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ABSTRACT 

Ti tle : "The Geology of' the Rlgaud Mountaln. Quebec .11 

Author : Stanley C. Greig. 

Dept. : The Department of' Geologlcal Sciences. Mc Glll. 

Degree : Master of' Sclence 

The Rigaud Mountaln ls a shallow seated 

syenltlc lntrusion, which was emplaced by vertical upthrust 

lnto the Grenville Basement durlng late Cambrlan to early 

Ordlviclan tlmes. It conslsts of' hornblende syenite lnto 

which a f'eldspar porphyry mass ls lntruded ln the north. The 

porphyry grades eastwards through syenlte and granlte lnto 

a quartz porphyry. Aplltlc rhyolltlc dykes lntrude all the 

roçks. Mlarolltlc cavltles are present ln sorne of' the syenltes. 

The rocks are coarse gralned, porphyrlt1c and 

quartz-r1ch. Exsolut10n antlperth1tic and mlcroperth1tlc 

f'eldspars are extens1vely developed. 

Potasslum-argon age determlnatlons of' these 

rocks yield an average age of' 450 mllllon years. Slmllar 

ages were recorded f'or the syenltes of' the Chatham-Grenvllle 

stock. The stocks are genetlcally related. 

Rigaud Mountaln like the Mutton Bay Pluton 

and the syenit1c stocks of' the Saguenay Valley represent a 

syenitlc stock in the graben of' the postulated St. Lawrence 

R1f't System. 
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INTRODUCT ION 

General Statement 

The Rigaud Mountaln is the most wester1y o~ 

a llne of" 19neous hills in the vieinlty o~ Montreal. The 

other hl1ls are e01leetlvely termed the Monteregian Petro­

graphie Provinee.(Pou1iot 1962). ·From both structural and 

stratigraphie evidenee and from age determinations , it 

ls eonfirmed that the Monteregian Hil1s are Lower 

Cretaeeous in age. The age,origin and teetonie history 

of' the Rigaud Mountain are unknown. 

The purpose of this thesis is to present 

a petrographie study of the rocks o~ the Rigaud Mountain, 

with a view to determining not only its ge010gieal re1ation­

ship , if any, to the other intrusives in the area, but 

also its age and tectonic hlstory. 

Location 

Rigaud Mountaln is the most westerly of the 

hills of igneous orlgln, which in the vicinity of Montreal 

f'orm the principal topographie features of the st. Lawrence 

Lowlands. (Rig. 1 ). The Mountain,situated ln the north­

western part of Vaudreui1 eounty, Province of Quebec, is 
o 

bounded on the west and south by the merldians 74 20' and 

450 25 1 respeetively; on the north by the Ottawa River and 

on the east by the Raquette River. 



Fig .. r 
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Loc. o.'tlO" of 'tn& RICO 0.. u..]) Mou.. ft tO.I n 
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It is situated 30 miles to the southwest o~ the city 

or Montreal and 14 miles due west o~ Oka. 

Accessibility 

The area can be easily reached by travelling 

southwest rrom 1-1ontreaJ. on the Trans-Canada Highway or by the 

Canadian Paci~ic Railway. The mountain ia traversed bynnumerous 

drivable roads and logging and hunting trails. Many small ~arms 

are found along the periphery o~ the mountain. 

Previous Work Done 

Sir William Logan in his petrological studies 

o~ the igneous intrusives in the vicinity o~ Montreal during 

the very late part o~ the ll1neteenth cent ury, was among the 

~irst to indicate the age and petrographical di~ference 

between Rigaud and the rest o~ the intruslves. 

Oswald E. LeRoy in 1900 studied the Rigaud 

rocks and concluded that " in all probability Rigau.d had no 

genetic connectlon with the rest of the series" but that 

Il ~rom the proximity o~ the horn.blende syenite mass in the 

Grenville township and that in Rigaud Mountain, that both 

masses are either continuous under the Paleozoic or are genet­

ically related fi. 

Fitz Osborne ( 1934 ) in study~ng both the 

Cha~m-Grenville and the Rigaud intrusives expressed agreement 

with LeRoy concerning the a~finities of the stocks. 
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The presence of miarolitic cavitles in the 

Rigaud rocks led Osborne to suggest that "the summit of the 

stock at Rigaud was 1000 ft. above that at Chatham .... Grenville" 

and at this higher level the cavities developed at possibly 

lower external pressures. 

Present Work 

The first half the summer 1967 was spent mapping 

the Rigaud Mountain on the scale of 3 inches to one mile. 

Fresh and llghtly weathered outcrops are exposed over 70 % of 

the mountain. The remaining area of 30 % is covered by thick 

deposits of drift and clayey soils. Sampling was d1fficult at 

times due to the massive ~ature of the rocks. 
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BHYSICAL CHARACTERISTICS OF THE MOUNTAIN 

Topography 

The Rigaud Mounta1n rises abruptly from the 

St. Lawrence Lowlands. It is highest in the west and grades 

gently eastwards. The Mountain ls roughly oblong shaped 6 

miles long by 3 miles wide and trends WNW to ESE over an area 

of approxlmately 15 square miles. 

The chief topographie features are rounded 

ridges, steep cliffs and knobs of rocks along with intervenlng 

flat bottomeddrift floored valleys of varylng widths'~ 

Feldspar porphyry and granite form the cll:ffs, while horn­

blende syenite forms the rounded rldges. 

Along the periphery and ln some places in the 

lnterlor the mountain ls well forested. Maples and poplars 

are the chief trees present. The rocks are well exposed 

over large areas or only covered by thln coatings of greyish 

green moss and scrubby growth. 

On the basis of topographie features the area 

ls divisible into three regions, the western, central and 

eastern. A generalised northwest - southeast profile of the 

mountaln illustrates the variations in relief as encountered 

in the three regions. ( Fig. 2 ) '. 
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The Western Region 

In the northwest the topography is rugged and 

consists of a series of ridges trending ESE with flat drift 

floored valleys separating them. The average elevation in 

this area is 600 ft. The tops of the ridges are at approximately 

similar elevations thereby giving the area a plateau-like 

appe.arance. 

The most prominent ridges face the ottawa River 

on the north. Here they forro steep, heavily jointed cliffs 

30 - 90 ft. high and mark the northwestern boundary of the 

mountain. 

The northern talus slopes are steep, with 

numerous small cllffs 10 - 40 ft. higb, and strewn with large 

erratic blocks and boulders. The lower limits of the slopes 

are thickly wooded and covered wtth loose sandy soil. To the 

southwest the area is very flat, while towards the east it 

rises to the highest peak ole the mountain at 730 ft. The north­

eastern slopes are gentle • They dis play numerous ledges 10 -

20 ft. hlghc:.add two large and unusual boulder beds, the 

larger of which is termed "The Devl1 ' s Garden ". (Fig. 3.). 

Boulder Beds 

The Devil's Garden approximately 50 acres in 

area is oval in form with its larger axis trending to the 

northeast. It is bounded by higher ground on aIl sides excepY 

in the northeast where It is lowest and terminates abruptly 

wi th a steep slope in the area ai· the Shrine. 

The entire If Garden ft ls filled with weIl 
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rounded and sub-angular boulders 2-15 inches in dlameter. 

The spaces between the bouldera are conspicioualy free of 

any materlal. The " Garden If rlses gently to the south. 

LeRoy (1900) noted that the bouldera of the 

Devl1 ' s Garden were derlved from the mountain due east of lt, 

while those of the smaller "bed" were from tl1.e hlgh ground 

surrounding the"bed" • 

The orlgln of these boulder beds ls uncertaln, 

but the most probable postulate suggeats that they resulted 

from drainage courses which developed whlle the lce lmplnged 

on the mountain. The force of water from the melting ice could 

both round the boulders as weIl asvlwaah away the interi:3boulder 

material. 

Subsequent wave action and submergence caused 

by the transgresslve Champlain Sea after the retreat of the lce 

sheet, could have arranged the bouldera in the rldge-llke form 

they dlsplay. These boulder beds occurlng at approxlmately 

350 ft. represent remnants of beach deposlts, and as such are 

indicative of the former sea levels in the area. 

The Central Region 

This area of average elevation 550 ft. is 

plateau-like but dips very gently towards the east along it's 

eastern end. The rocks are weIl exposed in most parts of this 

region. Heavily wooded forests occupy the eastern and southern 

sections of the area. Two large gravel pits oceur in thls area. 
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The Eastern Region 

This consists of one long low thickly wooded 

ridge 1'lanked by drift covered boulder strewn plains. To 

the east of the mountain and separated from it by the valle~ 

of the Raquette River is a ridge 01' dark grey amphibole­

rich granitic gneiss trending to the northeast. 

Drainage 

The three major rivers in the general area 

are the ottawa in the north, the Raquette in the east, 

and the Rigaud in the west. They all skirt the main stock 

rather than cut across it. The ottawa river follows a 

straight course along the northern boundary of the mounta'ln. 

This linear feature results from the river being controlled 

by an east-west trending tault which cuts across the north­

ern end of the mountain. No large straams are found anywhere 

on the intrusion. 

In the area. ~·!est of the Shrine two smaJ.l 

seasonal streams occur. Along the southwestern margin of 

the mountain two westwards flowing streams empty into the 

Rigaud river. 

A weakly developed concentric pattern is 

displayed by the three major streams, while the smaller 

streams displ ay a radial pattern. (Fig. 3. ). 
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The southeastern border of the Mountaln ls 

separated from a rldge of dark grey to black Laurentlan 

amphlbollte-rlch granlte gnelss by the vaJ.ley of the Raquette 

rlver. The ridge trends northeast to southwest, taperlng 

somewhat towards the south. The average relief of the rldge 

ls 80 ft. 

The amphlbole content ls hlgher towards the 

upper parts of' the ridge. Texturally the gnelss ls a coarse 

to medlum gralned rock ln Whlch the gnelss1c fol lat ion is 

more strongly developed ln the amphlbole-rlch areasi~ 

The cross sectlon extendlng from north to 

south across the mountaln shows the spaclal relatlonshlp 

of the various unlts. ( Fig. 4 ). 
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GENERAL GEOLOGY 

Regional Betting 

The Rigaud Mountain is a stock forming a 

knob-1ike intrusion into the Grenvi1le Basement, along the 

eastern boundary ot the ottawa - St·~ Lawrence LO''11andsi~ 

Rere it f'orms part of' the " Beauharnois anticline Il Wh1ch 

marks the eastern bOWldary of the Low1ands. (Wi1son 1964) • 

Paleozoic sed1ments overly1ng ths Grenv11le Basement in 

this area, surround and abut agalnst the stock. 

Geo1ofS.Y ot R1gaud Mountaln 

General Statement 

Rlgaud MOWlta1n for lts greater part ls 

composed of hornb1ende syen1te, whlch ls 1ntruded ln the 

north by a f'e1dspar porphyry masse 
y 

The rock sequence 1n the northern halt of the mounta1n ls 

f'rom west to east -- hornblende syenlte, f'e1dspar porphyry 

porphyr1tic 9,ua.rt.z-r1eh syenlte, granite quartz :eorphyry'/ and 

f'lnally more hornb1ende syenlte. 

The southern half of' the mountain ls composed 

ent1rely of hornblende syen1te wlth smal1 intrusions of 

porphyritlc syenlte and feldspar porphyry ln both the south­

east and southwest regions. Thin apl1t1c dykes rhyolitlc 

and syenlte ln composition eut all the above rock types'. 
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The colour, granularity and topographie form 

are the three main charaeteristics which vary greatly from 

one rock type to the next. The hornblende syenite outcrops 

in shades of greyish buff to pink, but in many places 

purplish red to purple coloration occurs due chiefly to 

weathering effects. 

The feldspar porphyry outcrops in shades of 

dark grey to greenish grey, but pink and J.ight grey surfaces 

oecur close to Its contact with surrounding rocks. The 

syeni te porphyries are usually a bright pink to light grey 

colour, while the granite and quartz porphyry outcrop in 

lighter shades of pink to greyish buff. 

The vari~tion in gr anul arit y and topographie 

form is even greater than in colour. The hornblende syenite 

is basically very eoarse grained, holocrystalline and massive, 

with a slightly rounded to bumpy surface and gentle slopes. 

The porphyries and granite show a random 

variation in granularity from very coarse almost pegmatitic 

to very fine. They form steep cliff-like massive slopes, 

but with a smoother surface than the hornblende syenite. 

Throughout the mountain the percent age and 

grain size of the mafie components of the rocks deerease 

from west to east. This decrease is more evident in the 

triangular mass in the northwest than in the hornblende 

syenite, where the decrease is less intense. 
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The quartz content shows a steady lncrease 

from west to east~ especlally ln the porphyrles ln the north­

west section. In the hornblende syenlte the quartz content 

remalns consistently low throughout the mountaln. 

Geology of the Northern Half of the Mountain 

General Statement 

In the northern half of the mountain the 

hornblende syenlte ls lntruded ln the northwest by a feJ.dspar 

porphyry mass, whlch grades eastwards through syenlte and 

granlte lnto a quartz porphyry. AlJ. the porphyries and 

granlt.e together forIn a roughly triangular shaped mass. The 

base of the trlangle forms the preclpltous northern margln 

of the mountain. 

Vertical and horizontal jointlng are extensl­

vely developed throughout th!. haJ.f' of' the mountaln. 

The contacts between all the rock types ln 

the trlangular mass are gradationaJ., whl1e those between the 

hornblende syenlte and the trlangular mass are covered by 

drlft. 

The geology will be described as seen when 

travelling from west to east across the mauntain. 
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~-iornblende Syeni te 

Fig. 5 Hand~pecimen of coarse grained Hornblende Syenite 

:iC:assive hornblende syenite out crops in the 

northwestern corner of the mountain. The rock is very coarse 

grained and sreni tic in texture. (Fig. 5 ). The fr'esh surfa.ces 

vary in co1our from lizht grey, pink, purplish Grey t;:; dark 

3rey. It consists :nainly of large feldspér crystals (over 80~s), 

black hornblende (151;), a~~d small quantities of ;;rey vitreous 

c:..uartz. 

The feldspars vary in length fr'om .5 - 1.5 inches ~ 

The lar3er crystals display w~ll developed Ca.rlsbad t':linning. 

