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AB S T R A C T. 

The tramway on Mount Royal exposes a complete east­

west section of the alkaline gabbro, from the contact 

vvi th the lowest part of the Utic.a Shale, w:rJ.ch is cover­

ed by the tunnel on the east, to the tip of a screen of 

Trenton limestone which extends into the mass from the 

west. The alkaline gabbro is not simple but is a com­

plex of intrusive masses of somewhat similar character. 

In general, the ~.3arly facias, which contains oli vine, is 

the most mafic-rich, and the younger facies are corres­

pondingly richer in pl.::t£ioclase, which is more sodic in 

composition than that of the early facies. 

All the facies are derived from the same magma and 

are essentially of the same age. However, the early 

facies bad time to become rigid before the younger facies, 

which now form irregular dykes within it, were intruded. 

In some places the dykes entered along fractures and in­

clude angular fragments of the early rocks; but the joint 

systems to which these fractures belong appear to be very 

local. These relationships suggest (ffi t the advance of the 

magma was progressive and continued despite consolidation in 

the mass, and that progressively later facias were formed 

from a nagma differentiating beneath. The extensive brec­

ciation on the zone mapped is, perhaps, to be attributed to 

the influence of the screen of limestone which allowed two 

parts of the magma to come together along the line. 



The neriod of intrusion and consolidation of the 
.I.: 

alkaline gabbro was followed by the intrusion of numer­

ous dykes of pegmatite, camptonite, syenite, and mon-

chiquite. 

The minerals of the al'kaline gabbros are plagio­

clase zoned from An.92 to _A.n.30 in the basic facies; 

oli~ine in the mafic-rich facies only; augite in all 

the alkaline gabbros; hornblende, or femahastingsite 

of the hastingsite group of amphiboles; biotite; ore 

minerals, magnetite, pyrrhotite, ilmenite, and ct1al-

copyrite; epidote; quartz in pegmatites and hydrother-

mal veins; calcite as an alteration product and in 

veins; and nepheline, spinel_, orthoclase, and zircon 

in pegmatitic and syenitic dykes. 

• • • • • • • • • • • • • 



I N T R 0 D U C T I 0 N. 

MOUNT ROYAL - Mount Royal which has given its name to a 

city and a petrographical province is surrounded by Greater 

Montreal. It is one of eight similar mountains rising above 

the plain of the Saint Lawrence Valley or the St. Lawrence 

Lowland. From west to east the mountains are - Royal, st. 

Bruno, St. Hilaire, Rougemont, ~ohnson, Yamaska, Shefford, 

and Brome. Brome Mountain is the largest, having an elevation 

of 1755 feet and an area of 30 square miles; Mount Johnson is 

the smallest, having an elevation of 875 feet and an area of 

0.422 of a square mile. Mount Royal, sixth in order of size.,-

has an elevation of 769.6 feet and an area of about two square 

mdles. The mountains are a geographical unit known as the Mon-

teregian Hills. The intrusive rocks composing them, with cer- ~ 

tain minor intrusives, form the Monteregian Petrographical Prov­

ince. (l). The hills are unequally spaced along a slightly­

curved, east-west line, which is about 50 mdles long. Mount 

Johnson alone stands somewhat oouth of the line. This suggests 

that the hills were localized by lines of weakness or deep-seated 

fracture. The form of the intrusions is unknown. Some hills may 

be denuded laccoliths and others volcanic necks or plugs. 

(1) F.D. Adams. The Monteregian Hills. Jour. Geol.Xl. 
P.243. 1903. 
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AGE OF INTRUSIVE ROCKS -:"' The age of the rocks i~ un~-~ 

certain, they cut the flat-lying Ordovician lintestones, and~- .. 

some breccias hold fragments of Helderberg and Oriskany lime• 

stones showing that the intrusions are younger than the l~wer 

Ordovician. On the east the St. Lawrence Lowland is bound:e~~ ~­

by the Appalachian uplift. Dresser(2 ) states that the igneous 

rocks of Brome Mountain are somewhat foliated and have in -

places an incipient, schistose structure. This, though less~­

schistose, is parallel in direction with the foliation of ther 

surrounding sediments and represents a late stage in the fold-

ing of the Appalachian uplift. The evidence is inconclusive; 

the Monteregian Hills may represent a comparatively young in-

trusion. 

LOCATION OF SECTION STUDIED - Mount Royal, because of 

its accessibility from,and proximity to the City of Mo~ real, 

has received much attention from geologists of 11cGill Univer-~ 

sity. Published papers by F.D. Adams(3 ), and by J.A. Banoroft 

and w.v. Howard (4 ), as well as unpublished theses, contain 

much information. This information has been obtained from a 
. - - . ....-

~ 

railway tunnel driven through Mount Royal, quarries, excavat­

ions, and outcroppings on its flanks. In 1928_,the J:Jiontreal 

Tramways Co. Ltd. completed a tramline from the north-west 

foot of the mountain to a point a few hundred feet south-west 

of the summdt. During the construction of this line it was 

(2) Dresser, ~.A. Geology of Brome Mountain. 
Geol. Surv. Canada. Annual Rept. 1905. P.6G. 
(3) Adams, F.D. The Monteregian Hills. Geol. Surv. Canada. 
Guide Book No.3. P.29. 1913. -
(&) Bancroft J.A. and Howard w.v. The Essexites of Mount 
Royal, Montreal, P.~. Trans. Roy. Soc. Can. 1923. 
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necessary to make a rock-cut almost continuously from t~~ 

north end of Fletcher's Field to the upper_termi?.?S• The 

lower part of the cut is through Trenton limestones. The 
sobb,-o 

upperZ$00 feet is in otkatineAtraversed by numerous dykes! 

It is the purpose of this paper to present the results of a 

study of the exposed section from the limestone to the upper 

terminus of the tramway. 

REVIl~W OF DEFINITIONS Al{D LITERATURE 
ON ESSEXITES Al~TI TH3RALITES. 

Alkaline gabbros related to theralites and essexites 

form over ninety percent of the rocks exposed in the section 

along the tramway. It is advisable, therefore, to consider-

the published work on these and similar types of rock and the 

definitions of each type. 

LOCATION OF ESSEXITE INTRUSI\~S - Essexite is known in 

very few localities and the area of all outcrops is probably 

less than one hundred sliuare miles. Among the known localit-

ies are Essex County, W~ssachusetts, from which essexite was 

named, the l!onteregian Hills, two small bosses in Scotland, 

Christiania District in Norway, Madagascar, Mount Monadnock 

in Vermont, a small outcrop in Bohemia, Julianehaab in Green-

land, and a doubtful occurrence in northern New South Wales, 

Australia. 
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ORIGIN OF TEmi "ESSEXITE" - The name "]!ssexi te 11 was­

int»oduced by Sears(5 ) to designate a rock from ~ssex Co~~y, 

:Massachusetts, really an olivine-·free soda~gabl?FO conta~!:l~ng 

nepheline. According to the original definition, the rock 

consisted of augite, hornblende, biotite, and plagioclase, 

with subordinate amounts of orthoclase, nepheline, and_s~da­

lite. Sears regarded this as the earliest and_most b~s~c~~ ~ 

part of the Salem Neck nepheline-syenite magma. Rosenbusch(~Jt 
expanded the term to include olivine-bearing types and includ~d 

. - . 
Norwegian rocks that BrOgger had called Olivine-gab_bro-<iia'!>~:at) 
Rosenbusch does not insist upon the presence of feldspathoids 

or hornblende. 

V/ASHINGTOlT' S DESCRIPTION OF ESSEXITE - In a descripti-on 
. . ---

of the essexi tes of Yassachusetts, Washineton (B) says, "~?.E~Y 
are dark grey, almost black, rocks, of a granitic structure, 

and usually fine-grained, though varying to some extent in 

this respect. --- Biotite and feldspar phenocrysts and small 

round spots of augite and hornblende are seen in most specimenss 

but are not prominent. --- The feldspar is mostly a plagioclase 

showing clear twinning lamellae, whose extinctions vary, but 

which correspond to compositions ranging from U, Anf to A61 

An2• --- An alkali-feldspar is not uncommon, generally anhedral, 

and often microperthitic. This and a mdcrocline occasional~y 

met with are ap_t;arently rich in soda. Nepheline is fairly 

(5) Sears, J.H. Elaeolite Zircon Syenites and Associated Granitic 
Rocks in vicinity of Salem, Essex County, Mass. Bull. Essex. 
Inst. XXlll. 1891. P.l45. 
("6) Mikroskopische Physiographie. 4th Ed. P.404. 1908. 
(7) Bailey. Geology of the Glasgow District. 

Memoirs of Geol. Surv. of Scotland. 1911. P.l28. 
(8) Washington, H.S. The Petrographic Province of Essex 
County, Mass. Jour. Geol.Vll. P.53. 1899. 
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abundant, generally interstitial, but occas_iona~ly ~~----!_e~.~--- ·· 

shaped crystals." Washington does n~t agree wit~--?~~~1!-?~sch 

when he includes rocks that have a hyperitic(~) s~ruc~~!e 
and appear to be a dioritic facies of the magma with the 

essexites. 

HOIJ!FJS' DEFINITION OF ESSEXITE ___ ~-_,--_ A:'he present u~_ag;~-- of 

the term 11Essexi te" is given by Holmes (g) as:- "E~s-~x! te -

a phanerocr-.rstalline igneous rock regarded as an __ alkal~ __ yar­

iety of gabbro, containing green and purple p~rox~~e~ _ _and 

plagioclase (andesine to bytownite) with or without sod~ --·-·--­

amphiboles and olivine. Among the felsic miz:.t_era~s __ !leph~?-ine 

or analcite may occur in small amounts, and orthoclase or 

soda-orthoclase is always developed. By decrease in potash­

felspar and increase of the felspathoid minerals the type 

passes into theralite." 

H.A.RICillR' S DEFINITION OF ESSEXIT~---,~; Ha.rker' s (ilO) defini t­

ion differs from that of Holmes in that no distinction is 

made between the ferro-magnesians. He says, ''Olivine is us-
- .- "" -·--

ually present, and the other ferro-magnesian _I!dner~~~-- ~~~ ___ in-

clude augite, hornblende, and biotite in various proportions, 

a purplish titaniferous augite being the most abundant ... 

ESSEX COUNTY - In Essex County· the essexites are con­

fined to the immediate vicinity of S~em Neck where they occur 

in large masses accompanying and cut by nepheline syenite. 

(x) "Hyperite." -A term at first synonymous with Norite, now 
extended to include somewhat granular hyperstene-feldspar rocks 
with or without aagite, diallage or garnet. - A. Holmes, Nomen­
clature of Petrology. P.121. 1920. 
(9) Holmes. "The Nomenclature of Petrology." P.93. 
(10) Harker. "Petrology for Students." Sixth Edition. P.85. 
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They are quite distinct from the syenites and __ fe~_, __ if -~"!¥__•~ 

transition facies are seen. On the other hand, they appear-· . ... -- __ ., - - .. _. ~- ... "' . .._ 

to gra4e into the diorites of the neighbo!hoo~-' f_rom_ Vf~~c!t~ ~t 

is difficult to separate them. (11 ). Washington bel~_~v~~~ ~~~ ~ • 

essexites of Salem Neck were differentia~e~ -~!lto a l~cco~:ithic 

structure which forms approximately one percent b¥ --~rec:t_ .o~·- --~ 
couftf.Y 

the petrographical pro~ince of Essex~ This :p_r?:V.~~c.~ -~-o~~ist.s 

of 342 square miles along the cqast of Ma~sachus~~ts from the 

New Hampshire line south to Lynn and stretchin~ inlan~. _"!o'F 

from 5 to 15 miles. The rocks consist of granites, q~~~!~~ 

syenites, syenites, nepheline-syenites, essexites, diorites~-

and gabbros but by numerous dykes and later flows of rhyolite. 

