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I.
INTRODUCTION.

A study of the geelegy eof a portiem ef the tewnship of
Outrement was made by the auther, at the suggestien ef
Drs. Adams and Bancreft im the fall ef I9IO and cemtinued
in the fall ef I9II, The laying ef sewsrs during tiais
peried afferded certain expasures which were deemed
werthy ef recerd. A geelegical map has been made includ-
img that part ef Outrement bounded by St. Catherines Rd
and the C P R Main Lime, by Reckland Avenue and the
small weed te the scuth-east ef the gelf-liyks, The area
has a length ef I300yards and a width ef 1240 yards.

A survey was made usinmg the transit-stadia methed. True
azimuth was ebtained by means ef sun ebservatiens. A plet
ef the survey has beca mads en the scale ef 400 feet= Iin,
My best thanks are due to Mr.G.H.Gilchrist eof McGill
University fer his practical assistance in the surveying,
to Pref McLeod of McGill University fer the lean ef a
tramsit, and te the Directer of the Geelegical Survey ef
Canada fer the loan ef a surveying-red (Mr. Beyd's patterm]
PREVIOUS WORK.
The area undesr cemsideratiem is included in the sheetjef
Mentreal and vicimity published by the Geeigical Survey
¢f Camada te acccmpany the repsrt of Adams and Lerey en
The Artesian ard ether Deep Wells en the Island ef
Mentreal ( Arnmn. Rep., G.S.C. N.S. XIV. Pt. O. I90I,)
A summary repert eof Lerey's werk in cemmectier with the
areal geelegy ef the same sheet appears im Amnmn. Reps G.S.C

F.S. XIII I900. p. I39A, Clesely relatedbreccias te these

treated im this paper have bezm discussed by different
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writers. Mentien is made e¢f the St. helen's Islard breccias
im the 1863 repert en The Geelegy of Canada, arnd agair by
Ells, Amn. Rep,.G S.C. N.S. VII . IJJ. They have alse
baen discussed by Nelan and Dixen, Can. Rec. Sci, IX pp-53-
66. I903,, and by Harvie, Trans Rey. Sec. Camada, 3rd. Ser
Vel. 4 Sect. ¥ p. 249. I1909-I9I0, Other breccias in the
vicinity ef Mentreal have been discussed bv Harvie (lec.
¢it;3 and by Bucham, Can . Rec. Sci. VII p. 524 IY02,

The mest detailed treatment is that ef Harvie, which deals
with all the knewn eccurrences of breccias in the vicinity
of Mentreal at the time at which the paver was written,

An sutline of the gemeral characteristics ef the Mentereg-
iaanéifngraphical Prevince has been given by Dr. F. D.

Adams in the Jeurmal ef Geslegy, Vel. XI, Ne, 3, I903,
page 239,



TOPOGRAPHY.,

The area censtitutes a small patch haviang a slight
elevation abeve its immediate surroundings, except teward He
soubth-east in the directien of Meunt Reyal. It ewes this
te the fact that certaim breccias and other igneeus roecks
exposed in the area are harder than the limestonaz of the
district, Eggghahave, ewing to their greater resistance te
weathering, retained a slight elevaticn abeve the nermal
limestene, The higher parts and all slight elevatiepys
are feund te censist ef the breccias er ef igneeus recck,
Between the more elevated parts a sefter centeur is depen-
dent en the limestene, which is the immadiately under-
lyimg roeck. Ir seme parts a cevering ef glacial clay er
sand preduces a further saftening ef wutline, Ome curieus
tepegraphic reaturs calls fer mentien. In the gélf—links,
aleng the nerth face of the scarp ~n which the club-heuse
is built is a series of small elevations and depressioens,
semetimes herse-shee shaped, semetimes almest circular,
abeut ten feet in diameter and four feet in depth. These
afferd an excellent set of bunkers, but the explanatien is
net ebvieus at first sight. The gravel besach which is
expesed imn the large pit te the west cevars this area and
was fermerly werked fer gravsl, sns layer being valuabie
and the rest‘valueless, The valuavle layer was werked ia
the winter-time by tunnelling, the suppert sof the roofl
baig effected by the ice im the frozen gravel. Im the
spring the upper layers ef pebbles and gravel cellapsed

giving rise te the hummecky appearance of the surface

which has been neticed absve.
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The merthsvn edge of the shes~t is part ef a flat plain
cevered with pest-glacial sand which stretches away te the
nerth.
GENERAL GEOLOGY.
PLEISTOCENE. Glacial c¢lays ard beuld=rs, post-glacial
sands, == and gravels,
POST-LOWER DEVONIAN. Intrusive plutenic recks, dikes
breé}aa.
ORDOVICIAN, Trenton Limestene
Chazy Limestene.
CAMBRIAN. Petsdam? gquartzite, included pebbles in
breccias.
POTSDAM. This fermatier is pessibly represented by inclu-
siens ef quartzite pebbles which eccur in a matrix ef
igneeus material at varieus pcihts, which are irdicated en
the map. The quartzitss were caught up by the magma in its
passage threugh recks at a lewer level. in th- earth's
crust. The general characters ef the peuvlses wure these eof
the harder and better cementsd meimbers of the Petsdam Serieg
underlying the district , but i the absencs eof fessil.
centemts, refercnce te this herizen is purely tentative.
CHAZY Expesures imn a trench aleng Van Herne Av. shewed

of urbiash :
, JSeme layers are cearsely

bedes of a dark gray limestene
crystalline, Fessils were obtained frem a marrew band abeve
the cearssly crystalline members and just belew the surface
of the greund Often, this barnd is almest completely made
up ef shells ef Rhymchenella plena. Ne ether ferm was re-

cegrised. This expesure ef Chazy limssteme is a centinua~-

tien of that meticed by Lerey at the cenmer eof Wiseman
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and Van Herne Avenue;f The dip ef the limesteme here is the

same as that ef the Tremtem limestene of the area, viz. 5°
te the zerin-eust. The jumctiem between the Chazy aad Trem-
tem limestones was mewhere sbservea. The cemtact alemg Van
Herme Avenue is cevered by beach depesit. The relati~-mns ef
the eutcreps of the Chazy amd Tremton make it prebable
that tHe jumctisn is a fauited ene, the fault fellewing ths
lime indicated arn the map, Whether this mevement was chief-
ly verticaky with relative raising ef the beds te ths nerth
east ef the fault-plane, or mainly herizental, with dis-
placement of these beds te .the seuth-east, is a matter eof

cenjecture.

TRENTON.
This series is the mest impertant ef thm sedimemtary recks

ef Tns disirict, underlyimg mearly the whele of the area
which is met eccupied by igmesus recks. It comsists eof a
bluish=black, thick-bedded limesﬁone, occasicnall& slightly
argillacesus amd weathering te a light blue celsur., Im gen-
eral, the beds nave met been much disturbed amd pessess the
usual dip ef the Ordeviciam strata abeut Memtreal, viz. 5°
te the seuth-east. Certain beds centaimn mumereus fassils,
which sarve te determine @%5 age. The'fellowing ferms have
besr ebtainmed frem the rnermal limestene expesed im the
treanch in Recklaad Avenues-
Brachiepeda. Orthis testudimaria. Dalman,

Orthis. sp.

Rhynchenella? fragment.

Trematis mentrealemsis. Billings,

Crineidea. Jeints eof stems.

*jun. Rep. G.8.C. N.S. XIII. p. 140 A. I900.



6.

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
mor= rarely a pinkish colour, and is then brittlse and poss-
esses a china-like fracture. It repr2sents 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 th2 exposure of Chazy limesstone in Van Horne Avenue,
These fossils are of Trenton age and form the basis of the
assumption of a favlted junction of the Trenton and Chazy
limestones, The fossils ars:-
Trilobita. Ceraurus? sp. small part of cephalic shield.
Crinoidea. Parts of stems.
Brachiopeda. Orthis (Platystrophia) lynx. Eichwald.