They occur as pink to grey subhedral crystals usually graphic­

a.lly inter::?;rown amon,: themse1 ves, and \vi th hornblende filllne; 

the interstitial spaces. Iron stainins ln shades of bro'\'mish 

.';1'e;)" to red oceur along the cleavap;e planes and i21ter-erystal 

boune: aries . 
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The hornblende is black with a high lustre, and 

varies in form fram stubby crystals to laths .5 inch in 

lensth. Characteristic cleavages are prom~nent in the larger 

crystals. 

Grey irregular shaped quartz grains occur 

interstitiaJ. to both feldsparandhornblende. Small grains 

of magnitite and ilmenite are also present. 

Randomly occurring throughout the syenite are 

lenses and blebs of a fine grained light-grey syenite usually 

2 - 10 inches wide, 4 - 6 ft • long, wi th a regional. east­

northeast trend. Sinuous quartz veins 1 - 4 inches wide also 

follow this trend. 

Jolnting along a northwest to southeast trend 

is well developed in the syenite~ Contacts between the 

hornblende syenite and the feldspar porphyry to the east are 

overlain by drift covered plains. 

Feldspar Porphyry 

Massive coarse grained feldspar porphyry 

outcrops in the west. The rock is dark to greenish g~ey and 

consists of feldspar phenocrysts in a flner grained quartzo­

feldspathic groundmass.(Fig. 6 ). 

Both the Phenocrysts and the groundmass vary 

in texture, grain size and colour from one part of the 

intrusive to the next. 
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Fig. 6 Handspecimen of coarse grained reldspar porphyl'Y. 

In the coarse grained pol'phyry the feldspar 

phenocl'ysts range rl'om .2 - .7 inch in size, and vary in 
.-

coloul' from light grey to reddish brqwn. The pol'phyritic 

text1..lreL is weIl developed ln these coarser varieties where 

the composition la feldspar phenocrysts 40%, feldspathic 

groundmass 60 %. Carlsbad twinning is seen in some or the 

larger crystals, the centres or '\'iThich are usually black due 

to sericitic and kaolinitic alterations. 

In the medium srained porphyry the phenocrysts 

comprise 25 %, the groundmass 75 % of the rock's composition. 

l-iinute black mafic inclusions are peppered throughout the 

groundmass. This porphyry is li5hter in colour than the 

coarser varieties. 
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The ~ine grained porphyry consists of l.ight­

grey feldspar phenocrysts 15 %, in a fine grained quartzo­

felàspathic groundmass 85 %. The phenocrysts ve:ry from 

.5 - 2 mm. in size, and are randoml.y distributed throughout 

the groundmass. 

In the northwest section of the mount ain the 

massive feldspar porphyry is cut by many thln granitlc and 

syenltic dykes. Lenses and blebs of pink syenite form inclusions 

in the porphyry. Towards the east the porphyry grades into 

a ~iner grained pinkish grey syenite porphyry. In this 

gradational zone quartz nodules appear in both the syenite 

and the feldspar porphyry. 

Extensive rectangUlar jointing in the feldspar 

porphyry has resuJ.. ted not only in the formation of steep 

cliff'-llke exposures 30 - 50 ft. higb., but also in ridges 

with intervening flat bottomed vaJ.leys. Horizontal jointing 

ls evldent on some o~ the l.arger cliff faces, but generally 

it is weakly developed. The regional trend of the major 

joint planes varies between northwest and due north. 

Contacts between the feldspar porphyry and 

the hornblende ayenite to the south are generally covered, 

except towards the centre o~ the mount.ain where a aharp 

contact ia visible over approximately 50 ft. The contact 

betwcen the f'eldspar porphyry and the syenite to the east 

ls gradational. 
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Quartz-rich Syenite 

The syenite outcrops chie~ly in the area 

west of the Devil's Garden. The rock ia light to bright 

pink, medium to fine grained and massive to porphyritlc in 

texture. In the masslve varletles bright pink ~eldspar 

crystaJ.s (over 80%}~,} ,. usually graphicaJ.ly lntergro\'m 

characterlse the rock. Clear irregular shaped quartz grains 

(2 - 8 % ) oceur 1ntarat1tial to the feldapars. The massive 

quartz-rloh syenite ls usually the medlum gralned variety. 

In the more porphyritlc varleties the rock 

ls lighter pink and ~iner grained. It consists of small 

feldspar phenocrysts (20 % ) in a light grey quartzo-~eld­

spathie ~ine grained groundmass (80 % ). The feldspar 

phenocrysts .1 - .3 inches in size tend to aggregate. Clusters 

of quartz grains occassionally form phenocrysts. (Fig. 7 ). 

Fig. 7 Hand~pecimen of fine grained quartz-rich syenlte 
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Where the quartz content lncreases the syenlte 

ls lighter plnk in colour and less porphyritic.ln such areas 

lt grades into granites. Areas are found wlthin the quartz­

r1.ch syenite where intergrowths of feldsPar porphyry, massive 

pink syenite, and granite aceur. These areas are of very local 

extent and the contactsbetwee~ the variousrock types are 

either gradational or sharp. 

No,dykes are present in the syenites west of 

the Devil' s Garden. To the east 01" the Garden pink, gra.nites 

and quartz porphyry outcrop. This indicates that the gradation­

al contact between the quartz-rich spenite and the granite 

lies under the Garden. 

Granite and Quartz porphyry 

An intergrowth 01" these two rock types occupy 

the area east of the Garden. The granite is medium grained, 

equigranular and granitic in texture. It varies in colour 1"rom 

bri$llt' pink to dullish grey, the colour variation being 

directly related to the quartz content. 

The granite consists 01" pink to 1"lesh coloured 

1"eldspar crystals 60 %, gray vitreous quartz 30 %, and black 

mafics 10 %. The bri8ht pink variety is almost ma1"ic free, 

while in the dull pimkish gray variety the mafics, chiefly 

hornblende with minimal biotite, display a wea.kly developed 

lineation. The quartz content ia highest in the pink granite. 

(Fig. 8 ). 
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Fig. 8 Handepecimen of pink medium grained granite. 

The quartz porphyry is a pinkish to medium grey 

fine grained porphyrltlc rock. It consists of phenocrysts of 

smoky grey rounded quartz grains 40 %, pink feldspar phenocrysts 

10 %, in a grey fine grained quartzo-feldspathic groundmass 

50 %. 
There ls a conspicious lack of mafics in this 

rock. Concoidal fracturing is evident on many of the fresh 

surfaces. 

Rectangular jointing in both the granite and 

the quartz porphyry forms 10 - 30 ft. high cliffs in the 

area east of the Shrine. Contacts between both rock types 

are sharp in places, but generally they are gradational. 

Numerous granitic dykes and quartz veins intrude both rock 

types. 
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Geology of the Southern Ralf of the Mountain 

General Statement 

The southern half of the mountain is composed 

entirely of coarse grained grey to pink hornblende syenite, 

into which an oblong shaped mass of pink syenite porphyry 

is intruded in the southeastern sector. The topography is 

less rugged than in the northern half of the mountain. 

Numerous dykes rhyolitic and syenltic in composition intrude 

the hornblende syenite. 

Hornblende Syenite 

The megascopic features of the hornblende 

syenlte in outcrop have already been described for the area 

in the northwest. The hornblende syenite is massive and 

consistently coarse grained throughout the southern half of 

the mountain. Many irregular shaped and bleb-like inclusions 

of a fine grained pink mafic-poor syenite are randomly 

distributed throughout the hornblende syenite. 

These inclusions display a weakly developed 

regional east-west trend. Other inclusions in the hornblende 

syenite are wedges of coarse grey feldspar porphyry and thin 

sinuous veins of smokey quartz and reddish broWl~ cherte 

Contacts between the hornblende syenite and 

the feldspar porphyry to the north are obscure) except for 



the 50 ft. exposure already mentioned. In this region the 

hornblende content of the syenite 1s noticeably reduced and 

the rock is brighter pink in colour~ and denser. 

Contacts between the hornblende syenite and 

the inclusions of feldspar porphyry are sharp, while those 

with the pink syenite inclusions are usually gradational. 

The hornblende syenite is dissected by numerous 

dykes of two main orientations and thicknesses. These dykes 

like those in the northern half of the mountain are granit1c 

and syeni tic~ in composition. The larger dykes are 2 - 8 ft. 

thick, and 10 - 50 yards long. They cons1st of fine grained 

granite which is very quartz rich in places. These dykes 

intrude the syenite in the southwestern corner of the mountain. 

They trend to the northwest , and their contacts 

with the hornblende syenite are sharp. Heavy fracturing along 

a rectangular pattern characterises these dykes. Three such 

were mapped in this area. 

The thinner dykes occur more frequently in 

the southeastern sector of the mountain. They are rhyolitic 

in composition. Like their counterparts in the north they 

display a weak east-north-east trend. 

These th in dykes are shorter and more numerous 

than the thicker dykes, but thelr contacts are slmllarly sharp, 

Together all the dykes Intruding the ho~blende syenlte form 

less than 2 % of the entire rock mass. 
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Syenlte PorPhyry Intruslon 

Towards the centre o~ the southeastern sector 

o~ the mountain the hornblende syenlte la lntruded by an 

oblong shaped mass o~ coarse to medlum gralned plnk porphyrltlc 

syenlte. It comslsts of .1 - .5 lnch long plnk feldspar 

crystals 80 % , ln~ 11ght grey quartzo-feldspathic groundmass 

20 % • 
Generally the porphyry ls charact erlsed by 

lts lack of matlcs and quartz, lts textural coarseness, and 

the low percent age 01' lts matrlx. Its porphyrltlc texture la 

accentuated on the exposed surfaces due to the dlfferentlal 

weatherlng of the fe1dspar phenocrysts and matrlx. The 

phenocrysts weather to a l~ght grey to buff co1our, whl1e the 

matrlx weathers to a darker greenlsh grey. The f'e1dspars 

sometlmes weather to a purp1lsh colouratlon, slml1ar to that 

seen ln the northwest of' the mountain. 

Small blebs of granlte are embedded ln the por­

phyry. Rectangular jolntlng ln the syenite porphyry gives 

rlse to a rugged topography wlth 15 - 40 ft. h1gh c11ffs. 

AI'though its contact wlth the hornblende syenlte ls obscure, 

the rapld change from porphyry to hornblende syenlte over 

5 - la yards lndlcates that the conta,ct between the t\'lO rock 

types ls possibly sharp. 

Thln dykes of two maln types 1ntrude both the 

syenlte and the porphyry. The larger and more f'requently 

occurrlng dykes consists of 11ght grey rhyolltlc materlal 
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with shreads of black mafics scattered throughout. The 

thinner and less frequently occurring dykes are very quartz­

rich, granitic, and aplitic in texture. They are younger than 

the thicker dykes. 

The eastern contact between the porphyry and 

the massive hornblende syen~te is gradational. 

,Dykes and veins 

When all the granit1c, rhyolitic and syenit1c 

dykes intruding the rocks of the Rigaud Mountain are v1ewed 

collectively, they are found to be randomly d1stributed and 

show no defin1te concentration in any particular rock type. 

F1g. 9 illustrates the frequency distribution of these 

dykes in the Mountain. 

Fig. 9 Frequency distribution of the dykes in the Rigaud 

Mountain 
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The regional trend of the thicker dykes varies 

between northeast and due east, usually with vertical dips. 

However in thesouthwestern sector t wo of the larger dykes 

in the hornblende syenite trend to the southeast. Due to 

the massive form of the exposed rocks the relatively thin 

dykes and veins comprise an lnconapicious part of the regional 

geology, and alltogether represent less than 2 % of the 

outcropplng surface. 

The mafic content of all the dykes ia low, but 

where ma~ics occur they dis play a weak lineatlon trending 
o 

at 060 • The mafic content of the dykes ls highest in the area 

ea~t of the Devills Garden. Here they are chiefly granitlc 

in composition, sometimes containing .5 - 1 cm long feldspar 

crystals. 

Most of the dykf)~ are of very local extent, :J. 

that is 5 - lOyas .long. The thicker dykes in the southwest 

are longer" They extend. 20 - 60 yards. The contacts are 

sharp between most of the dykes and the country rock, but 

gradational contacts are seen especially in the area east of 

the Devills Garden. 

Thin sinuous quartz veins wh1ch pinch and 

swell from .2 - 3 lnches wide, and thin brick red to brown 

cherty ve1ns of similar thickness are randomly distr1buted 

throughout the mountain. The cherty veins generally occupy 

fractures and joint planes. The veins are usually 5 - 10 ft. 
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long, and their contacts are all sharply defined. The quartz 

veins are younger than aJ.l the dykes since the former cuts 

the later. 

Miarolitlc Cavltles 

One of the outstandlng characterlstics of the 

R1.gaud rocks ls the presence of smaJ.l lrregular to ovaJ. shaped 

miarolitlc cavlties , especlBlly weIl developed in the horn­

blende syenlte and fel.dspar porphyry towards the centre of 

the mountain. The cavities vary in size from .2 - .8 inch across. 

Sm al. 1 euhedraJ. quart z crystaJ.s are seen 

extending outwards from some of the cavlty waJ.ls. The cavit1es 

occur in clusters confined to speciflc areas rather than 

randoml.y scattered throughout the rock. 

A possible origin of the cav1tles lnvolves the 

release of volatiles from the late res1dual melt of a bas1c 

magma. (Bowen 1928 ). The presence of abundant free quartz in 

the Rigaud rocks lndlcates a possible hlgh volatlle concentra­

tion. The hypabyssaJ. nature of the Mountain along with the 

low water pressure prevaillng at such shallow depths, together 

enhance the possibility of vol.atile release. 
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Weather1ng 

Surrace weather1ng espec1ally 1n the southern 

halr or the mountain has produced two noteworthy reatures, 

Ca) small cav1t1es 1n the large reldspar phenocrysts and 

(b) purple tlnted syen1tes. 

Ca) Small cav1t1es in ~ feldspars 

D1frerent1aJ. weathering 1n the larger reldspar 

crystaJ.s from the1r centres outwaz-,ia has resulted 1n smaJ.l 

cav1t1es .1 - .5 1nch across puckering the syenite surface 

ln places. The larger cav1t1es appear to be miaro11t1c 1n form, 

but close examination reveal that they are due only to d1frer­

ent1a.l weatherill! of the crystaJ.s. 

The cavities are shaJ.lower than the m1aro11t'1c 

cav1tles se en elsewhere on the mountain. Chlorlt1c aJ.teration 

associated with the weathering gives them a dark greenish to 

black colouratlon, which extends beyond the outer boundaries 

or the cavitles ln some cases. 