They have broken through Precambrian and Lower Cambrian strata 

and are supposedly Pre-Carboniferous. (l2 ) 

ESSEXITE A HYBRID ROCK Sears(13 ) is of the opinion t~ 
the essexites of Salem Neck are not true igneous rocks but are~ 

a hybrid or contact metamorphosed gabbro or gabbro-diorite. To 
-- ·- .... -- .. _-

quote Sears, "The conclusion is, therefore, that the essexite-

of SalemNeck is not a differentiate of the alkaline or_n~p~~l­

ite syenites, but is a contact metamorphosed gabb~o or gabbro­

diorite of the Salem type or in some places a metamorphosed 

olivine-bearing diabase. The essexites of Salem Neck un-

doubtedly grade into the gabbro-diorites; they are brecciated 

by the Syenites; and they occur only in the contact breccia 

zone and never as distinct intrusions into the gabbro-diorite. 

(11) Washington. H.s. The Petrog~aphic Province of Essex 
County, Mass. Jour. Geol. Vll. P.53 1899. 
(12) Washington. H.S. "The Petrograp~i~ Province of Essex 
County, Jlass." Jour. Geol. Vl. 1898 
(13) Sears. "Geology of theigneous.Rocks of Essex County, 
Mass." V.s.G.S. Bull. 704• 1921. P.l24. 
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These structural considerations strongly su:p!Jort the con­

clusion that the essexi te is of hybrid origin. 11 
.•. Sears 

. (14·) 
follows this with analyses of Salem Neck e_ssex~_.te~-- . -~ .~~ 

Mount Johnson essexites, and an ave:~ge ~n~lrsis_?f ess~x­

i te worked out by R.A. Daly. Conelusi ons dr~!in f~o!-Il_~~h_e~ 

analyses are that the Salem Neck essexit_e does not ~.~r~.e~-~­

essentially from the average essexi te, ~r __ f~o~- ~~~- e~~exi te 

of Mount .Johnson which, he states, is almost assure~_I:r_ -~~ 

normal differentiate of an alkaline magma. Final conclus-
-. - ---

ions are that these hybrid rocks may resemble closely a 

"normal igneous rock. 11 

LENl{QXTO~lN, SCOTLAND - The Scottish occurrences at 

Lennoxtown and Crawfordjohn in the Glasgow district h~ve 

been studied with considerable care. At Lennoxtown<15 ) 

an essexite, 'With teschenitic and theralitic affinities 

and at the same time not very far removed from th~_ ~a-~~~~ 

stock, 11 occupies a boss 700 yards long and ~00 __ y-a_?:'ds __ !f~d~~· 

In hand specimens this essexite presents the appaarance- of 

fine-grained gabbro in which black a~~gi ~~ and_ wh~ ~.e~ fel~~p~r·-­

can be distinguished clearly. Microscopically, purple aRgite, 

olivine,and plagioclase feldspar make up the bulk of the rock. 

Flakes of red-brown bioti te ,. grains of ti taniferous magnetite, 

long needles of apatite, and interstitial patches of analcite 

are compicuous. Orthoclase and nepheline are present but not 

common. The plagioclase feldspars are in lath-shaped sections 

showing no zonal structure. The majority of them are basic, 

(li)Sear.s. Geolo!Jy off-ht? i_7!7eous .-ock~ of Essex Cof..ln-1~ 
/VIass... U.S.,G-S. ~//. 704-. 182./., 

(15) Bailey. "Geology of the Glasgow District" Memoirs 
Gaol. Survey of Scotland. 1911. P. ·113. 
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bytownite being present. Bailey claims that thi~ is not a­

typical essexi te, being poor in orthoclase, but_ th~ t i~ ... ~-t!?ng­

ly resembles the Christiania essexites described by Br~gger. 

The age of the boss has not been ascertained. 

CRAWFORDJ'OHN 1 SCOTLAND - At Crawfordjohn, Scotlal'J.d!~_6 ) 
Scott describes an ess£xite, similar in outcrop size to the 

Lennoxtown occurrence, which consists of numerou$ crystals o:f .. 

olivine and euhedral lath-shaped feldspars accom~~~i~d -~~! a~d 

occasionally included in, large phenocrysts of -~~~ple a~~~~e. 

Ilmenite and apatite are faiil.y abundant and spora~ic f_I.a~~~­

of biotite also occur. The interstices are filled with neph-
-- ·-- .- . ..__ ~-- -

eline and analci te. Zonal structure is connnon in_ the ~~a.ftS.~~~­

clase which was found to be basic labra~ori te~-- It is_ c~~o~~ly 

enclosed by augite and in some places by olivine. Orthoclase 

is not common. Iron ores are plentiful and are in p~~?~~·- -·· ,._ 

surrounded by rings of biotite. As the edge of the intrusion 

is approached, the grain size diminishes until ~~ th~. m~~~~~ 

the rock is thoroughly aphani tic, none of the minerals being·· 

distinguishable in the hand specimen. The age of the intrus-

ion is considered to be Permo-Carboniferous. 

THERALITE - The terms "Essexite 11 and "Theralite" have 

suffered somewhat from lack of definition and discrimination 

in their use. Rosenbusch suggested the ·term "Theralite" for 

plagioclase-nepheline rocks of plutonic haoit, and chose as 

the original type amck from the Crazy Mountains, Montana, in 

which nepheline was stated to be present. This was a mistake, 

as the rock proved to be a shonkinite, and recognizing this 

Rosenbusch afterwards took the unequi.voca;l theralite of D~ppan, 

(9116l A. Scgtt. "The Crawfordjohn Essexite." Ge 1 Ma 1 5. P. 4 5. o • g. 
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Bohemia, as the type example. La.croix, h._~!fe'Ye! !._~ pr~J?.~S ed ~~ 

1902 to use therali te for melanocrati~ _ alka~i:-_~:re_!li~e~ .! . The 

term "Therali te 11 he reserves foE mesocrat_~c _!~.c~~ ~~h~~h 

differ from essexites in having a smaller proportion of -. . .. - -.. . ··- ·- ... ~ ..... - , __ .... --

potash-felds~ars and· i!l genera~ a hi~?.-e:r ___ !.~t-~c:> ?_f --~ep_!l~:~~~ne 

to feldspars. In essexites, as in the type rock of Salem ~ 
. - -· .. ____ ........ _ ,... ____ ... _ ._.. ............ _ 

Neck, there is a noticeable quantity of Ofthoclase or- soda-
, .. -· ... . ..... -- ....... - , .. - . -. ... -- .... . . .. 

orthoclase; interstitial nephe~iiJ._e ma:y-_ ?~ __ :Pr..~_sent, ~~~- ~~~!n-

blende is a constant ferromagnesian constituent. From the 

theralites proper Lacroix separates two ~t.Y!"~-~~ ~~~ ~?.i~h- -~~~ 

nepheline-feldspar ratio is lower and the plagioclase more 
- -- ~--- ... ~ .......... _............. ····-·-

calcic than in the normal member~-~ o! the ____ ~r~u~~{l~}*·-·-- The-

Crawfordj ohn "Essexi te" i,~ a Br_~ tish ~?C~mp_~_e of -~~e~~}:i~e-~_ ~-

characterized by general a·bsence of hornblende and the pres-
-. - . .. ..... ··-- ..... _,. .,.,.._ 

enoe of olivine and often biotite(l?). The montrealite of 

Mount Royal is a coarse-grained melanocratic variety of 

theralite(l?). 

H<]¥EiS~ DEFINITION OF THERALITE::·~:r·. Haines gives th~_9-_~f+~!l~ 

ition for a theralite as "a phanerocrystalline rock composed 
- • • . •. ·- -- .• ... . .• •. --- -.._ -. -- .... -s.·· -- ·- - •• • .... • .• 

esse:ntiallr. of labradori te, ne_p}leli:ne_, ~n~ .P?rple augi te, and 

o~ten containing_ soda-amphi?~le~ a.~d bi~tite, or both. Anal~ 

cite may be present, and moat examples are olivine bearing$18),. 

(17.) Holme~ A. Geol. M'ag. Vol. 57. P.l85. 1920 
Revi~w ~f -The Classification of the Plagioclase:Nepheline 
Gran1to1d Rocks. A. Lacroix. Comptes Rendus t 170 p 20 
(18) HdmesJA• The Nomenclature of Petrology.·P.225. •1920 • • 1920 
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DESCRIPTION OF MINERALS. 

The igneous rocks of the Mount ~o~~~~~~amw~y hav~-~. 

suite of minerals which varies little t!J.rougho~~ th_~ ~:!~!~r­

ent rock types of the· section. ~lkaline gabb_x-~s a?~--~~~es 

contain the same gro~p of minerals. Pla~~ocla_s~e' a.u~~-~~! .. 

and fema.hastingsite are the most pr~:>Jn_j.!l~nt! ~~?-~-~e!~~nt­

ages of biotit·e and olivine are~ s_ca_~~-~red .t.~_ro~~~~.~-~ ~~~- ... __ 

ae~~-i?n,a.nd ~ron ore~, apati~e,an~-- ~~~ne~ ar_~--~~~~~ ~~c~s~­

ories. The alkali metals enter -~~~~~ t!J..e ~o~p~~-~~~~~n o~.-.:~~~-~ 

ferromagnesian minerals. Free silica is not common, alth~ugh 

quartz may be found in small amounts in pegmatites snd hydro­

thermal quartz-calcite veins. 

A paucity of silica is indicated by the norms ?~ -~~~'"" -

alkaline gabbros. Nepheline is found in the nor~-- ~f .. I>~~~­
ioc.lase and amphibole, if their analyses are recalculated 

according ~o the normative system as igneous rocks. 

PLAGIOCLASE- Plagioclase feldspar-occurs in all ~the 
- ;.. -- - _.,. - ... -_ . - -- "\.. -... .,.... 

rocks of the section studied along the tJamway. I-n- places 
- .. - _,._,._ -- ... ----. -- - --- ..... _ 

it forms over ninety percent of the rock, but elsewhere au-
- . .. -· . . --

gite and hornblende may exceed it greatly in amount. Some 
-·-·· ---

facies of the gabbros have as little a.s ten percent plagioclase. 

All ~nhedra of feldspar show a range in composition from cal­

cic feldspar at the core to sodic at the margin. Ranges from 

An.32 to An.BO are quite common. In the plagioclase of the 

alkaline gabbros a range from An.24 to An.91 was measured. 

D,yke rocks contain plagioclase of a much lower calcity; 

zoning from pure albite to An.40 is common. Twinning_after 

the albite, Carlsbad, and pericline laws is almost univereal. 
Alteration to calcite and white mica or sericite is found, 



- 11 -

but in most of the thin-sections the plagiocla.~.e -~~~·fresh, 

except for small specks of these alteratio~~~·;P:roducts. 

Analyses of felds:pars from th~ Mo!J-te~~~i~:O- Hi~~_s __ ~re · . 
- . . ~- {20) 

given by T. sterry Hunt<19 ) and by B~ncrof~ and Howard • 
·- . -- -... -··- ; . ... ..- '\. ·. 

(19 - Geo1ogy of Canada~ 18.63. p-.-4?_6_:.;. ~ 479·. ~r- -
(20- Essexites of MOunt Royal, Mo~real. Trans. Roy. Soc. 
(Can. P.23. 1923.) 

Si02 
Ti02 
Al o· 

2 3 
Fe

2
o

3 
~0 

CaO 

Ign 

!!· 

1. 
49.06 

0.14 

30.96 

0.55 

0.15 

13.05 

!!· 
65.70 

20.80 

0.84 

4.?9 6.52 

0.50 6.43 

0.04 

o.?6 o.5o 
100.00 100.79 

]:!! .• 
63.25 

·22.12 

0.56 

6.29 

o.93 
99.07 

_ .. ~v •. 
46.90 

31.10 

1.35 

0.65 

16.07 

1.77 

0.58 

1.oo 
99.42 

V-. 
61.10 

20.10 

Vl. 
53.10 

26.80 
..... ... .... 

