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I. 

INTRODUCTION. 

A study of the gtelogy of a portion of the township ef 

Outremeat was made by the anther, at the suggestion ef 

Drs. Adams and Bancroft ia the fall ef 191© and continued 

la the fall ef I9II. The laying ef sewers during this 

period afforded certain exposures which were deemed 

worthy of record. A geological map has been made includ-

iag that part ef Out^ement bounded by St. Catherines Rd 

aad the C P R Main Line, by Rockland Avenue and the 

small wood to th- south-east of the g©lf-li#ks# The area 

has a length ©f I300yards and a width of 1240 yards* 

A survey was made using the transit-stadia methedc True 

azimuth was obtained by means of sun observations A plot 

of the survey has been made on the scale of 400 feet= I in* 

My best thanks are due to Mr.G.H.Gilchrist ©f McGill 

University for his practical assistance in the surveying, 

t© Prof McLeod of McGill University for the loan of a 

traasit, and -to the Director of the Geological Survey of 

Canada for the loan ef a surveying-rod (Mr Boyd1s patternj 

PREVIOUS WORK. 

The area under consideration is included in the sheetjef 

Montreal and vicinity published by the Ge©a.gical Survey 

of Canada t® accompany the report of Adams and Leroy en 

The Artesian and other Deep Wells on the Island ef 

Montreal ( Ana. Rep. G S.C N.S* XIV. Pt. 0. 1901*) 

A summary report of Leroy1s work in connection with the 

areal geology of the same sheet appears ia Ana RepS G.S.C 

I.S XIII 1900. p. I39A* Closed relatedjbreceias to these 

treated la this paper have been discussed by different 



writers Mention is made of the St helen's Island breccias 

ia the 1863 report on The Geelogy ef Canada, and again by 

Ills, Annc Repa.G S C» N.S VII p: I]fJ. They have also 

bsea discussed by Nolan and Di?tf»n, Can Rec* Sci. IX pp 53-

660 1903., and by Harvie, Trans Roy. Soc, Caaada, 3rd. Ser 

Vol 4 Sect # p. 249 I909-I9I0. Other breccias ia the 

vicinity of Montreal have been discussed by Harvie (lee 

citj} and by Buchan, Can . Rec. Scio VII p 524 1902* 

The most detailed treatment is that of Harvie, which deals 

with all the known occurrences ©f breccias in the vicinity 

ef Montreal at the time at which the paper was written. 

An outline of the general characteristics ef the Mentereg-

ian P£eregraphical Province has been given by Dr. F. D. 

Adams ia the Journal of Geology, Vol. XI, No. 3, 1903, 

page 239. 
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TOPOGRAPHY. 

The area constitutes a small patch having a slight 

elevation above its immediate surroundings, except toward H\e 

seutih-east in the direction of Mount Royal. It ewes this 

to the fact that certain breccias and other igneous rocks 

exposed in the area are harder than the limestone of the 

district, slaia^Jiavs, owing to their greater resistance to 

weathering, retained a slight elevation above the normal 

limestone. The higher parts ana ail slight elevations 

are found to consist of the breccias or of igneous reck* 

Between the more elevated parts a softer contour is depen­

dent en the limestone, which is the immediately under­

lying rock. In some parts a covering ef glacial clay or 

sand produces a further softening of autline. One curious 

topographic reaturs calls fer mention In the golf-links, 

along the north face of the scarp ~n which the club-house 

is built is a series of small elevations and depressions, 

sometimes horse-shoe shaped, sometimes almost circular, 

about ten feet in diameter and four feet in depth. These 

afford an excellent set of bunkers, but the explanation is 

not obvious at first sight* The gravel beach which is 

exposed ia the large pit to £he west covers this area and 

was formerly worked for gravel, one layer being valuable 

and the rest valueless. The valuable layer was worked ia 

the winte:f-time by tunnelling, the support of the roof 

beiijg effected by the ice in the frozen gravel. In the 

spring the upper layers of pebbles and gravel collapsed 

giviag rise to the hummocky appearance ef the surface 

which has been noticed above. 
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The northern edge of the sheet is part ef a flat plain 

covered with pest-glacial sand which stretches away to the 

aerth 

GENERAL GEOLOGY. 

PLEISTOCENE, Glacial clays and boulders, post-glacial 

sands, cftrr^s and gravels. 

POST-LOWER DEVONIAN Intrusive plutonic rocks, dikes 

breeias. 
A 

ORDOVICIAN. Trenton Limestone 

Chazy Limestone 

CAMBRIAN. Potsdam? quartzite, included pebbles in 

breccias. 

POTSDAM, This formation is possibly represented by inclu­

sions of quartsite pebbles which occur in a matrix of 

igneous material at various points, which are indicated on 

the map. The quartzites were caught up by the magma in its 

passage through rocks at a lower level, in th-; earth1 s 

crust. The general characters of the peuulss are those of 

the harder and better cemented mieiabers of the Potsdam Series 

underlying the district , but ia the absence of fossil. 

contents, reference to this horizon is purely tentative. 

CHAZY Exposures in a trench along Van Home Av. showed 

beds of a dark gray limestone,As@me layers are coarsely 

crystalline. Fossils were obtained from a narrow band above 

the coarssly crystalline members and just below the surface 

of the ground Often, this band is almost completely made 

up of shells of Rhynchonella plena No other form was re­

cognised. This exposure of* Chazy limestone is a continua­

tion of that noticed by Leroy at the conner of Wiseman 
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a d Van Home Avenues* The dip of the limestone here is the 

same as that of the Treatoa limestone of the area, viz. 5° 

to the sortxi-east. The junction between the Chazy and Tren­

ton limestones was nowhere observed. The contact along Vaa 

Horae Avenue is covered by beach deposit. The relations of 

the outcrops of the Chazy and Treatoa make it probable 

that the juactioa is a faulted one, tne fault following ths 

line indicated en the map. Whether this movement was chief­

ly vertical* with relative raising of the beds to the north 

east e^ the fault-plane, or mainly horizontal, with dis­

placement of those beds to -the south-east, is a matter of 

conjecture. 

TRENTON. 
This series is the most important of tha sedimentary rocks 

of the district, underlying nearly the whole of the area 

which is not occupied by igneous rocks* It consists of a 

bluish-black, thick-bedded limestone, occasionally slightly 

argillaceous and weathering tea light blue colour. In gen­

eral, the beds have not been much disturbed and possess the 

usual dip of the Ordovician strata about Montreal, viz. 5° 

to the south-east. Certain beds contain numerous fossils, 

which serve to determine iMm age. The following forms havt 

been obtained from the normal limestone exposed in the 

trench in Reckland Avenue.** 

Brachiopoda. Orthis testudinaria. Dalman. 

Orthis. sp. 

Rhyacheaella? fragment. 

Trematis montrealensis. Billings. 

Crinoidea. Joints of stems. 

'Ana. Rep. G.S.C. N.S. XIII. p. 140 A. 1900. 
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Tabulata. Stenopora fibrosa. Goldfuss. (Bryozoa of Ulrich) 

Bryozoa. Ptilodictya acuta. Hall. 

'When brecciated and intruded by the igneous material, (see 

below), the limestone is baked and takes on a white, or 

more rarely a pinkish colour, and is then brittle and poss­

esses a china-like fracture. It represents a partial mar-

morosis, the heat having been insufficient to cause a recry-

stallisation of the limestone. A number of badly preserved 

fossils have been obtained from this altered limestone in 

the trench in Rockland Avenue, at a point immediately south­

west of the exposure of Chazy limestone in Van Home Avenue. 

These fossils are of Trenton age and form the basis of the 

assumption of a faulted junction of the Trenton and Chazy 

limestones. The fossils are:-

Trilobita. Ceraurus? sp. small part of cephalic shield. 

Crinoidea. Parts of stems. 

Brachiopoda. Orthis (Platystrophia) lynx. Eichwald. 

Strophmena cf. filitexta. Hall. 
A 

Pteropoda. Conularia trentonensis. Hall. 

The following Trenton fossils a were found in the black, 

poorly fossiliferous limestone in pit 3.-

Trilobita. Ceruarus pleurexanthemus. Green, glabella. 