Strophmena c¢f. filitexta. Hall.
Pteropoda. Conularia trentonensis. Hall.
The following Trenton fossils = were found in the black,

oorly fossilifazrous limestone in pit 3~
y

Trilobita. Ceruarus pleurexanthemus. Green. glabslla.
Tabulata. Prasopora Selwyni. Nicholson.
Pteropoda. Conularia trentonensis. Hall.

Brachiopoda. Trematis montrsalensis. Billings.
StroPﬁbena filitexta. Hall.
From the cutting in Dunlop Avenue, close to the Golf Clube
House the following forms X wer= obtained:-
Tabulata. Stenopora fibrosa. Goldfuss.

Brachiopoda. Orthis testuidinaria. Dalman. in abundance.
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Orthis (Platystrophia) lynx. Eichwald.
Strophomena filitsxta. Hall.
Lamellibranchia. Cyrtodonta. sp.

POST LOWER DEVONIAN IGNEOUS ROCYS.

A suite of intrusion-breccias, dikes, sheets and some rocks
of a plutonic nature have been intruded into the limestone,
and have characters which maks them immediately referable
to th~ same2 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 Dévonian, (Oriskany)?

The Plutonics. This group is not sharply marked off from x

that of the larger dikes and sheets, the lattedclass, on
gaxpansion, taking on a coarse grain and being classed as
plutonic, whilst some of the types described under the head
of plutonic rocks are vary fine-grained.
One éxample of this class suggests by the shape of its
intrusion an intrusive shest 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 1little richer in olivine
but still belongs in the pyroxenitz class. Still further to
the sonth-west the rock passes into an essexite,
In the small pit 2, and just round about it is 2Xposaed a
dark-coloured, finegrained napheline-syenite which is cut
by many small veins of nepheline—anlite; To the south of x
this is a small exposure of essexite and in the wood to th=
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.
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syeniteare expesed. On the mortherm face of the small hill
in tinis wesd a drk-celeured fime-graimed tvve eccurs as
included blecks ef a breccia; the cement ef which is a
fime-grained, light-gray pulaskits. Om the west face of the
sams hill a mere mermal type of mepheline~syemite eccurs.
These recks are cut by members of the "larger dike"class,
ene of which contains mary pebbles ef gqurartzite.
Certain imclusiems eccurrimg im a dike im the cuttinmg just
seuth-east of pit 3 beleng here ard ar~ of tha essexite tye
Seme of the larger dikes are closely similar im cempesitiem
amd texture te seme of the plutemic types se called and are
separated frem them because the dike mature ef the imtru=-

siex te which they bslemg is mere clearly shewn.
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Brecciatien. Breakimng up ef the recks threugh which the

meltem magma vas intruded, and transpert ef this breken
m aterial is a very commen feature ef the development e f
igneous & timity at Meunt Reval . This has bez2n strongly
broﬁght eut by Harvie, (lec. €it.). Simce that timgté)
number ef ethsr brsccias have been noticed. In the tinguaite
sheet at Cete la Visitation fragments are feund, which
have the appearance , in hand-specimsn, ef a nepheline-
syenite, clesely related te that ef Mount Reydl, but
peerer in ferre-magnesian csnstituents, Im the Cerperatien
Quarry at Outrement th sre was exp-sed in the fall eof I9II
a large mass of rock s ewing blecks ef the typical essexite
of the Mauntain brecciated by mephéline-syenite and the
whele brecciated a s=cend time by a dark, fine-grainmed
reck similar te the Camptemite of the "Outrement breccias",
The twe stages ef brecciatiem are clearly shewn, preving
that there were three distinct parieds ef imtrusien,

In the area under consideratien similgr "imtrusien
breccias" are expesed and will be discussed in detail,

. . .- - n
The Breccias.The chief type, to whicn the ame "®uirement

Breccias" is here given, is that in which the paste is camp
-temnitic im character. This censtitutes the majer part erf
the expesures of breccia, The rock is cempesed eof amgular
blecks of limestene embedded im a larger er smaller ameunt
of camptonitic c<menting material. The lime2stcne is white
(vide supra), and the camptenite almest black, ss that the
resulting rock has a very striking appearance. Sees Platss

I and 2, fig.2. The limestene usually cempeses mere than

50 er even 75% ef the mass, gradatiens being feund with the
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paste decreasing to zere, The limsstene blecks eccur im all

erientations,with bedding plares tilted in every directien,
Seme of the blccks have the bedding thrown inte promimence
by reasen of the unequal susceptibilities te weathering ef
the different bands. The camptonite cement eccurs filling up
the interspaces betweem the limestene blecks, the:gh im

seme cases this filling is mot quite cemplete. Im such a case
the camptenite usually shews a}”ropy" surface (Plate3 fig.I).
The breccias of this type are usually conaected with a large
dike, (Class I below), which represents the channel of
iatrusien ef ths magma which ccmselidatzd as the "cement",
The intrusiem ef tha dike is rormal up te a c¢ertain polnt,
The magma was highly fluid, at a cemparatively high tempera-
ture and highly charged with gases. On rsaching a peinrt in
the earth's crust at which the pressure of the gases became
equal te, er slightly exceed=d that ef the super-incumbent
strata, the water ef the magma flashed sudderly inte steam
with explesive vielence, shattering the limestene of tha
immedi ate me ignuveurhcod. This shattering weuld be most eagily
cemmuricated laterally, alemg & bed er s2ries of beds, when
ence started., The brekam blecks were throwm frem their eriginm
-al inte seme inclimed pesition and the meltem magma rushed
in te fill up the spaces betweer the limestoene blacks,,
impelled by the streng forces just called inte play., This
liquid being remarkably fluidfilled practically every small
epeningrthat was left, and doubtless in seme cases swirled
the pieces of limestene in its eddies befere fimally cemiag
to rest. In ssme few places the contact betweem campteonite

and limestone is net quite clese, allewing fer the develep-
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neas of what the auther censiders te be "true flew struc-
ture. This flew structure is indicated by the "repy" sur-
face mentiemasd abeve, That it is met a cast ef a fractured
surface of limestene is siewrn by an eccurrence of such a
"repy" surface within the igneeus cement itself, a thinm
layer (4 iid.) being interpesed between the "repy" surface
and the limesteme, The excessive fluidity of the magma
acceunts fer the fact that emly rar+ly is a fluxienmal
arrangement of the hernblende crystals secn unrder the
micrescepe.The shattered limestene being new pervaded by
the het magma,-gases and water vapeur,uhderwent the baking
or Warmeresis which has beem nreticed abeve.

The "Outrement Breccias", them, represent a preserva-
tien of the record ef explesivzs imtrusien clesely cempar-
able te ar explesiva extrusien eof lava, the only impertant
difference being that in this case the explesive Ierces
spent their vielence befere the surface of the esarth's
crust had been reached.

Nepheline-syenite breccias.See Plate 3 fig. 2,

This type has enly a small develepment, but is important as
illustrating the general feature of brecciatiem im the
district, and because it emphasises the erder eof imtrusien
feurnd te held en Meunt Reyal, viz. an earlier basic fellew-
ed by dlhter mere acid phase, It is feund at the peint
imdicated em the map and @ vers enly a few sguare feet eof
expesure, Am appreach tb the same condi tien is seen in
the amall pit ne. 2, where a reck very similar ian macre-

scepic appearance te the basic part ef the breccia just

mentiened is cut by mamy small veins ef a mepheline-



12.

Lte ,
é;éﬁéta, which is wery peer im ferremagresgiar constituents,
In the cutting immediately south-east ef pit 3 is exposed
ne-syentte.
drdike feurifeet wide, quéggggééééétand caprying roumnded
masses up te the size of a hen's egg of a rock which is
_ Esseambe .
mere basic tham the enes just censidered% It is imcluded
here fer convenience of treatment.

