolites being more plastic were 

(1) Carlson C.J., A Test of the Feldspar Met~od for the 
Determination of the- Origin of MetamorphIc Rocks, Jour. 
of Geol., Vol. 28, 1920, pp. 632-644. 

(2) Harker A., £E. cit., p. 267. 
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less susceptible to open structures and injection. 

4. Diabase ~ke • . 

One thin-section was made of the diabase dyke that 

cuts the rocks at the mine. It shows a fine-grained ophitic 

.exture (large ~lates of pyroxe~e enclosing feldspar laths_) 

and a mineralogical composition co~sisting of about 50% akgite 

(ZAc = 40°) and 50% labradorite with little maa~etite and 
'-' 

pyrite. So~e of the pyroxene crystals have a dirty brownish 

appearance under t~e ~icroscope and ~a~y feldspar crystals 

are altered to a gree~ish pleochroic mineral. 

At dlffere~t horizons beds containing anhydrite and 

SJpsum were interseoted in drilling, as for example No. 6b hole 

at the mine. In nlaces the anhydrite is mauve and coarsely 

crystallised but jore commonly it is of medium grain and 

consists of a pale violet variety ~ixed with carbonates. It 

ooaurs also with coarse-grained salmon calcite. 

Pive thin--sections from this hole show the ihti 2 ate 

association of carbo~etet anhydrite, gypsum, tremolite and dio­

pslde, carbonate anhydrite and gypswm 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 tremoli te:. The 

optic sign is negative wi th 'll>f ' the <?ptic angle is about 80 0 , 

the extinction angle Z Ac is around 150 and the birefringence , 

is strong. The pyroxene has an extinction angle LAc equal to 

44° and is considered to cronsist of diopside 60 mol. % and 

hedenbergite 30 mol. %. 

The apparen t paragensis is: Silicates (pyroxene and 

tremolite), carbonates, anhydrite and gyp~. 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 fonning a ring around the anhydrite crystals. 

Anhydrite replaces carbonates and silicates and it is 'luite 

possible that it is of magmatic origin. In section 43, 

consisting mainly of quartz 40%, biotite 30%, plagioclase An35 

20% and garnet 10/S (pale reddish brown), few crystals of 

anhydrite are also present. This section shows extensive 

replaoement by serpentine. In that ·section the other minerals 

are ourmnin?tonite, apatite, pyrites and magnetite (?). Similar 

alteration by serpentine is shown also by a section consisting 

of oarbonates 80%, garnet 10% and cwmningtonite, 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 gypgQffi and barite are present, Osborne 

c.oncludes that: "Anhydri te may appear as a periph~ral phase 

of the alteration near zinc-lead depositstt, and that: "The 
., 

geographical distribution coupled with. the 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. 

(I) Osborne, F. Fitz, Anhydrite and Gypsum at Calumet MIne, 
Calumet Island, P.Q., In Press. 
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ECONO~:IIC GEOLOGY 

Mineralization. 

r.1ineralization is fo-und at three different horizons 

at the mine, but the:ll'e 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 

and 5.76 ounces of silver. About 86,000 tons of ore containing 

18% of zinc and :)6.90 in gold and silver were also reported 

(1). A second zone of mineralization aalled the Longstreet 
-, 

zone similar to the first one and apparently 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 disclbsed 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 relationshin to the CountriT 
~ ~ 

rock of the main ore-body knovvn as the Bowie ore-body, were 

fa-irly well established by drawing vertlcal 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 ooourring 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° Wand dipping between 25° to 30oE. 

other small lenses and sheets are found alsO below and above 

or in the extension of the main are 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 

believed to have similar structural relations that the Bowie 

ore-body has. 

The more important feature of the Bowie ore-body 
a 

is the elongation in the direction N 65 E as shown by the 
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thiokness contours map (see Fig. 5 ), the rake or plunge being 
o about 25 • 

The seoond important feature about the shape of 

the ore-body is t'he direot;i.on .of the axes of the large warps, 

striking a little south of east. It ooinoides with the one 

of the s~e ~lement of struoture 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 

allover the island, is the direction of lineation. It~is 

then justifiable to conclude that this di:rection does not 

coinoide 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 tpe shape of the various rock 

units on the surface map seem to indicate that the rocks were 

aoted upon by a tangential force resulting in a northeast -

southwest oompression fO'rce, 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. rocks of the ore 

zone. The ore-body is s~ndwiohed 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 amphiholites of the hanging-wall 

were quite plastic on acoount of the carbonates present and 

were less susceptible to injection than the biotite gneisses 

below. Most likely the dif'ference~~'of-, bri ttleness between the 

resulting two types of rooks 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 

plastio than the underlying gneisses further acted as an 

impervious wall preventing ,the escape of the mineralizing 

solutions so that the amphibolites oan be consi'dered as having 

played the most important role in the emplacement of the ore-

body. 