Tabulata. Prasopora Selwyni. Nicholson. 

Pteropoda. Conularia trentonensis. Hall. 

Brachiopoda. Trematis montrealensis. Billings. 

Strophmena filitexta. Hall. 

Prom the cutting in Dunlop Avenue, close to the Golf Club-

House the following forms x were obtained:-

Tabulata. Stenopora fibrosa. Goldfuss. 

Brachiopoda. Orthis testudinaria. Dalman. in abundance. 
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Orthis (Platystrophia) lynx. Eichwald. 

Strophomena filitexta. Hall. 

Lamellibranchia. Cyrtodonta. sp. 

POST LOWER DEVONIAN IGNEOUS ROCTS5. 

A suite of intrusion-breccias, dikes, sheets and some rocks 

of a plutonic nature have been intruded into the limestone, 

and have characters which make them immediately referable 

to the same general act of igneous intrusion as Mount Royal 

itself. So that the age of these intrusives is assigned to 

some period later than the Lower Devonian, (Oriskany). 

The Platonics. This group is not sharply marked off from i 

that of the larger dikes and sheets, the lattei^class, on 

expansion, taking on a coarse grain and being classed as 

plutonic, whilst some of the types described under the head 

of plutonic rocks are very fine-grained. 

One example of this class suggests by the shape of its 

intrusion an intrusive sheet the tip of which extends as a 

tongue partway across the golf-links. At the tip of the 

tongue the rock is a coarse pyroxenite, carrying a small 

amount of olivine and a fair amount of hornblende. A few xx 

feet to the south-west the rock is a little richer in olivine 

but still belongs in the pyroxenite class. Still further to 

the south-west the rock passes into an essexite. 

In the small pit 2, and just round about it is exposed a 

dark-coloured, finegrained nepheline-S2/enite which is cut 

by many small veins of nephelime-arjlite. To the south of ± 

this is a small exposure of esssxite and in the wood to ths 

south-west of the golf-links different types of nepheline-

H.S.Williams. Trans. Roy. Soc. Canada. SER. 3,Vol. 3, SECT.4 

I909-I9I0. p. 205. 



s. 
syeaitelare exposed. On the aorthera face of the small hill 

in this wood a drk-coloured fine-grained tvx>e occurs as 

included blocks of a breccia/ the cement of which is a 

fiae-graiaed, light-gray pulaskite. Oa the west face of the 

same hill a more aormal type of aepheliae»»syeaite occurs. 

These rocks are cut by members of the "larger dikewclass, 

•ae of which centaias many pebbles of quartzite. 

Ctrtaia iaclusions occurriag in a dike in the cutting just 

south-east of pit 3 belong here and ar? of the essexite tye-

Some of the larger dikes are closely similar ia compositioa 

and texture to some of the plutonic types so called and are 

separated from them because the dike nature of the intru­

sion to which they belong is more clearly shown. 
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Brecciatioa. Breaking up of the rocks through which the 

melt en magma was intruded,, and transport of this broken 

immaterial is a very common feature of the development o_f 

igneous ac tiaity at Mount Royal . This has been strongly 

brought out by Harvie, (loc. tit.). Since that time^a 

number of other breccias have been noticed. In the tinguaite 

sheet at Cote la Visitation fragments are found, which 

have the appearance , in hand-specimen, of a nepheline-

syenite, closely related to that of Mount ReyaM, but 

poorer in ferro-magnesian constituents. In the Corporation 

Quarry at Outremont ih ere was exposed in the fall of I9II 

a large mass of rock showing blocks of the typical essexite 

of the Mountain brecciated by nephtline-syenite and the 

whole brecciated a second time by a dark, fine-grained 

rock similar to the-Camptonite of the "Outremont breccias". 

The two stages of brecciation are clearly shown, proving 

that there were three distinct periods of intrusion. 

In the area under consideration similar "intrusion 

breccias" are exposed and will be discussed in detail. 

The Breccias .The chief t\rpe, to which tha ame w0uc,r©mont 

Breccias" is here given, is that in which the paste is camp 

-tenitic in character. This constitutes the major part of 

the exposures of breccia. The rock is composed of angular 

blocks of limestone embedded in a larger or smaller amount 

of camptonitic cementing material. The limestone is white 

(vide supra), and the camptonite almost black, so that the 

resulting rock has a very striking appearance. See Plat»s 

I and 2, fig.2. The limestone usually composes more than 

50 or even 75^ of the mass, gradations being found with the 
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paste decreasing to zero* The limestone blocks occur in all 

orientations,with bedding planes tilted in every direction. 

Some of the blocks have the bedding thrown into promiaeace 

by reason of th e unequal susceptibilities to weathering of 

the different bands. The camptonite cement occurs filling up 

the interspaces between the limestone blecks, though in 

some cases this filling is not quite complete. In such a case 

the- camptonite usually shows a "ropy" surface (Plate3 fig.I). 

The breccias of this type are usually connected with a large 

dike, (class I below), which represents the channel of 

intrusion of the magma which consolidated as the "cement". 

The intrusion of the dike is normal up to a certain point. 

The magma was highly fluid, at a comparatively high tempera­

ture and highly charged with gases. On reaching a point in 

the earth's crust at which the pressure of the gases became 

equal to, or slightly exceeded that of the super-incumbent 

strata, the water of the magma flashed suddenly into steam 

with explosive violence, shattering the limestone of the 

immediate neighbourhood* This shattering v/ould be most easily 

communicated laterally, along a bed or series of beds, when 

once started. The broken blocks were thrown from their origin 

-al into some inclined position and the molten magma rushed 

in to fill up the spaces between the limestone blocks,, 

impelled by the strong forces just called into play. This 

liquid being remarkably fluidifilied practically every small 

opening that was left, and doubtless in some cases swirled 

the pieces of limestone in its eddies before finally coming 

to rest. In some few places the contact between camptonite 

and limestone is not quite close, allowing for the develop-



II. 

nmmfc of what the author considers to be "true flew struc­

ture. This flow structure is indicated by the "ropy" sur­

face mentioaed above. That it is net a cast of a fractured 

surface of limestone is shown by an occurrence of such a 

"r#py" surface within the igneous cement itself, a thia 

layer [$ IM,)• being interposed between the "ropy" surface 

and the limestone. The excessive fluidity ef the magma 

acceuats for the fact that only rarely is a fluxional 

arraagament of the hornblende crystals seen under the 

microscope.The shattered limestone being now pervaded by 

the hot magma,agases and water vapour,underwent the baking 

0r marmorosis which has been noticed above. 

The "Outremont Breccias", then, represent a preserva­

tion of the record of explosive intrusion closely compar­

able to an explosive extrusion of lava, the only important 

difference being that in this case the explosive rorces 

spent their violence before the surface of the earth's 

crust had been reached. 

Hepheline-syenite breccias.See Plate 3 fig. 2. 

This type has only a small development, but is important as 

illustrating the general feature of brecciation in the 

district, and because it emphasises the order of intrusion 

found to hold on Mount Royal, viz* an earlier basic follow­

ed by ajlator more acid phase* It is found at the point 

indicated en the map aad covers only a few square feet ef 

exposure* An approach to the same condition is seen in 

the small pit no. 2, where a rock very similar ia macro­

scopic appearance to the basic part ef the breccia just 

mentioned is cut by many small veias of a aepheline-



12* 

17mitn, which is "fcery peer in ferremagnesiaa constituents* 

Ia the cutting immediately south-east of pit 3 is exposed 

Srdike four if eet wide, if, 1 niTjit in n 1 IT ' "innl' carrying rouaded 

masses up to the size of a hen's egg of a rock which is 

mere basic than the ones just considered. It is included 
A 

here fer convenience of treatment. 