Pets dam breccias. Im the cutting last mentiened eccurs a

narrew dike, three inches in thickness, ef bestemnitic
material, nmew much weathered. On the fleer ef the cutting
it appears to spread eut in the ferm of a sheet and
encleses rounded pebbles of quartzite of the siZe of a
hen's egg. This dike is ths voungesi el .no:= expesaed in
the cutting and can be seen te cut several ef the ether
dikes. The guartzite pebbles were derived frem seme l-wer
level ,frem strata threugh which the m gma was int:uded.
The reck mest resembling the quartzite and knewn te under-
lie the district is the Petsdam Sandstene. These quartzite
pebbles are therfere tentatively r:ferred to the Petsdam
Series, ir the absence of fessil centents.

Anether example of the quartzite breecias eccurs at the
peint marked P enm the map. Here the igneeus reck enclesimg
the pebbles is camptenitic, and part ef the paste eof the
"Qutrement Breecias", At first sight it appears as if
several dikes cut at the peint at which the quartzite
pebbles eccur, but cleser examimatien shews that all are
of ene age and that severaqcracks having different direc-
tiens were filled at the same time by the campiernite,
which carried up with it frem belew quartzite pébbles

derived from a lewer herizen tham ths Tr=snten, which is the
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country rock at this point.
Included quartzits 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 hsads:

I. The larger dikes and she=ts.
2. The smaller camptonits dikes and shests.
3. The smaller dikes of the bostonite family,

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

included hers soms of which are s2en to be dikes and can
be traced to thesir expansion in sheet form, as, for exampls
the essexite dike at the corner of Rockland and Van Horne
Avenues, some of which arse clearly shests whoss feeders'gre
not eXposed, as that in pit 3 and immediately west of ‘it, -
whilst soms do not show clearly whether they are dikes or
sheets, e.g. the exposure at the extreme western corner of
the mep, and and the one sast of the Golf Club-House. The
dikes may run up to 75 feet in width and are regarded as
the fseders of sheets which pass laterally into breccias of
the Outremont typg,or the;f}eeders of those breccias, with-
out the development of the sheet. The widths exposed of Xxkm
these sheets runs up to I50 feet. REach outcrop of breccia
is closely connacted 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 fseder and the top by the "Outremont Brecciag" with in
some céses the development of a sheet in addition.

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

Horne Avenues, is amygdaloidal. The amygdale 8 are not

mmerous and rsach a size of 4 inches in largest diamster,

and % inch in thickness. The filling has been recognised as
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prehnite, which is developed in characteristic sheaves of
needlass. Associated with the prehnite is a small amount of
pyrites and calcits.,

In the area south-west of the golf-links a number of larger
dikes are exposed. The most important of these is an alte?é
basic nephelin-syenite dike, containing spidote in druses.
Another of them is a bostonites 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 herz., It is characterised by many porphyritic crysta
of hornblende and is a very striking rock. In hand-specimen
it is very similar to the nshpeline-syenite found on the
western face of the hill in the wood to the west of the
golf-links. [PtT]

2. Smaller Canptonite 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 v 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 usuwally less than a foot in widt,
rarely reaching 2 feet, and in one casé 44 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, 6 is necessary to give an idea of the whole, Further
descriptinons would be mere repetitions with changes in de-
tail only. They are dark bluish-gray, almost black in colo;,
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

ivon pyrites. The “ikes are x ugually very hard when fresh,
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weathering brown with the development of limonite., The local
nama for these dikes is "Banc rougs", a descriptive name
referring to the characteristic rusty weathering. Occasion-
ally individual dikes are found complz2tely weathered to a
limonite-gtained 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 "Outremor/
Breccias", being mest abundantly developed close to the out-
crops of these breccias. They irmediately succeeded the
intrusion of the breccias, in time, and are often found cute
ting them, The dikes are very similar to the "cement" of the
kreccias in composition and microscopic characters. The
dikes are always steeply dipping, nearly vertical, and occa-
sionally they can be seen passing intoc sheets which are of
the same oyder 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 netural and amongst the camptonites are found younger.
dikeg which cut dikes of an exactly similar appearance., Thus
the large dike 23 is cut by a small camptonite dike only e
few inches wide.,, and other examples are to be seen in the
cutting near pit 3. The most striking example is dikel5.
Eere a younger camptonite dike, now badly altered has split
down the centre an clder camptonite dike. The older dike is
found on each side of the younger as lzns-shaped masses with
a flat side next the dike in the centre and a convex surface
which exhibits concentric weathering toward the limestcne

cantry rock. The central dike has jcinting ® so developed

as to give it the appearance of a series of Iricks in a wall
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Plate I fig. I. shows this. The central dike is very obvious
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 centra)
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 colouY
and paucity of ferromagnesian constituents, together with
a vounger 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 wherever the two types ar™e found
in asscciation. 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 tc be an expan-
sion of one cf these dikes into a sheet has been mentioned

under the head of "Potsdam Breccias",.
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PLEISTOCENE,

The dapesits of this age imclude erratics, glacial clay
and pest-glacial saad amd pebble-beaches,

Brratic boulders of varieus sizes aand ef differsnt types
of Laurentian gneiss are commen im this area. A bleck ef
timguaites of exactly similar characters te that expesed at

.:.‘__.'...._-.--z-»:A::-—-;-;u--- ° As ne

Cete la Visitatiem was feund,.
reck of the same type was seen expdssd in the area undse
censideratiennit is prebable that this is alse an erratic
bleck.

A glacial clay usually centaining small beulders, whese
largest diameter is absut 2 inchés, fills im ﬁhe depressien
between eutcreps ef rcck and is respsusible fer the seften~-
ing ef teﬁegraphic outlines, WhHilst there is ne direct
evidence fer the mrine arigin ef this clay, it is ef exact-
ly the type which weuld be fermed alsng a shere-lime by
transpertaticn of mud amd small psbbles frezen im fleating
blecks of ice, te be depasitcd or the stramdimg ard meltiag
of the ice., The clay is semetimes cover:d by a thim capping
of pest-glacial sand, especially teward the rertn ef the
sheet, At the extrems nerth ef the shast the flat plainm
which stretches awa - éi; the nerth 1is cevered by this
pest-glacial sand. This sand is cerrelated with the Saxi-
cava Sand ef the Ottawa and St. Lawreance valleys. In the
woed at the extreme merth cermer of the sheet a small patch
of samd cevserimg breccia amd d& ke material is cemposed ef
particles derived frem the decay of iganesus recks cless at
hand,

Pebble-beach. A pest-glacial pebble-beach e vers thecast-

ern pertiom ef the shast, hiding the centact ef th-e Chazv
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aad Trentemn Limestemes. A similar beach d-=pesit covers a
part ef the centre of the sh=2st alse, being expesed in an
eld gravel pit, (pit 4), and acress the gelf-limks, The
pebbles are fairly umiferm im size, 2% te 3 imches ia
largest diameter being an average s ize. The beach shews
stratific¢atien of the p=2bble layers, with a slight dip
away frem what was ths shere~lime at the time of depesitien.
This dip is met greater tham the nermal angle of rest inm
pebble-banks umder the actiemn of the tide. A gssd expesure
of tha beach was made clese teo the Tewa Hall ef Outrement
in laying a sewer there im the fall ef I9II. Ne fsssils
were feumd irn the psbble-beds with the exception ef a few

shall fragments im the gravel pit. These fragmeats were se

small as te be imdeterminable.

The elevation above sea-level ot the beaches of the area is
between 250 and 280 feet, which is slightly higher than the

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

J .W.Dawson,.The Canadian Ice Age. p. 62.
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1:’IaU'J.‘OI:TIC-ROCK'S

Ploke 6,
PYROXENITE.iThls rock-typs is ds eleped at the tip of the

tengue-shaped intrusien stratcining partly acress the gelf-
links. Macroscopicalsy the rock is black in celsur, the
enly recegnisable mimerals being pyrexene and eccasienally
green grains ef oliviné, or brewn limenitEe-stained
pseudemoerphs after elivine, Micrescepically the reck is
seen te censist of augite, brewn hernblende, ilmenite,
elivime, pyrites, calcite, chlerite, sphene and apatite in
that erder eof impertance.