2.90 1.35 

o. 79 - o.-72 

3.54 

11.~8 

4.24 

9.71 

o.6o 
99.00 

:Vll.... 
53.60 

25.40 
'5 ..... · • 

0.86 ....... __ 

und-et. 
~~--~ .. t 

undet. 

-----
Bancroft & Howard. ·-Essexi tes or- Mount Royal, ___ ]l_·-~~-t. ___ P.!9, __ • 
P. 23. 1923. Analyst·, :M: F.· Conn:or~ ·- - - -- - --
P1agioclase from'\iiabase-gabbro phase of easexite" from 
C.N. Railway tunnel. 

Orthoclase from"granitoid trachyte" o-r-- Brome Mt. 
T. Sterry Hunt. Geology of Canada, 1863. P.476. 

111. Orthoclase from Shefford Mt. T. Starry Hunt. Geology 
of Canada. 1863. P.476. 

lV. Feldspar from·Ya.maska Mt. T. Sterry Hunt. Geolo·gy of 
Canada. 1863. P.476. 

v. Feldspar from "Granitoid Micaceous Tra.chyte, 11 Yama.ska Mt. 
T. Sterry Hunt. Geology of Canada. 1863. P.479. 

VI. Feldspar from 11Periodotic Doleri te," st. Bruno Mf... 
T. Sterry Hunt. Geology of Can-ada. 1863. P.4,79. 

Vll. "Peridotic Doleri te 11 similar to Vl; from Mount Royal. 
T. Starry Hunt. Geology of Canada. 1863. P.479. 
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{21) . . 
Concerning analysis 1., Bancroft and Howard s~a~-~-,.t: 

"The specific gravity of this feldspar is 2.J05 a~d its me~m· 

index of refraction is 1.565, which would indicate a che~i~~~ 

c~mposit~C?n equivalen~ to Ab35 An65 or Siq2 ,51·7_;_ -~~203~~9~~; 

CaO, 13.4; and Na o, 4.0. ~ak_~~~- ~he_~ N~29~~:9~0 rat~~' _!~~e~~--.. 2 
is ?7:117 or about 40:60, the analysis suggests a composition 

.. 
for the f~ldspar of Ab2~~· This, however, would require· 

- .. - . ~. - - .. -- - .- ~ - --·.... . . +. - • - ...... • -. -

53_P.~rcent Si02 o~ 3.9~ per cent more than is shown in:~h~~ 

anal;rsis. _A feldspar c~ntaini~- ~~-.0~ _per ce~t Si92_, --~~---~o~~.:-'c '! 

normal composition, would corre~;Pon~_ to_ ~b2~An_7"6 ~~PJ>!OX~~~~ly, 
Which should contain 2. 75 per cent of Na2~. _. ~:!1 ot~~!._ '!i.~r51s, 

although the ratio of Na
2
0:2Ca0 in the analysis su~l?es-ts_a :: 

composition of Ab An , the Na2o is consider~~-~!- ~~o __ ~igX:=.~--~~ 
40 60 . 

proportion to the CaO for the amount_ of Si02 pre~~~~·- ~o--~~~fil 

this ratio. The above com iderations strongly suggest- that 
- - .. ·-· -- . - ..... ---- .. -- - - .. -· -·-- "'" - - ..... -- ; 

a certain amount of the triclinic nepheline, carnegieite, 
' --- - ... 

enters into the composition of th~ fel~sp~!__·.~·--

The presence of carnegieite in the ~eldspar and of nor-t~ 
- .. "' _. o..r- •· ...__ r :._ •Loo ""' ""' ... 

mative neph~lin~n the hornblende h~~P to explain the presence 

of nepheline in the norm of the rock. 

Orthoclase - Orthoclase is a very minor constituent of 

the alkaline gabbro, but is prominent in the pegmatites and 

syenite rocks of the tramway section. It is zoned and is com~ 

monly of a soda rich variety, extinctions ranging from 5 deg •. 

to 13 deg. (oe.Aa -on the 010 face). The richness of orthoclase 

of rocks of the Monteregian province in soda is well shown in 

analyses 11 and 111. Here the soda is in greater amount than 

(21)· Bancroft & Howard. The Essexites of M t 
P.~. Trans. Roy. Soc. Can. 1923. P.23. oun Royal, Mont., 
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the potash. orthoclase normally contains about ~~ ~~re~~~~ 

of its alkalis (Na
2
o+K

2
0) as soda. The soda-rich_ or~h_9clase 

is stable only at high temperatures but i~- not rare as a 
. (22) 

metastable substance at ord1mr:y- tempe!~tur~_s. · __ . 

In some of the pegmatite dykes, orthoalas~-~~- ~~~i~~~­

are -intergrown in what appears to ·~e. a pe;-th~~i~_ ~~~-~-~~!-"·~w~!J. ~ 

but on closer examination albite is seen to be intimately re-

placing the orthoclase. 

ABGITE - Aagite constitutes as much as 70 -~~!c~~~~~!­

some facies of the alkaline gabbro, but th~ ay~rage_ C?~t~~~: 

of all rocks of the section is about 25 per?_e~~-·-- It -~-s- c~~or-~: 

less to slightly flesh-colored and non-:pleoc~roi_c~ __ y~ry_} .. i ttle 

of the purple pleochroic variety described by Ban~~~~~ and 

Howard{23 ) was seen. The ~gite is optically positive, highly 
-- - -- --- ~ . ~-.- -- . - .... 

birefringent and has an extinction angle (ZAC) of _3~~-~~g. to: 

45 deg., and an optic axial angle ~2V) of approxi~~~l¥~-~9 ~~g •• 

Dispersion is D14rke~7.Af0n the op~~c a.~i~-- B emer~~n~_ !l~~F the 

001 face, but is not distinct on optic axis A. The augite is 
-..,..a .• •""- _.. .....,. -..., - •· .-.- ·,.. 

common as short prisms, but in facies of the ~~~~!~ s~?W~~­

flow structure, especially near th_e_ conta?~ between t·i7o_ ~~_cies, 

it is granulated and may occur as masses of small individuals 

sometimes showing an attempt at orientation of the longest 

direction of the grains in the direction of flowage. Augite 

and hornblende are intergrown in most of the sections examined.,. 

and biotite may also enter the intergrowth, although not common­

ly. Inclusions in the augite are of iron ore as black irregular 

("22) Winchell. Elements of Optical Mineralogy. Part 11. P.322 
(23) Bancroft & Howard. Essexi tes of Mount Royal, Molt real. 
1923. P.Ia. 
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grains or dust-like particles, apati~e, sph~n~, ~~- P~~g~?~~ 

clase. several inclusions of plagioelase were found to have 

a composition of An88 to An91; the composition of most of':'-\; 

the inclusions could not be obtained. A few specimens showetr;· 

alteration to calcite, chlorite, epidote, ~nd hornblende, but, 

in general, the augite is quite fresh. 

Analysis !· is given by Bancroft and Howard (~=).:from an 

oli vine-rich t~e of essexi te fC?und on Cote des !:J~~g_e~~ R~~d 

and analysis _g. is given by T. Sterry Hunt(25 ) f_or.~llgite 

from "the olivinitic dolerite" of St. Bruno Mountain • 

Si02 

Ti02 

Al203 

Fe
2
o

3 

FeO 

MgO 

CaO 

.!· 
50.89 

0.78 

4.21 

1~43~ 

4.18) 

15.97 

22.38 

0.17 

0.23 
100.24 

11. 
49.40 

6.?0 

?.83 

13.06 

21.88 

0.74 

11.1. 

47.54 

3.00 

4.14 

6.42 

10.05 

21.57 

1.50 

0.36 

0.50 - Volatile. -
100.11 100.21 

Analysis 1. (
26

) "corresponl s very closely to the formula 

17RSi03 (Al,Fe) 2o3 -,-,here R=Ca, Mg, Fe and Mn, with 2(Na,K)! 

If this analysis be recalculated according to the ~uantitative 

Classification of Igneous Rocks, it will be found that the 

aagite possesses the following norm:-

(24~ Bmcroft & Howard. Essexites 'Of ·uount Royal., (25 ~ 1 f m ~ont. P.l9. 
( 

u-eo ogy o · Canada, 1863. P.468. '-
26 Bancroft & Howard. Essexites of Mount Royal, Montreal. 

1923. P.l9. 
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.Anorthite 11.40 Olivine 4.81 

Diopsi de ?8.60 Magnetite - 2.09 
f) . 
f.v' Ilmenite 1.52 Hyperstene 1.56 

Analysis 111 (27 ) is from a ti taniferous-a~i t~ f~o~-­

tinguaite, Two Buttes, Colo ••. The Ti02 cont~nt of_ th.i~-- ~:P~~~:men 

is much nigher tban that from Mount Royal, in fact, ~n~~~~~~-~ 

l· is not a true titaniferous-a~ite, but is ~-~ewhat between 

a normal aagite and the titanium-bearing variety. 

HORNBLENDE - The hornblende of the section belongs to- · ~ 
... . - -- .--"" ------·· "'-• 

the hastingsite group of amphiboles. It rarely exceeds twenty • • • ..... "of-- V .. ~· • ---~ • ....... ...... .. 

percent of the- rock although as much as 45 percen~_ ~~s--~-~S~_?V­

ered in one facies. The average over the en~ire tram~i~~:~s 

about 14- percent. It is a strongly pleochroic_ yari~tr_ -~~:th: 

a light straw-yellow, Y a dark reddis1'!-bro~;~~~ Z a d_~~~ !_e~~' 

dish-brown, with ~Z<Y ~r X<Y==Z, the former b~.~ng ~h~ ... m?!~~-~·~?~"" 

dant although the latter is very common. T?-is ~1~~~~--Y.~Fi~_:t~on 

in the pleochroism suggests that its chemical co~!>~~~~-~~n~.l!l~¥· 

not be constant. Bancroft and Howard describe optically posit-
- L ~- - • ....... ••• ••• .,_.,_ - - • ... 

ive hornblende but none was found in thin-sections from the tram-

way. The hornblende is optically negative and has an extinct­

ion angle (XI\C) ranging from 18 deg. to 24 deg •• The optic axial 

angle (2V) is approximately 80 deg. The dispersion is difficult 
~ 

to determine due to the intense brown calor of the interference 

figure; it is very wea~~ In nearly all sections,the horn­

blende is intergrown with and molded upon aagite. 

(27) Iddings. Rock Minerals. P.298. 
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Inclus.ions of magnetite in large grai~s or small 

opaque specks are connnon and_ ~t is not ... un~~~~n t~~~fip.d 

lines of small dark inclusions probab_ly_ mar~~ng p~in.~~~-~~:­

which crysta~lization was not active and sl!_eck~---~_f_ ~~~~~~-~~ 

were ace to adhere to the surface of the hornblende crystal. 

In places these lines formed several times during the cr.y­

sta11ization of the -~ph~~_ole_. 

Analyses of Mount Royal hornblendes:- (28). 

1. 11. 111. --· ___ , ---.-. , .... 

Si02 35.65 39.23 38.633 

Ti02 7.99 4.53 5.035 
--- .... « ~ 

A12?3 11.94 14.38 11.974 
J. • .. \. ·-

Fe
2
o

3 
5.92 2.92 3.903 . 

" 

FeO 12.04 8.56 ll.P.23 

:M'gO 11.01 13.01 10.200 
- . 

CaO 11.21- 11.70 J2- .807 
~ ' 

Na2o 2 .• 33 3.06 3.1~9 
:;; to ~ 

":.~ 

K
2

0 0.99 0.98 1.489 
- • • ~ t 

H
2

0 0.36 0.36 0.330 

MnO 0.10 0.65 0.729 

NiO o.o4 
SrO 0.01 

99.69 99.37 99.762 

(28) Bancroft & Howard. Essexites of Mount Royal, Montreal. 
P.20. Analyses 1. and 11. from Mount Royal. Analysis _111. 
from Mt. J'ohnson:- -
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1. From "fresh dioritic phase of-the rock"~2000-feet from 
its eastern contact in the Mount Royal tunnel. 