PotsHiam breccias. In the cutting last mentioned occurs a 

narrow dike, three inches in thickness, of bostonitic 

material, now much weathered* On the floor of the cutting 

it appears to spread out in the form of a sheet and 

encloses rounded pebbles of quartzite of ths size of a 

hen's egg. This dike is the youngest of .note exposed in 

the cutting and can be seen to cut several of the other 

dikes. The quartzite pebbles were derived from some lower 

level ,from strata through which the mi gma was intruded* 

The reek most resembling ths quartzite and known to under­

lie the district is the Potsdam Sandstone* These quartzite 

pebbles are therfore tentatively r-ferred to the Potsdam 

Series, in the absence of fossil contents* 

Another example of the quartzite breccias occurs at the 

point marked P on the map. Here the igneous rock enclosing 

the pebbles is camptonitic, and part of the paste of the 

"Outremont Breccias". At first sight it appears as if 

several dikes cut at the point at which the quartzite 

pebbles occur, but closer examination shows that all are 

of one age and that severalpracks having different direc­

tions were filled at the same time by the camptonite, 

which carried up with it from below quartzite pebbles 

derived from a lower horizon than the Trenton, which is the 
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country rock at this point. 

Included quartzite pebbles are also seen in a dike of the 

more acid series at the point marked R on the map. 

The Dikes.and sheets._ These are treated under three heads: 

I. The larger dikes and sheets. 

2. The smaller camptonite dikes and sheets. 

3. The smaller dikes of the bostonite family* 

I. The larger dikes and sheets. A number of intrusives is 

included here some of which are seen to be dikes and can 

be traced to their expansion in sheet form, as, for example 

the essexite dike at the corner of Rockland and Van Home 

Avenues, some of which are clearly sheets whose feeders are 

not exposed, as that in pit 3 and immediately west of it, j 

whilst some do not show clearly whether they are dikes or 

sheets, e.g. the exposure at the extreme western corner of 

the nap, and and the one east of the Golf Club-House. The 

dikes may run up to 75 feet in width and are regarded as 

the feeders of sheets which pass laterally into breccias of 
are 

the Outremont type,or they^fseders of those breccias, with­

out the development of the sheet. The widths exposed of xxa 

these sheets runs up to 150 feet. Each outcrop of breccia 

ie closely connected with one of these larger dikes or 

sheets, a section of the whole intrusionlof which can be 

compared to a mushroom, the stalk being represented by the 

dike feeder and the top by the "Outremont Breccias" with in 

some cases the development of a sheet in addition. 

One of the dikes, exposed at the corner of Rockland and Van 

Home Avenues, is amygdaloidal. The amygdale~?s are not 

numerous and reach a size of 4 inches in largest diameter, 

and i inch in thickness. The filling has been recognised as 
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prehnite, which is developed in characteristic sheaves of 

needles. Associated with the prehnite is a small amount of 

pyrites and calcite. 

In the area south-west of the golf-links a number of larger 

dikes are exposed. The most important of these is an alterd 

basic nephelin-syenite dike, containing epidote in druses. 

Another of them is a bostonite with many quartzite inclusio 

Immediately south of the most southerly exposure of breccia 

in Rockland Avenue is a nephelin-syenite dike which is in­

cluded here. It is characterised by many porp*ryritic crysta 

of hornblende and is a very striking rock. In hand-specimen 

it is very similar to the nehpeline-syenite found on tne 

western face of the hill in the wood to the west of the 

golf-links. [PtT-l 

2. Smaller Camptonite dikes and sheets. The dikes of this 

class are exceedingly numerous in the district, whilst the 

sheets are developed only to a slight extent. Exposures are 

seen showing that the sheets are is rizontal extensions of 

dikes. The dikes often form an intricate network cutting the 

limestone and "Outremont Breccias". Both dikes and sheets 

have a small width, being usually less than a foot in width3 

rarely reaching 2 feet, and in one case 4-J- feet in width. 

They furnish an example of a "family" development of dikes 

so similar in characters that a description of one or two 

only,is necessary to give an idea of the whole. Further 

descriptions would be mere repetitions with changes in de­

tail only. They are dark bluish-gray, almost black in color 

of a very fine grain and even texture. Chilled edges of fin­

er grain are not often met with. Some few are very rich in 

i~on pyrites. The dikes are ± usually very hard when fresh, 
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weathering brown with the development of limonite. The local 

name for these dikes is "Banc rouge", a descriptive name 

referring to the characteristic rusty weathering. Occasion­

ally individual dikes are found completely weathered to a 

limonits-stained mass, which continues downward as far as 

the trench, i.e. 8 feet in depth. As a rule the dikes are 

very fresh. These dikes are closely related to the "Outremonf 

Breccias", being most abundantly developed close to the out­

crops of these breccias. They immediately succeeded the 

intrusion of the breccias^ in time, and are often found cut­

ting them. The dikes are very similar to the "cement" of the 

breccias in composition and microscopic characters. The 

dikes are always steeply dipping, nearly vertical, and occa­

sionally they can be seen passing into sheets which are of 

the same o^der of magnitude as themselves. This can be seen 

in pit 3 and in the cut^ting immediately south-east of it. 

That all the dikes were not intruded at the very same time 

is natural and amongst the camptonites are found younger 

dikes which cut dikes of an exactly similar appearance. Thus 

the large dike 23 is cut by a small camptonite dike only a 

few inches wide., and other examples are to be seen in the 

cutting near pit 3. The most striking example is dikeI5. 

Here a younger camptonite dike, now badly altered has split 

down the centre an older camptonite dike. The older dike is 

found on each side of the younger as lsns-shaped masses with 

a flat side next the dike in the centre and a convex surface 

which exhibits concentric weathering toward the limestone 

country rock. The central dike has jointing a so developed 

as to give it the appearance of a series of br icks in a wall 
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Plate I fig. I. shows this. The central dike is very obviotfc 

but the older dike does not show up, except as a dark band 

on each side of the younger one. The older dike was only 

discovered on attempting to obtain a specimen of the central 

dike. 

3. Smaller dikes of the bostonite family. 

A number of dikes and veins have been included under this 

head which have the common characteristics of a light colou*" 

and paucity of ferromagnesian constituents, together with 

a younger age than the dikes and sheets of class 2. These 

dikes are much fewer in number than the camptonite dikes 

and include weathered bostonites, gieseckite-porphyries, 

nepheline-aplites and felspathic veins. They are seen to 

cut the basic intrusives v/herever the two types arHe found 

in association. The dikes are for the most part very narrow 

varying from a few inches down to half an inch and rarely 

reaching six inches in width. What appears to be an expan­

sion of one of these dikes into a sheet has been mentioned 

under the head of "Potsdam Breccias". 
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PLEISTOCETO* 

The deposits of this age include erratics, glacial clay 

and post-glacial sand and pebble-baaches. 

Erratic boulders ef various sizes and of different types 

of Laurentian gneiss are common in this area* A block of 

tinguaite ef exactly similar characters to that exposed at 

Cete la Visitation was found,, as nuntiiasuL Lihovt. AS no 

rock ef the same type was seen exposed ia the area undea 

consideratieanit is probable that this is also an arratic 

block. 

A glacial clay usually containing small boulders, whose 

largest diameter is about 2 inches, fills in the depression 

between outcrops of rock and is responsible for the softea-

iag of topographic outlines. Whilst there is no direct 

evidence for the mrine origin of this clay, it is of exact­

ly the type which would be formed along a shore-line by 

transportation of mud and small pebbles frozen in floating 

blocks of icey, to be deposited on the stranding and melting 

of the ice* The clay is sometimes covered by a thin capping 

of pest-glacial sand, especially toward the north of the 

sheet* At the extreme north of the sheet the flat plain 
to 

which stretches away tee the north is covered by this 

post-glacial sand. This sand is correlated with the Saxi-

cava Sand of the Ottawa and St. Lawrence valleys* In the 

wood at the extreme north corner of the sheet a small patch 

ef sand covering breccia and di ke material is composed of 

particles derived from tha decay of igneous rocks close at 

hand. 

Pebble-beach. A post-glacial pebble-beach c© vers theeast-

era portion ef the shest, hiding: the contact of th^e Chazv 
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and Treatoa Limestones. A similar beach deposit covers a 

part ef the centre ef the sheet also, being exposed in an 

old gravel pit, (pit-4), and across the golf-links. The 

pebbles are fairly uniform ia siza, Z\ to 3 iaches in 

largest diameter beiag an average size* The beach shows 

stratification of the pebble layers, with a slight dip 

away from what was the shore-liae at the time of deposition. 