Cb) Purple tlnted Syenite 

In some or the weathered hornblende syenite 

a layer varying in thickness from one inch to one root acquires 

a purplish green to pinklsh purple tlnt due to the weatherlng 

of' the f'eldspar crysta~s. The colouration ls always replaced 

at depth by either the pink or grey colour or the f'resh syenite. 

These purple tinted areas are seen chierly ln the hornblende 

syenite. 



29 

PETROGRAPHY ~ PETROCHEMISTRY 

General Statement 

A detailed petrographie study of the rocks of 

the Rigaud mountain was undertaken,in which ninety hand specimens 

and seventy thin sections were studied. A combination of 

standard • wet method ' chem1cal anaJ.yses and X-ray f'lour­

escence spectrometry (See Append1x-A-) were used in arr1vlng 

at the chem1cal analyses of the sixteen samples chosen from 

the different rock types. 

Modal analyses of the coarse grained hornblende 

syenite and quartz-rich syenite were done on stained slabs 

us~g a Zip-A-Tone point count method. (See APpendix-B-). 

The composition and tric11nic1ty of the potash feldspars 

were determined from X-ray diffraction. 

The classification of the different rock 

types seen in this study follows that set out by Albert 

Streckeisen (1967) in his"Report on the Classification of' 

Igneous Rocks". This classification was prepared from all 

the other notable classifications, and dif'fers only slightly 

from them. The QAP diagram (Fig. 11 ) summarises the classi­

fication. 

A plot of the 16 specimens from the Rigaud 

rocks by weight percentage is also shown on the Fig. 11. 

It indicates that the rocks are aJ.l syenitic and granitic 

in composition. 
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Fig. 11 APQ compositional d1agram for the class1fication 

of quartz-r1ch igneous rocks. ( Class1f1cation by 

Albert Strecke1sen 1967 ) • 

0-- Hornblende syen1te 

~-- Feldspar porphyry 
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• -- Ap11t1c dykes 

)<-- Quart z porpyhry 
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Using this c1assification as a base, the 

Rigaud rocks may be futher subdivided , from macroscopic 

and microscopie evidence, into the following rock types,in 

order of decreasing sil1ca;- quartz porphyry, fe1dspar 

porphyry, granite, guartz-rich syenite and hornb1ende syenite. 

The overaJ.1 percent ages o'f these rock types throughout the 

mountain are as fo11ows hornb1ende syenite 60 % , 
fe1dspar porphyry 20 % , quartz-rich syenites 5 % , granite 

and quzrtz porphyry 15 % • Fig. 12 shows the frequency distri­

bution of the rocks. 

.-

Si 0 Wt. % --) 60 
2 

70 80 

~SyeniteB __ ~~ ~<-- Fe1dspar .-, '- Granite & ~ 
Porphyry Qtz. Porphyry 

Fig. 12. Frequency distribution Q! Rigaud rocks. 
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Definltions 

The term SYENITE wlll be used to describe 

leucrocratic granitic textured rocks in whlch the alkali 

feldspars constitute over 70 % of thr rock's compositlon. 

Rere alkall feldspar lncludes both potasslc and sodic 

(albite) members. The quartz content in the syenite should 

not exceed 10 % • 9UARTZ-rich SYENITE will indicate a quartz 

content of 10 - 20 % • The remainder of the rocks composition 

ls allotted to the maflc components. 

The term GRANITE will be used to describe 

a leucrocratic granitic textured rock with the following 

composition:- alkall feldspars over 60 % , quartz 20 - 40 %, 
mafics 5 - 15 % . 

The term QUARTZ PORPHYRY lmplies a rock 

siml1ar to the granlte except that in the porphyry the 

quartz present chlefly as phenocrysts exceeds 35 % . 
The term FELDSPAR PORPHYRY implles a 

melanocratic rock, r:'oarse gre..ined, with the composition 

alkall feldspar over 90 % , quartzo-feldspathic groundmass 

10 % • 
The rocks wlll now be discussed in order of 

importance. 
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Hornblende Syenite 

General Statement. 

Twenty·-fi ve thin sections of hornblemde 

syenite were studied. Microscopically the rock di.ap1J.ay.s a 

hypidiomorph1c granitic texture. It cons1sts chiefly of 

antiperthitic feldspars 50 - 70 % , microcline microperthites 

20 - 40 % , orthoclase microperthites 5 - 15 % , hornblende 

5 - 15 % , quartz l - 5 % , diopsi~ic pyroxene l - 5 % . 
Other constituents include minor quantities 

of sodic-rich plagioclase, biotite, and acceasory zircon, 

apatite, allanite, quartz, flourite and magnetite. 

Antiperthit1c Feldspar 

The antiperthit1c feldspars Qr30An70 occur as 

large irregular anhedral grains with highly 1ndented bordera. 

They vary in length from 5 - 55 mm. The crystals show low 

relief, but are cloudy due to extensive kaolinlzat1on and 

serlcltizatlon. Twinning is poorly developed or absent in the 

larger crystaJ.s, but the smaJ.ler subhedraJ. laths display 

weakly developed polysynthetic tw1nning , sometimes accompan1ed 

by Carlsbad twinnlng. 

The feldspars display a biax1al pos1tive 

flgure,with a 2V of 80 degrees. Many of the antiperthitic 

grains are poikilitic, the inclusions being hornblende, 
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pyroxene, quartz and apatite blebs. The antlperthlte Is 

sometlmes assoclated wlth later formed mlcrocllne, the Inter­

growth belng graphlc ln pl aces. (Plate l Flg. l ). 

Mlcroantlperthitlc textures consisting of 

blebs of potash feldspar ln soda-rlch Plagloclase are well 

developed throughout the hornblende syenlte. In order of 

decreaslng abundance, patchy, brald and rod antlperthltés 

are the types present. Wlthln each crystal the potash blebs 

show a preferred crystallographlc orientation oblique to 

(010) , but in the overall rock thls orientatlon appears 

random. 

The perthltlc texture is developed throughout 

the entlre crystal. This fact along wlth the unlformity in 

size, shape and frequency of the perthitlc blebs indicate 

that over 90 % of" the crystaJ.s are exso~utlon antiperthlt.esr; 

Serlclte and kaolln form the chief" aJ.teratlon 

products, sometlmes completely replaclng the crystals. More 

of"ten the alteration Is patchy and extends from the centre of 

the crystal outwards. 

AnhedraJ. gralns of clear alblte occur Inter­

grown withboth the antlperthites and the mlcrocline. These 

grains show low relief and weakly developed polysynthetic albite 

twinning. Carlsbad twinning was noted ln a few of the larger 

crystals. The maximum extinction on plates parallel to 
o 

(001) is 4 • The crystals are biaxial positlve with a large 

2V. Clear quartz is associated with the alblte. 



PLATE 1. 

Fi;_ l :i-raphic intergrmvth of' antiperthitic feldspar wi th 

:nicrocline _ ( X - 25 )_ 

Patch an 20d micro Jert,hites in rnicrocline. V 
\ . , 25 ). 

= .. ;, ..... _~.t1"-. 
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Microcline Microperthites 

The microcl~e microperthites or
57 

An43 occur 

as large irregular shaped subhedraJ. ta Bllhedral crystals 

5 to 40 mm. long. The crystaJ.s are cloudy due to sericitlc 

alterations. 'Tartan' tw1nning is well developed and the 

crystals display biaxial negative figures with a maximum 
o 

extinction angle on (001) of 15 • 

The crystals are generally intergrown with 

antiperthitic crystaJ.s of" s1milar habit. In places the 

microcline grades into antiperthite, but usuaJ.ly the contacts 

between them are sharp. Polkilitic textures are displayed 

by some of" the larger crystaJ.s with apa.tite, quartz and 

magnitite grains as inclusions·. 

Patch and rad perthites (Plate l Fig 2) are 

both well developed in the microcline microperthites'. The 

un1for.mlty in size, shape and frequency of these blebs 1nd1cate 

that most of the microcline crystals are exsolution m1croper­

th1tes. The 1rregular growth of some ot' the patch perthites, 

somewhat 1ndependent of the cryst al structure, suggest :them 

to be 0:1" replacement origine The alb1tic rad 1nclusions are 

generally oriented parallel to (001). 

Althougb. many of the m1crocline m1croperthltes 

are fresh, most show extens1ve sericitic alterat10ns. 

L1ght brown1sh green hornblende 1s somet1mes seen replacing 

the microperth1tes. 
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SubhedraJ. microcllne crystals free of 

perthitlc blebs are found Intergrown wlth both the 

mieroperthites and the anltperthites. In these clear 

mlerocllne erystals polysynthetic alblte twlnning la we22 

developed. This aJ.ong wlth traces of perlcllne twlnning 

and a blaxiaJ. negatlve flgure indicate that the crystals 

are mlcrocllne. 

Orthoelase 

AnhedraJ. gra1ns of orthoclase 5 to 20 mm. 

across oceur 1ntergrown with the antlperth1tes. Theae gralns 

are generally clear, free of Inclus10ns, w1th low relief, 

lacklng ln tw1nn1ng, and biax181 negatlve wlth a large 

axiaJ. angl e • 

Orthoclase m1croperthite oceurs as anhedral 

grains intergrown with the antlperthltes. The perthltle 

blebs are of the rod and string variety. Thelr extensive 

development and un1formity lndicate them to be of exsolutlon 

origine 

Orthoclase and microcllne microperthites 

were not. seen in the same thin section. The orthoclase 

microperthites occur in the rocks which are finer grained and 

richer in quartz. GeneraJ.ly the orthoclase erystals are 

sma.ller t.han the microcllne and less abundant. 
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Hornblende 

The hornblende oeeurs as subhedraJ. to 

anhedraJ. grains either interstitiaJ. to the fel.dspars or as 

inclusions in them. It ls chiefly of the green variety but 

minor quantities of the redd1ah brown variety are aJ.ao 

present. The green variety is atrongl.y p1eochroic in shades 

of X - ye110w green Y - olive green Z - dark green'~ 

Cleavages are we11 developed especially in the sections 

parallel to (010). The hornblende has a very relief with a 

maximum extinction angle of 260 Z"C; and a. 2V of 750'~ 

EuhedraJ. cryst aJ.s are rarely seen, rather the 

hornblende oceurs in four ma.in forms, namely: 

l'~ as large subhedraJ. poikilitic grains interstitiaJ. 

to the feldspars. 

2. as smaJ.l prismatie sections with well. developed 

cleavages and forming triangular interstitlal 

wedges. 

3. as aJ.teratlon rims surrounding and replacing 

pyroxene. 

4. as inclusions in the microperthites. 

Most common are large subhedraJ. to anhedral 

grains 10 to 40 mm. lomg with either straignt sharp borders 

or irregular indented ones. These larger grains usually have 

some crystaJ. faces well developed and disp1ay poikilltic 

textures, the inclusions being remnants of pyroxene aPatite, 

magnetite and quartz grains. Cleavages in sections paraJ.lel 
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to (010) are prominent'. 

Two interesting structures formed by these 

1arger hornb1ende p1ates are~ 

1. triangular and polygonal shaped wedges 5 to 15 mm. 

10ng interstitial to the fe1dspars, and often 

assoclated w1th c1ear quartze ( Plate 2 Fig 1. ) 

2. ske1etal crystals formed by thin extensions of the 

hornb1ende into the adjacent feldspar, sometimes 

forming graphie intergrowths. 

In many instances the poik1litic grains are 

intergrown, sometimes grap,h1cally, with minor quant1ties of 

brown b10tite and aug1te. In some of theae aggregatea the 

pyroxene alters to ural1te, ( Plate 2 Fig. 2 ) wh11e both the 

biotite and hornblende show chlor1t1c alteration. Magnetite 

is always associated with these aggregates, e1ther completely 

replacing the b10tite or forming bead-11ke rims aroung 1t·~ 

Large sphene crystals and yellowish brown 

1ron staining are also commonly associated with the aggregates. 

The smaller prismat1c sections of the green 

hornblende vary in length from 5 to 25 mm., and alwaya display 

sharp boundaries. Concentr1c zonlng 1a present in many of 

these crystals. The ~ones are .5 to 1 mm. th1ck and vary 

in col our from yellowish green to dark green. 

These zoned crystals have ,weIl developed 

prismatic cleavages. They are generally free of inclusions 

except for slight chloritic alteratlon products. The crystals 
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f'orm wedges interstitiaJ. to the large feldspar crystaJ.s. 

No quartz or magnetite ia found assoclated with these wedges;~ 

The hornblende aJ.so occura as rims 

surrounding and replacing clinopyroxenes. ( Plate 3 Fig. 1 ). 

The rims vary in thickness from .1 to 3 mm., and dispiay aharp 

outer boundariss. The inner boundary of the rims may be 

sharp and clean, or fringed by chloritic âlteration, or 

accentuated by biotite grains. In these rims the maximum 

extinction angle ZAC is 14°. Inclusions and or alterations 

are seldom round within them. 

Thin hornblende rims are also found 

surrounding and replacing perthitic crystaJ.s. No quartz or 

magnetite is associated with these rims. Minor quantities 

of chloritized hornblende occur as smaJ.l blebs and inclusions 

in some of the microperthites. 

From itS:- occurrence in the syenltes the 

green hornblende appears to have begun crystaJ.llaing a:rter 

the pyroxene but before the fe1dspar, with however the bulk 

of the hornblende crystallising after the feldspar. The 

strong bluish green tint of the hornblende especlally in the 

aggregates, indicates it to be soda-rich'~ 

The reddish brown variety of the hornblende 

occrus chiefly ln the flner gralned syenlte, and ls 

aœoclated with the brown biotlte. Rere the hornblende forms 

small stubby plates wlth very high relief and strongly 

pleochroic. The plates are usually fresh or partiaJ.ly rep1aced 



PLATE 2. 

Fig. 1. Hornblende (black) - Quartz (clear) wedge inter­

st1t1al to perthitic feldspars. ( x- 25 ). 

Fig. 2. Chlor1tic hornblende r1m surrounding ural1t1c 

pyroxene ( X - 25 ). 
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o 
by magnetiD8 and display a extinction angle of 24 ZAC. 

Quartz 

. In the hornblende syenite the quartz oceurs 

either as interstitial grains or as inclusions within the 

feldspars. The interstitiaJ. grains occur in. two main~f'orms; 

1. as triangular and rectangular wedges associated with 

the green hornblende. ( Plate 2 Fig. 1 ). Here the 

bDrders of' the quart z grains are sharp and straight, 

and the quartz aJ.ways forma the thicker end of the 

hornblende-quartz wedges. '.J!he quartz aJ.so forma 

skelet~ crystala partlal1y surroundlng the feldapars. 