The angite is by far the most impertanmt constituent ef the
reek, making up abeut 70 % of the whele, er in some sectiens
even more. 'It is slightly viclet im cocleur, is pleechroic
and helds a number of small imclusions. Its maximum extinc-
tien angle is B4°, The scheme cf pleechreism is ¢ vielet,
of a bl’lsh timt, = b violet, of a recaish timt,>a,light
wine yell@w. The inclusisns are very small, dﬁd arranged
in rews, usually straight, but eftem curved. They are
.brewn im celeur, and highly birefringent, and are probably
rutile. Aleng its edges the augite shows accasmnallgJ
imcipient uralitisation. This is net impertaat,as the reck
is remarkably frssh.

The hfrmblenddis deep brewn and pleechreici- ¢ dark brewn >
b lighter brewn > a very light brewn. Its extiactien angle
is I9°. These characters shew it te be commen hermblende.
A\t its edges it is semetimes green, a stage in its altera=
tiem inte chlerite.

Olivine cccurs in reumded greims. It is much cracked, with

fermatien ef serpemtine aleng the cracks, semetimes with

preductien ef fime mzg metite dust alemg the cracks. It has
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some small inclusiens similar te thosehn the augite, ard
alse dendritic schillers of iren exide, such as are often
fcurd in elivine,

Ilmenite is presert in censidsrable ameunt in large iMdiv-
iduals.net shewing geed crystal eutlines, Seme of it, at
any rate)has crvetallised iater :tham elivine, but all befere
aigite and hermblende.

Titanite is represented by a few graimns er crystd s with
geed wedge shape, and is a sécendary product, prebably
foermed at the expense ef the ilmenite, er perhaps by alter-
atien ef the augite; fer violet augites usually c;}ain
titamium, It is asseciated with calcite and chlerite in
interstices, im eme case with cald te pseudemerphic aftme
augi te.

Chlerite, green,pleochreic, (c=b light green, ) a .~eenisi-
yellosw.}, is p.es-nt in small amount., It is fermed at the
edges of hernblende, and is alse fond associated with
secondary calcite after augite, in which caseht may be
fibreus,

Calcite is secendary after augite, and in part after hern-
blende.

Of pyrites there is emly a small ameunt. It crystallised 2
befere the herablende.

Apatite is almest absent in seme sectiens and preseant ir
considerall ¢ an eunt im other sectiems, It eccurs a s leng
needles,

The order of crystallisatien is apatite, elivime, ilmsnite

pyyite, augite, hermblerde. The structure is alletriemer-

phie¢. Augite, elivire, ilmenite and pyrite shew idiemorphic
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ter dencies, wnils¢ uie hornilende is iatarstitial, filling
up the spaces batws2en the other minarals. The seccndary
minerals culcits una chlerite are teumd im interstices.
Specimens cellected a little further te the west show the
intreductien of plagieclase and a small ameunt of nephelin:
passing into the essexite type devel eped in the weod to
the west. Zenary mnding of the avgites is another feature
intreduced.

ESSEXITE. (From point 2 en the map).

Thas western 2xtension of the intrusive tongue discussed
abeve is not well exposed. Such ex esures as are found

shew that “he pyrexsaite passes laterally inte arn essexite.
Macresccpically this type contains large perphyritic
hornblendes up te I+ inches in lengih and 4 inch in width,
set im a gray ground, containing smaller crystals of ferre-
magnesian minerals, Under the micresccpe the ground is

seen to be cecupoased cf plagioclase, augite, hernblerde,
bietite, mepheline, sphens, iimenite, apatite, and pyrita
in that erder of impertarce. Tns hermblende porphyritic
crystals and the smaller individuvuals ef the greund have the
same gereral characters., In celeur it is brewn and is
strengly plsechreoic; ¢ dark brewn,, b a little lighter
brewn ) a very light brewmn. The large crystals finished

th eivr grewth after the fermatiom of plagieclase ard the:.iss
hernblende of the greurnd is also later tham the plagieclase,
heing' intersfitial,"Theilarge hernblendes sometimes shew
twinning en I00, ard at the same time schiller irclusiens

which appear to be exide of ircm, parwallel te the base.

This cembimaticn gives rise te a herring-beme structure,



2I.

siich as is mere eften s==n in avgits., Auglite 18 tiie mest
impertant ferro-magnesian minsiral of the ground. It is
vielet-gray in celour and shaews the same type of pleeciareis
reticed abeva. Its maximum extinctien angle is 42°. It shew
idiemerphic tendencies., The bietite is deep brown in

ce leur, and strongly pléechroic, ;=b dark brewn > % light bmon -
It is interstitial, amd oftenApenetrated by plagioclase
individuals. The plagieclas: is usually idiemerphic, pene-
trating hernblande and bietite, It has twinning according
te the albite and Carlsbad laws. On alteratiem it yields
;bundance of small mica flake%r pgragonite -, with eccas-
ienally a small ameunt ~f zeisits, This i: shown most prom-
inently in thae Weathéred portien ef the rock, ssctiens frem
a fa2w inchies 1a from Tines surfacs showing the fa2lspar ts be
fresh, Neapheline is pﬁ?ent in small ameunt, eccasionally as
square s=ctions., It is int=rstitial te the felspar and is
detect=d by the absencs ef twinning, iﬂ“ﬂuniaxial and nega-
tive cnaracts rs. In the weatherad parts ef the fock it is
repr:sented by aggregates of mica (gieseckits), Ilmenite,
as alletriemerphic individuals,is well represented, and x
crystallised after the augite. Ths sphene is a secondary
preduct fermed frem the ilmenite, and eftem surroundimg it.
Apatite is presant as steut neadles and rcunded grains.,
There is a little pyrite, semetimes enclesed by hermblende.
The erder of fimishing crystallisatieﬁ is apatite, augite
ilmenite, felspar, pyrits, i etite, and hernd.ende; The
larger » rnblendss must have begun their crvstallisatien
bafere some of the ether min=rals, but its final stages

were later than the formatiemn ef felspar,



22.

Essexite, Inclusions in dike R8,

This type occurs as roughly spherical inclusions, up to 1%
inches in diam=ter, 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 4+ inch in
length. In this section the following minsrals 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, nenhelime, pyrites. The augite is greenish-
gray and slightly pleochroic. Its ex:inction 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 a t times appears to be more important than
augite. It is usually fresh, ani shows Dboth Carlsbad and
albite twinning., A small amount of brown biotite is present
Itis~dese—thrownin . It is strongly plsochroic, a=b>c, a and
b deep brown, cylight yellow. It occurs as small inclusions
in augite or partially wrapped round ilmenite. A few sectionsg
of nepheline are distinguishe d by their uniaxial character.
Gelatinous silica confirms the i&ermination of this mineral.
Apatite is abundant as large crystals or grains, and is
enclosed by all the other minerals. Ilmznite, in consider-
abls amount, has irregular shapes, and is sometimes enclo-

sed by 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 seme cases the ilmenite has ¢ivan rise to a
little se2comdary sphsns. Pyritss eccurs erratically as
ragged irregular paiches, evidently formed &v, 97 subsequenf
~te the consolidatien ef the rocck, A little chlerite is
fermed by altefaticn ef uralite.

NEPHIRLINE-SYRNIT®, Fram pit 2.

In harnd-specimen tilis rock is a dark-csicured, almest black
fine-grained vs3ck, cut by many small white veins, nét eften
mere thamn amn imch in thickmess, and ca rying enly gmall
specks ef black minerals, The dark partc is a nephelins-
syenite, and the white veins caan best b2 desigmated neehel-
ine-aplite,

The n=pheline-syenite is a rsmarkably fresh reck and is
cempoesed of ertheclasse, hernblende,'nesaan, rigpheliae,
plagieclass, sphens, ilmenite and apatite.