This dip is not greater than the normal angle of rest in 

peDble-baaks under the action of the tide. A good exposure 

of the beach was made close to the Town Hall of Outremont 

in laying a sewer there in tha fall of I9II. No fossils 

were found in the pebble-beds with the exceptioa of a few 

shall fragments ia the gravel pit. These fragments were so 

small as to be indeterminable. 

The elevation above sea-level or the beaches or the area is 

between 250 and 280 feet, which is slightly higher than the 

water-works terrace on the other side of the Mountain (220'), 

J".W.Dawson.The Canadian Ice Age. p. 62. 



PETROGRAPHICAL DESCRIPTION OP ROCK TYPES. 
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"PLUTONIC ROCKS. 

PmROXENITE.rn.This rock-type is de\elcp«d at the tip of the 

teague-shaped intrv.sisn stretching partly across /the golf-

links. Macrescopicalxy the rock is black in colour, the 

•aly recogaisable minerals being pyroxene and occasionally 

green grains ef olivine, or brown limonitse-stained 

pstudemerphs after olivine. Microscopically the rock is 

seen to consist of augite, brown hornblende, ilmenite, 

olivine, pyrites, calcite, chlorite, spheae and apatite ia 

that order of importance. 

The augite is by far the most important constituent ©f the 

resk, making up about 70 i of the whole, ©r in some sections 

even more. 'It is slightly violet in colour, is pleochroic 

and holds a number of small inclusions. Its-maximum extinc­

tion angle is 54°. The scheme of pleochroism is c violet, 

of a bluish tint, = b violet, of a redaish tint,> a,light 

wine yellow. The inclusions are very small, and arranged 

in rows, usually straight, but often curved. They are 

,brown in colour, and highly birefringent, and are probably 

rutile. Along its edges the augite shows9occasionally,, 

incipient uralitisation. This is net important,, as the rock 

is remarkably fresh* 

The hTrnblendejis deep brown and pleochroic;- c dark brown > 

b lighter brown y a very light brown. Its extinction angle 

is I9°* These characters shew it to be common hornblende. 

At its edges it is sometimes green, a stage in its altera= 

tiea into chlorite. 

Olivine eccurs in rounded graias. It is much cracked, with 

formation ef serpentine along the cracks, sometimes with 

production of fine maj net it e dust along the cracks. It has 
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some small inclusions similar to thesejin the augite, and 

also dendritic schillers of iron oxide, such as are often 

fcuad in olivine. 

Ilmenite is present in considerable amount in large iadiv-

idualscnet shewiag good crystal outlines. Soma ef it, at 

any rate has crystallised later .than olivine, but all before 

augite and hornblende* 

Titaaite is represented by a few grains or crystaTs with 

geed wedge shape, aad is a secondary product, probably 

formed at the expense of the ilmenite, or perhaps by a Iter-

ation of the augite; for violet augites usually contain 

titanium. It is associated with calcite and chlorite in 

iaterstices/i ia one case with calcPte pseudemorphic aftaa 

augi te. 

Ghlorite, green,pleochroic, (c=b light green,y a ^reenish-

yell^.}, is p.ebmt in small amount. It is formed at the 

edges of hornblende, and is also found associated with 

secondary calcite after augite, in whicii case|it may be 

fibrous. 

Calcite is secondary after augite, and in part after horn­

blende. 

Of pyrites there is only a small amount. It crystallised h 

before the hornblende. 

Apatite is almost absent in some sections and present in 

considerable an ount in other sections. It occurs a s long 

needles. 

The order of crystallisation is apatite, olivine, ilmenite 

pqj"i«e» augite., hornblende. The structure is alletriemor-

phi§. Augite, olivine, ilmenite and pyrite show idiomorphic 
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tendencies, wnilsc -whe hornblende is interstitial, filling 

up the spaces between the other minerals. The secondary 

minerals calcite and chlorite are found in interstices* 

Specimens collected a little further to the west show the 

introduction of plagioclase and a small amount of nephelin.; 

passing into the essexite type developed in the wood to 

the west. Zonary banding of the augitss is another feature 

introduced. 

ESSEXITE. (Prom point 2 on the map). 

The western extension of the intrusive tongue discussed 

above is not well exposed. Such exo osures as are found 

show that the pyroxenite passes laterally into an essexite. 

Macrosccpically this type contains large porphyritic 

hornblendes up to I-J- inches in length and i inch in width, 

set in a gray ground, containing smaller crystals of ferre-

magnesian minerals. Under the microscope the ground is 

seen to be composed of plagioclase, augite, hornblende, 

biotite, nepheline, spheae, ilmenite, apatite, and pyrite 

in that order of importance. The hornblende porphyritic 

crystals and the smaller individuals of the ground have the 

same general characters. In colour it is brown and is 

strongly pleochroic; c dark brown, "J> b a little lighter 

brown /> a very light brown. The large crystals finished 

their growth aftê - the formation of plagioclase and the:.3ss 

hornblende of the ground is also later than the plagioclase 

"hreing 1 intersfitlal^^Thealarge hornblendes sometimes shew 

twinning on 100, and at the same time schiller inclusions 

which appear to be oxide of iron, paraallel to the base. 

This combination gives rise to a harring-bone structure, 
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such as is more often seen in augite. Augite is t:ie most 

important ferro-magaesian mineral of the ground. It is 

violet-gray in colour and shows the same type of pleochrois 

noticed above. Its maximum extinction angle is 42° . It shov* 

idiomorphic tendencies. The bietite is deep brown in 

colour, and strongly pleochroic, jf=b dark brown y M L<$v)r ***"**' 

It is interstitial, and often penetrated by plagioclase 

iadividuals. The plagioclase is usually idiomorphic, pene­

trating hernblende and biotite. It has twinning according 

to the albite and Carlsbad laws. On alteration it yields 

abundance of small mica flakes- paragonite -, with occas­

ionally a small amount rf zoisite. This if-- shown most prom­

inently in the weathered portion of the rock, sections from 

a few inches in frori the surface showing the felspar to be 

fresh. Nepheline is present in small amount, occasionally as 

square sections. It is interstitial to the felspar and is 

detected by the absence of twinning, it^sjuniaxial and nega­

tive c/iaracte'Hrs* In the weathered parts of the rosk it is 

represented by aggregates of mica (gieseckit5), Ilmenite, 

as alletriomorphic individuals.is well represented, and x 

crystallised after the augite. The sphene is a secondary 

product formed from the ilmenite, and often surrounding it. 

Apatite is pros ant as stout needles and rounded grains* 

There is a little pyrite, sometimes enclosed by hornblende. 

The order ef finishing crystallisation is apatite, augite 

ilmenite, felspar, pyrite, he ot it e, and hornblende* The 

larger 3® rnblendes must have begun their crystallisation 

before some of tha other minerals, but its final stages 

were later than the formation ef felspar* 
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Essexite. Inclusions in dike R8. 

This type occurs as roughly spherical inclusions, up to r£ 

inches in diameter, in a nepheline-syenite dike in the cut­

ting near pit 3* It is a dark gray rock showing numerous 

black porphyritic crystals of augite, up to i inch in 

length. In this section the following minerals are distin­

guished, arranged in their order of importance, augite and 

plagioclase in nearly equal amounts, ilmenite, pyrites, 

nepheline, apatite, biotite and titanite. The order of 

crystallisation is apatite, ilmenite, augite, biotite, 

plagioclase, nepheline, pyrites. The augite is greenish-

gray and slightly pleochroic. Its extinction angle is 47*. 

It is much altered along its edges and cleavage cracks into 

ragged brown uralite. It has small inclusions of biotite in 

it. Plagioclase â t times appears to be more important than 

augite. It is usually fresh, and shows both Carlsbad and 

albite twinning. A small amount of brown biotite is present 

T».i .i -4wrji 1ii",uiiHiiTi . It is strongly pleochroic, a^^c, a and 

b deep brown, c light yellow. It occurs as small inclusions 

in augite or partially wrapped round ilmenite. A few section? 

of nepheline are distinguishe d by their uniaxial character. 
e 

Gelatinous silica confirms the dtermination of this mineral. 