2. The Q,uartz also oceurs as lrregul.ar ahaped and 

rounded grains 1 to 8 mm. acroaa interatitial to 

the fe1dapars. ( Plate 3 Fig 2 ). Bere the quartz­

feldspar interfa.ces are sharp and straight, but 

marginal myrmekitic intergrowths oeeassional1y 

develop. Graphie intergrowth of quartz wlth both 

hornblende and or feldspar ls eommon. The 

interstitiaJ. nature of the quartz in these environ­

ments indicate that is crystaJ.lised later than the 

feldspars. 

When quartz occur as inclusions it forms 

small grains 1 to 4 mm. across wh1èh are randomly scattered 

ln feldspar hornblende, and pyroxene'~ The incluslons are 



44 

.J-reen hornblende surro'Lmdin2; ~llld ,epl acin3 ·oyroxene. 

25 ). 
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prominent in the poikllitic textured crystals, where they 

generaJ.ly have graphie outlines • 

.Al.l three forms of the quartz are very clear, 

t'ree of inclusions and exhibit a wavy extinction". The 
" " 

"quartzoccurs "chieflyas large sing1.e grains rather than as 

aggregates, andis chiefly associated w1th hornblende, some­

times." display&dg a graphie intergrowth w1th 1t. Minor 

1nclusions of gasbubbles and liquid inclusions are present 

chieflyaJ.ong the outer margins of the crystals'. 

:fZroxene 

Most of the pyroxene is either highly aJ.tered 

or partiaJ.ly replacedby hornblende. Pale green diopsidic­

augite with PDOrly developed cleavagea 1s the ch1ef type 

presentl~ UsuaJ.ly the larger crystaJ.s are encloséd by rima 

of green honrblende~ ( Plate 3 F1g. 1) ""~ The pyroxene 

ia weakly pleochrolc in shades of olive green to light yellow, 
o 

with a maximum extinction angle Z ,,0 of 39 • The larger 

pyroxene crystaJ.s sometimes display poikilitic textures with 

spnene, apatite, magnetite and quartz grains as inclusions. 

Cleavages are either absent or are poorly developed, but 

wherever present they are continuous with those of the 

surrounding hornblende rims. 
15 

UraliteAthe chief alteration product of the 

pyroxene, sometimes completely rePlacing 1t. ( Plate 4 Fig l ). 
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Another alteration product of the pyroxene occurs as a 

yellowish brown, Iron rust material which tends to completely 

replace the pyroxene. In the less altered crystaJ.s the 

yellowish brown alteration is concentrated aJ.ong the cleavages 

planes. 

Smal.J. anhedral blebs of' pale green clint)­

pyroxene fonu inclusions in some of' the larger f'el.dspar 

crystals, indicating the earlier crystallising of' the pyroxene. 

Biotite 

In the hornblende syenite brown biotite f'orms 

less 1% of' the rocks mineraJ.. content·~ It oceurs as large 

anhedral grains 5 to 30 mm. long, strongly pl.eochroic in 

shades of' reddish brown to yel.l.owish brown. The l.arger 

plates are sligh.tl.y bent and display per:fect cleavage in (001) 

direct1on. The pl.ates are generally :fresh, w1th uncorroded 

margins, but thin borders of' green hornblende :fri.n.g9 some 

of the al tered plates'. 

The larger crystals display poikilitic textures 

w1th z1rcon, quartz, magnet1te and f'eldspar l.atha as inclus1ons. 

Most of the biotite show parallel extinction blIT. th~ bent 

plates display wavy extinction. SmaJ.l b10tite l.aths-~·f'orm 

inclusions 1n the miaroperthites. Generally the biotite 1s 

associated with the green hornblende, and is rePlaced by 

magnetite in many places. 
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Ac:ces80ry ~I1neraJ.s 

In the hornblende syenite accessory minerals 

1'OrIn less than 2 % 01' the total. mineraJ. content. The rn1nerals 

in order 01' decreasing abundance are magnétite, zircon, 

sphene, allanite and flourite. 

Magnetite occurs as subhedraJ. to rounded 

grains varying in length 1'rom dust-like part1cles to grains 

4 mm. long. It is usually associated with hornblende and 

pyroxene, sometimes 1'orm1ng poikilitic inclusions and at 

other times complet.ely replac1ng the pyroxene crystaJ.s. The 

larger grains contain zircon and apatite inclusions~ 

Apat1te occurs as prismatic hexagonal ctystals 

w1th sections 1 - 3 mm. wide, and 1'orms inclusions 1n feld­

spars , hornblende, pyroxene and magnetite. 

Z1rcon appears in two main forms, either as 

square basal sect10ns, or as stout pr1sms with pyram1d 

terminations. The 1 ater vary 1n length 1'rom .5 - 2 mm. It 1 S 

occurrence i8 sim1lar to apatite but 1n both hornblende and 

P1;Dt;:i:te :,the z1rcons 1'orm prom1nent haloes •• 5 mm th1ck. 

Sphene occurs as subhedra.l to euhedra.l grains 

2 - 8 mm. long showing prominent part1ngs. It ls assoclated 

with hornblende and biotite as inclusions. 

Brown allânite ls present in a 1'ew thin sections 

as inclusions in 1'eldspar with which 1t is graphlcally lnter­

grown. It also occurs as rounded grains and blebs in both 

hornblende and pyroxene. 



PLATE 4. 

Fig.~. Uralite comp~etely replacing pyrœxene. ( X - 25 ). 

Fig. 2. Antiperthitic f'eldspar showing Carlsbad twinning 

in medium grained syenite ( X - 25 ). 
~.,. . ~ ____ k. 
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MEDIUM GRAINED SYENITE 

General statement 

In places the hornblende syenite grades into 

a medium grained variety. The wrlter prefers to classify 

this finer grained , dark grey, mafic-poor rock as a med1um 

grained syenite. 

MegascopiscaJ.ly 1t differs from the eoarse 

hornblende syenite only 1n 1ts granular1ty and mafie content. 

It occurrence throughout the cmarser hornblend syenite 1s 

random,although 1t appears to occur more frequently 1n the 

southwestern sector o~. the mountain. 

M1croscopically the rock is medium grained, 

holocrystalline, with almost equigranular erystals wh1ch 

give it a uniform appearance. It consists of antiperthites 

70 - 90 % , orthoclase microperthites 10 - 30 % , quartz 1 -

2 % , with minor quant1ties of hornblende and aeeessory 

mineraJ.s. 

Antiperthi tes 

The antiperthites oceur as subhedral to anhedraJ. 

grains 5 - 15 mm. long with highly 1ndented borders. The 

erystaJ.s are biaxiaJ. positive, with a large 2V, and show 

well developed Carlsbad twinning. (Plate 4 Fig. 2 ). The 

potash blebs form string and rod perthites. Patch perthites 
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are developed to a lesser extent in the larger erystals. 

The uniformity in size and frequeney of the blebs suggests 

the crystals are exsolution antlperthltes. 

Ser1cltle alteration of the feldspars ls at 

a minimum, wh11e myrmekite ls developed at some of the quartz­

fe1dspar 1nterfaces. F1lms of reddish brown 1ron stainlng 

oceùr along the intergranular boundarles. 

Orthoelase Ivl1eroperth1ill. 

Mlnlmal quantltles of orthoc1ase mlcroper­

thl'be oceur as subhedral to anhedral grains 3 - 10 •• long 

lntergrown wlth the snt,lperthltes. Twlnnlng ls absent ln 

most crystals, but Carlsbad twlnn1ng ls present ln a few. 

The crystals are b1axlaJ. negat1ve. 

The rod and string perthltes show a simllar 

occurrence to those in the hornblende syenite. A few anhedral 

grains of c1ear orthoclase occur lnterstltlal to the antl­

perthites. 

Quartz 

In these syenites the quartz occurs ln two 

main forma ; (l) as rounded grains lnterst1tlal to the micro­

perthites and (2) as large rounded grains replaeing and engulf-

1ng the mieroperthites. In both forma the quartz is clear 
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f'ree of' fulclusions and gives a wavy extinction. The crystals 

aggregate in cluaters of' three to sIx grains wi th sharp 

IntergranuJ.ar boundaries. 

The quartz also Qccurs~ as inclusions within 

a f'ew of' the microperthites. The quartz occurs more commonJ.y 

enguJ.f'ing and replaolng the microperthi tes. The two occurr­

ences of' quartz suggest that there were two phases of' quartz 

crystaJ.lisatlon, one preceeding and the other after the f'eld­

spars crystaJ.1.ised. 

Hornblende 

The hornblende occurs as anhedra1 crystaJ.s 

InterstitiaJ. to the f'eldspars. The grains are dark green, 

strongJ.y pleochroic in shades of' olive green to yellowish 
o 

brown, wi th a maximum extinction angle ZAC of' 20 • These 

grains are usuaJ.ly poikilitic in texture, the inclusions 

being quartz and f'eldspar labhs. 

A yeJ.lowlsh brown to rust coloured alteration 

product occurs in most of' the hornblende erystals. Magnetite 

and aJ.lanite are the only accessory mineraJ.s present. 

The chemicaJ. and modal. analyses of' these rocks 

are given in Tables l, . 2'~ and 3. 
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TABLE l 

HORNBLENDE SYENITE 

Sp. No. 

81°2 

A1 203 
Fe203 

FeO 

MgO 

caO 

Na20 

K20 

H20 

T102 

P20 5 
MnO 

CO 2 

TotaJ. % 

5 

63.00 

16.25 

4.50 

0.66 

3.20 

5.76 

4.05 

0.82 

0.69 

0.31 

99.24 

Color Ind. 13.37 

68 

61.65 

17.49 

3.84 

0.48 

2.30 

5.47 

4.86 

0.71 

0.42 

0.11 

97.33 

9.47 

6']. 

61.00 

17.15 

4.00 

0.59 

2.90 

5.47 

4.80 

0.44 

0.46 

0.14 

96.95 

11.61 

6 

52.00 

25.30 

2.16 

1.86 

1.55 

10.44 

4.12 

0.88 

1.00 

0.33 

0.26 

0 .. 04 

11 

61.60 

16.50 

3.94 

2.67 

0.91 

2.40 

5.46 

4.19 

1.08 

0.97 

0.31 

0~21 

99.94 100.24 

9.80 Il.09 

A 

62.70 

~6.90 

4.56 

0.62 

1.51 

5.17 

6.36 

0.64 

0.14 

98.60 

No. 5. Med1um gra1ned purpllsh grey hornblende syenite (Greig) 

No. 68. Coarse grained light pink hornblende syenite (Greig) 

No'. 67. Coarse grained pink hornblende syen1te (Greig) 

No. 6. Coarse grained purpllsh grey hornblende syenite. (John 
Stevenson) 

No. 11 Grey medium grained hornblende syenlte. (J. Stevenson) 

NO. A. Coarse grained pink syenite - (Mutton Bay) analyst 
(Zoltan Katzendorfer) 
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TABLE 2 

Normative Minerals for Hornblende Syenite 

Sp. No. 5 68 6 67 11 

Qtz. 5.38 3.42 0.67 2.29 8.37 

ort • 23.93 28.72 5.20 28.37 24.76 

Ab. 48.73 46.27 34.85 46.27 46.19 

An. 6i~52 8.81 47.92 8~06 8'.13 

Core 

CaCpx. 3'~08 0.79 0.91 2.27 0.74 

MgCpx. 0.62 0.17 0.64 0.44 0.55 

FeCpx 2.67 0.72 0.19 1.98 0.10 

Ens. 1.03 1.06 3.22 1.03 1~71 

Feros. 4.46 5.64 0·~97 4.60 0'~33 

Mag. 3.13 5.71 

Hem. 

I1m. 1.31 0.80 0.63 0.88 1.85 

Rut. 

.Ap. 0.74 0.26 0.62 0.34 0.74 

CaJ.. 

TotaJ. r" 98.42 96.62 98.94 96.51 99~16 
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The chemical analyses of the Rigaud syeni tes 

compare favourably with those of the Mutton Bay Pluton. In 

In both cases the sodic content is slightly higher than the 

potassic. The hlgher Ca 0 content of the Rigaud rocks ls due 

to the presence of much hornblende. 

The normative vaJ.ues or the Rlgaud syenltes 

show good agreement wlth thesemodal values. 

Minerals 

K & Na Feldspars 

Q,uartz 

Hornblende & 
Pyroxene 

Plagioclase 

TOTAL % 

TABLE -2 

Normative ModaJ. 

74.99 75.00 

6.70 

11.88 12.10 

6.20 

.99.78 100.00 
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PORPHYRIES 

General Statement 

Since the porphyries vary from a syenite in 

the west ta a quartz porphyry in the east. the writer will 

for clari ty classify them as follows : 

(1) As Feldspar ~rPhyry all rocks in which the 

quartz content does not exceed 2% and is confined to the 

groundmass. 

(2) As Quartz-rich Syenlte Porphyry all the rocks 

in which the quartz content varies from 2 - 20 % . 
(3) As Quartz Porphyry~·.'?_ aJ.l rocks in which the 

quartz content exceeds 20 % . 

FELDSPAR PORPHYRY 
.B 

General Statement 

The following descriptions are based on 

studies made on twenty thin sections'~ lV1icroscopicaJ.ly the 

rock is coarse grained with a porphyritic texture. It consists 

of phenocrysts of albite 10 - 30 %, orthoclase 5 - 10 %. 
in a quartzo-feldspathic groundmass 60 - 80 %. Blebs of 

altered clinopyroxene and hornblende occur in the groundmass. 

Iv1agnetite, apatite and zircon are the access0ries. AIl the 

crystals are extensively altered te sericite. 



Albite 

The aJ.bite crystals occur as subhedral to anhedral 

crystals 5 - 35 mm. long. Sorne crystals however have we~l 

developed faces. The crystal boundaries are sharp, but in 

the more highly al tered regions they"are gradational intb 

the groundmass. Twlnning is absent in most of the crystals, 

and they are biaxial positive. 

Sericitic alterations develop from the centre 

of the erystals outwards. This gives them a zoned effect 

with the outer border of the crystal being less altered. 