Ore and Gangue Minerals. 

The ore oonsists of a medium-grained aggregate of 

sphalerite, pyrrhotite, maroasite, pyrite, galena, chaloopyrite, 

arsenopyrite, tetrahedrite and others in approximate O,rder of 

abundanoe. Molybdenite is found in small amount. Native gold 

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

phi des. 
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The gangue minerals consist of the following 

contact metamorphic silicates: cummingtonite, diopside, light 

ooloured phlogopite and dark biotite. Calcite, dolomite and 

iron bearing carbonates are abundant. Scapolite, serpentine, 

ohlorite and talc are found in small amounts. Some oommercial 

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 brai'lching 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, oalcite and leu-

oooratio gneisses. 

Para,genesis. 

The paragenesis of the sulphides as determined by 

Moorhouse is the following: Pyrite (and arsenopyrite ?), 

sphalerite, pyrrhotite, gaiena, chalcopyrite, tetrahedrite. 
, 

Marcasite replaoes pyrite and pyrrhotite, its relation with 

the other sulphide is not known. }Iarcasi te is always 

oonsidered a low-temperature mineral of the supergene zone 



-64-

and its association wi th p'rrrhoti te, a high temperature 

mineral, is a :geculiarit~r 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 

maroasite and serpentine must be due to paulopost ~lteration. 

The Qre ~inerals 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-metamorphic silicates and the ore 

minerals are replacing carbonates either present originally in 

the gneisses or introduced by solutions •. Osborne favors the 

second hypothesi s. In the arnp·hiboli tes, however, he believes 

that some of the carbonates are original but that the rest is 

younger than the silicates. 

Pink ~e@natites are common within the ore zone. The 

relation of these :)egrnatites with the contact silicates is not 

clear, but some sulphides replace the minerals of these Dig­

matites so that the solutions producing gr?nitization, 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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JYpe of Deposit. 

The presence of high temperature minerals like 

pyrrhotite, pyri.te, and arsenopyrite, in a gangue of contact 

metamorphic silicates like lime am~hiboles, pyroxene, biotite, 

garnet and others, and the irregular shape of the ore-bodies 

are characteristic of high-temperature ~etasomatio 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 granitic 

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 Ciu-JADIAN SHIELD AND TEE ADIR01TDACKS 

OF TRE UNITED STATES. 

The Tetreaul t LTip.e, 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 gneiss~s, amphibolite dykes and sills, and 

pegmati tes. 

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 

Qordierite-anthophyllite While the carbonates yielded tremolite 

and diopside (skarn rock) from replacement by solutions rising 

thr ough a shear zone ooncorden t wi th the axial plane o·f the 

fold. The principle metallic minerals are sphalerite, galena, 

pyrrhotite, and chalcopyrite. Tetrahedrite, sttbnite, moly­

bdenite, and arsenopyrite are of sporadio oocurrence. The 

ore-bodies oocur in calcium bearing silicates and to a minor 

amount in the cordierite-antho~hyllite rooks. 

(1) Tetreault MIne, Montauban-les-Mines, Portneuf County, ·P.q,. 
by John J. O'Neill and F. Fitz. Osborne, -~uebec Bureau of 
Mines, P.R. No. 136, 1939. 

N.L. Wilson, ~. 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 are have been mined of 

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

extracted. 

tong Lao 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 

oonsist of orystalline limestone, quartzite, paragneisses and 

green schists, intruded by gneissic gabbro and diorite intruded 

in turn by granite. 

The one occurs as lenses or is 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) Alc6ck, F.J., Zinc and Lead Deposits of Canada, Geol. 
Surv. Can., Eo 0 • Ge 01. Se r • No.8, 1930. 
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chalcopyrite. The chief gangue is 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 Tetreaul t and tha t 'the ., 

solutions came from the intrusive granite intruded after the 

metamorphism of the limestone. 

Renfrew Z'inc Prospe c t. (1 ) 

The deposit is located about thirty miles southeast 

of Pembroke in Renfrew County, Ontario. The rocks are Grenville 

sediments oonsisting mainly of limestone with tremolite and 

phlogopite. Bands of quartzites and sedimentaiJ:i'Y gneisses 

represent metamorpb,ozed plastic be~s in the limestone. With 

these rocks are as-sociated 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 • 

. --~--.------------

(1) Alcook, F.J. 2£e cit., pp. 132-136. 
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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 Ivlontauban. 