From 11Essexi te," Mount Royal. 

ill• From· "Essexite," Mount 3ohnson. Guide Book No.3. 1913 
P.7o. 

If calculated as if it were a rock analysis, No.l. has 

the following norm(29 ): 

Anorthite 21.13 Olivine 14.67 
--

Nepheline 10.79 Calciilin ··- ~ . - - .... -- -- - -

Orthosilicate 1.45 
- ·- -- . - -- .. 

Leucite 4.80 Magnetite 8.58 
-- ·• .. . 

Diopside 23.46 Ilmenite 15.20 

Marland Billings(3o) shows that the classification of 

the hastingsite group is based most logical!~- ~:n __ ~h~-- rat~_? of 

ferrous iron to magnesia, using molecula~ __ .s:~~:P~!.~~9_ns; ~~f 

FeO/MgO exceeds two, the mineral is ferrohastings-i te; - if----- -

FeO/MgO is less than two but greater than one-ha~f, the ~in-

eral is femahastingsite; if FeO(MgO .. is less __ ~h~!l_on~-ha~~! 

th . 1 . . h t. . t ( 31 ) Th 1 1 t. e m~nera ~s magnes~o as J._ngsJ. e. . e mo ecu ar ra ____ ~~~ . 

FeO/lofgO for analysis 1. is ~~~~~ = _ ~_.6/~ • .. This rat~c:_> ~!ces 
the amphibole a femahastingsite very closely related to mag-

nesiohastingsite. Examiaation of zoning in the hastingsite 

group of amphiboles showed that the older part or core tends 

towards magnesiohastingsite and the periphery tends towards 

ferrohastingsite. These relations were found in the Mount 

Royal amphiboles as well as others of the group. (32) 

{29) Bancroft & Howard. Essexites of Mount Royal. P.22. 
{30) Billings. The Chemistry, Optics, and Genesis of the 
Hastingsite group of Amphiboles. Amer. Min. Vol.l3, 1928. P.287 
(31) Ibid. P.292. 
(32) Billings,~ Chemistry, Optics, and Genesis of the Hasting~ 
site Group of .Amphiboles. American llineralogist. P.293. 1928. 
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BIOTITE - Bioti te forms ap:p;-oxima~e-~y __ ~~J;.e.~ percent 

of the rocks of the tramway section. Some facies of~the 

alkaline gabbro have as much as twenty l)_~rcent __ ~f _this min•~ ~ 

eral but one or two percent is more co~on~ Biotite is·- found 

intergrown with and molded upon both femahastingsite and· aa-
___ ~-- - • - -~ .... ~ ----· • ·- ....... .. 1< 

gite, as rims around ~netite graims, and in reaction edges~~ 
--- - ..... ·-- -- - ---- --- .,._ ~ --- - . ..._ .. 

around olivine. In all cas~~ it i~ __ stro!l~~;v __ ~_leo~!'l~~~c, ~!~~t" 

straw yellow to dark brown often with a reddish tinge. Biotite 
... --- -- ~ ----. - - -.- - .;.. ~- --- ,_ 

was one of the latest miner~_ls_ ~o crysta_ll_~~-e. __ No ~I!a_l_y~i:B: 

of Mount Royal bi6tite is available. The analysis submitted 

is for lepidomelane from Corporation ~uarr~. (33) 

Si0
2 32.96 

Ti0
2 2.80 

Al
2
o

3 10.34 

Fe o· 8.85 
2 3 

FeO 27.19 

:nnno 2.79 

CaO 0.64 

M'gO 0.7~ 

Na
2
o 0.98 

KO 7.75 2 
LiO 

2 0.03 

H20. 4.36 

99.42 

(33) B.J. Harrirgton. Trans. Roy. Soc. can. 
P.26. 1905. Part ill• 
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OLIVINE - Oli vine is not a common mineral of t~~. ~ocks 

of the tramway section. Less than one-fifth of the- thin-

sections,fexamined contained this mi!leral._ !!!J.~n w~res.~n~--- i~- .. 

was never found to form more than t~v_o p~:r~ell.~~·--of ~~~ rock. 

In the majority of sections containing olivine, only ~~e~ ___ or 

two grains of the mineral are present. lt -~s-.~ ve_~y--~~-~~~­

green, almost colorless, variety which_ ~s o~~-~ca~~! n~~~t~~-e. 

Analyses show 25 percent FeO which is in accordance with the 

negative property, the inversion from positive to negative 

being at about 13 percent Feo(
34

). 

Analyses of olivine from essexites of the Mo~eregian 

Hills:-

1. 

Si02 37.12 

Ti02 0.30 

Fe 2o3 1.72 

FeO 25.66 

CaO 2.10 

MgO 33.78 
100.68 

25.17 

2.16 

34.62 

100.00 

22.-5'7 

39.3.6 

99.06 

··1v .• "' 
37.lV 

22.34 

~ -~ .. 

.3g;.o8 

99.39 

Analyses 1.- and 11. from Mount·Royal Olivine, Bancroft 
and Howard, Essexites of Mount Royal. P.25 

Analyses 111. and lV~ from· St. Bruno Mountain 01ivire. 
Geology of Canada. P.464. 1863. 

Reaction rims around the grains are almost invariably 

present. The rims contain biotite, magnetite, co1orless 

pyroxene, and apatite. In almost all cases the o1ivine 

(34} Winchell. Elements of Optical Mineralogy.~ Part 11: P.166 •. 
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grains are serpentinized along cracks. In several places 
.,. .. ,_ --- ... -...;-. -

the grains are entirely alt~r_ed to __ se_!~~~~i~e·----~-~~a!l~!o.~~---· 

and Howard describe except~onaJ... a~te~~~~ot:t o~--~l!y~n~W- ~~-s~~:­

i te (35 ) in detail. Insufficient amounts of oli vine essex-ite 
. . - ... - ....... ~-- .. -...- .... - ..,_.- .. -·.... .. . .,. -- .. 

are available along the tramway to make po~sible a detailed 

study of this alteration. 

ORE MINERAlS - The ores are 1 ~-n· ~rder ___ o~_ .. a~~~~~E~eft 

magnetite, ilmenite, pyrrhotite, pyrite, chaleopyri~e! ~S.P~~[3~-, 
.. ··- -~ - . . ~- . - - ..... -.. ·-· . -... ...- -- ~-· -. ... 

and hematite. ·Together they form about 5 percent. of the· rock 
·. -- --- •···· .• -- --. ~ .... .• ... ..... - -. --- .,_ .......... , .......... ~ ..... .... ___ .. - t:r 4'\ -

but 10 to 12 percent is q~ite common in __ thi~. s~c~~~~-~-· In 

polished secti()ns examine~_ with_ ~e~~ec_~~~ · l~g~t _ spi~el is 

found to be intergrown with magnetite parallel to (lOO). and.,.,. 
- . ---- .... _._.,;..4··-·- __ ., _____ ..,.. ................. ___ -·t· 

appears as two lines o~_ ~~-~hes on t~_e. ~~!1-e~.i.~~· Ilmenite is~· ~ 
~ - "-- ....... - ... ··-- ·-·. . -- • * 

found on the edges of magne~~te sugge~~_in~- tha~--~-t ~prrs~_~f.~ize4 

later. It -is found also intergrown with magnetite par-allel 
- ·- - - .... - -- --- - -- . ... . -- -~ •· ~-

to the octahedron 111. A discussion on ~hf! ~n~_~rg!9wt!J,~ ~~!_:·' 

magnetite, ilmenite and spinel ha~'"''bee~--~l!~li~~-~d. __ ?Y'_:O~~~r~~(3! 
Chalcopyrite re~laces pyrite in every occurrence observed in 

Mount Royal rocks. 

APATITE - Apatite is found in all facies of the al-

•line gabbro along the tramway. It seldom forms more than 

one percent of the rock, although as much as four percent is 

present in one section. It crystallized early but not before 

aagite had commenced to crystallize. It commonly occurs as 

minute needle_s scattered evenly throughout a thin-section, 

but bluish-gray sections of hexagonal pyramids attaining to 

(35) Bancroft & Howard. Essexites of Mount Royal, Montreal. 
Trans. Roy. Soc. Can. P.25. 1923. 

a~a>tRg~~rg~i~i~: ~ggM~Yc~~~~§.T1i~?;r~rg~sp;gsg.ori~28 • 



- 21 -

the dimensions of the grain of the rock are p~esent ~·i~ ~1'!-~ ...... , 

places. Most of the apatite h~s the minute incll1~_i?n~!~- S?~h 

as are commonly found in apatite. This gives a purplish or - ... -:-.- ... ~ ·- ~ ... ~· 

mauve tint to the mineral which is noticeable in the larger 

grains. 

SPBENE - Sphene, optically positive with very s~~l~ .. -~ 

optic axial angle is a common accessory in the r~cks __ of t?-e 

section but is present in very minor amounts. Some of the 

facias of essexite show no sphene in the t~in-sect~on~-~~t 

the majority of sections show several greyish-~rown we~~<e­

shaped sections of the mineral. It does not form as n1uch 

as one percent of any thin-section. The sphe~_e ~s sli~ht~!: 

pleochroic suggesting a content of alkaline earths. It do.es 

not eh ow any radioactive haloes; either becau_f3_e ~!J.e rock is 

not old enough or because the sphene is non-radioactive. 

a.lkaline 
l~HELINE - Nepheline was not found i!J- any. __ o!_ ~!le __ t.;A-

9&bl.ilr01J examined urd er the microscope, but snall q_uantities 

are present in several small dy~es of the section. It is 

either in syenite dykes or in injections which have come 

after the first intrusion of the ~ke in which it is found. 

Two occurrences are doubtful, the mineral being greatly alter­

ed to white mica. Nepheline has been recorded from the essex­

i te 100 yards west of the Lookout on Jv!ount R_oyal and from th~ 

eastern end of the railway tu:g.nel( 37 ). It is possible that 

these. occurrences of nepheline are later injections such as are 

found in the dykes of the tramway. 

The presepce of carnegieite, triclinic~ nepheline, in the 
~. 

(37) Bancroft & Howard. Essexites of Mount Royal. P.26 
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plagioclase has been discussed, P. 12., and the presence ?f 

nepheline in the norm of the a..mphib.ole m s been shown. P.l7. 

CALCITE - Calcite is found in sn~ll veins in the essex­

ite and in vesicles in some of the camptonite dykes. In all 

cases it is la.ter than the other rock forming minerals and .:.•: 

has accompanied quartz in injections of vein material. It is 

a common alteration product of augite and plagioclase. 

QUARTZ - ~uartz accompanies calcite in the later inject­

ions of vein material. It is not found as an original con-
e~ce-pc pelJmat-li:es 

stituent of any of the rock types of the __ tramvy_a¥N It~-~±1.~~al-

lized immediately before the ce~lci te, small quartz _cr:rst_~~~­

having grown from the wall~f the veins containing aJ calcite 

filling. This mineral is found also as aggregates of.:.s~ll 

idiomorphic crystals in essexite. In ti.~_is latter case it 

has been injected probably at the time the c1uartz-calcite 

veins were formed. 

ZIRCON - Small zircon crystals are present in two of 

the thin-sections and are surrounded by radio-active haloes. 
-- - -- -~ -...- .. -_..~ ..... ---·-

This is the first time radio-active haloes have been reported 

from the 1Ionteregian Hills/ The zircon is found in syenite 

dykes which contain about 98% feldspar, orthoclase and plagio­

clase, and one percent biotite with magnetite and spinel. The 

haloes are immature and suggest that the rock is much younger 

than Palaeozoic. In fact the halees resemble those found in 

Tertiary rocks. 

SPiliEL - A green spinal, pleonaste, is present in minor 
) 

quantities in the syenite dykes containing zircon. Pleonaste 
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or hercynite occur in the magnetite (discussed on Page ZO). 