(Plate 5 Fig. 1) 

Plate 5 Fig. l Zoned feldspar Phenoc;ryst _,in quartzo-feld -

spathie groundmass of feldspar porphyry. (X-25). 
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orthoclase 

Generally the orthoclase occurs in a ~orm 

similar to that o~ the albite phenocrysts. Sericitic and 

kaollnitic alteration products have in many cases completely 

replaced the crystals. Inclusions present chie~ly towards 

the centre o~ the larger crystals consists of small aggre­

gates o~ ~ine grained quartz, euhedral apati te grains, 

blebs o~ magnetite and altered hornblende psuedomorphic 

a~ter pyroxene. Weakly devel~ped perthitic textures are 

evident in some crystals. 

Groundmass 

The groundmass consists o~ a chloritic and 

feldspathic material 80 %, aggregates of fine grained quartz 

5 % , and altered m~ics 15 % • The quartz grains are strained 

and display wavy extinction. The ma~ics consists of randomly 

distributed angular to rounded magnetite grains and altered 

grains o~ clinopyroxene. 

Irregular shaped grains of light green horn­

blende are scattered throughout the groundmass. 

The chemlcal, normative and modal analyses 

are given in Tables 4 , 5 , and 6 • 
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TABLE 4 

Fe1dspar Porphyry 

Specimen No. 12 7 24 

5102 75.50 74.10 74.85 

Jù. 20 3 13.75 13.80 12.10 

Fe
2

0
3 

1.62 0.81 2.95 

FeO 0.61 

MgO 0.24 0.09 0.27 

cao 1.20 0.14 0"~15 

Na20 3.62 3.12 2.14 

K 0 3.65 
2 

6.16 4.58 

H20 0.46 0.41 O~50 

Tl0
2 

0'~13 0.16 0.11 

P205 0.04 0.06 

MnO; 0.02 

CO ' 
2 

TotaJ. % 100.17 99.46 97.71 

Co1our Index 5.28 3.80 9.88 

No. 12 Dark grey medium grained fe1dspar porphyry. (Greig) 

No. 7 Light grey medium grainèà feldspar porPhyry.(J.Stevenson) 

No. 24 Dark grey coarse gralned feldspar porphyry. (Greig) 
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TABLE 5 

Normative Minerals for Feldspar Porphyry 

Specimen No. 12 7 24 

cttz • 36.29 31.96 41.94 

OrY. 21.57 36.40 27.07 

Ab. 30.62 26.39 18.10 

An. 5.95 0.43 0.35 

Cor. 1.66 1.84 3.49 

CaCpx. 

MgCpx. 

'eCpx 

Ens. 0.60 0.22 0.67 

Fer. 2.76 0.22 5.24 

Mag. 1.17 

Hem. 

Ilm. 0.25 0.30 o .2J. 

Rut. 

Ap. 0.10 0.14 

Cal. 

Total 99.71 99.05 97.21 
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Theae chemical. anaJ.yaea indicate the porphyry 

to be very similar to the normal syenltea or Oslo, Norway, 

or the Diana Complex of' the northweat Adirondacka': In aJ.l 

three cases the total alkali percentages are similar. 

Minerals 

K & Na Feldapars 

~agioclase 

Q,uartz 

Maf.1cs 

TŒAL % 

TABLE 6 

Normative 

62.79 

2.20 

31.96 

2.76 

99.7J. 

Modal. 

70.20 

21.60 

100.00 

The porphyritic texture of the rock ia partially 

responsible ror the slight diaagreement in the normative 

values as compared with the modal. The contrast between the 

aphanitic grotmdmasa and the reldspar phenocrysts made the 

thin section count an inaccurate estimate. 



61 

QUARTZ-RICH SYEN1TE 

General statement 

In the northeast the syenites show a variation 

in quartz content f'rom one region to the next. For clarity the 

writer will divide the syenites into three groups : 

(1) The coarse grained variety with quartz content 

greater than 10 % • 
(2) The medium grained variety with quartz content 

between 2 - 10 % . 
(3) The f'ine gralned variety with quartz content less 

than 2 % • 
It should be noted that these divisions would not 

be recognlzable in the f'ield as separate units, since the 

contacts are gradational. between the ~ts. Of' the three groups 

the f'ine grained variety is the most porPhyritlc. 

The f'ollowing descriptions are based on studies 

made on nlne thin sections. 

The coarse grained variety 

General statement 

This syenite ls holocrystalline, coarse 

grained and granitic in texture. It consists of' antiperthites 

65 % , orthoclase 15 % , quartz 15 % , and traces of' 

hornblende and magnetite. 
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Antiperthi tes 

They occur either as subhedral laths with :.-: 

prominent Carlsbad twinning , or as a.rî.hedral t01:'Z'ectanguJ.ar 

grains void or twinning. In both cases the crystals vary in 

size from J.O - 20 mm. The crystals are intergrown among theill­

seJ.ves in a mixture of ~aphic and mosaic textures. 

The crystals are generaJ.ly t'ree of inclusions, 

except for quartz bJ.ebs. Patch and rod perthites are wall devaJ.op­

ed, and ar~ of exsoJ.ution origine 

Orthoclase Microperthites 

They occur as both perth1tes and cJ.ear grains 

interst1tlal to the feldspars. The crystals form. aggragates, 

and somet1meà send out f1nger-J.ike projections whlch invade 

the antlperthites. 

Q,uartz 

The quartz forms lrreguJ.ar shaped grains 2 - 6 

mm-p ln size lnterstltial to the feldspars. The gra1ns are 

cJ.ear and ~ree of incluslons. 

Magnetlte la the only accessory present. 
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Medium grained variety 

In this variety the texture is sliShtly 

porphyritic. The 8.ntiperthites ~ccur in a form similar to 

that in the coarse grained variety. Quartz is seen invading 

and replacing feldspar. 

Stubby crystaJ.s of greenish broWll biotit;ei'o~0· 

oceur interstitial to the feldspars. The biotite contains 

inclusions of quartz. This indicates an early phase of quartz 

cryste~lisation. 

Fine sr~ed variety 

This variety is markedly porphyri tic in 

texture. It consists of poorly defined poikilitic phenocrysts 

of orthoclase and aJ.bite in a fine grained quartzo-feldspathic 

groundmass. The inclusions in the orthoclaae are stubby latha 

of feldspar, aJ.tered blebs of hornblende and rotmded quaxrtz 

grains. 

The feldspar laths are oligoclase An 30 ' and 

they display sharp polysynthetic twinning wi th a maximum 
o 

extinction angle Z~C of 15 • 

Anhedral albite and antiperthitic grains form 

smaller phenocrysts in the groundmass. Quartz forma the bulk 

of the groundmass and consists of a mosaic intergrowth of 

rounded grains. 

Flourite grains occur among the quartz. Thin 

flakes of biotite and magnetlte grains are scattered throughout 

the groundmass. 



Specimen No. 

81°2 

A1203 

Fe20
3 

FeO 

MgO 

CaO 

Na20 

K ° 2 
H ° 2 
T102 

P205 

MnO 

CO2 
TotaJ. % 
Co1or Index 
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TABLE .1' 
Syenite 

3 

59.50 

15~60 

5.38 

1".35 

4.00 

5.17 

3.86 

,0.48 

'1 ~15 

0'~50 

96.99 

17.77 

B 

61.86 

16.91 

2.32 

2.63 

0.96 

2.54 

5.46 

5.91 

0'.53 

0.58 

0.19 

0~11 

J.OO·~OO 

No'~ 3 Coarse grained grey syenite AnaJ.yst Greig. 

No. B Average aJ.ka11 syenlte Analyst Nocko1ds 1954. 
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TABLE 8 

Normative MineraJ.s for Syenite 

Specimen No. 3 

Qtz. 3.72 

ort. 22.8J. 

Ab. 43.74 

An. 7.95 

Cor. 

CaCpx. 3.62 

MgCpx. J..J.l. 

FeCpx. 2.63 

Ens. 2.25 

Feros. 5.35 

Mag. 

Hem. 

nm. 2.J.9 

Rut. ""'". 

Atl •• J..2O 

Cal.. 

Total. 96.5J. 
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QUARrZ PORl'HYRY 

General statement 

The quartz porPhyry consists of quartz pheno­

crysts 35 % • ant1perthites 10 % , in a fine grained groundmass 

55 % • The phenocrysts are randomly d1str1buted throughout . 

the groundmass. 

Quartz 

The quartz phenocrysts oceur a~. 1rregul.ar 

and rounded grains 5 - 20 mm in size. The margina of tàe 

crystals are either sharp or gently crenulated, the indent­

ations be1ns·:· filled wi th the quart z-r1ch groundmass. The 

crystals are clear and exhibit sharp extinction. 

The crystals usuaJ.ly oceur as single grains 

embedded in the groundmass. (Plate 6 Fig. 1)· The erystals 

are traversed by randomly oriented cracks. Strings o~ 

minute quartz grains aceantuate these cracks. Finger-like 

intrusions of the fine grained groundmass invade some of the 

Phenoerysts. Clusters of sme.ll quartz grains form inclusions 

towards the centre of the larger phenocrysts. ~his indicates 

the possibility of two phases of quartz cryatalliaation. 

Growth of aecondary quartz ia evident in many 
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'Plate 6 Fig. l.. Q,uartz phenocrysts in quartz porphyry. (X- 25) 

places where large irregular shaped quartz grains comple­

tely enclose other quartz grains. Sorne of the crystals 

appear zoned due to the effects of the secondary quartz. 

Antiperthites 

The antlperthitlc feldspar phenocrysts occur 

as subhedra1 to recte.ngular grains 2 - 25 mm. long with 

wel.l developed rod and string perthites. The crystals are 

free of inclusions and altere.tions. 

Orthoclase occurs both as microperthites and 

as clear grains intergrown with the antiperthites. 
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Groundmass 

The medium to fine grained groundmass 

cmnsists of a mosaic intergrowth of interlocking quartz 

grains with minor quantities of stubby feldspar laths, 

green hornblende, and accessory zircon and flourite. 

The quartz, average grain size lmm., contain 

inclusions of minute gas bubbles. Magnetite occurs associa­

ted with both th~ hornblende and the biotite, partially 

replacing them in places. 

The feldspar laths are possibly oligoclase. 

Theyç8ocm~b~t excellent polysynthetic twinning with a 
o 

maximum extinction angle of 5 • Iron staining oceurs along 

some of the inter10cking quartz boundaries. 

The chemical, normative and modal anaJ.;wses 

are given in Tables 9 , 10 , and 11 • 



Specimen No. 

S10
2 

Al 203 

F9
2

0
3 

FeO 

MgO 

caO 

Na ° 2 
K

2
0 

H ° 2 
Tl02 

P205 

MnO 

CO
2 

TotaJ. % 
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TABLE l.g 

Quart Z Porphry 

73 

74.50 

1.2.80 

1..52 

0.25 

1..15 

4.48 

3.65 

0.20 

0.1.1 

0.02 

98.68 
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. TABLE 10·· 
. ... 

Normative Minerais for Quartz Porphyry 

Specimen No. 73 

Qtz. 30.84 

Ort. 21.57 

Ab. 37.90 

An. 4.03 

Cor. 

CaCpx. 0.65 

MgCPX. 0.13 

FeOpx. O'~56 

Ens. 0.49 

Feros. 2.05 

lvIag. 

Hem. 

nm. O'.2J. 

Rut. 

Ap. 0.05 

Cal.. 

TotaJ. 98.48 
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~ABLE 11 

Normative MineraJ.s t'or Quartz PorPhyry 

Minerals Normative Modal 

K & Na Feldspars 59.47 55.62 

Plagioclase 2.50 

Quartz 30.84 38.34 

Mat'ics 4.14 

TotaJ. % 98.48 100.00 

Moà&l analyses were derived t'rom point counts 

on 6 th1n sections. 
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GRANI'rE 

General statement 

The rock disp~ays a hYPidiomorPhic granitic 

texture, and consists of antiperthites 50 % , orthoclase 

perthites 20 % , quartz 20 % , oligoclase 5 % , and horn­

blende and accessories 5 % . In the pink granites the 

hornblende and accessories form only l %, while the quartz 

content increases to 25 % . 

Antiperthitic feldspars 

They oeeur as irregular shaped. grains 10 -

20 mm. across with indented and rounded borders. They are 

conspiciously free of inclusions except for rounded quartz 

grains. Rod and string perthites are well developed in these 

erystals. (Plate 7 Fig. 1. ) 

Plate 7 Fig. l Rod and strinG perthites in granites. (X- 25). 
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Orthoclase 

The orthoclase occurs in two main forms : 

(1) as rounded and irregplar shaped perthitic grains. 

(2) as large irreguJ.ar shaped clear crystaJ.s. 

The orthocl.ase is usuaJ.ly intergrown with 

the antiperthitic fel.dspars. Euhedral hornbl.ende crystaJ.s 

are seen ab the centre of some of these orthoclase crystaJ.s;. 

Coarse rod and string perth1tes are well developed in the 

1arger orthoclase crystaJ.s. 

Remnants of the oligc1aclase 1aths are intergrown 

with the microperthites. The laths are subhedral, l.with we1l 

developed polysynthetic twinning and a maximum extinction 

ang1.e 
o 

ZAC of 14 

Q,uartz 

• 

The quartz occurs as rounded and irregular 

shaped grains 2 - 15 mm. in size, generally interstitial to 

the perthites. It is clear, tree of incl.usions and exhibit 

a wavy extinction. The grains usually form aggregates. 

Hornblende 

The green hornblende occurs as anhedral grains 

and blebs 1 - 4 mm. in size, usuSlly with prominent cleavages 

developed. It displays high relief and i8 strongly pleochroic 
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x -- dark green ~ Y -- yellowish green , Z -- light green'" 

All the contacts between the hornblende and the surrounding 

mineraJ.s are sharply defined and free of aJ. terat~on'~ 

The hornblende oceurs both interstitial to 

the perthites and as inclusions within them. Extensive 

fracturing is common in the hornblende. It displays a maximum 
o 

extinction angle ZAC of 25 • 

Euh~draJ. apatite grains and biotite blebs 

are intergrown with the hornblende. Altered grains of 

clinopyroxene partially replaced by magnetite are found 

associated with the how.nblende. 

The chemical, normative and modal analyses 

are given in Tables 12 , 13 , and 14. 



Specimen No. 