The Balmet and Edwards Zinc Mine of the A.dirondacks of 

United states. (1) 

Ballna t 111ine is 12 mile s south of Edwards mine. The 

rocks of the district are all of pre-Cmnbrian 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" intercalated in a dominant limestone 

series. The ore ~inerals consist of sphalerite 19%, pyrite 

18%, calci te 1. 29"~ and accessories such as willemite, pyrr-

hotite and chalcopyrite. 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 talc from tremolite and diopside, 

(1) Brown, J.3., structure and Primary Mineralization at 
Balmat Zinc MIne, Eco. Geol., vol. 31, No.3, pp. 233-58, 
1936. 
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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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Fig. 1 . 
'Textlre of hi gh v injected 
nredo ~i natiilg minerals are 
c).ase (a) . 

)(35" 
i oti te g11 e iss . The 

quartz Rnd anortho-

4' ig . 2 . )(108 

Section showin the peculiar a!)Ueara:1ce of 
alor t hoclase (cryptoperthite ~) under X nicols . 
The concave oltli ne of the crystal suggests 
renlace uen t by quartz . 
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.. 
~ 

i .t.. . 3. )( loB 

'e~te bioti te gneiss. rrvvo crv st81s of 
anorthoclase ressembling microcline are shown 
at the botto right and left of the picture. 
Grains of iron sulphides (blacl) are abundant. 

FiG . 4. X3S 
Bundle of sillimanite needles (fibrolite) 
replaci~g mica with numero~s dark pleochroic 
haloes arcund small inclusIons. 
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Fi • 5. 
Sa e as Fi g. 4 (e~larged) . 
hale (top right) . 

i£'. 6 . 

X 11)8 

ne pleochroic 

Eye structl re in anthouhyllite? - cordieritn­
bioti t e-nlagioclase associa tion vvt th isotrouic 
grains in the centre of the eyes. Anthophyllite 
(a ) cordierite (c ). 
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Fig . 7 .. "'.3S 

Typical texture of nlagioclase (p) - cu~ning­
tonite (c - biotite (b) - hornblende (h) -
andradite (a) a:phibolite. 

~ . 8 X/De Jil g. • 
TVvinned c>ri-stal of c mingtoni te wi th 
inclu~ions of plagioclase 
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l 
]';~. 9 • X 108 

Horntlende replaced b'" cU2nmingt Hi te. Tv.,ro clark pleochroic 
green suots A and B 'Ji th close17 spaced arallel lines and 
same optical orientation, are left in the central part of 
the crystal. 

i g. 10. 'X 108 

Pyroxene (p) rep'laced by hornblende (h) in turn replac0 d 
by cllJumingtoni te (c), the whole system replaced by 
plagioclase (white). 
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Fig. 11. X35 
,Section showing the ty:pical texture of pyroxene and 
carbonate amlhibolite . The minerals are nvroxene (p , 
carbonate (c , hornblende (h and acidic andesine (a). 

Fig. 12 . 
)(35 

Scapoljte-bearing nyroxene amnhiboli+-e. A porphyroblast 
of yroxene (p) with basal n9.rting to the left, and small 
rounded r rains of p.TrOxel1e (ton r ' bht). The vv-hi te mineral 
is scapolite, the t hird one is hornble~de. 
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Fig . 13 x /()j-

ection shovilg ev:dence of replacement of 
7roxe e (dar1 gre~T) y sca oli te (whi te ) • 

ig. 14. 
X 35 

r1agioc __ ase-hornblende-bioti te alnphiboli te 
vvith granoblastic texture . Plagioclase (p , 
hornblende (h ), biotite (b • 
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lig. 15. X35 
~Tl')ic81 texture of infie,cted amphiboli tes overlying the 
pyroxene amphibolites of the hanging wall. The minerals 
are: -plagioclase, Cluartz, _~roxe::1.e (toD centre, carbonate

t 

biotite, sphene, garnet and apatite . 

)(35" 
Fi~. 16. 

,"[:i lsoni te (w) untvvinned c"lLrLmingtoni te (c), granular 
diopside (d) and car onate ~b • 
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4 

Fig. 17. x35 

Relatj,on bet leen anhydri te (a , diopSi de (d) and carbonate 
(c). The concave outline of carbonate crystals seems to 
i:.::di J:l.te replacement by anhydri te. 

- - -~--=-

Fig. 18. 
Anhydrite replaced by gyps~ forming rims around the 
former>. Carbonate and pyroxene are also present. The 
pec'111iar appearance of anhydrite is apparently d~le to 
de forma tioD of crystal in gr'ir.dino• X nicols. 
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