EPIDOTE - Although epidote was not found~_i~ any of __ ~~e .. ~ 

thin-sections from the tramway, consider~?le quant_i_t~~-s ma~_ be 

seen in some places irfhe alkaline gabbro. Small amounts. of 

epidote are present in some of the most basic facias of the 

complex, but the largest quanti t! observed is in a rock \h ich 

probably has no plagiochse feldspars more calcic than An.75. 

ALTER4.TION PRODUCTS - The alteration of plagioc~~s-~--~?.~ __ . 

specks of white mica and calcite is found in every thin-section 
. ·• - ..... 

of the alkaline gabbros. The alteration seldom amo~~s-~o 

more than a few flakes of mica, but in places where it is fur-~ 

ther advanced it has affected the calcic core of the plagioclase· 

more than the outer zones. 

Augite has altered to calcite, a.mphibole and sericite in 

several localities. In places it has been serpentinized and 

later changed to an amorphous gray-brown substan_ce resel!l~~~~g~· 

talc. Accessive alteration is caused by hydr~thermal action(38 ~ 

Femahastingsite has altered to sericite and biotite. 

Alteration to muscovite and magnetite ms been active on 

some biotite. 

In several dykes which were originally camptonite or mon­
chiQ..Uite the groundmass has entirely aJ.tered to zeolites which, 

in places, show a radiating structure. Phenocrysts of amphibo~e 

in these dykes have been changed to calcite and chlorite. 

Most of the rocks of the section are quite fresh but along 

edges of some of the dykes and aJ.ong small fau~ts where the 

ground waters have been able to circulate the essexite is almost 

entirely rotten and is colored reddish-brown from iron oxi..qe 

(38) Bancroft & Howard. Essexites of Mount Royal. 38 P. 
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stain. In the western end of the section there are several 

small dykes which appear to have been fairly late in~~ct~ 

ions and which have entirely altered. These dykes can be 

pulled to pieces with the bare hands. Much of this alteration 

may have been caused by hydrothermal action. 

THE ALKALINE GABBRO. 

The exposures studied along the tramway give a complete 

cross-section of the alkaline gabbro of Mount Royal. The-

contact of altered Utica sedimentary rocks is covered by the 

lining of the tunnel on the aast end of the section. The 

terminus of the tramway near the summit of the mountain is- on 

the eastern tip of a mass of limestone th~t extends from the 

west as a vertieal screen in the intrusive rock. This lime--- ... 

stone is relatively narrow but, where cut by the C.N.R. tunn~l 

beneath :lJiount Royal, is the same width as at the surface sh-o:w .. 
,. . ..,. ___ .,. ..... 

ing the contacts are nearly vertical. It is ~er~~P~ ~~~~"w~~ge 

which accounts for the brecciation of the alkaline gabbro as 

exposed along the section. 

MAFIC-RICH FACIES - The earliest rock of the series of 

alkaline gabbro intrusions is bl~.r,,-., tclocrystalline, medium­

grained with a granitoid texture. In hand specimens, augite 

crystals ee lcm. py ~cm. are seen to be abundant. Spots of 

grayish-white plagioclase give the specimens a mottled appear­

ance. A few specks of pyrite or pyrrhotite are the· only other 

visible constituents. Examination of thin sections show the 

rock is approximately 60 percent augite, 10 to 30 percen~ 

piagioclase which is zoned from An.90 at the core of An.2§ 

at the margin, about 10 percent hornblende, and 10 percent 
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bioti te. One specimen has 20 percent biot_i te ;~: t~e ~_re~~--~-~:~. \: 

amount of this mineral found in any specim~n fro~ .. ~he tramway. 

1 t ·r 1 f ·ng ·1·n places, as._ mu_ch as 10~-- • Iron ores are p en 1 u , orm1 , 

percent of the rock. P1lagioclase is included within the- fer­

romagnesian minerals as well as ~ntersti tial~ .. ~~ ~~~~! err.:-· -

stals of olivine are found in sections of these rocks. Oli~-
- - .,. ---- -·· ---· .... _ .... -.. ,,_ ..... ___ _._, .,... .... _.- .--~--

ine invariably is surrounded by reac~ion rims containi~~: ~~1 

the other essential minerals. The inner zone o~. th~ !".~m __ ·~S 
' ~ 

commonl;r pyroxene whic!J. is surrounded __ O!J- __ the _ou_ter _ed~e.,~br~ ... 

hornblende, biotite, magnetite, and apat_ite in a mixed~_mass:·· 

The ferromagnesian minerals tend to ~.e !~io~orp~~.c.. _ Yf.e.~l:!: ~~; 

fined crystals of augite, femahastingsite and, less cotmnonly, 
-- . ·----... -.- __ -- .. -- -~ ............... _,, ....... _ 

biotite are found with interstitial lath-shaped plagioclase 

feldspars. 

The black facies of the gabbro is intruded by later 
........... _,_ --- .... ____ . ..._ ... _ -.. ·-·- . .:... 

facies with a light g·ray to black color. The irt rusions o£- ~ 

the later rocks, although in some_ plac~s in defin~t~e ~?~ ... p~r­

sistent dykes, are generally in indef~,~.i te ~~k~--~~~e~· ~~~~~~: 

which appear to have been intruded befo!e an¥ -~jo~- Joip.~in~:-

895- tem lad formed in the original facies. Th:us,_ a~~~o~g;h_ ~he· 

contacts between the facies are sharp they are jagged in out-

line and do not hold any direction for more than a few inches. 

These irregular intrusive forms give the section a very Qrec­

ciated appearance. The successive intrusions of alkaline gabbro 

have formed banded and schlieren structures in many places. 

YOUNGER FACIES - In_ the lighter-colored schlieren, the 

percentage of augite is less than in the black facias and 

there is a corresponding inc re as e 1· n the · t ~ percen age_ of plaf?io-

clase and a slight increase in the percentage of femahasting-
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site. Biotite is in about the same amount as in th_~-.. ~lde"r.:; 

facies but no olivine is found. In the hand specimens, laths 
.. -- ..... . ·-·- . ·- -·. ---- "" .. _ 

of hornblende, as much as 2 cm. long with a ~!~ss-se~~.i.~~~~f 

0.4 cm., are prominent. Vlith increa~in~ am~~~ts ~f .. p_la~,io­

clase the rock assumes a mottled black on ~ra¥ a~p~aran~~ 

instead of the original gray on [>lack~ . ~u~~ t~ i~_ P!~~e.~~- but" 

i~ commonly in much sr.aa.ller _ ~rystals th_~. _those o~ t~~ earl:~~~ 

facies. In thin sections, the plagioclase is found to be less 
. . ... --- . ... . .. . ... .. - ..... ... . . . ~-

calcic than that of the dark facies. In facies. in wh~_o9-_ f~~·;o\: 

ahastingsite exceeds augite, the zones of the ~~~~.io?_la~~ __ range 

from approximately An.72 to An.30. The out er zones of the 
- "' 

plagioclase of all the gabbros are between An.28 and ~~·--~~~· 

The most calcic central zone measured is An.92. All gradations 

in compo·sition between An.30 and An.92 are found. The more· 

sodic feldspars are in the later intrusives ~~~~ last of the 

facies to crystallize). The average composition of the feld-

spar is labradorite. 

FLOW STRUCTURE A flow structure is common in the ~~~ht-

er colored facies. As the rock becomes lighter in color the. 

size of the ferromagnesian crystals decreases. a.nd.;.:larg~r. laths 

of plagioclase appear. This may be accompanied by a gneissic 

banding in the rock with elongation of the small crystals of 

augite, femahastingsite, and plagioclase in the direction of 

movement. The banding is due to a different proportion of 

plagioclase and ferromasnesian minerals in ~djacent streaks. 

At the time of formation of this structure the intruded mass 

was probably viscous and allowed the injection of a magma rich 

in ·plagioclase. Repeated injections of more material!__ which, 

due to differentiation, was more feldspathic than the original 

magma, would tive the gneissic bands. Light and dark bands in~ 
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a few of the gabbro dykes may be due to differe!lt~a~. moye-:-: 

.ments of the magma along the walls. The earlier-c~~~t~l~i~ed 

ferronagnesian minerals carried up with the int ~u~_io~ !1?]-l~!i: 

become attached to the walls giving a lighter~c~lored __ .centre 

of plagioclase-rich rock. This structure _.is not common. 

D~S OF ALKALINE GA.BBRO - Probably a~l .~h~ __ :y-~un~_er -

facies of the alkaline gabbro of the tramway -~e~t~o? are in 

dykes showing sharp and re gull. r contacts a~ainst ___ t?e main 

mass. The main body of alkaline gabbro had, ?Y t~_e ti~~vof 

these later i~rusions, been stressed and fractured along 

sharply defined joints. The younger facies cod ainsover 

60 percent plagioclase, zoned from An.65 to Ari.30, and is- al-

most pegmatitic in character. Femahastingsite and biotite 

together exceed the augite. 

A common structure throughout the later facies of the 
' 

section is the parallel arrange~~nt of the larger crystal~ 

of femahastingsite. The oriented crystals ar_e la.r~er tha~ 

those of the other alkaline gabbros and so must have- had suit­

able conditions in which to grow. They have oriented them­

selves at right angles to the walls of the dyk~ _or_ il!_je~ted 

mass. The crystals are all idiomorphic in a matrix of plagio­

clase which seldom has zones more calcic than An.72. The large 

size of the amphiboles and the unusual 1 t re a ionship to the walls 

of the dykes allow several conclusions to be drawn. 
The crysta~ 

must have been developed while the magma was quiescent because 

slight movement would ha,-e broken the slender 
crystals. Furthe~ 

more, an adequate amount of mat · 1 
er1a to form amphibole must have 

been available in the magma d · 
an ' S1nce in some facies the amount 

is almost 75 percent of the t 
otal, little plagioclase could have 
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been present. The large size of the amphi~oles, ~~~~~~~~9re, 

suggests slow cooling with few centres of cryst~~~iz~~~o~~ 

but the plagioclase associated with the rock shows much zoning 

which is commonly- taken to indicate a rapid cooling. 

EXAMPLE OF ORIENTED CRYSTALS - The most prominent exa~ 

of oriented amphibole crystal~ is a dyke __ f\lo.Z3Q4- __ --~--- on ~he 
western end of the sect ion. This dyke, shown in fig_~~-e .. -~ -, 

three feet wide with a steep dip to the east, is comp9~~~·- of 

amphibole crystals, up to 4 inches long by 1 inch in cro~_:s~:_~· .. · 

section, and :p~agioclase with acces~ ory mi!le_~a~~ ~ _T_~e .... ~mpl::t~b­

ole is about 60 percent of the rock.~-- ~?e :pla~_i_~c~~~~ ... ~-~- z~!led 

from An.72 to An.30. The amphibole crystals are oriented in~ 
-- -- ___ , - .... .. ~ .... - ·-- ·- -~ _, .- ... 

a v-shape, with some irregularities. The point of the "V" is 

is about one foot. In tlus case it is possible that the cry~· 
- . . .. . . ·- ~ . . .... -·-. -· -- ... 

stals grew with their longest crystallographic axes perpendic-
*- - - --.-

ula.r to the walls of the dyke. If after crysta~li~~t~~n=.:.of~~, 

the femahastingsite a slight downward move~ent occurred in- the 

still viscous matrix the amphibole c_rystals would move with 

the matrix. Assuming that the centre of the_ d~~e~~,.w-~s less 

viscous than the sides, the centre would tend to move back 
'. ----

faster than the sides and a -~V" _shape would result. The amount 
---- ........ ,.. 

of backward movement is shown by the displacement of the cry-

stals, approximately one foot. 

CONTACT B31WEJ:!N TWO FACIES - The C(.)ntact between differ-
-.- ent fac i es of the gab bro is well h . -- ·, .. 