Apatite is abundant as large crystals or grains, and is 

enclosed by all the other minerals. Ilmenite, in consider­

able amount, has irregular shapes, and is sometimes enclo­

sed loy augite, itself enclosing apatite. It often has small 

pieces of biotite closely associated with it, though not 

as a complete celyphite 
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border. In some cases the ilmenite has given rise to a 

little secondary sph~ne. Pyrites occurs erratically as 

ragged irregular patches, evidently formed &G, or subsequent" 

to the consolidation of the rock. A little chlorite is 

formed' by alteration of uralits* 

yTEPHELIHE-SYEFITE. Worn pit 2. 

In hand-specimen this rock is a dark-coloured, almost blacjf 

fine-grained ^ock, cut by many small white veins, not often 

mere than an inch in thickness, and carrying only small 

specks of black minerals. The dark part is a nephelin-­

syenite, and the white veins can best be designated aeshel-

ine-aplite. 

The aephaliae-syeaite is a remarkably fresh rock and is 

composed of orthoclase, hornblende, aoseaa, nepheline, 

plagioclase, sphene, ilmenite and- apatite. 

The orthoclase is allotriomorphic, sometimes shows Carlsbad 

twinning and encloses many minute needles of apatit-j. The 

hornblende has idiomorphic ouclinss, is green in colour, 

and pleochroic. The colour scheme is :- c dark green 

b dark green a greenish-yellow. It has a maximum extinc­

tion angle of 21°and eccasioally has the common hornblende 

twin developed (IOO).Uosean is irregular in shape, or 

hexagonal or ananged r,s a group of he^a^ons. It normally 

has inclusions of the other minerals with the exception of 

felspar and nepheliae. It shews incipient alteration to 

small mica flakes {gieseckite). Uepheliat is present in 

small quantity and is distinguished from orthoclase by its 

uniaxial character. It is interstitial and does net shew 

good crystal outlines* 
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A few sections of plagioclase are present, showing abitt 

twinning. Sphene is abundant, ef a brownish-gray colour, 

is slightly pleochroic and shows good wedge shapes. Ilmen­

ite is sparely represented by irregular grains. Apatite 

occurs as very many minute noodles in hornblende, felspar, 

aosean, and occasionally in ilmenite ard sphene • 

The orHier of crystallisation in tlais^reck is apatite, 

sphene, ilmeaite, hornblende, felspar, nepheliae, nosean. 

UEPHELINE-APLITE. Also a remarkably fresh rock, found as 

small veins cuttiag the last-described type. It consists of 

plagioclase, orthoclase, nosean and nepheline, with very 

small amounts of hornblende, sphene and ilmenite. The struc 

-ture of the rock is allotriomorphic with greatest tendencyfe 

idiomorphism on the part of the plagioclase* The plagioclase 

is the most important constituent of the rock and shows 

twinning according to the Carlsbad* albite'Aand rarely to 

u 
the pericline aw. Hosean is interstitial and sho..& altera­
tion to cancrinite. The nosean was proved in this, as in 

other casss by precipitation wi th BaCl* .$ep.aeiine is pres­

ent ei*.ly in small amount. The hornblende has the same char­

acters as in zn.fi rock described last, but in this case is 

interstitial, filling in spaces between felspar individuals 

The ilmenite is not abundant and is sometimes idiomorphic 

at d sometimes interstitial to felspar. A few grains of 

sphene occur and part of it at a&y rate is secondary after 

ilmenite, and is then in close association with ilmenite. 

The order ef crystallisation is ilmenite.*. ia part, sphene* 

in part, plagifelase, orthoclase, ilmenite, ia part, horn­

blende, nepheline and nosean. 

The contact between this reck tvte and the aepheliae-svenit^ 
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which it cuts is ve^y sharply marked, (vide Plate 4 fig. 2) 

aad there is a« indication of reaction between the nepheline-

aplite and the first formed nepheline-syenite. 

COMPACT NEPHELIffE-SYEKTITE. 

This type occurs at the psint marked S en the map, as the 

darker part of the nepheline-syenite breccia discussed 

above, and figured at Plate 3 fig. 2* The rock is dark-gray 

and fine-grained. Microscopically it is seen to consist of 

hornblende, orthoclase, augite, nepheliae, plagioclase, 

nosean, sphene, ilmenite, aad apatite. The hornblende a© 

small perplryritic cry&tals has a brown core, with green 

edges, whilst the smaller crystals are wholly green. This 

distribution of colour suggests aa enrichment of the magma 

in soda as crystallisation progressed, and the consequent 

formation of green'-hornblende, carrying a larger ^age of 

soda thaa the brown variety. Its pleochrsism is defined as 

follows:-c brownish-green^ b brownish-green ^> a light yelled 

-ish-br-en, without the brownish tints in the green crystals. 

Twinning on IOO is occasional. The hornblende is idiomorphic. 

Augite is porpyritic, usually colourless, or occasionally 
A 

with a slight greenish tint. It is distinctly subordinate 

ia amount to the hornblende. The maximun extinction aagle 

observed is 49°.The orthoclase and aepheline are interstit­

ial, the nepheline often shewing square sections. A small 

amount of interstitial iseiTopic mineral is nosean, demons­

trated by precipitation with BaCl^.Sphene occurs as numerous 

small wedges or rounded grains . The ilmenite is in small 

grains, often enclosed in hornblende. Apatite occurs as 

minute needles. The e£der of crystallisation is apatite, 

sphsae, ilmenite, augit-?, horableade, plagioclase, nepheline 
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orthoclase and nosean* 

PULASKITE. 

The lighter part of the nepheline-syenite bseccia is of the 

composition of a pulaskite* It encloses angular fragments 

of the compact type just described. It is light gray in 

colour, with needles of hornblende in a gray ground. It is 

composed of plagioclase, orthoclase, hornblende, nepheline 

sphene and ilmenite. The plagioclase occurs as elongated or 

lath-shaped crystals, with Carlsbad and albite twinning and 

is by fa^ the most important constituent of the reck. It 

shows zena~3r banding, Orthoclase is present in considerable 

amount, but is distinctly subordinate to the plagioclase* 

The felspars are often clouded with kaolin dust and small 

r'ica flakes, products ef decomposition. The hornblende has 

the same characters as in the rock type last described, the 

brown colour being more developed with occasionally slight 

green rims. The crystals are larger . Nepheline is present, 

but only in quite small amount* A considerable amount of 

sphene is present. It has the usual grayish tint a;id is 

very slightly pleochreic. Some of it is secondary. The ordar 

ef crystallisation is ilmenite, sphene, hornblende, plagio­

clase, orthoclase, nepheline* 

Ia both ef the rock types in this breccia mica-like decom­

position products are present, but are not large enough to 

distinguish whether it be muscovite or cancrinite. Mere 

probably it is the latter. 

HEPHELIffE-SYSNITE. Prom peiat marked T on the map and cover 

-iag a notable area on the ssuth-Sast of the top of the 

hill, in the wood whicn covers the south-sstst part of the 



sheet. It is a dark gray rock with long needles of horn­

blende and having lighter spots richer in felspar, ia 

which^again?a^e pink spots. Microscopically plagioclase, 

hornblende, orthoclase, sphene, nepheline, ilmenite,., augite 

apatite and pyrite are recognised, in that order ef import­

ance. The plagioclase is allotriomorphic and shows Carlsbad 
albite and periclins twinning. Tiie orthoclase is subordinate 

in amount ia the ^darker parts and mtre abundant ia the 

lighter parts. Alteration of both varieties gives rise to 

a felted mass of mica flakes. The hornblende is brown and 

often shows decomposition along its edges with the produc­

tion of magnetite grains. This is due te a slight ameurt of 

resorption* Its pleochroism is described as follows J-

c dark brown > b dark brown )> a light yellow. The maximum 

extinction angle observed is 30°. There are occasionally 

be 
Email green pieces on its edges, which may richer in soda, 
or places where chleritisatiea is beginning* Nepheline is 

present in considerable amount and becomes an important 

constituent in the dark gray parts. It is recognised by its 

uniaxial character.Occasional square sections are seen, but 

it is usually interstitial* On alteration it gives gieseck-

ite. There is a large amount of a-phene in the reck*,as 

large and well-formed crystals of light grayish tint and 

only slightly pieocnroip. it ig often completely altered, 

sometimes to an opaque mass, sometimes to a na ss of rutile 

needles and calcite with a small amount of iron oxide. The 

whole ma^s retains the original shape of the sphene crystal. 