The ortheclase is alletriemerphic, scmatiimes shews Carlsbad
twinhing and enclosés many minute nsedles ef apatits, The
nerablsnde hés idiemerphic outlinss, is green in celeur,
and pleechroaic, Thea celour scheme is := ¢ dark grsen

b dark green a gre:nish-yellew. It hés a maximum extimc=-
tiem angle of 2I° and eccasioally has th=2 cermen herrblende
twin developed (IOO).Eesean is irregular ia shap=, or
hexageral or avianged s a greup oi nsxa,2ms., It mormally
has iaclusiems ef the ether mimerals with the exceptien ef
felspar and n=pheline. It shews incipicnt altsratien te
small mica flakes (gieseckite). Nephcline is present in
small quantity and is distimguished frem ertheclase by its

uniaxial character. It is interstitial amd dees ﬁet shew

gead crystal eutlinesi
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A few sectisns of plagieclase are present, shewing adbite

twinning. Sphene is abumdant, ef a brewnish-gray celeur,
is slightly pleechreic and shews goad wedge shajes. Ilmen-
ite is sparely rapresented by irregular grains. Apatite
eccurs as very many minuts aeedles in hernbleande, felspar,
nesean, aid eccasisenally im ilmenite asd sphene.,

The or der eof crystallisatiem in this.reck is apatits,
sphene, ilmerita, hermblende, f2lspar, nepheline, nosean,

NEPHELINE-APLITE. Alse a remarkably fresh reck, feund as

small veins cuttimg the last-described type, It cemsists ef
plagioclase, ertheclase, mesearn and nrephelin2, with véry
small ameunts of hernblsnde, sphere and ilmenite, Tae siruc
-ture ef *the reck is alletriemerphic with graatsst temdemcyh
idiemerphism en the part ef the plagieclases. The plagisclase
is the mest impertant cemstituent ef the reck amd shasws
twinning accordimg te the Carlsbad' al bite"fgad rarely te
the pericline'aw. Nesean is interstitial asd she.s altsra-
tiex te camcrinite. Th= nossan was prsved in this, as ia
ether cas2s by precipitatiea with BaCLi, .Nep.ciine is pres-
ent erlv im small anouat,. Tha hsrnklende has the sams char-
acters as in tne rock dsscribed last, but in this case is
interstitial, filling in spaces betweem felspar iadividuals
The ilmenite is met abumdant and is semetimes idiemerphic
md semetimes imterstitial te felspar. A few grains ef
sphene occur aﬁd part ef it at any rate is secendary after
ilmenite, and is them im clese asseciatiem with ilmenite,
The order of crystallisatiem is ilmsaite, im part, sphenms,
in part, plagigclase, ertheclase, ilmanité, im part, hern-

bl ende, rephelire and nmosean,

The centact between this Teck tvpe and the mephelime-svesite
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which i* cuts is verry sharply marked, (vide Plate 4 fig. 2)
and there is nes indicatisn of rTeactiem batween the nephelise-
aplite arnd the first fermed mepheline-syenite,

COMPACT NEPHELINE-SYENITE.

This tyse eccurs at the pnint marked S en the map, as the
darker part ef the mepheline-syeaite breccia discussed
abeve, and figurzd at Plate 3 fig. 2. The reck is dark-gray
and fime-grainsd. Micrescepically it is seern te cemsist eof
hernll smde, ertheciass, a'gite, mephelime, plagieclase,
nesean, sphems, ilmanite, amnd apatite. The hormblende as
small perphyritic c¢rys*tals has a brewm csre, with green
edges, whilst “he smaller crystals are whelly greer, This
distr'bution ef celeur suggests a enrichmsnt ef the magma,
in seda as crystallisatien pregressed, and the cemsequent
formatien eof gfcenihorablende, carrving & largsr %ége ef
seda tharn the brewn varisty, Its plasechresism is defined as
fellews:-C bfewnish-greea) b Br@wnish-green >'a light yellew
~igh-preaen, witheut the brewnign tints in the green érystal&
Twinning en IOO0 iS'eccasianai. The heraﬁlende is‘idiamerphid
Augite is poré}ritic, usually celsurless, er eccasienally
with a slight greenish timt, It is distinctly svberdirate

i'n ameunt te the hermblende., The maximi: extinctiea amgle
ebserved is 49° .The sertheclass ard mephelins are iaterstit-
ial, the mepheline eften saewing square sectioans, A small
amoﬁnt of imtarstitial isogbpic mineral is nes=ar, demens~
trated by precipitatien with BaCl, .Sphene eccurs as numereus
small Qédges osr reunded grains , The ilmemits is in small
grains, eften enclesad in hermblemde, Apatite eccurs as

minute needles. The exrdsr eI crystallisatier is apatite,

sph:me, ilmenite, augits, herablerde, plagieclase, mepheline
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ertheclase and nesean.

PULASKITE.

Th= lighter part ef the nmepheline-syenit~ breccia iz of the
cempositien ef a pulaskite., It encleasss angnlar fragments
ef the cempact type just dzscribad., It is light gray in
celeur, with neadles ef hernbleade in a gray greund. It is
cempesed 2:I plagieclase, ertheclase, hernblende, nepheline
sphene and ilmenite. The plagisclase eccurs as =2l-iigated er
lath~shaped crystals, wi th Carlsbad ard albits twinninmg anc
is by fa*rtha,msst impertant ceastituent of the reck. It
shews zenary kanding, Orthoclase is prcseht im cemsiderabls
ameuvnt, but is distinctly suberdirate to thg plagisclass,
The falspars zra 2ften cleuded with kaelin dust arnd simall
mica flakes, preducts ef decempesitisn. The herablende has
the same characters as in the reck type last described, the
brewn celsur being mers dsveleped with eccasienmally slight
gresr rims, The crystals are larger . Nephsline is presant,
but erly im quite smal¥ ameunti, A considerable ameunt ef
sphane is present, It has tre usual grayigh tint and is
very slightly plaachreic. Seme of it is s=cendary. The srder
of crystallisatiem is ilm=anite, svhere, heraspleande, plagie-
clase, erthseclase, nephsline,

In beth ef the reck types im this breccia mica-like dacem-
pesitien preduqts ar > preseat, but are met largs emeugh te
distinguish whether it be muscevite er cancrimite. Mere
prebably it is the latter.

NEPHELINE-SYENITE. Frem peimt marked T en the map and cever

-ing a netable ar=a em the south—ggst of the tep ef the

nill, im the weed whicn cevars the south-sast part ef the
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sheet. It is a dark gray reck with leng needles of hern-
blende and having lighter spets richsr im flspar, inm
which, agair,ares piak spets, Micrescapically plagieclase,
herablLende, ert..eclase, c2isn:, nepheline, ilmenite, augite
apatite and‘pyrite ar= recoegnisad, im that erder of impert-

ance. The plagisclase is alletriemeryhic and sinsws Carlsbad
albite and periclins twinaing. Tas srtheclare ie evkoerdin: te

im amennt im the -darker parts and mere abi ndant im the
lighter parts., Alteratien ef beth varietiss gives rise te

a felted mass of mica flakas, The "srwmiblande is brewn ard
eften shiews decempesitien aleng its edges with the preduc-
tiem of magretite graims. This is dve te a slight ameurt ef
resorpiien, Its pleachreoism is described as fellews:-