_ s own by spec1men -Z:J!S-2-. 
The older rock (section No ~l3S) . · 

• ls composed of augite 50 per-
cent, plagioclase 15 percent femahast· •t 

' lngsl e 15 percent---, 
biotite 8 percent, and accessories 

including olivine 2 percent. 
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The plagioclase is zoned from An. 75 to Ar1_.27 .• The augite is 
. .... - ~' . - - ..... ~ ..... 

in aggregates of crystals cut by small string_er~--~!. ;p_~~g_!~-~ 

clase zoned from An.49 to An.42. This rock is intr~d~~ __ ~Y: .. a. 

facies richer in plagioclase and amphibole. The plagioclase 
- .. -

is zoned from An.70 to An.33. The thin se.ction (No.Z33~) - - .... ~ ...... --

shows several large augite and two large hornblen~~- c~r.~ta~~~ 

in a matrix of augite, hornblende, plagioclase, ~~~~s~~~! a?~ 

iron ore. Near the contact with the older roe~- ~-o~~ .. ~?i~_~ing 

is shown by the development_ of ~- fine-gr_c:ti~ed. ~~re~~~ e .. ~o~ 

pyroxene, plagioclase and iron ore. Some of this marginal 

facies consists entirely of ag_gre!?ates _of y_:.ry fi~_e ~-~i ~~.~ 

individuals. Immediately beyond this nargin and in th_e -in-.. .,.,._ ..... _ ~- -... . -........ , .... -. . .. _ .. 

truding facies hornblende crystals up to 0.5 c~--~~~g- ~~ 

0.1 cm. cross-section are developed. On the contact with the 

Thin-section NO.Z'338 is taken from the contac.t- oft 

the chilled and intruding facies. The chilled facies consist 
... - .,_ - - ~- ..._ 

entirely of augite and plagioclase with iron ore, the intrud• 

ing facies of hornblende~;plagioclaae and iron ore. 0_!1_ ~~e_ ~~:-, 

roxene side of the contact the plagioclase zoning ranges from 

An.72 to An.22 and on the amphibole side from An.62 to An.30. 

Less than 2.5 cm. from the contact, augite appears in the in-
~ - - - . -

truding rock. When the rock was c~illed th~. augi t~. vfas cry­

stallizing out with the plagioclase and t~nded ~o ~ather along 

the contact. Chilling prevented the further crystallization 

of augite, so hornblende resulted. Farther from the contact, 

in the younger rock, the chilling was not effective and the 

normal crystallizati-Jn 2f ?~,r-ite resulted. 
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STRUCTURAL RELATIONSHIPS - The igneous ro_~ks of ~Mo~~~ 

Royal were intruded into a neck or plug which ma:r hav~. ?~_en~; 

connected with volcanic activity, but there is no evidence to 

show that the intrusives reached the surface. /Th~ first 

magma to intrude into this plug was basic ~n c?ar~~ter ~d 

consolidated into a dark colored_ rock, da_scri~e~ on __ P~~j!I­

During crystallization of the magma, diffe~:~tiati9n_ t?ok 

place causing the magma to become less_ ea~?~?· After the 

basic facies had crystallized it was intruded ~_epeate~_ly_~¥.. _ 

magmas whichwere products of differentiation of the original 

magma. Thus an intrusive complex has been formed_V!~~~?- ~-o~':':"· 

s ists of almost identical rocks except ths-:. t the yoU!J.g;.~~·- ~~~~ies 

are mo~acidic than the older, illustrated by the appearance 

of more sodic felds l~ars in the younger rocks. 

On the summit end of the tramway section, the normal or--. 

der of successive intrusions containing more sodic plagi~?!a~ew~ 

has not been followed. Here there appears to haTe been two sets 

of intrusions. A basic facies int~u~_es a fa_c~es -~ort_~.:i!l~~~ 

more sodic feldspar. The proximity of the ma_ss o~ l~mestor1:~ 

in the centre of the mountain may explain this departure from the 
- .. - - ... ·.- . - -

normal order of intrusion. Differentiation on the north side 

of the limestone screen may have proceeded faster than on the 

south side. Finally, the magma from the south welled around 

the limestone barrie~ and intrudad the apparently younger rocks 

to the north. 

FRACTURE SYsTEM- At the time of inrusion of the earlier 

facies of alkaline gabbro into the original basic facies, no 

system of extensive joints had been developed and, conse~uently, 

the intrusions of the earlier facies have caused the rocks of 
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the section to have a pronounced br~~cia~ed<oappear~~c~-~- The 

later facies are in large dykes which hold their dip and 

strike persistently. 

The dykes of the section have followed almos~ vertic~l­

joints. 1To system could be determined. T_~e joirt s strike 

irregularly and the joint plaries are curved in manr. __ :pl~~es. 

A few joints have been developed with dips of 60 deg. to 

70 deg. but in general these are not well defined. 

A system of horizontal joints has been developed later 

than the other types. These vary somewhat in dip but are not--~ 

inclined more than.~l5 deg. to the horizontal. The _j_o_~!l~- planes 

tend to parallel the slope of the hill. This syste~_P-~.??.~?~1¥ .. 

was developed by relief from loading brought about by weather­

ing. Sheet joints of this type devel?ped from relief are a 

common phenomenon in granite quarries. 

CLASSIFICATION. 

A system of classification for rocks sati~fact?!r to 

everybody is still to be sought. The diversity of the rocks of 

the tramway section as well_as the scarcity of rocks of such 

composition has caused the usual differences ~f ~~inion regard-

ing nomenclature. Thr t · _ ee sys ems w~ll be discussed. 

SYSTEM USED BY BANCROFT .AliJD HOUARD - A system tha..t has 

found wide usage is based on the pew-discarded conception that 

a gabbro shall be characterized by augite and a_ diorite by 

amphibole. By this system, if pyroxene predominates the rock 

is a gabbro and if amphibole predominates the rock is a diorite 
. ' . 

No allowance is made for the presence of olivine or biotite or 
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for the calcity of the plagioclase, all of which have a direct 

f tb ck Bancroft effect upon the chemical composition o 1e ro • 

and Howard ba.~ classif_~ed th·e basic rocks _of 1{ouil~.:R~la~-~-on 

this basis. Chemical analyses given by them ~or_andesin~ 

.gabbro and diabase gabbro (analyses 3 and 4) show 42_. 5~ and. 

41.55 percent silica or 8 percent more silica than an a~~lysis 

of a "dioritic phase" (analysis 8). This of itself is an 

anomaly as common usage holds that a diorite is more siliceous 

than a gabbro. 

S1-IA.b"'D'S CLASSIFICATION- S.J. Shand ( 39) bas cl~~s!~i~d· 
igneous rocks on the basis of the degr_ee of s~turat.~o~~ .. ~f _ ~ e 

bases with silica. The rocks of the tramway section are in 

the group of "I!fndersaturated Rocks, 11 Part. B, (v.;i th alkalis 
·-- ........ ..y,-. • • ... . .• 

undersaturc:J,ted) Group 11. They are "Rocks whi_~h c ?!1 t~i:n .. ~o~~ 

anorthite than the sum of the orthoclase and leucite present,'-"• 

No instance is known to Shand of a leucite rock ·which- satisfies 
. - .. __ ..... --· ... ., ____ ,.. -·--- \"• 

this definition so illustrations are drawn from the nepheline~ 
. . . ·-- .... - .... 

and analcime rocks. "~le shall therefore gi v·e the name d-iorodd 
... - .. 

(or essexi t e) to rocks with less than 50 percent of ~e~yY_:!Jl:i~n-­

erals, and gabbroid (or theralite) to those with a color-index 

greater than 50(40)." In his definition of heavy minerals 

8hand has chosen 2.8 as the critical density because minerals .. 

less dense than this are inclined to be light colored; minerals 

with greater specific gravity are inclined to be dark. The 

essexites of St. Hilaire and Yamaska :Mountains are placed in 

the dioroid group( 4l). As the greatest mass of rock on the 

tramway section is dark colored and contains large percentages 

( 39~ ( 40 
(41 

Shand~ S.~. Eruptive Rocks. 
Ibid. I'. 28 7. 
Ibid P.288 

1927. 
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of heavy minerals the rocks of this locality would be 

gabbPoids or theralites. 

ClASSIFICATION BASED ON PLAGIOCLASE - Classificati~n~ 

may be based on the calcity of 1113 J>lagioclase. /As the calc~ty 
-- --- ~ ..... - - ; 

bears a relationship to the chemical composition of the_~~~k, 

this system classifies rocks almost accordi:ng_ ~o their chem .. 

ical composition. Diori tes then contain andesine and ga?_?ro, ~­

labradorite and the dividing line is at An.50. As the average 

composition of the plagioclase is g!eater __ !t:-an An.50 ~n_.~y~~r~ l" 

thin-section examined, the rock is a gabbro. The high- percent­

age of alkalis in the chemical compositio_n show -th~~--~?e rock 
,.y 

is a gabbro with alkaline affinities. The mineralogical com-

position, the paU:ci ty of silica; the appearanc~. of_ ne:p~_el~?~ 

in the norms of the rock, and the presence o~ ~e~!om~~~_es~~!l·­

minerals having considerable amounts of alkalis in their com-

position show that the rock is related to the essexite 

theralite family. 

Adopting the last method of classification, all the 
... ~ . . ~ ..... - .. _ ~- -- .... -

rocks of the tramway section are alkaline gabbros, or since. 

they have no free nepheline but considerable normative nepheline 
- r-- .. ...._ •· ·- ~ ... _. __ 

they are ~erhaps more properly theralite-gabbros. The class 

irt ·o which they fall is therefore the same as under Shand !:s 

classification. Variations may be designated on the basis of 

prominent mafic minerals, such as olivine-theralite-gabbro, 

augite hornblende-theralite-gabbro. 

ORDER OF CRYSTALLIZATION. 

The minerals of the alkaline gabbros from Mount Royal 

tramway have not followed Rosenbusch's Rule of crystallization 
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in igneous rocks but have formed according_ to a -~~ries 

starting with olivine and very calcic plagi_?~la_se_~ _ 

Oli vine and anorthi te were the first ~i:nera~_s .. -~o ~. __ 

crystallize. These were followed by augite and_~~_ss_~~~-

cic plagioclase. The o.li vine probably had finished cry-
: . . ...... --- ..--· -

stallizing before augite started. The most calcic plagio­

clase found had a composition of An.92 __ ; this ~~s_i~_~_?-?.d~~·-· 

by an augite crystal. The f'irst au~i~e __ ~o cyr~~tal_~~:~e--~~s 

a titaniferous variety a:iored slightly pinkish. When the---
- -· ~-· -- .. -- __ ..... ~---------- .~ .... ---0-

plagioclase reached the c~mposition ?f -!Jl• 7_?, appr~_xi:zta_~ely 

1/20 of the plagioclase had crystallized a:n<i_ ~~-~9 -~~ ~?~.: 

augi te. At this :t-~oint, An. ?2, hornblende st~~~-e~ ~o. ~ __ rr_st~~l­

ize and the augite changed to colorless or slightly greenish·~ 
-- ·- ... -.-~ ·-·· ..... - ~- - · ....... ""· 

because the titanium which had formerly been_!l~ed __ ?y t!?-~ ~~~ite 

was damanded for the amphibole. The first ~ornblen~~~-~~--'?!lf­

stallize was magnesiohastingsite. Crystallization continuedf 
• -- • ~- . .. ................. y.,.. ----- •••.· .... - - ..... '-· .... ,., - - ~ 

with plagioclase, augite and hornbl~nde C!¥~.t~_l_;J.~~-~!l~--~-~g.e~~er. 

The hornblende changed in composition to femahastingsite and-.. 
-··•" "'" .... ' •• "•" I !...~~·-· ··~·-- , ...... -.• Lo -· _ _.__ "J"" •,. 

finally, in the nepheline syenites, to ferrohastingsite •. The~· 
. - . .,., ....... ~ -- ... . . ~ ... _,.._ . ... . .. - -- .... . .. ~ '. 

crystallization of hornblende took 30 perce~~ -~f_ ~~~- ~7~ining 

plagioclase out of the magma and accounts for a definite 
- ... - -,_ '• --~- - . . - - -

break in th-e zones of the plagioclase be~~een An.o5 and An.65. _ 

Biotite began to crystallize somewhat later than the hornblende; 
. - .. - . . .... 

the commencement of crystallizatl·on of th~s · 
~ m1neral was not de-

termined. 