The rutile needles ar~"e brown, slightly pleochroic and high 

-ly birefriagent. Often they do not extinguish at all, but 

when sxtiantlea occurs it is straight. Ilmenite is the 
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chief iron ores and f~s idiomorphic toward hornblende, not 

toward apatite. There is a small amount of pjTite which is 

a late product of crystallisation. Occasional hexagonal xx 

clusters of mica flakes are pseudomorphs of gieseckite, af­

ter basal sections of nepheline. Long needles of apatite 

are seen penetrating other minerals, e.g. hornblende and 

ilmenite. There .one or two sections of augite of violet 

tint, showing a faint pleochroism, violet to yellow as be­

fore. There is also a little secondary mica in the rock, as 

larger crystals than are usually formed as secondary prod­

ucts. The order of crystallisation is apatite, ilmenite, 

sphene, augite, hornblende, plagioclase, orthoclase, nephe­

line and pyrite. 

TINGUAITE. This type was found as a loose block at the 

point marked V on the map. It is most conveniently describ­

ed here. Probably it is a transported boulder, though in 

hand-specimen it is very similar to a dike found in the 

golf-links to the north, but which has not yet been examin­

ed i~n thin section. It is a dull gray, even-textured rock. 

Under the microscope it is seen to consist of orthoclase, 

nosean, aegirine-augite, nepheline, plagioclase, melanite 

garnet, augite and ilmenite, in that otftler of importance. 

The aegirine-augite occurs as very small needles, not mak­

ing tip a large part of the reck. It is markedly pleochroic, 

a>b>c, a dark green, b lighter green, c yellow-brown. It 

usually has a small extinction angle but some sections with 

angles up to 25° were noticed. Cross-sections are remark­

ably rare in the slice, though so many of the needles are 

present, but when they do occur they show the prism faces 

at the pyroxene angle, and so can not be confounded with 
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hornblende. Orthoclase makes up most of the rock and occurs 

as large allotriomorphic sections. Plagioclase is very 

subordinate in amount. Nosean is represented by interstiti­

al masses, which sometimes show a hexagonal shape. It has 

the characteristic inclusions of nosean , which are often 

iron oxide, often secondary calcite. The nepheline is most­

ly altered to cancrinite, which fcrms interstitial patches, 

or small square sections • The latter are very common. 
4 

Occasional larger sections are unaltered'. The melanite is 

almost opaque in thin section and is alv/ays small in size. 

It has good crystal shapes. Augite is rare and has a green­

ish colour and is surrounded by a rim of aegirine-augite of 

deep green colour. The augite is slightly pleochroic and the 

rim is strongly pleochroic. The extinction angle of the 

augite runs up to 43°, but that of the aegirine-augite rim 

is much smaller. A few grains of ilmenite are enclosed by 

the augite. 
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THE LARGER DIKESt AND SHEETS. 

ESSEXITE DIKE. This type occurs at the corner of Rockland 

and Van Horae Avenues. It contains a very few amygdales, 

not now exposed, which are filled v/ith prehnite, calcite 

aad pyrite. The rock is composed of the following minerals 

Augite, hornblende, plagioclase, pyrites, biotite, sphene, 

Ilmenite, apatite, and secondary, infiltered calcite. Ia 
is . . 

haad-specimen it >a s a fairly coarse grain and rich ia 

pyrite. Under the microscope the augite possesses a violet 

colour with very faint pleochroim of the violet-yellow type 

It shows twinning on 100 and also zonary banding* It also 

is seen intergrewn with hornblende, a cere of the former 

beir.M surrounded of; the latter. It has an extinction angle 

of 48* . Alteration to dirty, ragged uralite is uncommon aad 

only slight. Herableir.de is subordinate in amount to augite. 

It is deep brown in colour and very pleochroic. c>b>a. 

c dark brown, b dark "he own, a yellow. It shows the common 

hornblende twin, (on 100), and has an extinction angle of 

22°. Biotite is less important ia amount, d^9"p brown in e 

colour and strongly pleochroic. a=b>c. a&b deep brown, 

c yellow. It often occurs wrapping remnd augite. Plagiecla?* 

is p.n.et? onerphic ? *sd ̂ akee up the larger part of the rest 

of t^e r-sck. It has Carlsbad and albite tv;iaaiag aad alters 

to paragonite flakes and kaolia dust. Orthoclase fee quite 

subordinate in amount, is associated with the plagieclass* 

and gives risepo small mica flakes an alteration. Uepheliae 

is represented by gieseckite, in interstitial patches. 

There is also a faPr amount of unaltered interstitial 

aepheli*2.Pyrites occurs as ragged, iaterstitial patches, 
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issvery abuadaat aad t^idsatly formed after the consolida­

tion ef the rest pf the rock. Sphene is present ia coasid-

erable quantity, is slightly^in colour, with pleochroism 

to a darker gray. Many pseudomorphs after sphene occur. Thai) 

are chiefly iroa oxide, arranged along what were origiaally 

the cleavage planes of the sphene, b^ing now of the aature 

of a grating. The spaces between the bars of iron oxide ar * 

variously filled in by calcite, pyrite and sometimes hora-

blende. One case showed a combination ef calcite and rutile 

filling, proving derivation from spnene. Many of the rseud-

•morphs hava the lozenge shape ef sphene. 

ALTERED BASIC HEPHILIFB-SYEHITE DIKE. 

This type is met with in the wood b037-0ad the gelf-liaks$ o± V*J. 

It is a dark gray fine-grained reck, with porphyritic 

crystals of augite and an;g:o.g*3r4j filled^with epidote. These 

are ealy a fraction ef an inch "»n diazneter, but are quite 

conspicuous on account of their grsen 'colour. The rock is 

composed of orthoclase, augite, hornblende, ilmenite, zeol^ 

ites, plagioclasej pyrite, s^heit, epidote, apatite &,nd 

ciA£ilcite in that order of importance. Tht augite is porph­

yritic, very slightly coloured aad feebly pleochroic*It has 

twiaaing sa 100 tft.-r.,aad lamellar twiaaiag' ©a 001 rarely. 

It shows zoaary baadiag and has aa extiactioa aagle of 53° • 

There is a secead generation of smaller augites of the same 

kind. Htr^TSemde eccurs as small laths of brewa colour. Its 

pleechroism is c>b7a, c deep brown, b deep brown, a yellew* 

Twiaaing on 100 is commoa. Its extinction aagle is 14° « 

Orthoclase fills, ia the spaces between the ether minerals 

am.d alters to sericite aad kaolia dust, the1 aet to a 
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large exttat.Plagioclase is very subordinate ia amouat* 

Ipidote occurs in nmyfnil mi with felspar. It is se^stmts 

twinned ofl IOO aad is marksdly plttchrtic:-c>b>a , c grttn-

ish-yellew, b light greenish-yellow, a celeurless* A cast 

tf iattrgrtwth of epidote at d augite was atticed. Zeolites 

with sheaf-like arraagement or as felted masses indicate 

aepheline to have been small in amount before its alteration. 

There is a very small quan^ioy of aaalcitt. Io tccurs ia 

cavities, has traces of cleavage aad a low refractive iadex 

It is regarded as a secondary product. Ilmeaite is import­

ant in amount and tends to take en crystal shape. Pyrites 

is subordinate, has ragged shapes and is found enclosed by 

augite and also associated with epidote, before which it 

was formed* Sphene is common as gray, slightly pleochroic 

wedges., and apatite as-fine needles. Secondary calcite is 

quite important. The order of crystallisation is apatite, 

ilmenite, sphene, pyrite, augite, hernbltnd"">, felspar, 

nepheline and epidote. 