S102 

Al 203 
Fe20

3 
FeO 

MgO 

CaO 

Na20 

K
2

0 

H
2

0 

T102 

P205 

MnO 

CO2 
TotaJ. % 
Col. Indx. 
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TABLE J.2 

ChemicaJ. Analyses of Granite 

59 

70.80 

15.25 

1.34 

0'.33 

1.20 

5~42 

4.00 

0.39 

0.20 

0.04 

28 

74.70 

13.35 

1.40 

0.19 

0.53 

4.38 

3.39 

0.41 

0.16 

71 

72.00 

14.75 

1~60 

0.36 

0.09 

C 

74.16 

12'.32 

2;~51 

0 .. 75 

0:.31 

0.47 

No. 59. Fine grained light grey granite. Analyst Greigt~ 

No. 28. Medium grained quartz-rich granite. (Greig) 

No. 71. Coarse grained grey granite (Greig) 

No. C. Granite Chatham-Grenville stock. Analyst G~ W. Bain 
University of Vermont·. 
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TABLE 1\3 

Normative Minerals ror Granite 

Specimen No. 59 28 71 

Qtz. 20.10 33.87 26.16 

ort. 23.64 20.03 25.41 

Ab. 45.85 37.05 40.18 

An. 5.46 2.43 0.19 

Cor. 1.58 2.21 

CaCpx. 0.10 

MgCpx. 0.03 

FeCpx. 0.07 

Ens. 0.79 0.47 0.90 

Feras. 2.66 2.31 2.59 

Mag. 

H~!!!.; 

I1m. 0.38 0.30 0.40 

Rut. 

Ap. 0.10 0.07 0.10 

CaJ.o 

Total. 98.58 98.13 98.10 
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TABLE 14 

Mlnerals Normative Modal 

K & Na Feldspars 69.49 66.00 

Pl agio cl.ase 5.46 2.10 

Quartz 20.10 

Ma.f'lcs 3~53 5.20 

Total. % 98.58 99.91 
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APLITIC DYKES 

The dyke rocks are medium grained to aphanitlc,~ 

dark or 11ght grey to buff coloured rocks which display 

concoidal fracturing. In the li~Lter grey variety minute 

clear quartz crystals form phenocrysts in the rlner grained 

material. The finer gralned dykes are all quartz-rich. 

MicroscopicaJ.ly the dykes consists of a 

GranulaI' intergroi'lth of quartz and feldspar , along with 

grains of orthoclase, brown biotite, plagioclase and sphene. 

'rhe dykes are granitic and syenitic in composition. 

The aplitlc dykes consists of a mosaic 

intergrowth of quartz and orthocla.se. l'lyrmeklte ls extensively 

developed along sorne of the contacts between syenlte and the 

dyke rocks.(Plate 8 Fig. 1.) 

Plate (3. Fi!?;. 1. HyEmekite along contact of syenite and dyke. 
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In places the quartz tends to aggregate 

forming larger crystals which give the rock a porphyritic 

texture. In éomposition the dykes are made_~-llP of quartz 70 fo, 
orthoclase 20 % , biotite and aecessories 10 % • 

A very fine grained variety of the granitlc 

dyke oceurs in which the quartz content is very much reduced~ 

Here the larger orthoclase grains are clQudy with dust-like 

inclusions of magnetite grains. 

Minor quantities of' spb.ene and apatlte ~re 

the onJ.y aeeessory mineraJ.s present. Plate 9 displays the 

textures in the aplitie dykes. 



PLATE 9 

Fig. J. Fine grained rhyolitlc dyke rock. ( X - 25 ). 

, 
.' ., 
.: 

Fig. 2 Coarse grained granitlc dyke rock. ( X - 25 ). 
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TABLE 15 

Ap11t.1c Dykes 

Spec1men No. 2 44 18 

810
2 

73.90 77.90 74~00 

Al. 20 3 
14.60 15 .. 22 13.00 

Fe 0 1.86 0.44 ·2.30 
2 3 

FeO 0.05 

MgO 0.22 0.33 . 

0&.0 0.57 0.08 0.44-

Na20 3.97 3.93 3.63 

K 0 5~20 3·.92 4.30 
2 

H 0 0.17 0.26 01:42 
2 

T102 
0.11 0.03 0.16 

P205 
0.01 0.03 

MnO 0.01 

0°2 

TotaJ. % 100.45 J.02.00 98.61 
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TABLE 10 

Normative Minerale for Aplitic Dykes 

Specimen No. 2. 44 18 

Qtz. 29.72 39.20 33.28 

Ort • 30.73 23.17 25.41 

Ab. 33.52 33.25 30.71. 

An. 2.76 0.40 1..99 

Oor. 1..43 4.36 1.64 

OaCpx. 

MgCpx. -
FeOpx. 

Ens. 0.55 0.82 

Feros. 0.76 . 3'.96 

Mag. 

Hem. 1'~86 

I1m. 0.13 0.06 0".30 

Rut. 

Ap. 0.02 0.07 

OaJ. • 

TotaJ. 10a'~28 101.74 98.;t9 
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Discuss~on of chemical data 

A survey of all the chemical analyses reveal 

the following significant data; 

(1) In most cases the sodium (Na) content ls higher 

than the potassium (K) content usually by 1%. This relation­

ship is in keeping with the microscopie studies which reveaJ~ 

that the greater part· of the feldspar content is soda-rich 

or antiperthitic in compositioni~ 

The hlgher soda content suggests the posslble 

presence of anorthoclase, the absence of twlnning ln the 

feldspar, as well aa the bla.xlal positive figure of the twlnned 

feldspars, eliminate thia possibillti~ 

The closeness of the Na - K content ia also 

in keeplng with the perthite - antiperthite ratl0,' the later 

belng greater in most rocks. This cloaeness indlcates that 

durlng crystallisation of' the feldspars the sodium l'las at some 

stages conf'ined to the one feldspar phase and at other tlmes 

to the 2 f'eldspar phase. This suggests that crystaJ.lisation 
o 0 took place between 600 - 700 C, i.e. close to the top of 

the 2 feldspar curve ln Bowen and Tuttle(1950) equillbrlum 

diagram for the Or - Ab system. 

(2) The calcium (Ca) content Is dlrectly proportlonal 

to the hornblende concentration in the various rock types. 
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The Ca content 1s h1ghest in the hornblende syenites and 

lowest in the dyke rocks. 

(3) The iron (Fe) content 1s highest 1n the hornblende 

syenite due to the presence of much magnet1te, and a high 

content of Fe in the hornblende. 
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The var1ation diagram Fig. J.3 showing the 

pJ.ot of oxides against silica percent age reveals th~ee ma~ 

features: 

(1) For alJ. the ox1des there are two concentratiol'ls 

of percentages; one (A) at 60 - 65% 8102 representlng 

the hornblende syenltes and the other (B) at 

73 - 76% 8illca indicate the differences ln the 

nature of the magma at thelr tlmes of intrus1on. 

(2) At (A) both the Na20 and K
2

0 concentratlons 

lncrease '/rf1th increasing s1J.lca content. At (B) 

al.though the concentration points are more 

scattered, both the Na20 and K20 concentratlons 

appear to decrease with lncreasing s1llca concen­

tratlon. This agrees with the overa.ll decrease in 

alkali concentratlon as seen in the alkali-lime 

index plot (Fig. J.6) 
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Qtz. 

A 
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a • 

)( • A 

a 

tI 

0 

0 

0 
o ~ 

Al.b1te 5 Orthoclase 

Fig". 14 Variation d.1agraa of Qtz: Alb: Or system 

K-Fe1dspar 

40 

o 

Albite 60 A1lorthite 

Fig. 15 Variation diagram of the K-rsp. : Alb : An system 

0- syenite c granite • ap1itic dyke x qtz l
• porphyry 

A - feldspar porphyry 
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In. Fig. 14 Bowen' s "Residua System" the 

plots of the various rock types from the Rigaud Mountain 

. aJ.l fall within the belt of low melting temperatures'. 

Ben.en (1928) postulated that if liquids approaching in 

composition pure alkal1 - alumina liquids are residuaJ. 

magmas. then their compositions will be related to the belt 

of minimum melting liquida. 

The l.ocation of all the plots of the Rigaud 

syenites, granites, dykes and porphyries within th1s belt 

indicates 

(l.) that the rocks of Rigaud Mounta,in were formed 

fram a residual magma which resulted from 

fractional chrystaJ.lisation of a parent magma, 

possibly basal"tic". 

(2) that the crystal l1quid equilbrium was the 

dominant factor controlling the composit1on of 

these rocks. 

The plot of the syenites towards the base of 

the triangular confirms the1r alkaline trend, wh11e the 

rhyo11tic composition of the dykes is ev1dent from the 

position of their plots. 

In Fig. J.5 the K - !spar: Ab';' An. variation 

diagram confirms the alkal1n1ty of all the rocks of Rigaud 

Mountain. 
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Yc::l.rJ'a..,.ç",~ d,o.rr467 .s'A -"";"'.Y t~e. .::t./-tc .... ~.- /U7'l~ . /'IJe)l 

.. -:r- ~c. ~/':; 0-CA..:1> /(eTeJ:S 

The four ~old classification for the alkali­
lime index (Barth 1952) Is : 

alkal1c <.5l.% < alkal1 - calc1c < 56% < cale -:- alkalic < 61% < 
calcic • 

From F1g. l.6 the Riga11ld rocks are alka.1i­

calcic in composition. This la in keeping wlth their non­

orogenie origine The figure also reveals the overall. decrease 

in total alkali concentration with Increaslng sillcs. content. 
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Deuteric Alterations 

The wr1ter will use the term deuteric 

alteration as does Sederho1m, who refers to it in its broader 

context as " albitization and other metasomatic changes caused 

by solution given off from the same magma from which the 

rock itself crystallised, which percolated through the already 

" .. solid or almost solid but still hot rock e 

Both the syenites and the porphyries show 

characteristic effects of deuteric alteration. In both rock 

types extensive albitization has resulted in the following: 

(1) The large stubby and club-like form. of the 

albitic exsolutions in the microcline and 

orthoclase microperthites. The more club-like 

forms tend to extend Inwards from the margin 

of the crystals. Thls irregular coarsenlng 

of the albitic inclusions ls decls1vely 

indicative of albltlzation. 

(2) Thln albitlc rlms of irregu~ar thi.okness are 

seen surrounding some of the perthitlc 

crystaJ.s. 

(3) Small clear albitic grains occur interstitiel 

to the perthites~ 

The effect of albitization is further emphasized 

by the developnent of "injection perthites" in '\'lhich the 

albitic inclusions and the interstitiel albite grains show 

opticaJ. continu! ty, both extinguishing at the same time': 
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Some microline microperthite crystals with 

characteristic "cross hatched" twinning d.1splay b1ax1aJ. 

positive f'igures. It appears that the volume of Na and K­

phases varies slightly from one region to the next w1thin 

individuel. crystals. This var1ation resuJ.ts not only in an 

1nterf'erence fJ.gure b1as towards one or other of the components'; 

but aJ.so in a range for the '2V measurements. 

From the coarseness of' the perthitic inclusions 

the wr1ter suggests that the posit1ve f'1gures result from the 

addition of secondary aJ.bite to the mierocline. Some of the 

antiperth1te devel~ped 1n~ these 'syenites appear ta be due to 

deuteric alterat10n resuJ.t1ng f'rom albitization. 

Deuteric al.terations due to the 1ntroduction 

of late res1duaJ. 8102 results in the f'ormat10n of the 

following features'i 

(1) Myrmek1t1c per1pheraJ. growth assoc1ated w1th 

the perthi t es'~ 

(2) Interstit1al quartz grains and strlngers 

ra.m1fying through the perth1tes. 

(3) Corroded qpartz phenocrysts espec1ally in 

the quart z porphyr1est~ 

Extensive ser1citic aJ.teration of the feldspar 

inthe porphyry confirms the presence of metasomatic and 

chem1caJ. changes 1n the rocks. Many of the larger phenocrysts 

in the porphyry are completely aJ.tered to ~er1citeJ sometimes 

with sma1l areas of carbonate alteration.In the porphyries 

the ser!:t.1zation aJ.so affects the matr1x resuJ. ting in many 

instances 1n complete sericitization of the rock. 
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Very minimaJ. deuterlc a.1 teratlon of the 

mafics is seen in these syenites. The hornblende is generaJ.ly 

:fresh but in places it aJ.ters to brown biotite. Al.teration 

of the clinopyroxenes to fibrous uralite wss not noted in 

:four thin sections. Brown biotite occasionaJ.ly alters to 

chJ.orite and ls of'ten repJ.aced by magetite, sspeclaJ.l.y when 

it occurs ln aggregates with hornbl.ende. 

Perthitic Textures 

In aJ.l the rocks of the Riguad mountain' 

microperthitic textures are well developed in the feldspars. 

All the perthitlc forms, string, brald, rod, patchy and vein 

are dlsplayed in one place or the other. In most of the 

aJ.kaJ.l feldspars rod and strlng microperthites are the chief 

:form. The aver8.ge thlekness oi these perth1tlc bl.ebs ls 

~l mm\~ From the un1formlty ln slze, shape and frequency 

in distribution o:f these blebs, as well as thelr control by 

the crystal outllne, it appears that these microperthites 

are of exsolutlon origine (Al.ling 1936 ) • 

In many of the antiperthltes the perthltlc 

form lndicates an exsolution origln. The syenites of' the 

Oslo district, Norway, also exhiblt exsolution antiperthltes:~ 

( Barth 1945 ). These syenltes like those st Rlgaud are 

somewhat hypabyssaJ. in nature. The Rlgaud exsolùtion 

antlperthites support the postuJ.ate that exsolution 

antiperthites are usually assoclated with near surface 

crystaJ.11s1ng lntrusives. 
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Antlperthltes or replacement orlg1n, are 

seen in the Rlgaud syen1tes and granites. The replacement 

antiperthites show patch and brald perthltlc forms, as 

compared with the exsolution antiperthltes which are usually 

ln the rorm or rods ~ The replacement antlperthltes are 

coarser than their exsolutlon equivalents. 

In both perthltes and antlperthltes the 

blebs show a prererred orlentation wlthln each crystal but 

f'or the overall. rock the perthltlc rorm ls random. 

Thlckenlng of' the bl.ebs especlally :ln the mlcroperthltes 

lndlcates the eff'ect of' albitization. 

The extenslve devel.opment of' mlcroperthltes 

in all. these rocks indicates that crystalllsatlon 

temperatures were in the range of' 6000 to 7000 durlng 

cryste1 :Liss:tion of t.he perthites. The large size or many of' 

the microperthi te crystals indlcate that crystall.isation 

progressed sl.owl.y during the f'ormatlon of' the perthltes. 