¢ dark brewn % b dark brewn > a light yellew. The maximum
extinctisn angle ebserved is 30°, Th=rs are eccasierally
£1all grasn pieces em its edges, which may&%icher in saeda,
o™ places whave chleritisatien is begisaning, Nephaline is
preseat in considerabls ameunt amnd bacemes an impertant
censfituent in the dark gray parts, It is recegnised by its
uniaxial character,Occasienal square séctinﬁs are seen, but
it is usvally iaterstitial. On alteraties it gives giesack-
ite. There is a large ameunt of sphenes in the reck,,as
large ard well-fermed crystals of light grayish tint and
enly slightly pleecareigc., Lt ies sftan completaly alter=d,
semetimes te an epaque nass, some’imes té amss ef rutile
needlss and calcite with a small ameuat ef iren oxide; The
whele masgs retains the erizinal shape eof the sphgne'c£yatal,
The rutile msedles are brewnm, slightly pleechrsic amd high
-1y birefrimgert. Often they}de net extinguish at all, but

when sxtimctism eccurs it is straight. Ilmsnite is the
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chief iron ores and i" s idiomorphic toward hornblende, not
toward apatite. There is a small amount of pyrite 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 neesdles of apatite
are seen penetrating other minerals, e.g. hornblende and
ilmenite., There:one or two sectirns of augite of violst
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 bloek at the

point marked V on the map. It is most conveniently desecrib-
ed here. Probably it is a transported boulder, though in
hand-gpecimen it is very similar to a dike found in the
golf-1links to the north, but which has not yet besn examine
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, me lanite
garnet, augite and ilmenite, in that oyder of importance.
The aegirine-augite occurs as very small needlss, not mak-
ing up a large part of the rock., It is markedly plecchroic,
a>b)c, a dark green, b lighter green, ¢ vellow=brown. It
usually has a small extinction angle but some secticns with
angles up to 25° were noticed. Cross-sections are remarke-
ably rare in the slice, though so many of the ncedles are
present, but when they do occur they show the prism faces

at the pyrcxene angle, and so can not be confounded with
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hornblende. Orthoclase makes vp most of the rock and occurs
as large allotriomorphic sections. Plagioclase is very
suberdinate in amcunt. 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 mcst-
ly altered to cancrinite, which fcrms interstitial patches,
or small square sections . The latter are very common,
Occasicnal larger sections are unaltered. The mslanite is
almost cpaque in thin section and is always 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 aegirinewaugite rim
is much smaller. A few grains of ilmenite are enclosed Ly

the auvgite.
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THE LARGER DIKES:; AND SHEETS.

ESSEXITE DIKE. This tvpe eccurs at the cormer of Reckland

and Van Herme Averues, It centains a very few amygdales,
net nowvexpgscd, which are filled with prehrite, calcite
and pyrite. The reck is cemposed ef tae fellewing mirerals
Augite, herablende, plagieclase, pyrites, bistite, sphene,
Tlmenite, apatite, and secemdary, imfiltered calcite., In
hard-specimer. it las a fairly cearse grain ahd“rich in
pyrite, Under the micrescepa the avgite pessesses a vielet
celeur with very faimnt plecchreim ef the vielet-yellew t:p=
It ehews twirning an I00 ard al so zenary banding, It alse
is seen intergrewn with hernblarde, & cere ef the fermer

Gy & :
beairg svrreundedﬂof;the latter, It has an extinctien angle
of 48°, Alteratien ts dirty, ragg-ed uralites is wncommen and
enly slight, Hersblerde is s ibcrdinate in ameunt te angito.
It is d=eep brewn ir celeur and vary plaeechreic. co>bra.
c}dark broewa, b dark E:owa; a ¥~llew, It shows the cemmen
hermblende twin, (em I00), amwd has a= sxtinctinn angle ef
22°, Bietite is less impertart in amount, desp brewn im «
celeur and stremgly plecchreic., a=b>q. a&b deep brewn,
¢ vallew, It eften eccurs ﬁrawping roaund auvgite, Plagiasclase
ie 21letiomarvhic =2ud males nn the larger part ef the rest
of tva racl, I*t nze Curlsbad amd albite twiwniag aed altiers
te paragorite flakes ard kaolim dust, Orthaclase)%s quite
suvberdinate ia amoums, is asseciated with the plagieclase,
and gives riséko srall mica flakes em alteratien, Nepheline
is represcatcd by gieseckite, ir interstitial patches.
Thers is alse a fai'r ameunt ef umaltered interstitial

mepheliR: Pyrites eccurs as ragged, imterstitial patches,
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issvery abundant and evidently fermed after the.consolida—
tiem o¢f the rest of the reck, Sphene is present im comsid-
=rable quantity, is slightl???; celeur, with pleechreismn

te a darker gray. Many pssudsmerphs after sphexme accur. Thwy
are chiefly iren exide, arranged alsng what were origimally
the cleavage planes of the sphene, b-ias aow ef ti1e mature
of a grating. The spaces betw=2en the bars of irem exide ar-=
varieusly filled in by caicite, prrite and semetimes herm-
blende, One case shewed a cortinatier of calcite and rutile
filliag., proving derivatior from scasne, Man: of the rsed-

esmernrs have the lezerge shape ef sphene,

ALTRRYD BASIC NEPHELINE-SYENITE DIKE.

This type is met witii im the woeed bayord the gelf—links,aﬁ\ﬂ~
It is a dafk gray {ima-graired reck, with parphyritic
‘crysta,l.s of augite and %igﬁ—@s fillegAP\;‘;ﬁgg f;/?édate. These
are emly a fracti@nAef an inc>» in dismeter, but are quite
cemspicueus en acceunt eof their green;celeur. The Teck is
compessd of ortheclase, augite, herabl ende, ilmenite, zael=
ites, plagieclaze, ovrite, s="nene, epideie, apatite =ad
cazlcite in that erder of impartence, Thy augité is perph-
yriticz very slightly coleured amd fesbly pleechreic,It has
twinnirg s3 I00 ertaen and lamellar twirsning em OOI rarely,
It shews zaiary banding and has an extinctien angie of 53°,
There is a sscemd generatiom of smaller avgites of ihe same
¥ind, Hew-Marde eccurs as smull laths ef brewn celeur, Its
pleschreism is cpb7a, ¢ deep brewn, b dezp brewn, a yvellew,.
Twirnning en IOO0 is cemmom. Its extinctiom angle is I4°.
Orthieclase fills im the snaces Tetwean the atlis+r mirerals

LSS N

and alters te sericite and kaelin dust, the' met te a
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large extent.Plagieclase is very suberdirate in ameunt.
Bpidete eccurs in &éggégizs with felspnar. It is se~etires
twianed ea IOO and is markedly pleechreici=-cdbd>a , c greem-
ish-yellew, b light greemish-yellow, a celeurless. A cease
of intc.rgrowth of epidete m d augite was meticed, Zeolites
with sheaf-like arrangement or as felted masses indicate
nepheline to have beern small in ameunt befere its alteratien
There is a very small qﬁantiby of amalecite. I¢ eccurs in
cavitias, hasvtrac;s ef cleavage and a lew refractive imdex
It is rcgarded'as a secendary product. Ilmenite is impert=-
ant.in ameunt and tends te take en crystal shap2. Pyrites
is suberdinate, has fagged shapes and is feund emclesed by
augite and alse asseciated with epidete, befere which it
was fermed. Sphegne is cemmen as gray, slightly pleechreic
wedges., and apatite as.fime meedles. Secendary calcite is
quite impertant, The erder ef crystallisatien is apatite,
ilmehite, spheas, pyrite, augite, hermblemd e, felspar,
mepheline and epidete.

NEPHELINE-BEARING CAMPTONITE.

This reck eccurs as a sheet in pit 3, It is a bluish-gray
fine-graimed reck rich in pyrites. It censists ef plagiecl-
ase, hermblemde, pyrites, ertheclase, Caﬁcrinite, secendary
owd apekite

calcite a=nd sphenehin that ezder of impertamce, The hern-
blerde is very much reserped amd lighter brews im celeur
than usual in thess recks, Twiincd plagieclase makes up xx
mest of the reck and is slightly altered with the fermatien
of paragonite flakes. Cancrinite after mepheline is pressnt

im fair the' sm 11 quanmntity bothks larger intérstitial

masses and alse as small square sectiemns.The erder of
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Crystallisatien is apatit=:, sph=me, ilmemits, pyrits, ncra-

vlsnds, plagioclase, erthoclass and rnepisline.