HEPHELIHE-BEARIHG CAMPTONITE. 
* M — ^ — w — — • » » — • — ^ — l i n in. •• i •• i I • n • • ! • • M I * » I - ^ ^ » — f c — ^ — w * — ^ ^ — — > 

This rock occurs as a sheet in pit 3. It is a bluish-gray 

fine-grained reck rich in pyrites. It consists of plagiocl­

ase, hornblende, pyrites, orthoclase, cancrinite, secondary 

calcitt a&d sphene in that e&der tf importance. The horn­

blende is very much resorped and lighter brown ia colour 

thaa usual ia those rocks. Twinned plagioclase makes up six 

mtst tf the reck and is slightly alttred with the ftrmatita 

tf paragoaite flakes. Caacriaite after asphtliat is prtseat 

ia fair the1 sail quaatity btthjas largtr iaterstitial 

masses aad also as small square sections.The order of 
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crystallisation is apatite, sphene, ilmenite, pyrita, hcra-

Dlende, plagioclase, orthoclase and nepheline. 
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Outremont Breccia. 

The "cement" of the "Outremont Breccias" is a-camptsuite 

which is dark bluish-black, fine-grained and nolo-crystal-

liae. It is a very fresh rock. In thin sectioa it is seen 

to be composed of hornblende, plagioclase, au.gite and pyrite 

with small grains of sphene whoch appear ca ue secondary, 

and in one section, one small crystal of zircon* The radios 

of the two most important minerals, hornblende and felspar, 

vary, but the hornblende is usually the more abundant. 

The hornblende occurs as euhedral crystals of elongated 

lath-shape, olf a or own colour. Twinning is a c omnia J» feature, 

oil-; twin plane being IOO. The pleachreism is well-marked, 

c>b>a, c dark brown, b dark brew**, a light brown. Extinction 

angles are mostly low, values between 20' and 25° are common, 

the maximum observed reaching 36° , Occasionally it shows 

green edges or tips which suggests tne presence of &eda 

excess in the lii&giua in ine final stages of consolidatioa. 

There are a few porphyritic crystals of augite of larger a 

size than the crystals of hornblende. They have a faint 

violet or brownish tint and have the slight vieletypllow 

pleochroism so characteristic of the area. Its maximum 

observed extinction angle is 49° • Under the high power an 

iattrgrewth of hornblende and augite ijuseen, a kernel of 

the latter beiag surrounded by a rim of the former. The 

groundmass contains small crystals and grains of augite of 

the second generation and also some long fine noodles of 

augite. There is a large amount of interstitial pyrites 

with ragged shapes, suggesting a deposition subsequent to 

the consolidatioa of the rock. Therj is also pyrites ia the 
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finer-grained part of the rock, where it occurs as good 

crystals and is a primary constituent. 

The rest of the rock is composed of plagioclase felspar. 

Part of it occurs as lath-shaped crystals of the usual type 

showing albite twinning., but a large proportion of it has 

a radial arrangsment highly suggestive ef spherulitic or 

variolitic rock types. The radial arrangement is usually a 

good deal more perfect than in the ordinary type of variol-

ite. A separation was made to confirm this radial felspar, 

and it could not be .separated by means of differences tf 

specific gravity from the lath-shaped felspars. By use of 

Shroeder van"dar Kolk's method aad Wright's series of oils 

the felspar of the radial kind was determined to bo a vari­

ety of aadesine*. The twinned felspar is also andesine. 

A considerable amount of secondary, infiltered calcite is 

present in the r^ck; Resorption borders are frmd with both 

the augite aad hernhL ends. 

In some m rietiee brown biotite is present and ilmenite may 

be the chief iron ore to the almost complete exclusion of 

•pyrites • 
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THE SMALLER DIKES. 

CAMPTONITES* These dikes are the most common type ef the 

district, fully 75< tf the dikes falliag ia this class. 

The most (. truinta—type is very fiae-graiaed with sometimes a 

slightly coarser centre. Tn cnnrvnl itAas a dark bluish-

gray colour and is usually rich ia iroa pyrites, jtiat 

plaats tsptcially being faced with pyrite. More rarely a 

camptonite is perpyntic, 
ft. 

Microscopically the camptenites are very similar. The two 

important constituents are brown hornbL ends and plagioclase 

Orthoclase is only rarely present, e,g, in the fine-graintd 

edge tf dike 2. Brown biotite is a common mineral the1 by 

no means universal. In one case, the fine-grained edge of 

dike 2 it becomes more important than the hornblende and ± 

the rock then approaches a kersantite in composition. Of 

accessory minerals pyrite is the most important and usually 

is later than the other constituents, sphene is very char­

acteristic and ilmenite is sometimes present, whilst apatite 

always occurs in fine needles. Infiltered calcite is a con-

stant feature and in some dikes wich are much altered 
9 A 

because they have determined the flow of springs the ground 

efjthe rock is so pervaded by calcite that it is impossible 

to recognise good sections of the felspar* 

The hornbLende is idiomorphic, except ia one case, that of 

a small stringer cuttiag dike 22t in which case the plagio­

clase is idiomorphic and the hornbltndt is interstitial. 

The horablende is deep brown ia ctolour and markedly pleo­

chroic:- c>b?a, c aad b deep browa, a light ytlltw or 

yelltwish-brtwn. In shape the crystals are elongate, often 
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very muchbe; an extreme case is seen in dike 26* The horn­

blende is sometimes fresh, and sometimes shows strong dev­

elopment of resorption phenomena. In this case the crystals 

are bleached and there is formed an epacite rim tf magnet­

ite grains; sometimes the whole crystal being affected, ia 

the case of smaller iadividuds*, ©aly the edges and cleavag 

cracks being affected in the larger crystals. Twinning on 

IOO is a constant feature of the hornlHends ia these dikes. 

There is no fflarfcad change ia size of the hornblendes nut 

all sizes are found from the largest to the most minute, 

aad it is impossible to mark off definite generations of 

crystals. The biotite is deep brown and pleochrtic:- a ^6 

deep brown,>c light brown or yellow. It never shows crystal 

outlines and is always a later product of crystaliisatioa 

thaa hornblende, round which mineral it partially wraps 

itself. The plagioclase may be subordinate in amount to 

the hornblende, as in dike P4, or it may be more important 

as in dike 23. Twinning on the albite law is distinct. 

Alteration yields small fLakss of mica. Sphene is found as 

good wedges or as irregular g aias. In spots in some dikes 

it is very important in amount, e,g, dike 26* Elongation of 

the wedges is often seen, the two adjacent faces being 

enlarged, producing a spear shape with non-paralellisnwof 

the opposite faces* This is figured at Plate4 fig.I. In one 

dike, ao. II, some very fine needles were noticed ia a 

felspar-rich patch.They are confined to this patch aad are 

very numerous tnere. Most tf them are straight, but some a»c 

curved. They have the high refractive index and birefrin­

gence of sphene. their extinction is not straight. They are 
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provisionally identified as sphene. See Plate 4 fig. 3. 

The pyrites of the dikes is always indefinite in shape and 

was clearly deptsited in its present ptsititn by tht agency 

tf circulating solutitns at a peritd subsequent tt the 

ctnsolidation of the dikes. Ilmenite is aot so coastaat, 

atr so important a constituent as in the rocks of coarser 

g^ain in uhis district. 

PORPHTRITIC AUGITE-CAMPTOFITE. 

This type deserves .s= 
separate description. Its best example 

is dike 23. The description will refer to this dike with 

occasional mention of dl ke 2. 