The accessories began to crystallize after augite had 

started. Ma~netite is found included by augite of the earlier 

generations and is also found later than 
some of the hornblende 

-- ' 
but was earlier than biotite. 

Apatite is very commonly includ-

ed by the sodic zones of plagioclase but is rare as inclusions 



- 35 -

in early augite crystals. It probably cr~~~allize:i ~bout~ 

the time of formation of the femahastings~~-e~. __ I~!tite is 

somewhat later than augite and may ha!e crystallized at about 

the same time as apatite. 

DYKE ROCKS. 

The intrusion of the al~aline ~a~bro co~p~~~ ~~to 

Mount Royal was followed by ~ :period of irt rus i~n-~ ... of _ -~:r~es 

related to the alkaline magma. ~;tfany ty-pes o~ ~yk~~ have !>_e~~ 

described from Mount Royal. In tbe tramway section the dykes ... 

include :pegmatites, camptonites, syenites, monchiquites, cal-~ 
. ~ ·• .. .. ... --·· . . ·- . -·- -... ~- ... ' 

cite veins, and alkaline gabbros saturated with later"~s~~~~tic 

material. No order of intru_sion coul_d be wo~ked ___ out ~~~~pt 

that the dykes are younger than all facies of the~--a~_kali!l~.: 

gabbro. Pegmatites are the most numerous of the satellites 

but camptonites are common also. Th_e lar~es~ ~yk~·- is_~ -~igh~ , 

feet wide but the average width of all the dykes is less than 

one foot. 

PEGMATITES - Most of t~~ ~-~F&tites of the tramway 

section consist of feldspar, 90 to 98 percent, with quartz 
.. . 

and accessories in minor amounts. The ra 1 ·t · d. - g nu ar J. y 1 s me J. um 
.. . 

coarse to very coarse. Drusy cavities are comm.on. 

The feldspar is plagioclase and soda-orthoclase. The 

plagioclase is zoned from AnO to An.30. Soda-orthoclase and 

albite form microperthitic intergrowths which in places are 

in reaction relationship to the plagiocla .. se. A 
~ ccessory miner-

als are those common to the alkaline gabbros; iron ores, 

apatite and sphene. Inclusions of fragments of the main in-
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trusive body are quite common. 

In two of the pegmatites larc~e c2~ys~a.~s o~~ q_ll~~~~, _·_!:IP 

to 2. 5 cm. long by 1. 5 cm. in cro~_s-secti?n, are found iri 

the centre of the dykes. Small quartz cry_s tals __ a:r:~ co11m1.on 

in nearly all the pegmatites, but ar_e foun.~ to hav~ ~!9!1~, 

from the sides of small veins co?taining quar~z an~ calcite. 

The pegmatites were followed by hy~~-~~~,e:r~.l so~~~-~??~ 

which caused the alkaline gabbro to be alt~r~_d ~? a _s~~-i.~~F: 

manner to the exceptional altPration of "essexite 11 described 

by Bancroft and Howard(42 >. f:arge masses of the ro~~ in the 

section are cut by numerous small pegmatite_~;y~_es_ ~~d are 

greatly altered. In hand specimens this altered rock has 
- - --- "~ .. _. -- - ... .... · ..... 

the appearance of a normal alkaline ga';Jbro cut by numerous.-
-- T -·•' • -··-- .. - _.,.,._,.. • • 1ft. 

parallel veinlets about 1 mm. to 2 mm. wide. These veinlets 

widen into globs of medium hard amorphous material. The-
-- -- . .......... -· .... 

globs show rounded out"lines and are up ~-o 1 cm. in diameter-. 

In thin sections under the microscope the veinlets are found 
-· ·- . ,.- ....... -- -· ....... -

to consist of quartz and calcite ~ith ~lbite and orthoclase 

in minor amounts and sphene as an_ accessory. Small idiomor-

phic crystals of qua.i:tz ha.ve formed from the sides of the 

veins. The g~.:9bs consist of an amorphous substance stained 

brown ~i:i th iron oxide and are derived from the alteration of 

olivine and augite. lro fresh olivine is present in the thin­

sections of these altered rocks. 

CAMl'TOUITES - The t · t camp on~ es are gray to greenish-gray, 

fine-grained rocks eo 1 t mmon Y con aining amygdules of calcite. 

(42) 
p. Q,. 

The plagioclase of the camptonites 1· 6 zoned 
from An.60 to 

c:/ 

:Bancroft and Howard, 3ssexi t-es of illl'ount R 1 
T R Ll oya , T1ont real, 
rans. oy. Soc. Can. 1923. P.34. 
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:An.lO although individual crystals showing"t~~ antire ~-9~.i!lg, 

~nge are not common. Orthoclase is present in small ~ounts. 

Feldspar is approximately 40 percent of the rock. 

Two varieties of camptonite are found.~_pf ·the seven 

camptonite dykes examined under the micr?~~~pe~.four~~~~ 

hornblende-camptonites and three are biotite augi te-campt-oni-t-es • 
..., _ .... ,._ .. ·v. 

In both types the ferromagnesian mineral~ i9r~ ~? ~~ ?P.~~~~~nt 

of the rock and in both types there are amygdules of calcite~* 
~ - - ,... - .... ,. .... - --- - -- . -..... 

The camptonites have bean extensively altered. by weather---... . ----- ,._ .,.........,. ..... -·· -,. - ·- -- ._. .... -- --

ing near the surface. Pseudomorphs after amphibole are com-.. 
- - .. --· •. . .- '"'" - . . .... .... ~~ ..... . ... . """ 

mon. These pseudomorphs give blue interference tints and are 
• • - ~ =- .:•- -- •• - ••• • " 

pale green chlorite. Plagioclase is alter~d t~--~e?lit~~~a~d 

in one dyke no feldspar surv-ived this alterat~_~n; th~-~?tire 

thin section of this rock consists of pseudomor~_1h~-- a~~t~!.. 

amphibole in a groundmass of zeolites, calcite, and magnetite. 

Iron ores are present in the C?t-mptoni tes an~ f'!!!fl_ -~!1 

places 15 percent of the rock. They are found as anhedra . ~p . ,_ ... ,. ___ --
to the size of the grain of the rock but are m._ re common as 

- ... -- ........ '" 

dust-like particles sc.attered throughout the other minerals. 

SYENITE - The syenite dykes are pegmatitic. They con­

tain 95 percent plagl·oclase and soda-orthoclase with small 

amounts of biotite, hornblende and augite. 

In one dyke (Number 2370) the plagioclase is zoned from 

Small patches of white mica are found inter-

stitial to the fresh-feldspar d an may indicate the former 
presence of nepheline. ~T ~one of the orl·gl·nal . m1neral remains 
in these patches. 
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In another dyke (No. 2359) pleonaste is an access_?~Y m d" 

small radio-active !aloes surround opaque mineral g~ain~-~hich 

may be zircon. These haloes are small and resemble those 

found in rocks of Tertiary age. The plagioclase is zoned 

from An.24 to An.28. 

MONCHIQ.UITE - In the hand speci_men_ t:bJ.s dyke is fine 

grained and dark colored. In the thin section under the mi-

croscope it is seen to consist of large pseudom?rp~s after 

olivine. These pseudomorphs contain analcite, calcite and. 
-- ~ ~ -- -- - -- . . 

white mica and are set in a groundmass of calcite, zeolites·, 

and magnetite. Pseudomorphs after augite and hornblende con­

sist of calcite. The plagioclase has bean altered entirely 

to zeolites. 

AIJCALI1r:E GABBRO (ALTERJID) - This rock may be an inter-

mediate type betwe3n the essexite and nepheline syenite. 

In the hand specir11en phenocrysts of augi te. and hornblerida 

are seen in a groundmass of plagioclase and small ferromagnes-

ian minerals. 

In the thin section, phenocrysts of augite, hornblende, 

biotite and plagioclase are seen in a groundmass of plagio­

clase and nepheline. The plagioclase has a composition of 

An.28 in the phenocrysts and An.lO in the groundmass. 

The rock is very rich in accessories - magnetite, sphene, 

apatite and zircon. 

Augite is present in large idfomorphic crystals tbe outer 

edges of which mve been altered by reaction to green hornblende. 

VEINS - Small veins of calcite and quartz are common in 

the tramway section. In most cases these veins are less than 



- 39 -

half an inch wide but in _places where they have followed 

dykes ~nd large joints they a!e as wid~ as six inches. 

In thin section the veins are found to __ c __ on~_~st of ca;t~.i~~ 

85 percent, r~uartz 5 percent, ort}loclase 5 percent, a~~--a~ceas-41 

ories 5 percent. Inclusions of minerals of the alkal~?~:_g~bbro 

are replaced by calcite. ~uartz and orthoclase have crystal-
u . -. -'\,-

lized earlier than the calcite and are found as small idi~-

morphic crystals. The calcite is fine~y crystal_l_ine. The lnin\-
' 

erals are stained in places b~ iron oxide fro1n w·eathered :pyri ta. 

Pyrite can be seen in hand specimens. 

UTICA - The contact betwean the -~~neo~s_ rocks .C?f_ tp.e 

trarnway section and the hornfels derived from Utica shale- ·.>·­

extends frorn the north _portal of the tunnel to the lowe~ end~ 

of the section. This contact is covered bJ the lining of the 

tunnel and by the ballast of the tramline so that it can be 

observed only at the northern end where it crosses the- cut-

bank. At this point the altered Utica dips ste~ply towards the 

contact. On the east side of the north entrance to the tunnel 

the beds dip m~ray from the intrusive mass an,_:~ are locally con­

torted. 

Thin-sections of this rock show that the shale has been 

altered to a hornfels composed of albite and diopside with 

small amounts of biotite and iron ores. The rock is fine-grained 

and shows some alignlllent of m.inerals. ?:Ietacrysts are sinall and 

consist of albite and diopside. The shale is very finely bedded 

but most of the bedding has been obliterated by metamorphism 

caused by the intrusive. .~ almost horizontal sheet jointing 
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has been formed and obscures the bedding planes. 

on the east side of the north po:rta~, the Utic~~.is cut 

by a large dyke (No.2354, described on P.38). Wit~~~~~n~: 

foot of the contact with the dyke the hornfels consists of: 

biotite, albite, diopside, iron ore_, and :~-.i.ua~tz ip._je?ted_~Y:.~ 

:plagioclase and apatite. Bioti te has r~c_rystall~~ed-.__ D-io~p-~ i 

side is in poikilitic arrangement witt the biotite and albita. 

TRIDTTON - Trenton limestone underlies the Utica o_:n. -~h~ 

north end of the tramway section and outcrops at the tramvfay 

terminus near the surmnit. 

The Trenton conforms with the Utica in st~~~~- and dip 

at the northern outcrop. Here it is locally folded aga~?~-t .. 

the intrusive mass and dips steeply under tbe Utica. FurttBr 

down the tranrHay towards Fletcher' s Field the limestone -is 
'-' 

undisturbed by the alkaline gabbro and dips gently to the-
-- ·-

south. In thin-section, the folded Trenton is a cale-silicate-
- ·- -·~ -

1rlornfels. It is ver<J fine-grained. and the minerals :present 
• __. --- ~-- ' "' - ....._# ._ 

could not Je determined accurately. Col_orles~_ P{r_?X~?~'..:Prob-...;·, 

ably diopside, garnetfquartz, calcite, and iron ore are present 

Calcite is in minor amounts; the rock has been ahaost com-

pletely silicified. 

The weathered surface of the rock gives it a creamy appeaP 

ance but the fresh surface is g reenish-;:rrav 
0 .... 

"\t the SlJ.rrnui t en cl of tile sect ion, a 1nass of liP1estone 

extends from the west ~s 

rock. This limestone is narrow but extends vertically to the 

C.N .R. tunnel through l[ount ~O\ral. In t ~ t 1 --... -~e unne it is the 

same width as at the surface showing that the contacts are al-

most vertical. Nb th~n t· ~ 
I ~ -sec ~on or this limestone was examined. 