The tardiness of' the process ls also evldent in the sodium 

to potassium percent ages ln many of' the f'eldspars. For 

example microcl.lne \"lith 'tartan' twlnnlng is sometlmes f'ound 

exhibiting blaxia.l positive lnterf'erence f'igures. This is 

lndicati ve of' the extremely hlgh sodium content of' the 

f'eldspars at that phase or crystall.lsatlon. 
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Signi1'icance 01' porPhyritic textures 

The 1'eldspar and quartz PDrPhyries as wel1 

as the syenites, all three show characteristic porphyritic 

textures Il This texturaJ. 1'orm assists in exp1aining the 

possible mode of intrusion and rate 01' crystâllisation 

on the Rigaud rocks • 

. Porphyritic textures are attributed to rapid 

coo1ing 01' a magma after emplacement. ( Tutt1e 1952 ). The 

hypabyssaJ. nature 01' the Rigaud stock substantiates the 

idea. This in part explains the porphyritic natura 01' the 

R1gaud rocks'. 

In the f'eldspar porphyries the l.arge s1ze 01' 

euhedral f'eldspar phenocrysts indicate early slow 

crystaJ.lisation, while the f'iner grained quarto1'eldspathic 

groundmass shows later rapid cryst aJ.lisat ion • Theref'ore 

the porphyrit.ic textures re:f1.ect the fluctuations in the 

cooling rate within the stock'~ 
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STRUCTURAL GEOLOGY 

On a regional scaJ.e the Rigaud Mountain 

lies wlthin the Ottawa - Graben of t.he St. Lawrence Rift 

system. ( Kumarape11l968 ). Bee F1g. ,q 

Locally a study of the Paleozolc sediments 

surrounding the Mountaln reveal that the fault which cuts 

across the northern part of the stock Is post Ordivicien in 

age, therefore post intruslve. To the north of the Lowlands 

a shilar east-west trending fault marks the southern limi't 

of the Grenville Province. ( Fig 1 ï ) 

Petrol~gically the only evidence ot deformat1on 

seen in the Rigaud rocks are a few bent flakes of b10tlte 

in the hornblende syenite. From all avail.ab~e evidence it 

appears that since 1ts emplacement Rigaud was unaffected by 

any tectonlc activlty except for the faulting'~ 

The linear nature of the Raquette River and 

the rightangular bend present along its course, suggest 

that faulting may be responsible for the river's present 

course. 

.., .... -.. 
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PErROGENET IC CONSIDERATIONS 

Temperature of Crystallisation 

The feldspathic content of aIl the Rigaud 

rocks is over 70 percent. The diversity in forro. and 

occurrence or these feldspars make them good indicators of 

the possible temperature of crystaJ..lization of these rocksl~; 

The possible range of temperature of 

crystallisation is derined by the solidus in the ternary 

feldspar system at zero water pressure, and the temperature 

of the intersection of the solidus and solvus for the 

composition concerned at higher pressures. From Bowen and 

Tuttle's (1952) Phase diagram for the NaAlSi30a - KAlS1
3

0S 
system the lowest temperature on the liquidus at zero water 

o 
vapour pressure is 1063 C, and feldspars crystallise as single 

homogeneous phases at water pressures of 200 - 300 bars'~ 

With subsequent coo1ing these homogeneous fe1dspars may 
o 

unmix yie1ding perthitic intergrowths.At 650 - 600 C the 

feldspars from Rigaud OCCur both as homogeneous single phase 

crystals and as perthites. 

Thererore the syenites of Rigaud appear to 

have crystalllsed under temperature-pressure conditions in 
o 0 

the range 1060 C - 650 Ct and between zero and 300 bars 

pressure of water respective1y'~ 

The plots of the Rigaud rocks on the upper 

part of Bowen's Residua system (Fig. l~) show them to be 

concentrated in the trough area related to the bel t of minimum 
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melting 1lquIdsl~ ThIs Indicates crystallisation at 
o 

temperatures of approximately 1020 - 1100 C. 

The order of Cr-ystallisation 

Petrological st'udy of the RIgaud rocks shows 

the stock to be a typicaJ. epizonal Intrusive that suffered 

no metamorphism after consolidation. The term epizone as 

used by Buddington refers to a dept,h of 0 - 4 mlles~ 

Rigaud according to this zone concept, would be regarded as 

occuring in the upper part of the epizone, and may therefore 

be classified as a hypabyssal intrusive. (Rosenbusch classifi­

cation) • 

The mode of occurrence, holoc~tallin1ty and 

mineralogy of these rocks provide sufficent criteria to 

raga.rd them as having cooled re1atively slowly. The coarse 

to medium grained character of" the rocks indicate that the 

var10us faet~rs inf1uencing crystal growth were we1l 

equilibriated. Also the occurrence of hornblende indirectly 

suggests that the magma contained water and volatiles. 

The more direct criteria used to arrive at 

the possible order of crystallisation in these rocks ls as 

follows: 

(1) Where euhedral crystals of" one mineral CA) form 

inclusions in another mineral (B), then minera! 
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(A) crystallised r1rst. 

(2) Where m1neral (0) 1s invaded by mineral (D) wh1ch 

f'orms embayments or tlnger-11ke project10ns into 

lt, th en m1neral (C) crystal11sed before mineral 

(D)'~ 

(3) Where the mineral (E) f'orms wedges and th1n ve1ns 

f1111ng 1nterstlt1al spaces between larger 

crystals, then m1neral (E) crystal11ses later than 

the larger crystals'~ 

(4) The relat10nsh1p between soda and potash r1ch 

feldspars and perth1tes 1s cons1deredr~ 

(5) Ev1dence of' secondary growth of' crystals 1s 

cons1dered~ 

The sign1f'1cance of' a porphyr1t1c texture 

1s related to the rate of' coollng in magmas was aJ.SQ taken 

lnto account. By applylng these criter1a the or der of' 

crystallisatlon 1n the R1gaud rocks 1s as f'ollows: 
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TABLE A1 

Order of erystallisation~ 

1-. Aeeessories 

2. Quartz 

3:~ Pyroxene 

4. Hornblende 

5. Biotite 

6. Plagioclase 

7. Orthoelase 

8. Mieroe11ne 

9. Hornblende and 

boit1te 

10~ Quartz 

11. Aeeessor1es 

" 

The accessory minerals z1rcon, magnetite and 

apat1te were the f1rst to erystaJ.11se. They oceur as 

euhedra1 and subhedraJ. inclusions towards the centre of both 

the maf1cs and feldspathic crysta1s. Aug1te was the next 

m1neraJ. to begin erystal11s1ng, only to be closely follo'\'led 

by green hom.blende wh1ch 1n. pl aces rormed ri,ms around the 

pyroxcne. 

Biot1te made 1ts tirst appearanee shortly 

atter the hornblende or poss1bly simultaneously with it as 

both are found forming aggregates of 1nterloek1ng erystals. 

BmaJ.l subhedraJ. to rounded elear quart z gra1ns oeeur as 

1neluslonsln these maf1es, thereby suggesting an ear11er phase 
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of quartz crystallisation. 

As the magma continued to cool Plagioclase 

was the next to crystallise. In the quartz feldspar 

porPhyries the matrix consists of a micrographie inter­

growth of stubby laths of andesine-oligoclase with quartz, 

an intergrowth Whlch suggests crystalllsation near a eutectie 

t emperat ure • If this was the case the early phase of quartz 

crystaJ.llsation postulated above seems llkely. 

The more caleic feldspar (oligoclase-andesine) 

occurs only as stubby laths entirely conflned to the fine 

grained metrix of the porphyries. The small size of the 

plagloblase cryst~s suggest a possible increase in the 

eool.1ng rate when the plagioclase began crystallising'. 

The rate of erystaJ.llsatlon then slackened 

because the albite and orthoclase which were the next 

minerals to crystallise, formed large euhedral to subhedraJ. 

grains, some of which contaln stubby plagioclase inclusions. 

Further crystalllsation and cooling of these soda and potash­

rlch feldspars produced perthltes whlch varled accordlng to 

the magma lnvolved. In the hornblende syenite magma the 

orthoclase lnverted to microcllne, whlle ln the later 

feldspar porphyry and syenlte magma whlch lntruded the horn­

blende syenlte the orthoclase show minimal lnverslon to 

microcline. 

Orthoclase and mlcrocline mlcroperthltes as 

well as antlperthites; all were crystaJ.lislng out at this 
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stage of cooling. Poikilitic inclusions of quartz, 

oligoclase-andesine. hornblende, biotite and aeeessory 

minerals ln the mieroperthltes indleate the products of 

the earller phases of cryst aJ.lisation. 

A second and more intense phase of mafic 

erystaJ.lisation followed the formation of the perthites. 

Hornblende and biotite wedges interstitial to the larger 

perthitic crystaJ.s are indicative of this phase of 

crystallisation. The writer then postulates the presence of 

a late sllica rlch residue melt asociated with cr,ystalllsa­

tion of the residual magma. There ls evidence of intense 

quartz erystaJ.lisation following the mafic phase'. 

Thu quartz phase ls sean ehiefly as large 

lrregular shaped crystaJ.s eneroaehing on perthltes or 

lnterstitial to them, or as aggregates intermingling with the 

later maflcs. Accompanylng th1s quartz Phase was a second 

phase of aecessory mineraJ. erystaJ.lisatlon. In this phase 

chiefiy magnetlte, sphene and fiourite were produeed~ 

Later deuterle alterations led to the develop­

ment of urallte, kaolln, serleite and chlorlde. 

Generally the variation in crystal size with 

the order of crystallisatlon tends to suggest an initlally 

slowly cooling magma, whlch rate of coollng lncreased 

rapldly immediately af'ter emplacement. Yleldlng porphyrltic 

textures, eg. (fel-dspar porphyry), but with time the rata 

slackened and larger crystals were allowed to develoPJ eg. 
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(perthites and late hornblende in the syenites). 

The var1at1on further suggests that possibly 

the magma was initially 1ntruded to a shallow depth~~Here 

drastic temperature - pressure changes. induced rapid cooling'~ 

W1th tlme the factors lnfluencing crystal growth were more 

equillbriated thereby s10wlng down the rate of crystalllsa­

tloni~ 

The loss of volatiles durlng this re8~justment 

period could exPla.1n not onJ.y the formation of' the 

mlarolitlc cavities:_ but also possibly the spongy nature 

of the perthites as reveaJ.ed in their po1klitic textures'~ 

The overall mode of crystalllsatlon envlsaged 

by the writer compares weIl with that postulated for other 

hypabyssal intrus1ves'. 
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arder o~ Intrusion and mode of Emplacement 

The units making up the Rigaud stock appear to 

have been emplaced in a manner which may be most pro~itably 

discussed ~rom the ~ield relationship of the various rock 

types. F.rom the ~ield evidence the order o~ intrusion is as 

foll.ows : 

Hornblende syenite --- feldspar po~phyry -- pink syenite. 

The general homogenuity of aIl the rock types 

as well as their constant granularity suggest that they are 

al1 members of one intrusive phase. 

Magma will be used in this report for a liquid 

with suspended crystals or the liquid alone that is suf~iciently 

mobile to ~orm intrusive bodies or to move without cataclasis. 

It wouJ.d best be described as a li magmatic mush",i 

The hornblende syenite which ~orms the greater 

part o~ the stock contains dykes and irreguJ.ar inclusions 

of all the other rock types. This indicates that the syenite 

magma ~ormed the primary phase o~ intrusion. 

The ~eldspar porphyry magma intrudes the 

hornblende syenite, and both are then intrudeà by the pink 

syenite magma. The gradation ~rom pink syenite through granite 

to quartz porp~yry is marked onJ.y by the steady increase in 

quartz content. This variation is possible due to a late 

si~ica-rich residual melt invading the syenite and altering 

it in places to granite or quartz porphyry dependent on the 

quartz content in the region. 
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The appearance of quartz-rich aplitic dykes 

and quartz stringers intruding all three rock types also 

support this postulate. Al.terations by the si11ca-r1ch liqu1d 

were most 1ntense in the northeast where a quartz porphyry 

was produced, but the effects of the l1quid dim1nlshed 1n 

intensity westwards y1elding granites and quartz syenltes. 

The thin quartz veins and str1ngers wh1ch 

1ntrude all the other ro-ck types show the1r greatest concen­

tration in the northeast. Th1s fact enhances the postulate 

that the late silica-rlc{l residual melt was 1ntroduced 1n the 

east. 

The Chatham-Grenville area to the northeast of 

Rigaud conta~ns a s1m1lar su1te of rocks, and here &lso the 

fiel~ ev1dence 1nd1cates the order of 1ntrusion to be s1m1lar 

ta that postulated for Rigaud~ The influence of the si11ca­

rich res1dual melt 1s more widespread 1n the Chatham-Grenville 

stock. In both stocks bluish grey quartz Phenocrysts ind1ca.te 

the presence of abundant quartz. 

S1nce the contact between the intrus10n and 

the surrounding Paleozoic sediments 1s not seen anywhere in 

the field, 1t is impossible ta determ1ne the true nature of 

its mode of emplacement. 

From topgraph1c and structural ev1d';cnce an 

intrusion along a fault may be postulated. Emplacement could 

be associated with the fault slong the Raquette valley. 

Rigaud mountain shows both topograph1c and 
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petro~ogic similarity to the syenitic stocks of the Saguenay 

Valley. These stocks were emplaced by vertical upthrust. 

(Davies ~968). By analogy it appears possible that Rigaud 

was aJ.so emplaced by vertical upthrust. There is no direct 

field evidence to support this postulate in the case of 

Rigaud except for the abrupt changee! in elevation and c~iff­

like boundaries o~ the mountain especially along the northern 

boundary. 

From the proximity and similarity of the Rigaud 

and Chatham-Grenville stocks , the writer is led to suggest 

that Rigaud ~ike Chatham-Grenvil~e is most like~y empJ.aced by 

vertical upthrust. 

The high quartz content and presence of miaro~i­

tic cavities suggest very litt~e erosion has affected the 

emplaced stock. 

AGE DETERMINAœION ON RIGAUD ROCKS 

Age determinations were done on both who~e 

rock (syenite) and pure hornblende crystals from the Rigaud 

rocks. Potassium - argon determinations were done on 7 samp~es 

by Dr. R. DOig. The average of the ages derived from these 

seven samples is 450 million years. 