The dike reaches a. JBaximtmi width of 4-J- feet, hasja strike tf 

113° and dips at 6I°ts the south-west.It is a dark gray 

rock with black,and more rarely green porphyritic crystals 

up to jt iach in length. The black ones include augite and 

hornbL ende, whilstrthe green snes ara augite. The dike has 

a fine-grained, chilled edge i incbjin width. In thin section 

the black augite is grayishhaad slightly pleochroic. It has 

inclusions of ilmenite, hornblende and plagioclase. Mere 

rarely sphene is enclosed and ens cavity contains second­

ary calcite and secondary green hornblende. Inclusions of 

felspar in the augite of dike 2 ̂ ve curious schillers of 

magnetite, usually in two sets at right angles, more rarely 

at 60°. The maximum extinction angle of this augite is fl, 

The grsen augite is colourless and full ef minute inclusion 

It has an extinction angle of 41°and occurs as aggregates 

of crystals. 

Other smaller porphyritic augites are now represented by 

carbonates.. The augites show incipient uralitisation at the 
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edges aad aloag cleavage cracks, btth browa aad green ural"" 

ite beiag seea. The horableade porphyritic crystals have 

similar characters to those indicated abtve. They show 

resorption along the edges and cleavage cracks, with the 
fo entivct'OYi antj/t «i 3/°. 

production of magntite granules. Porphyritic crystals of 

plagioclase are rare and show zonary banding. 

The gr-j.vuad is composed sf hornbl ende, much resorped and 

plagioclase, with much pyrites in large masses of irregular 

shape, a small amount of sphene some of which is secondary, 
Tlit fiojji delate " < w a««Ce4t«<£ • 

and apatite im.r f ine needles.AMuch secondary, infiltered 

calcite occurs in the ground. A little epidote occurs in 

the hornblende, as a decomposition product and a colourless 

epidotic mineral with low birefringence, probably cline-

zoisite is associated with calcite, pyrites and green acic-

ular hornblende in.a vesicle.A little secondary quartz is 

also present in vesicles. 

The fine-grained chilled edge of this dike is composed-tf 

plagioclase laths and much infiltered calcite with a few 

pyrite individuals, some very fine magnetite granules and 

some remnants of hornblende in the last stages ©f resorp­

tion. There are in addition one or two pseudomorphs aft or 

porphyritic elements some of which would appearto be fels­

par, but one was noticed now occupied radial aggregates of 

zeolites, suggesting the probable former existence of 

porphyritic crystals of nepheline in this chilled edge 

fades of the dike. 
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Seller dike? of the bostonite family. 

Gieseckite-porphrrv. Two of the dikes of which thin sec-

tions have been examined fall here. They are 17 and R7. 

The former whe-i :?-~esh h: r r gro^^d of bestonitic character, 

in which were embedded crystals of hornblende, now repres­

ented by partially resetted remnants changed over to green 

chlorite, and ft ill contai?iinr- granules tf magnetite. It 

also had porphyritic crystals whieh are.now represented by 

rectangular ana squareppseudomorphs of small mica flakes. 

Prom the general shape of these pseudomorphs it is probable 

that they represent origi-iai iiepheline, though it is poss­

ible that the sana kind of thin^ ^ay be produced from orig­

inal felspar* Infiltered calcite is constantly seen. 

The latter dike is much more altered and the ground is 
all 
almost calcite. Some felspar remains and indications of the 

former existence of hornblende exist in remnants in the 

last stages of reso^ptie*! > there being anly grains of mag­

netite now in what was originally a hornblende crystal. The 

thin section ef this dike examined had one square section 

composed of small mica flakes, and as in the last case may 

be considered as indicative of original nepheline, or poss­

ibly of felspar. 

Bostonite. 
llllll' I I I ! . -

A true bostonite is the paste of the Potsdam breccia in the 

cuttiag south-east of pit 3. A similar type occurs on the 

top of the hill in the wood west of the golf-links. 

The paste of this breccia is far from fresh and has a 

brownish-yellow colour. It is fint ia graia. It contains a 

large number tf quartz aad felspar grains derived from the 

same source as the auartzite raebbles. The matrix in which 



those grains are embedded, is. composed of calcite and- min­

ute mica flakes in the more weathered portions. The mica 

flakes (prtbably the para£tMte variety), are the altera­

tion products of tre original felspars of +he b05~0AiJe. 

IA ^be fresher part? sf the r o d the e^iginal felspar laths 

can be seen and also a few resorted remnants of hornblende, 

tnly recognisable as such after having been followed thro1 

all the stages of resorption in other slices. The g* eater 

r>art of the rock was composed of felspar and in addition to 

the lath-s/taped felspars there were felspars with rrdial 

arrangement as in the paste of the Outrenort breccias. 

Pots dam? Quart z i t e% 

T1:̂  inclusions ir the bostonite paste are composed of 

quartz and clear felspar grains, both orthoclase and plag­

ioclase being present. The structure is typically quartzitic 

the grains being uniform in size, angular in shape and 

filling up the holes of the mosaic. Very occasionally there 

are some smaller grains than the average. There is also 

evidance of the int-^sisn of bosttnitic material into the 

quartzite, especially round the periphery of the pebbles. 

This intruded bostonite of the pebbles is the frehest 

representative of that rock type. The intrusive action is 

thus seen to have been accompanied by an interchange between 

the intrusive and intruded. T^e other minerals to be noticed. 

in the quarts its are zircon a:fld ""utile, which occur ia small 

grains having the usual characters of those minerals. The 

rutile is dark brown in colour and pleochroic. 
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H0T1 ON PKETOITE Iff DIKE. 

In the essexite dike occurring at the ctrner tf Van Htrat 

and Rtckland Avenues were ftund a few amygdales, whtse si*t 

reached 4 inches in largest diameter and i inch tt i inch 

in thickness. These amygdales were filled with prehnite, 

with which was asstciated a little calcite aad pyrites. 

The prehaite >as a light green colour with small patches of 

a yellowish tint. It is arrangad ia sheaves of fibres, with 

aa atttmft at radial structure. It fuses easily to a 

blebby enamel and is insoluble in HC1. It has a hardness tf 

6 aad its specific gravity, determined by pycntmettr is 

2.97. A determination of its r*fractive index by Prof. 

Graham gavs 1.622, a value which falls between these of the 

highest and lowest refractive indices of prehnite. A full 

determination of refractive indices was net made because 

of inability to secure a suitable prism. 
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DESCRIPTION OP PLATES* 

Plate I fig. I.Ye^rjrer camptonite dike of more acid variety 

cuttiag older basic camptonite dike through tht middle. 

The younger dike thews rtgularly spactd joints. Dikt 15, 
t 

exptsed in trench in Rtckland Avenue* 

Plate I fig. 2. "Outremont Breccia", Rockland Avenue. Shews 

whitt baktd limestone blocks embedded in almost black camp­

tonite paste. 

Plate 2 fig. I. Ptrphyritic augite camptonite. Dike 23, 

Rtckland Avenue. x5/8. 

Plate 2 fig. 2. "Outremont Brescia", shewing angular limes­

tone fragments in camptonite matrix, x 3/5. 

Plate 3 fig. I."Outremont Breccia". Camptonite paste show­

ing "ropy" surface, x 5/8. 

Plate 3 fig. 2. Naphelirie-syemite breccia from pointS, see 

map. The darker parts are compact nephaline^-syenite, the 

lighter-coloured matrix is a pulaskite. x 2/3* 

Plate 4. fig. I. Typical field of felspar-rieh camptonite; 

U uralitised augite, H brown hornblende, B brown biotite, 

S spear shaped sphenes, iron ores are opaque* The relative 

amounts of felspar and ferromagnesian minerals in the more 

salic members of the family is well illustrated by this f ig<. x/s*. 

Plate 4. fig. 2. Shows the very sharp contact of the nephe-

line-aplite and nepheline-syenite found in pit 2. S sphenes, 
iKe 
dank mineral is green hornblende, the solitary opaque min-
A o* M 3 W 

eral in the veinAis dron ore. The colourless minerals are 

felspars, x 75. 

Plate 4 fig. 3. Field of felspar in dike II, showing long 

needles with high refra©tive index and birefringence,proba-
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bly sphenes. The opaque minerals are iron ore. The felspar-

rich patch is an inclusion in a typical canptonite dike* 

x 350* 

Plate 5. Thin section of pyroxenite, magnified 6-J- diameters 

A augite, H hornblende, 0 olivine. 
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