It is not located on the map of 1f t 
·oun Royal Tramway in the ap-
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:pendix but _outcrops about 100 yards south of the last out­

crop of alkaline gabbro. 

SANDSTO:t8 THCLDS ION· (POTSDAM:). - There is an inclus-
,__ ··- .. ~ ~· ~ -· 

ion of sandstone in the alkal~~e ~abbro eig?-ty~f.iv_e f~:et 

from the south portal of th~ tunnel on ~~~-~~st ~~d~~of 

the tracks. The inclusion is about 10 inches W:~,~-~ ___ by --~0 

inches high and consists of irre~ular 9-uar~z J?;ra~~s! ~up ~o 

t mm. in diameter, _ce~ented by calcite. 

T.H. Clarke it is perhaps upper Potsdam. 

According to Dr. 
. - -- '-"·-. 

This f-ormation 

is a. bout ~ooofeet below and such a -fragment. must ha:ve--be-e-n~ 

brought up in the flow of the magma. ~he quart~ is untwin-
...J 

ned sug, __ .esting that it bas not been re ateci above 576 deg. C. 

despite its inclusion in the magma. 

Surrounding this inclusion there is· up to four im.hes 
""'-- , 

of fine-grained greenish rock which, under the microscope, 
--- - - • --- - -- -·- -- --- .._ -'<"- - -

is found to be albite, 98 percent, of the composition ofAn.O 
.... ....... -· ..,._ .;, 

to An. B. Accessories in_ the albite are ~!?n o~_es, b~o~~ te, 

apatite, and rutile. The feldspar is al~.~r~_?, __ ~reatl;y_ t~~~ 

white mica and the rock is stained by iron oxide. Pelletier-... (4~ 

has shown tbat in the assimilation of sandstone inclusions in 

the alkaline magma of Mount Ro9a1 Heights, feldspathization 

has been the dominant factor. Quartz grains give place to a 

zone of acid feldspars along an irregular dividing line broken 

here and there by minute irregular stringers of feldspar pene­

trating the inclusion along cracks between the quartz grains. 

(43} Pelletier, F~. Absorption f I · 
Sanqstone.by a~ Alkalic · ma _ 0 nclus1on~ of Potsdam 
JlcG1ll Un~vers~ty Thesis ~924 Mounu t Ro:ral Helghts, Montreal 

' • npubllshed. P.l3 • 



_APPENDIX 1. 

CHEliiCAL ANALYSES. 



Si02 

Ti02 

Al203 

Fe
2
o

3 
FeO 

llgO 

CaO 

Na
2
o 

K2o 
H

2
0 

:MnO 

P205 

002 

Cl 

Cr2o3 
so

3 
Fe s

2 Fe S 
7 8 

s 

SRO 

BaO 

Sum 

CHEMICAL ANALYSES OF MONTEREGIAN 
INTRUSIVES. 

l. 11. 111. 1V. 

44.66 43.10 42.50 41.55 

2.27 2.80 2.60 3.92 

9.64 13.94 13.67 14.84 

4.98 4.92 5.13 6.62 

6.65 6.93 7.20 8.24 

12.83 8.86 9.73 7.83 

13.11 14.65 12.98 14.64 

2.07 2.50 3.18 1.93 

1.17 0.89 1.05 0.25 

0.90 0.70 1.30 0.19 

0.19 0.14 0.11 0.15 

0.24 0.27 0.21 0.10 

0.37 0.64 0.43 0.19 

0.07 Tr. 0.27 Tr. 

none 

none none 

0.22 

Tr. 

0.22 0.38 0.16 
o.o3 0.03 none 
none 0.03 none 

99.40 100.62 100.74 100.61 

v. 
40,/62 

2.42 

5.94 

4.03 

12.18 

21.16 

9.16 

1.68 

o.ao 
0.70 

0.24 

0.67 

0.47 

Tr. 

0.07 

6.04 

0.21 

0.02 

99.96 



Analyses of Mount Royal Essexites from Bancroft and 

Howard, Transactions of the Royal Society of Canada, 1923. 

1· Montrealite. 

Cote des Neiges Road near Reservoir. 

Class lV. Order 2. Section 2. Rang. 2. 

Subrang 2. 

2. Essexite. 

Lookout, Mount Royal. 

Class_lll. Order 6. Rang. 4• Subrang 4. 

3. Andesine Gabbro. 

Mount Royal Tunnel. 

Station 232-+ 70 

Class 111. Order 6. Rang 3. Subrang 4. 

4. Diabase Gabbro. 

Mount Royal Tunnel. 

Station 204"1- 85. 

Class 111. Order 5. Rang 4. Subrang 5. 

5. Wehrlite. 

Mount Royal Tunnel. 

Station 204 1- 00 

Class .!Y· Order 2. Section 3. Rang 3. 

Subrang 2. 



Vl. Vll. Vlll. rx~ x. ---- -· -
Si02 39.00 37.60 34.28 :39.97 43.91 

Ti02 1.82 3.57 ·5.25 4.05 3.80 

Al
2
o

3 
7.97 8.22 16.01 8.68 19.63 

Fe 0 3.51 8.27 5.01 8.63 4.61 
2 3 

FeO 11.04 9.70 9.59 7.99 5.55 

MgO 19.43 12.11 8.67 10.32 5.20 

CaO 10.00 17.10 12.48 15.18 9.49 

Na
2
o 1.89 1.08 2.62 1.19 4.49 

K
2
o 1.61 0.83 1.38 0.74 1.51 

H
2

0 1.90 0.70 1.50 0.57 0.53 

MhO 0.14 0.13 0.10 0.19 o.o? 

P205 0.20 o.oa 2.32 0.10 0.32 

C02 ll.30 0.71 0.16 

Cl .. 0.16 0.10 

cr2o3 

803 0.03 0.05 

Fes
2 0.20 .Q.60 1.01 

Fe
7
s

8 
0.25 0.04 

s 0.35 

srO 0.17 

BaO Tr. 0.03 ·«e51- 2.16 K~st ,.,~-

Sum. 100.29 100.51 100.36 99.77 99.81 



V1. Vll. Vlll. from Eancroft and Howard, Transact­

ions of the Royal Society of Canada, 1923. 

6. Wehrlite. 

Essexitea of Mount Royal, Bancroft & Howard. 

Mount Royal Tunnel, Station 298 + 03, Class lV. 

Order 1, Section 3, Rang 2, Subrang 2. 

7. Pyroxenite. 

From Essexites of Mount Royal, Bancroft & Howard. 

Mount Royal Tunnel, Station 247 + 80 

Class lV. Order 2. Section 2. Rang 2. Subrang 2. 

B. Dioritic :Phase of Essexite. 

From Esse~~i tes of 11ount Royal, Bancroft & Howard. 

Mount Royal Tunnel, Station 215-t- 00. Class 111. 

Order 7, Rang 4. Subrang 4. 

9. Yamaskite. 

Yamaska Mountain. 

From Ann. Report Geology Survey of Canada. 

Vol. XVl. Part H. Dr. G.A. Young. 

10. Essexite. 

Yamaska Mountain. 

From J.J. O'Neill. Memoir 43. Geology Survey of 

Canada. G.A. Young, Analyst. 



Xl. Xll. Xlll. xiv. -XV. 

Si02 48.86 l8.69 50.40 49.96 51.2' 

A12?3 19.38 I. 7. 91 18.83 23.78 

Fe2o3 4.29 3.09 l 2.52 1.81 
- 5.58 ................ --» ...... . 

FeO 4.94 6.41 6. 64 2.70 . ___ .. 

IvfgO 2.00 3.06 3.52 1.96 

CaO 7.98 7.30 6.77 7.42 a.oo 
---

:Na 0 5.44 5.95 6.24 5.29 6.72 2 
-¥1• .... -----

K20 1.91 2.56 2.56 2.58 2.16· . .,. ...... 
H20+ 0.68 0.95 0.60 0.65 

H2?- ~ ... 
::aao o.oa 
Ti02 2.47 ~."IJ. 1.17 2.40 1.66 

~ 

P205 1.23 1._11 0.09 0.25 "":~ 

·lfnO 0.19 0.15 0.77 0.20 0.10 

sum. 99.36 100.02 100.17 100.00 



11. Normal Essexit~ (Andose). 

:Mount Johnson. 

From F.D. Adams, Guide Book 3, Geol. Survey 
-- ·-

of Canada, 1913. 

12. Olivine-bearing Essexite (Essexose). 

Mount Johnson. 

From F.D. Adams, Guide Book 3, Geol. Survey 

of Canada, 1913. 

13. Rock forming transition from Essexite to 

Pulaskite, Mount ~ohnson. 

From F .D. Adam;, Guide Book 3, Geo1. Str vey 

of Canada, 1913. Partial analysis. 

14. Essexite. 

St. Hile.ire lfountain. 

From J.J. O'Neill, Memoir 43, Geo1. survey of 

Canada. :.r. F. C onnor, ana1ys t. 

15. Rouvillite. 

St. Hilaire Mountain. 

From J.3. O'Neill, Memoir 43, Geol. Surv. of 

Canada. Anaylsis incomplete. 



XVl. XVll. XVlll. XlX. XX. 

Si02 45.44 44.62 40.68 53.15 45.37 .. 

Al203 5.85 7.90 19.83 17.64 6.21 ... 
Fe2o3 ;1 2.84 4.22 4.68 3.10 2.40 . ·, 

FeO 6.49 5.67 6.49 4.65 8.09 
: \ ~.~ . 

1\/fgO 16.24 14.00 7.67 2.94 18.67 
. . ·- - .. ~ .. .. 

CaO 18.16 19.44 17.64 5.66 14.47 

Na2o 1.03 1.20 1.10 5.00 0.85 

K
2

0 0.38 0._31 0.27 3.10 0.::>7 . 
H20+ 1.51 0.75 0.27 1.10 0.88 

H20 - 0.10 0.07 o.oa 
Ti02 1.50 1.87 2.04 1.52 1.50 

P205 0.65 ... 

MhO 0.24 0.10 0.10 0.46 -
BaO 0.13 

Rest. 0.61 o.o7 0.62 

Sum 99.42 100.75 100.85 99.84 99.43 



l6. Olivine-Yasamkite. 

Rougemont Mountain: 

J.J. O'Neill, Memoir 43, Geol. survey of 

Canada. M.F. Connor, Analyst. 

17. Essexite (Rougemont Type). 

Rougemont Mountain. 

J.J. O'Neill, Memoir 43, Geol. Survey of 

Canada. M.F. Connor, Analyst. 

18. Rougemontite. 

Rougemont Mountain. 

J.J. O'Neill, Memoir 43, Geol. Survey of 

Canada. 

i9. Essexite (Akerose). 

Shefford Mountain. 

J..A Dresser, Ann. Rapt. Geol. Survey of 

Canada. Vol. Xlll. Part L. 1900. 

20. Essexite (medium composition). 

St. Bruno :Mountain. 

J.A. Dresser, Memoir 7, Geol Survey of 

Canada. 



XX:l. 

Si02 44.00 . 

Al203 27.73 

Fe2o3 2.36 

FeO 3.90 

MgO 2.30 

CaO 13.94 

Na 0 2 2.36 

KO 0.45 
2 

H20 o.ao 
Ti02 1.90 

P206 0.20 

:MnO o.oa 

FeS2 

Rest. 

sum. 100.02 

21. Essexite (Hessose). 

Brome Mountain. 

J.A. Dresser, Amer. Mour. Science, May 1904. 

And Memoir 7, Geol. Survey of G.anada. 
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The hand specimens and thin sections used 

in the preparation of this thesis are available in 

the Petrographic Laboratory of the Department of 

Geological Sciences and are numbered according to 

the system used on the maps accompanying this thesis. 

Reports on each thin section are filed under the 

same number in the systematic set. 
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