34.

Outrement Breccia.

Ths "cement" ef the "Outremont Breccias" is a campicuiie
vhich is dark bluish-black, fine-grained and nele-crystal-
lime, It is & very Irssh reck. In thim sactiem it is sesn
te be compessd e hermblende, plagiéclase,augite and pyrite
with small graims of sphemae whsci aupefer 03 ve seLIAUEly),
and im oae secticn, one small crystal ef zircoea. The ratiss
sf the twe mest impertant minerai;, hereuvlende aad felspar,
vary, but the horeblende is vsually the :more wiundant.

The herrblerde eccurs as euhadral crvstzls si elengated
lath-shape, df a ovrewn (olcur. Twirming is a c¢oimsa Leailule,
wils twlie plare baimg IO00, Thz plecchireism is well-marked,
¢>b>a, ¢ dark vrewm, b dark brewn, a lighf brewa., Extimctien
argles are mestly lew, vaiues betwesa 20 and 25 are commen,
thne maximum ebserved reacniag 36" , Occaslemally it shews
green edges or tips which suggesis Lne presenc: of sada
excess 1w Ccle uagloa in nncrfiﬂal sLages oi cerselidatien,
There are a few perphyritic crystals of augite ef larger x
size thar the crystals eof hermblemde. They have a faint
vielet eor brewnish timt amd have the slight vieletygllew
pleochreism se characteristic ef the area. Its maximum
oebzerved extinctien angle is 49° , Under the high pewer an
intergrewth of hermblende amd augite dis.sesea, a xerasl eof
the latter beimg surreumded bty a rim ef the fermer. The
grovmdmass centaims small crystals and graims ef augite eof
the secend gemeratisn and alse some leng fime nezdles of
augite. There is a large ameunt e¢f imterstitial pyrites
with ragged shapes, suggesting a depcsitien subsequent te

the censelidatiem ef the reck. Ther: is alse pyrites im the
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finer-grained part ef the reck, where it eccurs as gosd
crystals and is a primary censtituent.

The rast of the rack is cempesed of plagioclase felspar.
Part ef it eccurs as lath-shaped crystals ef the usual type
shewing albite twinning., out a large propaortien ef it has
a radial arraungement highly suggsstive eof spharulitic er
varielitic reck types. Tihas radial arrangement is usually a
goeed deal mere perfect tuawm ir the crdinary type of variel-
ite. A separatien was made te confirm this radial felspar,
amd it cevld met bz msparated b7 means of differencss oI
specific gravity frem the lath-shaped felspars. Ry use of
Shreed=sr van:der ¥alk'e 11~thed ard Wright's saries of oils
the felspar ef ths vradial kind was determined te be a vari-
atvw of andesiﬁcﬁ The twinned felspar is also andesine.

A censidarable amsint of sscondary, infiltered calcite is
present in the rick. Reserptiaen berders are fernd with beth
the avgita aad hernll ende.

In seme w Tristies brewn bistite is present a=d ilmernite may
be the chief irem are te the almest complate =xclusien ef

pvrites,
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THE SMALLER DIKES.

CAMPTONITES. These dikes are the mest cemmen type of the

district, fully 757 ef the dikes fallimg in this class.
Gewvally ey yvouic

is very fine-grained with semetimes a
slightly cearser centre, Ensganaaal‘atﬁhs a dark bluish-
gray celeur and is usuwally rich im irem pyrites, jeint
Plames especially beimng facsd with pyrite. Mere rarely a
camptenite is porgi%itic.
Micrescepically the camptemites ars very similar. The twe
impertant censtituents ar= brews heranbl ends and plagieclase
Ortheclase is emly rarely preseat, =,g, in thes fime-graimed
edge of dike 2, Brewr bistite is a cemmen mireral the' by
me means universal. Im ems cas=s, the fime-graimed edge of
dike 2 it becemes mere impertamt tham the hernblemde and %
the reck them apprsaches a kersantite ina compositicn. orf
accessery minerals pyrite is the mest impertant aad usually
is later tham the ether censtituerts, spheme is vary char-
acteristic and ilmenite is semetimes present, whilst apat ite
always eccurs in fins ameedles., Imfilterad calcite is a cem=-
start feature and in same dikes,é}ch are much altered
because they have datermired tns flew of sprirgs,the greund
oqthe reck is ss pervaded by calcite that it is impessible
te recegaise geed sectiems eof the felspar.
The hernbl ende is idisemerphic, excspt im eme case, that ef
a small stringer cuttimg di ke 22, im waich case the rlagie-
clase is idismerphic amnd the hermblende is interstitial,
The hermblende is d=ep brewm ix w@oleur and markedly plee-

chreic:- c>b?a, ¢ and b dezp brewn, a light yellew er

yellewish-brewm. Im shape the crystals ars elongate, often
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very muchko; an extreme case is sesn im dike 26, The hern-
Llends is semstimes fresh, and semetimes shews strerg dev-
elepmeat of reserptiem phememsaa. In this case the crystals
are bleached and there is fermed an epacite rim ef magnet-
ite graims; somstimss the whels crystal beimg affected, im
the case of smaller individuda; enly the edges and cleavag
cracks being affected ii the larger crystals, Twinming en
I00 is a cemstant fesaturez af the hernlleads im these dikes.
There is ne éégigd change im size ¢f the hcrablsades but
all sizes are feuad frem the largest te the mest minute,
and it is impessibles te mark eff definite generatiens ef
crystals. Thes bietite is deep brewn and pleochreic:- a +6
d=ep brewn,yc light brewan er yellsw. It mever shews crystal
eutlines and is always a latér preduct ef crystallisatiem
than hermbl eade, reournd which mineral it partially wraps
itself. The plagieclass may be suberdimate in ameumt te
the hermblerd=, as in dike R4, er it may be mere impertamnt
as in dike 23, Twinning en th= albite law is distinct.
Alteratien yields small flakss of mica. Sphene is feound as
geed wedges er as irregular g ains. Im spsts ia seme dikes
it is very impertamt in amsesunt, e,g, dike 26, Elengatien ef
the wedges is eften sesn, the twe adjacent faces beimg
enlarged, preducing a spear sihape with nen-paralellismﬁf
the eppesite faces, This is figured at Plated4 fig.I, Ina ene
dike, mo, II, sema vasry fine rssdles were neticed im a
felspar-rich patch.They are cenfined te this patch aad are
very mumereus t:isre. Mest of them are straight, but seme ame

curved. They have the high refractive imdex and birefria=-

g2nce of spheme. their extinctisem is met straight. They are
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previsienally idemtified as sphene, See_Plate 4 fig. 3.

Ths pyrites sf tha dikes is always imdefinite in shape and
was clearly depesited im its present pesitien by the ageacy
of ciramlatimg selutiens at a peried subsequent te the
conselidatien ef the dikes, Ilmemite is met se cemstant,
ner so impertant a congtituent as im the recks ef cearssr
graia ia vnis district.

PORPHYRITIC AUGITE-CAMPTONITE.

This type d=serves s=s=——
separate descriptien. Its best example

is dike 23. The desscriptien will refer te this dike with
eccasienal mentien of di ke 2.

The dike reachss a maximm width ef 4% feet, hasga strike of
113°[T°§nd dips at 6I°t> the seuth-west.It is a dark gray
reck with black,and mere rarely greer parphyrivic c¢rysials
Up o ¥ imch in lsipth. The black emes include augite and
nsrabl erde, whilsqtha greea sacs arz augite. The dike has

a fias-grained, chilled edge % incqin width, In thin sectien
the black augite is gravish .aad slightly pleechreic. It has
imclusiens of ilmenite, herablemde and plagieclase. Mere
rarely spheres is enclessd and eis cavity cemtains secerd-
ary calcits and secendary grs=a hermblende. Irnclusiens ef
felspar ian the augite éf diks 2 hvs curieus schillérs of
mgnetite, usually in twe sets at right angles, mere rarely
at 60°. The maximum extinction angle of this augite is 8_
The green augite is celsurless ard full ef minute inclusien
It has an extimctiem amgle of 4I°aamd sccurs as aggregatas
ef crystals.