The resul ts show a standard deviation tT of 

17 million years, and a standard deviation in the me an 0""11'\ of 

7 million years. 
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Determinations done on slmllar syen1tes and 

hornblende rrom the Chatham-Grenv1lle to the northwest or 

Rlgaud yielded similar ages to R1gaud's. The similarity ln 

age suggest that both stocks were emplaced during upper 

Cambrlan to lower Ordovic1an times. 

They may have arisen from the same parent 

magma at depth. The age similarities add welght to Osborne's 

postulate that the stocks are genetically related, and may be 

jOlned at depth. Aeromagnetic data rrom the area does not 

indicate thls junctlon. 

The Montereg1an rocks are Cretaceous in age. 

The d1fference 1n age between these and the Rigaud rocks 

conflrm that the stocks are not genet1cally related. 

Age determlnations on the syen1tes of the 

Mutton Bay Pluton yleld ages of approx1mately 600 m11lion 

years. (Dav1es 1968). Th1s 1nd1cates that the pluton was 

emplaced at an ear11er date than Rigaud. The posSibil1ty of 

a genet1cal relationshlp between these two bodies w1ll be 

discussed later. 
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ORIGIN OF SYENITES 

Rocks or syen1tic compositon are re1ative1y 

rare in nature, but they must have crystallised from a 

magmatic 1iquid rich in potash. Either 1iquid 1mmis1b11ity 

or gaseuoa transfer within a granitic magma coul.d pI~duce 

such a 1iqu1d, but there ia 1ack of petrograph1c evidence 

t.o support e1ther of these postuJ.ates as a poss1ble means of 

obta1n1ng a magmatic potash-rich 1iquid. 

The three main postul.ates advanced to exp1ain 

the origin of syenites are as f0110ws : 

(1) Procasses involv1ng the contaminat.ion of a gran1t.ic 

magma by materials whlch may reduce it.a si11ca content. 

(2) D1fferent1ation of a basal.t1c magma by fract.1onal 

crystallisatien as postulated by Bowen (1928). 

(3) Partial anatex1s of a basaJ. tic magma (Ri ttmann) • 

Potash-r1ch rocks and syen1tic bodies in 

generaJ. are often found associat.ed w1th rift. valley systems. 

eg. The Western R1ft of t.he African Rift Valley System 

(Bowen 1938). The possib11ity has te be considered that. the 

Rigaud syenitic stock is associat~d wmth the St. Lawerence 

Rif't System. 

If this postuJ.ate holds , then the Rigaud 

syenites could represent the late residual melt assoc1ated 

with fraetional crystallisation of' a basal tic magma. However 

the very low mafic and high potassium content of' the syenites 
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is not in keeping with such an origine 

A more favourable postulate involves anatexis 

and contamination of passibly the Grenville Basement at depth. 

This postuJ.ate is supported by both the high quartz content 

of the Rigaud rocks and the absence of any basic rocks 

assoclated with the stock. 

The possibll1ty of an orlgln associated with 

a prlmary syenitlc magma should also be considered. 

Relationship of Rigaud to (i)t.her isn:eous lntrusives in 

the vlcinity of the ottawa-St. Lawerence Lowlands. 

Relationship of Rigaud to the Montereglan Hills 

The syenltes of the Montereglan Hllls are 

alkall and feldspathoid rlch, quartz-paor and associated with 

basic rocks such as theralltes and essexltes. The Rigaud 

syenltes on the other hand are quartz-rich, completely 

feldspathold free and show no association wo any basic rooks. 

It would require a phenomenal change in the magmals compos­

ition if it is to be postulated that both syenites originated 

from lt. The likelihood of such a change taking place ls 

remote. 
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The above petrological evidence al.ong with the 

differencea in age of the intrusivea, substantiates the fact 

that there is no genetic relationship between the Monteregian 

Hills and R1gaud Mountain. 

Relat1onsh1p of Rigaud to the Chatham-Grenville stock 

The stock show1ng the greatest similarity to 

Rlgaud ia the Chatham-Grenville stock, which lies 13 miles 

to the northwest of Rigaud. It pierces the Laurentians on 

three sidea, but to the south la unconformably overlain by 

upper C ambrian sandstones. L1ke Rigaud 1 t is pierced in the 

west by a mass of feldspar porphyry.(Osborne 1934). 

Megascopically the syenitea, granites and 

quartz porphyries of both stocks show great similarity 1n 

colour, texture, granul.ar1ty and composition. In both intru­

sives the granites are finer grained than the syenites and 

grade imperceptively into quartz porphyry. More quartz is 

visible in the Chatham-Grenville stock than in the Rigaud 

rockà. 

M1croscopically the similarity between these 

two bodies ia even more striking with both consisting of 

oversaturated rocks. The quartz content is higher in the 

Chatham-Grenville rocks. In both areas antiperthites and 

microperthi tes are the chief and most abundant minerals of 

the syenites. However they show grea,ter diversity in grain 
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size p and alterations in the Chatham-Grenville as compared 

with their form in the Rigaud rocks. 

Albitization in the form of eoarser perthitic 

inclusions and thin albitic margins surrounding microperthitic 

crystals is evident in both stocks. Widespread kaolinlzation 

and sericltization ls common to all the feldspars especially 

in the po rphyri es • Grancp'hyric intergrowths of quartz and 

feldspar occur in all the syenites. 

Green hornblende oeeurs more abundantly in 

the Rigaud syenites than in the Chatham-Grenville. The strong 

allotriomorphlsm shown by the hornblende towards feldspar ls 

more commonly displayed in the Rigaud rocks. Hastingsite , a 

frequent constituent of the granites and syenites of the 

Chatham-Grenville area , has not been noted in the Rigaud rocks. 

Brown biotite, augite and quartz are more 

frequently eneountered in the Chatham-Grenville rocks, but 

accessory apatite, zircon, sphene, magnetite and allanite 

show similar concentratlons in both stocks. 

One prominent dlfference in these two stocks 

is the absence of miarolitic cavities ln the Chatham-Grenville 

rocks. If thesecavities were ever present here, movement 

during the, crystallisation of the mass of the Chatham-Gren­

ville couJ.d possibly have destroyed them, or the stock may 

have crystallised at a depth where temperature-pressure 

conditions were not conducive to the formation of these 

cavities. 
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The petrographie similarity of the areas may 

be considered rurther by means of a cross section (Fig. J.8) 
, 1 

extending from Rigaud Mountain northwestwards across the 

Paleozoic plains to the Chatham-Grenville stock. 

o , :a. • ... .... Ia. 
t , , , , 

t?a./eo ~olC.S: 

Fig. 18 Cross section from Rigaud Mountain northwestwards 

to the Chatham-Grenville stock~ 

S'. If 

The section impl1es that the two masses are 

continuous under the Paleozoic cover.(LeRoy 1900 ). This 

relationship would place both Rigaud and the Chatham-Grenville 

on the periphery of the Grenville Province, a position 

occupied by other syenitic stocks associated with similar 

granitic gneissic bodies. F.F.Grout mapped six such syenitic 

bodies in the vicinity of the Vermillion Granite. 
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If the above association holds true then the 

intrusion, as in the case of the Chatham-Grenville, took 

place after the processes responsible for the metamorphism 

of the Laurentian System had ceased and before the deposition 

of the Nepean sandstones. 

other Intrus10ns 

Intrus10ns of s1m11ar compos1tions are found 

in the PreO ambr1a.n rocks of Quebec, part1cul.arly close to the 

folded T1m1skam1ng rocks that extend eastwards from Klrkland 

Lake. Of these, one that bears close resemb1ance to R1gaud 

is that in the Beauchastel Townsh1p about 12 mUes west of 

Rouyn, Quebec. This stock was described by Gunning 1927, as 

being l~ miles in diameter and consisting of saturated and 

s11ghtly oversaturated syenites and alkal1ne maf1c minerâls. 

Syenitie intrus1ns are sometimes associated 

with Rift Valley Systems. In the postulated St. Lawerence 

Rift System four syenit1c 1ntrusions have been found. They are 

(1) The Rigaud 1-1ounta1n (2) The Lac-A-La-Cro1x syenlte 

(3) The Shipshaw syenite (4) The Mutton Bay Pluton 

(See Fig. 1!!1.) 

The syenite present in all four intrus.ions ls 

coarse grained, pink, holocrystalllne and mafie rich. 

Petrographlcally thls similarity ls also evldent. 
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Aplitic rhyolitic dykes associated with these 

syenitic bodies show great simi1arity in size, occurrence and 

chemical composition from one stock to the next.(Gold et.al 

1967). 

Both the Mutton Bay Pluton and the Saguenay 

Valley syenitic bodies have yie1ded ages of âpproximate1y 

600 million years. (Davies 1968). This makes them much older 

than the Rigaud Mountain. However if all four bodies orlgin­

ated from similar type residual magmas, then the higher 

silica content of the Rigaud rocks may be explained by lts 

being the youngest intrusion, and possib1y the least eroded. 
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CONCLUSIONS 

The Rigaud Mountain is a shallow seated 

syenitic intrusion, which was emplaced by vertical upthrust 

into the Grenville Basement during late Cambrian to lower 

Ordivician times. No metamorphic e:rf'ects associe.ted with 

its emplacement are seen in the rocks of' the stock. 

The shallow seated nature of' the intrusion 

is conf'irmed both by the porphyritic textures of' the rocks, 

as well as by the widespread development of' exsolution 

antiperthitic f'eldspars. These f'eldspars are of'ten associated 

with near surface intrusions eg. the granites in the Oslo 

Region (Barth 1945). 

The presence of miarolitic cavities in 

the rocks indicate the following : 

(1) The high volatile content of the magma. 

(2) That the stock has suf'f'ered very little erosion 

sinee these cavities usually develop elose to the 

upper surf'ace of an intrusive body. 

(3) That the upper part of' the intrusion is still present. 

Petrographie and petroehemical data reveal 

that aJ.I the rocks of the N:ountain are more granitic than 

syenitic in composition, and would therefore more f'ittingly 

be classified as ayenogranites. 

The highly developed perthitic textures and 

the plota of' the rocka on Bowen' a Residua System (F~ 14-:.:) 
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conrirm that the rocks represent a late alkali-rich 

residual melt which cryatallised at temperatures as low as 
o 

650 (J. 

The parent magma of the Rigaud rocks is 

either syenitic or granitic in composition rather than 

basaltic. Evidence favouring th1s postulate ia : 

(1) The high quartz content of al1 the rocks. This 

could be due to the introduction or a late silica-

rich residual melt, or it could represent the 1ate 

quartz which ia usually associated with anatexis 

and contamination of a magma. 

(2) The restricted range of the marie minerals and their 

low concentration. 

(3) The absence of any basic rocks associated with the 

intrusion. 

From the petrographic and age simi1arity of 

the Rigaud MO!_intain and the Chatham-Grenville stock, it 

appears that the stocks are genetically related and may 

have arlsen from the same parent magma. Aeromagnet1c evidence 

show them to be eeparate stocks rather than one cont1nuoue 

body under the Paleozoic, as postulated by LeRoy (1900) Fig. 18. 

On a regional scale the Mountain represents 

a syeni tic stock in the graben of the postûl.ated St. Lawrence 

Rift System. In this respect 1t is related to the Mutton Bay 

Pluton and the syenitic stocks of the Saguenay Valley. 
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The geological map of the Rigaud Mountain 

Fig. 3 strongly suggests that the intrusion may be a 

ring complex, the northern half of' which i8 down-thrown 

and possibly displaced by east-west f'aulting in the area. 

Features which support this postulate are : 

(1) The general circular f'orm of' all the contacts. 

(2) The occurrence of the younger quartz-rich intru­

sive phases towards the centre of the area. 

(3) The presence of' ring complexes of' similar size 

in the nearby Monteregian Rills. eg. Mt. Johnson. 

The w~dening of the outcrop surface from 

the younger granite and quartz porphyry to the older 

hornblende syenite sU6gests that the intrusion could 

possibly be slightly cone shaped. 

These postulates concerning the shape and 

f'orm of' the Mountain could only be conf'irmed by extensive 

drilling in the area oi' the Mount ain • 
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APPENDIX 

(A) Method used in X-ray Flourescence Spectrometry 

The sample is ground to a powder fine enough 

to paas through a -200 mesh sieve. The powder is then 

compressed into a circUlar pellet under approximately 20 lbs. 

of pressure for l minute. The pellet along wlth a'standard 

sample pellet' ls Introduced into the X-ray machine. 

The X-rays are recorded as counts. The ratio 

of the unknown sample counts to the' standard sample' counts 

is calculated for each element. The result ls plotted onto 

a standard graph from which the percentage of the element 

in the unknown sample e.an be read off. The standard graPh 

for each element is prepared from X-ray studies on approved 

standards. 

The ratio method was used since it minimises 

error due to drift of the machine. 

(E) Methods used for Modal Analyses 

For the granite and porphyries modal analyses 

viere done on st andard li inch. thin sections. Al thou.gh the 

phenocrysts in sorne of the porphyries exceed 5mm. , the 

aphanitlc texture of the groundmass necessitated the use of 

a th ln section counting method. 
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For the coarse grained syenites a technique 

~or modal analysis o~ medium and coarse grained rocks (Jackson 

and Ross 1956) involving a Zip-A-Tone count on a stained 

slab was used. 

Staining ~or K - Feldspar 

Immerse the ~ inch rock slab in concentrated 

hydrofloric ac1d at room temperature for 30 seconds. Dip the 

slab in gently running water to remove the excess acid. 

Submerge the slab in sodium cobaltinitrate 

solution (SOgm. in 100 ml. water) for 20 seconds. Rinse slab 

in gently ~lowing water, th en allou to dry. Protect stained 

surface with a ~ew coats of clear liquid plastic sprayed on. 

K- Feldspar appears bright yel10w : plagioclase 

--chalky white; quartz -- clear ; and hornblende and 

biotite -- black. 

A 4 inch square stained slab i8 covered with 

Zip - A - Tone No. 3. Traverses o~ 40 counts are then made 

across the surface. IPOO dot coumts were made on each slab. 

'l'heslab point counting method presents a 

rapid reasonably accurate modal analyses of these medium 

to coarse grained rocks. 



PETROLOGY COLLECTION CATALOGUE 

:[pc?li ty ____ RIGAtlD.J.fOUNT AIN Prdnr1 Dce of Quebec. 

Description 

d ka 

d ka 

hbld. s en1te 

Felds ar 

hbld. 

• quartz 

Hbld rich 

r1cGill 
No. 

P 8 64 
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P 8 6 

P 8770 

P 8771 

8772 
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