Other smaller perphyritic augites are mew represeatsd by

carbsnataes. The augites shew iacipient uralitisatisn at the
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edges and aleng cleavage cracks, beth brewn amd gresn ural®
ite being seen, The hermblemde perphyritic crystals have
similar characters te these indicated abeve., They shew
Teserptien alemg the edges and clsavage cracks, with the
Ik extinelion angle < 3r°.

preductisn ef magntite granules, Perphyritic crystals of
plagieclass ar= rare and shew z2aary banding.
The grsuad is couipssad af hernld srde, much reserped and
plagieclass, with much pryrites in large masses aof irregular
shape, a small amsuat af sphens sams of which is secendary,

Te Plogioclase i au audedue .
and apatite im’fine needles. Much secendary, infiltered
calcite eccurs in the greund. A 1little epidete eccurs in
the hernbl emde, as a decsmpesitien prsduct aamd a celeurless
epidetic mineral with lew birefringence, prevably cline-
zeisite is asseciated with calcite, pyrites and greer acic-

ular hermblende in a vesicle.A little secendary quartz is

alse predent inm vasicles.
The fipe-grained chilled edge of this dike is cempaesed- of

plagieclase laths and mvch infiltered calcite with a faw
pyvrite individuals, seme very fine magnetite grarules arnd
seme remnants of hermblsnde in the last stag=es ef reserp-
tien. There are in additien oae or twé pseudemoarphs ativer
porphyritic elements some of which weuld appearte be fels-
par, but ere was reticed mew eccupied radial aggregates of
zeolites, suggestimg the prebable formesr existemce of
perphyritic crystals eof mephelime in this chilled edge

facies ef the dike.
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Smz1ler dikes of the besterite familv.

Gieseckite-parphvry. Twe of the dikes of which thinm sec-

tions have basn examired fall hers. Thsy are I7 ard R7.

The farmer whnsi T-as™ . C ¢ grevad of testenitic character,
im which were embedded crystals of hernblerde, now repres-
ernted by partially res{bcd remaants charged ovar te green
chlerite, and r£till centaining granules of magnetite. It
alse had psrphvritic crvstals whieh are.new represeanted by
rectargular ard squarepseudemorphs of small mica flakes,
Frem ths gexeral shape of these psendemerphs it is probable
that they represemt origiial zerhislire, theugh it is pess-
ible that the same kikd ef thinc may be preduced frem erig-
inal felspar. Infiltered calcite is cemnstantly seen,

The latter dike is much mere altered ard th=s greund is
almosé?calcite. Sems felspar remains amd iwdicatiems ef the
foermer sxist=nce of horallende exist im remmants im the
last stages of Tess~ptiem, there being exrly grains ef mag-
netite mew im what was oviginrally & horableade crystal., The
thin sectien ef thie diks examined had sne sqiure sectiem
cerpesed eof small mica flakes, arnd as iw the last case may
be cersidered as irndicative eof eriginal wmephelire, or pess-
ibly ef felspar.

Bestenite,

A true bestomite is the paste of the Petsdam breccia in the
cutting south-east of pit I, A similar type eccurs on the
tep of the 11ill ier the weed west of the gelf-links,

The paste of this breccia is far frem fr=sh ard has a
Lrovwaisli-yellew celeur. It is fine im graim. It contains a

largse nvmber of quartz amd felspar grains derived frem the

same source =s the guartzite pebbles. The matrix im which



these grains are embedded. is compesed of calcite and min-
wte mica flakes im the mare weatlarasd pertieis. The mica
flakes (prehably the paragerite vari=ty), are the altera-
tioenm praducte of t e origimal felspars of *he has~3ai*e,

Ia “hie fragher narte of the rock tha eriginal felspar laths
can te seen and also a few resoréed remmnarts of hermblende,
ealv recagnisable as such aftar haviag be=xs fellow=d thre'
all the stages of rassrptienm in other slices. The a eater
rart of the —~ock was conpcsed of felspar amd im additiea %o
the lath-siaped falspars there were felspars with rodial
arrang ‘ment as in the paste of the Qutremort braccias.

Petsdam’ Quartzit~%

Tha irclusicas ir th= bsstonite pasts are cempesed cf
quartz asd clear felspar gvains, botsr ertheclase aad plag=-
jeclase Leinc prasswit, The structure is typically quartzitic
the grains being uriferm im size, angular ia shape ard
fillirg vp the holes of the mesaic., Vary oeccagienally theres
are soeme smaller trains tham the average. Thers is alse
evidarnce of the iatrvsisn ef heosteritic material iate the
quartzite, especially revmd the periphery ef th=z pebbles.
This iatrud-d testenita ef the pebhleg is the frehest
represgsetative of that recl: type. The imtrusive actien is=s

I
thus seen te have besm accempamisd hv ar interchange bétween
the intrveive and imtruded., T-s othar mimerals te he meticed
in +the quart-ite are zircen cad ~vtile, which eccur ir small
graime having the usual characters ef these mirerals. The

rutile is dark bvewn i=n celeur amd pleochreic,
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NOTE ON PREHNITE IN DIKE.

In the essexite dike eccurring at the cerrer ef Var Herne
ard Recklemd Avemns= were feund a few amygdales, whese sizZe
renched 4 imchas in lergest diameter amd i imch te 1 imch
jm thickness, These amygdales were filled with prehnite,
with which was asseciated a little calcite and pvrites.

The prehnite Yas a light greem celour with small patches ef
a vellewish timt, It is arrarged in sheaves Qf fihres, with
an attcmpt‘at radial szructure, It frses easily te a
blebby eramel and is imseluble im HCl. It has a hardmess ef
6 and its specific gravity, determined by pvcreméter is
2,97, A determinatier ef its r-fractive index by Pref.
Graham gave I.622, a value which falls bstween these ef the
highest ard lewest refractive indices ef prehmnite. A full
determinatior of rafractive indices was ret made because

of imabilitv te secure a suitable prism,
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DESCRIPYION OF PLATES.

Plate I fig. I.Yenrrer camptonite dike of mere acid variety
cuttimg elder basic camptenite dike threugh the middle.

The veumger dike shews regularly spaged jeints. Dike I5,
expesed in tremch im Reckland Avenuei

Plate I fig. 2. "Ovtremont Braccia", Reckland Avenue, Shews
white baked limestene blecks embedded im almest black camp-
tenite paszte.

Plate 2 fig. I. Perphyritic auvgite campteamite. Dike 23,
Reckland Avemus=. x5/8,

Plate 2 fig. 2. "Outremont Breeeia", shewing angular limes-
tome fragmsats in camptonite matrix. x 3/5,

Plate 5 fig. I."Ottremont Braccia". Camptonite paste shew-
ing "repy" surface. x 5/8.

Plats 3 fig. 2, Napiclirne-syenite breccia from peirt S, see
map. The darker parts are cempact mephalismessyemite, the
lighter-coloured matrix is a pulaskite. x 2/3,

Plate 4. fig. I. Typical field of felspar=rich camptonite;
U uralitised augite, H brown hornblende, B brown biotite,

S spear shaped sphenes, iron ores are opaque., The relative
amounts of felspar an® ferromagnesian minerals in the more
salic members of the family is well illustrated by this fig¢x7&
Plate 4. rig. 2., Shows the very sharp contact of the nephe-
line-aplite and nepheline-syenite found in pit 2. S sphenes,
’g;nk mineral isoﬁfgﬁP hérnblende, the solitary opaque min=-
eral in the vein is iron ore. The eolourless minerals are

felspars. x 75,
Plate 4 fig. 3. Field of felspar in dike II, showimg long

needles with high refraetive 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% diameters

A augite, H hornblende, O olivine.
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